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Mr. William O. Miller {. e vy

Isotopes Branch

Division of Licensing and Regulation
U. S. Atomic Energy Commission
Washington 25, D. C.

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. Coples 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 fi
mentals of radioactivity and radiation protection. Att
6(f)-B contained regulations from part 20 and 31 pertai
to radlation protection for radiographers. Attachment

1s 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, ther
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losures ©(e)-A, B, and C were discussed in detall. A for-

+ review of regulations, operating procedures and emergency
poOCcedures 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,

At Mo niar

William H. Beamer, Chairman
Radiation Hazards Committee
Building 1602

8508010522 850611 ﬁ?

PDR FOIA -
bll KOHNBS-256 PDR F
Enclosures: 6§rg-A, B, C
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Attachment

. ‘ 6(f)-A

FUNDAMENTALS OF RADIOACTIVITY WHICH ARE IMPORTANT IN RADIATION
SAFETY

1. Structure of the Atom -

a, Composed of a nucleus and orbital electrons. The
electrons determine chemical properties - since
radiocactivity is a nuclear phenomenon, the chemical
and physical properties of stable and radioactive
isotopes of the same element are identical.

b, Isotopes - are atoms of the same element which
differ only by weight, and the Tact that some
isotopes are stable and others are radioactive.

¢. Symbols - isotopes are designated by the chemical
symbol and the mass number, g.g. Carbon has iso-
topes 10, cll, cl2, ¢13, cl4,7¢cl5, only by prior
knowledge can one teli a radioactive isotope from
& I§?§1' one by this designation. (Examples I131,
Ce .

2. Radioactivity -

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

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

¢. Half-life T1/2 1s the time it takes a given quantity
of radioactive material to decay to one half its
starting activity, In the second half-life it will
decay from % to { its starting activity. Since de-
cay 1s exponential, theoretically it never disappears
completely, but for our purposes, seven half-lifes re-
duce it to less than one percent of its original

ltrlgs h,
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Physical half-life refers to the 71/2

of the radioactive isotope itself,

which 18 a property of the isotope (which
cannot be altered by man-made forces),
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"Biological half-life," Tp, refers to
the time it takes the human body to
rid itself of % the original dose of
material.

"Effective half-1ife" Teer, refers to
the time it takes for a dose to the

human body to be reduced by 4, which
is a function of both Ty /2 and Ty

Modes of decay - radiocactive isotopes may decay in a
number of ways: they can give off « rays only, B rays
only, or @ +¥Y'rays, or P +/rays, There are o.her
ways, but they are not pertinent to our interests here.

The curie - is the unit of radioactivity which simply
means that 3.7 x 1010 disintegrations per second are
occurring in one curie of radicactive material. The
milli curie is 1 of a curie of 3.7 x 107 dps, A

mioro curie 1s one-millionth of a curie or 3.7 x 104 dps.

L. G, Silverstein

8/14
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II. PROPERTIES OF RADIATION IMPORTANT IN RADIATION SAFETY

1.

S e g m—— e g

Penetrating ability -
« very short range, can't penetrate outer layer of skir.
P &¢ longer range, can cause serious skin burns,

¥ very penetrating, will reach all organs of the body from
external source,

Absorption in matter -

a are completely absorbed in a few microns of tissue or other
substances,

P&e absorbed in a few millimeters of tissue, or shielding
material e.g. 4" lucite or other plastic will absorb even the
most energetic p, Laboratory glassware will shield p effective-
ly, but secondary radiation (Bremsstrahlung) may result,

T will penetrate ln¥§h1n5 to some extent, Absorption 1s 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 as installed; shielding is no help if it is in one
place and the source fa somewhere else,

Energy of radiation -

a. The Mev is the unit of energy - it stands for "million
electron volts," is applied to «,p, 7 and x-rays, which
are referred to as "ionizing radiations" because they
cause ionization of matter through which they pass,
Visible light rays have energies of 2-4 electron volts,
are non-ionizing.

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

¢, J rays are emitted in a continuous spectrum of energies
from any given radiocactive source, so we speak of the
maximum beta energy, Ep,y.

d. eg-electrons from accelerators are essentially mono-
energetic,

e, 7 rays are usually monoenergetic from a given source, but
more than one energy may be emitted, Y 's are degraded,
i.e, lose energy, so that a range of energies results,
Shielding 1is based upon the maximum energy involved,




4, Ionizing Ability -

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

exposure to a radiation,

P &€ Intermediate ionizing ability, but all energy is trans-
ferred to tissue from an internal exposure,

7. Low specific ionization, and large percentage of 7's
escape from the body.

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
best p shield, It is quite significant with millicurie
quantities of P32, Sr90 and other high energy beta emitters,

6. Tissue damage is directly related to penetrating ability,
energy and specific ionization of radiation,

L. G, Silverstein
8/14 /62
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III.

1.

UNITS IMPORTANT IN RADIATION SAFETY

Units -

The curie (c) 1s a unit of radioactivity which equals
3.7 X 1010 disintegrations per second (dps). The milli-
curie (mc) 1s . 1 of a curie and is in common use for the

small sources used in level and thickness gauges., Whe"
talking about "permissible levels" in the human body, .n
air or in water, we need an even smaller unit, the micro-
curie, (uc), one-millionth of a curie.

The roentgen (r) i1s the unit of external radiation exposure.
Its precise definition is too complex and controversial to
present here, It i1s a measure of the ionizing ability of
the radiation measured. The millircentgen (mr) is commonly
used when permissible levels and measurements pertaining

to safety are involved,

The roencgen-equivalent-man (rem) i1s a unit based on the
roentgen which takes Into account the relative blological
effectiveness of various types of radiation, It is mention-
ed here because most state and federal regulations use the
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, are units of radiation dose

rate,

The rad is the unit of absorbed dose. It 1s defined as
100 ergs/g. of material. The material should be stated,
"Tissue rad" means 100 ergs/g. of soft human tissue.

The relative bilological effectiveness (RBE) of a given
type of radiation is the ratio of the damage done in
tissue by the radiation in question to the damage done
in tissue by an equal amount of x-ray.

RBE .. 200 Kv X-rays

Amount of radiation to produce equivalent
biological effect,

REM = RAD x RBE
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Table of RBE Values

Type of Radiation RBE
X-ray, e, p 1
Protons 10
Slow neutrons 5-10
Fast neutrons 10
Alpha particles 20
Other heavy nuclei 20

Since RBE 1s an experimental quantity, the values may change
from time to time.

f. Counts per minute (cpm or ¢/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 geometry, window and air absorption,
etc. Cpm in radiation safety work usually refers to
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. Miscellarzous Unitas (MSU or U-M, depending upon your
football alleglance). As in every other ficld many new,
obscure and confusing units are in ue=2. 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
has stated exactly how he is using the various units,

If not, the article may not be useful.

L. G, Silverstein
8/13/62
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1.

5.

SUMMARY OF BIOLOGICAL EFFECTS OF RADIATION

Cha?gea occur at basic level - the atoms and molecules within
cells,

Cells contain 1o9 to 1010 molecules, over 90% water, Irradia-

tion of HpO produces a variety of very active substances,
notably peroxides,

Chemical changes can kill the cell or cause abnormal function-
ing such as decreased motility or formaticn of giant cells,

Cells differ in radiocsensitivity 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
radiation,

Order of radiosensitivity of body corgans,

a) Blood and blood forming organs most sensitive,

b) Skin and G.I, Tract,

¢) Lungs and kidneys,

d) Bone, muscle, and nerve cells least sensitive,

Acute, whole body exposure can produce death or severe injury.

BSymptcms are non-specific, similar to the “"flu" or a bad

hangover., Acute symptoms or injury cannot occur from milli-
curie amounts in sealed scurces,

Qenetic effects

a) Experiments have proven a potential hazard but have not
given us reliable figures yet,

b) Lack of knowledge i1s sufficient reason to be conservative
in our present permissible levels of radiation exposure,
Present levels are well below the bodily injury range and
constitute little hazard to future generations,

Life-span shortening - has been demonstrated in rats at higher

Tevels than present permissible expoeure, The possibility of

this effect is another reason for oconservatism in accepting
radiation exposure,




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

10. Treatment of radiation 1niuriol - no practical treatments are
available, so the best solution is to avoid exposure. Supportive
therapy and measures whioh minimize absorption of radiocactivity
are valuable ir case an exposure occurs..

L. G, Silverstein
8/13/62
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PERMISSIBLE EXPOSURE TO RADIATION

1.

7.

All "permissible levels" of exposure - to radiation, chemicals,
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.

Radiation limits were first based on observed effects on people
occupationally exposed,

Limits were reduced in 1950 because of animal experiments in-
dicating shortening of life span.

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

Present 1limits are far below levels which have caused detect-
able bodily injury t> human beings.

Present 1limit is that lifetime exposure will not exceed 5 rem
times the man's age minus eighteen,

L.E, = 5(Age-18) rem,

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 3 520 hours = 2.4 mrem/hour
is maximum permissible continuous exposure rate,

Because Biology 18 not that exact a science, 2.5
mr./hr, is acceptable,

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

¢. Skin of whole body may receive up to 74 rem per
calendar quarter,

Permissible internal exposure is defined by setting "MPC's"
(naxinumrﬁornilliblc concentrations) for isotopes in air and
water, e only practical way to control internal exposure is
to keep isotopes confined in sealed mources or containers.
Wipe tests check sealed sources, contamination checks and air
monitoring serve to warn us if unsealed isotopes &ve being
handled carelessly,

g. 0. Silverstein
/13/62
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VI. RADIATION SAFETY INSTRUMENTS AND TECHNIQUES

1.
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Need for instruments -
a. Human senses cannot detect ionizing radiation,
b. Two basic measurements in radiation safety work are:

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

(2) Contamination levels of benchtops, equipment, clothing
and atmosphere are measured .n cpm above normal back-
ground-,

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 takes
place and in the method by which ionization is detected
and indicated,

(1) Photographic emulsions.
(2) Gas counters,
(3) Scintillation counters.

Individual instruments - their use and limitations.

a. Photographic emulsions,

(1) Film badges are widely used for routine monitoring
of personnel for external radiation - R,y, x-rays,
neutrons, :

(2) Advantages -
(a) Permanent record,

(b) Small, lightweight and rugged.
(¢) Cheap.

(d) Simultaneous recording of more than one type of
radiation,

(e) Wwide range,
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(3) Limitations -

(a)
(v)
(e)
(d)

Not direct-reading (provide no immediate warning
of overexposure).

Prozessing and reading films is a complex and
oritical process.

Results aren't as accurate as electronic
instruments.

User must be faithful in wearing it and storing
it properly.

b. Gas Ionization -

(1) Collection of ions formed by the action of ionizing
radiation in a gas, 1s the principle utilized in
these instruments.

(a)

(b)

(e)

Electroscope - charged fibre moves downscale
as air 1s ionized by radiation and ions collect
on fibre to neutralize charge.

1. Lab model is simple, compact and rugged, but
slow and tedioua to use.

2. Pocket chamber or dosimeter can be made
direct-reading, it is emall, 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,
when non-routine exposures are expected.

Ionization Chamber - 4ions produced within chamber

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 a, P or ¥y by use
of proper windows. The amplifier circuite and
batteries can cause trouble and thin windows
are quite fragil. .

Proportional counter - produces a pulse which 1is
proportional to the energy of the particle detected.

1. Counters are quite efficient for a as well as
p-y, but are not portable.

v v ———————- P . VP
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(d) Geiger-Muller Counter - gas amplification produces
large pulse for all radiations detected, pulse not
proportional to particle energy.

1. Meter can be portable, very sensitive, 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,

Scintillation Counters - detect visible light pulses which

are produced by radiation activating the phosphor.

(1) wide variety of phosphors available for specific vies
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,

4, Summary -

; b.

8/13/62

L. G, Silverstein
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Instruments should be chosen to fit the properties of the
radiation to be measured.

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

Portable survey meters have several limitations: because
tubes and batteries fall 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,
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o3 L1900 3afecy Reduirgnn:n.s rov Radlogecphlice Oparatizns Partc

20 and 31

1, Definitions

(a) "Radiegrapher” meana say individual who parforaz or whe,
in ettendance at the site where the sczled source or
sources are being used perscnally cupervises radlograph-
ic operatore and who is retponaible to the liecnsa2e for
assuring cormpliance with the reguirenaats of these reg-
ulations and the conditiocns of the licensa.

\
|
|
|
|
(b) "Radiographer's Assistant” means any individual who, un=
der the persgonal supervision eof a radiographer, uees
radiographic e:xposure devices, szaled sourdas or survewr
instruments in rediograpny.
|
|

(e) "Radiographic Exposure Device” means eny inotrumant con-
taininz a seeled scurve fastencd or centained therelin, in
which the gegled source or shielding thereof mcy d2 moved,
or otherwise changed, frcm 2 shielded vo unchieldesd position
for purposes of makinzg a radiographie exposure.

2. Eouipment Control

() Lirits on Level of Radiation for Radicgranhic Exporsurc Devicc:-
Radiosrapnic e:poture dsvicen mecasuring less vien four
(4) 4inches frcem the sezled source storage position to
any extarior surface of the device si2ll have no radiae-
tion leval in excees of 50 milli-rcetgens per hour &t
gix (6) 4nches from ary exterior surface of the device,

Radiocraphic exposure cdevices measuring a minimua of four
(4) 1inchee frcm the sceled scures storage periticn teo any
extericor surface of the device and a2ll storaze eonrsindrs
for sezled sources shall have no radisticn level in excecs
of 200 milli-roentzens par hour at any exterior surface,
and ten (10) milli-roentgens per hour at one meter from
any exterior surfoce, The raciation levele epecified
:{0 with the sealed gource in the shielded [off) posi-

on,

(b) Loeking of Radiogranhic osure Devices=-
CEréphic expoaure device Bhall o p.vided with
a lock or outer locked container designed tc prevent un-
authorized or accidental removal or exposure of a scaled
source and shall be kept locked at all Timas except when
under the direct surveillance of a radiographer or racio-
grapher's assistant,
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Each rtorage contail

lock and kept locke 3T

when the container ic under the

a radiographer or radiographer's a

2

ocked radiogrephic exposure éo
ers shall be physically = (?
or removal by Uﬂ‘UuPO”lz’ﬂ perso

1 cfs..
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Radiation Survey Inctruncnts

The licensee shall maintzin sulflicient culibrated and rr“ble
radiation survey instruments to multe physlcal radigticu 3
required by part 20 and part 31. (Fart 20 201 Survevs
in the regulations in this part, "survey" maans an evaivatlion
the radiation hazards 1ncioex“ to the prcduction, uee,
disposal or presence oi radiocative matcerials or ocher gour
of radiation under &8 Bpecific set of conditiona. When
ate. such evaluation includzs a physical survasy of the
of materials and equipment and measurements of levele of
tion or concentrations of radiozctive matecrial present.) Each
radiation survey instrument shall be calibrated at intervels not
to exceed (3) months and after each instrument servicinz and a record
maintained of the latest date 21 calibration.

Quired by this section ghall have a ra**e such ¢t
roentzgens per hour througn ones roent ) per hou

Leak Testing Repair Tagzing, ete.

Bach sealed sourc2 shall be tested for lezkage
not to exceed s3ix (6) months,

The leak test shall be carable of detecting
0.005 microcuriea of remcvadble contamination on

Quarterly Inventory

Each licensee shall conduct a quarterliy physical inventory to
account for all sealed sources received and pose2ssed under
his license. The records of the inventories shall be main-
tained for inspection by the coumission and shall include the
Qquantities and kinds of byproduct materlial, location of sesl-
ad sources and the date of the inventory.

Utilization Logs

Each licensee shall maintain current logs which shall be kept
avallable for inspection by the commission showing:
(a) & description of the radiographic exporure device or
storage container
ib; the identity of the radiographer to whom assigned; and
the plant site where used and dates of use.
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Porsoncl Rediation Safcty Roquireran<s

Licensee shall not permit any percon to act as ¢ radiographar
until such person:
(a) Has been instructed in subjecte outlinad 1n iprendlx A
(Radiaticn Safety ccurse).
b; Hos received instruction in the regulations in thic port.
c Has demonastrated cowpatente to uzc radiographic exposure
devices, egcaled scurces and related tools end gurvey in-
struments.
(2) Hes received copies end instructicng In the licensece's op-
erating ard emergency proccdures,

Operatinz and Euwergency Procedures

(a) The handling end use of licanscd sealed gources and radio-
grephic exposure d:vices o be employed such that no per-
gon 18 likely to bo expozed to radiation dosz2s in excess
.or/ago)limits established in Part 20. (Escentielily 100

: MR .

gbi Methods and occasionus for conducting rediation surveys;

c

d

Methods for controlling eccess to radiogreplilc areasm;
Methode and occasions for loclzing and securing radlo-
graphic expocure davices, storage container: and scaled
sources;

(e) Personnel moritoring and the uae of personnel menitoring
equipnent;

(f) Trancporting sealed svurces to field locationsé, includ-
ing packing of radiographic expzcure deviees znd Etorage
conteiners in the vehicles, posting of vahiclea &nd cone
trol of the sesled sources during transportation;

{g; NMinimizing exposure of perscns in the evert of an &ccident;

The procedure for notifying proper persons irn the event

of en eccident; (Part 20 403 Notiflemtion ~f Incidants
(a; notl 8pplACACIC 50 Prerint TRGLOE Ll HiC Worn
(b Eech llcensec shall within 24 hours notily the

manager cf the uppropriate Ltomic Inergy Com-
mission Operations Office by telephore and
telegrsph of any incident involving licensed
material possesscd by him and which may have
caused or threatens to cause:
(1) Exp.sure of the whole body of any individual
to 5 rems or more of radiation; exposure of the
sk.n of the whole body of any individual to 30
rems or wore of radiation; or sexposure of the
feet, ankles, hands, or forearms to 75 rems
or more of radiation; or
(2) The release of radicactive material in con-
centrations which, 1if avcra%ed over a period of
hours, would exceed 500 fimes the 1imits speci-
" fieg for such mategials in Appendix B, Table IIi:0
(3: ;(..) 1 x 10" we/ml in air and (1) 3 x 10 .
we/ml,
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(3) & )rss of one 4Azy o wor: L7Ir ceeration
of eny fecilitics arfactiszy; v
(#) Lamzpe to property in eiz2ds of $1,000,
(1) Maintenence of razords.

-~ .

Personnel Monitoring Contrel

(a) The licensce shcll nst p3rmit any person U2 cet 22 a
redlographer'a cesistant unless, ab ell tines during
radiographic operationz, ealh gsuch p2arson ohnll wear a
film badce end elther & pocket dosimeter or = nocket
chamber. Pocket dosimaters and pocksy chant2re shall
be capable of meaguring doces froa zero to at lecst 200
millircentgens. A film badge sr3ll be aesipnzd te &nd
worn by conly one palson. ’

(b) Pocket dosimeters and pecizet chzmpers shzll Se read
and doces recorded daily. A film badze snzll be im-
mediately processcd if a pocket caemher or pocket dosl-
moter is discharsed bayornd its range. The film beadge
reports received from the film badge proce3sor and records
of pocket dosimeter and pockat charber readings shall oe
maintained for inopection by the ccemmlsaion,

Sccuritz

During each redicgrephic operetion the rediogsooher o raillo-
graepher's assistant shcll milntein a direct gurvelllanze of the
operation to protect agains® uncuthorized entry intc a high radiz-
tion aree as dafined in Part 20, (Any ares whers & major porticn
of the body could receive in any cne hour & dcsz of 1C0 MR.

Peating

Notwithstanding any provieions in Part 20 204 (¢) sorecs in
which redlogrephy is boing parforind shall be gorapisuously posted
as reguired by Part 20 203 (b) end (e¢) (1).

(Requires signs indicsting “Cauticn High Radiztion Arza”)

Radistlion Surveys and Survey Rscoxrds

(a) No radiographic opsretion shall be conductzd unless
calibrated and operacle radlation survey instrumenteticn
18 available and used at each site where radiogrephic ex-
posures are made.

(b) A physical radiation survey shull be mede after each radio-
graphic exposure during o radiographic opcration to deter-
mine that the sealed scurce has been returned to its shield-
ed condition.

{¢) A physical radiation survey shall be made to deternine that
each sealed source is in its shielded condition prior to
::g::ing the radiographic exposure device and storage con-

.

(4) Records shall be kept of the surveys require by para-
graph (c) of this section and maintained for inspection
by the commission.
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Educational Requircments

1.
2.
3.
4,
5.

Pundamentile of redlation colely
Radiation detection inctrununtation to bz upad
Radiogrephic equipment to be used

The requirements of portincat Fedcgl Kegulations

e et sams o0, i ot

The licensee's written opcrating ard emergency procedures.




Attachment

- & 6(r)-C

Naico : Duta:

rest Quastions
cdiographers Rodlaticn Training Cource

1., Since gauma radlation 1s very penetrating, more of iis encrgy will
be absorbed in body tissue than wculd be the case with cther forms of
radiation.

ralaes ;

2. Both alpha and beta rays are mede up of particler,

T §

3. The attcnuation of elpha radintion roguires carsful coneidarsticn
of problemas of shielding.

ot |

4. Alpha emitters offer serious problems of intarnzl radistion.

Pallcs ;
5. Gamma radiation will penetrate enything to somc extent.

True z ;
False

6. Bremsstrahlung 1s the kind of radiatior which is eimilar to X-ray.

Faisel J

Zi Bremsstrahlung frequently results from the shielding of beta radia-
on.

Faise! |
8. All alpha radiation from a given source will have the saxe energy
and the same range in matter,

Faise{ |

!
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9., High spccific 1orizslion .o 3 40e% pugh erornw o ovrnfurccd over
a short path.

True { ;
Felsc

10, Kateriala of high spocifile ionizition &r¢ particulariy hazardous
due to externel rcdiation,
Palaog ;

11, Tissue danazce ie directly :zelaicd to pouetsalling sbility, encrey
and specific ionizatlion of racdiztion.

Falsei ;

¥2 The roentsen i & unit of racdfosativity whieh equcle 3.7 x 10
disintegrations per eeccnd,

10

paisel )

13. Ths rcentgen 13 2 unit of coxternal radiation exrornurs,

Palae{ 2
14, The rcentgen ir g neasurs of tae ionlzing a%iiity of the rediation.

True 2 g
Falres

15. The curis 18 a unit of rediczativity which ecqvzle 3.7 x 10 *° dif-

integrations per sccond.

AR

16. The roentgen equivalent men (rea) i a unit bosed on the roentgen
which take: into eccount the relative bi clcozical effectiveness of vari-
ous types of radistion.

False{ |

17. The roentgen and the roentgin eguivalent man are eguiveclent,

paisel |
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18. The relotive biologieal oflectivencss of & g ven 4Lyne of vedicticn
18 the ratio of the demage done in tisaue by the radiztion In qucscion
to the damago done by an egual amount ¢f radium,

Fal&e{ ;

19. Counte jer minute and dicintegrstlon per minuts are the samo.

reisel }

20. All radiation survey instrumente give the soe bosiround reading.

raluei ;

21, Radiation injury occurs in cells by ccusing chenzes in the atoms
and molecules,

s

22. Blood and bloed forming orgauns are the wogt radis gansitive,

setsel )

23. Skin and the G,I, tract are tiic lcaet radioc eonsitiv: orgens.

Paisel )

24, Tumature cells, eells inm the early stegee of divicicon end cells
with high zetatolic rates are the oot sLnaitive tu relistion.

Feseed |

25. The safety of the individuzl worlkron is the primary criteria for
the setting of scceptable levels of exposure to radiztion.

Peisel )

26, Acute symptoms or injury can be expected if the hazards due to
handling of radicactive materials presently uaed for radiogrephy in
Midland are not controlled. :

ey

27. Life span shortening has been demonstrated by experience of human
beings with radiocactive materials and radiation,
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28, Experimentc with anioslse have proven & potential hazg.d dve to
genetic effects but have not givow us relieble quontetative informa-
tion yet.

Rt |

29. Lack of knowledze 18 sufficient reascon to be coxsarvative in our
control of radiation exposuresz,

AR

30. Present control levels are weall below the bodily injury renge and
constitute little or no hazard to future generaticns,

Sssd |

31. Present etandards which 1limit expogure to radlation are besed upon
well established experience witn humean beings.

Ren |

32. All exposurcs must be kept belew 2.5 mr per heur.

e |

33. Haximum permissible concentraticns take into aczount biological
half life, radiation half life &nd orzan sensitivity.

Fuuez ;

34. The half life of a material ig the Jength of time it takes any
given sample to decay.

Faise § |

32. It is poaaible to predict when any particula= radloact.ve atom will
cay.

nl“i ;

36. Although radiosctive materials can go through decay schemea whieh
involve several other radiorctive materlals they eventually all decay to
a stable isotope. =

Faise! |
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‘44, The cobalt
‘exceeding six (6) months.
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37. Moterials ezn not be made radloactive by exposing them to external
radistion from radiogrephic eources,

poed §

38. The biologiecal half 1life of a materiel refers to the time 1t takes

thoizgnan body to rid iteslf of one-half the original deoze of the ma-
terial.

Faisel }

39. The effective half life refers to the time .t takes for a dose to
the human body to be reduced by one half. :

True

Falsel |

80, The effectivs half 1ife 1s & function both of the half 1ife and of
; the biological half 1ife of the material, :

e |

"81. The A,2.C, 1imit on the level of radiation for a radiographic expos-

ure device measuring a minimum of four (4) inehes frox the source storaze
position to any exterior surfacs of the device is 200 millireentgens per
hour and ten (10) millircentgzens per hour at one meter from any exterior
surface. The rediation levels specified are with the sealed source in
the ghielded (off) position.,

Falea! §

842. Having locked storage econtainers for the two cobaltso fources is
sufficient protection to prevent tampering or. removal by vnautheorized
personnel.

AR

83. The main reason in having s radiation survey instrumont at the site
during radlographic work is to meacure levels of radiation in case of

a mishap. :

Fatsf |

go sources should be tested for leakage at intervals not

.- -

True e Bt e P % . »oad ; L
Falze o5 y ; NI -
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45. A written record avallable for inspection by the A.E.Cdéis ncedad
indicating the plant sites and dztes of use for the ecobalt sources.
True s ;
False

3. Since X-ray units are not governed by A.E.C, regulationé there are
no set regulations or records rcquired to be kept.

;anll:oi )

47. The portable X-ray units should not ba opereted if any individual
in the immediate arez would be expesed to levels of radistion greater
th‘n 5 HR./BR. '_ ;

s §

48, A £11m badge 18 not needed to be worn by an individusl cperating
rediographic equipment unless he. is likely to be exposed to levels o
radiation greater than 5 ¥R./HR.

Sud ]

49, Resding an individual's pocket dosimetor once cach weask is sufficient
to account for the recommended weeskly doze limit of 100 willircentgens.

- A

£9. An individusl's film badge zhould be immedlately procecsed if the
pocket dosimeter wern in cenjunction with the filn dadzc rovesls a radia-

tion exposure greatar than the rarge of the dosimeter,

AR

51, ,tn the event of an accident involving an excessive exposure to

radiation a member of the Envircnmental Research Laboratory should be
notified second only to the Dow Medical Department.

Fetea |

52. The A.E.C. must be notified within twenty-four hours of any radiation
exposure to an individual in excess of the 1 1/4 RPN allcowed per calendar
quarter for the whole bedy.

md) e -



peiscl |

5
5. The use ol & ra~1;t1¢: Survse innlrumant is not
mining levels of rafi_ ion durirg radlogrephic opor
sar film Hidsel and packet cdon

&ll poreons irvolved

. True S ;
j Palsz|

S7. A *hveical raedisticn suriey erd gopritien s
temine that Cthe c¢oiély souPees o

bv Qg.-icvo t';'
shielaed condition pirlor te gecuricrs.

True } g
Polse

£.3. The lerils o! ysileticon iS¢ X Iiosrubin vl
gourses “r: suli: Chaf a 6l or g4 Lisrlns the %
Redietich Arced”™ are mosdcd to bo roatad Lo the armo.
TTrue }

Felsz{

e, The lsv:le of rodigedsn for rofiosrenbls worie u
X-rey unitz &7c such thet @ Sic: ar 287 Yvis oo 4n
Radistion Arse" 21 necded te be pints in ¢l 2rvon,
Trae g

Palsa|

§5. A pceket ekanbsr or @orirecisy 17 o wors roliswy
an incividuel's zcoumulated ez oorns tu sodistion th

1..-
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