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Pacific NorthwestLaboratory (PNL)(a)has conductedseveralone-year

irradiationtests of light-waterreactor (LWR)-typetritiumtarget rods.

These tests have been sponsoredby DOE's Office of New ProductionReactors.

The first test, designatedwater capsule-](WC-I),was conductedin the

Advanced Test Reactor (ATR) at DOE's Idaho National EngineeringLaboratory

from November 1989 to December 1990. The test vehicle containeda single

four-foottarget rod within a pressurizedwater capsule. The capsule

maintained the rod at PWR-typewater temperatureand pressureconditions.

The target rod conceptbeing testedwas the "getter-barrier"design,

consistingof high-densitysinteredannularlithiumaluminatepellets

(enrichedin Li-6) stacked insidea specialstainlesssteel cladding tube.

The claddingwas pretreatedto obtain aluminizedlayers on the insideand

outside surfaces,which acted as barriersto tritiumpermeationthroughthe

steel. Betweenthe pelletsand the claddingwas a nickel-platedZircaloy

getter tube, the purpose of which was to fix the free tritiumand to keep the

internalpartialpressure of tritiumvery low.

(a) PNL is operated by BattelleMemorial Institutefor the U.S. Department
of Energy under ContractDE-ACO6-76RLO1830.



The WC-I test was the premier irradiationof this target design in water at

prototypicneutronicand thermalconditions. During its 13-monthresidency in

the ATR, the WC-I target rod accumulated28] full-powerdays, of which 222

days (79%) were at goal temperature. The operatinghistory is shown in

Figure I. The axial-averagen,alphapower was 0.6 kW/ft, and the Li-6 burnup

was approximately20% (of initialLi-6 atoms). The four-footrod produced

approximately0.34 gram (3300 Curies) of tritium.

The permeationleakagefrom the rod to the capsulewater was assessedby

thoroughlydraining and flushingthe capsuleat the end of each ATR operating

cycle (7 to 40 days) and measuringthe tritiumconcentrationand volume of the

retainedwater. The cumulativemeasuredpermeationleakageat end-of-testwas

only 0.00139Curie (comparedto the 3300 Curies produced). This low release

rate meets current criteriafor tritium retentionin a new productionreactor

(NPR) (see Figure 2).

This high tritiumretentionwas obtained in spite of "conservatisms"in the

test environment: notably, lack of oxygen controlon the capsulewater and

through-cycleexcursionsin the capsulewater pH. Capsulewater would rise in

pH from the normal pH of 5.5 of the feedwaterto as high as pH 10.0 at end-of-

cycle. The end-of-cyclewater flushingprocedurealso subjectedthe rod to

cycles of externalpressurewell in excess of those projectedduring normal

operation in an NPR.

Post-testnon-destructiveexaminationsof the WC-! rod involvedvisual

examinations,dimensionalchecks,gamma scanning,and neutron radiography.

The results indicatethat the rod maintainedthe integrityof its pressure



seal and was otherwiseunalteredboth mechanicallyand dimensionallyby its

irradiationand post-testhandling. However, a black, adherentcorrosion

layer was noted on the outsideof the rod, and watersidecladding corrosion

was undoubtedlyenhanced (by the lack of oxygen and pH controlon the capsule

water) over that to be expected in an NPR.

Destructiveexaminationswill includerod punctureand plenum gas analysis

followedby transversesectioningand tritium/heliumanalysisof component

pieces from several short sections. Metallographicand ceramographic

examinationswill be conductedon companionsections. The preliminary

punctureresults are availableand tend to confirm the calculatedlevel of

tritiumproductionand the successof the getters in fixing the tritium as

metal hydrides.

In subsequenttarget rod irradiations,steps were taken to control the water

chemistryto which the rods were subjected,but the WC-I irradiation

demonstratesthat even without these controls,the getter-barriertarget rod

can produce and retain tritium adequatelyin a PWR environment.
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