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MIDLAN D. MICHIGAN
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Mr. William O. Miller [ C-/Isotopes Branch \ .
-

Division of Licensing and Regulation \' '|/<

U. S. Atomic Energy Commission 'V .
'

.

Washington 25, D. C. '

. f ,,, -,

Dear Mr. Miller:

Reference is made to your letter of January 2, 1964, L and R:
IB:WOM (52872), on the extent and nature of the training given
to radiographic personnel. Copies of the attachments to sec-
tion 6(f) of the application form AEC-313R are enclosed.

Attachments A, B, and C section 6(f) were used in a sixteen
hour formal radiation safety training course held in 1961.
All of the present staff of radiographers have received this
course.

Attachment 6(f)-A is an outline of the instruction in funda-
mentals of radioactivity and radiation protection. Attachment
6(f)-B contained regulations from part 20 and 31 pertaining
to radiation protection for radiographers. Attachment 6(f)-Cis a sample test given at the end of the training course.

In December 1963 a three hour review was held with all radio-
graphers present. Enclosure B was reviewed briefly, then
~ 1osures 6(e)-A, B, and C were discussed in detail. A for-

i review of regulations, operating procedures and emergency
pcocedures will be held semi-annually from now on, coinciding
with the wipe-test of the radiographic sources.

I trust that this will complete our application as indicated
in your letter.

Very truly yours,

& AWW. .

William H. Beamer, CommitteeChairman
Radiation Hazards
Building 1602

8508010522 850611
PDR FOIA 6e.
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I. FUNDAMENTALS OF RADIOACTIVITY WHICH ARE DIPORTANT IN RADIATION.! SAFETY
N

1. Structure of.the Atom -
.

!
i a. Composed of a nucleus and orbital electrons. The Ii electrons determine chemical properties - since

!
'

radioactivity is a nuclear phenomenon, the chemical i
4 and physical properties of stable and radioactivej isotopes of the same element are identical.

|1j b. Isotopes - are atoms of the same element which
,

>

4 differ only by weight, and the Tact tihat some
1 isotopes are stable and others are radioactive.

r

y c. Symbols - isotopes are designated by the chemical
1

symbol and the mass number,1 e Carbon has iso-topes C O, C l, C12, C13, C 4,g.j l l 1C 5. only by prior ,

1 knowledge can one tell a radioactive isotope from j
,

i a stable one by this designation. (Examples I 31,l '

Cs137). I

2 Radioactivity -
:

a. Results from unstable nuclear forces which cause
the emission of energy from the nucleus.

,

8 b. Is a statistical process, which means that with a p
large number of atoms, precise laws governing radio-
active decay can be applied.

-
4

'

Half-life, Tlof radioactiv/2 is the-time it takes a given quantityc.
e material to decay to one half its

starting activity. In the second half-life it will.

decay from i to t its starting activity. Since de- t

''

cay is exponential, theoretically it never disappears ;
completely, but for our purposes, seven half-lifes re-

t
) duce it to less than one percent of its original

[
J strgh. - '

,
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Physical half-life refers to the T
of the radioactive isotope itself,l/it !

.

which is a property of the isotope (which.
. *

*

cannot be altered by man-made forces). ''
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, " Biological half-life," Tb, refers to |
-! the time it takes the human body to
i rid itself of't the original dose of
j material.
!

| " Effective half-life" Teff, refers to.

j the time it takes for a dose to thei human body to be reduced by i which
{ is a function of both T1/2 ang T .d
4

! d. Modes of decay - radioactive isotopes may decay in a
} number or ways: they can give off aC rays only, p rays
; only, or et+)' rays, or f)' rays. There are o;her

ways, but they are not )ertinent to our interests here.j p

e. The curie - is the unit of radioactivity which simply
j means that 3.7 x 1010 disintegrations per second are

occurring in one curie of radioactive material. The3

i milli curie is 1 of a curie of 3 7 x 107 dps. A| TGRI
j micro curie is one-millionth of a curie or 3 7 x 104 dpa.

i

L. G. Silverstein
1 8/14/62
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II. PROPERTIES OF RADIATION IMPORTANT IN RADIATION SAFETY

1. Penetrating ability -

a very short range, can't penetrate outer layer of skin.
p &c longer range, can cause serious skin burns. '

.:
j 7 very penetrating, will reach all organs of the body from
j external source.
:|
i 2. Absorption in matter -

a are c'ompletely absorbed in a few microns of tissue or other
substances.

D&e absorbed in a few millimeters of tissue, or shielding
.j material e.g. }" lucite or other' plastic will abaorb even the

a]
most energetic p. Laboratory glassware will shieldy effective-
ly, but secondary radiation (Bremsstrahlung) may result,

o

7 will penetrate anything to some extent. Absorption is ex-
ponential; for safety purposes lead or concrete do a good job.
Amount of shielding necessary depends upon energy of 7
strength of the source primarily. Shielding calculations
should be left to experts. Most sealed sources are adequately
shielded asplace and th, installed; shielding is no help if it is in onee source is somewhere else.,

1

3. Energy of radiation -

a. The Mev is the unit of energy - it. stands for "milliono
D electron volts," is applied to e,),7 and x-rays, which
Il are referred to as "lonizing radiations" because they
] cause ionization of matter through which they pass.
h Visible light rays have energies of 2-4 electron volts,

are non-ionizing.

b. a8s are monoenergetic, i.e. only one energy from a given
source. All have same range in matter.

. ||
-

o. ) rays are emitted in a continuous spectrum of energies t
.g from any given radioactive source, so we speak of the
p maximum beta energy, E Imax *
'

d. e-electrons from accelerators are essentially mono- 0'

#
energetic.

P

e. 7 rays are usually monoenergetic from a given source, but
more than one energy'may be emitted. )'Is are degraded,
i.e. lose energy, so that a range of energies results. !

3 Shielding is based upon the' maximum energy involved. '-
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4. Ionizing Ability -

E. High' specific ionization (much energy transferred over a
short path) leads to intense tissue damage from internal
exposure to a radiation.

.q

)l&c Intermediate ionizing ability, but all energy is trans-'

ferred to tissue from an internal exposure.

1 .

i 7. Low specific ionization, and large percentage of T8s
; escape from the. body.

1
' 5 Bremsstrahlung - means x-rays that are produced when

radiation is absorbed by shielding material. It increases
.

with atomic number of material, so lightweight plastic is
j best) shield. It is quite significant with m1111 curie

i quantities of P32, Sr90 and other high energy beta emitters.
1
' 6. Tissue damage is directly related to penetrating ability,

energy and specific ionization of radiation.

.

a

L. O. Silverstein,

j 8/14/62
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III. UNITS IMPORTAMP N RADIATION SAFETY

1. Units -

.i a. The curie (c) is a unit of radioactivity which equals
I 3.7 x 1010 disintegrations per second (dps). The milli-

curie (me) is - 1 of a curie and is in common use for the
1000

small sources used in level and thickness gauges. When
talking about " permissible levels" in the human body, in

* air or in water, we need an even smaller unit, th,e micro-
curie, (.uc), one-millionth of a curie.

b. Theroentgen(r)istheunitofeEternalradiationexposure.
'

Its precise definition is too complex and controversial to,

present here.
It is a measure of the ionizing) ability of

-

The m1111 roentgen (mr is commonlythe radiation measured.
used when permissible levels and measurements pertaining
to safety are involved.

t The roen' gen-equivalent-man (rem) is a unit based on thec. c

roentgen which takes into account the relative biological
effectiveness of various types of radiation. It is mention-
ed here because most state and federal regulations use the

a rem unit. The mrem or millirem is actually used. In most
work with radioactivity and x-rays, the mrem and mr units
can be used interchangeably.

r/ hour, mr/ hour, mrem / hour, pre units of radiation dose;

rate,
,

d. The rad is the unit of absorbed dos'e. It is defined as
100 ergs /g. of material. The material should be stated.
" Tissue rad" means 100 ergs /g. of soft human tissue,

e. The relative biological effectiveness (RBE) of a given
j type of radiation is the ratio of the damage done in
j tissue by the radiation in question to the damage done

in , tissue by an equal amount of x-ray. *

$ RBE = 200 KV X-rays
,

y Amount of radiation to produce equivalent
[ biological effect.

h REM m RAD x RBE ,

$
<

l
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l> Table of RBE Values

Type of Radiation RBE

x-ray, e, p 1

Protons 10.
,

Slow neutrons 5-10
. Fast neutrons 10

. .

1 Alpha particles 20

] Other heavy nuclei 20
i

l Since RBE is an experimental quantity, the values may change
from time to time.

f. Counts per minute (cpm or c/m) are read directly from
"

geiger counter scales and are related to disintegrations
per minute (dpm or d/m) by a correction factor which
takes into account geomotry, window and air absorption,
etc. Cpm in radiation safety work usually refers to,

I contamination in a laboratory or on a wipe sample, and
! is usually compared to " background" radiation of about

50 cpm for a geiger counter.

g. Miscellarcous Units (MSU or U-M, depending upon your
football allegiance) . As in every other field many new,
obscure and confusing units are in use. and old ones are
constantly misused. Those listed above are sufficient
for an understanding of radiation safety. If you read

( the radiation literature, first find out if the author
1 has stated exactly how he is using the various units.
" If not, the article may 'not be .useful.-

<

) L. O. Silverstein

] 8/13/62
|j

-
'

j.

|
.

i

_
.-- ---F " " * * " -



. .
_ _ _ , _ _ _ _ _ _ _

r, m.
,

i @.

. 7\ ,n
(_/ \- '

.1 .

!

q IV. SUMMARY OF BIOLOGICAL EFFECTS OF RADIATION |
!

1. Changes occur at basic level - the atoms and molecules within
,

cells.
q !

2. Cella contain 109 to 1010 molecules, over 90% water. !Irradia-
tion of H O produces a variety of very active substances,2
notably peroxides. I

3. Chemical changes can kill the cell or cause abnormal function-
ing such as decreased motility or formation of giant cells.

4. Cella differ in radiosensitivity or degree of response to
radiation, in relation to their function, their stage and
degree of development or cell division, and their rate of
metabolism. Immature cells, cells in early stages of division,
and cells with high metabolic rates are most sensitive to

i radiation.
'

1
5 Order of radiosensitivity of body organs, i

l

a) Blood and blood' forming organs most sensitive. !

Ib) Skin and 0.I. Tract.
,

c) Lungs and kidneys,

i d) Bone, muscle, and nerve cella least sensitive.

6. Acute, whole body exposure can produce death or severe injury.
Symptcms are non-specific, similar to the " flu",or a bad.

i hangover. Acute symptoms or injury cannot occur from milli- !
j curie amounts in sealed sources. !

l
'

7. Genetic effects

I a) Experiments have proven a potential hazard but have not
h given us reliable figures yet.
|

b) Lack of knowledge is sufficient reason to be conservative
b in our present permissible levels of radiation exposure,
p Present levels are well below the bodily injury range and

,

I constitute little hazard to future generations. ,

1 #.

j 8. Life-span shortening - has been demonstrated in' rats at higher
3

J 1evels than present permissible exposure. The possibility of y

? this effect is another reason for conservatism in accepting t

L radiation ex;iosure.

L I
.

%1
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9 Mental attitude - neither " spastics" nor " ostriches" have
proper perspective on raQiation. The only solution to
modifying either extreme viewpoint is education.

10. Treatment of radiation injuries - no practical treatments are
available, so the best solution is to avoid exposure. Supportive
therapy and measures which minimize absorption of radioactivity

,

are valuable in case an exposure occurs.,

*
;

I

L. G. Silverstein
8/13/62
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V. PERMISSIBLE EXPOSURE TO RADIATION
{
l

1. All " permissible levels" of exposure - to radiation, chemicals, I
heat, and noise - in the field of industrial health are deter-
mined from the best available knowledge of animal experiments
and human experience. These levels are set low enough that
there will be no detectable injury to the workman from continuous
exposure during his working lifetime.

2. Radiation limits were first based on observed effects on people
occupationally exposed.

3. Limits were reduced in 1950 because of animal expe'riments in-
dicating shortening of life span.

4. Limits were further reduced in 1958 because of possible hazard
to future generations.

5. Present limits are far below levels which have caused debect-
able bodily injury ta human beings.

6. Present limit is that lifetime exposure will not exceed 5 rem
times the man's age.minus eighteen.

! L.E. :EL 5(Age-18) rem.
4

a. Not more than 1250 mrem to the whole body is per-,

mitted in any one calendar quarter.

13 weeks x 40 hours = 520 hours.
. 1250 mrem i 520 hours = 2.4 mrem / hour
! is maximum permissible continuous exposure rate.
'
.

i Because Biology is not that exact a science, 2.5i mr./hr. is acceptable,

b. Hands and forearms, feet and ankles may receive up to
l 18 3/4 rem. per calendar quarter,-

c. Skin of whole body may receive up to 7} rem per
calendar quarter,

'
, ,

l 7. Permissible internal exposure is defined by setting "MPC's" l

.
I

; (maximum permissible concentrations) for isotopes in air and '

s water. The only practical way to control internal exposure is ;

to keep isotopes confined in sealed sources or containers.
[Wipe testa check sealed sources, contamination checks and air,

monitoring serve to warn us if unsealed isotopes see being |handled carelessly._

.

i

!

L. D. Silverstein I,

8/13/62
'
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VI. RADIATION SAFETY INSTRUMENTS AND TECHNIQUES,

1
s

1. Need for instruments -

a. Human senses cannot detect ionising radiation.

j b. Two basic measurements in radiation safety work ares

(1) External radiation - the rate is measured in mr/hr,
integrated dose in nr.

(2) Contamination levels of benchtops, equipment, clothing
i and atmosphere are measured in cpm above normal back-

:! ground.
t
$

t 2. Principles of radiation detection instruments -

a. -All detection methods depend upon the interaction of,
radiation with matter.,

,

{ b. Instruments differ in the medium in which ionization t'akes
place and in the method by which ionization is detected ''

and indicated,: i

t
'

(1) Photographic emulsions.

(2) Gas counters. '

(3) Scintillation counters.
! s

3. Individual instruments - their use and limitations.
a. . Photographic emulsions.

(1) Film badges are widely used for routine monitoring
of personnel for external radiation - 3 ,7, x-rays,
neutrons.

(2) Advantages -
(a) Permanent record.

I

(b) Small, lightweight and rugged.s

'

(c) Cheap.

(d) Simultaneous recording of more than one type of
radiation. '

]j (e) Wide range,
p

'-

*. . -
i :
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- (3) Limitations -

! (a) "oToverexposure).g (provide no immediate warning
Not direct-readin

(b) Pro:essing and reading films is a complex and
critical process.

,

(c) Results aren't as accurate as electronico
instruments.,

(d) User must be faithful in wearing it and atoring1

it properly.

| b ., Oas Ionization - i

j (1) Collection of ions formed by the ac' tion of ionizing
radiation in a gas, is the prin.cip)n utilized in
these instruments.'

(a) Electroscope - charged fibre moves downscale
as air is ionized by radiation and ions collect,

",
on fibre to neutralize charge.

1. Iab model is simple, compact and rugged, but
slow and tedious to use.

) 2. Pocket chamber or dosimeter. can be made
j direct-reading, it is small, light rugged,
. relatively cheap, but it is sensitive to

!shock such as dropping, and it is not sensi-
,

tive to beta or low-energy x-rays. Pocket
,

chambers are used in addition to film badges,
j when non-routine exposures are expected.

|
'

! (b) Ionization Chamber - ions produced within chamber
I are collected by an electrode to produce a small

( current which is proportional to the radiation rate.

) 1. Meters are direct-reading, can be made portable
[ and can be made sensitive to' m, p or y by use
' of proper windows. The amplifier circuits and

batteries can cause trouble and thin windows,

are quite fragilt.

f (c) Proportional counter - produces a pulse which is

]
proportional to the energy of the particle detected,
1. Counters are quite efficient for a as well as

p-y, but are not portable.
- |

. ,.

-

.
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(d) Geiger-Muller Counter - gas amplification! produces
large pulae for all radiations detected, pulse not
proportional to particle energy.

1. Meter can be portable, very sensitives and many
special tubes are available for specific purposes.
Tubes and batteries do fail, as do meter-readers
in the interpretation of the readings. Natural
background must be considered as well as artificial
background from sealed sources or isotopes,

c. Scintillation Counters - detect visible light pulses which
are produced by radiation activating the phosphor.

(1) Wide variety of phosphors available for specific rses
or radiations, light pulses are proportional to particle
energy, phosphors very sensitive. Some portable survey
meters utilize scintillation counting, but they are
generally more expensive than ion chamber or G-M meters.

,

1
1

4. Summary -

|
.

a. Instruments should be chosen to fit the properties of the
radiation to be measured.

| b. Principles of operation of instruments should be known so
| that the proper choice can be made, and the limitations

recognized,

c. Portable survey meters have several limitations: because
tubes and batteries fail occasionally, meters should be|

checked against a reference source before use, calibration
'

should be checked regularly because of rough usage and
battery aging, and meters have a time lag - they should be
allowed a few seconds to reach maximum before measurements
are recorded.

~
-

L. G. Silverstein
.(

.'- 8/13/62
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1.20 it..il4,10a 3nfe?y Requirem n.o fLe Radiopc.phic Operati:ns Partc
20 and 31

|

1. Definition _a__ |

(a) "Rediographer" crans any individual who parfora.c or who, ;

in attendance at the cite where the scaled source or 1

sources are being used, personally cupervison radiograph-
ic operatora and who is recponsible to the 11consac for
assuring conpliance with the require. ants of these rc3-
ulations and the conditions of the licen33.

(b) " Radiographer's Assistant" maans any' individual who, un-
der the personal supervision of a radiographer, ucos
radiographic e=posura devices, saaled sourcac or surve.7
instrumente in radiography.

(c) " Radiographic E: posure Device" means any instrumsnt con-
taining a socied courve fastened or contained therein, in
which the sealed source or shielding thereof may be moved,
or otherwise chanced, frcm a shielded to unchielded position
for purposes of making a radiographic expecuro.

2. Ecuipment Control

(a) Licits on_Levc_. _of_ _ Radiation for Radiograohic Exucture De.vic :_3
Ediographic exposure devicen ccasuring Icss thc.n four
(4) inchos frcm the scaled source storage pecition to
any extarior surface of the device shall have no radia-
tion level in excess of 50 milli-rcettens por hour at

six (6) inches from ary exterior surface of the device.

Radiographic exposure devicen measuring a minimum of four
(4) inchec from the socied source storego pm:iti:n to any

^ exterior surface of the device and all storn;c containors
for sealed sources shall have no radiation icyc1 in excess
of 200 milli-rcentgens por hour at any exterior surface,
and ten (10) milli-rocntgens per hour at one treter from
any' exterior surface. The radiation levels spccified
are with the sealed source in the shielded (off) posi-
tion.

(b) Locking of Radiograp_ hic Exposure Devices-
Each racicgraphic e::posure device anali ce pimvided with
a lock or outer locked container designed to prevent un-
authorized or accidental removal or exposure of a scaled
source.and shall be kept locked at all times except when
under the direct surveillance of a radiographer or radio-
grapher's assistant.

.

-
,

.

, .
.

;
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Each ctorage container Jihaulco chall to provided t:lth a
lock and kept locked when containing scaled scurces except
when the container is under tho direct surveillance of
a radiographer or radiographer's acoistcnt.

Locked radiogrcphic exposuro devices and stcrase contain-
era shall be physically secured to prevent tarpering
or removal by unauthorized pornonnel.

Radiation Survey Inctrumento

The licensee shall maintain sufficient calibrcted and cperable
radiation survey instruments to chke physical. radiction surveys ne ,

201 Surveys - as used
"o(Part 20urvey" maans an evaEEation of |

Irequired by part 20 and part 31..
in the regulations in this parb,
the radiation hazards incident to the production, use,. releace, I

disposal or precence of radiocativo materials or other cources
of radiation under a spoeific set of conditions. When appropri-
ate, such evaluation includes a physical survey of the location
of materials and equipment and measuremente of levels of radia-
tion or concentrations of radioactive material prcsent.) Each
radiation survey instrument shall be calibrated at intervals not
to exceed (3) months and after each inctrument servicing and a record
maintained of the latest date of calibration. Instrumentation re-
quired by this ecction shall have a range such that two (2) milli-

~

roentgens per hour through onc roentgen per hour can be measured.
'

Leak Testing Repair Tagging,.etc.
h- .Each seal $d source shall be tested for leakage at intervals

i not to exceed six (6) months.:
| The Icak test shall bo capable of detectin6 the presence of

| 0.005 microcuries of removable contamination on the scaled source.
I

! !
| | ,

Quarterly Inve'ntory

Each licensce shall Son' duct a quarterly physical' inventory to
i account for all sealed sources received and poseasso.d under i

his license. .The records.of..the inventories shall be main- |. . . .

tained for inspection-by!the.. commission and shall include the <-
c
1 ' quantiti.es and kinds of byproduct material, location of seal-

i ad sources and the date of the inventory.

fC Utilization Logs

Ea'ch'lic.ensee shall maintain current logs which shall be kept
available for inspection by the commission showing:

,

i .g. (a) a description of the radiographic expocure device or
4-

. storage containeri

:. (b) the identity of the radiographer to whom assigned; and ,

(c) the plant site where used and dates of use.y, s

..,
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fersonc1 Radiation Safcty Roquiremen11 I
__

_

Licensee shall not permit any person to act a: a radio 6T&pher
until such person:

(a) Has been instructed in subjectc outlined in I.ppendix A
(Radiation Safety ccurse).

(b) Has received instruction in the legulatior.s in this part.
(c) Han demonotrated competence to uso radiographic exposure

devices. ccaled cources and related tools and survoy in-
struments.

(d) Has received copies and instructions in the licensco's op-
erating and emergency procedures.

9

Operating and Emergency Procedures,

. .

. 0..g (a) The handling and use of licensed scaled cources and radio-
.?j grcphic exposure d.3 vices to be c= ployed.cugh.that no per-
''" * son in likely to b'o'expocod to radiation doses in excess

cof-the limits established in Part 20. (Escentially 100,

naAnc.)
) Methodc and occasions for conducting radiation surveys;

)) Methods for controlling access to radiographic arcan;
Methods and occasions for locking and securing radio-
graphic expecure devices, storage containcrc and scaled
sources;

(e). Personnel monitoring and the uan of personnel conitoring
equipment;

(f) Trancporting sealed sources to field locations, includ-
ing packing of radiographic oxpecure devicci and storage
containers in the vehicles, posting of vehicles and con-
trol of the sealed sources during transportation;(g) Minimizing exposure of persons in the event of an accident;

(h) . The procedure for notifying propor persons in the event
of an cecident; (Part_20 403 notification er Incidents

(a) not applicacld to preacnt raciogrtrnic work
(b) Ecch licenses shall tiithin 24 hours notify the

nanager of the appropriate Atomic Energy Com-
mission Operations Office by telephone and
telegraph of any incident involving licensed '

material possessed by him and which may have,

caused or threatens to cause:c

(1) Expsoure of the whole body of any individual,

'

to $ rems or more of radiation; exposure of the
sk.n of the whole body of any individual to 30
rems or more of radiation; or exposure of the

i
,

feet, ankles, hands, or forearms to 75 rems
!

or more of radiation; or !

(2) The release of radioactive material in con-*

centrations which, if averged over a period of
M hours, would exceed 500 times the limits speci-..

fieg0for such mategials in Appendix B, Table III
,

7
-

.,
,' # po/b1 1n airia' d (1) 3 x 10'lO(Co

'

pc/bl.)(s.) 1 x 10~
T

~

'n
!
'

l
I

1r
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(3) J. less of one dcy o.v wor) tr :r operation
of cny fcc111 tics affected; ce

(4) Lamgo to property in c:: en r.f f7,1,000.
(i) Maintenance of records.

P_orsonnel Monitoring Control

(a) The licensce shcIl not pszmit any per cn to cet as a
rcdiographer's ccclotant unicsa, at all times during
radiographic operations, each such p3rson chall waar a
film badge end either a pocket docimoter or 3 pocket
chamber. Pocket dosimeters and pock 0t chx.Rere chall
be capable of measuring doccc from zero to at lecst 200
milliroentgens. A film badge shall be asndgnsd tc and

'

worn by only one paraon.

(b) Pocket dosimeters and pocket chambers shc11 be read
and doces recorded daily. A film badge shall bo im-
mediately processed if a pccket chamber or pocket deci-
meter is dischar$cd beyond its ranse. The film badge

reports received from ths film badge processor and records
of pocket dosimeter and pockot chamber readinga chall be
maintained for inopection by the commission,

Security _

During each radiographic oparction the rcdiogr phar or r:dio-s

grapher's assistant shc11 maintain a direct curveillance of thei
operation to protect against uncuthorized entry into a high radic-

| tion area as defined in Part 20. (Any area where a ca.jor portion
of the body could receive in any cne hour a dena of 100 MR.

j Posting
i Notwithstanding any previsionc in Part 20 204 (c) creas in!

which redlography is being perforced shall be conspicuoualy posted
as required by Part 20 203 ~(b) and (c) (1).
(Requires signs indicating "Cauticn High' Radiation f.rca")

'

Radiction Surveys and Survey Records _

i (a) No radiographic operation shall be conducted unicas
calibrated and operable radiation survey instrumentation

I

i
is available and used at each site where radiographic ex-

! posures are made.
(b) A physical radiation survey shall be made .after each radio-

J graphic exposure during a radiographic operation to deter- |
_

mine'that the sealed source has been returned to its shield- t

ed' condition.
7' (c) A physical radiation survey shall be inade' to determine that'

each sealed source is in its shielded condition prior to
securing the radiographic exposure device and storago con--

i .. tainer.
"

.

(d) Records shall be' kopti of the surveys' rcquiro .by para- *

f
. graph (c) of this section and maintained for. inspection

by the commission.2

j m

!.
.

-
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Educational Requirements,
,

I. Fundamentcle of radiation cafety

2. Radiation detection inctrununtation to be used

3. Radiogrcphic equipment to be used

4. The requiremente of portinoat Federal Regula.tions
,

5. The licensee's written operating and ' emergency procedures.
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Test Quentions
'

Rr.diographers Radiation Training Course

1. Since gas =a. radiation is very penetrating, more of its energy will
be absorbcd in body tissue than would be the case with other forms of
radiation. |

|<

l
iTrue
'False

2. Both alpha and beta rays ara endo up of particica.

True i

Falco

3 The attenuation of alpha radiation requires careful consideration
of problems of shielding.

Truo
False

4.. Alpha emitters offer serious problems of intarnci radiation.

True
False

5. Gam =a radiation will penetrate anything to sono extent.

True ( )
False ( ) !

1

6. .Bremantrahlung is the kind of radiation which is similar to X-ray.
True
False

7. Bremsstrahlung frequently results from the shielding of beta radia-
tion.

True
False

8. All alpha radiation from a given source will have the same energy
.

and the same range in matter.

.

-

False ( ) {

.

-- M'""* f t - ,,- - - 3 T - _. y 149 M - #h .J7 -, , - - ,
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9 High specifin ioricstion ru..m ths.t much c..a cy 'c .:.c::cf trr..d over
a short path. '

,

'
.

True ( )
Falsc( )

10 Matericla of high spocific ionisation crc particulnvly ha:Ordouc
due to externel rtdiation.,

True
False

.

11. Tissue dar. ace in diroctly ::elnted to penetrating ability, energy
and specific ionization of radiction.

..

True ( )
Falee( )
16 The roentgen ic a unit of radioactivity which eqacle 3 7 x 10 10
disintegration = per second.

True ( )
False ( )

13. The reentgen is a unit of external radiation expec' ire.
.

True
False

14. The reentgen ir a nea. cure of the icnizing ability of the radi.. tion.

True ( )
Fales( )

1015. . The cu'rie is a unit of rEdictetivity which cefale 3 7 x 10 dir,-
integrations por second.

,

True ( )
False ( )

i

16. The roentgen equivalent men (rom) ic a unit bc. sed on ths roentgen
thich taket into account the relative biological effectiveneos of vari-
ous types of radiation.

,

!

True ( ) j,

Palse( )
17. The roentgen and the roentgan equivalent n:an are equivclent.

-

. True (
.

,.

False (
.

.

, - - - - , - , m7 - , .. . _ . ww"
-

-
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18. The relative biological offect;.venons of a s'.v.an typa of pr.diation
is the ratio of the drnago done in tissuc by the radir. tion .in qvcacion
to the damago done by an equal amount of radium.

Truo
Falso

19 Counts per minute and dicintegration por reinuto are tho samo.

True I
False '

20. All radiation survey instrumente give the scr.c background reading.

True.

False'

21. Radiation injury occurs in cells by causing ch.arges in. the atoms
and moleculos.

.

True
False

22. Blood and blood forming organs are the cost radio consitive.

True
False

23. skin and the G.I tract are the least radio sensitivs orsens.
True
False

24. Immature cello, cell in the early stages of division and celle
with high matabolic rates are the cent scnaitivo to redistion.

True
False

25 The safety of the individual workmen is the primavy criteria for
the setting of acceptable levels of exposure to radiation.

|

L Tt'ue ( )
False ( ) . , .

26. Acute symptoms or injury can be expected if the hazardo due to
-handling of radioactive materials presently used for radiography in
Midland are not controlled. -

'O rue ( i-
'T'/.* False ( ))

T'

,

|
'''

's
r

. ; ,

27. Life span shortening has been deconstrated by experience of human
. beings with radioactive materials and radiation.

. True ( )
L False ( )

. . . . 2. .. _ ..--n.. - = - - -a_
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' Radiation Training Course Tant Qucations Pase 4

28. Experiments with anicals hara proven a potential hrmd due to
genetic effects but have not given us reliable qu?.ntatative informa-
tion yet.

|

True ( ) :

Falae( ) l

29 Lack of knowledge is sufficient reason to be conaar';ctivo in our j

control of radiation exposures, 1
8 |

True ( )
False ( ) ,

.

30. Present control levels are well below the bodily injury range and
constitute little or no hazard to future generations. j

Trize ( )
False ( ) ;

i

31. Present standards which limit expocuro to radiation are based upon
well established experience with human beings. ,

True
False

32. All exposures must be kept belcw 2.5 mr per hcur.

True
False

33 Maximum permissible concen# rations take into account biological
half life, radiation half life and organ sensitivity. |

True )Falne

34. The half life of a material is the length of time it tal:es any 1

given sample to decay. l

True ( )
-False ( )

35. It is possible to predict when any particular radioactive atom will
decay. -

True
False

36. Although radioactive materials can go through decay sc$ emes which
involve several other radioactive raterials they eventually 'all decay to~

' '

a etable isotope.
,

~

True
False -

|
'

1
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37.. Materials can not be made radioaotive by exposing them to external
radiation from radiogrephic cources.

True ( ).

False ( )
,

,

,

~

38. The biological half life of a matorial refers to the time it takes
the human body to rid itself of ono-half the originsl' deco of the ma-~ ~ .

terial.
. ,

-

.,

True ( )
~ '

~

''.

False ( ) b
'

g._
~ 39. The effective half life refers to the time :.t takes for a dose to

the'. human body.to be reduced by.cne half. - }f3,
,

;. _e p.

. ..z;Mrue ( .' . 't

.

.' False (|l
-

.
,

''
| ; Y '.!

-
-

': .
,>,.

.
'

~. .40 The effective half life isia function both of the halt:: life and of>

, ..g.:the biological. half life of the',. material.
*. :,g
''

..

- . ,
. . .

. ?. <

' 41. The A32.C. limit on the lefv'e,l'of radiation for a radiographic expo's--

ure device measuring a minimum of four.(4) inches frc= the.cource storage
. position to any exterior surface of. the dovice is 200 milliroentgens per

hour and ten .(10) milliroentgens. p'er hour at one meter from ;any extertor
; surface. The radiation levels )sp'ecified are with the scaled source in
the shielde'd (off.)' position. .

'~ '' '

True ( ) ); .'

| sFalse( )
'

,-,

'

42. Having locked Ntorage containers for the two cobalt N sources is
' sufficient protection to prevent tampering or. removal b'y unauthorized;

-

personnel. ~

2
, ,

3

1, ,! ,
.

True
'

False
.

43 The main mason in having a. radiation survey instrumant at the site'

durin~g radiographic work is to ~ measure' levels of radiation in case of
a mishap. .

.,

.True ( ) .

.n';.
'

False ( )
''

*44. Thecokalt adurces should tie tested for leakage at intervals not''

.exc.eeding six (6.)' months. . . ...
:.; .;- y. --. 4.y

:

, . ' fne '. { b 4 . . s.: , , .
a e

!e LY'|1 g;;} . Y:Y I . ~'
'd- '

-

Falsec -

..

.

'
. .
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45[ A written recoid available'for ' inspection by tho .baltA.E.C is needed
indicating the plant sites and dr.tes of use for the co sources.

True()
False ( ;

... . , . . , .
-

_

, , , . -' ,
.. . .

VM. '$ince 'I-ray un' "ts are not doircrned by A.E.C. regulations there arei
. ... .

-

,no~ set'regula.tions"or records rdquired to be kept.

True ( )
False ( ) -

47. The portable X-ray units should not ba operated if any' individual
*

'.in the immediate' area would be erposed to levels of radiation greater
; :than 5 MR.AB. i{, . ;* ' ' -....

: n. . ?.
-

True
'

. False
. ,

'
.

'

48 A film badge is not needed to be worn by an individuel:cpsratin
radiographic equipment unless ho.1's likely to be exposed to. levels o
radiation greater than 5 MR. Am.

True ( )
False ( )
49. Reading an individual's pocket dosimetor once cach weak is sufficient
to account for the recommended weekly dose limit of 100 milliroentgens.

False ( ) -
*

True (
)

50 An individual's. film badge should be immediately proceceed if the.

pocket dosimeter worn in conjunction with the film bad. 0 revoals a radia-3
tion exposure greater than the range of the dosimeter.

True ( ) !
False ( ) j

'

~ 51 i .In the. event of an accident. involving an excessive exposure to i

radiation a member of the Environmental Research Laboratory ~should be
' notified second on1y to the Dow,. Medical Department.. .

0 Tro.q}
-

Fa1..c

5 [ The A.E.C. must be notified within twonty 4 REM allowed per calendar
2 four hours of any radiation
exposure to an individual in excess of the 1 1/
quarter for the.whole body. 7.:
. . YR .,

'

False [p}
True f' ''

w

. . .
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sources o.rc such tho.t a cign or cip; beuing the ':..Mo "Ca ? siou !!i|,'c..

Radie.tica Arct" are nesdod to to rcc.306 In t.hc r.rce.

T1-de ( )
Feln0( )

54 The lov?ls cd rndiaticn for r;/tig;:cpiric rcM w irg OS; port ble
X-ray unibe F.ro such thF.t a ::ig- or ricr/: bc$'.".rg the UM d2 "Ciu'.. ion-

Radiation Arce" cre needed te be u nt '. in tho e.ren.. ,

True{}Falsc- )s

55. A pccket chamber or doriceter :: were relichic .::.r cc deter-ir.u,:-
an individual's accur.ulated c:q..u re: to .'cdiction tl' tr. the filt badg - .

True ( )
Falsc( )

65 The use of a radiatic= curve: inn'..ruc0nt la not nz: dad for chter .
mining 1 cycle of radiction durir.g re.diogre.phic operatior.s en len; n,.
cll persons involved waar filr,4 brd::cc rnd pocket doch.eten .

Truc{)Falso )s

57. A physicrJ radie. tion curver erd cc ritten v: car: '. -c; c; c ' 17. re.,y:.r -by A.E.C. to detcrtine thE.t the cots.lt'g~ sources, tu ; r.rnu ~ ' te their
,

chielded condition prior to securirg.
a

True ( )
Pelse( )

1

l

h.
f

i
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