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PWR Tritium ProductionPWR Tritium Production

Tritium is hydrogen with two neutrons in Tritium is hydrogen with two neutrons in 
addition to its one proton. Chemically it addition to its one proton. Chemically it 
reacts as hydrogen.reacts as hydrogen.
Tritium (HTritium (H--3) is produced primarily from3) is produced primarily fromTritium (HTritium (H 3) is produced primarily from 3) is produced primarily from 
neutron capture by boron (Bneutron capture by boron (B--10) in a PWR.10) in a PWR.
Boric acid is added to PWR reactor coolant Boric acid is added to PWR reactor coolant 
system (RCS) as a soluble reactivity control.system (RCS) as a soluble reactivity control.
Boron (enriched in BBoron (enriched in B--10) is used in PWR  10) is used in PWR  
fuel assemblies as a burnable poison.fuel assemblies as a burnable poison.



PWR Tritium ProductionPWR Tritium Production

Neutron capture by BNeutron capture by B--10 has several results:10 has several results:

.. 55BB1010 + + 00nn11 -->  >  33LiLi77 + + 22HeHe44 Eq. 1Eq. 1

55BB1010 + + 00nn11 -->  >  11HH33 + 2(+ 2(22HeHe44)) Eq. 2Eq. 2

Eq. 1 describes production of lithium which is used in PWR Eq. 1 describes production of lithium which is used in PWR 
Reactor Coolant pH control.Reactor Coolant pH control.
Eq. 2 describes tritium production by BEq. 2 describes tritium production by B--10.10.
Deuterium activation and  neutron capture by LiDeuterium activation and  neutron capture by Li--6 and Li6 and Li--7 7 
are minor tritium sources.are minor tritium sources.



PWR Tritium ProductionPWR Tritium Production
Approximately 70% of the total tritium in Approximately 70% of the total tritium in 
PWR reactor coolant is produced in the PWR reactor coolant is produced in the 
coolant by the soluble boric acid.coolant by the soluble boric acid.

The remaining 30% is produced by ternary The remaining 30% is produced by ternary g p y yg p y y
fission, Bfission, B--10 burnable poisons, Li10 burnable poisons, Li--6 neutron 6 neutron 
capture, and deuterium activation.capture, and deuterium activation.

BWR tritium production is significantly lower BWR tritium production is significantly lower 
than PWR due to absence of boric acid in than PWR due to absence of boric acid in 
the coolant.the coolant.



HH--3 Production has         3 Production has         
Increased in PWR’sIncreased in PWR’s

Total boron has increased :Total boron has increased :
–– Early core designs used other poisonsEarly core designs used other poisons

–– Most PWR’s have extended their refueling cycle     Most PWR’s have extended their refueling cycle     
to 24 monthsto 24 monthsto 24 monthsto 24 months

–– Longer cycles require higher initial boron Longer cycles require higher initial boron 
concentration in reactor coolantconcentration in reactor coolant

–– Core power uprates require more boronCore power uprates require more boron

Increased boron caused increased tritium Increased boron caused increased tritium 
productionproduction



HH--3 Inventory in Spent Fuel Pools 3 Inventory in Spent Fuel Pools 
Increases with Plant AgeIncreases with Plant Age

Tritium builds up in the SFP due to mixing Tritium builds up in the SFP due to mixing 
with reactor coolant during refueling.with reactor coolant during refueling.
12.4 year half12.4 year half--life causes SFP inventory to life causes SFP inventory to 
build up over timebuild up over timebuild up over time.build up over time.
Additional factors:Additional factors:
–– Midcycle plant shutdowns when RCS tritium Midcycle plant shutdowns when RCS tritium 

inventory is highest will transfer more tritium inventory is highest will transfer more tritium 
–– Fuel cladding defects will allow more tritium Fuel cladding defects will allow more tritium 

transfer from fuel than diffusion alonetransfer from fuel than diffusion alone



Spent Fuel Pool HSpent Fuel Pool H--3 Releases3 Releases

Ventilation is designed to continuously Ventilation is designed to continuously 
remove the Hremove the H--3 from the building atmosphere.3 from the building atmosphere.

This general design criteria drives the This general design criteria drives the 
evaporation rate (Hevaporation rate (H--3 release rate) as it is 3 release rate) as it is (( ))
routed to the routine plant ventilation.routed to the routine plant ventilation.

The majority of HThe majority of H--3 released to the 3 released to the 
atmosphere is from the SFP.atmosphere is from the SFP.

The dose consequence is low The dose consequence is low –– around      around      
1E1E--3mR3mR





Liquid HLiquid H--3 Releases3 Releases

Processing of liquid waste Processing of liquid waste –– Reactor letdown, Reactor letdown, 
system leakage, etc. system leakage, etc. –– uses ion exchange which uses ion exchange which 
does not treat tritium since it exists primarily as does not treat tritium since it exists primarily as 
HTO HTO –– chemically it is water. chemically it is water. 

New tritium removal processes are not widely New tritium removal processes are not widely 
discussed or considered in our industry (yet).discussed or considered in our industry (yet).

Liquid effluent dose consequence is low Liquid effluent dose consequence is low –– typically typically 
1E1E--5 rem for plants with a drinking water pathway, 5 rem for plants with a drinking water pathway, 
1E1E--10 rem otherwise.10 rem otherwise.





HH--3 Accumulation in PWR 3 Accumulation in PWR 
Secondary CoolantSecondary Coolant

Even without a primary to secondary leak, Even without a primary to secondary leak, 

HH--3 naturally diffuses thru U3 naturally diffuses thru U--tubestubes
–– Migration rates differ, even among similar alloysMigration rates differ, even among similar alloys

I l 600 ld hi h diff i tI l 600 ld hi h diff i t–– Inconel 600, older, higher diffusion rateInconel 600, older, higher diffusion rate

–– Inconel 690, newer, generally lower diffusionInconel 690, newer, generally lower diffusion

Seam leaks and other small priSeam leaks and other small pri--toto--sec leaks sec leaks 
also accumulate Halso accumulate H--3 in the secondary side.3 in the secondary side.



Typical Secondary Side HTypical Secondary Side H--3 3 
Concentrations, pCi/LConcentrations, pCi/L

Inconel 600  Inconel 600  
Inconel Inconel 

690690

With SG Blowdown With SG Blowdown 
20 00020 000 30003000

RecoveryRecovery
20,00020,000 30003000

Continuous Blowdown Continuous Blowdown 
EffluentEffluent

50005000 10001000



Secondary Coolant HSecondary Coolant H--3 Issues3 Issues

Steam Generator Blowdown Recovery Steam Generator Blowdown Recovery 
keeps the inventory and serves to build up keeps the inventory and serves to build up 
HH--3 in the secondary.3 in the secondary.

Continuous Blowdown to a receiving Continuous Blowdown to a receiving 
t l k i t l llt l k i t l llstream, lake, river, etc, releases small stream, lake, river, etc, releases small 

quantities of Hquantities of H--3 and keeps secondary H3 and keeps secondary H--3 3 
inventory lowinventory low

No dose issue No dose issue –– infinitesimal contribution infinitesimal contribution 
to liquid effluent dose totals.to liquid effluent dose totals.



US Nuclear Plant LimitsUS Nuclear Plant Limits

10CFR50, Appendix I limits are in dose10CFR50, Appendix I limits are in dose
–– Tritium reduction was not historically pursued Tritium reduction was not historically pursued 

because of low dose consequences (0because of low dose consequences (0--18 kev 18 kev 
beta and low bioaccumulation)beta and low bioaccumulation)

ALARA requirements of 10CFR50 apply to ALARA requirements of 10CFR50 apply to 
our known effluents in Curies, nonethelessour known effluents in Curies, nonetheless
–– As effluent controls and processing improves for As effluent controls and processing improves for 

routine fission and activation product like routine fission and activation product like 
Cesium and Cobalt, Tritium is becoming the key Cesium and Cobalt, Tritium is becoming the key 
effluent from American Nuclear Plantseffluent from American Nuclear Plants



Pressurized Water Reactor (PWR)   Pressurized Water Reactor (PWR)   
vs.  Boiling Water Reactor (BWR)vs.  Boiling Water Reactor (BWR)
BWR HBWR H--3 is primarily from burnable poison, 3 is primarily from burnable poison, 
ternary fission, and deuterium activation, having ternary fission, and deuterium activation, having 
no soluble boric acid in the coolant. Lower peak no soluble boric acid in the coolant. Lower peak 
fuel pellet temperatures lead to less diffusion fuel pellet temperatures lead to less diffusion 
across cladding.across cladding.
Total HTotal H--3 is <1/10 of a PWR.3 is <1/10 of a PWR.
BWRs attempt to reprocess any or all liquid waste, BWRs attempt to reprocess any or all liquid waste, 
so there is generally little or no liquid effluent, so there is generally little or no liquid effluent, 
including Hincluding H--3.3.
Lower tritium production in BWR’s allows recovery Lower tritium production in BWR’s allows recovery 
of liquid waste without building up tritium to total of liquid waste without building up tritium to total 
levels in excess of operating limits.levels in excess of operating limits.



In 2005 Several Plants Detected In 2005 Several Plants Detected 
Elevated Tritium Levels in Elevated Tritium Levels in 

Groundwater Monitoring WellsGroundwater Monitoring Wells
Causes included degraded components and Causes included degraded components and 
pipes with path to groundwaterpipes with path to groundwaterpipes, with path to groundwater.pipes, with path to groundwater.

Since the levels were below legal reporting limits, Since the levels were below legal reporting limits, 
public officials were not notified of the leaks.public officials were not notified of the leaks.

The result was misinterpretation of the events and The result was misinterpretation of the events and 
the risk by the public the risk by the public –– a perception that the utility a perception that the utility 
“hid” the leak from the public.“hid” the leak from the public.



Why is Elevated Tritium in Why is Elevated Tritium in 
Groundwater a Concern?Groundwater a Concern?

Tritium is plant radioactive material and Tritium is plant radioactive material and 
must be controlled under the law.must be controlled under the law.
At nuclear plants tritium exists primarily asAt nuclear plants tritium exists primarily asAt nuclear plants, tritium exists primarily as At nuclear plants, tritium exists primarily as 
HTO and is as mobile in the environment as HTO and is as mobile in the environment as 
natural water.natural water.
Other plant radionuclides are immobilized or Other plant radionuclides are immobilized or 
retarded in soil by ion exchange retarded in soil by ion exchange 
mechanisms.mechanisms.



What is the True Risk of Tritium What is the True Risk of Tritium 
in the Groundwater?in the Groundwater?

If the contaminated groundwater detected If the contaminated groundwater detected 
near the affected nuclear plants was used near the affected nuclear plants was used 
as a sole drinking water source, the as a sole drinking water source, the 
resultant dose to an individual would beresultant dose to an individual would beresultant dose to an individual would be resultant dose to an individual would be 
<1% of the natural background radiation <1% of the natural background radiation 
dose.dose.
In one specific case, the NRC estimated the In one specific case, the NRC estimated the 
postulated dose from drinking the postulated dose from drinking the 
groundwater for a year to be 0.3 millirem.groundwater for a year to be 0.3 millirem.



Groundwater is considered a Groundwater is considered a 
public resource.public resource.

The true risk is legal, not public health.The true risk is legal, not public health.

The plants did not have legal authorization The plants did not have legal authorization 
to release radioactive material to the to release radioactive material to the 
groundwater.groundwater.

Groundwater flows through and off the plant Groundwater flows through and off the plant 
property, potentially contaminating private property, potentially contaminating private 
property.property.



ConsequencesConsequences

Lawsuits have followed. Lawsuits have followed. 

Although the dose consequence of the Although the dose consequence of the 
contamination can be shown to be contamination can be shown to be 

t l l l i tiff l i tt l l l i tiff l i textremely low, plaintiffs can claim property extremely low, plaintiffs can claim property 
damage.damage.

“You have put your radioactive waste on my “You have put your radioactive waste on my 
property and damaged my property value.” property and damaged my property value.” 



The Nuclear Industry has Taken The Nuclear Industry has Taken 
Corrective Actions.Corrective Actions.

All nuclear plants have agreed to notify local, All nuclear plants have agreed to notify local, 
state, and federal officials of any unplanned state, and federal officials of any unplanned 
release, even if the amount of tritium detected is release, even if the amount of tritium detected is 
b l l t ti li itb l l t ti li itbelow regulatory reporting limits.below regulatory reporting limits.
And they have agreed to include groundwater And they have agreed to include groundwater 
monitoring data in routine environmental reports to monitoring data in routine environmental reports to 
the Nuclear Regulatory Commission, while the the Nuclear Regulatory Commission, while the 
NRC evaluates how to address releases below NRC evaluates how to address releases below 
regulatory limits.regulatory limits.



ConclusionsConclusions
Current tritium releases from U.S. nuclear Current tritium releases from U.S. nuclear 
plants represent a legal concern rather than plants represent a legal concern rather than 
a dose concern.a dose concern.

The nuclear industry must be proactive in The nuclear industry must be proactive in y py p
order to avoid politically driven solutions.order to avoid politically driven solutions.

Tritium recovery technology may become Tritium recovery technology may become 
necessary as tritium inventories continue to necessary as tritium inventories continue to 
increase.increase.



Further InformationFurther Information

Nuclear Regulatory Commission website Nuclear Regulatory Commission website ––
http://http://www.nrc.gov/reactors/operating/opswww.nrc.gov/reactors/operating/ops--
experience/tritium/grndwtrexperience/tritium/grndwtr--contamcontam--tritium.htmltritium.html

Provides detailed information on specific Provides detailed information on specific 
groundwater tritium contamination eventsgroundwater tritium contamination events
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