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FABRICATIONOF LIGHT WATERREACTORTRITIUM TARGETS

Mr. James P. Pilger
Battelle Memorial Institute
Pacific Northwest Laboratory(a)
P.O. Box 999, P8-34
Richland, Washington,USA 99352

INTRODUCTION

The mission of the Fabrication DevelopmentTask of the Tritium Target
Development Project is: 1) to produce a documented technology basis,
including specificationsand procedures for target rod fabrication; 2) to
demonstrate that light water tritium targets can be manufactured at a rate
ccnsistent with tritium production requirements;and 3) to develop quality
control methods to evaluate target rod components and assemblies, and
establish correlationsbetween evaluated characteristicsand target rod
performance. Many of the target rod components: cladding tubes, end caps,
plenum springs, etc., have similar counterpartsin LWR fuel rods. High
production rate manufacture and inspection of these components has been
adequately demonstrated by nuclear fuel rod manufacturers. This summary
describes the more non-conventionalmanufacturing processes and inspection
techniques developea to fabricate target rod components whose manufactur-
ability at required production rates had not been previously demonstrated.

FABRICATION

A documented technology basis, and a demonstrationof production rate
manufacturabilityfor target rods and target rod components, are both natural
products of fabrication development and demcnstration activities. Large
numbers of components and assembled target rods are required to achieve goal
production in the LWR-NPR. An annual supply of 15,750 target rods including
corresponding numbers of acceptable cladding tubes, upper and lower end caps,
plenum springs, getter tubes and inner shrouds (approximately189,000), and
target pellets (7,182,000)are required. Although large quantities of
components must be fabricated and assembled,many of the components have
similar counterparts in LWR nuclear fuel rods (a typical PWR has 50,000 fuel
pins employing 35,000,000 fuel pellets). Production and quality control of
nuclear fuel rod counterpart components have been adequately demonstrated by
nuclear fuel rod manufacturers. The focus of the manufacturabilityissue is
related to: 1) demonstration of manufacturing rates for making thin-wall
annular target rod pellets; 2) new fabricationprocesses for nickel plating of
zircaloy getter tubes; and 3) applicationof aluminide permeation barriers to
20% cold worked 316 stainless steel target rod cladding tubes.

(a) PNL is operated for the U. S. Department of Energy by Battelle Memorial
Instituteunder Contract DE-ACO6-RLO 1830.



Annular Tarqet Rod Pellet

Two manufacturing options exist for fabricationof target rod pellets:
isostaticallypress and sinter, or uniaxially press and sinter. Both
processes have been demonstratedon a laboratory or liri_itedmanufacturing
basis. Advantages and disadvantages exist for each process. With isostatic
pressing one can produce longer and more uniformly dense pellets; therefore,
fewer pellets are required. Pellet wall thick,_ess,however, is more difficult
to control and production rates are comparativelylow. Production rates for
uniaxially pressed pellets are very high and wall thickness is easily
controlled. Uniform pellet density is more difficult to achieve and limits
one to producing relatively short pellets. Powder constituency and character-
istics must be closely controlled.

Nickel Plated Zircaloy (NPZ) Getters

Zircaloy is an excellent getter material and has a high absorption rate for
tritium_ Because zircaloy is a highly reactive metal, it also has an affinity
for oxygen and oxide layers quickly form on exposed surfaces. Sl!cnsurface
oxide layers inhibit the absorption of tritium. A thin coating of nickel,
which is oxidation resistant and highly permeable to tritium, placed on the
surfaces of the zircaloy getter effectively allows the tritium access to the
getter through an oxide-free surface. Electroplatingis the fabrication
process selected for placing a nominal 0.0127 mm (0.0005 in.) thick coating of
nickel on the zircaloy getter tubes. Virtually no commercial experience base
existed for electroplatingnickel on zircaloy. A procedure was developed and
demonstrated in the laboratory for electroplatingnickel on zircaloy-4 getter
tubes. The process employs an alkaline degrease cleaner, a sulfuric ammonium
bifluoride etch, and a sulfamate nickel plating solution. In an effort to
develop a commercial experience base for the electroplatingof nickel on
zircaloy-4, a contract was placed with a commercial electroplater to determine
if this laboratory scale plating process could be scaled up to a production
level process. Production scaleup to an intermediatelevel was demonstrated
and full production scaleup is readily possible.

Claddinq Aluminide Barrier

Stainless steel has good, well-demonstratedmechanical properties for use as
target rod cladding, although it also has high permeabilityfor tritium. A
thin coating of aluminum or an aluminide compound layer on the 316 stainless
steel surface proves to be a very effective tritium permeation barrier. A
metal aluminide layer, applied by a pack diffusion coating process, has been
demonstrated to be a highly effective tritium permeation barrier with no
impact on the cladding's mechanical strength. During barrier development
activities, both laboratory scale and commercial scale, barrier coatings have
been evaluated using destructive and nondestructivetechniques. Destructive
evaluation has Deen performed using optical and electron microscopy and load-
deflection testing. Nondestructiveevaluation (NDE) has been done by eddy
current and air gauge testing and deuterium permeation tests. A preliminary
analysis of the data obtained from this barrier coating development indicates
that a correlation exists between barrier aluminum concentration,barrier
thickness, and barrier PRF.
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NDE INSPECTION

Control of target rod quality necessitatesassuring the quality of all target
rod components and assembly activities. All target rod components except the
barrier coated cladding can be inspectedor evaluated using methods and
techniques common in commercial industry. Inspection of the cladding ID
barriermust be done nondestructivelybecause the condition of the barrier is
critical to permeation performanceof the rod and a relatively small exposed
clad surface area could result in a significantincrease in tritium
permeation. Inspection of the barrier is difficult because of the
length/diametergeometry of the tube. Effectivenessof the permeation barrier
during the process development phase was determined by real time deuterium
permeation testing which is discussed in a companion paper. This
nondestructivemethod of testing is effective but is extremely slow. A single
deuterium permeation test requires from one to three weeks. In order to
effectivelycontrol the quality of the target rod, all manufacturedbarriers
must be nondestructivelyassessed. The NDE techniques, in order to be
effective, must be able to assure assembly (dimensionalcharacterization)and
to assess performance related parameters. Performancerelated parameters in
the barrier coating are barrier thickness and aluminidemicrostructure. Air
gauge NDE techniques are used to provide the dimensionalcharacterizationand
eddy current NDE techniques have been developed that can read barrier
thickness and discriminateacceptablemicrostructures.

Air Gauge Testing

Air gauge testing is used to perform the dimensional characterizationand
determine size envelope acceptability. Air gauging is fast, precise_ and
readily automated. This inspectiontechnique is well adapted to meet
production rate requirements.

Eddy Current Testinq

A dual frequency eddy current test system has been developed for evaluation of
aluminide barriers on 316 stainlesssteel target rod cladding. Development of
this system has closely paralleled the developmentof the aluminid9 barrier
coating and has enhanced our ability to make rapid assessment of barrier
coatings supplied by a commercial vendor. This NDE technique is fast, can
precisely determine barrier thickness, and can discriminatebetween acceptable
and nonacceptablebarrier microstructures. This inspectiontechnique is also
well adapted to meet productionrate requirements.

SUMMARY

All informationcontained in this abstract and accompanyingviewgraphs refer
to the Laboratory-scaledevelopmentof fabricationprocesses necessary to
support the assessment of the LWR-NPR option for tritium production. This
work is sponsored by the Office of New ProductionReactors, United States
Department of Energy.
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