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1.1 This document covers the general procedure and requirements for
witrasonic examinstion ©f welds {n Nuclear Reactor Fiping Systems,
and meets the requirements of the ASME Code, Section III, Appendix 9,
Paragraph 3400 and, Section XI of the ASME Code.

SPECIFICATIORS

2.1 The :ndicated revision of Lhe folloving specifications shall furm
a pact of this document.

£+1:1 ASME Code Section 111 Nuclear Vessels (Swwmer 197k Adderda).
2:1.2 ASME Code Section X1 Pules for Inservice Inspection of

-

Nuclear Reactor Cotlunt Systems (Summer 137k Addenda).

2.1.3 ASME Code Bection V Nondestructive Examination (Swummer 13Tk
Addenda).

2.2 Other Specifications

2.2,1 AST™™ E1l& kecommended Pructices for UT,
2.2.27 ASTM A-388 UT of Heavy Steel Forgings.

2.2.1 ASNT-TC-lA valification and Certification of Lin-

deetructive Testing Personnel, Supp. 7.

2. NUT-PQ-1 fuslear Services Corporation Personnel
valification Procedure.

2.2.% NUT-NC-3 Frocedure for Automatic Recording of
Ultrasouic Test Data.

2.2.6 NUT-NC-1E Uitresonic Testing Calidtration Procecure.
3.0 FEKSONNEL QUALIFIEAI;0N3

3.1  All personnel engaged in .. ‘rasonic inspection ehall be quelifird
in accordance with ASME C-<» requirements as either Level I (opcrater),
Level 11 (inspector), or L.vel I11 (examiner) as defined in SNT-TC-14,
Supplement C and NUT=PQ-l, ?av, 0, Only & Level Il Inspector or Level
111 Examiner shall make [.’sment as to the acceptance or rejection of
indications. The Nuclear Cervices Corporation Level II1 Examiner will
submit to the Purchaser, .; s request, a copy of personnel qualifica-
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3.2

3.3

3.4

(eontinued)

tions and qualified ultrasonic procedures. Fersonnel shall,

st the request of the Purchaser, demonstrate their knoviedge

and understanding of pertinent specifications and procedures,

and their ability to satisfactorily operate all required equip-
pent prior to performing an wltresonic inspection. The job

ghall be provided with adequate equipment to perform and fulfill
the contractusl requiremerts., It shall be the resronsibility of
Nuclear Services Corporation to set up the equipment, perform the
examination, interpret the results, and nar reports. Final
reports shall be submitted to the Purchase “or disposition,

3.1.1 Certification of Personnel two NUT-F. requirements shall
be directed by the Nuclear Servicee rporation Authorized
Level 111 Examiner.

3,1.2 Level 111 Exaniners appointed by Nuclear EBervices Corporetion
shall conform to SNT-TC-lA, Supplement C and the Nuclear
Services Corporastion Personuel Qualification Procedure,
NUT-PQ-1.

8 [

3.2.1 Certification of personnel shall conform to ENT-TC-lA,
Supplement C and Nuclear Services Corporstion Fersonnel
Qualification Procedure, NUT-PQ-1l.

3.2,2 In order to attain certification in any level, the
candidate must demonstrete ‘o the Nuclear fervices
Corporation Level III Examiner's satisfaction n
thorough knovledge of the pirocedures and requirements
contained in this document.

Yisue) Acuity Requirements

Visua'l requiremen*s for near distance acuity and color shall con-
form 10 SNT-TC-1A, Supplenent C and Nuclear Services Corporation
Personnel Qualification Procedure, MNT-PQ-1.

cord

3,4.1 Records of personnel certification, including copies of test
results, eye examinati~n results, and certification docu~
ments, shall be maintained by the Nuclear Services Corporation
Level 111 Examiner at the home office an¢ at the jlob site
and shall conform to SNT-TC-lA, Supplement C and Nueclear
Services Corporation Fersonnel Qualification Frocedure,
NUT-PQ-1.

-
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L.0

5.0

6'0

1.0

INSPECTION MPTHODS

The method used to fulfill the inspection requirements shall be the
Pulse Eche Method.

.1 Pulse Eche Method

This method consiste of transmitting & sound beam i49.> & specimer
and interpreting the returned echos. Pulse Bcho Testing ehall be
conducted using either straight bean or ang'e beam techniques.

g NG 1% 1

Seanning shall be performed manually by noving the search unit in a
directed path et a maximum scanning rete of € inchee per second., A
minimun of 15 per cent overlap saall be wused.

5.1 Contact Scanning

This method requires the search unit to be placed in direct
contact with the specimen surface. A coupling fiuid is re-
quired to make effective contact between the search unit and
the specimen surface.

5.0.1 Coupling Fluids

For the sound beam 1o be transmitted into the specimen,
the surface of both the trunsducer and the specimen must
be vet by & transmission medium, A wvater base halogen
free couplant shall be used for contact Yesting and the
type recorded on the inspection report,

SURFACE KESUIREMENT

The surfaces of material for inspection eghall be clean, uniformly smooth,
and free of surface defects such as laps, weld splatter, or irregularities
that would interfere with free movement of the search unit or impair the
transmiseicn of ultrasonie vivrations. The surface of a veld should

merge smoothly into the surfaces of the ¢ 1)jacent base material.

10N OF g 1/4" to 2-1/2" THIC £ FANGE

7.1 Welde shall be examined by the angle beam method vhere practical.
In the examination of weldments where geometry does not allow
angle beam examination from both sides of the veld from 2 single
surface or a combination of surfacee, either a combination of angiv
beam and straight beam or straight beam in two (2) directions at
90 degrees to each other shall be used.
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7.2

Ealivratiop Reference Refiectors

Side drilled holes shall be used as dasic calibration reflectors
to estadlish the primary reference response of the equipment and
to construct a distance~amplitude correction curve. These holes
shall be located either in the production material or in a basic
calibration block of an equivalent P-number grouping conforming

to Figure 1.

T.2.1

T.2.2

7.2.3

T.2.4

Basic Calibration Block (Figure 1 and 6)

1f & basic celitration block is used, it shall have &
thickness related to the production material thickness,
sccording to the table of Flgure 1. Where tvo or more
thicknesses are involved, the calidbration thickness shall
be det *mined by the thickness of the production meterial
to vhich the search unit is applied. For examination of
circumferential velds on material with contact surfece
curvature greater than 20 inches in diameter, flat, basic
calibration block or blocks of essentially the same curve-
ture as the part tc be exanined shall be used. The basic
calibration block contect surface shall be curved for
materiel contact surface curvatures less than 20 inches

in diameter. A curved basic calidration block shall be
used to calidbrate the examination on contact surfaces in
the range of curvature from 9/10 to 1-1/2 times the basic
calibration block diameter, For example, the B inch
diameter curved bdlock may dbe used to calibrate the examira-
tion on material contact surfaces in the range of curvatires
from 7.2 to 12 inches in diameter.

g C en B
Basic Calibration Holee shall conform to Figure 1.
8 en C -
An 1IW-2 block or similar portadble block containing side

drilled holes may be used es & calibration stability
reference, vhere the use of the basic dblock is not feasible,

Calibration Procedure

Calidbration and Calibration Recording Procedures are con=-
(ained in Nuclear Services Corporation P'rocedure NUTNC-IT,

NUCLEAR SERVICES CORPORATION
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7.3 Angle Beanm Method

7.%.1 Before angle beam examination is attempted, the voliume of
the base material through which the sound will travel in
angle beam examination shall be completely scanned with a
straight beam search unit to detect reflectors which might
affect the interpretation of angle beam resulte. Considera-
tion must be given to these reflectors during interpretation
of veld examination results, but their detection shall nct
be & basie for rejection of the base materiel.

7.3.2 alibr n of E e le Feam Te
o) Transducer Freguency and Eize

The nominal trensducer frequency shall be 2.25 Mi:

unless large grain structure or geometry necessitate the
use of other froiuoncios. The maximum size of the trang-
ducer shall e 1" vy 1".

b) Bean Augle

The beam angle in the production material shell be in the
range of LO degreee to 7% degrees.

¢) Distance-Amplitude Correction

Compensation for the distance traversed by the wltraionic
beam as it passes through the material shall be provided
by the use of correcticn curves as descridbed below:

a) ermination of the Dist 1itude Correction Curve
fo Testd
1. Noda) Method

Distance-amplitude correction curves (see Figure 2)
shall te constructed by utilicing the responses from
the basic calidbraticn holes cescridbed in 7.1.2.2.

The first point on the curve i: obtaincd by placing
the search unit as near the dbasic calibration ho.e

as possible and adjusting the tester gain for maxinum
responsce at 75 per cent of full ecale, This is the
primary refernnce response. Without changing the pgnin,
the search unit shall be placed similarly at othov
nodal positione, and the sweep adjusted to displ:)
2-1/2 nodes 1o extend the calibrated examination into
the half node region.

NUCLEAR SERVICES CORPORATION
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7.3.2

7.3.3

T34

T:.3.5

(continued)

2. Multiple Hole Method

Multiple calibration holes may be drilled, covering
the contemplated examination distance range and the
corresponding responses marked on the screen. Thise
points shall be Joined by & smooth line, the length
of vhich shall Le sufficient to cover the examinstion

range.

e¢) Inspection parameters, a, b, and ¢ shall be recorded on
suitable forms.

f) Calibratior shall be performed on & daily basis before esch
aay's examinations and checked defore and after each exame
ination, and et least every 4 houwrs during examinsticn,

1. If a check indicates & change in systex response
recalidbration i{s requ’red.

g) Calibration and Calidration recording procedures are con-
tained in Nuclear Services Corporation procedure NUT.NC-1E.

Refererce Sggu!;;x}gx Level

The reference level for monitoring discontinuities is the
primary reference response corrected for distance by the
Distance Amplitude Correction curve.

chgnigg Sgns;tivigx Level

When poseible, scanning shall be performed at & minimum gain
setting of two times the reference level sensitivity,

GOV! rage

Where possible, velds shall be examined from beth sides of
the veld (usually from one surface only).

7.3.5.1 f Defeste Parall © the Veld

The search unit shall be placed on the contact sur-
face with the beam aimed at the weld at adout 90
degrees and manipulated laterally und longitudinu]ly
80 that the ultrasonic beam passes through a2) -
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7.3.5.1 (continued)

the veld metal in tvo different approaches of
the beam, {i.e., from both sides of the weld,
Techniques employing two search units nay be
used to deteet lack of penetration in doudble
velded butt Joints (see Figure 3),

7.3.5.2 Detection of Defects Transverse to the Weld

Tvo gsearch units shall be placed on the conta¢t nur-
facees adjacent to the weld, one on each side, maling
an angle of LS degrees or less with the axis of the
veld with the beam directed along the weld in such

& manner that the entire depth and vidth of the veld
ie scanned (see Figure L). Alternatively when tle
veld surface ie suitable, cne transducer may be
placed on the centerline of the weld and manipulated
80 that the centerline of the bean covers the entire
veld volume.

Tk tr t B th
T.4:1  Calibration of Equipment for Streight Beam Testing
a) due regque

The nominal frequency shall be 2.25 MHz unless grain
structure or geometry receseitate the use of other
frequencies, The maxinum size of the transducer shall
be one aquare inch.

v) Distance-Amplitude Correction

A distance-amplitude ccrrection curve need not be con-
structed vhen the thickness of material is one inch or
less. For greater thicknesses, using the proper basic
calibration block (see Figure 1), position the searcl
unit for maximum response from the basic calivration
hole at 1/UT (see Figwe 5). Adjust the signal ampli-
tude to 50 per cent of full screen. This is the primary
reference response. Without changing the gain control,
position the search unit for maximum response from the
basic calibration hole to 3/LT and marks its amplitude
on the screen. Join the two points with a straight line
and extend ite length to cover the test range (see
Figure 5).

NUCLEAR SERVICES CORPORATION



SPECIAL PROCESS STANDARD i

g
NUT<NC=1A, Fev. b

or A1

1.5

7.4.1  (continued)

¢) Inspection parameters & and L shall be recorded on
suitadble forms.

d) Celibration shell be performed deally before each days'
examinatiocns and checked before and after each examina~
tion.

e) If a check indicates a change in system response, re-
ealibration is required,

f) Calidraetion and Calidrution Recording procedures are
contained in Nuclear Services Corporation procedure
RUT-NC-1E.

T.k.2 Reference sitiy evel

The reference level for monitoring discontinuities is the

primary reference response corrected for distance by the

distance amplitude curve.

1-“‘3 ‘n .
When possidle, scanning shell be performed at a minimum gain
setting of two (2) timee tle primary reference level.

T4 Verification of Fenetratiorn

Penetration shall bve verified by obtaining a reflection =

sinilar material vhile usirg approximately the same leng.h

of sound travel.
7.4.5 OVera

The veld shall be examined by moving the search unit pro.

gressively along and acroes & sufficient contact area so

a6 to scan the entire veld volume.
Tranefer Mechanism
7.5.1 Transfer correction shall be one (0 4b) when the basie

calibration bdblock is judged to be similar in surface
condition to the material under test.

7.5.1.1 Suc, varisbles as coatinge, tcale, roughness, :nd
curt ture shall be considered in evaluating the
above similarity.

NUCLEAR SERVICES CORPORATION
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7.5.2 Where there is dissimilarity between the calibration block
and the material under test and the transfer mechanism is
applied it shall be detailed on the technique sheet,

8.0  INDICATIONS

All indications which produce a response greater than 100 per cent of the
reference level shall be investigated to the extent that the examiner can
determine the shape, identity, and locate all such reflectors and evaluate
them in terme of the acceptance gtandards., Oscillogreph chert records of
{ndication wrplitude and range may be used as an aid in comparison of
the indication response with that of the primary reference reflector.

EVALUATION OF INDICATIONS

The angle of the flav to the surface, dispersion characteristics of the
metal which change the echo strength with de, th, and the effect of sur.sce
curveture and narrov inepection faces shall be coneidered in estimatirg
flav size. Under certain conditions, non-standard reference blocks and/or
special techniques will be used to deterrine the exect character of the
actual defect,

ACCEPTANCE ETANDARDS

10.1 The folloving shall constitute the minimum requirements for weldc:

Linear type discontinuities are unacceptable if the amplitude
exceeds the reference level and dircontinuities have lengthe
vhich exceed the following:

1/4 in.for ¢ up to 3/L in.inclusive.
1/3% in.for ¢ over 3/L in. to 2-1/k in. inclusive, and
3/k in.for t over 2-1/4 in.

Where t i# the thickness of the thinner portion of the weld veing
examined, Where discontinuities &re interpreted to be cracks, lick
of fusion, and incomplete penetration, they are unacceptadble regird-
less of discontinuity length or signal amplitude.

11.0 REPORTS

311.1 Report of Ultrasonic Examination

The specific technigue for each examination shall be recorded on
form NEC=TE-003-6/74 and shall include the following minimum
information (see attached form) which will be developed from
{nformation obtained when inspecting the firct unit,

NUCLEAR SERVICES CORPORATION
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11.0 (continued)

a) Weld type and configurstion, pert or piece number to be
tested, including thickness and diameter dinesions.

b) Automatic defect alarm and recording equipment or both, if
used.

¢) Special search unit, wedges, shoes, or saddles, if used.

d) Scanning mechanisns, if used,

e) Stage of manufacture vhen test was made.

f) The surface or surfaces from which the test vas performed.

g) Surfece finish,

h) Couplant.

i) Method(s) used.

3) Descripticn of the calibretion method(s) and method of
correleting indiceations wits defects.

k) Scanning method(s).

1) Types and sizer of transducers.

m) Test frequency.

n) Calibration checks before and after each examination.

11.2 Nuclear Services Corporation Certification Form NSC=TS-0703-6/Tk
ghall be filled out completely by qualified personnel and the
report shall be signed by Nuclear Services Corporation certified
inspector. When requested, all rejectable indications will be
gshown on a draving or chart of the {tem and an inspection techni-
que sheet shall be provided. Two cupies of the certification
form(s) shall be retained by Nuclear Services Corporation and
three copies ghall be given to the client.

11.3 Applicable oscillograph strip chart records of the examination
generated according to Nuclecr Services Corporation Frocedure
NUT-NC-3 shall be attached to the report.

NUCLEAR SERVICES CORPORATION
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12.0 QUALITY ASSURANCE

12.1 It shall te the rvesponsibility of the Nuclear Services Corporation
Level 111 Examiner to enforce the requirements of this procedure.

NUCLEAR SERVICES CORPORATION
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,_LLOCANONO' HOLE FROM

CONTACT SURFACE DETERMINED
FROM THE TABLE BELOW

ASIC CALIBRAT)
:r somue" Y u'u?N e SIDES PARALLEL T
WITHINE Q. OIS IN /FT

— .

L * Leongth of block determingd by the angle of search unil and the vee path used
T » Thickness of basic ¢aibeation block (see table below!

D * Depth of sidedrilied hole (see table below)

o * Diameter of pidde drilied hole (see table below)

t * Nominal production materigl thick ness

Nominal Prod sction Basic Calibration Hole Minimum Hole

Material Thicknes (1) in. Block Thickness (7)), in. Locaton Diameter (d1 in. Depth (L), in
Up to 1 incd Yeort ‘4T "I '
Oser | they 2 1ot ‘A i '
Over 2 thru 4 Jure ‘AT R '
Over 4 thig & Sore L e 1'4
Over 6 thry B Tort ‘AT Y (M
Over K thre 10 5 Qort ‘A ‘h 14
Over 10 t % 4 See Note | 1%,

Note | For cach moncase in thickness of 2 n o g tracton thereof, the hole diameter shall increase ' e I

Nete 2 bor Block e over 3inoan thicknes o0, the distancy Tram the ke to the end of the Bloack shall be o f

min. to prevent coincdent feNections from the hole and the cornet in the ', th vee-path posinon. Rlocks fabricated
with o oan manimam dimension need oot be madificd if the vomer and bl indications can be easiiv resolied
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