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Validation of the TAC/BLOOST Code
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Safety demonstration tests using the High Temperature engineering Test Reactor
(HTTR) are in progress to verify the inherent safety features for High Temperature
Gas-cooled Reactors (HTGRs). The coolant flow reduction test by tripping gas circulators is
one of the safety demonstration tests. The reactor power safely brings to a stable level
without a reactor scram and the temperature transient of the reactor-core is very slow. The
TAC/BLOOST code was developed to analyze reactor and temperature transient during the
coolant flow reduction test taking account of reactor dynamics. This paper describes the
validation result of the TAC/BLOOST code with the measured values of gas circulators
tripping tests at 30 % (9 MW). It was confirmed that the TAC/BLOOST code was able to

analyze the reactor transient during the test.

Keywords: HTTR, Safety Demonstration Test, HTGR, Reactor Characteristics, Reactor
Performance, TAC/BLOOST, VHTR, Thermal Feedback, One Point Kinetic Equation
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Tablel Analytical conditions in case of 9MW

Reactor power IMW
Primary coolant pressure 27.5kg/cm?2
Inlet coolant temperature 180°C

Total coolant flow 44.6ton/h
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Table2 Comparison between measured value

and analytical result in case of 9OMW

Thermocouple measuring

Measured

Analytical

points Value Result
Upper permanent reflector
188°C 178C
block (outside)
Middle permanent reflector
199%C 206°C
block (outside)
Lower permanent reflector
193°C 206°C
block (outside)
Upper permanent reflector
187°C 182°C
block (inside)
Middle permanent reflector ‘
210°C 225C
block (inside)
Lower permanent reflector
206°C 201°C
block (inside)
Hot plenum block 273°C 269°C

_ 15—
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f“_ *Measured point

__—Stand pipe
-

Upper block

Permanent
reflector block *<

Replaceable
S Ze reflector block

Core restraint
mechanism

Fuel element

Middle block

0080
%0
°0 00

Lower block

Hot plenum block ¥
e Support post
Lower plenum block
Carbon block
Bottom block
_—Support plate
——Core support grid

~/} J | Auxiliary coolant

outlet pipe

Main coolant
outlet pipe

Fig.1 Bird’s-eye view of reactor pressure vessel

(RPV) and core

— 16 —
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Irradiation hole

Control rod guide block

' . ’ a \_\ Replaceable reflector region
'. .@ / LRI AE
.ﬁ //// "////W// \"‘*h

Fuel region

Reserved shutdown
pellets insertion hole

Control rod insertion hole

/// ’ t1~Neutron detector insertion hole
Replaceable reflector block )\ / ,,, 4 /
\'!"\\\\B?)// //// // 77, /./@ . ‘ Permanent reflector block
Fuel element N5 /L

Reactor pressure vessel

O // "/
o 'cb/./{@
Irradiation test column @

Side shielding block Core restraint mechanism

Fig.2 Horizontal arrangement of core

. Fuel h ndmg hole
Fuel kernel, 600 4 m Dowel pin
High density PyC = Plug -
Si | Fuel
) o20um [ compact-
< 1 Graphite
sleeve
Coated fuel ' 580mm
particle
= 34mm -
Fuel Fuel Fuel
compact rod assembly

Fig.3 Structure of fuel assembly
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Reactor Containment Vessel L-i:

Veséel Cooling System

3.5MP
Air cooler |GC___¢ - | a
g 20 / 30MW
S . 850°C DGC
e e L] 9
e NG Air cooler
Primary Cooling System | { [[PPWC
Water .
pump .
Auxiliary Cooling System MamCoohng System -
IHX : Intermediate heat exchanger SPWC: Secondary pressurized water cooler

PPWC: Primary pressurized water cooler AHX : Auxiliary heat exchanger
GC :Gas Circulator

Fig.4 Schematic diagram of reactor cooling system
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Upper cooling panel » . Side cooling panel

Side cooling panel

Reactor vessel

e
¥

Side cooling panel

Thermocouple exchange panel

j
#\ Side cooling panel

Lower cooling panel

Lower cooling panel

Fig.5 Structure of vessel cooling system
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il
EERE~LMA | E#pE~ LA
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Coolant Flow Reduction Test - Test Method -

Test Conditions —
u Reactor Power 30~100% ,
2 Reactor Qutlet Coolant Primary Pressurized
) Water Cooler
Temperature
Initial Below 850°C

During Test Below 950°C
® Gas Circulators to be Stopped
1 or 2 (out of 3)

= Reactor Power Control System
Disabled*

* Power supply for driving all control-rods is
cut off.

** Scram set-values of primary coolant flow
rate (Low), etc. are modified to prevent a
reactor scram.

Gas Circulators

Reactor

ansient Data of Reactor Power,!
Reactor Inlet & Outlet Coolant’
emperature; etc. are obtained.

Fig.8 Coolant flow reduction test



JAERI-Data/Code 2005-003

Reactor Power[ MW]
R T - R )

-100

350
330
310
290
270
250
230

Temperature[°C]

210
190
170
150

50 &
=
5 2
: 0
Coolant Flow (Measured Value) 35 =
=
1 30 2
=4
25 ©
\ 20
Reactor Power (Measured Value)
100 200 300 500 600
Time|[sec]
Fig.9(a) Measured values of one gas circulator
tripping test
Reactor Outlet Coolant Temperature (Measured Value)
Reactor Inlet Coolant Temperature (Measured Value)
-100 0 100 200 300 400 500 600
Time[sec]

Fig.9(b) Measured values of one gas circulator

tripping test

22 —
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Temperature[C]
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Coolant Flow (Measured Value)

9
| 8 \ \4

: \

6 \ Reactor Power(Measured Value)

5 N

) . |

3

-100 0 100 200 300 500

Time[sec]

tripping test

350

S0
45
40
35
30
25
20
15

Coolant Flow [ton/hr]

Fig.10(a) Measured values of two gas circulator

330

310
290

T

Reactor Outlet Coolant Temperature (Measured Value)

270
250

230

210

190 Reactor Inlet Coolant Temperature (Measu

red Value)

170 \%
150

-100 0

100

200

Time[sec]

300 400

500

600

Fig.10(b) Measured values of two gas circulator

tripping test
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‘Fuel Element
‘Replaceable Reflector Block

Permanent Reflector Block

® ©® 0 ©

‘Hot Plenum Block

TEMPERATURE
400

350

300

250

200

150

100

20

Fig.11 Steady state temperature distribution

in case of 9OMW
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400

350

300
g
3
5 250
i
Ezm
150
100
100 150 200 250 300 350 400
Measured value("C)
Fig.12 Transient temperature distribution in
one gas circulator tripping test
30 : | | | | 360
25 e — G R A - A 340
; ' Fuel Temperature !
= 20 fomomeeodeeneneaes T CEREERREES il SEREEER 320 55
) s s z | s
b | I I I I
| : 0 =
% 15 fF--------- el Moderator Temperature ---------- rooomee 300 %
= E : : : | g
g | | | | | g
§ 10 F---mmmoee ' Reactor Power(Measured Value) :P """""""" 280
& | { ; ; LN ;
S o ”E T Reactmf Power(Ana}ytical Value) =777 7" E“ """"""""" 1 260
0 ; ; : ; ; 240
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time[hr]
Fig.13 Transient reactor power and

temperature in one gas circulator tripping

test
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Analytical result("C)

Reactor Power[MW]
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400
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300

250

200

150

100
100 150 200 250 300 350 400
Measured value(C)

Fig.14 Transient temperature distribution in

two gas circulator tripping test
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25 """ "Fuel Temperature E """"""" CoTTT T 340
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| | E | 2
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. Moderator Temperature | §.
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S gz . j : : 260
i Reactor Power(Measured Value) / E
0 | | | : : 240
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time[hr]
Fig.15 Transient reactor power and

temperature in two gas circulator tripping test



This is a blank page.




JAERI-Data/Code 2005-003

Xe Reactivity

1.0E-03
5.0E-04

BipviKanoesy

0.0E+00 s

0E-03 |--
-1.5E-03

0.02 0.04 0.06

0.00

Time[hr]

gas

two

in

reactivity

Transient

Fig.16

circulator tripping test
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