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INTRODUCTION

Up to about 1972 it was unknown that the emissions of
14C from nuclear power plants and reprocessing plants re~-
present significant contributions to radiation exposure.
Calculations, however, have shown that 14C may give the
highest contributions to the individual dose (1), (2).
Following measurements confirmed the emission rate (3), (4).
The collective dose commitment, however, is 0Of greatest
importance for '4C.Because of the long half life of 5730 a
it is very high, too . (5).

PRODUCTION RATES OF 14C

In reactors, T4c is mainl produced due to neutron
reactions from 13C(n, )14C, 1 N6n,p) and 17O(n, ) . The
14C produced in the fuel is not emitted until dissolution,
while 14c produced in the coolant enters the air-circula-
ting plant via leakages and is emitted from there or is
emitted via the off-gas-system. Tab. 1 shows the production
rates in fuel and coolant of all common reactor types. De-
tails of the calculation are represented in (6).

14c ROCTENTION FACILITY

14C is emitted as 2aseous compound, mainly as 14COz,
but also as 14C0 and '4cpHy, together with a considerably
higher part of 12C compounds. If significant amounts of
other radio carbon compounds exist beside 14C02, it is
sensible, to oxidize these to 14C0; before the retention.
Then the "direct" or the "double" alcali process can be
used to retain 14c.

Both processes have two considerable advantages in

comparison with other processes:

1. The absorption of the CO; is supported by a chemi=-
cal reaction, whereby high decontamination factors
are reached.

2. 14C becomes available as calciumcarbonate, a solid
stable compound that can be concreted.
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Up to now, mainly the direct alcali process has been
examined, because it seemes technically more simple to
realize and more economical (7),(8), although the chemical
reactions of the double alcali process and its control
action concerning changes in the mass flows are more favo-
rable. This is important, because the 14c release takes
place instationarily from nearly all nuclear facilities;
both the volume flow and the concentration of the carbon
compounds often vary.

Therefore, a 14C retention facility with the double
alcali process has been developed at the professorial
chair for reactor technology at Aachen Technical Universi-
ty. Concerning the process scheme, the retention facility
has been constructed as simple as the direct alcali pro-
cess, but it has all the advantages of the double alcali
process. Fig. 1 shows the flow sheet,

From a reservoir, sodium hydroxid is pumped through
a packed column where inert gas containing CO2 flows in
inverse current. When the alkaline solution is converted
to 60 %, the total alcaline solution inventory is pumped
into the agitator for regeneration with Ca(OH)2. At the
bottom of the agitator CaCO3 is bottlinged as a viscous
slurry with a high percentage of liquid. The high percen-
tage of liquid, approx. 50 % wt, is used for concreting.
Fig. 2 shows the facility, the agitator has not yet been
finished. The facility is used to obtain operation expe-
riences with the new process and to optimize the process
parameters. The most important construction data are:

max. gas mass flow : 4o kg/h

max. liguid flow : 500 kg/h

operation pressure : 1.5 ... 3 bar.

The actual operation experiences are well. A 14C re-
tention facility with this process scheme could be in-
stalled in LWR's and reprocessing plants for LWR fuel ele-
ments.

COST~BENEFIT ANALYSIS OF THE 14C RETENTION FACILITY

If the cost~benefit analysis recommended in ICRP pub-
lication 26 is used, see Fig. 3, it is obvious that a 14c
retention facility with oxidation-process should be in-
stalled in reprocessing plants for LWR fuel elements (5).
An installation in LWRs doesn't seem sensible to us be-
cause of the low 14C emission rates. For reprocessing
plants for HTR fuel elements with burn-leach-head-end the
proposed method cannot be used because the waste volumes
become too large. In this case the head-end should be
changed in order to sclve the T4c problems. In big repro-
cessing plants for nitridic fuel elements of the fast
breeder such a high amount of 14c is set free (106 Ci/a)
that in spite of high decontamination factors so much T4c
would be released that this fuel cycle should not be con-
tinued any .further.
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Tab.1: Production of 1I‘C in different reactor types in Ci/GWle)a

L 14¢ - Production in Ci/GW(e)a
Specification
BWR | PWR | HWR MAGNOX| AGR HTR FBR
Outer surfaceotl 14N | s.10% | 0,005 | 0,005 | 510°% | 0,000 | o005 1
B¢ | 7907 | 8907 | 316 | 006 | 006 | 4107 | 5107
Coolant | '“N | o6 0,8 25 73 71 002 | 002
70 | s 62 | 175 11 1 510% | 2.16%
IFission 0,6 0,6 06 0,6 05 0,5 0,5
BC | 216 | 2164 | 716% | 8164 | 216% | 9105 | 1 16°
= T "N | 78 78 26 130 13 31 2
El Y0 | 4 45 3 | om 33 | 16 3
3]
3| 2 BC | 3904 | s0% | 710 | 40t | 604 | — 1105
E €N [ 1 20 34 35 32 - 8
| S|{"7 [oo0s | 002 | 003 | 0003 | goo3 | — | 210°
Be | — — — 10 35 32 -
Graphite "
Y| — — — 180 59 54 -
moderator
o | — — — | 002 | 704 70t | —
o hction rate % 4«0 2 500 85 9 15
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Fig.1. Flow sheet of the double alkali process
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Fig.3: Cost-benefit-anatysis of % -retention
in processing plants with a capacity

of 1500 t/a
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retention of 14¢
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