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Core Dynamics of the Experimental Multi-Purpose

High-Temperature Reactor

Masahiro EZAKI, Susumu MITAKE, Wataru SHINCDA
Office of Power Reactor Projects, Tokai, JAERI
(Received July, 1971)

Abstract Core dynamics of the experimental multi-purpose high-
temperature gas cooled reactor have been investigated on the reactor power,
temperatures in the core and coolant by digital simulztion methods.

The accidental conditions are as follows ; resctivity insertion, change in
the coolant flow-rate, loss of circulator power and change in the coolant
inlet temperature.

(l) The reactor—-core behavior is stable in the accidental conditions, and so
the reactor can be controlled safely.

(2) The change in fuel temperature has & time delay from the change in power
snd so the negative temperature feedback becomes effective zbout 20 sec, after
the a reactivity insertion. )

(3) In the tctal léés of circulator power accident, fuel and coolant. outlet

temperatures rise slowly and so the reactor can be proféctéd adequately.
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Table 2.1

General

Number of fuel elements core

Standard fuel element {(block)
Control region fuel element {(block)
Total fuel element {block)

Number of fuel elements/column
Weight of fuel element

Standard fuel element
Control region fuel element

Maxinum residence time in initial core

Maximum fuel burnup in initial core

Maximum fast neutron dose

Maximum temperature (initial)

fuel compact

s leeve puter surface
Maximum linear heat rating (initial)
Coated particle fuel
Fuel kernel

Puel material
Diameter

Dens ity
Enrichment
Q4] ratio
Sphericity

Coatings

Coating type
Material ist
Znd

layer
laver

3rd
.4th

laver
taver

1st laver 2nd layer

Thickness 40 +5u 30+ 5n
Dens ity 11401 g /e 18+0.05g 4
Anisotropy - < 11

({BAF)
Coated particle
Diameter

Sphericity

4523

Main Characteristics of the Fuel Klement”

240
35
275
5
59 K¢
52 Kg
750 davs

73300 MWD,/T
3X 10*! n/en’ (F>0.18MeV)

1,293 C
1,250 C
412 w/oem

Uranium dioxide

500 % 50 4

90 + 1.5% T.D. (% 9p4d)
4, 6, 8+ 0.071 w70
.98 + 0.01
dmax/dmin51.2

TRISO-I1

Porous p¥rocarhon

High density isotropic
p¥rocarbon

Pyrolytic silicon carbide

Hygh density isotropic
p¥rocarbon

3rd laver 4th layer
254 5p 45+ 5p
3.2+ 005 g /o 1.8+ 005g i
- < 1.4
780 £ 78 u

dmax/dmin = 1.2
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Table 2.1 Main Characteristics of the Fuel Element (Cont’d)

Fuel compact
Tvpe Graphite—matrix
Dimens ions '

Inner diameter
Outer diameter
He ight

Hffective density
Heavy metal density
Packing Fraction

U contamination

Failure fraction (fabrication)

- Fabrication method

Number of fuel pellets per fuel pin
Fuel sleeve
Material

Dimensions

Tube
Inner diameter
Outer diameter
Total length
Rib

Number of ribs/Sleeve
width '
Length

Height

annular pellet

8.0 =
240 - m
400 o

16+ 01 . g/
0.46 + 005 g,/crrl
020 4 0.01

10t
<

Overcoating & warm pressing
12 | |

Nuclear grade graphite

‘i

242 m
340 o m
500 .

3 (2+1)..
4

‘ i
(1 475 ™

2 479 i

S 25
-(2) 15 ®m
4810 w

Active length
Density
Fuel element block.
Ty pe
Material
Dimension

Across flats

Length

Hole diameter
Coolant channel
Fuel handling hole (top}
Control {rod) hole

Coolant hole piteh (Triangular

Density
Number of coolant channels per block

Standard block
Control region block.

Number of control (rod) holes
per control region block

Number of blocks per column

18 4 003 g/

Prismatic hlock

Miclear grade graphite ’
299 L

500 & *
37 i
564 m

64 m .

) 47.5 m

175+ 003 g4

36
24
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Fig. 2.1 Vertical cross section of the reactor.
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Table 3.1 Neutron dynamics consfants and
_temperature coefficients '
(6%enriched uraniun)
Burn up 0 GWD T | 40 GWD/T
£ 0.5714X 107" sec ' 0.446X107 ? sec
) 0.006&4 00054
- Peff . _
Bi/ Beff Ailsec™ ) Bi/ Beff Ai(sec™)
go42 301 0.gaz 2.9 2
0.116 1.14 0112 114
0.395 0.301 0387 . 0.3G7
G195 U.11j 0.19.8 0115
0219 0.03G5 D227 .. 0031
0.0%3 00124 | G034 . 0g125
Isothermal Fuel compact Fuel compact
: temperature —316 X 107° ak “k/C o 376X 1077 ak kT
coefficient Sleeve and Moderator Sleeve and Moderat.‘o.r
| | (at 600~1200T) | block | | block |
. =134 X 107° &k k/C 1.50 X 107" &k /%, C
a Total worth 05594 Ak./k
of control rod

Table 3.2 Distribution of Control Rod Worth

Iocation Numk.)er of BRods, /Ring 'Wo-rth/Rod
[ 1st Ring (center) 3 1.04 X 107* &k 'k
2nd  Ring 18 0846 X107 ak /k
3rd Ring 1 2 0780107 ok 'k
4th Ring . 1 2 0,680 X107 ok k

—12—
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Table 3.3 Physical properties of core materials

& 4 {(t1100C)

RiEBE 0.0661 cal, em, sec C
{ 00G444 Btu, sec . ft.
W B {047 cal /9. T
0.4 7 Btu, £b.F

F

(Cp=02802+026X107°T—08X 107" T cal/#TC)

& E { 1.8 o ¢ e
AN =7
| 1124 £/ 1t
1.75 # ol
BE
{ 1093 £hft8

@ He (700C, P=40 Kg/oi)

BE R o 0.765x107° cal “eom. sec . C

1 os1ax107 B,/ sec. ft

< F

( A= (U45 +045X 107 T)X 107 cal /om. sec . T)

H -3 278 cal /#.TC)
{ 1278 Btu, £bh . F)

T=700C, P=40at,
( _ Cp=12463+ 013 X107 T cal /¢ .
e & 1.9 x 107° ¢/ ch
{ 0119 - £h/ it}

(T=7DDC: P=4 0ata
0= (29—14x137 T )x107 ¢/ el

N,

© )

S

— 13—

e o bkt o e D AR
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(Cp=007116+06004X107°% (T4+273)—1470.0/(T+273F cal /2.C)

& E

() #REL 2 2% 2 b

B L
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1
~

108
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gy s R . 2.27 4
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00134
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Fig. 6.1 Insertion of reactivity in the full power condition.

Variation of fuel and coolant temperatures.
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Fig. 6.2 Insertion of reactivity in the full power condition.

Variation of fuel and coolant temperatures.
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Fig. 6.4 Insertion of reactivity in the full power condition.

Variation of fuel and coolant temperatures in comparison

between initial and equilibrium core.
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Fig. 6.7 Power loss accident of circulator {coast down of
90% of the rated flow),
Variation of power, fuel temperature and coolant

temperature.
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Fig. 6.9 Power loss accident of circulator {coast down of 100% of the

rated flow) .
Variation of power, fuel temperature and coolant temperature.
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Fig. 6.12 Start-up accident.

Variation of power and temperature in comperison

characteristics.
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Fig. 6.13 Time transients of radial temperature distributions

at the temperature points of axial maximum power
density, Insertion reactivity; 2.08x10722k/,, No

scram tripping.
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Fig. '6.16 Time transients of radial temperature distributions at

the temperature point of a_xial maximum power density.
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