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ABSTRACT

A semlautomatic film badge system was developed to
process dosimeter film faster and more reliably

than the previously used manual methcd. The fllms
are automatlcally lcaded and unloaded from the
badges and marked wlth identlfying numbers, manually
developed, and automatically read. The resultant
Informatlion is punched intc IBM cards.
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AUTOMATIC PROCESSING SYSTEM FOR FILM BADGES
INTRODUCTION

At the Savannah River Plant up to 3500 fllm badges are used each week
for measuring employee exposure to beta and gamma radiation. Rapid,
accurate fllm and data processing 18 required for effective employee
exposure contrel at mlnimum cost, A study was made of some aspects
of the existing film badge system with the obJectives of increasing
efficiency of operation, increasing data reporting accuracy, and
reducing labor cost.

SUMMARY

A f1lm badge handling system was developed to read and record data
automatically from personnel dosimeter films. Loading and identifica-
tlon of the films 18 also handled automatlcally. To make this automatic
processing practical, a new fllm badge was designed. Film data are
punched on IBM carde for calculatlon and record purposes. Figure 1
shows the princlpal cperations of the new and 0ld systems.

The automatlc handling system willl process about 200 films per hour,
including time for calibration checks and changing of film racks. Its
principal advantage over the previous system 1s the elimination of
data transeription errors. Some reduction in operating personnel
requirements was also achleved. The system has been in full-scale
operation since November 1959.

DISCUSSION

BACKGROUND

The old film badge system was entirely a manual operation. The badge
change crews worked two shifts in the fleld, manually marking and
changing the films in the fllm badges. The used films were then
transported to the Health Physies bullding and processed. Film
denslitlies were read manually and converted to personnel radiation
dosage by reading a standard calilbration graph. The information was
transcribed manually to tally sheets. The tally sheet information was
then manually punched into IBM tabulation cards. The manual reading,
recording, and transcribing were time consuming, costly, and subject
to freguent human errors.

OPERATION WITH NEW SYSTEM

With the new film badge system all of the film and badge processing
operations have been automated as far as practlcal (Figure 1). With
this new syatem, each person 1s asslgned two badges, one white and
one yellow. While one badge ls being worn, the other 13 being
processed. Freshly prepared badges are carrled In special racks to
the area where they are to be used. The racks of used badges are
removed and replaced by racks of fresh badges. At the present time,
the badges are changed every two weeks.
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Racks of used badges, as they are returned to the Health Physics
bulilding from the various locatlons, are placed in a loader-marker
machine for automatic processing. Each badge ls automatically moved
from the rack to the leoading position, the old film removed, new film
inserted, a binary-coded number expcsed on the fllm and the badge
returned toc the rack. The same steps are repeated for each badge.
The racks of processed badges are then stored in a cool room until
they are needed for the next badge cycle.

In the darkroom, used films are manually stripped of theilr covering,
but lecaded into the developing trays automatlcally. The loaded trays
are then processed manually.

After darkroom processing, each tray of films is inserted into the f1llm
reader and the readlng cycle is begun. Each film 1s in turn pushed
into the reading positlon where the badge number and accumulated dose
are read. Then the film is returned to the tray.

A stepplng swlitch scans the number reading and dose reading systems
sequentlally and actuates the proper circults 1n an IBM card punch te
record the information.

FiLM BADGE

An Important requirement for a practlcal automatic system was the
designing of a new film badge. The 0ld badge was complex and did not
lend itself to automatic film changlng. The new badge (Figure 2),
made of "Zytel 31", holds a standard dosimeter f1lm packet and may be
loaded elther automatlcally or menually. The film packet is retalned
in the badge by small projectlons located where the corners of the
packet are posltioned. A one-millimeter-thick silver fllter and a
two-mlllimeter-thick aluminum fillter are located in the lower portion
of the badge. 1In additlon, there 1s a space for the possible 1lnclusion
of another filter, should it be desired. There 1s also an open window
area which allows direct 1rradiation of the film packet.

A cavity 1in the front of the badge hclds an 1insert which contalns a
lead and an indium foll in addition to the plastic laminates (see
Flgure 2). The wearer'!s badge number and name are printed on the
front of the insert. A serles of blnary-coded holes punched through
the lead-indium portion of the insert allows the badge number to be
X-rayed onto the flim. The indium foll is to be used for determining
neutron dosages of personnel who have had neutron exposure.

The binary code for thls system was chosen s8¢ that no more than two
holes would be required on any line. The deslgn of an 1lnsert punch
was simplified by limitlng the number of holes to be punched at one
time. PFlgure 3 shows fthe code sequence.

INSERT PUNCH

For identification purposes, 1t 1s desirable to 1dentify each plece of
film before the badges are released to the fleld. The identiflcation
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must be readable elther manually or by machline. This binary-coded
information is put on the dosimeter film by X-ray in the form of black
dots. Holes for X-ray marking are punched 1n the badge lnsert. To
punch these holes, 1t was necessary to design and construct a decimal-
to-blnary converter and punch {Figure 4). Conversion is made by code
pars set at the appropriate decimal} numbers. The bars contaln teeth
at appropriate positions which hold down punch pins. The badge 1nsert
1s pushed agalnst the pins when the vertical lever 1s pulled. Those
pins which are held down by the code bars penetrate the Insert. Those
pins which are not held down move freely and do not punch the 1nsert.
The open window hole 1s punched at the same tlme by a fixed punch.

LOADER - MARKER

The function of the loader-marker (Figures 5 and 6) 1s to automatically
change the fi1lms in the badge and X-ray each new plece of film for
identificatlon purposes. Whole racks of badges are loaded into the
machine at one time. After manual inltlation, the whole rack 1s
processed automatically. In the first step, a pneumatlc piston red
{Figure 7) pushes the filrst badge up a slide into the operating
position. When in position, a microswltch 1s closed that starts the
film loading sequence. A plece of film from the bottom of the film
nopper 1s pushed into the badge by another pneumatlc cylinder dlsplacing
the used fi1lm. When the used film slldes down the exlt chute after
being ejected from the badge it interrupts a light beam. The Inter-
ruption is sensed by a photocell which emits a pulse to start the

¥-ray machine (Figure 3). The machine i1s then turned cn for 0©.1 second.
While the badge is belng X-rayed, some. of the radiation is scattered
through & slot in the shielding where 1t 1is detected by a gelger counter
tube. The gelger counter clrcult actuates the return cycle which puts
the badge back 1n the rack and resets all the c¢ylinders. The rack
1lifting mechanism then moves the rack to the next badge locatlion and
the cycle 1s repéated. If there 1s no badge at the location, the
1ifting mechanism continues to operate untll a badge 18 Iin position.
Each step 1n the process is Interlocked with the preceding step. This
prevents the re-use of a film and also Insures that there ls a {llm

in the badge. In the case where an incoming badge is empty, there is

2 button which bypasses the photocell portilon of the cycle and allows
X-raylng of the new film.

DARKROOM FILM LOADER

To asslist 1n manually loading film into the developing tray slots, a
machine (Figure 9) was bullt which moves the tray ahead when the film

is seated. As the film is placed in the slot at the top, a switch 1s
tripped which cocks the drive solenold. When the film 1s pushed further,
the swltch 1s released and the solenoid drives the tray forward. After
50 films have been loaded, a safe light 1s illuminated Indlcating that
the tray is full and should be replaced.




FILM READER

The function of the fllm reader (Flgure 10} is to scan the developed
dosimeter f1ilm and punch out the identification and dose on a tabulation
card. The film reader consists of the feed mechanism, the dose computer,
and number reader. A block diagram of the circuiltry is shown in

Figure 11.

FEED MECHANISM

Loaded film developlng trays are accepted by the feeding mechanism on
an inclined chute (Figure 12). At the presentation poilnt, the film 1s
pushed up into the reading head by an arm powered by a pneumatic
¢ylinder. In the reading head both identificatlion and dose readings
are made. When the readings have been completed, the f1lm 1s extracted
and replaced 1n its slot in the developing tray. The tray 1s then
moved forward to the next position by a ratchet mechanism. At the end
of the tray, after the last readlng has been completed, the machine 1s
turned off. If no fllm 1s pushed up into the reading position, or the
film sticks before getting to the correct reading position, the machine
will not proceed wlth the cycle. Operation will be resumed only when
the operator takes the proper remedlal action. A counter attached to
the panel 1lndicates the tray location of the fillm belng read.

DOSE COMPUTER

The dose computer converts the light transmission of the exposed areas
of the film beneath the open window and silver fllter to B + ¥ and <
readings. The photocells (Type 934) are connected so that they operate
1n a self-generated retarding fleld (i.e., plate negative with respect
to cathode). Output current Ls proportional te the logarithm of the
incident 1light in the range from_ 0.3 to 0.2 lumen. Since the trans-
mlssion density equation T = ¢-eD 44 exponentlal, the output of the
photocell 1s linear with density of the film. The outputs of the cells
are fed to separate analeog computers (Flgure 13) through triode
impedance matching stages in serles with the zero c¢ontrols. The
cathede follower output 1s fed into one of the input windings on the
"Preac" magnetic amplifier.

Control currents from the span controls are also fed into the lnput
windings. The outputs of each of the ampiifiers 1s filtered to produce
a DC voltage. A portion of the output voltage from the ¥ channel is
fed back 1into the input of the B + ¥ channel to compensate for the
unequal film darkening ef'fects of the B and Yy radiation. The output
voltage of each channel 1s read on a meter calibrated 1n elther mrad
or mr dose. If the y reading should exceed the B + v readlng because.
of high energy v effects on the film, a magnetic amplifier on the
output will drive a relay coll and allow only the v reading to be
indicated. The P + v and vy voltage outputs are scanned sequentially
during the reading cycle and are fed to an analog-to-digital converter.
The digital output of the converter drives an IBM card punch through
mercury-wetted relays. The mercury-wetted relays are used to
electrically l1sclate the reader from the card punch.
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BADGE NUMEBER READER

The bilnary-coded dots appearing on the dosimeter film are converted to
decimal numbers by means of the badge number reader. Tweniy-four
photodicdes, four amplifiers, and a dlede decoder matrix are the
component parts of the number reader {Figure 1l4}. Four photodiodes
for each diglit are selected by the stepping awltch and connected to
the amplifiers. Under normal condltlons there ls no dot between the
1ight source and the photodiocde and the "0" 1line is grounded through
transistor Qg. If there 1s a dot between the lamp and the photodicde,
the reslstance of the dlode increases. The change In signal 1is
amplified by transistors Q) and Qp driving Q3 and Qy on and Qf off.
The "1" line 1s then grounded and the "Q" line is floating. When all
of the amplifiers are operating correctly, only cne of the ten limes
will be ungrounded and allowed to drive the mercury-wetted relay.

CONTROL SYSTEM

Coordination of the operatlion of the reader and the card punch,
indication of alarm, and the generatlon of pulses are the function of
the control system.

Stepping Switch

The steppling swltech 1s the master programmer for the entire system.
It selects the digit to be read, the seguence in whlch the dlgits are
read, and the order in whilch the control relays are to functlon.

Alarm System

Wwhen certaln preset exposure limlts have been éxceeded, the machine
will either punch an ampersand into the card or stop. Below 300 mr
the machine spaces through the last positlion in the punch fleld in the
tabulating card and continues the cycle. Between 300 and 600 mr an
ampergand is punched 1nto the card. Above 600 mr the machine stops
znd waits for the operator to acknowledge the alarm befecre proceeding.
The machine then causes an ampersand to be punched in the card.

Pulse Generator

The stepplng swiltch 13 driven by a pulse generator conslsting of an
asymmetrical flip-flop and a silicon controlled rectifier {SCR). ‘The
SCR 1is pulsed by the flip-flop at 0.5-second Intervals for a perlcd of
0.05 second. The pulse width, 0.05 second, allows only one character
to be punched 1n the tabulating card. If the pulse width were greater,
more than one punch would appear in the card for the same blt of
Informatiocn.




1BM CARD PUNCH

An IBM type 026 card punch (Flgure 15) was modifiled to recelve punch
actuating signals from the reader and the IBM control circultry was
changed to operate in conjunction wlth the reader. The drum-card
control circults were alsc modified. Shert interval (0.05 second)
closures of the mercury-wetted relays in the reader actuate the card
punch magneta. The keyboard may be used for manual punching 1f required.
Both the card punch and the reader must be 1In the proper operatlng
position before automatic operatlon can begin. If during operation

the machine should get out of synchronlsm the contreol clircults will

stop both machilnes.

OPERATING EXPERIENCE

The automatlic film badge system was put Inte operation in November 19590.
Since that time, 1%t has been processing 3000 to 3500 f£1lm badges each
week. No serious operatlng or malntenasnce problems have been
encountered during this periled.

&WW

. W. Adams
Englneering Assistance Section
Works Technical Department
Savannah Rilver Plant
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P.Q.BOXA ‘ .

AIKEN, S0uTH CAROLINA

IN REPLY REFE‘I_% TO:
STC:TBN:mep

L4

Cotohor A8, 1000

_Mr. Hood Worthington, Director
Technical Division, AED
Explosives Department -

E, I. du Pont de Nemours & Company
Wilmington, Delaware

Dear Mr. Worthington:

The following nnclgssified dommant tranemitted by
your letter of -~ wi¥ U A has been re-
viewed for clasaification and patent considerations
~ and may be released as proposed:
BNEGs e it Topa a0 eonesin

»
P -y - ” 1] g
D™ e = ., At -
TR e Lor e Ue Ol

Mr. O'Rear's office was so notified by telephone
this date.

. Sincerely yours,

Paul J. Hagelston, Director
_ Safety & Technieal Servicea Division

~ ;g_. W. P. Overbeck, SRL (2)
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 August 1%, 1962

TECHNICAL DIVISION
SAVANNAH RIVER LABORATORY

MEMORANDUM
T0: J. N. WILSON
) FROM: J. E. BEACH ) & 2
' , DOCUMENT REVIEW
Document s ' o ~ Report DP-783
Ptle: o | futomatic Film Badge Processing
. ' _ ' o Syetem T
Authors , - J. W, Adams
Gontractunl Origin: - - ar{o7-2)-1
Proscat Classificaticn: o Unclanslfied

Meferencess: 1) Document: Rt:—vicw'(daécﬁ Qct, 20, 1901) of drawings
' relating to the Pilm Bedge Syotom

2) Adams, J. W. and 5. U, ¥right, A Modernizcd Film
: Dadge Bycicm, & peper preacnted at ¢he Health Phyoics
Socicty Annuvel fleeting 4n Tocton: Hans, (June 1209)
DPAPU-60-20-G

"~ 3) Beoneroft, L. C.. Automatic Fllm-Badge Frocessing,
" AECL~802, Junc 1960 :

4) Davis, J. k., $utomatice Dose Camputer lor Roaloilon
Film Bedocs, DP-B71 (April 19060) OUQ

5} Wilhcimcen, et al., Automatic Film Badge Rcader,
Nucleonicn Tol 18, No. 4, pp 84-88 (April 19G60) -

o items 'wc:ee noted that,. in ny oz;in:lon, ghowld be called o tinc
attention of the AEC for rmatcat conasideration. o

JEB:pa
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M. Poteat, SROO
A, McNeight, Wilm.
s H. Smith
fsesueo oz C. Evans - H. Worthington
P. Overbeck ~ J. W, Morris -
S

. W. O'Rear - TIS File

i -

INCORFORATED

E. I. pu PonT pE NEMours & COMPANY L

AIKEN, SOUTH CAROLINA
(TEL. & TEL. ADDRESE, AUGUSTA, GA.) T.. c. Mﬂ

EXPLOSIVES DEPARTMENT
SAVANNAH RIVER LABORATORY
0CT 3 1962

Mr., P, J. Hagelston, Director (2)

Safety and Technical Services Division

‘Savannah River Operations Office

U. S. Atomic Energy Commission

Post Office Box A

Aiken, South Carolina

Dear Mr. Hagelston:

PROPOSED PUBLICATION - DP- 783

Attached for review as to classification and patent matter are ghree
coples of the following report:

We propose to release the report for standard external distribution.

To facllitate the release of thls report, it would be appreciated Af
you would telephone your comments to W. P. Overbeck's office and send a
confirming letter to me with a copy to W. P. Overbeck. The report will

be released when approval i1s received, but not until after 1% days from
the date shown above.

If any technlcal clarification 1s needed, we suggest you get in touch

with 7. C. Evans, Suajz‘nrznwx&cnt

Bgincoring Aopistunce Soction

Horks @aehniualgﬁspsértmmt
As a possible aid to syEo{u fnjb%ii-'pateng review, we are attaching a
document review by J. E. Beach. If you decide to pursue a patent on
any development covered in the attached material, I shall be happy to

supply additional information required such as gppropriate references
and the name of the person responsible for the development.

Very truly yours,

Hood Worthington, Director
y Technical Division
HW DE
Enc. J."‘
»
OSR 24-A148 (Rev. 8/62)
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A bee: H. Worthington. - L. C. Evans
KX-1164 M H Smlth §

P i ﬁﬂliﬂ]lb - 4. W. Morris - S, W. O'Rear
W File T

ROEIGTCR
ESTABUSNED 1902

" E. I. pu PonT DE NEMOURS & COMPANY

INCORPOQRATLD

WILMINGTON, DELAWARE

EXPLOSIVES DEPARTMENT

Detuber 4, 12
/ \

Mr. T. B. Nilang, chn.ei‘ (2)
Ciassiiicntion and 5. ©. Asoountability
uﬂ&et;f' and Teshnical Stevices Division
S0 .ranm..rl River Oporatlione OLllce

U. 5. Atomic Energy Commission

Aiken, South Carollins

vear M. Niland:
CLRSSIFICA’I.‘IUN CUHSIB’L'RF\TIQNS - I-JPM?;;-&

The above rapurt, "Autuantic Fi !
; Systemh” by J W Atems, whizh waib o *.n.m...t"ad
LU yIde ulvice b_; Lobter ol Qstuber 3, 1.2 Lrin oot
vorthington, has beon revigued dor c¢lonsifieoticn,

™Min report ~pnLrs t'> be uneinanilist Yy
Loty D0 ud 90 Jamﬂ} ond Toh, L of ¢the LI Slonsifll-
ceblion Gadde.

Yuurs very traly,

A f P 77%?2
S A Moleight

Tromidcal Adcilotant
JTOMIC ENCRGY LIVZISISH

- \\ SAMON RO

Note to S. W.' O'Rear:

This report should be approved by C. M. Patterscn
before rlease.
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- CC: J. W. Adams

_INTER-OFFICE MEMORANDU TPO File

SAVANNAH RIVER PLANT .

({QA}MN& July 25, 1962

@TO: S. W. O'REAR, 773-A

FROM: TECHNICAL PROCEDURES CFFICE

J. E. GREGORY :
‘ DP REPORT

AUTOMATIC FILM BADGE PROCESSING SYSTEM

QSR 348

Accompenying this memo is the rough draft of a DP report for TIS process-
ing. The author is J. W. Adams. The draft has been approved by J. W.
Croach.

Please call on TPQ for any help that wé mey give in the processing of
this report.

JEG:jh




	

