
LETTERS TO THE EDITOR European Nuctoar 8ocl«ty 

COMMENTS ON "FEASIBILITY OF ONCE-
THROUGH THORIUM FUEL CYCLE FOR 
CANDU REACTORS" 

A recent paper1 is a valuable contribution to the subject 
of once-through thorium fuel cycle for Canada uranium deu-
terium (CANDU) reactors insofar as the publication of the 
author's calculations are concerned, but unfortunately he 
draws some conclusions based on these results that could 
mislead. 

In the first place, the entire justification for considering 
once-through thorium cycles in CANDU reactors is as a 
means of converting fissile 235U into fissile 233U to be uti-
lized only if necessary, with no penalties and without 
recourse to reprocessing. Thus the author's suggestion of 
"permanent disposal of the discharged thorium fuel" is a sig-
nificant deviation from this philosophy. Similarly, his calcu-
lations assume that "uranium fuel is reprocessed after 
discharge"; thus the entire rationale for this work rests on the 
thesis that reprocessing and refabrication of uranium fuel is 
commercially feasible while that of thorium fuel will never 
be. Although this may be so, it is possible that refabrication 
of uranium fuel will also require remote handling which, as 
the author states, is the main impediment to commercial 
refabrication of thorium fuel. In any case "forever" is a long 
time. 

In the second place, the author claims a saving in ura-
nium requirements of -50%, relative to a natural uranium 
cycle. While this may be true, the more germane comparison 
would be to investigate the saving in uranium relative to a 
CANDU operating with enriched and/or reprocessed ura-
nium. The latest figures published in this regard2 show that 
without reprocessing, it is possible to obtain —10 MWd/kg 
of natural uranium using 1.2% enriched uranium (0.2% 
tails). Thus the author's cycle only reaps a benefit of 30%; 
with reprocessing it is possible to achieve a burnup of 14 
MWd/kg natural uranium using plutonium/natural uranium 
recycle or 15.4 MWd/kg uranium using plutonium/depleted 
uranium without recourse to thorium; the author's cycle has 
no economic benefits or even a slight disadvantage as far as 
uranium savings are concerned. Thus I conclude that this 
paper has reproduced a known result in a new regime (20% 
enrichment): the first-generation use of thorium is never 
overwhelmingly beneficial; it only permits fuel cycles that are 
competitive with alternatives, but which can be justified as 

a means of (a) reducing the volume of discharged fuel, as the 
author correctly notes, and (b) creating fissile 233U for 
future use if needed with no penalties, provided the fuel 
remains accessible (semipermanent storage?). 

Third, the author uses the word "innovation" to refer to 
various parts of the concept. It should be pointed out that 
a segregated fuel arrangement (innovations 1 and 2) was sug-
gested by Radkowsky and Bayard3 at least as early as 1958 
and by Lewis4 in 1957, and the use of different reload rates 
(innovation 3) was again first suggested5 by Lewis. The 
addition of small amounts of enriched uranium to the tho-
rium (innovation 4) is well known to those who work in this 
field, but to the best of my knowledge Galperin is the first 
to suggest it in writing. It would also be relevant to refer to 
the closely related work6 of Lungu and Isbasescu. 

Finally, in Sec. IV the author states that his model for 
CANDU reactors requires 30 days refueling downtime, with-
out emphasizing that batch fueling is an artifice of his model, 
not of the reactor. This is corrected, without emphasis, in the 
next-to-last paragraph. 

Michael Milgram 

Atomic Energy of Canada Limited 
Advanced Reactor Development Division 
Reactor Physics Branch 
Chalk River, Ontario, Canada K0J 1J0 
July 8, 1986 
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COMMENTS ON "RADIATION PROTECTION 
PRACTICES AND EXPERIENCE IN FRENCH 
OPERATING REACTORS" 

In reading the paper by Gauvenet,1 a number of anoma-
lies were noted. This results in conflicting information in the 
paper. 

Table IV, titled "Total Collective Doses at the End of 
1982," states the total doses were 12986 person-rem; the total 
energy produced was 282 545/GWh. Thus the ratio was 0.046 
person-rem/GWh or 0.46 mSv/GWh. 

Figure 3 of the paper shows the collective dose per giga-
watt hour at 0.035 person-mSv/GWh for 1982. 

This calls into question the scale in Fig. 3. Is it pos-
sible it is out by a factor of 10? Should the scale be 0 to 
1 mSv/GWh? Also, the 1982 data do not agree, even with 
this factor of 10 correction. 

It should also be noted that Fig. 4 has an incorrect con-
version factor. It should be 1 Sv = 100 rem. 

J. P. Van Berlo 

Atomic Energy of Canada Limited 
Materials Engineering 
Sheridan Park Research Community 
Mississauga, Ontario L5K 1B2, Canada 

July 14, 1986 
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REPLY TO "COMMENTS ON 'RADIATION 
PROTECTION PRACTICES AND EXPERIENCE 
IN FRENCH OPERATING REACTORS'" 

There is no contradiction between Table IV and Fig. 3 
concerning the workers' collective doses in French nuclear 
stations. 

The collective doses are given year by year in Fig. 3 while 
the data mentioned in Table IV are relative to the total life 
of the stations since their connection to the network {"total 
collective doses at the end of 1982" has this meaning). 

This is the reason why the average dose on the central 
stations' total life is 0.045 person-rem/GWh while in the year 
1982 it was 0.035 person-rem/GWh. 

Van Berlo1 is right in signaling a mistake on the vertical 
scale of Fig. 3. The scale must be in person-rems (and not in 
person-milliSieverts). In Fig. 4, of course, 1 Sv = 100 rem 
(100 was wrongly copied as 1 m in designing this figure). 

Andre Gauvenet 
Electricite de France 
32 Rue de Mouceau 
75384 Paris Cedex 08, France 

September 11, 1986 
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