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Extended Abstract 

The Advanced Heavy Water Reactor (AHWR) is an innovative reactor designed for thorium utilization 

which uses boiling light water as coolant and heavy water as moderator [1]. The equilibrium fuel cycle is 

based on the conversion of naturally available thorium into fissile 
233

U. Plutonium is used as 
makeup fuel to achieve high discharge burnup and self-sustaining characteristics of Th-233U fuel 

cycle. Fuel assembly characteristics are evaluated by using transport theory code with 69 or 172 

group library. The core calculations are done with few group diffusion theory methods. The flux 

distribution and hence the worth of reactivity devices are highly dependent on the modeling. 

Similarly power peaking and void reactivity show significant sensitivity to modelling. The Critical 

Facility (CF), a low power reactor has been designed to facilitate study of three types of cores using 

heavy water as moderator and reflector and to carry out various reactor physics experiments for 

validation of physics simulations and the nuclear data [2]. These cores are based on different fuel 

types, namely natural uranium metallic fuel, thorium oxide clusters using Pu/
233

U enrichment in 

different pins and Pu in DDU (deeply depleted uranium).  

The reference core is designed with 245 mm lattice 

pitch. The fuel cluster for the reference core is 19-pin cluster 

of natural uranium metal. The effective core radius is 108 cm 

with an additional 57.0 cm thick heavy water radial reflector. 

Also there is 30 cm axial reflector at the bottom. Out of the 

total 62 positions, 55 positions have 19-pin fuel clusters of 
metallic natural uranium while remaining 6 positions 

accommodate the shut-off rods and one lattice position in the 

reflector region is used for absorber rod. Since CF is low 

power reactor no active coolant has been used and air serves 

as coolant. Schematic layout of the reference core is given in 

Figure1. 

Reference core of CF went critical on 7
th
 April, 2008.  

Since then, a number of integral and differential experiments 

have been performed in this facility. Integral experiments were performed for three types of 

especially fabricated thorium clusters (i) mixed pin cluster (inner 7 pins of ThO2 and outer 12 pins 

of metallic U)[3], (ii)  six pin (Th-(1%)Pu) MOX cluster [4] and (iii) six pin Th-(11%LEU) MOX 

cluster [5] by constituting the core by replacing one of the uranium clusters with one of the above 

mentioned clusters. A set of six integral experiments were carried out with each of three special 

clusters by loading it at six lattice locations E5, F4, F3, F2, F1 and B3 successively. The locations 

were chosen in such a way that the special cluster progressively moves towards core periphery. The 

agreement between the estimated and measured critical heights with special cluster was found to be 
good.  

Figure 1 Reference core of CF 
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AHWR representative core is basically a variant of the reference core, wherein 9 of the 

central 19-pin natural uranium fuel clusters are replaced by the AHWR fuel clusters. Each AHWR 

fuel cluster contains 54 fuel pins arranged in three concentric rings having 12, 18 and 24 pins in the 

inner, middle and the outer rings and a displacer unit at the centre. The fuel cluster is housed in a 

zircaloy pressure tube which in turn is housed in an annular zircaloy calandria tube. In this paper, 

we present the results of studies carried out to constitute AHWR representative core by AHWR 

clusters having different fuel compositions and experimental 

measurement of void reactivity. 

Fuel clusters for the AHWR equilibrium core and initial 
core and the intermediate core will be different. The equilibrium 

core cluster contains 6% Pu in (Th,Pu) MOX in the innermost 

ring, 3.9% Pu in (Th,Pu) MOX in the middle ring, 3.3% U in 

(Th,U)MOX in the outermost ring. Fuel cluster for AHWR initial 

core has 1.5% Pu in DDU in all 54 pins. Few pins of the 

innermost ring contain small Gd2O3 concentration. The uranium 

vector of 
233

U/
234

U/
235

U/
236

U:78/18/3/1% and the plutonium 

vector of 
239

Pu/
240

Pu/
241

Pu/
242

Pu: 68.79/24.60/5.26/1.35% have 

been considered in the calculations. The cross section of AHWR 

cluster has been shown in Figure 2.   

The lattice parameters were obtained by transport theory  

lattice code WIMSD[6] using ENDFB-VI.8[7] nuclear dataset and 

the core simulations were carried out by diffusion theory code FEMPAR[8]. AHWR clusters are 

highly reactive and would result in very low critical height of CF core. In CF the critical height 

should be more than 150 cm and the maximum height can be 250 cm. Hence in order to get a 

comfortable critical height the reactivity of AHWR cluster has to be reduced. The reactivity could 
be reduced by varying the Gd content in two fuel pins and also by varying the number of fuel pins 

with Gd in the inner ring of AHWR cluster. The core calculations were carried out for two types of 

cores (i) one with 9 {(Th,Pu), (Th,U)} clusters and (ii) other with 9 (DDU,Pu) clusters.  

Negative void reactivity is inherent safety feature of AHWR. Experiments can be performed 

in CF for measurement of void reactivity by replacing air coolant in AHWR clusters by light water. 

The calculations show that void reactivity in cold condition is very large negative. Critical height of 

two cores for air and H2O coolant and worth of 6 and 5 shut off rods (SOR) for free fall were 

estimated. The results of core calculations for two type cores have been tabulated in Table 1 and 2. 

Table1: Estimated critical height, worth of 6 SOR and 5 SOR in AHWR {(Th,Pu),(Th,U) 

cluster} representative core with air coolant and light water coolants 

AHWR((Th,Pu),(Th,U)) representative 

core of CF with Air coolant 

AHWR((Th,Pu),(Th,U)) representative 

core of CF with light water coolant 

No. of pins 

with 2% 

Gd in 

(Th,Pu) 

pins 

Critical 

moderator 

level, cm 

Shut off rod 

worth of 

6SOR, mk 

Shut off rod 

worth of 5 

SOR, mk 

Critical 

moderator 

level, cm 

Shut off rod 

worth of 

6SOR, mk 

Shut off rod 

worth of 5 

SOR, mk 

222.5 97.7 74.45 206.0 80.2 60.7 12 

189.8 95.9 73.3 161.6 66.4 51.1 6 

170.2 91.1 69.9 Critical height will be less than the 

minimum permissible height in CF 

2 

Fig 2 AHWR fuel cluster 

Gd pins 
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Table 2: Estimated critical height, worth of 6 SOR and 5SOR in AHWR {(DDU,Pu) 

cluster}  representative core with air and light water coolants 

AHWR (DDU,Pu)  representative core 

of CF with Air coolant 

AHWR (DDU,Pu) representative core 

of CF with light water coolant 

Gd content 

in 2 pins of 

innermost 

ring of 

cluster 

Critical 

moderator 

level, cm 

Shut off rod 

worth of 

6SOR, mk 

Shut off rod 

worth of 5 

SOR, mk 

Critical 

moderator 

level, cm 

Shut off rod 

worth of 

6SOR, mk 

Shut off rod 

worth of 5 

SOR, mk 

212.1 102.1 77.7 182.1 78.4 59.5 2% 

217.3 102.2 77.7 186.6 79.9 60.6 5% 

219.5 102.2 77.7 188.5 80.6 61.0 7% 

220.6 102.3 77.8 189.5 80.8 61.2 8% 

  

Conclusion 

 The core calculations for AHWR representative core show that void reactivity would be 

negative. The difference between the critical heights of AHWR-CF with air and light water coolant 
would be equivalent to the void reactivity. The difference in critical height can be converted into 

reactivity by estimating the level coefficient of reactivity at the corresponding heights. It can be 

observed from the results that the critical height increases with increase in Gd concentration in fuel 

pins but it is not very sensitive to Gd concentration. However with increase in number of Gd pins 

there is sharp increase in the critical height.    
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