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Abstract 

The Advanced Liquid Metal Reactor (ALMR) ran operate on LWR discharged material 
In the calculation of the reduction of this material in the ALMR the inventory of the core 
should be taken into account. A high reduction can only be obtained if this inventory is 
reduced during operation of ALMRs. Then, it is possible to achieve a high reduction upto 
a factor 100 within a few hundred years. 

1. Introduction 

In the seventies and early eighties, the American program for development of a metallic 
fueled Liquid Metal Reactor was started. The modular reactor concept PRISM (Power Re
actor Innovative Small Module), originated by General Electric, in conjunct "on with the 
Integral Fast Reactor metal fuel pyroprocess being developed by Argonne National Labora
tory (ANL), is the reference reactor of the US DoE Advanced Liquid Metal Reactor (ALMR) 
program. A promising aspect of the ALMR program is the operation of the reactor on LWR 
discharged material, and the feature of recycling plutonium and minor actinides with the 
IFR pyroprocess. At first, graphs showed that the waste when LWR discharges are loaded 
in the ALMR would be very small. However, in these graphs, the amount of transuranics 
(TRU) in the ALMR core, which are not transmuted, was not accounted for. 

To calculate the reduction taking into account TRU material in the ALMR core. Pigford 
introduced the inventory reduction factor, which is used to calculate the reduction of both 
inventory and integrated amount of TRU waste when a certain system of nuclear reactors is 
used, compared to the waste when the same amount of energy would have been produced by 
once-through LWRs [1.2]. The inventory redrction factor at a specific time, »/'(t) is calculated 
according to equation 1: 

Here, Fsc{() is the TRU inventory at time t of the reactors operating for the scenario consid
ered. l l '^(/) is the integrated amount of TRU waste at t imet produced during past operation 
of these reactors, Ft,vr(f) is the TRU inventory of LWRs producing the same amount of en
ergy as the reactors in the scenario considered, and \Viwr(t.) is the integrated amount of TRU 
wash1 produced by these LWRs including the initial amount of TRU waste. 

From the calculations on ALMR designs presented by Pigford in referein os I and 2, one 
might conclude that it may take thousands to ten thousands of years to get a large reduction 
(i.e. a reduction factor > 100) of the total amount of waste compared to the waste produced 
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Figure 1: Energy production level as a function of operating time for the three energy 
scenarios. 

when only once-through LVVRs would have been used to generate the same amount of energy. 
One may argue that this factor is of little interest, because LWRs are not able to produce 
energy for such a long time period. 

The aim of this study is to show that even for a relatively short time period of nuclear 
energy production (several hundreds of years), ALMRs can reduce the total amount of 
nuclear waste in terms of TRU mass considerably. Relatively short time scales have been 
considered because one cannot expect public acceptance of scenarios where waste reduction 
would take thousands of years of nuclear power />lant operation. 

2. Energy Production Scenarios 

Three energy scenarios are considered in which ALMRs are used to reduce LWR waste: one 
scenario, called the fast decline scenario, is based on a fast decline in the use of nuclear 
energy after fifty years of constant power, and the second, called low increase scenario, is 
based on a small increase of nuclear power. The third scenario, called the high increase 
scenario, consider a strong increase in nuclear power during 100 years. 

Before ALMRs are started up, a number of LWRs are operating and will have produced 
a certain amount of TRU waste. For this initial situation, 100 LWRs were assumed to be 
in operation, which is approximately the current number of LWRs operating in the U.S., 
and an amount of 9 • 105 kg TRU waste was assumed to be available before the start up 
of ALMRs, which is approximately the amount of TRU waste at the projected time when 
ALMRs will be introduced [2—1]. The initial amount of LWR waste will be used to start 
up as many ALMRs as possible. Because the total energy production is supposed not to be 
affected by the introduction of ALMRs. ^ number of LVVRs is shutdown when the ALMRs 
are started up. 

In the fast decline scenario, the power is kept constant dur ing 50 years. A l t e r t h a t . all 

LVVRs are stopped. T h e goal is to use all LVVR waste in A L M R s for at least one cycle du r i ng 

the 50 years considered. A l l A L M R s are operated in a burner mode (w i th a conversion ra t io 

of O.fM) and need to be fed w i th fuel made of LVVR waste every cycle (")]. 

In the low increase and high increase scenarios, all in i t ia l T R U waste is used to start 

up breeder A L M R s . Because the opera! iug LVVRs and A L M R s produce fuel maler ia l for 

other A L M R s . once in a whi le a new A L M R is star ted up. After 50 years, the number of 
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Figure 2: Inventory reduction factor as a function of operating time for TRU mass for the 
three energy scenarios and for the cases calculated by Pigford. 

LWRs is gradually reduced until all LWRs are shutdown at 100 years from the start of these 
scenarios. For the low increase scenario, an ALMR design with low breeding capabilities is 
considered (breeding ratio of 1.08) for the first 100 years while for the high increase scenario, 
a high breeding ALMR design is considered (breeding ratio of 1.2) for this period. After the 
first 100 years, the ALMRs are changed to be completely self supporting and each reactor 
produces just enough new fuel material for itself during the following 100 years of constant 
power. 

At the end of all three scenarios, i.e. after 50, 200, and 200 years for the fast decline, the 
low increase, and the high increase scenarios, respectively, only reactor operation to reduce 
the nuclear waste will be considered and reactor operation will be focussed on nuclear waste 
reduction instead of maximization of energy production. Then, the fuel inventory will be 
used in ALMR burners to reduce this inventory. The number of burners decreases in time, 
because each burner needs a certain amount of new fuel every cycle, which will be made of 
fuel of the stopped ALMRs. This ALMR stand-alone operation may continue until the last 
ALMR requires shutdown due to lack of fuel material. In this study, a maximum stand-alone 
burner operation time of 200 years is considered. 

In Figure 1, the energy production is shown for the three scenarios as a function of 
operating time. For the fast decline scenario, the produced energy decreases after 50 years 
because all LWRs are shutdown at once. For the low increase scenario, the gradual reduction 
of LVVRs after 50 years can 1).* seen to be larger than the increase of the number of new 
ALMRs. For the high increase scenario, the influence of shutdown of LWRs on the power 
is not very strong due to the high breeding ratio of the ALMR design used in this scenario, 
which leads to start-up of new ALMRs. 

3. Results 
In Figure 2, I he inventory reduction factors (f)(1) for TRIÏ mass for the three energy scenarios 
are presented for a processing decontamination factor of 1000, i.e. a fractional loss of 0.001 



por cycle. Also, the results calculated by Pigford are shown for two reactor types, one is 
a burner with conversion ratio 3 — 0.62 and the second is a breeder ALMR with breeding 
ratio 3 = 111 . 

The inventory reduction factors for the three scenarios are almost the same for equal 
stand-alone burner operation times. Note that for the fast decline scenario the stand-alone 
burner operation time starts at 50 years, while this period starts at 200 years for the two 
increase scenarios. The reduction is small ( « 3) when the stand alone burner operation 
time is zero. The reduction factors increase strongly when the stand-alone operation time 
increases (for more detailed results see reference 6). The inventory reduction factors for these 
energy scenarios are Mitch larger than those calculated by Pigford due to the stand alone 
operation. 

4. Conclusions 

The inventory reduction factor of ALMRs to reduce TRU mass is not very dependent on the 
energy scenario, but mainh on the stand-alone burner operation time. Stand-alone burner 
operation times of several hundreds of years are needed to obtain a large inventory reduction 
of about a factor of 100. If ALMR burner reactors are not used in stand-alone mode after 
the symbiosis with LWRs, a small inventory reduction of a factor of three is obtained. So, 
one should always operate ALMRs in stand-alone burner operation mode, if ALMRs are 
considered for TRU inventory reduction. This is the main reason for the differences in the 
operation times necessary for a high reduction mentioned in this study and the operation 
times mentioned by Pigford in references 1 and 2. 
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