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Foreword . . . ...

The slaff of Adomic Knergy of Canada Limiled is onow
applving its extensive experience with natural-uranivm,
heavy-waler reactors to the design of nuclear povrer plants.
These give promise, undar cerain specific Canadian
conditions, ol producing electrcity at costs compazakla 1o
thoze of plants uzing oocalfired beoilers. In view of the
interast both in Canada and akreoad in thizs reaclkor system,
it has been dectded 1o oestablish a Heactor Schocl al
Chalk Hiver. The baszic princinles of such rezctors will be
made availakla to those gualified scientiztz and engineesrs
whao desire to gain praclical knowledge in their design and

opaeration

[t is hoped that this service will ectend the peaceiu] applica-
lion of atomic energy in a lield which s of special mteros
o all counlcies eovisagqing the developmenl of this new

source o enargy.
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The Chalk River establishment of Atomic Energy of Canada Limited on the
Ottawa River, about 130 miles west northwest of Ottawa, Ontario. The plant,
which employs 2,400 people, includes five reactors and various physics,
chemistry, engineering, metallurgy, biology and medical |aboratories.



Canada’s Atomic Power Program

The major practical application of nuclear exergy for peace-
ful purpases, apatt from the use of isclopes, is the produe-
tion of pover, Bs the many preklems become eolved and
axperience iz gained in design, development, labrication
and operation of reacior planis to produce heat or electric
gnergy, casta will come down and many of the early pre-
dictions of the nenefits of nuclear energy will be nearer to
realizaticn.

Nuclear power to be econsmic must mest Lhe conditions
that apply o each country and to each individual area and
circumstance, [n Canada the competiticn from hydraulic
resources and fossil fusls vavies tremendously across the
country, There are areas where undeveloped water power
ie still available. Tt iz very deuktful if nuclear power will ever
compese with reasanably good hydraulie sites adjacent to
load centres. There is & large area in Western Canada
whete low cost lassil fuels  coal, oil and gas —are availaklae
in abendance, There are other areas, howerer, where the
growing demand for power can anly be met by thermal
plants and where the most economic conventional luel is
United Statas ccal. The oosl of this coal sats a target kar a
nuclear plant. [n a poblic utility enjoving  low capifal
charges, this tazgel iz B mills per kilowat-hour

Canadian scienfisls and engineers are confident that this
objective can be mel and, in fasi, bettered with a natural.
wranium-luelled, heawy-watermoderated reacter. Canada
has deveted much ol ils atentisn o this reaclar spsism, has
pionecred its development, an:l has had ower ten years
experience with the aperation of heavy-waler ressarch
CENLDTOrS.



Tae Muclear Power Demonstration plant {konown as BEFDE}
is Canada's dirst nuclear power plant. Thiz plant ia under
construction at Ralphton, Ontario, about 20 miles from the
alomic energy ressarch and development centre of Chalk
Bivar. I will have an outpat of 200000 Lilowails of electricity
and is scheduled to go ol oparation in sarly 1961 It will be
tuellad with natural uraninm in the form of oxide, It will not
produce eoonomic nowar bul it is expected to demonstrate
the reliakilily of this system in operation and the eoonamios
of the fuel ovele. I will also provide fraining and will serve
as a profotype for o larger station,

A lavge station known as CANDT (Canadiaz Deuteriom
Uranium) has heen under design and development for the
past thres years, This station will have many of the features
of HPD-2 and will have an output of 200,000 kilowalls of
elactricity, It was described in general in Paper 203 at the
Second United Hations Conference on the Peacelul Uses
of Atomic Enesgy held in Geneva in 1958, CANDUT is
scheduled for completion in 1964, It is expected lo produce
power al costs competitive with coal-fired plants of similar
size now operating in Ontaria, if the ressarch and develop-
ment coats are excluded,

Canada is alse stodying the use of erganic materials as
coolants for a heavy-water moderated reactor. A specilic
clasign of a 40,000 kilowall thesmal reactor exporimant wsing
organic coolant is under investigation. A study is alao being
made ol enrncned reaclar sysbems of small siee lor possible
applicalion ai remote Canadian sites. Thiz latter iz relying
largely oo laforrmalian and expecience from the 115,
program and relating them to specific Clanadian conditiona.



: g PR, R
oy BEGP L
o

iﬁﬁﬂ H,,ﬂ"‘ ar s -
.-\-ﬁi"' ‘J’ﬁ” e #
ﬁﬁﬁ‘ o] pﬂ” T
T - #ﬁ o | ﬂ
ia"; “Eﬁ# [
iii' £ 5 e 1 E.-#
iiii = i Bz 8
gz W@l L

B

Stall membars ol Tnelia®s Doapartmant af Btomic Enorgy sudy the NAX reactor at Chalk Hiver.
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Special Lectfurers

. . Butler, BA., Fh.D.
Diractor, Biolagy and Health Phyzice Division

B. F. Errington, M.A,
Manager, Commerzial Products Division, Offawa

L1 L. Garay, M50,
Fresident,

1. . Horeman, B.A. Se.

Reactor Hesearch and Developmend Division

W. B. Lewis, C.B.E, PL.D, FRS, FRSC.

Vige-President, Research and Developrmant,

I M. Bekson, M.A, FR3.C.

Physice Divizion

.G Stewart, MLA, MD, DT.M.

Director, Madical Division



Syllabus

The course is inlended to provide the basicinstrocticon in
theose concepts which a sindent reguires in crder to under-
stand the design, constrostion-and operation af a nusloar
reactor. Spectal emphasis iz given to reaclors maoderalad
with heavy waler and fuelled with natural wranium, the
type with which Chalk River stalf have had considerable
SRR IENLLE,

The zyllabus covers relevant partz of physics, mathema-
tics, chemisiry and medallurgy. This is lollowed by the
thaory ol reactor design, including the necessary knowl-
edge of shielding, radiaticn elfects on fuels, metals, mader-
atars and canlants, Belerensse will also be made 1o radiztion
protection, hezlth physice and waste disposal.

In addition to lectures thers will be some laboratory work in
the fundamental sciences, elecironics and mensurements,
but the main smphasiz will be on practical experience in
the aperation of heavyowater moderaled reactors and on
the vse of loops lor besting fuels designed for power

reasiors.

The length of the course will be bwelve weelks,



IIL.

Phgsies, including shielding 2cd alactranios.

Fundamntal concapls ol nocloar physics, atamie and cuclaar
slructure; nweiear radiafione and their delestion; radistion ahialed: pag:
dasigr and uee of nuclear clectronic insftamentation: neutran
soatlering. nuclear raaclizos; ressoance; peviial and dcfal waicibha;
creae anclions; relaxatize longtine fission process: ehain Teactice;
reutron balance In rescizes; mulbplication faciors critical sizes thas
Fawe dicect relevanon iz rencion deaign: prokloma laalzating variaos
arpects of the subjec] matber discusserd.

25 lectures L. A, Bromlay

Mathamatios and Heaclor Physics,

An introdiction do the mathematios weed in reactzr thoory! sxponen-
bal erd brigaoometric uncliaes; diferential, ntegral and diflerencs
aqualicnz Beesel functona, Multiplicaon of noubrena by Lsaion:
aribical size of ealliplication mediam; arok-aaclisny maan frop walh
fzr ezallaring: caplure: randas walk acd didfusion thacry: fazl lission;
slowing dewn of ceutrans; rosonanca aseaps: thermal ulitization;
Alewing-thoen aren and migralicn area: reacisr equation dor sleacdy
date. ZBeel of refleclorn twagroap theory of nentron migratiamn;
theory of hetoropemesas reastors; kioetic bokawiour o & reaclar
contrel reday figtion product paiseaing delaved neutrons.

20 Lactures I. 00 Zawarl

Chemiatry 2and Metallurgy

Tha rale of chemiszcy and matallsrgy e reador lechoology. Pradag-
fion ol hpavy woter and aranium; separabien aof Ssalopes meassure-
mont of eross-esctions and Ession yields mase specizomeiry; edfesis
af radiafion on materials, such as fucls, modoraters and coolanis
carrcalon; determination of bure.ugp peisons; production of plufz
siwm, ifs soparabon and propocdics; produclion ol Sotopas,

20 Lectures F. Brown
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Iv.

VI

VII.

Fpactar Coniral

The relation of reactsr confral bo Jundamental equabiena of reaskas
thaory: kaste reactsr kinetics; stakilily problems and apersfional
aspeats, A survay of reastor conbre] components, safely and opera-
Homal sysberas.

10 Leciuras C.H. Miliax

Emactar Enginsarien.

This course will ke based an the technalogy of heavi-walar teaslors
Caradian reactors will ke degeribed in datail and sxamplos will ba
taken From actual sxperionoe 1o illustrase wroblems of haat tranduer,
Eudd dymamics, dasigm preklema, enginessisng szperimens sod
speralion of lsops -u.r.v.?:ln-:ll:!:-.rs.

30 lestires and damenalzabion pacisda R. E Mansocn
and athars.

FHialis ?E’.:.mi::n arnd Wy apdp ]-.Iiaj,mqﬂ_

Radiation iastrumentabion and doabmalry, pramclian agains airkorae
contasmination: decontaminsbon equipment; cleching and remole
control aguipmenl; radizbon survernieg and bicasaving; mwthoeda o
whala diapaanl.

10 leetures &L 0L Eodlar
. 3. Slowart
ane divigonal alali

Lislapes in Induslzy, Agriceliuce and Modizing.

The Commarcial Produsta Divikicn of Afemic Eoeray ol Canada
Liesiited macufacfures many unigue instrasents o which radinaclive
iscfopes, notably cobaltfil, produced ot Chalk River are uwsed dar
induaalrial and rmedizal therapeulic purposes. These Daclopes and
inalyuments are oof only sold o Canadian wiers bul ara akipped 1o
counirics througbeat the warld, The wses of thoep various isolopos
and instrements will be described.

5 Lectures R. F. Erringlon
amnd clbars.



VIIL. Fesaarch, Tesling and Power Henotors,

Fim account will be given of fypical typas of reacicns i vee in diflorand
couniries har reasarch, leting malerials and for gencratian of placi=c
power, This will be a sucvey indieoting the speoial characieristios of
such reaciers with eaphasis oo those a0 have been consizested for
gaeeration of slecicicity. The relattve elficiencies of sueh reaciors for
meefing the coonorsle damand lor nenarabing n'I.a.-_;|_.jgi-_:,-. prodising
ataam =y apace hesting and proces purgoaes will b disesssd.
5 Locturas I L. Gray

1|'|'-. E. I.Bw:q

angd athors,

Lakaralors wark.

fi prasical covrse an the use <f vagicus 1xpes o delectsm, cannters,
and pules analyaess; messuremend of Ealflives, fismion weld curves:
seattering: eflect of mederaters, and exporiments on shislding, Use
will by made of souleon besme Fom s mossier for ezporimenia
illaslrabing  resctsr dhoory. Colecldesl counBrg: ion exelasnge
saparation; radiation chamistey, Same practioal vea of vasious slea
Iramic dowicas will be made.

H. L. Clacke
and others,

Laboratery wark an reaclors will inclade reacler fours, discussons
anel demonsizabions of varteus eguipments sod opecaticns ag well as
tha wee of o reactor simolabor, Explanalicas ol the sonsbrzcfion and
apetelion of the actaal conlrsl meshanisms af the KR, HAX. FTER.
LEEF and EED-2 reaclors will bo dellownd by damasnalzaticn,

R. E. Manson
C. H. Mill=c

amd oparxbional staff

I






REACTOR

FUELLIM
MACHINE

Cannda’s firat alomie powse atabion, shown enges construclion at 1edl
ard illuslzabod akove, is knows as NP0 (Huclear Power Demonatiation),
I is a joint project of Mewmic Encogy ol Canaga Linited, the Hedro.
Eleclzio Power Commissiae of Ontarig, and Canadian Genaral Eleclric
won Lbd, The HPD stalicn will pradece 20000 kilewatls ol elecimcity
reben it poes indo operabion ik 1951 and will zorve as a pratatype dor
largeeazale plaels, M ueee notucal wranicm, in tha form al wraniam oxide,
for fuel snd heavy water for moderator and cealacl. A.EC.L. has bagua
the dinal desion of & 200,000 kilowalt {(elesiticnll sation known as
CANDD (Canadian Dewlerinm Drancwm], This plant is schedeled ior
com plefion in 1964,

HMBDERATOR
COOLER

MODERATOR
DUMP TAMEK
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The 200,000 kilowsd [(thermal) NEU reactor is Toelled with natoral
wrapium and cocled and modaraled with heawy water. A triple porpaso
paghing, i prodwccs plabanium, makes redizactive izcfszpes and has
cxtoasive facililies f5v ressarch, enginesring develepmen! and tesling.
Fiel assamblins are festod in “loops’’, under coodificns thal aimulate
fhese af a powsr rescos, The lower-lika atruciuzes sce the faclling
machice and tha isatope flask.






1a

Tha NEX resciee usea natoral uronium for fuel and beavy waber bar
madezatar. 1t 13 cpaled with ardizary water, The 40,000 kilowat! Ehermal]
machine iz used for atzmle power cxperiments, [indameatal reaearchk
and iha produston of tadioaclive isolopea for medicine, indusly and
agriculture,



Throa meactors with heal sotputs of
sbouf WX walls provids facilitiss far a
variety of experimants at Chalk Eivar.
The Fool Tesl Bsaslor, shown above, is
used Exr fealing the teactividy of jwel
samples and the newfron shesacking
proparfies of cther materials. The
PEEF reacizr, laoff, is used o bosl
vartzog 1spaa af ived mods arranged in
diflerent lathiocos, A large 2EEFAype
reaclor, nown as ZEDZ, 15 to ba naad
primarily ko iowedtigsbs the phesize of
foel for large atomic power slalians,

| 3
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The 10 millisn elestron voll Tandem Ascelersbor, the fizst of ls
type do go inbe operabon, hos cxlendsd The range of precise
nuclear mapauremerds o the heavies! alemenis, The santsel reom
ig ahown belaw,




A cancer pabent (abava)d is fraated
with gamea ey deam A Casaadican, ons
of gaveral types of therapy machinpa
manefaciured by the Cemmercial Fro-
cugts Division of HAtomiz Encogy of
Conads  Limited. Chaada'z  herapy
anliz hava been indalled in olicics in
27 couplries. In the phoio ot eighl e
shiglding of & Gammacell i= being
Bopled. The macking iz a poartable ir-
radizticn unil Thal has a wids varichy
o applications, such as the stedy af
cilests ol sadisblicon on  Jubricacls,
plaslics and craqs.

14




General Information

Entrance Reguiremments

Applicants alseald posses nounivessily degeee in Physics, Engincering
Fhysian, Chemisicr, FMotallurgy or Engineering woth a good knawledge
al undergraduate mathamalice, Swne professional experienze ar poal-

gradaale raining would be dasrable. & goosd commasd af cral and
writen English is casential

Application for Admission

Applizalize larms may ke cbfpined from Canacian Embessics or Conae-
lafers, or o the Seeretary, Chalk Biear Aenclor Ssheal, Alseic Energy
al Canads Limited, Chalk Hiver, Ontasic, Cacads. Canadian students
shauld aend their anslications o the Searelary; deeign studenobs ghaald
venmd thedr applisations lo the Cacadian Embassy or Corsalate in Their
oomiey,

Selection

Thar numbsr of stiedente admitbad fa wach course will e limifed and ic
seloclion greaiest weoighl will be gives e academis reecrd and axperi-
oM,

Regulations

Whila alending the schaal, gludents will haws {qe sades of smployess
lpaned fo Atemiz Energy of Canade Limibad ad will ba ssbjast e the
game Enparvigion sad segulsdons as requlac employees. The houwrs of
work are drom 813 a.e o 4 28 pom, Masday 1o Fridas. Studanla will have
war af likrary boske and may read current scientific joumals in dhe library
roading rooes.



Examinations

Tha Chalk Kivear Raachor School dope eod grael academic dogrees.
However, szasminstiona may ke held daring and at the oad of the couras
1o aeablo tho sfudest 1o avaluate he progress he hae mada.

Passports and Visas

Pamiporia and viras should ke arranged by the sledent, fkexiz Enacgy of
Caneda Limited sanngt ne recponeibls for making sush arcangemenls,

Transportation

Tranaperialion from the student's home to Deep River aed reteon must be

acranged and pasd far by tho sfudent o kiz aponace.

Living Accommodation

Single rooms will be prowided in & alal sesidenca ie the neighbowring
lawn of Deap TEver. Accammodalion ia pet available for wives or damilies
af studorts. Meals may be porchased at the stall residence Siniog rosm of
al & loeal restaurant. A caboterin is oueraled at the Chalk Biver Frojoct

whate midday moals may be parshaand.

Tuition
The lnilien fes will inclade the coal of the textbeaks, Jaboratary ook

and laboratory materials that will be proviced. Jb does nod cover items
corsidered ke be pasacnal raquiremeants, such e slidarales,

Tha tuiticn dea is paysble lo Momic Evergy of Cansda Limided pricy lo

ancolmenl

21
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The town of DeepRiver (population about 4,500) was built on the south
bank of the Ottawa River as the main residential area for A.E.C.L.'s
employees and their families. It is located in a region that provides
excellent opportunities for fishing, hunting, skiing and boating. The town
contains a bank, a theatre, a library, a post office and several stores.
Various buildings and areas provide facilities for more than 60 clubs and
organizations such as. Drama Club, Choral Society, Golf Club, Yacht and
Tennis Club.
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Fees and Living Cosis

The aumber of students attending each 12-weelk courea
is lirnited to twenty, The fes iz $600.00. The living cosis,
exclugive of nition fee, clothing and medical expensss,
may be estimated from the fellawing figures and should be
guflicient for a single student living at a Deep River staff
ragidence for a period of twelve weake,

Facd, oocveenannvnnasninreinacatotctsssanns $250.00
R e g N T I SRR R §135.00
Transportalion. . vaveesrererrrereroaoa veee. 31500
Misoellaneous Persenal Expenses. .. 0000 voa i §175.00

$575.00



ATOMIC ENERGY OF CANADA LIMITED
CHALEK RIVER REACTOR SCHOOL
APPLICATION FORM

Course No, Date

1. NAME
Dr. ). Mr. ), Miss . Mrs.
Surname Given names in full =4l t iag 4 ) T«

2. PRESENT ADDRESS

3. NATIONALITY A MARITAL STATUS
Married D Siﬂgl.—':ij

4. MNAME AND ADDRESS OF SFPONSOR

R, EDUCATIONAL QUALIFICATIONS
Diploma or degree Paszs or Honour Course University Year

f. AGCADEMIC RECCRD (Grades obtained)

7. INDUSTRIAL, FOSTGRADUATE or other EXFERIENCE
From to Employer Posgition held

B. Fersom to be notified in case of emergency

9. Applicant's signature Spensor’s signature




