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Abstract  [Background] Molten salt reactors have been selected as one of the promising candidate Generation IV
reactor technologies, due to the advantages of inherent safety and high economic efficiency. The small modular
molten salt reactor (SM-MSR), which utilizes low-enriched uranium and thorium fuels, is regarded as a wise
development path to speed deployment time. Uncertainty and sensibility analysis of accidents possess a great
guidance in nuclear reactor design and safety analysis that can be performed to obtain the safety boundary and
through sensitivity analysis, thereafter to obtain the correlation of the accident consequence and input parameters.
Reactivity insertion transient accident represents a type of hypothetical accidents of SM-MSR, and the study of

reactivity insertion transient accident can offer useful information to improve physics thermohydraulic and structure
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designs. [Purpose] This study aims to investigate the uncertainty and sensibility of MSR reactivity insertion accident
and provide supports for the design and safety analysis of the small modular molten salt reactor. [Methods] RELAP5-
TMSR code was employed to establish a transient behavior analysis model for SM-MSR, and the model consisted of
four coupled parts, including the primary circuit, 2nd circuit, air cooling system modules and passive residual heat
removal system. Then, propagation of input uncertainty approach on the basis of Monte Carlo methods was employed
to analyze the uncertainty of reactivity insertion transient accident consequence. Uncertain parameters for the
reactivity insertion transient accident were selected by the phenomena identification and ranking table (PIRT).
Subsequencely, a list of input parameters along with their associated density functions was adopted by using a
probabilistic methodology to establish the code run times and sets of uncertain input parameters that was propagated
through the RELAP5-TMSR code, and then obtain the upper and lower uncertainty bands of the reactivity insertion
transient consequence. Finally, the sensibility of input parameters was analyzed by performing Multiple Linear
Regression (MLR) method, and the F-test was used to assess whether the MLR models comply with statistical laws.
If the linear model was strong collinear, a significance test of the semi-partial correlation coefficient (SPC) was used
for the ranking of input uncertainty parameters, otherwise, the standardized regression coefficient (SRC) would be
used for the significance test. [Results] The uncertainty analysis results show that the maximum fuel salt temperature
of SM-MSR is 727.4 °C which is lower than the acceptance criteria (800 °C). Through statistical analysis, the
maximum value of reactor outlet fuel salt temperature is normally distributed. [Conclusions] The molten salt reactor

has good safety characteristics, and the 5 important parameters are density of fuel salt, local resistance coefficient of

reactor core, reactor power, local resistance coefficient of primary circuit and reactor shutdown margin.
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Fig.1 Overall layout diagram of the 150 MWt molten salt reactor
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Table 1 Main parameters of the 150 MWt molten salt reactor
F 2 H Main parameter ¥ i1H Design value
3 Thermal power 150 MWt

JRk] £ 2H BR Fuel salt composition

HECSN 1/ TR 2RI Fuel salt temperature (inlet/outlet)
AR AR B 42 x5 Diameter x height of reactor body
WRR] £h T 2 % FF Fuel salt power density

BT 734 Lifetime of reactor body

1 22 45 7 Graphite structure

- [nl %4 #1 £k The secondary circuit salt composition
PRACS £ 4i14 14k PRACS molten salt composition
DRACS £ 4i74 #1 £k DRACS molten salt composition
PRACS Z 4% 11 3% Design power of PRACS

25 H M K] Structure material
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Table 2 Input uncertainty parameters

¥E 2K s Vi
No.  Parameters Distribution Range
p-1 B N 2 1 e R B Heat transfer coefficient of tube side h_tube 5104 Uniform 75%~125%
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No.  Parameters Distribution Range
p-2  EAMRIHHA RS Heat transfer coefficient of shell side h_shell Y543 A5 Uniform  75%~125%
p-3  ZAMIFRI A R 2 Heat transfer coefficient of air side h_air Y5100 41 Uniform 75%~125%
p-4  BREHEEZSE Viscosity of fuel salt v_fuel )51 40 Uniform  90%~110%
p-5  BRkLEE S AR $ Heat conductivity of fuel salt k_fuel 1514345 Uniform 90%~110%
p-6  BRELERRZIK R %L Coefficient of thermal expansion of fuel salt b_fuel Y9515 4 Uniform  90%~110%
p-7  JRELELZE B Density of fuel salt p_fuel Y5454 Uniform 90%~110%
p-8 SRR R 255 2 Ik 2 % Isothermal expansion coefficient of fuel salt e fuel Y9515 4 Uniform  90%~110%
p-9  FLiNaK %% Viscosity of FLiNaK v_ flinak ¥15150 45 Uniform  90%~110%
p-10  FLiNaK 5:# % % Heat conductivity of FLiNaK k_ flinak Y5143 46 Uniform - 90%~110%
p-11  FLiNaK #iZfK & % Coefficient of thermal expansion of FLiNaK b_flinak 351554 Uniform  90%~110%
p-12  FLiNaK % J¥ Density of FLiNaK p_ flinak ¥ 51534 Uniform 90%~110%
p-13  FLiNaK %R 2Kk 2 %] Isothermal expansion coefficient of FLiNaK e flinak Y5154 Uniform  90%~110%
p-14  F 523 A %L Thermal conductivity of graphite k g IEZ% i Normality  90%~110%
p-15 A SEFIHEE volumetric heat capacity of graphite cpv g IEZ% 4 Normality  90%~110%
p-16 W IKA 4 5 A $ Thermal conductivity of Hastelloy-N k hn IEZ43 4 Normality  90%~110%
p-17 W IKRA S ML Volumetric heat capacity of Hastelloy-N cpv_hn IEZ 434 Normality  90%~110%
p-18  HEILN T % Reactor power P_reactor ¥J5105 4 Uniform 95%~105%
p-19  #iill#: & #:H [E] Control rod dropping time T drop )543 A5 Uniform  80%~120%
p-20 B EUFHERIE Reactor shutdown margin p_shutdown  ¥J%]404ii Uniform  80%~120%
p-21 WAL ER I N M IR 2 38 Fuel salt temperature coefficient of reactivity p_f ¥J5155 45 Uniform  80%~120%
p-22 s NP EE 230 Graphite temperature coefficient of reactivity  p_g ¥J515 41 Uniform  80%~120%
p-23  HELHUS AT Core Hot Spot Factor f hsf ¥J515 4 Uniform  80%~120%
p-24  KSJEJE Atmospheric temperature T _atmo ¥J515 4 Uniform  95%~105%
p-25  HESPH /7 &% Local resistance coefficient of reactor core f core Y5454 Uniform  80%~120%
p-26  —[EIEEFH )1 RELCRALFEHETD) f primary Y9515 4 Uniform  80%~120%
Local resistance coefficient of primary circuit
p-27 PRACS #%4i[H /1 # %] Local resistance coefficient of PRACS f PRACS ¥)5) 43 #i Uniform  80%~120%
p-28  [AIEBH 77 &% Local resistance coefficient of 2nd circuit f second Y)5) 43 #i Uniform  80%~120%
p-29  DRAC [HI#%BH /) & % Local resistance coefficient of DRACS f DRACS Y9515 4 Uniform  80%~120%
p-30 A EEFH J1 R % Local resistance coefficient of air cooling tower f Airtower  ¥J5)43 i Uniform  80%~120%
p-31 AT H Adjuster rod worth p_rod ¥I51 5045 Uniform  80%~120%
p-32 1R ¥ Withdrawal speed v_speed ¥I5150 4% Uniform  90%~110%
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Passive Residual Heat Removal System:
DRACS Modules and PRACS Modules
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Table 3 Statistical analysis results and percentile valve

e FIME  bRdEZE f/ME e KE B /3 Percentile / %
Variable Mean Standard deviation =~ Minimum Maximum 95 96 97 98 99
{H Value/°C  721.3 2.3 716.4 727.4 725.4 725.7 725.9 726.1 727.1
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Table 4 SRC of the 5 most important parameters to
LOFC consequence

Fa 2 SRC

No. Parameters

1 TR} h 2 p_fuel -0.729
Density of fuel salt

2 b NN
Local resistance coefficient
of reactor core

f core 0.528

3 ST 2R Reactor power P _reactor  0.330
4 — Rl BH ) R f primary  0.144

Local resistance coefficient
of primary circuit

5 P HEIRE
Reactor shutdown margin

p_shutdown -0.101
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