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NORTHERN STATES POWER COMPANY

MINNEAPOLIS, MINNESOTA 55401

June 24, 1975

Mr. D. L. Ziemann, Chief

Operating Reactors Branch # 2
Division of Reactor Licensing
U. S. Nuclear Regulatory CommissN
Washington, DC 20555

Dear Mr. Ziemann:

MONTICELLO NUCLEAR GENERATING PLANT
DOCKET NO. 50-263 LICENSE NO. DPR-22

* Interim Response to March 11, 1975 Letter

Your March 11, 1975 letter requested information in four areas associated with
the Monticello recirculation bypass piping:

Plant operating chemistry data

. Test procedures, standards and codes

. Report of metallurgical examination of removed material
. Information on initial piping fabrication

o oW >

Information requested on item A was included in our March 24, 1975 letter. Items
B and D are discussed in this letter and its attachments, Item C will not be
available in report form for approximately another month. It should be noted
that when Mr. John Weeks of the NRC task force on this matter visited the
Argonne Laboratory where the metallurgical examination:was done, he had the
opportunity to review photo-micrographs, view specimens, and discuss the

results with personnel who conducted the examination.

Attached are three Nuclear Services Corporation procedures for ultrasonic examination
of pipe welds that were used during Monticello's 1975 inservice inspection and

the inspection to comply with USNRC IE Bulletins 75-01 and 75-0lA. General

Electric Corporation performed the preservice inspection and Nuclear Services
Corporation of Campbell, California has performed the inservice inspections

to date.

Our policy has been to maintain the test procedures and techniques current with
the ASME Section XI Code requirements for each of the annual inservice inspections.

Therefore, in determining compliance of these procedures with the rules of the

ASME Code, Section III, Section V, and Section XI, it required a reconstruction

of the evolution of them wiith relation to Code changes used for the investigation
and evaluation requirements of ultrasonic indications. The following is a

smmary of these Code changes and the interrelationship of the respective Sec-
tions of the ASME Code as they applied to the evolution of our procedures:

1166
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NOR(ERN STATES POWER cdeany
Mr. D. L. Ziemann ' 2 June 24, 1975

1. Section XI (1971) required ultrasonic inservice and preservice examination
as per ASME Section III Appendix IX-3000. This Appendix required the investi-
gation and evaluation of all indications greater than 20%, but did not require
reporting of such indications if evaluated as being acceptable.

2. The 1971 Summer Addenda to Section XI reduced the requirements for in-
vestigation and evaluation of indications to those greater than 100% of DAC.

. 3. The Summer 1973 Addenda to Section XI provided procedures for the ultrasonic
examination of wrought ferritic components over 1" in wall thickness (vessels),
but did not change the standards for piping examinations contained in Section
I1I and its Summer 1971 Addenda.

4. The 1974 edition of Section XI of the Code referred all ultrasonic examinations
of non-vessel material to Article 5 of Section V. This article again required

that all indications greater than 20% of the reference DAC be investigated and
evaluated in terms of the acceptance criteria of the referencing section of the
Code, in this case, Section XI. However, there is no requirement for reporting

an indication if evaluated as being acceptable. Until now, and until acceptance
standards for piping are adopted for Section XI, any indications must be evaluated
in terms of the edition of Section III under which the plant was constructed.

In the case of the Monticello Plant, there was no edition of Section III covering

piping.

Guidance on the intent of the Section XI Committee in the interpretation of the
word "evaluation' is provided by an ASME letter of April 12, 1973 on this subject
The subject letter from Mr. W. J. Woollacott to Mr. R. Von Osenski, of Westinghouse,
states it is the length of a discontinuity indication exceeding the reference level
that is to be evaluated in terms of acceptance-rejection criteria.

With this interpretation in mind, all U. T. procedures were approved by NSP and
the authorized inspector (Hartford Steam Boiler Inspection and Insurance Co.) as
meeting the requirements of reference Section XI Editions.

However, the recording and evaluation levels used actually are limited only by
the capability of the equipment. The test system that has been used for the in-
service inspections consists of an ultrasonic digital analog tester and a two
channel Brush strip chart recorder. The two channel recorder automatically
records at 8 to 10% of scale of the amplitude of the reflected signal and the
sound metal path. The strip chart recording not only provides a permanent
‘record for future references, but also provides an opportunity ‘for evaluation
subsequent to that performed by the Level II Inspector who is performing the weld
inspection and the initial evaluation from the ultrasonic CRT scope. All in-
spection. reports, which are prepared and signed by the Level II Inspector, con-
sists of the data and evaluation sheet and the strip charts. These reports are
further evaluated by a Review Board which consists of NSP's Level III Inspector,
the inspection contractor's Level III Inspector and the Authorized Inspector.
This review is documented on each report.

(4
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»

Mr. D..L. Ziemann 3 June 24, 1975

Although section 8.0 of the attached ultrasonic test procedure, NUT-NC-1A,
requires the inspector to further evaluate indications greater than 100% of
the reference level (DAC), in actuality, all indications greater than 8 to 10%
of scale (above noise level) are recorded and evaluated. The DAC curve is
used only as a reference and not as a accept-reject curve. The minimum
acceptance standards as described in paragraph 10,0 of the subject procedure
comply with ASME, Section III (1974) Code. The indication's signal, response
and travel are as important as the signal amplitude when evaluating indications.

The manufacturer of the original recirculati on bypass piping was contacted
concerning your request for information on the fabrication of that piping.
He informed us that in the years following the fabrication they have moved
their factory and can no. longer locate this information.

Yours very truly,

L. 0. Mayer, PE
Manager, Nuclear Support Services

LOM/MHV/deb

cc: J. G. Keppler . . :
G. Charnoff ' : !
MPCA Attn: J. W. Ferman :

Attachments:

NUT-NC-1A, Revision 4, Nuclear Ultrasonic Testing Procedure, Ultrasonic In-
spection of Welds, in the 1/4" to 2-1/2" Thickness Range

NUT-NC-1E, Revision 4, Nuclear Ultrasonic  Weld Examination Calibration Procedure

NUT-NC-3, Revision 4, Procedure for Automatic Recording Of Ultrasonic Test Data
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PREPARED BV —~ DATE ' EFFECTIVE DATE"
Nuclear Ultrasonic Testing Procedure T. G. Lambert 1/1/75 January l,_l975
Ultrasonic Inspection of Welds, in the APPROVEQ BY — DATE . ACE
1/4" to 2-1/2" Thickness Range. : ﬂ?q i P1> 1 or L7
1.0 SCOPE
1.1 | This document covere the general procedure and requirements for

ultrasonic examination of welds in Nuclear Reactor Piping Systems,
and meets the requirements of the ASME Code, Section III, Appendix 9,
Paragraph 3400 and, Section XI of the ASME Code.

2.0 SPECIFICATIONS

2.1

The indicated revision of the following spec1f1cat10ns shall form

. a part of this document.

2.2

2.1.1 ASME Code Section IIT Nuclear Vessels (Summer 197k Addenda).

‘2.1.2 ASME Code Section'XI-Rdles.fer Inservice Inspection of

" Nuclear Reactor Coolant'Systems (Summer 1974 Addenda).

2.1.3 ASME Code Section V Nondestructive Examination (Summer 1974

Addenda)

Other Specifications

2.2.1 ASTM E11k Recommended Practices for UT.

2.2.2 . ASTM A-388 . UT of Heavy Steel Forgings. ,
2.2.3 ASNT-TC-1A Qualification and Certification of Kon-

: : destructive Testing Personnel, Supp. C.
2.2.h  NUT-PQ-1 Nuclear Services Corporation Personnel

: ' Qualification Procedure.. _
2.2.5 NUT-NC-3 Procedure for Automatic Recording of
, ~ Ultrasonic Test Data.

2.2.6 NUT-NC-1E Ultrasonic Testlng Callbratlon Procedure.

3.0 ~ PERSONNEL QUALIFICATIONS

3.1

All personnel engaged in ultrasonic inspection shall be qualified -

in accordance with ASME Code requirements as either Level I (operator),
Level II (inspector), or Level III (examiner) as defined in SNT-TC-1A,

Supplement C and NUT-PQ-1, Rev. 0. Only a Level II Inspector or Level

II1I Examiner shall make judgment as to the acceptance or rejection.of
indications. The Nuclear Services Corporation Level III Examiner will
submit to the Purchaser, upon request, a copy of personnel qualifica-

- NUCLEAR SERVICES CORPORATION
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3.1

3.2

3.3

3.4

(continued)

tions and qualified ultrasonic procedures. Personnel shall,

at the request of the Purchaser, demonstrate their knowledge
and understanding of pertinent specifications and procedures,
and their ability to satisfactorily operate all required equip-
ment prior to performing an ultrasonic inspection. The job
shall be provided with adequate equipment to. perform and fulfill

‘the contractual requirements. It shall be the responsibiiity of

Nuclear Services Corporation to set up the equipment, perform the
examination, interpret the results, and make reports. Final
reports shall be submitted to the Purchaser for disposition.

3.1.1 Certification of Personnel to NUT-PQ-l requirements shall
be directed by the Nuclear Services Corporation Authorized
Level ITI Examiner.

3.1.2 Level ITI Examiners app01nted by Nuclear Services Corporetion
' shall conform to. SNT-TC-1A, Supplement C' and the Nuclear
‘Services Corporation Personnel Quallflcatlon Procedure,

"NUT-PQ-1.

Personnel Certification

3.2.1 Certification of personnel shall conform to SNT-TC-1A,
Supplement C and Nuclear Services Corporation Personnel
Qualification Procedure, NUT-PQ-1.

3.2.2 In order to attain certification in any level, the

candidate must demonstrate to the Nuclear Services
Corporation Level III Examiner's satisfaction a
thorough knowledge of the procedures and requirements
contained in this document.

Visual Acuity Reguirements

Visual fequirements for near distance acuity and color shall con-
form to SNT-TC-1A, Supplement C and Nuclear Services Corporation
Personnel ‘Qualification Procedure, MNUT-PQ-1.

Records

3.4.1 Records of persomnel certification, including copies of test
results, eye examination results, and certification ‘docu-
ments, shall be maintained by the Nuclear Services Corporaflon
Level IIT anmlner at the home office and at the job site
and shall conform to SNT-TC-1A, Supplement C and Nuclear
Services Corporation Personnel Qualification Procedure,
NUT-PQ-1.

NUCLEAR SERVICES CORPORATION
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4.0

5.0

INSPECTION METHODS

The method used to fulfill the 1nspect10n requlrements shall be the
Pulse Echo Method

;hal ' Pulse Echo Method

This method consists of transmlttlng a sound beam into a specimen
and interpreting the returned echos. Pulse Echo Testing shall be
conducted using either straight beam or angle beam techniques.

SCANNING TECHNIQUE

Scanning shall be performed manually by moving the search unit in a
directed path at a maximum scanning rate of 6 inches per second. A

. mlnlmum of 15 per cent overlap shall be used.

6.0

7.0

-5;1 Contact Scanning

- This method requires the search unit to be placed in direct
contact with the specimen surface. A coupling fluid is re-

’ quired to make effective contact between the search unit and
.the specimen -surface. »

5.1.1 Coupling Fluids

For the sound beam to be transmitted into the specimen,
the surface of both the trznsducer and the specimen must
be wet by a transmission medium.. A water base-halogen
free couplant shall be used for contact testlng and the
"type recorded on the inspection. report

SURFACE REQUIREMENT

The surfaces of material for inspection shall be clean, unlformly smooth,
and free of surface .defects such as laps, weld splatter, or 1rregular1t1es
that would interfere with free movement of the search unit or impair the .
transmissicn of ultrasonic vibrations. The surface of a weld should
merge smooihly 1nto the surfaces of the cigacent base materlal

ULTRASONIC EXAMINATION OF BUTT WELDS IN THE 1/h" to 2-1/2" THICKNESS RANGE

7.1 Welds shall be examined by the angle beam method where practical.
In the examination of weldments where geometry does not allow
angle beam examination from both sides of the weld from a ‘single
surface ‘or a comblnatlon of surfaces, either a combination of angie
beam and straight beam or straight beam in two (2) directions at
90 degrees to each other shall be used.

" NUCLEAR SERVICES CORPORATION
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“T.2 Calibration Reference Reflectors

Side drilled holes shall be used as basic calibration reflectors
to establish 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.

7.2.1- Basic Calibration Block (Figure 1 and 6)

If a basic calibration block is used, it shall have a
thickness related to the production material thickness,
according to the table of Figure 1. - Where two or more
thicknesses are involved, the. calibration thickness shall
be determined by the thickness of the production material
to which the search unit is applied. For examination of
circumferential welds on material with contact surface
curvature greater than 20 inches in diameter, flat, basic
calibration block or blocks of essentially the same curve-
ture as the part to be examined shall be used. The basic
calibration block contact surface shall be curved for
material contact surface curvatures less than 20 inches

in diameter. A curved basic calibration block shall be
used to calibrate 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 8 inch
diameter curved block may be used to calibrate the examira-
tion on material contact surfaces in the range of curvatures
from 7.2 to 12 inches in diameter.

T.2.2 Basic Calibration Holes

Basic Calibration Holes shall conform to Figure 1.

T7.2.3 Portable Calibration Check Block

An IIW-2 block or similar portable block containing side
drilled holes may be used as a calibration stability
reference, where the use of the basic block is not feasible.

7.2.4 Calibratidn'Proceduré

Calibration and Calibration Recording Procedures are con-
tained in Nuclear Services Corporation Frocedure NUT-NC-1E.

NUCLEAR SERVICES CORPORATION
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T.3 Angle Beam Method

. T7.3.1  Before angle beam examination is attempted, the volume 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 results. Considera-
tion must be given to these reflectors during interpretation
of weld examination results, but their detection shall not
be a basis for rejection of the base material.

7.3.2 Calibration of EQuipment for Angle Beam Testing

a) Transducer Frequency and Size

The nominal transducer frequency shall be 2.25 MHz

unless large grain structure or geometry necessitate the,
use of other frequencies. The maximum size of the trans-
ducer shall be 1" by 1".. o

b) Beam Angle

The beam angle in the productlon material shall be in the
range of U0 degrees to 75 degrees. :

¢) Distance-Amplitude Correction

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

d) Determination of the Distance- Amnlltude Correctlon erve ‘
for Angle Beam Testing

1. Nodal Method

Distance-amplitude correction curves (see Figure 2)
shall be constructed by utilizing the responses from
the basic calibratiin holes deseribed in T7.1.2.2.
The first point on the curve is obtained by placing
the search unit as near the basic calibration hoie
as possible and adjusting the tester gain for maximum
response at T5 per cent of full scale. This is the
primary reference response. Without changing the gain,
~ the search unit shall be placed similarly at other
‘'nodal positions, and the sweep adjusted to displuy
2-1/2 nodes to extend the calibrated examination into
the half node region.

NUCLEAR SERVICES CORPORATION
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T.3.2

T.3.3

T.3.4

75 3-5

(continued)

f)

g)

2. Multiple Hole Method

‘Multiple calibration holes may be drilled, covering
the contemplated examination distance range and the
corresponding responses marked on the screen. These.
points shall be joined by a smooth line, the length
‘of which shall be sufficient to cover the examination
range. o

Inspection parameters,'a,-b,‘and ¢ shall be recorded on
suitable forms. '

Calibration shall be performed on a daily basis before each
day's examinations and checked before and after each exam-
ination, and at least every 4 hours during examination.

1. If a check indicates a change in system response
recalibration is required.

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

Reference Sensitivity Level

The reference level for monitoring discontinuities is the
primary reference response corrected for distance by the

Distance Amplitude Correction curve.

Scanning Sensitivity Level

When possible, scanning shall bé‘performed at a minimum gain
setting of two times the reference level sensitivity.

Coverage

Whére pdséible, welds shéll be examined from both sides of
the weld (usually from one surface only).

7.3.5.1 Detection of Defects Parallel to the Weld

The search unit shall be placed on the contact sur-
face with the beam aimed at the weld at about 90
degrees and manipulated laterally and longitudinally
so that the ultrasonic beam passes through all of -

/

'NUCLEAR' SERVICES CORPORATION
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T.

T.

3.5.1 (continued)

the weld metal in two different approaches of
the beam, i.e., from both sides of the weld.
Techniques employing two search units may be
used to detect lack of penetration in double
welded butt joints (see Figure 3).

3.5.2 Detection, of Defects Transverse tb the Weld

Two search units shall be placed on the contact sur--
faces adjacent to the weld, one on each side, making
an angle of 45 degrees or less with the axis of the
:weld with the beam directed along the weld in such

a manner that the entire depth and width of the 1eld
is scanned (see Figure 4). Alternatively when the
weld surface is suitable, one transducer may be
placed on the centerline of the weld and manipulated.
“so that the centerline of the beam covers the entire
weld volume. g

7.4  Straight Beam Method

7.4.1 Calibration of Equipment for Straiéht Beam Testing

a)

b)

Transducer Frequency arnd Size

The nominal frequency shall be 2.25 MHz unless grain
structure or geometry recessitate the use of other
frequencies. The maxinum size of the transducer shall
be one square inch. '

Distance-Amplitude Correction

A diétance—amplitude ccrrection curve need not be con-
structed when the thickness of material is one inch or
less. TFor greater thicknesses, using the proper basic
calibration block (see Figure 1), position the search
unit for maximum response'from the basic calibration
hole at 1/4T (see Figure 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/UYT and marks its amplitude.
on the screen. Join the two points with a straight line
and extend its length to cover the test range (see :

Figure 5).

NUCLEAR SERVICES CORPORATION




'~

SPECIAL PROCESS STANDARD [+

S5PS NO:

NUT-NC-1A, Rev.h

OF 17

T7.h.1

T.h.2

7.5.3

T.h.L

T.h.5

(continued)

- e) Inspectlon parameters a and b shall be recorded on

suitable forms.

- d) Calibration shall be performed daily before each days'

examinations and checked before and after each examina-
tion.

e)n If a check indicates a change in system response, re-
calibration is required.

f) Callbraflon and Calibretion Recording procedures are
' contained in Nuclear Serv1ces ‘Corporation procedure
NUT-NC- lE :

Reference Sensitivity Level

The reference level for monitoring discontinuities is the
primary reference response corrected for distance by the
distance amplitude curve. :

Scanning Sensitivity Level

' Wheh‘pOSSible, scanning.shall be performed at a minimum gain

setting of two (2) times the primary reference level.

"Verification of Penetration

Penetration shall be verified by obtaining a reflection »>n
similar material while using approx1mately the same length
of sound travel.

Coverage

The weld shall be examined by moving the search unit pro--
gressively along and across a sufficient contact area so
as to scan the entire weld volume.

7.5 Transfer Mechanism

T.5.1

Transfer correction shall be one (0 db) when the basic
calibration block is judged to be similar in suFface
condition to. the material under test.

7.5.1.1 - Such variables as coatings, scale, roughness, und
curvature shall be considered in evaluating the
above similarity.

NUCLEAR SERVICES CORPORATION




.

SPS NO.

NdT—NC—lA Rev h

SPECIAL PROCESS STANDARD

'9 or 1T

T.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 terms of the acceptance standards. Oscillograph chart records of -
indication amplitude and range may be. used as an aid in comparison of

the indication response with that of the primary reference reflector.

9.0  EVALUATION OF INDICATIONS

The angle of the flaw to the surface, dispersion characteristics of the -
‘metal which change the echo strength with depth, and the effect of surface
curvature and narrow inspection faces shall be considered in estimating
flaw size. Under certain conditions, non-standard reference blocks and/or
special techniques will be used to determine the exact character of the
actual defect. ' ' :

10.0 ACCEPTANCE STANDARDS

10.1 The following shall constitute the minimum requirements for welds:

Linear type discontinuities are unaCceptablé if the amplitude
exceeds the reference level and dlccontlnultles have lengths
which exceed the following:

1/4 in.for t up to.3/4 in.inclusive.
1/3 in.for t over 3/4 in. to 2-1/k4 in. inclusive, and :
3/4 in.for t over 2-1/4 in. :

Where t is the thickness of the thinner portion of the weld being
examined. Where discontinuities are interpreted to be cracks, leck
of fusion, and incomplete penetration, they are unacceptable régeard-
less of discontinuity length or signal amplitude.

11.0. REPORTS:

11.1 Report of Ultrésonic Examination

The specific technigue for each examination shall be recorded on
form NSC-TS-003-6/T4 and shall include the following minimum
information (see attached form) which will be developed from
information obtained when inspecting the first unit.

" NUCLEAR. SERVICES CORPORATION
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11.0 (continued)

a) ‘Weld type and configuration, part or piece number to be
tested, including thickness and diameter dimesions.

b)» Automatic defect alarm and recording equipment orrboth, if
" used. ' ‘

c) = Special search unit, wedges, shoes, or saddleé,vif used.

) Scanning mechanisms, if used.

e) Stage of manufacture when tést was made.

f) , The surface or surfaces from which the tespiwaé ﬁerformed.
g)  Surface finish.

n)  Couplant. -

i) Method(s) used.

3) Description of the calibration method(s) and method of -

correlating indications wita defects.

k) ' Scanning method(s).

1) Types‘énd sizes of transducers.

m) Test frequency. i

n) Calibration checks before and after each examinationﬂ

11.2 Nuclear Services Corporation Certification Form NSC-TS-003~-6/Th

shall 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
shown on a drawing or chart of the item and an inspection techni-
que sheet shall be provided. Two ccpies of the certification
form(s) shall be retained by Nuclear Services Corporation and
three copies shall be given to the client.

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

NUCLEAR SERVICES CORPORATION
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12.0 QUALITY ASSURANCE

12.1 HIt shall be the responsibility of the Nucléar Services Cérpbration '
Level III Examiner to enforce the rngirements:of this procedure.

'NUCLEAR SERVICES CORPORATION
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LOCATION OF HOLLE FROM
CONTACT SURFACE DETERMINED
FROM THE TABLE BELOW

BASIC CALIBRATION HOLE
OF DIAMETER*d" SIDES PARALLEL T

WITHIN: O.015 IN./FT
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L = Length of block determined by the angle of search unit and the vee-path used
T = Thickness of basic calibration block {see table below)

D = Depth of side-drilled hole (see table below)

d = Diameter of side-drilled hole (see tabie beiow)

t = Nominal production material thickness

Minimum Hole
Depth (12}, in.

Nominal Prod.ction Basic Calibration Hole Hole
Material Thickness (¢) in. Block Thickness (7), in. Location Diameter {d), in.
Up to | incl. *foort AT e
Over | thru 2 1'/; ort VAT A
Over 2 thru 4 Jorr - YT e
Over 4 thru 6 Sort VT '
Over6 thru8 . Tort . hT /e
Over 8 thru I(\ . 9orrs VaT e
Over 10 t W"T See Note |

Note | For ¢ach increase in thickness of 2 in., or a traction thereof, the hole diameter shall increasc Yo ’

Note 2 -For hlock sizes over 3 in. in thickness (77, the distance Tront the hoie 1o the end of the block shall be T

min. to prevent coincident reflections from the hole and the corner in the %/, th vee-path position. Blocks fabricated

with 4 P22, minimum dimension need not be modified if the corer and hole indications can be easily resolved.

Figure 1




. | . | . ,‘P&Sel3ofl7"}

< il
o4 ~
vé Pl ~ 7
.r......_..._.. —_ - \\ _’
‘\;/’ \'\1’
. w_J
40 |

FOR -THICKNESS | INCH OR LESS

PRIMARY REFERENCE RESPONSE

2 6 10
(NODE EXTRAPOLATED FROM™ CURVE"

TYPICAL DISTANCE AMPLITUDE CORRECTION CURVE.
(ANGLE BEAM METHOD)

’ DISTANCE 1N EIGHTHS OF A NODE..FOR EXAMPLE I4 1) '—4' NODE

4
\ \
N\,

/A\ '
\\/ by

Sl )
FOR THICKNESS OVER | INCH

— . _PRIMARY REFERENCE "RESPONSE
1 SET AT 75% OF FULL SCREEN
50°/ OF o

-~ TREFERENCE LEVEL N ‘ s

i Sy
. 209 OF Y=o
© -7 REFERENCE LEVEL
”~ "

-..___‘___.~|rL .
T T~
1
)
1

= e -

] 3 S5
LNO"E EXTRAPCLATED ‘FROM CURVE
TYPICAL DISTANCE AMPLITUDT “CCRRECTION CURVE

- (ANGLE BEAM METHOD) .
DISTANCE IN EicreTHs OF A NODE. FOR EAAMPLE 14 15 % nODE

Figure 2 ;

' JZTSET AT 75% OF FULL SCREEN = .
: . | . » ... R .
. 509 OF : :
_—7 "REFERENCE LEVEL \ . - e
-~ HE ;
<l h ,
1] e ) .
U = ~ - K
_ 209 OF [T~ '
_--"TReFerence teveL || Te=~ofl
'f-'f---------,u.___,._~ . : ‘ S -
o -----—1 b —...--'_-. ~~~~-
/'ﬂ , i' __

' I-Z-MIN.‘ . o
M =

ME -




. | | | . Pege llh‘éf "."," ‘&

se—SEE NOTE |

s——SEE NOTE |

{

~NOTE |

THE PCSITION OF THE SCARCH UNITS WILL VARY BECAUSE THE SEARCH UNITS MUST BE LOCATED
IN RELATIONSHIP TO THE SOUND BEAM TRAVEL.

-FIG._3 L

TYPICAL DOUBLE SEARCH UNIT TECHNIQUE =

FOR DETECTING LACK OF PENETRATION
IN NOLIREF WFENDFN LIOINTS

|

J\/
S .
T

uP TO 45°4\~/’

%

A
=

FIG. 4
TYPICAL TWO SEARCH UNIT TECHNIQUE
FORDETECTING TRANSVERSE DISCONTINUITIES,

FIG.3 & 4
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CONSTRUCTION

OPERATION :
CAMPBELL, CALIFORNIA 95008‘ (408) 374- 1880
-
CUSTOMER ' DATE START TIME FINISH TIME
J0B OR PROJECT LOCATION 108 NO. RPT. NO.
‘COMPONENT DESCRIPTION PLAN OR DWG, NO.
IDENTIFiCATION NUMBER MATERI AL SURFACE COND. THICKNESS TEMP, RADIATION FIELD
INSPECTION COOE REFERENCE ° NOE PROCEDURE REV. EVALUATION LEVEL REPORTING LEVEL
U.T. EQUIPMENT S/N ANGLE BEAM S/N ANGLE L-WAVE S/N TEST BLOCK OESC. S/N SCANNING METHOD & SPEED
CALIBRATION NO. : COUPLANT EXAMINATION TYPE TRANSM15SION MODE OVERLAP
P.E. THROUGH T. LONG. SHEAR
SCAN ANGLE STR. GAIN £GC DAMPING - PULSE L. REP. RATE VIDEO RESPONSE
ATTEN (08:: ANGLE STR, i
T ANGLE STR. ANGLE BEAM TEST STRAIGHT BEAM TEST
SWEEP N REF, REFLECTOR AMP. J1S | REF. REFLECTOR aMP - s
ANGLE STR. CALIBRATION CHECK PERFORMED CTHECK REF. BLOCK MATERI AL MARK ER PHOTO
DELAY (IN}: ANGLE BEAM - L WAVE
RECORDER SN LEVELS:
GATED CIRCUIT: OFF MAN AUTO CHART AL ARM DAMP REJECT
NAD = NO APPARENT DISCONTINUITIES S = SPOT INDICATION L = LiNEAR INDICATION G = GEOMETRY
DESCRIPTION GF INDICATIONS AT EVALUATION SENSITIVITY
SCANS AcCcC REJ IND LOCATION & LENGTH RANGE MAX AMP MAY = DAC
VISUAL PER NVT-NCe1
BASE METAL PRE EXAM
.
CONFIGURATION SKETCH AND SCANNING DIRECTIONS
t
TEST
TECHNICIAN - -
ASST, TEST : .
TECHNICIAN ~ o
revel T
CUSTOMER e
(leve BT
AUTHORIZED INSPECTOR
SIGNATURE
ENCLOSURE ADDED
vyes [1 no UJ
PAGE oF
[ INCLUDE ENCLOSURE PAGES |
) .. ASSUMES NO RESPONSIBILITY TORLOBAT )
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1.0

2.0

300

SCOPE

Thls document defines procedures for preparlng ultrdsonlc tesclnc equipment
calibration records to meet or exceed the requlrements of Aopendly IX,
Section III, Summer 1974 Addenda, Section V, Summer 19Tk Addenda, and Section

XI, Summer l97h Addenda of the ASME 301ler & Pressure Vessel Code.

SPECIFICATIONS

2.1 The indicated rev151on of the follow1ng specification shall form a

part of this document.

2.1.1 ASME Boiler and Pressure Vessel Code Section XI (Summer 1974 )

C2.1.2 'SNL-TC 1A, Quallflcatlon and Certlflcatlon of Nondestructive

Testing Personnel Supplement C*

2.1.3 ASTM E-317-68, Evaluating Performance Characterlstlcs of Pulse

Echo Ultrasonlc Testlng Sv tems

2.1.4  ASME Boiler and Pressure Vessel Code, Section ITI {Sume:r 197L)

2.1.5 ‘NUT—NC 1A, Nuclear Ultrasonic Testlng Procedures Ultrasonic

' Inspectlon of Welds

2.1.€ - NUT—NC—lC, Ultrasonic Exam’nation of Innér Radius of Pressurei

Vessels at Monticello :

2.1.7 NUT-NC-T, Nuclear Ultrasonic Examlnatlon of Reactor Pressure :

" Vessel Butt and Nozzle Welcs

2.1.8 'NUT-NC- 3 Procedure for Automatlc Recording of Ultrasonic

Test Data

2.1.9 ASME Boiler and Pressure Vessel Code Section V (Summer 1074)

2.1.10 ASTM E-16k, Standard Recommended Practlce for Ultrasonic

‘Contact Examination of Weldments

"PERSONNEL QUALIFICATIONS

3.1 All personnel performing ultrasonic inspections shall be Qualified
- in accordance with Code accepted standards and procedures as either
Level I (Operator), Level II (Inspector), or Level IIT (Examiner), \

b
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k.o

5.0

3-1

(cohtinued)

as defined in SNT-TC-1A, Supplement C and NUT-PQ-1, Rev. O. Only a

Level II Inspector or Level III Examiner shall make judgment as to the
acceptance or rejection of indications. The Nuclear Services Corpora-
tion Level III Examiner will submit to the purchaser, upon request, a

_copy of personnel qualification and ultrasonic procedures. " Personnel

shall, at the request of the Purchaser, demonstrate their knowledge

~and understanding of pertinent specifications and procedures and their

ability to satisfactorily operate all required equipment prior to per-
forming an ultrasonic inspection.

TEST EQUIPMFNT

L1

L.2

k.3

bk

h.s

h.6

Ultrasonlc test instruments calibrated per ASTM E317- 68 shall be
used.

Electronic calibration records shall be maintained for all instruments
and certification for all transducers.  Instrument calibration shall
be performed at three month - intervals. : :

Battery powered instruments shall include internal stabilization re-
sulting in gain changes of less than 1 db and horizontal linearity
changes of less than 6 percent of scale length during baftery operating
llfe.

Ultra sonic testing instruments shall have a calibrated gain control

) adgustable in, at most, 2 dec1bel steps over a range of at least

60 db. The accuracy of the gain control setting shall be verified
as a part of system calibration as per item k.1.

Ultrasonic transducer, either angle or straight beam, shall produce
a sourd beam within + 3 degrees of the stated nominal value, i.e.,
0°, 45°, etc., as measured using an IIW-2 weld test block.

The nominal transducer parameters shall be clearly and permanently
marked on the transducer. These must include size, frequency,’
materials, angle, and index point. Transducers shall be serialiuved.

CALIBRATION STANDARDS

5.1

5.2

Basic Calibration Blocks typified by those shown in Figures 1, 4, 5,
and 6 shall be used to determine the primary reference response of the
equipment. These blocks conform to the requirements of Section III
and XI of the ASME Boiler and Pressure Vessel Code, and the appllcable
Nuclear Services Weld Inspection procedure. :

Curved baéicAcalibration blocks for testing piping may contain an ad-
ditional notch reference reflector.

NUCLEAR SERVICES CORPORATION
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6;0

7.0

5.3 An Internatlonal Instituté of Welding Block (IIW-2) may be used for

calibration check in situations where the primary standard cannot

be convenlent]y applied.

5.4 An Internatlonal Instltute of Welding Block (IIW—E) may be used for :

determlnlng transducer delay and display sweep’ settlngs

be traceable

COUPLANT

'555' 4Ba31c Callbratlon Blocks shall be certlfled as to materlal and shall:

6:1 A VWater base couplaﬁt'certified free from halogen‘sball be used and

its type shall be recorded on the Callbratlon Record Sheet.

'CALIBRATION OF THE SYSTEM FOR TESTING OF WELDS - EXCLUDING THV REACTOR

ITPRESSURE VESSEL WELDS

T.1 Ba51c callbratlon blocks 51m11ar to tnose shown in Figures 1, 3, and 5

shall be used.

a) The calibration reference reflectors shall be side drilled holes.
These referénce reflectors shall be used to establish the primary
reference response and to construct a distance amplltude correc- -

“ tion- curve (DAC)

b) 'The Basic Calibration Block shall have thlckness as indicated in -

the table of Figure 1 to match production materlal thickness.

Calibration for tests of circumferential welds on material less
“than 20" in diameter shall be made using curved Basic Calibration
Blocks. A curved block may be used to calibrate tests on material

heving diameters ranging from 990% to 1507 of the basic block
diamet er.

-¢) The appropriate calibration reference reflector shall be machined

in the block as shown in Flgures 3 and 5.

d)rkThe completed block ‘'shall be" pevmanently marked to enable trace-

atility to material documentation.

T.2 Calibration Interval For the Examlnatlon Of Welds Other Than the

Reactor Pressure Vessel

'7{2.1 | Calibration shall be performed on aldaily basis before each
day's examination and shall be checked before the performance

of each examination.

NUCLEAR SERVICES CORPORATION
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Calibration checks may be made using a conveniehtly portable
test block such as the IIW in lieu of the basic calibration

'block

Should a check indicate a change in amplitude response greater
than 20% (2 db) the tester shall be immediately recalibrated.

Performance of the calibration check shall be indicated on the
inspection report or chart record generated for each examina-
tion.

Generetion Of the Distance Amplltude Curve For .Angle Beam Testlng
O0f Nuclear Piping and Components - Excluding the Reactor Pressure

Vesse..

7.3.1

T.3.2

The distance amplitude correction curve shall be constructed
by plotting responses from the Basic Calibration Reflector.

The first plotted point is the response from the reflector at
the nearest point. This response shall be obtained by posi-
tioning the transducer for maximum return. The gain control-

is then set so that this response is T5 percent of full screen.
Without further changing the gain, the search unit shall be
placed similarly at other nodal positions and the indication:
response shall be marked on the tester screen, and its metal’

‘path (in microseconds) and amplitude marked on the DAC curve

plot of Figure 2. This point is the PRIMARY REFERENCE RESPONSE.
The tester sweep shall be adJusted to display 2-1/2 modes when-
ever poss1ble

Connect the plotted points on the tester screen and on the
DAC curve plot with a smooth line to form the DISTANCE AMPLITUDE
CORRECTION curve.

Generation Of the Distance Amplitude Curve For Straight Beam Testing
Of Piping and Component Welds - Excluding the Reactor Pressure Vessel

T.h,l

ST k2

A Distance Amplitude Corre¢£ion Curvé is not required for
material one inch or less in thickness.

For material over one inch thick a Distance Amplitude Correc-

tion Curve may be constructed using the proper calibraticn

block (determined by Figure 1). With the search unit positioned
for maximum response from the basic calibration hole at 1/L T
(see Figure 4), set the signal amplitude to 50% of screen
height. This is the PRIMARY STRAIGHT BEAM REFERENCE RESFPONSE.
Without changing the instruments settings, similarly position
the search units over the reference reflector at 3/4 T. Mark
the amplitude and position of both points on the screen and on
the DAC Curve plot on the Calibration Record Sheet.

NUCLEAR SERVICES CORPORATION
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7.4.3 Join the points generated in‘T7.4.2 with a straight line. This
is the STRAIGHT BEAM DISTANCE AMPLITUDE CORRECTION curve. It
shall be plotted on the tester screen and on the DAC curve
plot on the Calibration Record Sheet.

8.0 CALIBRATION OF THE SYSTEM TO PERFORM ULTRASONIC TESTING OF REACTOR PRESSURE
' VESSEL WELDS

8.1 _Bas;c Calibration Block (Figure 6)'~

8.1.1 Ba81c Calibration Blocks shall be. utlllzed in accordance with*®
the Table and drawing of Flgure 6. :

8.1}2 Basic Calibration Blocks shall be fabricated from reactor pres-
' sure vessel materlal, such as a nozzle dropout.

8.1.3 The Basic Calibration Block shall be clad in a manner similar
to the reactor pressure vessel. The cladding shall be /4 +
/8" thlck : :

.8.1.4 - The Basic Calibration Block shall receive heat treatment as re—
quired by the material spec1f1cat10n type and grade.

8.1.5 Surface finish of the Basic Callbratlon Block shall be repre-'
: . sentatlve of the pressure vessel

8.1.6 The block shall not utilize areas contalnlhg”ultraSOnJca'ly
detectable defects producing 1nd1catlons larger than the back
reflection.

8,1.1, Curved Blocks are requlred for surface curvatures less than
' 20" in diameter.

8.2 Basic Calibration Reflector

8.2.1 A side drilled hole, parallel to the surface and perpendicular
“to the edge of the material is the Basic Calibration Reflector.

8.2.2 A square notch reflector will be utlllzed 1n the callbra sion
procedure.

-8.2.3 ‘Other reflectors may be incorporated but may not interfere
with the primary reference.

8.3 Test for Instrument Amplitude Linearity (Figure TA)

»8.3.1 ‘Place the angle beam transducer on the basic calibration block
so that echoes from both the 1/2 T and 3/h T can be observed;

NUCLEAR SERVICES CORPORATION
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8.

8.3.1

- 8.3.2

(éontinued)

Adjustlthe tfehsdueer'position and gain controls to obtain a

'2/1 amplitude ratio between them with the larger at .80% of

full screen height. Adjust the gain controls or the attenuator
to vary the larger indication from 20% to 100% of full screen
height in 10% increments, or 2 db stops. Read the indication
at each setting. The smaller echo must be 50% of the larger,
within 5% of full screen height. Amplitude readings shall be.
read from a signal height meter or estimated to 1%.

‘Amplitude control linearity is verified by placing the search

unit on the basic calibration block so that the echo from the
1/2 T hole is peaked on the screen. The db attenuator ccntrols
shall be varied as shown below and thé echo amplitude must
increase and decrease accordlngly If the tester is not
equipped with a meter to measure signal amplitude the signal

'helght must be estimated to- the nearest 1% of full screen.

Indication Change db Control Resultant Indication
© 80% - 6av 32 to L8%
80% ' -12 o 16 to 2L%
hop +6 64 to 96%
20% +12 ) 6k to 96%

Examination System Calibration General Conditions

8.4.1

8.4.2

8.14.3

8.4.1

8.4.5

‘Calibration shall include the complete system. Any change in

the components of the system shall be cause for recalibration.
The’original calibration must be performed on.a basic vessel
calibration block. Calibration checks may be performed on a
calibration block simulator.

The temperature of the basic calibration block shall be within

- 25°F of the component temperature

Complete calibration shall be performed prior to the use of
the system in each inservice inspection.

éalibration verification shall be performed at the beginning

of each day's testing, at the start and finish of each examina-
_tion, with any change in examination personnel, and at no

greater than four hour intervals.

IQUCLEAIKSERNWCES‘CCWUKNQATH)N
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8.5

8.4.6

8.4.7

8.4.8

‘Cdlibratioﬂ:ﬁerification shall be pefformed by verifying

the Distance Amplitude Curve. If any point on the curve
has changed in amplitude by more than 20% (2 db) all-data

"sheets since the last successful verification shall be marked.

void, a new calibration performed and recorded, and the
voided examinations.repeated.

. If any indication on the DAC curve has moved more than 5% of .

the sweep division reading, correct the sweep range calibration

' and note the correction in the examination record. If re-

cordable indications are noted on the data. sheets, those data
sheets shall be voided, a new calibration performed and re-
corded, and the voided examinations repeated.

. / - .

The calibration parameters (Figure TB) are: sweep range,
test sensitivity, distance amplitude correction, position
calibration with respect to the front of the search unit and -
the examination surface, calibration correction for planner
reflectors at or near the material surface, beam angle and
beam spread. : '

Angle Beam Calibration

8.5.1

8.5.2

Angle Beam Sweep Calibraticn for metal path (Figure 7C).

8.5.1.1 Using the 2" and L" reflectors on a 4340 IIW 2 block,

. - adjust the sweep zero and range controls to show 2"
and 4" appropriately on the tester screen. Record:
range meter readings.

8.5.1.2. Position the transducer for maximum first indication
= from the 1/4 T side drilled holes. Record range
meter reading. MNeasure actual metal path from the
transducer index to the hole and compare with screen
indication and meter readlng Values must agree
within 5%. '

8.5.1.3 - Repeat step b using the 3/4 T hole:’ Trim range and
: delay controls if necessary to perform calibration.

8.5.1.4 Repeat'step b using the 4/4 T notch. Trim range and
' delayvcontrols if necessary to perform calibration.

Angle Beam Testlng Distance Amplitude Correction (Figure 7D
and TE).

NUCLEAR SERVICES CORPORATION
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8;5.2.1 Position the search unit for maximum response from
the hole which gives the greatest amplitude.

8.5.2.2 With at least 20 db gain remaining available at the
tester adjust the gain control to place the indica-
tor of step A at 80% of screen height. Make the
peak of the indication on the tester screen plot
trim point on the calibration record sheet plot.

8;5.2;3 Repeat step 8.5.2.2 for the remaining two holes in
the basic calibration block. Connect the peak response
points both on the tester screen and the DAC.

8.5.2.4 Position the transducer for maximum amplitude indi-
cation from the sgquare notch on the opposite surface
of the basic calioration block. Mark the peak of
the indication on the tester screen and on the DAC
plot. Consider the response of this reflector in
evaluating surface reflectors.

8.5.2.5 -Electronic Distance Amplitude Correction shall
equalize the response of the basic calibration blcck
to 50% of screen height over the range of the test.

8.5.3 Angle Beam Position Calibration (Figure TG)

8.5.3.1 Position the Transducer for maximum response from the
1/4 T hole in the basic calibration block. Meesure
and record on the Calibration Record Sheet the dis-
tance from the front of the transducer to the scribe
line above the hole. Also record the depth of the
notch. '

8.5.3.2° Repeat step 8.5.3.1 for the remaining holes and the
notch.

8.5.4 Angle Beam Vertical Plane Buam Spread (Figure TH)

8.5.4.1 Position the transducer for maximum response from the
1/4 T hole, with the tester set at twice the primary
reference (DAC) sensitivity of step 11.4.6. Move the
transducer forward and backward from the point of
maximum response until the response falls to the 50%
level as indicated by the DAC curve drawn on the
screen. Record the maximum point on the distance
movement to the 50% points in each direction as mon-
sured from the front of the transducer to the scribe
line above the hole.

NUCLEAR SERVICES CORPORATION
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8.5.4.2 Repeat step 8.5.4.1 for the remaining holes.

8.5.4.3 Prepare a full scale drawing of. the beam profile by .
correcting common response points from each hole.

8.6 Straight Beam Test Calibration -
8.6,1 Straight Beam Sweep Range Calibration
8.6.1.1. Adjust the range and delay controls of the 1nstrument
' "~ to place the left edge of the maximized responses

‘from the 1/4 T and 3/4 T side drilled holes at 207 '
and 607 of the hcrizontal scale, respectively. -

8.6.2 Distance Amplitude Correction

8.6.2.1 Position the transducer for the maximum response -
' - from the side drllled nole whlch g1ves the highest
amplltude

8.6.2.2 With at least 20 db of gain remaining adjust the gain
" controls to provide an 80% of scale’ indication from
the hole. Mark the peak of the indication on the
tester screen and on the DAC plot-in the ‘Calibration
Record. '

8{6;2.3 Obtaln maximum 1rd1cat10ns, and 51mllarly plot the:
: 'responses of the remaining side 'drilled holes.

8.6.2.4  Where electronic distance amplitude correction is
: " used, the response of 'all holes must be adjusted to
50% of screen height.
8.7 Transfer Methods

8 7. 1 Transfer methods are not permitted.

9;0 CALIBRATION RECORD SHEET

9.1 - Record requlred callbratlon 1nforma*1on on Ultrasonlc Calibratiou
' Test Record Sheets NSC-TS-026-6-24 and NSC-TS-027-6-Th.

9.1.1 Site-
. 9.1.2 Date and Time

'9.1.3 Examiners and Level

NUCLEAR SERVICES CORPORATION
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9.1.4 Ihstrument, S/N and modules (if any)
9.1.5 Calibration Procedure and Test Block No. .
9.1.6 Examinaﬁion Procedure

9.1.7 Trahsducer Index and Beam Angle

9.2 When the tester is provided with a range meter calibrated in micro-
seconds, calculate and record. :

9.2.1 Two way sonic Velocity factor, developed from IIW-2 Test Block
Data. .

9.2.2 Transducer delay in microseconds.
9.3 Record the reference sensitivity.

9.3.1 Record the response of the stability reference (ITW-2) at the
reference sensitivity.

9.4 Plot the bAC curve on a separate page.

9.5 Record angle beam width and position data.

9.6 ' Record pertinent instrument settings.

9.7_ Record s;anning and evaluation sensitivities.

9.8 The completed célibration record shall accompany the examination team
during the days inspection as a necessary reference. It shall then

be filed with other examination documentation.

10.0 STRIP CHART CALIBRATION RECORDS

10.1 The NORTEC 130 D tester used by Nuclear Services Corporation shall be
used to generate a strip chart record of the amplitude and range of
an ultrasonic examination. Test informaetion shall be related directly
to the basic calibration block response through Nuclear Services
" Corporation Procedure NUT-NC-3.

10.1.1 Strip chart recordings shall be made of the calibration re-
sponse of this reference reflector used in generating the DAC
curve plot, and these recordings shall become an attachment
record sheet.

10.1.2 A strip chart recording shall be made of the stability re-
ference reflector for comparison with later recordings made at

NUCLEAR SERVICES CORPORATION
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10.1.2 (continued)

" the time examinations are performed, to prove. that no.change
in calibration took place in the interval.

10.1.3 Recordings of the basicjreféreqceireflectors;response and/or

the stability reference reflectors response shall be used in
the evaluation of examination recdords.’

11.0 QUALITY ASSURANCE

11.1 Calibration records shall be maintained in a field file in such condl—
. "tion as to be readlly avallable foz audit.

11.2 It is the respon51b111ty of the Nuclear Serv1ces Corporation Level I1I
Examiner to enforce the requlrements of thls procedure, :

NUCLEAR SERVICES CORPORATION.
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. r-l%"MIN {(SEE NOTE 2i : . .

’ " . . ' . 4”
l1—T-
I o
|
1

A

I

2s,

LOCATION OF HOLE FROM
CONTACT SURFACE DETERMINED
FROM THE TABLE BLELOW

BASIC CALIBRATION HOLE

OF DIAMETER"'d" SIDES PARALLEL - T

WITHIN2 O.015 IN./FT

125

L = Length of block determined by the ancie of search unit and the vee-path used
T = Thickness of basic calibration block (see table below)
- D = Depth of side-drilled hole (see table below)
d = Diameter of side-drilled hole (see table betow)
t = Nominal production material thickness

Nominat Production Basic Calibration Hole Hote M.nimum Hole

Material Thickness (1) in. Block Thickness (T), in. Location Diameter (d), in. Depth (D), in.
Up to 1 incl. . 3oort ‘AT i1 1'/;
Over | thru 2 1'/; ort ‘ AT 'fe 1'/:
Over 2 thru 4 Jors YT e IRFA
Over 4 thru 6 . Sort ‘AT A , 1"
Over 6 thru8 - ‘ Tort WNT *fie 1'A
Over 8 thru 10 . 9ort 46T 3 | A
Over 10 t : Y/uT Sec Note | 14

Note |- For cach increase in thickness of 2 in., or a traction thereof, the hole diameter shall increase e N

Note 2 -For block sizes over 3 in. in thickness (7, the distance from tite holeto the ¢nd ot the block shall be »T

min. to prevent coincident reflections from the hole and the corner in the %/, th vee-path position. Blocks fabricated
witlr & 1Y2in. minisnum diniension need not be medified if the corner and hole indications can be easily resoived.

Figure 1
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B . ) . M‘
. " ' .
:l;MIN. '

3| : 'r-%*l A4
Yz. o] s ——— /”’ \\\ I”
r ) ~s‘//, \\'V/’

—_J

10 -

I8

FOR THICKNESS | INCH OR LESS’

! ~ ___PRIMARY REFERENCE RESPONSE
P JTSET AT 75% OF FULL SCREEN

8 .
’ 509 _oF , o g .
-~ REFERENCE LEVEL - \ A o
<z o _ . ' :

,207’ OF [T ~~<
REFERENCE LEVEL ~~—.|

(4

e

W . = - ,
i T ————}

: L 2 6 B .
. SNODE EXTRAPOLATED FROM CURVE
TYPICAL DISTANCE AMPLITUDE CORRECTION CURVE

-(ANGLE BEAM .METHOD)
DISTANCE IN EIGHTHS OF A NODE. FOR EXAMPLE 14 1S % NODE

FOR THICKNESS CVER 1 INCH :

¥ o
5\ _____PRIMARY REFERENCE RESPONSE .
ST SET AT 75% OF FULL SCREEN
509 OF | I
-~ REFERENCE LEVEL o

il -~
5 209 OF ke~ -

PR REFEREVCE LEVEL " f~.

L 'I
e
hadha il
o

'

o 7--~~

' 3 5
LNODE EXTRAPOLATED FROM CURVE
TYPICAL DISTANCE AMPLITUDE CCRRECTION CURVE

(ANGLE BEAM METHOD)
DISTANCE IN LIGHTHS OF A NODL. FOR EXAMPLE 14 15 % NODE

Figure 2
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2T
: |l
13 MIN. :
A
Figure 3

PRIMARY REFERENCE RESPONSE

\ SET AT 50¥ OF FULL SCREEN
A

4T | | 2T  DISTANCE
B

TYPICAL DISTANCE AMPLITUDE CORRECTION CURVE
(STRAIGHT BEAM METHOD)

Figure U
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Fi"gu:r"eA 5

~ Typical ‘Curved Basic Calibration Block'




' , ‘: . ' . ’ NUT-NC-1E; Revil
_ . , . Page“16 of,22 - ,

3" - .
2" LONG § DIA FLAT END MILL NOTCHES
2% T OEEP

THRGUGH CLAD :
THICKNESS 2% T DEEP
INTO THE B2 SE METAL

CLAD

DRILLED &
REAMED HOLES
3" DEEP MIN

3T OR 6"MIN

——— SCRIBE LINE
BASIC CALIBRATION ~ HOLE
WELD THICKNESS (T) BLOCK THICKNESS(T) DIAMETER
OVER 1" THRU 2" I-l/2"OR T T4:
OVER 2" THRU g¢" | " 3"OR T 3/i1e"
OVER4" THRU 6" 5" OR T 174"
OVER 6" THRU 8" 7T°OR T 5n6"
OVER 8"THRU 10" 9 ORT 3/8"
OVER 10" *

* FOR EACH INCREASE IN THICKNESS OF 2" OR FRACT!ON THEREOF THE HOLE
DIAMETER SHALL INCREASE 1/16"

FIG. 6 ‘
BASIC CALIBRATION BLOCK

AS PER ASME ZXI APPENDIX T
FOR PRESSURE VESSEL WELDS ONLY
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. ) ) 10~ /—'SENSITIVITY
‘ 80 . . : 8 'c 20
/ 6— 4(/0 4, /sf

N

Figure T7A Test for Linearity Figure 7B Calibration Pa_ramet:,ers

~DELAY
RANGE

—}J A\ ;LAJ_AIQAKI)J

o
ggtggLAno | REFLECTORS
NOTCHES WILL cP MOVEC INTO
BE USED FOR . BEAM
ANGLE BEAM 4;

CALIBRATION .

. 6
15

3| ’

O i N . -—
IN LINE . : IN LINE HOLE '
HOLES AND Rizgsggoas | AND NOTCHES MO £ 5
NOTCHES .wiLL BE INTO BEAM . [ WILL BE - USED FOR AN INTO BiaMm . ' |
USED FOR ANGLE ANGLE BEAM ' Co oot

s L O g e - e ()

BEAM CALIBRATION /7 % cAuBRaTioN 2 |

g . : Y o TSN

Figure 7D Sensitivit_y Adjustment Figure ’(H" DAC Generation
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Figure 7G Position Calibration

Figure 7H Beam Spread Measurement
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"REFLECTORS |
MOVED b
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Figure 8A Sweep Range Calibration-
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Figure 8C Distance Amnlitnda Casvvantdns
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ULTRASONIC CALIBRATION TEST RECORD NUT-NC-1E, Rev. 4
Site: Cal. No.: . Examiners: Level:
Date: Time: - Calib. Procedure: . Test Block S/N

Examination Procedure: Instruments & Modules:

TRANSDUCER DATA

Mfg.: Freq.: | Mat.: Size: S/N

Mfg.: ' Freq.: ' Mat.: . Size: - S/N

CALIBRATION DATA

1.0 IIW-2 Angle Beam Transducer Beam Angle: Transducer Index Checked:

2.0 Sweep Range & Delay Setting from IIW-2 Block

2.1 Angle Beam Setting Using 2" and 4" Radius Reflectors a. 2"= us b. L= us
2.2 Straight Beam-Set using 1" block thickness us
2.3 Velocity = 2 in./microsecond (us)
2.1.b - 2.1.a .
2.4 Transducer Delay = (2.1.a) - 2"/(2.3) = microsecond (us)

3.0 Instrument Reference Sensitivity Data from Basic Calibration Block A
3.1 Ampl.Lin.Chk. 20%__ 30%__ LO%__ 50%__- 60% _ 70%__ 80%__ 100%__

3.2 Ampl.Control Lin. -6db___ -12db__. +6db__ _ +l2db__.
3.3 Primary Reference Reflector: Angle Beam;__%-___ys Straight Beam;__z ___ ks,
3.4 IIW-2 Block 1/8"SDH Response: Angle Beam % pus  Straight Beam % us.
T.0 Angle Beam Data from Basic Cal. Block Side Drilled Holes | 1/ T [31/2 T |3/ T - Planar
.1 Signal Amplitude (max.): :
4.2 Distance "a"* and range at max. signal: ;
4.3 Distance "a"* and range at leading ray (50% max.) :
4.4 Distance "a"* and range at trailing ray (50% max.)
5.0 Instrument Settings &t Reference Sensitivity Angle Beam Straight Beam
5.1 Galn _
5.2 Attenuation
5.3  Sweep
5.4 Delay
5.5 Markers _
5.6 Pulse Length
5.7 Damping _
5.8 Reject
5.9 PRF
5.10 VIDEO

6.0 Gain and/or Attenuation at Scanning Sensitivity
7.0 Gain and/or Attenuation at Evaluation Sensitivity

*"a" Iongitudinal distance from the line scribed above the hole to the transducer case front.

. ' Sheet 1 of
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e e e _.LTRASONIC' CALIBRATION TEST redl

<

Site: V Cal. Noi a o Examiﬁers:

Level:

Date: Time:

Instrument = S/N

Transducers S/N

Test Block = S/N

NSC-TS~027-6-Th Sheet  of
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) . o ’ N PRE_PARE‘D BY - DATE ‘ . EF‘FECT'VE DATE’
Procedure for Automatic Recording of = | T. G. Lambert 1/9/75 | January 10, 1975

Ultrasonic Test Data

1.0

2.0

3.0

SCOPE

1.1

AT SR

This document covers the requirements ahd,procedures to be used

when automatically recording ultrasonic test data on analog charts.

SPECIFICATIONS

'2.1.

This spec1f1cat10n is to be used in conjunctlon with the follow1ng
Nuclear Services Corporation Special Process Standards.

2.1.1
2.1.2
2.1.3

2.1.h-

2.1.5
2.1.6

2.1.7

2.1.8

2.1.9

NUT-NC-1A, Nuclear Ultrasonic Testing Procedure

“Ultrasonic Inspection of Welds.

NUT-NC-1B, Nuclear Ultrasonic Testlng Procedure for
Longltudlnal Wave Inspectlon

NUT-NC-1C, Ultrasonic Exanlnatlon,ef the Imner Radius
of Pressure Vessel Nozzle Welds.

NUT-NC-1E, Nuclear Ultrasonic Weld Examination
Calibration Procedure.

NUT-NC-T, Nuclear Ultrasonic Examination of Reactor °
Pressure Vessel Butt and Nozzle Welds..

SNT-TC-1A, Qualification &nd Certification of Non-
destructive.Testing Persornel, Supplement C.

NUT-PQ—I Nuclear Services Corporatlon Personnel

" Qualification Procedure.

ASME B. & P.V. Code, Section XI, Inservice Inspection o7
Nuclear Reactor Power Plant Components_(Summer-l97h).

ASME B. & P.V. Code Sectlon v, Nondestructlve Examlnatlon
(Summer 197h)

-PERSONNEL QUALIFICATIONS

3.1.

All personnel performing ﬁltrasonic,inspeetions shall be‘qualified 4

in accordance with Code accepted standards and procedures as either.

Level I.(Operator), Level II (Inspector), or Level III (Examiner),

NUCLEAR SERVICES CORPORATION
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SPECIAL PROCESS STANDARD
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2 o 8

3‘1

3.2

3.3

3.4

(continued).

as defined in SNT-TC-1A, Supplement C and NUT-PQ-1l, Rev. O.
Only a Level II Inspector or Level IIT Examiner shall make
judgment as to the acceptance or rejection of indications.

The Nuclear Services Corporation Level III Examiner will
submit to the Purchaser, upon request, a copy of personnel
qualification and ultrasonic procedure. Personnel shall, at
the request of the Purchaser, demonstrate their knowledge and.
understanding of pertinent specifications and procedures, and
their ability to satisfactorily operate all required equlpment
prior to performing an ultrasonic inspection.

3.1.1 Certification of persommnel to NUT—PQ—l requirements shall
be directed by the authorized Level III Examiner.

Certification of Personnel

3.2.1 Certification of personnel shall conform to SNT-TC-1A,
Supplement C and Nuclear Services Corporation Personnel
Qualification Procedure NUT-PQ-1.

3.2.2 In order to obtain certification of any level, the
candidate must demonstrate to the Level III Examiner's
satisfaction a thorough knowledge of the procedures and
requirements contained in this document.

Visuesl Acuity Requirements

. Visuel requirements for near distance acuity and.color shall

confcrm to SNT-TC-1A, Supplement C and Nuclear Services Corpora-
tion Personnel Qualification Procedure, NUT-PQ-1.

Records

3.4.1 Records of personnel certifications shall be maintained
by the Nuclear Services Corporation Level III Examiner
at the Campbell office and at the job site. These records
shall conform to SNT-TC-1lA, Supplement C and Nuclear
Services Personnel Qualification Procedure, NUT-PQ-1.

3.4.2 Records of instrumentation calibration shall be mainteined
by the Nuclear Services Corporation Level III Examiner at
the Campbell office and at the job site.

NUCLEAR SERVICES CORPORATION
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L

4.0

5.0

6.0

7.0

INSPECTION METHODS

b

The inspection methods which may be used with this recording
procedure are ultrasonic pulse echo, and through transmission.
The ultrasonic energy may be transmitted in ‘either the longi-
tudinal or shear wave mode. -

RECORDING METHODS

5.1

6.2

6.3

T.1

The ultrasonic test data concerning indication range and
amplitude are (shown in Figure 1) recorded on dual trace

" analog recording charts. Additional information or test

paraneters will be written on ‘the zhart using the stamped form
shown in Figure 2. Any further information such as transducer
position or direction run shall be hand written on the chart by

the technician serving as data recorder.
.EQUIPMENT

i_é.l_

The ultrasonic examination shall bz performed using a NORTEC

r:130D or equivalent ultrasonic tester meeting the requlrements

of ASTM E-16L4 and certified to be calibrated according to
ASTM E-317. The tester produces an analog output proportional 1.0
metal path and a second proportional to amplltude The instrument

~also prov1des dlgltal readout.

The analog 51gnals generated by the tester shall be recorded
using a strlp chart pen recorder certified to be electronically .
calibrated within the past 90 days. A typical recorder for this

- purpose is- the Brush 220.

An irtercom system connecting the examiners at the recorder and
the %ester shall be used where necessary for clear communicatiorn.

. Battery powered, line connected phone systems are considered

adequate for this purpose.

CALIBRATION

For wvessel examinations the ultrasonic tester shall be calibrated.

- to meet the. requirements of the ASME Boiler and Pressure Vessel

Code Sections V and XI, Summer 1974 Addenda, and the resulting
responses shall be recorded on a calibration record chart.

7.1.1 Amplitude and range readings taken. from the digital
display of the tester shall be recorded on the
calibration chart.

NUCLEAR SERVICES CORPO{RAT!O_N{
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SPECIAL PROCESS STANDARD |

N oF

8

8.0

9.0

RECORDING OF EXAMINATION DATA

8.1 Before the performance of an examination the following data

shall Ybe recorded on the recording chart us1ng the form stamp
of Figure 2 as a guide.

lj Inspector Names 7) Transducer Size

2) Weld No. & Configuration 8) Test Frequency

3) Type 9) Transducér Angle

L) Pipe Size & Schedule 10) ' Chart Speed

5) écan No. & Type , 11) Sensitivity of Recorder
6) Report No. ©12) Scanning Sensitivity

8.2 Before and after the performance of an examination, the stability
reference shall be scanned and the resulting trace becomes a
permanent part of the examlnatlon record

8.3 The Weld shall be scanned in a syQtematlc manner, generally
beginning at a dead center position which shall be noted as
1200. As the scanning proceeds the 0300, 0600, and 0900
positions shall be noted on the chart record.

8.3.1 The orientation data essential to indication location
shall be noted on the Inspection Report.

8.4 Detailed evaluation of an indication should be noted on the
- recorder chart and amplitude, metal path, and signal with
measurements taken from the digital meter recorded in
appropriate locations on the chart.

RECORDING CONVENTIONS

9.1 The left hand chart section of the dual trace chart shall be
connected to record signal amplitude with positive amplitudes
causing left pen deflection. A full scale deflection on this
chart shall correspond to a full scale (100%) signal amplitude
on the ultrasonic tester.

9.2 The right section of the dual trace chart shall be used to
record metal path (range) with increasing range causing left
pen deflections. A full scale deflection on this chart shall
correspond to a full range (100% of sweep) display on the
ultrasonic tester screen.

NIICT FAR SFRVICFS CORPORATION
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SPECIAL PROCESS STANDARD

10.0 REPORTS

PAGE .
5 of 8.

10.1 The chart record shall be attached to an ultrasonic rep‘ort form
and technique sheet to constitute the permanent inspection
record (NSC-TS-003-6/Tl4), which shall be signed by the examiner
and his assistant. When requested, all rejectable indications

will be shown on a drawing of the joint.

11.0 QUALITY ASSURANCE

- 11.1 Inspection records shall be maintained in a fieid file in such

condition as to be readily available for audit. -

~11.2 It shall be the responsibility of the Nuclear, Services Corporation
Level III Examiner to enforce the requirements of this procedure.

!

NUCLEAR SERVICES CORPORATION
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'SPECIAL PROCESS ‘STAND‘A-RD -
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- SPECIAL PROCESS STANDARD ~ ma =it
. * . oF )

INSPECTOR " RPLLNO.

WELD NO. ~ TYPE CONFIGURATION.

PIPESIZE ~ WALL . SCH.

SCANNO.  TYPE. . TEST BLOCK

TRANSDUCER = SS/N

SCAN. SENS. PROCEDURE

 CHARTSPEED- - . PRF.
'RECORDER SENS VIDEO -
Figure 2

 NUCLEAR SERVICES CORPORATION
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