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[r,e,.it,, n GEST RESULTS

clad overlay proceCres and the reflector characteristics indicate that
the recorded reflectors -ategorized as suspect per the test procedure I'N
Loop 1, Loop 3 and LolLp 4 inlet nozzles can be considered underclad cold
-racks. . The IF\rPe qua_ntit% of reflectors inthe Loop 2 inlet nozzle, Wwhich
appéar incrrcluferential ands, occur inclusters, and are separat ed by
11/2" - 2", conform to the characteristics typical of reheat cracks.

An ASME Section XI evaluation, utilizing preservi ce acceptance criteria
oi these ultrasonic reflect® S requires a meAsurenent of the throuah-wall
dimr'ions. Current NDE technol ogy, though, does not pernit a direct

measj re-ent Of throuoh-. all di . mensi ons, therefore areliable met hod of
estimating these dimensions ISTequl red.

The most realistic nethod relies on data gathered by destructive neans.
Since the unde' clad cold cracking phen:-enon v-as identified, exhaustive
destructlve analyses have bteei perfo.e tu es'o.ish a m tio Lcrack..dept
ultrasonic test results and actual crack dirensions. The maxi mui cr?ck' depth
obscr-cd was 7.5 mm (0.295"). Inthe case of reheat cracking, the flaws

are always confined to the coarse-grained region of base raterial directly.
beneath weld bead overlaps. During extensive retallograycic Studies of tnis
h@o@ﬂa hhe m?xi mum depth of the coarse-grairec zone V.as reasured at 0.125

Po V9P o.Thes, Tfor evaluation purposes, all" reflectors will be assumed to have

t hrough-wal | di mensi ons equal to 0.125" (3.2m) or 1/3 t.e ultrasonical |y neassrec
length, w hichever islarger, to a naxi.mu depth of 0.295 (7.5n7).

eview of 1'A-3300 indicated it was not necessary to apoly the criteria of
|WA-3330 for rultiple planar flaws or 1.r-3350 fo' paraflel planar fiaws during
the characterization process for recorcec reflectors inthe Looo 2 inlet nozzle.
Inthe first case, distances between aciacent rc-:s of inications were 1-1/2"

" i oa for the inlet nc:zles, 0.59" (IS);
to 21, much, greater than e, T oy jrett. 3301, Surface Flaw =L e
second case, although tre prirary planes of individual f a.s ina band were
less than 1/2" apart, they were net displaced axially so as to signiticad?tlY
increase the length of the flaw; refer to ASME  XI, 1977 Edition, Figure
Semi-Elliptical Surface Flaas. T-.erefore, all indicatie.'s were characteize:
as individ2al surface flaws, 1;A-32i0, with through-wall di-ensions egu 1O
0.125" or 1/3 their ultrasonically -easured | ength, Wwhichever is larcer, to a
maxi mum of 0.295" for ASM X preservice acceptance cal cul ati ons.

For Watts Bar Unit |, the inlet nozzle thickness, and the outlet nozzle thickness
are 13.8 inches, and 11.3 inches, respectively. Tneie thicknesses are det er ni ned
per the method defined in Table IWe-3512, note 2, where t =tnl + tn2. Di nensi ons

tnl and tn2 were obtained from the nozzle fabrication draw ngs.

The longest ultrasonically measured reflector observed inthe inlet nozzles was

15 inches. Assuning a maxinum depth of 7.5-r (0.295%), the allowable a/t value
i's2.7. while the actual a/t value for this case is 2.1.

-
thiyypin NI -



After the test system was calibrated, instrument Sensitivity Wwas increased

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

in both circunferential directions. Wnem an i ndication was d(tected, irstru-:,nt

sensitivity was returned to the primary reference level and the rxirv a-pitude
obtained. If the anplitude was equal to or greater than 50, of prirnry

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 X exar.ination rethc~s (3/32 side
drilled hole). This fact was dc-onstrated by r'ming adirect 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 hei ght versus that
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, GO--a Series, 5.0 .G C, transnit-receive
searcn unit. Calibration for tis exc, .ir,.tion Was cstablisi;-, ¢., the foat
bottom of a 2n 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 a* also cet ectable cy tre O st-aiget
beam inspection was considereO acceptatle by the criteria de'ired jr

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

The nozzle bore exs-irn ticrs ,;ere ccnd ctcd by- ceulified 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.

| NSPECTI O, RESULTS

The four outlet nczzles cF Wtts Bar Unit | cortaiied no reportabl e
indications as cfired in tr,. test pricedsre. Tne re-aining fcjr inlet
nozzl es contained indications cnaracteristic of cracking.

Three of the inlet nozzles, identified as Loop 1, Loop 3 and Lc:; 4, displayed
reflectors which corresoond Vv.itr thnse t;yical of cold crac; kin. Loc: 1
inlet nozzle contained three indicatices trht must be consi dered sus;ect per
the test procedure. The Lco~ 3 iniet n,:zle contained 32 reportable
indications, 13 of which rnst be corsidered suspect, and the Lc:: a inlet
nozzle contained 8 reportable indications, 4 of wich are suspect.

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

reflectors. precluded indivicual evaluations. All the reflectors, though,
are considered suspect.

Calibration and r-' data sheets as well as reflector plots are i ncl uded
as Appendix C.



ASSESSMENT OF ULTRASONIC REFLECTORS IN THE WATTS BAR
UNIT | REACTOR VESSEL NOZZLE BORES

2 | NTRODUCTI ON

U trasonic exaninations of the Watts Bar Unit | reactor vessel nozzle bores

have resulted ina nunber of reflectors inthe four inlet nczzles categorized

as suspect per the test procedure. The characteristics of the reflectors inthree
O of the inlet nozzles correspond with those typical of underclad cold cracking.

The fourth contains reflectors which conformto the criteria norrally

associated with the reheat cracking phenomenon.

The fol | owing 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 acceptabilitd of the ultrasonic

reflectors to the preservice acceptance criteria of the ASME Section XI,
1977 Edition.

NOZZLE CLAD HI STORY

ODocunrnttion provided by Rotterdam Heavy Ecuipnent concerning the cladding
inside the nozzles of Watts Ear Unit | as well as asu-.ary of the wel di ng
parameters is given as Appendix A.

A dttailed review of these wel ding paraneters, nanely the absence of preheat
prior to the deposition of the second layer, indicates he Watts Sar Unit |
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 inthis report as Lc;p -2 inlet. According
to our records, a portion of the second layer of clad conprising beads
nunber 13 through 19 was renoved by machining due to cnrone content |ess
@) than 185. This area was subsequently repaired.

DESCRIPTIO!: OF ULTRASONIC TESTIENG TECHNIUCUE

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

| ongi tudi nal wave, dual el enent, transmit-receive Ssearch 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 a2m diameter hole drilled just below
the clad/base metal interface inarepresentative calibration block.



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 es obtained from nozzle fabrication drawings. The maximum
ultrasonically measured length of 0.25 inch wouid correspond to a through-wall
dimension of 0.125" assuming 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%, sce Figure 2.

Thus, based on the assumption that flaw depths are 0,128 (3.2mm) or 1/3 their
ultrasonically measured lenath, tc a meximum of 0.295" (7.5wm), we conclude
that all recorced reflectors meet the preservice acceptance criteria of
IWC-3500, ASME X1, 1977 Edition.
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SAPPEND'X A:  DOCUMENTATION OF CLADDING INSIDE NOZZLEY

ROTTERDAM HEAVY EQUIPMENT/ORDER NO. 30749 WAT



[ L)

arn . *v -
APPEUDIR ».

<::> WATTS BAR UNIT I KOZZLE
CLADDING PROCEDURE

1. Base material specification grade and type

ASTM A-508, Class 2
(::) 2. Process type, €’

a. Two layer clad using submerged arc process
b. 60 rm x 0.5 mm strip eiectrodes (Type 309 and Type 308)

cctrode sizes

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

First Layer: Amps

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

minute

Second Layer: Amps = 600 - 650; Volts

31 + 2; Speed = & inches/

minute

| +

®

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

a. Pre-heat temperature (1st layer) = 40°C (1C5°F)
b. Post-heat temperature = raise pre-heat temcerature 10 210-220°C
(410-428°F), hold for 2 hours, cool to anbient (soaking

heat treatment)
c. Interpass temperature (1
d. Interpass temperature (2

A
-

F

15 - 100°C (5 °
15 - 125°C (5 :

a cf
o
-
9
3
~
"o
~——

<::) 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

O The reactor vessel was fabricated by Rotterdam Dockyard Company,
Rotterdam The Netherlands. The nozzles were clad by Rotterdam.

. ———— S




(::) . APPENDIX A

NOZZLE IDENTIFICATION

TVA IDENTIFICATION RDM IDENTIFICATION
Loop 1 Inlet/67° 14
O Loop 2 Inlet/113° 12
Loop 3 Inlet/247° 13
Loop 4 Inlet/293° N

~
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|' 'LD RSV zwzre Apparatenbouw buv.
. l - S Rotterd,m Hey Equipmint
| RSVA .
C'\ _ | o

pm— .

Customer t Westinghouse

Customer Ref : 2CZC EDA 281 .

subject - ! Cladding insive nozzles
) ordernunber ¢ 30749

Type of vessel 1 WAT
Tyvpe of nozzle @ Irlet,
(\ yumber of nozzle: 11

[ —

| ceneral V¥elding Proceodure: 36.02 . Rev,: 8
) Technique
weld, Proc, Rev, canian |
Number of la}'crsh‘illm’ .‘ictal]]’rchont H
. i h— !
srcal11ayer NS!A-309 | 10c-1307c
o 36.04 2 2 T
1 2 layer MSHAW-308 r>
N
¢ \f- C —
/1 prealt 1aver 60x0.50309 | 40%
. % v | 3€.03 8 2 T
= 2 Jayer 60x0.5n308 nec
c ' (e Aty nN_120Y
: Arca |l laver o MSrAN-309 100-120¢C
‘ -—-c— 30.01 2 2 = R -
J |2 layer MSMn- 308 no
Postield heat treatement
‘ ’ Temp Total time Remarke '
Soaking 2 hrs. \
“tress el cvixA_J, 595-335°C 24 hrz. 54 min. '
T - A — ——
len -
q ‘mark 2 For repair in arera 2 see variatizrn repert Vil- .
749-C25,02-002 and NOT report KD 730A4. ;
]
!
!
Q ‘
|~ '
|
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RSV-A

O

RSV zware Apparatenbouw b.v.
fiotterdam Heovy Equipment

Customer

! subject

-

G

t Westinghouse

Customer Ref,: ZC2C EBA 281. .

t Cladding inside nozzles

b
——

Oordernumber
Type of vessel

Typec of nozzle

¢ 30749
P WAT
H Inleg

Number of nozzle: 12

Ceneral wWelding Procedure:

3G6.02

Rev,: g

— g M T Ol‘

Weld Proc, Rev,

Technicue
1

.
'
Number of laycrsWFillcr Hct;li?rchent

Aros|1S1aver MSMI.1-303 1060/130°¢
. 36.04 2 2 -
1 2 laycr MSMAW-3E no -
TN
' 1
~ e - -~ ©
Arca |l layer 60x0.5rm-30% 40 C
3 € 36.03 ) 2 T
2 |2 layer €0x0. 5rn-302 no
- c - MSEA=-30G - co/ 1/-:’,. 1'
Area |l laver DAk = IUC 16o/12¢ i
c 36.04 2 2
3 2 layer v.us MSHMAL-3C8 no
Postweld hcat treatcnient
Y — - —
] Temp Total time l Rewnrics
— 1T T Attty weiing ]
) 2 hre. et e
_Seaking R I3V Mt Sele . _l five. daver |
Stress rclio\irn1595—635°c 22 hrs. S50 rin. ] _~j

Remarks:

and NDT rcport ND 7456,

® For rcpair in area 2 sec variation report

V21-749-C26.02-004




RSV zware Appar-tcnbouw b.v.

. .
M L] . ,‘.(
‘ [}
. e l- Aot'ercam Heavy Equipment

RSV-A :

—A
Customer t Westinghouse
! Customer Ref,: ZCZC EDBA 281 . °
' Subject ¢ Cladding inside nozzlcs )
| Ordernumber 1 30749
| Type of vessel :WAT
Type of nozzle :Inlet.
) Number of nozzle: 13
i
I
= |
General WwWelding Procedure: 36.02 Rev,: B8
“Technique
Weld,Proc, Rev, t— A
Number of layers Ii‘iller .‘ictal].)’rchr-nt
c MSMAW-309 110-1307¢
al|l layer
Area _ aye 36.04 9 2 |
1 2 layer MSHAW-308 no -
L\ 4
(1 _ .
N~ A Tl o
rea aver 6050, Sr=-302 Hehilel
E S PO 36.03 8 2
2 2 lJayer . <
60x0. Sim-308 no
] ¢ .
. Arca|l laver MSH-309 _1060-3150°¢C
| :(—"—"‘_" 36.04 2 2 . T
3|2 dayer M3MAN-503 no
|
' L»:- - - = = — — ————
‘ i
! Postweld heat treatcment
O Temp Total time Remarks
[ ATCCr WoICiig ]
Soaking 2 hrs. first layer
P —— _ -
: _Stress relieving so5-635% 25 hre. 46 rin. -
Remarks: » For repair in arca 2 sce variation report VI6
749-C27.02-005 and NDT-report ND 7693.
I
.\ —

o -——
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RSV zware Apparatenbouw b.v.
Rotterdam Heavy Equpment
RSV-A ‘ .
Customer t Westinghouse
Customer Ref,: ZCZC ENA 281 .
qubjeét . : Claddinc'insfge nozzles

Ordernumber H

.

Type of vessel

30749
WAT
Inlet
14

b -

Type of nozzle
‘ tumbcr of nozzle:

-

General wWelding Procedure: 36.02 Rev,: 8
1 y
Weld,Proc, Rev, Tecclhinique
Number of layersIPillor Metn\]?rehoat
e ] MSMnl-309 100-1407¢C
real|l layer
A —- 36.04 2 2
ki 2 layer MSMAW-308 no
C"Arca 1claycr 60x0.5rm-309 40°¢
T
. 6.
2* |2 dayer| 3603 | 8 2 60x0. 5rm-308 ro
arca|11ayer KSIAN-309 1C0-140°C |
C 36.04 2 N
9 .|2 layer N 2 MSMAF-305 no
Postweld heat treatement
(:) Tewnp Total tine Remarks
Soaking 210-220°¢ 2 hre. )\T‘tcr weldino
~ Lixst dayo- ]
Stress relieving  595-635% 25 hro. 44 rin.

~
O(‘ma rks:

'

0

* Fcr repair in area 2 see variation report V14
743-C28.02-003 and NDT report KD 7457,
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Y.
RSV-A

IV Ll L MYY/pUl i iV uTT WV,

Rotterdam Heavy Equigment

Customer H

Customer Ref

%Yestinghouse
2CZC EDA 281 . ¢

SuSJcct : t Cladding inside nozzles
1D Ordernumber : 30749
Type of vessel WAT
Type of nozzle @ Outlet
15

Number of nozzle:

)

= !

| GCeneral Welding Proccdure: Rev,:

36.02 8
-Technique
Weld, Proc, Rev, ol —
: Number of layers [Filler Metal |Prelicat
e ] - o
Areal|l layer MSHMMW-309 100-150"C
c 36.04 2 2 [ ]
1 layer
2 lay MSMAN-308 no
ATrca 1c]:|}CT‘ 60x0.,5~m-309 4%
. 36.03 8 2 —
2 |2 layer 50x0. 5:=3-308 no
Arcal|l laver 2 STY 1rH.\/,,,CC'C
— 36.04 2 |on nozrle pretrution p—— —_——
J |2 layer pore layers have LcanS"i” no
~elded, (Layer thicxne:ss
- e —— "",‘_T“‘”‘] — = -
Postweld heat treatcment
Temp Total time Remmarls
—— ° —* ALLCT wooding
Soaking 205-210°¢C 2 hrs. first laver
[ [ = * .’o 4 1
Stress reclieving 295-635°C 25 hrs. 36 win.

Remarks:

—— e




gy

RSV-A

MOV Zware Apparaiendouw bD.v.
Rotterdim Hcavy Equ.pment

Custornicer

Customer Ref,:

Subject

- .
.

westinghouse

ZCZC EBA
Cladding

281 ¢

inside nozzles

Ordernumber

Typc of vessel
Type of nozzle

Kumber of nozzle:

$ 3074§
¢ WAT
: Outlet
16

Ceneral Velding Procedure:

36.02

Veld, Proc, Rev,

Tecl

mique

Number of lnyors]ril]c{ Hotul‘?rchout

Arca|1%layer MSIAN-309 | 100/i207C
o 56.04 2 2 .
1 |2 layer MSMA-308 no
— —-1 — = "
Aren u laver 60x0. §1nm-309 40°C
T 36.03 8 2 1
2 |2 Jayer 60x0. Sma-300 no
: \
Arca |1 1ayer| 2 MSMAWN-BO) 100/:307¢
¢ 36.04 2 |On nozzle protrutiont- 1 :
J .|2 layer more layers have bootnsiw-3083 no
' l welded (laver thichkn{cs 17mm)

Postweld

heat

treactitoment

]
{

After welding

—~—————

Tcinp Total time Remarks
Soaking 205-220°¢ 2 hrs.
e ——————— €,
Stress rclic\dxli59:—635°c 23 hrs. S6 min.

2t dayoy o

Remarks:

Cee P et e e e—— .-

. — ————

. — . — ——

— < a———— -




I ,
o C"D RSV zware Apparatenbouw b.v.

Aollerdam Heavy Equpment

‘ RSV-A | .

\ .
J—
Customer 1 wWestinghouse

Customer Ref : ZCZC EBA 281 . °

subject ° : Cladding inside nozzles

Type of vesscl : WAT

Type of nozzle 3 outlet

|

|

: \

i' Ordcrnumbcr !‘ 30749

Number of nozzle: 17

— YT v

. ————— — — ———

co-——

Suina—
General Velding Procedure: 35,02 ) Rev,: 8
a
-Technique
Weld, Proc, Rev, : T
wumber of layors]Filior Metal |(Precheat
~O
Area|1%1aver MR- 30 | 100/153%
S 16.04 2 2 :
1 |2 layer VSMAW- 208 no
.-
N I A ‘
-’ [2 o
Arca |l layer 50x0, 5:=—-3C2 4C°C
36.03 8 2
2 2 layer 50x0,5~n-308 no
e 2 151 i- 300 102/125°¢
Arca |l layer [*S¥-hiv= 303 Co/ico
o 36.04 2 pn nozzle protruticn |
3 .12 layer hore layers have LcctrS“kJ—BCS no
relt"" (lascr thickneps 1777)
L_ Postweld heat treatement
ﬁ ) Teuwp Total time Remnarks
A T . — ‘__‘____________._.
~ After wolding
_Soaking 205-210°¢ 2 hrs. firat lover
Stress reliceving 595-635°C 25 hrs. 20

( 3 0 min.

” Remarks:

O

y
]

\

N
e e o - -

- - ———




M) e

RsVA T

* ——

I | customer : Westinghouse
/
‘l) Customer Ref,: 2ZCZC EuA 281 . °
l Subjecct ° ¢ Cladding inside nozzles
|- - :
‘ Ordernumber ¢ 30749 .
“._:) Type of vessel 3 WAT
Tyne of nozzle ¢ Outlet
Number of nozzle: 18
B
General wWelding Procedurce: 36.02 ) Rev,: g
r - - -
Weld Proc. Rev, Technique
;“'umbnr of la}'ors]?illor .‘fr\tnlL‘rc-hﬁnt
Arca 1013)‘0T MSMAW-30Y ‘ 103/’139:‘(:
o 36.04 2 2 . - —
V|2 layer bSMAWN-300 no
1 . - |
N\ Arca |l layer 0x0. Smin-300 Y
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ULTRASONIC TEST PROCEDUPS FOR DETECTION OF
SUB-CLADDING CRACKS I[N REACTOR
VESSEL NOZZLE BORES

1.0 SCOPE

1.1 This document cascribes the ultrasonic testing technique and
evaluation criteria to estadblish the existence of cracks
beneath cladding on reactor vessel nozzle bores.

2.0 EQUIPMENT

2.1 Pulse-echo ultrasonic equipment shall be used. The instrumen
shall be equipped witn @3 caiidrated gain cr attenuation con

2.2 A dual-elerent, transmit-receive, 2.0 Mz, 70° longitudinal
wave search unit snall be usec for tn2 primary examination.
This search unit snail b2 of tne tyre Krautkrarer-R70-38Al
SE-70-12-150-F18, or equivalient.

2.3 A dual-eierent, transmit-receive, 2.0 - 5.0 MHz, miniature
0° longitudinal wawve se2rcn umit snall be used to 2id 1N
evaluation of reflectors. Tnis searcn unit shall be of the
type Krautkrarer §I5-4-XF-8, or equivelent.

2.4 Glycerine or an ecuivalent shzll be used in sufficient cuant
to maintain continuous coupling oF tn2 searcn uni it to the pa
being examinec.

2.5 A reference dlcck shell be crovided for c2libration of the
ultrasonic test system. 1ne DIclk snall be representative O
the producticn part The cortour of the block shall ce
representatl jve of tne ID of the nozzle bere. The block shal
contain 2mn agiatater sice arilled noles at locations specitil
in Figure 1.

3.0 SURFACE FINISH, CLAD THICWNESS, 210 PREPLOATION

3.1 A1l examinations will be concucted from the clad surface of
the nozzle bore. Tne clad surface srall be fres from dirt,
weld spatter, or any other f:ra':n —':er1a\ that -i'"‘

interfere with free move

———

ne
-~

trols.

" —————
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32 The defects of concern are located inthe heat - af f ect ed- zone
of the nozzle naterial, just telcw the clad/base metal interface.
Tc aid inevaluation of reflectors it isir.portar.t to nave as
mich information as possible concerning the nominal clad
t hi ckness.

33 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
the locations of the 03, 99°, IEQ, and 2700 axes. .ark these
axes along the entire length of the nozzle bore with an approved,
semi - per manent marking pen.

4.0 SWEEP RA;GE CALIErATIC

5.0

St he

080.

41

4.2

TEST

5.1

52

Establish a |inear 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'.

Establish alinear 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 tye side drTled r.hoes .l.Cse

axes are pFrpendic-.ar :ttre clad direction s-ch that eacn
screen division represents 2 of ce;tn.

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

SENSITIVITY

Establish the test sensitivity for the 70° examination Systen

by adjusting tre istr-,ent cain co.trols to c:itain an E3 of

full screen heicnt inicaticn fro tne flat cbtc- of tne

onm di areter hole drilled just belc.w the clad/5ase retal

interface and oarallel to the clao teao direction. This is
primary reference level.

See Figure 1, reference hole "D'.

Establish the test sensitivity for the 00 transmit-receive €xamina
tion systc’ by adjusting tre instr-ent gain controlS to obtain an
of full screen neint inc:ctien from tre flat bcttCm of the

om  dianeter hole drilled throu:n carbon stcci to the clad/base
metal interface. This isthe primary reference level.

See Figure 1. reference hole "E".
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5.3 Calibration shall be checked at four hour intervals during the

exanination. |f, during any calibration check it is determ ned
that the primry reference anplitude has decreased by 20" of
itL anplitude, all data sneets since the last calibration chee.
shall be marked void, a new calibration sheet - <. and the

voi ded exani nation areas reexanined.

If the primary reference a-olitude has increased by 20% of its
anplitude, all recorded indications since the last valid calibration

eck shall be reevaluated with the corrected calibration and their
Sval U§§ shal| be changed on the data sheets.

6.0 SCANNINiG - 70° EXAY'N'IATION

7.0

6.1

6.2

6.3

6.4

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
exanined i nthis fashion. The end face of all cutlet nozzle

projections shall be scanned intw circunferential and two
radi al directions.

The scanning speed shall not exceed 6 inches per second.

Each scan shall overlap the previous scan by at least 25 of
the search unit widtn to assure cc-plete exanination coverage.

Scan using a gain settina of two ti-es the primary reference
level (+6 d3) provided claydi.ng noise aces not inzerfere with
interpretation of test resuJts. Inthis case scanni ng
sensitivity inthe range + 2 to + 6 dS iscermtted. Al
indications shall be evaluated at tre primary reference level.

RECORDING OF REFLECTORS - 700 EX" 'IATIO’

7.1

7.2

Indications equal to or greater than 5C" of the prinary
reference level defined in paragracn 51 snail be recorded
and their locations -,arKedon tne nozzle bcre for further
eval uation with the 0° transnit-receive exam nation system

The specific sequence for data recording is provided bel ow.

721 Record the mxirnu 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 tneorir-ry

reference level v.nen the reflector arplitude is greater
than the primary reference level; I.e., "100, + 6" when

reflector maxinmum anplitude i s200 of refE-ence.
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7292 Record the search unit location where the maxinum
anpl i tude i s observed. The search unit location is
defined as the midpoint of the front of the search unit.

O Axial |ocation shall be measured from the safe-end,
circunferential |ocation snall be reasured from the

nearest |ongitudinal axis of the bore; 0°, 900,
180* or 270*.

723 Record the scanning direction, clockwise or counter
Scl ockwi se as viewed from the large dianeter end of
the nozzle (vessel side).

7.2.4 Record the depth of the reflector at the | ocation of
maximum amplitude ds read frori the instr;uzent sweep.

725 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 maimum amplitude until the reflector
amplitude drops to 25 oOf naximum. Mark this point.
Then move the search unit to the ricnt of the point of
maxi mum anplitude 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, Sse.,i-permanent NMrking 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, regardiess of amplitude, per paragrapns 7.2.1
through 7.2.5.

8.0 E/ALIlIl:A%’&WH%pAE_lREﬁI_%QS "ITH THE 0 TR;.'SIT-RECEIVE

8.1 Only areas where indications are detected with the 70° search
unit shall be scanned with the 0° transnit-re:eive €xamnation
system Any indication detected with tne G' transmit-receive
search unit, regardless of a-plitude, shall be recorded.

S8 - 1 - 1 Record the mxinm amlitude of the reflector, &) 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 tre maxi~um ar.olituc to tne primary

Sth reference level wnen t-e reflector ar.litude ;s greater
a.n the primary reference level; i.e., "0 6" when

reflector maximum anplitude is 200; of refe- i ce.

821 Record the depth of the reflector at the l[c .ion of
maxi mum anplitude as read fromthe instrum sweep.
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9.0 REFLECTOR CHARACTERIZATION

9.1

9.2

Reflectors which meet the following criteria are considered
indicative of inclusions, porosivy, or lack of bonding betweer
the cladding and base material. They are, therefore,
considered innocuous.

9.1.1 Any indication detected by tre 70° examination,
regardiess of ampiituce, at @ depth within the
weld-deposited, stainless steei cladding.

9.1.2 Any indication detected by the 70° examination,
regardless of amnlituce, aiso detecta¢ by tne 0°
transmit-receive examination at a cerresponding
location and at a ceoth witnin + 2mm of that
predicted by the 70° test. -

Reflectors exhibiting charccteristics other than those described
above are considered suspect and will be subject to evaluaticn
on an individual basis.
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See Enlarged “View A" for
Hole Locations

Figure 1. Calibration Block for Examination of Nozzle Bores for Detection of Cracking
eneath the Cladding, Recommended Desiqgn.
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APPENDI X C: CALI BRATI ON AND RAW DATA SHEETS AND
ULTRASONI C REFLECTOR PLOTS
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