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PREFACE

Porscrnel of the Chemissl Processing Plant will be expesed to occupa=
ticnel hazards in sddition to those of ordinary chemical industries

in the form of radiocsctive materizls. Although the way in which radia-
tion damages living tissue is not entirely known, considerable is known
abont the effest of radiation on 1living crganisms. It is known that
radiztion will kill 221 living cells if applied in sufficient dosage.
Alge thet men is eccatinuously exposed to radiation from cogmic and oth-
er sourcss which has nobt besn proven to be either harmful or useful
(from an evolutionary standpoint). ¥e have, then, en unaveidable low
level radiation which is part of the enviromment, as well as a much
higher level of radiation which is proven To be harmful. We also have
between these levels an expesure vwhich, in spite of admitted veriations
in effect on different individuals, has not produced detectable changes
in large groups. However, the period of time and number of people ex-
posed at this rate are not presently sufficient for most experts in the
field to definitely state that the level is absolutsly safe. We might
expest considerable agresment on & statement that detesctable demage dur-
ing e humen lifetime of exposure at this intermediate level is very un-
1ikely and that any damege which should appear would be to particularly
susceptable $ndividuals. Hence, based on present knowledge, the nearer
the exposure approaches to the background level, the lower the proba-
bility of injuries. '

Some principles of radiation protection are being presented which allow
expesure to approach the background level as near as is practical with
the operation involved, yet which never exceed the recommendsd exposure
I13mits, This does not necessarily guarantee that this level of exposure
is barmless. A lifetime of exposure to radiation congiderably above
background may involvs some risk. However, it must be recognized that
any human activity involves scme risk, so if the risk from radiation ex-
posure does not exceed other risks already present, it should be acecepl-

able to the individuals invelved.

Regardless of the detection instruments, alarm devices, rules and pro-
cedurses, it is obvious that an individual mist assume considerable per-

sgonal responsibility for his own protection from injury by radiation.
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DEFINITION OF RESPONSIBILITY

The General Manager is responsible for the safe operation of the
eherE e

plant. The Health Physics Department has been established to advise

- the Qeneral Manager on precautions necessary to control or avoid haz~

erds resulting from work with rediocactive meterials. The various de-
partments under the direction of the General Manager will be responsi=
ble for safeguarding the health of the individuals under their juris-
diction. These departments will call upon the Health Physics Depart- -
menﬁ for the location, measurement and evaluation of radiation hagards -

as well as recommendations for their control or elimination. The re-
spons:.blllty for the enf orcemen'b of recormended regulat:.ons and holi-
cies ; a3 approved by the General Ma.nager, ghall res‘c. with the s'uper-
<isors of the various departments or areas. It will be the responsi-
bility of these supervisors to keep the Health Physics Department in- .
formad of the nature and extent of the work involved in all operatlons

in order that the necessary information may be sccumilated and recom-
mendations prepared. The Health Physics Department in turn will be
:obliga*'ed to inform the various departments of the existence and nature

of radlolcgical hazards resulting from work anticipated or in prcgresso

The Health Physms Depar‘bmen‘c in co-operation with other depart-

ments will maintein necessary records and compile such measurements and

data required to assure the General Menager that the operations of the

plant conform to radiol Logical regulations established by the Atomic

Energy Commission and are safe according to Americen Cyanamid Company

sbandards.
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RADIOACTIVITY AND THE UNITS OF RADIATION
II: 1

INTRODUCTION -

Activities in the field of atomic energy are based primarily gpop
the principles of atomic physics and chemistry. Within the limitations
of this manual, it is impossible to give & selffcontained discussion of
this field; however, it is felt thet a brief survey of the fundamental
principles and a statement.of terminology might be useful as an intro-
duction. | | |

We now think of all peterials as composed 5f & finite number of
matérials which aré referred to as chemical elements, 1.&q; hydrogen,
carbon, ete. Two or more of these elements may‘combine to form com~
pounds such as water. They may exist in three physical forms:‘ solid,
1iquid, or gaseous, and may be associated in various kinds of mixfﬁreso
Tn the light of present knowledge, the chemical elements are described
as being made up of exiremely minute entities knoun as stoms. The atoms -
of any one element are uﬁique in their structure, while ell atoms are
thought of as being assemblies of three basic structural-cgmponents
czlled neutronss protoﬁs and electrons, Since these fundamental "build=-
ing ﬁlqcks" of nature are so extremely minute, we cannot hope to give
them & visual description. We cen, however, describe thelr physicgl
“ properties. We may, for instance, detect their_relative mass or weight
and their electrical propertiese .

The negative unit of electric charge is never found associsted with
& smaller mass than that of an electron (9.1 X lo'zsgm) and, for most

purposes, may be consldered identical with the electron. The unit of

II: 11



positive charge may be associated with either a particle of the same
mass s the electron, called a posifron or posi’ci’ve electron, or it
mey be assoclated with & pa.f‘bicle of 1840 times this mass, called a
mo A third perticle, the neutrohs has no electrical charge as-
sociated with it, but hes & mass very neerly that of the protopm. An
gtom is thovght of as an arrangement of these particles reéembling
our solar system. -For an atom of any one element a number of protons

and péutrons potentielly exist in & region near the center of the sys~-

tem. These particles together are termed the nuecleus of the atom.

Around the nucleus, arranged in groups or .ghellé , Tevolve a number of —

elsctrons. In any complete atom, there are as many electrons as there
are protons in the mucleus so that the net electrical charge of the
atom is zero. Any chemical element then :"I.s charactarized by & partic-
ular mumber of prgtoms in the nucleus of itg atoms and & corresponding
configuration of electrons a.rbund the pueleus. We might immediately
ask, however, about the nuniber of neutrons in the nucleus, and how
this might change the chsracteristics of the atom. Singe the. neutron
‘has no charge and since the chemical behavior of atoms is essentlally
“dependent upon "aheir. affinity for one another (electrical in nature ),
we might conclude that the chemical preperties of an etom are not pri-
marily determined by tHe mmber of neutrons in the mucleus. Heﬁce, any
one chemical element might be made up of atoms with differing mumbers
of neutrons in their nuclei, Atoms of a given chemicﬁl element with
specific nmnbersv of peutrons in their nuclel are termed isgotopes. It
is customary to describe an atom in the following manners example -
§2U235 ~ the symbol U’iden'bifiss the atom as the chemical element
II3 1-2 N



uranium; the subscript 92 indicates the mumber of protons in the nucleus
and the superscript 235 indicates thet it is the isotope with 235 par-
ticles in the mucleus (92 protons and 143 neutrons). The atom 92U238 |
(92 protons, 146 neutrons) is still the chemical element urenium, tut
the stom has three more neutrons inlits nucleus, These are isotopes of
wranium. | |

We might next observe thet any process which elbers the quantity
of positive charge carried by the mucleus changes the atom from one
chemical element to another; since the nuclear cherge determines the
normal number of electrons, When such a process occurs spontaneously

in atoms, it is called natural radicactivity.

e st » . II g 1—3 '



1T 2
RADIOACTIVI I’I

Radicactivity resulting from the release of atomic energy is essen-
tially like the radicactivity which was discoversd in 1897 by Becquefel
to ogcuf naturally fn compounds of urenium. Independent of external
stimilation, they gave off. three kinds of radié:bion which were designeted .
by the first three lstters of the Gresk alphabet - alpha,.‘beta and gamme
, Bs 7)o The gloha paya were found to consist of fast moving partic-
les of mass nearly four times that of a proton and with two units of pos-
itive charge. These perticles ere identical with the pucleus of & helium
atéﬁx of the same mass. | The bete particies were found to consist of high
speed electrons or posltrons. The gemme raye are of essentially the same-
‘nature‘ as vigible light or X-rays, congisting of discrete bundles or
"quanta" of energy moving +with the fundaméntal veloeity of 211 electro-
'n;agnetic energy, carrying no electrical charge and without separete iden-
ﬁi,ty before emisgion or after absorptionm. F‘u:‘therz'noreg it was established
that all three origiﬁa‘bed in the nuclei of the uranium or ot-hei' "radio-
active" atcms. | '

The emission of an glphs particle results in ‘the net loss ’oo.the m;t—-
.cleﬁ,s of +two protons and two peutrons, thus léaving the nucleus of & dif-
ferent isotope and element. The emission of a }_:gjﬁ_@_ parbicle from & nucleus
mey resul“f. from the tranﬁormation of a neutron into a proﬁon, thus pro-
ducing a nucleus of another element. The emission of a gemma T&y, since
it carries no charge , is thought of as resuliing from the fact that ﬂle
nucleus previously existed ir; an "excited" or "unstable™ sw’:a"be., By the
emission of a photon or quantum whose ensfgy is characteristic of the par-
ticular nucleus, a more stable condition may be achieved.

IIz 2«1 .



The musleus of an atom of a radioactive lsctope has an inherent in-
stability which might be thought of as a definite probebility that 1t
will sponteneously disintegrate in any given time. Furthermore, the
number of nuclel disintégfaﬁing in a.ﬁy one wnit of time depends upon
the number of atoms present at that time. In order to obtain a quantity
which expr--esées the raté of decay of a particular isotope, the coz;cep‘b
of “half-life“ 15 used. The "half-life” csi".an isotope refers to the
time (iﬁ any applicable uni{;s) required.' for helf of the .atoms initially
present to disintegrate. Thus, after one helf-life, one half of the
original number of atoms still exists. After two half»livgé , one guar-
tsr of the originel mumber exists, etc., The half=lives of differing
types of radicective transitions may vary frbﬁ fractions of a millionﬁh
of a second Lo thousands of years. This is usually éxqzresssd by
N =<N°§'7t vhers 7 = &ff?' °

The unit of activity cr quantity of radioactive samples is highly
i@orﬁmt in dose detéminaﬁioﬁs and is based on the number of atoms
di sintegrating per second. Conventionally, this unit is termed the .
_ct_z;::L_e_,; This undt wé.s originally based on the activi‘by' of one gram of
radium, or upon the activify from radon in equilibrivm with one gram
of radium. This definition hag sinéé been extendsd and now referé to
that quantity of any radioa;.ctive xﬁaterial which disinbtegrates at the
rate of 3.7 x 1080 dis/sec. It should be emphasized at this point, how-
ever, that failure to distinguish between total ionizing events and otal
disintegrations, in the case of isotopes that do not have simple decay
schemes, has led to confusion and error in the use of the curie. Tor

exemple, with a radioisotope that emiﬁs both a beta and a gemme. Tay in

IIg 2=2



a gingle disintegration, if there are Internel conversicn electrons;
that is, if some of the gammas give up their energy to eject K shell
electrons from an atom, we have a gamma feplaéed by an electrons then
measurement of the betae-particles will lsad to a disintegration rate
too high. If only th: gammas are measured, a'disintegration rate too
low Tesuits, Unless the rumber of gammas leading to0 conversion elec-
 %rons is known, the disintegration rate will not be correct and the
amount of the radicactive isctopes ex@ressed in curies will be incor-

reck, This indicates that the method of decay of any material must

be accounted for in the use of the gurdie as a unite

A neﬁ unit of radicactivity has recently been defined, i.e., the
Rutherford, which refers to that quaniity of any radioisotope ﬁecaying
at the rats of 106 disintegrations per secondo. |
Interactions of Miclear Radiations with Metter

Our present interesi in radicactive material depends on the dem—
age that results from the passage of nucleaf radiation through the hu~
man body, While a complete description of the various interactions of
different ty?es of radiation with matéer is beyond the scope of this
manual, it is felt that enough infomation should be presented to al-
low an understanding of the ?asic problems involved ahd-henée aid the
reader in grasping the concepts to follow, _

The first characteristic of &1l nuclear radiations 4to be considered
1s that they are all emitted with energies which are very large in com-
parison to those involved in normel chemical phencmend. The unit come=
monly used as a measure of their energy, the electron volt, is defined

8g8.that emount of energy necessary to move an elschron through en electric-

IIs 2-3
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el potential of ome voli, This corresponds te the kinetfic energy (energy
of motion) of a hydrogsn at.om mo*rlng at a velcc“ of 550 miles a minute.
As an example for comparison, fo*ar ele tron volts of energy aere liberated

vhen the molecule of oxygsn combines with an atom of carbon (as in the

burning of fuel) to form a molecule of cerbon $Boxide, In comperison to

these values, &lpha particles are: emitted with energles ranging from four
million to eight millien electron volts (Mevr}, Bebe particles have ener-
gies up to several Mev and gamma rays emitted from most common transitions
range up to ebout 3 Mevo

) Charged perticles passing through matter exert electrical forces on
electrons and nuciel in their immediate wicinity. This results in .such
effects as ionization, chemical dissociation of complex organic molecules

(within the humen body), and local hea‘ting or thermsl effects which mey

glso cause change, The probability ’cha‘b a particunlar atom will be ion=

med depends upon & number of ‘“ac%orss including the length of time dur-
ing vhich the. foroe acts. Thus, the pumber of ioms formed per unit length

of path increases to a maximm value as the particle is slowed down and

- ‘then rap.Ldly falls to zeroc.

The gemma quentum, on the other 'hand, does not carry sn electric
charge and generally passes through large numbers ‘of atcms without giving
uﬁ any of its energy. However, there exis’oé a certain probability per
unit length of path that it will give up & large part or all of its ener-~
gy to some one eleéctron along its path. .This probability depends upon o
its energy, upon the nmnbar of electrons par mit of volume, end upon
the etomlc number (puclear charge) of the atoms. The electron to which

1t gives up its energy is ajected from its stom with an initlal veloeity

ITs 24



characteristic of the energy received and proceeds to dissipate its ener-
gy in a manner jdentical with that of a beta particle of the same energy.
IF the elechron does not receive a1l of the energy of the gamma guantum,
the new Quaﬁtum of lower energy procesds aleng & new path with a new probe-
bility of snteraction with electrons along its‘patho

Wnile the processes by which alpha and beta perticles dissipate their
kinetic energy are essentielly the same, the lerger charge snd lower speed
of the elpha particle results in the pro netion of a mach larger muwmber
of interactions per unit length of path, Ite larger mass also lowers its
.probability of being scatteredo This results in the fact that nearly all
of the particles will penetrate the material to appfcximately the same
depth, In the case of beta particles, they are seattered by atoms quite
effectively. This causes much of the energy of these particles ;a oceur
et or near the incident surface, In the case of gamma radiation, however,
we cannot speek of a finite range, siunce the probability of the inter-
action of & quentum of gamma emergy 1s independent of the distance pre- '
vicusly traversed. - Heglecting scattered radiation, we may discuss the
absorpfion of gemma rays in matter just as we discussed the decay of
radiocactive material, i.e., if a given thickness bf an absorbing meter-
iai will remové half of.the gamma Tay Quanﬁa from & beam theﬁ twice that
thickness will remove three-fourths, ets. This is usually expressed by
Iz IOEuX. Tt should be emphasized, however, that gemma reys do not gen-
erally give up ail of their energy in one encounter, but may, by means of
multiple scattering processes, continue through the absorbing'msdium at~
tepunted in energy. In any final analysis the absorption of gamma radia-

+1on must be considered as a very complicated diffusion problem, For

IIs R-5



this Teason great csre mast be used in shielding against gamma raysS.

" Not only mus

% attermation of any direct beam be considered, but also

radistion scattered from any material 3y the vicinity, such as air,

floor, walls, ete, Shielding from nuclear radiations is perbaps the

chief method of protection against it.

Ve might summarize the abscrption of alpha, bete and gamma radia-

N

tion by simple illustrations as fellowss

1.

.3‘,

Alpha particles dissipate their emergy very raﬁidly end
will not penetrate an ordinary shee® of paper. They all
penstrate gbsorbers to approximetely the same depth.

Beta rays dissipate their energy less repidly then zlpha
particles and will penetrate several millimeters of alum—
imm. Beta particles are emitted from nuclei in a contin-
nous energy spectrum from very lew to limiting maximm en-
ergy. Therefore they appsar %o be absorbed approximately
expenentially by sbsorbers with only & small fraction
penetrating to thelr meximum renge in e forward direction.

Gamme rays dissipate their emergy even less rapidly thaa
beta particles. They are attenuated exponentially by &n
ebsorber end since they can never be completely absorbed,
they have no maximum range. Approximately one centimeter
of lead is required to reduce 1 Mev gamma rays to one-half

their initial intensity.

IIs 2-6
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UNITS OF RADIATION DOSIMETRY

Any unit of radiatlion dose must be feadily measurable in terms of
simple physical guantities with reliable instrumentation. We are, of
course; desirous of obtaining informstion as to the blolegical damage
produced by any given dose of radiatiom. For this reesson we would like
to l;;a*:s sur unite preoportional to the biological damage produced. In
view of the complexity and present lack of information, §t has been im-
possible to devise a unit which complefely £:11s these requirementsS.

We may, however, readily measure either the energy ebsorbed from the
radiation per unit mass (in electron Volts or ergs) or the icnization
produced per unit mass in terms of the number of free charges. The 3
unit of charge used is the electrostatic unit {esu). Wnichever uni;‘:.
of dose is employed, energy absorbed or jonization, the icnization pro-
duced per unit volume is the physical quantity actually measured.

The roentgen is "that quantity of X or gamma radistion such that
the associsted corpuscular emissien per cubic c;nt"meter of air aﬁ:
stanﬁard conditicns produces in air one electrostatic unit of quantity
of electricity of either sign". The roentgen (r) is a unit of radiabion
exposurs and is based on the effect of X or gamma radiation on the air
through which it passes and applies only to X or gemma radiation in air.
This unit considers the ionization caused by the seccndary particles
(electrons) ejec’ced from some known volume of sir, The roepheen is not

a radistion units it does not deseribe dipectly the number of photons

in 2 beam por their epergy: it merely gives the effect of that radia~

tion in one cc of air; nemely, the ionization which i% ‘produces. When

ITe 3=1
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all of the ions of either sign are courrbed and found to equal one esu -
of chargs (2 x 109 electrons), then one roentgen of radistion has been
absorbed in the original cc of air. This in terms of energy sbsorbed
per gm of air is equal to 83.8 ergs.

It ig quite important to realizey however, that the energy absorp-

tion per unit mass of material is not the same in all substances, but

is dependent upon the meteriel and its density. In soft tissue the en-
ergy absorbed per gram of tissue per roentgen is approximately 93 ergs,
vhile in bone it is considerably higher. A dose given in roentgens
would apply in tissue only 3¢ it were measured in tissue. We must next
establish the conecept of dosage rete. The roentgen is, itself, inde-
pendent of time, since it refers only to charge produced. Dosage rates
afe-given in roentgens per howr. |

Since ionizetion and, hence, demage in tissue is often produced
by ;adiations other than photons (X or gamma); that is, by betas, al-
phas,'neutrons and protons, there mst be a dose unit applicable to
cbrpuscular radiation ﬁhich w1l be a measure of the energy abasorbed
in tissue exposed to these rediations. The goenhgen=eguivalegtmghxsical9
as we shall define it; is that dose of any ionizing radiation which pro-
duces'energy absorption of 93 ergs per gfam of tissue. This corresponds
to the energy absorption in gofb tissue resulting from a dose of one
roentgen. It‘must be understood, however, that the energy absorbed by
ﬁissue exposed té gamma radjation depends on the atomic composition and
density of the tissue and definitély u?oh the energy of the ﬁhotoﬁsg'
wvhile a rep is always 93 ergs per gram of ‘tissue independent of kind of
tissue.or the energy and type of the radiatiéno _Bowever, for most pur-
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‘poses it is convenient to regard the v and the rep as equivelent, in

that they produce the sams physical effect in soft tissue.

The biclogical evidence indicates tha* the effects of the various

3onizing radiations are nct the same snd thet a different degree of

tissue damage can be zupected from the absorption of a given gquantity

of alpha ray energy then from the same quantify of beta-ray energy or

neutron energy. The rosntgen-equivalenTeman (rem) is that dose of any

iW iz biologically equivalent

to the dose of one rpenfgen of ¥ or gamme radistion, The rem 1s not &

measure of snergy aosc:ptﬂon or of ionization produced in n tissue, bub
is e measure of a quanu_tﬁ of radistion that produces certsin biolegl-
cel effects, Extensive exparimen+al studies have been made of the rel—
ative biclcgical effectivensss (RBE) of the icnization produced in tis-
sue by the various types of fonizing radlatlcn and an equal amoant of
tissue jonization due to gamma radiation. These values were obtained

by experimentation on animals, The present accepted velues of REE ave:

Garma. rays from Ra (0.5 mm P%) 1
X rays of energy O.1 to 3.0 Mev 1
Beta rays : ' 1l
Protons W 10
Alpha perticles 20
Fast geutrons 10

In terms of energyﬁ
1l rem = _‘x.; er S gm tisste = Ien

Thus, for alphas; 1 rem: %% = 4.65 ergs/gm tissue = 0.05 rep.
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These are often tebulated as follows:

1 rem

Gamma. or X rays . lr=1vrep=
Beta particles 1 rep=1ren
Alphe particles 1 rep = 20 rem

A very useful relatlionship for determining the dosage rate at one

foot from an unshiclded source of gamma redistion (point source) is given

by R = 6CE where R is the dosage rate at one foot, O 1s the number of

curies of the radiolsotope emitting the ganma radistion, end E is the

gamma energy per disintegration. This, it must be understood, assumes

one quantum of energy E per disintegration (Mev).

To 2id in the understanding of this menual and for the general in-

formation of those interested; a short list of definitions of terms not

glready defined is inciuded in the following section,
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Angstrom

Atomic
Numbter

Ltomic
Weight

Binding
Energles

Chain
Reaction

Contamination
(Radiocactive)

Critical
Mass

Cross~section

1T 4
DEFINITIONS OF TERMS

Unit of current of electricity. It is equal to one
coulecmb per second.

A unit of length, one cne-hundred-miliionth of a
centimeter (10~%ém.), convenient for stating the
wavelengths of visible and vltravioclet light and
of ro=ntgen rays.

The number cf positive charges on the nucleus of an
a50me :

The weight of an atom, the wnit being one-sixteenth

- of ths welight of the common oXygen atom,

The energy which must be introduced inte the nucleus
or external elecirez structure of an atom to cause
the release of a given ruclear particle or componente

A reaction, chemical or nuclear, in which the energy
or particles generated by the breakdown of one or
more sdditional atoms cr molecules whose reaction in
turn ceuses other atoms or molecules to 33 gintegrate.
The term is alsc used sometimes to designate a spon=
taneous huclear reaction in which the preduct of +the
first disintegration is also radiocactive.

Deposition of radloactive material in any place where
it is not desired, and particularly in any place where
its presence may be harmful. The harm may be in vit- .
tating the validity of an experiment or & procedure,
or in sctually being a source of danger to personnel.

The minimum amount of 2 given fissionable meterial

required for a spontanecus chain reaction. The chain
resction will not run mmless more neutrons ar teing
formed than escape through the surface of the system.

Apparent target arsa of a nucleus which ig undsrgoing
bembardment by nuclear particles, judged by the num-
ber of successful reactions obtained. As this ap-
parent area involves internsl factors which determine
vhether a reaction ccours or not, it is usually differ-
ent from reaction to reaction. It is a way of stating
the probability that a given nuclear reaction will oc-
cur during the beombardment of one substance by particles
of one kind or snother. (Gemma radiation is considered
as discrete bundles of energy.)



Decontamination

Erg

Fission

Fission
Product

Ton

Ionization
Chanbexr

Kev
Micro
Mlii

Moleoule
Neutrino

Nucleon

Separation of undesirable substances from & desired
product; e.g., seperation of radioactive fission pro-
ducts from uranium. Also, removal of radicactive
materials from surfaces; eclothings eteo

A unit of work. The amcunt of work done when a force
of'one»dyne-acts'ﬁhrough a digtence of 1 cembimeter..

The splitting of an atom into two large fragments,

sr contrast to other muclear disintegrations where
the fragment emitted is an alpha particle or smal-
ler., Fission is known to occur only smong the heav-
jest atoms and in few of those, Splitting of 118 in-
to two alpha particles is not called fission. Tis-
sion is induced by sbsorption of & fast or slow neu-
tron, and follows 3mmediately or after a short time

with emission of several fast neutrons.

One -of the elements produced by fission, ususlly
radioactive,

An atom or molecule which carries a net electricel
charge or a free negative electron.

An enclosure designed to measure the electric con~
ductivity of the enclosed gas when ionized by radia-
tion. It is commonly used feor measuring the intens-
ity of gamma rays and other ionizing radietion.

Kilo electron volts. A convenient energy-unit of one
thousand electron volts.

Prefix meaning'one-milliﬁniho
Prefix meaning one-thousandth.

The smallest piece of a cubstance thet can exist in-
dependently., May be made up of many atoms of differ-
ent elements.

An elementary particleg electrically neutral and of
negligible mass. Particle postulated in beta~-decay

thQOTYO

A proton or neutron., The term is convenient when Te-
ferring to these two types of heavy particles found in
the atomic nucleus. o

A undt of electrical resistance. The international
ohm is the resistance, at zero degree C., of & column
of mercury of uniform cross-gection, having a length
of 106,3 cm. and & mass of L14.4521 gm.
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Nz

Guantum

Radioactive
Equilibrium

4 definite quantity; in nuclear physics, & guantity
of energy._ Planck's quantum of constent of action,
6:55 x 107 erg-seconds; when multiplied by the fre-
quency of a given rediation (per second) gives the
qiiantity of energy contained in one guantum. One
thinks of radiation of a given frequency as a stream
of particles or bundles of energy each carrying one
guantum of energy. : -

The ztate which prevails when the amount of a redioac-
tive isotope stays congtant because new atoms are be-

ing formed et the same rate at which they disintegrate
through radioactive decay.

Symbol commenly used for atomic mmber.
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misccnceptich, tissue does not ordinerily (remote possibility in

11T

BIOLOL«ICAL EFFECTS CF . RADTATION

IXl: 1

EXTERNAL DOSE

Radiation applied externally ects immedistely and continuously
only while the tissue is exposed; Effects may not appesr immediately,
the time 1nterVe.l batwesn exposurr-» and effect dﬁpnnd.ng on the dose
a.rlld the type of tilssue.
I'b bas been estabiished tha.t the various perts of the body may
be cla.asn.f:_ed as to their sensit:.vity o radistion. Muscles, heart
tigsue, and tiseue of the central nervous sys'tem eppesr ‘to be the

i

least sensitive, while the blood forming tissue in the bone HETTOV,

Ws rep:oduc‘bive system appesr to be

quite gensitive. In general, the hisuopa'bhology of radistion indi-

;;g;;mzl;t ¥t ssua regicn where apia céll reproduction is taking

place will be extremely sensitive £o radigtion. The fetus, in its

early stages 1s guite sensitive to rediation, and for this reasonm,

'Xfrs.y therapy or disgnosis during the early periods of pregnancy

might be extremely dengerous, and should cerfainly seem to be un~

advisable. : : '
Absolute protection can only be sfforded by limiting the emount 7

of radiation reaching the body tissue. ~However, coatrary +o a common

case of neutron radiation) become radioactive gs & result of irrad- B

{iation. The effect terminates with 't.he exposure or removel of the

active material in case of contaminatilon.

Alpha rays with a very few exceptions do not pepetrate the
horny leyer of the skin. Beta rays in the energy range from 1 to
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5 Mev penetrate tlssue roughly from to 2 cm., while gamma rays end
nentrons are act a,ppreci&bly affected by the skin, but penetrate to
the inmer tissue.

Radiation doces, which would be fatal 1T applied to the whole

body, may be gpplied 14cally to small svess, withoul p“oducing signi-
&

D, Ly Ll Aetasrs ZAOAK Alaiar T2

Picant changsg, except to the local ares. o LB /E, 869 N EFTH Lo z«,e,,u
& w'nr/yéf Wsoreredt ;/b

{Jfwe, The tine of eppearance of symptoms of radistion damage is a
Punetion of the total dose recelived and the time in which the dose
was delivered., Symptoms cbserved, in the order mentioned, might well

| ‘be reddening of the skin {erythema}, congestion of the blood and '
swellmg due to the accumilation of fluid in the lymphatic sysuem,
formation of 'blisters, logs of hair {epi iletion) a.:ﬂd seconﬁa::y wleera-
tioms. Both non-malignant and malignant Tumors bave developed.. After
healing, the skin may“’s%;w- a2 thm, atrophied-epidernls—witirea sca.ly |
sppearance. Tumors have been known to develop meny years after the
qriginal exposure.

| There is ample evidence to show that there are individual differ-

ences, -even—withinr—@-species, Lgfwthe sensitivity to end effects of
radiation on living organisms. The effecfs are dependent on the amount
gbsorbed, the ares exposed and the rate of s.béorption. 'Soxhe phencmens.
such es genstic 'effects , are apperently independept of the rate of
delivery snd depend only on the to;ca,l dosage . Some repcrts indicate
an ipcressed effectiveness with a decreaée in the rate of delivery,
possibly due to an increased sensitivity as a result of continued 1;'-
radistion. However, in the mejority of cesas, the effect cifvé. dose

d.ecrsa.sés as the rate of exposure decreases. ' For example, at the
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sccepted rate of 0.3 r/vk, over 600 r would be accumilated in forty
years without spparent demage to the body, vhile this dose to the
whole body in one day would most likely be fabal. A logical explan-
stion of thiz is thst if the rate of delivery of the radisblon is
such thet daily recovery caunch kesp up wilh the dsmege, the resulb- -
' ing effects will become evident.
Tt is not possibie o state the amount of radistion that will | X
, L ,—%%ﬂwé PR 7&4“04/" e
preduce certaln consequences because humene/have-secepted jlarge acute
Aaks etzgy G .
doses only-as—the result of accidents. Animal experiments, where-the
.remxmmﬁm%mms'mﬁtudi&a, have resulted in the
following spproximate conclusiouss '

APPROXIMATE EARLY EFFECTS OF WHOLE BODY ACUIE RADIATION

Acute Dose (r) .. Probable Effect
, ARl
=25 To ebwteus injury.
£5-50 ' Poseible blood changes but
, : no seriocus injwry. '
50-100 ' - Blood-cell chenges, some
. injury, po disebility.
100-200 ' Injury, possible disability.
200 Fatael, to 5 per cent.
200-400 Injury end disability certain,
death possible.
koo : Fatal to 50 per cent.
600 Fatal to 95 per cent.
Over 600 _ Fatal.
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TIT: 2

TNTERNAL DOSE

Presently accepted limlts for varicus isotopes deposited in the
bédy will be sztated in & la:‘"uer chapter.

Radioisotopes, when containéd ingide the body, preseirl: greater
herzards then when they gre limited to exbernzl sources, for the fol-
lowing remsons: (1} They irrediate ome continuously unbil they gre

elimnated. (2} They may or may unct be readily elimina.ted from *:he

" body. (3) Sources inside the body ere in mtlma:te eon‘r.a,c’:. with the

body "DlSS'UE. This ensbles &lphs and lcm’-energy vete radisbion (whlch,
beca‘use of their limited range in matiter, do not present. an external
hazard) to reach radiosensitive tissue {peide the body and to dissi-
pate all their energy in & small volume of tissue. Thus, the enei'gir
imparted per unit volume of tissus, vhich in reality is the only true

expression of dosage, might be qu;lte nigh within a critical body or-

.'gan. (4} It is extremely gifficult to measure the smount and distri-

bution of a radiosctope in the body so thab it is usuelly mlpos:a:.ble

to essess the hazard completely. Me't:hcds of’ urana.lysa.z:, have been '
developéd for some isotopes bt most of these analyses sre very tedious,
time consmming and expensive. -

In general, the chemical characteristics of the radioactive
meterial which enters the body dstermine where the material will be
d.éiaos.ited, Redioisotopes will follow the same metabolic procesees
as the paturally occuwrring stahle isobopes of the same elements.
Elements not normally present in the body will follow the pattern

of those with similar chemical characteristics whi_ch gre normally
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rssent. For example, barium, strontium and radium, which are apalo—
gous to calcium, will be deposited in the bone tissues. The hazard
from ingested radicactive materials depends on ‘the solubility, chemi-
cal properties and physical states, since these determine how much will

be absorbed from the gastro-intestinal tract. In order to constitute

an internal radistion hazard, the radicactive isotopes must gain ac-

ceés to the circulating blocd from which they can be deposited in the
bones,_liver, spleen, or other organs. Therefore, while the isotopes
are in the gastro-intsstinal system, the effect of the radiation re=
sembles that of externmal; rather than interngl, radiation. Fortunate~
1y, most fission preducts oceur as oxides which are only s1ightly sol-
uble in body fluids. Cesium, bérium and iodine do occur in soluble
forms.

Entry of radicactive materiels into the body through openings in
the skir as wounds vhere radicactive contamination is possitls is par-
tiéularly.limpor’cante Various methods of treatment have besn recommend-.
ed, some quite radical; Tt 3= believed by many that the treatment
should be the same as for any wound contaminated ﬁi@h potentially harm—
ful material, such as toxic substances or bacteria. Good local surgical
care seems most important. Inemergenciss invelving inberruption of
breathing, severe bleeding or shock, it is recommended thét they be
dealt with first, for obvious reasans, The removal of the radiéaciive
material,'even though some mey be depcsited; can be dealt with when

the emergency no lomger exists. There 1s some risk involved, bub
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it is certainly less acute than letting the removal of radiocactive
materials 1nterfere with the treatment of the situations mentioned.
In most cases the probability of radioactive contamination will not
be known and most often will not be high.

Inhalation of radioactive ﬁaterials is always & problem'in a
plant of this type. permissible limits of sir-borne materials will
be st&ued. hssimilation depends on the chemical characteristic and
the size of the particles. The nose will fllter out practically all
particles greater than 10 microns (10~2 em.) in diemeter and ebout

95% of all particles greater than 5 microns in diameter. The opti-

- mum particle size for passage from the alveclar space of the lungs

to the blood stream is less than 5 microns. Insoluble particles from
one to five microns may reach the lymphatic system.
The bioclogical effectiveness of an isotope is determined by its

tendency to concentrate in certain parts of the body from which 1%

‘nmy ve eliminated either repidly or slowly. The biological hali-

life is the pericd of time during which the amount of the radioisc-

tope deposited in the body is reduced to one~half its initial value.

The effective half-life of a given isotope depends cn its radicactive
half-life which determines its rate of decay, and the biological half-
life whlch is related to the natural rete of excretion from the body.
An isotope with a very short radicactive half-1life will inevitably ~
have a short effective half-life in the body, but substances with
medium or long radiomctive half-lives, depending on the tendency to
concentrate and the rate of elimination, nay have either long or short

offective half-lives. Substances with fairly long effective half-lives

III: 2-3



St

.

gre interms)l hazards., For exsmple, plxﬁ:onimn has g long radicactive
he,lf‘:lii’e, is deposited in the bome, and %l:‘.mimted very slowly, the
loss being due almost entirely to radicactive decay; hgnce s it has a
very lorg effective half-life and is congidered an extreme internsl
vmzard. Cesium 237, on the other hand, has an effective half-life
of sbovt 15 days in spite of its radioactive bglf-life of 33 years,
due to its ¥epid eliminstion from the body. |

As in externsl redistion, reductiom in the nuuber of white cells
is an esrly indicaticn of damage. Tﬁis ig caused by damage to the
plood-Porming tissue, usually by deposition of isotopes in the hone
| merrow &n&. spleen. Maligns,nt growths may develop in the region whex:'e

radiosctive msterials are concenbrated,
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IIT: 3
GENERIC EFTECSTS

Thegse effects may differ fro*m other chzmges produced by radia-
tion in that they are beliéved to be cumilebive, to be approximately
independent of dosage zabe and within limits of the energy of ‘
radigtion,

According to p:»:-sently aceepbed piological ﬁheory; living cells
ccn’ceip chromosomes which conbain chains of submicroscopic units called
genss, Each gene is believed to be associzted with a particuler physi-
cal characterigbic. Genes of the germ cells largely determine the
characterist;cs ‘of the of’fspring. ,

Tndividvals with characteristics different from the species oceur
gponteneously in nabure. If these characterisblcs can ’l"Je inherited, fh‘e
phencmenz zre called mutsbicns. Gmbmoscms.l mutabions arise from changes
1n %he chromosome structure. Gene mutetlons sre abtributed to changes
in the genes. The latter are classified as dominent or recessive. Off-
spring exhiblt cbaracteristics associated with the mubated éene if 1t ie
received from either paient in the dominent case, but The mubated gene
maet be available from beth parents iz the recesgive case. 4 J,ar;:ge peEr~
centage of mutations are lethal or deletericus, bub since most ‘are also
racessive, théy mey go for éenerations without detection. Although most .
matstions lead o heredity defectz, some changes have beexn pub to man’s
advantage ; &s 1s illustrated by the mold penicillium which manufactures
penicillin. The strain largely used st present was selected from - s number
of rsdistion induced mutants because it produces a large yieid of |

penicillin.
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The male gex chromoscme is a gpecisl case in which a,ll gene muta-
tions amet as if dominant., Some géaeticists suggest the poséibility,
dve to the sbove, of a dstectable change in the female-to-male ratio,
due to = decressed survivel of mele children throughout & number of
yesxrs.

Tt Qoes not seem possible, on the basis of the limited informa-

tion svailsble a%t this time, to draw eny definite comclusions concerd-

ing the genetic effects in men. On the basls of results cbtsined with

gnimals, there is slight doubt that radiation induced mutations are
possible, but the totael exposure required $o produce the changes is

completely xmcefba.iﬁ.

Serious genetic dsmage to the human race from sublethal doses

" of radiastion is thought to be unlikely. If individnﬁ.ls cCEYYying re.

cessive mutations should incresse gradually over a large mumber of

years vntil they were present in a large proportion of the population, '

the chances of their being carried by both parents might incresse to

the point where the effects would become evidens.
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III: 4
RADIATICN SICKNESS

Diaggo gis of Badiatl on Smkmg g8

Thie is not intended to be & recommended diagncssti" procedure but
only a summary of conclusions reached as a result of the study of the
Japenese atomic casualties.

The white Blood cell count is considered to be +he most valusble

end dlrec't gingle index of radiation sielkmess. The white cell count,

hcwever, 43 an indication of radiauon si clmess when ’c.he exposure has
been at least mcdera‘bely severe, possibly 100 to 300 r, although 25 %o
100 7 of whole body exposure may produce minor blood cell changes. Be-
ceuse of daily variastion, uncbserved infectiors and d4fferences in count-
ing 'bechﬁiqués s the count of'an individual may be appreciably lower than
3 pr-eva_ouslv established normal without exposure o radiation. If &
group were suspected of exposure to rad:r.a‘tlon in dangerous amounts; &
similar and sppreciable white cell reduction in all, with the e;manation
of the possibility of an spidemic, would be considered positive evidence..
Tf the number of white cells per cuble millimeter of blood falls below
2000, the chances of recovery are not gocd and if less than 500 will be
almost certainly fatal. _

- Most Japanese cases showed a drop in the number of. lymphocy‘bes (white
cells formed in lymphatic tigsues) soon after exposure, Some cases of
increase in total white blood cell count were xfepor'ted, apparently due
to an increasse in the number of granulocytes (ﬁhi’be cells formed mainly
in the bone merrow)., However, the increase Wwas fellowed in a few hours
by a sharp decrease. Hence, after the first day there was glways & rapid

decrease in the total white blood cell count which continued for five or
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six days. The total had decreased from 4,000 %o 10,000 per cubic milli-
metér ‘o, roughly, 1,000 to 3,000, ahd in most severe cases to 300 or
less before death. .

Lymphocybes reached their low point in about a week and, in cases
ﬁhich were in the process of recovery, began to increase.: Lymphocytes
had shown considerable gain in three weeks and granulocytes were also in-
creasing. BRed blood cells often declined dnriﬁg thié pericd.

Since the msin function of the leukocytes (white biqod cells) is to
defend the bedy ageinst infection end remove injured tissue, their ab-
sence increases the susceptabllity to infection.

There is considerable evidence to indicate tﬁat if no drop in the
number of lymphocytes is detectable in 72 bours after exposure, the doge
has been too smell to cause serious i]lness. The lymphocytes are the

first cells to show signs of regeneration if recovery is To take place,
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SUMMARY OF CLINICAL SYMPTOMS OF RADIATION SICKNESS

Time After
Expogure .

Lethal Dose (600 r)

Median Leﬁhal
Dose (400 1)

Moderate Dose
(300 - 100 r)

Pirst week

Second Week‘

Third weelk

Fourth week

Nausea and vomiting
after 1=2 hours

Naugea and vomiting

efter 1-2 hours

No Definite Symptoms

" Disrrhea

Vomiting

Inflanmﬁﬁialéf mouth

‘and throat

Fever
Rapid emaciation

Death (Mortality
probably 100%)

Loss of appetite

Fever ~

Severe inflam-
mation of mouth
and throat

Pallor, blood
spots under the
skin, diarrhea
and nosebleeds

Repid emaciation
Death (Mortelity

probably 50 per
cent

11T 4~3

and general maleise

1

bc definite
' jsymptoms
"No definite :
symptoms
Beginning
epilation

Epilation

~{Loss of appstite and

general melaise

Sore throat

Paller, blood spots
under the skin

Diarrhea
Moderate emaciation

Recovery likely un=-
lese complicated by
poor previous health
or superimposed in-
juries or infections




Pathology of Rediation Sickness

Damage caused by radiation originates in the individual cells, the
effects varying with the type of cells. Im general, the nuclei of cells
are more sensitive to radiation than cytoplasm. Hence, cells containing
a high percentage of nuclear material are more sensitive than cells con-
taining a lérge.perceﬁtage of cyteplasm, Rapidly miltiplying or actively
reproducing cells are mosh sensitive.

- The radicsensitivity of various common tissues probabiy decreases in
the following order: lymphoid tissue and bone marrow; epithelial cells
(testes and ovarles, salivary glends, skin and mucous membrene}; endothel-
~ial cells of blood veséels and peritoneum; commective tissue cells; mscle
cells: bone cells and nerve cells.

Lymphoid tissue, injured by radiation, tende to swell duvue to the ac-
cumulatioﬁ of fluidf, The throats of many Jabanese victims became g0 ul=
cerated and infected that breathing and swallowing was difficult. Wast-
ing of the lymph glands, tonsils and lymphoid patches of the infestines
was common in Japan.

‘Most of the constituents §f the blocd, other than the lymphocytes,
are menufactured by the bone marrow. Mature blood cells leave the marrow
and go to the blood stream where they remain for variable periods befors
being destroyed by natural processes. The shorter the life of a partic-
ular blood cell, the more qiickly it will present evidence of radiation
injury by a reduction in the number of celis due to the inability of the
marrow to replace the cells. Hence, the red cells which have the 1bng§st
1life sre the last to show a reduction. Atrophy of the bone marrow was

characteristic of the Japanese cases up to three or four months after ex-
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posure.

Post-mortem examination of the blood vessels of the testes showed
the most marked changes due %o radiationvcf any vessels of the body,
Changes in ovaries were less pronounced. A total body dose of 400 to
600 r is required to sterilize a menm, which would be fatal in most cases.

.- Temporary sterilitj9 howevef, haes been known to occur with small doses.

Between the thirteenth and fourteenth day the hair began to fall out
in buncﬁes in many Japénese'caseso' This stopped after one or ﬁwavﬁeeks
and never resulted in permenent baldness. The hair of the head was most
gensitive, followed by the armpits, eyebrows and beard.

Swelling end ulceration of the layers of mucous membranes 1ining the
gagtro-intestinal tract is common in radiation sickness. The changes re-
‘semble those of acute bacillary dysentery.

Treatment of Radiation Sickmess |

.Gons;derable effort is being maﬁé to develop methods of treating in-
dividuals so.as to lezsen the effects of radiation and of aiding recovery
from rediation sickness. Nome of the preventétive treatments which have
coms to our attention are applicable to situations which might be antici-
pated inAour plan:.bo Many of the more complicated treatments are still in
the experimentel state with animala and have not been tried on humans.

The objectives of treatment of radiation sickmess ares

1, To meintain the fluid and salt equilibrium of the body .
2. To control infection.
3, To prevent hemorrhags.

L. To prevent anemia,
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Efferts 4o accompliszh these objectives might congist ofs
. o _

1, Supply the necessary sugsrs, protelns, viteming and fluids
by intravenous fesding.

2, Control infesticu by the use of antiblotics.

3, Give whole blcod transfusions as required until the bone
marrow has had time 4o regenerate and produce blood cells.

4o Provide immediate hospitalization to ingure complete rest,
avoidancs of chills end fatigus. '
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PERMISSIELE RADIATION LEVELS

‘Limits ,

The maximal permissible level for chronic exposure of the total
bcﬁy to peretrating radiation (beto, samma, F=rays) shell be at the
rate of 0.3 rep §er week at an effective depth in soft‘tissue Qf 5
cenjimeters, assuned to be the depth gf the.blood=forming orgens. A
measured doss not exceeding the rate of 0.3 rep per week in air Willl
be assumed to meeb these'requiremenﬁsa -

For soft components of radiation (including beta rays with energy
less than 2 Mev), an additional rats of 0.2 rep per week; as measured
in air, is permissible, The maximal permissible level for chronic ex-
posure to the basael layer of the skin, at a depth corresponding to 7
milligrams per square centimeter; may thus be at the rete of 0.5 rep
per week - but with the restriction that the dose st the depth of the

| blood=forming organs shall-nct exceed the rafe of 0.3 rep per weeko

In case of exposures limited to the hands and forearms, the max-
imal permissible dose shall be 1.5 rep per week, measured in air or at
the basal layer of the skin,

Weekly (or bi-weekly) exposure records should be kept of all per-
sonnel who are subject to such exposurs. For administrative purposes,
however, exposure levels may be considered in terms of thé average taken
over a longer pericd of time; not to exceed three months, 4 single
week's exposure need not be considered excessive 1f it is not over

twice the permissible level of 0.3 rep per week (or twice the level of
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0,5 rep per week under the appropriate conditions), provided the average
weekly exposure over three months doss not exceed the maximal permissible
1limite

Interpretation

Records for cumulative purposes will be based on films only. The
films will be iﬁterpreﬁed for us by the Health Physics Division of the
Atomic Fnergy Commission, Ideho Directed Operations. They will repord
befa and gemma, readings° The gamma reading will be based on the density
behind the cadmium shield and converted to millircentgens by a radium or
equivalent calibration curve, The beta reading will be obtained by sub-
tracting the‘gamma or shield density from the open window density and ‘
reading the remaining density on & beta calibration curve.

‘W will interpret the permissible limits above as 300 mr on the
gamma or shielded part of the film, provided there is no beta reading,
or a maximm of 500 mrep beta on the open window part of the film, pfo=
vided there is no germa, or 500 mfep of beta plus gamma, provided the
gamme does not exceed 300 mr. The maximum hand and‘forearm exposure
will be 1.5 rep per week of gamma, beta, or beta plus gamms.

i

The Radiation Protection Committees of the United States, Great ‘
 Britain andVCanadag at g conference in Chalk River, Ontario in September
1949, agreed oﬁ the maximm pefmissiblé tissue dose levels for éxternal
redlation as tabulated bslow., We will comply with these and their re-

visicns, if eany, provided there are mo official AEC directives which

conflict.
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MAXTIMOM TISSUE DOSE LIMITS IN “REPS" PER WEEK

At Any Peint  Relative In the Basal Laver of the Epidermis

Type of .
Radiation Within the Biciogical Exposure of Exposure of
Body Effectiveness Entire Body Hands Only
X & Gemma 0.3 A 1 0.5 1.5
Beta 0.3 o 0.5 1.5
Protons 0.03 10 0.05 0,15
Alpha 0,015 20, 0,025 0,075
Fast Neutrons 0,03 10 _ 0.05 0.15
Thermal Neutrons 0.06 5 0.1 | 0.3
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Ivs 2

INTERNAL

Internal radiation at this time presentis a greater Heaiﬁh Physies
problem than external radistion because the material irradiates contin-
uousiy, the biological half-1ife in meny cases is long, the material is
in direct contact with the tissué9 and accurate methods of memsurement
of the emount and distribution of various isotopes in the‘body have not
' been campletely‘deQelopedo |

Radioécﬁive materials enter the'bod&wéy inhalation, ingestion, ab-
sorption through the skin, and by operdngs in the.skinglsuch as wounds.

Speeific prbceduresjwill'be provided in another section to heip low=
er the probabilify of material getting into the body.

We will use; unless directed othervise by AEC-IDO, meximum permis—
sible sir and water concentrations based on Harwéli'and Chalk River con-
ferenceé as published by the Washington AEC for the information of con-

tractors, as tabulated on the following pags.
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Body Purden  Air Conc. uc/ce Adr Come. uc/cc Witer Cone.

Isotops Yo, Permigeibie Permissible # Fermissible ¥ Permissible ¥

. ve 168 hrs./uk, 40 hrs, /v, uc/ce
Ra?26 0.1 (vome) 8 x 10732 2.1 x 107 4 %1078
pu2? 0.04 (vons) 2 x 10717 5.2 % 10732 1.5 x 10°%
plietural | | 172108 45 x10
_ ] (25 ug/w’) .
Solubie 1233 0,0 (beme) - §x2070  21x209 1.6z 1%
Insoluble U233 0,008 {lung) 1.6 x107H 4.2 x 1071
Sol. UR35 U534 0,04 (bome) g x 10710 21 x10°9 1.6z 107k
Insol. giiz 0.008 (lung) 1.6 x 107 42 x 107
231 0.5 (vody) |
0.18 (thyroid) 4 x 1077 o 1,1x108 3 x 1075
B3 (as BTO) 104 (body) 5 x 1070 1.3 x 1074 0.4
(as HT) | 5 x 1072 1.3 z 1072
5290 1 © 11020 2631020 6107
ek Y | 8 x 10-3
P 10 3 x 107
o4 (as CO,) 300 . 1mao® 2.6 x 100 |
35 200 2 x 1076 5.2 x 107° 1 5 1072
cc0 1 2 % 1079 5.2 x 1079 1 x 1075
At 1 x 1076 2.6 % 1076 }
Xel33 , 1 x 1070 . 26x 105
xel35 C3x100 - 79x10°°
sr89 2,0 '

% (%) 0.8
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General permissible concentration of gross figsion products in air
and-water, for use when the particular isotepes are unknown, will bes

My Concentration alpha . 3 x 107 uc/ee
beta~gamma  10-8 ue/cc

Water Concentration ell 10~7 ue/ce

= Air concentrations are calculated on the bagis of 168 hours per
week exposure with a breathing rate of 1.25 % 106 cc per hour of working
time and 0.63 x 10% ce per hour of off-time.

#% These concentrations are calculated on the basis of 40 hours per waek
working time at a hreathing rate of 1.25 x 106 cc per hour aend negligible
exposure during the non-working tins.

#%¥ Yater concentrations are based on assumption of 1.5 liters per day
of intake as liquid and 1.0 liters per day of intake as food.
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ITs 3
PERMISSIBLE CONTAMINATION LEVELS

- » Many insteliations have set definsss 1imits of contamination for

varionz eress and surfases. s intend to malke a decision in each per-
ticular cass besed cn the information e7ailabis. Factors involved will
be:
J_-o Iz the conteminstion hazardous due to direct radiation?
2, Is it hazardous due to imgestion or iﬁﬂaticn under the
ci;‘cumstances which exdish? S

3, Can e contaminated area be iscla and allowed to decay

Fo
[x2=
withowt interfering with operation?

4. How csn the hazerd be sliminafed most eccnomically?

Some of the limita which we bslieve nscessary are tabulated cn the fol=

lowing pege. A g -



' Persgnnel end Clothing (Perp ;gﬁlb‘tn Contemination Levels)

Surface of Skin Type of Maximum Permissible
or Clothing ‘ Contamination Coptamination

Skin « {general body A1 Any detectable con-

contaminaticn} - . temination to be re-

ported to Health
Ph'ySlf‘S Fleld OffiuSo

Skin - hands Kpha Less than %500 d/min.
' : (not readily over 100 em* of surface.
removable)
Beta * Permissible level as

indicated on hand and
foot counter.

Shoes. (personal) . Alpha Less than SOO d/min.
’ over 100cm* of surface.
Beta, gamma 1000 ¢/min.*
(inside or outside.
' Shoes (issue - not to leave plant)Alpha " 500 d/mn (100em?
" of surface area).
Beta, gamma 10,000 o/min.*(outside)
_ ~ 1,000 o/min, *(inside).
Clothing (personal) Alpha , 500 d/min. (100cm?
levels above which ' of surface ares).
clothing will be ' '
impounded. ‘ Beta, gamma 500 ¢/min.®
Clothing (protective) © Mg 500 d/min. (100cn®
of surface area)
Beta, gamma 1000 ¢/min.#
Iodine Comtent in Thyroid 3 " Less than 0,18 uc in
. thyroid,

# As measured with a standard G-M probe, under the best geometrical arrange-
ments.
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Additional Permissible Plant Contamizetion Levels

Be‘i’;aq gamme, ¥# Smear X%
e/m (87) o/m (@)

Venders! containers - food None detectable 20 10
Materials to AEC shops " Less than 1 mrep/thr 50 10
{(NixMco) . :
Meterials leaving controlled Tless thsn O.4 meep/hr 50 10
.area (acid bottles, carbeoys,
gas oyle, etco)
Commercial earriers lsaving 160 regulations : 50 10
contrelled area
ARG controlled carriers _ ICC regulations 50 10,
Radioisotope combainers lesaving ICC regulations 50 10
controlled ares
Salvage material Less than 0.4 mrep/hr 50 10
Material to sbares, gless shop, etc. Nome detectable 20 10
Instruments to AEC Health Physics Less than 0.4 mrep/hr 50 10

calib,

#*  There must be no detectable alpha with such instruments as the Zeuto
or Samsonhs

#%% A gmeer shall be interpreted as wiping 40 sq. im. of surface (4, 10
in. passes) with 2" dfameter Whatman 50 filter disc or squivalent and
comting at 10% gecmetry for beta-gamma in a stendard mica end-window
G-M counter, and 50% geemstry for alpba in a parallel plate ion chamber
or gas flow proportional counter.
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- : MERGENCY BADIATION LIMITS

The following three types of emergency and permissible exposure

1imits are iniended to pertain only to situations involwing radiation.

Thege ares

1. Acute Situation

"Thig 3s intended to mean 2 situation where holding the whole

body exposure to 300 mr/wk of penetrating radiation will ser-

jously interrupt production schedules, result in loss of pro-

duct, handicap some other urgent operation or similer circum=-

stance.

Radiation (Dose)

Concentration Concentration

in Water in Ay
600 mr/wk not to exceed Same as Seme as
an average of 300 mr/vk routine routine
over ahy continuous 3 operation. operation.

month periocd.

2. Emergensy

We interpret this to be a situation where limiting the radia=

tion exposure to 300 mr/wk of whole body penetrsting radiation

will result in exbreme damage to eqﬁipment, injury ‘o personnel

or large financial loss.

Concentration

Radiation (Dose) Coneentration
in Roentgen in Water in Alr
uc/ec ue/eg

A totel of 10r o those Beta~gammea Beta-gamma

normally exposed to 10-3; 1076;

radiation. Alpha 10-3 Alpha 10-10
for 10 for nob

A total of 25 r to those days immedi- greater than

not expossed to radiation ately after 2 days.

in normal duties.

a reaction
only. .



3, Emergency Accldent {Disaster)
This iz interpreted to mesn that 1imﬁt1ng radiation ¢
routine 1imits is probably impossible, loss of life #

-
roi e

wposure to

© Gl

piets deotrueiion o the plant 45 probabls We are reflerring par=
ticularly te = critical reaciion within the plant or an atfack
with ebomic weapons.
Radiation (Dose) Concentration Cancentration
n Water in Air
Mﬁx*mum ¢f 100 r in ong  Same as as

day, not gresler %har 150 Emergency.
r in one week and & 300 r ’
meximum 1indt for amy

period,

T+ is assumed that thare will be one men oo sach shift wh

meximm authority, He will be able 1o settle i

]

N

aTe

2t

and ‘when and what type of emergency exists. He will be

command *the advics and assiztance of all people working in the
T

3

e %o

7 as he belisves

to delegate authoriy;

It should be recognized that an individual receiving a la

dogse would be expscted ts say away from radiation for long pe
that special'provisioaﬁ would have to be made for'measuring on
large dose rates or tetal dosage when they are beyond the rang
personnei monitoring equirment, The values for water and air
tions in the extreme cases are conservative in respect to some
anticipated conditions

but it is believed that wmder the worst

can be applied without interfering with the progress of most o
Respiratory prdtective equipment mey be used in concentrations

mentioned.

controversies ;ﬂm

able

ol

o will heave

ediately

-

to

plant and

rge radiation
riods, Also
estimating

=

=7

of ordinary
concentra~-
authorities,
the values
peraticng.

above those
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WASTE DISPOSAL

Vs 1

RESPONSIBILITY

eontrol of radicactive wastes at the CPP. The wasie disposal

of the Operations Department has one group responsible for the

The Operations Department is respensible for the treatment end

section

con~-

trol of liguid waste processing and enother responsible for the con-

trol of gaseous and particulate process wastes., The Health FH
Department will co-cperste in monitoring all wastez leaving ¥
fines of the plant area and will act in an advisory capacity g

erations which might result in health hazards.

Ve 1=1
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Vs 2

GENERAL PROBLEM

The waste disposal problem arises from the fact that residuel wastes
from & plant of this nature may be released or discharged to the environ-
nent under such cﬁnditicns asvto seriousl endanger the health or liveli-
hood of the surroand1n6 pepulation. Nature frequently shows remarkable
ablll ties to conuenzratn various chemizal elemsntss pdrticularly when
they are present in only trace amomnts as is the case with many radioiso-
topes. .

Liquid wastes might be discharged into water courses beyond the con-
trclled'area of operation and in turn £ind their way into water and foecd
supplies. Gaseous or particulate air-borme activity dischaerged from the
stack as process wastes not only constitutes an immediate health hazard
from the standpoint of inhalation, but also might find its way eventually
into food and water supplies, or prove to be damagiﬁg to normal commerce.
An example of the latter is the potential damage %o the products of the
f£ilm industry which has been clearly demenstrated as g result of A-bomb
tests in Alamogordo and Neveda. In the first céseg contaminated straw
used.for making £ilm wrappings had a detrimental effect on the film and
in the second case, contaminated process water.from 8 stream had a simi-
lar effect. These phenomena lead many well-informed and far-thinking.
persons to.question whether aqueous and air dilution can be depended on
to discherge radioactive wastes safely to a drainage system or to the at-
mospheTe, |

While it is not generally considéred to fall in the class with the
disposal of wastes; a general appfaisal of the philoscphy behind the

stringent control of contaminated materials {colids) nmight be considered
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2t this time, Primarily, the spread of contamination is conty

rolled

as much as possible to safeguard the healih of the general pu&lic, but

there are many other considerations which impose more stringen

of contzmination on materials

Materials -such as high pressure gas cylinders or metal

containers, wood and metsl ftems, if allowad to move

leaving the plant tham heslth re

freely th

1t control
EaSONS .
reggent

irough the

plant in the course of its cperation, would undoubtedly find thelr way

. through normal salvage channels fo the "melling pot™ to be rex

the menufacture of cther or similar ftems, If such materials

rsed in

were to

become contaminated with radiocactive substances and allowsd to return

to these channels, eventually all siructural materials might become

contaminated to a small degree, While this would prebebly nod result

in a sericus health hazard, there are certain uses of all maierials

which require that the natural level of radicactive contamination b2

very low. For example, highly sensitive scientific instruments con~

structed to measure the presence of radicactive materials could not be

made of contaminated material.

tolerate contaminated materials,

The photographic industry cculd not

Becsuse of all the reasons mentioned, the recommended permissible

levels for waste disposal have been wery low. On the other hand,; as

the long time effects of radicactive materials become known, the present

standards mey be found umnecessarily ssvere.

In general, wastes from an operation of this nature fall

classes: 1liquids, air-borme gases and solids, and solid wasts

tamineted materials. Fach of these must receive specific treq

into three
s or con-

tment in

a manner which results in efficient plant opersilon, yet provides reas-
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onable assurance that plant Wasﬁsé will not prove harmful in any way.
Tyo Easic methods for controlling plaut wastes are:

1, Concentration. and/cr storegs.

2. Dilution (1iquid) or dispersion (air-borne).
The first methed ia‘preferred in 4the case of tremendous quantities of
highly dangerous waste maierials; bu£ becemes wneconomical for high
volume low level wastes. The mejor pérticn of the radicectivity in
the progess westas et this plant will be stored in concentrated form.
This method has been chosen nct onlyibecause of the potential hazard
of these materials, but also because of their potential values Many
.uses will undoubtedly be found for both gross fission products and
specific separated isotocpss. While this is not en imnediate possi-
" bility, it definitely should be comsidered, since it might reduce the

expense of fuel processing.




Ve 3

LIQUID WASTE CONTROL IN THE CPP

Control of liquid wastes in the CPF will be accomplishe

8 bys

1. Concentration and permenent storzge of high lepsl wastes

in 335,000 gellon underground tanks.

2, Dilution <f low level wastes and disposal to t
table 7ia z continucus radicactive monitoring
and & disposal well drilled %o e depth of 100
1low the water tebls {600 fest total), Dischar
will be limited %o 1074 uc/ce.

The monitoring station is equipped with a recording wei

records the total liguid flow into this station from the lab

he water
station
feet be-
ped wastes

r meter which

pratory, pro-

cess building end weste treatment building. A condinuous sapmple of this

stream, proportional in value to the flow, will be collected

' with a "mini-

pump" sempler. This sample will be collected end analysed daily for redio-

activity.

In addi£ion,\a portion of the waste stream will be pump
"Hurst Moniter" which will give a continucus reading of acti
stream measured will not be proporiional to the total flob,
pat of the Geiger tube amplifisr will be féd to a watt-hour
with an output signel from the weir meter, The watt-hour me
be calibrated in terms of curies per gallonm.

The individual waste streams ente;ing this nonitoring ¢
sufficiently separated at the input tc enable spot sampling
This will help to isolate the sourﬁe of activity,

Concentration of wastes will be accompliéhed by means o
systems in the cells of the process plant and/or in a separs)
provided for treatment of these wastes. The major source of

stored in the permanent storage tanks will be the raffinate

Ve 3-1
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containing the gross fission products which are separated from the spent

fuel in the extraction columns. After partiasl concentration in the col-

mmn cells these wastes wilizge dirsctly by jet to temporary storage

tanks in the waste treatment building. They will eventually end up in.
the permenent underground tarks unless some use for these wastes can be
found,

For convenience the remsining 1iquid washes in the plant can be di-

vided into four main systems or streamss

Bervice Waste System

This consists of wastes from cold arsa flocr drainms, cooling water

‘and steam condensates and condensates from evaporators end condensors.

Under normal operations all these waétes should be "ecold", They are

di scharged directly to the moniﬁoriﬁg station prior to disposal to the

water table, Wastes from the service building ccntain no activity and,
although they go to the menitoring sfation, they are not sampled but go
airectly to fhe disposal well.

Cell.Floor Drain Svstem

This comsists of "cold lab® sinks, emergency shovwers, floor drains
and cell floor dreins. Under normal operating conditions these wastes
would cqntain gnly amall quantities of radiocactive materials, Howevér,
these wastes are held up temporarily in two 4,600 gallon stainless steel
tanks in the process plant to permit sampling and analyses for radio=
activity, If the activity is found to be high, the contents of these
tanks can be pumped to the waste treatment hullding for concentration
snd permenent storage. If the activity is sufficiently low the contents

will be discharged to the water table via the continuous monitoring sta-
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'thel Storage Building Svstem

tion.

Process Egquipment Wastis Szfg;"cem.
This consists of wasteé f’z:om "hot lab" sinks, cell wall

£ilter-aid drains, Wastes from all process equipment and t3

cells (exclusive of gross fission product already mentioned]

to these cell wall drains, These wastes may coantein consids

tities of activity. They are held up temporarily in two 44

tanks in the process plant and samples will be taken from ih

drains and
nks in the
are pumped
rable quan-—
00 gallon

1ese tanks

to determine the activity. Normally, these wastes will be pumped o the

waste treaiment building for concentration and permanent st
the activity is low they cen be discharged to the moniftoring

long with the "cold” wastes.

Wastes from this area result from contamination of the

by the fuel elements. A poriion of this activity is removeq

prage. If

r station a=

canal water

i in a filter

system designed primarily to keep the canel basin water free from dis-

coloration by centinucus recirculation and filiration. The
these filters are dumped periodically into a "filter gid sef
hole™ which is essentially a concrete hold-up tank. Solids

£o settle out and the supernate is decanted to an open botis

contents of
ttling man-
are permitted

rm manhole

which permits seepage into the ground. Selids will be pump

d from the

settling menhole pericdically and will be treated and store ﬁth other

hot wastes. The floor drains, emergency showers and the overflew from

the basin (approximately 20 gpm) are all discharged to The ¢pen tottom

menhols mentioned above via a water drain monitoring manhol

o

Samples will be collected routinely from the manhole agd the over-
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wzp

flow from the canal in order to compute the amount

to the soil.
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LTRBOSNE AND GASEQUS WASTE CCNIROL IN THE (PP

Permissible limits for activity released to the atmosphere will

be determined on the basis of ground level concentrations.

American Cyapemid Compsny Heslth Physicg Depsritment will be

for monitering thsse washes inside the confines of the CP?

The
responsible

en and

the AEC He’él‘-:,h Physics 'grcmp will be responsible for monitoring oubside .

the confiné‘s of this ares. Stecksend vents will be momitor
cally fo determine the effectiveness and proper operation of
f:j..lter sjéteﬁs.
. The verious sources of possible sirborne sctivity and 4
trol in the CPFP are: |
Hood Systen
The analyticsl amd works labar.atc:‘ey snd Cell X ccntain
" hoods connected in banks of four or less to "Cambridge Abso]
(peper filters). ZEach filter box is followed by & blqwer WY
heusts directly o the afmosphers on the la.bcratéry roof.
Health Physics will check hood face velocities routinel

the filters ‘for gctivity pericdically and sample the dischay

when necessary.

Building and Cell Vemtilation

Ventilstion for the bunilding spd cells is supplied frod

efm fan system originating lm the sefvice bullding. mCold"
office building and crane bsy) ars meintained at a positive

and are exhausted directly to the roof.

d pericdi-

' installed

thelr cone-

some 30
ute Filters™

1ich ex-

'y, monitor

ge ducts

| & 135,000
sreas (lab,

pressure

Plsnt aressz and hot arsss are maintained at sub-atmospheric pres-

sure so thet movement is always from "ecold" to "hot" areas.

Ve hel
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differential is maintained by two 75 H. P. fans on the negative
pressure side, which discharge the "hot" erea ventilation directly
to the stack.

Cell ventilation enters the cells throﬁgh the access and op-
erating corridor and leaves by pérts in the ventilation tunnel which
cénnects to the main discharge duct leading to the stack.l Under
normal operating conﬁitions this air should contain 1little activity
and is conhsequently discharged directly to the stack without filt-
ratione
Sampler Off-Cases

Ventilation supplied to the sémplers in the sample.corridor is
conveyed to a filter and blower room on the southwest corner of the
process plant. The air is filtered thrdugh Fiberglas filters and
is discﬁarged to the ventilation tunnel and hence to the stack by
Two 2400 cfm blowers.
| These £ilters will be monitored for radiation periodically and
samples will be coliected from the exhaust duét when indicated.

Process Vessel OFf-Gas (Exclusive of Dissolver Off-Gas)

The gases and particulate air-borne activity formed in all pro-

cess equipment vessels are ventilated by a separate system which is
operated at é reduced pressure to pfevent egeape of radioactivity
into the cells. Cells dealing directly with product sclution are
equipped with an entrainment separator'(off—gas Imnock-down téwer)
to remove large particulate maﬁter. A1l ventilation is conveyed to
the waste treatmént building by means of a b-inch stainless steel

pipe in the ventilation tunnel, where it is filtered thfough apecial
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" replacement ls nBcsszary.

fiber gless filters and diseharged'to the stack through two

2koo

ofm blowers. These filters ere dssigned to last several yeprs before

Dissolver Cff-Gases

Thegse gasss are relieased in the dissclver tenks and wi

11 contain

the msjor periion of the activity dischargsd o the atmcsprfre from

this plant. Besidses particulsies, these gasss may contain

getive icdine, xenon, kryphton and argom. Each dissolver is

radic-

equipped

with s reflux ccmdensor and a stainless steel wool kmockdowyn tower to

remove condenssbes snd entrained materisls. The remsining
particulates are conveyed under negaitive presgsure to the w3

ing via & 3-inch stainless stesl pipe in the vembilation &Y

ent plans sre to discharges these gases apd particulstes diy

gases and
gte build-
mnel. . Pres-

ectiy to

the stack without further bepefii of filtrationm or condensation and

storage. Without further tresiment, sffective disposal of
wastes depends on their dispersicn in the atmosphere. Mucl
cient contrel would result from the contemplated addition 4
plant to remcve pariiculste activity and s system for remoy
ra,di-oae‘tive gases.

Stack

The stack =zt the CPP is & reiptorced concrete structuy
f'eet high, with =& minimm ingide dismeter of 10 feet. The

quantity of air discharged *o the siack will be 150,000 cfm

these
| moTe effi-
f a £ilter

ral of

G 250
normal

L but: the

designed capacity is 3C0,000 cfm gt 150° F. Due to possible temp-

erature lnversions, the stack is equipped with besters o gupplement

the draft. The stack iz provided with sampling ports st 5Q¢-foot

Y¥e b=
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intervals. A water spray sysiem is provided 20 feet above the base

of the sback to wash down activity vhen reguired. .

¥ hod
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CONTROL -CF SCLID WASTES AT THE CPP

The AES is presenmtly plaaning to malncaln a ceubral 't_fm"ia,l ground
for solld waste dizposal. It will be the responsinility of] Amsrican
Cyanamid Compeny to propsrly prepare or packsgs, monitor anfd label
all wastes designsied for burisl ground disposal acedrding fto the

gpecific proceduwre in the procedire gection of thls manual.
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. VI

RADIATIZN EXPZCTED IN THE CPP

VIs 1

RAW MATERIALS - SF BUILDING

Alpha, betz and gsmma radiation will be present from raw material
to final product. As mantioned pfeviauslyj, alpha radiation 1is hazardous
when insicie the body, beta is easily shielded oﬁt,_ s0 gm will be most
troublesome, | |

The raw materials will be irradisted enriched uranium alloys of dif-
ferent composition from different -reaci:or'so The material will arrive at
our plant for temporary storage in the SF Bullding. ‘ I"he material will be
shielded to allow 24 hour per day continucug exposure withouf exceeding

sefe limits., The storage area will be shielded by water so that the ra-

- diation is only slightly above background., Adequately shielded containers

will be provided to move the material from storage to the separation plant.
If the whole body were exposed to an unshielded batch of raw material at
s;a distance of a few fee{:; a fetal dose of radiation could be received in
a few seconds, Therefore, extreme precautions 'must be taken in all oper=-

ations invelving trensfer of fuel elements.
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TIs 2 .

"PROCESS BUTLDING = 601

K11 cells, with one or two excepticns, will be areas vhere entrance
is ébsolutely prohibited, except under special conditions requiring radia-
tion surveys and a "special work permit®.

The operating gallery and make up area under ordinary conditions will
be free from radiation or .contamination., "Protective" clothing will be
required, however, since it is remotely possible that conditions could
change very rapidly and work with active materials in adjacent areas is
necessary,

* The gampling corridor will be a potentiel radiation and contamina-
tion area whére more then normel precautions mey be required,

The service corridor,lpipe trench and ventilation duct will be radia=
+ion and contamination areas where entrance will be‘by "special work per-
mit" enly.

The leboratory (first floor of 60R) and the works laberatory (base=
" ment of 602) will be potentially comtaminated areas with the risk of ez
posure to direct radiaﬁion somevhat legs acute than in other areas men-

tloned,

| The ﬁaste building will have intense fadiation'sources wder ordin-
ary éonditions sufficiently shielded to permit comtimuous exposure. There
will be a contamination and radiation hagzard of varying degrees due to un~
predicted occurrences. |

The cafeteen, maintenance area, comnunications area,; boilér house,
Tocker rocm and the top floor of Building 602 will be kept free from'radiaw
+tion and contamination. This will require the utmost co-operation in fo}m
lowing rules and using "common sense® to preﬁent_ﬁhe unintentional trans-
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fer of aclive matsriels to these areas.
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RADTATION AND CONTAMINATICN PROTECTION AND CONTROL

Viis 1
PERSONNEL
Clgthing
"protsctive® opr Faniicontamineticon® clothing will be required in

meny areas which will bé defined mder "Specific Procedures” as "Zone
Definiticnas™, Past experisnce has s own that, in spite of all precau-
tions, errors will be made and accidents vill occur which will result in
the transfer of radioactive material to the individval and his clething.
Clothing is issued to aveid contamination:of personal clothing and hence
confine radioactive meberials o the plant. The plant clothing will be
worn only eight hours per day and ;auddered ﬂequent*y, This is ‘o short-

en the time of exposure to an indiv ¢du*l should he be carrying radiocac—

tive materials on his clothing., By shortening the wearing time, the risk

of transferring the materifals to the inside of the body is 1owered This
clcinlng does not offer any greaster shielding qualities than personal
clothing, ncr is the radicactive meterial any less likely ta stick to 1%,

Personal clothing is preferabls in the cafetesn, However, since it
hasz becoms customary to have ccffee and a snack once or more per day, and
shift workers may f£ind it necessary to eat their lunch when time allows,
work clothing will be’allowed,in the cafeteen when it is covered by uncon-
taminated outer clething, such as leboratory ccats and shoe covers. These
will be available at convenient lobatiohso

Suitable glgveg should be wornm where contamination ig p0551b1eo Per-
sonnel should becoms familiar with procedures developsd te prevent contam=
ination of the hands, ths inside of the gloves and surfaces where the gloves
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arglpiaced.after removal from the hands. (See specific pfccedures)
Eeting, Driziing and Smeking

The objech in this case is to preven{ radioactive materials from gete
ting inside the bedy where some ischiopes are deposited and may continue.
to irradiate the surrounding tissue indefinitely.

It mezst be recognized thai, regardliess of rules and their enforcement,
the indizidual must assume some‘:eSPCﬂsibiliﬁy to protect himself and help
to prevent carsless and irrespensible pecple from endangering themselves
and others.

Fating, drinking (except weter from fountains) and the preparation or

storage of food will be confined o the cafeteen. Those whe prefer to

bring their own lunch mey store it in a place provided and eat it in the
cafeteen. This is intended to inclﬁde candy bars, nuts or other snacks

as well as coffese or soft drinks. However, the consumption of these items
W1l be pernitted in the immediate vicinity of the vending machines. The
danger of foed in active arsas with possibly contaminated hands is obvicus.
Soft drinks introduce sm additicnal problem of returnable bottles, If bot-
tles or other returnable food containers were allowed in the work.areas;-a
sur?eyIWOuld have %o be made of each container fo certify that it is free
Prom radioactive materials. It is impossible to make surveys §f small con-
tainers with sufficien%t accuracy to guarantee nc active materials,

Smoking is prohibited in areas whers radicactive material is handled,
Smoking is permitied in offices and areas which are contamination free,
The responsibility for prevenﬁi;g ingestion of active materiels in these
cases rests with the superviscrs and largely ﬁﬁe individual, This does
not authdrize_smoking where it is prevented,faf other reasons; {ire hazard
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Persenzel Mordiaring

A Pilm tadgs and pocket chember will be required to enter the meim

{see specific procedures). These should be wore continuously, pre-

pocket chambsr sdjacens. Film rings and wrist badges will be available
for specizl Jobs where hand and arm exposure would be =xp cﬁe& to be
greater than body expcsure. Dosimeters which can Dbe read by an individ-
ual without‘special equipment will be available for special jobs where
varying radiation fields must bs entered. Tohal accumulated exposurs and
daily exposurs records will be available te supervisers end to individuals
on the supervisor’s reccmmendation.

Eguipment for chécking for the presence of rédioactive materials in
the thyr@id and the upper respiratory system will be available in the
Health Physics Depariment.

Sempies will be collected for analyses of radiocactive materials elim-
fnatad in the body fluids or feges, Such anai;}ses ywill be performed by
AEC Health Fhysics, Need for such sampling will be determined as a re-
sult of the investigation of radiaticn exposure incidents. In addition,

& routine pericdic urine analysis might be requested of all personnel.

Preveptive Personnel Contapinetion Regulations

1, Hand and Foot Counts

Hand and foot counts and probe surveys should be made with the
appropriate alpha or beta-gamma counter befors personnel eat

or leavs a shif't and whenever contemination is possible. Counts
above the posted limits should be reported to a Health FPhysicist
who may sssist with decontamination and record the incident.
(See specific procsdurs) : '
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P?oetiin

Pipetting of any solution »v mouth is forbidden.

Siin Openings

Work wi%h uacovered breaks in the skin is not allowed. The
First A1d Depar wment will furmish suitable covers for minor
wonnds.

Wourda

Wourds cbtaired while working with radicactive maferials where
contamination is possible should bes

2, Washed with running water immediately (a few
seconds is importent).

b. Checksd by & Health Physicisi.
¢, Treated by the First 4id or Medical Department.

Trzatment of szsrious bleeding, stoppage of breathing, shock and

lzzz serious bt dangersus situations should not be delayed for

radiation checks, (See specific procsdure,)
Glasswars

Glassware from areas using redicactive materials should not be
submitted for repair or glassblowing., If glassblowing is ab-
solutely esseniisl, it shenld be done only on a speciel "work
peI‘ﬁﬁt" o .

Safety Glasses

Safety glasses should be wern in accordance with general in-
dustrial practice. Areas requiring safety glasses should be
conspicuously posted, Face shields should be available where
spiattering is possible, ‘ '

Respiratcry Protection

Respirators, assault masks, all purpose masks and air or oxygen
supplied masks should be available for emergencies. Persomnel

should be fully instructed im the use of masks, safety showers

end fire fighting equipment. (See specific procedure for res=

piratory protection. .

Maintenance

A1l maintenance in areas where radicactive materials are pog-
sibie should be dons only on a "Speclal Work Permit®, (See .
specific procedures)
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Vilzs 2
AREA
Labels A

Hadiuactivermaierialsg regardless of their activity, should be con-

splerously laebeled and stcred only in areas distinguished as "Hot" areas.

- Where a group of samples are stored in a particular ares, labeling of the

area will te sufficient. New radiation surveys should be made and posted
a5 the conditions change.

Isolated Arecs

Arezs with rediation fields greater than 7.5 mrep/hr shewld be iso-
lated by signs and barricades To prevenﬁ unintentional entrance.
Centrifuges

Centrifuges should never be operated with cevers open. Tubes should>
be.testeﬁ with harmless éclutions. Contamination and radiation labels
should be applied aé required. The inside parts of centrifuges are de-
contaminated with difficulty, Indiviauals should recall that the aus
responsible for ccntaminafion is also responsible for decontamination,
Eoods |

Health Physicists are equipped to test face velcelties of hoods.
This will be done routinely at specified intervals. A speciél check
should be requested if there is the slightest doubt about operating ef-
ficiency.

Procedures should be established by departments using hocds to pre-
vent fans or blowers from being turned off while veolatile materials are
in the hoods,

Cere aﬁd Judgment must be éxercised o prevent the opening of cue
or more hood windows on 2 given manifold so as to exceed the fan capaclty
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and hs ite Lower the Jace velocity on other hoodss

Precautions must be taken to prevent the restriction of the inlet air

8 .

2o wovis 5o &5 5o 1imit the face wslocity of hoods,

these hoods with widely differerd face welocities and total volumes
of flew are adjacent, ¢ even in the same room, frequent checks must be
made to sée that *he flow is not in the reverse direction from the low to
‘e high volume hoode

The direction of flow of low velcelty hoods is easily chenged. A
hrisk walk past the face will often momentarily reverse the flow of hoods
with face velocities of 100 ff/ﬁin sr less. Natural drafis caused by
cpening doors %o & room will somedimes change low velocity hood flows.

Frequent checks of hoed filters should be made for pressure drop and
radicactive contamination.

Hoods where iiquid spills are possible should have easily decontem-
inated impervious linings and be covered with absorbant naterials to re=
gtrict the spread of liquidse

»Radioacﬁively contamineted egquipment must not be cleaned in sinks
comnected to the sanitary sewer, Frequent rediation checks will bs made
of siuks and traps connected to the plant diéposal system, |
Water Suppiy

Provisions should be made to prevént radicactive materials from being
sucked back or introduced inteo the water supply; Suitable safety devices
should be abtached to water lines where there is even a remote phéncs ef

meterial being sucked back due to water failure or shutdown.
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“-dipactively contaminated solif wastes should be placed gnly in come
tainer s “abeled for the purpose. An inmer paper 1lining for these corrtain-
ers 1s preferable, Powdars should be piaced in containers to préven‘i} ez~
caps. A vediation surve; and attécbgnezzﬁ of a proper tag is required at the
tims the mAterial is cdllécted at a central point for remo:val to the bur-
ie] grovnd. (Sse specific prossdure.)

P

Equipment Removel
A1l ariicles including furniiurs, mops, broams, tools, refurnable coo~
tainers, etc., must have a radiatics survey and a "removal tagh attached

before being removed from a potentially contaminated area. (See specific

prccédures)

Retuwrn of Used Eouinment fo Stock

Glasvsware and smal';‘. expendable items; as a general rule, will not be
returned to stock from a "hoit" area. Other more expensive or non=expend-
aEle items may be returned to stock or removed to "clean" areas when the
"removal tagh is attached. (See specific procedures}
Distance and Sgield:"j:g as Protection Factors

The three fundamental units, distance, mass (shieldiﬁg) .and time are
involved in radistion protection just as they are in all phases of owr ex-
jatence, Since 1t is the resvonsibility of the individual to keep his ex-
posure to radiation at a minimum at all times, familiarity with thgse fao=
tors would be advisable. As long as it is necessary to work near intense
rediation sources, the use of distance as a means of redueing exposure
should be used when at all possible. From a point source of radiation,
it should be realized that, as one moves away from the scurce, the in-
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tensity of the radiation will be reduced. For such a sgource the intensity
Will fall off as the square of the distence, i.e., if the exposurs al cme
foo% from the source e 8 mr/hr, then a% fwo feet it would be 2 mr/ﬁrs
etc, From an exteaded source (sourae having considerable ersa) the in-
tensity does not fal” off as the sguare of the d:'a’.s'ean;':e9 % mére nearly
linearly with distance, These so-cellsd geometrical considerations masd,
of course, be taken into ‘accoun"t by the surveyer in meking intensity meas-
urements, Any radiation level measurement pés'&ed will indicate the dis-
tance from the source at which the dete;mination was made,

Appropriete chielding measures; Gepending upon the nature of the
radiation and its intensity, will be teken when it is more convenient or
economical than time or distence. The Health Physics Depariment will be
aveilable to advise in the construction of suitable shields ‘;‘,o fit a
particular preblem and to check such shislds for effeci;ivenesé in a ra=-
diation Tield. Shield parts, such as lead bricks, should be che’cked for
contamination and the ":;emoval tagh procedure followed when the shield is
‘removed from any arez,

The time safety factor can be used in many cases by dividing the
radiation exposure over an extended period or among a number of persons.
As discussed in the section om "Effects of Rediation"; the impertancs of
tatal dose vE. dose rate must be considered in any time division of ra=
distion dosage.

Transfer Within "Hot" Areag

Trensfer of materials should be from person to person; never from
ferson to location. Active materials must not be transferred to a lab-
oratory without notification of the person in charge. Samples éhoul@ be
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adequatel;

i

sniclded to prevent exposure above allowable Iimits and the
individual meking the transfer should umderstand the hazards and be fam-
iliar with the.time and distance from the source which are allcwable withe
out unnecsssary exposure. Solutions should be packed in secondary con=
tainers with 1iguid tight gaskets, or packed with sulfTiclent chemiéally
inert absorbent materiél to prevent escape of liguid. Recipients of ae-
tive solutionms should retusze to accept them until the chemical composi-
ticn, kind and intensity of activity are known.
Clean—-up

The group and/or the individusl responsible for spiils of radicac~
tive materizl is also responsible for clean-up. 4 Health Physicist should
be called to recommend precautions during CIeanrup; to help locate con-
taminated areas and to make a final radiation survey.
Radiocctize Shipments by Public Carriér

The Interstate Commerce Commission publishes coﬁplex régulationﬁ
governing shipment by all methods of public transportation. individuals
packaging materials for shipment should consult these regulaticns, coples
of which are available in'the Health Physics Department. ’The-radiation

-3

readings stated cn the labels must be made by a Health Physicist and 2
recard made of the materials, radiation readings, etc. Radiation read-
ings on courler shipments must also have Health Fhysics approval. (See

specific procedures)
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VIII
INSTRUMENTS
VIII: 1

TNTRODUCTTON

,It is the purpose of this chepter to describe; in general terms,
the varicus instruments which are in ﬁse by the Health Physics Depart-
ment, The particular application of each instrument will be ocutline
and some limita*ions discugsed. Detailed discussion of the theory re-
sponsible fof the operation of each instrument will not be included,
since 1t is available in the scientific literature in many forms.

Tnstruments which will indicate the presence of nuclear radiaticms

might be plécéd in twe general classificationss

1., Those which irtegrate or sum over a large number of individual
processes taking place in the indiceting medium and give either
an accumilative or instantanecus average indication of such
radia{:i_cns= :

2. Those which register the presenée of individual particles or
gquanta through their interactions with matter in a sensitive
volume.

Examples of the first group would include certain types of iomization '

' chambers, photographic emulsions (density measurements), and colorimetric
dogime%ters, while in the second class would fall Geiger-Mueller tubes,
proportional ion chambers, scintillation counters, etc. Some instruments
in use are sensitive to only specific fypes of radiatién while others may
be adapted to»the detection of several different types. The sensitivii
for a particular type of radfation varies considerably for different In-
struments.

The proper use of detection instruments in a Health Physics program”

requires not only that their operation be understood, btut primarily that:
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+the results obtained be interpreted correctlv. In order to make such

an interpretation, the characteristics of a particular instrument must

be thoroughly understood.
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VIII: 2
PERSONNEL MONITCRTNG THSTRUMENTS
Pocket ioﬁizaﬁion Chambérs
Pocke? ionization chambers or "pencil meters" ars almost gniversally
used by Commission contractors as a reliable means of measuring accumla-
tive gemms ray exposurs of personn31; These chambers are in effect pen-
cil shaped a2ir condensers. The outer éylinder consists of 2 tenite wall
molded arcund e carbon saturated conducting paper tube. Through the cen-
ter of the chamber, forming the other electrode, runs an insuiated graphe=
te coated aluminmm rod. This rod extends through the end of the chamber
and is covered by an aluminum.cap which serves as a centact for charging

and reading the residual charge on the chamber after exposure to radia-

~tiene The chamber.is initially charged to 150 volts and will discharge

approximately 75 volts upon exposure to 190 mr of gamma radiation (medium
energy rangs). The chamber, in its present form, is mechanically rugged
and not seriously subject to discharge due to accidental jarring, Al-
though the chember primarily is considered zs a detector of gamﬁa radia-
tien, it will give some indication of bsta radiation above 0.7 Ms7, The
total ranée of the normal pocket chamber is frem O o 300 mr. The results
obtained from these chambers are independent of the energy of the gamma
radiation above 300 Kev., but in the energy region from 40 to 250 Kev.,
they may give readingé as much as 5 times too ﬁigh; This effect results
from the use of materials of high atcmic number in constfuction of the
meters.
Filn Badgs

The gensitivity of the photographic emulsion to ionlzing radiation
permits its use as a personnel monitoring deviéen The so-called "Film

Badge", in the form commonly used, has an open window section and 2 sec—
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t3on coversd by e shield of cadmium, and contains a film packet {Du Pont

- 552), The £ilm packe® COnsists‘of a sensitive and an insensitive sheet

of £ilm; the sensitive sheet covering a rangs from 20 mﬁ to 20 r and the
insensitive from 50 mr to 40 r of gemme radiation, The lmm cadmium shield
is included to sbtop most beta radiation and extremely low energy gamme
radiabion. Theiopeh window section of the £ilm is sensitive tc that beta
radistion which penetrates the paper wrapping and its sensitivity to betas
is calibréﬁsd ageinst the betas emitted by normal uraniwm in equilibrivm
with UX,. The shieldad portion of the film is considered as an indicator
of the exposure to penetrating gamma radiaticn and is calibrated against
the gamme rays of raditm snd its produdts,

The degrese of "blackening" produced in the developed film will de-
pend not only upen the total guantity Sf radiztion but upen the energy of
the radistion. The energy sensitivity of the £ilm is such thét the shield-
ed portion will yleld readings independent of energy sbove 150 Kev., Below
150 Kev,, the sensitivity rises to a peak at about 90 Kev., and then falls
off sharply due to losses in the cadmivm shield. Readings in this regiom
may be as much as two times too high (film calibrated against Ra), The un-
shielded portion of the £ilm can only be used as a general indicator of the
superficial body dose cf beta and/or soft gemma radiation.

Special £ilm emulsions and techniques,afe'also available which will
give an indication of the exposure of the body to fast or slow neutrons.

When work to be performed is such that exposure to the hands and fo?e-
armg is quite probable, plastic finger rings or wrist badges can be pro-

vided which are assembled and interpreted in a manner similer to the film
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badgz, These devices mey be us3d to indicafe surfase exposure to elther

beta or camma radiatiom on any par 'i wlar portion of the body.

Colorimeiric Dogimeters

This class of indiscators relies upon the photochemicel reactions
which tals place whan vertain chemicals ars subjected to fonigipng radia=
4tione Cartain of these reacticns yisld products which act upon dyes %o

change the®r coler. One such device comsists of small glass vialsg £illed

rcform and brome-creosol purple; an
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indicator dye used in colorimetris pH determination. When chloroform is
subjected to fonizing radiation hydrochlerie acid i formed, As the pi
of the solution passes a cartain walue the cclor of the dye changes from .
parpls to yellow, The pH of the initiel solutlon is adjusted 'bj adding

4+

quantities of sodium i *d"o:{lde 20 Tl'lc + the indicator will change color et

a doss of 1 7y 10.7, or more. Such devices would prove quite useful as

‘indicators of total exposure inm case ¢f disasters

The poclket dosimeter is very similar in its characteristics to the

pocket chamber, but is constructed in such a manner as to alleow the user

to read his total exposure to gamma radistion by observing an internal
scals. The instrument is very similar in appearance to the pocket cham-
b‘er;, but contains a fiber electroscope to indicate the condition of charge
on the iastrument. It may be read by holding it up to the ligh’t and ob-
serving the position of the, fiber on = transparent scale through a lens
system., The usual range of this inatrument is from O Yo 200 mxr, although
hi'gg er ranges are availahle, In general, this ciasa of instrument is more
fragiie than the pocket chamber and should be handled with care. Tn read-
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ing the instrument the f£iber should always be coriented in the vertical
position in order to obtain consistent resuits. This Instrument is very
useful in high levels of activity because of the self-reading feature. |
Tt is also available with moron coated chambers to indicate personnel ex-
posure to thermal newtrong,
Bell Pocket Alerm Meter

This meter is a small, pocket sized integrating ion chamber which
gives an audible warning to the wearer when a predetermined dose of gemma
radiation is received. The average battery life is approximately 200
hours of continuous cperation, This instrument would be most applicable
for work in high rediation levels for limiting working time, ete,. The
simplicity of its construction makes it a very sturdy and reliable in-

gtrument for certain purposes.
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Vils 3

POETABLE SURVEY INSTRUMENTS

Teuritsen Fiber Eleotrogcons

The principle of am electroscope relies on the attraction or repul-
;ion of materiels charged with positive or negative electricity. 4 quartz
fiker, insulated from 1ts surroundings, is charged with a battery voltage.
Elsctrostatic foreces will cause the fiber teo bend or otherwise deviate
ﬁrom.its original position. The degree of bending cor deformation will be‘
propertional to the charge on the fi vr-at any time., Ioniging radiation
interacting with the air and surroundings of the fiber will cause it to
lose its charge at a rate proportional to the amount of ra adiztion enter—
ing the chamber per unit $ime. The position of the fiber, and hence an
indication of the amount of radiation received by the chamb v, ig deter~
minsd by.looking through an eyeplece at its image as seen against an 11—
Iliminated transpsrent scale. This instrument mey be Used to measure tota;
integrated dose or as a rate meter by obse:ving the time requirsd for the
fiber to move a given number of divisions across the =scale.

The Lauritsen instruments have an aluminum ion chember coated with
aquadag sad enclosed in a wooden box. A door is provided which is norm-
ally closed for calibration and gamma ray measurement. It serves the pur-
pose of shielding against soft gamma and beta radiation and serveg to
bring gamma radiavien in equil_brlam with secondary betas produued in the
surroundings. This instrument is most gemerally used to obtain guantita-
tive doge measurements in the range up to one roenftgen per hour. It is
quite sensitive and reliable for this use. The instrument does not have
wniform sensitivity for low energy gamma rays, due to the fact that theu

chamber is constructed of aluminum. Fhotoelectrons produced in the alwum-
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inum result in a reading wiich is too'high as in the case of the £ilm and
pocket meters,

By far the ﬁost popular portable survey instrument in use is the
NGutle PLe". It is sheped like a pistol and has a cylindrical fonization
chamber made‘of Ilow 2 material. The instrument measures gamma radiation
inr or ﬁr per hour, relatively independent of the energy of the gamma
radiation. Some installations prefer-gc use an expendable conducting
paper shell, rather then one made of bekelite, Such en arrangement per-
mits measurement of the surface body exposure to beta and secondary elec-
frcn radistion, Most “hard shell" Cutie Pie instruments have a thin
window on the end of the ionizaticn chamber so that gualitative measﬁree
ment can be made of any beta radiation presefit, In its usuwal form the
instrument has three or four scale ranges to sllow dose measurements from
5 mr per hr to 5 or 10 r per hr. The meter circuit is essentially u
Wheatstone bridge with the plate resistance of a triode vacuun tube in
one section of the bridge.

The Cutie Ple is an extremely reliable and rugged instrument and
gives excellent service over long periods of time without losing its cali-
bration. |

A.modificgtion of the Cutie Pie meter is useful in making measure-

ments of very high radiation fields. The circultry 1s the =eme as that
of the Cut;e Pile with the exception of the resistor values to allow high-
er rangeée The ionizaticn chamber and vacuumvtube are located on the

end of an extension rod with the meter and switches mounted on the handle
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section. The characteristics of this insirument are idemtical with that
of the e Pie except that generally it will allow measurement of radia-
tion dose rates up to 100 r per hr, Another types of gamma probe survey
meter will be in use which utilizes flourescent material in conjunction
with a photomltiplier tube to detect gamma radiation. Thvse flourescent
materials ’glow” in the presence of radiaticn, giving off an amount of
1ight preportional tc the intensity of the radiation. The phototube and
associated cireuity produce a reading on an ammeter which is proportional

to the amount of incident radistion. The detector is mounted on the end

" of a long probe and ranges of O 3, 3, 30, 300, end 3000 t/hr are provided.

The dstector is quite fragile and subjeet to shock. Caution should be
exercised in its use. Above all; the phototube should never Ee exposed
t5 room light with the high voltage turned on.
Zeute

This instrument is very similar in principle to the Cutie Ple in
ﬁhat it applies the balanced Wheatstons bridge cireuit. The form of this
instrument in general use contains a recLsngular graphite coated lonl"ﬂ—
tion chamber with a stretched nylon window. This thin window allcws the
instrment to be adapted primarily to alpha and low energy beta measure=
ments. It is provided with two scale ranges of O te 4,000 and O to LOQOOO
alpha disintegraticns per minute when calibrated against the alphas of
plutcnium. Of course it musf be recalled in the wuse of this instrument
that it is sensitive to gamma radiatioﬁ and beta particles as well as al-
phas. In general, it is used forvsemi=quantitafive alpha survey work,
One major defect of all ifon chamber 1nstrumenus for alpha measurements is

the varlation in counting efficiency over warious parts of the window,
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lear the edges of the chamber the efficiency may fall off %o as low as
L0%. The Zeubo has a switch position for setting the zero meter deflec-
tion. Normelly a warm-up time of 3 to 5 mimutes. should be cbserved prior
to seroc adjust or general use,
June

This instrument is very lsimilar in design to the Zeuto bn‘r, is some=
what more versatile. The botiom of the chamber is covered with a rubber
hy&rqchloride screen to allow alpha measurements, but in addition, slid-
ing screens of cellulose acetéte and aluminum may be inserted over the
thin window. - The plastic screen effectively stops all elpha particles
and lsaves the instrument sensitive fo only beta pé.r'ticles and gamms I;adia— -
tion. The second window of eluminum leaves the instrument essentially
oply sensitive to gamme radiation. The instrument is not e guantitative
instrument bui mey be used very effectively to estimate the quantity and
type of any particular scurce of activity. Three scale ranges are pro-
vided: O0=50 mr, 0=500-mr, 0=5000 mr per hr for gamma radiation and will
give an indication of alphas up to 3 million d/m. Ancther modél is manu=
factured with a meximum gamma range of 25 r/hr.
Geiger¥M1er Counters

Perhaps the most widely publicized detector of nuclear radiations,
this device has found extensive use in research laboratories. Since the
principles of the operation of these tubes 1a discussed guite adequately
in the litera’cui'e, no attempt will e made here to supplement this in-
Tormation, other than to point out that, ‘as opposed to most lon chan;'berg,
the G-M tube registers the detection of 2 gamma ray or ionlzing particls
as a single event., A& distinct woltage pulse is’ obtained at the output of

&
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fhe tubs for each event, These pulses may be registered individuelly
through the use of electronic scaling circuits or an average count rate

mey be obteined by a summing or integration scheme. The G~M tube takes

_on many forms, some with extremsly thin windows which are quite effec-

~ectors of beta radiation, while others have glass
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or metel walls and are sensitive mairly to gamma radiation, Ordinarily

(L

these tubes are qulte useful for the detection of gamma radiation in a
semi-quantitetive menner. They are generally 1imited by the fact that
their operating characteristics are subject to chenge with time, In the

presence of high radiation fields they mey Jam and usually give no in-

dfcation of radiation at all, The expected lifstime of the so-called

"eglf-quenching variety of tube is around 10% counis. They may become
sensitive to visible 1ight under certain conditions and ars generslly
quite tempsrature sensitive, The counting efficiency of these tubes is
‘qﬁite energy sensitive and for this reason any calibraticn would be use-
less if the energy of the radiation to be detected were not known. In

general; the detecticn efficiency for hets particles may run up to 100%

(fhis does not include geometry and is quite sensitive to beta ensTEy)a
With the_gxception of extremely soft gamme radiation; sfficiencies for
gammg, L8Ys (normal glass walled tubes) are in tﬁe neighborhood cf 0.1
to 2% depending upon the energy of the radiaticn. Despite all of these
limitations, %the portable G-M surVEy meter ia quite useful as a general
detector of low 1ével beta and gamma radiation. In its normel form a
glass-walled G-M Zube is mounted on a short flexible cable and provided
with a metal shield which may be opened or closed to exclude beta radia-
tion. it has three scale ranges: (=600, O-6,000 and 0-60,000 c/min |
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bete-gamma or as‘calibrated against the gamma rays of radium, O-C.2 mr/hr,,
02 mr/hr and 0-20 mr/hr.

Proportional Counters

' When ion chambers are constriucted and operated in a speclal manner,
the voltage pulse obtained at the‘output of the chamber will be propor-
tional ﬁo.the ionizaﬁioﬁ produced by & given p&rticlé in the chamber. In
genéralg the pulses produced by alpha periicles are somewha® larger than
those resuliing from the detection of beta particles or gemma radiation,
By descriminating egainst all pulses below a given size, such a chamber
will respond only to alpha radiation. This principle has been applied teo
the cénstruction of portable and semi-portable alpha survey meters, One
guch instrument, known as Poppy, applies its output to a loud éﬁeakef:"‘ -
that gives a popping sound each time the proportiogal counter discharges.
The chamber voltage can be adjusted so that it will count both alpha and
beta radisticn. Various probes may be supplied with this instrument rang-
ing from very smell chambers to large flat plate chambers for hand count=-
ing. Stationary gas-flow proportional chamberé ind general use in rou-
tiﬁe alpha éample counting, As & class, the operating characteristics of
these instruments are fairly stable, although the voltage adjustment on
many of the chembers is guite eritical, Utmost care should be exercised
in the ﬁrevention of contaminetion of all alpha insirumgnts gince a low
background is essential to insure that the Instrument is in proper operat-

ing conditicn.
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VIII: 4
MONTTORING INSTRUMENTS

Monitron

The menitren 1z an integrating fonization chamber instrument which
gr g

is generally located at positions within the plant wheTe direct radia-

‘ticn might be expecied. The chamber detects beta and gamma radiation in

the range from O to 125 mr/hr. An audible alarm is sounded and & red

light flaches at 7.5 mr/hr or 125 mr/hr, deperding upon the sensitivity

settings which are high and low respectively. These ingtruments will be

located within the cells to give & continuous record of radiatlon levels
in specific locstions by epplying the ouitput to a meving tape recorder,
A few monitfons will be available in mobile form so they may be set up at
the scene of temporary work 1likely to produce high radiastion fields.

Proteximeter

The proteximeter is & portable direct beta-gamme integraling icn
chamber designed %o measure accumulated radiation dose. I% is normally
used to supplement dosimeters and'pockeﬁ chembers when the radiation is
likely to be variable; It will indicate when a certain dose has been
accumulated; regardless of the intensity at a given moménto The normel
range of these instruments is from 0 - 200 mr,

Frigker or Octupus

The frisker normally consists of several G-M fubes placed around the

perimeter of a doorwey to detect beta or gamme radiation. They are set

to aiarm atvslightly above background and serve as a warning that persons

paasing through the doorway might be cafrying radicactive material, Fur-

ther checks with other instruments are requirsd to locate and measure ths

intensity ard nature of the radiation.
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Hapd and Fooh Counter - Beta=Gemma (see Spzcific Procedure )

These consist of several G-M tubes shielded from background radiérv '
tion and arranged se as to detect radiaaciive materials on the hands and
shoes of perscmnel. The allowable limits of radiation, as indicated by
' ‘callbration with sources of knowm intensity will normally be posted near
the instrument in terms of register counts. There are six G-M tubes,
one on each side of both hands and one for sach foot. The output of these
tubes is fed‘tolélectronic scales of 8 for the four tubes in the hand
holes and one scale of 16 for the foot tubes. To use the instrument a
person steps up on the platform and places his hands in the two plgeos
‘holes. The weight of the body operates microswitches which set the count-
ers into operation. ter a preset time the instrument cuts off automat;
ically and indicates the level of contemination by the readings of the
Pive registers. it

Constant Alr Monitbr ~ CAM (See Speéific Procedure )

' This is a mobile apparatus designed to continuously monitor room

afr for radiocactive materiaiso + consists of a pump which causes air

to flow through a cylinder of £ilter paper surrounding a G-M tube. The
tube and filter are shielded froﬁ background radiation by a 1eéd shield.

A permanent record is obtained by an Esterline Angus recording milliam-
m.;eter° A three position switch in the count rate meter eircuit provides
Full scale deflection of the recorder for 2,000, 10,000 and 20,000 counts
per minute. The instrument is calibrated with the beta radiation of norm—
al urenium. A line representing the slope of the curve caused by the ac-
cumilation of air-borne radiocective materials‘at é rate equivalent to the
2llowable limit is drawn on the glass cover of the recorder for comparison
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o the recorder linme. When the coumt rstc reaches tbe.mazimumvon any
cne scale the instrument euvtometically switches to the next higher scale,
On the intermediate scale & yellow light is turned om, while on the high
scale a bell sounds and & red light iz turned on.

.Fi;jpr'gn (3ee Specific Procedure)

‘ The £iltron collects particwlate air-horne activity on a cylindrical
filter paper in the seme manner as the CAM. The air is pulled through the
filter paper at a knwwn rate for a measured time. The filter paper is
then removed and counted in special alpha or beta—gammz counting chambers
and the concentration of redicective materials in the air computed. The
apparatus is mounted on a two wheel truck which allows it to be moved
from place to place,

Hudson Sempler {See Specific Procedure)

This sampler pulls air through a 1 1/8" filter disk mounted in a suit-
able holder by means of & small electric compressor as commonly used in
commercial paint sprayers, The disk may be bounted in standard alpha.or
beta-gamma counters and the concentration of air-borne activity ccompuled.
This instrument is portable, weighing only abcut five pounds complete.
Precipitron (See Specific Prosedure)

The precipitron is an air sampler which pulls a known volume of air
through a cylindrical chamber in which is produced a corona discharge. As
a result of this discharge the partliculate activity becomes charged and is
drawa to the walls of the chamber., This chamber wall is lined with 2 thin
aluminum foil which can be removed and counted in special counters and the

concentration of air-borne particulate activiiy computed.
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To summarize this discussion of field aznd statiomary instruments,

the following might be of some use To the field surveyors

Tf an instrument is available that has been calibrated, then it
mast be used properly in order to allow proper interpretation of
fhe data. Improper use is certainly as bad as improper calibra~
+ion, Althcugh it would be difficult to give exact rules govern-
ing the use of all instruments, certain general congsideratlons are
" given below:

1, Allow proper warm up time.
2. Check zero setiing.
3, Determine the type of radiation being measured.

L. Wever touch any sensitivity adjustment except during
gglibration.

5, Determine the distance from any peint source of radia=
tion to the point of measurement.

6. Know the limitations of the instrument in use.

In surveying, three things might be of interest: location and

identification of & source, dosage rate at a particular point,

or total dose received by persons at that peint. For the first
purpose one might use a portable ion dhember instrument (Juno)

which discriminates between alpha, beta, and gamma radiation by
means of windows. TFor the second purpose one could use an in=

etrument such as the Cutie Pie. For the third purpose film or

pocket dosimeters might be used, -
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X
IX: 1 '
FPROGEDUEE FOR CPP PERSONNEL METERS PROGRAM -

Preparation of Badges and Meters

AEC.Health Physics will prepare and deliver to our guard gate the proper
number of badges and meters for all CPP needs, They will be notified of
the number of badges and meters, which we believe necessary for a week's
work, sufficiently in advance to allow preparation end delivery. Dadges
will be identified by number and this number will be X-rayed on the f£ilm.
The same series of numbers will be returned or replaced each week for CTP

use., One charged pocket meter will be supplied with each badge.

Assignment of Badges and Numbers

. Prior to the receipt of the badges the first two columns of ¥Film Report”
form IDO #17 (copies of all forms included after procedure) will be filled
out by American Cyanamid Company. Permanent employees will be assigned a
_permenent badge mumber at the time of employment and will keep this number
as long as they continue to work for American Cyanamid Company. In case of
termination, this number will not be used agein unless the individual is
rehired,

The above form (badge number and name) will be evailable to AEC at the
time the weekly supply of badges is delivered by AEC. AEC will placn the
badges in the rack according to the badge number order appearing ‘on this
form. The extra supply of meters for visitors and non-routine use will
be placed in a separate rack according to badge number. One pocket meter
will be placed in the rack next to each -film badge. '

American Cyanamid Company will request additional film hadges and pocket
chembers on form IHP-19 "Badge and Pencil Request®.

Distribution of Melers

Permanent employees will select their own meters from the appropriate space
in the meter rack as they enter the main guard gate. If a meter is missing,
the guard will issue a meter from the extra supply and fill out an "Issue
and Record Siip" (AED-IF 14) for Heelth Physics records. The guard will
place this slip in the proper space on the meter rack and a duplicate will
be placed alphebetically in a special receptacle. The receptacle will be
emptied weekly by AEC and slips forwarded to American Cysnamid Compeny.
At the end of the week (or daily) this information will be tramnsferred by
ARC to the weekly "Film Report” with the appropriate notations in the re-

marks column.

Visitor and non-routine badges or cther speéial £11m monitoring devices
will be issued in the same manner as above on "Issue and Record Slips.”
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This information will also be transferred to the weekly form as above.
Visltors end non-routine users will use the same badge during a "badge
week® unless the results are requested for some reason before the end
of the week. Pocket meters worn by these individuals provide the basis
for investigations or exposure control.

Use

One film badge and one pocket meter will be issued and worn by all per-
sons entering the main CPP guard gate. Badges must be worn on the chest,
outside of all clothing, with the clip side in and pocket meters should
be worn as cloge to the £ilm badge a8 possible. Contamination on a badge
or & damaged badge should be reported to the Health Physics Department.

A record of the action will be made on the issue and record slip. Film
badges will be pulled and processed during the week, only for the follow-
ing reasons: :

1. Pocket meter off scale.

2., TFExceeding AEC daily limit.

3, Contaminated badge.

L. Demaged badge.

5. ©pecial request for results,
A record of this action will be made by AEC on Form AED £21 "Daily Pocket
Chamber Repori" at the +ime the pocket chambers sre read. An “"Issue and
Record S1ip" will also be filled out, if necessary. Results will be re-
ported during the week and con the "Film Report™ at the end of the week.

Collection

Fach person leaving the CPP area will be required to turn in his film
badge and pocket meter at the main guard gate,

Pocket meters will be read daily by AEC, Results will be reported by AEC
on the "Daily Pocket Chamber Report®, Pulled badges and missing badges
or pocket chambers will be reported on this form in the remarks column,
ARG will retain a copy of this completed form for their records and one
copy will be forwarded to the American Cyanamid Cempany.

At the end of the '"badge week" AEC will pick up the badges at our mein
guard house. The information on the "Issue and Record Slips", and the
remarks on the "Daily Pocket Chamber Reports™" will be transferred to the
weekly "Film Report". The "Film Report" will then contain the badge mun-
ber, name and remerks for all film badge activities in the Chemical Proces-
sing Plant for an entire week. The remarks columm will indicate the type
of £ilm device used and the application. Specific remarks will include-
statements such as visitor, ring £ilm, wristbadge, contamination, damaged
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badge, not used, missing, misplaced, lost, pulled because of high pocket
meter or special requestis. ‘

4 new £ilm badge will be back in the rack before the above shift returns
for work on the following day. This can be dome conveniently by replac~
ing the pulled set by e duplicate set. However, it may be possible for
AEC to return the original badge before the shift gets back (16 hours).

Developing, Reading and Interpretation of Resulis

AREC will perform all of the above functions. We will have no direct con-
trol or responsibility for this phase of personnel menitoring except to
submit 2 known standard occasionally as a check.

However, we will require that the shielded portion of the £1im badge be
reported as gamma radiation vased on & Ra or Go calibration. The open
window reading will be differentiated between beta and gamma exposure.
This interpretation will be rbtained by subtracting the shielded density
from the open window density and reporting the difference as beta from a
beta calibretion curve. OCorrect for Cd and Al losses, if necessary.

Reporiing Rzsults and Record Keesping

After developing snd reading the films, AEC will £ill out the remaining
parts of the weekly "Film Report”. Non~routine results reported during
the week will be included on this form at the end of the week. Process-
ing irregulatities such as damaged or lost in process, F-ray failed, ex-
poaure to light, ete., will be reported. in the remarks coluwmn, AEC will
retain one copy of the above and return ome to ACCO. This system will
provide the AEC and OPP with identicel records. AEC end ACCO can either
keep or transfer these reccrds of exposure %o their files as each desires.

The CPP.plans to tranzfer the results from the "Film Report®™ and the "Laily

Pocket Chamber Report™ to form EP-4 (individual exposure record), These
will be kept in a Cardineer file. The lest column in form BP-4 provides
space for recording events and records such as urine and hleod analysis,
medical examinations axnd any other informetion relative to radiation ex-
posure, The results are arrangsd sc they can be surmed up in three months.
This is the period required by AEC for an average exposure of 300 mrep/
week, The total exposure will be carried over onto the first line of the
next three month pericd to provide a continuous record of total accumilated

eXposure.

Exposure Investigations

A1 formal investigations will be based on film results only. Two coples
of the "Health Physics Exposure Questionnaire™ AED #22 will be completed
when film results indicates

1. Whole body gamma radiation of 300 nr per week or greater.
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2. VWhole boay exposure of less than 300 nr per week but a bete
plus gamma total of 500 mrep/week or greater,

3+ Hand and forearm exposure of 1.5 rep per week of bete or
gamma or the sum of beta and gammsa. .

¥Whole body ezpozure will be asesumed when radiation is received to any
portion of the body other than the hands or forearms.

Informal or formal investigations may be made for other reasons at the
discretion of the Health Physics Department. HReported high exposures
approaching but not exceeding the above limits will be considered cause

for investigation,.

The "Health Physics Exposure Questionnaire® will be initiated by the
Health Physics Department and completed by the Health Physics field re-
presentative in co-operation with the superviscr of the department ine.
volved, A copy will be placed in the individual's exposure file and &
copy forwarded to the supervisor.
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 BADGE AND PENCIL REQUEST IHP-19
To: v ' Area
AEC Health Physics Division ' Date

Personnel Metering Branch

Please iésue S D Temporary, DPermanen'b Health Badge and Pencils for
( check one )

' beginning . . He will be assigned to
Name Firm Payroll # .. date

shift,

Signed
. Health Physics Representative

Note:

Temporary badges are removed from service as of 12:01 A, M. each Sundsy.

T ,
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DATE . _BY
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#
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Henltn Paysics Exposure Questionnalire

Badge HNo.,

Date

Nome of Employes

UV

Dert,

EXFCSURE REPORT

Coincident with the above date the items checked and noted below indicate a
possiltle exposure or an inecmplete record concernirg the shove named enployees
1, Pooket and/or Film Mster Record ,
VETERS | SUN, |MOM, |Tum, IwWED, |\ TROR, [ FRI. | SAT. |TOTATS BEMAEKS
Lagt "ocret
¥eek Meters
Begin. | Filr ) B B .I|B B B B B
}fq-be-nq ’:1 G: G‘ G’ G [£3 63 *3
This Pocket
Heek Maters
Begin, | Piln B B B B B B B B
Meters G G G G G G G G

. INVESTIGATION
3. Cauge and Detsils of above report

L. Recormend~iion of Health Fhvsies Survever and/or Supervisor.

Date

Noted by

Iavestigated by
He:"’.lth P;,.'v'-

e
o -

ics

Emplcyee's Supv.

FURTHER ACTIOW

Moted:

Date
;
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IX: 2

PROCEDURE AND POLICIES FOR THE USE OF "PROTECTIVE" CLOTHING

The term "protective” clothing should not be thought of as implying that
thiz claas of clothing offers any special shislding against radiation.

The major purpose of this clothing i1s to prevent contamination of personal
clothing while in the presence of radiocactive materials. It offers no
more ghielding or protection from contamination then any other type of
clothing. However, the "protective™ clothing will confine contamination
to the CPP. By shortening the time the elothing is worn, the probabllity
of damege by ingestion or direct radiation will be lowered.

1. "ProtectiveMclothing will be provided for authorized persomnel and the
. wearing of these articles will be governed by the zoning end regulations
1isted below. -It shall be the responsibility of the individusl and/or his
supervisor to see that this clothing is wern when required.

The CPP will be divided into zonesg as follows:

A. '"Protective®™ clothing or personal cleothing covered by
suitable "protective®™ clothing for visitors will be worn
in the following areass

1. Operating gallery

2, Make-up area

"3, Access corridor

4o Sampling corridor

5, Laboratory area (first floor building 602)

6. . Works laboratory

7. Waste building

8, SF beilding (for those handling active materials)

‘B, "Protective™ clothing and a special work permit stating
additional precautions is required for entry to these
areas. ' ’

1. All cells except K (solvent recovery) and X (decon-
tamination). Extra precautions will be routine in
the latter. . :

2, Pipe trench and deep pit tanks

3. Ventilatibn duet

L. Service corridor
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3+ Persons entering "clean" areas must change or cover Mprotective®
¢lothing with contamination free germents. Exsmples of such areas ares
cafeteen, maintenance area, boiler house, product storage area, or second
floor offices. The status of any cf these areas may change at any time
as required to fulfill the obligation to provide reasonably safe working
conditions.

L. "Protective" clothing in the fcllowing forms will be provided to
sauthorized personnel: coverallu, zhos covers, gloves, techniclan's uni-
forms (for women) and caps, For special jobs rubber boots, rubbsrs, rub-
bﬁr gloves and respiratory protective equipment are aveilables /

5, Each individual, upon the written recommendation of his supervisor,
will be issued a sufficient number of sets of clothing to be assured that
a clean set is zlways available., Clothing shall be changed daily or mon-
jtored for contamination., (lean clothing will be availeble from the cloth-
ing issue room adjacent to the locker roome. Each individual's eclothing
will be identified by a number. .

6. Clothing will be replaced only on written recommendation of the super-
vizor end each individual will have to account for clothing to be repleced.
The laundry will be expected to notify the clothing clerk of any clothlng
removed from service due to wear or contamination,

7. Receptacles will be provided in locker rooms for the collection of
clothing to be laundersd. It will be the responsibility of the clothing
clerk to transport the hampers to the monltoriﬁg station.

8, Clothing will be monitored by the Health Physics Department, separated
into conﬁamwnated and non-contaminated groups and sultably tagged.

9. After clothing has been monitored, the clothing clerk will prepare

clothing for pickup by the AEC and will maintain such lesundry records &g
might be required.
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I%: 3

PROCEDURE FOR THE REPLACEMENT OF CONTAMINATED PERSCNAL PROPERTY

1. When an individuel’'s personal clothing or other personal property,
which is legitimately inside the CPP, or at any other location while the
individual is at work, becomes contaminated with radiocactive materials to
such an extent that a heelth hazard is created, and the clothing is im-
pounded, the individual shall be reimbursed for the value of the articles.

2, Measurements of the degree of contamination shall be made by a member
of the Health Physics Depariment who will accept articles to be impounded,
jesue a receipt (form HP-8, shown on following page} and, when necessary,
procure outer clothing to be worn home. The company will net be obligated
to provide clothing other then coveralls marked with the identifying sym-
bol or whetever footwear is available, and these on & loan basis only, The
footwear now known to be available will consist of shower sandals or rub-
ber boots.

3, The director of the Gepartment, or one to whom he delegrates the author-
ity, will be required to provide a memorandum to the Accounting Department
stating that the individual is eligible for reimbursement and that the con~
tamination was not the result of personal negligence. The amount of the
reimbursement will be the replacement cost of a duplicate erticle or equiv-
alent. '

L. The 1imits which will determine replacement shall be:
Athe = 500 d/min/100cm®
Beta-Camma - 1000 ¢/min as measured with a Geiger-Muller
tube of the type commonly used on probes
with the best possible geometry.
5, Articles will be allowed a 30 day "cooling" period before reimburse-
ment to allow radicective decay to lover the value to allowable limits.

Any other methods evailable will be used to remove contamination before
a check is issued for reimbursement.
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Description

RECEIPT FOR CONTAMINATED ITEMS

P-g (11-1-51)

Received from

Type of Contemination

Date

Intensity

Action

Remarks

H, P. Surveyor




IX: 4

PROCEDURE FOR USE OF RESPIRATORY PROTECTIVE EQUIPMENT

w

Aporcved respiratory protective equipﬁent‘shall be worn in any location
where air-borne activity may be present, according to the following
procedure s .

1‘

3.

bo

SD

Wear filter typs respirator when air~borne activity exceeds
10-11 ype/ee for aipha and 1078 for bete-gamma, This use is
subject to the determination by air sampling of the fact that
such a concentration will exist throughout the working period.

Wear army assault-type mask when air-borné activity exceeds
the above limits by & factor of ten. This type of mask is
mere relieble, fits the face bstier and conssquently insures
ageinst feilure due to air by~passing the f£ilter cannister,

Wear positive air—-supply masks when air<borne activity ex-
ceeds 10-8 ue/ee for alpha or 1072 uc/ce beta-gamma. The up-
per 1limits of the positive supply masks is goysrned by ex—
ternal exposure levels.

Return the above respiratory equipment to the Health Physics
shift office Tollowing each use for decontaminstien and ster-
- ilization before resust. -

Bquimment will be stared under non=contaninated and sanitary
condition and Filters will be replaced at suitable intervals.
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IX: 5
RECOMMENDED PROCEDURE FOR WASHING CONTAMINATED HANDS

1. Wash thoroughly for two to threé minutes with a small quantity of
industrial hend cleanser (as provided in dispensers), using a suffi-
clent amount of %epid (not hot) water to maintain a thin paste, and rub
the paste over the entire surface of the hands and fingers. Rinse off
completely with water and repeal the process several times.

2. If the above procedure is not enough to remove all dirt and contam—
inetion, the hends should then be scrubbed for & period of a few min-
utes with 1iquid or caks seap and e hand brush, being sure to brush the
entire surfece of the hands, especially around the nails and between the
fingers., Light prassure should be exerted on the brush - do not press
so herd thet the bristles are bent out of shape. A convenient routine
15 to start by scrubbing one thumb, being sure to brush all surfaces,
proceed to the space between the thumb and index finger and similarly
to each finger and the webs between the fingers. Attentlon should be
given to the palm and back of the hand and finally additional serubbing
of the neils and cuticles before proceeding in an exact mammer with the
other hand.

3. TLanolin or lanclin containing creams mey be used after washing to
soften the hands and prevent chapping.

L. Should the procedures listed above fail to remove contamination,
chelating or complexing agents such as Versene may be applied to the
gkin, followed by a thorough rinse with water.

5,  Should all these measures fail to reduce the contamination to ac-
ceptable levels, ccnsult the Health Fhyslcs field representative.
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PROCEDURE FOR THE CARE OF WOUNDS LIKELY TO BE CONTAMINATED

Minor wounds mey be considered as those which can be adsquately handled
by a First Aid Station. MaJer wounds require the attention of a physician.

A, Minor Wounds

B.

1.

2,

. 3

Z;,.

5,

Place the wound under running tep water immediately.

Continue to wach the wound area for several minutes using
soaps 2 scrub brusgh and a large volume of water,

Report to the Medical Department as socon a3 possible,

Save the object cauging the wourd so an estimate of 1ts
econtamination can be made.

The Health Physics Department will conduet a contamination
survey of the wound area efter thorcugh washing, If there
is & residuael contamination more stringent measures may

be applied for cleaning the wound.

Major Wounds

1e

2.

3,

Place the wound under running tap water immediately after
the accident, if at all pessible.

Have an agsociate call the Medical Department immediately
end keep some sort of tourniquet proximal to the wound,
The pressure of the tourniquet will depend upon the amount
of hemorrhage, Venous return flow is to be stopped in &11
cases when possible, but arterial flow should be stopped
only in case of severs hemorrhage. .

Care of the wound after the initial washing should be und-
er the supervizion of the Medical Department. Health
Physics will monitor the wound end determine extent of
contamination, i any.
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IZ: 7

SURGICAL TECHNIQUE FOR PUTTING ON ANMD REMOVING RUBBER GLOVES

When rubber surgical gloves ars ased where hand contemination is pos-
sible, they should be prepared end put on in the following menner in
" order to avoid transfer of the contamiration from the cutside surface
to the inside surface of the gloves or to the hands.

Put on gloves as follous:

1.

2.5

35

Y

5e

6,

Powder the insides of the gloves and fold out the wrist por-
tion of the gloves to form a cuff of about two inches.

Powder the hands with talc.

Grasp the folded cuff of the first glove without touchlng
the exterior of the glove and pull it onto the fingers and
hand, leaving the cuff in the fo;ded poesition. n

1ift the second glove by inserting the fingers of the gloved
hand beneath the cuff and pull it onto the bare fingers and
hando

Turn the cuffs of both gloves back over the wrists, without
allowing the skin to be touched by the ocutside of the glove,

Work the glove fingers into position in the same manner as
cloth gloves,.

Remove gloves as follows:

1.

2e

3.

Wash hands before removing gloves.

Grasp the beaded rim of one glove with the fingers of the
gloved hand without touching the ingide of the glove and
pull the glove off inside out.

Insert the index finger of the bare hand heneath the beaded
rim of the other glove and pull the glove off without touch-
ing the contaminated outside surface.

When this procedure is carefully followed, contaminated surgical gloves
may be used several times.
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PROCEDURE FOR CALIBRATIQN AND USE CF BETA—GAMMA HAND AND FOOT COUNTERS

These instruments consist of geiger'tubes shiglded from background radia-
tion and arranged in & manner which permits convenlent detection of con-

taminetion on the hands end shoss. TFive of these ingtruments will be placed .

in appropriate end convenient locaticns throughout the plant. These should
be used to check contamination on the hands and/or feet before eating or
smoking, when changing shift, after handling radioactive materlals, or at
any other time when contaminetion is believed likely,

Calibfation

Calibration and posting of the permissible levels (register counts) on the
blackboard above the instrument will be the responsibility of the Health
Physies surveyors. The following procedure will be followed daily to ob~
tain the permigsible levels.

1. Ob%ain the average background for each register and post this
VElu§ in the corresponding spaces on the blackboard (hands and
feet),

2, 7Place the standard Hand calibrating source in the hand ports,
determine the average count for ead: corresponding component
of the hards and pcst these figures on the blackboard.as the
"nermissible hand counts”. The activity of the standerd cali-
bration source will be related to the permissible level of
1500 mrep/wesk to the hands.

3. Place the standard foot calibrating scurce in one shoe pocket
and determine the average count. Hepeat this procedure for
the other shoe pocket snd post the average of these two read-
ings on the blackboerd as the ¥permissible shoe count”. The
activity of the standard calibrating source will be related
to the permissible shoe contemination limits specified in the
chapter on radiation limits.

4o Replace paper sacks in hand ports and the paper in the shoe
pockets once a week or at any other time when background counts
from one reglster differ significantly from those of the prev-
ious day.

5, Refer any other work necessary to keep the counters in opera-
tion to the Maintenance Depariment.

Use of Hand and Foot Counters by Personnel

Personnel should check their clothing for contamination with the beta-
gemma scanning probe which is located on the scaler cart next to each

hand and foot counter, These should be used on the hands and feet be-~
fore using the hand and foot counter if high contamination is expected.

IX: 81




2e

3.

deo

5o

7o

Wash hands before using counter, .

-Remove wrist wateh if it has a luminous dial.

Step in foot pockets and mmedlatelz place hands in hand check—
ing pockets. Make sure fingers of both hands are fully extend-
ed to assure the best counting efficiency.

Remain in this position wntil the yelldw "bimed-out" light glows
indicating the end of the comi. :

Note: Continuous flicker of the neon lights et the left
of the registers indicates a count that is higher
than can be accurately recorded by the registers.,

Re-wash the hands using soep and a scrub brush if the count on
any one hand register is above the permissible count posted on
the blackboard. - . :

‘Report to the Health Physics fleld office or notify your super-

visor if any one hand count cennot be reduced below the permis-
sible level after several repeated soapings and scrubbings.

Report fo Health Physics field office if the count on the foob
register is above the permissible leval posted on the blackboard.
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PROCEDURE FOR USE OF THE WORK PERMIT
"Hork Permit" form AED~TFL (shown on the following page) is required for
511 maintenance work in areas where radiation or contamination is possi-
ble. .

Departmental supervision, in agreement with the maintenance and other
departments involved, shall schedule the work to be performed, initlate
the work permit, dsscribe the work to be done, indicate the location
in the plant, and supply recommended protective equipment.

They shall review the proposed work with the Health Physics shift per-
. sonnel, who will perform the necessery survey, establish working time

1imits, specify types of monitoring required, and recormend additional
precauiiong necessary.

The completed form (bearing the signature of a Health Physicist and/or
the Safety Department representative) will be presented to the mainten-
ance superviser before the work is started. He will comply with the
recommendations stated on the form and display the form on a clip board
in or near the work area. -

. Upon completion of any activity covered by a "Werk Permit®, it will be
the responsibility of maintenance supervision to request a survey of
the area, all personnel, clothing, tools or equipment to be removed
from the job.: ' .

Tools, clothing or equipment found to be contaminated will be impounded
by Health Physice and a "Receipt for Contaminated Items” issued. These
items will be sent to the Operating Department for decontamination

prior to release, Local measures for decontamination msy be taken under
the supervision of the Operating Departmeat or the Health Physics Depart-

ment.

When the work is completed or the permit surrendered at the end of a
shift, the maintenance superviscr will return 211 copies of the "Work

Permit" to the ares supervisore

The area supervisor will check to sse that all instructions have been
folloved. If the job is satisfactorily completed he will sign the "Work
Permit" and distribute the coples tc the departments represented,

Maintenence infers elsctrical instrument, technical, or other service
personnel directly connected with the execution of the particular job.
At the end of ome shift, & new "Work Permit” is required if the work is
to be carried over to the oncoming shift, unless prior approval is velid
for a longer pericd. If any change in conditions develops during the
course of work, supervision present shall remove the workmen until the

- job can be reanalyzed.
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AMERICAN @aﬂm COMPANY
t .

ATOMIC ENERGY DIVISION
IDAHO FALLS, IDAHQ

WORK PERMIT

(To be Retaired and Displayed at the Site of Maintenance Work)

Issued to

Bodge

Department.

Shift , 19

Good for...

, only. Building Number

lssuing Division

Wark Order No

Description of Work and Location

GENERAL HAZARDS AND CONTROLS

RADIATICIN HAZARDS

Initiaf
Yes No

. Have connections been blanked off?...........e

—

Recommended
Working Time

Survey Readings

2. Have fuses been removed?
NOTE: Safety locks on push buttons
not sufficient.

3. Have safety fags been attached?...
4. Was equipment cleaned with
0 =Y SRR .Y (-Ye 1) S
5. Hos equipment been ventilated e cccmem-....
. Hes inflammable ga: test been made?
7. s gas or air mask necessary fer snfering
tank? .
If gas, what-type of conister. oo ceeececns P
8. Are there any special precautions to be
observed as to ground connections, protective
clothing, etc. (Use reverse side for instructions.)
9. is the adjacent equipment safe?
10. Can sparks ignite materiol in vicinify or on
lower floors or levels?
11. 1S IT SAFE TO PO THIS WORK?

{ have checked and approved of this permit for WORKING
ONLY. .

Operating Supv. or Engineer

| have persondlly} inspected and approve of this permit for
WELDING—BURNING~-HQOT WORK ONLY.

Operating Mgr., Supt. or Engr.

Instrument Time

Protective Clothing and Equipment Recommended

Type Gloves .-Shoecovers....c.e.cce.. emereremeems -
Cap Clothing
Respirator Type

Special Meters

Special Instructions

Health Physics Division

{if Operating Supervisor is relieved, new Supervisor shall sign
his approval above.)

Work (has) (has not) been completed, and this Permit is being surrendered at

AM.
P.M.

Remarks:

Return of Work Permit Acknowledged.

Maintenance Supervisor

AEMLIE T 1-15-52

Area Superyisor



IXs 10

PROCEDURE FOR THE TRANSFER OF MATERIALS AND EQUIPMENT'

WITHIN THE CPP AREA

Transportation of sctive materials or contaminated equipment within a
specific area or betwsen areas in the plant must proceed in a manner
which will cause no unnecessary exposure tc personnel and will prevent
contamination of "clean areas™, :

1.

2.

do

5
6

The supervisor in charge of the area from which any material
or equipment is to be transferred will be responsible for re-
questing a Health FPhysics survey to determine the presence

of contamination, '

The supervisor will initiate & "Request for Removel" tag (form
AFD 1, shown on the next page). This will include a descrip-
tion of the item, its location, destination, and the neme of
the person requesting the move.

The Health Physics Department will perform a survey of the
article and recommend procedures to be followed.

The supervisor in charge of the area to which the article is
being transferred will not accept the article unless the tag
is attached.

Gonteminated meterials will not be returned to stock.

411 glassware to be sent to the glass shop must be contamina-
tien fres, and the tag should so indicate. Special cases will

be hardled by the use of a "Work Permit”.
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REQUEST FOR REMOVAL

of | '

From

To

Reguested by : !

De_lte

Area Supervisor T
?
Contamination
Remarks
;5

H. P Date A i
AED 1 11-51 500 V




ey

“
e

1.

2,
3.
éo

5e

6o

IZ: 11

PROCEDURE FOR THE DISPOSAL CF CONTAMINATED TRASH,
EQUIPMENT OR MATERIALS. (SOLID WASTES)

Properly identified metal cans will be provided at desired loca~
tions throughout the plant for the disposal of contaminated trash
gnd materiels. Within the laboratories, step-on waste containers
will be provided for such materials.

Tt shall be the responsibility of supervision to see that cans are
monitored at frequent imtervals to prevent active materials from
asccumilating in hazardeus quantities,

The Health Physics Department will recommend that cans reading 7.5
mr/hr or greater be removed or isolated by tags and/cr barricades.

Janitors will remove materials in unteagged cans to the loading dock
at specified intervals. They will handle material in tagged cans
using preceutions recommended verbelly by the Heelth Physicist.

The Health Fhysics Department will make a daily survey of material
to be removed from the loading dock by AEC and attach tags indicat-
ing handling precautions., Cans without tags will not be removed,

Meterials which are an extreme radiation hazard will be moved only

" on a special work permit. These will be transported to the burlal

ground by American Cyanamid Company parsonnel using precautions
recommended by the Health Fhysics Department.
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PROCEDURE FCR HANDLING SHIPMENTS OF RADIOACTIVE MATERIALS

General

Radioactive meierials cffered for transportaztion present a wide variety
of problems in packaging, labeling, handling and storage. The poten~
tisl hazards in transporting these materials were recognized long ago
and, as & result, methods and reguletions for controlling these hazards
have been dsveloped end enacted as law, The Interstate Commerce Commig-
sion publishes and enforces these regulatlions for all methods of public
transportation and for all organizations engaged in interstate or for-
eign commerce (common cerriers), It is the duby of each shipper to make
the prescribed regulations effective and %o thoroughly instruet employ-
ees in relation thereto. Shipments that do not comply with these regu-
lations must not be offered for transportation. Coples of these regu~
lotions ere evailable in the Health Pnysics Department.

All radioczctive shipments to or from destinations oubside the CPP will
be monitcred by Health Physics Department, The consignor or consignee
shall request the survey, Form IDO #16 "Radicactive Shipment Honitor~
ing Record™ will be completed by the Hzalth Physiclst in tripliczate; one
copy to the man in charge of the vehicle {outgoing only), one to the
consignor or consignee and o¢ne to the Healith Physics Department file.
The Health Physicist will net sign for ocutgoing shipments which violate
ICC regulations, He will inferm the consigner of the particular viola-
tion and offer suggestions for correction.

Shipments of radicactive materials by the AEC, or under its direction
or supervision, which are escortsd by psrsomn=l designated by the AEGC,
sre specificelly authorized and are exempt from JCC regulations, The
full responsibility for carrying cut the intent of the regniations and
for protecting other persomnel and shipments of undeveloped film rests

th this escort. This type of shipment from or to the CPP will be
handled as special cases by.the Health Physics Department.

Shipments of radioactive materials are also exempt from preseribed pack-
aging, marking and labeling requirements provided they fulfill certain
conditions specified by the ICC, Two of these are:

1. "The package must contain not more than 0.1 me of Ra or Po,
or thet amount of Sr-89, Sr-90 or Ba 140 which disintegrates
at & rate of more than 5 x 10° atoms per second or that
amount of any other radicactive substance which disintegrates
at a rate of more than 50 x 106 atoms per second.”

2, "The package must be such that no significant alpha, beta
or neutron radiation is emitted from the exterior of the
package and the gamma radiation at any surface of the pack-
age must be less than 10 mr for 24 hours.”
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In sccordance with AFC usage and recommendations we shall interpret
Pgignificant” as:

1. Alpha - More than 500 alphe &/m/100 e (es measured by Victor-
cen 256 or equivelént instrument).

5., Beta - More than 0.1 mrep/hr at surface of package (contamina-
tion) as measured by a G-M type instrument et the nearest point
of approach.

3. Smear - Less than 50 beta-gamma ¢/m and less than 10 alpha c/me.
This shall be register counts at gbout a 10% geometry for beta-
gamue and about a 50% gecmetry for alpha. -

We shall use this interpretation for all cases of surface contamination
on radiocactive shipments or vehicles,

Special Fuel Shipments

Only HEW fuel shipments have been received. This procedure applies
specifically to these shipments and generally to others anticipated.
New procedures will be developed when required.

Hanford meterial errives in.a Garrett Freight Lines special trailer
with an AEC escort. Each shipment conteing two 10~tom carriers per
trajler. Carriers are returned in the same manner as soon as the fuel
is rimoved except that they return without an AEC escort (common car-
rier). ‘

Incoming Carrier and Vehicle

1. BHealth Physics will be notified of the time of arrival of
shipments by the S. F. Accountability Department.

2. THeelth Physics will monitor the truck and casks and col-
plete form IDO #16 "Radicactive Shipment Monitoring Record”
in duplicate. All radiation and contamination readings and
remarks concerning the incoming shipment will be entered on
this form as required.

3. Radiation readings and comments regarding the conditions of
‘the shipment will be reported to the production supervisor
verbally and working time limits recommended if necessary.

4. The receiving station on the loading dock will be covered
with absorbing paper and the cask will be lifted to this
point. ‘ :

5. A radiation survey and smears will be made while the bolts
are being removed from the top of the cask, A minimum of
ohe smear on top and one on the side of each cask Will be .
taken, )

IX: 122




7.

9%

.lo

3o

4.

5o

Health Physics will monitor the operation of removing the drain
plugs from the side of the cask to avoid contamination from

‘escaping geses or liquids.

The liquid contents of the casks will be emptied into a pail
and radiation readings from this pail will be taken to detect
any uvnusual activity. Samples of the water will be sent for

enalysis if necessary and the bucket of water will be dumped

into the filter aid settling manhole.

Radistion checks shall be made as the cask is lowered into the
cenal, when the top is removed and when the fuel is emptied.
When the cask is removed from the canal it will be washed down
wvith a hose and weter and permitted to drain over the canal

until 1% has stopped dripping. The contents of the cask should

also be drained into the cansl with a siphom.

Outgoing Carrier and Vehicle

Upon removal from the canal the cask will be returned to the
loading dock and uncontaminated ebsorbent paper will be placed
on the floor if necessary. The cask must be wiped dry with
rags before radiation measurements can be made, .

The Health Physicist will agein survey the cask and a2 minimum
of two smears will be taken., If radiation end comtaminsticn
readings are above those specified for exempt® shipments by ICC
regulations, the surveyer will notify the production supervisor
and he will take necessary steps for decontamination.

4 survey of the bed of the vehicle will also be made and de-
contemination recommsnded (if needed) in order to comply with
ICC regulations.

After finai decontamination the Health Physics surveyor will
complete the outgcing "Radicactive Shipment Monitoring Record".
in triplicate. He will write the following statement on the

“bottom of the form: "This vehicle has been clsaned in accord-

ance with paragraph 74.566 (d) of teriff #8 publishing ICC
regulations.” He will sign in the space provided. The survey-
or shall be prepared to issus a written statement to interested
parties, indicating that the cask is exempt from prescribed
packing, marking and labeling requirements for shipment by pub-
lic carrier.

Two copies of the above form will be given to the AEC courier
(one for the vehicle driver and one for AEC). One copy will

be retained by the surveyor for the Health Fhysics Department
fileo
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% Sphould it be impracticel to decontaminate the inside of the
carrier to the 5 x 107 d/s level, an agreement should be
reached between the Production Division, the Health Fhyslcs
Depariment and the AEC on the necessary formalities for ship-
ping the carrier, The shipment could be classified and re-
turned as a radicactive shipment, provided the package and
truck were properly labeled and identified according to ICC
regulations for radicactive shipments. This might involve a
higher return shipping rate than if the container were re-
turned as empty.
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HP-5 (_10/?/ 51)

RADIOACTIVE SHIFPMENT MONITORING RECCRD

Date of Survey. ' Incoming Ouigoing :

Shipment Details

Material
Type of Package or Load
Approximate Size
From:

To:

Via:

Radiation Monitering (Mr/hr)

_ TRUCK (No. ) _ ___PACKAGE
Cab ' : 1 | Mex. Red. .
Tailgate - | At (Distance) .
R. R. Wheel ‘ - | Prom (Center or Surface) ,
. L. R. Wheel i -1 Max.Rad. (At one Meter)
Inst. Used I : Inst. Used
Contamination

Evidence
Measured by Instrument

'Smeérs'Counted

Remarks (Damage to Package, Violation of ICC Regulations, Labels, Possible
Over-exposure to Areas or Ferson, etc.§ .

» ' ‘ _ (Signature)
IDO Dupl #6 100 10/11/51

N e . . T e e Sl et s et b st & catmr PR
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IXs 13
PROCEDURE TOR OPFRATION AND CALIBRATION CF CONSTANT AIR MONITOR
The CAM is a radloactive monitoring instrument which records the magni-

tude of the air-borne activity in an area and gives visual and gursl
warning when permissible concentrations mzy be exceeded. This is ac-

complished by collecting the activity on a filter paper and measuring

thie activity with a G-M tube. The cignal from the tube is fed to a
count rate meter and an Esterline Angus strip chert recorder. The comnt
rate meter gives an indication of the quantity of activity on the paper
at any time, The slope of the trace on the Esterline Angus recorder
gives an indication of the concentration of activity in the atmosphere -
(slope proportional to concentration) as well as the total activity on
the filter.

The count rate meter and recorder are provided with three sensitivity
scales: 0O to 2,000, 0 to 1uU,000 and O to 20,000 ¢/m, The instiument

is normelly operated cn the O to 2,000 ¢/m scale. If the totel air-
borne activity collecied on the filter exceeds this value the instrument
sutomatically changes to the next higher scale and a yellow warning light
glows. If the instrument goes off scale on the 0 to 10,000 ¢/m scale,
the instrument awtomatically changes to the 0 to 20,000 ¢/m scale, a red
1light glows and a bell rings. The instrument returng to normal opera-
tion vhen the radistion is removed, The bell can be turned off if de-
sired, : ‘

The filter will be replaced by the Health Physics Department once every
24 hours or whenever the activity is sufficient to cause a change to the

20,000 ¢/m scale., Once a week, or at any time following repairs or ad-

justments, the CAM will be calibrated in accordance with the procedure
1% sted balow., The standard calibrating source is maede of uranium oxide.
Tts activity is equivalent to the activity that the filter paper would
collect in 30 minutes if the concentrziion of activity in the sir were
at the permissible level of 10~8 ue/cc. The trace of this activity
would be represented on the strip chart by a uniform sloping line ex-
tending from the background count to the final count in 30 minutes. By
using the standard, a family of lines with similar slope can be drawn
on the glass door of the recorder to give an indication of air concen-
tration when the CAM is in normel operation. The activity of the source
is determined By taking into account the pumping rate (5 cfm), filter
collection efficiency and the geometry of the G-M tube (17.6%3.

CALIBRATION
1. Manuelly switch the count-rate meter to the 10X scale.

2, TRemove the alafm connector relay and replace with a
dummy plug provided.

3, Shut off the pump, remove the.counter assembly from
the lead pig, and remove the filter paper from the
holder. :

IXs 13-1




9.

10.

12.

13.

15.

Replace the counter assembly in the lead pig and note the
background recorded on the Esterlihe—Angus recorder.

Remove the counter assembly, place the calibration source
in the slots where the filter paper normally fits and re-
place the assembly in the pig.

Note the recording of the Bsterline—Angus and subtract the
background.

Multiply the result by the correction factor listed on the
source. Thig factor accounts for the factors mentioned
above in the text. 4

Add the background reading to this sum.

Mark the recorder tape at a reading corresponding to the
sum obtained above (8).

Place another mark on the tape indicating the background
reading at a position representing a time 30 minutes ear-
lier than the recorded point ebove (9). Draw a straight
line between these two points.

Cloge the glass deor and, using a china marking peneil, -
draw a family of lines on the door, parallel to the line

on the strip chart.

Remove the source from the assembly, place a clean filter
paper on the holder and turn on the pump.’

Slowly place the assembly in the lead pig. If the filter
is properly mounted and sealed with the rubber. seals pro-
vided, a change of the sound of the pump will result.
Proper sealing is necessary to prevent contamination of
4+he G-M tube and assembly.

Remove the dummy plug and replace'the alatm reley connector.

Manuzlly switch the count-rate meter back to the "Voltage"
position.
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» IXs 14
PROCEDURE FOR THE USE AND CALIBRATICN OF THE‘MONITRON

¢

The monitron is & radiation monitoring instrument used to record back-
ground radistion in work areas. There will be approximately twenty-five
monitrons of verious types distributed throughout the CPP, Some of these
instruments will be operzted as semi-portable radiation monitors while
others will relay a continuous indication of the radiation level in the
various areas and cells to the operabing gellery, All of these instru-
ments give & visuwal indication of the radiation level on e milliammeter
located on the front panel., They also corntain an alarm system which may
be adjusted to operate visual or audible alarm devices at a preset radia-.
tion level. :

The sensitivity switch, located on the panel, has three positions: szero,
low and high. When the switch is on the high sensitivity position a full

. goale deflection of the emmeter indicates 25 mr/hr, Wornally, the instru~
ment is set to alarm when the radiation intensity reaches 7.5 mr/hr. The
alarms can be turned off, but the panel meter continues to indicate the
radiation level., On the low sensitivity position, full-scale deflection
is 125 mr/hr and a light on the front of the instrument glows continuously.
' Tn the “zero" position each sensitivity range may be checked and adjusted
to give no meter deflection in the absence of 2 radiation field.

CALIBRATION (10 mg Ra source)

1. Check the gero of the instrument on the "zero" position for
each range. '

2, Check the instrument for contamination,

3, Check for proper co-ordination between the milliammeter
reading and the remote tape recorder reading.

L. With the instrument on, allowing suitable warm up period,
connect the preamplifier into the connector at the rear
of the chassig for each channel to be used.-

5, Turn the "chennel switch™ %o the on position.
6. Turn the "sensitivity switch" to the zero position.

7. Adjust the "zero set potentiometer" (on panel) until the
milliammeter reads zerc. _ :

8. Turn the "sensitivity switch" to the "low" position, place
the chamber in a 25 mr/hr field and adjust the "low .sens-
1tivity potentiometer” (on panel) until the meter reads
0,20 x full scale.

9. With the "sensitivity switch" on the bigh position, ad-
just the "high sensitivity potentiometer” (on panel) until
the meter reads full scale.
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10.

Adjust the "Alarm Relay potentiometer™ (under alarm lights)
so that the alarm will be activated at 7.5 mr/hr (approx~
. imately 0,33 x full scale),
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IX: 15

PROCEDURE FOR SAMPLING AIR~BORNE ACTIVITY WITH "HUDSON SAMPLER"

This instrument is a porteble dust sampler designed for teking "breathing
zone™ and general air spot samples of dust laden air. The pump is capable
of drawing air through a 1 1/8" diameter Whatman #41 filter paper at a
rate of flow which can be measured and controlled between 12 and 30 liters
per minute. The radiocactivity collected on the filter paper can then be
counted in stendsrd counting room equipment and the concentration of radio-
activity in the dust cen be computed in uc/ccs

Collection Procedure for Survevor

1, Connect the power cord on the sampler to the 110 volt AC outlet
end place a 1 1/8" Whatmen filter paper disc into the filter
holder with tweezers. (Serew the sampling head parts together
firmly to prevent air leakage.)

2, Sipultaneously turn on the pump switch and start a stop wateh to '
time the duration of the sampling period.

3, Tmmediately adjust the rotometer to the desired air flow rate
with the knurled screw adjustment provided,

Le Turn off the pump and the stop watch when the desired sampling
time has elapsed and remove the filter paper with tweezers.

5, Record the sample collection data on the Health Physics "Semple
; .~ Record" Form IDO #20 (attached) in triplicate. The data should
. include a sampie identificaticn number, & description of the
sample condifions and location, the flow rate, the collection
time interval and the type of analysis required (alpha and/or
beta-gama ). '

6. The surveyor should retain the last copy of the above form for
his records and send ths remaining two copies and the sample -

to the counting room for analysis.
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IX: 16

PROCEDURE FCR SAMPLING WITH FILTRON

The £iltron is & semi-portable instrumént designed for collecting air-
borne activity (SOIidsg on a filter paper. It consists of an electric
motor and blower unit (eir mover), a preset timer, a filter paper holder
which s a perforated metal cylinder 13" in diemeter by 8" long, and a
sampling head to hold the cylinder in place. Air is pulled through the
filter paper &t a rate of 5 ofm for a measured time interval., The fil- -
ter paper and holder are removable and must be counted in special alpha
or beta-gamma counting equipment. The concentration of radiocactive
meterisls in the air can then be computed in ug/cce

1. Cut the filter paper to the proper size (43" by 8") and insert
ingide the perforated metal holder. (Use Hollingsworth and
Vose Spec. #70 papero) A supply of these units is usually pre-
pared in advance and may be optained in the comting room.

5. Insert the above unit into the filter head making sure that the
wire fastener snaps into place in the slots on the holder.

3. Plug the filtron power cord into a 110 volt AC ocutlet, start
gampling by turning on the blewer switch and setting the timer
for the desired sempling time interval.

L. Remove the filter unit (paper and holder) from the filter head
vhen the motor stops. .

5, Record the sampling collection data on the "Sample Record®
form in triplicete. The deta sghould include a sample ident-
ification number, a description of the sampling conditions
and location, the flow rate (5 cfm), the collection time in-
terval, and the type of analysis desired (elpha and/or beta-
gamma ). :

6. The surveyor should retain the last copy of the ebove form

for his records and send the remaining two coples and the
sample to the counting rocm for analysis.
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IZX: 17
PROCEDURE FOR USE OF THE ELECTROSTATIC SAMPLER

The MEA Electrostatic Sampler is a portable instrument used for collect-
ing sir-borne activity (solids) on an aluminum foil., It consists of a
high voltage supply, an jonizing and sample collecting chamber, and a
motor end blower unit for pulling air through the chamber. An electro-
static field is meintained across the air stream by a metal electrode
running exially through the center of the chamber. When the voltage ap-
plied o the center slectrode is sufficient to cause & corcna discharge,

“the particles in the air stream become charged. These ionized particles

ere ettracted to the walls of the cheamber by the electrostatic field and
are deposited on a thin aluminum foll lining. The foil is removable and
must be counted in special alpha and beta-gamma counting equipment to

. determine the concentration of radiocactivity in the air (ue/ce).

VARNING = The sampler should never be used in combustible or explosive
atmospheres. :

1. Select a suitable sampling point. The retractable stand is
secured to the case and exbended to a convenient height. Re~
move a central electrode from the sampling tube kit and push
it all the way onto the plug in the sampling head.

2. Remove a sampling tube from the kit and remove the plastic
caps from each end. Prepare the aluminum foil lining by
cutting the foil to the proper size (73" x 43") and form 1t
around the outside circumference of the tube and smooth it
carefully, Slide the thin eluminum cylinder from the out-
side of the sampling tube and place it cerefully inside the
tube, being sure that the ends of the liner and tube are
mated. Fasten the liner to the tube with Scotch tape. (Use
hard surface aluminum foil 2 mil thick.)

3. Insert the asbove unit into the collar arcund the central
electrode by pushing (not turning) until it is firmly seat~
ed. Mske sure the electrode is properly centered.

L. Place the completed sampling and blower unit onto the re-4
~ tractable stand,

5, Plug the high voltage and motor-blower connectors into the -
power-pack unit and turn down securely. Plug the electric-
al supply cord into a 110 volt AC-60 cycle outlet, Make
sure the ground clamp is fastened to a grounded pipe, elec-
trical conduit or other good grounda

6. Turn both the power switch and the switch on the blower
unit to the "On" position. The light on the power-pack
should now glow, Turn the high voltage contrel up until
arcing is produced; then back the control knob down until
no arcing occurs. Immediately begin timing the sample.
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‘The operating voltage should be at least 11.5 KV if atmospher-

i¢ conditions permit. (The flow rate is 3 cfm provided the
voltage is maintained between 105 and 120, with 60 cycle fre~

quency. )

After desired sampling time, turn all switches off. Either
wait 60 seconds or discharge the central electrode by short-
ing it to the chamber wall with an insulated screw driver, Re-
move the»samplé holder and foil liner as & unit and replace
the plastic covers on the ends. :

Record the sampling collection data on the "Sample Record Form"
in triplicate., The data should include a sample identification
mumber, a description of the sample conditions and location,
the flow rate, the collection time interval, and the type of
analysis desired (alpha end/or beta—gemma), The surveyor
should retain.the last copy for his record and send the re-
meining two coples and the sample to the coumting room for
analysis, '
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TXs 18

PRCCEDURE FOR COUNTING AND INTERPRETATION OF DUST SAMPLES

Alpha Check the counter operation with a plutonium alphe
standard and run a background count if this has not dlready
been done. Kelley-Koett parallel plate counters or Nuclear
Measurements Corporation gas £low (argon) proportional count-
ers may be used for disk samples. Special ORNL alpha counters
are used for cylindrical samples.

Beta-Gamme Check the counter operation with a Netional:Bur-

eau of Standards radium D and E beta-standard and run a back-
grouvnd count. Any standard bets-gamma end window counter with
shelves arranged in a lead shield can be used for counting of

disk sampies. The second shelf (10% geometry) should always be.

used unless the activity is too high to count. Special ORNL
beta-gamna counters are used for cylindrical samples.

Place filter peper samples in the counting chamber or on the
shelf (use tweezers for disk samples) and count the sample un-
11l the desired statistical accuracy is obtained., 4 total
count of at least 500 counts will give a probuzble error of ap—

.

FPor leng-lived activity, repeat counts at periodic intervals
as indiceted in specific instructions below in (7).

Determine the total number of counts by multiplying the scal~
ing factor by the number of register counts recorded and add
to this the number of scaler interpolation faetors indicated
by glowing lights (correct for coincidence if necessary)e.
Record the background count, the total count, and the counting
time interval on the "Sample Record" form containing the col=
lection data on the sample being analyzed.

Divide the total count by the counting time interval, sub- .

tract the background from this value and record this figure
as counts per minute on the "Sample Record" form. :

From the above data, interpret, compute and report resulis in
the last column of the "Sample Record" form as follows:
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General Formula

e/m % 1
SxGxA RxTxExK

ue/cc

]

S = Sensitivity or detection efficiency of counter.

1 (Assume 100% for alphe and bata).

G = Geometry of counter (including backscatter).

0.52 for alpha counter (disk).

= 0.50 for elpha counter (cylinders).
- 0,10 for beta~gamma counter (disk).

0.21 for bete~gamma counter (eylinder).

A - Self-absorption factor for activity in filter paper.
= 0,70 for alpha. (30% loss).
= 1.0 for beta (zssume no loss).

R = Samfling flow rate in cubic centimeters/minute;

T = Sampling time interval in minutes.

Efficiency of filter paper for particle collectiom,

B

1 (assume 3D0% collection for all filter paper).

K = Constant to convert d/m/cc to uc/cc.

-3.7x2100 x 60 x 100 = 2,22 x 100, -

For Immediate Alpha Count (Coun® Sample When Received)

ue/ce = c/m

(Disk) 1% 0,52 x 0,70 x Rx Tx 1 X 2,22 x 10°
= ¢/mx1,238 x 30“6
: RxT -
uc/cc (Cylinders) = ' c/m .
1x0.50x0.70xRxTx1x2.22x10

= c/mx1.29 x iO'é

RxT
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For Long-lived Alrha Count

Teke e count (C1) at time (t;) at least four hours after the samp-
1le has been colleched to permit radon products to decay. Teke
another count (8p) at time (%) at least 16 hours after the first
count was taken. Substitute these values in the following equa-
tion. -

61, = Cp - Cpe 00855 (t2-t1)

e—0.0655 (tg—tl) . -

1 -

Ci1, is thé long-lived elpha activity in counts per minute and the
value in uc/cc can be obtained as above,

For Ipmediate Beta Count (Count Semple When Received)

ue/ce (Disk) o/m '
1x010x1xRxTx1x2.22x10°

= o/m x Ae5 & 10°6
RxT

c/m

1x0.2lx1xRxTxlxr.22x10

ue/ce (Cylinder)

o/m % 2.15 x 10P
RxT

For Long~lived Betaz Count

Take a count (C
a second count %
count was made.

) et time (t7) when the sample is received. Take
C2} at time %tg) et least 20 hours after the first

Substitute these values in the formula stated sbove for long-lived
activity. The value Cyy, obtained is the long~lived beta count in
e/m and the activity in uc/cc can be obtained by substituting in the
general formula stated above.

For Decay Curves (Half-Life) and Absorption Curves (Energy)

To obtain decay curves take a series of counts at periodic intervals
and plot the counts per minute against time on semi-log paper (time
as abscisse on linear scale), Determine the half-life by observing
the time required for the activity to decrease to one-half its initial
value. : ’ ’ .

To obtain an absorption curve, take a serles of counts with Iincreas-
ing thickmesses of absorbers interposed between the sample and detect-
or., Plot the counts per minpte obtained against the corresponding
thiclmess of absorber (mg/cm®) on semi-log paper (mg/cm?) as abscissa
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on the llnear scale),

The maximum energy of the beta particles can be determined from
this ebsorption curve. The corresponding heta energy cen then
be obtained from renge-energy tables..
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IX: 19
PROCEDURE FOR COLLECTION AND INTERPRETATION OF SMEARS

The smear is used primarily to determine whether the activity on a sur-
face is easily removable.

lo

24

3.

do

56

The smear shall be defined as having wiped 40 sq. in. of sur-
face, with at least four ten—~inch passes, with a 27 diameter
Whatman 350 filter disk.

Record the collection data on the "Sample Record Form" in trip-
licate. The data should include a smear identification number,
a description of the surface and location, and the type of an=-
alysis desired (alpha and/or beta-gamma). The surveyor will
retain one copy.of the record and send the remaining two and
the smear to the counting room,

Smears shall be counted for beta-gamme contamination with a
standard mica window G-M tube at 10% geometry.

Smears shall be counted for alpha activity in a parallel plate
ion chamber or a gas flow proportional counter at 50% geometry.

Results will be reported in counts per minute.
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IZ¢ 20

PROCEDURE FOR THE TRANSFER OF PORTABLE INSTRUMENTS
FOR AEC. CALIBRATION CR REPAIR

M1 porteble Health Fhysics instruments (AEC loens) in the CPP will be
meintained in proper working order and calibrated by the AEC Health
Physics Department. AEC will provide pick-up and delivery service from
and to the CPP portal building on scheduled days.

1.

2.

30

be

e

Ts

Pick up the instruments at the main CFPP portael.

Sign the AEC hand receipt for all instruments received and
identified by neme and number on the hend receipt. Retain

_one copy for the American Cy=namid Company Health Physics in-

strument loan file.

Transport the instruments to the Health Fhysies fleld office

and meke ocut an "Instrument Inventory" card for each instru=—

ment, Information on the card should include the name of the
instrument, the identifying number, its location in the plant
and the person to whom it was loaned, if any.

Check instruments for proper operation and distribute them to
the various laboratory areas and to convenient locations with-
in the process area for the use of operating personnel,

Check instruments for proper operation and calibration at con-
venient intervals during the week. This can be assigned or
scheduled on shifts. . :

Collect (in field office) ionization type instruments at least
once every two weeks and all G-M type instruments once every
three weeks and prepare them for return to AEC. Make a record
of the action on the "Instrument Inventory" card.

Notify AEC of instruments requiring service and replacement
and deliver them to the mein portal for AEC pick-up, repair
and calibration. FHave the AEC representativs countersign the
hand receipt mentioned above and file it in the inactive file.
Only those instruments for which replacements are received will
be released, '
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IXs 21

PROCEDURE GOVERNING THE USE OF THE SHIFT LOG BOCK

A log bock will be maintained by shift persennel in order to provide a
running record of the activities of the Health Physics field personnel.
This record allows oncoming shift personnel to keep sbreast of activi-

| ties which occurred on previcus shifts. It also records all action tak-
en, should questions arize at a later date. The log entries will in-

clude the following informetion in the order showns

1.
2
3
b
5.
.60

Date and location of survey or evente

Person requesting survey.

Hame of surveyor.
Type of survey.
Instruments used.

Brief discussion of problem and action taken,

A log book will also be maintained in the counting room. Verbal as well

as written attention shall be called to on-coming shift personnel regard-

ing datz being collected on long-lived counts, decay curves, etc.
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