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At 1800 hours on February 16, 1994, during removal of insulation from the
Unit 1 Reactor Coolant System (RCS) pressurizer (PZR) heater sleeve area,
boron deposits were noticed on PZR heater sleeve B-3 indicating leakage from
the RCS. At 1700 hours on February 23, 1994, upon completing insulation
removal, boron deposits were also identified on PZR heater sleeve FF-1. After

discovering the leaks, boroscopic and eddy current testing were performed and-
heater sleeve FF-1 was examined in the laboratory. The examination revealed a
cirCumferential bulge approximately 0.5 inches long and 0.019 inches high
(diametrical) in the area of the boric acid leaks. The most probable cracking
mechanism is Primary Water Stress Corrosion Cracking. The bulge area and the
axial scoring showed evidence of surface metal smearing and cold work. A
search of fabrication records for the PZR turned up evidence that sleeve FF-1
had to be reworked due to the presence of a stuck reamer. The source of
stress for the cracking was the bulging and axial scratches associated with
the removal of the stuck reamer. Corrective Actions included plugging FF-1
with an Alloy 690 plug welded to the outer diameter of the PZR lower head and
examining the remaining Unit 1 PZR heater sleeves..
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I. DESCRIPTION OF EVENT !
!

A. INITIAL DISCOVERY l

1

|

At 1800 hours on February 16, 1994, during removal of insulation from the Unit 1
Reactor Coolant System (RCS) pressurizer (PZR) heater sleeve area, boron
deposits were noticed on PZR heater sleeve B-3 indicating leakage from the RCS.
At 1700 hours on February 23, 1994, upon completing insulation removal, boron I

deposits were also identified on PZR heater sleeve FF-1. The boric acid )
crystals were found at and below the area where the heaters penetrate the lower j
head of the PZR vessel (see Figure 1). There was no evidence of boron on the ;

remaining 118 heater sleeves. At the time of both discoveries , Unit 1 was in a |

refueling outage (MODE 6). |

S. EQUIPMENT DESCRIPTION

The heater sleeves (see Figure 2) extend through 1.156 inch diameter hillside
penetrations in the lower head of the PZR. The lower head is a 48-7/16 inch
inside radius hemispherical head fabricated from A-533, Grade B, Class 1 steel.
The lower head is 3-7/8 inch thick, An Inconel weld overlay, approximately 3/8
inch thick, was applied to the inside surface of the lower head prior to stress
relief of the vessel. The heater sleeves are Inconel 600 (SB-167-64) tubing
(Figure 3). The initial dimensions of the tubing were 1.25 inch outer diameter

(OD) and 0.905 inch inner diameter (ID). The outside diameter of the length of
the tubing which inserts in the vessel was machined down to 1.156 inch. After
stress relief of the vessel, the heater sleeves were inserted into the lower
head and an Inconel "J" shaped partial penetration weld (J-weld) was made

,

between the vessel Inconel weld overlay and the Inconel sleeve. i

In the fabrication of the Unit 1 heater penetrations, the ID of the Inconel.
sleeve was specified to be reamed after welding to accept a 0.895 inch rod and
to remove any distortion or melt-through in the tube caused by welding. The
reaming was less than the nominal heater sleeve ID of 0.905 inch.

Heater Sleeve Examination and Results

Heater Sleeves B-3 and FF-1:

After discovering the leaks, boroscopic and eddy current testing (ECT) were
performed on heater sleeves B-3 and FF-1. It was concluded that the leakage in
sleeve B-3 originated from an axially oriented flaw located near the heater
sleeve-to-PZR weld on the inside surface of the PZR. This type of defect has

-- . . .
.
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previously been observed in a number of heater sleeves in the Calvert Cliffs
Unit 2 PZR (LER 50-318/89-007, Revision 2). As noted for Unit 2, the safety
significance of such defects has been found to be small.

Eddy current testing of heater sleeve FF-1 identified no defects near the PZR
weld, but did identify axial indications approximately one inch below the
outside surface of the pressurizer. In addition, some volumetric or lift-off
indications in the vicinity of the axial '.ndications was detected.
Circumferential and volumetric or lift-off indications were observed all the way
down to the locking bar area (Figure 4) .

Boroscopic examination of FF-1 revealed the presence of a circumferential wear
band in the vicinity of the axial indications and axial scores from that point
to the bottom of the sleeve. Circumferential cracking was observed in the
vicinity of the axial scoring.

Heater sleeve FF 1 was cut just below the weld and examined in the laboratory.
A visual examination of the as-received sleeve revealed a circumferential bulge
approximately 0.5 inches long and 0.019 inches high (diametrical) in the area of
the boric acid leaks. Liquid penetrant testing identified three axial
indications in the bulge region of the sleeve, each about 0,25 inches long
(Figure 4).

After sectioning the sleeve, liquid penetrant testing was performed on the
inside diameter surface in the region of the bulge and in the axially scored
area. The testing revealed the three axial indications in the bulge area and a
large number of circumferential crack-like indications in the areas with axial
scoring (Figure 5). Circumferential cracks were evenly spaced, and were
oriented on two sides of the sleeve only, 180 degrees apart in the area of the
scoring. Dimensioning of the sleeve indicated that it was approximately 0.014
inches out-of-round just below the bulge , and 0.005 inches out-of-round near the
locking bar.

Metallographic examination of the indications was performed and revealed
intergranular cracks in all cases. The axial flaws were through-wall and many
of the circumferential cracks extended approximately 70 percent through the
wall. Most cracks had very little branching and were heavily oxidized, which
indicates they had been in service for some time. Microchemistry (XPS and
Auger) results from the crack surfaces showed levels of contaminants and '

corrosion film composition which indicate some sulfur compounds on the surfaces,
,with the highest concentrations at the crack tips. Some caustics were also

observed. However, it is not clear if contaminants played a role in the

.
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cracking. The most probable cracking mechanism is Primary Water Stress
Corrosion Cracking (PWSCC).

The microstructure of the heater sleeve was rated as susceptible to primary
water stress corrosion cracking. Modified Huey test results showed that the
material was not sensitized.

The bulge area and the axial scoring showed evidence of surface metal smearing
and cold work. A search of fabrication records for the PZR turned up evidence
that sleeve FF-1 and one other (which was later replaced) had to be reworked due
to the presence of a stuck reamer. Reaming was performed to provide clearance
for the heater and was performed in the weld area due to weld shrinkage.
Combustion Engineering records indicate that removing the stuck reamer caused
raised mer..t in the sleeve.

Other '. eater Sleeves:

A v.sual examination using a boroscope was performed on all heater sleeves in
tF a Unit 1 PZR. No scoring or wear bands as seen in sleeve FF-1 were recorded.
'ix sleeves characterized by boroscopic examination or previous (1989) ECT as
having the most susceptibility to cracking were selected for ECT. These sleeves
had no indications. Another 23 sleeves were selected for ECT (for a total of
29) and no indications were observed. Based on this sample and the lack of
reported problems with stuck reamers in other sleeves (other than the one that
was replaced), there is high confidence that this type of cracking does not
exist in any of the other Unit 1 PZR heater sleeves.

II. CAUSE OF EVENT

The cracks and resulting leaks in FF-1 were caused by PWSCC. The source of
stress for the cracking was the bulging and axial scratches associated with the
removal of the stuck reamer. The microstructure of FF-1 is rated as susceptible
to PWSCC, and the sleeve heat is the same as that which cracked previously in
Calvert Cliffs Unit 2 (LER 50-318/89-007, Revision 2). Sufficient temperature--
exists to allow the observed cracking, since the thermal insulation on this unit
extends below the locking collar. While chemical contaminants (sulfur) could
have contributed to the cracking, they were not observed in sufficient
quantities to be a major contributor.

|
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III. ANALYSIS OF EVENT

The leakage identified is considered RCS pressure boundary leakage ns defined by
the plant's Technical Specifications. Technical Specification 3.4.6.2 requires
that RCS leakage includes no pressure boundary leakage. This Technical
Specification is applicable in MODES 1-4 and the Action requirement requires
taking the plant to cold shutdown. At the time of discovery Unit 1 was in cold
shutdown in a refueling outage.

The axial cracks found in sleeve B-3 presents a minor RCS leakage path, while
the circumferential cracking found in sleeve FF-1 could have potentially caused
the complete severance of the heater sleeve. It is impossible to determine when
the cracking began to take place so it must be assumed the potential for
complete severance has existed since initial plant operation.

The heater sleeve failure resulted in one of the plant's principal safety
barriers being seriously degraded and could have lead to a small break loss-of-
coolant accident (LOCA). However, Calvert Cliffs Unit 1 is analyzed for all
break sizes. The size of the leak path is smaller than the most limiting size
small break LOCA assumed in the accident analysis. Therefore the potential

safety consequences associated with this event are bound by the accident
analysis.

The leaking sleeves described in this event were found during an inspection of
the lower Unit 1 PZR head. The inspection was being performed prior to
commencing heater sleeve nickel plating. The remaining 118 Unit 1 sleeves have
been nickel plated in response to the axial cracking concerns identified with
Unit 2's sleeves in 1989 (LER 50-318/89-007, Revision 2). Nickel plating the
Unit 1 sleeves will minimize the potential for cracks in the area of the J weld
from PWSCC.

The event date for this LER was March 21, 1994, the day the laboratory results
were reported to the Operations Shift Supervisor. This event is considered
reportable in accordance with 10 CFR 50.73(a)(2)(ii) due to the circumferential
crack found in heater sleeve FF-1.

IV. CORRECTIVE ACTIONS

A. As described above heater sleeve FF-1 was removed and examined in a
laboratory. Sleeve locations B-3 and FF-1 have been plugged with an Alloy
690 plug welded to the outer diameter of the PZR lower head.

.._
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B. As described above, the remaining heater sleeves in the Unit 1 PZR were
examined for indications of the conditions present in FF-1. There were no
other cracking or abusive machining conditions observed.

[

As stated above, the circumferential cracking in sleeve FF-1 was due to the
reaming process and a records review showed there were no other sleeves with the
reaming concern. Therefore, we do not expect to see any future circumferential

!cracking in the PZR heater sleeves.

V. ADDITIONAL INF0FJiATION

A. Failed Component Identification

IEEE 803 IEEE 805
Component EIIS Funct System ID

Pressurizer PZR AB

Heater EHTR AB

Reactor Coolant System AB CE j

Heater Sleeve PEN AB

i

B. Previous Similar Events ;

I

As stated above, Unit 2's (LER 50-318/89-007 Rev. 2) PZR heater sleeves were
found to be leaking in 1989. These leaks were due to axial cracking, not )

Icircumferential cracking due to the removal of a stuck reamer.
,

i

h

|

|
1

i

e

f

. 1

I

-

!



. - . . . -_

# .

.

SE

NRC FORM 366A U.S. NUCLEAR REGULATORY COMMISSION APPROVED BY OMB NO. 3150-0104
EXPlHES 5/31/95p.ea

EST: MATED SUADEN PEA RENCNSE TO COMPLY WFTH TbG

INFOAMAT10N COLLECT 10N REQUEST: 50.0 HRS. FCMAA0

LICENSEE EVENT REPORT (LER) COMMENTS REGARDING SURCEN ESDMATE TO THE womATON
20 AECOROS MMAGEMEMT BRMCH @G8 Ut4, U.S. NUCLEAR

TEXT CONTINUATION aEGULATCm CouussoN. wASmuGToN. oC aosss.oeci. mo TO
THE PAPERWORK REDUCTON PFCJECT (31500104. OFFICE OF
MANAGEMENT AND BUDGET, WASHNGTON, DC 20501

F AcluTY MAME (1) DOCKET NUMBER (a LER NUMBER (3 PAGE (4)

00 07 0F 11Calvert Cliffs, Unit 1 05000 3 1 7 94 003- -

TEXT p , c. . qu o. u - w NaC F= sesA> (in

4* !srty No::la
,

A Nr.way

|| J..
1 1* Levei i 7?tssurt
if No::les
i

C s

f \
f

4* safety 1
|tattef 7alve

~

Mc::tas

|

i

I
l' Te :ert: art i

No::!: i

M sertts

-. . i

k Q I ;' Level Mont e
;

El I/
fY I
/:

se:nor- nir: I |
8 I

Hea:ar ;

11* surge Monte )
l

FIGURE 1 1

CALVERT CLIFFS NUCLEAR POWER PLANT
UNITS 1 AND 2 PRESSURIZER

I

- . .



. .

.

.

- _ .c= pm

NRC FORM 366A U.S. NUCLEAR REGULATORY COMMISSION APPROWD BY OMrs NO. 3150-0104
paa tDL PilU:ti b/J1/9ai

ESTIMATED BURDEN Pf]t HLSPONGE TO COMPLY WITH THIS

INFOAMATION COLLECT 10N HiiQut st: fo.0 HRS. FORWARD

UCENSEE EVENT REPORT (LER) CouMEuni nEauoNo nunocN tswa Tu Tre weauAneN
AND REC 0 FOS MANAGFME.NT BiWoi (MwRu U14). U.S. NUCLEAA

TEXT CONTlhUATION nEoVLATow CoMMaor;N. wash *eToN. De aosssooo1. ANo To

THE PAPERWORK REDUL TION PHWCCT (31504104). CFFICE OF
MANAGEMENT AND BUDGET. WASHW4 TON, DC 20$o3,

F ACILITY NAME 0) DOCKET NUMBER (2 LER NUMBER p) pagg (4)

Calvert Cliffs, Unit 1 05000 3 1 7 94 003 - 00 08 0F 11-

TExr p - .o-. . ..o. - ., NnC F,. 3aay n n

O'

_

9

$* h b* h h Y'
Bshh &&&P,

Ybbke &&&st 1

']. h k b b &bbbt
., b l. b b indsdch , ,

b b b b |,'?, &,. b b b A. s 1. ;. p. ,o -27,3
,

i

|| p t, p,,. ,

** r

ebee sees
F&9&& &&ksW
9&&&& &&&&B

I &&&BBhse
'b h b h t Yo

$1 ht
|

|
;

0* k

M
SECCN A- A

L, !

79ESSURCT3
.

FIGURE 2

PRESSURIZER HEATER PENETRATIONS

. . _ _ -



- .

tb-

I NRC FORM 364A U.S. NUCLEAR REGULATORY COMMISSION APPROVED Y OMH 40. 31504104
EXF;RES 5/31/95;>es

EST1 MATED SUFCEN PLA MSMi10 CouRY WTTH THIS
INFORMATON CCElkCTON REQU' ST: fd0 HRS. FORWAFCz

LICENSEE EVENT REPORT (LER) COMMENTS REGMONG HURDEN ESUHAM TO THE WORMATON
mo REcORoS wuoccutur wwoi pNea nie, u S. NuctEAR

TEXT CONTINUATlON Recut 4 Tory cOMussoN. wwmuoN. oc ossum, wo To
THE PAPERWORK REDUCTON PROJECT pi'k>0104), OFFICE OF

MmAGEMENT ANo SUOOLT, WASl#GTON, DC 20003.

FAclWTY NAalt D) DOCKET NUMBER (4 LER NUMBER (M PAGE (4)

Calvert Cliffs, Unit 1 05000 3 1 7 94 - 003 00 09 0F 11-

Text or = .-. . a. -- r.o or NRc Fo= se'w on

i

A

un was
-
Tle

$I

# w L ,

I
~

..

/~

Y,nu.w
.g, ug -

F
? DW,

W 4' '-w
I

'b 's*L
~

|t--~~
uaAmtif

) cVA lt.,

; g 7 . :.s

1 L/.&as WT
*

t (my w n,-

A W.w w
.

IAAbk
*C/ vet /

*

/T\

l i

FIGURE 3

TYPICAL HEATER ARPANGEMENT

l
1

!

"
_ . - - _ . . _ - _ - - _ - _ _ _ - _ - - _ _ _ _



. . . __ . ._ _ _ _ _. .._

< .

.

NRC FORM 366A U.S. NUCLEAR REGULATORY COMMISSION APPROVED BY OMO NO. 3150 0104
EKPIRES S/31/95pas

ESTIMATED BuPCEN PLH F1FSPtMC TO CCMPLY WITH THIS
INFOAMATON COL 1ECTION Rh0VLET; 50.0 HRB. FORWAFC

LICENSEE EVENT REPORT (LER) couwmrs nEaAnaNo Bura N tstiuArE To TsE wonuAToN
ANo nEconos unmEuEur zwe n uNes m4. u s. NuctzAn

TEXT CONTINUATION nEautATeav couussoN. WAnsmTon, oc assmoi. uc To

THE P APEnWORK nEOUCTON PRCUCCT (3t540104L OFFCE OF
WANAGEMENT AND BuoGET. WMlHINGTON, DC 20503.

FACIUTV NAME (1) DOCKET NUMSER (2) LER NUMBER (:4 P AGE (4)

003 00 10 0F 11Calvert Cliffs, Unit 1 05000 3 1 7 94 --

Ttxv s mo =c. .wo,.o, u . odeons m at Nac F = som on

Top of S|eeve
|

Sleeve Cut Below
', Pressurizer Weld

i

i

I

I

l

|
' l

|
{lf Arec with Bulge and
y g;sa; Three Axial Crocks

I
,

|' |

;Lecking Ariol Crock
(One of ihree)

1
'

f

i

|
---==r i

Locking Sor
ThreoCs

z:=: -

!
.

,

j
t

b*
Bottom of Steeve*

FICURE 4

1

HEATER SLEEVE FF-1 1

- - . . .



.- - . _ .-

. .

.'

*
__

NRC FORM 368A U.S. NUCLEAR REGULATORY COMMISSION APPROVFD BY OMB NO,315M104
IEXPIRES 5/31/95isea

ESTIMATED sup0CH Ft>t HESPONSE TO COMPL,Y wtTH THS

NFOAMATION Couftm0N FEcutST: So 0 HR$. F0FfWAAO

LJCENSEE EVENT REPORT (LER) CouuEuTs nEaAaoiNo sunocN EsnuATs To Tse nFonuATioN
ANO MECCAD6 MANAGEMENT HRANCH (MN88 7714 U S. NUCLEAR

TEXT CONTINUATlON nEcut4TeaY CouumoN, wAsswoToN, Oc assomi, ANo To

THE PAPENORK FELAICDON PrOKCT Q150o104. CFFICE OF
MANAGEMENT AND DUOoET, WASMNoTON, DC 20eo3,

FACluTY MAME (t) DOCKET NUMSEM (2) LER NUMBER (3) PAog g

003 - 00 11 0F 11Calvert Cliffs, Unit 1 05000 3 1 7 94 -

_

rat w - . c. . e, . .u oa * Nac r 2 m o n

Top of Steeve
1

: iy
< \ r

I
- Lecking

Axici Cracki -

\ (One of Three)
'

| -

; :
\7A: :

'

1 /;
' |

, , <-

: /\ i

#
| ,

Bulge Area

w/ ]
Circumferential

,
-

-

>

[ 'k Crocks{g
'

I
iGuige Areo 5 Detail
m
b,,

s '&
; ;
; si

| |
$ $
'M, --

I ;
% < // V / \ /j' / // > /

* /S ' / C;rcumferential/ %
(/. Locking Sor ,/ % /

s ,

Cracks/ -

/ .
/ \ /

d,i E ! c 4, '- '

;
$1.s

.

' Detailg .

t.ocated at 180 ho
Located at 0*

,

. Bottom of Sleeve

FIGURE 5

CROSS-SECTION OF SLEEVE FF 1 SH0tJING CRACKS

_


