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COURSE

PURPOSE

PREREQUISITES

LENGTH

TRAINING LOCATION

a0

SECTION 1 - PREFACE

FRNC REACTOR OPERATORS COURSE (Academic Phase)
To provide reactor operator trainees with the
academic preparation neceasary for further
technical instruction im the operation and
maintenance of PRNC research reactors.

Admission tc the PRNC Reactor Operaters
Training Course

& months

Puerto Rico Nuclear Center - Mavaguez




SECTION II - SUMMARY

PRNC REACTOR OPERATORS COURSE {Academic Phase)

Time: 6 months

Sub ject Hours Annex Page
Academic Subjects

Mathematics and 5lide Rule 71 1 4
Phyeics 61 2 il
Nuciear Engineering 66 3 is
Electro-Mechanical Engineering 96 4 21
Health Physics and Chemistry 39 5 27
Flant Informationm 21 é 30

Type of Imgtruction

Lacture L
Demonstration D
Conference c
Fractical Exercise PE
Examination E
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SECTION III - EBODY

FPRNC REACTCR OFERATORS COURSE [Academic Phase)

SUBJECT

ACADEMIC SUBJECTS

Time: 334 hours

SCOFE ANNEX EQURS PAGE

HMATHEMATICS

FHYSICS

NUULEAR ENGIKEERING

EzE EITR”‘ "'W LA :AN.‘L uA«L}
ESGINEERING

EEALTE PHYIICS AND
CTHEMI=TRY

TLANT INFOEMATION

Algebraic operations; alge- 1 71 4
braic equations; logarittkms
and expenentials; trigonom-
etry and vectors; slide rule;
J operators: eraminations.

Basic machanics, work, power
and energy: atomic pu&giﬂé
and radicactivity: bacic ra-
diation detection; nucslesr
Pwygl examination, Labso-

A
[s

=4
pt
1

r&anL@r @nbinf Ing; raRgStor
cperation; sdvanced avst
eraminarisn, laborateri

Baztc fluid dynamics and pup i g
power plant ;@mp@n&ntay mate=
rials and praeticas; basic

th rmﬂdvnamiuas &xamﬁwatt@ns
laboratories

Eifecrs of ionizing radi ifationg 39 27
standards of radislogical pro=

tection; applied heslth physics;

chemistry and feedwster treat-

ment; #ramingtion; leboratories.

Introduction and gemarzl plant 21 30
fe: tu'@su pr*marv ﬂystem:;
3




PURFOSE: To give the student wathemstical ability in basic
tions, algebra, trigonometry, vectoras,

slide rule o

SECTION 1V -~ ANNEXES
ANNEX NUMBER 1
Mathematice and 3lide Rule

Time: 71 hours

in other academic subjects,

SUBJECT

SCOPE

arithmstic opera-

logarithms: to teach students
pérations required for the solution of

applied problems

HOURS AND
TYPE

Laz

194

F

Coursa
Introductiom

Arithmetic
Functions I

siide Rule T

Laws of

exponents

Radicals

Slide Rule 1T

Exponents and
radicals

Imtroduction to subject: use of
literal numbers; definition of
algebraiec terms and notations
terms ancd factors; signs of
grouping.

Review of methods in addition,
subetraction, multiplication of
arithmetic functione; simplifi-
cation of complex fractioms;
cperations with poeitive, rega-
tive numbars, with zero.

Introduction to the alide rule:
Reading the s1life rele - 0% and

Y o=

e
DY scales; "CLY and "DLY ssglas.

Luws of addition, aubstraction,
multiplication, and diviszion of
eXponents .

Definitions: conversion from
exponentlal to radical form:
factoring and removal of factors
from the radicsl; addition,
subtraction, multiplication of
radicals,

Simple multiplication on the "g&Y
grd "D" scales. "¢l and "DIv
scales, Ratic and proportien
involving "C" and "D scales.

Practical sxareiss involving
materials covered in hours & and
5

e

1%

1L

1 LPE

1L

1L

1 PE

1FE




o

SUBJECT

SCOFE

5

HOURS AND
TYPE

10

11

13

14

13

17

Ly

29

Multiplication of
monomials end

Slide Rule II1

Multiplication of
monomials and
polynomials

Division of
Monomial and

Slide Rule IV

Division of
Monomials and
Yolymomials

Special Produsis

-
and Factoricg I

dpseial Produces
and Pactoring II

Special Products
and Factoring TTY

Fracvion Reducticn
v
=

I1Z

Meitiplication of positive and negative
rumbers; multiplication of monomials
and polvnomials.

Multiplication of numbers involving
the use of powers of tem.

Practiecal exercises and review of
material covered im hour No., 8.

Division of monowials and polynomials
by momomials and polynomials.

Divigion imnvolving use of "¢", "DV,
"ol and "D1Y scales use of ratioc
and proportiom and power of ten.

" Fractical exercises and review of

material covered in hour No. 11.

Squaring binomials; product of =um
and difference of two terms; product
of any two binomisls,

Factoring polvoomials with common
factors, differsmce of two sqQuares,
various trinomials, sum and differ-
ence of two subss,

Proctizel exercises and review of
materigl coversad in hours Ne., 14
and 15,

Reduction of literal fractions and
mixed exprassions by lowest common
dznominator,

Additiom, subtrastion, multiplication
and division of literal fractions;
complex fracticoms,

Praztical exercise inm reductionm of
Fractions.

Introduction te dimenzisns and
dimensional evstems both English
gnd W

£

1L

1 LPE

1 LPE




T

6

HOURS AND
SUBJECT SCOPE TYPE
21  Dimensional Analy- Practical ewercises and review of 1 LPE
sis IT materigl coverad in hours Mo, 20
and 210
22  Review Class Review of material covered in hours 1cCF
Wo, 1 to 21,
23  Examination T Examination on material covered in 1 E
hours No. 1 to 21
24 Slide Rule ¥ Comsined operatioms of multiplica- 1 LPE
tion end division imvolving e
"D", "CL" and "L1" sreles and powers
of t@ﬁu
2% Lirear Equations I Definitions; aquations, indentities 1L
and conditionsl squations sxioms in
operations with esqustions; rules of
transposition, @amcaiiing“ changing
of zigns,
26 Linrecar Fqu & Dhe g, @rabLi@al 1 PE
Il grarciss ih tb@ S@lut*@m af linesr
EqU
27 3lide Rulsa w1 FET and "B scales om 1 LEP
28  Graphe of Fqua- ciples of grapbic@f rectangu- 1L
Yionms I wmuzﬂ’maug sy#iem: intarcept
. solurione of sleoultae
e At equations,
29  Graphs of Egua- Fractical exercises and review of 1 ®PE
tioms II material covered im hour Wo. 28
30 slide Rule vIT Ralsing amy nunber to any power, 1L
Ueing 1L and LLO scales. Comparison
with "AY, "B, and "E" scalss.
31 Sizulitanecus Algebraic solutionm bv addition and 1L
Linear Equa- subfraction; substitution: and
tions - I comparison methods,
2 Simultanecus Solution of equarisns comtaining 1L
Linear Equa- tnres unknowns,
tiong = 17
33 Simultanesus Freciical exercises in solutioms of 1 P
Linsar Equa- equations with two and thres unknowne,
tiomg = IIT
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HOURS AND
SUBJECT SCOFE TYPE
34 Frectional Solution of fractiomal aquations, 1L
Egquations
33 Radical Solution of radical equations, 1L
Equations
36 Quadrarig Solution of quadratic sguations, 1L
Equations
37 Fractisnal Fractical exercise in the solutien 1 pE
Radizal and of fractional, radizal and quadratie
Quadrgtic equations,
Equation:s
38 Literal Solution of litersl equations simflar 1L
Equalions I Lo those encountered inm other aca-
demic courses,
39 Literal Practical exercises and review of 1l PE
Equations 1T material covered im hour No., 28.
43 Review Review of materizl coverad inm hours I CF
No. 24 fo 39,
&1 Examirsaticn Iy ien on material covered im L E
42 Trigonomet % tiom to trigomometry defie 1L
E ry g ry
Dafinitions ied £ angle; coordinate gystem;
Esurament of angles stwilar right
trisnglas,
43 Trigonomstric : of mgedo ; LL
Fumetiore | proeal tgn@ti@r@ of same aigle;
co=functions of the @omplém@mt@ry
angle, PBasic deafinitions of fung-
tione of any sngle,
44 TT'QQWﬂﬂﬂtfiE Fumetions of *he common angles 1L
11 n the cirals,
43 Ti{genometrie Uze of tables and slide rule to find 13
Tanles the function of the angle, Discussion
of how the sine, cosine, tangent vary
through the use @t the uait circle.
46 Sl{ds Rule ¥IlT - thae 1LrE
47 slide Rule 31X izﬂm rule Ilmvelving the 1 LFE




&

HOURS AND
SUBJECT SCOFE TYPE
48 Right Triangles Solution of the righe triangle. IL
43 31ide Rule X Solution of the right triangle on the 1 LPE
: glide rule
3¢ Pericdic Fune- Rotaticn of the unit circle; graphs of 1L
tione T the trig. functions.
31 Periodic Pupe- General sine wave equation; angular 1 LEE
tions IT motisn; oseillatory motiong rotary
Bieln 1@1.4;
32 Review Class Review of material covered in hours 1 cr
42 o 51,
53 Examination IIY Exemination on material covared inm 1E
hours 42 to 31
54 Loparithme 1 Definition of logarithw use in multi- 11
pifeation, division, and ralsing to
power,
35 YLogarithms IT Base 10 logarithms: mantissa and 1L
characteristic,
56 Logarithms ITI Fractizcal emerciss 1nvmav¢ng material 1 PE
coversd in hours 54 gnd 3%,
37 Slide Rule XT Fracticel exarcises in use of ™" scale 1 LFE
38 lLogarithms Bawe "oV logarithms; find: ing natural 1 LPE
logs using "LL" scales on slide rule,
33 Slide Rule XI7 Slide rule proficiency test, 1 PE
€0 Exponential Solution of logarithmic and exponentisgl 1L
Equations squations. Crephe of logarithmic Ffune-
tions; sclutious of growth and decay
relationships.
&1 of Fung- Advantages of semi-log and log-log 1L
graph papsr and comparison to linear
plot. Flotting of @x end ™%
b2 Review Class Rewiew of materisl covered in hours 1 CF
54 v 61,
63 Exawination IV Exaninetion »n materiszl covered im 1E

o

hours S4 £p 81,




1]

b

HOURS AND
SUBJECT SCOPE TYPE
64 Plane Veotors I Definitions,; emphasis on not tation; i1
sldition of vectors,
€3 Plene Vectors IT Vector scbtraction; components of a 1L
vector, edditiom of rectamgular
components.
66 Flene Vectors II1  Solution of vector problems. 1 PE
&7 j Operator I Real and imaginary numbers complex 1L
rabere ; graphical rﬁpr@semt&ti@m of
numlrers affected by ¥: fundamental
operationg with zomplex nuahers.
63 3 Orerators 1I zientation of a L L
multiplication and
maiex mumbers: polar
nupbers, meltipli-
siom of complex nume
bers in p@iar form.
69 j Cperator IIT Fractical exarcise involving material 1 PE
covarad ir hours A7 and 68
70 Review (lass Review of matarial covered in hours 1 CF
Bé &0 55
71  Examination ¥ Examimation fwm materizl covared in 1 E

hours #4 to 74,




i

ANNEX KIVEER 2
PHYSICS

Timz: 6l hours

1O

PURPGSE: To provide students a basic urderstanding of the classical and nuclear
physics LECRESArY for a detail #tudy of nuclear reactor engineering
end health Physice,

HOURS AND
SUBJECT SUOPE TYPE
i Intreduetion and Course lmportance, objectives proca- 1L
CGS system dures, OGS units of masg length, time,
force, work, and power,

2 Linzar Motion Velocity~time-disrance relationship, 11
gceelaration, 2ravity, momentum and
force,

3 Rotary Motion Radion, angulsar velocity, and 1L
acselerarion,

4  Force, work and Review motion, force, work, power 1L

powar, enits, equivalence of work and energy
change,

¥  Emergy 1 Explanation and comparison of all forms iy
of energy: ¥E and FE, formuls and units:
tdentifisation with particles; relarion-
ship to work,

€ Energy 1T Heat energy and temperature, theory, 1L
Units, tempersture scales and
tonversions,

7 Energy T1T Elestric energy; slectrostatie forcs 1L
and potentiszl, referemcas to EE, electron
propertias.

8 Energy Iv Chemicel ard nuclear €Nergy, comparison 1L
of anergy relesse, reaction equations,
and wagnitudes.

7 Examination 1 All materials from 1 to 8, 1L E

10  Matter and Froperties of water including gtates, 1L

Molecul es

density, = mposition, division of

vater into malesyles compounds and
mixtures,
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HOURS AND
SUBJECT SCOPE TY¥PE
11 The Atom ldentification of elements, chemical 1L
gymbole and peariodic table; electroms,
protons and neutroms: electrostatic
forces,
12 Models of the Models of Thompson, Rutherford, Bohr, 1L
Atom Bohr Summerfisld, Hyperfine, and Modern.
13 Atomic Number Relationship %o number of protons, elec- 1L
and Mags trons 2 % 4 mass of natural atoms, iso-
topes, isobars, isomers nuclear reaction
equation,
14 Mass Equivalent Einstein's squation, calculations amu to 1L
2f Energy &y conversiom, nuclear reactions equations.
13 Mass Defect and Mase of constituents vs. mass of resul tants; 1L
Binding Energy relationship of BE to mass defect: release
of BE, BE per nucleon.
16 Examination TI ALl materials from 11 to 16, 1L
17 Radioactivity 1 Introduction to radicactivity, both 1L
natural and artificial; properties of
raiist lon,
18 Radicactivity IT Demonztration of physical phenomena. 1D
19 Radicactive Decay  Statistics of radicactive decay, half life, 1L
decay comstant, laws of eéxponential decay.
20 Chart of the Use of Chart of Wuclides in radicactive 1L
Nuclides decay and ouclear reactions.
21 Radicactive Decay Farent-daughter decay series, natural and i L
Series artificial series,
22 Alpha and Beta Charge and mass; typical alpha and batg 1L
Particlies decay; range in air; equation; energy:
neutring,
23 Gawma Rays and Charge and mass; other electromagnetic 1L
Neutrons radiation; range; wave length; frequency,
Flanck's comstart, energy.
24 Interactions of Icug’ electrostatic attraction and repul- 1z
Particleas slon; specific ionization vs. pathlength;
electron-volt,
43 Interactisn of Fhoto-electric affect, Compton scattering, 1L

Radistion with
Mattar

pair production; ammihilation radiation,
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HOURS AND
SUBJECT SCOPE TYPE
26 Detection I Principles of operation of fomization 1L
chamber, proportiomal counter,
27 Detection T1 Frinciples of operation of UIg, <IC, 1L
EF detector, and figsion chamber,
23 Radiation Atte- Time and distance; radisactive decay, 1L
nudtion I inverse square law,
29 Attenustion by Materisl effect on atteruation, attes 1L
Materials nuation coefficient; energy znd material
dependence; half thickness.
30 Review ALl material from 19 tc 29 ic
31 Exawmination IIT All material from 19 to 29 1%g
32 Intersctions of Review properties of neutrons; absorption, 1L
Neutrons with gcattering, fission.
Matter
33 Plux Beam flux; reactor flux: concept, units, 11,
relation to intensity.
34 Reactior Dependence of croes gection cu projectile 1L
Cross Section I energy; target nucleus, and specific
reactions.
35 Reaction Microscopic and Macroscepic cross 1L
Cross Sectionm TI suctions,
36 Reaction Rate Dependence on flux and microgcopie cross 1L
section; sample calculation.
37 Nem-fisstor ab- Conditions leading to non fizsion absorption; 1L
sorption of activation; applicability to resctors.
neut rons
38 Neutron Modera- Elagtis and inelastic seattering: conser- 1L
tion vation of momemtum and KE: necessity of
moderation, properties of moderators
physical events durimg moderation.
4% Fission Process Conditions leading to fission; liquid drop 1L
model: threshold energy;: the fissiomable
nuclides used in reactors.
40 Meutron FPhvsies Review physical events during moderation; 1L

introduction to meutrsn lifetime, fermi
age Ziffusion length, migration area,
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HOURS AND
SUBJECT 7 SCOPE TYPE
41 Examination All material covered im I te 40 2 E
42 Boyle's Law and Behavior of gases under verying conditions;
Charles’ Law introduction to lab. procedures and graph=
ing experimental results.
43 Statistical Na- Use of scalers, and determinmation of desin- 4 PE
ture of Radio= tegration probabilities of radicactive
activity S50UTrCEs,
44 Radiatiom Use of G.M., proportional counters, scin- 4 PE
Measuraments tillation amd BF3 detectors. Voltage
plateau determination.
43 Radioactive Decay Determimation of half-1ife and decay 4 PE
constant.
46 Gamma Shielding Shield effectiveness of variocus materials; 4 PE

attenvation coefficients




PURPOSE: To give the student an understanding of the
theory and related fundamental procedures as

ANNEX NUMBER 3
NUCLEAR ENGINEERING

Time: &5 hours

study cf plant operations,

SUBJECT

SCOPE

14

bazic nuclear reactor
sential for a detailed

HOURS AND
TYFE

1 Fissionable
Materials

2 Fission Process
and Chain Reac-
tion

3 Neutron Creoss
Secticns and
Reaction Rate I

4  Neutronm Cross
Sections and
Reaction Rate IT

5 Fission Neuktrons

6 Neutron Gemnsration
Time and Lifetime

7 Neuvtrom Travel

8 Infinite Multi-
plication

Introduction. Names and symbols of
prime fissionable materials; fuel
enrichment.

Liquid-drop nuclear model; conditions
required for fission; relesse of
energy in fission; fission product
distribution. Chainm reactiom: mnon-
sustaining, sustaining, multiplying.

Review reaction rates; microscopic and
macroscopic cross sectiona; units;
fission and capture cross sections of
raactor materials.

Practical exercise in the use of reac-
tion probebilities and cross sesctions,

Neutron emergy spectrum; prompt and
delayed neutroms; decay of delayead
neutron precursors. Definitiom of
beta, the delsyed neutrom fraction,

Neutronm lifetime; effective neutronm
generation time: the effects of

delayed neutrons upon overall genera=
tion time; influence upon resctor control,

Derivation of average logarithmic ENergy
decrement ; moderator slowing down power,
moderating ratio; fermi age, slowing down
length; diffusiom length; migration area,
migration lemgth.

Definition of kog, the multiplication
factor. Introduction to the four factor
formula. Calculation of four terms from
the neutrom cycle,

1L

1L

1L

1 PE

1L

1L

iL

1L




SUBJECT

SCOPE

15

HOURS AND
IYPE

9

i0

11

13

i4

i7

Neustron Produc-
tion and Fagt
Fission

(1]

Resonance F:ics
and Thermal r¢
lization

[

©
i

Fast and Thermal
Leakage
Geometric Buckling

Examiration T

Multiplication 1

Multiplication 1T

Multiplication 317

Resctivity Coef-
ficients T

Definition and derivation of reprodustion
factor: dependence of ara upon fuel
envichment; definition of fast fission
factor; dependence of epsilon upon enriche
meEnt, ratic of fuel ta moderator, and other
r2actor parsmetsars,

Definition of refonance escape probabilicy;
control of p through moderator/fuel ratio,
fuel absorption cross section, average
logarithmic energy decrament of moderatoy
enrichment; definition and derivation of
thermal wtilization factor,; influence of
moderator/fuel ratic,

The finite redctor; definition of Kogg.
Definition and mathematical e¥pression of
fast and thermzl neutron nonleakage proba-
bilities; solution of miterials buckling,

Geemetric buckling: relationship between
miterials and gesmetric buckiing; 2ample
zalculation of core aritical size,

Examinatior on material covered from
1 te 12.

Review of multiplication factor. Dari-
vation of neutron multiplication equation;
sample caleulsticons,

Derivation of meytrom moaliiplication
equation; discussion of equation assump-
tioms and limitations: review of effoc-
Live neutron gemeratiosn time,

Dafinition of reazctor period. Derivation
of meutron multiplication equation defi-
nizion of reactivity; graph of reactivity
v#. pariod; relationship betwsen reace
tivity and affective neutron gensration
time,

Temperature coefficients of reqctivity;
ruclear coefficients gus to changes in
¢iffusion length, fermi ags, nuclear
Crogs sections, and doppler effaects: den-
Bilty coefficients due to thanges in
TECIOSLOpie cross 2ections, buckling, and
reactor dimensiong,

1L




SUBJECT

SCOFE

HOURS AND
TYEE

18

19

20

21

22

23

24

25

26

e
|

28

Reactivity Coef-
ficients II

Poigsong I

Poisons 171

Control Rod
Effects

Transient
Effects

Examination IT

Flux Control

Reactor Instruy-
mentation

Control Rod
Worth

Reactivity
Coefficients

Reastor Fuel
Elemants

Pragsure, veoid and poison coefficientg
of reactivity; effects upon reg&ctor
operation; fuel loading requirements
te compensate for negative reactivity
effacts,

Crigin of fission product peisons: quali-
tative and mathematical deseription of
the rate of buildup and removal of Xenon
pPoison; eguilibrium concentration,

Mathematical derivation of the reactivity
equivalent of reasctor poison from the
influence of poisong upon thermal wtili-
zation factor, Sample calculations,

Effect of control rods: perturbation of
reactor flux; use of control rods to come
pensate for negative reactivity effects
andé changes ip power; shadowing effects;
introduction to rod worth,

Review of tramsient analysis; maltipli-
cation equatioms, reactor period, resc-
tivity and reactivity coefficients, flux
perturbation; delayed neurron transients,
Examination of material covered from
14 to 22,

Iypas of control rods; gereral festures
of reactor control; sexams, Sazckgets
intariocks; furction of the operator.

B 3

Iypes and ramnges of reactor flux monitors
ing inetruments; uses during operation;
gtart-up; linear power, log n, pericd and
power chamnels, principles of design,

Review of primeciplss of Gontrol rod worth;
experimental procedure for worth determi-
nation; sample caloulstions,

Experimental procedure for determination
of temperature and polaon coefficients;
gample calculations.

Types and functions of reactor fusl
e¢lements; fabrication principles; burrable
pofsons,

16

15




SUBJECT

SCCEE

17

HOURS AND
TYFE

29

30

31

32

33

35

36

37

38

40

Heat Tramsfer I

Heat Transfer IT

Reactor
Management

Examination ITI

Reactor Shielding

Reactor Materials
1

Reactor Materials
1T

Reactor
Materials II1

Reactor Loop
Components

Subcricical
Multiplicacion

Core Loading

Startup
Operatipng

Principles of heat transfar: conduation,
convection, radiation; temperature versus
hkeat transfer curves; nucleats boiling.

Reactor heat sources; dependence upon
flux, hot spots; shutdown hest sQuUrces,
removal of decay heat,

Resactor accident conditions: scram para-
meters and bypesses; design congiderations;
maximum credible accident; radiation
hazarde in plant location and safaty,

Examination on material covered from
24 te 31,

Review of particle and ray attenuation:
types and effectivensses of shielding
materials; removal of heat from shield,

Types of reactor coolants; characteristics
ol various cooclants; selection criteria;
moderating and reflecting materials,

Reactor structural materials; other
materials assccisted with reactor come
ponents; corrosion, mass tramsport.

Radiation effects upon reactor materials,
activation; nul-ductility transition
temparatures; curves of oparating limits.

Components peculiar to reactor By & L ams ;
piping requirements zero leakage pumps
and valves; leakage control aystems;
purification systems.

Derivation of mathematical expression for
neutronm subcritical multiplication: signi-
ficance of multiplication; reactor meutron
Sources; startup procedures.

Core loading procesdures; inverse multi-
plication curves, significance, applica-
tion to loading of fuel storage areas,

Approachk to criticality; estartup procedures
hazards Inmvolved in improper operation,

9

H

1L
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HOURS AND
SUBJECT SCOFPE TYPE
41 waer Operation Reactor operaticn at power: important 1L
and Shutdown system parameters; shutdown conditions;
review of nuclear reactor engimesring.
42 Examination IV Examiration on material covered from 2 E
33 to 41.
43 Neutron Phenomena Demonstration covering moderationm, 4 PE
reflaction, diffusion, and other
neutron phenomena.
44 Imtroduction to Gereral introduction to muclear simulator, 3 PE
Nuclear Simulater  operation of simulstor, and description of
components.
45 Reactor Startup Familiarization with reactor startup pro- 3 BE
cedures and tramsient behavior during
startup.
46 Reactivity vs. Effects of radicactivity changes on 3 PE
Pariod reactor period, graphing reactivity vs.
period curves.
47 Coatrol Rod Reactivity worth calibration of control 3 PE
Calibration rod.
48 Poison Effects Effects of Xenon and cther poison on 3 FE
on Reactivity reactivity,
49 Core Loading Core loading procedures, inverse 3 PE
multiplication,
50 Autcmatic Requirements for automstic controls, 3 PE
Controls demonstration of controllers and

stability operation.




ANNEX WUMBER 4

ELECTRC-MECHANI CAL ENGINEERING

19

Time: 96 hours
PURPOSE: To give the students an understanding of electric circuits found in
electrical and electronics fields and to provide the students with
some understanding of fluid flow and heat transfer and of components
found in nuclesr reactors.
HOURS AND
SUBJECT SCOPE TYPE
1 The Simple Outline of course; Chms Law, power, 11
Electric sample problems.
Circuit
2 D C Series Kirchoff's voltage law, application 1L
Circuits of Chm's and Kirchoff's laws to D C
series circuits.
3 D C Parallel Kirchoff's current law, application of 1L
Circuits Ohm's and Kirchoff's laws to D C
parallel circuits.
4 D C Compound Series-parallel combinations, simplifi- 1L
Circuits cation and solutiom of compound circuits,
voltage dividers.
5 D C Circuit Student solution in class of D C circuit 1 PE
Problems problems.
6 EBlectrical Wire measurement, resistivity, insulation, 1L
Conductors protection.
7  Review of DC Examination om material covered from 1 E
Theory l to 6.
8 Alternating AC definitions, vectors, sine wave 1L
Currant characteristics.
9 Inductance Self inductance, induced emf, mutual 1L
inductance, phase relations, time
constant,
13 Capacitance Capacitor construction, dieclectrics, 1L
time constant, phase relations.
11  Inductive and Phase relations between voltage current 1L
Capacitive in reactive circuits, vector problems:
Reactance impedance.
e
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HOURS AND
SUB.JECT SCOPE TYPE
12 AC Power True power, reactive power, apparent 1L
power, power factor, power triangle.
13 AC Series Solution of series circuits containing 1L
Cirpuits resistance, inductance, and capacitance,
14 AQ Parallel Solution of parallel circuits containing iL
Circuits resistance, inductance, and capacitance.
15 AC Compound Solution of compound circuits with complex 1L
Circuits branches.
16 AC Circuit Students solve AC problems im class, 1 PE
Problems
17 Basie D'Arsonval galvanometer, ammeter, volt- 1L
Electrical meter, shunts and multipliers, electro-
Indicating dynamometer.
Instruments
18 Revisw of AC Review of all materisl covered im 8 to 17. ic
Theory
19 Examination 11 Examination on waterial covered im 8 to 17. 1E
20 Tubes and Qurrent  Tube typesg; electron emission. 1L
Conduction
21 Unidirectiomal Vacuum dicdes, crystal diodes, dry disk 1L
Davicas rectifiers.
22 TPower Supplies Purpose, componenta, filters, waveforms. 1L
23 Power Supply Demonstration of half and full wave rectifi- 1D
Waveforms cation with various filters.
24 Amplification in Fundamentals of vacuum triode amplifiers. 1L
Vacuum Tihes
253 Gae-¥ililed Tubes Gas diodes, thyratroms, phototubes, applica- 1L
an? 3ynchros tion of synchro devices to rod drive
indicators.
¥4 Review Review of elactromics from 20 to 25. 1¢C
27 Examination ITI Examination om material covered from 20 to 25. 1 E
28 Transformers Theory of oparation, constructicn, efficiency. 1 1L
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HOURS AND
SUBJECT SCOPE TYFPE
29 Transformer Inztrument transformers, power and 11
Applications distribution transformers, autotrang-
formers,
) 30 Transformer Single and three phase hookups polarity, 1L
Connections polyphase windings,
31 Low Voltsge Short cireuits, overcurrents, fuses, 11
Frotective and switches cireuit breakers, distribution
Switching Equip- gvstems,
ment
32 Review of EE Review of =ll material covered from 1 to 31, 1c¢
33 Examinstion [V Examination in meterial coversd from I to 31. 2 E
34 Fundsmental Cone Outline of course; symbole and English 1L
ceptes of Mecha- system of units; ferce, work, energy, power,
nical Engineering efficiency, and torque. Physical properties
of liquids and gases.
35 Pressure Prassure: definition, absolute, gage, atmos- 14
pheric, vacuum and concept of pressure head,
36 Pressure Pressure messuring devices; open manometer, 11
Measurament differential manometer, barometer, Bourdon
gage.
37 Fluid Piow Description and caleulstion of flow, 1L
FPrassure, velocity, head.
38 Bernmoull{’s Pressure, velocity, and flow measuring 1L
Equation devices. BRernoulli's equaticon., Pump
and friction heads.
3% Application of Application of Bermoulli'se equation to 1L
Bernoulli's solve practical problems by students in
Equation zlass,
40 Evaluatiom of Fluid frictiom inm pipes; laminar flow; 1L
Friction Lossas Reynold's number, Friction logses in
valves and fittings.
. =l Evaluation of Determination of pump horsepower required I
Pump Worl for various piping eystems. Practical
protbl ems,
42  Fumps Classification of pumps by types and 1L

Eroups. Head and flow relations in
pumps ,
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HOUERS AND
SUBJECT SCOPE TYPE

43 Review Review of materisl covered im 34 te 42, 1¢

44  Examinstion T All material covered in periods 34 to 42, i1E

43 Temperature Review temperature heat relationship; 1L

Measurements and Centigrade, Fahrenheit, Kelvin temperatura

Effects of Heat scales and comversion. Nature of heat.
Linear, differential area and volume eXpans
sion and contraction of liquids and solids,

46 Heat Measurement Definitions; British thermal unit, thermal 11
capacity, specific heat. Application of
fundamental heat equation,

47 Reat Transfer- Heat transfer by conduction. Principle 11

Conduction of conduction and the influencing factors,
Practical problems.

48 Convaction Heat tramsfer by forced and natural con- 1L
vection and influencing factors.

49 Radiation Heat transfer by radistion and influencing 1L
factors.

30 Thermodynamics The mechanical equivalent of heat. The 1L
laws of thermodynamics. Thermodynamics
systems. Introduction to general ENALREY
equation,

31 General Energy Gengral energy equation; potemtial and ZL

Equation inetic energy, trarsferred heat, external
work. Application of the equation,
52 Examinatiom II All material covered in periode 45 to 51, L E
53 Feedwater Classification of hest exchangers, purposes, 11
Equipment types and construction of deaerstors and
evaporators,
54 Auwiliary Purpose, operation and comstruction of valves; 1L
Equipment gate;, globe, check, safety, characteristics
of piping and Fittings.
&3 Ruclear Power General requirsments and features of watar iy
Equipment cooled nuclear reactors. Pumps, valves,
piping and heat exchangers.
3% CQCorrosion and Definition, types, causes and prevention, 1c

Course Review

Specific application in reactors. Review

of entire course,
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SCOPE

HOURS AND
TYEE
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37

58

59

60

61

62

63

64

65

Examination TII

Introduction
Mzasuring Resig-
tance and Power
in DC circuits

D.C. Circuits

Single Phase
AT circuits

Powsr in A,C.
Circuits

Rectification

Transformers

Introduction to
ME Laboratory

Fluid Flow

Characteristic
Pump Curves

All materisl covered in ME CoUrse.

Identification, safe handling, connections
of equipment and instruments. Measurement
of resistance and power using voltmeter
ammeter, wheatstone bridge, ohmeter, and
wattmeter,

Series and parallel Do eircuits, verifi-
cation of Kirchoff's current and voltage
laws. Additional practice in interpreting
and hooking up electrical circuits.

Demonstration om ogcilloscope lagging and
leading currents as inductance and capaci-
tance are varied in an RCL network.
Measurement of effect of inductance and
capacitance independentiy on current

voltage relationship. Impedance measurement,

Measurement of power in AC circuits using
wattmeters. Determine power factor in AC
circuits, Draw vecter relationshipa.

Investigation of rhe characteristics of
halwave and fullwave rectifiers. Comparison
of filter networks.

Read and interpret wiring disgrams of single,
parallel transformer commection, Polarity
check of transformer. Three phase trans-
former connectione, voltage and current
checks, effect of unbalance.

Laboratory techniques; besic exerciges and
computations im density, specific gravity,
pressure vacuum and fluid flow rates.

Use of mercury differential manometer;
determination of resistance to flow in
gate and globe valves.

Nature, importance, and use of characteristic
curves; obtaining head vs. flow, efficiency
and horse power curves. Comparison of pump
types; centrifugal and rotary,

2 E

4 PE




24
ANNEX WNUMBER 5
HEALTH PHYSICS AND CHEMISTRY
Time: 39 hours
PURPOSE: Teo give the students background im the principles and purpose of Health
Physics and Water Chemistry; a working knowledge of personnel protection,

monitoring equipment, basic chemistry, feedwater treatment and related
analysis, and general procedures followed in research resctors,

HOURS AND
SUBJECT SCOPE TYPE
1 Introduction Administrative details: introduction to 1L
health physics; early discovery and expe-
rience with radiation; development of
health physics; compariscn and applicaticn
to nuclear field,

2  Tomizing Review of atomic structure and composition: 1L

Radiation origin of radiastion emission; interaction of
particles with matter; effects of ionization
from various types of radiation.

3 PRadiatiom Units T Radicactive decay=-physical and bislogical 2L

cefinitions of roentgen, curie, rep, rad,
rem, and K.B.E.

4 Radistion Units Froblem solving; practical work with units: 1 PE
IT curies, rep, rad, rem and R.B.E. Use of

nomographe.,

5 Biology Characteristics of livimg thinge: cells, 1L

tissues, organg, organ gystems ; components
of cells-(genes snd chromocsomes)- principal
organs of interest in humans.

6 Bioclegical Physical, chemical, binlogical and physiolo- 1L
Effects gical effects of radiation: acute and chronie

exposures; extarrnal and intermal hazards;
radic-sensitivity of body organs.

7 Maximom (externsl) Limits for external radiation exXposure; 2L
Fermissible limiting exposure by time, distance and
Coneentrations ghialding.

& M, P, €, {external) Csiculation of working times in extermal 1 PE

radiation fields with and without shielding.

% ™M P. C Limite for internal radiation hazards; 1L
Internal criticel orgsns: air and water activity

limitg.
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HOURS AND
SUBJECT SLOPE TYPE

10 Examination I Examination of lassoms 1 to 9. 1L

11 Activity Sampling procedures; air, water, sampling 1 LD
Analysis I preparations; counting techniques.

12 Activity Activity determinations, counting statistics 2 LD
Analysis 11X {interpretation of).

13 Radiation Hazards  Sources of radiation hazards; councept of 1L
and Control in control-delineation of areas; radiztion
Reactors work permit; persounel and equipment

decontamination.

14 Perzomnel Moni- Requirsrents for film badges and pocket 1 LD
toring and dosimeters, aurvey and persomnel monitoring
Frotection equipment; protective clothing-use and

availability. BResponasibility for use of
this equipment,

15 Im-Plant Moni- Control of radistion areas; monitoring of 1L
toring snd areas and effluents; area redistion moni-
Control toring systems; control of sources and

radicactive materials.

16 External Plant Concepte of environmental monitoring; 1L

Controls radicactive waste storage and disposal;
shipment of radioactive materials defini-
tion of scecidents and incidents, general
procedures,

17 Responsibilities Responsibiliities of Beslth Physiecist, super- 1L
of Individuale im visors, snd individusalsz; the Health Physicist
Buclear Plants in the chain of command; reports and records.
Relative to HP

18 Examination II Examination of lsssoms I to 17, 1L

19 BEBasic Chemistry Principles, thesry, ionization, acids and 1L

hages,

20 Faadwater Traste Water and its impurities, asration, coagula~ 3 LD
ment and Analysie  tion, filtration, demineraliszation; PH,

conductivity,

21 Material Balance Theory of meterial balance and problems. 1L

22 Exsmination TIZ Feadwater treatment, chemistry, material 1E

balanas,
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HOURS AND
SUBJECT SCOPE TYEE

Survey Instruments Principle of opevation of detectors and 4 PE
survey instruments used for alpha, beta,
gamma and neutron detection: poimt and
area surveys. Calibration of instruments.
Construction of calibration curves,

Area Survey Use of previously calibrated instruments 4 PE
te survey & radiation area. Setting up
of access controls and determination of
working times at specified locations in
the area.

Feedwater Demongtration and practical exercise on 4 PE
Treatment water aeration, handouts, toagulation,

filtration, demin@ralizatimn9 PH, conduecti-

vity, C1, 503 and 03 analysis,




ANNEX NUMRER 6

PLANT INPORMATION

Time: 21 hours
PURPOSE: To familiarize students with the design and function of the system,
components, general hardwere and safety of nuclear plants as ground
work in preparing the student for Plame Operations Trainming. Tt is
intended that this course will show the students how the theory he
has learned in other academiec subjects ties in with actual plant
design,
HOURS AND
SUBJECT SCOPE TYPE
1 Instrumentsation General description of primary instrumen- 21
tation, nuclear instrumentation; and where
located, method of comntrol by eontrol rod
drives, and primary system temperature
MEABSUres,
2  Primsry System System and components used to measure 1l
Instrumentation Lemperature, flow and level.
3  Nuclear Iastry- Froblems encountered in detection, types [
mentation of detectors, and the source range, power
range channels,
4  Control Rod Drive Functions, design congiderations, cons- 1L
System truction of contrel rod drive mechenisms;
together with the sources of power, inter-
locks and associated ingtrumentation,
5 Reactor Protective Ways of controlling a rezetor during opera- 2L

Systems

6 COperaticnal Aspscts
of Water Chemistry

s

Shielding

tion, design requirements of a control rod
system, types of control rods (shim and
safety), conditioms which could cause damage
{loss of coolant, loss of flow and reactivity
addition).

Sampling of primary and sacondary water, what F A
is analyzed for, what is expected or required
limits and what corrective actionm is used,

Methods of chemical addition blowdown, various
methods of water chemistry control.

Discussion of primary and secondary shielding
construction, materials, shadow shielding
using plant components and shield water
cocling system.

27
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HOURS AND
SUBJECT SCOPE _TYPE
8 Refueling Digcussion of gemeral refueling proce- 1L
dures, tools and precautions.
% Examination Examination of material covered from 1 to 8. 1E
10 Reactor Safety AEC regulations and organization. Analysis 14
Requirsments of hazards evaluation and what may be found
therein,
11 Core Design Discussion of what date is svailable from 1L
Reports and core design reports from comtractors amd a
History of discussion of the more prominent nuclear
Nuclear Inci- incidents, including overdosages to scientific
dents personnel.
12 Tour of PRNC Tour of the PRNC swimming pool reactor to 4 PE
Reactors peint out important system components.
13 PRHC Tour Datailed tour of the PRNC swimming pool 4 PE

reactor pointing out details of systems
and instrumentation.




