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ABSTRACT 

Tritium is produced in operating CANDU reactors by neutron 
capture in the deuterium atom. Workers at CANDU installations 
are occasionally exposed to radiation dose from tritiated heavy 
water (TOO) from the moderator and the coolant (heat transport) 
systems. The production and buildup of tritium in these heavy 
water systems and the escape of tritium via trithted heavy water 
influence occupational dose and enviromental emissions. An 
effective tritium management program to reduce occupational dose 
and environmental emissions due to tritium is an essential 
component of management practice at Ontario Hydro nuclear 
stations. 

Ontario Hydro has corporate programs to meet these objectives. 
Some approaches used at Ontario Hydro are, 

1. Maintaining system integrity 

2. recovery of escaped tritiated heavy water 

3. displacement of tritium froa the heavy water systems, and 

4. removal of tritium from the moderator and the heat transport 
systems (HTS). 

A program to manage tritium concentrations in the heavy water 
(HW) systems and details associated with tritium removal are 
described . 
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Was Â¥tr#iur .displae.@'ment program thai we& carried out &n be 
briefly ... fallows-: ( F i g u r e . 7 )  

a. ~ri'tia'tSBd heavy w a t e r  rkcovered from was +grad@ and 
was used to  di.i%place an equivalent quantity of water f r o m  
its own noderat& and the: displaced water stored fox fwkwce 
use in a new reactor. 

I 
2.  *Wkqin" or unirra&iated heavy water was used for recoverv 

w loss makeup 'in the: HTS. 
I 

For continued implementation, this- program requlaeed two 
sleaepts, nmaly, an expanding nuclear program, and: continuous 
supply of virgin 'heavywater. Due to economic considerations, 
t h e  two e l e m n t s  could not be sustained. Therefore & more- 
pem&n@&methgd of reducing rather tH& displacing the triti.@ 
in the HW systems had Â¥t be four@. 
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TBITIUH REDOCTION PRINCIPLE 

h simple mass balance on tritium in the heavy water sy~terns could 
be written a 5  

ACCTMBIATION PRODUCTIOH - DECRY - LOSSES 
~s we- try to operate the reactors at. higher and higher capacity 
factors, the t r i t i u m  uproductionw tiara i n  the above equation w i l l  
increase. The "decay" tern is negligible and w i l l  hardly of-Eset 
the production term during the productive l ife of the reactor. 
That leaves the mlosses* t e r m  to help lower the accumulation or 
the buildtp of tritium in the moderator and the HTS. However, 
the design of these systems at@ the operating and maintenance 
proesaures strive to mlnladze the tritium (TDO) that escapes. It  
appears then, that: i f  we do a good job of designing leak t ight  
systems and of operating the reartors a t  high capacity factors, 
w e  only naif the situation worse w i t h  respect to tritium 
accumulation. But what if w e  caused planned and controlled 
tritium wlosses" out of the systems while maintaining heavy water 
mass balance? This is tee principle behind I5-m Ontario Hydra 
tritium management program for the moderator and the heat 
tr&tUBStat systems. (Figure 8 )  
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TRITIUM MANAGEMENT 

Xn increasing order of effectiveness in reducing worker dose, the 
tritiutt Ranagesent strategy has bean directed to achieve tBe 
following goals: 

1. Mininize the escape of TDO. 

2.  Improve the recovery efficiency of TDO escape (release) . 
3 .  lower the concentration of tritium in the source heavy water 

systems and fimlly, 

4 .  Remove the tritium from the source heavy water syetens to an 
acceptable level. 

Programs to achieve the first three goals have bean in place for 
several years. A program to meet the last one was put in place 
in USO. The upward trend of tritium buildup has been 
effectively reversed (Figures 3, 4, and 5) in WGS-A, PNGS-B, and 
BNGS-A, where the tritium removal program ha& been applied. 
Tritium removal is achieved through detritiation of heavy water 
in the Tritium Removal Facility (TBF) at Darlington. 

The program to manage tritium concentrations in the heavy water 
systems has the following long-term objectives: 

1 To reduce occupational dose due to tritium. 

2. To reduce environmental emissions due to tritium. 

1. Provide Uetritiated heavy water to cottbisaion DNGS 

2. Uatritiate all in-service reactors to an intermediate 
tritium concentration. The initial target was to get the 
moderators to 1-s than 15 Ci/kg and the HTS to less than 
1 Ci/kg by the end of 1993. 

3. Thereafter, maintain each Station at an appropriate 
equilibrium tritium concentration to sustain acceptable 
worker dose and environmental emissions. The general target 
area is 10 ci/kg and 0.8 Ci/kg respectively for the 
moderator and HTS. 



Assianment of Detr ikia t ion P r i o r i t i e s  

F o r  the one TRF, w e  have sixteen operating r eac to r s  w i t h  t h r e e  
r eac to r s  a t  various s tages  of commissioning, and one requir ing ' , I  

d e t r i t i a t e d  heavy water t o r  t he  i n i t i a l  f U .  Therefom, - , 

process has  been put i n  place t o  assign p r i o r i t i e s  to service : r ,  4.a. 
these  reac tors  to meet the shor t  and long terq objectives.  The i - 5  
following c r i t e r i a  tire used: 

1 
h. . ,"# 

1. Meeting commissioning deadlines. q- : 

2 .  Evidence of high in te rna l  dose due to t r i t ium.  

3 .  High t r i t i u m  concentrations i n  the heavy water systems. 

I n  1990, when the  TRF resumed operation a f t e r  a lengthy 
maintenance outage, BHGS-A had t h e  h i m e s t  average tritium 
concentrations i n  the moderator (33 Ci/Kg), and heat  t ranspor t  
systems ( 2 . 3 5  Cl/ leg)  in the  Nuclear Operations B r a n c h .  However, 
PNGS recorded the highest in te rna l  dose due t o  t r i t i u m  the 
previous year. Also Darlington needed low t r i t i um heavy water f o r  
i n i t i a l  Â £ i  of Unit 1. I t  was decided to d e t r i t i a t e  PMSS and 
a l s o  provide enough w a t e r  t o  fill the Darlington Unit. 

The operating s t ra tegy  is based on the scheme shown i n  Fig.9. 
The procedures can be car r ied  out on-power (feed and bleed) as 
w e l l  as  an shutdown reactors.  

The optimum on-power "feed and bleedn method reduces; t h e  t r i t i u m  
i n  t h e  HTS and the  moderator i n  the  s a m e  pass. Low t r i t i u m  HW is 
used to  displace  w a t e r  from the HTS, which i n  tu rn  a f t e r  s u i t a b l e  
chemical and i so topic  modification, displaces the  moderator 
water. The displaced moderator water is d e t r i t i a t e d  in the TRr 
and the d e t r i t i a t e d  water (product) returned t o  the  S ta t ion  t o  
repea t  the cycle. This method not only has the advantage of 
d e t r i t i a t i n g  the two heavy water systems simultaneously but a l s o  
provides the highest conc2entration feed t o  the TRF. 

When a reactor is shut down bulk det r i t ia t ipn  nay be carried out. ' .  .:;I 
It is n o t  unusual to detritiafce the  e n t i r e  contents of t h e  

. . 
moderator, as was done with Pickring Unit 3 i n  1996 during the 
retube outage. This method is m o s t  e f f i c i e n t  i n  removing tritium 
but is car r ied  out only i f  it does not prolong the outage and i f  
it does n o t  v io la t e  t h e  usual Operating Policies and Principles 
applicable.  t o  a shutdown reactor.  
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At Idle end of 1991 2500 M g  of heavy water hadbeen detritiated. 
In 199.0, 1400 M o w y e  deyltiated. This brought the average- 
tritium levels n the Pickeriw moderator systehs down by 
appreitimeitely 50% a m  also slipplied over 400 Kg of detritieted 
heavy water to fill5arlington Unit l HTS in 1990. 

We have provided licensed (Type B) containers for shipping 
tritlated heavy water between the Stations and TRF. Two 
containers of 5 Mg capacity each, attached to a flat bed is 
called a TOO ass~mbly. Each station is equipped with transfer 
systems to allow interfacing with the containers. 

The Manauement Process - - 
8 It requires the active and coordinated participation of at least 

three field departments for every shipment of heavy water between 
the Station and the TRF. The TBF is separated by a distance of 
about 300 km from the Bruce site. Each field department has its 
own priorities - often in conflict with that of the detritiation 
program. Therefore a central group located at the Head Office is 
required to coordinate the impleatentation of the tritium 
management program. A managed process is put in place to do the 
strategic planning and the field implementation. 

Tritium Removal Princinle 

Tritium is extrac'twl from the heavy water in ttoa iBf by the 
catalytic exchange of tritium froa Uquld to gas. This process 

, is: (Figure 10) 

DTO + 02 ----- > D20 + DT 
f The design feed rate is 360 kg/h of tritiated HW. Per design the d - 

product concentration is reduced to 1/35.7 of the initial tritium 
concentration. The detritiated heavy water is returned to the 
Station and the D2 is purified and returned to the process. The 
tritium is removed, immobilized and stored. 



DTO + D2 -> D20 + DT 

STATION 

DTO DT 



Using BHGS-A as a typical example (Figure ll), the on-power 
detritiation cycle begins with the displacement of heavy water 
from the HTS with low tritium content water. The water used for 
displacement is- either virgin heavy water or TRF product which is 
in the range of 0.5 to 0.8 Ci/kg.  The tritium content of the 
displaced water is typically around 2 Ci/kq. The displaced heat 
transport water in turn displaces an equal amuiit of moderator 
water at around 30 Ci/kg as feed to the TRF. However, the heat 
transport water at BNGS-A is maintained at less than 99% isotopic 
and has to be upgraded to 99.92% isotopic before it can be put in 
the moderator. A daily shipment of one TOO assembly is required 
to maintain a design feed rate of 360 kg/h. Therefore, the 
Station has to have the capability to provide 10 Mg/d of feed. 

^ 
Three TOO assemblies are required to meet the continuous TRF feed ' :I' 
requirements and to return the detritiated heavy water (TRF 
product) to the Stations. The product is used to repeat the 
displacement/detritintion cycle. The number of cycles required to I 

lower the tritium concentration is predetermined using computer ,, models. 

Although the implementation appears simple on paper, the reality E+ 
is quite different. Internal Station priorities, lack of human 
resources, traniaportation equipment problems and TBF incapability 
sometime prevent the Stations from meeting the detritiation 
targets. The TRF erformance in is91 was plagued by problems 
associated with th ! s new (to Ontario Hydro) process and w i t h  
equipment failures. We have a coordinated program in place to 
improve "TOP performance in the long tern and current results are 
encouraging. 




