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Fig.1.TRR 61 core configurations
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TRR Reactivity Control System:

four shim safety rods (Ag, In, Cd) + one stainless steel regulating rod within the core lattice

CFE \ / Fork

X/

s Fork type

X/

s Both of safety and regulating rods

View of Fork and CFE
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Control rods

The effects of control rods on neutronic parameters & core safety

a— Control Rod
Control Rod Top Bank Almost Top < Control Rod
%l [0} Fully Withdrawn Bank Inserted
E o As Shown
=~ Without
Control
Rod No. 1
Inserted
Core Core
- A - C . )
A - o ,' o o - '.B Height Height
z > OAVG
- A ——. v I o o v - - !..‘_
| Lo
V\glhd%)ntqol
od No.
P Inserted Bottom Bottom
Axial O Axial

The main purpose:

The effect of control rods movement on the: reactivity coeficients, kinetic and P.P.F safty related
parameters in TRR
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MTR_PC package:

In order to perform neutronic, thermal hydraulic and shielding calculation of MTR-type reactors

To calculate kinetic and neutronic parameters

- WIMSD-5B
- POS_WIMS
.+ HXS

- BORGES

- CITVAPV.3.1
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Results and discussion

The effect of control rods position on P.P.F

* P.P.F = pmax/ pave

High P.P.F: high local power densities in the reactor core

Hot channel or P.P.F(total)= P.P.F(axial)xP.P.F(radial)

* Axial PPF distributions in 0% and 90% and 70%
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25 1 L 1 L 1 L 1 " 1 1 1
: - - - 1 —=— Axial PPF
 Behavior of the axial PPF is opposite of the 24 TR
&) —a— Total PPF
. 2.2 4
radial PPF from 0-70% -y
.§ 2.0:
« After 70% have a same increasing trend ¥ ]
_ & 7]
= The total PPF increases by the rod : 16
1.5
- . 1.4—.
positions, max in 45-70% i
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« PPFt max <3 (criteria in SAR) ° e || =
Rod Position (%)
Fig.3.Variation of PPFs vs. rods position
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« Experimental results: flux measurement
1.6
* The max experimental PPFa =1.5 14
- - - .- . 1.2
* The simulation axial PPF value in 35% rod positions =1.6 ~ «
o 1,
(this discrepancy is justifiable ) 0
06 |
« Partial of this difference: the calculation and mesurment 04 1
0.2 M —*—Experimental
errors o | . | . —‘-—S|mula‘t|on
0 10 20 30 40 50 60 70
L : _ tance f ot
« Major difference : ununiformed burn-up of fuel assemblies Pistance from top of active zone {cm)
due to control rods effect
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The effect of control rods on reactivity feedback

Reactivity feedback

Ap
AT
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U The value of average temperatures are varied in steps 20°C around the reactor operating temperature
range of the components

O The value of reactivity feedback coefficient : reactivity changing due to temperature and void changing.
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Table 3. Reactivity coefficients in 61 core for positions of 0%,35%,50% and 70%

-1.69 -1.68 -1.71 -1.65 FTC (20- 340°C)
L o LY L7 dR/AT[pcm/C]
-1.24 -1.23 -1.19 -1.14 P
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to To to To Temperature only
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*Moderator Temperature Coefficient (a,,):

* The reactivity change per degree change in moderator temperature
* MTR type reactor :negative MTC

* MTC: turning power down

* Moderator temperature was changed 20-114°C (densities were changed in accordance with temperature variations)

* To increase of a; ,, (56%) in the range of 0-70% 0 35 50 70
-1.65 -4.71 -1.68 -1.69
. FTC (20- 340°C) T . o To
*d,, grows very rapidly dRIdT[pem/C] .14 119 423 .24
Average value -1.39 -1.45 -1.45 -1.46
* (01 nt+ a, ) 98% increment in 70% mTC a8 488 tero 2
’ ’ dRIdT[pcmiC] (20-114°C) 2 pe i S
-26.19 -30.86 -33.52 -36.98
-8.89 -10.25 -11.56 -14.19
Temperature only To to To to
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Average value -8.79 -9.93 -11.17 -13.68
) 476 4.3 -5.14 712
[P I To to To To
712 2124 2273 -23.81
Average value -5.94 -12.77 -13.93 -15.46
Void reactivity feedback .;gg '.‘:.39'57 -$006.09 '13,55
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The first reason :control rods act as a leakage boundaries \
= Density of moderator decreases with rods partially inserted \

=) number of atoms / unit volume L L [
S —@— Density onl
=—=) neutrons travel further between collisions 140 L

T T
/.
| —A—Total MTC /
120 4
3
100 - .
80 / ] \

§ ST

- moderator temperature is raised
E===) the neutron spectrum tended to hardening

MTC Changes %

Another reason :with inserting control rods 0 . ]

= Nm/Nu| T
0 10 20 30 40 50 60 70 80

= MTC becomes more neaative with control rods inserted Control rods inserted % |

Fig.5. Control Rod Position Effects on MTC
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Fuel Temperature Coefficient (a)

*FTC

* Responds quicker than MTC (reactor power causes an immediate increase in fuel temperature)
* The fuel temperature : 20-340°C

* Fuel temperature T fuel reactivity coefficient l

* cause of resonance absorption for U2ss and Puz4o

* The presence of control rods T fuel reactivity coefficient T

* Replacing of moderator with absorber materials

0 35 50 70
R -1.65 1.71 -1.68 -1.69

FTC (20- 340°C) ) o o )

el ey 114 119 123 124
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Void reactivity Coefficient (av)

* power increases to higher levels

* The effect of reducing the moderator density

* Different percentage of void from 0-40%

* av increases with void percentage

~
&/." NCBJ

,) SWIERK

* The main reason (loss in water density, reduces the neutron thermalization and increases the U238

resonant absorption)

av increased with inserting the control rods positions (reason mentioned in the MTC part)

=SS
To
-976

-206.09
To
-577.43

-189.57
To
-544.07

-189
To
-6.12

Void reactivity feedback
(O to 40%)
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Kinetic Parameters

+ Little reduction in |and increasing in 3 S

== Délayed Neutron .

* The reason: Shifting of average neutrons velocity to higher
values

* Contribution of the thermal fission decreases and the fast fission

increases
. [l& BT due to increasing U2ss contribution in 3

0 10 20 30 40 50 60 70 80
Control Rod inserted Persent

Fig.6. Kinetic parameters verse control rods position (%)
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o PPFa & PPFr Until 70% rod position & After 70% have a same increasing trend
s PPFt reached to its max in 45% until 70%

s ar7 With increasing the control rods

arn&a,, and total MTC increased about 56%,160% and 98% in the range of 0-70%

% 0a, with increasing the control rods

< | "&B  (reason: shifting of the average neutron velocity to higher values results in the control rods
inserted increasing)
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