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I. INTRODUCTION

Zetec, Inc. and NDE Technology were contracted in November
1987 to proviue personnel to assist BGLE with the eddy current
examination of the Calvert Cliffs Unit 1 Steau Generators in
Lnoby. Maryland. Zetec, Inc. provided twelve people for data
acquisition and ten people for the primary data evaluation.
NDE Technology precvided four people for the secondary data

evaluation.

This report summarizes the April/June 1988 eddy current
inspection results of Calvert Cliffs Unit 1 Stea~ Generators.
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II. DISCUSSION

The MIi-18 eddy current system was used to inspect the
alvert Cliffs Unit 1 Steam Generators 11 and 12. The MIZ-18
.4es eddy currents as the probing media to measure variations in

effective conductivity and/or permeability of the tube being
tested.

An alternating voltage is impressed across the test coil.
The magnatic field developed by current flow in the test coil
causes eddy currents to flow in the tube wall. The
corresponding magnetic field caused by eddy current flow in the
tube wzll is out of phase with the field developed by the
current in the test coil. Since these fields tend to cancel one
another, the coil voltage is decreased in proportion to the
magnitude of eddy current flow in the test piece. The magnitude
of eddy currents in the test piece, thus the coil voltage, is
dependent on the electrical properties of the tube being tested.
The «lectrical properties which affect the flow of eddy currents
are permeability and conductivity. In non-magnetic materials,
such as inconel and 300 series stainless steel, conductivity is
usually the only significant variable. When the effective
conductivity decreases due to a discontinuity in the tube wall,
the coil voltage increases in direct relationship with the
effective conductivity change. Thus, the amount of increase in
coil veoltage is related to the size of the discontinuity in the
tube wall. The coil voltaye is sinusoidal, thus it can be
described with a single vector having magnitude and phase.

The preselected Technical Specification eddy current (ET)
testing plan for the April through June 1988 Calvert Cliffs
Unit 1 rutfueling outage called for approximately 9% of the tubes
in each steam generator (8G) to be inspected. The Technical
Specification classification rules were applied Lo the test
results of these tubes. The results were determined to be in
Category C-3 and the requirement to expand the inspection to
100% was carried out for both S8G's.

All of the tubes in service in each SG wvere examined
through their entire length. The 100% inspection required a
total of 16,945 tubes to be 2vamined, Of the 16,945 tubes
examined, 315 tubes had indications of 20% through-wall
degradation or greater. A total of 37 tubes had indications
vhich exceeded the plugging limit. Twventy-one tubes were

plugged in SG 11 and 16 tubes were plugged in SG 12 for this
reason.
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As a preventative measure, 31 additional tubes with
indications in the sludge pile area were plugged. Of these
additional 31 tubes taken out of service, 21 were in SG 11 and
10 were in SG 12. Previous metallurgical examination of Unit 1
tubing has shown degradation in these areas was causeld Dby
Intergranular Attack (IGA). Even though these 31 tubes had
indications which were less than the plugging limit, the tubes
were plugged because of the potential for a local active IGA
mechanism.

The examination of 5G's 11 and 12 was performed using the
Zetec MIZ-18 digital data acquisition system. The frequencies
selected were 400, 200, 100, and 30 KHz - all of which were run
in the differential and absolute modes. The examination was
performed using a standard A.560-SF/RM bobbin coil probe. The
MIZ-18 digital data acquisition system provides on-line data
digitization and storage onto magnetic tape cartridges. The
digital signal was also converted to analog where selected
frequencies were recorded on strip chart media as an aid to the
analyst.

Each tube's eddy current data was analyzed by two
independent teams of qualified and certified perscnnel and by
couputer analysis. Zete- Analysis Software Edition 18.6, Rev. 5
with strip charts was used by each team of analysts.
Additionally, all stored digital data was analytically processad
by Zetec's Computer Data Screening (CDS) program using HP3IS50
computers. All distorted and pluggable indications were
retested. After all data review was completed, the primary and
secondary lead analysts compared results with the CDS results
and a final report was produced. Any final resoclution that may
have been required was performed by BG4E Level III personnel.

In addition to the standard eddy current testing, some
tubes were inspected using motorized rotating pancake ccll
(MRPC) probes. Short radius SG U-bend tubing was inspected
utilizing U~bend MRPC probes on both 8G's. Of the 315 U-bends
inspected using MRPC, no degradation was detected., Straight
tube section MRPC probes were used in several tubes just below
and above the secondary side of each SG hot leg tube sheet.
These 58 tubes, located in the sludge pile area, were inspected
to further quantify known bobbin coil indications. The straight
tube section MRPC analysis confirmed the bobbin coil data.

Profilometry ET was used to evaluate tube denting at the
9th and 10th solid support plates on both fG's. Trend analysis
of the profilometry information showed no denting growth since
the November, 1986 outage.
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Indications were found in a total of 290 tubes from the
8,463 tubes examined in SG 11 and 286 tubes from the 8,482 tubes
examined in SG 12. Thirty-seven tubes were found to have
indications which exceeded the Technical Specification plugging
limit of 40% loss of nominal wall thickness. The cold leg side
of one tube found to have been misplugged in SG 12 during the
1986 Outage was correctly plugged (see LER 317/88-03). An
additional 31 tubes were plugged as a preventative measure. Of
the total 69 tubes plugged during this Inservice Inspection, 42
tubes were plugged in SG 11 and 27 tubes were plugged in SG 12.
Table II-1 is a summary of the Calvert Cliffs Unit One 1988 Eddy
Current examination results.

Prior to the outage, an astimate of tube plugging for each
SG was made based on ET data trend analysis. An eighteen month
degradation rate of 7% nominal wall thickness was used. Using
this degradation rate, it was estimated 76 tubes would exceed
the plugging limit this inspection. However, only 37 tubes
actually exceeded the plugging limit.

Various plots illustrating the locations and distribution
of tube indications and a 1listing of tubes plugged this
inspection for SG's 11 and 12 are prouvided in Appendix I and II
respectively. The SG sketch in Appendix III shows the various
tube support locations within the SG's and the nomenclature used
throughout this report.

All indications found were on tube outside surfaces. The
tubing ET indications can be placed into one of three major
location categories:

= just below and above the top of the tube sheet
- at supports, or

= in free span areas between and not associated with
supports.

These inspection results are similar to that reported for
Calvert Cliffs Unit 2. There are no a rent differences
between Unit 1 and Unit 2 that indicate a unique problem in any
particular SG. This is to be expected since operating and

c?oléntry conditions have remained similar between the two
plants.

Indications found just below and above the top of the tube
sheet are in regions of higher sludge levels Most of these
indications are on the inlet tube sheet sile and produce
relatively lov magnitude signals. In late 1986, lube specimens
containing these type of indications were removed from SG 11 and
have undergone metallurgical and chemical evaluations. Results
show that these indications are caused by IGA.
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TABLE II - 1

Unit One 1988 Eddy Current Inspection Results

8G 111 _SCG 112

Number of Tubes Inspected 8,463 8,482
Percent of Tubes Inspected 100% 100%
Number of Distorted Indications 15 13
Number of Tubes with Distorted Indications 13 &
Percent of Tubes with Distorted Indications 0.15% 0.15%
Number of Indications <20% (Imperfections) 141 160
Number of Tubes with <20% Indications 135 152
Percent of Tubes with <20% Indications 1.60% 1.80%
. Number of Indications 20-39% (Degraded) 166 147
Number of Tubes with 20-39% Indications 149 136
Percent of Tubes with 20-39% Indications 1.75% 1.60%
Number of Indications >39% (Defective) 21 17»
Number of Tubes with »39% Indications 21 17
Percent of Tubes with >»39% Indications 0.25% 0.20%
Number of Tubes Plugged this Outage 42 27
Totai Tubes Plugged each Steam Generator 98 65+

Note: Tubes, which contained more than one indication
in more than one category(<20%, 20-39%, and 40%
and greater), are listed in all appropriate
categories.

*These numbers include R94 L66 found to be defective
during the 1986 outage (see LER 317/88-03).
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ET indications seen at support locations appear to be caused
by tube wear or steam blanketing corrosion. Wear marks at a
support contact region were confirmed on one tube removed from SG
11 in 1983. Note that most indications at supports occur at the
vertical middle (VM), diagonal (DH & DC), and vertical hot and
cold (VH & VC) leg side supports. Indications seen at the VM
support location within rows 8 through 11 may be the result of
steam blanketing corrosion; the specific mechanism has yet to be
confirmed due to the inability to remove specimens from this
region.

ET indications seen in free span areas are typically low
magnitude signals. Three tube specimans containing free span
indications were removed from SG 11, one in November 1983 and two
in November 1986. Investigations of the free span indications
showed these indications are manufacturing imperfections. There
is no correlation of free span indications with respect to
location, elevation, inlet side or outlet side; tube
panufacturing imperfections would be expected to produce random
occurrences like this.

Corrective measures have been initiated to minimize further
degradation to the SG's. During the 1986 outage we completed the
removal of all major copper components from the feedwater and
condensate systems. We are completing installation of a nitrogen
blanketing system on all condensate storage tanks to reduce
auxiliary feedwater and condensate makeup oxygen. We are using
morpholine which will minimize the ingreas of solids from the
secondary system into the SG's and promote sludge pile cleaning.

Our current chemistry procedures require action to be taken
below the Utility/EPRI Steam Generator Reliability Project (SGRP)
PWR Secondary Water Chemistry Guideline Action Levels. This
enables us to initiate corrective measures before conditions
become degraded in the SG's. During outages steam generators are
kept in wet lay-up with a nitrogen blanket as much as possible.
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STEAM GENERATOR 11

A. List with Plet of All Indications
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STEAM GENERATOR 11

B. List with Plot of <20% Indications
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STEAM GENERATOR 11

C. List with Plot of 20%-39% Indications
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D. List with Plot of »39% Indications
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STEAM GENERATOR 11

E. List with Plot of Disteorted Indications
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STEAM GENERATOR 11

Lists with Plots of Tubes not Rolled
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STEAM GENERATOR 11

G. Lists with Plots of Sludge Data
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STEAM GENERATOR 11

I. List with Plot of Tubes Plugged during
the April/June 1988 Outage
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Steam Generator #11 Tubes Plugged During the April 1988

Outage:

ROW
11

27

45

50

54

L1

70

71

LINE
147

33

51

5S

16

58

57

93

83

REASON FOR PILUGGING

Eddy Current Toutinz Indication
wall loss originating on the
diameter of the tube at DH+2.10

Eddy Current rolting Indication
wall loss originating on the
diameter of the tube at C2+433.80

Eddy Current Tcatinz Indication
wall loss originating on the

of 57%
outside
inches.

of 59%
outside
inches.

of 48%
outside

diameter of the tube at HTS-SF+0.76

inches.

Eddy Current Tolting Indication
wall loss originating on the

of 52%
outside

diameter of the tube at HTS-SF+1.03

inches.

Eddy Current Tonting Indication
wall loss originating on the
diameter of the tube at H4+8.67

Eddy Current Tostin? Indication
wall ‘oss originating on the

of 47%
outside
inches.

of 64%
outside

diameter of the tube at HTS-SF+0,64

inches.

Eddy Current Tostinz Indication
wall loss originating on the

of 48%
outside

diameter of the tube at HTS-SF+0.82

inches.

Eddy Current Testi Indication
wall louss originating on the

of 61%
outside

diameter of the tube at HKTS-SF+1.10

inches.

Eddy Current Testing Indication
wall loss originating on the

of 48\
outside

diameter of the tube at HTS-SF+0.80

inches.

Eddy Current Toutlni Indication
wall loss originating on the

of 440
outside

diameter of the tube at HTS-SF+0.70

inches.
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Steam Generator #11 Tubes Plugged During the April 1908
Outage:

ROW LINE REASON _FOR PLUGGING

73 B Eddy Current Testing Indication of 47%
wall loss originating on the outside
diameter of the tube at HTS-SF+0.50
inches.

74 86 Eddy Current Toltlnt Indication of 4%%
wall loss originating on the outside
diameter of the tube at HTS-SF+0.60
inches.

74 92 Eddy Current Tootinz Indication of 62%
wall loss originating cn the outside
diameter of the tube at HTS-SF+0.60
inches.

75 85 Eddy Current Testing Indication of 46%
wall loss criqinlt?nq on the outside
diameter of the tube at HTS-S8F+0.70
inches.

75 93 £ddy Current Testing Indication of 41%
wall loss originating on the outside
diameter of the tube at HTS-SF+2.80

inches.

77 89 Eddy Current Tosting Indication of 43%
wall loss originating on the outside
diameter of the tube at HTS-SF+1.80
inches.

78 88 Eddy Current Toltlng Indication of 42%
wall loss originating on the outside
diameter of the tube at HTS-SF+1.40
inches.

103 125 Eddy Current Testing Indication of S54%

wall loss originating on the outside
diameter of the tube at VH+0.00 inches.

134 108 Eddy Current Tontln? Indicetion of 48%
wall loss originating on ‘*he outside
giclotor of the tube at . S~S8F+12.60

nches.

136 68 Eddy Current Testing Indication of Sé\
wall loss originating on the outside
21ulotor of the tube at CTS-SF+10.80

nches.
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Steam Generator #11 Tubes Plugged During the April 1988
Outage:

ROW LINE REASON FOR PILUGGING
138 76 Eddy Current Toltln? Indication of 48%
wall loss originating on the outside
diameter of the tube at CTS-S5F+11.00
inches.
3 138 Eddy Current Testing Indication of a

bulge above the tubesheet from
CTS~8F+0.00 inches to CTS-S§F+23.70

inches.

46 52 Eddy Current To-ting Indication of 38%
wall loss originating on the outside
diameter of the tube at HTS-SF+2.20
inches.

S0 56 Eddy Current Testing Indication of 23%

wall loss with high voltage signal
originating on the outside diameter of
the tube at HTS-SF+0.64 inches.

51 111 Eddy Current Testi Indication of 39%
wall loss with high voltage signal
originating on the outside diameter of
the tube at HTS-SF+0.80 inches.

52 58 Multiple Eddy Current Testing Indica-
tions of 22%, 12% and 16% wall loss
originating on the outside diameter of
the tube at HTS+S5F+2.55,+1.79 and +1.09%
inches, respectively.

52 110 Eddy Current Testing Indication of 23%
wall loss with high voltage signal
originating on the outside diameter of
the tube at HTS~-SF+0.70 inches.

54 56 Eddy Current Testing Indication of 37%
wal loss with high voltage signal
originating on the outside diamecer of
the tube at HTS-SF+0.64 inches.

54 110 Eddy Current Testi Irdication of 34%
wall loss with high voltage signal
originating on the outside diameter of
the tube at HTS-SF+0.8( inches.
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. Steam Generator #11 Tubes Plugged During the April 1988
Outage:
ROW LINE REASON _FOK PIUGGING
56 S8 Eddy Current Tootin? Indication of 235%
wall loss with high voltage signal

originating on the outside diameter of
the tube at HTS~S8F+0.79 inches.

57 109 Eddy Current Tonting Indication of 17%
wall loss with high voltage signal
originating on the outside diameter of
the tube at HTS-SF+2.70 inches.

59 57 Eddy Current Testing Iadication of 38%
wall loss originating on the outside
diameter of the tube at HTS-SF+1.20
inches,

56 62 Eddy Current Testing Indication of a
bulge above the tubesheet from
HTS-SF+0.00 inches to HTS§-8F+2.00

inches.
69 85 Eddy Current Testing Indication of 38%
' wall loss originating on the outside
diameter of the tube at HTS-8F+1.70
inches.
71 8g Multiple Rddy Current Testing Indica-

tions of 35% and 31% wall loss originat-
ting on the outside diameter of the tube
at  HTS-8F+0.90 and +0.60 inches,
respectively.

71 93 Multiple Eddy Current Testing Indica-
tiors of 31%, 28% and 23% wall loss
originating o~ the outside diameter of
the tube at HTS-SF+1.10, +1.80 and +0,60
inches, respectively.

72 90 Multiple Eddy Current Testing Indica-
tions of 38% and 34% wall loss originat-
ing on the outside diameter of the tube
at  HTS-SF+0.60 and +1.20 inches
respectively.
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Steam Generator #11 Tubes Plugged During the April 1988
Outage:

ROW LINE REASON FOR PILUGGING

74 88 Eddy Current Testing Indication of 23%
wall loss with high voltage signal
originating on the outside diameter of
the tube at HTS-8F+1.00 inches.

79 89 Eddy Current Tontlng Indication of 31%
wall loss originating on the outside
diameter of the tube at HTS-§F+1.70
inches.

138 68 Eddy Current Toltinz Indication of 36%
wall loss originating on the outside
diameter of the tube at CTS-S5F+10.40
inches.

139 75 Eddy Current Testing Tube Sheet Crevice
Squirrel (SQR) Indication showin wall
loss originating on the outside diameter
of the tube at HTS~-SF-2.00 inches.

139 87 Eddy Current Toltinz Tube Sheet Crevice
SQR Indication showing wall loss origi-
nating on the outside diameter of the
tube at HTS-SF-1.00 inches.
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APPENDIX 1II
EDDY CURRENT TEST RESULTS
STEAM GENERATOR 12

List with Plot of All Indications

List with Plot of <20% Indications

List with Plot of 20%-39% Indications
List with Plot of >39% Indications

List with Plot of Distorted Indications
Lists with Plots of Tubes not Rolled
Lists with Plots of Sludge Data

List of Tubeés Dentod

List with Plot of Tubes Plugged

During the April/June 1988 Outage
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A. List with Plot of All Indications
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STEAM GENERATOR 12

B. List with Plot of <20% Indications
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STEAM GENERATOR 12

List with Plot of 20%-39% Indications




r

i ARRRRRRR

%30 08 . e

- b ]

. ’.

0F) MOLLYVIIONE TWliWw - #

o < -m~9 o - - -~ s » -0 -0

L (@) SAvViS e8/r0 9viIN0

6iG8 B3@NL wiol 21 HOLYHINIS P LINN SS4TD IME3ATYD NG
g 39VIN0 88/F °'SNOILVIIONI 36E-02 340 107d 2% 9S B ST




0 P IO OO NOOHPIPMOOCI~MOPO@~DOMNINO NN DO IO O =~ OV PO~ OMONT T~ QOOr —~DOT D 0O~
OISO M D ONOODVOOHDOHT DO PN OIN TONOVON e IEMN O PO OO OO OOMOOP - DO POOO

P OO0 O0C0CO000~0000 00020000

O ¢ et ) et ) et it DO OO C e e

OO OO POMITNE~~ L 4
el e o Lels Lilula La)

T S

- O L
VIV
S 4 nHuv vy 4
il ol ol ad ad ad ol ad ad Bl o f Sl Sl ol o
A A XA EXEFLIITIEITXEXEEXEILXOIX

DOWODODOX DWOOOODOODOD i D a oa DOLOO d DOV OLDTOODLDOIVOLODOODO
guufﬁﬁju‘ﬂlH_.K,Pﬂ.u\u&ﬁ.uk.. ‘ ,. .. hx .-u.»-ﬁuﬁﬁkﬁﬂeaf.ﬂsﬂ.‘bﬁxﬁ;ﬁv.ﬂﬁ,u»..

“““““““““““"“““““““““‘““““““““““"

L« 2> C OO0 COO0O0IO000000000000

PO OOOOOL

» e o B P « - 4~ » O - e X O OO PO ™MOPO Lt Ll & *rH-OMmoem™N

DOOONMO M VO LB OO C s QI €W~ WO OO O - — e © OO~ O0Ow

- — — . —~ — <. ot - - — .- e

.A.L;f’.,.l,s.l_!“',A.oky.‘.m\.y.xn,-d‘b v,.x..»..“t “L,u;d...i,.ﬂ.l..?.‘ Col aR & O RS- OOMNMI™NMN

PUURSEIRPEINpS Y S I 15 1 15 1a Lt bl lululululy S sl B R R R R I S O OO OO0 000




It ) PO ODVDNOPNI PN~ . IV e I VDI OMNDE —~ O~ 0D NN O P OPPOMNIPOHM~OO NN *M~DHON .
P OO MeVDOO 9O COONP OO ~GNOMer- DO MOHDOeOr DO SONHOCoOnNnDwenrro L 3

OO —~O00~O000000000CO~+~O~- O 0D000 et et OO O OO0 ~0000000000~000~—~0

«Oh Tl OF « O OOV OO
a1t 12 il bt Lt Lt Laa ks el ha Ta 2o 1

(S TETET LTS L L

VCOOLUVUOLUUS s O

_ VO~ OOoDoOe ) o voOrw

M < - - ’ »r - o - .
‘ — OO

PR T YT R R R I O

e e e G g s e

Avuviany

(R F R )
bbb b b B b b e O SR B e R O e
I I I I EIVUITIEIXOOUIIIIX XX L X

1 O D e 9 O O O 0O o e 0o E o ® O o0ODD D
OOV DVODDOOOOVOODVODODD®DD L

|
D a i

|

0 OOO
DOOLODODOO

““““‘““.“““““““““"

PO OO ) 4 50000000000 00C

‘l‘“““““““““‘“““““

OO0 O0O00000C

O WOVOOI e el
O x LOONOOT VDV A,V O

PR~ PODN-
o NOOOr-r~- OO«

DODIPPPOOC
VOOOOOr-r-rr

-

DODDCPPPP O~
-~

~rereeer ~rre




12

SRRNRE PAREOLIE & MBI By serrery T AW
Stean Generator:

1o LAAE LN L)

Ty Rergar delr 00
RT cerrs UNIT 1

04/8
QUERY: OD,20-39 % TW,ALL VOLTS,ALL ELEV (ALL TUBES),ALL-RL

@ cooins oumar  mevano

SRS LA L REEY L B R
Plant: CALVE

Qutage:

CEREE AN T 1Y )

- TMOE T PR P W
COT QOO D ODVDOHOOIW) *9O

00000000000000000

000000000000 COMOO

YOLIS

VO DI ) PO ) = M e ™
IR Tl T T T T T DR i e Lo Dug B 2o Lo )

aocoooooooqooaoan
0000000000000 0000

~ANDRICATION

tTE2E3323s¢8 tzzzzs
000000000 00000
CTODVOO! ~PCON T ~NHDN

oooooooooooooooo

L I I I L o

wo
LM SN EO®OEOC O
X IXOOXOSPOIF TX»OU

136

0 @) @ @) @ @ @ @ © @ O WO ® VO
OHODVODVDVDVODVDVDOOODD®
SORNRRRNN NN NN NNNNANNNS
R B AR B A A A A B b B A A J
000000000000 00000

POt VOO VVOT®T
CONOODOMNT TODOOCO>™

- e

L T N O O O O
OO OMOHOr- OO OO wr-
VDODVDIPPPPFTOO0DO~MNM™

.t . —

TOTAL TUBES:




STEAM GENERATOR 12

D. List with Plot of >»39% Indications



AR R R AR R
°© 5
2 - &
| 8 - @ |
-
~ ' pui
Wi :
B . f -
-
-
-
- -
] -
g %
= =T -
/ lé ! s ""T“‘f*":'f" SO
IESEEEE 0
@ Eg t Yt
' .lP‘L"““"‘ : --
& | | ! |
il\ :
5
o

PLANT: CALVERT CLIFFS UNIT 1
OUTABE: 0e/B8




Gereraccr:

Etean

—a

QUERY:

:

v oo
LR

LR

=

Al

ELEVA

ASE

M.
TN

. | 'N

R R S R . Ll Dl L ol e
LT P R SR AR B L Rt

-----------------

OC Orr O O0OMOUOOUD D

e T e Wl ST M pnTer-<
WO LT v

(ST TSTeTeTs 'sTsTaTale Pl T ST S T'e
o000 00000000000

................
'''''''''''''

’ PRI ODODOO0OOOO00O
- O rar O O Tle™

e OO0 OONEIG~—~

LR I B B O BE B R R N R R R B

L T T e e e e T
B L A T T R L L S L e o

’ ’ . . . » L . L . ‘ ’ . ] L
I L ILIGI VIRV VI VW I L)
R e e R e k2 Tkt et R M
S IXXIXIIXIXIXTXET XD

e BNEOODORVOLODOE00D
e DESWOLPODVDOVDLOUL DD

R R L R
B B Rl B R A A R R A R
A2 O00000000000000

) PO MOONNIOCOO 9
-r POV OOVDOIO>O

—

. RN
vl st PO OHNHOr-r OO
R e s ol ek o o o S

-

L
-4

TURE

TOTAL



E.

STEAM GENERATOR 12

List with Plot of Distorted Indications
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Page 1 of 3

’
Steam Generator #12 Tubes Plugged During the April 1988

('I. Outage:

ROW LINE REASON FOR PIUGGING
b 45 Eddy Current Toltin? Indication of 495%
wall loss originating on the outside
diameter of the tube at CTS-SF+0.50
inches.

3 41 Eddy Current Tootlnz Indication of 47%
vall loss originating on the outside
diameter of the tube at HTS-S5F+0.70
inches.

32 40 Eddy Current Testing Indication of 42%

wall loss originating on the outside
diameter of the tube at HTS~-SF+0.70
inches.

61 65 Eddy Current Testing Indication of 42%
wall loss originating on the outside
diameter of the tube at HIS-SF+0.70

inches.
’ 61 105 Eddy Current Testing Indication of 49%
wall loss originating on the outside
‘ diameter of the tube at HTS-5F+1.00
inches.
70 84 Eddy Current Testing Indication of 45%

wall loss originating on the outside
diameter of the tube at HTS-SF+0.70
inches.

70 96 Eddy Current Testing Indication of 64%
wall loss originating on the outside
diameter of the tube at HTS-§F+0.70

inches.

71 97 Fddy Current To¢t1n2 Indication of 47%
wvall loss originating on the outside
diameter of the tube at HTS-SF+0.50
inches.

73 93 Eddy Cuarrent Testing Indication of 54%

wall loss originating on the outside
diameter of the tupe at HTS-SF+0.70

inches.

P 74 96 Eddy Current Testing Indication of 45%
wvall loss originating on the outside
diameter of the tube at HTS-5F+0.60

. inches.



Page 2 of 3

’ Steam Generator #12 Tubes Plugged During the April 1988

. Outage:

ROW LINE REASON FOR_PLUGGING

75 5 Eddy Current Testing Indication of 67%
vall loss originating on the outside
diameter of the tube at CTS-S5F+0.70
inches.

Eddy Current Tcutinz Indication of 53%
vall loss originating on the outside
diameter of the tube at HTS-SF+0.60
inches.

Eddy Current Testi Indication of S2%
wall loss originating on the outside
diameter of the tube at HTS-SF+2.70
inches.

Eddy Current Testing Indication of 43%
wall loss originating on the outside
diameter of the tube at HTS-SF+2.20
inches.

Eddy Current Testing Indication of 44%
wall loss originating on the outside
diameter of the tube at HTS-SF+0.60
inches.

78 90 Eddy ~urrent Testing Indication of 47%
wall loss originating on the outside
diameter of the tube at HTS-SF+1.30
inches.

94 66 Cold leg side plugged. Cold leg tube
plug found to have been installed into
adjacent tube (R93 L67) during the 1986
Refueling Outage on Unit 1. See LER
317/88-0).

10 108 Eddy Current Testi Indication of 28%
wall loss originatiny on the outside
diameter of the tube at HTS-SF+0.80

inches.
56 108 Eddy Turrent rootln? Indication of 31%
wall loss originating on the outside

diameter of the tube at HTS-SF+1.40
inches.

60 58 Eddy Current Testing Indication of 16%

wull loss wiith™ high voltage signal

‘ originuting on the outside diameter of
the tube at HTS-SF+0.60 inches.
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Steam Generator #12 Tubes Plugged During the April 1988

{
"I’ Outage:

ROQW LINE REASON FOR PILUGGING
€8 74 Eddy Current Tontin? Indication of 38%
wall loss originating on the outside
diameter of the tube at HTS~-SF+1.20
inches.
73 97 Multiple Eddy Current Testing Indica-

tions of 39%, 19% and 36% wall loss
origirating on the outside diameter of
the tube at HTS-SF+1.70, +1.10, and
+0.50 inches, respectively.

73 99 Eddy Current Toutinz Indication of 26%
wall loss originating on the outside
diameter of the tube at HTS-S§F+1.10
inches.

74 86 Eddy Current Testing Indication of 238%

wall loss with high voltage signal
originating on the outside diameter of
the tube at HTS-SF+1.40 inches.

/ 74 94 Multiple Eddy Current Testing Indica-
tions of 33%, 28%, and 13% wall loss
‘ with high voltage signal originating on
the outside diameter of the tube at
HTS~5F+1.40, +1.10, and +0.50 inches,

respectively.

76 90 Eddy Current Testing Indication of 28%
wall loss with high voltage signal
originating on the outside diameter of
the tube at HTS~SF+1.50 inches.

81 91 Multiple Eddy Current Testing Indica-
tions of 10% and 19% wall loss with high
voltage signal originating on the out-
side diameter of the tube at HTS-SF+1.50
and +0.50 inches, respectively.
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NUCLEAR OPERATIONS DEPARTMENT
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May 19, 1988

U.S. Nuclear Regulatory Comzission Docket No, 50.317
Document Control Desk License No. DPR 52
Washington, DC 20333

Dear Sirs
The attached LER §8.003 {s being sent to you as required by 10 CFR $0.73

Should you have any questions regarding this Teport, we wvould be pleased to
{scuss thex with you

Very truly yours,
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Lenons
Manager - Nuclear Operations Department
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During eddy-current testing of Calvert Cliffs Stean Generater No
April 23, 1988, a plug vas found in the outlet tube sheet in a tube a
the tube which should have been plugged Combustion Engineering (CE
installed the plug on December §, 1986

The cause was personnel error Contributing factors were an ino

position indicating systea on the robotic arm being used and peoor vid
monitoring clarircy

Calvert Cliffs personnel, assisted by a different contractor, ar
nov and vere used yrior to using CE, with no incidents of this nature
{n the future will depend on their response to this event

The outlet end of the defective tube has been pluggrd
plugged tube has been tested and evaluated as good.

The inco

12 or
diacent tc

had

perable tube
eo

¢ being used
Use of CE

rrectly
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On April 23, 1988, during eddy current exazinations of the tubes in Calvert
Cliffs Unit 1 Steaz Generator No. 12 (EIIS §B-SC), @ plug vas found in the outlet
of tube RPILEY that vas supposed to have been in adjacent tube RS4LES.

Tube plugging operations in this steas generator had been performed on
Decesber §, 1986, That operation vas performed by remote conrrol from cutside
the stean generator using a robotic arm manipulater with video monitoring.
Combustion Engineering’'s (CE) personnel, equipment and Quality Assurance Prograz
vere utilized to perform the plugging under contract by Baltimore Gas and
Electric. An audio-visual tape recording of these operations was provided by CE

Reviev of the tape revealed that defective tube R94L66 had not been plugged
or the outlet end, the plug intended for this tube vas {nserted into adjacent
tube RGILEY. Normally, an encoded tube position indicating system on the robotic
arz is an additional indication of tube locatien, but that systen vas inoperable.
Also. the video monitoring clarity wvas poor, making remote visual verification
difficule

The root cause of this event is personnel error. The inoperable position
indicating systez and the poor visual monitoring capability contributed to this
! personnel error.

Combustion Engineering has been given the details of this event. Future
contzacting of Combustion Engineering for stern generacor plugging services vill
depend on their response and corrective actions.

Calvert Cliffs is presently using its own personnel and procedures with
support from another contractor for steam generator tube plugging. These
procedures require post installation visual verification that plugs are installed
in {dentified locations. Locations marked for plugs are also verified by these
procedures. This was the practice prior to the one-time contracting of
Combustion Engineering steas generator tube plugging services, and no incidents
of mis-plugging defective tubes have occurred previously at Calvert Cliffs.
Therefore, ve do not expect reoccurrence,

Defective tube R94LEE has been plugred. It contained a 44 percent through
vall defect during the 1986 exam nation, and re-examination this spring shewved
1231 growth through the last cycle while only one tube end was plugged. Tube
RIILEY was exasmined and is still not defe..'w

The safety consequences of this event are n significant. Had a rupture
occurred in the defective tube, thy plant is desig . 4 to respond and that event
{s analyzed in the Final Safety Analysis Report, Chapter 14, Section 15. Alse,
the extra tube plugged did not cause the total tubes plugged t» reach the
analyzed limit of mo greater than 100,

No similar events have occurred.

Calvert Cliffs contact for this event is Bernie Rudell, 301-160.4815.
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APPENDIX IIIX

STEAM GENERATOR INSPECTION INFORMATICON

P.

Steam Generator Support Location
and Nomemclature

Steam Generator Tube Sheet Pattern
and Numbering System

Eddy Current Inspection Acronyms
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C. EDRY CURRENT INSPECTION ACRONYMS

DNT
PLG
PV

INC
RT

RES
RBD
DI

uDs
INF
SQR
PID

FIX
TP

BLG
IDI
Ipv
INR
S1G

RT1

NDD

DENT

PLUG

PERMEABILITY

INCOMFLETE

RETEST

RESTRICTED

RETEST BAD DATA

DISTORTED INDICATION
UNDEFINED SIGNAL
INDICATION NOT FOUND
SQUIRREL

POSITIVE IDENTIFICATION
NO TEST

COPPER

FIXTURE

TEMPLATE PLUG

BULGE

INSIDE DIMMETER INDICATION
INSIDE DIAMETER VARIATION
INDICATION NOT REPORTABLE
SLUDGE

EXTRA KARD ROLL

ROLL TRANSITION INDICATION
ABSOLUTE POSITIVE TRACE
NO DETECTABLE DEGRADATION
NOT ROLLED HOT

NOT ROLLED COLD




