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Unsteady Characteristics of Three-Core Molten Salt Reactor
—A Study on Load-Following Capability—
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Abstract
Numerical analysis has been performed for load-following capability of a 465 MWth Three-Core Molten Salt
Reactor (MSR). “Reactor-slaved-to-turbine control technique” is adopted for reactor control. As for this control
technique, a turbine is controlled by a speed regulator of a generator, and subsequently the reactor is controlled so as to
follow the turbine output. In this study, the turbine power is rapidly changed in a range of 50-150% of the rated power.
Then transient characteristics of fuel salt and graphite temperatures, neutron fluxes, delayed neutron precursors, and
reactor output are calculated. The analysis result shows that the reactor output is capable of following the turbine power

in the range of the turbine output of 50-150%.
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Fig. 1 Schematic drawing of 3-Core Molten Salt Reactor.

Table 1 Main features of 3-Core Molten Salt Reactor.

Thermal output (rated power) 465 MWth
Fuel salt composition

LiF 71.76 mol%

BeF, 16.0

ThF, 12.0

“BUF, 0.24
Fuel salt volume
Reactor 23.0m°
External loop 53m’
Graphite volume 106.2 m*
Fuel salt inflow rate 0.735 m’/s
Fuel salt temp. (rated power)

Inlet 833 K

Outlet 973 K
External loop transit time, 38.54s
Neutron multiplication factor 1.0186
Temperature  coefficient  of [ -219 x 10°
reactivity 1/K
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Fig. 3 Configuration of fuel duct and graphite reflector.
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Table 2 Dimensions of cells.
Corel Core2 Core3 Fuel Reflector
duct
Geometry | cylinder | cylinder | cylinder | plate plate
FR, - 0.34 0.32 0.26 0.9 0.005
D, m 0.2 0.2 0.2 0.04 0.2
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graphite moderator.

Table 3 Thermal properties of fuel salt and

Fuel salt | Graphite

p [kg/m’] Eq. 4 1840

¢ [J/kg/K] 1357 1760

A [WIm/K] 1.20 31.2
u [Pas] 9.84x10° -
Boiling point [K] 1798 -
Solidifying point )

K] 772

Table 4 Fractions of delayed neutron precursors f;
and decay constant/, .
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Fig. 6 Time changes of heat generated by fission
reaction.
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Fig. 7 Time changes of fuel salt and graphite temperatures.
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Fig. 8 Time changes of fast and thermal neutron fluxes.
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Fig. 9 Time changes of delayed neutron precursors.
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Table 5 Stabilization times of reactor parameters.

Stabilization time [s]
0./Py Reactor Neutron flux Delg¥§gu?:;:ron Temperature
[%] Power, P T T T
[MW] Fast Thermal G Co (inlgt) (outfet) (cenier)
50 967 957 712 1048 966 241 61 726
75 232 217 246 530 254 - - 22
125 204 277 238 105 272 - -
150 462 365 350 138 367 429 147 603
WP X R AM AP bNERCH, PO SEXE
B BMERRIZND EBZ DbND.
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5 &8 Roadmap for Generation IV Nuclear Energy
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