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REPORT OF ULTRASONIC EXAMINATION
STEAM GENERATOR CLADDING CRACKING
NO. 1 UNIT |

- SALEM NUCLFAR GENERATING STATION

INTRODUCTION

An ultrasonic examination measuring the extent of cladding
cracks in the No. 1k steam generator.on Unit No. 1, Salem
Nuclear" Generatlng Station, has been completed. . This :
inspection together with our letter of May 28, 1976 dlscu531ng
liquid penetrant and metallographic evaluatlon completes the
investigation of steam generator cladding cracklng on No. 1.

- Unit.

RESULTS |

The:ultrasonic.inspeétion has lead to the determination that . .
cladding cracks c¢an be detected from the 0.D. surface and that
those examined do not penetrate into base metal.

BACKGROUND

Liquid penetrant inspection of the steam generator channel .
heads on Unit No. 1 revéaled the presence of cladding cracks.
Thesé cracks were most -heavily concentrated in a 2' x 4' area
in the upper half of the cold leg side of the No. 1Lk steam.
generator. The ASME Boller and Pressure Vessel Code accepts

- surface indications .in cladding providing such indications are
" confined to the cladding itself (Code Case No. 1738). -

Exploratory grinding of four areas within the 2' x 4' zone was '
conducted to determine the extent of. the surface dye penetrant:
indications. Grinding was initiated to a depth of 1/8" below

the top surface of the cladding, at which time a dye penetrant

-re-examination was performed. Of four 'areas excavated and dye
‘penetrant inspected, three revealed cracking still present. .
Excavatlon was then halted to avoid poss1ble exposure of base
'metal , A

To determlne whether the cracks progressed through the claddlng
into base metal an ultrasonic examination was 1n1t1ated.- A
cladding crack 4" in length, located at a distance of 5" from'
the interface between the Inconel back cladding and the '

" channel head cladding in No. 14 steam generator was selected
for examination. (Photograph No. 1) This defect was ‘judged
to be representative of the defects in the upper head and
"throughout the balance of the steam generators. This defect
wvas also selected for examination in view of its location'ln
the highest stressed area of the channel head and its ease of
" inspectability u51ng exlstlng UT methods



ULTRASONIC TEST METHOD

Ultrasonic test procedures and equipment were developed by
Westinghouse in collaboration with Automation Industries (A.I.)f'
at Danbury, Connecticut. The procedures and equipment were

then supplied by Westinghouse +to Public Service for examination
of the No. 14 S.G. These procedures and equipment were applied
.successfully at the Indian Point No. 3 Nuclear Generating »
Station. Results of the Indian Point program are described in

a supplement to Westinghouse Report No. TD MET 75-080.

It was dec1ded that uT survelllance would be llmlted to a 31ngle
patch on the cold leg side of No. 14 steam geneérator.  The hot

leg side of No. 1L steam generator, and both legs of the remaining

-steam generators did not reveal any evidence of the extensive,'
concentrated cracking present in the cold leg side of No. 1k.

All steam generators will also be monltored by perlodlc v1sual
examlnatlon - . _ o _ . b

A.calibration block was prepared. by A.I. Nuclear Engineering
Services Division for Westinghouse from a section of the same
. scrap channel head used for the U.T. standard at Consolldated
Edison's Indian Point No. 3 Nuclear -Generating Station. The .
block, approximately 12" x 13-1/2", was sectioned from the upper
edge of the SA-216 Grade WCC channel head after cladding with
 the same submerged arc process used on production heads.
~Although the steam generators at Indian Point No. 3 are series
LY and Salem No 1 has series No. 51, the channel head
configuration is essentially the same. The 309 S.S. cladding
was ground smooth and four notches, 3/4" long by .125", .250",
.375" and .L450" deep respectively were cut perpendicular to. -
the clad surface by the electro discharge machining process.
A scanning fixture was fabricated to provide guided  straight.
"line manual scannlng at fixed intervals and mounted to the
calibration block 0.D. (unclad) surface

On June 8, l976.the calibration proceduré was demonstrated to

. PSE&G representatives by Westinghouse at Danbury, Connecticut .

- with a model UM-775 Reflectroscope, a 1 MH, 1-1/8" diameter
48° search unit, and an X-Y recorder.: The ‘recorder was attached
to the Reflectoscope and the scanning fixture so that the '
. recording pen was moved in the X direction by amplitude response
from Reflectoscope ‘and Y dlrectlon by vertical movement of

the  search unit. . Calibration was done essentially to Westlnghouse
-.Procedure‘NPT—Gl.; The calibration block was traversed in 5"

long scans at‘l/h" intervals untllumax1mum response was obtained
from the four reference notches:. Then the four appropriate 5"
scans were recorded, using the top corner reflection as the end
point of each scan. The test was considered satisfactory in
that the notches were detectable . and prov1ded & reasonably '
linear response up to the 375" notch.
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On June 9, 1976 Westinghouse and A.I. personnel measured the .
cladding thickness at Salem on No. 14 steam generator ultra-

sonically. On June 10, 1976 a base line examination was
performed on the selected patch using the same equipment and
procedures described above. Locator holes approximately 3/16"

. diameter x 3/16" deep for the scanning fixture were developed
'by drilling through the mounting feet of the fixture into the.
channel head after the fixture had been attached to the =

‘channel head magnetically. Prior to drilling of the locator

"holes, proper location of the fixture was established by

through-transmission technique using a receiving crystal on

the I.D. of the channel head to determine the point of exit or -

- reflection of the sound beam from a transmitting crystal on - '
the 0.D.(co-ordinates 58 H-5v). After mounting the fixture,

24 five-inch vertical scans were made at 3/4" intervals =~ = .

‘u51ng the Inconel 182 back cladding to 309 S.S. channel head -

clad interface reflection as the end point of the upper travel.

Dual traces were made of each.scan on the X-Y recorder. . Several
reflections of approximately 20 to- 25% of screen height were '
recorded indicating that the cracking 5" from the tube sheet
was detectable but not significantly deeper than 1/8". All
scanning was done from the cyclindrical portion of the channel
head 0.D. with the 48° 1-1/8" diameter, 1 MH, shear wave search
unit focused upwards towards the channel head-to-tube sheet
weld. No surface preparation was required other than wire
brushing to remove loose rust and dirt. - USP grade glycerine
was used as the-couplant as in the on-site talibration and

- Danbury demonstration. '

Copies of NPT-61 and traces made during calibration and
scanning are attached. : : :

CONCLUSIONS

"The data shows that the 4" long cladding crack determined:
previously by dye penetrant inspection was detectable by ultra-
sonic examination from the 0.D. of the channel head. - More
importantly, the depth of the crack was indicated to be no
greater than 1/8" below the cladding surface and therefore
still within the boundary of the stainless steel cladding.

PROPOSED SURVEILLANCE PROGRAM

"The ultrasonic inspection will serve a&s the base line preservice

" surveillance examination for the cracked cladding. PFPublic

Service will continue to monitor the above cracklng on a
schedule consistent with the first three re-fueling outages.

The inspection ﬁill cbnSist of monitoring the same area
(defined by the existing locator points) discussed in the
preceding discussion with the same U.T,. procedure :
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" In addition, a supplementary surface examination technique is-
under investigation. :

After the fifst'three refuélihg‘outages, the program wiil be_re— ‘
evaluated ‘from the standpoint of c¢rack propagation to determine
if the examination frequency can be reduced. or eliminated...
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METHOD OF SHEAR WAVE ULTRASONIC CLADDING .SURVETLLANCE ! Page 1 of 3.
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| PURPOSE:
Vand |y pus51blc growth of clad cracking in designated areas of steam generator chann

Ultrasonic surchllnnce procvdurc for pcriodicall; dctexm:ninf the exte

hrads. The procédure includes the meauns to measure clad thickness as a baseline

‘process and the fixturing necessary to duplibate'thc test program periodically.

OUALTTICATTON O . PFPSOHN]f‘

ceaure shall be qualified in accordancc with AGNT—TC-lA Supplomcnt "C", Level IX

nit

aj

Persoqnc] pcrformlng the examination under this pro—

or III. .- S
OI’ERATIO_IE: 5
. : e - N L bl o -
Part I: Clad Measurement: ’ e, )
1. Measure clad thickness in the approximate céntcr of debignated areas ,
. using the procedure detailed in Automation Industries' Report #TR-71-24A. |-
‘2. Record clad thickness determ;ned in each area.
- 3. Clean and check clad surfacev in examination areas.
~ Equipment: '
a) UM 77l,ihstrument "Automation' (must fit through 18.inch manway).
. ~b) 10S db. pulser/receiver 508 1815 modification.
c¢) Search unit fixture 5746878 ,
. . 57A3615 SIZ transmitter search unit
57A2796 SIL receiver search unit
d) Reference standard 3/¥ 1
e) Glycerine for couplant- .
Calibration:
a) Ensure that display selector °w1tch on inside of 1OS db pulser/ieceiver
is set at Position "D", : :
b) Turn on instrument znd allow proper warm up. :
c¢) Connect c1bles from transmittér and receiver search units in fixture -
) 57A687S to their respective jacks on the 10S db. pulser/receiver.
d) Adjust the instrument controls to the following preliminary settings:
UM 771 ' © 108 db
1) Qweep Delcy 1) Reference — max. (cw)
_ Push button 5-50 o T ' :
', Slide control 1/3 towards wmax. =~ - - - :
_ Vernier - max. (ccw) . ST : o
2) Sweep Range S : "~ 2) Sens. db contreol - 30
Push button — 1 . 3).. Video Filter -3
Slide control =~ calibraLc 4) Reject - set to reduce 30%
Material Vernier - mid range - . FSD 'signal to 5% Fsp
3) - Vertical - adjust to locate ~'5) Test - Through
. baseline at 0 vertical pos1t30n oL _
4) Altn. - max. (cow)- s 6) lLow Z :
5) Rate - max. (cw) 4 7) Pulsc tune — max. (ccw).
" 6) Horizontal - adjust to center '8) Pulse length — max.  (cw)
E baseline on scope screen ' -9} Freq.-2.25 M '
. : ; Z
7) .Mode‘~ out '

S Yampa Rivision

e NP1-61
Comaoration Page 1 of = 3
Kuclcar Encigy Q):.ums R '
Jampa, Honda U.S.-A. :

Westinghouse Liecuic
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Calibration: (continued) . , _ . _ o . _
C. Galven

e) Position transigate switch to "Off". ) - ‘
f) Apply couplant (glycerine/water mix) to reference block, " plncc inspection G. Hughes-
 fixture on reference block and locate signal from block front surface. T
g) Position front surface signal near left side of Refleétoscope screen “Tfﬁz;gﬁiff_
- and mari: location on screen with grease pencil. '
h) Man:pulatc fixture and adjust sensitivity db control as requ:rcd until .
" signal is obtained from refercnce hole A.- Position front surface signal
at mark obtained in (&) above, using sweep delay Vernier.. Mark lOCcLlOD
~of hole "A" signal on Reflectoscope screen with grease pencil. L
i) Repeat step (h) for reference holes B, C and D, and mark the respectlve
locations on the Reflectoscope screen. The reference marks {rom holes A~
D represent cladding thlckness of 0.20", 0.25", 0.30" and 0.35" respec-
L tiveély. - S : C T

- Part II._Sﬁrveillancg Procedure . C L o o L

S —

Equipment:”

a) UM 775 Reflectoscope (Automatlon) . S . : o :
b) 5N Weld Pulser/Receiver o _ L : - R
¢) Alarm and recording module (Tran51gate) ' e " e —
d) Vestinghouse Immersion/contact search fixture 20 incident angle - ' : i
e) 1.0 HHZ 1-1/8" dia., heavy backlng, ‘512 Lransducer, Style #5743453
f) Scanniug fixture (WID) .
g) X-Y Recorder - Mosely Autograph hodel #2D-2A
h) ~Clad chamnel head (casting) refercnce block with 3/4 in. leng by 1 8",
C /4%, 3/8" and 3/16™ deep Elox notches ' o
i) Couplant: 2 parts glycerine, 1 part watex, 4 5 drops wettlng agent pe1 - cad
' plnt . : :

Calibration:'

- a) ReJect off = L - ' T

b) Set response from the 3/8" deep Elox notch to 90% of full screen height
- (FSH) note and record responqe from the 1/4" and 1/8" decep notches =
should be approximately 50% x 5% (FSH) and 36/ 5% : (FsH) IESPLCL1V61Y
(Note response from 3/16" deep nctch) : - "

Procedure:

1. Set "feet" on search unit fixture as follows: B

. @) Place assembled "cmptv'.search unitAfixture on 0.040-0.045 inch thick
. shim on flat surface. ' B
'b) "Adjust feet to touch flat surface.

2. Fill fixture with vater and prcssur17e so that approxlnatclv'75 SG of - .
flcxxble bladder wldth touches flat suxface on_ whlch foux "fcet" are . SR T B O
esting. : ‘ : ' IR E
3. Mouvt scnnn)ng fixture Jncludlng scarch unit on rcfc1encc block so that b ' l/
- sound beam is projected perpendicular to nctches, S a

: 4.0 Set response from 3/8" deep notch to 90% of full gcrtcnl)c1ght (FqP : . .w/
Note respouse from 1/4" and l/°" dccp notches. 3 '

— T ' : — s |

NPT-61 . Westinghouse Clectre Cororation LT o

Pal_f;c 2 0f 3} Tampa Division Huclear Inergy Systems : R @

- Jlampa, Horida. U. S. A, ~ A ’
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AU METHOD OF SHEAR WAVE' ULTRASONIC CLADDING SURVIERULANCE ¢
9/29/75
C.Galyen Erocedurc:' (continﬁcd) o o
G.Bughes . 5. Set recording gate "start" at peak point of 1/8" notch indication —fnus 1"
S - - of test metal distance. Set recording gate "END" at pcal point of 1/8" mcieh
e _ indication plus 3/4" of test metal distance. . :
~ Changed 6. Set recording threshold at 10% of screen h01ght bclou pcak responsz iron 1/3"
_ ' . . deen notch. : : A
' . 7. Connect data potentiometer of scanner (5 1nch scan len"th) to'Y cczrdinzze
" of X-¥Y recorder. Connect amplltude response to’ X coordlqate of X-T reccrier.
: l ~ 8. Record callbraLlon by scanning across reference block at appropriace
‘ © (approx. 1/4") increments to record mazimum responses and locztions irom
.;_;____L_;. g reference notches.: Set pen manually to dupligate scan spacings.

' ' - 9. Place scanner on selected area of channel head., Set search unit ez Zafit hzzd
“"“”-’-1""“, S edge of avea to be scanned. Move search unit to top of scan (3") zné roturz
S s to bottom of scan length. Move search unit 3/4" to right, move pen on.

’ recorder 3/4" and repeat 5" scan. Repeat process at 3/'" incremstizs until
: 12" wide (c1rcumferen;1al direction on. channel head) has been travers:zd.
10. - Maintain records for comparison with periodic in-service recordlngs =ade i
* " the same manner as described.
.11, Clean and identify areas. - : : :
] 12, Tollow the 2bove procedure on channel head by plac1ng the searcn u:lt fiztvre
~ _ "feet" in drilled holes for each position. )
: . ' 13. Record UT results for each area scanned on channel head.
. 14, Maintain records for comparison with pEIIOdLC in-service recor i 16s made’
.._,**N_J__c © in the same manner as described. ‘
‘ - -
| -
‘ By
- .
} . o . i -
.
- .
| .
|- ’ 1
|
\
I
- Westinghause LIz mc Cerporation: - RIT-01
Tampa Division Hucicar Locrpy Syswms . Yage 3 of 3
lampa. Flunida. .S, A.
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