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Temperature Analysis of the Control Rods at the Scram Shutdown of the HTTR
- Evaluation by using Measurement Data at Scram Test of HTTR -

Eiji TAKADA, Nozomu FUJIMOTO
Atsuko MATSUDA' and Shigeaki NAKAGAWA

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received January 31, 2003)

In the High Temperature Engineering Test Reactor (HTTR), since the primary coolant
temperature become 950 degrees centigrade at the high temperature test operation, the
special alloy Alloy800OH is used for cladding tubes and spines of the control rods to
endure the high temperature. The temperature limitation of control rod is 900 degrees
centigrade according to the strength data of AlloyB0OOH. The scram shutdown by loss of
off-site electric power at the high temperature test operation was assumed as an
transient of the temperature of the control rods cladding might exceed 900 degrees
centigrade. In this report, the temperature of the control rods is analyzed by using the
measurement data of the rise-to-power test. From the result of this analysis, it was
confirmed that the control rod temperature does not exceed the limit even at the

transient of the loss of off*site electric power from the high temperature test operation.

Keywords : HTTR, Control Rod Temperature Analysis, Scram, Alloy800H

* Toshiba Corporation
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Table 3.3.1 Power distribution for calculation of

rated operation mode (for 1/12 core model)

(unit : watt)

Fuel column Control rod guide |Replaceable| Parmanent
axial position| column reflector reflector
1D* Graphite ID* Graphite block block
F1 3.6E+02 CR1 1.2E+01
Upper
replaceable 3.7E+02 CR2 9.6E+01 7 8E+01 7 0E+01
reﬂecior 69E+02 |CR3| 2.7E+01 ' '
oc
3.5E+02 CR4 2.7E+01
F1 1.1E+05 5.9E+03 CR1 2.0E+02
1st layer F2 8.9E+04 4.7E+03 CR2 1.6E+03
1.3E+03 1.2E+03
fuel block | F3 1.9E+05 9.8E+03 CR3 4. 6E+02
F4 1.0E+05 5.3E+03 CR4 4 5E+02
F1 1.2E+05 6.3E+03 CR1 2.2E+02
2nd layer F2 1.1E+05 5.9E+03 CR2 1.7E+03
1.4E+03 1.3E+03
fuel block | F3 2.5E+05 1.3E+04 CR3 5.0E+02
F4 1.2E+05 6.5E+03 CR4 5.0E+02
F1 1.1E+05 5.8E+03 CR1 1.9E+02
3rd layer F2 1.1E+05 5.7E+03 CR2 1.5E+03
1.2E+03 1.1E+03
fuel block | F3 2.4E+05 1.2E+04 CR3 4.2E+02
F4 1.1E+05 5.7E+03 CR4 41E+02
F1 11E+04 3.7E+03 CR1 1.3E+02
4th layer F2 71.1E+04 3.7E+03 CR2 1.0E+03
8.0E+02 7.2E+02
fuel block | F3 1.5E+05 7.6E+03 CR3 2.8E+02
F4 7.1E+04 3.8E+03 CR4 2.8E+02
F1 5.0E+04 2.6E+03 CR1 9.7E+01
5th layer F2 | 49E+04 2.6E+03 CR2 7.3E+02
5.6E+02 51E+02
fuel block | F3 1.0E+05 5.3E+03 CR3 2.0E+02
F4 4. 7E+04 2.5E+03 CR4 2.0E+02
F1 1.8E+02 CR1 5.9E+00
Bottom
replaceable F2 1.8E+02 CR2 4 4E+01 3.4E+01 4 1E+01
reflector | 3 3.0E+02 |CR3| 1.2E+01 ' '
block
F4 1.5E+02, CR4 1.2E+01

* refer to Fig.3.1.1
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Power distribution for calculation of

high temperature test operation mode (for 1/12 core model)

(unit : watt)

: Fuel column Control rod guide |Replaceable| Parmanent
axial position column reflector reflector
1D* Fuel Graphite ID* Graphite block block
3.7E+02 CR1 1.2E+01
Upper 3.8E+02 CR2 9.7E+01
8E+ JE+
replaceable 7.9E+01 7.1E+01
reflector 70E+02 |CR3| 2.8E+01
block
3.5E+02 CR4 2.8E+01
F1 1.1E+05 5.9E+03 CRt 2.0E+02
1st layer F2 9.0E+04 4.7E+03 CR2 1.6E+03
1.3E+03 1.2E+03
fuel block | F3 1.9E+05 1.0E+04 CR3 4.6E+02
F4 1.0E+05 5.3E+03 CR4 4.6E+02
F1 1.2E+05 6.4E+03 CR1 2.2E+02
2nd layer | F2 1.1E+05 6.0E+03 CR2 1.8E+03
1.4E+03 1.3E+03
fuel block | F3 2.7E+05 1.4E+04 CR3 5.0E+02
F4 1.2E+05 6.5E+03 CR4 5.1E+02
F1 1.1E+05 5.9E+03 CR1 1.9E+02
3rd layer F2 1.1E+05 5.8E+03 CR2 1.5E+03
1.2E+03 1.1E+03
fuel block F3 2.5E+05 1.3E+04 CR3 4.2E+02
F4 1.1E+05 5.8E+03 CR4 4 2E+02
F1 71.2E+04 3.8E+03 CR1 1.4E+02
4th layer F2 7.2E+04 3.8E+03 CR2 1.0E+03
8.1E+02 7.3E+02
fuel block | F3 1.5E+05 8.0E+03 CR3 2.8E+02
F4 7.2E+04 3.8E+03 CR4 2.9E+02
Fi 5.0E+04 2.7E+03 CR1 9.8E+01
5th layer F2 4 9E+04 2.6E+03 CR2 7.4E+02
5.7E+02 5.1E+02
fuel block | F3 1.1E+05 5.6E+03 CR3 2.0E+02
F4 4 8E+04 2.5E+03 CR4 2.0E+02
Fi1 | 186402 |CR1| 6.0E+00
Bottom F2 1.8E+02 CR2 4 5E+01
8E+ .
replaceable 34E+01 | 3.1E+01
fe;'lecrf F3 3.1E+02 |CR3| 1.2E+01
[e]+]
F4 1.5E+02 CR4 1.2E+01

* refer to Fig.3.1.1




JAERI-Tech 2003-040

Table 3.3.3 Flow rate distribution for calculation of full power operation

Flow rate (g/s) (for 1/12 core model)

shielding block

* .
Flow path b Rated operation mode ngl;::g:iz:‘a::;fietest
F1 1944 156.5
F2 195.5 158.3
Fuel channel F3 361.2 2935
F4 1810 1479
CR1 3.3 28
CR2 20.6 175
Control rod channel CR3 215 84
CR4 219 19.0
GIt 1.1 1.0
GI2 1.6 15
GI3 0.5 0.5
Gl4 0.3 0.3
GIS 1.2 1.2
GI6 0.3 0.3
GI7 15 15
GI8 0.3 0.3
Gap between Blocks a1 0.2 0.2
GO1 3.7 23
GO2 20 14
GO3 0.5 04
GO4 12 08
GO5 0.3 0.3
GO6 5.1 3.1
GS1 29 30
Outside of Permanent
| reflector Block GS2 511.1 4159
Outside of side GS3 5111 415.9

* refer to Fig.3.1.1
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Table 3.4.1 Comparison between calculation results and measurement value

at steady-state of rated operation mode

Ttem Calculated Measured
Results Value

Core inlet coolant temperature (‘C) 404 396
RPV outlet coolant temperature (C) 847 828
Coolant temperature at Hot Plenum

(center region) (C) 867 853
Coolant temperature at Hot Plenum
(outer region) (C) 844 832
Permanent reflector block outer surface
temperature(3rd layer) (C) 445 453
Permanent reflector block inner surface
temperature (3rd layer) (‘C) 510 507

Table 3.4.2 Results of temperature analysis of control rod at loss of

off-site electric power at High temperature test operation mode

Maximum temperature of control rod (°C)

Reflector region control rod

Center
Replaceable Permanent control rod
Fuel block side reflector reflector
block side block side
Spine 780 780 780 701
Inside sleeve 840 785 760 717
QOutside sleeve 876 798 763 732
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Upper Plenum

Control rod

Core inlet
temgerature

Permanent
reflector block

Permanent reflector block
/ inner and outer surface temp.

Core restraint
mechanism

Replaceable

Core region reflector block

Reactor pressure
vessel

Hot plenum

o g T ™ =l

I ]‘.fil &*Hlﬂ‘! ? Side shielding block inner
|=Fp| W 1] and outer coolant temp.

(reactor inlet temp.)

Main coolant

. Core support grid
outlet pipe

Center region hot plenum
coolant temperature

—>  Flow path Outer region hot plenum
coolant temperature

@ Measurement point

Fig.2.1 Vertical view of HTTR reactor core and measurement point
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< Conditions> < Cases of calculation>
Control rod
Insertion
hole
* Reactor power I D Steady-state calculation || temnerature
+ Coolant flow rate ;| of Core Model I

» Coolant flow distribution

« Core inlet temperature Initial temperature

|
| .
I distribution Control rod
I insertion
I hole
- @ Transient calculation temperatur
" of Core Model |
+ Coolant flow rate - @ Steady-state calculation
1 of Control Rod Model

Initial temperature
distribution

Transient calculation
of Control Rod Model
(0~40min)

Initial temperature
distribution

r======T77=-==-

Transient calculation
of Control Rod Model
(40min~)

Fig.3.2.1 Flow diagram of Control rod temperature analysis
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Fig.3.3.1 RPV inlet temperature transient during loss of off-site electric power
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Fig.3.4.1 Comparison of calculation and measurement result of core inlet

temperature transient during loss of off-site electric power at rated operation mode
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reflector block outer surface temperature
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Fig.3.4.2 Comparison of calculation and measurement result
of permanent reflector block inner and outer surface temperature transient

during loss of off-site electric power at rated operation mode
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Fig.3.4.5 Calculated results of temperature transient of R2 control rod insertion hole bottom
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Fig.3.4.6 Calculated results of temperature transient of R2 control rod point part

during loss of off-site electric power at high temperature test operation mode
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Fig.3.4.7 Calculated results of temperature transient of R2 control rod point part
during loss of off-site electric power at high temperature test operation mode
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Fig.3.4.9 Calculated results of temperature transient of center control rod insertion hole

bottom area during loss of off-site electric power at high temperature test operation mode
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