
DOSIMETRY AND RADIATION FACILITIES
 
by 

K. F. MacQueen 
Deve lop ment Bra nc h, Commercia l Products Division , Atom ic Energy of Ca nada Limited 

Some of th e major u ses of nueTear 
radiation in the future will be in the 
food, drug, plastics, chem ical a nd 
other in dus tries. T h is may be for the 
p reservation of foods, fo r th e improve­
m cnt of properties of plastics. for the 
vu lca n iza tio n of rubber, for th e pro· 
motion of chem ica l processes or tor 
the ste r iliza t ion of drugs and hospi tal 
su p p lies. 

A few of these applications have a l­
the use 01 low-doses of ga mma rad ia­
read y reach ed a coru mercia l level in ­
cl ud in g th e use of low-doses of ga mma 
i'ad ia tio n Iro rn Co ba lt fiO to co ntro l 
sprout ing ill pot atoes in Russia . and 
the use of h igher doses o f radiation to 
steri lize certai n IlletLca l supplie s in 
th e U n ited States. 

Before poten ti al appl ica t ions reach 
a co mmercia l level , it is necessarv 'to 
conduct a iarge number o f la bora to ry 
studies in order to det e rm in e accura te­
ly the quantity of radiation or dose 
re q ui red to achieve a d esired process 
and th e effect of th is radiation dose on 
the mat erial under treatrucnt . Opera­
ti ons O il a pilo t scale are required to 
determine the econ om ic feasibi lit y of 
a l a r~(' sea lc operation, and a lso to ar­
ri ve a t optimum des ign features lor a 
prod uction irradiation facility. 

Considerations in this paper will 
be based on gamma radiation-mainly 
that from Cobalt flO-since machi ne 
accelera ted e lectrons are not as sui t­
able lor bulk irradia tions because of 
a lower pe net ra ting ab il ity. T he 'de­
scr ipt ion wi ll break into two parts, 
one pa rt re la ted to th e measurement 
of d ose del ivered to the product, and 
the second part to the irradiat io n fac­
il ity wit h which th e gam ma dose is 
de livered . 
Do siin ctvv (Dose Meas urement } 

III the future applica tions of ioniz­
illg- rad iations lor various processes, 
on e very importa n t aspect wi ll be 
that of accurate measurement of the 
.uuount of energy absorbed by the 
materials under irrad ia t ion . With 
food preservation, for example, th e 
bacteriologist will wa nt to insure th a t 
a mi nimum dose h as been deli vered 
to ac hieve th e ncccssa rv destruction 
of mi cro-orga nisms and the food tech­
no logist wi ll probably not want to 
exceed a maxim u m dose above whi ch 
flavour or texture changes m ig h t be 
unacceptab le. Hence, it is d esirab le to 
have dose measurements as acc urate as 
possible even though other factors 
such as the de term in a tion and eva lu­
ati on of the effec ts of irrad iat ion Illa y 
no t len d t hem selves to prec ise meas-

Dosim etry of Lab oratory 
Irradiation Facilit ies 

1n th e la bora tory fa cility, one nor­
mally has a stati c co nd it io n- tha t is 
the source and the material bei ng 
irradiated do not cha nge the ir rela­
ti ve posit ion during the actual irra­
di ation . 1n th is case. th e dose ra te 
in air for different positions through­
out the useful irradia tion volume ca n 
be measured. Using this Illap of the 
gan lma fiel d in air, the dose ra te in 
the sample can be de du ced from the 
known a bsorption propert ies of the 
mat erial under irradia tio n . The ex­
pos ure ti me fo r del ivering th e req ui r­
..:d dose ca n then be calcu la ted for 
im med ia te and subsequent irrad ia­
t ions . Fo r su bsequent exposu re, allow­
ance is made for the d eca y in t he acti­
vity of the source wh ich is accurately 
known at a ny time fo llowi ng this in­
it ia l ca l ib ra tion. For example, the ac­
tivity of Cobalt fiO decays expone nti­
a lly to half va lue in a period of 5.3 
yea rs. However, erro rs cou ld arise 
lrom mistakes in positioning the 
sample being ir rad ia ted , or in timi ng 
th e exposure. III such a case, it m igh t 
be desirable to place individ u al dosi­
meters in the package being irradiat­
ed to determine with greater accur­
acy the actua l dose delivered. T he ac ­
tua l d ose in spite of timing or posi­
tio ning- erro rs wou ld then be measur­
ed . 
Dosimetry of Product ion 
lrra diat ion Facili ties 

W hen we co nsi der, on the o ther 
ha nd, a co mmercia l gamma ir rad ia­
tion facility, the em p hasis wh ich is 
p laced on some aspects of dosime try 
cha nges. T he cos t 01' dosimetry becom­
es very important, particularly if the 
dose delivered to every sample m us t 
be measured. In this case a cheap 
method of dosimetry is indicated . Ac­
curacy a lso remains im portan t, a mini­
mum dose being required to achieve 
desired results, but not ex ceeded by 
a wide margin since the cost in creases 
wit h in creasing radiati on doses. 

1n a co mmercial fa ci li ty, the a r­
ra ngement wi ll be a dyna m ic one 
wi th the samples moving re lative to 
the gamma source on a co nveyor sys­
te m in order to achieve a h igh degree 
of automatic operat io n and la rge 
throug hput. In th is case, since we arc 
concerned with the in tegrated dose re ­
ce ived by t he sa mples as they move 
th rough a cha ng ing gamma fie ld, th e 
best me thod of d et erm in in g the actua l 
delive red dose is to d ist rib u te dosi­

meters in the sam pIes u nder irradia­
tion. The effect o n the de livered dose 
of such factors as variations in con­
veyor speed, self-absorption of the 
sources, sh iel d ing of co nveying equip­
ment and of ou ter layers hv in ner lay­
ers ill the case of a mult i-pass conveyor 
;)l'ra nge ulelH will be included in the 
meas urement o bta ined by this met h od. 
In a d yn a III ic arrange me n t , the 
leng th of exp osu re ca n he adjusted by 
a lte ri ng th e speed of th e co nveyor to 
del iver the desired d ose. 

As exper ience is ga ine d in the oper­
ation 01 an irrad ia tion facil it y, the 
req uirement for co nti n ue d e la bora te 
dose meas uremen t may n o t be re­
q u ire d, in as mu ch as th e factors 
which determine th e integrated d ose 
such as be lt speed and rad ia t io n fie ld 
are q u ite predictab le. 

R eq uirements for Production 

Dosimeters 
Acuracy a nd low cost are thus two 

important requirements for dosimet­
ers to be used in production irradia ­
tion facil it ies. 

Ot her important requirements lor 
a good dosimeter are as follows : 

( I) dosimeter measurements should 
be reproducible, simple and rapid 

(2) the dosimeter shou ld be sta b le 
alter irradia t io n . 

(3) dosimeter readi ngs shou ld be 
independent of dose rate. 

(4) d osim et e r readings shou ld be 
in.dependen t o f th e energy of th e rad i­
a t io n . 

(5) t he d osimeter shou ld measu re 
doses over a wide range from 1,000 rep 
to IO,noo,ooo re p if p ossib le. 

As fo r the vario us systems of d osi­
Ille try wh ich migh t be used , it is con­
venient to consider th ree main groups : 
e lect r ica l, ch emical a nd p hys ical. 

Ele ctrical 

First of all there is the ionization 
chamber, which is used extensively 
for measuring the field in a ir , either 
as an integrating' device or as a rate 
meter. The principle of operat io n is 
to measure the amou nt of ion iza tion 
prod uce d by th e ga mma rad ia tion in 
a gas-filled cavity. O ne of the chief 
limitations in us ing thi s method is 
to obtain all io n chamber . which 
wo u ld cover the wide ra nge of dose 
rates encou ntered in a la rge irrad i­
a tion facility . I o n izat io n chambers 
are very usefu l for ca librati ng other 
syste ms of dosi me try an d fo r mori i­
to ring the ra d ia tion field arou n d 
irradi a ti on fac ilit ies. 



Chemical for measuring th e average integrated clear reactor- a trench facility. This 

Another method of dose measure­
ment-chemical dosimetry-is used 
very ex tensive ly at most irradiation 
faciliti es. One of the most satisfac­
tory methods is the ferrous-ferri c sys­
tem. ] n di lute solutions of ferrous 
sulphate in 0.8N R 2Sa" the ferrous 
ions are oxidized to ferric ions under 
the influence of ionizing radiation. 
The concen tra t io n of ferric ions pro­
duced g ives a me asure of the en ergy 
absorbed or the dose. The change in 
concentration of ferri c ions is deter­
mined by measuring the change in 
optical den sity of th e so lu t ion using 
a spectrophotometer. The relationship 
between dose and optical derisi ty is 
Iinear up to a bou t 40,000 rep. This 
dosimeter is independent over a wide 
range of d ose rates, radiation energies 
a litI original ferrous ion concentra­
tion. This dosimeter is also very sta bl e 
Io llowing irradiation, and has been 
used to cal ibra te other systems. 

Chemi cal disirncters are conta ined 
in 2 m l . g lass ampoules which can be 
distributed throughout the "m aterial 
under irradiation to determine th e 
actual dose. Two limitations of these 
chemical methods are that the gl ass 
ampoules a re fragile and secondly the 
solution would freeze if di stributed in 
food samples irradiated in a hazen 
state. 

Pl.vsical 
A. third method of dose measure­

mcnt is glass dosimetry. Glass dark­
ens under irradiation and the ch ange 
in optical density is a measure of the 
dose. The relationship between opti­
cal density change and dose is linear 
from about 10' rep to 15u rep. Glass 
dosimeters are small pieces of gl ass, a 
few mrn. thi ck arid about one em ' in 
area. Gl ass dosimeters have several ad­
vantages including ch emical inertness, 
rigidit y, small size and permanence. 
One lunitat ion of g lass dosimeters is 
that th ey have an enhan ced sensitivity 
at low energies. A second limitation 
is that the radiation-induced darken­
in g fades following irradia tion. Both 
these restricti ons can be eas ily con­
trolled , however, by p roper calibra­
tion for a given situati on. The silver 
act iva ted phosphate gl ass dosimete r 
can be used repeatedly, since the dar­
kening can be erased with sufficient 
application o f heat. Glass dosimeters 
thus possess many su itable properties 
for rou ti ne nicasu remcn ts. 

The three system of dosimetry a rc 
used extensiv ely at most irradiation 
facilities with th e well esta blished 
ferrous-ferri c system finding parti cul­
a rl y wide usage on acco u n t of it s 
nia nv d esirable features. In practice, 
chem ica l dosimeters are more suitable 

dos e in a given volume and gl ass dosi­
meters are more suitable for mapping 
in de ta il the gamma dose rate pattern 
throu ghout a volume to obtain infor­
mation a bou t the maximum and 
min imum variations from the avera ge 
for th e whole volu me. 

Irradiation Facilities 

An important phase of th e Com­
mercial Products Division 's work in­
volv es th e operation a nd development 
of gamma radiation facilities . Since 
1I10St applications of radiation have 
not been developed to a commercial 
level, the greatest part of our work, 
thus fa r, has involved laboratory sca le 
facilities . In the field of gamma radi­
ation p re serv a tion of foods, for ex­
ample, we have been co-operating 
with o ther government cstab hs h me n ts 
in lo ad irradiation stud ies by supply­
ing irradiation servi ces. III this co­
operative program with food special­
ists from other laborat ories, we a re 
endea vouring to study and promote 
the development of th e irradiation 
process to the st age where thi s new 
method becomes co mm ercia lly tea s­
ible. 

I will d escribe the main features of 
gam ma irradiation facilities which we 
have used or propose to use in ou r 
irradiation program involving foods, 
drugs, pl astics, wood products a nd 
other mat erials. These laboratory ta­
cilities ar e the forerunner of the large 
scale ga mma radiation facilit y, not 
necessaril y in appearance, but in 
function. Fhe experience we arc gain­
ing in Irradiating m at erials on a la­
boratory scale wi il be ver y va lu a hlc 
in th e desi gn ol future production 
faciliti es. 

Transfer Case Irradiat or 

Our firs t facility co m pr .ses one a t 
our transfer cases , that is a lead sh ield­
ed sh ip p ing case, in which there a re 
two drawers. The top drawer contains 
a Cobalt 60 gamma source "which h ad 
been used previously for therapy work. 
The irradiation cavity is located in 
the other drawer below th e source. 
Samples m ay be placed in the bottom 
drawer wi thou t exposure to the oper­
ator. The dimensions of the irradia­
tion volume are 3"x3"x3", and th e 
dose rat e varies from abo u t 4-00,000 
r/ hr. a t the bottom of th e cavity. Pro­
vision has been made to rotate sarup­
les during irradiation in order to de­
liver a more uniform dose. This faci­
lity has been used for irradiating 
small samples including seeds, drugs, 
viruses, plastics, wood products e tc. 

Spent Fu el Rod Gamma Facility 
A second facility is one which uses 

spent fuel rods from th e :\'RX uu­

gamma facility is located in a water 
tilled trench at the Chalk River Pro­
je ct, and hence is not as convenient 
for us to use. Samp les to be irradiat­
ed are placed in a water-tight con ta in­
er an d lowered between tw o vertical 
racks su pporriug the used Iuel rods. 
This facility can handle mu ch brgcr 
samp les and has been used for bulk 
irr;ll{i;Il :OllS of pOla LOeS, appl es, meats, 
plasti cs e tc. The dimensions of the 
presen t Irradiati on container arc 
I ' x J Y2 ' X ~/2" however, much larger 
volumes could be irradiated if neces­
sary. The d ose rate G U I be var ied by 
ch anging the sepa ra t ion of th e two 
verti cal racks. 

A fu el rod facility has several dis­
advan ta ges in co m pa ri son with a Co­
ba l t (jO lucrli ty. First of all, the so u rce 
acti vity deca ys rapidl y requirin g m ore 
frequ en t dosimetri c determinations 
anc! secondly, th ere is the in conven­
ience of having to package the samp­
les in a water-proof co n ta ine r during 
irradiation. i\ new fuel rod sto rage 
block is a nt icipa tcd with provision 
made lor irradiating samples in dry 
holes located between fuel rods stored 
verti cally in cylindri cal pattern s. 

Gamrn accl! " ~20" Co!w!t 50 l rradiat o r 
Our th ird lncil i tv. and one wh ich 

we are using" extens ively is a sell- con­
tained Co balt 60 ga mma irradi ation 
cell which has been designed by ou r 
Engineering Department for labora­
tory or production usc in our 0 \1' 11 

11 

Co ba lt 60 ga mma irradi e to r " G a mma ce ll 220" with 
b uilt- in shieldin g can be inst c lle d in a ny lab or a tor y 
fo r rndi ai i on reseercb. C o nt ro ls in pa nel on rig hr 
perm i t a ut oma t ic expo su re o f sam p les fo r p re -se t 
per iod s to q o mrn a radiat io n fr o m i he shield e d Cobrl t 
60 so ur c e . f Pboto oreo h -- Court esy, C ommerci u l Pro ­
ducts Djvision , At omic Ene rg y of Ce ncde Limited . : 

laboratory at Ottawa. This ga11lllla 
irradiation Iacil irv ca lled the " Ga m ­
rnaccll 220" will be used [or irradi at ­
ing material for our own experiments 
and for those of outside laboratories 
as well. C u rr en t ly. the facilit y is being 

7 



used on a 24 h r. bas is for irradiating 
suc h it em s as pl astics, chemicals, woo d 
pro du cts, food s and d rugs for our ow n 
Division a nd othe r departments in­
cluding the Ce nt ra l Ex pe rimenta l 
Farm, Food an d Drug Directorat e, 
Forest Produ cts La bo ra tory and th e 
Nation al R esearch Co u ncil. 

The irradiation cavi ty is a cylindri­
ca l voluuie 6" in di am eter and 8" in 
height. Presently th e fac il ity con tains 
abou t 4000 curies of Co ba lt 60 with 
:1 central field of abou t 350,000 r/hr. 

S our ce ( ;:'ni a ine r for Co b i l t 60 ("<, ·.., t" " ; r r .., -- I · .1 ~ .... r 
" O c mm e ce !l 220". The st a inless stee l cylind er 8" in 
d i ~ r. l (' ~ e r x 0" lr1 hc icJ ht ho lds 54 a.ein less stee l sca led 
rods . Eac h ro d cc ntc ins "I rod ic e c five c o oelt ~ l.j' ) 'i 
V.." d iornet er )': I " beiq nt ree led .i n I j lb" el umi no - v 
[oc kets. Du rin g if ' d iat io n, sam p les a re sur roun de d 
b y t he cvti nd r ice l e r ra v o f c o ba lt 60 pen :il s , e -tsurm q 
.1 qe m r-to fie ld w i th good uni fo rm i t y. [ Phot oq rap h - ­
C o urt e sy. C om rne rci al Prod uc ts Divi sio n. .vtornic 
Ene rgy o f Ca nac e ltd .) 

Eno ug h sh ield ing has been built into 
the un it to trip le th e present activity 
and hence, in crease th reefold the re ­
su ltan t field to ap proxima tely 1 mil ­
Iion r/In. Samples GIll be removed 
uu tomu tica lly after pre-set exposu re 
times up to 120 hI'S. using th e au to ­
matic timer. Pro vision has been made 
a lso for using coo la n ts or heaters 
arou nd th e sa mples bei ng- irradiated . 

Since the facility is adeq ua te ly 
shi elded it can be inst alle d in anv la ­
bora tory wi thou t th e reg u iremen t for 
a special shielded room. We have 
fo und the facilit y vcrv convenien t to 
lise for o ur co-opera t ive ex pe r ime n ts, 
since samples ca n be irra dia ted minu-

Tho effec t of incr ee sinq dos e s of g a m mll radi e tion 
on the so routin o of Ka ta hd in pota to es. The .u ber-s 
Me shown a ft e r 5112 months sto rag e lJt 550 F fo llo wing 
irr cdic t ion . i r ra d ia t io n d oses we re 05 fol lows : Top 
left -con t ro ls (no irreo ie ti c n): To p C e ntr e .- 1700 
re p , Top rig ht - J400 re p , Bott om Le tt - 510J re p. 
Botto m Ceotrc - t800 re p , Bott om Right-8500 rep . 
(Pho tog rap h - C . Possetwhi te. Cn nt rc l Exper im ent al 
r n rJll . Ott <1 Wi.1 . ) 

tes afte r preparat ion . In add it ion, ir­
rad iations are easily re pro d ucib le 
wh ere it is necessary to re pea t a given 
experiment. Ano the r advan tage is 
th at irradiations can be performed 
without packaging sam ples in water­
proof containers as is necessary with 
th e tr ench facility. 

Lorge Scale Irradiat ion Facili ties 

In add ition to developing labora­
to ry ga mma irradiation facil it ies, th e 
Com me rcia l Products Di vision is a lso 
consi dering design proposals for much 
larger sca le facilities. For exam ple, de­
sign proposals for a large sca le plastic 
pi pe irradiator and a prod uction scale 
po tato ir rad ia tor have a lre ady been 
conside red by our Division . The pro­
posed pot ato irradiat or would con­
ta in some of th e follo wi ng features: 
ca pable of handlillg production quan­
t iti es; a built-in conveyor system to 
acco mmoda te bulk or bagged pot at ­
oes; convenient to use ; designed to 
deli ver a uniform dose and easily 
moved from one location to another. 

As me n tio ned earl ier, both the Uni­
ted Sta tes and Russia are in the pro­
cess o f building or a lrea dy have in 
ope ra tio n seve ra I large sca le gamma 
irra dia tors . 

T he loll owing facto rs will be im­
port ant in the design 01 an irradiator 
to r a particular appl icat ion : th e dose 
to be received by th e ma te r ia l; the 
ra nge 01 dose permitted in th e ma­
teri al being irradiated i.e., the spread 
fro m minimum to ma ximu m do se; 
the type a nd size 01 conta ine r or pa ck­
age ; th e weigh t limitations if a mobile 
un it is conside red ; a nd th e rate 01 
throu g-hput required for a large sca le 
ope ra tio n . 

When considering the eco nomics 
o r a large scale facility, one import­
ant facto r is th e number a t: hours us­
age per year. Since gamma sources 
em it radi at ion continu ou sly, it is de­
sira b le to ope ra te for a max imum 
number of hours per yea r in orde r to 
keep th e processing costs per lb . down 
to a mi n imu m. If a parti cul ar a ppli­
ca tio n is seasonal in nature, it would 
be desira ble to find an alte rna te use 
lor th e unit during th e off-seaso n. 

A seco nd important econo m ic lac­
to r in th e de sign of an irrad ia tion 
facil it y will be the efficie ncy of util iz­
ati o n o f radiant energy availa b le. T he 
idea l a r ra nge me nt would be one 
where 100 0/0 of the total avai lable en­
ergy is ab sorbed by the rna teri al under 
irradia t ion, however, this would be 
d iffi cult to achieve in practice with­
out excee di ng other limitations suc h 
as th e size of the unit and th e weight 
of th e shield ing . 

s 

T he fin al design will be a com p ro­
mise o f a ll the above factors, the rel a­
tive sign ifica nce a ttache d to each de­
pending on th e particul ar appl ication. 

As more applications of rad iat ion 
are de veloped in the laboratory or on 
a pilot pl ant scale, more specific and 
detailed designs will be Iorthcoming 
for com merc ia l faciliti es. 

(C ont inued fro m pa g e 2) 

or agric ultu ra l products and by-pro­
du cts. This includes effi cient use of 
ele ctric ene rgy for power utilization 
and contro l opera tio ns, th e processing 
of produce and th e conditioning of 
str uc tures to insure quality con tro l of 
prod ucts. 

il. Soi l an d Water Conserv at ion 

Engi neering 

This area perhaps more ap propri­
ately defined , as manag-ement, con tro l, 
and utilization of water resources, re­
quires eng inee ring in investigating or 
devel oping ways to control, manage, 
a nd utili ze water for th e effi cient pro­
duct ion or crops and th e conse rva t ion 
of natural resou rces. 

Since kn owledge is the basic ingredi­
en t in the engineer ing operation, lim­
ited on ly in scope by the nature of its 
application , it must be evident th at 
as new kn owl edge in the mathematical 
and physical sciences is made avai l­
able, th at study and exper ience mu st 
be a con ti nui ng process in order th at 
th is new kn owl edge may be app lied 
with the best judgment possible to 
th e man y complex problems in agri­
culture, if agricu ltural engineering is 
to serve its main purpose in this re­
gard. It mu st be realized th at while 
th e purpose of ag r icu ltural engineer­
ing in th eory d oes not change, th e 
means by whi ch it is achieved is con­
t inually in a sta te o f change or deve­
lopment. Therefore, th e challenge in 
agricultural en gineering is: 

(I) To gain new knowledge in th e 
sciences. 

(2) To study and investigate its 
potential va lue in the agricultu ral 
field . 

(3) Throu gh experience , to apply 
i t with th e best judgment possible to 
either the de velopment of new ways 
or to method s of improving already 
established techniques to utilize econ­
omically th e materi als and forces of 
na ture for th e problems in agricultur­
al producti on, processing, transporta­
tion, di stri bution and services. 
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CORRECTIONS 

MacQueen, DOSIMETRY AND RAD IATION FACILITIES , P . 6 

P . 6 Co lumn	 1, - Line 12 should be deleted . 

P . 8 Co lumn 1 , - Il lustration at bottom of page should be inverted .

Hedlin, FRICTION AND SHOCK LOSSES IN SOME AIR-CONVEYING SYSTEMS 
USED	 IN AGRICULTURAL APPLICATIONS, P . 15
 

' V ,2
Eq . 2 sh ou1dread	 (1 - V2 \ 

\. 4005; 

Fig . 3	 "Hea d loss , in inches of water, is equal t _ / VJ ;\ 2 "-shoul d be 
~ 400~	 del ~t ed . 

Eq . 5 - de lete "p"
 

Eq . 6 The expression following Eq . 6 should read :
 

F = 

Eq . 8 should read 

X = HT 
b V.P .b 

P . 16,	 Column 3 , Line 11 - " r-a t .io n" should read " r a t i o" 

P .	 16, Column 3, Line 20 should read 

--"duct velocity ratios above 0 . 4 . The loss Xb for a takeoff 
to - - - - - - " 

The angle	 theta in Fig. 5 is the same as inverted e used in the text . 

P .	 17 Reference 2 - Kramer i n s t ea d of Framer 
II 8 - Tuve instead of Tauve 
" 9 - Christiansen instead of Chrisiansen 


