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Tritium is produced in heavy-water reactors through 

neutron capture by the deuterium atom. Annual 

production of tritium in a CANDU reactor is typically 

52-74 TBq/MW(e). Some CANDU reactor operators have 
implemented detritiation technology to reduce both 

tritium emissions and dose to workers and the public from 

reactor operations. However, tritium removal facilities 

also have the potential to emit both elemental tritium and 

tritiated water vapor during operation. 

 

Authorized releases to the environment, in Canada, 

are governed by Derived Release Limits (DRLs). DRLs 

represent an estimate of a release that could result in a 

dose of 1 mSv to an exposed member of the public. For the 

Darlington Nuclear Generating Station, the DRLs for 

airborne elemental tritium and tritiated water emissions 
are ~15.6 PBq/week and ~825 TBq/week respectively. The 

actual tritium emissions from Darlington Tritium 

Removal Facility (DTRF) are below 0.1% of the DRL for 

elemental tritium and below 0.2% of the DRL for tritiated 

water vapor. 

 

As part of an ongoing effort to further reduce tritium 

emissions from the DTRF, we have undertaken a review 

and assessment of the systems design, operating 

performance, and tritium control methods in effect at the 

DTRF on tritium emissions. This paper discusses the 
results of this study. 

 

I. INTRODUCTION 

 

The Darlington Tritium Removal Facility (DTRF) 

provides tritium removal services to the Darlington 

reactor units as well as other CANDU reactors in Canada. 

DTRF is the largest tritium removal facility in the world. 

It processes about 10 Mg of heavy water per day and 

produces about 740 PBq/a of >99% elemental tritium 

(T2). 

 
DTRF is located in the Heavy Water Management 

Building (HWMB) at the Darlington Nuclear Generating 

Station (DNGS) of Ontario Power Generation (OPG). The 

HWMB houses facilities to cleanup, upgrade and store 

heavy water for all reactor units at DNGS. The facility 

provides a means of transferring moderator water between 

reactor units, the DTRF and the heavy water upgrader 
(HWU). The HWMB also handles shipments of tritiated 

heavy water in drums or Type B transportation packages, 

as part of tritium removal services provided to other 

customers. 

 

The DTRF houses the heavy water detritiation 

process and associated systems [1]. The heavy water 

detritiation process essentially consists of two stages. In 

the first stage, tritium in the heavy water is transferred to 

a deuterium (D2) carrier gas in the form of DT gas, while 

detritiating the heavy water to the desired level using the 

vapor phase catalytic exchange (VPCE) process. In the 
second stage, elemental tritium (T2) is separated from the 

D2 carrier gas using cryogenic distillation (CD) and the 

detritiated D2 gas is recycled back to the first stage. A 

schematic of the TRF process, showing the key systems, 

is shown in Figure 1 [1]. 
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Figure 1. DTRF Simplified Flow Diagram 
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I.A. Tritium Emission Control – Design Features 

 

A multiple-barrier approach (defense-in-depth) to 

safety has been incorporated into the design of the DTRF, 

to prevent release of tritium to the environment [2]. The 

DTRF is designed to operate at a pressure slightly above 
atmospheric to prevent ingress of air but as low as 

practical to minimize tritium leaks and emissions. The 

process equipment are designed and tested to very 

stringent leak rate specifications. 

 

Potential tritium losses to the environment are 

minimized by keeping the tritium inventory in each piece 

of equipment as low as possible. Materials compatible 

with tritium service and operating temperature and 

pressure conditions are used to reduce leakage and 

component failures. Equipment with high tritium 

inventories is designed to a higher quality class or 
installed inside a secondary containment with the 

possibility for tritium capture in the event of a release. 

 

Cover gases containing tritiated water vapor (DTO) 

in process systems and storage tanks are vented to the 

active building ventilation stack through chilled-water 

cooled heat exchangers to reduce DTO emissions to the 

atmosphere. 

 

The air cleanup system (ACS) is designed to remove 

tritium from room air in the event of a tritium leak or spill 
into a room to reduce emissions to the atmosphere. The 

ACS is available in stand-by mode at all times during 

normal operations. The ACS is brought online 

automatically on detection of a room tritium-in-air 

concentration above a pre-set level. 

 

Fixed-Area-Alarming-Tritium-Monitors (FAATMs) 

are installed to continuously monitor for tritium in areas 

of the DTRF building where potential for tritium releases 

exist, and to initiate ACS [3]. 

 

All major tritium-containing systems in the TRF are 
designed to be independently isolated, operated or 

shutdown, when necessary. 

 

I.B. DTRF Tritium Emissions 
 

Historically, DTRF has contributed 30-35% towards 

the DNGS total DTO emissions. DTRF contribution has 

increased recently to >40% and DNGS exceeded its 

annual target for DTO emissions. A study, led by one of 

the authors of this paper from DTRF, has identified 

several administrative measures that, when implemented, 
resulted in significant reductions in DTRF DTO 

emissions. These measures included improvements to 

operating procedures, prompt investigation of daily 

emissions >185 GBq/day and continuous focus on 

reducing human error aimed at reducing acute emission 

events. 

 

The increase in DTRF emissions was a key driver for 

the work reported here. This study mainly focused on 

design-based improvements to emission reduction. A 
significant insight into sources of tritium emissions from a 

TRF may also be gained through review of design and 

operating performance of existing TRFs that could benefit 

the tritium community. 

 

Historical annual T2 and DTO emissions from the 

DTRF main contaminated stack are shown in Figure 2. 

Figure 2 indicates that DTRF emissions for 2005 to 2009 

are below 0.1% and 0.2% of the DRL for T2 and DTO, 

respectively. 
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Figure 2. Tritium Emissions from DTRF 

 

II. TRITIUM EMISSION SOURCES 
 

The daily emission data available from DTRF, from 

the main stack, for T2 and DTO emissions were reviewed 

against event logs for the period from 2005 to 2009 to 
identify emission sources. Detailed information on events 

contributing to the releases was collected from station 

condition reports, DTRF logs and communications with 

operating staff. The emissions were found to be largely 

due to acute events. Some of the acute events have been 

identified with human error and procedural weaknesses 

and these have been already addressed.  

 

Tritium-in-air measurements in the TRF and HWMB 

rooms, as indicated by FAATMs, are normally below 

1 MPCa (Maximum Permissible Concentration in air). 
These measurements suggest that both TRF and HWMB 

process systems are leak tight and there are no chronic 

leak sources. 

 

Sources contributing to tritium emissions, that were 

identified during this review, are: Flame Recombiner 
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System (RS), Feed Treatment System (FTS), Tritiated-

Heavy-Water-Transportation-Package (THWTP) 

unloading, Heavy-Water-Storage-Tanks (HWSTs) filling 

and emptying operations, and Tritium Immobilization 

System (TIS) operational activities. 

 

II.A. RS Operations 
 

The RS is used to safely burn hydrogen isotope gas 

mixtures during various DTRF operating and maintenance 

activities. Hydrogen isotopes are recombined to form 

oxide by burning with oxygen. The hot combustion gases 

are cooled on heat exchanger coils in the burner vessel 

and a chilled-water-cooled condenser. The condensate is 

collected in a tank. The unconverted T2 and non-

condensed DTO along with non-condensable gases 

(O2, N2, He) are vented to the process vent (PV) that 

exhausts to the TRF stack (Figure 3). The amount of DTO 
in the non-condensable exhaust gases is dependent on the 

dew point, and the flow rate of the non-condensable 

gases. The chilled water temperature and the condenser 

efficiency limit the minimum humidity that can be 

achieved at the condenser outlet. 

 

The head space of the condensate collection tank is 

vented to the HWMB stack through a chilled-water 

cooled heat exchanger, HX1, and can also contribute to 

DTO emissions through HWMB depending on HX1 

efficiency. 
 

The gas phase in the condenser is isolated from the 

condensate tank with a heavy-water-loop seal. Operation 

of the RS without a loop seal can lead to residual T2 and 

DTO bypassing the condenser. Depending on the 

efficiency of HX1, loop seal failure can lead to increased 

DTO emissions. A modified loop seal design that would 

maintain the seal can be used to eliminate emissions 

through this pathway. 

 

The RS is operated at a flow rate lower than design, 

to minimize tritium emissions due to low condenser and 
burner efficiency. Recombiner operating flow rate can be 

increased and tritium emissions reduced by replacing the 

existing condenser with a high-efficiency condenser. 

 

The T2 emissions from the RS depend on the 

recombination efficiency. According to the emission data 

reviewed, RS efficiency appears to be high and T2 

emissions are generally low during RS operation. 

 

II.B. FTS Cover Gas Purges 

 
The Drain and Purge System (DPS) provides a 

mechanism to allow the transfer of process gas or purge 

gas between systems for maintenance. Several DTRF 

systems utilize DPS, including FTS (Figure 1). There is 

seat leakage of some of the DPS drain valves to FTS. 

Consequently, T2 has been found in the FTS cover gas 

system. FTS cover gas is purged to DPS when the 

hydrogen isotopes concentration reaches 4%. This purge 

gas is eventually burned in the RS. DTRF has experienced 

higher than normal DTO levels in the exhaust when FTS 
cover gas is purged as a result of tritium ingress from 

passing DPS valves. The passing drain valves are 

scheduled for replacement in the next outage. 

 

FTS cover gas exhausts to the PV, through a chilled-

water cooled cold trap, via a pressure regulating valve 

(PRV) set to open at 110 kPa(g). The PRV is activated 

during daily filling of the DTRF FTS feed tank. Both T2 

and DTO are released to the PV through this pathway. 

 

II.C. THWTP Unloading 

 
Heavy water in THWTPs is unloaded to a storage 

tank with air pressure. During this process, air saturated 

with DTO is released to the HWMB stack via HX1. The 

extent of the emissions depends on the HX1 efficiency 

and the volume of vented air. 

 

Emissions sometimes increase significantly during 

the final stages of the unloading process due to excessive 

venting of air into the stack. Increased emissions at the 

final stages of the unloading process can be reduced by 

controlling the venting process using better procedures 
and instrumentation. 

 

II.D. HWSTs Filling and Emptying Process 
 

Emissions from the HWSTs result from venting of 

the cover gas to the stack during heavy water filling 

operations. The HWSTs in the HWMB are maintained 

under air cover gas. The air pressure in the HWSTs is 

maintained at 13.8 kPa(g). The cover gas in these tanks is 

vented to the stack through a chilled-water cooled heat 

exchanger HX2 to the HWMB stack before filling and 

then re-pressurized to 13.8 kPa(g) after filling. The cover 
gas purges can result in DTO emissions through the 

HWMB stack. 

 

II.E. Emissions from TIS 

 

Emissions from the TIS were found to result from 

several sources. During normal operations, for every 

batch (~1.7 PBq) of pure T2 removed from the CD, a 

sample is injected in to a mass spectrometer for tritium 

purity analysis. The sample gas is exhausted through the 

mass spectrometer pumping system to the TRF stack. 
 

The immobilized tritium storage container (ITC) is 

located inside a separate airlock (argon atmosphere) 

attached to the TIS glove box. During ITC changes, the 
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argon gas in the airlock is purged to the TRF stack and 

can potentially contribute to emissions if tritium is present 

in the airlock. 

 

Elemental tritium is removed from the CD system to 

the TIS through a transfer line protected by a rupture disc-
relief valve combination. In the event of a rupture disc 

failure tritium will be released to the relief valve 

discharge line and into the TRF stack. An overpressure 

event can result in significant T2 and DTO (from 

oxidation of the elemental tritium on the moist stainless 

steel piping surfaces) emissions. 

 

III. EMISSION REDUCTION OPTIONS 
 

Figure 3 shows a schematic diagram of the DTRF 

contaminated stack arrangement showing the tritium-

emission pathways. 
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Figure 3. DTRF Contaminated Stack Arrangement 

 

Emissions from the TRF stack is expected to come 
mostly from the TRF PV and TIS. The key contributors to 

emissions from the PV are RS and FTS. Both T2 and DTO 

contribute to emissions from the PV. The emissions from 

the two key contributors to the PV (RS and FTS) can be 

reduced using high-efficiency vent condensers. However, 

the minimum dew point of the vent gas (~8°C) and the 

emission levels that can be achieved using a condenser 

are limited by the chilled-water temperature and the 

condenser efficiency. To further reduce emissions from 

the PV, the other option is to treat the PV exhaust gas 

using molecular sieve dryers before the TRF stack. Since 
the PV exhaust can contain both T2 and DTO, a catalyst 

column (recombiner) may also need to be incorporated 

into the design, upstream of the dryers, to convert T2 to 

DTO. 

 

The TIS exhaust can contain both T2 and DTO. The 

TIS exhaust is vented to the TRF stack without 

pretreatment to reduce tritium emissions. Emissions from 

this source can be significantly reduced by treating the 

exhaust gas using recombiner-dryer technology.  

Currently efforts are underway to treat the TIS exhaust 

using the ACS. 

 

Mainly DTO is emitted from the HWMB stack. 

Except for room air and fume hood exhausts, all 

discharges from process and tank vents to the HWMB 
stack are through HX1 and HX2. Operating experience 

has indicated low HX1 and HX2 efficiencies. Emissions 

may be reduced by replacing HX1 and HX2 with high-

efficiency heat exchangers. Any further reductions in 

emissions would require the use of dryer technology to 

treat the combined exhaust from HX1 and HX2. 

 

IV. CONCLUSIONS 

 

Annual tritium emissions from the DTRF are below 

0.1% of the DRL for elemental tritium and below 0.2% of 

the DRL for tritiated water vapor. According to the DTRF 
emissions data, the contribution from chronic sources to 

tritium emissions is low. Emissions from the DTRF are 

mostly due to routine, operations–related, activities. 

These activities include RS, FTS, THWTP unloading, 

HWSTs filling, and TIS operations. The key emission 

pathways are PV, TIS vents to the TRF stack and 

combined exhaust from HX1 and HX2 to the HWMB 

stack. High-efficiency vent condensers and/or dryer 

technology can be used to further reduce emissions from 

DTRF. The proposed design changes, however, require 

detailed design and review to determine cost-effectiveness 
and to ensure that the changes would not result in 

operational challenges. 
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