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The following information is submitted by the Division of Health
Thrsics of this laboratory for your information and use,

1. Tvres of Radiation Hazards Existent in Oak Ridge National Laboratory

Employees of the laboratory, under certain conditions, be exposed to
garma radiation, beta racdiation, neutron racdiation and alphe radiation.
Ixcept for a few worlkers doing intensive work of a special nature, exposure
of employees to alphz and neutron radiations Is considered to cffer no signi-
ficant hazard. Those few workers esvecially sutject to alpha and neutron
hazards are shown by special methods of monitoring for alpha and neutron
exposures to be well within limits of safety for such radiaticns.

2. Protection of Laboretoryv Emplovees from Radiation Exvosures.

Employees of the labaratory are protected from dangerous amounts of

radiation by three methods:

(a) Experimental scientists, specializing in a study of the properties
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Er. C. N. Rucker Fage 2
of these radiations and their effects, devote their major effort to considera-~
tions of persomnel safety in the laboratory. In cooperation with these men,
processes z2nd egquivment are desipned to make the hazards cue to radiations less
t

than those commonly due to other incustriel hazards. Frotective clothing and
other safety devices are furnished wherever needed.

(b) Trained junior scientists, commonly called health ohysics surveyors,
are assignecd to the various overations areas., It is the cuty of each survevor
to keeo himself sufficiently irformed as to the nature of the overations planned
for each area‘%hat he can prevent the persons working in the area fran uninowingly
exposing themselves to any significant amounts of radiaticn. 1In the event of
operations involving unusual radietion hazards, the health ovhysies survevor
customarily works with other.employees, monitoring the rate of radiation exrcosure
and giving such advice as the sitvation may warrant, In the event that operation

-

conditions develop radiation levels that might be expected to produce exposure

above that considered toleratle for a dav's work, the area in which such conditions
. >

exist is evacuated. In some cases, it is desirable to have personnel work in such

“areas in shifts of from a few minutes to a few hours each, Such rractice
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contrelling exvosure to racdiation is no different than that employed by a
physician in controlling exposure to X-radiation for diagnostic ourposes,
except that the permissitle individual (daily) exrosures under the overating
conditions of our Laboratory are much less than those useé in diagnostic Z-rey
work., (The maximum daily excosure under such circumsiances is limited %o atout
one half of that involvecd in a ches®t X-ray anc %o about 1/50 of that freguenily
involved in a hip X-ray).

(e) Eacg emplovee entering the oterations area is vrovided with two tyres
of radistion monitoring instruments to record the cosages of gamma and beta radi-
ations he may receive. There the exposure of varts of the body may be signifi-
cantly different from that of the portion of the body on which the meters are
customarily worn, additional meters are nrovided. For examrle, for certain types
of work, rings containing.x—ray film are worn on the fingers to monitor expesure

-

to the hands. The radiation exposures indicated by these meters are recorded in

& rermanent radiation file maintained on each such employee.

These radiations records provide a basis for correcting any working

conditions which might, if maintained over long periods of time, result in injury
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¥Mr. C. N. Rucker Fage 4
to the employee; and provide the Medical Department with any significant data
bearing on the health or welfare of the employee.

3, Persomnel Monitoringz Instruments, Procedures anc Records,

The monitoring of exposures of versoanel to the radiations freguently
encountered in simiflicant amounts -- gamma radiaticn anc deta raciation --
is generally accomplished with the use of two tyres of exTosure meters. These
are herein referred to as vocket meters and film meters. The pocket meter is a
small ionization chamber, atout “he size of a fountain ren, which when electrically
charged becomes discharged in a field of gamma radiation by an amount which depends
upon the radiation dosage. The film meter consists of an X-ray film in a suitable
metal container which, in a field of gamma or beta radiation, becomes exrosed by
an amount which depends upon the radiation dosage. A vocket meter may occasionally
be discharged as a result of dropping or other improver handling, but no mechanism

-
is knowm by which the charge may be accidentally increased except by wilfully

opening the meter and placing it on a battery or other charging device. Because

of this characteristic of pocket meters, they are worn in pairs as insurance

‘against loss of data in event of complete or partial accidental discharge of one

/ -

of them, Standard equipment for the monitoring of exposure to radiation for
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persons working in radiation is, then, two rocket meters and one film meter.
7 N
Exposure to gamma raciation is measured in milliyoentgens, customarily

abtreviated mr. Exposure ic beta radiatior is measured in milliroentgens

coasidered

mn

-
|93

equivalent rhvsical, abtbreviated mrec,

Cne mrev of beta racdiation i

as arprozimately ecuivalent, in %terms of Yioleczical damage to *he surface of.
the body, to one millircentgen of garmma raciation. In the Uni“ed States, i
is the consensus of ovinion of radiologists thet radia<tion dosages up to 3,000 mr
per month (that is, % roentgens rver month) mar be tclerated by the tody without

permenent damage *o the %“issues, For rurvoses of conirel anc for increasec safet
Py Py = »

within the Atomic Enerzy Commission an effort is made *o keep the radiation expo-
sure to any individual less *han 100 mr rer 24 hour period. Operating on this
basis, monthly totals are almost invariably much lower than the limiting value

of 2,000 mr consiierec tolerable by radiclogists.
-

Pocket meters are read daily., In the event that a pair of pocket meters

.

indicates an exposure of 100 mr or greater, the emrloyee's film badge is crocessed
imreliately to confirm the validity of the exposwre. Readings of pocket meters

and film badge are sent on the following day to the area health physics surverer

!

for an invéstigation and correction of the condition from which the exposure or
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indication of exposure resulted. Such incidents are comparatively rare, and
to have resultec¢ from tamoering with the meters cor wilfull

many of them are found

expvosure of the meters ty placing them near known sources of radiation.

Fxvosure Recerd for members of the Bargaining Unit for the six months rerioccd

~

ending December 31, 1347,

For the vurpose cof this report, a summarr of the

-

records of all merbers of the Tarcaining unit, on recerd as members of %the zlant

roll as of March 1, 1948, has been prevarec ancé is submitted herewith.

his

s

The data submitted for each employee is basecd on original records containe?
radiation record folder for *hic c=ix months preriod, and is believed to be

essentially ccrrect and entirely representative of the raciaticn concitions under

.

which members of the bargaining unit work., This report has been prepared by the
treined technicians who handle the details of crocessing personnel monitoring

meters anc maintaining exposure records. Thé complete radiation record for eech

individual contains daily pocket meter reacdings for those days on whichhis werk

reguired him to wear radiation meters, weekly film meter readings if hLe is subject

to radiation hazards in his job; together with data from other sources, indicating

significan}t exposure to radiation, and records of investigations of any suscected
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exposure exceeding 100 mr or 100 mrev fer any cne day or exceeding 280 mr or 280
mrer for any one week. For the purvose of this report, it is not consicered
practical to reprocduce the detailed radiation exnasure record of each menber

of the bargdining unit. However, a detailed exposure recorcd of any member

can be procuced upon request.

Extvlanation of Zntries in Summaryv of Exvosure Records submitted herewith.

TSR
(mr) Total significant reading.

Under this heading is presented the sum of all significan® rocket meter
reacdings, measurec in millicoentrens, recorded during the six months neriod,
(In the small percentege of cases in which the two procket meters indicate
cifferent exposures, the larger of the two is considered accidental, This
procedure can be fully justified on the basis of principles of overation cf
the pocket meter.) If the employee faithfully carried vocket meters whenever
working in the operations aréa, this revoresents fairlyv accurately the total

- .
exposure to penetrating gamma raciation curing the six months reriod,

No. E - Number of Entriesin pocket meter record of individual. Pocket meters

are available conveniently on a "serve yourself” basis in the clock alleys. On

days for which no entry exists, it cannot be determined whether the emzlovee did

not enter the overations area or whether he wilfully refrained from picking up
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his cocket meters.

ADE
(mr) Averagze Dailv Exrosure

This is an averare of the exvosures recorded, found by Iividing the total
exposure recordec during the six months veriod *» the number of tvocket meter entries.
If +he emplovee faithfully carried vocket meters whenever working the operations
area in compliance with Leberatory re-ulaticas, *his is the average cf the exposures
indicated for those davs on which the employee may have been exposed toc measurakle
radiation.

e
(Red) - Total open window readings accunulated curing the six months veriod, measured

in millircentgens chysical. A portion of the F-rar film used in the Tilm meter is
shielced by a thin shee% of cadmium. The unshieldec portion, referred to here as tre
open window vortion, is subject to exmosure to ver: low energy pamma radiation and tc
beta radiation, as well as to the high energy camma raiia<ion indicated by exposure
of the shielded portion of *he film. In gefleral, it is 2difficult to give a unigue
interpretation of an openuw;ndow indiecation, since on millirocentgen of low energy
gamma radiation may produce up to fifty times the effect on the film that is

rroduced by one milliroentgen equivalent of beta radiation. It is the vpractice

in this laboratory to report a2ll open window expcsures as if they were due to
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beta radiation, which means thet the reported value is never less than the
actual exnosure may te as muchas fifty times zreater than the actual exnosure,
devending upon what vart of the exposure is due to low energy gamma radiation.
ADOW

(mrep) - Found by cividing the total exmosure recorded for six months by the

number of work days in a six months veriod. Averapge daily oven window exdosure,

If it is assumed that the emzloyvee wore his film meter faithfully when working

in the overations area dnd as recuired by *he laboratcryv regulations, this

rerresents the average exvosure ver work day during the six months period.

MAX
0 - The maximum oper window exvosure recorded for any one week of the employee's

exposures record, (This value is given for one week since the films are processed
weekly.) As in TOW above, the revorted value may be much higher thar the exvosure,
but it is believed that it cannct be lower.

TS Total Shield Exmwosure.

This represents the total dosage of renetrating gamma radiation as indicated
by the film meter, cince the shield filters out the beta radiation and the gamma
radistion of extremelyylow energy. This is the portion of the radiation which

would be chiefly responsible for any tissue damage other than that nroduced in

the skin of the person exposed.
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4DS- The average exposure cer work day over the cerioc of six months 1is
obtained by dividing the accumulated shield excosure for this veriod by the
normal number of work days in a six months reried,.

¥ax S - The maximum exposure to —enetrating ramma racdia*ion recorcec for any

mr

one week of tre emplovee's record. (This value is gziven for one week since the

films are rrocessec weekly.)

Discussion of Radiation Records Submitted.

The highest exposures recorded for the sir months period are those of
, Badge No. 6712 (List C 13), , Badge No. G€55,
(List £ 43), and ., Badge No. 6229, (List Z 52),

The badge meter record cof shows an average exnosure to

cenetra*ing gamma radiation of 15 mr ver dar for the 11E days on hich the

meters were worn. This is about 157 of the value accetted as & toleratle

maximum. The film meter recerds indicate an averare extosure to penetrating

gamma radiation of 11 mr ner day for the normal number of work days in a six
months veriod. These values are in good agreement. The unshielded portion of
the film indicates a possible exposure of the skin to an average of 50 mrep per

-day for the normal number of work days in the six months reriod. This is about

!

PRIVACY ACT MATERIAL REMOVED
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505 of the value accezted by radiologists as an acceptable maximum, but much
hicher than the roal sousght by the Oak Ridge National Laboratory. The highest
possible exposure to bete and low energy gamma radiation indicated for one
week in . reccrc is a possible 735 mrev. As nearly as one can
ccmpare beta racdiation exvosure witrh X-ray exvosure, this is 2bout 407 of

the ninimwr surface cosage invelved In an X-ray o7 the stine {Typical surface
exvosures resulting from diagnostic X-ravs are civen by J. E. Martin in the

British Journal of Raciclogy, July, 18947, pages 279 to 284. Xe states that

the mean dosage for crest X-rays is about 200 mr; that spine X-rayvs vary
from 2,000 to 34,000 mr, ancd that gastro-intestinal examinations involve
surface exvposures ranging from 1,000 mr to €,00C mr per film, with an average
value of 5,000 mr ver film.)

The reccrd of requires no discussion in additior to that
given The exposures are generally lower. The record of

is noteworthy only on account of a single 07 exposure, which

interpreted as a beta exposure, would indicate a dosage of 1,800 mr. However,
an investigation of the film indicetes that the exvosure was due to X-rays.

According to a statement by , the film meter was worn in his shirt
/
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rocket while he was riven a series of six x-ravs (elbow, knee and pelwis) in

=z search for the cause of a case of arthritis. The OV reading recordec here

A L L

; in no way revresents the actual X-ray exnosure since the film was not in the
raximur intensitv of the beam and since the film was not calitrated for low-
energy A-ravs.

I3

o)

curacy of Summarv of Ixposure 3Records rresentecd Herewith.

o™

This summary was Trepared by health physics technicians irainec in the
handling of health rthysics records and tvoed by stenogravhers from the Leboratory
Fersonnel Department. The condition uncder which it was rrepared cpreclude an
absolute check of accuracy. While it is inevitatle that errors nave crevt inte
the vrevaration and transcricrtion, it is believed by *he undersigrecd to be

. essentiallxr accurate and to be tvmical of the radiation exposures to which these
workers are subjected.

. - Karl Z. Morgan
Director, Health Physics Division
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