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Gentlemen: 

REPORT ON ULTRASONIC EXAMINATION 
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SALEM NUCLEAR GENERATING STATION 
DOCKET NO. 50-272 

Public Service Electric and Gas Company hereby transmits its fi~al report 

regarding ultrasonic examination of steam generator clad cracking. This 

report contains a description of the examination performed, results, 

conclusions and our proposed inservice inspection program in this matter. 
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General Manager - Projects 
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Department 
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REPORT OF ULTRASONIC EXAMINATION 
STEAM GENERATOR CLADDING CRACKING 
NO. 1 UNIT 
.SALEM NUCLEAR GENtRATING STATION 

INTRODUCTION 

.Ari ultrasonic. examination measuring the extent of claddin.g 
cracks in the Nb. 14 ste~m generator.on Unit No. l~ Sale~ 
Nuclear· Generating Station, has been co:inpl~te.d. This 
inspection together with our letter o~ May 28, 1976 discussing 
liquid penetiant and metallographic evaluation compietes the 
investigation of steam gen~rato~ cladding crack~ng on No. 1 
Unit~ . . . .. . . 

RESULTS 

The. ultrasonic inspection has lead to the det~r~ination that 
cladding. cracks can be .detect~d from the O.D. s~rface and that 
those.examined do not penetrate into base metal. 

BACKGROUND 

Liquid penet~ant inspection of the steam generator channel . 
heads on Unit No. 1 rev~aled the presence of cladding cracks. 
These cracks were most heavily concentrated in a 2' x 4' area 
in the upper half of the cold leg side of the N~. 14 steam. 
g~nerator. The ASME Boiler 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 are~s within the.2' x 4' zone was 
conducted to det'ermine the extent of. the surface dye. penetrant 

·- indications. Grinding was in:itiated to a depth of 1/8 11 below 
the top sUrf~ce of the cladding, at which ti:ine a dy~ penetrant 
re-examination was performed. Of four ·a-reas excavated and dye 
penetrant inspected, three revealed cracking still present. 
Excavation was then halted to avoid possible exposure of base 
metal. 

To determine whether the crack~ progres~ed through the cladding 
into base metal an ultrasonic examination was initiated. A 
claddinr; crack 4i' in length, located at a distance of 5" from, 
the interface between the Inconel back cladding ~nd the 
channel head cladding in No .. 14 steam generator was selicted 
for examination. (Photograph N.o. 1) This defect was judged 
to ~e rep~esentative of the de~ects in the upper head and 
throughout the balan~e of the steam gen~rators. Th~s defect 
was also s~lected for examination in view of its location in 
the highest stressed area of the channel head a~d its· ea~e of 
inspectability using existing UT methods~ 
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U.J,TRASONIC TEST METHOD 

Ultrasonic test procedures and.equipment were developed by 
Westinghouse in collaboration with Automation Industries (A.I.). 
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 prografu are described in 
a supplement to Westinghouse Report No. TD-MEi-75-080. 

It was decided that UT surveillance would be limited to a single 
patch on the cold leg side of No. 14 steam generator. The hot 
leg side of No. 14 steam generator, and both legs bf the remaining 
steam gen~rators did not reveal any evidence of the exten~ive, 

·concentrated cracking present in_ the cold leg ~ide of No. 14 . 
. . All steam generator~ will also be monitored by periodic visual 

examination. 
. . 

A calibration block was prepared by A.I. Nuclear Engineering 
Servic~s Division for Westinghouse _from a _section of the same 
scra~ ch~nnel head used for the U.T. stand~rd at Consolidated 
Edison's India·n Point No. 3 Nuclear -Generating Station .. T_he · 
biock,approximately 12" x 13-l/2", was sectioned ·from the upper 
edge of the SA-216 Grade WCC channel head ~fter claddi~g with 
the same submerged arc process used on production heads. 
Although the steam generators at Indian ~oint No. 3 are series 
No. 44 and Sal~m No l 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 n, • 250", 
.375 11 and .450 11 ·deep respective_ly were cut perpendicular to 
the clad surface by the electro discharge machining process. 
A scannin~ fixture was fabricated to p~ovide guided straight 
line manual scan~ing at fixed intervals and mounted to the 
calibration block. O.D. (unclad) surface. 

On June 8, 1976 the calibration procedu~~ was demonstrated to 
PSE&G representatives by Westinghouse at Danb-i:t'ry, Connecticut 
with a model UM-775 Reflectroscope, a l MHz l-l/8n diameter . 
48° search unit, and an X-Y recor~er. · The rec6rder was attached 
to the Reflectoscope and the scanning i'i::x;ture so t.hat the 
recording pen was moved in the X direction by amplitude response 
from Refiecto~cope arid Y directi6n by vert~cal movement of 
the search unit .. Calibration was done ~ssentially to Westinghou~e 

.Procedure NPT-61. The calibration block was .traversed in 5" 
long scans at l/4~ intervals urttil ma~imum resporis~ was obtained 
f'rom the four rei'erence notches~ Then the :four appropr~ate ·5" 
scans were re~orded, using the top c~rner reflection as the end 
point of each scan. The test was considered satisfactory in 
that the notches were detectable and p~ovided a re~~Onably 
linear response up to the .375" notch. 
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On June 9, 1976 Westinghouse and A.I. personnel measured th~ 
cladding thickness at Salem on No. 14 steam generator ultra­
sonically. On June 10, 1976 a base line examination was 
perf6rmed on the selected patch rising the same equipment and 
procedures described above. Locator holes approximately 3/16" 
d_iameter .x 3/16 11 deep :for the scanning fixture were developed 
by drilling through the mounting feet of the fixture into the 
channei.head after the fixtur~ had been attiched to the 
channel head magnetically. Prior to drilling of the locator 

·holes, proper location of the fixture was established by 
through-transmission technique using ~ recei v'ing 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 O.D.(co-ordinates 58.H-5v).·After mounting the fixture, 
24 five-inch ~ertical scans were made at 3/4'' intervals · · 
using the Inconel 182·back cladding to 309 S.S, channel ~ead 
clad interface reflection as the erid point of the upper travel. 

Dual iraces were made 6r ea~h scan ori the X-Y r~corder. Several 
refiections of approximately 20 to 25% of screen h~ight were 
record~d indicating that the cracking 5'' from the tube sheet 
was detectable but not significantly deeper than 1/811

• All 
scanning was don~ from the cyclindri~al portion of the ch~nnei 
head O.D._with the 48° 1-1/8" diameter, l MHz shear wave search 
unit focused upwards towards the channel head-to-tute sheet 
weld. No surface preparation was required other than wire 
bru~hing to remove loose rust arid dirt. USP grade glycerine 
waG used as the couplant as in the on-site calibration and 
Danbury demonstration. 

Copies o~ NPT-61 and traces made during calibration and 
scanning are attac4ed. 

CONCLUSIONS 

The data shows that the 4" long claddin~ crack determined' 
previously by dye penetrant inspection was detectable by ultra­
sonic examination from the O.D. of the channel head. More 
iciportantly, the depth of the crack was indicated to be no 
greater than 1/8 11 below the cladding surface and therefore 
still within.the boundary of the stainless steel cladding. 

PROPOSED SURVEILLANCE PROGRAM 

The ·~1trasonic inspection will serve as the base line preser~fce 
surveillance examination for the cracked cladding. Public 
Service will continue to monitor the above cracking on a 
schedule consistent with the first three re-rv~ling outages. 

~h~ inspection will consist of monitoring the same area 
(defined by the existing locator points) discussed in the 
precedirig discussion with the same U.T. procedure. 
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In addition, a supplementary surface examination technique is 
under investigation~ 

Aft~r the first ·three refu~ling outages, the progr~m will be re­
evaluated ·from th~ standpoint of ~rack propagation to d~termine 
if the examination frequency can be reduced or eliminated .. 

" 
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Ci:.';t/_:-:·</,.;/~ Plll\l'J;;E: Ultrasonic survc:Ul;incc procedure for periodically dcterminine the c>:tcnt 
•"'v~.lyen --!--. - "bl h f ] 0 d 1 · · cl • d f 1 -.:n~c pos~a c growt o - c .n c:rac .;:ing 1n es:i.gnat~ arc-as o steam cencr.:itor c 1.1.nneJ 

G. Hughes heads. The proc(:durc. incJ.uclcs the 1iicm1s to mea;,ure clad thickness as a bnselinc 
·process and the fixturing necessary to dupli°cate the test progrmn periodically. 

.____I._ 

_____ t 

-------!-. 

l 

'-
'~~ 
\~f~ 

. ·~ '·· '>/. 
: ... "I lJ 

. --,~j~~.[ 
' ~' ., 

. \ .. , . 
•· . ... <·' . . ,. 

. fi·,:--.-~1 
., ... \. 
,\ 
t \ \ .... 
- ., ' 

QUALT.FICATION OF .PERsmmEI,! Personnel performinr, the exnminntion under this pro­
ceciure shal'l be qualij.:icd in accordance -with A~m~'-TC-lA, Supplement "C", Level II . 
or III. 

OPERATJO;~S: 

Part I: 

L 

2. 
3. 

.•. -· .. .:::( • -+ ---
Clad Heasurement: 

'. 
Neasure clad thickness in the approximate center of designated c:ireas 
using the proc~,durc detailed in Automation .Industries' Report ffTR-71-24A. 
Record clad thi'ck.ness determined in each· area. · . . . . 

Clean and check clad surfaces in examination areas~· 

Equipment: · 

a) llI 771. instrument "Automat:i,on" (mu::;t fit through 18. inch riianway). 
b) lOS db. pulser/r~celver 50:C 1815 ·JT1odification. 
c) Search unit fixture 57A.6878 

57A3615 SIZ transmitter search unit 
57A2796 S:J;L receiver ::;carch unit 

_d) TI.eference standard S/N 1 
e) Glycer:i.ne for cou?la:u.t 

a) 

b) 
c) 

d) 

·l) 

2) 

3) 

4) 
5) 
6) 

7) 

Calibration: 

Ensure that display selector switch on inside of lOS db. pulser /1-eceiver 
is set _at Position "D". . 
Turn on instrument end allow proper warm up. 
Connect cahles fr.om transmitter and receiver search units in fb:ture 
57A687S t'o their respective jacks on the lOS db. pulser/receiver. 
Adjust the instruu:c:iit controls· to the following preliminary settings: 

UH 771 
Sweep Delay 
Push button 5-50 
Slide contra], 1/3 towards max. 
Vernier - ~ax. (ccw) 
Sweep Range . 
Push button - 1 
Slide control - calibrat6 
MatcriQl Vernier - mid range 
Vertical.- adjust to lo~atc 
baseline at 0 vertical position 
Altn. - mnx. (ccw) . 
Rote - max. (cw) 
llorizont;il - adju'.";f: · t0 center 
baseline on scope Ecrecn 
Mode - out 

1) 

2) 
3). 
4) 

5) 

6) 
7) 
S) 
9) 

lOS db 
Reference max. (cw) 

I· 
I 

Sens. db control - 30 
Video Filter - 3 
Reject - set to reduce 30:' 
FSD signal tp 5Z FSD 
Test - Through · 

I.ow Z 
Pulse tune - max. (c~~)­
Pulsc length - ma~. (cw) 
Freq.-2.25 M11 · . :z 

----~~~1-~~~--~-'-~~--~--:.~~-'-~~--,~~~-~~--~~~~~~_,....r---
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Calibration: (cont :i.nued) 

c) Position trnnsigatc S\.:)tch to "Off11
• 

f) Apply couplnnt (clyccrinc/water mi~) to reference block~ plncc iusp~ction 
. fixture on reference block and locate signal from block fro~t surface. 

g) Position front ~utfacc signal near l~ft side of Rcfle2tnscope screen 
·and 1nar..~ location on screen with grease pencil. 

h) Manipulate :ixture and adjust sensitivity db control as requ:ired until 
signal is obtained from reference hole A. Position front surface signal 
at mark obtni~cd in (g) ab'ove, using sweep delay Vernier •. Mark location 
of hole "Au signal on Reflectoscope screen with grease pencil. 

i) Repeat step (h) for reference holes B, C and D~ and mark the respective 
locations on· the Reflectoscope screen. The reference marks fror:: holes A­
D :represent cladding thickness of 0.20", 0.25", 0.30" and 0.35" respe..c­
tivcly. 

Part II. Surveillance Procedure 

a) 
b) 
c) 
d) 
e) 
f) 
g) 

Equipment: 

UM 775 Reflectoscope (Automation) 
SN Weld Pulser/Receiver 
Alarm and recording module ·(Transigate) .. 
'Westinghouse InL111ersion/contact search fixture 20° incident z.ngle 
1. 0 HH l-l/811 dia., heavy backing, ·51z transducer, Style f.!57A3ft53 
Scanniiig fixture (WTD) . 
X-Y Recorder - Hosely Autograph Hodel .f/2D-2A 

.,, 

h) · Cl.:d c.h.?.rmel head (cactir..g) reference block \.;ith 3/4 in. lcr.g by 1/8'\ 
1/411

, 3i8',' and 3/16" deep Elox notches 
i) Couplant: 2 parts glycerine, 1 part water, ~-~ drops wetting agent per 

pint. 

Calibration:• 

· a) Reject off 
b) Set response from the 3/8" deep Elox notch to 90% of full screen height 

(FSU) note and record response from the 1/ 4 11 and 1/8" deep notches ..:.. · 
should 'be approximately 50.% ± 5% (FSH) and 36% :t 5% • (FSH) respectiveJ.y. 
(Note response from 3/1611 deep notch). . · 1 

Procedure: . . ~ 

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

a) Place a.ssembled "empty" search unit fixture on O. Ol10-0. Oli5 inch thick 
shim on flat s~rface. 

· "b) Adjust feet to touch flat· surface. 

2 •. · Till fixture with water and pressurize so. that approximately 75-SOi~ of 
flexible bladder width touches flat surface on which four "feet" £!re 

3. 

4 •. 

rcstinr,. 
1-!ollnt sc.:mn:inp, fixture :including scnrch unit on reference block so that 
sound be~m is projected pc.>rpc.>ndicular to nc.tches. 
Se~ response from 3/o'·' deep not ch to 90Z of full screen height ·(rSH). 
lfotc rc!ipon~;e fro:n 1/!," <m<l l/8 11 <ll'cp notches. 

NP'i'-(11 Wcslinr,house [lc;r;trlc Ccrpor'11ion 
P<it~'-' 2 of 3 lJmp:i Cli\·isior1 HucleJr £»l·1r.}· S~s1cms 
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Procedure: (contin~cd) 

Set recording gate "start" at p0::ik point of 1/8" notc:h indic2tio~ :::..:.n'.:s "!" 

of test nctal distance. Set recording r,ate "END" at peak poi~t of 1/8" ::.c;:c:! ·. 
indication plus 3/li" of test metal distance. 
Set recording threslwld at 10% of screen height below peak respons:. itc~ 1/3" 
decn notch. 
Con~ect data potentior:ietcr of scanner (s. inch scan len~th) tb · y· cc:·-::-clinc::e 
of X-Y recorder. Connect am~litude response to·x coordinate.of X-~ recc=~e=. 
Rec0rd calibration by scanning across reference block at appro?rfr.:~ 
(app~ox. 1/411

) in~rc~cntt to record maximura response~ and locatio~s fro~ 
reference notches. Set pen m<:mualJ.y to duplic;ate SC[!.n .Spacin~s. 

Place scanner. on selected area of channel head. Set search -.;.:;-_:,:: c::. :.: .. f:: :c:.::::=.. 
edge of area .to be sc<inned •. Nove search unit to top pf scan (5") :::-:::. r~::::r.: 
to bottom of scan length. Hove:: search unit 3/4'' to right, move pc::: on 
recorder 3/L1 11 and rep~at 5" scan. Repeat. process at 3/4 11 incre:=::s~~:..s -unt2.l 
12" wide (circurafercntial ·direction· on. channel head) has been tra·.·.::-5-=:d. 
Hair.tain records for cor!!parison with periodic in-service i-ecordings r::?..de i~ 
the Sallie manner as described. 
Clean and identify areas. 
Follow the c.bove procedure on channel head by placing the search u::.i.t fh;:tt:.::-e 
"feet"· in drilled holes for ez.ch position. 
Record UT results for each area scanned on channel head. 
Haintain records for comparison with periodic in-service recordinbs :::::a.de. 
in the same manner as dcscribe.d. 
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