


The compact TRP’s described in this paper have been sized to serve a single CANDU-6
unit, but the systems described can also be enlarged or deployed in a modular fashion to
serve a multi-unit station like Wolsung. The TRP design consists of a low-inventory, leak-
tight electrolysis cell or group of cells in the front-end to convert the D,O (mixed with
HDO and DTO) from the moderator system to D,, HD, or DT. This is followed by a
cryogenic distillation back-end system which is sufficient to enrich the moderator tritium
to between 50% and 80% DT while detritiating the bulk of the D, gas which is then
converted back to heavy water by recombining the D, with oxygen. This compact
Cryogenic Distillation (CD) System is much simpler than the 4-column Princeton TPS
which processes hydrogen isotopes from the spent fuel of the Princeton fusion reactor and
produces pure T, with a total tritium inventory in the isotope separation system of only
about 1 gram. It is also simpler and very much smaller than the 4-column Darlington TRF
which lowers the tritium inventory in Ontario Hydro’s CANDU reactors. For example,
the Darlington-TRE CD contains 2300 m® of hydrogen, deuterium, or tritium while the
CD for the CANDU-6 TRP contains only about 8.5 m’ of hydrogen isotopes. Allowing
for the fact that Darlington TRF services not one, but 20 reactors, the inventory in the
CANDU-6 TRP is still 13.5 times smaller per reactor.

This compact CANDU-6 TRP also offers the advantage of on-site detritiation, and hence
avoids the cost, infrastructure, and labour necessary for shipping of heavy water to an off-
site processing facility. It is small enough to fit into an existing building and it can reduce
C-14 production and C-14 release by up to 30% to 40% by using natural oxygen in the
TRP recombiner to displace the enriched O-17 in the moderator heavy water which is
responsible for C-14 production. The TRP can also provide on-line upgrading of the
moderator water at a very low incremental cost by stripping H from the D, gas and raising
the isotopic analysis of moderator heavy water from 99.9%D to 99.95%D. Such an
increase can reduce fuel bumn-up by about $25K/year per reactor, as well as offering
additional flexibility, particularly for stations equipped only with a single upgrader.

Since the proposed CANDU-6 TRP design is simple, this means that process control
implementation is easier, and the fewer components will result in lower maintenance
requirements and lower operating costs. The compact CANDU-6 TRP can be confidently
designed and built over a two year schedule, subject to licensing and station interface
issues. This is a result of experience with the more complicated Princeton TPS system.
Ontario Hydro has developed unique design tools such as the FLOSHEET® and
DYNSIM?® simulation codes, which enable fast and accurate design optimization for any
tritium separation design task.






























Table 2

TRP Parameters

Moderator Concentration at Maturity 40 Ci/kg 10 Ci/kg
TRP D,O Feed Flow 4kg/h 24 kg/h
E-Cell Power 30 kW 180 kW
E-Cell Tritium Inventory 03¢g 04¢g
CD Column Condenser Load 420 W 2100 W
CD Column Height 3m 4.5m
CD Tritium Inventory 27¢g 47 g

It is envisaged that the larger CANDU-6 TRP will fit comfortably into a floor space of
10m by 8m. A smaller TRP will require less space. Commercial helium gas refrigeration
systems are available in the desired sizes, and will also fit into the space required.

6.0  SAFETY AND LICENSING CONSIDERATIONS

Table 3 shows that the CANDU-6 TRP is estimated to have greatly reduced hydrogen and
tritium inventories when compared to the Darlington TRF. Thus, the Darlington TRF can
be viewed as an upper bound and a precedent for licensing of such a facility. Analyses
similar to those used for licensing the DTRF can be used for the CANDU-6 TRP, and it
should be easy to demonstrate that the facility can be engineered to be safe, both from the
conventional and radiological safety viewpoint.

For example, in a room size of 10m x 8m x 6m high, it is not possible to reach the lower
flammability limit of hydrogen in air (4 vol. %), even if the full 8.5 m® hydrogen inventory
of the larger CANDU-6 TRP is released as the result of a postulated accidental event.

Table 3
Comparison of TRP Sizes, Inventories
40 Ci/kg TRP 10 Ci/kg TRP DTRF
D,0 Feed Flows kg/h 4 24 360
Refrigeration Watts 420 2,100 100,000
Column Height 3m 45m 30 m
H,,D, Inventory 2 m® 8.5m’ 2300 m’

Tritium Inventory 27 ¢ 4.7 ¢ 35¢g


















