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PREFACE 

Pcrsmmel of t."le Chemical P:rocessi:ng Plant will be exposed to occu-pa= 

tional hazards in addition to these of ordinary chemical industries 

in the form of radioact:hre 1T.!E.terials~ Although the way in whi·:::h radia­

tion damages living tissue is not entirely knmm.~ considerable is known 

about the effect of rad:~ation on 1i ving organisms. It is known· that 

radiation ~~11 kill all living cells if applied in sufficient dosageo 

Also that ~~1 is c~ntinuously exposed to radiation from cosmic and oth~ 

er· sources which has not been pro~en to be either harmful or useful 

(from an evolutionary standpoint) 0 l-is have 9 then, an unavoidable low 

l~el radiation which is pa.-t of the environment~ as well as a much 

higher level of radiation which is pro-ven to be harmfuL We also have 

between these levels an exposure which 9 in E?Pite of admitted variations 

in effect on different individuals:; has not produced detectable changes 

in large groupso However, the period of time and numbsr of people ex= 

posed at this rate are not presently aufficient for most experts in the 

field to definitely state that the le.vel is absolutely safeo We might 

expe:::t considerable agre9!llent on a statement that detectable damage dur= 

ing a human lifetime of exposure at this intermediate level is verry un­

likely and that ari.y damage which should appear would be to particularly 

susceptable individualse Renee~ based on present knowledge, the nearer 

the exposu:re approaches to the background level~ ·the lO't~er the proba-

bility of injurieso · 

Some principles of radiation protection are being presented which allov 

expo5Ure to approach the backgrourld level as near as is practical with 

the operation involved~ yet which never exceed the recommer~ed exposure 

limits. This does not necessarily guarantee that this level of exposure 

is harmless. A lifetime of ex:poSti:r:e to radiation considerably above 

background may involve some risk. Ho-wevar3 it must be reoognized that 

any human activity involves some risk, so if the risk from radiation ex= 

posu.re does not exceed other risks already present~ it should be acce'pt­

able to the individuals involved. 

Regardless of the detection instrumentsll alarm devices 51 rules and prO= 

cedures~ it is obvious that an indi·cridual must assume considerable per~ 

•sonal responsibility for his own protection from injury by radiationo 

.. ... 
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DEFINITION Q! RESPONSIBILITY 

T'ne General Ha.:nager is responsible for the safe operation of -the 

plant.. The Health Physics Department has bee~ established to advise 

· the. General Hanagsr on precautions necessary to control or avoid haz­

ards resulting from work with radioactive materialso The various de­

partments under the direction of the General Ma."lager vrill be responsi= 

ble for safeguarding the health of the individuals under their juris­

diction. These' depar·tments 'Will call upon the Health P'nysics Depa!'t­

ment for the location, measurement and evaluation of radiation hazards 

as well as rec9lll!llendations for their control or ellminationo The re­

sponsibility for the enforcement of recommended regUlations and pOli­

cies P .M approved by the General Managers shall rest with the super­

visors of' the various departments or areas. It 'Will be the responsi= 

bill.ty of these supervisors to keep the Health Physics Department in­

formed of the nature and extent of the work involved in all operations 

in order that the necessary information may be accumulated and reco~ 

mendations prepared. The Health Physics Department in turn will be 

obligated to inform the various departments of the existence and nature 

of radiological hazards resulting from work anticipated or in progresso 

· The Health Physics Uepartment in co-operation 'With other depa:rt­

ments will maintain necessary records and compile such measurements and 

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

plant conform to radiological regulations established by the Atomic 

Energy Coiil!l1ission and are safe according to American Cyanamid Company 

standards., 
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RADIOACTIVITY AND THE UNITS OF Ri'.DIATION --.--- . 

II~ 1 

INTRODUCTION 

Activities in the field of atomic energy are based primarily upon 

the principles of atomic physics and chemist~fo Within the limitations 

of this manual, it is impossible to give a self-contained discussion of 

~is field; however~ it is felt the.t a brief survey of the i'".mda.mental 

principles and a statement of terminology might be useful as an intro­

ductiono 
'· 

We now think of all materials as composed of a. finite number of 

materials which are referred to as chemical elements, ioeo 1 hydrogen, 

carbon, etco Two or more of these elements may combine to for.m co~ 

pounds such as water. They may exist in three physical forms: solid, 

liquid, or gaseous, and may be associated in various kinds of mirl~eso 
I 

In the llg!1t of present lmowledge, the chemical elements are described 

as being made up of extremely minute entities known as s.tomso The atoms 

of any one element are unique in their structure 9 while all atoms are 

thought of as being assemblies of three basic ~ructural components 

called neutrons9 protons and electronso Since these fundamental "build-

ing blocks It of nature are so extremely minute Y we cannot hope to give 

them a visual description. We can~ however, describe their physical 

/' properties., We may9 for instance.., detect their relative mass or weight 

and their electrical propertieso 

The negative unit of electric charge is never found associated with 

a smaller :mass than that of an electron (9.1 x lo-28gm) and.9 for most 

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

IIs 1 .. 1 



~sitive charge may be associated with either a particle of the same 

mass as the §lectron~ called a positron or positive electronp or it 

may be associated ~th a particle of 1$40 times this mass~ called a 

nrotono A third particle, tbe neutron~ has no electrical Charge as­

sociated with itp but bas a' mass very nearly that of the m:,otcm. An 

atom is tho1:.ght cf as an arrangement of t.."lese particles resembling 

our solar s,rst~o For an atom of any one element a number of protons 

and-neutrons potentially exist in a region near the center o.r the sys­

temo These particles together are teTmed the nucleus of the atomo 

AroU:nd the nucleus. arranged in groups or shells~ revolve a number of ----....., 

electronso In any complete atom, there are as many electrons as there 

are protons in the nucleus so that the net electrical charge of the 

atom is zeroo Any chemical element then is Characterized by a partic-

ular nmnber of protons in the nucleus of' its atoms and a corresponding 

cqnfiguration of electrons around the nucleus. We might immediately 

ask~ however~ about the number of neutrons in the nucleus, and how 

this nught change the characteristics of the atomo Since the neutron 

has no charge and since the chemical behavior of atoms is es~entially 

dependent upon their affinity for one another (electrical in nature) 1 

we _might conclude that the chemical properties of an atom are not pri­

marily determined by the m:unber of neutrons in the nucleus.. Hence~ any 

one chemical element nught be made up of atoms 'With differing nUll'lbere 

of neutrons in their nuclei. Atoms of a given chemical element with 

specific numbers of neutrons in their nuclei are termed ~~QtQpes. It 

is customary to describe an atom in the following manner: exam:ple -

92u235 - the ~rcmbol U identifies the atom as the chemical element 
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uranium; the subscript 92 indicates t.he number of protons in the nucleus 

and the superscript 235 indicates that it is the isot,Q~ with 235 par­

ticles in the nucleus (92 protons and 143 neutrons). The atom 92u23S 

(92 protons~ 146 neutrons) is still the chemical element uranium, but 

the atom has three mor.a neutrons in its nucleus. .These are isotopes of 

We might next observe that any process which alters the quantity 

of positive charge cax-:ded by the nucleus changes the atom from one 

chemical element to another s. since the nuclear charge determines the 

normal number of electrons·o When such a process occurs spontaneously 

in atoms, it is called natural radioactivity., 
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II& 2 

RADIOACTIVITY 

RadioactiVity res1llting from the release of atomic energy is ess.en~ 

tially like the radioactivity which was discovered in 1~97 by Becquerel 

to occur naturally in ccurpou:nds of uranium., Independent of external 

stim1ilationp they gave off three kinds of radiation which ~re designated 

by the first three letters of the Greek al-phabet - alphal1 beta and g8llllllB. 

(a, 13, 1 ). · The al"'h~ ~were f'ov.nd 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 particles are identical with the nucleus of a helium 

atom of the same mass. The beta particle.s were found to consist of' high 

speed electrons or posi trans. The gamma rays are of essentially the same 

nature as visible light or X-rays, consisting of discrete bundl.es or 

"quanta" of energy moving m. th the fundamental velocity of all electro­

magnetic energy, carrying no electric~ charge and without separate iden­

ti:ty before emission or after absorption. Forthermore1 it Yas. established 

that all three originated in the nuclei of the uranitu~ or other nradie= 

active11 atoms. 

The emission of an~ ~cJ,e results in the net loss to the nu­

cle'U,s of two protons and two neutrons.~> thus leaving the nucleus of a dif­

fe~ent isotope and element. Tne emission of a beta particle from a nucleus 

may- result from the transformation of a neutron into a proton, thus pro­

ducing a nucleus of another element. The emission of a gamma ray, since 

it carries no charge.9 is thought of as resulting from the fact that tbe 

nucleus previously existed in an 11 ex.cited" or "unstable" state. By the 

emission of a photon or quantum whose energy is characteristic of the par­

ticular nucleus 9 a more stable condition may be achieved. 
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The !J.U'!lleus of an atom of a radioa~ti-re isotope has an inherent in-

sta·bility vlhich might be ·thought of as a definite probability that it 

will spontaneously dhintegrate in any given time. Fu:rthermore~ the 

number of nuclei disintegrating in any one unit of time depends upon 

the number of' atoms pl"'e,3ent at that time. In order to obtain a quantity 

which expresses the ;rate of decay of a pa:rticular isotope, the concept 

of "half-life11 is used. The 11hall'=lifen or an isotope refers to the 

time (in any applicable units) required for half of the atoms initially 

present to disintegrate. Thusp after one half=life~ one half of the 

original number of atom1:1 still exists. After two half-lives 51 one quar-

ter of the original nU!llber exists~ etc. The half-lives of differing 

types of radioactive transitions may vary from fractions of a millionth 

qf a second to thou.sands of years. This is usually expressed 'by 

. t ~695 
N = N0e i where 7 = "'"''f.:r • 

2 

The unit of activity or quantity of radioactive samples is higl1ly 

impor~ant in dose determinations and is based on the number of atoms 

disintegrating per second. Conventionally)) this unit is termed the 

C'U.Tie. This unit was originally based on the activity of one gram of' 

radium, or upon the actiVity from radon in equilibrium with one gram 

of radium. This definition has since been extended and now refers to 

that quantity of any radioactive material which disintegrates at the 

rate of 3o 7 x 1olO dis/ sece It sbo'lild be emphasized at this point? how­

ever9 that failure to distinguish between total ionizing events and total 

disint~grations ~ in the case of isotopes that do not have simple decay 

schemes, has led 'l:.o confusion and error in the use of the curie. For 

example, Hith a radioisotope that emits both a beta and a gamma ray in 
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a single disintegra·l:.ion» if' there are internal com;ersion electrons; 

that is~ if some of the gammas gi-ve up their energy to eject K shell 

electrons from an atom~ we ha~e a gamma replaced by an electron: then 

measurement of the beta·particles will lead to a disintegration rate 

too high. If only tb~ gammas are measuredi a disintegration rate too 

low results. Unless the number of gammas leading to conversion elec­

trons is known, the disintegration rate will not be correct and the 

amount of the radioactive isotopes expressed in curies 'Will be incor­

rect. This indicates that the method cf decay of a:ny :material must 

be accounted for in the use of the curie as a unito 

A new unit of radioactivity has recently been definedp i.,e • .9 the 

Rutherford~ which refers to that quantity of any radioisotope decaying 

at the rate of 106 di·sintegrations per seoondo 

Interactions .Qt Nucl~al: Ra.~iations with Hatter 

Our present interest in radioactive material depends on the dam­

age that results from the passage of nuclear radiation through the hu­

man bodyo While a complete description of the various interactions or 

different types of radiation with matter is beyond the scope or this 

manua.l 9 it is felt. that enough inf'onnation should be presented to ·al~ 

low an understanding cf the basic problems involved and hence aid the 

reader in grasp"...ng the concepts to follow o 

The. first characteristic of all nuclear radiations to be considered 

is that they are all emitted with energies which are very large in com­

parison to those involved in normal chemical phenomena., The uirlt com= 

manly used as a measure of their energy~ the electron .Y.QJ:i9 is defined 

as.that rumount of energy necessary to move an electron through an electric-

!Is 2-.'3 



a1 potential of one volto This cor.::"esponds to the kinetic energy (energy 

of motion) of a hydrogen atom movlng at a veloci-ty of 550 miles a minuteo 

As an exa..·nple for compa.rison9 fu..u" electron V•')lts of energy e.re liberated 

when the molecule of oxygen combines with an atom of carbon (as in the 

burning of fuel) to f'o:;."l!l a molect.'lle of carbon diorldeo In comparison to 

these values~ al'pha particles are ·emitted with energies ranging from four 

million to eight million electron volts. (Mev}o Beta particles have ener-

gies up to several }fuv and gamma rays emitted from most common transitions 

range up to about .3 Nevo 

Charged particles passing through matter exert electrical forces on 

electrons and nuclei in their immediate vicinityo This results in .such . 

effects as ionization~ chemical dissociation of complex organic moleCules 

(within the human bo:ly) .~~ and local heating or thermal effects which may 

also cause cbangeo The probability that a particular atom will be ion-

ized depends upon a number of factors~ including the length of time dur-
. 

. 

ing which the. force actso · Thus~ the number of ions formed per unit length 

of ~ath increases to a maximum value as the pa.-ticle is slowed down and 

then rapidly falls to zeroo 

The gamma qua.nt'l.Jmr on the other hand..? does not carry an electric 

charge and generally passes through lal•ge numbers of atoms without giving 

up a:ny of its energ;ro However~ there exists a certain probability per 

unit length of path t.hat it will give up a large part or all of its ener­

'57 to some one electron along its patho .This probability depends upon 

its energy,9 upon the number of . electrons p!!l" unit of volume~ and upon 

the atomic number (nuclear charge) of the a.i:.omso The electron to which 

it gives up its energy is ejected from its.atom with an initial velocity 
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characteristic of the energy received and proceeds to dissipate its ener­

gy in a manner identical vli th that of a beta particle of the same energy. 

If the eleatron does not receiq.re all ci' the energy c-.£ the gamma. quantum, 

the new quantum of lower energy proceeds along a new path vith a new proba­

bility of interaction with electrons along its patho 

Wnile the processes by which alpha and beta particles dissipate their 

kinetic energy are essentially the same~ the larger charge and lower speed 

of the alpha particle results in the prcduction of a much larger number 

of' interactions per unit length of patho Its larger mass also lowers its 

probability of· 'being SC?-tteredo This results in the fact that nearly all 

of the particles will penetr~te the material to approximately the same 

depth. In the case of beta particles, they are scattered ~ atoms quite 

effectivelyo This causes much o:f' the energy of these particles to oCCUl' 

at or near the incident surface. In the case of gamma radiation~ however~ 

we cannot speak of a finite range~ since the probability of the inter­

action of a quantum of' gamma energy is independent or the distance pre­

viously traversed .. ·Neglecting scattered radiationll we may discuss the 

absorption of gamma rays in matter just as -w·e discussed the decay of 

radioactive materia1 17 i.,.eo 9 if' a given thickness or an absorbing IIIB.ter­

ial will remove half' of the gannna ray quanta from a beam then twice that 

thickness will remove three-fou!"ths 9 etc. This is usually expressed "by 

I = I 0
eux. It should be emphasized~ however~ that gl.l.!D.lllA rays do not gen­

erally give up all of their energy in one encounterll but may~ by means of 

muJ.tiple scattering proce.sses, continue through the absorbing medium at-,. 

tenuated in energyo In a:ny final analysis the absorption of gamma radia­

tion must be considered as a ver-~ complicated diffusion problem. For 
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this reason great ca.re :nr..1st be used in shielding against gamma rays .. 

Not only :in.ust attenuation of any direct beam be considered, but also 

radiation scatt·ered from any rrw..terl.al in the ·vicinity, such as air~ 

_floor~ walls, etc. Shielding from nuclear radiations is perhaps the 

chief method of protection against it., 

We might stuamarize the absorption of alpha~ beta and ga:mma radia-

tion 'h"".Y. simple illustrations as fellows~ 

1. Alpha particles dissipate their energy very rapidly and 

will not penetrate an ordinary sheet of paper. They all 

penetrate absorbers to approximately the same depth. 

2. Beta rays dissipate their energy less rapidly than alpha 

particles and ~~11 penetrate several millimeters of alum­

inum. Bet.a particles are elllitted from nuclei in a contin­

uous energy spectrum from very low to limiting maximum en­

ergy. Therefore they appear to be absorbed approximately 

exponentially by absorbers.with only a smell fraction 

penetrating to their maximum range in a forward direction. 

3o Gamma rays dissipate their energy even less rapidly than 

beta particleso They are attenuated exponentially by an 

absorber and since they can never be completely absorbea, 

they have no maxi:nrum ra.."lgeo Approximately one centimeter 

or lead is required to reduce 1 Nev gamma rays to one-halt 

their initial intensityo 

• 



Ilg· 3 

UNITS OF RADIATION DOSI}fETRY 

Any urdt of radiation dose must be readily measurable in terms of 

simple physical quantities with reliable instrumentation. We are~ of 

course~ desirous of obtaining information as to the biological damage 

produced by any given dose of radiationo For this reason we would like 

to ha-ve o·J.r n.""lits proportional to the biological damage produced. In 

view of the complexity and present lack of il"'.formation$ it has been im­

possible to devise a unit whioh completely fille these requirements .. · 

We may~ however~ readily measure either the energy absorbed from the 

radiation per unit ~Ass (in electron volts or ergs) or the ionization 

produced per unit mass in terms of the number of free charges. The 

unit of charge used is the elec·trosta.tic unit (esu). Whichever unit 

of dose is employed, energy absorbed or ionization, the io:nization pro­

duced per unit volume is the physical quantity actually measuredo 

The roentgen is "that quantity of' X or gamna radiation such that 

the associated corpuscular emission per cubic centimeter of air at 

standard conditions produces in air one electrostatic unit of quantity 

of electricity of either sign" o The roentgen (r) is a unit of .:,a.di..a.ti<m 

.§XDOsU.r~ and is b.ased on the effect of X or gamma radiation on the air 

through which it passes and applies only to X or gamma radiation in air. 

This unit considers the ionization caused by the secondary particles 

(electrons) ejected from some known volume of air. The roent.@n !.§. ~ 

~ :radiation ~; ll ~ n,.ot. ~-et;acribe4 directlY, t::Qe number of photons 

ill.!!:. J;>..r .... ~ nru: their_ ener_gyg it mer-ely gives the effect of that radia­

tion in one cc of air; namelyy the ionization which it prodQces. When 
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all of the ions of either sign are counted and found to equal one esu 

of charge (2 x 109 electrons) P then one roentgen of radiation has been 

absorbed in the original cc of air. This in terms of energy absorbed 

per gm of air is equal to 83.8 ergso 

Iii is quite important to realize~ however, that the energy absorp-

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

is dependent upon the material and its density. In soft tissue the en-

ergy absorbed per gr-am of tissue per roentgen is approximately 93 ergs, 

while in bone it is considerably higher. A dose given in roentgens 

would apply in tissue only if it were measured in tissue. We ~ast next 

establish the concept of dosage ratea T'ne roentgen is~ itself, inde­

pendent of time~ since it refers only to charge producedo Dosage rates 

are given in roentgens per hour. 

Since ionization and, hence~ damage in tissue is often produced 

by radiations other than photons (X or gamma), that is,·by betas, al~ 

phas~·neutrons and protonsi there must be a dose unit applicable to 

corpuseular radiation which will be a measure of the energy absorbed 

in tissue exposed to these radiations.. The roentgen-eguivalent~physical~ 

as we shall define it 9 is that dose of any ionizing radiation which pro-

duoes energy absorption of 93 ergs per gram of tissue., This corresponds 

to the energy absorption in soft tissue resulting from a dose of one 

roentgen.. It must be understood,9 however~ that the energy absorbed by 

tissue exposed to gamma radiation depends on the atomic composition and 

density of the tissue and definitely upon the energy of the photons 9 

while a rep is always 93 ergs per gram of tissue independent of ldnd of 

tissue or the energy and type of the radiationo . Hm.,ever~ for most p~-

II8 J.-2 



\ 

poses it is convenient to regard the r and the rep as equivalent, in 

that they produce the iiruf~e: physical effect in soft tissue. 

The biological eVidence indicates that the effects of the various 

ionizing radiations a:-e net the same and that a different degree or 

tissue damage can be &}9ected from the absorption of a given quantity 

of alpha r~y energy than from the same quantity of beta-ray energy or 

neutron energyo The roent_gen-eguivalent=~ (rem) is that dose of any 

ionizing radiation which delivered to man ia_biologica11y e~uivalent 

to the dose of one roentgen of X or gamma re:.d-lationo The rem 1.§. not ~ 

-
measwe ,gf. energy absccytion 91: ,gf. ionization J2roduced in tissue, but 

is a measure of a qua.rrti t,- of radiation that produces certain biologi-

cal effectso Extensive experimental studies l1ave been made of tbe rel­

ativ.e biological effectiYeness (P..BE) .ci' the ionization produced in tis-

sue by the various types of ionizing radiation and an equal amount of' 

tissue ionization due to gamma radiation. These values were obtaine~ 

by experimentation on animals. The present acc!!:pted vaJ.ues of RBE are: 

Ga.'lll!l8. rays from Ra (a., 5 mm l?t} 

X rays of energy Ool to 3a0 Mev 

Beta rays 

Protons 

Alpha particles 

Fast neutrons 

In terms of energy g 

1 rem : 93 ergs/gm tissue 
RBE · 

... rep 
RBE 

1 

1 

1 

10 

20 

10 

Thus, for alphas~ 1 rem ; g·~ ' ...-..::: 4.65 ergs/gm tissue ::: 
20 

Oo05 rep. 



These are often tabulated as follows: 

Gamma or X rays 1 r : 1 rep = 1 rem 

Beta particles 1 rep :: 1 rem 

Alpha particles 1 rep : 20 rem 

A very useful relationship for determining the dosage rate at one 

foot from an unshielded source of gannna radiation (point source) is given 

by R = 6CE Where R is the dosage rate at one foot~ 0 is the number of 

curies of the radioisotope emitting the. gamma radiation~ and E is the 

gamma energy per disintegrationo · This, it must be understood.p assumes 

one quantum of energy E per disintegration (Mev)o 

To aid in the understanding of this .manual a..~d for the general in-

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

already defined is included in the following section~ 
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.Ampere 

Angstrom 

Atomic 
Number 

Atomic 
Weight 

Bi11.ding 
Energies 

Chain 
Reaction 

ContamirJB. tion 
(Radioactive) 

Critical 
Hass 

Cross-section 

II: 4 

DEFI!nTIONS OF TERNS 

Unit of current of electricity.. It is equal to one 

coulomb per secondo 

A unit of length 7 one one-hundred-millionth of a 

centimeter (lo--'Scm.), conver..ient for stating the 

wavelEmgths of ·visible and u1 travi-olet light and 

of roentgen rays. 

The n~ber cf positive charges on the nucleus of an 

a~omo 

The vreight of an atom~ the unit being dne-sixteenth 

of the weight Of the COlD.ii!On oxygen atomo 

The energy which must be introduced into the nucleus 

or external electron structure of an atom to cause 

the release of a given nuclear particle or component. 

A reaction, Chemical or nuclear,·in ·which the energy 

or particles generated by the breakdo-tm of one or 

more additional atoms or molecules whose reaction in 

turn causes other atoms or molecules to disint.eg:-ate. 

The term is also used sometimes to designate a spon­

taneous nuclear reaction in which the product of the 

first disintegrat~on is also radioactiveo 

Deposition of radioactive material in any place where 

it is not desired; and particularly in any place where 

its presence may be ha....ry,rful. The harm rray be in vit­

iating ~~e validity.of an experiment or a procedure, 

or in actually bei~g a source of danger to personnel. 

The minimum amount of a given fissionable material 

required for a spontaneous chain .reaction. T.'::·e chain 

reaction will not run ~~less more neutrons are being 

formed than escape through the su:rface of the system., 

Apparent target area of a nucleus which is th~dargoing 

bombardment by nuclear particles, judged by the nu."'ll"" 

ber of successful reactions obtained. As this ap­

parent area involves internal factors which determine 

lvhether a reaction occurs cr not 1 it is usually differ­

ent from reaction to reaction. It is a way of stating 

the probability that a giYen nuclear reaction -will oc­

cur during the bombardment of one substance by particles 

of' one kind or another. (Ga'lliT!a radiation is considered 

as discrete bundles o:f energy.) 
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Decontamination 

Erg 

Fission 

Fission 
Product 

Ion 

Ionization 
Chambe::.• 

Micro 

Milli 

Molecule 

Neutrino 

Nucleon 

Ohm 

Separation of undesirable substances from a desired 

product; e.g. 1 separation of radioactive fission pro­

ducts from uranium. Also, removal of radioactive 

materials from s~xfaces 1 clothing, etc. 

A unit of work. The amount of work done when a force 

of ·one dyne acts through a distance or 1 centimeter. 

The splitting of an atom into two large fragments, 

in contrast to other nuclear disintegrations Where 

the fragment emitted is an alpha particle or smal­

ler. Fission is known to occur only among the heo:v­

iest atoms and in few of those. Splitting of Li8 in­

to two alpha particles is not called fission. Fis­

sion is induced qy absorption of a fast or slow neu­

tron, and fallo~s immediately or after a short time 

with emission of several fast neutrons. 

One ·of the elements produced by fission, usually 

radioacti-ve. 

An atom or molecule which carries a net electrical 

charge or a free negative electrono 

An enclosUl'e designed to measure the electric con­

ductivity of the enclosed gas when ionized by radia­

tion. It is connnonly used f'or measuring the intens­

i ty of gamma rays and other ionizing radiationo 

Kilo electron volts. A convenient energy-unit of one 

thousand electron volts. 

Prefix meaning one-millionth. 

Prefix meaning one-thousandth. 

The smallest piece of a substance that can exist in­

dependently. May be made up of' many atoms of differ­

ent elements. 

An elementary particle~ electrically neutral and of 

negligible mass. Particle postulated in beta-decay 

theory., 

A proton or neutron. The term is convenient when re­

ferring to these two types of heavy particles found in 

the atomic nucleus. 

A Ulrl.t of electrical resistance. The international 

ohm is the resistance, at zero degree c., of a column 

of mercury of uniform cross-sectionv having a length 

of 106.3 em. and a mass of 14.4521 gm. 
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Quantum 

Radioactive 
Eq~libri'um 

z 

A definite quantity; in nuclear physics, a quantity 

of energyo Planck 1s quantum of constant of action, 

6o55 x lo-27 erg-seconds9 when multiplied by the fre­

quency of a given radiation (per second) gives the 

quantity of energy contained in one quantumo One 

thinks of radiation of a given frequency as a stream 

of particles or bundles of energy each carrying one 

quantlk~ of energyo 

The state which prevails when ~he amount of a radioac­

tive isotope stays constant because new atoms are be­

ing formed e.t the same rate at which they disintegrate 

through radioactive decayo 

Symbol commonly used for atomic numbero 
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III 

BIOLcxr.IC.A.L .,EFFECTS Sf. RADIATION 

III: 1 

EX':l'ERNAL DOSE 

Radiation applied ext~~y acts immediately and continuously 

only while the tissue i.:; exposed. Effects ma.y not appear immediately, 

t~e time interval b~tween expos,xr~ and effect depending on the dose 

and the type of tissue. 

It has been established that the various :parts of the bo.dy may 

be classified as to their sensitivity to radiation. Muscles, heart 

t~ssue, a.nd tissue of the central nervous system appear to, be the 

least sensitive, while the blood forming tissue in the bone marr~1 

lymphoid tissue f:tlld. tissue of tJ;l~-.~producti ~-~stem appear to be 

quite sensitive. In general, the histopathology of radiation indi-

cates that any tissue region where rapid cell reproduction is taking 

pla.ce will be extremely sensitive to radiation. The fetus, in its 

e~ly stages is quite sensitive to radiation, and for this reason, 

X~ray therapy or diagnosis during the early periods· of pregnancy 

might be erlremeJ.y dangerous, and should certainlY seem to be un-

advisable. 

Absolute protection can only be a.f'forded by limi t:!.ng the amount 

ot:. radiation reaching the body tis .sue. · However, contrary to a. common 

misconce~tion, tissue does not ordinarily (remote possibility in 

case of neutron radiation) become radioactive e.s a. result of irra.d­

i&ticn. The effect terminates vi th the exposure or removal of' the 

active material in case of contamination. 

Alpha rays with a. very few exceptions do not penetrate the 

horny layer of the skin. Beta. rays in the energy range from 1 to 
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5 Mev penetrate tissue roughly from. ~ to 2 em. J while gamma. rays and. 

neutrons are net appreciably affected 'by the sl;:in, bu:t penetrate to 

the inner tissue. 

Radiation doses, which would be fatal if applied to the whole 

'bodyj may be ~ppliad l~cally to small ~~es.s, without producing signi-

~ . J •, (} > ["/i.r.A.ed:ot.-0"?</ C:/l~ d#-.z<:.v CZ.=--

ficant. ch~ee, except to the local area. ,_2~ ~/tf, #tfd ·J1.. ~ _d,.,jk-~t!-,c_, 
(v « ..;~ ?~ ?'v...-n-u-t..A tJ 

(;_21tt.?, The tilne of e.:ppeSX'a:nce of' s-ymptoms of radiation clama.ge · is a 

:function of the total dose received and the time in which the dose 

vas delivered. Sym;ptom.s observecl1 in the ord..er msntioned, might well 

be reddening of the skin {erytb.erna.))l congestion cr.f the blood and 

.. 
' 

swelling due to the a.cc'Uill.U.lation of :fluid in the lymphatic system, 

formation of blisters 1 loss of hair (epilation) alld secondary ULcera .. 

tions. Both no:n-ma.lignru:it and maJ.igne.n.t tumors have developed. .Af'ter 

healing, the skin may~ a thin1 at:Qlilii eo eJ?.:i4e.~~a scaly 

a:ppeexance. Tumors have been known to develop many years after the 

original exposure. 

. There is ample evtdenc.e to show that there are ind.i vidual differ-
, 

V--r--
ences,·eve~n a speei~s, ef the sensitivity to and effects of 

rad.ia:tion on living organisms. The effects are dependent on the amount 

absorbed, the a:ea exposed and the ra.te of &bsorption. ·Some phenomena. 

s~ch as genetic effects, are apparently independent of the rate o:f 

cielivery a.nd de'Pend only on the total do6ag~. Some reports indicate 

an increased effectiveness vith a decrease in the rate of delivery, 

possibly due to ~~ increased sensitivity ~s a result of continued ir-

radiation. However, in the majority or· cases, the effect Of a dose 

d.ecrea.ses as the rate of e,;:posure decree.se:s. Fo:r e:r..a.mple, at the 
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accepted rate of 0.3 r/wk7 ever 6oo r would be accumulated in forty 

yee.rs nthcu:t. a.:ppe.rent dame.ge to the body~ while this dose to the 

whole body in one day would most likely be :fatal. A logical explan-

a.tion of this is ths.t if the rate of d~li very of the radiation is 

ing effects will become evident. 

follOWing approximate conclusions: 

Acute Dose (r) 

50-100 

100-200 

200 

200-400 

4oo 

6oo 

Over ·6oo 

. Probable Effect 
~·~ _/.;"; . ' 

C-~JAY'-<Uiitf...? 

No e'b"F.i:e'liS injury. 

Possible blood cha.Dges but 
no serious injury. 

Blood-cell changes, some 
injury, no disability. 

Injury 1 possible disa.bili ty. 

Fa. tal., to 5 per cent. 

Injury and disability certain, 
death possible. 

Fatal to 50 per ·cent. 

Fatal to 95 per cent. 

Fatal. 
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III: 2 

Presently accepted limits for. vari01lS isotopes deposited in the 

body will be stated in a later cha11ter. 

Ra.dioisotopes.9 'liMn contained inside t.he: body, :present greater 

hazards than when they ere limi tea to external sources, for the fol­

~owing reasons: (1) They inadia;te one contin'UOusly until they are 

el.imina.ted. (2) They ma:.y or may net be. readily eiilninated. from the 

body. (3} Sources inside the body are in intimate contact 'With the 

.body tissue. This enables eil:phs. and. low-energy beta I'adia.tion (whicp., 

because of their limited ra.nge in :matter, do not :present. an externa,l 

ha.za.rd) to reach radiosensitive tissue inside the body and to dissi­

pate .all their energy in a small volume of tissue. Thus, the ~nergy 

iropart~d per unit volume of tissue, which in reality is the. only true 

expression of' d.ose.ge, might be quite :uigh within a. critical body or-

. ga.n. (4) It is extremely difficUlt to measure the amount and d.istri­

b'lltion of a. radiosotope in the body so that it iE> Ull!'!:iAllY impossible 

to assess the bszsrd completely. Methods of uranaJ..ysis have been 

deveioped for some isotopes but most of these a.naJ.-yses are very tedi.ous, 

time cons'Ullli:ng and expensive. 

In general, the chemical cb.a.rae't~stics of' tb.e radioactive 

material which enters the body determine where the material will be 

deposited. Radioisotopes will follow the same metabolic processes 

s.s the naturally occu:n•ing stable isotopes of the sa.me elements. 

Elements not no!'ma.lly J;>re:sent in the body \ilill follow the pattern 

o:f' those nth similar chemical characteristics wb.ich are norrnaJ.J.:y 
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present. For exa.rn:ple~ barium~ stronti,.l.nl. and radium, uhich are analo­

gous to calcium9 will be deposited in the bone tissues. The hazard 

from ingested radioE!.ctive materials deper1ds on the solubility, chemi­

cal properties and physical states9 since these determine how much will 

be absorbed from the gastre=intestinal tract. In order to constitute 

an internal radiation hazard~ the radioactive isotopes must gain ac­

cess to the circulating blood from which they c~ be deposited in the 

bones, liver~ spleen> or other organs. Therefore, Y.hile the isotop~s 

are in the gastro-intestinal ~5tem~ the effect of the radiation re~ 

semblee. that of e:x.terna.J., rather than internal~ radiationo Fortunate­

ly, most fission products occur a:s oxide~ w.'l:Jich are o.t'lly slightly sol­

uble in body fluids. CesiUm.,j) barium and iodine do occur in soluble 

forms. 

Entry of radioactive materials into the body through openings in 

the skir.:. as wounds -w·here radioactive contamir.ation is possible is par­

ticularly important. Various methods of treatment have be~n recommend-. 

ed, some quite radical. It is believed by many that the treatment 

Should be the sam~ a~ for any wound contarrdl~ated 'With potentially harm­

ful material9 such as toxic substances or bacteria. Good local surgical 

care seems most important. In-emergencies involving interruption of 

breathing, severe bleeding or Shock, it is recommended that they be 

dealt with first:1 for obvious reasons. The removal of the radioactive 

material~ even though some may be deposited~ can be dealt with when 

the emergency no longer exists., There is :some risk involved~· but 



[--~ 
\ ·m 
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it is certainly less acute than letting the removal of radioactive • 

materials interfere 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 materials is always a problem in a 

plant of this type. Permissible limits of air-borne materials will 

be stated. Assimilation depends on the chemical characteristic and 

the size of the particles. The nose will filter out practically all 

particles greater than 10 w.icrons (lo-3 em.) in diameter and about 

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

mum particle size for passage from the alveolar 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 biological effectiveness of an isotope is determined b.1 its 

tendency to concentrate in certain parts of the body from which it 

may be eliminated either rapidly or slowly. The biological hill­

life is the period of time d~ing which the amount of the radioiso-

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

The effective half-life of a given isotope depends on its radioactive 

half-life which determines its rate of decay, and the biological half­

life which is related to the natural rate of excretion from the body. 

An isotope with a very Short radioactive half-life will inevitably " 

have a short .effective half-life in the_body, but substances with 

medium or long radioactive half-lives, depending on the tendency to 

concentrate and the rate of elimination, may have either long or short 

efi"ectiV'e half-lives. Substances with fairly long effective half-li'ies 
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are inte.."""::n!l. hazards. "for example, plutonium b8.s a. long radioactive 

half-life, is deposited in the bor1ei and eliminated very slowly, the 

loss being due almost entirely ·to radioactive decay; hence, it has a 

very lor.g effectiYe half ~life and. is .considered e.n extreme interDa.l 

hszard. Cesium 237, on the other ba.."ld3 has an effective half-life 

of about 15 ~ys in spite of its radioactive half-life of 33 years, 

due to its rapid eliminstion from the body. 

-
As ii1 externa.l rs.diation.~~ reduction in the number of white cells 

is all e!l.!"ly indication o:f damage. This is caused by d.ama.ge to the 

blood-forming tissue.~~ usually by deposition of isotopes in the bone 

marrow and. spleen. ;Ma.J.igna,nt growths may develop in the region where 
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These eff~cts :rr.ay differ :frcr& other changes produced "by radia­

tion in that they ar·e believed to be ctml'UJ..ative9 "to be approximately 

independent of do<tla,ge ~ate and "Wi thi:u. limits of' the energy of 

radiation. 

According to presently acce:Pted. biological 'theory, living cells 

contain ehromosomes 'i?'hich contain chains of submicroscopic units ca.lled 

genes. Each gene is believed. to be associated With a pa.rticula"r physi-

cal characteristic. Uenes of the germ cella largely determine the 

~ Characteristics ·or the offspring. 

Individuals with cbars.cteristice different ft'Om the species occ~ 

sponta."leously in na:tu.re. If these characterhrtics can be inherited, the 

-phenomena are called mutations. Chromosomal mutations arise from changes 

-· 
in the cl:lromosome structure. Gene mutations are attributed to changes 

in the genes. The latter a..-e classified as dominant or recessive. Off-

epring exhibit characteristics associated with the nru:ta.ted gene if it is 

received from ei tb.er. parent in the dc:nrl.:nent ca.se 1 but the mu:trued gene 

must be available from both 12ar~nts in the :recessive case. A large per-

centage of w~tations are lethal or deleteriousa but since most are also 

recessive, they may go for generatio~ without detection. Although ~st . 

nrutations lead to heredity defects, sOllle changes b.a;ve been :put to man's 

aavanta.ge 9 a.s is illu.:.-t:ra.ted by the mold penicillium which manufactures 

:Penicillin. The strain la.1"gely used a,t present was selected from ·a. number 

of radiation induced nmtants because :J.t .produces a. large yield of 

penicillin. 
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The wsle sex chromosome 1(3 a.. specie~ case in which a.ll gene muta­

tions a~t as if dominant. Some g~neticists suggest the possibility, 

dne to the above 7 o~ a detect&ble change in the female-to-male ratio, 

due to a decreased su:r-vi:VFJ.l of' :m.a.le children tbroughou:t a. number of 

years. 

It does not seem possible, on the basis of the limited informa­

tion a;va.ila.ble at this time, to draw any definite conclusious concern­

ing the genetic effects in men. On the basis o:f restllts obtained 'With 

s.nimals z there· i.s slight doubt that radiation induced mutations. are 

possible, but the total exposure required to produce the changes is 

completely uncertain. 

Serious genetic damage to tbe humsn race from sublethal doses 

· of' radiation is thought to be unlikely. If ind.i vidue.ls carrying re­

cessive lllU.ta.tions should. increase gradually over ·a large number of 

ye&rs until they were present in a. lsrge prcyortion of the population, 

the cbaneea of their being carried by both parents might increase to· 

the point where the ef'f'ects voul.d become evident. 
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III: 4 

RADIATION SIC~fESS 

Ifutggosis .Q! Radiati,.®. Siclme~ 

This is not intended to be a recommended diagnostic procedtu:e but 

only a SUI!lillS.ry of conclusions reached. as a result of the study of the 

Japanese atomic ca~ualtieso 

The white blood cell count is considered to be the most valuable 

and direct single index of radiation sickness. The White cell count~ 

~oweve::$ -is an indication of radiation sickness when the exposure ha~ 

been_ at least moderately severe~ possibly 100 to 300 r, although 25 to 

100 r of whole body exposure may produce minor blood cell changes. Be­

cause of daily variation, unobserved inf.'ectior.:s and differences in count­

ing techniques, the count of an individual ni.ay be appreciably lower than 

a previously established normal without exposure to radiation. If a 

group were suspected of exposure to radiation in dangerous amounts$ a 

similar and appreciable white cell reduction in all, 'With the elirrd.n~tion 

of the possibility of an epidemic~ would be considered positive evidence •. 

If the number of white cells per cubic millimeter of blood falls below 

2000, the chances of recovery are not good and if less than 500 will be 

almost certainly fatal. 

}bst Japanese cases showed a drop in the number of.lymphocytes (white 

cells formed in .lymphatic tissues) soon after exposureo Some cases of 

increase in total white blood cell count were reP,orted, apparently due 

to an increase in the number of granulocytes (white cells formed mainly 

in the bone marrow)., However, the increase was followed in a few hours 

by a sharp decrease. Hencep after the first day there was always a rapid 

dec_rease in the total i.ffiite blood cell count which continued for five or 

III: 4-1 



six days. The total had.deoreased from 4p000 to 10~000 per cubic milli­

meter to, roughly, lpOOO to 3~000~ and in most sevel'e cases to 300 or 

less before death. 

Lymphocytes. reached their low point in about. a week and~ in cases 

WR1ch were in the process of recoverys began to increase. Lymphocytes 

bad shown considerable gain in three weeks and granulocytes were also in­

creasing. Red blood cells often declined during this period. 

Since the main f-.:L."lction of the leukocytes (white blood. cells) is to 

defend the body against ir£ection and remove injured tissue, their ab­

sence increases the su.sceptability to infection •. 

There is considerable evidence to indicate that if no drop .in the 

number of lymphocytes is detectable in 72 hours after exposure~ the dose 

has been too sma11 to cause serious illness. The lymphocytes are the 

first cells to show signs of regeneration if recovery is to take placeo 
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SUMl.fARY OF CUN!CAL snrP-TOHS OF RADIATION SICKNESS 

Time After 
Exnosure 

First week 

Lethal Dose (600 r) 

Nausea and vomiting 
after 1=2 hou.rs 

No Definite Symptoms 

Diarrhea 

Vomiting 

Inflru:anatLcn of mouth 
and throat 

Fever 

Second week Rapid emaciation 

Third week 

Fourth week 

Death (Mortality 
probably 100%) 

Median Lethal 
Do_S_e (1..00 r) 

Nausea ~,d vomiting 
after 1=~. hours 

· No definite 
symptoms 

Begi11.ning 
epilation 

Loss of appetite 

Moderate Dose 
('100 - 100 r) 

~o definite 
!eymptoms 

and general malaise Epilation 

Fever ·-··"· -·· · ·~ ~oss of appetite and 

Severe inflam­
mation of mouth 

general malaise 

and throat Sore throat 

Pallor, blood 
spots under the 
skin, diarrhea 
and nosebleeds 

Pallor, blood spots 
Iunder the skin · 

!Diarrhea. 

Rapid emaciation ~oderate emaciation .. , 

Death (Mortality 
probably 50 per 
cent) 
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Recovery likely un­
less complicated by 
poor previous heal tb 
or superimposed in­
juries or infections 



Pa.tholoey of Radiation Sic3mess 

Damage caused by radiation originates in the individual cells, the 

effects varying with t.'-le type of cells. In 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 .large percentage of cytoplasm. P..apidly multiplying or actively 

reproducing cells are most sensitive. 

The rag~.osensitivity of various common tissues probably decreases in 

the following order: lymphoid tissue and bone marrow; epithelial cells 

(testes and ovaries, salivary glands, skin and mucous membrane); endothel­

ial cells of blood vessels and peritoneum; connective tissue cells; muscle 

cells; ·bone cells and nerve cells. 

Lymphoid tissue, injured by radiation, tends to swell due to the ac­

l:n:mrulation of fluid. The throats of many Japanese victims became so ul­

cerated and infected that breathing and swallowing was difficult. Wast­

ing of the lymph glands, tonsils and lymphoid patches of the intestines· 

was connnon in Japan. 

·Host of the constituents of the blood, other than the lymphocytes, 

a:re manufactured by the bone marrow. }l".ature blood cells leave the marrow 

and go to the blood stream Where they remain far variable periods before 

being destroyed by natural processes. The shorter the life of a partic­

ular blood cell, the moreq1ickly it will present evidence of radiation 

i.njury by a reduction in the number of cells due to the inability of the 

marrow to replace the cells. Hence, the red cells which have the long~st 

~ife are the last to show a reduction. Atrophy of' the bone marrow -was 

characteristic of the Japanese cases up to three or four months aft~r ex-
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posure. 

Post-mortem exarnination of the blood vessels of the testes showed 

the most marked cha~nges due t~ radiation of any vessels of the body., 

Changes in ovaries were less pronou.~ced. A total body dose of 400 to 

600 r is required to sterilize a man~ which would be fatal in most caseso 

·-Temporary ster.ilit-,r9 however, has been kna'!i.T!'L to occur with small doses., 

Between the thirteenth and fourteenth day the hair began to fall out 

in bunches in many Japanese cases. This fltopped after one or t'Wo \reeks 

and never result.ed in permanent baldness. The hair of the head was most 

sensitive~ followed by the armpits, eyebrows and beard. 

Swelling and ulceration of the layers of mucous membranes ·lining the 

gastro=intestinal tract is common in radiation sickness. The changes re­

·eemble those of acute bacillary dysentery. 

Treatment ~ Radiation Sickness 

Considerable effort is being made to develop methods of _treating in­

dl~duals so as to lessen the effects of radiation and of aiding recovery 

from radiation sickness. None of the preventative treatments which have 

come to our attention are applicable to situations which might be antici­

pated in our plant. Many of the more complicated treatments are still in 

the experimental state 'With animals and have not been tried on humanso 

The objectives of treatment of radiation sickness are: 

1. To maintain the fluid and salt equilibrium of the body. 

2. To control ir£ectiono 

3. To prevent hemorrhage. 

4o To prevent anemia. 
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Efforts to accomplish these object-ive;:; might cor.sist of$ 

lo Supply the necessary ~1gar~D proteins9 vitamins and fluids 

by intra 'Venous f eedi:n.g. 

2. Control infec'!;icn by the use of antibiotics. 

3o Give w"n.ole blood transf'usions as required U.."ltil the bone 

marrow has had time to regenerate and produce blood cells., 

4. Provide immediate hospitalization to insure complete rest, 

avoidance c·f chills and fatigue. 
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PEBMISSJ;BLE M.PJATION LEVELS 
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·Limits 

IV 

~H.SSIBLE RADIATI~N LEVELS 

IV~ .1 

EXTEHNAL 

The maximal permissible level for chronic exposure of the total 

body to -pe:net:rating radiatic·n (beta ... eamma~ X-rays) sha.ll be at the 

rate of Oo3 rep per WBek at an effective depth in soft tissue of 5 

centimeters7 assumed to be the depth of the blood=forming organsc A 

m~asured dose not exceeding the rate of Oo3 rep per veek in air will 

be assumed to meet these requirements" 

For soft components of radiation (including beta rays -with energy 

leas than 2 Hev)ll an addition::Jl rat-, of Oo2 rep per l.reek7 as measured 

in air, is permissibleo The maximal permissible level for chronic ex­

posure to the basal layer of the skin, at a depth corresponding to 7 

~lligrams per square centimeter1 may thus be at the rate of Oo5 rep 

per veek -but with the .restriction that the dose at the depth of the 

blood-forming organs shall not exceed the rate of Oo3 rep per weeko 

In case of exposures limited to the ha.""lds and forearms, the max­

imal permissible dose shall be lo5 rep per veek~ measured in air or at 

the basal la~r of the skino 

Weekly (or bi=weekly) exposure records should be kept of all per­

sonnel who are subject to such exposure o :For a.dministrati ve purposes, 

however, exposure levels may be considered in terms of the average taken 

over a longer period of time 9 not to exceed three monthsp A single 

week's exposUl·e need not be considered excessive if it is not over 

t~~ce the permissible level of Do3 rep per veek (or tYice the level of 
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Oo5 rep per ~eek under the appropriate conditions) 1 provided the average 

weekly exposure over three months does not exce~d the maximal permissible 

limito 

Interpretati OJ?, 

Records for cumulative purposes will be based on films only~ The 

films will be i11terpreted for us by the Health Physics Division of the 

Atomic Energy Commission~ Idaho Directed Operationso They will report 

beta and gamma readingso The gamma. reading will be based on the density 

behind the cadmium shield and converted to milliroentgens by a radium or 

equivalent calibration curveo The beta reading '\olill be obtained by sub­

tracting the gamma or shield density from the open window density_and 

reading the remaining density on a beta calibration curve~ 

·we will interpret the permissible limits above as 300 mr on the 

gamma,or shielded part of the film1 provided there is no beta reading, 

or a ma.:ximum of 500 mrep beta on the open window part or the f'Hm~ pro­

vi.ded there is no gamma1 or 500 mrep of beta plus gam:ma. 9 provided the 

gamma does not exceed 300 mr. T"ne ma:rlmu.m hand and forearm exposure 

~11 be 1o5 rep per week of gamma, beta~ or beta plus gammao 

Additional Limits 
~-·., 

The Radiation Protection Committees of the United States1 Great 

Britain and Canadap at a conference in Chalk River 1 Ontario in September 

1949, agreed on the maximum permissible tissue dose levels for external 

radiation as tabulated belowo 'ive will comply with these and their re­

visions~ if SJ."ly, provided there are no official AEC directive's which 

eonflicto 
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MAXIMUM TISSUE DOSE LI!vJITS nr nREPs 11 PER WEEK 

TYPe of At Any Point Relat:be In the B~sQal Laye:t> of the E~idermis 

Radiation Within the Biological Exposure or Exposure of 
Body Effect;l.vene.ss Entire Bogy; Hands Only 

X & Gannna 0 .. .3 1 0.5 1o5 

Beta 0 .. 3 1 0.5 lo-5 

Protons 0 .. 03 10 0.05 Oo15 

Alpha 0.015 20. 0.,025 Oo075 

.Fast Neutrons o .. o; 10 o .. o; Oo15 

Thermal Neutrons o .. o6 5 Col Oo3 
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INTERNAL 

Internal radiation at this time presents a greater }IeaUh Physics 

problem than external radiation because the material irradiates contin~ 

uously, the biological half-life in many cases is long~ the material is 

in direct contact with the tissue~ and accurate methods of measurement 

o£' the amount and distribution of various isotopes in the body have not 

been completely developedo 

Radioactive materials enter the·body by inhalation, ingestion, ab-

sorption through the skin, and by opet:'..ings in the skin~ such as wo'I.UldSo 

Specific procedures will be provided in another section to help low-

er the probability of material getting into the bodyo 

We "Will use, unless directed otherwise by AEC-IDO~ maximum permis-

sible a.ir and water concentrations based on Harwell and Chalk River con-

ferences as published by the Washington AEC for the information of con­

tractoTs9 as tabulated on the following pageo 



Isotope 

natural u 

Soluble u23.3 

Insoluble u2.3.3 

u235 
Insol. u234 

rl31 

H.3 (as FlTO) 

(as HT) 

cl4 (as co..,) 
.:. 

s35 

co6o 

Au 
xel3.3 

l'ax:. P~rrni.ssible 

Body Burden 
uc 

0.1 (bone) 

0.04 (bone) 

0.04 (bone) 

o.oo6 (lung) 

0.04 (bone) 

0.008 (lu.11g) 

0.3 (body) 

0.13 (thyroid) 

lo4 (body) 

l 

15 

10 

300 

200 

1 

sr89 2.0 

Th234 (UXi) 0.8 

Penr.i.ssib:e * Fermi.ssible ** Fermicsible >HHf· 

Air Oonc. uc/ cc .Air· Cone. uc/ cc \~Tater Cone. 
1M hrs,./wlc, 40 hrs./wl7, nc/cc 

8 x 1o-12 2.1 X 10-~l 4 :x 1o-8 

2 X 10-12 5.2 x lo-12 1.5 x lo-6 
.. 

1.7.x lo-11 
(25 ug/m3) 

4.5 x lo-11 

8 x 1o-1o 2.1 x lc-9 1 6 ·:- lo-"· . .... ·'· 

, " lo-ll -•0 :X: , 1.;..2 x 10-11 

8 x lo-10 :2.1 x lo-9 1.6 xlo-4 

1.6 X lull 4.2 X 10-ll 

/.;.X 1()":"9 1.1 x lo-S ':: =-= lo-5 ..1 

X 10'""5 ' 5 1.3 ::c 10-4 0.4 

5 X 10-2 1.3 X 10-1 

1 x 1o-10 2.6 x 1o-10 6 :K lo-7 

8 X lQ-J 

"' x lo-4 ) 

1 x lo-6 2.6 x 10-6 

2 x 1o-~ 5.2 X 10-6 1 x lo-2 ... 

2 X 16-9 
. q 

5.2 X 10-· 1 .X lo-5 

1 x io-6 2•6 x 1o-6 

1 x lo-5 . 2.6 :::: lo-5 

X 1(}6 
,. 

3 7.9 x lu0 
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General permissible concentration of gross fission products in air 

and water, for use when the particular isotopes are unknown., will be: 

Air Concentration 

Water Concentration 

alpha 
beta-gamma 

all 

3 x lo-ll uc/cc 
1cr.S uc/cc 

lo-7 uc/cc 

* Air concentrations are calculated on the basis of 168 hours ~er 

week exposure '.-lith a breathing rate of 1.25 x 106 cc per hour of working 

time and 0.63 x 1o6 cc per hour of off-time. 

** These concentrations are calculated on t11-e basis of' 40 hours per week 

working time at a breathing rate of' 1.25 x 106 cc per hour e~d negligible 

exposure during the non-working time. 

*~* Water concentrations are based on assumption of 1.5 liters ~er day 

oi' intake as liquid and 1.0 liters per day of intake as food. 
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PEP11ISSIBLE COlJTAHIHATION LE"VELS 

Many -i:.tste.llatione have set defi12:'.te limits of contamination for 

varioua a:::es.s and surfaceso vr;, intend. to make a decision in each par~ 

ticular case based on the informa-tion a7a.i1a.bleu Factors involved will 

beg 

lo Is the contamination hazardous due to direct radiatior.? 

2o Is it hazard_ous ciue to ingestion or i:ohalaticn under tha 

circu.l'Jlstances which e:d.st? 

3o Ca:a a contaminated a:-ea be isOlated and allm;ed to decay 

witho-11t interfering with operation? 

4o Row can the hazard be eliminated most eccnomically? 

Some of the limits which 1-re belie"!fe necessary ru.oe tabulated en the f'ol= 

lo:w-:ing page o 
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~rsc;;m.U, a,'¥1 Clothj.n_z. (Penmssible bon..tsminatinn Lev..clu 

Su:rface ·of Skin 
or Cl,Qjihbg 

Skin - (general body 
contamination) 

sl--~ - hands 

. Sho~s (personal) 

T:"fPe of 
C®tam~tion 

All 

Alpha 
(not readily 
removable) 

Alpha 

Beta-~> gamma 

Shoes (issue- not to leave plant)Alpha 

Clothing (personal) 
levels above which 
clothing wi.ll be 
impounded. 

Clothing. (prate cti ve) 

Iodine Content in Thyroid 

Beta~ gamma 

Alpha 

Beta~ gamma . 

Alpha 

Beta~ gamma 

rl31 

Ma7~mum Permissible 
Con~tlpn 

Any detectable con­
tamination to be re­
ported to Real th 
Physics Field Office .• 

Less than 500 d/min. · 
over 100 om2 of' surface. 

Permissible level as 
indicated on band and 
foot counter • 

Less than 500 d/min. 
over lOOcmf of' surfacea 

1000 c/min, * ' 
~inside or outside). 

5oo d/rnin. (looc.m2 
of surface area). 

10,000 c/min.*(outside) 
1~000 c/min.*(inside), 

500 d/min. (lOOonf 
of surface a~rea). 

500 c/min.-~~ 

500 d/rrdn. (100crm2 

of surface axe a) 

1000 c/min.* 

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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Addi ti' onal Permis.sible Plant Conta:mi:ne:t:t QJ_ Leve~ 

Beta~ ga~ ** SmearY«* 
c/m (~7) c/m (a) 

Vendcrsu containers.- feed 

Materials to .AEC shops 
(Nilf.CO) 

Materials leaving controlled 
area (acid bottles~ carbqys~ 
gas cylo., etc.} 

Commercial carriers lsaving 
controlled area 

ABC controlled carriers 

Radioisotope containers leaving 
c,ontrolled area 

salvage material 

None detectable 

Less than 1 mrep/br 

Less than Oa4 mre-p/hr 

ICC regulations 

ICC regulations . 

ICC regulations 

Less than 0.4 mrep/br 

None detectable 

20 10 

50 10 

50 10 

50 10 

50 10 

50 10 

50 10 

20 10 Ma:berial to stores~ glass shop~ etco 

Instrtments to AEC Health Physics 
calibo 

Less than Oo4 mre-p/hr 50 10 

** There must be no detectable alpha with such instruments as the Zeuto 
or Sa.msona 

*** A smear shall be interpretsd as 'Wip:L"lg 40 -sqo ::I.i"lo of surface (4~ 10 
in .. passes) "With 2 11 diameter What:man 50 .filter disc or equivalent and 

counting at 10% geometry for beta=ga.mma. in a standard mica end-window 

G-M counter, and 50% geometry f'or alpha in a parallel plate ion chamber 

or gas flow -proportional counter. 



Et~RGENCY RADIATION LD1ITS 

The follo·.dng three types of emergency a."'ld permissible exposure 

limits are intended to per~ain only to situations involving radiation. 

These areg 

· T.bis is intende.d to mean a situation where holding the whole 

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

iously interrupt production schedules1 result in loss of pro-

duct@ handicap some other urgent operation or similar circum-

stance. 

Radiation (Dose) 

600 mr/wk not to exceed 
an average of 300 mr/vk 
over any conti..-rmous .3 
mor.th periodo 

Zo Emergen'-'y 

Concentrat.:l.on Concentration 
ih I.Jater in AJ.1· 

Same as 
routine 
operation. 

Same as 
routine 
operationo 

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

tion exposure to 300 mr/wk of whole body penetrating :radiation 

will result in extreme damage to equipment, injury to personnel 

or large financial losso 

Radiation (Dose) 
in Roentgen 

A total of 10:- to those 
normally expo~ed to 
radiation. 

A total of 25 r to those 
not expo~ed to radiation 
in normal dutieso 
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Concentration 
in Water 
uc/cc 

Beta-gamma 
lo-3; 
Alpha 1 o~ :3 
for 10 
days immedi­
ately after 
a reaction 
only. 

Concentration 
in Air 
ucL~:g 

Bet~-gamma. 
lo-6; 
Alpha lo-1° 
for not 
greater than 
2 days. 

, 



Emergencx Acc:!..d'i;n:t f\Di.saster) 
--=-== ~~___. ·~~-

This is ints:rpreted to maan -7~h.at limiting radiation pos-ctre to 

routine limits is !Jrobibly impossible, loss of life .:5./ o-::: cOin-

ticularly to a critical raac1~ion v.i. thin the plant or an attack 

vd.th atomic weaponso 

Hadiation (Dose) 

I~:irnum o:t'' 100 r 1...'1 one 

Concentration 
i"' \.J'ater 

Same as 
d.ay9 not greater than. i50 Emergencyo 
r in one week and a 300 r · 
maximum limit for s:rt; 
periodo 

It is assumed that thare will be one man on each shift "'rill have 

marlmum autbori :.,.J o He w"ill be able "i..o settle controversies .. ediately 

and state when and what type of emergency existso He will be 

command the acivice and assistance of all people working in th plant and 

to dalegate authority as he believes besta 

It should be recognized that an individual receiving a 1 ge radiation 

that special previsions ~~·ould have to be made for measuring estimating 

laxge dose rates or tct.al dosage when they are beyond the of' ordinary 

personnel monitoring equipment. The values for water and on centra-

tions in t.he extreme cases are consel"Vati•.re in respect to some authorities 3 

but it is believed that 1mder the worst. anticipated conditions the values 

can be applied without interfering with the progress of most o erationa. 

R.espiratory protecti"l!e equipment may ct> used in concentrations above those 

mentioned. 
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RESPONSIBILITY 

The Operations Department is reapcm:sible for the t:reatme t and 

control of' radioacti7·c: 1,.;astes at the CPP a T"ne waste disposal section 

of' the Operations Department has one group responsible for th con-

trol of' liquid '\o7aste p:r·ocessing and another responsible for t 

tro1 of' gaseous and particulate process 'WS..steso The Health 

Department will co-operate in monitoring all wastes leaving ~e con­

fines of the plant area and will act :l.n an advisory capacity n op-

erations which might result in health hazardso 
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GENEP.AL PROBLEM 

The waste disposal problem arises from the fact that residual wastes 

from a plant of th~s nature may be released or discharged to the environ­

ment under ~~ch conditions as to seriously endanger the health or liveli­

h~od of the surrour.ding po~ilation. Nature frequently shows remarkable 

abilities to concentrate various chemical elements9 particularly when 

they are·present in only trace amounts as is tbe case with many radioiso­

topes~ 

Liquid wastes might be discha!'ged into -w-ater courses beyond the con­

trolled area of operation and in turn find their way into water and food 

supplies. Gaseous or particulate air-borne aetivi~ discharged from the 

stack as process wastes not only consti~ates 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 damaging to normal commercee 

An example of the latter is the potential damage to the products of the 

film industry which has been clearly demonstrated as a result of A=bomb 

tests in Alamogordo and Nevadao In the first case 1 contaminated straw 

used for making film wrappings had a detrimental effect on the film and 

in the second case 9 contaminated process water from a stre;am had a simi-· 

lar ef.fect. These phenome:na lead many well=inforrn.ed and far=thinld.ng. 

persons to question wh~ther aqueous and air dilution can be depended on 

to discharge radioactive wastes safely to a drainage system or to the at­

mosphere~ 

While it is not generally considered to fall in the class with the 

disposal of wastes~ a general appraisal of the philosophy behind tbt:~ 

stringent control of contaminated materials ( solicls) might be considered 



at this time" Primarily9 the spread of contamination is cont oiled 

as much a·s possible to safeguard the health of the general pu lie~ but 

there are many other considerations which impose more stringe. t control 

of contamination on materials leaving the plant than health r asonso 

Materials ·such as higb p~essure gas ~J.linde~s~ glass or metal reagent 

containers~ wood and metal items~ if allow~d to move freely t rough the 

plant in the course of' its operation~ i-lould undoubtedly find eir way 

.through normal salvage channels to the. nmelting potrr to be r 

the manufacture of other or similar itemso If such materials were to 

become contaminated with radioactive substan~es and allowed t return 

to these chall.L"lels 2 eventually all st:ructural materials might ecome 

contaminated to a small degreeo k~ile this would probably no result 

in a serious health hazard~ there are certain uses of all mat rials 

which require that the natural level of radioactive contamir~ ion be 

very low~ For ey~ple9 highly sensitive scientific instrumen s con-

structed to measure the presence of radioactive materials co 

made of contaminated materiaL The phot-ographic industry. co 

tolerate contaminated materialso 

be 

Because of all the reasons men-tioned~ the reconnnend~d pe · ssible 

levels for waste disposal have been Yery lowa On the other h 

the long time effects of radioactive materials become known~ he present 

standards may be found unnecessarily severeo 

In general~ wastes from an operation of this natv.:re fall into three · 

classes: liquids 9 air=borne gases and solids~ and solid wast s or con­

taminated materials., Each of these nr,xst recei~ specific tre 

a manner vhicb results in ef.ficient pla."lt opera.ti9n~ y-<J<·c pro' 'des reas-



enable ass'U!'anc~ that plan·t wa.sies ·will not prove harmful in any way. 

Two basic methods for con-trolling ple.rrt wastes are: 

1. Concentration and/or storage. 

2. Dilution (liquid) or dispersion (air=borne). 

The first method is p?eferred in the case of tremendous quantities of 

highly dangerous waste mater:talsll but becomes uneconomical for high 

volume lew level wastes. The mB,jor portion of the radioactivity in 

the process wastes at this plant will be stored in concentrated form. 

This method has been chosen not only because of the potenti_a.l hazard 

of these materials~ but also because of their potential value,; Many 

.uses will undoabtedly be found for both gross fission products and 

specific separated isotopes. While this is not en immediate possi­

bility, it definitely should be considered9 si-~ce it might reduce the 

expense of fuel processingo 
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LIQUID WASTE CON'l'ROL IN T'.riE CPP 

Control of liquid wastes in the CPP will be accomplishe byg 

1. Concentra.ti.on and perma,."'lemt storage of high el wastes 
in 3359000 gallon underground tank6o 

2. Dilution cf low level wastes and disposal 
table vla a continucus radioactive monitoring 
and a disposal well drilled to a de~th of 100 
1~~ the water table (600 feat total)o Dischar ed wastes 
vrill be limited to lo-4 uc/cco 

The monitoring station is equipped with a recording meter which 

records the total liquid flow into this station from the la ratory~ pro-

cess building and -vra.ste treatment buildL"1go A continuous s le of this 

streaml' proportional in value to the flowj will be collecte with a !:mini-

pump'' s8l!lpler. ·This sample will be collected and ar...alysed d "ly for radio-

activi'"'Y" 

In addition~ a portion of the waste stream ~11 be 

"Hurst 11oni tor 11 which will gi~·e a continuous reading of "ty. The 

stream measured will not be proportional to the total flow~ 

put of the Geiger tube amplifier will be fed to a watt-hour 

w:L th an output signal from the weir meter 0 The 

be calibrated in terms of curies per gallon. 

The individual waste streams entering this monitoring 

sufficiently separated at the input to enable spot sampling of each stream. 

This will help to isolate the source of activity. 

Concentration of wastes will be accomplished by means evaporation 

systems in t..'le cells of the process plant and/or in a separ e building· 

provided for treatment of these wastes. Tbe :major smll"ce o 

stored in the permanent storage tanks will be the raff'inate concentrates 
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containing the gross fission products which are separated from the spent 

fuel in the extraction columnsa After partial concentration in the col­

unrn cells these wastes wil1·go diractly by jet to temporary storage 

tanks in the waste treatment bu.ildlng" They will eventually end up in 

the permanent underground ta.n.ks unless some use for th.ese •rastes can be 

foundo 

For convenience the re~ing liquid wastes in the plant can be di­

vided into four main systems or streamsa 

S.ern ce Waste System 

This consists of wastes from cold area floor drains~ cooling water 

and steam condensates and condensates from evaporators and condensers. 

Under normal operations all these wastes should be 11 cold". They are 

discharged directly t.o the monitoring station prior to disposal to the 

water table. "Hastes from the service btlilding contain no activity and, 

although they go to the monitoring station~ they are not sampled but go 

directly to the disposal wello 

Cell Floor Drain Svstem 

This consists of "cold labn sinks~ emergency showers 9 floor drains 

and cell floor drains. Under normal operating conditions these wastes 

would contain only small quantities of radioactive materials. However, 

these wastes are held up temporarily in two 49 600 gallon stainless steel 

tanks in the pr~cess plant to permit sampling and analyses for radio­

activity. If the acth"i ty is found to be high, the contents of these 

tanks can be pumped to the waste treatment building for concentration 

and permanent storage. If the activity is sufficiently low the contents 

will be discharged to the 1vater table via the continuous monitoring sta-



tiona 

Process Esruipment Waste System 

This consists of vrastes from !!hot lab11 sinks~ cell wal drains and 

filter-aid drains. \>lastes from all process -equipment and 

cells (exclusive of gross fission product already mentioned are pumped 

to these cell wall drainso These wastes may contain consid 

tities of activity. They are held up temporarily in.two 4~ 00 gallon 

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

to determine the activityo Normally~ these wastes will be ed to the 

waste treatmsnt building for concentration and perman~nt st If 

the activity is low they can be discharged to the monitorin station a-

long with the ncold~ wasteso 

Fuel Storaae Building Svstem 

Wastes from tl1i.s area result from contaminat:ion of' the canal water 

by the fuel elementso A portion of tHs activity is remove in a filter 

system designed primarily to keep the canal basin water f'r e from dis= 

coloration by continuous recirculation a..""l.d f'il tration. The contents of 

these filters are dumped periodically into a "filter aid se tling man-

hole" which is essentially a concrete hold-up tanka Solids are permitted 

to settle out and the supernate is decanted to an open batt manhole 

which permits seepage into the groundo Solids will be pump d from the 

settling manhole periodically and will be treated and store with other 

hot wasteso The floor drains, emergency showers and the ov rflcw from 

the basin (approximately 20 gpm) are all discharged to the pen bottom 

manhole mentioned above via a water drain monitoring manhol o 

Samples will be collected routinely from ·che map~ole d the over= 



flow from the canal in order to compute the amount of' actiVity discharged 

to the soilo 
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P.:IR:BORNE P.J:'fD GASEOUS WP .. FJI'E CONTROL IN TEE PP 

Pe~ssible limits ~or acti~~ty releaseQ to the atmosp ere will 

be determi.ned on the basis of ground le-vel concentrations. The 

American Cyanamid Company Realth Physics Department will be responsible 

for monitoring these wast~s inside the cor~ines of the CPP ea. and 

the l!EC E:ea.l:th Physics group 'Will be responsible for moirl.to ing outside 

the confiDes of this ares.. Stacks_ and vents will be monitor 

cs.lly to determine the effectiv-eness ~d p:roper operation o installed 

filter systems . 

. The various sources of possible airborne activity 'and heir con-

trol in the CPP axe: 

Rood System 

The ana.lytics.l. a.nd works la.bors.tory and Cell X contain some 30 

hoods ca:nnected in banks of four or less to 11Crunbridge A'bso ute Filterstt 

(~aper filters). Each· filter bo~ is folloTMed by a blqwer w ch ex-

hausts directly to the atmosphere en the la.bora:toey roof. 

Reaith Physics w~ll check hood face velocities routine y, monitor 

tne filters for actiYity periodically and sample the disc ge ducts 

vrnen necessary. 

Building ~ Cell Ventilation 

Ventilation for the building and cells is supplied fro a 135,000 

cfm fan system originating in the service building. 11Coldn 

office building and crane bay) are l:l!Bintained at a. positive ress'l.l1"'e 

and are eXhausted directly to the roof. 

sure so that movement is always :from "cold" to "hot" areas. This 
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differential is maintained by two 75 H. P. fans on the negative 

pressure side, which discharge the 11 hot" area ventilation directly 

to the stack. 

Cell ventilation enters the cells through the access and op­

erating corridor and leaves by ports in the ventilation tunnel which 

connects to the main discharge duct leading to the stack. Under 

normal operating conditions this air should contain little activity 

and is consequently discharged directly to the stack without filt­

ration~ 

Sampler Off-Gases 

Ventilation supPlied to the samplers in the sample corridor is 

conveyed to a filter and blower room on the southwest corner of the 

p~ocess plant~ The air is filtered through Fiberglas filters and 

is discharged to the ventilation tunnel and hence to the stack by 

two 2400 cfm blowers. 

These filters will be monitored for radiation periodically and 

samples will be collected from the exhaust duct when indicated. 

Process Vessel Off-Gas (Exclusive of Rissolver Off-Gas) 

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

cess equipment vessels are ventilated by a separate system which is 

oper~ted at a reduced pressure to prevent escape of radioactivity 

into the cells. Cells dealing directly with product solution are 

equipped with an entrainment separator (off-gas knock-down toHer) 

to remove large particulate matter. All ventilation is conveyed to 

the waste treatment building by means of a 6-inch stainless steel 

pipe in the ventilation tunnel, where it is filtered through special 
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fiber gl~ss filters and discharged to the stack through two 2400 

cfm blcr,.J-(:tr.'s. These filtsre 1re MC~igned to last several ye ~s before 

reylai!ement is necess8.!."y. 

Dissolver Off-Gases 
--==-

These gases ~ !'aleased in the dissolver ta:::l.ke s.nd vi contain 

the major- portion of the acti v:ity discll.s:t'ged to the atm.oSIJ 

this plant. :Besides p&-ticulates.~~ these gases .1I!aY" contain 

"With a. reflux cc:ri!e:nsor and a stainless steel wool knock tower to 

remove condensates ~d e~tr~ined materials. 

i:og via a. 3-i:nch stainless steel pipe in the ventilation t el .. Pres-

the stack without further benefit of filtration or ~ondens 

storage" Without f~her treatment, 

vastes depends on their die.pe=-sicn in the atmosphere. eff'i~ 

cient control would result f.rcm the cont=:mpls:ted addition 

plant to remo~ p~ticulate activi~y end ~ system for re.mo al of 

radioactive gase5. 

Stack 

The Eita.ck a.t the G':PP is a. re:!.ntorc!t'!d concrete stru.ct e 1 250 

feet highl' with s. minimum inside dis.rnt::1ter of' 10 f'eet. The nor:msl 

quantity of air discharged -to the· stack will be 150J00Ci cfm but the 

designed c~pacity is 300?000 cfm ai 150° F. Due to possib e temp-

exature inversions, the s~ack i~ equipped with heaters to 

the drfu.""'t. The stack ia pro-rlded ~i:th :sampling .POrts s.t 5 
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intervals. A vs.te:- $l:pl"ay EYE"tem is :provided 20 feet above the bas·e 

of the stack to waah do~~ activity wh~n reqUired •. 



V: 5 

T"'.ne t::m is p:'eaen.tly pla!",ni:o.g tn maintain a ce:utra.l "b ial gro1.md 

~or solid wasta dis~oeal. It will be the responsibility 

Cyanamid Ccrmpa.ny to properly p!"e:pa:re or package)! monitor 

all wastes desi~ate~ for burial ground disposal 

specific p~ocedure i~ the proced~e section of this manual. 
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RADIATION ~ IN .~ ill 

VI~ 1 

RA\.J MATERIAlS = SF BUILDING 

Alphal' beta and garn,'D.a :r·adiation will be present from raw material 

to final producto As t!.:mt.ioned previouslyy alpha radiation is hazardous 

when inside the bodyp beta is easily shielded out, so gamma ~dll be most 

troublesomeo 

The raw materials will be irradiated enriched uranium alloys of dif­

ferent composition from different reactors" The material -w'ill arrive at 

our plant for temporary storage in the SF Buildingo The material will be 

shielded to allow 24 hour per day continuous exposure without exceeding 

safe limitso The storage area will be shielded by water so that the ra­

diation is only slightly above backgroundo Adequately shielded containers 

1illl be provided to move the material from storage to the separation planto 

If' the whole bcdy were eJ~..-posed to an unshielded batch of raw material at 

a distance of a few feet 1 a fatal dose of radiation could be received in 

a few secondso Therefore, extreme pre~autions must be taken in all oper~ 

ations involving transfer of fuel elementso 
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VIz 2 

PROCESS Bi.JILDD'l'G = 601 

All cell$~ with one or two exceptionsp will be areas vlhere entrance 

is absolutely prohibitedl' except under special conditions requiring radia­

tion surveys and a 11special work perrnit" o 

The operating gallery and make up area under ordinary conditions will 

be free from radiation or contaminationo 11Protective11 clothing 1.-lill be 

required9 however~ since it is remotely possible that conditions could 

change very rapidly and work with active materials in adjacent areas is 

necessary a 

· The sampling corridor ~~ be a potential radiation and contamina­

tion area where more than normal precaution~ may be requiredo 

The service corridor~ pipe trench and ventilation duct will be radia­

tion and contamination areas where entrance Will be b,y rrspecial work per­

mitrr onlyo 

The laboratory (first floor of 602) and the works laboratory (base= 

ment of 602) will be potentially contaminated areas with the risk of ex­

posure to direct radiation some\vhat less acute than in other areas men= 

tionedo 

The waste building will have intense radiation sources under ordi.n= 

ary conditions su.f'f'ici.ently shielded to permit continuous exposure. There 

will be a contamination and radiation hazard of va~~g degrees due to un­

predicted occurrenceso 

The cafeteen~ maintenru1ce area9 communications areap boiler house; 

locker room and the top floor of Building 602 will be kept free from rad.ia­

tion and contarninationo This t..d.ll require the utmost co--operation in fol= 

lo-wing rules and using 11 common sense 1t to preYent the u11inten"tional trans-
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fer of ac'Live materials to these areaso 
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VII 

RADIATION AND CONTA!ill~ATION PROTECTION AND CONTROL 
- ====::. ---~~ ~- ~ ~--=--

VIIg 1 

PERSONNEL 

rrProtective" or r'dD.'ticc.:n:t.arnina:tionn clothi..'l'lg will be required in 

many areas_ i.Thich •d.ll be defined under ttSpecific Procedures11 as trzone 

De£initicns~. Past experience has shown that~ in spite of all precau-

tion:sj er-rors "Will be ll!ade and accidents -vri.ll occur v.thlch will result in 

the transfer cf radioactive material to the individual and his clothing. 

Clothing is ~sstted to avoid contamination of personal clothing and hence 

confine radioactive materials to the pla.."1t. The plant clothing will be 

~ororn only eight hours per day and laundered frequently. This is to short-

en the time of e:xposure to an indiil'idual, should he be carryi.."1g radioae= 

tive materials on his clothir~. By shortening the wearing time 1 the risk 

of transferring the materials to the inside of the body is lowered. This 

clothing does not offer any greater shielding qualities than personal 

clothing~ nor is the radioactive material any less likely to stick to it. 

Personal clothing is preferable in the cafeteen. However 1 since it 

bas become ~ustomary to have coffee and a snack once or more per day~ and 

shift workers may find it necessary to eat their lunch ·when time allcrws 9 

work clotl1ing will be allowed in the cafeteen when it is covered by uncon= 

taminated outar clothingy suCh as laboratory coats and shoe covers. These 

will be available at con:venien·t locationso 

Suitable ~ should be worn where contamination is possiblt3o Per-

5onnel should become familiar with procedures developed to prevent conta.m= 

ln.ation of the hands, the inside of the glov·es and surfaces where the gloves 
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are pla::::;:d after remc>val from the hand-so (See :specific pr-ocedures) 

The object in tr~s caae is to prevent radioactive materials from get= 

ting in.side the body where some iscttcpes are deposited and may continue 

to irradiate the S'JI>r-:r~ding tissue indefin:J:telyo 

It nr~st be recognized that9 regardless of rules and their enforcement1 

the individual must aas,lllle some resp-onsibility to protec·t himself and help 

to prevent careless a!l.d irresponsible people from endangering themselYes 

and others. 

Eating~ drinking (except water f"rom foUntains) and the preparation or 

storage of foo6. -vrlll be confined to the cafeteeno Those who prefer to . 

bring ·their own lunch may sto:~.•e it in a place provided and eat it in the 

ca:f'eteenc This is intended to include candy bars~ nuts or other snack~ 

as well as coffee or soft drinkso However~ the consumption of these items 

will be permitted in the immediate -vicinity of the vending ma_chineso The 

. ' 

danger of food in active areas -wi t.":t possibly controninated hands is obvious. 

Soft <L-inks introduce e.n additional problem of returnable bottlesa If' bot.. 

tles or other ret'llTria.bla food containers were allowed in the work areas~· a 

su..~ey would have to be made of each container to certify that it is free 

from radioaoti"fe materials. It is impossible to make surve;rs of small con~ 

tainer~ with sufficient accuracy to guarantee no active materials. 

Smoking is prohibited in areas wnere radioactive material is ba:ndledo 

Smoking is pe:nnttted in offices and areas_ 'Which are contamination freeo 

The responsibility for preventing ingestion of active materials in these 

cases rests with the supervisors and largely the individual. This doe:;') 

not authorize smoking 1.lhere it is preven-t;c;d._ f:t'A" other reason!'l 'J fire hazard 
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A film 'badg~ a:.1cl pccke.,.;· cha.:nber t-J"ill be required to enter the main 

gate (see speci.t~i~ procedlr:::<:>s)o These should be wore continuously" pre-

ferably on the che,si;~ .,.;:t:th the "cpen windcw1t of the film out a..-·1d the 

pocket ~hamber ~jacent. Film rings and wrist badges will be available 

for specia..l jobs whsr·e hand and arm exposure 1-muld be e:xpe·cted to be 

greater than body exp~ :;ureo Dosime-ters which can be read by an individ-

ua1 w-ithout special equipment will be a~.railable _for special jobs where 

o,;rarying radiation fields nrast be entered. Total acc-illllulated expostu•a and. 

daily expoSUl"e records vrill be available to supervisors and to indhriduals 

on the supervisor1s reccmmendationo 

Ecplipment. for ch~cking fo:r: -the p:::-esence of radioactive materials in. 

the thyroid and the upper respiratory system will be available in the 

Health Phyaics Departmento 

Samples will be collect~d fc;r analyses of radioactive materials elim= 

ina-ted i:J. tbe body i'luid.:3 or fecsso S11ch analyses ~Till be performed by 

.AEC ·Health Fhysicso Need fo:r> such sampling will be detenni::1ed as a re-

sult of the in-vestigation of radiaticl'l exposure incidents. In addition~ 

a rou·tine periodic urine analysis might be requested of' all personnel. 

Hand and Foot Counts 

Hand and f oa-t cmmt s fu"ld probe st11·veys should be ma.d A wi 't'.h. the 
appropriate alpha or beta·=gamma Gounter before I-l<l::;;·~or.u::.el eat 

or lsa7e a shift. and wheneve:ro contami.nation is possible o Counts 

abO\Te the P•~s:~ed l.iroi:.es should be reported to a Healt.h Physicist 

who may assi<>t •.r.it:h deccntami:aation and record the incidento 
(See specific pro.z-adu~·e} 



2o 1'7oett:i::ng 

.3" Sidn Openings 

Work wi ~· .. '1 U..'lcovered breaks in the ·skin is not aJ.lowedo The 
First ll.id Depa:· '-:nt:.nt will fumish suitable covers for minor 

.• 

4o Wom:..d.s. 

Wounds obtair.t:~ '<ihile working -vrith radioactive materials where 
contam!nat:.on is pos::;i'ble should be~ 

a. 1-lash.::d with ru..ining "t...rater immediately (a few 
seo0nds is i:rnportan:t). 

bo Checked oy a Health Physicisto 

c. Treated by the First P~d or Medical Departmento 

Treatment of serious bleeding~ stoppage of breathing, shock and 
.less serious b::rt. dangero-:~s situations shoul.d n.ot be delayed for 
radiation checkBo (Sec: spedi'ic procedureo) 

5. Glass>-.rar'9 

Glass1~:re from areas using radioactive materials should not be 
submitted faT :repn.ir or glassblrMing o If glassblo1>.ring is ab­
sol1ltely essential~ it shc:cld "be dctl.e only on a special 11work 
per:mit 11 o . 

6o Safety Glasses 

Safety glasses should be v-:orll in accordance wi t.h general in= 
dustrial practice. Areas requiring safety glasses should be 
conspicucual7 posted. Face shields Bhould be available where 
splattering is possibleo 

7 o Respiratory Protec·t.ion 

Respirators-" assault masks5> all pm:·pose masks and air or o:; • .'ygen 
supplied :mP .. sks should be available for emergencies. Personnel 
should be fully instr<ucted in· the use of masks 1 safety showers 
and fire fighting equipment. (See i.?pedf'iG procedure for res= 
p:iratc:r.i' protection, ) 

8. :Vaintenance 

All maintenance in areas where radioactive materials are pos~ 
si'b:L0' should be done on1y on a ttspede.J. -\~ork Permit" o (See . 
specific procedures) 
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Labels 

VII~ 2 

AREA 

Radioactive mat.erials 1 regardless of their activity 3 should be con­

spicuously labeled and stored only in areas distinguished as "Hotn areaso 

Where a group of samples are stored in a particular area~ labeling of the 

area 1-rlll 't:·.:: suf'ficiento New radiation surveys should b~ made and posted 

as the conditions change. 

l.§o 1 a ted Areu 

Areas "With radiation fields greater than 7. 5 rorep/b..r should be iso­

lated by signs and barricades to prevent unintentional entrance. 

CentrifuQ'es 

Centrifuges should never be operated with covers open. Tubes should 

be .tested w~th harmless solutions. Contamination and radiation labels 

should be applied as requiredo 

c~taminated with difficulty. 

The inside parts of centrifuges are de­

Individuals should recall that the ons 

responsible for contamination is also responsible for decontamination. 

Hoods 

Health Physicists are equipped to test face velocities of hoodso 

This will be done routinely at specified inte:r'V8.lso A special check 

should be requested if there is the slightest doubt about operating ef­

ficiency. 

Procedures should be established by departments using hoods to pre= 

vent fans or blowsrs from being turned off while volatile materials are 

in the hoods" 

Cere and judgment rnuBt be exercised to prevent the opening of one 

or more hood >·Iindows on a given manifold so as to exceed the fan capacity 
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a.nd h;:, iC-c :.o··,,._;.r the ,;'ar;e velo·city on other hoods~ 

Precaut:lon:s must bs t.aken to yrre"'Jent the restriction of' the inle·t; air 

~r;. ·~·c;:·m.s ?o s.s ":-t· limit the f'ace v~loci ty of hoods, 

Hbe:-:.;, hoods with w-lde~y different face velocities and total volumes 

of f'lctw are ;-cdjacent, c_• even in the same room~ frequent checks must be 

made to see that the flow is :r.:.o~~. in the reverse dil•ection from the lo._J to 

·~;~1e high volv.me hoodQ 

The direction of :'low of low ·:-elccity hoods is easily changed~ A 

brisk walk past the face will often momentarily reverse the flow of hoods 

·with face velocities of' 100 ft/min cr less.. Natural drafts caused by 

openi·2g doors to a room will sometimes change low velocity hood i'lows, 

Frequent checks of hood filters should be made for pressure drop and 

radioactive cont~-inationo 

Hooci.s -where liquid spills are possible should have easily dt-;contaJU.... 

i:.1ated im:perviou.s linings and be cover::!d -with absorbent materials to re­

strict the spread of liquidso 

run~ ru:JQ IrflJ.W. 

·Radioactively contaminated equipment must not be cleaned in sink:s-

connected to the sanitary sewer. Frequent radiation checks will be made 

of siuks and traps connected to the plant disposal systsmo 

,hf§.i:.~ Smm!y 

Provisions should be made to prevent radioactive materials f'rom being 

sucked back or introduced into the water supply. SUi table safety devices 

should be attached to water lines where there is even a remote chance of 

material being sucked back due to water failure or shutdown" 



~~- dioactively contaminated solid wastes should be placsd ~ in con-

t.aine:.t s ·:..a·beled for the purpose" An inner paper lining for these contain-

er-s is preferable. Pcwd2::.·s should be placed in containers to prevent eS'"' 

capao A n;.diation surve_;, and attac.b..i.ne:w.t of a proper tag is required at the 

tims 'tl~, ;aat.::.::·ial is collected at a central point .for remova~ to the but..,. 

ial gr')vndo (See specific p:.-ocedure.} 

All ar-ci.cles including fn.rniture~ mops~ brooms~ tools)) returnable con-

tainers~ etco 9 must have a radiaticn survey and a 11 removal tag11 attached 

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

procedures) 

Glassvmre and small expendable items~ as a general rule 1 will not be 

ret14""'led to stock .from a nhotrr area. other more expensive or non-.e:x:pend-

able items may be returned to stock or removed to Ttclean11 areas when the 

"removal tag1
t is attachedo (See spe~ific procedures) 

Distance ang Shf;:;ldj,J¥t .§.§. Protection [_actors 

The three fundamental units, distance~ mass (shielding) and time are 

involved in radiation protectiort Just as they are in all phases of o'!.ll' e:x:= 

istence o Since it is the resnonsi bility of' the individual to keep his ex-

posure to radiation at a minimum at all times~ familiarity with these fac·= 

tors would be ad\Tisableo As long as it is necessary to work near intense 

radiation sources 9 the use of distance as a means of reducing exposure 

should be used when at all possibleo From a point source of radiation~ 

it should be realized that, as one moves aHay f:r:'om the s0u.rce 1 the in~ 
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tensity ~f ·the radiation will be reduceda For such a· source the intensity 

:..:ill ;:·an of'f' as the so~uare of the distance~ ioe. P if' the expoSUJ.•e at one 

foot .from the so·urca · ~."e 8 mr/hr~ then at two feet it would be 2 mr/hT,. 

etco From an ext.e.nded SO"J.rce (sour·,;:e ha~Jing consider-a"ble area) the in­

tensity does not fa:·· ~.i'f as tlie square of the distance~ but more nearly 

linearly with distanceo These so-called geometrical considerations must~ 

of course~ be tab~n :h'i:io account by the su:rveycr in making intensity meas­

~ements. Any radiation level meas~ement posted will indicate the dis­

tan(!e from the source at which the determination was made. 

Appropriate Shielding·measures~ depending upon the nature of the 

radiation and its intensity, will be taken Hhen it· is more conveTI..ient or 

economical than time or distance. The Health :Physics Department will be 

available to ad-vise in tbe construction of suitable shields to fit a 

particular probl~ and to check such Shields for effectiveness in a ra­

diation i'ieldo Shield parts, such as lead bricks~ should be checked for 

contamination and the "removal tag11 procedure followed when the shield is 

removed fr~ any area. 

The time safety factor can be used in many cases by dividing the 

radiation exposure over ~ extended period or among a number of personso 

As discussed in the section on "Effects of Radiation"~. the importance of 

total dose VSo dose rate must be considered in any time division of ra= 

diation dosageo 

1;ransf er W;J. tl1ill. "H~1 Are~ 

Transfer of materials should be from person to person; never from 

person to location. Activ·e materials must not be tra:nsferred to a lab­

oratory 1.rithout notification of the person in ch_argeo Samples should be 
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ad.eq-u-'ltely si.1hld.ad to prevent e~::posure abO\re allouable limits and the 

in~ividuEl making the transfer should -~~derstand the hazards and be fam-

ilia:r with the time and distance fr,om. the source which are all~wable with~ 

out. unnecessary exposure. Solutions would be packed in secondary con= 

tainers ~nth liquid tight gasketss or packed with sufficient chemically 

inert absorbent material to prevent es~ape of liquid. Recipients of ac-

tive solutions should rei·u.se to accept them until the chemical composi­

tion, 1r..ind and intensity of activity are knovn • 

.Clean-UJ2 

The group and/ or the individual resuonsible for suills of radioac-- . 
:t:J.ve material :La also responsible for clean-up. A Health Physicist should 

be called to recommend precautions durL~g clean-up: to help locate con-

taminated areas and to make a final radiation survey. 

Radiorct-i-ve Shipments ~Public Carrier 

The Interstate Commerce Commission publishes comple:i: regulation!! 

governing shipment by all methods of public tr~~sportationo Individuals 

packaging materials for shipment should consult these regulations~ copies 

of which are a-vailable in the Health Physics Departmento The· radiation 

readings stated en the labels must be made by a Health Physicist and a 

record made of the materials~ radiation read.:LTJ.gs.ll etco Radiation read= 

ings on courier shipments must also have Health Physics approval. (See 

specific procedures) 
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VIII 

INSTRUMENTS 

VIII: 1 

INTRODUCTION 

It is the p~-pose of this chapter to describe 9 in general terms~ 

the various instruments which are in use by the Health Physics Depart-

mente The pa:r"ticl.J~ar application of each instrument will be outlined 

:md some limitations discu.ssed.. Detailed discussion of the t.heory re-

sponsible :for the operation of each instrument will not be includedJ 

since it is available in the scientific literature in many formso 

Instruments ~~ch will ~Ddicate the presence of nuclear radiations 

might be placed in two general classificatio;1s2 

L Those which i:t.tegrate or sum over a large number of individual 
processes taking place in the indicating medium and give either 
an accumulative or instantaneous average indication of such 
radiations a 

2. Those which register the presence of individual particles or 
qu~~ta through their interactions w~th matter in a sensitive 
vol'u..rneo 

Examples of the first gruap would include certain types of ionization 

chambersJ photographic emuls~ons (density measurements)~ and colorimetric 

dosimeters, while in the second class would fall Geiger-MUeller tubes, 

proportional ion chambers, scintillation counters, etco Some instruments 

in use are sensitive to only specific types of radiation while others may 

be adapted to the detection of several different types. The sensitivity 

for a particular type of radiation varies considerably for different in-

st:rumentso 

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

requires not only that their operation be understood~ ~~t 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. 

\ 

VUI: l-2 



' 

VIIIg 2 

PERSONliS'L HONITOF.ING 1HSTil.Ul1ENTS 

Pocket Iordzation Ch~~bers 

Pocket ionization chambers or 11pencil meterstr are almost universally 

used by Commission contractors as a reliable means of measuring accumula­

tive ga.mma ray exposlik'e of persanrielo These chambers are in effect pen­

cil shaped air condenserso The outer cylinder consists of a tenite w~ 

molded aro1h~d a carbon saturated conducting paper tubeo Through the cen­

ter of the chamber, formL~g the other electrode, ~~s an insulated graph­

ite coated alurr.d.num rodo This 2·od extends through the end of the chamber 

and is covered by an aluminum cap "Which serves as a cC'ntact for charging 

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

. · tiono The chamber is initially charged to 150 volts and will discharge 

approximately 75 volts upon exposure to 190 mr of gamma radiation (medium 

energy range)o The chamber, in its present form, is mechanically rugged 

and not seriously subject to discharge due to accidental jarring" Al­

though the chamber prL~~rily is considered as a detector of gamma radia­

tion~ it 1vill give some indication of beta radiation above Oo? Meva The 

total range of the normal pocket chamber is from 0 to 300 rnr. The results 

obtained from these chambers are independent of the energy of the galDilla. 

radiation above 300 Kev.~ but in the energy region from 40 to 250 Ke~.~ 

they may give readings as much as 5 times too high.. This effect result~ 

from the use of materials of high atomic number in construction of the 

meter so 

Film Badge 

The sensitivity cf the photographic emulsion to ionizing radiation 

permits its use as a person.nel moni taring de'Vicen The so-called 11Film 

Ba.dge 11 :; in the form cormnonly used, bas an open w-indow section and a sec­
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tion :-:over·3d by a shield of cadmium~ and contains a film packet (Du Pont 

5 52)., The film packe·t. consists of a sensitive and an insensi t:ive sheet 

of film; the sensitive sheet cc11ering a range from 20 mr to 20 :r.- and the 

insensitive from 50 mr to 40 r of ga.mma. radiationo The 1mm cadmium shield 

is included to stop most beta radiation and extremely low energ-.r gamma 

radia"tiono The open window section of the film is. sensitive to that beta 

radiation which penetrates the paper wrapping and its sensiti·vity to betas 

is calil;Jrated against 7.:he betas eiDitted by normal uranium in equilibrium 

.Uth UY'lo The shielded portion of the .film is Mnsider.ed as an indicator 

of the exposur~ to penetrating gamma radiation and is calibrated against 

the gamma rays of radium and its produritso 

The degree of "blackening" produced in the developed film will de­

pend not only upon the total quantity of radiation but upon. the energy of 

the radiation. The energy sensitivity of the film is such that the shield­

ed portion Hill yield readings independent of energy above 150 Kev. Belew 

150 Kev-. 7 the sensitivity rises to a peak at. about 90 Kev.~ and then falls 

off sharply due to losses in the cadmium shield. Readings in this region 

may be· as much as two times too high (film calibrated against Ra). The un= 

Shielded portion of tl1e film can only be used as a general indicator of the 

superficial body dose cf' beta and/or soft ga..-uma radiation. 

Special film emulsions ~~d techniques are ·also available which will 

give an indication of the exposure of the body to fast or slow neutrons. 

!11m Rir~ ami I1Trisj;, Bad@~ 

W'nen work to be performed is such that expoS'Jre to the hands and fore­

arme is quite probable~ plastic finger rings or wrist badges can be pro­

vided which are assembled and interpreted in a manner similar to the film 
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bad.g~. 1':1-sse devices :;nay be Ui:3d to indic.:d;a surfo.~e exposure to either 

beta or gaJ:11IJ1a radiation on a.ny partic;ular portion of the bodyo 

This class of indicators relies upon the photochemical reactions 

which take place 1v'hE!rl ca~ta.2.n chemi,.::als a.J:'S subjected to ionizing radia-

tiona. Certain c~ these reaction-s y-ield products which act upon dyes to 

change the:.r coloro Or-...e such device cons:_<:ts of srnall glass vials filled 

with mixtur;:;a of alcohol., free chloroform and brome-creosol purple~ a_'l'l 

i..:ld.icator dye used in colorimetri: pH de-t.:;-rrn:in~tiono When chloroform is 

aubjected to ion:_zing radiation h-ydrochloric acid is formedo As the pH 

ot the solution passes a certaLi 7a1ue the color of the dye changes from 

p1l...ryla t.o yello·vro The pH of the initial soh;:tJ..on is adjusted by adding 

quanti tia5 of sodi11n1 hydro:dde so t.l'}a.t the indicator will change color at 

a dose of 1 r~ lOr~ or moreo Such devices would p:-ove quite useful as 

indicators of total exposure in case cf cl.isas-tero 

The p'Jcket dosimeter is very similar in its characteristics to the 

pocket chamber, but is constru.cted in such a ma:rmer as to allo-.; the user 

to read his total e:i-::posure to grunma re_diation by obserd.ng an internal 

scale. The instrmnent is very si-milar in appearance to tlie pocket cham­

beJ:' ~ but contains a fibe!' electroscope to indicate the condition of cha:rge 

on the instrwnent. It may be read by holding it up to the light and ob­

ser-,ring the position of the> fiber on a t-rs.n.sparent scale through a lens 

systemo The usual range of this J,nstrument is from 0 to 200 ll',;t·~ although 

higher ranges are available. In general, this class of instrument i~ more 

frag::.le them the poclwt cbrun'b2r and should be handled ·.rith careo In read= 
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ing the inst~~ent the fiber shoul& always be oriented in the vertical 

position in order to obtain consistent resultsa .This instrument is very 

usef'u.l in high leyels of acti·ri ty becs:u.se of the self-reading feat.u!"e. 

It is also available wi tb "~o:ron coated chrunbers to indicate personnel ex­

posure to thermal neut.ronso 

JlFiU &{i:e·t Alarm &,ter 

This roster is a srrall~ pocket siz~d integrating ion chamber which 

giires· an audible w"arning to the \-Tearer when a predetennined dose of gamma 

radiation is receiveda The average battery life is approximately 200 

hours of contirru.ous operation. This instr~ent would be most applicable 

for work in high r~diation levels for limiting working time~ etca. The 

simplicity of its construction makes it a very sturdy and reliable in­

strument for certain purposes. 
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VIIT g 3 

PORTABLE SURVEY IHSTRUMENTS 

Tne principle of an electroscope relies OJ."l the attraction or repul­

sion of: materials charged \·lith positive or negative electricitya A quartz 

fiber, insulated fro~ its surrolL"ldings, is charged with a batteFJ voltageo 

Electr~static forces w:i.ll cause the fiber to bend or otherwise de-viate 

f'rom i i:;s original posi tiona Th6 degree of bending or deforma:tion will be 

proportional to the charge qn the fiber at any timeo Ionizing radiation 

interacting with the air and su.:."'Toundings of the fiber •Jill cause it to 

lose its charge at a rate proportional to the amount of radiation enter­

ing tbe chamber per unit time. The position of the fiber, and hence an 

indication of the amount of radiation received by the chamber, is deter­

mined by looking through an eyepiece at its image as seen against an il= 

luminated transparent scale. This instrument may be used to measure total 

integrated dose or as a rate meter by observing the time required for the 

fiber to move a givan number of divisions across the scalec 

The Lauritsen instr~ents have an aluminum ion chamber coated with 

aq_uadag and enclosed in a wooden box. A door is provided VJhich is norm­

ally closed for calibration and gamma ray measurement.o It serves the pur­

pose of shielding against soft gamma and beta radiation and serves to 

bring gamma radiation in equilibri~ with secondary betas produced in the 

surroundings, This instrument is most generally used to obtain quanti ta­

tive dose measurements in the range up to one roentgen per hour. It is 

quite sensitive and reli~ble for this use. The instrument does not have 

uniform sensitivity for low ener6f gamma rays 1 due to the fact that the 

chamber is constructed of aluminum. Photoelectrons producec'j. in the alum--
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inum reault in a reading vlhich is too high as in the case of the film and · 

pocket meters. 

~P}e 

By far the most popular portable survey instrxment in use is th5 

11 Cutie Pie 11
• It is shaped like a pistol and has a cylindrical ionization 

chamber made of low Z rraterial. The instrument measures gamma radiation 

in r or lrrr per hour 1 relatively independent of the energy of the ganrrna 
·< 

radiation. Some installations prefer to use an eA~endable conducting 

paper shell~ rather than one made of b~elite. Such an arrangement per­

mits measurement of the surface body exposure to beta and secondary elec­

tron radiation. Most 11hard she1111 Cut.ie Pie inst.r.lnnents have a thin 

window on the end of the ionization chamber so that qualitative measure-

ment can be made of any beta radiation present. In its usual form the 

instrument has three or four scale ranges to allow dose measurements from 

? mr per hr to 5 or 10 r per hro The.meter circuit is essent}ally a 

Wheatstone bridge with the plate resistance of a triode vacuum tube in 

one section of the bridge" 

The Cutie Pie is an extremely reliable and rugged instrument and 

gives e:x:.cellent service o·ver long perioci.e o£ t:L'Ue without losing its cali-

bration, 

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

ments of very high radiation fields, The circuitry is the same as that 

of the Cutie Pie with the exception of the resistor values to allow high-

er ranges, The ionization chS111ber and vacuum tube ar$ located on the 

end of an extension red with the meter and switches mounted on the handle 
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sectiono The characteristics of thi3 ins-t.rument are identical wi.th that 

of the Cutie Pie except that generally it will allow measurement of radia­

tion dose rates up to 100 r per hro Another type of gamma prob~ sur;ey 

meter will be in use which utilizes f1ourescent material in conjunction 

vrith a photomultiplier tube to detect gamma radiationo These flourescent 

materiala :!glown in the presence of radiation~ giving off an amount of' 

light proportional to the intensity of the radiation. The phototube and 

associated circuity produce a reading on an ammeter which is proportional 

to the amount of incident radiation~ The detector is mounted on the e~d 

of a long probe and ranges of 0.3~ 3l> JO, .300~ a.'t'ld 3000 r/hr are providedo 

The dstector is q1:rl.te fragile and subject to she eke Caution should be 

exercised in its use. Above all~ the phototube should never be exposed 

to room light with ~~e high voltage turned on. 

Zeuto 

This inst~~ent is ver-f similar in principle to the Cutie Pie in 

that it applies the balanced ~Jb.eatstone bridge circuit. The form of thi:s 

instrument in general use contains a rectangular graphite coated ioniza­

tion chamber idth a stretched nylon window., This thin ·window allows the 

instrument to be adapted primarily to alpha and low energy beta measure= 

ments. It is provided with two scale ranges of 0 tc 4~000 and 0 to 40,000 

alpha disintegrations per mL~ute when calibrated against the alphas of 

plutonium. Of course it must be recalled in the use of this instrument 

that it is sensitive to gamma radiation and beta particles as well as al­

phas. In general 1 it is used for semi=quantitative alpha :sur-.rey work. 

One major defect of all ion chamber instruments for alpha measurements is 

the variation in counting efficiency over ·,ra.rious parts· of the 1.rindovro 
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::•ear the edges of the chamber the ef'ficiency may fall off to as low as 

40%. The Zeuto has a switch position for setting the zero meter deflec­

tiono Normally a warrrFUp time of 3 to 5 minutes should be observed prior 

to zero adjust or genera.l use. 

Juno 

This inst-!"11I!lent is very similar in design to the Zeuto but is some­

what more·yersatile. The bottom of the chamber is covered with a rubber 

hydrochloride screen to allow alpha measurements, but in addition 1 slid­

ing screens of cellulose acetate and alumintrnl ~~ be inserted over the 

thin windmr •. The plastic screen effectively stopa all alpha particles 

and leaves the instrument sensitive to only beta particles and gamma radia- · . 

tion. The second ~...ndo1-r of aluminum leaves the instrU!llent essentially 

only sensitive to gamma radiation. The instrument is not a quantitative 

instrument but may be used very effectively to estimate the quantity and 

type of any particular sou:rce of' acthTity. Three scale ranges are pro­

vided: 0-50 mr~ 0-500 mr;o o.;..5000 mr per hr for gamma radiation and will 

give an indication of alphas up to 3 million d/m. .1\nother model is manu= 

factured with a maximum gamma range of 25 r/hr. 

Geiger-Muller Counter~ 

Perhaps the most widely publicized detector of nuclear radiatione, 

this devlce has found extensive use in research laboratories. Since the 

principles of the operation of these tubes is_di;scuesed quite adequately 

in the literature, no attempt will be made here to supplement this in­

formation~ other than to point out that; as opposed to most ion chamber.~, 

the G-H tube registers the detection of a gamma ray or ionizing particle 

as a single event. A distinct 'Joltage pulse is· obtained at'the output of 
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the tu.b-9 for each event. These pulses may be registered individually 

th:rough the use of electronic scaling circuits or an average count rate 

may be obtained by a sunrm:t::J.g or integration scheme. The G~M tube takes 

_ (Jn many forms, some with extremely t~in ~ndows which are quite effec­

ti-ve as quantitativ-e d:;-'.:ectors of beta radiation, >.,rhile others hmre glass 

cJr mete~ v.mlls and are sensitive rnairlly to gamma radiation. Ordinarily 

these ~aoes are quite useful for the detection of gamma radiation in a 

semi-quanti ta ti ve me.nner. They are generally lLui ted by the fact that 

their operating characteristics are subject to ch~~ge with timeo In the 

preser..ce of high radiation fields they may jam. and usually give no in­

dication of radiation at ill. The expected liferti:me of the so-called 

"self-quenching variety of tube is around 109 cou..~ts. They may become 

sensitive to visible light u_~der certain conditions and are generaLly 

quite temperav~e sensitive. The counting efficienc.y of these tubes is 

.quite energy sensitive and for this reason any calibration would be use­

le~s if the ener~f of the radiation to be detected were not known. In 

general~ the detection efficiency for ~ ;g.art:Lcl~s may run up to 100% 

(this does not include geometrJ and is quite sensitive to beta energy)a 

With the _exception of extremely soft gan~a radiation~ efficiencies for 

g~~a ravs (normal glass walled tubes) are in the neighborhood cf 0.1 

to 2% depend:L.""lg upon the energy of the radiation. Despite all of these 

limitations~ the portable G-M survey meter is quite useful as a general 

detector of low level beta and gamma radiationo In it5 normal form a 

glass-1-1alled G-M ~ube is mounted on a short t'le:x:lble cable ami provided 

1~th a metal shield which may be opened or closed to excl~de beta radia­

tion. It has tb7ee scale ranges~ C-600 9 0-69 000 and ~-609 000 c/min 
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bete.=gumma o:r as calibrated against the gauma rays of' radi~, Q-.0"2 mr/br ~ . 

0-2 mr/hr and 0=20 m!'/h!'o 

~o»crtional Counters 

~fuen ion chambers are constr~cted and operated in a special manner~ 

the voltage ·pulse obtain~d at the output of the chamber ~~11 be propor­

tional to the ionization produced by a given particle in the chamber. In 

gener?-1~ the pulses produced by alpha p1:9.rticles are somewhat larger tha.n 

those resulting from the detection of beta particles or gamma. radiation., 

By descri:minating agairLst all pulses belovT a given size, such a chamber 

1,>2.11 respond only to alpha radiation. This principle has been applied to 

the construction of portable and semi-portable alpha survey meters. Or1e 

such instrument 9 known as FcPVJ~ applies its output to a loud speaker 

that gives a popping sound each time the proportional counter discharges" 

The chamber voltage can be adjusted so that it will count both alpha and 

beta radiationo Variou~ probes may be supplied with this instrument rang­

ing .from ve:ry small chambers to large flat plate chambers for hand count­

ingo Stationary gas-flow proportional chamber::: find general use in rou= 

tine alpha sample countingo As a class~ the operating characteristics of 

these instruments are fairly stable~ although the voltage adjustment on 

many of the chambers is quite criticalo Utmost care should be exercised 

in the prevention of contamination of all alpha instruments since a low 

background is essential to insure that the instrument is in proper operat­

ing condition. 
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Moni t.r or.L 

VIII~ 4 

HONITORING INSTRUlilliTS 

T'.ne monitron is an integrating ionization chamber instrument i·Ihich 

is generally located at posi tion:s 1d thin the plant \<Jbere direct radia­

tion might be expec:.ed. The c...1.amber detects beta and gamma radiation in 

the range from 0 to 125 mr/hro An audible alarm is sounded and a red 

light flashes at 7 o 5 mr/hr or 125 mr/hr~ depending upon the sensitivity 

settings which are high and low respecti-..relyo These instruments will be 

located withL~ the cella to give a coptinuous rscord of radiation levels 

in specific locations by applying the output to a moving tape recordero 

A fevr monitrons will be available in mobilE• form so they may be ~et up at 

the scene of temporary work likely to produce high radiation fieldso 

Proteximeter 

The proteximeter is a portable direct beta~gamma integrating ion 

chamber designed to measure accumulated radiation doseo It is normally 

used to sup~lement dosimeters and pocket chambers ~nen the radiation is 

likely to be variableo It will indicate w.hen a certain dose has been 

accumulated~ regardless of the intensity at a given memento The normal 

range of these instrumer.ts is from 0 - 200 mr. 

Frisker m: Octuma 

The frisker normally consists of seYeraJ. G-H tubes placed around the 

perimeter of a doorway to detect beta or gamma radiation. They are set 

to alarm at slightly above background and serve as a warning that persons 

passing through the doorway might be carrying radioactive material. Fw-. 

ther checks with other instruments are required to locate and measure the 

intensity ar.d nature of the radiationa 
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Rand ill& Foo_t ~ter - Ee;ta.::,Qm:mna. (See Specific Procedure) 

These :::onsist of se.veral G-M tu·Des shielded from background radia- . 

tion and arranged sc as to detect radioactive rna.terials on the hands and 

shoes of personnel. ~he allowable limits of radiations as indicated by 

'caUbration >lith sources of knovll1 in:tem.dty will normally be posted near 

the instrument in terms of register counts. There are six G-M t.ubes~ 

one on each side of both hands and one for each foot. The output of these 

tu"bes is fed to electronic scales of 8 for the four tubes in the hand 

holes and one scale of 16 for the foot tubeso To u:se the instrument a 

person steps up on the platform and places his h~~ds in the two pigeon 

holes. The weight of the body operatea microswitches which set the count­

ers into operation. Arter a preset time the instrument cuts off automat-

ically and indicates the le-vel of contamination by the readings of the 

five regi sterso ....... ~ .. -.:.,.,;..--: . .~~ ~r:r 

Constant Air Monitor - CAM (See Specific Procedure) 

This is a mobile apparatus designed to continuously monitor room 

a:ir for radioactive materialso It consists of a pump which causes air 

to flow through a cylinder of filter paper surrounding a G-M tube. The 

tube and filter are shielded from background radiation by a lead shieldo 

A permanent record is obtained by an Esterline Angus recording milliam­

meter. A ti1ree position ~w~tch in the count rate meter circuit provides 

full scale deflection of the recorder for 2~000, 10 1 000 and 20~000 counts 

per minute. The instrument is calibrat~d with the beta radiation of norm­

al uraniumo A line representing the slope of the curve caused by the ac­

cumulation of air-borne radioactive materials at a rate equivalent to the 

allowable lLrnit is draHn on the glass cover of the recorder for comparison 
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to the recorder line. When the ca•.mt rats reaches the maz.imum on any 

one scale the inetrument automatically S1.Jitches to the next higher scale. 

On tha intermediate scale a yellow light i3 turned on~ while on the high 

scale a bell sounds and a red light is turned on. 

Filt:r'on (3ee Specific Procedure) 

The filtron collects partict'lle.te air-borne activity on a cylindrical 

filter paper in the same manner as the CP..H. The air is pulled tr..rough the 

.filter paper at a knwwn rate for a measured time. The filter paper is 

then removed and counted in special alpha or beta-gamma counting chambers 

and the concentration of radioactive materials in the air computed. The 

apparatus is mounted on a two wheel truck which allows it to be moved 

from place to place4 

Hudson Sampler (See Specific Procedure) 

This sampler pulls air through a 1 1/8" filter disk mounted in a suit­

able holder by means of a small electric compressor as connnonly used in 

commercial paint :sprayers. The disk may be counted in standard alpha or 

beta-gamma counters and the concentration of air-borne activity computed. 

This instrument is portable~ weighing only about five pounds complete. 

Precivitron (See Specific Procern1re) 

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 particulate activity becomes charged and h 

drawn to the ualls of the chambero This chamber wall is lined with a thin 

aluminum foil which can be removed and counted in special counters and the 

concentration of e.ir~·barne particulate activity computed. 
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To sumr:1arize this discussion of field and stationary instruments, 

the following might be of some use to the field su..'r"Veyorg 

If an instrument is available that has been calibrated, then it 

must be used properly in order to allow proper interpretation of 

the da·ta. Improper use is certainly as bad as improper calibra­

tion. Although it would be difficult to give exact ru.les govern­

ing the use of all ir..struments, certain general considerations are 

given beloH~ 

L lllo~.; proper warm up time. 

2o Check zero setting • 

. 3. Determine the type of radiation being measuredc 

4. Never touch any sensitivity adjustment e:x:cept during 

calibrationo 

5. Determine the distance from any point source of radia= 
tion to the point of measuremente 

6e Know the limitations of the instrument in use. 

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

identification of a source, dosage rate at a. particular points> 

or total dose received by persons at that point. For the first 

purpose one might use a portable ion chamber instrument (Juno) 

which discriminates between alpha~ beta, and gamroR. radiation by 

means of vli11dows. For the second purpose one could use an in= 

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

pocket dosimeters ~&ght be usedo · 
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IX 

PROCEDURES. 

IX: 1 

PROCEDlJRE FOR CPP PERSONNEL METEHS PROGRAM 

Preparation ~ Badge§ 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 o~·badges and meters, which we believe necessary for a week'~ 
work, sufficiently in advance to allow preparation and delivery. Badges 
vill be identified by number and this number will be X-rayed on the film" 
The same series of mnnbers vrl.ll be returned or replaced each week for CPP 
·use. Ohe charged pocket meter will be supplied With each badge. 

Assiq;nment of Badges ~Numbers 

Prior to the receipt of the badges the first t;.ro columns of YtFilm Report" 
form IDO #17 (copies of all forms included after procedtire) Will be filled 
out by .American Cyanamid Company. Permanent employees vrill be assigned a 
permanent badge nu.mber at the time of employment and 1rl.ll keep this number 
as long as they continue to work for American Cyanamid Company. In case of 
termination, this number Yill not be used again unless the individual is 
rehired. 

The above form (badge number and name) will be available to AEC at the 
time the weekly supply of badges is delivered by AEC. .AEC ;.Jill plac~ the 
badges in the rack accordL~ to the badge number order appearing 'on thi3 
form. The extra supply of' meters for visitors and non-routine use will 
be placed in a separate rack according to badge numbero One pocket meter 
will be :placed in the rack next to each-film badgeo · 

American Cyanamid Company will request additional film badges and pocket 
chambers on form IHP-19 nBadge and Pencil Request" o 

Pistribqtion gt Meters 

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 rrrssu:e 
and Record Slip11 (AED-IF 1.4) for Health Physics records. The guard will 
place this slip in the proper space on the meter rack and a duplicate will 
be placed alphabetically in a special receptacle. The receptacle ~dll be 
emptied weekly by AEC and slips forwarded to American Cyanamid Company. 
At the end of the week (or daily) this information will be transferred by 
AEC to the '.reekly 11 Film Reportn 'With the appropriate notations in the re­
marks column. 

Visitor and non-routine badges or other special film monitoring devices 
will be issued in the 5ame manner as above on 11 Is3Ue and Record Slip3. 11 
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This inforrilation will also be transferred 'to the \.Teekly form as above .. 
Visitors and non-routine users vrl.ll use the same badge during a nbadge 
weekrt unles5 the results are requested for some reason before the end 
of the weeko Pocket meters worn by these individuals provide the basis 
for investigations or exposure controlo 

One film badge and one pocket meter ~-.rill be is&ued and 1.rorn by all per­
sons entering 'the main CPP guard gate. Badges must be worn on the chest, 
outside of all clothing, vdth the clip side in and pocket meters should 
be worn as close to the film badge as possible. Contamination on a badge 
or a damaged badge should be reported to ~~e Health Physics Departmenta 
A record of the action ,.rill be made on the issue and record alip. Film 
badges will be pulled and processed during the week, only for the f ollO'I·T­
ing reason·s: 

1. Pocket meter off scale. 

2. Exceeding AEC daily lillli t .. 

J., Contaminated badge. 

4o Da.m.a.ged badge. 

5. £pecial request for resultso 

A record of this action will be made by AEC on Form AED f!21 nnaily Pocket 
Chamber Report" at the time the pocket chambers are read. An ttiss-.J.e and 
Record Slip11 will also be filled out, if necessarya Results will be re­
ported during the week and on the nFilm Reportn at the end of the week. 

Collection 

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

Pocket meters Hill be read daily by AEC. Results will be reported by AEC 
on the "Daily Pocket Chamber Report.ft. Pulled badges and missing badge!! 
or pocket chambers will be reported on this form in the remarks columno 
AEC will retain a copy of this completed form for their record8 and one 
copy 'Will be forwarded to the American Cyanamid Companyo 

At the end of the trbadge week" AEC will pick up the badges at our ms.in 
guard house. The information on the nrssue and Record Slips" l' and the 
remarks. on the "Daily Pocket Chamber Reports 11 will be transferred to the 
weekly "Film Report" o The "Film Report" will then. contain the badge num~ 
ber, name and remarks for all film badge activities in the Chemical Proces­
sing P.I.ant for an entire weeko The remarks column will indicate the type 
of f'ilm device used and the applicationo Specific remark~!! will include · 
statements such as visitor, ring film, wri5tbadge' contamination, damaged 
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badge, not used, missing, mbpla.ced, loBt, pulled because of high pocket 
meter or epecial request.o 

A new film badge will be back in the rack before the above Bhift return~ 

for work on the following dayo This can be done conveniently by replac­

ing the pulled set by a duplicate set. However~ it may be poesible for 
.AEC to retu.:.-n the original 'badge before the shift gets back (16 hour!S)., 

AEC will pel'form all of the above' functions" We •Jill have no direct con­

trol or responsibility for this phase of personnel monitoring .except to 
submit a known standard occasionally as a checko 

However, we \.rill require that the shielded portion of the film badge be 

reported as gamma radiation Gased on a Ra or Co ca.librationo The open 

w.indow reading will be differentiated beb.reen beta and gaitilllEL e:>.'"Jlo:=rure., 

This interpretation 'Will be r"bt.ained by subtracting the shielded density 

from the open windovr density a.'ld. reporting the difference as beta from a 

beta calibration curveo Correct for Cd and Al losses, if necessary. 

Reporting Results and Record Kee?fng 

After developing a'1d reading the films, AEC 1-Jill fill out the remaining 

parts of the weekly "Film Report". non-routine resu].ts reported durir~ 

the week will be included on this form at the end of the weeko Procese­

ing irregulatities such as damaged or lost in process, X-ray failed, ex­

posure to light, etc.,, will be reported. in the remarks column. .AEC >~11 

retain one copy of the above and return one to .ACCO. This system will 

provide t.ne .AEC and CPP 1-1ith identical recordso AEC and .ACCO can either 

keep or transfer these records of exposure to their files as each desires. 

The CPP pla.'1s to transfer the results from the "Film Report" and the ttta:Lly 

Pocket Chamber Report't to form RP-4 (individual exposure record)~ These 

will be kept in a Cardineer f.'ile. The la5t colUIIJJ.J. in form RP-4 provide:! 

space for recording events and records such as urine and blood analysis, 

medical exam~nations and any other information relative to radiation ex­

posureo The results are a:rrang8d sc• they can be summed up in three monthe~ 

This is the period required by AEC for an average exposure of 300 mrep/ 

weeko The total exposure will be carried over onto the first line of the 

neArt three month period to provide a continuoue record of total accumulated 

exposure. 

EXI~osure Invent_igat.i.Q!l.~ 

1111 formal investigations 1<rill be based on film re5Ults only. Two copies 

of the "Health Phvsics Exoosure Questionnaire" AED #22 will be completed 

when film re~ults.indicat~: 

1. VJhole body gamma radiation of 300 mr per week or greatero 
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2. Whole body expo~e of les5 than 300 rnr per waek but a beta 
plus gamma total of 500 mrep/week Qr greatero 

:3. Hand and f'oreann exposure of 1..5 rep per week of beta ar 
gamma or the SU!ll. of beta and gamma. 

wbol.e body ezpo~ure 'Will be assumed when radiation is received to any 
portion of the body other than the hands or forearms. 

Informal or formal investigation~:~ may be made for other reason6 at the 
discretion of the Health Physics Departmento Reported high exposures 
approaching but not exceeding the a·bove limits will be considered cau:~e 

. for investigation. 

The ttHea.l th Physics Exposure Questionnairen tdll be ini Hated by the 
Health Fnysics Department and completed by the Health Pbysica field re­
presentative in co-operation with the BUperviscr of the department in-· 
volvedo A copy will be placed in the individual'a exposure file and a 
copy forw~rded to the supervisoro 
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BADGE AND PENCIL REQUEST IHP-19 
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.AEC Health Pbysics Di•;ision Date 

Personnel l{etering Branch 

Please issue a 0 Tempora._ry, 0 Permanent Health Badge and Pencils for 
( check one ) 

------

-::------·----.,.,-----,.......-~--:-: beginning ------· He will be assigned to 
lVallle Firm Payroll # date 

shift. 

Note: 

Signed ~~~~=-~--~----~~~--~­
Health Physics Representative 

Temporary badges are removed from service as of 12:01 A. M. each Sunday. 
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IX: 2 

PRCCEDURE .AUD POLICIES FOR 'i'Ffii: USE OF "PROTECTIVE IT CLOTHING 

The term 11 protective" clothing ehould not be thought of a~ implying that 
this class of clothing offers any special shielding against radiation. 
The :major purpose of thi:o~ clothing is to prevent contamination of personal 
c.lothing while in the presence of radioactive materials. It offers no 
more shielding or protection from contamination than any other tYP€ of 
clothing. Houever~ the 11 protective 11 clothing ·~-rill coni'ine conta.n-.:ination 
to the CPP. By shortening the time the clothing is -vrorn., the probability 
of damage by ingestion or direct radiation w~ll be lowered. 

1. "Protective"clothing will be provided for authorized personnel and the 
. wearing of the~e articles will be gover-ned by the zoning and regulations 

listed below. ·It shall be the responsibility of the individual and/or his 
supervisor to see that this clothing is ·r,.rom vJhen requireda 

The m?P will be divided into zones as follow:sg 

Aa 11Frotective11 clothing or personal clothing covered by 
suitable "protectiven clothing for visitors will be worn 
in the follo~dng areas~ 

1. Operating gallery 

2. Ivfa.ke-up . ~ea 

· 3.. Access corridor 

4 a Sampling corridor 

5o Laboratory area (first floor building 602) 

6.. Works laboratory 

?. Waste building 

8. SF building (for those handling active materials) 

Bo trProtectiveYT clothing and a special work permit stating 
additional precautions is required for entry to these 
areaso 

la All cells except K .(solvent recovery) and X (d~con­
tamination). Extra precautions will be routine in 
the latter. 

2. Pipe trench and deep pit tanks 

3. Ventilation duct 

4a Service corridor · 
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3 .. · :Pereone entering "clean" areas must change or cover "protectiverr 
clothing with contamination free garments. E:r.amples of such areae are: 
ca.fe·~een, maintenance area, boiler house, product storage area, or second 
floor office!'.!. The status of any of these areas may change at a."ly time 
as required to fulfill the obligation to provide reasonably safe ~orking 
conditions. 

4. "Protecti¢e 11 clothing in tl;le fallow"ing forms will be provided to 
authorized personnel: coverall3, shoe covers, gloves, technicia.nrs uni­
form3 (for women) and caps. For 5pecial jobs rubber boots, rubbers, rub­
ber gloves and respiratory protective equipment are available .. 

5. Each individual, uporl the written recommendation of his emperviaor, 
~11 be isl.'lued a 5ufficient number of sets of clothing to be a~sured that 
a clean set i~ always available. Clothing ehall be changed daily or mon­
itored for contamination. Glean clothing will be available from the cloth­
ing issue room adjacent to the locker roome. Each individual's clothing 
will be identified by a number. 

6. 1Clothing will be replaced only on written reconnnendation of the super­
visor and each individual will have to account for clothing to be replaced. 
The laundry will be expected to notify the clothing clerk of any clothing 
removed from service dtie to wear or contamination~ 

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

S. Clothing "Wi.ll be monitored by the Health Physics Department, separated 
into con~a~inated and non-contaminated groups and suitably tagged. 

9 •. After clothing hae been moni tored1 the cloth:i.ng clerk will prepare 
clothing for pickup by the AEC and will maintain such laundry records as 
might be required4 
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IX: J 

PROCEDUHE FOR THE REPLACEHITh'T OF CONTAHINATED PERSONAL PROPERTY 

1. When an individual's personal clothing or other personal property, 

vrhich i~ legitimately inside the CPP, or at any other location 'While the 

individual is·at work, becomes contaminated wHh radioactive material::: to 

such an extent that a health hazard is created, and the clothing is im­
pounded, the individual shall be reimbursE:;d fer the value of the articles, 

2. Measurements of the degree of contamination shall be made by a rnembe:;:­

oi" the Health Phy1Sic~ Department who ·Hill accept articles to be impounded, 

issue a receipt (foTm HP-S, shot-m on follmring page) and, when neceseaTy, 

proc·~e outer clothing to be woTn home~ The company will not be obligated 

to provide clothing other than coveralls marked with the identifying ~ 

bol or whatever footwear is available~ and these en a loan basis onlyc The 
footwear now known to be available vTill consist of shower sandals or rub­

ber boots. 

3. The director of the department, or one to whom he delegrates the author­
ity, will be required to provide a memorandum to the Accounting Department 

stating that the indiv-:i.dual is eligible fcl:r reimbursement and that the con­

tamination -was not the result of personal negligence. The amount of the 

reimbursement Yill be the replacement cost of a duplicate article or equiv­

alent. 

4 •. The limits which will determine replacement sl1all be: 

Alpha - 500 d/min/10ocm2 

Beta-Gamma - 1000 c/min as measured with a Geiger-~fuller 
tube of the ty:f>e commonly used on probes 
with the best possible geometry. 

5. Articles t-rill be allowed a 30 day 11 cooling11 period before reimburse­

ment to allow radioactive decay to lcwer the value to allowable limits. 

Any· other methods available w~ll be used to remove contamination before 
a check is issued for reimbursement. 
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BP-8 (11-1-51) 

~IPT FOR CONTANINATED ITEHS 

D~scription -------------------------------------------------------------

Received from ----~-------------------------------- Date ----------------

Type of Contamination ----------------------------------------------------

Intensity --------------------------------------------------~---------

Action 

Remarks 

H. P. Surveyor ------------------



IX: 4 

PROCEDUP~ FOR USE OF RESPIRATORY PROTECTIVE EQUIPMm~T 

Apnroved respiratory protective equipment· shall be 'Worn in any location 

ybere air-borne activity :may be present, according to the following 

procedure: 

1. Wear filter type respirator \·rhen air-borne activity exceeds 

lo-ll uc/cc for alpha and Fr8 for beta·~gamma. 'I'his use is 

subject to the determination by a.i.r sampling of the fact that 

such a concentration will exist throughout the working period. 

2. Wear army assault.~type mask when air=borne activity exc:eeds 

the abm.re limits by a factor of ten. This type of mask is 

more reliable, fits the face better and consequently insures 
against failure due to air by-passing the filter cannister. 

J,. Wear positive air-suwly masks >;hen ai~borne a.cth'"ity ex­

ceeds 1o-8 uc/cc for alpha or lu5 uc/cc beta-galllill!l.. The up­

per iimits of the positj:ve supply masks is governed by ex­

ternal exposure levels. 

4. Return the above respiratory equipment to tbe Health Physics 

shift office following each use for decontaminatiun and ster-

. ilization before reuse. ·' 
.. ·~ 

5o Equipment will be stored under non-contaminated a."l.d sanitary 

condition and filters 11.Lll be replaced at suitable intervalso 
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IX: 5 

REGO:H!.JENDED PROCEDURE FOR l>lASI-IING CONTAMINATED HANDS 

lo \-lash thoroughly for tvro to three minutes with a small quantity of 

industrial hand cleanser (as pro1~ded in dispensers)~ using a suffi­

cient amount of tepid (not hot) water to maintain a thin paste, and rub 

the paste over the entire S"'.rrface of the hands and fingers. Rinse off 

completely with water and repeat the process several timeso 

2o If the above procedure is riot enough to remove all dirt and contam­

ination, the ha~ds should then be scrubbed for a period of a few min­

utes wi. th liquld or cake soap and a hand. brush~ being sure to brush the 

entire surface of the hands, especially around the nails and between the 

fingerso Light pres-sure should be exerted on the brush - do not press 

so hard that the bristles are bent out of shapeo A convenient routine 

is 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 fingerso Attention should be 
given to the palm and back of the hand and finally additional snrubbing 

of the nails and ~uticles before proceeding in an exact manner with the 

other hand. 

3o Lanolin or lanolin contair~D_g creams may be used after ~ashing to 

soften the hands and prev~nt chapping~ 

4~ Should the procedures listed above fail to remove contamination9 

chelating or complexing agents such as Versene may be applied to the 

skin, followed by a thorough rinse with wat.er. 

5. · Should all these measures fail to reduce the contamination to ac­
ceptable levelsy consult the Health Phys~cs field representative. 
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!Xg 6 

PROCEDURE FOR THE CA..fill OF lt10UNDS LIKELY TO BE CONTAMlliATED 

Minor -wotmds may be considered as those which can be adequately handled 
by a First .Aid Station. Major •rounds require the attention of a physician • 

.A. Minor Wounds 

L Place the wound under running tap water immediately. 

2. Continue to wash the wound area for several minutes using 
soap, a scrub brush and a large volume of water. 

3· Report to the ¥~dical Department as soon as possible. 

4· Save the object causing the wound so an estimate of its 
contamination can be made. 

5. The Health Physics Department will conduet a contamination 
survey of the wound a.!'ea after th•:lrough washing. If there 
is a residual contamination more stringent measures may 
be applied_for cleaning the wound. 

B. Major l.J'ounds 

1. Place the wound under running tap water immediately after 
the accident, if at all possi'qle. 

2. Have an associate call the· Medical Department immediately 
and keep some sort of tourniquet pro:x.""imal to the woundo 
The pressure of the tourniquet will depend upon the amount 
of hemorrhage. Venous return flovr is to be stopped in all 
cases Yhen possible, but arterial flow should be stopped 
only in case of severe hemorrhage" 

3. Care of the wound after .the initial washing should be und­
er the supervision of the Hedical Department. Health 
1hysics will monitor the wound and determine extent of 
contamination~ if' anyo 
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IX: 7 

SURGICAL TECHNIQUE FOR PUTTING ON AND REHOVING RUBBER GLOVES 

~1en rubber surgical gloves are used where hand contamination is pos­
sible, they sbould be prepared and put on in the following manner in 
order to avoid transfer of the conta"llination f'rom the outside surface 
to the inside surface of the gloves or to the hands. 

Put on gloves as follmn;: 

lo Powder the insides of the gloves and fold out the ~~ist por­
tion of the gloves to form a ~uff of about two incheso 

2. Pm1der the hands wi tb talc. 

3o Grasp the folded auff of the first glove vrlthout touching 
the exterior of the glove and p~l it onto the fingers and 
hand, leaving the cuff in the folded positiono 

4o Lift the second glove by inserting the fingers of the gloved 
hand beneath the cuff and pull it onto the bare fingers and 
hand. 

5o Turn the cuffs of both gloves back over the wrists, without 
allowing the skin to be touched by the outside of the glove. 

6. Vlork the glove fingers into position in the same :manner as 
cloth gloveso 

Remove gloves as follovsg 

L Wash hands before removing gloves .. 

2. Grasp the beaded rim of one glove with the fingers o.f the 
gloved hand •d thout touching the inside of the glove and 
pttll the glove off inside outa 

3. Insert the index finger of the bare hand beneath 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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IX~ 8 
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PROCEDURE FOR CALIBRATION AND USE OF BETA-GAHHA HAND AND FOOT COUNTERS 

These instruments consist of geiger tubes shielded from background radia­
tion and arranged in a manner •lhich permits convenient detection of con­
tamination on the hands and shoes. Five of these instruments will be placed 
in appropriate and convenient locations throughout the plant. These should 
be used to check contamination on the hands and/ or feet before eating or 
smoking, when changihg shift, after handling radioactive materials, or at 
any other time when contamination is belie-ved lil<::ely. 

Qslibration 

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

lo Obtain the average background for each register and Eost this 
vaiue in the corresponding spaces on the blackboard (hands and 
feet). 

2a Place the standard hand calibrating source in the hand ports, 
determine the average cou_~t for each corresponding component 
of the hands and pest these figures. on the blackboard .. as the 
"permissible hand counts". The activity of the standprd cali­
bration source ·will be related to the permissible level of 
1500 mrep/week to the hands. 

3o Place ~~e standard foot calib~ating source in one shoe pocket 
and determine the average counto Repeat this procedure for 
the other shoe pocket and post the average of these two read­
ings on the blackboard as the npermissible shoe coi.mt11 • The 
activity of the standard calibrating source will be related 
to the permissible shoe contamination limits specified in the 
chapter on radiation limitso 

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 register differ significantly from those of the prev­
ious day. 

5• Refe~ any other work necessary to keep the counters in opera­
tion to the Maintenance Department. 

Personnel should check their clotbing for contamination with the beta­
gamma 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 expectedo 
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1. Wash hands before using counter •. 

2. Remove -w-rist watch if it has a luminous dial. 

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

4. Remain in this position nntil the yellm.; 11timed-out" light glows 
indicating the end of the count. 

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

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

6. Report to the Health Physics field office or notify your super­
visor if any one hand count cannot be reduced below the permis­
sible level after several repeated soapings and scrubbings. 

7. Report.to Health Physics field office if the count on the foot 
register is above the permissible lev.-~1 posted on the blackboard. 
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PROCEDURE FOR USE OF THE WORK PEFJ1IT 

"i~ork Perm.itlf form AED-m (shown on the following page) is required for 

all 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 •rork to be performed~ initiate 

the work permit, describe the work to be done~ indicate the location 

in the plant 9 and supply recoro..mended protectiye equipmento 

T'ney shall revie'.; the proposed work with the Health Physics shift per­

sonnel, who iir.Hl perform the necessary survey, establish ;.rorking time 

limits, specify types of monito:ring required, and recommend additional 

precautions necessaryo 

The completed form (bearing the signature of a Health Physicist and/or 

the Safety Department representative) will be presented to the mainten­

ance supervisor before the work is startedo He will comply with the 

recommendations stated on the form and display the form on a clip board 

in or .near the work areao 

· Upon completion of any activity covered by a nwork Permit", it will be 

the responsibility of maintenance supervision to request a survey or 
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 Physics and a. rrReceipt for Contaminated Items~ issued. These 

items will be sent to the Operating Department for decontamination 

prior to release. Local measures for deconta!!'.ination may be taken under 

the supervision of the Operating Departme~t or the Health Physics Depart­

ment. .. 

When the work is completed or the permit surrendered at the end of a 

shift, the maintenance supervisor will return all copies of the "Work 

Permitn to the area supervisore 

The area supervisor will check to see that . all instructions have been 

followedo If the job is satisfactorily qompleted he will sign the "Work 

Permit" and distribute the .copies to the departments represented. 

Mainten~~ce infers electrical instrument, technical, or other service 

personnel directly connected with the. execution of the particular jobo 

At the end of one shift, a new "1-Tork P'ermittt is required if the work is 

to be carried over to the oncoming shift, unless prior approval is -valid 

for a longer period. If any change in conditions develops during the 

course of ~ork, supervision present shall remove the workmen until the 

job can be reanalyzed. 



AMERICAN {#anomfd COJrfPANY 
I 

ATOMIC ENERGY DIVISION 

IDAHO FALLS, IDAHO 

WORK PERMIT 

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

Issued to .............................................................................................. Bodge .................................... Department ........................................ . 

Good for ··········-·······-~-----------·--·-·-·Shift ......................••.... , 19 •.••.•..•. , only. Building Number ............................ -....................................... . 

Issuing Division ..........•.................................... .-.............................. ---·········-···Work Order No ...................................................................... . 

Description of Work and location .............................................................................................................................................................. _ 

........................................................................................................... ~ ............................................................................................. _ .... ___ ,_,.._ ....... __ . ______ ., _____ .. ___ .............................. _ ........ __ ................................. _ ......... _ .... ___ ,._ 

GENERAL HAZARDS AND CONTROLS 

Initial 
Yes No 

1. Have connections been blanked off? .........•.... --~ 
:2.. Have fuses been removed? ................................ --

~o~:~fft~~~~: !.~~~~--~-~-~-~-~:-~~~~:~................ ----
3. Hove safety tags been attached? .................... ----

4. Was equipment cleaned with 
Water .................... ? Steam .................... ? ...... --. __ 

5. Has equipment been ventilated?.................... 1---
. Has inflammable go: test been mode? ............ ----

1. fs gas or air mask necessary fer entering 
tonk? .•.......... ----------·-·-··································-····1-__ 
If gas, what type of canister. ................... ? .... .. 

8. Are there any special precautions to be 
observed as to ground onnections, protective 
clothing, etc. (Use reverse side for instructions.)----

9. Is the adiacent equipment safe?·········--·-···········~ __ 
10. Can sparks ignite material in vicinity or on 

lower floors or levels? ................................... ~ r-- __ 
I 1. IS IT SAFE TO DO THIS WORK? ........................ t---t--

I hove checked end approved of this permit for WORKING 
ONLY. 

Operating Supv. or Engineer 

I have personally inspected and cpprove of this permit for 
WELDING-BURNING-HOT WORK ONLY. 

Operating Mgr., Supt. or Engr. 

RADIATIGN HAZARDS 

Survey Readings Recommended 

Working Time 

lnstrument ...... , ........................ : ............ Time ............................... . 

Protective Clothing and ~quipment Recommended 

Type Gloves .............................. :.Shoecovers .............. : ............. .. 

Cap ...................•............ : ........••. Ciothing ........................ _______ _ 

Respirator ........................................ Type ................................... . 

Special Meters ........ : ..................... , ............................................ . 

Special Instructions .......... , ....................................... ~ .................. . 

.. ............................................................... ~---··-- ... --~---- ..................... _ .......... _ .. _________ .... , ........... . 

Health Physics Division 

·------·····-···--····-···--······--------·--·--.. --------·----··"'""'""'-·········-... ·-----.. --....................... .. 
(If Operating Supervisor is relieved, new Supervisor shall sign 
his approval· above.) 

A.M. 
Work (has) (has not) been completed, and this Permit Is being surrendered at ............................................ P.M. 

Remarks: ............................................................................................................ ~ ........................................................................... ,~ ...... ~---~-~-·· 

....................................... __ .............................................................................................................................. ___ ........................................................................................................................................................................ __ _. __ .................... .. 

Maintenance Supervisor 

................................................. _,., .......................................... __ .. _,._ ............................ :. .............................. _ ..... _ ..... . 

Return of Work Permit Acknowledged ............................................ '" ........................................................................................................... . 
Area Supervisor 

A!=II.IF I 1-15-52 

--------



IXg 10 

PROCEDURE FOR THE TRANSFER OF HA.TERIALS AND EQUIPMENT 
WITHIN THE CPP· AP.EA . 

Transportation of active materials or contaminated equipment within a 

specific area or between areas in the plant must proceed in a manner 

which will cause no unnecessary exposuxe to personnel and ¥!ill prevent 

contamination of "clean areas". 

~. The supervisor in charge of the area from l.li1ich any ma~~erial 
or equ.ipment is to be transferred will be responsible for re­
questing a Health Physics survey to determine the presence 
of contamination. 

2. The supervisor will initiate a nRequest for Removal" tag (form 
AED 1, shown on the next. page)o ~1is will include a descrip­

tion of the item, its location, destination 1 an6. the name of 
the person requesting the moveo 

3. The Health Physic.s Department will perform a survey of the 
article and recommend procedures to pe followed. 

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

5. Contaminated materials will not be retm-ned to stock. 

6o All glassware to be sent to the glass shop must be contamina­
tion free,. and the tag should so indicate. Special cases '\-!ill 
be handled by the use of a 11Work Penni t 11

• 



~----- ~----

- ~l v 
-

REQUEST FOR REl\IOV AL 

Of -------. -·· 

From 

To _______ _ 

Requested by --------~ _ 

Date 

Area Supervisor 

Contamination 

Remarks ------·· '-----·---------

·------------·-----------'------

H. P. --------··--- Date -------------
AED 1 11-51 500 

.; 



IX: 11 

"PROCEDURE FOR THE DISPOSAL OF CONTABINATED TRASH, 
EQUIPMENT OR HATER!ALS. (SOLID WASTES) 

1~ Properly identified metal cans will be provided at desired loca­
tions throughout the plant for' the d:i. suosal of contaminated trash 
and :tnB.terie.ts. Within the laboratories~ s-tep-on waste containers 
will be provided for such materials. 

2. It shall be the responsibility of supervision to see that cans are 
monitored at frequen~ intervais to p~evant active materials from 
accumulating in hazardous quantitieso 

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

4~ Janitors will remo'\re ma.'t,erials in untagged cans to the loading dock 
at specified intervals. They 1-rill handle material in tagged cans 
using precautions recommended verbally by the Health Physicisto 

5. The Health Physics Department ~~11 make a daily survey of material 
to be removed from the loading dock by AEC and attach tags indicat­
ing handling precautions. Cans vTi thout tags will not be removedo 

6o 11aterials which are an extreme radiation hazard will be moved only 
on a special work permit. These will be transported to the burial 
ground by American Cyanamid Company personnel using precautions 
recommended by the Health Physics Departmento 
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IX& 12 

PROCEDuRE FOR IWmLING SHTPHENTS OF RADIOACTIVE MATERIALS 

Gener§J. 

Radioactive materials offered for transportation present a ~de variety 
of problems in packaglng, la"belingJ handling and storage. The poten­
tial hazarda in transporting these materials ,Jere :t'ecognized long ago 

and, as a result, methods and regulations for controlling these hazards 
have been developed a.nd enacted as law. The Interstate Commerce Commis­
sio~ publishes and enforces these regulations for all methods of public 
transportation and for all organizations engaged in interstate or for­
eign commerce (common carriers). It is the duty of each shipper to mru'e 
the prescribed regulations effective and to thoroughly instTUct employ­

ees in relation thereto. Shipments that do not comply with these regu­

lations must not be offere.d for transportationo Copies of these regu­
lations are available in the Health Physics Departmento 

All radioactive shipments to or from destinations outside the CPP Will 

be moni t,cred by Health Physic·s Department, The consignor or consignee 

shal~ request the survey. Form !DO l!l6 n·Pv"J.dioactive Shipment Monitor­
ing Record" wi.ll be completed by the Health Phys:lcist in triplicate; one 
copy to the man in charge of the vehicle (outgoing only), one to the . 

consignor or consignee and one .to the Health Fnysics Department fileo 

The Health Physicist. ·w'"ill not sign for out.going shipments which violate 
ICC regulations~ He will inform the consignor of the particular viola­
tion and offer suggestions for correctiono 

Shipments of radioactive materials by "tihe Jl..EC~ or under its direction 
or supervision, which are escor"tad b-".f personnel designated by the A.EC, 

are specifically authorized and are exempt from ICC regulationso The 
full responsibility for carrying out the intent of the regulations and 
for protecting other personnel and shipments of undeveloped film rests 
with this escort. This type o~ shipment from or to the CPP will be 

handled as special cases b-.f. the Health Physics Depar·bment. 

Shipments of radioactive materials are also exempt from prescribed pack­

aging, marking and labeling requirements provided they fulfill certain 
conditions specified by the ICC. Two of these are: 

l. "The package must contain not more than 0.1 me of Ra or Po, 
or that amount of Sr-89, Sr-99 or Ba 140 which disintegrates 
at a rate of more than 5 x 100 atoms per second or that 
amount of any other radioactivg substance which disintegrates 
at a rate of more than 50 x 10 atoms per second.n 

2. "The package must be such that no significant alpha 9 beta 
or neutron radiation is emitted from the exterior of the 
package and the garr~ radiation at any surface of the pack­
age must be less than 10 mr for 24 bourse" 
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In accordance with AEC usage and reconnnendations we shall interpret 

tt significant11 as: 

1. Alpha - Hore than 500 alpha d/:m/100 crrf (as measured by Victor­

een 256 or equivalent instrument). 

2. Beta - More than 0.1 mrep/hr at surface of package (contamina­

tion) as measured by a G-M type instrument at the nearest point 

of approach. 

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

gamma and about. a 50% geometry for alpha. 

We shall use this interpretation for all cases of surface contamination 

on radioactive shipments or vehicles. 

Special Fuel Shipments 

Only HEW fuel shipments ha'Ve been received. 'Thie .procedure applies 

§pecifically to these shipments and gener~ to others anticipated. 

New procedures will be de'Veloped when required. 

Hanford material arrives in-a Garrett Freight Lines special trailer 

'With an AEC escort. Each shipment contains two 10-ton carriers per 

trailer. Carriers are returned in the same manner as soon as the fuel 

is removed except that they return -without an AEC escort (common car­

rier). 

Incoming Carrier and Vehicle 

1. Health Physics will be notified of the time of arrival of 

shipments by the S. F. Accountability Department. 

2. Real tb Physics will monitor the truck and casks and com­

plete form IDO #16 "Radioactive Shipment Monitoring Record" 

in duplicate. All radiation and contamination readings and 
remarks concerning the incoming shipment will be entered on 
tbis form as required. · 

3. Radiation readings and comments regarding the conditions of 

the shipment -will be reported to the -production supervisor 

verbally and vorking time limits recomended 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 
one smear on top and one on the side of each cask '.rill be 

taken. 
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6. Health Physics -.rill monitor the operation of removing the drain 
plugs from the side of' the cask to a·.roid contrunination from 
escaping gases or liquids~ 

7. The liquid contents of the casks will be emptied into a pail 

and radiation readings from this pail will be taken to detect 
any unusual acth'"ity~ Sa..."llples of the water will be sent for 
analys-is if necessary and the bucket of water "vrill be dumped 
into the filter aid settling manhol~o 

8o Radiation checks shall be made as the cask is lowered into the 
canal, when the top is removed and when the fuel is emptiedo 

9o When the cask is removed from the canal it will be washed do'WD. 
with a hose and 1-1ater and pcrmi tt.ed to drain over the canal 
until it has stopped dr-ipping& The contents of the cask should 
also be ch-ained into the canal w-ith a siphono 

~utgoing Carrier ~~d Vehicle 

·J.o Upon removal from the canal. the cask will be returned. to the 

loading deck and uncontaminated absorbent paper will be placed 
on the floor if necessary. The cask must be wiped dry with 
rags before radiation measurements can be made. 

2. The Health Physicist will again survey the cask and a Illl.n.llllUlil 

of two smears 'Will be taken. .If radiation and contal'l".inaticn 
readings are above those specified for exempt* shipments by ICC 
regulations, the surveyor will notify the production supervisor 
and he will take necessar.r steps for de.contaminationo 

3. A survey of the bed of the vehicle will also be made and de­
contamination recommended (if needed) in order to comply with 
ICC regulations • 

. 
4o After final decontamina't-ion t.he Health Physics surveyor will 

complete the cutgg,ing_ 11Radioactive Shipment Monitoring Record1r. 

in triplicate. He will write the follm-Ting statement on the 
bottom of the form~ 11T"nis vehicle bas been cleaned in accord­
ance ~~th paragraph 74.566 (d) of tariff #8 publishing ICC 
regulations." He will sign in the space providedo The survey­
or shall be prepared to issue 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. · 

5. ~~o copies of the above form will be given to the AEC courier 
(one for the vehicle driver and one for AEC)o One copy will 
be retained by the surveyor for the Health Physics Department 
fileo 
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~ ShoUld it be impractical to decontaminate the inside of the 
carrier to the 5 X 107 d/s level, an agreement should be 
reached betwee11 the Production Division, the Health Physics 
Department and the AEC on the necessary formalities for ship­
ping the carrier. The shiprne:nt could be classified and re­
turned as a radioactive shipment~ provided the package and 
truck i-lere properly labeled and identified according to ICC 
regulation$ for r9.dioactive shipments. Tbis ro.ight involve a 
higher retu:rn shipping rate than if the container iJere re­
turned as ernptyo 
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HP-5 (10/9/51) 

RADIOACTIVE SHIPMENT MONITORING RECORD 

Date of Survey: _______ _ Incorrdng __ , ________ _ Outgoinc.g_ ___ _ 

ShiJ?I!!ent Details 

Material~--------~~----------------~------------------------------Type of Pac~ge or Load. _____________________ _ 

Approximate Size-------------------------------------------------------
From: ___________________ ~--------~--

To: 

Via: ------~--------------~-----------------------------------------

Radiation Monitoring (Hr/hr) 

TRUCK (No. 

Cab 
Tailgate 
R. R. \-/heel 
L. R. ~lheel 

Inst. Used 

Contamination 
Evidence 

) 

. 

PACKAGE 

Max. Rail.-=---~---------1 
At (Distance)_~--..:.o..r-----4 
From (Center or Surface~ 
Nax. Rad. (At one Meter) · 
Inst. Used._·------------1 

. I 

}~asured by-Instrument ________________________________________________ __ 

Smears Counted._ ________________ __,.. _________ _ 

Remarks (Damage to Package, Violation of ICC Re~ulations, Labels, Possible 
Over-exposure to Areas or Person, etc.) 

IDO Dupl /116 100 10/11/51 

~~-~ ~-· .... ..._:.,~..-- '~-.,.~,._-.... -,•~7----• .,. .,~ • .. :...:..-•...:':-.., ..,:..---: . .:..~ -=-~\= • ..:.• -~;::~r--..-.~-=~~·(·~: .... __ ,~:·:...:: .;,: ... ~,: .. ~--- ........ _, .::. -·'-•••-..~.:.,.. ...... --•••- ;• '' • :.:--·•·-• y=----- ........ --: •·--·--~--r•-•''':'":'---:.••., >•• •:"' 
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IX~ 1;3 

PROCEDURE FOR OPEP..ATION AND CALIBRATION OF CONSTANT AIR MONITOR 

The CM~ is a radioactive monitoring instrument which records the magni­
tude of the air-borne activity in an area and gives visual and aural 
warning when permissible concentrations may be exceeded. This is ac­
complished by collecting the activity on a filter paper and measuring 
this activity with a G-M tube. The signal from the tube is fed to a 
count rate meter and an Esterline Angus strip chart recorder. The count 
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 s.n indication of the concentration .of activity in the atmosphere 
(slope proportional to concentration) as well as the total·activity on 
the filtero 

The count rate meter and recorder are prov~ded •i.Lt~ three sensitivity 
scales: 0 to 2,000, 0 to 10,000 and 0 to 20,000 c;mo The inst1ument 
is normally operated on the 0 to 2,000 c/m scale. If the total air­
borne activity collected on the filter exceeds this value the instrument 
automatica4ly changes to the next higher scale and a yellow warning light 
glot.rso If the instrument goes off scale on the 0 to 10,000 c/m scale, 
the instrument automatically cha."l.ges to the 0 to 20,000 c/m scale, a red 
light glows and a bell ringse The instrument returns to normal opera­
tion -vrhen the radiation is removede 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 
201 000 c/m scale. Once a week, or at any time following repairs or ad­
justments, the CAH will be calibrated in accorda.'1ce -v.rith the procedure 
listed below. The standard calibrating saUTee is made of uranium oxide. 
Its activity is equivalent to the activity that the filter paper vould 
collect in 30 minutes if the concentration of activity in the air were 
at the permissible level of 10-8 uc/cc. The trace of this activity 
would be represented on the strip chart by a uniform sloping line ex­
tending from the background cou11.t to tbe final count i.n 30 minutes. By 

using the standard, a family of lines w:i. th 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 normal 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-Mtube (17~6%). 

CALIBRATIONz 

lo Manually switch the count-rate meter to the lOX scaleo 

2o Remove the alarm connector relay and replace with a 
dummy plug providedo 

3. Sbut of'f the pump" remove the .counter assembly from 
the lead pig, and remove the filter paper from the 
holder., 
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4. Replace the counter assembly in the lead pig and note the 
background recorded on the Esterline-Angus reeorder. 

;. 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. 

6. Note the recording of' the Esterline-1\ngu.s and subtract the 
background. 

7. }fultiply the result by the correction factor listed on the 
source. This factor accounts for the factors mentioned 
above in the text. 

8. Add the background reading to this sum. 

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

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

llo Close the glass door and, using a china marking pencil, 
draw a family of lines on the door, parallel to the line 
on the strip chart. 

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

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

14. Remove the dummy plug and replace the alarm relay connector. 

15. Manually switch the count-rate meter back to the ttVoltage" 
position. 
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IX:l4 

PROCEDURE FOR THE USE AND CALIBRATION OF THE MONITRON 

'· 

{~ The monitron is a radiation monitoring ins·trument used to record back ... 
ground radiation in >rork areas. There i>lill be approY.im.ately twenty-five 

monitrons of various types distributed throughout the CPP. Some of these 

instruments •rill be operated as semi-portable radiation monitors while 
others will relay a continuous indication of the radiation level in the 

various areas and cells to the operating gellery. All of these instru­

ments give a visual indication of the radiation level on a milliammeter 

located on the front panel. They also contain an alarm s-.rstem vmich may 
be adjusted to operate visual or audible alarm devices at a preset radia­

tion level. 

The sensitivity switch 1 located on the panel~ has three positions: zero, 

low and high. When the switch is on the high sensitivity position a full 

scale dene·ction of the ammeter indicates 25 mr/hr. Nonl;ally, the instru­

ment is set to alarm when the radiation intensity reaches 7.5 mr/hr. The 

alarms can be t~rned 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 • 

. In the nzero" position each sensitivity range may be checked and adjusted 

to give no meter deflection in the absence of a radiation field. 

CALIBRATION (10 mg Ra source) 

1. Check the zero of the instrument on the nzero11 position for 
.each range~ 

2. Check the instrument for contamination. 

3. Check for proper co-ordination bet"to~een the milliammeter 
reading and the remote tape recorder reading. 

4. With the instrument on1 allowing suitable warm up period, 
connect the preamplifier into the connector at the rear 
of the chassis for each channel to be used. · 

;. Turn the 11 channel swi tchtt to the on position. 

6. Turn the 'tsensitivity switchtt to the zero position. 

7. Adjust the 11 zero set potentiometer" (on panel) until the 
milliammeter reads zero. 

B. Turn the 11 sensitivity S\..ritch 11 to the n1ow11 position, place 
the chamber in a 25 mr/hr field and adjust the 11low .sens­
itivity potentiometern (on panel) until the meter reads 
0.20 x full scale. 

9o With the "sensitivity switch11 on the high 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 acti·vated at 7. 5 mr/hr (approx­

) imately 0.33 x full scale}. 
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IX: 15 

PROCEDURE FOR SA11PLING AIR-BORNE ACTIVITY WITH 11HUDSON Sl1.I-lPLERrr 

l.=!Jf~ 
'"~J This instrument is a portable dust sampler designed for taking "breathing 

zone" and general air spot samples of dust laden air. The pump is capable 
of drawing air through a 1 1/811 diameter Hhatrnan #4J- filter paper at a ,,, 
rate of flow \oJhich can be measured and controlled between 12 and 30 liters 
per minute. The radioactivity collected ·on the filter paper can then be 
counted in standard counting room equipment and the concentration of radio­
activity in the dust can be computed in uc/cc. 

Collectlon Procedure for Surveyor 

lo Connect the power cord on the sampler to the 110 volt AC outlet 
and place a i 1/811 lffnatman filter- paper disc into the filter 
holder with tweezers. (Screw the sampling head parts together 
firmly to prevent air leakage.) 

2.. Simultaneously turn on the pump sidtch and start a stop watch to 
time the duration of the sampling periodo 

3.. Immediately adjust the rotameter to the desired air flow rate 
with the knurled screw adjustment provided. 

4.. 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 "Sample 
Record11 Form IDO #20 (attached) in triplicate. The data should 
include a sample· identification number, a deacription of the 
sample conditions and location, the flow rate, the collect'ton 
time interval and the type of analysis required (alpha and/ar 
beta-ga.:mma)., 

· 6. The surveyor should retain the last copy of tbe above form :f'or 
his records and send the remaining ti.,ro copies and the sample 
to the counting room for analysis~ 
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CPP SAMPLE P1i!CORD --
Type· of Sanrp.l.e Analyzed by 

Collected by Method of Determination .. 
Date Submitted Date Reported 

Sample SA.l711 lina Data Analyze 
Rua.ntity 

Total Cotmt ~~a Counts 
No. Date Hour Sample Des~ription IHa+ . .:> 'f'-i mP l011f>nt:.; t:'l For Cou.nt 1 time !nerM·IT1 Results 

' 
···- ............. ¥-·---

-

.. . 
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IX~ 16 

PROCEDli1\.E FOR S.AHPLING WITH FILTRON 

The filtron is a semi..,:portable instrumenit designed for collecting air-· 

borne actlvity (solids) on a filter paper. It consists of an electric 

motor and blower unit (air mover)~ a preset timer, a filter paper bolder 

'iibich. is a perforated metal cylinder 1trr in dia..Tlleter by 8 11 long, and a 

sampling head to hold the cylinder in place. Air is pulled through the 

filter paper a.t a rate of 5 cf'm for a measu:red 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 radioactive 

materials in the air can then be computed in u c/ cc~ 

1. Cut the filter paper to the proper size (4t' by S11 ) and insert 
inside the perforated metal holder. (Use Hollingsworth and 
Vose Specs #70 paper.) A supply of these units is usually pre­
pared in advance and may be obtained in the cO'.mting room. 

2. 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 outlet, start 
sampling by turning on the blower switch and setting the timer 

for the desired sampling time interval. 

4. Remove the filter unit (paper and holder) from the filter bead 
when the motor stopse 

5. Record the sampling collection data on the "Sample Record11 

form in triplicate. The data should include a sample ident­
ification number, a description of the sampling conditions 
and location, the flow rate {; cfm), the collection time in­
terval, and the type of analysis desired (alpha and/or beta-

gamma). · 

6. The surveyor should· retain the last copy of the above f'onn 
for his records and send the remaining two copies and the 
sample to the counting room for analysis. 
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IX: 17 

PROCEDURE FOR USE OF THE ELECTROSTATIC SAHPLER 

The MSA Electrostatic Sampler is a portable instrument used for collect­

ing air-borne activity (solids) on an aluminum foil. It consists of a 

high voltage supply, an ionizing and sample collecting chamber, and a 
motor and blower unit for pulling air through the chamber. An electro­

static field is maintained across the air stream by a metal electrode 
rxnning axially through the center of the chamber. When the voltage ap­

plied to the center electrode is suf.ficient to cause a corona discharge, 

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

are attracted to the walls of the chamber by the electrostatic field and 

are. deposited on a thin aluminum foil lining. The foil is removable and 

must be counted in special alpha and beta-gamma counting equipment to 
. determine the concentration of radioactiv-ity in the air (uc/ cc). 

~L~~JING - The sampler should never be used in combustible or explosive 

atmospheres .. 

1 e Select a sui table sampling point. .The retractable stand is 
secured to the case and extended to a convenient height& Re­
move a central electrode from the pampling tube kit and push 
it all the ivay onto the plug in the sampling head.., 

2. Remove a. sampling tube from the kit and remoYe the plastic 
caps from each endo Prepare the alTIF~num foil lining by 
cutting the foil to tb~ proper· size (7#1 x 4~1 ) and form it 
around the outside circumference of the tube and smooth it 
carefully. Slide the thin alUILlntun cylinder from the out­
side of the sampling tube and place it carefully inside the 
tube, being sure that the ends of the liner and tube are 
·mated. Fasten the liner to the tube 1-rl.th Scotch tape. (Usb 

hard surface aluminum foil 2 mil thick.) 

• 
. ..3• Insert the above unit into the collar arotm.d the central 

electrode by pushing (not tu.."l'"'!ling) until it is firmly seat­
ed. Make sure the electrode is properly centered. 

4. Place the completed sampling and blower unit onto the re­
tractable stand. 

5. Plug the high voltage and motor-blower connectors into the 
pm~er-pack unit and turn down securely. Plug the electric­
al supply cord into a 110 volt AC-60 ~cle outlet. Make 

r.ure the ground clamp is fastened to a grounded pipe, elec­
trical conduit or other good ground .. 

6.· Tut'n both the power switch and the switch on the biower 
unit to the nann position. The light on the power-pack 
should now glov~ Turn the high voltage control up until 
arcing is produced9 then back the control lrnob down until 
no arcing occurs. Immediately begin timing the sample. 
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The operating voltage should be at least llo5 kv if atmospher­
ic conditions penni to (The flow rate is 3 ·arm provi.ded the 

voltage is maintained between 105 and 120, with 60 cycle fre­
quency.) 

.After desired sampling timel' tu....-n all mli tches off. Either 
>.Yait 60 seconds or discharge the central electrode by short­
ing it to the chamber wall with an insulated screw drivero Re­
move the sample holder and foil liner as a unit and replace 
the plastic covers on the ends. 

Record the sampling collection data on the "Sample Record Fo~" 

in triplicate. The data should include a sample identification 
number, a description of the sample conditions and location, 
the flow rate, the collection time interval, and the·type of 
a.11alysis desired (alpha and/or beta-ga.mlna)o The surveyor 
should retain. the last copy for his record and send the re­
maining two copies and the sample to the counting room for 
analysis., 
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IX: lS 

PRO:EDURE l<,OR COUNTING MID INTERPRETATION OF DUST SAMPIES 

Alpha Check the counter operation with a plutonium alpha 
standard and run a background count if this has not already 
been doneo Kelley-Koett parallel plate counters or Nuclear 
l1easurements Corporation gas flo\v (argon) proportional count­
ers may be used for disk samples. Special ORNL alpha counters 
are used for cylindrical samples. 

Beta-Ga!!l1T'..a Check the counter operation with a NationaLBur­
eau oi' Standards radium D and E beta ·standard and run a back­
ground counto Any standard beta-gamma end wind~w counter with 
shelves arranged in a lead shield can be used for c~~ting or 
disk samples. The second shelf (10% geometry) should always be. 
used unless the aotivity is too high to count. Special ORNL 
beta-gamma cou.~ters are used for cylindrical samples. 

2. Place filter paper samples in the counting chamber or on the 
shelf (use t~eezers for disk srunples) and count the sample un­
til the desired statistical accuracy is obtained. A total 
count of at least 500 counts will give a probable error of ap-

. pro:x:ima.tely t 3%. . 

,3. For long-lived activity, repeat counts at periodic inter7als 
as indicated in specific instructions below in (7). 

4· 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 factors indicat~d 
by glowing lights (correct for coincidence if necessary)o 

5. 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. 

6. Divide the total count by the counting time interval, sub­
tract th~ background from this value and record this figure 
as counts per minute on the "Sample Record1r formo 

7. From the above data, interpret, compute and report results in 
the last coltn:nn of the "Sample Record11 form as follows: 
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General Formula 

uc/cc :::: elm x 1-~-
S x G x A _R_x_·_T_....x E x K 

S : Sensitivity or detection efficiency of counter. 

= 1 (Assume 100% for alpha and bats.) o 

G =Geometry of counter (including backscatter). 

: 0.52 for alpha counter (disk). 

= 0.50 for alpha counter (cylL~ders). 

: 0~10 for beta-gamma counter (disk). 

= 0.21 for beta-gamma counter (cylinder). 

A = Self-absorption factor for activity in filter paper. 

= 0.70 for alpha (30% loss). 

:: 1.0 for beta (e.ssume no loss). 

R : Sampling flow rate in cubic centimeters/minute. 

T : Sampling time inte:r;al in minuteso 

E : Efficiency of filter paper for particle collection. 

: 1 (assume !bo% collection for all filter paper). 

K : Constant to convert d/rn/cc to uc/cc. 

: 3.7 X iQlO X 60 X 1u6::: 2.,22 X 106• · 

For ~diate ~ Count (Count Sam£le ~ Received) 

uc/cr. ~ __ c/m 
(Disk) 1 X Oa52 X 0., 70 X R X T X 1 X 2.22 X 105 

: elm x 1.238 A_Jo-6 
R x T · 

uc/cc (Cylinders) = · elm 
1 X 0.50 X 0.70 X R X'!' X 1 X 2.22 X 106 

" .. -6 = clm x 1.~.~9 x 10_ 
RxT 
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For Long-Lived ~.!! Cgunt 

Take a count (Cl} at time (t1 ) at least four hours after the samp­
le has been collected to permit radon products to decay. Take 
another count (02) at time Ct2) at least 16 hoUrs after the first 
count was taken. Substitute these values in the following equa­
tion. 

C C C -0.0655(t2-tl) 
LL = 2 - 1e 

--------------------1 _ 
6
-0.0655(tz-tl) 

eLL is the long-lived alpha activity in counts per minute and the 
value in uc/cc can be obtained as above. 

For Immediate Beta Count (Count Sa.TOple When Received) 

uc/ cc (Disk) = c/m 
1 X 0.10 X 1 X R X T X l X 2.22 X 106 

: c/:m X lu5 X 1o-6 
RxT 

uc/cc (Cylinder)= _______ c~/_m _______ ~ 

l X 0.21 X 1 X R X T X 1 X 2.22 X 106 

= c/m X 2al5 X 106 
RxT 

Take a count (CJ.) at time ( t.J,) when the sample is received. Take 
a second count \Cz) at time \tz) at least 20 bours after the first 
count was made. 

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

For Deca_y Curves (Half-Life) ~ Absor11tion Curve§ (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 abscissa 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 series of counts wi ~h increas­
ing thicknesses of absorbers interposed between the sample and detect­
or. Plot the counts per minute obtained against the corresponding 
thickness of absorber (mg/cnf2) on semi-log paper (mg/crn2) as abscissa 
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on the linear scale). 

The maximum energy of the beta particles ca.n be determined from 

this absorption curve. The corresponding beta energy can then 
be obtained from range-energy tables. 
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IX: 19 

PROCEDURE FOR COLLECTION AND INTERPRETATION OF SHEARS 

.-(:;. The smear is used primarily to determine •rhether the activity on a sur­

face is easily removable. 

2 .. 

5o 

The smear shall be defined as having wiped 40 sq. in6 of sur­
face, with at least four ten-inch passes, •dth a 2" diameter 
Whatroan 50 filter disk6 

Record the collection data on the "Sample Record Form't in trip­
licate. The data should include a smea:r identification number, 
a description of the surface and location, and the type of an~ 
alysis desired (alpha and/or beta-.ga:rnma). T'ne surveyor will 
retain one copy. of the record and send the :::·emaining. two and 
the smear to the counting room. 

Smears shall be counted for beta-gamma 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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IX~ 20 

PROCEDUP..E FOR THE TRANSFER. OF PORTABLE INSTRUMENTS 
FOR AEC. CALIBRATION OR REPAIR 

P~l portable Health Physics instruments (AEC loans) in the cPP will be 
maintained in proper working order and calibrated by the AEC Health 

Physics Department. AEC w~ll provide pick-up and delivery service from 

and to the CPP portal building on scheduled days. 

1. Pick up the instruments at the ~~in CPP portal. 

2. Sign the AEC hand receipt for all instruments receiiTed and 
identified by name and number on the hand receipt. Retain 
one copy for the American Cyanamid Company Health Physics in­
strument loan file. 

:3. Transport the instruments to the Health Physics field office 
and make out an 11 Instrument Inventory1' 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 \·Ias loaned~ if any. 

4. Check instr~ents 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 

5o Check instr.nnents for proper operation and calibration at con­
venient intervals during the week. This can be assigned or 
sdheduled on shifts. 

6. 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 retuxn 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 main portal for AEC pick-up, repair 
and calibration. Have the AEC representative 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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lX8 21 

PROCEDURE GOVERNING THE USE OF TH~ SHIFT LOG BOOK 

A log book will be maintained by shift personnel in order to pr~,~de a 
rur .. ning record of the activities of the Health Physics field personnel. 
This record allows oncoming shift personnel to keep abreast of activi­
ties which occurred on previous shifts. It also records all action tak­
en9 should questions ariae at a later date. The log entries will in­
clude the folloi~"ing informatic;::n in the order shown~ 

1. Date and location of survey or event. 

2. Person requesting survey. 

3. Name of surveyor. 

4. 'rype of survey. 

5. Instruments used. 

6. Brief discussion of problem and action taken. 

A log book will also be main~ined in the counting room. Verbal as. well 

as written attention shall be called to on-coming shift personnel regard­
ing data being collected on long-lived counts, decay curves, etc. 




