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1. INTRODUCTION

Up to 4 yeard ago C 14 was not recognized as a.radionuclide with
consequences within the nuclear fuel cycle (1), (2}, (3), (4).
New investigations have shown that the radiation exposure from
this isotope is not negligible when compared to the other emis-
sions from nuclear facilities.

2. PRODUCTION OF C 14 IN NUCLEAR POWER REACTORS AND EMISSION
FROM NUCLEAR FACILITIES

I'n nuclear power reactors C 14 is mainly produced due to (n, y)-
reactions with C 13, (n, p)-reactions with N 14 and (n, &)-reac-
tions with O 17, OTher possible reactions with their threshold
energies are illustrated in Fig, ' (1), The most important nu-
clides out of which C 14 is produced are present in the reactor-

materials and in the atmosphere around the reactor pressure
vessel .

The C 14 production, due to the C-, N- and O-impurities listed in
Tab. 1, the oxygen content of the coolant and of the air around

the reactor pressure vessel in Light Water Reactors (LWR) and the
carbon of the graphite moderator in High Temperature Reactors
(HTR), is estimated in the affected parts of the facilities. The
results for plants with 1000 MWg full load capacity are shown in
Tab. 2. In contrast to reference (2) these new estimations for
Liquid Metal Fast Breeder Reactors (LMFBR) are based on the assump-
tion that the sodium layer between reactor core and reactor tank

is greater in this reactor type. Furthermore a C 14-production by
ternary fission seems to be possible (5), although an estimation
of* this content is nowadays very difficult because of the uncer-
‘tain fission yields. A rough estimation indicates the values

listed in Tab. 2. As can be seen from this table the main pro-
duction of C 14 is caused by the N-impurities in the fuel and

the graphite, and by the oxygen in the water and the fuel-elements.

The.emissions from nuclear facilities are estimated assuming that
the C 14 in the coolant of the reactor, and the C 14 entering the
reprocessing plant (RP) during, the leaching of the fuel elements

is totally emitted from the respective facility especially as
the'chemical form of CO, via the stack of a HTR-reprocessing plant
with assumed grind-burn-leach head-end. The emission data of LWR
and RP for LWR-fue! elements are verified in the meantime by se-
veral measurements (6), (7), (8), (9), |t is interesting that C 14
of BWR (6) and RP (9) is found as CO, in the waste air, whereas
hydrocarbons such as CHg and CyHg are mainly found in PWR (7), (8).
The waste water.emission from LWR seems fto be about 1% of the total
‘C 14 release (10), (11),
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3. RADIATION EXPOSURE DUE TO C 14 FROM NUCLEAR FACILITIES

The radiological significance of C 14 can be seen from Tabs. 3
and 4, where the radiation exposure of this nuclide is compared
to that of other isotopes. These values are estimated with the
emission data of Tabs. 5 and 6 and are valid for the maximum con-
centration in air, Fig. 2. To assess the exposure in a conser-
vative manner, the contaminated foodstuffs are stipulated to be
‘produced at the specific site, C 14 being in the chemical form
of COz. By means of a specific activity model the dose conver-
sion factor for the ingestion of this isotope is assessed at

42 rem m3/Ci s for the total body, the dose of the natural con-
tent of C 14 in the total body being 1.41 mrem/a with a corres-
ponding CJy air concentration of 325 ppm. The results indicate
that C 14 is the most important radionuclide for the total body
radiation exposure in the vicinity of LWR. I+ is also signifi-
cant for RP, especially those for HTR-fuel-elements with grind-
burn-leach head~end. Therefore it seems to be doubtful if it is
possible to allow a release of the*total C 14 0, from a large re-
processing plant for HTR-fuel elements in the future. Many pro-

blems will also arise in connection with the reprocessing of
nitride fuel elements (12) for LMFBR, in which the production
rate will be about 104 Ci/a for 1000 Mwe installed power capa-
city.

The collective dose is important as a further criterion for the
radiotogical significance of C 14, the dose for the first pass
exposure being about 1000 man-rem with a stipuiated emission of
500 Ci and present population density. The contribution of the
same amount of globally distributed C 14 to the collective dose
depends on the integration time - see Fig. 3 - and will be about
2.10% man-rem for a stipulated population of 1.1010 human beings.
Reqarding the total body the collective dose by C 14-emissions

as shown in Tab, 6 will be of more significance than those of

all other nuclides (13).

The meaning of globally distributed C 14 for the collective dose
is also illustrated by the future radiation exposure, see fFig. 4,
which is estimated with a prognosis of the installed nuclear
power capacity according *tn reference (14). About two thirds of
this future dose is caused by emissions from HTR-RP, a total re-
lease of C 14 being stipulated. If it is possible to retain about
80% of this isotope in RP and to finally store this amount, the
dose due to globally distributed C 14 will be in acceptable
timits.,

4. SUMMARY

In nuclear power reactors with 1000 MWy full loac¢ capacity C 14
will be produced at rates of 10 to 100 Ci/a according to the
reactor type, The yearly emission rate for LWR is assessed at

10 Ci, tor HTR at 0.1 Ci and for LMFBR &t 1 Ci. The corresponding
RP for 40,000 MWy installed nuclear reactor capacity may release
about 500, 3000 and 100 Ci/a according fto the nitrogen impurities
in the fuel elements and the coolant of the reactor type. This

C 14 wit! significantly influence the radiation exposure of the
population,

The present work was sponsored by the Federa! Ministery of the
Interior,
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