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Abstract

As the U.S. Navy enteredthe age of nuclearpropulsionit realizedthat the
safety requirementsnecessaryto protectthe lives of naval personnelon board
nuclearpowered vessels,as well as protectingthe civilianpopulation,
requireda higherquality of NDT inspectionthan was currentlyavailablein
industry. As a result,the Naval Reactors (NR)office establishedan NDT
qualificationprogramunder the jurisdictionof the Naval Sea SystemsCommand
TechnicalRepresentative(NSTR) locatedin Pittsburgh,PA. The Bettis
Laboratory (a prime contractorlaboratoryoperatedfor the governmentby
WestinghouseElectricCorporation)was given the lead in developingand
administeringthe resultingqualificationprogram. Each facility,whether
militaryor civilian,that is engaged in applicableNDT inspectionsin the
Naval Nuclear PropulsionProgram (NNPP) is requiredto send representativesto
the Bettis Laboratorywhere they take qualificationexaminations,the passing
of which certifiesthem as NDT Examiners. They are then responsiblefor
qualifyingand monitoringthose inspectionpersonnelat their facilitywho are
performingNDT inspections. This paper discussesthe mechanicsand philosphy
of this program.

I. Introduction

The NAVSEA NDT examiner qualificationprogram is administeredfor NSTR
by the Bettis Laboratorywith assistancefrom the three other prime
contractorsin the NNPP [GeneralElectricKnolls Atomic Power Laboratory
(KAPL),General ElectricMachineryApparatusOperation(MAO) and
WestinghousePlant ApparatusDivision (WPAD)]. Qualificationexamina-
tions are administeredfor one week of each month. The examinationsfor
each NDT method consistof both writtenand operational(hands-on)
parts, each of which takes approximatelyone-halfday. During the
examinationweek, each of the four prime contractorsprovidesa
qualifiedTest Administratorwho assistsBettis in the administeringof
the examinations.

In additionto assistingin the administeringof the examinations,each
of the four prime contractorshas lead for one of the four major NDT
methods (magneticparticle,liquid penetrant,radiographyand ultra-
sonic) in the program. Visual and dimensionaltechniquesare included
in the liquidpenetrantand magneticparticleexaminations. This
includesthe preparationof both written and operationalexamination
material. Once material is prepared,the lead prime contractormust
obtain appropriateconcurrencefrom the other prime contractorsand
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final approval from NSTR before the material is incorporated into the
NDT examination program.

Separate examinations are given for weld inspections and component or
base material inspections.

II. Program Structure

NDT examiners are qualified only at Bettis. These examiners in turn
return to their facilities where they prepare and administer
qualification examinations For inspection personnel in the following
general categories:

1. Supervisors (those who supervise inspectors
and operators)

2. Inspectors (those who inspect and disposition
product)

3. Operators (those who operate inspection equipment
but do not disposition product)

The NDT examiner is responsible for knowing the appropriate NDT method
for each application and periodically monitoring those engaged in
inspection. In cases where the facility is a small shop, the examiner
may function as both examiner and inspector. This places an additional
responsibility on the facility management as there is no qualified
monitor for the inspection.

III. Examination Material

The NDT examiner qualification program is structured to require multiple
concurrence of all examination material by experienced NDT engineers to
provide a high assurance of good examination content. All written
examinations are reviewed in depth by at least one other prime
contractor. All operational (hands-on) examinations are reviewed by a
representative from each prime contractor, including performance of an
inspection of proposed test props. The results of this review are used
to establish a range of correct answers for the operational examination.

IV. Structure of Examination

As noted above, the qualification consists of both written and
operational examinations, each of which is approximately one-half day in
length. All phases of the written and operational examination are open-
book with the candidate having access to applicable specifications and
technical references. Time limits are adhered to for each phase of the
examination. For most inspection methods, the candidate completes all
phases of the examination for a particular inspection method during an
eight hour day.
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A. WrittenExaminations

1. Composition

The writtenexaminations,which normallycontain50 questions,
generallyconsistof two parts involvingtheory and
specificationquestions.

2. Construction

Most questionsare of multiplechoice or key sheet (matching)
construction. The numberof true/falsequestionsis limitedto
20%. The multiple choicequestionshave 4 possibleanswers.
Only one correctanswer is allowedand no "all of the above" or
"none of the above" answersare permitted.

3. Generationof Examinations

All written examinationsare generatedby computerrandom
selectionfrom a questionbank. The questionbank for each test
method containsa minimumof 150 questions(threetimes the
number used in an examination)which are brokendown into vari-
ous sub-groupssuch as theory,method requirements,acceptance
criteria,qualificationrequirements,etc. The computer
randomlyselectsa preselectednumber of questionsfrom each
category. New examinationsare generatedfor each day. Since
severalquestionsmay containsimilarcontent,questionsof such
a nature are cross-referencedand once one is selected,the
computerautomaticallylocks out any other similarquestions.

B. OperationalExam

1. Composition

Many of the operationalexaminationsconsistof two parts. For
example,in the visiblered dye penetrantexaminationfor the
inspectionof welds, the NDT examinercandidateis required to
performan inspectionof a test prop containingthree welds. In
addition,the candidateis given a seriesof sketchescontaining
simulatedpenetrantindicationswhich must be evaluatedand
dispositioned. In weld radiography,the candidateis required
to read severalradiographs,chosen from a film bank, as well as
illustrategraphicallyon paper the parametersnecessaryfor
adequateradiographicshotsof severalspecificwelds.

2. OperationalTest Props

The test props chosenfor the operationalexaminationsare com-
prehensiveand genericin nature,designedto adequatelyexamine
an individual'sabilityto properlyperformthe inspectionand
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detectdefects. Severaldifferenttest props are availablefor
each inspectionmethod so that the same test props are not used
each day.

3. ExaminationAdministration

The operationalexaminationsare administratedon a "one on one"
basis with a prime contractorTest Administratorobservingthe
entireprocess. The candidateis graded both on resultsand
inspectiontechnique.

C. Grading

Gradingchecklistsare used, which are designed to provideuniform
gradingresults. A minimumgrade of 80% on each part of the examin-
ation is requiredfor passing. This includesthe associatedparts
of both the written and operationalexaminations. Examinationsare
overgradedby an individualwho overseesthe programto assure that
there are no gradingerrors. No oral upgradingis permittedfor a
candidate'sgrade.

V. CloseoutInterviewwith Candidate

A. Reviewof Grade

Upon completionof the examination,the examinationresultsare
reviewedindividuallywith the candidatein a confidentialmanner.
If the candidatehas passed,each missed question is reviewedto
assurethat the candidatesunderstandtheir mistakes. If the
candidatefails, the review is more generalwith a few specific
examplesused to illustratethe candidate'sweak points. A full
review is not conductedin such a case to prevent compromisingthe
examination. The operationalexaminationsare never reviewedin
their entiretyto preventcompromisingof the test props.

VI. Review of NDT ExaminerResponsibilities

Prior to leavingBettis,all candidatesthat pass are given a lectureon
the responsibilitiesof an NDT examiner.

A. Malpractice

Each candidateis cautionedabout the criminal aspectsof deliberate
malpracticeas well as being given severalexamplesthat have been
encounteredin industry. Each candidateis also requiredto sign a
statementacknowledgingthe responsibilitieso_ an NDT examiner
concerningdeliberatemalpractice.
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B. Qualification of Facility Inspection Personnel

All qualified NDT examiners are provided with a set of instructions
as to how to set up and operate a qualification program to qualify
inspection personnel at their facilities. This includes
requirements on the content of written examinations such as:

1. No more than 20_ of questions can be of a true/false type.

2. Minimum number of questions in an examination.

3. More than one examination to prevent compromising of the
examination.

4. The percentage mix of various question categories (i.e. theory,
application, acceptance criteria, etc.)

5. No oral upgrading permitted.

Instructions are also provided for operational examination
material. These include requirements for:

1. Test piece design

2. Number of test props

3. Types of discontinuities

4. Consistent grading system

5. Examination content

C. Monitorinq of Inspection Activities

The NDT examiners are required to periodically monitor the work of
all personnel performing inspections. In addition, all vendors are
subject to NDT appraisals sponsored by NSTR.

VI. Upqradin9 of the Proqram

The NDT examiner qualification program is continually upgraded in the
following manner:

1. Test Administrators Critique Sheets

At the close of each examination week, each prime contractor Test
Administrator completes a critique sheet on which any observed
anomalies are noted for investigation and correction if appropriate.
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2. Co_uter Analysis of Answers to Written Question

Examiner candidate answers for written questions are input into a
co_uter program after each examination session. These data are
periodically analyzed to determine if any particular question is
being answered correctly too often (which might indicate a question
that is too easy) or is being missed too often (which might indicate
poor wording).

3. Prime contractor analysis of Operational Examination Results

The results of the operational examination are forwarded to the lead
prime contractor for that inspection on a monthly basis for periodic
evaluation.

4. Revision of the Applicable Military Standards

Each time the specifications are revised (each 3-5 years) the
examination is reviewed again as it is being upgraded for
applicability to the revised standarc,s.

VII. Summary

In summary, the navy NDT examiner qualification program is designed, and
continually upgraded, to provide a high assurance that personnel
performing NDT inspections to the requirements _f the NNPP are knowledg-
able, competent and possess a high degree of integrity to ensure that
the safety and reliability of our nuclear fleet is maintained.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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