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Name of the
Program == -

GAM/THERM(A):S;;
ZUPDGL

CITATION

FEVER Burnup-
Calculation

THERMIX Temperature- Temperatures of: ', |
Calculation - Fuel (UO2) |
- Core-Graphite

- Reflector-
Graphite in all
Regions
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Acc:dental Reactlwty Increase
Partial Power - Zero nggr
Efficiency of 5 of 6 Rods -

Control Reserve 100-50-1 00 %

Reactivity Compensation for

Partial Power (Xenon, Temperature) i 0, 4%
\l Accidental Reactiviy Increase +0,5%
,, Partial Power - Zero Power +0,1%
Efficiency of 5 of 6 Rods - 26%
-04%
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Rod ejéctidrj‘”',_ly-- .

Uncontrolled rod WIthdraw
Boron dilution -

Water ingress

Uncontrolled fuel addi‘t}i:o’n'

Collapsing of holes in tH‘e,gor
Loss of Collant Accident :
Loss of Flow Event e
Rod drop with reactivity gain T

Core densification B
Boron-loss by earthquake '}

Burn out of poison in structural materials no

Uncontrolled cooling of the core yes |

Temperature increase of the reflector no (ves)
Error in excess reactivity (no) yes
ATWS yes yes
Changes of reflector geometry no yes
Burn out of reacitivity control devices yes yes
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BMI-Kriterium 3.2
RSK LL, 3.2

DIN 25405

KTA 3101.2 |
IAEA Safety Standards
IAEA Safety Guides

Temperature Coefficient of the fuel: Negatlve o

Temperature Coefficient of the fuel-graphite: Slighﬂy
negative, a small positive value at Xenon-maximum .

Temperature Coefficient of the reflector: Slightly positive

= Inherent Safety confirmed
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reactivity

- Search for possibi

. Core é!rens‘iﬁ:ca\t_lp'_" by earthquiak

Water ingress

P Water density

Uncontrolled withdraw
or reflector rods
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Uncontrolled cooling -

P Time

Rod drop

P Time
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the same helght

The power density distribution is controlled by the 3 xv 4 ?
neutron flux instrumentation outside the RPV.

An indirect control of the axial shape is given by
measuring the helium-inlet and -outlet temperatures.

Under safety aspects the power density distribution is
important as start condition for accident analysis.

Modular HTR-2 NPP, Reactor Physics

TUV Hannover/Sachsen-Anhalt e.V. NG
Division Energy and Systems Technology TV NORD GRUPPE

Eskom_8.ppt




e Dl B S L LU LTS AR OB U T AL R

Rules for
BWR, PWR,
Fuel Handling

BMI

RSK
KTA

IAEA SG-50-D1
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Reactm y ACC
Uncontrolled withdra

[se_c] , [%]:"'5'5'_ -

o 105
(12 . 120

2

Th LAY

90 ~200
120 - <10 =i oo
13700 DecayHeat -~ .~ . ~1050°C
~some  DecayHeat — =~ ~1240°C
hours S

Conditions:

» Conservative integral power, only area cooler system
 Skipping of first reactor protection limit <« Rfs wecked

Result:

Fuel temperature well below limit: 1620 °C, also for different
starting conditions like zero power, partial power.
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Loss of Cool

— - Reactor power 105 % (llmltatlon;syste m

ant,Accld.en

.Startmg condltlons

= Inlet temperature 280 °C (near protectlon syste'm' l|

- OUﬂet temperature 750 °C (near protectnoy | >m limit
— 2. Scram limit (df / -—20//”",9 o
— Leak of 85 mm: d

Calculation
Programs TAC 2D (TUV) and THERMIX

Detailed 2-dim model with evaluatlon of the mam toleran”_es
(1 o-value): : : AR

~  Decay heat +2,8 %

— Local power density £ 5 %

—  Fuel heat conductivity + 1,15 W/meK
— Effective core heat conductivity £ 5 %

Results for maximum fuel temperature (incl. 2 c—tolerancé)

THERMIX TAC 2D limit
1608 °C 1625 °C 1620 °C

(~ 1 % of the core > 1500 °C)
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Loss of Coolant Accrdent i

Additional temperature results (THERMIX)

Position | MaXimum__;,':;j
~ temperature ', o

Reflectorrods 880°Cf§,; 
Core container wall 500 °C
Core container bottom 380 °C
RPV wall | 360 °C
RPV bottom 350°C
Outlet temperature 750 °C

De;sig n : Iin’iits.',“:,~.~ e

 850°C
"5@0 C S

500 C e

900 °ﬁc |

The high temperatures of the reflector rods do not affect the

conceptual design, because:

— The mechanical integrity of the rods can perhaps be

approved by additional experiments,

— The shutdown safety is not affected by a loss of the rods

during temperature increase,

— The rods can be changed.
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