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Physical Principles of a Nuclear Reactor
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Typical
. Thermal
Symbol Name Meaning Formula
Reactor
Value
| —— =
Thermal Fission ) o vag
n The number of fission neutrons produced per absorption in the fuel. n=— 1.65
Factor (Eta) g‘f
The thermal - " ¢ Eg_
f it Probability that a neutron that gets absorbed does so in the fuel material. === 071
utilization factor ¥
' ' ' N
The resonance ) _ _ E NI ro A
Fraction of fission neutrons that manage to slow down from fission to thermal i=1
P escape _ ) : prexp | ———— 0.87
- energies without being absorbed. ( SE )
probability P} mod
= The fast fission total number of fission neutrons ‘ el 1 —p uyPpar -
factor (Epsilon) number of fission neutrons from just thermal fissions = r  feilPrarPryi|
The fast
Ppr g non-leakage The probability that a fast neutron will not leak out of the system. Penyp = exp (—B_qz'rfh) 0.97
probability
The thermal 1
PTNL non-leakage The probability that a thermal neutron will not leak out of the system. PTNL ~= w 0.99
probability T Lth Dg
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Delayed Neutron Data for Thermal Fission in U-235!']

Group Half-Life (s) Decay Constant (s~') Energy (keV) Yield, Neutrons per Fission| Fraction

1

o B W N

0 #

, F

65.72
22.72
6.22
2.30
0.614
0.230

#

, F *B OPC

precursor atoms

0.0124
0.0305

0.111

0.301
1.14

'3.01

250

560

405
450

prompt neutrons + precursor atorns

0.00052
0.00546
-0.00310
.0.00624
0.00182
.D.ODDBE‘:-

PF + ?7<

0

-0.000215
0.001424

-0.0012?4
0.002568
0.000?48-

| 0.000273 |
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Reactivity change may be induced by:
An increase of water temperature

An increase of fuel temperature }
A loss of coolant ——— > Void coefficient
A control rod displacement

» Doppler
effect
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Boron concentration in Water
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Rece Boron reactivity

Effect on reactivity
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Figure 4-26 Ballooned region with relocated fuel in the Halden IFA-650.2 test (Ref. 61)
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2.5 GWd/MTU, not transient tested 35 GWd/MTU, not transient tested
C6 G116

Figure 4-36 Neutron radiography of test IFA-650.11 (Ref. 50)

2.5 GWd/MTU, transient tested 35 GWd/MTU, transient tested
Local circumferential elongation 8% Local circumferential elongation 5%
c2 G1.1

Figure 4-7 Pre (top) and post (bottom) LOCA transient fuel fragmentation for low-burnup
rods (2.5 GWd/MTU, left) and medium-burnup rods (35 GWd/MTU, right)
(Ref. 19)
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Particle Size Distribution
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Figure 4-40 Particle size distribution from six integral LOCA tests

(@) ' S 7711

Figure 4-41 Images of fuel particles collected from test rod (a) 192 and (b) 193 revealing
a very small, sand-like fragmentation size
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1 Reaktordruckbehalter
2 Uranbrennelemente
3 Steuerstibe

4 Steuerstabantriebe
5 Druckhalter

6 Dampferzeuger

7 Kuhimittelpumpe

8 Frischdampf

9 Speisewasser

10 Hochdruckteil
der Turbine
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11 Niederdruckteil
der Turbine

12 Generator

13 Erregermaschine

14 Kondensator

15 FluBwasser

16 Speisewasserpumpe
17 Vorwarmanlage

18 Betonabschirmung
19 Kihlwasserpumpe
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1 Reaktordruckbehalter
2 Brennelemente

3 Steuerstabe

4 Umwiélzpumpen

5 Steuerstabantriebe

6 Frischdampf
7 Speisewasser
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10 Generator
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12 Kondensator
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International Atemic Energy Age

&) Nuclear Data Services

5oL Provided by the HNuclearn Data Section

247 Reactors Found (for OPERATIONAL)
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61 Neutron Scattering Facilities

| overview | peactor vist | aditonst

This database contains 61 Research Reactors performing Meutron Scaterring distributed ower 37 Member States.

Mote that this view includes Reactors of the following status: U (check this to include all)
OPERATIONAL, TEMPORARY SHUTDOWMN, UNDER CONSTRUCTION, PLANNED, SHUT DOWMN, DECOMMISSIONED, CANCELLED
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Single crystal In-core Silicon slice+semiconductor
silicon ingot ireatment fablication

5
/4 {
/ Power. transistor

oS

Silicon walar Thyristor




In-core
silicon ingot treatment fablication

Single crystal Silicon slicessemiconductor

-
i i
A Power. transistor

S

Silicon watar Thyristor

JRR-2 Silicon irradiation cco
facility



Single crystal In-core Silicon slice+semiconductor
silicon ingot ireatment fablication




& /O ) Experimental setup (straight beam)

Experimental setup (bent beam)
?——- RED Magnet Electrostatic Target position
deflector Reactor wall

Introduction of new target
Extraction to Mini-INCA

Reactor core

Main magnet
Container for used targets
i s

Neutrograpl

Set-up of LOHENGRI

fission fragment separato

silicon ingot fablication I

Single crystal In-core Silicon slice+semiconductor
treatment

Silicon walar

JRR-2 Silican irradiation
facility

Outline ¢ transmutabion doping of silicon




Country Facility Name Type Thermal Power (kW) =
Country Facility Name Type Thermal Power (kW)
Algeria MUR POOL 1,000,000
Kazakhstan EWG 1 TANEK 35,000.000
Algeria ES-SALAM HEAVY WATER 15,000.000 R
Korea, Republic of HAMARO POOL 30,000.000
Australia OPAL FooL 20,000.000 Malaysia TRIGA PUSPATI (RTP) TRIGA MARK II 1,000.000
Austria TRIGA IT VIENNA TRIGA MARK II 250.000 T — MA-R1 TRIGA MARK I 2,000.000
Bangladesh TRIGA MARK 11 TRIGA MARK II 3,000.000 Netherlands HOR poOL 2,000.000
Brazil IEA-RL POOL 5,000.000 Norway JEEP II TANK 2,000.000
Brazil ARGONAUTA ARGONAUT 0.200 Pakistan PARR-1 POOL 10,000.000
Canada MNRLU HEAVY WATER 135,000.000 Peru RP-10 POOL 10,000.000
Canada MMR MCMASTER UNIV POOL, MTR 3,000.000 Poland MARIA POOL 30,000.000
Chile RECH-1 POOL 5,000.000 Portugal RPI POOL 1,000.000
China CARR TAMK IN POOL 60,000.000 Romania TRIGA II PITESTI - 55 CORE TRIGA DUAL CORE 14,000.000
Czech Republic LVR-15 REZ TANK WWR 10,000.000 Russian Federation IR-8 POOL, IRT 8,000.000
France HER HEAVY WATER 58,300.000 Russian Federation WWR-M TANK WWR 18,000.000
Femes ORPHEE POOL 14,000.000 Russian Federation IVv-2M POOL 15,000.000
Germany FRMT TRIGA MARK T1 100.000 Russian Federation IBR-2M FAST, PULSED 2,000.000
South Africa SAFARI-1 TANEK IN POOL 20,000.000
Germany BER-II POOL 10,000.000
Ukraine SNI, IR-100 POOL, IRT 200.000
Germany FRM II POOL 20,000.000
Ukraine WWR-M KIEV TANE WWR 10,000.000
Hungary BUDAPEST RES. REACTOR TANK WWR 10,000.000
United States of America MNBSR HEAVY WATER 20,000.000
India DHRUVA HEAVY WATER 100,000.000
United States of America PULSTAR N.C. STATE UNIV. POOL, PULSTAR 1,000.000
Indonesia R5G-GAS POOL, MTR 30,000.000
Country Facility Name Type Thermal Power (kW) Status
United States of America | HFIR TANE §5,000.000 | OPERATIOMAL
United States of America | PSBR PENN ST. UNIV. TRIGA MARK CONV 1,000.000 | OPERATIONAL
United States of America | MURR Univ. of Missouri TANK IN POOL 10,000.000 | OPERATIOMAL
Uzbekistan WWR-5M TASHKENT TANE WWR 10,000.000 | OPERATIONAL
Egypt ETRR-1 TANK WWR 2,000.000 | TEMPORARY SHUTDOWN
Greece DEMOKRITOS (GRR-1) POOL 5,000.000 | TEMPORARY SHUTDOWN
Japan JRR-3M POOL 20,000.000 | TEMPORARY SHUTDOWN
Japan KUR TANK 5,000.000 | TEMPORARY SHUTDOWN
Metherlands HFR TANE IN POOL 45,000.000 | TEMPORARY SHUTDOWN
Russian Federation PIK TANK 100,000.000 | UNDER COMSTRUCTIOM
Argentina RA-10 POOL 30,000.000 | PLANNED
Brazil RMB POOL 30,000.000 | PLANNED
Viet Nam Multipurpose Research Reactor |POOL, IRT 15,000.000 | PLANNED
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Thermal Power (kW)

Country Facility Name Type Thermal Power (KW) W 35,000.000
Algeria NUR POOL 1,000.000 | = ——
GA MARK II 1,000.000
Algeria ES-SALAM HEAVY WATER 15,000.000 |'GAMARK 11 2,000.000
JL 2,000.000
Australia QOPAL POOL 20,000,000 [y 2,000.000
oL 10,000.000
Austria TRIGA II VIENNA TRIGA MARK II 250.000
oL 10,000.000
Bangladesh TRIGA MARK II TRIGA MARK II 3,000.000 |>* 30,000.000
oL 1,000.000
Brazil IEA-R1 POOL 5,000.000 |:ca buaL core 14,000,000
- oL, IRT 8,000.000
Brazil ARGONAUTA ARGONAUT 0.200 | wom 15.000.000
Canada MRLU HEAVY WATER 135,000.000 | 15000000
5T, PULSED 2,000.000
Canada MMR MCMASTER UNIV FOOL, MTR 3,000.000 | w1 pooL 20,000.000
] JL, IRT 200.000
Chile RECH-1 POOL 5,000.000 |4 ym 10,000,000
China CARR TANK IN POOL 60,000.000 |2 YATER 20000008
OL, PULSTAR 1,000.000
Czech Republic LVR-15 REZ TANK WWR 10,000.000
France HFR HEAVY WATER 58,300.000
France ORPHEE POOL 14,000.000
[ Germany FRMZ TRIGA MARK II 100.000 |
Germany BER-II POOL 10,000.000
\ Germany FRM II POOL 20,000.000 )
Hungary BUDAPEST RES. REACTOR TANK WWR 10,000.000
India DHRUVA HEAVY WATER 100,000.000
Indonesia RSG-GAS POOL, MTR 30,000.000
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F1G.2. Results of a const-Q scan, no background sub-
tracted. The instrumental resolution is given by a
Gaussian.
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Doulde enceinte di bEtiment réacleur

&  Miveau D - Hall dexploitation
Pont nkvaau D

M Portgue manuteation
Callele chande

i Hivgau G - Hall expérimental
Pont niveau G

‘ Protection Molagigue (Bétan)

Sortio du falscesu de nautrons collimaté

‘fﬂ MNiveau B - Equipemants auxiliabmes

Pigcine réacteur (eau légere)
Chrcuit primaing &3u lourda
[refroidissement et madaratian)

Elémant combuslible
#8  Srockage dléments usés
Echangeurs primaire [ secondaiee

Refroidissement
ciroult secondaire (Drac)
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* High-energy gamma rays coming from the core produce fast Compton e in H20
* Ifc/n< ve- < c ->Medium polarised and mechanically disturbed
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* High-energy gamma rays coming from the core produce fast Compton e in H20
* Ifc/n< ve- < ¢ ->Medium polarised and mechanically disturbed
* Energy lost by the e radiates as a coherent shockwave-> Cherenkov radiation!

_ ¢ speed of light in vacuum
_¢/n speed of light in the medium
_n refractive index

_B=ve/c
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* High-energy gamma rays coming from the core produce fast Compton e in H20
* Ifc/n< ve- < ¢ ->Medium polarised and mechanically disturbed
* Energy lost by the e radiates as a coherent shockwave-> Cherenkov radiation!
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Moderator # collisions, from 2 MeV | Scattering mean Absorption mean

to1eV free path }LS free path )La

H,0 16 0.7 cm 52 cm

D,0 29 3 cm 32700 cm




(

\_

[ZY F =+ BX DY C*

& 71& ' )$%
. ) /
o | 01 4/ /H <
5 Thermal Fast
E Epithermal
g
5
D
Z ' 1\‘ N -
ImeV leV 1keV IMeV
Neutron Energy
F . F: 1B
1 F * 2 —> T D
~ +AZ




- (F
. # F A+ 4.
[$ # # 6 B+ 4. C ]

$7'& 1.'& 0C12.4%\'4 ' $:&$E
> 4. >x ?TO (






B & &'
$': &!$ 66




02 &




32



e R

B2 C

((
< +AZ

HF< I









B27C

2 38



:5&&'&

2

I\l

)$

[ &

e 21K

0

% 7

5



2 #



2 #

&

=?>01
01

== 0 ==&

(

" (A(

01

=>

>K 01 AO01 B

C



&)

#

&)

#

(
08

(

&

01 0
0( B:R2C
01 #07?4

#

0)

)

01






0%+ 1,



ov W

0%

07

(9Ba3C
%

)

3#

9%+ +,

+ *#,*7 0<









B $737\7!1&1$3 \$72&! &!

$C



[on source

01

drill tubes

U

TF source

IJL‘H m



$7

01

01 (

$7H



N7 1 &I$

4 S
#V WBO C ( 8
& ! #
! o1 , 6
Magnetic field bends
B path of charged particle.
Square wave
electric field
accelerates
charge at
each gap

crossing.



\$72&! &'

W 01

01 S

$7



(7r'& & H



J

(

/

01 2801

01

01

" (

mF<nvx 28

m* +7? X

0=7F +



/

J ( 01 2801 " (
"’ 01 mFE<nvVx 28
"M 01 m* +? x 0=7F + x
0 C<B CF + ? 001~ 4. 6




$

N4 &1$. 2 &71&7'$ $1; & &% L&T

[B+>< 0B * CF + 2 001~ 4. 6
& 71&7'$ $:1; 1:&7' 01 B/ O
U L&T (1 Bt C (1!
C 284 G
&' 718 '$'&)\
7 &:4
/ -



Of 3 # # B.3
# 2! | 3

++ % (. 3
? .
CJ ¥
3 " (32
"
0& % " (
; #
" # # (

3 C

38$3



B!/ C

" # 7 3%$3



H+ O

04

05

"%

505

C32



0# J O
3 (#



0J 2 3

" # 7 3%$3



v

B4

&

%

%

B 71+7'$C

HA4

>4,

+

0

4&&E2
2( &
2 0

B 05C

? 4D3

C

O n

Accelerator Driven Reactor

Froton azcelarator

newnons

-

prolons Heavy
NMeial

i

CVE o th eluctrical caeegy produced (@
uzas o =e o lhe sccelaratar wWork ng

fesle malerial

ﬂ LM 1)

Suk orit sal ‘

Eleotrizal power goncrofor

JL

R
Elecdrity

| | .




1

& '72$7 :1&3:'; 71$D'& !1$ $ 4 '&
\ 7 8"
]
2 4
& ;
4)



5 (

%+ + *&& 5*8&*& + [E -

\ #5,

$ 5,
U + K K (kx| + EF L F
YorM## 0+ * *7 0 0 0 * 0"0$ 0O (*
%** + + "%

YrEf#+# 0 + * ¢ 0 07( * o0& *07 O 0G0
























i HIGH FLUX | SPALLATIGN
%OAK RIDGE ISOTOPE | NEUTRON

. National Laboratory | REACTOR | SOURCE

B 3;:C

% +Db 00

vV W 01






BD/7 C 2



2 B2 C 2:3 2<3 2A



2

8

B27 C 2






[ &



:5&&'&

2

I\l

)$

[ &

*2 1K

0

% 7

5



IC






