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ABSTRACT 

The molten salt reactor is characterised by circulation of fuel salt (an appropriate mixture of molten 

salt and fissile-fertile isotopes). The circulation of fuel salt serves the purpose of coolant as well as 

fuel simultaneously. This results in strongly coupled neutronics and thermo-hydraulics system. 

These special features require a modification to mathematical models applicable to static fuel 

system. In this paper, the modified point kinetics equations have been adopted which takes into 

account for delayed neutron precursors drift and the subsequent decay in the primary loop. The 

MSRE design data for both 
232

Th-
233

U and 
238

U-
235

U fertile-fissile based fuel has been used to 

validate the developed simplified simulation tool.  
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1.0INTRODUCTION 

 

The Generation IV International Forum (GIF-IV) [1] has identified the Molten Salt Reactor (MSR) 

as one of the innovative nuclear reactor design which promises to serve various purposes, such as 

breeding of nuclear fuel, actinides transmutation and high temperature operation for electricity and 

hydrogen production [2, 3]. These attractive features results in a renewed interest in circulating fuel 

reactor especially in the Molten Salt reactor. Transient study of circulating fuel based system 

requires modification to conventional reactor simulation tool or development of dedicated 

computational method to take into account drift of delayed neutron precursor (DNP) and the 

subsequent decay in out of core external primary loop [4]. It is also possible that the delayed 

neutron precursors re-entering the core depending upon the flow rate and result in the feedback. 

This pose a new challenge from the perspective of mathematical and numerical schemes for 

simulating the dynamic behavior of nuclear power plants [5]. 

In this work, a simplified approach is adopted based on the modified space-independent point 

kinetics equations which take into account the effect of the fuel salt circulation along with zero-

dimensional thermo-hydraulic equations [6]. Six group delayed neutron approximation results in 

seven point kinetics equations. The zero-dimensional thermal-hydraulic model  consists of two 

equations describing the simple energy balance for the molten salt and the graphite. These two 

equations reduce to one if MSR core does not have any graphite moderator (For example: Molten 

Salt Fast Reactor). A program has been developed to solve these first order coupled set of 

equations using delay differential equation solver (dde23) from pydelay [6]. The theoretical and 

experimental data from Oak Ridge National Laboratory (ORNL) [7] provided from the Molten Salt 

Reactor Experiment (MSRE) operation is used as reference to validate the computational tool. 

The point-kinetics model used in the present work has two additional terms   and  

in order to account for delayed neutron precursors are leaving and entering the reactor core [8]. 

                                     (1)   

 

              (2) 
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Using equations (1) and (2) loss of reactivity due to drift of DNP is evaluated and given by 

equation (3). This loss of reactivity needs to be supplied through withdrawal of control system or 

fuel feed in order to maintain criticality. It depends on flow rate of fuel salt which couples the 

thermal-hydraulic and neutronics. 

 

                                                    (3) 

 

The zero-dimensional thermal-hydraulic model for the moltensalt and the graphite is presented by 

equations (4) and (5). 

 

    (4)  

 

                      (5)       

 

                      (6)  

In equation (1), reactivity depends on reactivity feedback coefficients of graphite, fuel salt and 

external reactivity addition or withdrawal. This has been expressed in equation (7). 
          (7) 

2.0 RESULTS AND DISCUSSION 

 The loss of reactivity at reference velocity of fuel 

salt for 
233

U and 
235

U has been computed using 

equation-3. The loss of reactivities due to fuel 

circulation  are 110pcm (  reference value is 

100pcm) and 250pcm (  reference value is 

212pcm) [8] for 
233

U and 
235

U based fuel salt 

respectively. The reactor operation with 
233

U 

shows 41% loss of reactivity as compared to 37% 

loss for  
235

U based fuel. This is mainly due to fact 

that precursor decay constants of 
233

U are slightly 

greater than that of 
233

U, as presented in Table-1. 

[7]   

Next, transient analysis have been carried out for 

reactivity insertion up to 300 pcm with step of 50 

(per cento mile=10
-5

) at nominal power (8MW) 

with nominal fuel flow rate (0.2cm/sec). It is 

assumed that the 93% of total thermal power is 

being generated in the salt. It is found that the 

peak power computed by the point model results 

in higher value as compared to the reference result 

[4]. In the reference study, DYN3D-MSR code 

has been used to study the reactivity initiated 

transient of MSRE and 3D effects cause the 

differences. Point kinetic model is not able to take 

into account of the neutronics importance and 

temperature distribution in the core. The temperature transient of graphite and fuel salt is evaluated 

only for 300 pcm step reactivity insertion. For the temperature transient, both trends and final 

values are slightly different. It can be seen that the power transient with step reactivity insertion is 

 

 
Fig. 1: Response of MSRE with U-233 loading to 

the reactivity insertion  
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inherently self-limiting by virtue of the negative temperature co-efficient of reactivity of the 

system.  

 
3.0 CONCLUSIONS 
 

The loss of reactivity due to recirculation of fuel salt in steady state MSRE operation has been 

estimated by adopting the modified point kinetics equations. The power and temperature transients 

of molten salt reactor with 
232

Th-
233

U based fuel salt have been analyzed using a zero-dimensional 

model of neutronics and thermal hydraulics feedback. This gives a useful estimate of power and 

temperature peak values during transient. However, these models are inadequate to predict the 

accurate results. The results could be improved by considering the axial and radial dimension and 

by taking the weighting factors for the temperature feedback and for the power distribution 

corresponding to the respective region of the reactor. 

 

4.0 NOMENCLATURE 

: neutron density; 

 i
th
 DNP group density; 

: i group DNP decay constant ; 

: loss of reactivity in steady state; 

 ρ: reactivity; 

 : ith group delayed neutron fraction; 

 : total delayed neutron fraction; 

 : Loop transit time(s); 

 : Core transit time(s); 

 t: time (s); 

 : neutron generation time (s); 

 : fraction of power generated in the salt; 

 : core power (W); 

 T: Temperature (K); 

 U: overall heat transfer coefficient between  

     salt and graphite (WK
-1

); 

 : Mass(kg); 

: specific heat (Jkg
-1

K
-1

); 

 external reactivity inserted or withdrawn; 

eactivity 

      feedback coefficient; 

eactivity feedback 

       coefficient;  

: initial temperature of fuel salt; 

: initial temperature of graphite; 

 

5.0 REFERENCES 

 

[1] A Technology Roadmap for Generation IV Nuclear Energy Systems, issued by the U.S. DOE 

Nuclear Energy Research Advisory Committee and the Generation IV International Forum, 

GIF-002-00 (2002). 

[2] C. Forsberg et al., “Liquid Salt Applications and Molten Salt Reactors”, Proceedings of 

ICAPP,(2007). 

[3] M. Hron, J. Uhlìr, C. Renault, “Molten Salt Reactor”, EUR 21231, pp. 270-286 (2006). 

[4] J. Krepel et al.,“DYN3D-MSR Spatial Dynamics Code for Molten Salt Reactors”, ANE, 34. 

2007 

MSRE 

 Parameters 

Fuel Type Unit 
235

U 
233

U 

 22.3 22.8 pcm 

 145.7 78.8 pcm 

 
130.7 66.4 pcm 

 262.8 73.6 pcm 

 76.6 13.6 pcm 

 
28.0 8.8 pcm 

 0.0124 0.0126 s
-1

 

 0.0305 0.0337 s
-1

 

 0.111 0.139 s
-1

 

 0.301 0.325 s
-1

 

 1.14 1.13 s
-1

 

 3.01 2.50 s
-1

 

 666.1 264.0 pcm 

l 2.4x10
-4

 4.4x10
-4

 s 

 8.5 8.5 s 

 16.5 16.5 s 

 -8.712 -10.443 pcm 

 -6.66 -5.305 pcm 

Table-1 

MSRE parameter used in the study 
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