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TRASSMITPAL OF LICENSE COMPLIARCE INSPECTION EEPORT -
10 CFR 30
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Transmitted herewith is the followini inspection report
involving noncoapliance:

BASTMAN {ODAK COMPANY
OTKD
Rochester 4, New York

License Xos., 31-461-3 w/amends. taru § 9
31=-461~5 w/amends. thra 7 Eﬁ;

During the oourse of the inspeotion the following iiers
of neneompliance were obaerved:

License -3

Condition 12 of License -3
- in that the liocensee permitted work with
byproduol matarial to bs suparvised by B, V.
Junker when the only user authorized by this
condition was on vacation. (3es item 10 of
the report details.)

Condition 14B of Licenss -3
« in that the licensec had not sonducted
leak tosts of the sealed Co~-60 sources held
under this license at 6 month intervals.
(3ee item 13C of the report details,)

20.203 "Caution signs, labels and signals”
{b) -~ in that an area vithin the tank, designated
as D=35, within vhich a person can receive
a dose to the whole dody in excess of 5
aillrem, was not posted as required by this
seotion, (3ee item 11 B of the report details.)

COMPLIANCE Q\
KNAPPzam KLEVIN KIRKMAN IirEEEVI ’
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{e) = in that sn area within the iank, desiguated
De35, within which a person can receive a
vhole body dose in excess of 100 millrem in
any one hour, was not posted as requirad
by tnis section. (See item 11B of the report
details.)

(£)(1) - in that a container, within vhich was
gtorsd 14 millicuries of Co-60, was labeled
with the vords, "Danger - Hadiation Hasard”
and the atandardéd radiation symbol, dut was
not labeled with the words, "Badioactive
Material”. {(Sse item 11B of the report
d‘t&ilﬂ;)

(£){h) = in that she 2 oontainers within which vere
stored a 100 me Co-60 cealed source and a
1% me Oo-60 sealed source were not ladeled
with the date on which thisz activity had
beoon sssayed. (This item wa: corrected in
the pressnce of the inspestor.) (See section
11B of the report details.)

(£)(1a%)~ in that the storage well within whioh was
stored 5 o of Co=60 bore no ladel of any
kind, (See item 113 of #he report details.)

License =0

Seation 20.203

(£)(%) = in that the glove box wvithin wvhich vas
stored 0.5 me of Pe=59, although labeled with
the words, “"Caution - Radloactive Matsrial"
and the standard radiation symbdol, do not
dare a statement of the kind, quantity or
date of assay of the material within it.
(See itam 11B of the repors details.)

Although work condusted under Lisense 4 was not inspected, the
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following item of noncompliance, involving mpterial held under
this license, was obsarveds

Section 20.203 “"Caution aigns, labels and signals™
(£){1&h) ~ 4n that the 2 sontainers within eacx of vhioh

was stored a 10 me asealed Co-50 source,

were not labeled with $he standard radiation
symbol, ths words, "Caution - Radicastive Material®
or a statesment of the kind, gqusntity and date

of assay of the material ooutailned. (See
. item 11B of the report detsils,)

The items of noncoapliance wers discussed with Dr. V. L. Sautton,
Director of the Radiation Safety FProgram and with Dr. Charles
Pordyee, Technical Advisor to Clarance wynd, Yiece President

and Cenersl Nanager of the Kodak Fark Works, Suiton and
Fordyce stated that they would be happy to take any correstive
aotion regquired by the Comaission. With regard to 20. 205(2)(d)
citations for Liceanse =345, these items wveres corrsolsd im the
presence of the inapector.

Ko personnel hasard iz apparent and no follow up will be scheduled.

It is recomsmended that a letter be sent to the licenses listing
the items of moncospliasnce and requiring correction of them.

Znolosure:
1 oy of Rpt.

cc: Div of Cmp., Hge
w/orig. of Rpt.

5
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1. Name and address of licensee . - o . 2. Date of inspection -

EASTMAN KODAX OOMPARY o T ; . ‘

Kodak Park Works o _ ) : _April 19, 1961
Rochester &, Hevw York SR . . 3. Type of inspection gy qoaotion

‘ ' ' 4. 10 CFR Part(s) applicable
: 20 - %0

5. License number(s), issue and expiration dates, scope and conditions (including amendments)

License No, Date - Exp, Dets

31-461=3 6/23/60 ~ 6/30/62

amend, 6 (amended in its entirety)

SCOPE: 4. 100 milliocuries of Cobalt 60 as a sealed source
(Teohnical Operations No. SK-747), to be used in

: the development of gamme ray sensitometer,

B. 14 ouries of Cobalt 60 as s ssaled source (ORKL),

G, 7.4 milliouries of Cobalt 60 as & sealed source

- (TPechnical Oparations, Custom),

De 20 milliouries of Cobalt 60 as a sealed source
(Technical Operations, Custom), all to be used
for testing sensitivity of photographic emulsions
t0 gamma rayse

CONDITIONSs #11-The licensee shall oomply with the provisions of Title
10, Part 20, Code of Federal Regulations, Chapter 1, *3tandards for
Protection Against Radiation.” #12-Byproduct material shall be used
by, or under the direct supervision of, V. G. MoIninch, #13-Byproduct

(GORT!'D)

6. Inspection findings (and items of noncompliance)

Eastman Kodak Company employs approximately 22000 persons at the Kodak Park Works
in Rochester, Approximately 30 persons work with byproduot material which is
utilized for film oalibration, ressarch and development. The inspection covered
organisation and administration, byproduct naterial, facilities and scope of
operations, instrumentation and salibration, radiological safety precautions and
procedures, prooursment, waste dispossl, and records. During the coursze of the
inspection the following items of moncompliance were observed:
._EOQM! -!
‘Condition 12 of Liocense -3 R ; " o

« in that the licenses permitied work with byproduct material

to be supervised by E. V. Junker when the only user authorized

by this condition was on vaocation, (See item 10 of the report

details,) P co Lo
‘Condition 143 of Licenss =3 BN R

« in that the licenses had not conducted leak tests of the

sealed Co-60 sources: held under this license at 6 month intervals.

(See 1tem 130 of the report details.) 4 |
7. Date of last previous inspection :

8. Ts “Company Confidential” information contained in this report? Yes & No 0
. (Specify page(s) snd patagraph(s)) -t . - S

5 the feverse of this form using foot to head
ing “‘Continuéd” on the face of form under

w,-'faau'-a' U. §. GOVERNMENY PRINTING OFFICL

 format, leavinglsu
sppropriate item. .

SEPARATA'COVERING MEMQRANDUM -~



ITEM 5 (CONT'D)

license Ko,

31-4t1e3

Date Exp. Date
6/23/60 6/30/62

amend., 6 (amended in its entirety)

CONDITIONS: continued-
material as sealed sources shall not be opened. #lié-Each
sealed source containing Cobalt 60 shall be teated for leakage
and/or contamination in accordance with the followings

A,

B,

C.

D.

E.

An aporopriate test for leaka:e and/or contamination
shell be performed on the sealed source surface,

or on the accessible surfaces of the device in

which such a sealed source is permanently or
semipermanently mounted. The test shall be performed
upon receipt of a source from another person, unless
the licensee receives certification from the person
making the transfer that the sealed source had

been tested within thirty (30) days prior to transfer
and found free of any removable radiocactive material,

Following completion of the test prescribed in

A, each sealed source shall be tested for leakage
and/or contamination at intervals not to excced
six (6) months.

The test performed pursuant to A or B shall be
sufficiently sensitive to detect 0,05 microcuries
of removable beta and/or gamma emitting radioactive
material. Records of Leak test results shall

be maintained by the licensee.

If the test performed pursuant to A or B reveals
removable radioactive material, the licenses

shall take immediate action to prevent spread of
contanination and shall notify the Isotopes Branch,
Division of Licensing and Regulation, U, 8. Atomic
Energy Commission, Washington 25, D. C. within
thirty (30) days after completion of the test.

Repair of sources shall be performed by the
manufacturers of the sources or by persons specifically
licensed by the Commission to perform such repairs.

#25-Except as provided otherwise by this license, the licensee
shall possess and use byproduct wmaterial described in Items 6,
7 and 8 of this license in accordance with statements,
representations, and procedures contained in his application
dated May 10, 1960,

31-461-5

1/1/60 7/31/62

amena. 7 (amended in its entireiy)

SCOPE:s

Ae 2 millicuries of Silver-110 in any form for use
in studying the extent of physical development
under normal development conditions.
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ITEM 5 (CONT!'D)

Bs 1 millicurie of Carbon-l4 in any form for
use in studying the orientation of stearic
acid molecules on metal surfaces;

Ce 25 millicuries of Sulfur-35 in any form for
use in studying fundamental photographic
proCesses,

Ds 20 millicuries of Iodine-131 in any form
to be used for the determination of the mass
of eilver in developed spots on photographic
films,

E., 3 millicuries of Iron-59 in any form for use
in studying the distribution of iron in the
"zono refining" of silver chloride.

CORDITIONS: #ll-The licensee shall comply with the provisions

of Title 10, Part 20, Code of Federal Regulations, Chapter 1,
"Standards for Protection Against Radiation". #l2-Byproduct
materials shall be used by, or under the supervision of, A, E.
Ballard, or Carl W. Zuehlke. #13~-Byproduct material shall not
be uscd in products distributed to the public. #l4-Except

as specifically provided otherwise by this license, the
licensee shall possess and use byproduct material described
in Items 6, 7 and 8 of this license in accordance with
statements, representations, and procedures contained in his
application dated June 28, 1960, and applications dated
September 10, 1956, December 4, 1957, March 24, 1958, August
19, 1358,

ITEM 6 (CONT'D)

20.203 "Caution ei;ns, labels and signals®

()

(e)

(£)(1)

(£)(4)

- in that an area within the ®ank, designated as D-35,
within which a person can receive a dose to the

whole body in excess of 5 millrem, was not posted

28 required by this sectioh. (See item 11B of the
report details.)

« in that an area within the tank, designated D-35,
wvithin which a person can receive a whole body dose
in excess of 100 millrem in any one hour, was not
posted as required by this section., (See item 11B
of the report details.)

-~ in that a containern within which was stored 14
millicuries of Co-60, was labeled with the words,
"Danger - Radlation Hazard" and the standard radiation
symbol, but was not labeled with the words, "Radioactive
Material®. (See item 11B of the report details.)

- in that the 2 containers within which were stored
a 100 mc Co-60 sealed source and a 14 mc Co-60
sealed source were not labeled with the date on
which this activity had been assayed. (This item
was corrected in the presence of the inspector.)
(See section 11B of the report details,)

(f)(l&h) - in that the storage well within which was stored

5 ¢ of Co-60 bore no label of any kind., (See item
11B of the report details.)
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ITEM 6 (CONT'D)

Liocense =5

Section 20,203 ‘
(£)(4) - in that the glove box within which was stored
0.5 mc of Fe-59, although labeled with the words,
"Caution - Radiocactive Material” and the stundard
radiation symbol, do not bare a statement of the
kind, quantity or date of assay of the material
within it, (See item 11B of the report details.)

Although work conducted under License -4 was not inspected, the following
iten of noncompliance, involving material held under this license, was
observed:

Section 20,203 “Caution signs, labels and signals”

(£){(1&4) - in that the 2 containers within each of which
was stored a 10 mc sealed Co-60 source, woere not
labeled with the standard radiation eymbol, the
words, "Caution - Radicaotive Material" or a
statement of the kind, quantity and date of assay
of the material contained. (See item 11B of the
report details.)



9.

10.

PART 30 IN3PECTION

EASTMAN KODAK COMPANY
Xodak Park Works
Rochester 4, New York

Date of Inspection: April 19, 1961 (Announced Reinspection)

Persons Accompanying Inspectors
None (State Department of Labor notified but unable to attend)

Persons Contacteds

Dr. Charles Fordyce, Technical Ausistent to the General Manager
Mr. BE. W. Junker, Film Test Division, Radiation Safety Supervisor
Ge L. Molninoh, Senior Development Engineer

Ray Miller, Senlor Chemist

Richard Scherberger, Industrial Hygienist

Dr. W, L, Sutton, Plant Physician, Radiation Safety Officer

DETAILS

Previous Inspection Activities

An initial inspection of the licensee was conducted on April 28,
1958, A reinspection was conduoted on Jgrly 30, 1959. During the
course of the reinspection no items of noncompliance related to
these two licenses were observed,

Orgenization and Administration

Byproduct material held under License -3 is used exclusively by

the Film Test Division which 1s headed by H., R, Sprental. Cprental
reports to R. M. Wilson, Manager of Filam Manufacturing, who in

turn reports to the Vice President and General Manager of the Kodak
Park Works, Clarence Wynd, G. L. McIninch, Senior Development ZInginee=n
in the Film Test Division, direetly supervises work with byproduct
materiale Mr. E. W. Junker, is the Department Radiation Salety
Supcrvisor. Eight persons actually work with byproduct material

in such a manner as to be exvnosed to dose rates in excecs of 0.5
mr/hr. The names of these persons and their years of experience
with byproduct material are listed as Exhibit "A".

Byproduct material held under License =5 is used in the Analytical
Chemistry Department which is headed by Dr. C. W. Zuehlke. Zuehlke
reports to C. J. Stout, Director and Vice President of the Company.
Stout confers with Wynd on mattere relating to radiation safety.
Ray Miller, Senior Chemist, uees byproduct material under the
direction of Zuehlke, H. N. Clear, servaes in the capacity of
Radiation Safety Supervisor for the Department. Dr. H. 8Spencer,

a Researoh Chemist and Mr. Barry Blackburn, a Technician also use
bjpavauss matariul in the lsaliylical Chealsisy Depuriwent, under
the direct supervision of Zuehlke. Condition 12'of License -5 reads,
“Byproduct materials shall be used by, or under the supervision

of, A, E, Ballard, or Carl W. Zuehlke." Training and experience
of these users are also found in Exhibit "A".

Condition 12 of License -3 reads, "Byproduct material shall be used
by or under the direct supervision of V. G. MoIninch."



Junker stated that McIninch,as always,supervised the used material

under this license except for a period of two or three weexs when

he was on vacation. Junker stated that he supervised work with licensed
material during this period.

Radiation safety activities are centered in the Medical Department
which is directed by Dr. J., H. Sternsr, Dr. ¥W. L. Sutton reports

to Sterner and is responsible for the radiation protection program.
Under Sutton's supervision two industrial hygienists, R. F. Scherberger
and Frank A, Miller provide hesalth physics services., Training and
experience of Sutton, Scherberger and Miller appear in Exhibit “aA",

A radiation protection committee for the Kodak Park Works meets from
4 to 5 times a year end includes the following members:

Dr, Fassett

Dr. Sutton

Dr. Charlea Fordyce
Dr. Julian Webbd

Mr, James lLees

This ocommittee serves in an advisory capacity and passes on all new
isotope uses and major changes in byproduct material applications,

1l. Byproduct Material, Pacilities and Scope of Operations

A. The following table presents information on the byproduct
material on hand at the time of the inspection. 4pplicable
license limits are also included for reference:

isotoge QActiYitx[Forml On Hand Activity/Form) Authorized
License ~3
Co-60 Less than 100 mo/sealed T.0. 100 mo/sealed T.O.
No. SK=T47 No S5K-T47
Co=60 5 o/sealed ORNL 14 c/sealed ORNL
Co-60 less than 7.4 mc/sealed T.O. 7.4 mc/sealed T.0. )
' custon custon
Co-60 14 mc/sealed T.0. custom 20 mc/sealed T.O. custom
License =95
Ag~-110 .886 MC 2 mo/any
C-14 1 mo ' 1 mc/any
8«35 13,1 moc 25 mc/any

Fe-59 .5 me . 3 mc/any
B, .Scgope of Operations '
License -3

The use of byproduct material under License -3 can be divided
into 3 categories:



1) A radiation source sealed within an automatic/gamma
ray sensitometer.

2) A large calibration source for film standardization.

3) Replacement sources for the sensitometer and sources
for cocasional film standardization,

Csmma Ray Sensitometer

The 7.4 me Co-60 source is sealed within ah autonatic
isamma ray sensitometer whose deaign and function are fully
desoribed in Exhibit "B, The design and cperation of
this device assure that the person using it can not be
exposed to dose rates in excess of 0.0%mr/hr and further
can not remove the source or shielding, The machine is
used by at least 40 persons and is operated almost every
day .

The sensitometer is stored in Room 630-11 of building 6A.

The device was labeled with a standard symbol with the

words, "Caution ~ Radioactive Material" and a statement

of the kind, quantity ahd date of assay of the material
contained, In addition, the room was posted with a sign
bearing the standard radiation symbol and the words, "Caution -
Radioactive Material®, It was also observed that & copy of
Form AEC-3 was posted on the wall of this room.

Calibration Source

The 5 ¢ Co~60 source is the only source generally used

for film calibration. It is attached to a wire cable and

is stored in a well which extends 16 feet below ground level,
The well is located in the center of a large metal tank
whioh is identified as D-35., A drawing of this tank ie
included as Exhibit "C". The door providing access to this
tank is locked:a4nd_Junker is in charge of the key. A
concrete wall 30" thick and 8 feet high is mounted just
inside the access doorwaye. Controls are mounted on the
doorway side of this wall which permit the operator to raise
the source from its storage well without being exposed to
high radiation levels. A 3" thick lead plug, which is alse
sttached to the cable seals the storage well mouth when

the source has been lowered into it., The device for raising
the sourde is interlocked with a.steel mesh door which
prevents access to the high radiation field within the tank.
Thus, it is impossible to 1lift the source from the well if
the door leading to the radiation ares is opened and it is
impossible to open the door when the source is in the
unshielded position. However, as noted in Exhibit "C" it

is possible for a man to orawl, with some difficuliy,through
an opening, between the other end of the concrete wall and
the tank side, which leads into the hish radiation area,
There was no label attached to the 5 ¢ source or its contrel
cable. No dose rate above background wee observed on the
shieided top of the source storage well,

Established procedures rcquire that in order to use this
source one must:obtain permission from Junker and McIninch
and sign a logbook before obteining the key to the access



-l

doorway. An sutomatié:. timing device which is started and
stopped by movement of the source cable is used to record
the length of time that the source is exposed., This time
must also be recordsd in the use log when the key is returned.
Finally, before the key is givento the user, Junker also
assigns him a pocket dosimeter, ‘and when the key is returned
the user is required to enter the dosimeter reading in the
source use log. The names in Exhibit "A" that are marked
with an asterisk are those of persons who have used the 5 ¢
source for the past 2 years. These names were obtained

from the source use log.

A 100 mc Co-60 source and a 14 mc Co-60 sourece, both held
under License -3 were stored in 2 boxes inside D-35. The
container, within which the 100 me¢ source was stored, bore

8 lable which displayed the standard radiation symbol, the
words, "Caution - Radioactive iaterial" and a statement of

the kind, and quantity of material ocontained. However, no

date of assay had been entered. The proper date was added

to this ladel in the presence of the inspector. 4 dose rate

of 5 mr/hr wes observed on a Juno held 1 foot from the storage
container. The container within which the 14 me Co-60 source
wag stored bore a label displaying the standard radiation
symbol and the words, “Danger -~ Radiation Hazard"., In addition,
entries had been made listing the kind and quantity of material
in the container. No date of assay had been entered., In

the presence of the inspector, the date of assay was added

to this label, A dose rate of 10 mr/hr was observed on the
Juno held 1 foot from this container,.

Two 10 mo, sealed Co-60 sources in separate containers were
also stored in D-35. These sources were being held under
License 31-461-4. A Juno held 1 foot from each container
indicated a dose rate of 15 mr/hr., Each of these 2 containers
was: not posted with the standard radiation symbol or the
words, “Caution - Radioactive Material", In addition, there
wvas no statement of the kind, quantity or date of assay of
the materiasl contained on either coantainer.

The door to D-35 was posted with a sign bearing the standard
radiation symbol and words, "Caution - Radioactive iHaterial”.
In addition, a copy of Form AEC-3 was posted on the operator's
side of the concrete wall. It waes noted however, that signs
bearing the words, "Caution - Radiation Area” and "Caution =
High Radiation Area”, had not been postec incgpite of the fact
that measurements with a Juno revealed dose rates of from 5

to 7 mr/hr behind the concrete wall and 25 mr/hr at contact
when the interlocked doorway when the 5 ¢ source was unshielded.
The source use log book showed the source to have been exvosed
for periods greater than 1 hour. The location of sources,
signs and measured dose rates are indicated in Exhibit "C".

License -5

Materials held under License -5 are used as tracers in following
chemical processes. The table belov summarizes the gquantity
used per experiment and the frequency of uese of material on
hands

Isotops Quantity Used Per Experiment Frequency of Use
Ag~110 10 uec Uged steadily, 2 experiments

per week,
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Isotope

C-14

3=35

Pe-59

Quantity Used Per Experiment

30 ue

1l eo

Freguenoy of Use

Hes not been used for
1 year,

Used steadily, 2
experiments per week.

Experiment lasts 3 months
only one experiment done.

411 of the above material, with the exception of Fe~59, was stored
in containers that bore labels displaying the standard radiation
symbol, and the words, "Caution - Radioactive Materiel" and”

a statement of the kind, quantity and date of assay of the
material within. The glove box within which the .5 mc and

Pe-59 were stored bore a label displaying the standard radiation
symbol, and the words, "Caution - Radioactive Material'.

However, there was no statement of the kind, gquantity and date

of assay of this material.
glove box label in the presence of the inspector.

This information was addied to the

Al)l of the material held under License -5 is stored and used

in an isotope laboratory on the second floor of building 54.

This laboratory is designated as room 214 and is locked when

not attended by persons who normally work with licensed material.
It was noted by the inspector that the door to the laboratory
was posted with a sign bearings the standard radiation symbol

and the words, “Caution - Radiocactive Material.

Condition 13 of License =3 reads, "Byproduoct material as

sealed sources shall not be openedy.

Sutton reported that

byproduct material as sealed sources had never been opened.

Condition 13 of License <5 reads, "Byproduet material shall

not be used in producte distributed to the public”,

Sutton

stated that byproduct material held under this license has
never been used in productes distributed to the pudlic.

Inatruments

The following instruments were on hand at the time of the inspections

Instrument

(Instruments held at
Industrial Hygiene Office
for use ggﬁregq;red.j

2 GH survey instruments

1 Ionization chamber survey

instrument

1 Cutie Ple

1 Alphs survey meter

Manufacturer

Ruclear Chicago

Jordan

Nuclsear Chicago

Victoreen

Model

2612

ACB 105R (contains

i @e Sr=y0 caiibration
source)

2586

356
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Instrument Manufacturer Model
Condenser R meter Victoreen
1 count rate meter Nuclear Chicago 1620 A

1 soaler (with thin window
and windowless proportional
ocountexr chambers) Nuclear Chicago 186

Instruments st lIsotope Lab)

1 count rate meter (with thin
window GM tube) Eberline _ RM3

1 GM survey instrument Nuclear Chicago 2612

Scaler (with GM tube or
proportional chamber) Tracerlab

One utility scaler (with
GM tube and proportional chamber) Tracerlab

Sutton reported that all portable survey instruments have been
calibrated against a 20 milligram redium source. He stated that
this calibration took place in Pebruary 1961, and that it was the

only calibration that had been done. Scalers are regularly checked

with generally licensed sources.

‘Radiological Safety Precautions and Procedures

4. Instructions

Sutton reported that the company relies on on-the-job
training to assureg that all persons who work with radioactive
material receivef adequate instruction., In addition,
Sherber, Junker and Clear have received three hour sessions
of lectures in radiation safety. These lectures, which were
given by Sutton, covered bioclogical effects of radiation,
instrumentation and its uee, and the operation of the Kodak
Radlation Protection Progranm.

B. Surveys

Sutton reported that surveys are conducted on a regularly
scheduled basis as well as whenever the work requires them.
Material held under Licenses -3&5 is surveyed at least &4
times a year. In addition, each new source is surveyed upon
receipt and when it is put into use. On-the-jod surveys are
also conducted as required. Acoording to Sutton, these

surveys include dose rate measurements and contamination checks.

Sutton displayed records of surveys covering the period from
198€ 45 +hg prezont.  In sech czzs, gurveys Lhad beesn wads
under the most adverse conditions. The records were reviewed
by the inspector and were found to contain information on

the surveyor, the method of oonducting the survey, the date,

and the radiation levels observed.

Cs Leak Testi

All sealed sources held under License -3 had been received



14,

before the date that a leak testing requirement was added

to the liocense. ‘e first reference to leak testing appears
in Condition 14 of Amendment 6 of the license, which was
issued on June 23, 1960, The Xodak leak test records
indicate that 3 of the sealed Co-60 sources (7.4 mec, 20 mec
and 100 mc) were leak tested on March 8, 1961. The rscords
further showed that the 5 ¢ Co-60 source was leak tested on
Pebruary 23, 1961.

The inspector pointed out that the leak testing of sealed
Co-60 sources is required at 6 month intervals. Sutton
stated that it was Kodak's intention to leak teat on a

6 month schedule but that, through an oversight, slightly
moye than 6 monthes had elapsed before the first leak test
vas oonducted.

Leak testing of byproduct material held under License -5 1is
not required,

D. Personnel Monitoring

Personnel monitoring is accomplished through the use of

film badges. The badges are supplied and evaluated by Kodake.
Badges worn when material held under License -5 is used,

are changed only once every 5 or 6 months, Badges used for
operations with material held under license -3 are changed
monthly. The disadvantages involved in using film badges
for long periods of time (possibly of damage, exposure to
moisture, excess heat, eto) were fully discussed with Sutton.

Sutton displayed records of film badge evaluation covering
the period from 1958 to the present. These records were
reviewed by the inspeoctor. No overexposures were observed.
The majority of exposures were reported as minimal.

Procurement Procedures, contgg; and Procurement Records

Sutton reported that he reviews and approves all orders for byproduct
material and assures that license limits are not exceeded. 4in
established company procedure assures that Sutton is notified when
byproduct material is received. Packages sontaining byproduct material
are not opened unless Sutton has given permission for this to be

done.

Sutton reported that records of the receipt of byproduct material
have been regularly maintained since before 1956, He displayed
records covering the period from 1959 to the date of this inspection.
These records werereviewed by the inspector and were found to
include information on the date, supplier, isotope and quantity of
the material received. In no instance of the receipt of quantities
of byproduct material in excess of those authorized, was observed

by the inspector,

VP chie ML e mmm 3 1
‘ate Zic-ossl aund Disposz) Rosaerds

Byproduct material is disposed of in 3 wayss
1) Use of the sanitary sewer system
2) Transfer to ORNL : ’
3) By burial at a reserved site within the area occupied
by the company

Sutton reported that records of disposal have been kept since 1356.
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He displayed records covering the years 1959, 1960 and 1961. These
records were reviewed by the inepector and were found to contain
information on the date of disposal, quantity of material disposed

of, isotope method of disvosal, and the person performing the disposal.
No case of the disposal of gquantities in excess of these listed in
Part 20 were observed,
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An Automatic Gamma-Ray Sensitometer
Using Cobalt-60 Foil Sources

V. G. Mclninch, Film Testing Division, anp H. M. CLEARE,
Research Laboruotories. Eastman Kodak Company, Rochester, N. Y.

A sensitometer is described for exposing film between lead-fail intensifying screens in a four-

step sensitometric series, using thin cobalt-60 foils as the radioactive sources.

With source cc-

tivities totoling about 7 millicuries, exposure times for industriai-type x-ray film range from 10 to
200 sec. Film samples in lead-screen cassettes are stacked in a hopper oulside the source
shielding. From the hopper they are outomatically transported tc the exposing position in se-
quence, exposed, and discharged outside the shielding.  Shielding is sufficient 3o reduce the radi-

otion to a foctor of two or three above background.
the sensitometer is also presented.

In the guality-control testing of x-ray emulsions, the
Film Testing Division of Eastman Xodak Company
utilizes exposures from a variety of x-ray and radio-
active sources. One type of test involves obtaining
a sensitometitic series of exposures to gamma radia-
tion typical of that used in the field of industrial radi-
ography. In such radiography, the film is usually
exposed while sandwiched between lead-foil intensi-
fying screens. From the sensitometric exposure
series, the characteristic curve of the emulsion sam-
ple, and hence speed, contrast, ete., for this type of
application, is obtained.

For many vears. such an exposure series was ruade
by modulating the radiation from a radium source
with lead step tablets.! A variety of systems, in-
cluding time-seale and multi-source intensity-scale
exposure wethods. as well as step-tablet modulation
have beeu repurted by othera for similar purposes.””?
in general, snch methods require either exposure
times of several hours using sources of low enouzh
activity for safe and easy manipulation, or extensive
shirld ag and safety precautions with sources of
sulcient activity to yield adeguate exposure in a
short time. Space requirements and radiation-
scatter problems frequently make shielding with ab-
sorbing materials impwractical. Distance may be
substituted for shielding but it then becomes neces-
sary to vonduoet the exposures in focations incon-
veniently remote from personnei-orcupied or filin-
storaye dreas.

Vyrwanted st 1be Mutiona! Conference. Uhicago, 27 Octoler 1954,

mpmunication Na 2047 fron the Kodok Rumerreh Talboratarion, oo

coived 2 Bmober 1944,

o VoG Muolninch and 8.0 W. Poor. uopartichad duta, Fudvn Tes myg
Divison, Kouah Furk Wi as, Eastman Kodak €0, 1417

2. 1 P . doros, Phot. Eng , 8 167 7 1935),

3. WG Brvoduna, 10 Penes, aa T Heb asd, P20 50 & ne
Te 9 (10573,
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The mathematicol theory of the design of

With the large increase in recent years of industrial
radiography using high-energy x- and gamma-rays,
the development of a more convenient testing facility
which would not invelve long delays for exposure
became necessary. The principal specifications for
this development were: (1) expoeure times not to
exceed 1 hr for the slowest emulsions to be tested;
(2) operation sufficiently automatic that an operator
is not required in constant attendance; (3} radiation
shielding sufficient to permit lovation of the device
relatively near film-storage areas in the same labora-
torv as other equiprment iavaelved in testing these
tvpes of tlm. 'This last specification led to the
choice of 0.7 milliroentgen per hour as a design ob-
jective for the maximum radistion jeakage cutside
the shielding. With regard to personnel safety., this
ieakage figure limiis marximum possible radiation
Josage to at least s factor of 10 below applicable
Iiinits recomraended by the National ('ummittee on
Yadiation Protection.

Sensitometer Design Frinciples

If the requirement of a shori exposurs time
were fo be siutisfied by simply increasing the source
strengith, the aensitometer would require some 40
curiss of cobalt-fH2 and tons of shuelding. Such a
methed of providing a sensiiometric exj.osure series
is an exceedingly inefficient wemns of utibzing the
radiation flux emitted by a source sites less than
0,10, of the fiux renches the required exposuwre area
of the film. 'The remaining 93.9+ 7. must be ab-
aorbed in massive shielding wiihant contributing to
the expozure.

1 exposures can be made with the il Ul intimate
contar, with the radinnesive source, then necriyv
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balf of the available radiation flux reaches the filtm.*
Consequently, a much smalier source can be used
and the sbielding problems are considerably simpli-
fiad.

A pumber of systems for preducing a sensito-
metric exposure series or continuous “wedge’’ ex-
posure by placing the film very near a distributed
scurce were analyzed mathematically. Both linear
and planar sources were considered with various
relative film and/or source motions. Severa! of
theee systeras may have been workable but most of
them involved complex mechanical systems for pro-
ducing the relative source-film motion.

The least complicated design, finally selocted, uses

& separate planar source for each step of an intensity-
scalo exposure series. Tbeﬁhntobeexposedis
sandwiched between lead-foil intensifying screens
and rapidly brought into as close contact as practical
with the sources. The film is held in this position for
the duration of the efposure and then rapidly rs-
tracted to terminate the exposure.t

The sources must be spaced 8o that radiation from
one source does not appreciably affect the exposure
of film areas over adjacent sources. Thus, only a
limited number of steps of an exposurs series can be
obtained on a reasonable-size film sample. Ad-
ditional steps, however, can be obtained by exposing
additional samples for other times. This procedure
is valid since, unlike light exposure, there is no reci-
procity failure or intermittency effact with x- or
gamma-rays at all exposure levels below that re-
quired for reversal.** Thus, either an intensity-
scale or time-scale exposure series, or a mirxture of
the two, can be used without materialty affecting
the resuits.

Also, at least for practical radiographic purposes,
the sensitometric-curve shape, except for placement
along the log exposure axis (speed), is independent
of the x- or gamma-ray source used for exposure.
Therefore, curve shape can be obtained from an
X-ray exposure (a more readily modulated source of
ioniring radiation), and the exposure to the gamma-
ray sources can be used to establish speed, thus com-
pletely defining the sensitometric curve of the film
for the gamma-ray source in question. The validity
of this procedure has been verified by Newton et al.¢t
*

%nﬂmﬁhlm.&ndﬁﬁmﬂukmundmmt‘um
-d.&tMmihdwm&ntdmﬁtnghoIomi-ianinmth
IR ) .

)dhd!ht,unﬂhlﬁght,xﬂdhtbnwpmnehwmhaomﬁng
s} graine are cxposed throughout the volume of the mylsion. 1
tb.oo&.h'do-notbolddﬂsxforthnm-nyomduuufwtb
Gin a8 a receiver.

;A hat similar dt s describod by Branderas et al.:
MMwwﬁywthyﬂmﬁ-

axl im eethed of eaxpesure.

4. M. Elrlich and W. L. McLacghlia, J. Opt. Soc. Amer., 46: 797 (1968).

5 3. Bdelich, ibid., 803,

6. 3. A Newiow W. R. Must, and K. W. Jouker, unpublished data, Fiim
MMMP»&WO.MMMC«. 1957,
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and is in agreement with work done by Tochilin et
al” and more recently by Splettstosser and See-
mann.?

Design Censiderations

In order to determine the source diameter, ac-
tivity, spacing from the film and from adjacent
sources, etc., the radiation field equation near a
Plane-circular source was derived mathematicaily
(see Appendix I). This equation has been derived
previously by others.* It is assumed that the source
is of zero thickness. Since a practical source can
only approximate this condition, the equation for a
source in the form of a right cireular cylinder was
also derived. Tbe general case for the radiation
field near suck a source cannot readily be expremssed
in closed form. However, the 8pecial case of the
intensity along the axis of the cylinder was derived
and evaluated (see Appendix II). For thin sources
such a3 thoee used in the final sensitometer, the
assumption that the source could be considered as a
plane was found to be valid within a few percent for
the inteusities along the axis of the cylinder.

Figure 1 illustrates the calculated distribution of
intensity, normzlized for a source of radius (2), at
the fibn plane as a function of distance (b) from the
axis of the source. The four curves are for different
source-to-film distances (h). The curves are nor-
malized 8o that they are applicable to various source
radii, source-to-film distances, displacements from
the axis, and source activities (gr).

Most x-ray films exposed in this sensitometer are
coated with an emulsion on each side of the film
support. ing a source-to-film distance of
0.015 in., the exulsion adjacent to the source re-
ceives approximately 1.2 times as much exposeure as
the more distant emulsion. This difference in ex-
posure will produce a sensitometric curve shape that
is slightly different from that obtained by exposing
each emulsion equally, because of the nonlinear
relationship between exposure and density. This
results in an error of only about 1 % in determining
the gamma-ray speed of the radiographic films.

The following specifications were used with the
derived equations to determine required scurce
dimensions and placement:

1. The film-tr-source distance should be 0.015
in. to allow space for a lead-foil intensifying screen
in contact with the film, an abiasion-resistant cover
on the lead screen on the side toward the source,
and a protective cover over the radioactive material.

2. With a uniformly distributed sourcs, the ex-
posure of the film should be uniform to within *19,
over a 0.25-in. diameter area in ths center of the ex-
posed region.

7. E. Tochilin, B. W. Skumway, and G. D. Kohler, Rodiatien Res.,
4: 467 (1858).

8. H. R. Splettstomer and H. E. Seaarn, anpublished data, Research
Laborstoriss, Eastman Kodek Co., 1859.

9. W.V.Maynearc, Brit.J. Radiol., 8 675 (29382).
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Fig. 1. Rodioton distribution about o thin disk of uniformiy emiting
radicactive material. The normclized intermity vs. distance from the
axis of the source ks plotted for four rotios of balght-to-source radius
{h/a). The rodiaion fleid I symmotrictl sbout e axis of the source
{b/a = 0). (The equation is derived in Appeadia 1}

3. Radiation reaching this 0.26-in. diameter area
from adjacent sources should contribute less than 1 %
to the exposure.

4. Adjacent sources should produce exposures
differing by a factor of 2.

5. The most active of the four sources should pro-
duce sufficient exposure in 10 sec with lesd screens,
to develop to a density of 3.0 on the most sensitive
x-ray films.

To satisfy all theee specifications, the sources must
be at least 0.72 in. in diameter, the center-to-center
spacing of adjacent scurces must be at least 1.85 in.,
and the most active source requires 3.9 millicuries
of cobalt-60.

Source Bar and Shielding -

&nra2dwwstheﬁnalmadz’meutﬂiﬁngfour
wources, in a design fully meeting the requirements
for short exposure times and safe, automatic opera-
tion in an oecupisd area.

The sources cousist of either circular foils or
eloctroplatings of cobalt-60, 0.75 in. in diameter and
0.001 in. or jess in thickness, sealed ia a stainless-
steel bar, as shown in Fig. 3. They are spaced 2 in.
apart oa centers and in contact with 0.005-i.-thick

S“:H;‘.T
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Fig. 2. Cobalt-6C serliometer.

stainless-strel “‘windows’” in the face of the bar.
The total activity of these sources is a little more
than 7 millicuries, distributed in the ratios 1 :2:4:8,
i.e., each source differs from adjacent ones by a factor
of 2.

This source bar was made to specification, loaded,
and sealed by Technical Operations, Inc., Burling-
ton, Masa. It is mounted on a tungsten alloy
(Heavimet) cylinder in a steel-jacketed lead cun-
tainer (Fig. 4;, which serves both as shipping con-
tainer and as part of the shielding of the complete
instrument. For shipment, the source bar is rotated
away from the container opening, as in Fig. 4, 80
that the Heavinet cylinder shields the opening.

Fig. 3. Cobolt-60 source Sor. The bar ond plugs ors made of
Hubdoss voci.  The fouwr crbol-60 swrces ore eitier feils o5 shown
or thin slectrog!atings.

o e

Y
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Cassette-Transport Mechanism

‘The cassettes containing film samples are manually
loaded, window side up, in the feed hopper (see
Fig. 5), in ba#ches of 50 or less. When the aensi-
tometer s started, the bottom cassetis is tranaported
by a pneumatically driven carriage through the feed
channel in the shielding and positioned on the plat-
form of an elevator mechanism. This elevator is
driven to three positions by two pneumatic cylinders
in series. From the loed (central) position it lifts
the cassette about 2 in. to press it againat the source
bar and cleoses a switch to start a timer (top of Fig. 2)
which has been praset by the operater. At the snd

s SRR

PS&E Yol 4, 1760

B3. 7. Yiew of semsitometer wih upper shisldhg,
shipoing contctiner, feed hopper, and table top re-
moved. Corricge b shown pusiing o cossatts towa:rd
the slsvatr pletform, Two additlons! cosseties are
in the hopper position.

Fia. 8. Cosnsette in exposing position ogainet o dommy
sowrce bor which k& mowsted In normel position om o

temporory oligrment fig. The corriogs Is retrocted for
picking up the next comette from hopper posithon.

of this preset time, both cylinders of the elevator
mechanism reteact, lowering the casaette to a point
below the loading position where a cam pushes it off
the elevator platform into the ejection chute through
which it dischargesa to a catch bin outside the shield-
ing. The discharge action also resets the timer and
starts a repeat cycle with the next cassette. The
machire continues to cycle automatically until the
iast cassette in the feed hopper has been discharged.
1f desired, additional camsettes for the same exposmwe
time may be added at any time until the hopper is
full. Figures 7, 8, and 9 sbhow the machine with
sections of the shielding removed to expose the trans-
port mechaniem.
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fig. 2. Pneumatic cvlinders, Himit twitches, ond colled {Aoxinin) nir
and elactrical lines of the elevator mechonism ai semn by 1eamoving
service acceis ponel in the lowar shierd'ng.

Sequence Control and Electrical Circuit

The compreased-air supply to the three double-
acting preumaiic cylinders, which power the mea-
chanical metions for transperting and positioning the
film cassettes, 18 controllad by solenoid valvas in the
electrical circuit shown in Fig. 10. The control
elements in this circuii are the manual start
stop buttons the presct timer, and limit switches
mechanically operated by thz pneumatic cvlinders
near the ends of their strokes The operntion is
strictlv sequential in that each phase of the cycle is
dependent o1 completion of the preceding ore,
Table 1. a1 the next column, lists the control switches
in sequence oi operation, along with their mode of
sctuation and the function controiied.

With the air-pressure regulator set at 35 psi. the
operating time for a complete cyvle is about 3.6 sec
plas the exposing tire,

The exposure fimer it a freed Transformer Co.
sleciromizounting-type preset timer, utilizing 60-
eycle line frequency aa the timing base. Five decade
selector switches on the timer pancl permit setting
the timed intorzal in 0.i-sec increments from 0.1
to 10,000 sec. 1t 8 automatically reset at the end
of a cycle by tae seguential oneration of lim't awiteh
S3a and relay contact C3 ns the cpssette eluva, na
reach down (discharge) position.
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Fig. 10.  3Schemotic diagram of electrical controt circuit.

TABLE |
‘watch ()perdwd hy E .mctxon cont.rolled
Mam Ovperator Er.erglzes circuit
81.82 Cassette in hopper Enables siart circuit
S3s Bnth elevator cylin-  Rereta 11nor
ders down
330 Both clevator evlin-  Enables star: sircuit
dera Jown
S1 Elevator cyiinder 2 FExaplas start circuit
down
Start Gperator Starts elevator cylinder
1 up
35 Elevator cylinder 1 Starts carriage in
up {Movea cusseits to
elevater platform)
56 Carriage in Starts carriage ont
€74, 87b  Carriege out Starts elevator % up
(Moves cassetie tn
CLPOEC pokition)
S8 Elevator cylinder 2 Siarts timer
nop
T Timer at preset time Starts elevators down

(Discharges cassette)
S3a. 33b. Both elevator cylin-  Siarts cycle repeat
S4 ders down
b..nn Operator soptional) Prevents cv- 'e re pez»t

Nozes. Timer i8 reset. by 8 momantary ¢ pv " in reset
circuit.
‘I'imer operates when start circuit is open.

Radiuticn Protection During Mainienance

Tre coruplete carriage mechaniam is mounted on
an easily removed plate which projects into the feed
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chumnml.  Remnval of this plate provides an opening
large enovgh for the sertion of a 1.25-in.-thick
Heavimet siab to block 5T radiation from the
elevator-meachanism space. This permits removal
of the service panel in the lower rhisiding for sccese
to the =iszvator mechanism without chance of ex-
posure tu aimormal radiation levels, The complats
sievator mechaniem is also mounted on a single plate
which may be removed thmugh the opening pro-
vided by removal of the service paael.

It ie anticipnted that the cobalt-B0 sources will be
renewed when they have decayed to about balf their
initial activity (after 5 vears). To avoid a long
“down time’ tor the sensitometcr while new sourcea
are baing installed, a second shipping-container
asremably was built which can be loaded in advance
with the new source ber. The exchange can then be
mmade with & down tiroe of an little as 1 hr.  The old
source bar, in its shipping container, may then be
returned to the supplier for dispoaal and reloading es
required.

Source Calibration

A photographic photometry method was used to
ralibrate the effective exposures produced at the ex-
posure plane in the sensitometer. A conventional
radiogrartic cobalt-60 capsule, certified as to
gamma-ray intensity by the National Bureau eof
Standards, was used as the reference source. The
photographic medium used was a speciaily selected
and seasoned coating of Kodak Industrial X-ray
Film, T'ype AA.

Under careiully controlied conditions, samples of
the film ware exposed to the reference aource, to the
sources in the cobalt-60 sensitometer. and to 80-kv
x-rave jn 2 20-step time-scale sensitometer. All
samples were processed together in a sensitometric
processing machine, using conventional x-ray solu-
tions. The x-ray exposures were used to determine
precisely the shape of the x-ray sensitometric curve
of the film and the reference-source exposures were
used to establish the gamma-ray log E scale for this
curve. Values from this scale corresponding to the
densities of the ccbalt-60 sensitometer exposures
were then taken as the log £ values for the instru-
ment for the particuiar exposure time involved.

The exposures to the reference source were made
in the laboratories of Technical Operations, Inc.,
Burlington, Mase., wiereas the other exposuree were
made, and the proceesing was done, in Rochester,
N.Y. This neceesitated an appreciable time lapse
between the reference exposures and bprocessing.
Therefore, a latent-image-keeping exposure series
was made during thus period and the results were used
to correct {or the smuell changes encountered. Also,
special vaporpreoof packaging was used {o minimize
the effact of variable atmospheric conditions on the
keeping properties of the film durinyg transit. Suatis-
tical study of the calibration datu indicates that the
values obtained sre accwrate within £0.03 in
log £.

PS&E Yoi 4, 1960

Performance

The four-step exposure series produced by this
instrument does not sione give sutficient information
for an accurately definad sensitometric curve. How-
ever, in conjupction with a more detailed x-ray 2x-
e peries for defining curve shepe, it doee give
compiete and reliable information tor evaluating
the gomvan-ray sensitoinetric properties of fiims.
The reaponse of the wample to x-ray exposure is also
usually desired at the same time and X-rav senai-
tomsters pre available in the same laboratory ares
for this purpose. Theretore, very little additional
work i involvdd in evaluatiug the two sets of ex-
posures in a commen curve, and this is more than
offzet hy the convenience of Incalion of the exposing
faolity and the greatly reduced exposure times re-
quired.  Furthermore. if more detailed data for a
curve from cobslt- 60 exposure only are desired. they
can be obtained simply by exposing two or more
rample stripa at different exposure times.

As an examyple of the exposure tune reguired. a
density of 3.5 to 4.0 was produced on Kodak Indus-
trial X-ray Film, Type AA, by the most intense
source in about i min, at the time of calibration of
the source bar. Other materiala required from 10
sec for the fastest films, to about 20 min for the
siowest films normally tested with gamma-ray ex-
posure. Since cobalt-80 decays at a known ex-
ponential rate (half-life of 5.26 years), it is necessary
to adjust these exposure times frequently to com-
pensate for the loss in intensity. In practice, this
adjustrent is made once each month, which holds
the exposuces constant within 0.01 in log roentgens.
In about 5 years, the exposure times will have
doubied, at which time it i8 anticipated the source
bar will be replaced with a new one.

Some ditticulty was encountered in obtaining the
desired uniformity over the area of the electroplated
sources used in the original source bar. This non-
uniformity of source activity causes a mottle pattern
within the spot area which requires precise posi-
tioning in the deusitometer to get reproducibie
results. With a densitometer having a 5-mm reading
aperture, density variation equivalent to about
0.02 in log exposure i8 obtained within the central
1-em circuiar area of the steps. The most intense
source, which is & foil ratber than an electroplating,.
shows much better uniformity. Preparation of
fail sources of desired strengths is being investi-
gated so that future source bars can be prepar=d in
this way rather than by electroplating.
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fonnly emitting radiouctive disk of rediur o in propor-
tional to the summation of intensities contributed by the
individusl elements of wrea r dr 70 pad is invamely pro.
rortivnal to the squire of the distanve R from these
elements of area.

Theretore:
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r:y dose-rate constani relating gammc -ray irrensity fo
source activity. (For Cn 60, 7 = (15,5 oratoriine s
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The inteoaivy i, at a point P, Fig 15, a0 the aocm aed a
divtarce A from the end of a vmiformly miting right
cireulur cylinder of radinactive msierta : ragine g »nd
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Figwre 17

beight ¢ e proportional 1o toe summation of igtensitios
contributad by the individua! elevienta of  valume
rd- do dz and ia iaversely proportional te the square of
the dtance R from the ¢lement of volume. ‘The aelf-
abrorotion of the sourcs is assutied to he neghyible.
Trerdfore:

ql 4 Voluine

a s ,
4 Volume e

where ¢ i the sctivity of the sonrce and I' is the gamana

ray dree-rate eonstaat.

Ther.

I,; - gi ."! jf‘ﬂ “l'

rdresdz
b N Y s TR A EE
e Jo Vg, T b 2hr cimt )y 4 (B2
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Thip expression capnot readily he integrated in a clesed
form bat for & = € (u gpaciel case for the neid along the

o
qr L A e o e S

I = - P R R
i [- n D 0 A v

Thix may be integrated in the clusad form:

2 A~ B 4 g2

v | S+ R4
1

! '.hl k
1. .- ",

ait | + th o+ 02

ey h |
“a (ta-’n A — ian ) |
g R

No reference to this derivution bas beern fouad ip the
Uterature.
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