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September 8§, 1983

United States Nuclear Regulatory Commission
Region 1

631 Park Avenue

King of Prussia, Pennsylvania 19406

ATTN: James H. Joyner

SUBJ: Response to Nuclear Regulatory Commission letter regarding
deficiencies at Lehigh Testing Laboratories from Mr. J. H.
Joyner, dated 11 August 1983.

Gentlemen:

This letter, including Attachments A through G, constitutes our
response to your August 1l letter. Referring to the eleven items
in the subject letter from Mr. Joyner, we imolemented several of
the required corrective actions prior to our August 12 meeting at
the Commission's office in King of Prussia. The remaining items
have been completed since that meeting. In either case, for the
sake of completeness we submit the following individual responses
for each of the eleven items requested in the NRC letter:

ITEM #1 - Requirement: Cease all radiographic operations with
licensed material until] all RT employees complete 12 hours of

formal classroom training (does not apply to RSO or to Assistant
RSO) .

RESPONSE TO ITEM #l: Operations ended the evening of August 10.
The required training was accomplished prior to the August 12
meeting with the NRC. For documentation, see Leonard Weston's
August 12 letter to the NRC (Attachment A).

ITEM #2 - Requirement: Qualify all personnel classified as Assistant

Radiographer by written exam with a minimum passing score of 75%.

RESPONSE TO ITEM #2: Charles Gilkey was qualified by scoring 96%
on the Assistant Radiographer's written exam administered by H.
Ostroff on August 1l. See Attachment A. Examination is in Attach-
ment B.

ITEM #3 - Requirement: Qualify all personnel classified as Radio-
graphers by written exam with minimum passing score of 80%.

RESPONSE TO ITEM #3: Leroy Menear, Wesley Nickle, and Joseph
Ruzowicz were qualified by scoring 82%, 94% and 80%, respectively,
on the Radiographer's written exam administered by H. Ostroff on
August 11. See Attachment A. Examinations are in Attachment B.

ITEM #4 - Requirement: Administer to all Radiographers a practical
examination in accordance with LTL Form 205.
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RESPONSE TO ITEM #4: Leroy Menear, Wesley Nickle, and Joseph
Ruzowicz all scored 100% on the Radiographer's Practical
Examination administered by H. Ostroff on August 12. See
Attachment A. Examinations are in Attachment B.

ITEM #5 - Requirement: Document the training, written and
practical exams, and allow no individual to act or assist in
radiographic operations with licensed material until such training
and examinations have been successfully completed.

RESPONSE TO ITEM #5: Attachments A and B, which contain a summary
record, the lesson plan, and the actual examinations administered
to each individual constitute our documentation of the training
and examinations. No individuals act or assist in Lehigh's radio-
graphic operations other than H. Ostroff (RSO), H. Cann (Ass't.
RSO), and the four individuals named in Items #2 and #3 abov=.

ITEM #6 - Requirement: Perform an audit of all radiation safety
training records to ensure they are complete, accurate and up-to-
date.

RESPONSE TO ITEM #6: Radiation safety training records for the six
individuals employed in radiography at Lehigh have been audited

by Leonard Weston, General Manager, and have been found to be in
conformance with all of the above requirements. Copies of the
Examinations for the four newly-certified individuals who function
either as Radiographers or as Assistant Radiographers are presented
in Attachement B. 1In the future, the General Manager's audits of
radiographic operations will include a review of personnel records
for all radiographic personnel to assure continuing compliance.

The revised form for this Management Audit is presented as
Attachement C.

ITEM #7 - Requirement: Prior to September 11, 1983, install both
an audible and a visible alerm system in the x-ray facility at
4027 New Castle Avenue if Lehigh chooses to continue radiography
with licensed material at thot location. Until the alarms are
installed, provide positive measures to prevent inadvertent entry
to the x-ray facility whenever a radiographic device is in use.

RESPONSE TO ITEM #7: Lehigh has elected to continue performing
radiography with licensed material at this location. No isotope
radiography was verformed in that facility during the period from
August 10, 1983 to August 25, 1983. On August 26, 1963, dead-
bolt locks were installed on the insides of the two doors leading
to the x-ray facility. A lock has always existed on the inside of
the overhead garage door, the only other possible entrance to the
facility. This overhead door is closed and locked from the inside
during all radiographic operations.
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On Auguast 30, 1983, the installation of a "Gammalarm" radiation
monitor was completed. The system has been set to detect radia-
tion above the 0.5 mR level at the monitor, which is positioned
on the wall near the exposure area and the storage enclosure (see
the sketch in Attachment D). When this level of radiation is
exceeded, the monitor light changes from a steady green to a flash-
ing red. Simultaneously, red flashing lights are activated on the
outsides of both entry doors to the racility. Radiation warning
signs are posted on the outsides of both doors, and special signs
explaining the red flashing lights have been added as well. These
doors are not locked during radiographic operations, in the inter-
ests of safety of radiographers on duty. However, audible alarm
bel’s have been installed at both doors. These bells will sound
only when (a) radiation is present, and (b) someone ignores the
flashing red light and opens the door. This audible alarm is de-
signed not only to be heard by the person entering the door, but
also is of sufficient intensity to alert the radiographer on duty
that unauthorized entry to the facility has occurred.

ITEM #8 - Requirement: Prior to September 11, 1983, submit a re-
guest for a license amendment tc the NRC to reflect the change of
location for storage of licensed material, along with ¢ descrip-
tion of the x-ray facility.

RESPONSE TO ITEM #8: A license amendment was sent to the NRC
Materials Licensing Branch on September 1, 1983. See Attachments
D and E.

ITEM #9 - Reguirement: Insure that all utilization log information
and other records required to meet the conditions of our license and
10 CFR 34 are complete, accurate, and up-to-date.

RESPONSE TO ITEM #9: Lehigh personnel have attempted to recon-
struct the utilization log information found to be missing/incom-
plete during the Commission's recent audit. As of September 2,

we have prepared utilization logs as completely as possible back

to January 1. 1983. We have done this by using whatever backup
information was available -- billing sheets, personal recollections
by Lehigh employees, laboratory log books, etc. Despite these
efforts, certain facts needed to complete the records have not been
available from these secondary sources. Our efforts are continuing
on this matter.

The reasons for the incomplete log information at the =ime of the
Commission's audit has been identified as follows: (a, for certain
individuals, there was a lack of understanding of recordkeeping re-
gquirements; (b) for others, there was knowledge of the requirements,
but an apparent unwillingness to comply; and, ultimately, (c¢) in-
adequate management controls allowed both situations, (a) and (b),
to exist and continue.

OQur corrective actions for these problems consist of the following
steps. First, the RSO/Department Manager, H. Ostroff will certify
on each billing sheet that he has personnaly reviewed and approved
the required records for each job as it is billed. See the revised
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billing sheet form, Attachment F. Second, the General Manager,

L. Weston, will personally conduct spot audits, on a quarterly
basis, of the utilization logs, transportation records, daily
equipment maintenance records and the RSO's certifications of
these on corresponding billing sheets. The results of these
quarterly audits will be sent to the company President, the
undersigned. See the revised lManagement Audit form, Attachment C.

ITEM #10 - Requirement: By September 11, evaluate the whole body
and extremity exposures to individuals who participated in the two
source recoveries and two incidents involving radiographic sources.

RESPONSE TO ITEM #10: See the four reports dated August 15, 1983
from H. Ostroff, Radiation Safety Officer, to L. Weston. These
are in Attachment G.

ITEM #11 - Requirement: Prior to resuming radiographic operation-c,
meet with NRC Region I in King of Prussia and describe the actions
taken with regard to the above matters.

RESPONSE TO ITEM #11: The initial meeting with the Commission was
held on August 12, as you know. At that meeting, Lehigh was given
permission to resume radiographic operations. It is anticipated,
however, that cne or more additional meetings with the NRC will be
needed in the near future to review our responses and corrective
actions.

In addition to all the above, the company President will receive
and inspect the management audits of radiography. He will keep a
record of these audits having been performed. Also, he will visit
at least several job sites each year and will try to be, generally,
more available to talk with radiographers informally durlng his
visits to Lehigh. The purpose will be to make it easier for radio-
graphers to suggest improvements or corrections of deficiencies.

This concludes onr descriptions of corrective actions to date in
this matter.

cerely,

Lcu “/é %’ MLJ

David Krashes,
President

DK:sam
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LEHIGH TESTING LABORATORIES, INC.

DATF: August 12, 1983
SUBJ: DOCUMENTATION OF THE TRAINING SESSIONS AND
EXAMINATIONS CONDUCTED FOR RADIOGRAPHIC PERSONNEL
FROM: L. Weston
TO: Nuclear Regulatory Commission
CC: D. Krashes
H. Ostroff
L. Menear (file)
W. Nickle (file)
J. Ruzowicz (file)
C. Gilkey (file)

A formal classroom training session was conducted by H.
Ostroff and L. Weston on August 11 and 12, 1983 for several
employees of Lehigh's NDT Department. The employees in at-
tendance for these sessions, in addition to the two instruc-
tors, were:

Leroy Menear
Wesley Nickle
Joseph Ruzowicz
Charles Gilkey

The training sessions covered each of the following
five major areas:

(A) Principles of Radiation Safety - the nature, gener-
ation, characteristics, measurement, biological effects, and
control of radiation and radiocactive isotopes;

(B) Lehigh's Operating and Emergency Procedures -~ def-
initions; the functions, responsibilities and limitations of
Radiographers, Assistant Radiographers, and Trainees; per-
sonnel monitoring devices; why, how, and when to conduct ra-
diation surveys; how to control radiographic worksites; how
to operate exposure devices; how to perform source changes;
what to do in various types of emergency situations; trans-
portation procedures; inspection and maintenance procedures;
leak tes.ing procedures; security and storage procedures;
and recordkeeping requirements

(C) Lehigh 3 Administrative Manual - including discus-
sions of Lehigh's radiographic facilities, radiation detec-
tion instruments, calibrating procedures and requirements,
personnel monitoring equipment, training program, internal
inspections, and organizational structure

(D) Federal Standards applicable to radiography in 10
CFR Parts 19, 20, 30 and 34

(E) A general discussion of case studies of radiation
accidents and why they occur; what the deficiencies in



Lehigh's radiography program have been in the past; what im-
mediate changes are being made and how they effect the
radiographers and assistant radiographers

During the presentation of the above material by the
instructors, numerous actual ~:amples were used to reinforce
the students' understanding. There were several round-robin
discussions of certain key procedures, and many sample prob-
lems and hypothetical situations were analyzed. The total
time for these training sessions, during which all of the
above employees were present, was approximately twelve
hours.

Following the classroom training, each of the four stu-
dents were given a written, closed-book examination. The
examinations and scores for each student are listed below:

Charles Gilkey: Assistant Radiographer Exam - 25 ques-~
tions; 24 answered correctly; score = 96%Z; (PASSED)

Leroy Menear: Radiographer Exam - 50 questions; 41 an-
swered correctly; score = 82%; (PASSED)

Lesley Nickle: Radiographer Exam - 50 questions; 47 an-
swered correctly; score = 94%; (PASSED) .

Joseph Ruzowicz: Radiographer Exam - 50 questions; &40
answered correctly; score = 80%Z; (PASSED)

Upon completion of ther written exam. nations, further
discussions of the incorrect responses were conducted until
the instructor was convinced that the individuals fully un~-
derstood the material.

On August 12, 1983, three of the above employees were
given a Practical Examination in order to ascertain their
competence to perform the duties of a radiographer in full
accordance with Lehigh'~ procedures per paragraph 8.C(1i1)
of the Administrative Manual. Each practical examination
included twenty different checkpoints. Results are as
follows:

Leroy Menear: Practical Exam Score = 100X (PASSED)
Wesley Nickle: Practical Exam Score = 100X (PASSED)

Joseph Ruzowicz: Practical Exam Score = 100%Z (PASSED)
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LESSON PLAN, August 11-12, 1983

(A) Principles of Radiation Safety - the nature, gener-
ation, characteristics, measurement, biological effects, and
control of radiation and radioactive isotopes;

(B) Lehigh's Operating and Emergency Procedures - def-
initions; the functions, responsibilities and limitations of
Radiographers, Assistant Radiographers, and Trainees; per-
sonnel monitoring devices; why, how, and when to conduct ra-
diation surveys; how to control radiographic worksites; how
to operate exposure devices; how to perform source changes;
what to do in various types of emergency situations; trans-
portation procedures; inspection and maintenance procedures;
leak testing procedures; security and storage procedures;
and recordkeeping requirements

(C) Lehigh's Administrative Manual - including discus~
siuns of Lehigh's radiographic facilities, radiation detec-
tion instruments, calibrating procedures and requirements,
personnel monitoring equipment, training program, internal
inspections, and organizational structure

(D) Federal Standards applicable to radiography in 10
CFR Parts 19, 20, 30 and 34

(E) A general discussion of case studies of radiation
accidents and why they occur; what the deficiencies in

Lehigh's radiography program have been in the past; what im=-
mediate changes are being made and how they effect the
radiographers and assistant radiographers '

During the presentation of the above material by the
instructors, numerous actual examples were used to reinforce
the students' understanding. There were several round-robin
discussions of certain key procedures, and many sample prob-
lems and hypothetical situations were analyzed. The total
time for these training sessions, during which all of the
above employees were present, was approximately twelve
hours.
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TEHIGH TESTING LABORATORIES, ITINC.

PRACTICAL EXAMINATION FOR RADIOGRAPHERS

paragraph 8.C(iii) of the Administrative Manual requires that pro-

spective Radiographers be give. a practical examination to assure

that they are able to apply their training to actual radiographic

operations. He shall perform such operations without assistance

but under constant supervision. The test will include a minimum

of twenty checkpoints of correct procedure, and a 100% score is uﬂ"a‘
required. The checkpoints will cover at least the following d"

general operations:

. ;
1. Proper personnel monitoring equipment and procedures ' A /
employed; '
v
2. Radiation surveys conducted properly and when requiregd; " ‘7

4. Exposure device operated properly;

3. worksite pw restricted, mtgz and monitored a %
required; all Jad&'@_ r - 2 / / v

v
' v
e

5, Transportation procedures;

6 All necessary recordkeeping properly filled out “and 1e? €l tarn J
| o g ) P

7. Securce storage performed properly. ﬂuw(.) M'bzm‘“ v
" L .

Mote: Any failure to perform these operations correctly will necessitate
re-training in the applicable areas and a delay of 1 month before appoint-

ment to radiographer.

/0070 ///
/V'éso /A3

FORM 205
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RADIOGRAPHIC EQUIPMENT = UTILIZATION LOG

* DATE _&/2-83 e 245 LOCATION OF USAGE _ 027 qlce’ Ccrl//( Aue

Zrlzz ‘sm 2737 ACTIVITY AT TIME OF USAGE 70 cunies
’T‘]/Q (29

1SOTOPE TYPE

MOOEL OF DEVICE IN WHICH ISOTOPE IS USED

DEVICE SN 373257 SURVEY READING AT SURFACE oF DEVICE (INITIAL) i nR
VEMICLE (IF USED) - . GURVEY READING AT SURFACE OF VEWICLE mR
VUMBER OF EXPOSURES MADE y TOTAL TIME OF EXPOSURES o 30 ain -

,|¢7¢(
‘SURVEY METER READING AT BOUNDARY OF RESTRICTED AREA l A Z mwC g” tm pl’ x
’ " ; Shie
RADIOGRAPHER IN CHARGE ld( P /{]’n:, ~€ o DOSIMETER READING (FINAL) Q mR

ann // » OSiPko /—F DOSIMETER READING (FINAL) Q mR

" SURVEY METER READING AT SURFACE OF EXPOSURE DEVICE (FINAL) 20 mR
5

STORAGE LOCATION LT oaTE AND TIME sTomeo _§-12-03 84

SURVEY METER READING AT SURFACE OF STROAGE ENCLOSURE i

Barr&c’_cv\ec& wl/lru:{;pu;éoﬂvks/m’ US&/ /'“W'/
(AXA\.\S Ag\_fc\ ‘“n‘\il'\vvi'n LS: e

\ mR

ADDITIONAL COMMENT
|(o¢'! ( y‘:nj(/ _ﬁmm-‘&

SKXETCH SHOWING BOUNDARIES OF RESTRICTED AREA, RELATIVE TO LOCATION OF ISOTOPE DURING
EXPOSURES (ALSQ _NOTE THE ORIENTA F_RADIATION, 1r SOQICB 15 COLLIHAT!D)!
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RADTOGRAPHIC DEVICE = DATILY MAINTENANCE AND INSPECTION REPCORT

3325 crak o 23T 7 Isotope S/N 7737
Isotope Type L /7T

pate B -£3 e " Inspected by (A/ 7 j

Exposure Device S/N

" INSPECTION B COMMENTS

1. Changes in operating characteristics :

of the device A /”077(
2. Proper operation of crank mechanism -y
3. Proper operation of source position : _

indicator H
4., Proper operation ;t locking mechanism I

Source and drive cable and guide tube . X
~ damage /4Léjjn7‘€?
6. Connectnr wear or damage of all . [t ’

mating components

7. Rust, dirt or sludge build-up in the
‘source guide tubes

B, Shifting of shield and or source in ’ 1(7

the exposure device housing ' e . .
_9,' Cable drive gearbox damage or wear . '
10, Proper labelling /wnt Herd b liid

f-re-83

11, Miscellaneous (loose screws, safety T

caps, etc.)

Any damage %o the radiographic device which may irpair its safe operation shall be reported

'-aadsutcly vo the Radiation Safety Officer,
' |

V

rora 201
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’ Q‘SOMDIOGMPHER 'S EXAMINATION *

,!(/'Gannn and X-radiation damage human body tissue by a process known as

Tomeeter . -

. A person who becomes contaminated with radioactive material can spread con-
tamination to other persons,

a)

O
/ o

+ The

True ( ) False (f)

primary hazard in radiography comes from

Internal radiation. : c¢) Beta particles.

Gamma rays and alpha particles. External radiation.

basic unit of measure used to express gamma or X-radiation exposure is the
rem roentgen

rad d) RBE

abbreviation "r" stands for (o€ v\lqo-\

4 i
abbreviation "mr" stands for m.,“l'cgcﬁ\‘egc »
term "rad" stands for MM A&Sﬂ(b bds 2 .

term "rem" s;tands for g’:‘!t!“‘&'!&' nA o
Ca k&.{dwq

roentgen is a measure of

Alpha radiation. c Radiation damage to human cells.
X-rays and gamma rays. All of the above.
whole-body radiation dose must normally be limited to a dose of

1 1/4 rems per calendar quarter. ¢) 7 1/2 rems per calendar quarter.
18 3/4 rems per calendar quarter. d) 5 rems per calendar quarter.

)( A given radiation dose will cause less damage if it is received over a very short
period of time than if it is received over a long period of time.

o

)

True ( ) False (%)

. The most serious radiation exposure is to the

Whole body. c) 8kin.
Feet and ankles. d) FPands and forearms.

* The questions presented here indicate the general level of difficulty and the variety
of topics which may be anticipated in actural exams, but they are not necessarily the

same questions that will be used,



RADIOGRAPHER'S EXAMINATION (Cont.)

)Jf/’Tho radiation effects which can be passed on to the offspring or 'to a later gener-
ation of a person receiving radiation are called

a) Future effects. c) Somatic effects.
@ Genetic effects. d) Radiosensitive effects.
. It is possible to receive a dose considerabley above the regulatory limits without

showing detectable radiation effects.

True (}Q) False ( )

/ In relation to radiation effects, MLD stands for | VA gc)\\m

LeNel Nesse .

/Thc MLD for humans is the radiation dose

a) That causes the first death.

b) That causes slight, temporary blood changes.

c) That is considered lethal to all persons exposed.
(d)) That causes 50% of those exposed to die.

\@ The MLD for humans is rems (fill in from below) whole body
exposure within a 24 hour period.

250 c) 750
500 d) 1,000
)(. Portable instruments used to monitor radiation areas are called

a Film badges. c) Personnel monitoring devices.
Survey meters. d) Area meters.

)/. Devices attached to the clothing of people working in radiation areas for measure-
ment of radiation are called

a) Survey instruments. @ Personnel monitoring devices
b) G-M counters. d) Portable rate meters.

}d./ Radiation measuring devices operate on the principle of ionization.

True (76) False ( )



}(. Survev meters provide

RADIOGRAPHER'S EXAMINATION (Cont.)

a) Cumulative readings of radiation exposure.
Radiation exposure rate readings.
| c¢) Readings which must be checked on a secparate reading device.
| d) Only readings of gaimma radiation.
. J’l‘llvockct dosimeters depend upon a (fill in from below)
for their indication.
a)” G-M tube. Ouartz fiver electroscope.
b) Battery to provide electrical ) Theory that like charges attract
power and unlike charges repel.

‘3J{I’The film badge nperates on the principle that (£ill in from
below) exposes film,
a) Light. <§E> Ionizing radiation.
b) Heat. ) Alpha particles.

‘)‘{’ Which statement about the film badge is true?

a)

.

d)

e
@

It has the advantage of providing an immediate indication of radiation
exposure.

It is easily exposed by alpha particles.

It has the advantage of providing a permanent record.

All of the above.

pocket dosimeter has the advantage of

Being more accurate than the film badge.
Providing a permanent record of radiation exposure.

Providing an immediate indication of radiation exposure.

All of the above.

)6{,'Hhen wearing a pocket dosimeter, there is no need to wea: a film badge at the
same time.

True () False (7CQ

+ When ionizing radiation enters the ion chamber of an ionization chamber survey
meter, positive ions flow to the negative electrode(s) and negative ions flow to

the

positive electrode(s).

True (ZQ) False ( )



RADIOGRAPHER'S EXAMINATION (Cont.)

v\' The Geiger-Mueller counter uses the G-M tube to

Slow down the ion flow to make detection easier.

Provide electrical power for operation of the meter.

To amplify the effects of the radiation entering the tube.
) To read extremely high levels of radiation,

}( When reading low levels of radiation, the Q -\ (G-M counter
or ion chamber meter) is more effective.

)( In most radiographic operations, the ionization chamber survey meter is more
desirable than the G-M counter.

True (1;) False ( )

)l( The standard dose ' ate of a radioisotope is expressed in

a) Roentgens per hour per curie at any standardized distance not exceeding 75
feet.

b Roentgens per hour per curie per foot.
Roentgens per hour per curie at a distance of one foot.

d) None of the above,

)/’l‘he intensity at 1 foot from a 10 curie source of Ir-192 is 59 r/hr. The standard
dose rate for one curie at 1 foot for Ir-192 is "

a 590 r/hr/curie. ¢) .59 r/hr/curie.
5.9 r/hr/curie. d) 59 r/hr/curie.

+ The standard dose rate at 1 foot for Co-60 is 14.5 r/hr/curie. What is the
intensity at 1 foot for a 7 curie source of Co~60?

a) 14.5 r/hr 145 r/hr
b) 75 r/hr 101.5 r/hr

}/‘rhe three basic means of providing personnel protection from radiation are

lhm_& ' b\dm"—{ , and S‘me‘oll:ngj

;/A person receives 3 mr/hr at a certain distance from a radiation source. What
would be his exposure if he remained at the same distance for 3 hours?



RADIOGRAPHER'S EXAMINATION (Cont.)

\';C./‘ The inverse square law as applied to radiation protection states that

a) Radiation intensity varies inversely as the square of the time spent near
the source.

b) Radiation intensity varies proporticnally with distance from the source.
Radiation intensity varies inversely as the square of the distance from the

source.
y./'m formula for the inverse-square law is
2
a) 12 ) D1
2
Il D,
4 . ) 5O 0%
. » 1.2 /o,
2 p.
>
c) I1 3
7 D1
I D : T - ”
@ .02 b =Turbs WAL
2 . ¢ ”? 10 -
1, D, o ﬁ

)(At 2 feet from a radiation source, radiation intensity is 300 r/hr. What is the
intensity at 8 feet from the source? [?7)’ L he H A IT

. At 10 feet from an isotope, radiation intensity is .50 mr/hr. The intensity at
1 foot would be /S o0 P
: /

_}O./ Radiation intensity at 6 feet from an isotope is 40 r/hr. ﬁt what distance would
the intensity be reduced to 10 r/hr? 1‘;___.[¢¢

The following questions refer directly to Lehigh Testing Laboratories' operating and
emergency procedures,

/How often do survey meters require calibration?
90 ]M/ 5
327 wnho is responsible for filling out exposure logs?
i o Reciogoa phe
| ¢ A

| source is jammed and cannot be returned to a safe stored position, It is the
| radiographer's responsibility to do what? Rope off orec— - ,th(}, RS0




| ’ RADIOGRAPHER'S EXAMINATION (Cont.)

.

On a Technical Operations 660 or 680 exposure device there are three positions
in which tho locking mechanism ¢ 7\ be placed. What are those positions?
Conn0¢ e [ocL - Ofcra.

/ What range does your dosimeter register?

}z How often are your film badges processed and by whom?

we‘£/7/ ‘/ lc.mo/c-// ; ‘
47. How often are sources leaKtosted? )'4"/(/‘;} ;S clbec /3 -r/ c/c: 7

& mw0S.

Who in accordance to Lehigh Testing Laboratories' license is responsible for

leak testing? ” ’\O.J\\Uc_\(‘ne\mc\"

/ Who provides a:sd services in regard to leak tests?
0/95‘

What is the maximum survey meter reading allowed in the car or driver's seat
of your vehicle while transporting a source?
2 mwmr Jhr
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LENMNIGH TESTING LABOFRATORIES, IINC.

PRACTICAL EXAMINATION FOR RADIOGRAPHERS

paragraph 8.C(iii) of the Administrative Manual requires that pro-
spective Radiographers be given a practical examination to assure
that they are able to apply their training to actual radiographic
operations. He shall perform such operations without assistance
but under constant supervision. The tost will include a minimum
of twenty checkpoirts of correct procedure, and a 100% score is
required. The checkpoints will cover at least the following
general operations:

1. Proper personnel monitoring equipment and prmew )l‘&adw

employed; 3 d

‘ v

2. Radiation su conducted pro rlyy when requi eéz 'y o
- i fatfys? 7
3, “"Worksite prope sfficted, pq;ed and monitored (4
required; v

b a0 frdaids v’

4. Exposure device operated properly; -z:k W v
v La M‘. MV

5. Transportation procedures; o v
G-J*t/

6. All necessary recordkeeping properly filled out a Ll
=

7. Source storage performed properly.

Note: Any failure to perform these operations correctly will necessitate
re-training in the applicable areas and a delay of 1 month before appoint-

ment to radiographer. ﬁ“""’

aﬂ‘“u —
éﬂ///‘%
. f e 8:
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RADIOGRAPHIC EQUIPMENT - UTILIZATION 1OG :

oate F=/4-P3 rive FRe 4 cocarion or usace &L 7 1(
1SOTOPE TYPE I'i-lf{_' s/ /¥ ACTIVITY AT TIME OF USAGE S CURIES

MODEL OF DEVICE IN WHICH ISOTOPE IS USED

DEVICE s/n Ve SURVEY READING AT SURFACE OF DEVICE (INITIAL) 1;( nR
i mR

VEMICLE (IF USED) smp— _ SURVEY READING AT SURFACE OF VEMICLE

NUMBER OF EXPOSURES MADE __/ TOTAL TIME OF EXPOSURES _ S5 L0 . min

'SURVEY METER READING AT BOUNDARY OF RESTRICTED AREA / mR
RADIOGRAPHER IN CHARGE DOSIMETER READING (FINAL) g mR
' ASSISTANT. KADIOGRAPHER m—— DOSIMETER READING (FINAL) mR

' SURVEY METER READING AT SURFACE OF EXPOSURE DEVICE (FINAL) ;:S mR
STORAGE LOCATION x; z DATE AND TIME STORED 8‘ !Z’t 3 ’
SURVEY METER READING AT SURFACE OF STROAGE ENCLOSURE Zk mR

SXETCH SHOWING BOUNDARIES OF RESTRICTED AREA, RELATIVE TO LOCATION or ISOTOPE DURING
EXPOSURES (ALSO NOTE THE OMMATXON OF RADIATION, IF SOURCE 1S COLLIMATED)

- —————
——
a—————— — -—1
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Exposure Device S/N ZZf

Isotope Type

Dal; _K—/l_'g
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g
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]L;IEJIF&II(Z?]?HZ TESTIING TLABORATORIES, TINC.

RADIOGRAPHIC D

EVIUE = DAILY MAINTENANCE AND INSPECTION REPORT

-

INSPECTION

crank s/n _R 77 Isotope S/N E/V
ZE-/9 L T

Inspected by

Changes in operating characteristics
of the device

Proper ope-ation of crank mechanism

Proper operation of source position
indicator

Proper operation of locking mechanism

Source and drive cable and guide tube

damage

Connector wear or damage of all
mating components

Rust, dirt or sludge build-up in the

‘source guide ti.'es

Shifting of shield and or source in
the exposure device housing

Cable drive gearbox damage Or wear

10.

Proper labelling

11,

Miscellaneous (loose screws, safety
caps, et¢c.)

Any damage %o the
temadiately to the Radiation

e

rers 201

radiographic device which may irpair its
Safety Officer.

safe operation shall be reported
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50 %0“4} TOGRAPHER'S EXAMINATION *

Z and X-radiation damage human body tissue by a process known as

Lr ot frion/ .

¢

A person who becomes contaminated with radioactive material can spread con-
tamination to other persons.

True ( ) False ( V’{

The primary hazard in radiography comes from

a) Internal racdiation. c) Beta particles.
Gamma rays and alpha particles. )ll\ External radiation.

The basic unit of measure used to express gamma or X-radfation exposure is the

a) rem é) roentgen
b) rad d) RBE
/.
The abbreviation "r" stands for 744 /. .. $
i gl —
The abbreviation "mr" stands for s~ -/« s L27 oa s
. //) . .
The term "rad" stands for | .z+.. . _ oA hin Al A
7 2 J
The term "rem" stands for 1ig.¢ - (jﬂle.f’ff’ i e
|

Jﬁ( The roentgen is a measure of

11.

12.

a) Alpha radiation. ¢) Radiation damage to human cells.
£) x-rays and gamma rays. )l{: All of the above.
The whole-body radiation dose must normally be limited to a dose of

1 1/4 rems per calendar quarter. ¢) 7 1/2 rews per calendar quarter.

b) 18 3/4 rems per calendar quarter. d) 5 rems per calendar quarter.

A given radiation dose will cause less damage if it is received over a very short
period of time than if it is received over a long period of time.

True ( ) False ( L/{/

The most serious radiation exposure is to the

x Whole body. c) Skin.
b) Feet and ankles. d) Hands and forearms,

* The questions presented here indicate the general level of difficulty and the variety

|
of topics which may be anticipated in actural exams, but they are not necessarily the
game aquestions that will be used.

J






RADIOGRAPHER'S EXAMINATION (Cont.)

21. Survey meters provide

a) Cumulative readings of radiation exposure,

®) Radiation exposure rate readings.

¢) Readings which must be checked on a scparate reading device.
d) Only readings of gamma radiation.

|
| -?Bi\ Pocket dosimeters depend upon a (fill in from below)
| for their indication.
|
E ) G=-M tube. }lL Quartz fiver electroscope.
| b) Battery to provide electrical d) Theory that like charges attract
| power and unlike charges repel.
I
| 7* The film badge operates on the principle that (£i11 in from
| below) exposes film,
\
| a) Light. J& TIonizing radiation.
b) Heat. @) Alpha particles.

24. Which statement about the film badge is true?

exposure,

It is easily exposed by alpha particles,

It has the advantage of providing a permanent record.
d) All of the above.

\
\
} a) It has the advantage of providing an immediate indication of radiation
\

b

—

25. The pocket dosimeter has the advantage of

| a) Being more accurate than the film badge.
| ) Providing a permanent record of radiation exposure.
' é? ,Providing an immediate indication of radiation exposure.
) All of the above.

26, When wearing a pocket dosimeter, there is no need to wear a film badge at the
same time.

True ( ) False | v’1”

27. When ionizing radiation enters the ion chamber of an ionization chamber survey
meter, positive ions flow to the negative electrode(s) and negative ions flow to
the positive electrode(s).

True (ufl{ False ( )



28.

30.

il1.

32,

33.

34.

5.

RADIOGRAPHER'S EXAMINATION (Cont.)

The Geiger-Mueller counter uses the G-M tube to

a) Slow down the ion flow to make detection easier.
b) Provide elactrical power for operation of the meter.
Te amplify the effects of the radiation entering the tube,
) To read extremely high levels of radiation.

When reading low levels of radiation, the siis . o/ Z Z (G-M counter
or ion chamber meter) is more effective, /

In most radiographic operations, the ionization chamber survey meter is more
desirable than the G-M counter.

True ( ")/ False ( )

The standard dore rate of a radioisotope is expressed in

a) Roentgens per hour per curie at any standardized distance not exceeding 75
feet.

b) Roentgens per hour per curie per foot,
Roentgens per hour per curie at a distance of one foot.

d) None of the above.

The intensity at 1 foot from a 10 curie source of Ir-192 is 59 r/hr. The standard
dose rate for one curie at 1 foot for Ir-192 is

590 r/hr/curie. ¢) .59 r/hr/curie,
5.9 r/hr/curie. d) 59 r/hr/curie.

The standard dose rate at 1 foot for Lo-60 is 14.5 r/hr/curie. What is the
intensity at 1 foot for a 7 curie source of Co-60?

a) 14.5 r/hr ¢) 145 r/hr
b) 75 r/hr €@ 101.5 r/nr

The three basic means of providing personncl protection from radiation are

.

ﬁm-' ' f{b: Y e s o and o 4" "/""“ .
U
A person receives ] mr/hr at a certain distance from a radiation source. at
would be his exposure if he remained at the same distance for ) hours? (2 il -







RADIOGRAPHER'S EXAMINATION (Cont.)

On a Technical Operations 660 or 680 exposure device there are three positions
in which the king mechanism be placed, What are those positions?

A tev & A eorn
What cange dcas your dosimeter register? (O RJ0 76

Mow often are your tilm badges processed and by whom? /¢ neelt oy olnnel
How often are sources iead tested? [ i~

Who in accor to u}un ting Laboratories' license is responsible for
leak testing? O, Fxur L4

Who provides assay services in regard to leak tests?

What is the maximum survey meter reading allowsd in the car or driver's seat
of your vehicle while transpoiting a source? 2 me.
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TLEMNMIGH TESTING LABORATORIES, IINC.

PRACTICAL EXAMINATICN iI"OR RADIOGRAPHERS

paragraph 8.C(iii) of the Administrative Manual requires that pro-
spective Radiographers be given a practical examination to assure
that they are able to apply their training to actual radiographic
operations. He shall perform such operations without assistance
but under constant supervision. The test will include a minimum
of twenty checkpoints of corrcct procedure, and a 100% score is
required. The checkpoints will cover at least the following

general operations: G «UD-:-—‘&; il
. Pes e -
?d*z . I .
1. Proper personnel monitoring equipment and ptoceW h&(.a&l’v
; employed; ol (;F‘L .
: 'OMJ# Coblata Gl v/
2. Radiatio sugpv conducted pr rly and when required; 7 @3 :
J Celes 2 Mma
3. otksite prope ted posted and monitored m l/

required; C‘B«/«/‘Zﬁ u‘-’ m/

4. Exposure device operated properly; L ,

5. Transportation procedures; *ﬂ "C / g " Qntog. &
“‘{ 2""“ [P e
£ 6 -

6. All necessary recordke»ping properly filled out a d f

3.:&‘ 7
7. Source storage perfocrmed properly. ‘)V'o—v ﬁ?ﬁjﬁi/

%’Z&Z’j ~zzpr?

Note: Any failure to perform these operations correctly will necessitate
re-training in the applicable areas and a delay of 1 month before appoint-

ment to radiographer. ﬂ«M &..Jm.
s T Rl
mh

{0l

o 97
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'MODEL ©F DEVICE IN WHICH xso'rovz: 1S USED 7'//; L 6 (@)

SURVEY READING AT SURFACE OF DEVICE (XNITIAL) ¢ 524(9 mR

DEVICE S/N oL

e —— . mR

VENICLE (1F USED) . — - SURVEY READING AT SURFACE OF VEHICLE
NUMBER OF EXPOSURES MADE z TOTAL TIME OF EXPOSURES L min
‘SURVEY METER READING AT BOUNDARY OF usmxc'rso AREA | 7 mR
RADIOGRAPHER IN CHARGE L Mmen =\ DOSIMETER READING (FINAL) QO mr
ASSISTANT RADIOGRAPHER | DOSIMETER READING (FINAL) mR
"' SURVEY METER READING AT SURFACE OF EXPOSURE DEVICE (FINAL) Ao mR
STORAGE LOCATION e L DATE AND TIME STORED _{ / | l(? > //,]',;ﬂ
£ ENCLOSURE - | Jo==¥lmn

SURVEY METER READING AT SURFACE OF STROAG

ADDITIONAL COMMENTS S f' =
P kg,( C wu W\(uu/(“or A S o&. Ko o0 e v G c.'_\'rqgg.,.

g" C,\wg\-—v \Olog‘( Plocc d O\vow‘\,A S owe e

OF RESTRICTED AREA, RELATIVE TO LOCATION OF ISOTOPE DURING
ORIENTATION OF RADIATION, IF SOURCE 1S COLLIMATED)!

SXETCH SHOWING BOUNDARIES
EXPOSURES (ALSO NOTE THE

Jon &
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PADTOGRAPHIC DEVICE = DAILY MAINTENANCE AND INSPECTION REPORT

Exposure Device S/N ‘3 % ] Crank S/N [;77 N

Isotope Type e T O O

Inspected by

crank mechanism

source position

of locking mechanism

cable and guide tube

wear or damage of all

ge build-up in the

screws, safety

radiographic device which may impair its safe operation
padiation Safety Officer.
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RADIOGRAPHER'S EXAMINATION (Cont.)

21, Survey meters provide

Cumulative readings of radiation exposure.

Radiation exposure rate readings.
c) Recadings which must be checked on a separate reading device.
d) Only readings of gamma radiation.

%\ Pocket dosimeters depend upon a (fill in from below)
for their indication.
@ G-M tube. )Q\ Quartz fiver electroscope.
) Battery to provide electrical d) Theory that like charges attract
power and unlike charges repel.
23. The film badge operates on the principle that (£i1l1 in from
below) exposes film.
a) Light. Q Ionizing radiation.
b) Heat. d) Alpha particles.

24. Which statement about the film badge is true?

a) It has the advantage of providing an immediate indication of radiation

exposure.
b It is easily exposed by alpha particles.
g?) It has the advantage of providing a permanent record.
) All of the above.

25. The pocket dosimeter has the advantage of

a) Being more accurate than the film badge.

b) Providing a permanent record of radiation exposure.

@ Providing an immediate indication of radiation exposure.
) All of the above.

26. When wearing a pocket dosimeter, there is no need to wear a film badge at the
same time,

True ( ) False ( l/)

*\ When ionizing radiation enters the ion chamber of an ionization chamber survey
meter, positive ions flow to the negative electrode(s) and negative ions flow to
the positive electrode(s).

A
e ( ) False ( ‘/)
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RADIOGRAPHER'S EXAMINATION
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RADIOGRAPHER'S EXAMINATION (Cont.)

The inverse square law as applied to r

a) varies inverse square of t!

intensity varies proportionally ith distance f£

e
es inversely as the square of the

intensity vari

invy
ANV

erse-

Laboratories

1
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45.

46.

47.

48,

49.

50.

RADIOGRAPHER'S EXAMINATION (Cont.)

44. On a Technical Operations 660 or 680 exposure device there are three positions

in which the locking mechanism can be placed. What are those positions?

Loc K o"*—‘r&+“—’6 Cd((c q7/

What range does yocur dosimeter register?

6 ~Jdoo “\K
How often are your film badges processed and by whom?
aVevry weeK Aadd/ awei

How often are sources lea‘.tested?
(, o 4\:"(&3‘

Who in accordance tf Lehigh 'res(jng Laboratories' license is responsible for

leak testing? K, 4 .o %rqe NV

Who provides assay s7ices in regard to leak tests?

/e

what is the maximum survey meter reading allowed in the car or driver's seat
of your vehicle while transporting a source?

2 LR,



0 o ' Aes
qbdlo % /IB:[S'MNT RADIOGRAPHER'S EXAMINATION * ?//, &&7

1. Gamma and X-radiation damage human body tissue by a process known as
JonfZa T(6 0 -

2. When a body tissue cell is damaged by radiation,
a) The cell may lose its ability to c) Damage is caused by knocking an

reproduce. electron out of the orbit of its
parent atom.
b) The cell may die.
All of the above.

3. The basic difference between X-rays and gamma rays is

Their RBE.
é Their origin.
) Their ability to damage cells of human tissue.
d) That ganma rays are electramagnetic radiation.

4. Radiation hazard to humans exists fram

a) Natural radiation. c) Primary beams only.
Primary and scattered radiation. ALl types of radiation except
electramagnetic radiation.

5. Materials exposed to gamma rays and X-rays became radiocactive and dangerous to
handle.

True () False (‘/)

6. The most penetrating radiation fram radioisotopes is

a) Beta particles. ® Gamma .rays.
b) Alpha particles. d) X-rays.

7. Radiocactive (or physical) half-life is

The time it takes one-half of the atams of a radioisotope to disintegrate.
) The time it takes one-half of a radiocactive material to be passed from
the body as waste material.
. c) The time needed to rid the body of one-half of a radiocactive material by
a cambination of biological elimination and radiocactive decay.

* The questions presented here indicate the general level of difficulty and the
variety of topics which may be anticipated in actual exams, but they are not
necessarily the same questions that will be used.



8. Biological half-life is

The time it takes one-half of the atams of a radioisotope to disintegrate.
The time it takes one-half of a radiocactive material to be passed fram the
' body as waste material.

The time needed to rid the body of one-half of a radioactive material by a
cambination of biological elimination and radioactive decay.
9. Effe-~tive half-life is
a) The time it takes one-half of the atams of a radioisotope to disintegrate.
b) The time it takes one-half of a radiocactive material to be passed fram the
body as waste material.
The time needed to rid the body of one-half of a radiocactive material by a
canbination of biological elimination and radioactive decay.
10. The roentgen is a measure of
a) Alpha radiation. c) Radiation damage to human cells.
@ X-rays and gamma rays. d) All of the above.

11. An exposure of one roentgen of gamma radiation equals an absorbed dose of one
rad. /
True ( V) False ( )

12. The whole-body radiation dose must normally be limited to a dose of -
@ 1 1/4 rems per calendar quarter. c) 7 1/2 rems per calendar quarter.
) 18 3/4 rems per calendar quarter. d) 5 rxems per calendar quarter.
13. The most serious radiation exposure is to the
_Whole body. c) Skin.
) Feet and ankles. d) Hands and foreamms.

14. A person who is 10 years old would be subject to greater radiation damage from

a given e than a person age 27.
True ( V) False ( )
15. A person must be [2 years old to be allowed to work in a

radiation area.



16.

17.

18.

19.

20.

21.

22.

K-

There are five varlables which influence the effect that radlat:.on doses have
on individuals. List three of these variables.

a) ' _L{L

b) 2 ‘ e ' .
c) "che“ Lo s &Jnd‘mu Ex/sosore
The formula for finding permissible accumlated dose is

a) 12 (N-18) : @ 5 (N-18)
b) 18 (5+N) 3 d) 12 (N+18)

Same body cells are more radiosensitive than others.

True ( ) False ( )

The earliest indications of radiation damage may be detected in the

a) Nerve cells. ‘Bone cells.

b) Skin cells. Blood cells.

The MLD for humans is the radiation dose

a) That causes the first death.

b) That causes slight, temporary blood changes.

c) That is considered lethal to all persons exposed.
That causes 50% of those exposed to die.

Portable instruments used to monitor radiation areas are called

a) Film badges. c) Personnel monitoring devices.
Survey meters. d) Area meters.

Devices attached to the clothing of people working in radiation areas for

measurenent of radiation are called

a) Survey instruments. @ Personnel monitoring devices
b) G-M counters. d) Portable rate meters.
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‘Date

RT personnel present during audit:

Type

LEHIGH TESTING LARORATORIES, INC.

MANAGEMENT AUDIT OF RADIOCRAPHIC OPERATIONS

& time ___Location:

of audit: Announced Unanno

| Audit Checklist:

b.

c.

i.
3.
R.
1.

Proper personnel monitoring devices

Worksite surveyed, posted, restricted and monitered
as required

Survey made after each exposure & before storage
Survey made of transporting vchicle

Exposure device handling techniques

Transportation conducted/documented properly

Daily .spection of equipment performed/recorded
Dosimeters checked periodically during shift
Proper source security and storage

Utilization log completed properly for this date
Audit of daily records previcusly certified by RSO
Audit of personnel records for all BT workers

Other

SAT

D o o S S S AR S D S S S . < S i e < i i i

. o S T o, " b s 2 2 o S S S o . o . . S o o

S S i Sl S > S S " . o o 2 > - v . - . - o

UNSAT N/A

.

-—--.._..—__.._.._—_—.__—...—..-..__...—_._.___._________—

______________________ e, AL ot R
f,
_____________________ ol vt s o sl e e e L
Corrective ac:ions:__________________________ﬁ_________: _________________
Audit performed e e SR M L R
Vicc-P—ésident Date
Submitted to D. Krashes Date

Form 207 (revised 8-30-83)
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Laboratory view of door leading from Laboratory Area to Lehigh's Storage/Exposure Room.

Note visible alarm and warning signs.

Other side of door, showing audible alarm along top of door.
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m Lehigh Testing laberateries, lnc.

4029 NEW CASTLE AVENUE » P O BOX 1241« WILMINGTON, DELAWARE 19899 * 102-655-7358

September 2, 1983

UNITED STATES NUCLEAR REGULATORY COMMISSION
Washington, DC 20555

ATTENTION: Mr. Nathan Bassin

Material Certification and Procedures Branch

REFERENCE: License 07-01173-03

Amendment Request

Gentlemen:

Enclosed is a revision to our Administrative Manual Page 3.
This revision is a change in storage location for "exposure

devices,

shipping containers and Dosimeter Calibrators", from

our main location to an adjacent buiding, at 4027 New Castle

Avenue,

New Castle, DE 19720.

If there are any questions, please do not hesitate to call
the writer.

Very truly yours,

LERIGH TESTING LABORATORIES, INC.

QR ket

Leonard A. Weston
Vice President & General Manager

Encl.

LAW/bt
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BILLING WORKSHEET -~ NONDESTRUCTIVE TESTING

e e S i A S LEHIGH LAB NO.
DATE RECEIVED

— o ——— ——

DATE COMPLETED _

ATTN r P.0. #
JOB IDENTIFICATION_
TYPE OF EXAM: RT MT PT uT OTHER
WORK PERFORMED AT: LAB____ CLIENT'S PLANT____ FIELD SITE
JOB CHARGES BASED ON: QUOTE DATED CONTRACT DATED PRICE LIST _____

S AR EEEEESESSEES IS EEE S S SRS E SN SN SN CSECaCSSSEESCsSSEESSESES
LABOR CHARGES: NAMES DATES HOURS

A. Job Prep.~- Loading Vehicles, Cassettes, etc.

B. Travel Time - To and From Worksites

C. Set-Up Time at Worksite

D. Actual Inspection Time

E. Film Processing Time

F. Evaluating & Recording Results

G. Standby Time

H. Other_

SUMMARY OF LABOR CHARGES:

Two men, regular rates: __ hrs @ & J/or = §
Two men, overtime rates: _~ hrs @§ ~~  /hr = §
One man, regular rates: __  hrs @ § _Jhr=§
One man, overtime rates: _ _hrs @ § /hr = §

TOTAL - ALL LABOR CHARGEZS: §

S EEEEEESEE A ASES ST S SN RS EEE NS SN NSRS EESESSESSESSSSSESSEsSeEEsESes
MATERIALS, TRAVEL EXPENSES, ETC:

A. Radiographic Film Size: ___ Quantity: @s each = §

Size: _ Quantity: R each = §

o ——

B. Travel Expenses

No. Roundtrips: Total Mileage: ____miles @ ___per mile = §
Tolls: §___ = Meals: §___ Lodging: §__ Total: §___
C. Other Miscellaneous FExpenses S

TOTAL JOB CHARGES: $

FPr Tt ittt ittt 2t Pt 23T R R R B B R 2 B R 0 b b b B b B b 2 & 8 b b b b L B B B B b B 0 B B B B 2 B 2 B 2 L 0 L b L 0 b 2 2 1 J
NOTE FOR ALL RT JOBS: Radiation Safety Officer hereby certifies that Utilization Log,
Transportation Records, and Daily Maintenance Records have been completed for this job:

Signature of RSO: Date:




