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[r,e,,.it,, n c TEST RESULTS 

)The clad overlay proceCres and the 
reflector characteristics indicate 

that 

the recorded reflectors -ategorized 
as suspect per the test procedure in 

Loop 1, Loop 3 and LoLp 4 inlet 
nozzles can be considered underclad 

cold 

-racks. The large quantity of reflectors 
in the Loop 2 inlet nozzle, which 

appear in circluferential bands, occur in clusters, and are separated 
by 

1 1/2" - 2", conform to the characteristics typical of 
reheat cracks.  

An ASME Section XI evaluation, utilizing preservice acceptance 
criteria 

oi these ultrasonic reflect
e' s requires a meAsurenent of the throuah-wall 

dimnr'ions. Current NDE technology, though, does 
not pernit a direct 

measjre-ent of throuoh-.,all di.mensions, therefore a reliable method of 

S estimating these dimensions is required.  

The most realistic method relies on data gathered by destructive 
means.  

Since the unde'clad cold cracking phen:-enon v-as identified, exhaustive 

destructlve analyses have bteei perfo. e tu es 'o.ish a mcr tio Lcrack..dept 

ultrasonic test results and actual crack dirensions. The maximui crack'depth 

obscr-cd was 7.5 mm (0.295"). In the case of reheat cracking, the flaws 

are always confined to the coarse-grained 
region of base raterial directly 

beneath weld bead overlaps. During extensive retallograýcic studies 
of tnis 

pheno7enoa the maximum depth of the coarse-grairec zone v.as reasured at 0.125" 

p3.2he o. Thes, for evaluation purposes, all reflectors will be assumed to have 

through-wall dimensions equal to 0.125" (3.2mn) or 1/3 t.e ultrasonically meas5rec 

length, w;hichever is larger, to a naxi.mu depth of 0.295 (7.5m7).  

D eview of I'A-3300 indicated it was not necessary to apoly the criteria of 

IWA-3330 for rultiple planar flaws or I.r-3350 fo' paraflel planar fiaws during 

the characterization process for recorcec 
reflectors in the Looo 2 inlet nozzle.  

In the first case, distances between aciacent rc-:s of i nications were 1-1/2" 

to 2", much greater than tne maxirjm 2a for the inlet nc:zles, 0.59" (l5'); 

refer to AS".E XI, 1977 Edition, Fig.jre I. .-3330-1, Surface Flaw =1. In the 

second case, although tre prirary planes of individual 
f a..s in a band were 

less than 1/2" apart, they were net displaced 
axial!y so as to signiticad?;tlY 

increase the length of the flaw; refer to ASME XI, 1977 Edition, Figure ..-33E.  

Semi-Elliptical Surface Flaas. T-.erefore, all indicatie.'s were charact eize: 

as individ2al surface flaws, l;A-32i0, with through-wall di-ensions eqj•u to 

0.125" or 1/3 their ultrasonically -easured length, whichever is larcer, to a 

maximum of 0.295" for AS.M XI preservice acceptance calculations.  

O For Watts Bar Unit I, the inlet nozzle thickness, and 
the outlet nozzle thickness 

are 13.8 inches, and 11.3 inches, respectively. Tneie thicknesses are deternined 

per the method defined in Table IWS-3512, note 
2, where t = tnl + tn2. Dinensions 

tnl and tn2 were obtained from the nozzle fabrication 
drawings.  

The longest ultrasonically measured reflector observed 
in the inlet nozzles was 

1.5 inches. Assuming a maximum depth of 7.5-r (0.295"), the allowable a/t value 

is 2.7. while the actual a/t value for this case 
is 2.1..  

O
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After the test system was calibrated, instrument sensitivity was increased 

by 6 d, for scanning. Scanning was condj:ted on the clad nozzle bore surfaces 

in both circumferential directions. Wnern an indication was d(tected, irstru-:,nt 

sensitivity was returned to the primary reference level and the rxirv p a-litude 

obtained. If the amplitude was equal to or greater than 50 , of prirmry 

reference, the indication was recorded per tU.- criteria defined in the procerure.  

The calibration sensitivity of this examrination technique is at least 5 ti-s 

that required by conventional A.'E Section XI exar.ination rethc~s (3/32 side 

drilled hole). This fact was dc-onstrated by r'ming a direct c--'ariso
, 

between the instru-:ent gain reired to set the a:-plitude of the 2:-. dia-ttcr 

flat bottom reference reflector to 80. of full screen height versus that c required to obtain the sare signal a-.plitje fror a side drillec hole of tfe 

same diameter and de~th. CaliLration o, tre flat bottom hole rec.ired an 

instru::ent gain setting 14-16 ca greater than that for the side drilled hole.  

Areas where reportable indicaticns were detected with the 70 search unit 

were evaluated with a K~I, G0--a Series, 5.0 .,Cz, C , transnit-receive 

searcn unit. Calibration for tis exc,.ir,.tion was cstablisi;-, c., the foat 

bottom of a 2mr dia-.eter flat bottom hcoe drilled to the clac,'/se r.tal 

interface in a rereesentative calibration block. Any irticaticr d2tected b.  

the 70' lorgitudiral wave inspection ar• also cetectable cy tre 0 st-aig•t 

beam inspection was considereO acceptatle by the criteria de'ired ir j 

test procedure. A copy of the detailed test procez.re is attached 

S Appendix B.  

The nozzle bore ex•-irn ticrs ,;ere ccnd ctcd by- c•ulified ultrcscric test 

operators from Sonic Svste-s International, r.ouston, Texas urder the direct 

supervision of '.estingr,: se personnel. Perscnnel and eq.ipcrnt certifica.icn 

records are on file.  

INSPECTIO:, RESULTS 

The four outlet nczzles cF W'tts Bar Unit I cortaiied no reportable 

indications as cfired in tr,. test pr:c•d•re. Tne re-aining fcjr inlet 

nozzles contained indications cnaracteristic of cracking.  

Three of the inlet nozzles, identified as Loop 1, Loop 3 and Lc:; 4, displayed 

reflectors which corresoond v.itr thnse t;yical of cold crac;kin. Loc: 1 

inlet nozzle contained three indicatic•s trht must be considered sus;ect per 

the test procedure. The Lco~ 3 iniet n,:zle contained 32 reportable 

indications, 13 of which rmst be corsidered suspect, and the Lc:: 4 inlet 

nozzle contained 8 reportable indications, 4 of wrich are suspect.  

v The retaining Loop 2 inlet nozzle contained numerous reflectors whic6 confor= 

to the characteristics norrally associated with tr.e reheat crackin; ': .oenon.  

Sixty-six reflectors were recorced, but r.j-erous other repo'tat.le indications 

were observed. The large quantity an, the repetitive nature, rn-ely tne 

circurferential b'nj;ng and tre clusterivr. patteri, of these additional 

O reflectors precluded indivicual evaluations. All the reflectors, though, 

are considered suspect.  

Calibration and r-' data sheets as well as reflector plots are included 

as Appendix C.



ASSESSMENT OF ULTRASONIC REFLECTORS IN THE WATTS BAR 

UNIT I REACTOR VESSEL NOZZLE BORES 

2 INTRODUCTION 

Ultrasonic examinations of the Watts Bar Unit I reactor 
vessel nozzle bores 

have resulted in a number of reflectors in the four inlet 
nczzles categorized 

as suspect per the test procedure. The characteristics of the reflectors in three 

0 of the inlet nozzles correspond with those typical of underclad cold cracking.  

The fourth contains reflectors which conform to the criteria norrally 

associated with the reheat cracking phenomenon.  

The following sections of this report will focus on providing cetails 

concerning the nczzle cladding process, on docurenting the nozzle bore 

ultrsoonic test results, and on detern..ining the acceptabilitJ of the ultrasonic 

reflectors to the preservice acceptance criteria of the ASME Section XI, 

1977 Edition.  

NOZZLE CLAD HISTORY 

ODocunrnttion provided by Rotterdam Heavy Ecuipnent concerning the cladding 

inside the nozzles of Watts Ear Unit I as well as a su-.ary of the welding 

parameters is given as Appendix A.  

A dttailed review of these welding parameters, namely the absence of preheat 

prior to the deposition of the second layer, indicates he Watts 5ar Unit I 

reactor vessel nozzles may be susceptible to cold crackrng. Alternatively, 

these parameters should preclude the potential for reheat cracking.  

A variation from these welding para-eters, ray have resulted during repair 

of ialet nozzle 'No. 12, identified in this report as Lc;p -2 inlet. According 

to our records, a portion of the second layer of clad comprising beads 

number 13 through 19 was renoved by machining due to cnrome content less 

O than 185. This area was subsequently repaired.  

DESCRIPTIO!; OF ULTRASONIC TESTI;NG TECHNIUCUE 

The examinations were conducted from the clad nozzle bore surfaces using 70° 

longitudinal wave, dual element, transmit-receive search 
units manufactured 

by krautkrcmer/RTD/BAM. The time base of the instrument was calibrated on 2rm 

diameter side-drilled holes at depths of 3-.-, 7mm, and llrr. Test sensitivity 

was established on the flat botton of a 2m• diameter hole drilled just below 

the clad/base metal interface in a representative calibration block.  

O
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O 
Reflectors in the Loop 4 inlet nozzle in the vicinity of the safe end weld 

were evaluated to the 1977 Edition of ASME XI, Table IWB-3514-2. The thickness, 

t, is 3.2 inches as obtained from nozzle fabrication drawings. The maximum 

O ultrasonically measured length of 0.25 inch wouid correspond to a through-wall 

dimension of 0.125" assuning a semi-circular flaw shape. The allowable a/t 

value is 8.4% based on an aspect ratio of 0.50 while the actual a/t value 

for this case is 3.9', see Figure 2.  

Thus, based on the assumption that flaw depths are r.1.i5" (3.2rm) or 1/3 their 

O ultrasonically measured length, to a mdxir.um of 0.295" (7.5;:), we conclude 

that all recorded reflectors meet the preservice acceptance criteria of 

IWC-3500, ASME XI, 1977 Edition.  

0r 

O 
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SAPPENDIX A: DOCUMENTATION OF CLADDING INSIDE NOZZLES/ 

ROTTERDAM HEAVY EQUIPMENT/ORDER NO. 30749 WAT 
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0

First Layer: 

Second Layer:

Amps = 600 - 630; Volts = 30 + 2; Speed = 6 inches/ 
minute

Amps = 600 - 650; Volts = 31 + 2; Speed 4 inches/ 
minute

4. Pre-heat, post-heat, interpass temperature 

a. Pre-heat temperature (1st layer) = 40'C (IC:'F) 
b. Post-heat tep-erature = raise pre-heat te-:erature to 210-220'C 

(410-4268F), hold for 2 hours, cool to a:bient (soaking 

heat treatment) 
c. Interpass temrerature (1st layer) = 15 - 100OC (59-2120F) 

d. Interpass temperature (2nd layer) = 15 - 125^C (59-257'F) 

5. Post weld heat treatment (PWHT) 

Final PWHT = 595 - 635°C (1100-1175' F) held for 17-22 hours 

6. Stress relief heat treatment 

Stress relief heat treatment is the same as shown in Item 5 above 

7. Manufacturer and sub-contractors 

The reactor vessel was fabricated by Rotterdan Dockyard Co-rany, 

Rotterdam The Netnerlands. The nozzles were clad by Rotterdam..

APPENDIX 7.  

WATTS BAR UNIT I NOZZLE 
CLADDING PROCEDURE 

1. Base material specification grade and type 

ASTM A-508, Class 2 

2. Process type, e'"=trode sizes 

a. Two layer clal using submerged arc p'ocess 
b. 60 mm x 0.5 mm strip electroces (Type 309 and 

3. Heat input for each layer (amps, volts, speed)

0

0
Type 308)

0

0 

0 

0

)
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APPENDIX A 

NOZZLE IDENTIFICATION

TVA IDENTIFICATION 

Loop 1 lnlet/67* 

Loop 2 Inlet/113* 

Loop 3 Inlet/2470 

Loop 4 lnlet/2930

RDM IDENTIFICATION 

14 

12 

13 

11

0

C' 

0 

0 

0
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IRSV zwv'ar Appnrr.ntnbouw b.v.  
t.. ' ¢Ronc'd-r n H».y tCuc.pm;nt 

RSV-A 

Customer VestintGlhouse 

Customer Ref.: 2CZC ErA 281 € 

Subject t: Claddingt inside nozzles 

Ordernuiber : 30749 

Type of vessel : WAT 

Type of nozzle : Inlet.  

Number of nozzle: 11 

I General - Vldi -. Procdurr: 36.02 Ccc~l V~clduc~ P~rocedutre: 36.02
Rev.: 0

---- c Technique _I 
'Weld.Proc. Rev. Technique 

Numbcr of layers Fi Ier Metal Prehet

,MS:•w.t-309 10C-130oC

'.3 . 2 layer MS!Uw-3U no 

- 1 ~~---- --------- * --

Posti:eld heat trc;eatmefnt 

Temp Total tine Rcmarks 

SoakinC 2 hrs.  

ttrss .el;c\',vi 95-35oC 24 hr-. 54 nin.  

rma«rk . a2 For repair in area 2 see vaiiatirT. re.ort V11

749-C25.02-002 aJid N•T rcrort t;3 7304.  

--*



RSV-A

RSV zware Apparatenbouw b.v.  
F~ttcrda.n Hcavy Equipment

Customer : Vestinchouse 

Customer Ref.: ZCZC EBA 281 

Subject a CladdinG insiide nozzles 

Ordernumber : 30749 

Type of vessel : iAT 

Type of nozzle : Inlet 

Number of nozzle: 12 

GeCleral Welding Procedure: 36.02 Rcv.:

Veld.Proc.

C _________________ -- 4

1 laycr 

2elayer

CII(--~----
e 
1 layer 

2 layer

Rev.

36.04

36.03

Numbe

Technir;qu

r of laver. i ller Mct.-l PrrlIept 

MSM .aI-3 C9 1C00/1300C

PS!'.Aw-3 c

60x0.5:-.-3 ' 

60x0. 5r'.-303

3o3 

40C 

no

Arc.l M.A:-30O 10CO/10 C Area 1 layer 
e 36.04 2 2 

.3 . 2 layer 3 S:'A .7;-330 no 

I'ostweld heat treatcir.ir t 

Temp Total time Re ;:;.ri; 
S A tr'. r 2 At ,r . 'ng 

Soak inCg o ri.f 1-vr 

Stre.s relievin, 595-635°C 22 hrs. 50 r.in.  

Remnarks: x For rcpair in area 2 sec variation report V21-749-C2P.0.-r0i 

a;.d NDT rcport ND 7456.

Area 

1

Area 

2

I, 

0O

'I 

I

I

__



1 al RSV zware Appar-tlnbouw b.v.  
•.. . nolterdam Heavy Equ#pmel 

RSV-A 

Customer t Vestinchouse 

Customer Ref,. ZCZC EDA 281 

I Subject * : CladdinC insfde nozzles 

Ordernumber j 30749 

Type of vessel IWAT 

Type of nozzle : Inlet..  

N umber of nozzle:
13

General VcldinC Procedure: 36.02 Rev.: B 

Techni quc 
Veld,Proc. Rev. 

I ...  

Nrniuber of Inyers Filler Metal IPrcleent 

- Ms.L V.-309 110-130 C 
Area 1 layer 36.04 2 2 S•-AW-309 10-130C 

1 2 layer MS;:'A-308 no 

Area 1 layer _ 60y0. 5--? 

2 2 4 layer 36.03 8  2 
2 ]ar •60x0.5:r,-308 no

Area 1 layer| 
S'36.04 

.3 2 layer

Postweld heat treatcinchnt

Temp

Soak:inr, 

Stress relievini 'iQ-6350

MS'., .,- 30 _ 100-i5n 
2 

Total tine Reinarks 

2 hrs. first layer 

S2 hrbr. 46 r.-. I

0 

O Remarks: * For repair in area 2 see variation report V16 
749-C27.02-005 and N;DT-report ND 7698.

o



CGencral Velding Procedure: 36.02 Rev.: 8 

Tcc!'nii que 
Weld.Proc. Rev. T chn ique 

Number of layers Filler Metal Prellat 
).aS~aAW~ 33

CI, ,

36.04

36.03

-- i- -1

36.04

MSA' :-308 no 

60x0.5rn-J39 40C

60x0. 5-n-309 

SiA~~:-3 C 9 

MSMAW:- 306

- . .... --.-..- -- e 

ostweld heat treatoment 

Temp Total tinme Rcimarks

Soaking

Stress relievin;

210-220 C

595-635°C

U einarks: a Fcr renair in area 
i 749-C28.02-003 and 

0

2 hrr.

S 25 hr-. 44 rtin.  

2 see variation report V14 
NOT report ;ND 7457.

no 

1C0-143 C

Arecn 

1

1 layer 

2 e layer

1elayer 

2 -ayer 2 la'er

hrea 1 layer 

2 layer

..Marnr .P - - -~»>.

* 1 "I. RSV zwarC ApparItcnbouw b.v.  
. L Rolttedam Heavy Equvp.men 

RSV-A 

Customer VWest'incghouse 

Customer Ref.l ZCZC ElA 281 

Subject * Claddin' insifde nozzles 

Ordernumber a 30749 

Type of vessel ' WAT 

)lype of nozzle : nlet 

Sumber of nozzle: 14 

C '.__d___roedre: 3602__v:

r

-----------

MSA•'- -309 100-140 C

rc"
SArea 

2 .*

After weldir., 

-*-* 
z

1^-. - - --



t U .. L "*" a ..... ' L* •'"•" ....... at" * L.J Rotlrdam Heavy Equ.pment 

RSV-A

2' 

5

Area 

1

1 layer 

2 elayer

I I -
1 J];ier 

2 layer

36.04

36.03

MS:'A:.'-309 

MSMAW-308

60x0.5.- 309 S4 0 °C

OxO. 5---308 no

c 1 0 
Area lavyer 2 -.. . '-?0 10P/l2Coc 

36.04 2 On nozzle prctruti.on - -- - °

. 2 elayer nore layers have L-e :.:'N:'- 309 no 
'elded.(Layc 'J,i k.r.nr :s I'r.-.  

Postweld heat trentnient 

Temp Total time Reimrl;~ 

Soaking 205-210 C 2 hrs. first lv'cr 

Stress relicvin: 595-6j5 C 25 hrs. 36 k:in.  

Remarks:

- - . - - - .9

Customer i Westinghouse 

Customer Ref.t ZCZC EDA 281 

Subject Claddin' insi-de nozzles 

Ordernumber : 30749 

Type of vessel : WAT 

Type of nozzle S Outlet 

Number of nozzle: 15 

Genera] Welding Procedure: 6.02 Rev.: 8 

-Techninque 
Veld.Proc. Rev. .Techniq

Number of e I:yers Filler Metal Pr el at

' V 

I 

r

1 IOC-1SC0OC

~c ----------



nisv zware Appara'enS ouw D.v.  
0ottlCrd1a Hc av Equ.pmenl

Customer : Vestinchouse 

Customer Ref,: ZCZC E1A 281 

Subject - : Cladding' insi'de nozzles 

Ordernuniber : 30749 

Type of vessel : WAT 

Type of nozzle : Outlet 

Number of nozzle: 16 

Gencral Veldinjr Procedure: 36.02 Rce.: 8 

eldProc Rev Technique 

Number of layers Filler M!etal Prehlc;tt 

Area 1 layer ll1lAW-309 10_/_ _ _ _C 

-6.04 2 2 I.  
1 2 layer MS.AW-o00 no 

e 

Area 1 la'.cr 60x0. rn-3C 40CC 
-2-- 36.03 0 2 2  2 Jer 60x0. O5-300 no 

Area 1 layer 2 S0 W-/:03 100/ 3C 
-c 36.04 2 On nozzle protrution 

.3 . 2 layer nore layers have he :::'*;:.3C9 no 
welded (layer thicl.n : 17r;-.) 

Postweld heat trpa-.tý' nt ; 
I - -~ T

Tenmp Total time

20-220 C 2 hrs.

Stress relievin, 59'-635°c 
.I S23 hrs. 5(h mmn.

IRrma rks 

After welding 

----.- -- rIi,-l- -_

1 h . mi . I _ __ /I)• l:emarks :

L- .  
RSV-A

I

-



RSV zware Apparatenbouw b.v.  
Voiivardm HeJay CC-' ancni 

RSVA 

Customer t Vestinhliouse 

ICustomer Rer.I ZCZC E13A 281 

e.'t40,. 0tct : Cledding inside nozzles

-1 ---- . - - - -~s~-~rr



Customr.r : Ves.tinchCouse 

Customer Ref.: ZCZC EUA 281 

Subject : Claddinc inside nozzles 

Ordernumber : 30749 

Type of vessel 3 WAT 

Tync of nozzle : Outlet 

Nucmber of nozzle: 18 

Gcncral WelcdinG Procedure: 36.02 .Rev.: 8 

Wcld.Proc. Rev. chiu
Number of layers iFiller M•'etal Pr7)e1nt 

Area e layer M.SMAW-309 100/120C 
- 36.04 2 2 " - - -

1 2 layer 1.SMAW-303 no 

Arca . 1layer S0x0.5m.-3Y? 4CC;° 

~-- 36.03 6 2 
2 2 layer 0x0.5rr,-3C2 no 

____ r

Postwcld heat treatt.i

2 ISmA';-309 C03/150 C 
)n nozzle rrotruticn 
2 ore layers have Lbc 'c.k.'.(-309 no 

ielded (layer thic?:".c. 17-=-.  

nent

I Temp Total tine Iemark

Soal iin 

Stress relievin 

Rermarks:

210-215°C 

S 595-6351 C

After w",' *: :.  

2 hrs.. fir.t Ia.it 

23 hrs. 12 min.

RSV-A

I.  

K)

c 
Area 1 liver 

.3 . 2 lc.yor
36.04

I I

-·-

-- --

--
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MT-MNA-2098

Metallurgical and NDE Analysis 

244-3025 
June 9, 1980 
Ultrasonic Test Procedure for 'vinual Contact Ex3mi

nation of 

Peactor Vessel :'c •e-- - or- !o - r -

NUCLEAR TECHNOLOGY DIVISION

to T. P., Mager, Manager 
Metallurgical and ,DE Analysis

cc: 3.  
E.  

S E.  
R.

Enritt'o 
Hughes 
Pade 
Sero 
StepeK 
Vano

P. L. pRddle 
J. Duran 

V*. A. Siano 
SR..S. Howard 
L. Luccardi-Spain

Attached for your iforation is a ccpy of the lates! draft of our 

ultrasonic test cre:E' for e a c' i ecflt2c e ina icn of rector 

.Vssel nozzle b ..Te s~eif.catif s.eCc. T A-3'! lrasni 

Test Procedre fcb~ n...n.l C" ac: :irna=ic- of 'e::zr Vessel hozzie 

Bores for S-:-Cla- Cracking" by inccrcora:air. revisi:rs :re tfrcu'J 

actual field exSe-ieC.e. In :ne event it :eco-es neiessary to .erfor 

examinations of er.zzs5 in vessels wnere remote test capa:ility 
is not 

required, this procedure is 
reccmende.

If you have any questicns or corrnents, please contact one 
of us.

D. C. AdaMonis 
Metallurgical ant NDE Analysis 

m'eR. D. Rishel .w N "Aayi 
Metallurgidcl ar&i v OE Analysis

Attachment

0 

C) 
0

0 

0

()

Cj I tCr•'

~3c·

L?;~~ 

'~·



Hd lllltC llt L.U nrl'isrtn•' Lv 

Page 1 
June 9, 1980 

ULTRASONIC TEST PROCEDUPE FOR DETECTION OF 

0( SUB-CLADDING CRACKS I; REACTOR 
VESSEL NOZZLE BORES 

0 
1.0 SCOPE 

1.1 This document describes the ultrasonic testing technicue and 

) evaluation criteria to establish the existence of cracks 

beneath cladding on reactor vessel nozzle bores.  

2.0 EQUI•:E•;T 

2.1 Pulse-echo ultrasonic ecuio-.ent shall be used. The instrument 

shall be equipped witn a3 calibrated gain or attenuation controls.  

2.2 A dual-eler.ent, transmit-receive, 2.0 ~1-Hz, 700 longitudinal 

wave search unit shall be used for the primary exami.aticn.  

This search unit snail be of tne type Krautkrarer-RT 
D-BoA 

SE-70-L2-150-F1S, or equivalent.  

2.3 A dual-elerent, transmit-rece've, 2.0 - 5.0 fHz, miniature 

0° longitudinal w.a.e searz~, ,mt sall be used to aid in 

Sevaluation of reflectors. This searcn unit snail be of the 

type Krautkraer SEs-4-KF-8, or equivalent.  

2.4 Glycerine or an ecuivalent sýhll be used in sufficient cuantity 

to maintain cncrt, nc's coui;rg of trn searcn unit to the part 

being examined.  

2.5 A reference blSc:k •ha1 be cr•;d'ed tCr calibraticn so the 

ultrasonic test system. Tre Dicck snall be reprasena tive of 

the production part. The ccrtor of the block snall be 

Srepresentative of the 10 cf t*e nozzle ncre. The block shall 

contain 2-. oia-eter side crillea holes at locations specified 

in Figure 1.  

3.0 SURFACE FI!:TS , CL" TH.C7 ESS. -v: oP=-T!0

3.1 All examinations wil: be conctcted from the clad surface of 

the nozzle bore. Tne clad srface sr3ll be free frc- dirt, 

weld spatter, cr any other fcreign -aerial that ignt 

Interfere with free movement or contact of the searcn unit.  

0 0

- - _ -- ,. - -- - - -..- - - - . - in- -.
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C) 
3.2 The defects of concern are located in the heat-affected-zone 

of the nozzle naterial, just telcw the clad/base metal interface.  

Tc aid in evaluation of reflectors it is ir.portar.t to 
nave as 

O much information as possible concerning the nominal clad 

thickness.  

3.3 Divide the nozzle bo-e into four equal sections to aid in 

scanning and recording of reflectors. Measure the circ.rference 

of the nozzle bore at the vessel and Diping ends to establish 

O the locations of the 03 , 90°, lEO0, and 2700 axes. .'ark these 

axes along the entire length of the nozzle bore with an approved, 

semi-permanent marking pen.  

4.0 SWEEP RA:;GE CALIErATIC 

4.1 Establish a linear sweeo presentation for the 700 examination 

system by adjusting tre instru-ent celay ana rance controls to 

set the maxi,-,- responses frc7 tne side arillei holes v;rose 

axes are perperpdicular to tne caid bead direction sucn tnat 

each screen division represents 27.- of oeptn.  

() See Figure 1, reference holes "A", "B", and "C".  

() 4.2 Establish a linear s.eep presentation for the 00 T-R exa-ination 

system by adj'Jstir.: •e instrrj--nt celay ar.~ range cort-los to 

set the raxir.- res:cnses f ý te side drTled r.hoes .I.Cse 

axes are pFrpendic-.ar :t tr.e clad direction s-ch that eacn 

screen division represents 2mi of ce;tn.  

See Figure 1, reference holes "A", "B", and "C".  

5.0 TEST SENSITIVITY 

0 5.1 Establish the test sensitivity for the 70° examination systen 

by adjusting tr.e istr-,ent cain co.t.rols to c:tain an E3 of 

full screen heicnt inicaticn fr-o tne flat cbt:c- of tne 

2mm diareter hole drilled just belc.w the clad/5ase retal 

interface and oarallel to the clao teao direction. This is 

Sthe primary reference level.  

See Figure 1, reference hole "D".  

5.2 Establish the test sensitivity for the 00 transmit-receive examina

tion systc' by adjusting tre instr-ent gain controlS to obtain an 

080. of full screen neint inc:cti•n from tr.e flat bcttCm of the 

2mn diameter hole drilled throu:n carbon stcci to the clad/base 

' metal interface. This is the primary reference level.  

See Figure 1. reference hole "E".  

- -. - - -. .- ,. r- - o . - -
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S) 5.3 Calibration shall be checked at four hour intervals during the 

examination. If, during any calibration check it is determined 

that the primary reference amplitude has decreased by 20' of 

itL amplitude, all data sneets since the last calibration chee.  O shall be marked void, a new calibration sheet -
J-. and the 

voided examination areas reexamined.  

If the primary reference a-olitude has increased by 20% of its 

amplitude, all recorded indications since the last valid calibration 

check shall be reevaluated with the corrected calibration and their 

Svalues shall be changed on the data sheets.  

6.0 SCANNINiG - 70° EXAY'N"IAT!ON 

6.1 Scanning with the 70 search unit shall be cerfor-ed from the 

clad surface in both c.rcj-:ferential directions, i.e., parallel 

to the welding direction. The entire nozzle bore snail be 

examined in this fashion. The end face of all cutlet nozzle 

projections shall be scanned in two circumferential and two 

radial directions.  

0 6.2 The scanning speed shall not exceed 6 inches per second.  

6.3 Each scan shall overlap the previous scan by at least 25; of 

0 the search unit widtn to assure cc-plete examination coverage.  

6.4 Scan using a gain settina of two ti-es the primary reference 

level (+ 6 d3) provided claýdi.ng noise aces not inzerfere with 

interpretation of test resuJts. In this case scanning 

sensitivity in the range + 2 to + 6 dS is cermitted. All 

indications shall be evaluated at tre primary reference level.  

7.0 RECORDING OF REFLECTORS - 700 EX" 'IATIO' 

0 7.1 Indications equal to or greater than 5C" of the prinary 
reference level defined in paragracn 5.1 snail be recorded 

and their locations -,arKed on tne nozzle bcre for further 

evaluation with the 0° transmit-receive examination system.  

7.2 The specific sequence for data recording is provided below.  

7.2.1 Record the maxirnu aiolitude of the reflector, a) in percent 

of the primary reference level wnen reflector a'plitude is 

less than the pri-ary reference level, cr D) by nuroer of 

dB required to reduce the axi-.jm arrolitude to tne orir-ry 

O reference level v.nen the reflector arplitude is greater 

than the primary reference level; i.e., "1CO, + 6" when 

Q reflector maximum amplitude is 200 of refE-ence.

- ~__ -. -. - -- - - -- - - - - - -- .-- -c.. . ~.,, .- -.. ·- . . --
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7.2.2 Record the search unit location where the maximum 

amplitude is observed. The search unit location is 

defined as the midpoint of the front of the search unit.  

Axial location shall be measured from the safe-end, 0 circumferential location snall be reasured from the 

nearest longitudinal axis of the bore; 0°, 900, 

180* or 270*.  

7.2.3 Record the scanning direction, clockwise or counter

Sclockwise as viewed from the large diameter end of 

the nozzle (vessel side).  

7.2.4 Record the depth of the reflector at the location of 

maximum amplitude ds read frori the instr;u:ent sweep.  

7.2.5 Record the length of the reflector as determined by the 

"12 dB drop" method. Move the search unit to the left 

of the point of maximum amplitude until the reflector 

amplitude drops to 25' of naximum. M.ark this point.  

Then move the search unit to the ricnt of the point of 

maximum amplitude until the reflectcr again drops to 25.  

of maximum. The distance betw.een tnese t•.o points is the 

) reflector length.  

S7.2.6 Mark the search unit location on the nozzle bore surface 

with an approved, se.,i-permanent marking pen.  

7.2.7 Rotate the search unit 1800 and scan the area of interest 

to establish wnether t'e reflector can be detected when 

scanning in the coposite circeferential direction. Record 

any indication, regardless of amplitude, per paragrapns 7.2.1 

through 7.2.5.  

8.0 EVALUATICN Op p.ELECTORS '.'ITH THE 0 TR;.'S'IT-RECEIVE 
E IEXAMITNA-IC S, 'T-E 

8.1 Only areas where indications are detected with the 70° search 

unit shall be scanned with the 0° transmit-re:eive examination 

system. Any indication detected with tne G' transmit-receive 

search unit, regardless of a-plitude, shall be recorded.  

S8.1.1 Record the maxinmu am-litude of the reflector, a) in percent 

of the primary reference level when reflector a-olitude is 

less th,.n the primary reference level, or b) by numoer of 

dB required to re-uce tr.e maxi~um ar.olituc to tne primary 

reference level wncn t-e reflector ar.litude ;s greater 

Sthan the primary reference level; i.e., "10' 6" when 

reflector maximum amplitude is 200; of refe- ice.  

8.2.1 Record the depth of the reflector at the lc .ion of 

maximum amplitude as read from the instrum. sweep.
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9.0 REFLECTOR CHARACTERIZATIOIl 

9.1 Reflectors which meet the following criteria are considered 

indicative of inclusions, porosity, or lack of bonding 
betweer.  

0 the cladding and base material. They are, therefore, 

considered innocuous.  

9.1.1 Any indication detected by the 70° examination, 

regardless of amplitude, at a depth within the 

weld-deposited, stainless steel cladding.  

9.1.2 Any indication detected by the 70° exanination, 

regardless of amplitude, also detected by tne 0' 

transmit-receive examination at a corresponding 

location and at a ceoth witnin + 2m~mi of that 

predicted by the 70^ test.  

9.2 Reflectors exhibiting char:cteristics other than those 
described 

above are considered suspect and will be subject to evaluation 

on an individual basis.  

\ J 

0 

0 

0) 
u
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"B"

CD 
"C"

VIEW A

. NOTES: 

. 1. All drilled holes are 2mmi (5/64")'with flat* 

S. bottoms.

2. The flat bottom of hole 
to the block radius.

3.. The flat bottom of hole 
to the block radius.

"0" should be parallel 

"E" should be perpendicull

Nominal Clad Thickness on Component

See Enlarged "View A" for 
HUnlp Inrations

Calibration Block for Examination of Nozzle Bores for Detection of Cracking 

Beneath the Cliddii|. Recormended Desin.Figure 1.
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APPENDIX C: CALIBRATION AND RAW DATA SHEETS AND 
ULTRASONIC REFLECTOR PLOTS
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