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Abstract - Carbon-14 is one of the major radionuclides released by CANDU Nuclear Power
Plants(NPPs). It is almost always emitted as gas through the stack. From CANDU NPPs
about 95 % of all carbon-14 is released as carbon dioxide. Carbon-14 is a low energy beta
emitter which, therefore, gives only a small skin dose from external radiation. As carbon
dioxide is physiologically rather inert gases for man’s metabolism, the inhalation dose is
probably less than 1% of the ingestion dose. But this source of carbon-14, formed in a
closed, non-oxidative environment, was subsequently released into the workplace as an
insoluble particulate when these systems were opened up for re-tubing at CANDU NPPs. As
a part of the improvement of dosimetry program at Wolsong Nuclear Power Plants, the
carbon-14 metabolism based on references was investigated and studied to setup the internal
dosimetry program due to inhalation of carbon-14.
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Table 1. Principal reactions for the production of in CANDU reactors

. Natural abundance : Thermal
Target nuclide (%) Reaction neutron cross section
0 (barns)
e) 0.037 "0(n, a)™C 0.235
UN 99.63 MN(n, p) ue 1.820
BC 111 BC(n, y)MC 0.0009

Table 2. Estimated production rates of C in various systems of a CANDU-6 reactor|6]

System Target nuclide Production rate®(TBq yr )

Moderator e} 17.2
PHT 170 03
Fuel 170 0.59

BC 4.3x107°

17 —4
Annulus gas( COy) 1 0 o 5.1x10
N (1000 ppm - normal operating limit) 0.01
“N' (5000 ppm - upper operating limit) 0.05

*Values are taken from Boss and Allsop.

These are estimated using a 90 % capacity factor.
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Table 3. Comparison of estimated production rate of

systems of CANDU reactors

D84 ISR 20034

"“C per unit electrical energy generated in various

¥C production rate per unit electrical energy genera\ted“‘b
System TBa(GWeyr)™
Ontario Hydro CANDUs CANDU-6
Moaderator 25 27
PHT 05 0.38
Fuel v 0.6 0.96
Annulus gas
™ with nitrogen 24 -
W with carbon dioxide 0.03 0.038

“ Calculations include 0.055% isotopic abundance for 'O (instead of natural 0.037 %)
arising from enrichment of this isotope in the distillation step of the heavy water

manufacturing process.

” Value are taken from ACRP-14 report (ACRP, 1995).
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Table 4. Calculation of dose conversion factors and annual intake limits for ““COs
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9
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retention function.
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