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INTERNATIONAL

Standard Practice for

Radiographic Examination of Advanced Aero and Turbine

Materials and Components’

This standardisissued under the fixed designation E2104; the number immediately following the designation indicates the year of
originaladoptionor,inthecaseofrevision, theyearoflastrevision. Anumberinparenthesesindicatestheyearoflastreapproval. A
superscriptepsilon( &)indicatesaneditorial changesincethelastrevisionorreapproval.

1. Scope

1.1 Thispracticeestablishestheminimumrequirementsfor
radiographicexaminationofmetallicandnonmetallicmaterials
and components used in designated applications such as gas
turbineenginesand flightstructures.

1.2 Therequirementsinthispracticeareintendedtocontrol
theradiographic processtoensurethequality of radiographic
imagesproducedforuseindesignatedapplicationssuchasgas
turbine engines and flight structures; this practice is not
intended to establish acceptance criteria for material or com-
ponents. When examination is performed in accordance with
this practice, engineering drawings, specifications or other
applicabledocumentsshallindicatethe acceptancecriteria.

1.3 All areas of this practice may be open to agreement
between the cognizant engineering organization and the sup-
plier, or specific direction from the cognizant engineering
organization.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safetyandhealthpractices and determine the applica-
bilityof regulatory limitationspriortouse.

2. Referenced Documents

2.1 ASTM Standards: >

E543 Specification for Agencies Performing Nondestruc-
tive Testing

E747 Practice for Design, Manufacture and Material
Grouping Classification of Wire Image Quality Indicators
(IQI) UsedforRadiology

E999 Guide for Controlling the Quality of Industrial Ra-
diographic FilmProcessing

E1025 Practice for Design, Manufacture, and Material
GroupingClassificationofHole-TypeImage Quality Indi-

! This practice is under the jurisdiction of ASTM Committee EO7 on Nonde-
structive Testing and is the direct responsibility of Subcommittee E07.01 on
Radiology (Xand Gamma) Method.

Current edition approved Jan. 1, 2009. Published January 2009. Originally
approvedin2001.Lastpreviouseditionapprovedin2001asE2104-01.

2 Forreferenced ASTM standards, visit the ASTM website, WWwWw.astm.org, or
contact ASTM Customer Serviceatservice@astm.org.For  Annual Bookof ASTM
Standards volumeinformation,refertothestandard’sDocumentSummarypageon
the ASTM website.

cators (IQI) UsedforRadiology
E1030 TestMethodforRadiographicExaminationofMe-
tallic Castings
E1032 Test Method for Radiographic Examination of
Weldments
E1079 PracticeforCalibrationof Transmission Densitom-
eters
E1165 Test Method for Measurement of Focal Spots of
Industrial X-Ray Tubes by Pinhole Imaging
E1254 Guide for Storage of Radiographs and Unexposed
IndustrialRadiographicFilms
E1390 Specification for Illuminators Used for Viewing
Industrial Radiographs
E1316 Terminology forNondestructive Examinations
E1815 TestMethodforClassificationof Film Systems for
Industrial Radiography
E1817 Practice for Controlling Quality of Radiological
Examination by Using Representative Quality Indicators
(RQIs)
2.2 AWSDocuments: 3
ANSI/AWSAZ2.4 SymbolsforWeldingandNondestructive
Testing
2.3 AIADocuments: *
NAS-410 Certificationand Qualificationof Nondestructive
TestPersonnel
2.4 NCRPDocuments: >
NCRPS51 Radiation Protection Design Guidelines for 0.1-
100MeV Particle Accelerator Facilities
NCRP 91 Recommendations on Limits for Exposures to
Ionizing Radiation
2.5 Other Government Documents:
NISTHandbook 114 General Safety Standard for Installa-
tions Using Non-Medical X-ray and Sealed Gamma-ray
Sources, Energiesupto |0MeV 6

3 Available from American Welding Society (AWS), 550 NW LeJeune Rd.,
Miami, FL33126,http://www.aws.org.

4 AvailablefromAerospacelndustriesAssociationofAmerica,Inc.(AIA),1000
WilsonBlvd.,Suite1700,Arlington,VA22209-3928 http://www.aia-aerospace.org.

3 Available from National Council on Radiation Protection and Measurements
(NCRP), NCRP Publications, 7910 Woodmount Ave., Suite 800, Bethesda, MD
20814.

¢ Available from National Institute of Standards and Technology (NIST), 100
BureauDr., Stop 1070, Gaithersburg, MD 20899-1070, http://www.nist.gov.
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Note 1—DoD Contracts: Unlessotherwise specified, theissuesofthe
documents that are DoD adopted are those listed in the issue of the
DepartmentofDefense Index of Specificationsand Standards (DoDISS)
citedinthesolicitation.

Note 2—Order of Precedence: Contractual requirements and specific
direction from the cognizant engineering organization shall take prece-
dence over the requirements in this practice. In the event of conflict
betweenthetextofthispracticeand thereferencescited herein, the text
of this practice shall take precedence. However, nothing in this practice
shall supersede applicablelaws andregulationsunlessaspecificexemp-
tionhasbeenobtained.

3. Terminology

3.1 Definitions—Definitionsrelatingtoradiographicexami-
nationwhichappearinTerminologyE 13 16shallapplytothe
termsusedinthispractice.

3.2 Definitionsof Terms Specificto This Standard:

3.2.1 cognizant engineering organization —the company,
government agency or other authority responsible for the
design, or end use, of the material or component for which
radiographic examination is required. This, in addition to
design personnel, may include personnel from engineering,
materialandprocessengineering,stressanalysis,NDE,quality
assurance and others, asappropriate.

3.2.2 component—the part(s) or element of the system
assembledorprocessedtotheextentspecifiedbythedrawing,
purchaseorderorcontractforwhichradiographicexamination
isrequired.

3.2.3 filmsystem —thecombinationofafilmandaprocess-
ing system. A processing system is defined by the chemistry
usedandthespecifieddeveloperimmersiontimeandtempera-
ture.

3.2.4 like section —a separate section of material that is
similar in shape and cross section to the component or part
beingradiographed, and is made of the same or radiographi-
cally similarmaterial.

3.2.5 material group —materials that have the same pre-
dominantalloyingelementsandwhichcanbeexaminedusing
thesamelQI.Alistingofcommonmaterialgroupsisgivenin
Practices E747andE1025.

3.2.6 NDEfacility —theNDEagencyperformingtheradio-
graphicexamination.

3.2.7 radiographic quality level —the ability of a radio-
graphic procedure to demonstrate a specified IQI sensitivity
(seeTable3).

3.2.8 radiographic technique —a procedure which details
theexactradiographicsetuptobeusedforeachexposuretobe
made(see7.1).

4. Significanceand Use

4.1 The requirements for radiographic examination in this
practiceareapplicabletoalltypesofmetallicandnonmetallic
material used in designated applications such as gas turbines
andflightstructures.

4.2 This practice establishes the basic parameters for the
application and control of the radiographic process. This
practice may be specified onanengineering drawing, specifi-
cation or contract; however, it is not a detailed radiographic
technique and must be supplemented. Section 7 and Test

TABLE 1 Lead Screen Thickness”
Lead Thickness, in. (mm)

Back Screen?¢

Energy Range/ Front Screen

Isotopes (Maximum) (Minimum)
0 — 100 keV 0.001 (0.025) 0.005 (0.127)
101 — 200 keV 0.005 (0.127) 0.005 (0.127)
201 — 320 keV 0.010 (0.254) 0.005 (0.127)
Se-75 0.010 (0.254) 0.005 (0.127)
321 — 450 keV 0.015 (0.381) 0.010 (0.254)
Ir-192 0.015 (0.381) 0.010 (0.254)
451 keV — 2 MeV 0.020 (0.508) 0.010 (0.254)
Co-60 0.020 (0.508) 0.010 (0.254)
>2 MeV 0.125 (3.175) 0.010 (0.254)

A Pre-packed film, with or without lead screens, may be used provided radio-
graphic quality level, contrast, density and back scatter requirements are met.

B Back scatter radiation shall still be monitored per the requirements of 7.11.

© A back screen is not required provided the back scatter requirements of 7.11
are met through the use of alternate measures.

TABLE 2 Maximum Allowable Unsharpness (U,) for Directional
Exposures

Material Thickness (t), in. (mm)

t=05(12.7)

0.5 (12.7) <t = 1.0 (25.4)
1.0 (25.4) <t = 2.0 (50.8)
2.0 (50.8) < t = 4.0 (101.6)
4.0 (101.6) <t

Ug, in. (mm)

0.008 (0.203)
0.010 (0.254)
0.020 (0.508)
0.030 (0.762)
0.040 (1.016)

TABLE 3 Quality Levels of Examination

Radiographic Maximum 1Ql Minimum Visible Equivalent 1Ql
Quality Level Thickness, %”* Hole Diameter® Sensitivity, %
11T 1 1T 0.7
1-2T 1 2T 1.0
2-1T 2 1T 1.4
2-2T 2 2T 2.0
2-4T 2 4T 2.8

A Expressed as a percentage of material thickness.

B Expressed as a multiple thickness of 1Ql.

€ Equivalent QI sensitivity is that thickness of the IQI expressed as a percent-
age of the specimen thickness in which a 2T hole would be clearly visible under the
same radiographic conditions.

Methods E1030 and E1032 contain information to help
developdetailedradiographictechniques.

5. Basisof Application

5.1 Personnel Qualification —Personnel performingexami-
nations to this practice shall be qualified in accordance with
NAS-410 and certified by the employer. Other qualification
documents may be used when specified in the contract or
purchase order. The applicable revision shall be the latest
unlessotherwise specifiedinthe contractual agreement.

5.2 Qualification of Nondestructive Examination
Agencies—NDE agencies shall be approved by the cognizant
engineering organization. Specification E543 maybeused to
facilitatethisapproval.

5.3 Timing of Examination —The timing of examination
shallbeinaccordance with 7.2 unless otherwise specified.

5.4 ExtentofExamination —Theextentofexaminationshall
be in accordance with 7.3 or 7.18.2.2, as applicable, unless
otherwise specified.

5.5 ReportingCriteria/AcceptanceCriteria —Reportingcri-
teriafortheexaminationresultsshallbeinaccordancewith8.2
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unless otherwise specified. Since acceptance criteria are not
specified in this standard, they shall be specified in the
engineering drawing, specification or contractual agreement.
5.6 Reexamination of Repaired/Reworked Items—
Reexamination of repaired and reworked items shall be in
accordance with 7.7.7 and 8.3, unless otherwise specified.

6. General Practice

6.1 Facilities:

6.1.1 Safety—The work environment and equipment shall
be designed and utilized to ensure the safety of personnel and
property. NCRP 51, NCRP 91 and NIST Handbook 114 may
be used as guides to ensure that radiographic procedures are
performed such that personnel do not receive a radiation
dosage exceeding the maximum permitted by city, state, or
national codes.

6.1.2 Radiographic Exposure Areas—Radiographic expo-
sure areas shall be clean and equipped so that acceptable
radiographs may be produced in accordance with the require-
ments of this practice.

6.1.3 Darkroom—Darkroom facilities, including equipment
and materials, shall be clean and maintained in such a manner
as to be capable of consistently producing radiographs free of
blemishes or artifacts which might interfere with interpretation
in the area of interest.

6.1.4 Film Viewing Area—Subdued lighting in the viewing
room is preferred rather than total darkness. Background
illumination lighting shall be arranged such that light reflec-
tions do not interfere with review of radiographs.

6.2 Equipment and Materials:
6.2.1 Radiation Sources:

6.2.1.1 X-Radiation Sources—X-ray sources that are used
shall be capable of demonstrating the required radiographic
quality level.

6.2.1.2 Gamma Radiation Sources—Isotope sources that are
used shall be capable of demonstrating the required radio-
graphic quality level.

6.2.2 Film Systems—Only film systems (see 3.2.3) having
cognizant engineering organization approval or meeting the
requirements of Test Method E 1815 Class 1 , Class II, or
special shall be used.

6.2.3 Non-film Recording Media—Analog and digital re-
cording media or radioscopic devices may be used when
approved by the cognizant engineering organization.

6.2.4 Film Holders and Cassettes—Film holders and cas-
settes shall be light tight, constructed of materials that do not
interfere with the quality or sensitivity of the radiographs and
shall be in appropriate working condition.

6.2.5 Intensifying Screens:

6.2.5.1 Lead Foil Screens—Intensifying screens of the lead
foil type shall be used in accordance with 7.8. Screens shall
have approximately the same area dimensions as the film used
and shall be in intimate contact with the film during exposure.
Screens shall be free from any cracks, creases, scratches or
foreign material that could produce undesirable, nonrelevant
images on the radiograph.

TABLE 4 Process Control Checks

Device or Calibration Verification Paragraph
Condition Ref.
Image Quality Indicators 6.3.5
Material When Procured
Dimensional When Procured Annually (3)
Physical Condition Prior to Each Use (2)
Indication Measuring Devices When Procured Prior to Each Use (2) 6.2.10
Densitometers Annually Each Shift and (1) 6.2.8.1
Visible Light Meters Semi-annually
(footlamberts or candelas)
Viewer Intensity When Procured  Monthly and (1)
Schedule 1 (1) 6.2.9.1
Schedule 2 daily (2) 6.2.9.1
Thermometers Semi-annually
Automatic Film Processors 6.2.6
Developer Temperature Prior to Each Use (2)
Processor Performance Daily
Base + Fog Daily
Replenishing Rate (1)
Developer Immersion Time (1)
Manual Film Processing 6.2.6
Developer Temperature Prior to Each Use (2)
Processing Performance Daily
Base + Fog Daily
Usage Log Daily
Replenishment Log (1)

(1) Immediately after preventative maintenance, repair and changes in configu-
ration, bulb(s), or setup.

(2) Does not need to be documented.

(3) Annual Dimensional and Alloy Verifications of IQI's are not required when
they are permanently attached to shims, blocks, or stepwedges, and/or encased in
clear plastic or similar material, provided there is no physical evidence of damage.

6.2.5.2 Other Metallic Screens—Other metallic screens may
be used provided the specified radiographic quality level,
density, and contrast are obtained and use is approved by the
cognizant engineering organization.

6.2.5.3 Fluorescent and Fluorometallic Screen/Film
Combinations—Fluorescent and fluorometallic screen/film
combinations are not allowed unless approved by the cognizant
engineering organization.

6.2.6 Film Processors—Film processors shall be capable of
producing radiographs that meet the requirements of this
practice and shall be maintained and used in accordance with
manufacturers’ recommendations. Film processing shall be
controlled and monitored as recommended in Guide E 999 and
as scheduled in Table 4.

6.2.7 Film Digitizers—The use of film digitizers is accept-
able when approved by the cognizant engineering organization.

6.2.8 Densitometers—Densitometers shall be capable of
measuring light transmitted through a radiograph with a film
density up to the maximum utilized. The maximum measurable
density shall be posted on each densitometer.

6.2.8.1 Densitometers shall be calibrated in accordance with
Practice E 1079 and Table 4 for the range of densities to be
utilized. Calibration shall be performed using a calibrated
density strip traceable to NIST. Verification checks using high,
low, and intermediate densities shall be made in accordance
with Practice E 1079 and as scheduled in Table 4.

6.2.9 Film Viewers—Viewers used for final interpretation
shall meet the following requirements:

6.2.9.1 Maximum readable film density shall be determined
as follows:

a. The maximum light intensity for each viewing port shall
be determined using a light meter that measures luminance,
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Note 1—FigurelisadepictioningraphicalformofthedataderivedinASTME1390andISO5580(identicaltoEN25580)forviewerbrightness.
Conversionfromtabulardatatoagraphrevealsastepintheline. Theserequirementsderivefromtwosources. Theminimumluminancelevelrequired
fortheaveragehumaneyetoachieve photopiceyeresponse (where the maximumresolutionandcontrastdiscriminationoccurs)isat 1 0candela/m
Atlevelsbelowthisvalue, theeyerespondsscotopically whichresultsinlowercontrastdiscriminationandresolution. While photopic visiontypically
occursatathresholdof10candela/m 2 fortheaveragehumaneye, thiscurvetakesadvantageofthefactthatatlowerfilmdensities, mostviewerscan
achieveanamountoflightthatguaranteesthatvirtually alloperators (notjusttheaverage) willbe viewing filminthe photopic visionmode. Thus for
lowerfilmdensities(<2.5)atransmittanceof30candela/m 2 isrequired. Additionally,theincreasedbrightnessatlowerfilmdensitieshelpsoffsetthelower
contrastexhibited by the films atlowerdensities.

Note 2—NDTfilmsystemsclassifiedcorrespondingto E1815 systemclasses “Special’,IandII, withor withoutlead screens, are suitable forthe
extendedviewingrangeaboveadensityof4,duetotheirhighgradient(G p-p, = 4 > 6) at D = 4 abovefogandbase. ThesedoublesidedNDTfilmsystems
haveahighsilvercontentanddonotsaturateasearlyasmedicalandclassesIIl, W-A, W-B and W-C filmsystems. The operatorshouldmaskall film
areasoflowerdensitytoavoidblinding(dazzling).Blindingreducestheeyeperceptionandrequireslongereyeadaptationtime.Highbrightnessviewing
stationsalsoheatfilmsdependingonthedensity and viewing time. The operatorshall preventoverheating to protect the filmintegrity.

FIG. 1 Maximum Film Density Allowable with Film Viewer

eitherinfootlambertsorcandelas/m  * andcontrolledinaccor- 6.2.9.2 The light enclosure shall be designed to provide a
dance with Table4. (Dividecandela/m by3.426forconver- visually uniform brightness level over the entire viewing
siontofootlamberts.) screen.

b. Readingsshallbetakenatthecenterofspotviewers,and 6.2.9.3 Viewersshallbeequippedwithafanorothermeans
atthevisuallydimmestareaoftheviewingsurfaceforallother of preventing thermal damage to the radiographic film while
typesofviewers. beingviewed.

c. Themaximumreadable filmdensity shall be determined 6.2.9.4 Except for localized high-intensity viewing ports,
inaccordance with Fig. 1 and posted on the each viewer for viewers shall be equipped with atranslucent materialineach
eachviewerport. viewing port.

d. Maximum readable film density values shall be re- 6.2.9.5 Asetofopaquemasks,aniris-typeapertureorany
establishedwhentheviewerisrepaired,altered,orthebulbis othermethodtoreducetheviewingporttosuitthesizeofthe
changed. areaofinterestmay alsobeprovided.

e. Ifthepostedmaximumreadablefilmdensityexceedsthe 6.2.10 FilmViewingAids —Magnifiers may beused to aid
maximumallowable,asdeterminedbyFig.1,by15%ormore interpretationand determineindicationsize. Magnificationno
whenthebulbwasfirstinstalled, theintensity willbe verified greaterthan 10 X may beused unless otherwise approved by
inaccordancewithSchedulel,Table4.Otherwise,Schedule2 thecognizantengineeringorganization. Thespecificmagnifier
willbeused. used shall be determined by the interpretation requirements.
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Devices used for measuring indication size shall be calibrated
and verified (that is, visually examined for damage and
cleanliness) in accordance with Table 4.

6.3 Image Quality Indicators (IQIs):

6.3.1 Hole-Type 1QIs—Hole-type 1QIs in accordance with
Practice E 1025 or Annex A1 shall be used unless otherwise
specified by contract requirements. Other IQI types, if used,
shall be in accordance with the requirements of 6.3.2 and 6.3.3.

6.3.2 Wire-Type 1QIs—Wire-type IQIs in accordance with
Practice E 747 may be used only with approval from the Level
IIT radiographer of the cognizant engineering organization.

6.3.3 Other IQI Types—The use of other types of IQIs,
modifications to the types specified above, or Representative
Quality Indicators (RQIs) in accordance with Practice E 1817
is permitted upon approval of the Level III radiographer of the
cognizant engineering organization. Details of the design,
material designation and thickness identification of the IQI or
RQI shall be in the written radiographic technique or docu-
mented on a drawing that shall be referenced in the written
radiographic technique (see 7.1).

6.3.4 Radiographically Similar 101 Material—IQIs of ma-
terial different from the material to be radiographed may be
used provided the IQI material is determined to be radiographi-
cally similar. Materials shall be considered radiographically
similar if the following requirements are satisfied:

6.3.4.1 Two blocks of equal thickness, one of the material to
be radiographed and one of the material of which the IQIs are
made, shall be exposed together on the same film at the lowest
energy level to be used for production radiographs.

6.3.4.2 The film density readings shall be between 2.0 and
4.0 for both materials.

6.3.4.3 1QI materials shall be considered radiographically
similar if the following requirements are satisfied. Two blocks
of equal thickness, one of the material to be radiographed and
one of the material of which the IQI’s are made, shall be
exposed together on the same film at the lowest energy level to
be used for production radiographs. If the film density of the
IQI material to be radiographed is within the range from -10 %
to +10 % of the material to be radiographed, it shall be
considered radiographically similar. The film density readings
shall be between 2.0 and 4.0 for both materials. An IQI with a
lower radiographic attenuation may be used.

6.3.5 IQI Control—IQIs shall be procured or fabricated to
the requirements of Practice E 747 or E 1025, or Annex Al, as
applicable, with certification of compliance for material and
dimensions. IQIs shall be dimensionally verified to be within
drawing tolerances in accordance with Table 4. Users shall
visually examine the physical condition of IQIs for damage and
cleanliness in accordance with the verification schedule in
Table 4.

7. Detail Requirements

7.1 Radiographic Technique—TIt shall be the responsibility
of the NDE facility to develop and document a workable
radiographic technique that is capable of consistently produc-
ing the desired results and radiographic quality level. Material
and components shall be examined to an approved radio-
graphic technique.

7.1.1 The radiographic technique shall be approved by the
NDE facility’s Level III radiographer.

7.1.2 When required by contract or purchase order, the
radiographic technique shall be submitted to the Level III
radiographer of the cognizant engineering organization for
approval.

7.1.3 Unless otherwise specified by the purchase order or
contract, the radiographic technique shall include the following
information:

7.1.3.1 A drawing, sketch, or photograph showing the posi-
tions of the component, film and IQI with respect to the
radiation source for each exposure.

7.1.3.2 The angle of the radiation beam in relation to the
component, the source-to-film distance, and any blocking or
masking material, if used.

7.1.3.3 The exposure parameters for X-ray machines; volt-
age, milliamperes, time (or mAs, as applicable), and focal spot
size or effective focal spot size as required by contract. For
radioisotope sources, the isotope type, curie strength, time and
source size.

7.1.3.4 Film size and designation, speed or classification,
including the film load sequence for exposures with multiple
film loads, intensifying screen type, thickness and location,
filters used and the film density range.

7.1.3.5 Material and thickness range of the area or region to
be examined.

7.1.3.6 The IQI type, size and the required radiographic
quality level. If alternate IQIs are used, include details of the
design or reference to applicable documents.

7.1.3.7 Material type and thickness for blocks or shims.

7.1.3.8 Identification of the NDE facility, radiographic tech-
nique identification and the date, or revision, of the procedure.

7.1.3.9 Radiographic identification scheme used to correlate
technique to customer part number and part to film.

7.2 Examination Sequence—The sequence for radiographic
examination in the production operation shall be specified in
the manufacturing or assembly process specification, contract
or purchase order. If not specified, radiographic examination
shall be performed at a stage in the process of manufacturing
or assembly at which relevant discontinuities can be detected.

7.3 Examination and Coverage—The number of parts ex-
amined, and the radiographic coverage of each part shall be as
specified by drawings, radiographic techniques, radiographic
manuals or other specifications, as applicable. Areas to be
examined shall be identified on the drawing by using the
symbols in accordance with ANSI/AWS A2.4 or other systems
of designations that are easily identified on the drawing.

7.3.1 Acceptance Requirements—When examination is per-
formed in accordance with this practice, engineering drawings,
specifications, or other applicable documents shall indicate the
criteria by which the components are judged acceptable.
Components may be divided into zones and separate criteria
assigned to each zone in accordance with its design require-
ments. When used, direct references to ASTM reference
radiological images (reference radiographs or digital reference
images) shall include the grade level for each type of discon-
tinuity permitted for each part or zone.
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7.3.2 Fatigue Crack Detection —When parts are radio-
graphedtodetectfatiguecracks,onlytheareaofthefilmthat
fallswithina 10°coneofradiation(solidanglemeasurement)
shall be considered valid for interpretation. An alternate
techniquemaybequalifiedinanothermannerwhenapproved
bythecognizantengineering organization.

7.4 Nonfilm Techniques —Non-film examination methods
may be used when approved by the cognizant engineering
organization.

7.5 Multi-Film Techniques —Film techniques with two or
more films of the same or different speeds in the same or
separate film holder(s) shall be permitted provided that the
applicableradiographicqualityleveland filmdensityrequire-
ments are achieved for the area of interest. Interpretation of
superimposedradiographsis prohibited.

7.6 Surface Preparation —Components may be examined
withoutsurfacepreparationorconditioningexceptasrequired
to remove surface conditions that may interfere with proper
interpretationofradiographs.

7.7 Radiographic Identification —Unless otherwise speci-
fied by the purchase order or contract, the radiograph shall
includethe followinginformation:

7.7.1 An alpha, numeric or alpha-numeric identification
traceabletothe partnumber.

7.7.2 For serialized components, a serial number or as-
signedradiographicnumbertraceabletothecomponentunder
examination.

7.7.3 Fornon-serializedcomponents, markingoftheradio-
graphic film and component shall be provided so that the
radiograph may be traced to the component while being
examined.

7.7.4 Viewidentificationmarkers, whenmultiple viewsare
taken.

7.7.5 Identification of the NDE facility performing the
examination.

7.7.6 Dateoftheexposure.

7.7.7 Radiographsofarepair/reworkareashallbeuniquely
identified(forexample,R1,R2,R3,...)indicatingthenumber
of times that repair/rework was attempted during a repair/
reworkcycle.

7.7.8 Location Markers —Location markers used for the
correlationof acomponenttoits radiographicimage shallbe
placed in such a manner as to ensure that the image of the
markerdoesnotinterfere withtheinterpretation of theradio-
graph, andthattherequired coverage has been obtained. The
location marker positions shall be established on the compo-
nentandthepositionofthemarkersshallbemaintainedforthe
duration of the examination. If the entire component can be
radiographedwithonefilmforeachviewandtheorientationof
thecomponentwithrespecttothefilmisobvious,thenlocation
markersarenotrequired.

7.7.8.1 Asanalternativetolocationmarkers, viewidentifi-
cation markers (see 7.7.4) may be used provided that the
orientationof theradiographstothe partcandemonstrate the
requiredradiographiccoverage,andlocationofindicationscan
becorrelated tothe component.

7.8 Lead Intensifying Screens —Intensifying screens of the
leadfoiltypeshallbeused,inaccordancewith Tablel,unless
otherwiseapprovedbythecognizantengineeringorganization.

7.9 Filters—Useoffiltration atthetube head shall require
approvalbythecognizantengineering organization.

7.10 Source-to-Film Distance —The minimum allowable
source-to-film distance shall be calculated by the following
equationusingtheappropriateunsharpnessvaluefromTable2,
unlessotherwiseapprovedbytheLevellllradiographerofthe
cognizantengineering organization:

SFD = (F-d/U)+d (1
where:

SFD = source-to-filmdistance,

U, = geometricunsharpness,

F = size of the radiation source (using manufacturer’s
nominal size or the effective focal spot size in
accordance withTestMethod E1165),and

d = distance from the source side of the object to the
film (regardless of whether or not the objectis in
contactwiththefilm).

Note 3—Unitofmeasurementfor SFD, U o F and d maybeineither
EnglishorSIunitsaslongasthey are consistent (notmixed).

Note 4—Forpanoramicexposures,the SFD maybecalculatedusinga
U, valuetwicethatstatedinTable2.

7.11 Back Scatter Radiation —During each exposure the
film shall be monitored for back scatter radiation. Each film
holdershallhavealeadletter“B”’aminimumof0.5in.(12.7
mm) high and a minimum of 0.063 in. (1.6 mm) thick
positioned behind the film and within the general area of the
film to be viewed. Should the image of the lead letter “B”
appearonthefilmasalightimage,thefilmshallbeconsidered
unacceptable and the component shall be reexamined after
appropriate measures (for example, the addition of screens,
leadbacking,etc.)havebeenimplementedtopreventdiscern-
ible back scatter radiation on subsequent exposures. The
appearanceofadarkimage(higherdensity*“B”’image)maybe
disregarded unless the dark image could interfere with inter-
pretationintheareaofinterest.

7.11.1 Whenidentical parts or segments of parts are tobe
examined by the same radiographic technique, the lead letter
“B”maybeusedtoqualifytheinitialexposureandthenmay
be omitted for subsequent exposures provided the proximity
andnature of backscattering sourcesremains unchanged.

7.12 Radiographic Technique Modifications—
Modifications-Modifications to approved radiographic tech-
niquesshallutilize only one of the following options:

(I)Achangenottoexceed  *15%kV.
(2)Achangenottoexceed  *£15%mAs.
(3)Achangenottoexceed *5%kVand *+10%mAs.

This modification shall be allowed provided the density,
contrast and radiographic quality requirements are still met.
Exceedingtheselimitsshallrequiresubmittaltothecognizant
engineeringorganizationforapproval.

7.13 Processed Radiographs —Radiographs shall be free
from artifacts and blemishes which may interfere with the
evaluationoftheareaofinterest.
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7.13.1 Re-radiography—Whenever there is a reasonable
doubt as to the interpretation or clarity of the radiograph,
re-radiography is required.

7.13.2 Film Holders—In the event that light leaks or dam-
aged screens produce images on the radiograph, the radiograph
need not be rejected unless the images obscure or interfere with
the area of interest. Damaged film holders and screens shall be
repaired or discarded as necessary.

7.14 Film Density—Film density shall be in the range from
1.5 to 4.0 in the area of interest. Film densities above 4.0 are
permitted when agreed upon between the cognizant engineer-
ing organization and the NDT facility. In no case shall the
maximum density exceed 4.5 or the maximum calibrated
density of the densitometer, whichever is less. The maximum
readable density depends on the film viewer used and its
maximum luminance. The maximum readable density shall be
posted on the viewer.

7.15 Radiographic Quality Levels—Table 3 provides radio-
graphic quality levels based upon IQI thickness and the
associated IQI hole diameter which must be imaged on the
radiograph. Unless otherwise specified in the contractual docu-
ments or drawings the quality level shall be 2-2T.

7.16 Contrast—The contrast of the radiograph shall be
determined by measuring the difference in density of the film
through the IQI and through the adjacent material. The
minimum density difference shown in Fig. 2 shall be achieved
between the IQI and the base metals for Radiographic Quality
Levels 2-1T and 2-2T.

7.17 General Use of Image Quality Indicators (IQIs):

7.17.1 IQI Selection—The 1QI thickness shall be based on a
thickness not greater than the nominal thickness to be radio-
graphed.

7.17.1.1 Hole-type IQIs used for the examination of mate-
rial 0.25 in. (6.35 mm) or less in thickness shall be 0.005 in.
(0.127 mm) = 10 % thick. IQI thicknesses less than this
minimum may be used but are not mandatory unless required
by contract or purchase order.

7.17.1.2 IQI thicknesses that are between the thickness
increments in Annex Al (for example, a hole-type IQI that is
0.006 in. (0.15 mm) thick) may be used but are not mandatory.

7.17.1.3 For fabrication welds the IQI shall be selected as
specified in 7.18.2.

7.17.2 Placement of I1QIs—IQI(s) shall be used on each
exposure. Where multiple film cassettes are utilized, the 1QIs
must appear on the films from at least one of those cassettes
and the condition of 7.17.2.1 apply.

7.17.2.1 1QIs shall be placed at the outer edge of the cone of
radiation or farthest extremity of the exposure setup (that is,
farthest from the radiation beam centerline).

7.17.2.2 1QIs shall be placed on the source side of the
component unless otherwise approved by the cognizant engi-
neering organization.

7.17.2.3 Panoramic Exposure—When the source is placed
on the axis of the object and the complete circumference is
radiographed with a single exposure, at least three equally
spaced IQIs are to be used.

7.17.2.4 Block, or Like-Section 1QI Technigue—Where it is
impractical to place the IQI upon the part radiographed, the IQI
may be placed on the source side of a separate block, or like
section, from the same material group (or material that is
radiographically similar, see 6.3.4). The block, or like section
and IQI shall be placed on the outer edge of the cone of
radiation. The block, or like section shall exceed the IQI
dimensions so that at least three sides of the 1QI shall be visible
on the radiograph. If required by the customer, the block shall
be placed on a low absorptive material (such as polystyrene or
equivalent) to ensure that the IQI shall not be closer to the film
than the source side of the part, or area of interest being
evaluated.

7.17.3 1QI Coverage of the Area of Interest—An 1QI shall
represent an area of interest within which radiographic densi-
ties do not vary more than +30 to -15 percent from the density
measured through the body of the IQI. At least one IQI per
radiograph shall be used, except as specified in 7.17.3.1 and
7.17.4. Accept/reject decisions shall not be made directly
beneath the IQI identification or the IQI/block combination.

7.17.3.1 Radiograph Qualification Using Two I1QIs—When
the film density varies by more than is specified in 7.17.3, two
IQIs used in the following manner are acceptable. If one QI
shows an acceptable sensitivity in the most dense portion of the
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radiograph,andthesecondIQIshowsanacceptablesensitivity
intheleastdenseportionoftheradiograph,thetwolQIsshall
serve to qualify the radiograph within these density limits
providedthey bothmeetthedensityrequirementsof 7.14.

7.17.4 Non-Requirement of IQIs —IQIs are not required
when:

7.17.4.1 Examiningassembliesfordebris.

7.17.4.2 Conducting radiography for defect removal pro-
vided finalexaminationofthe areaincludesanIQI.

7.17.4.3 Examining to show material details or contrast
between twoor moredissimilar materialsincomponent parts
orassembliesincludinghoneycombareas forthe detection of
fabricationirregularitiesorthepresenceorabsenceofmaterial.

7.17.4.4 Surfaces areinaccessible and an alternate method
ofqualificationhasbeenapprovedbythecognizantengineer-
ingorganization.

7.18 Fabrication Welds :

7.18.1 Weld Preparation —Accessible weld surfaces to be
radiographed shall be prepared, as necessary, in accordance
with the welding process specification, if applicable. The
valleys between beads, weld ripples, or other surface irregu-
larities shall be blended to a degree such that the resulting
radiographiccontrastduetosurfaceconditioncannotmaskor
beconfused withthatofanyindication.

7.18.2 1QI Selection for Welds —For butt joints on simple
structuressuchaspipeorplate,thethicknessonwhichthelQI
isbasedshallbethesingle-wallthicknessplusactualreinforce-
mentthickness up to the maximum allowed. For T-joints, lap
joints,cornerjoints,filletwelds,weldsurfacing,orforjointsin
complex assemblies where both sides of the joint are not
accessible,thethicknessonwhichthelQlisbasedshallbethe
total thickness through which the X-ray beam will pass. If
differentsizesectionsarejoined,theIQIshallbebasedonthe
thinnerwallsection.Backingstripsorringsarenotconsidered
as a part of the weld, base material or reinforcement (bead)
thicknessuponwhichthelQIisbased.Ifsubsequentmachin-
ing reduces the thickness of the weld area of interest and
follow-upNDE(ultrasonic,liquidpenetrant,orradiography)is
notrequired,IQIsizeselectionshallbebasedonfinal product
thickness. If the required sensitivity cannot be obtained,
radiographicexaminationshallberequiredafterfinalmachin-
ing.

7.18.2.1 IQIPlacementforWelds —IQIplacementforweld
examination shall meet the following requirements unless
otherwise approved by the Level III radiographer of the
cognizantengineering organization. The IQIs shall be placed
on the source side adjacent to, and atleast 0.125 in. (3.175
mm), and not more than 1.25in. (31.75 mm) from the weld
being radiographed. When the weld is not radiographically
similar or where part geometry precludes placement, the IQI
wireorholeoftherequired sensitivity, asapplicable, may be
placedovertheweld,butoutsideoftheareaofinterest. When
weld-reinforcement(weldbead),backingringsorstripsarenot
removed, a shim of the same material group or radiographi-
cally similar material (see  6.3.4) shall be placed between the
IQI and base material to provide approximately the same

thicknessofmaterialunderthelQlastheaveragethicknessof
the weld reinforcement plus the wall thickness and backing
striporring.

7.18.2.2 Examination Coverage for Welds —Unless other-
wise specified on the engineering drawing, contractual docu-
ments or approved by the Level III radiographer of the
cognizant engineering organization, welded parts requiring
radiography shall be radiographed for 100% of the length of
the weldzone, including the heataffected zone as defined by
thecognizantengineeringorganization.

7.18.3 Junctures of Longitudinal and Circumferential
Welds—Where portions of longitudinal welds adjoining a
circumferential weld arebeingexamined simultaneously with
thecircumferentialweld,additionallQIsshallbeplacedonthe
longitudinal weld at the outer edge of the cone of radiation
usedtoradiographthe circumferential weld.

7.18.4 Longitudinal Welds —Forlongitudinal welds,an1QI
shallbeplacedattheextremeendoftheareatobeinterpreted.
ThelongaxisofthelQIshallbeadjacenttoandatleast(.125
in.(3.175mm),butnotmorethan1.25in.(31.75mm)fromthe
weldedge.

7.18.5 Circumferential Welds —Except as provided in
7.18.5.1and7.18.5.2,radiographyshallbeperformedinwhich
theradiationpassesthroughonlyonewall. Whendouble-wall
techniques are used, either superimposed (minimum of 3
evenly spaced angular views) orelliptical (offset) projections
(minimumoftwoorthogonal views) may beused.

7.18.5.1 Double-Wall Exposure, Double-Wall Viewing —
Welds in pipe, tubes and other similar hollow items 3.5 in.
(88.9 mm) and less in nominal size (diameter) may be
radiographedusingthedouble-wallmethodwheretheradiation
passesthroughbothwallsandbothwallsare viewedtogether
for acceptance. An IQI, based on the double-wall thickness
plus twice the weld reinforcement, as applicable, shall be
placedonthesourcesidewall,ontopofashimapproximately
equal to twice the weld reinforcement. As an alternate, the
samelQlandshimmaybeplacedonthesourcesideofalike
sectionthatisplacedadjacenttotheweldbeingradiographed.
Whenimpractical todothe above, the IQImaybe placedon
top of a block that is approximately equal to twice the wall
thicknessplustwicetheweldreinforcement,asapplicable.The
IQIandblockshallbeplacedonalow-density material (such
aspolystyrene plastic orits equivalent), adjacent to the weld
beingexamined, sothatthetop oftheblockislevel withthe
upper surface of thetube orpipe.

7.18.5.2 Double-Wall Exposure, Single-Wall Viewing —For
weldsinpipe,tubesandothersimilarhollowitemsgreaterthan
3.51n. (88.9 mm) in nominal size (diameter), only the weld
closest to the film shall be viewed for acceptance. An 1QI,
correspondingtothesingle-wallthicknessplusanysingle-wall
weldreinforcement,shallbeplacedadjacenttotheweldonthe
inner wall ontop of ashim equal to the weld reinforcement.
When this is not possible, the same IQI and shim may be
placed on the inner wall of a like section of a tube or pipe
placed adjacenttothe weld beingradiographed. Whenalike
section of the tube or pipe is unavailable, the IQI may be
placedonablockadjacenttotheweldbeingradiographed.The
blockthicknessshallbeequivalenttotwicethewallthickness
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plus any single-wall weld reinforcement. The top of the block
shall not be any closer to the film than the inner wall of the tube
or pipe.

7.18.6 Electron Beam (EB) Welds—To establish the correct
angle for exposure during examination of EB welds the
following black-line technique shall be used unless otherwise
approved by the cognizant engineering organization. An un-
welded part (tacked, clamped or similarly assembled) shall be
setup such that the radiation beam is coplanar with the fusion
line of the weld. The resulting radiograph must show a single,
sharp, continuous black line of the weld fit-up as evidence that
the radiation beam is coplanar with the fusion line. During
examination of EB welded components, the beam to weld
groove angle shall not exceed = 2° from the established angle
without approval from the cognizant engineering organization.

7.19 Dark Adaptation—The interpreter, after entering the
viewing area, shall wait a sufficient period of time for the eyes
to adapt before interpreting radiographs such that the required
features of the IQI are clearly discernible (that is, required
T-hole or wire and IQI outline). If the eyes are momentarily
subjected to the full brightness of the illuminator, a minimum
30-second readaptation period shall be required.

7.20 Interpretation of Radiographs—Radiographs shall be
initially viewed without magnification for indications and film
artifacts. However, magnification of 2.5 to 10X may be used as
an aid in interpretation. In addition, fabrication welds and all
components with acceptance criteria requiring evaluation of
indications 0.025 in. (0.635 mm) or less shall be interpreted
using 2.5 to 10X magnification unless otherwise approved by
the cognizant engineering organization.

7.21 Marking—Parts shall be marked in accordance with
the applicable drawing, purchase order, contract, or as specified
herein. Markings shall be applied in a manner and location as
to be harmless to the part. Identification shall not be smeared or
obliterated by subsequent handling. When subsequent process-
ing would remove identification, the applicable marking shall
also be contained in the records accompanying the parts.

7.21.1 Part Marking—Impression stamping, laser marking,
vibro engraving, etching, ink stamping or dyeing shall be used
as directed by the cognizant engineering organization.

7.21.2 Other Identification—Other means of identification,
such as tagging, may be applied to parts for which construc-
tion, finish, or functional requirement preclude the use of
impression stamping, laser marking, vibro engraving, etching,
ink stamping or dyeing.

7.21.3 Symbols—Each part that has successfully passed
radiographic examination shall be marked as follows:

7.21.3.1 When impression stamping, laser marking, vibro
engraving, etching, ink stamping or dyeing is applicable,
symbols shall be used. The symbol shall contain an identifica-
tion symbol of the NDE facility.

7.21.3.1.1 Except for specialized applications, the symbol
“X” enclosed in a circle shall be used to denote 100 %
radiographic examination.

7.21.3.1.2 When sampling is used, parts actually radio-
graphed and accepted shall be marked as specified in
7.21.3.1.1. All items in the lot accepted on a sampling basis

(part of the lot but not actually radiographed) shall be marked
using the symbol “X” enclosed in an ellipse.

7.21.3.2 When dyeing is applicable, blue dye shall be used
to indicate 100 % radiographic examination. When sampling is
used, orange dye shall be used to indicate parts accepted on a
sampling basis while the parts of the lot actually examined
shall receive blue dye.

8. Quality Assurance Provisions

8.1 Responsibility for Examination—The NDE facility is
responsible for furnishing all supplies in conformance to
contract or purchase order requirements and, unless otherwise
specified in the contract or purchase order, the performance of
all examination requirements contained herein. The examina-
tion provisions contained herein shall become a part of the
NDE facility’s overall examination system or quality program,
unless otherwise specified by the cognizant engineering orga-
nization.

8.2 Examination Report—The results of all radiographic
examinations shall be recorded and kept on file in accordance
with the contract or purchase order. The examination reports
shall reference this practice, or the applicable specification, and
provide for traceability to the specific part or lot examined and
shall include the examiner’s identification, the date of the
examination, the disposition of the component (accept or
reject), and the reason for rejection of any items.

8.3 Reexamination of Repaired/Reworked Items—When re-
quired, material and components which are repaired or re-
worked shall be reexamined in the repaired area using the
initial radiographic technique as a minimum requirement.
Additional examination requirements may also be imposed by
the cognizant engineering organization.

8.4 Process Control Checks—Process control checks shall
be performed according to Table 4. All calibrations and
verification checks shall be documented unless noted other-
wise. Verification checks required on a daily or per shift basis
that are required do not need to be performed when the system
is not in use, but must be documented as “Not in Use”.

8.5 Retention of Radiographs—Retention and delivery of
radiographs and other records (see 7.1, radiographic technique;
and 8.2, examination report) shall be in accordance with the
provisions specified in the contract. For DoD contracts, they
shall be in accordance with the contract data requirements list
(see 9.1). If no specific requirements are specified for retention
or delivery of radiographs, they shall become the property of
the purchaser of the component.

8.5.1 Film Archival Testing—When required, archival test-
ing shall be conducted using a conditioned processor (that is,
film to be checked shall be processed after not less than twenty
production radiographs, of typically utilized size, have been
processed through the film processor). The archival quality of
the film shall be determined using the residual thiosulfate test
technique (kits are available from film manufacturers) and
conducted using the manufacturer’s instructions.

8.5.2 Archival Results—Results of the film archival test
shall be recorded and shall include data such as date, film type,
test results or other information as directed by the cognizant
engineering organization.
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8.5.3 StorageofRadiographs —Radiographsshallbestored
inaccordancewithGuideE 1254unlessotherwisespecifiedby
thecognizantengineering organization.

9. Notes

9.1 GovernmentContracts :

9.1.1 Data Requirements —The following Data Item De-
scriptions(DIDs)mustbelisted,asapplicableonthe Contract
DataRequirementList(DDForm 1423)whenthispracticeis
appliedonacontract,inordertoobtainthedata,exceptwhere
DoDFARSupplement27.475-1exemptstherequirementfora
DDForm 1423.

9.1.2 The current issue of DOD 5010.12-L, Acquisition
Management Systems and Data Requirements Control List
(AMSDL), must be researched to ensure that only current,
cleared DIDsarecitedonthe DD Form 1423 (see6.1,6.28.2
and 6.28.8). Reference DID number DI-MISC-80653, Test
Reports.

10. Keywords

10.1 image quality indicator; nondestructive testing; pen-
etrating radiation; radiographic examination; radiography;ra-
diology;radioscopy; X-ray

ANNEX

(Mandatory Information)

Al. IMAGE QUALITYINDICATOR (IQI) DESIGN—MILITARY CONFIGURATION

Al.l
hole-type IQIs used to determine radiographic quality levels
(see3.2.7)shallconformtothefollowingrequirements:

A1.1.1 IQI dimensions shall be in accordance with Fig.
Al.L.

A1.1.2 IQIholesshallbetrueandnormaltothe surface of
the IQI. Donotchamfer.

A1.1.3 IQIholesarenot 1T,2Tand4TforIQIthicknesses
lessthan0.010in.(0.254 mm).

A1.1.4 1QI thicknesses are not 2% for material thickness
lessthan0.251n.(6.35mm)or 1 % formaterialthicknessless
than0.5in.(12.7mm).

A1.1.5 ThelQIsshallbefabricated fromthesamematerial
group(see3.2.5)oraradiographicsimilarmaterial(see6.3.4)
as the object to be radiographed. Material groups and their
designations are listed in Fig. Al.1. Steel IQIs (FE) and
stainless steel IQIs (SS) shall be considered to be from the
samematerial group.

Hole-Type 1QIs (Military)— Military configuration

10

A1.1.6 ThelQIsshallbeidentified withthe material group
and thickness of the specimen to be radiographed. Lead
numbers and letters, or a material of similar radiographic
opacity,shallbeusedforidentification.

A1.1.7 ThelQIthicknessshallconsistofatwo-digitnum-
berthatexpressesthematerial thicknessinonehundredths of
aninch.Forexample,aspecimenthicknessof0.75in.(19.05
mm)requiresa.751QL.

A1.1.8 ForidentificationofmaterialsnotlistedinFig.A1.1,
thechemicalsymbolofthepredominantelementshallbeused.
Whenthematerialisacompositeordoesnothaveapredomi-
nantelement,acontrolledsystemforIQIidentificationshallbe
established and referenced in the radiographic technique (see
7.1).

A1.1.9 Identification on rectangular design IQIs shall be
permanently attached to the IQI. Identification on circular
design IQIs shall be placed adjacent to the IQI to provide
identificationofthe IQIontheradiograph.
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Minimum IQI Thickness = 0.005

Minimum Diameter for 1T Hole = 0.010
Minimum Diameter for 2T Hole = 0.020
Minimum Diameter for 4T Hole = 0.040

Design for IQI Thicknesses Up To and Including 0.160 in.
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Note—(/) All dimensions are in inches. To convert inch dimensions to millimeters, multiply by 25.4.
(2) Tolerances on IQI thicknesses and hole diameters shall be 10 percent or 2 of the thickness increment between IQI sizes, whichever is smaller.
FIG. A1.1 IQl Design—Military Configuration
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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