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MOX Fuel Irradiation Test for LIWR
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For the high burn-up of MOX fuels in LWR, cooperative studics are performed
with Japanese utilities and makers for BWR and PWR. The objectives are

(1) to collect information about irradiation behavior of high burn-up MOX fuels
(2) to understand of in-pile performance of MOX fuels. '

Table 1 shows the each test schedule of fuel manufacturing, base irradiation, ramp
test and post irradiation examination. Table 2 shows test conditions. PNC supplied
MOX fucls by MH (Co-conversion Mcthod with Microwave Heating) method for
these irradiation tests.
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Fabrication of Mixed-Oxide Fuel for Irradiation Test

TNt = AMEBERZE TR, MEHERICH Y FBR RU ATR A MOX #klo BEHEsHhfRET
REMERO-DOOBHRRREEZHEL, cho 2 BBl "7 YPERETHRFLTHE Y,
LT BE LT S - RATAEHE . 1580 Fv _—, 200 FERIC R D . FNLORBITBMEERET
#3000 T, FOLBOTEREE Table-1 IZRLET,
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Table-1 ZEE/BRSHARIIRO—%&

The design parameters

No. ERGE /ltem {44 / Specification
Alry b/ Pellet
o] BEBHZS / Fuel type it / Sphere .
$:30i% / Co-precipitaion
- | Eli& / Fabrication method ' VI K 1 Soi-gel

HHEESE / Mechanical blending

T Pu / Pu and U co-converted with micrownve heating
ir 2 B8 Pu/ Pu oxalate

7 »E=FEPu ! Pu ammnoium szlt

P“oﬁﬁﬂm&ﬁl PuO2 powder | Rt EUIMOX $i / MOX powder recycled by wet process
P . BT MOX 1 / MOX powder recycled by dry porcess
FBR BN}  MOX powder recycled from spent FBR, fuel

UOLE A OTESE / UO2 powder | DU, NU. EU (~90%)

AL w b Pellet o
- Bk IShape o | R (FagaFem fE ) Solid pellet (with dish and chanfer)

Loo| shEE (F f#) 7 Annular pellet (with chanfer)
PuE{EEE / Pu Conlent U] 08 e~ 40 weth
R / Density 20000 0| 55~ 95 %TD
BE® / Diameter B Sl #5~ 15mme
OmEE 1 O/M ratlo 1.94 ~ 2.00
HRE / Cladding
B/ Material o | Zry<2 (ZeAR- &) 1 Zey-2 (Zr-liner)
o b _ Zry-d/ Zry-4

SUS316 HHLBATidFS )
I Modified SUS316 stainless steel {(with Ti coating)

' : EEEAEHE $M 7 Modified austenite stainless steel
HLEE 1 Outer diameter 55~ 16.9 mm ¢
min 110 um
1| #+ w78 / Gap width (nominal) | .« 300 am
) PUR 7R bf& AL w b / Pellet with Pu spot

ZOit / Cthers R~ Ly b/ Peller with chip
: TEEFIMA L w b (AL Fe, Si, Ni, Cr) / Pellet doped impurity

Ovor the past 25 years, fabrication of FBR and ATR MOX fucls for irradiation tests has been carried out
in Plutonivm Fuel Technology Development Section to nnderstand the influence of fucl characteristics on.
irradiation performance. Their fucls have been irradiated at FBR 'JOYO’, HBWR ’Halden Reactor’ and
s0 on. Up to now total number of fabrication fucl clements is abowt 3,000 pins dnring about 80 campaigns
including 200 kinds of fnel types. The design paramcters of irradiation test fuels are shown in Table-1.
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NIVF L HRSTEER (TFA-590)
Irradiation Test at Halden Reactor (IFA-590)
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Photo.] TZEMOXS L v b ~DGA203HE
(D E R OFFA '
Gd203 bar (center white bar) inserted Photo.2 3R & WL D i 7oty A/ MREL
into annular MOX pellets Segment fuels with instrumented end plugs

PNC has many experiences of irradiation test of MOX fuels for LWR and ATR
at Halden Reactor (Norway). The on-going irradiation test programm is so-called
'TFA-590". PNC has manufactured the Duplex type fuels in which Gd2O3 (burnable
poison) bar is inserted into annular MOX pellet to decrease output peaking at early
burning for high burn-up and long life-time LWR and/or ATR fuels. The fuels will
be transported and irradiated at Halden Reactor. Photo 1 shows stack of annular
MOX pellets into which the GdsO3 bar is inserted and photo 2 shows segment fuels
with instrumented end-plugs. '
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Development of Mixed-Oxide Fuel Fabrication Technology
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Quatitative a.nd quaRt
analysis by gas ched mogmphy

Hollow Pellets  Sglid Pellets Hollow Pellets
(Small Hollow) (Large Hollow)

A ey e

Photo-1 hEE~Lw kb
Hollow Pellets

Figl ALy bOBECHEERIETRIERY. Rt
ZRHICHEERIETAL Y PORE

“The effect of condition on characterization of pellet

(1) Development of hollow fuel pellet fabrication technology
Fabrication technology of hollow pellet is developed for a high performance FBR
fuels. A high linear heat rate is achieved with the hollow pellet and reduction of
number of fuel rods is allowed with large diameter pellet . Hollow pellets are shown
in Photo-1.
(2) Development of MOX fuel pellet fabrication technology
For advancing fabrication technology of MOX fuel and obtaining a high burn
up of the fuels, tests concerning high Pu content mixed-oxide fuel fabrication and
evaluation of sintering behavior are carried out using the parameter of characteristic
of raw powder, opening structure of green pellet, conient of Pu and O/M ratio. The
effect of experimental condition on characteristics of pellets is shown in Fig-1.
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The Development of Welding Technology for Cladding
Tube

BRIPIE 0TS L LB EEa BT 2 5 4+ 4 (ODS ) oRB LD T I T,
FEHEE ., TIC BRESOMBETEET L, BERREELABEREREZEL(ETLTLEY
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Photo 2. WFHAISHTE (HEHTH)
Metallography
{transversal cross section)

Photo 1. PMWZ#E
PMW apparatus

-\\4

‘ Photo 4. HFH&ARGE (HEWFE)
Photo 3. P RWHE Metallography
PRW apparatus (transversal cross section)

The oxide dispersion strengthened type ferritic stecl (ODS) has developed for
advanced cladding tube material of fast reactor. Tensile strength of the welded part
remarkably decrcase by fusion welding method such as TIG, since the weld defect
is occurred. Pulsed Magnetic Welding(PMW) method and Pressurized Resistance
Welding(PRW) method are candidate for ODS welding,.

These methods is applied to the ODS to keep solid state is structure.

Plutonium Fucl Technology Development Section
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The Development of Welding Technology for Cladding
Tube

The Development of Pulsed Magnetic Welding

EHERROFEBEMR L LTS EORIEE 72 5 1 8 (ODS ) PRRZED TV E
To AMEHT, TIG BHFESORBEETHEETI L, BREAREZECEFHEIELLETLTL
FnEt, £3C, SRS ABEREL LT, BHORETESITI S/ 00 ABABERENK
WRRBET> TVET, '

SRVAREBEERL, BB VoRLEBEELRREZEEL., F0aMVICHER BE
MEREAMCET L. I AVRCEESREL., 20BN LAHFEETOERERICLY , WL D
RICEEPRETTR250TY,

T b =y LMREEREE

Photo 1. PMWHE Photo 2. Wi 4:AEEL (FENTiE)

PMW apparatus Metallography (transversal cross section)

The oxide dispersion strengthened type ferritic steel (ODS) has been developed for advanced
cladding tube material of a fast reactor. By applying fusion welding method such as TIG to
this material, tensile strength of the welded part remarkably decreases, because of the weld defect.
Pulsed Magnetic Welding{PMW) method is candidate for ODS welding methed, since the material
is unchanged to be in solid state for welding,.

This method is as follows. The cladding tube and the end plug are placed and fixed at the center
of the welding coil, and then high voltage is supplied to the coil in an instance. Then the cladding
and the end plug are supposed to be completely welded by compressive deformation with magnetic
force.

Plutonium Fuel Technology Development Section
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The Development of Welding Technology for Cladding
Tube

TlLe Development of Resistance Welding Apparatus

BHRIBREOT R EEM A L LB E6RLEI 72 5 1 8l (ODS ) OB ED TV E
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T 7 ARERREE

S : Photo 2. WFMEAHLEL (HEHF)
Photo 1. PRWHE Metallography
PRW apparatus (transversal cross section)

The oxide dispersion strengthened type ferritic steel (ODS) has been developed
for advanced cladding tube material of fast reactor fuel. Tensile strength of this
steel remarkably decreases by fusion welding method like TIG, because of formation
‘of welding defect. Resistance welding method is employed as a candidate for ODS
welding method, where the joint is welded under solid phase state. Under this
mcthod, a cladding tube and an end plug are clamped on clectrode, and then high
voltage is supplied pressing their both sides. The joint is welded with the Joule
heat caused by contact and volume resistance and with plastic deformation by the
welding pressure.

Plutonium Fucl Technology Development Section
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The Development of Welding Technology for Cladding
Tube

The Development of Ultra Sonic Inspection Technology
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Photo 1. AATFERAE M . Fig 1. #EERERR
Ultra Sonic Inspection apparatus Sample of Inspection Result

Since the size of weld defect in solid phase state, which occurred by Pulsed Mag-
nctic Welding and Resistance Welding methods, is considerably smaller in compar-
ison with that by TIG, the detection of the defect by the common X-ray inspection
is as difficult as to measure the dimension of the defect. Therefore development of
inspection technology is carried out with the use of Ultrasonic inspection apparatus,
which has the capability of higher resolution compared with the X-ray inspection
and shows the position and the size of the defect on CRT immediately.

Plutonium Fuel Technology Development Section
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Development of Advanced Analysis Technology
for Plutonium Fuel

MOX #E B U° MOX-Gd #4%H, StRESEoRBRE+ N L L TBREILTITENOMERSE
7o TwET, 2h¥TMOXREMTORRL. BRELEBENE LT, BF-JES ORI
Btk s O/M A (BEL1BE), FAZO2hT 7 78HICEZTARPHHT ., BRAMECLS
Pu ST L aiEsRA L, FOEEBHARET> T L, Bk, BRRGsawhr
57 %k Hun i MOX-Gd SR80 Gd, PuRUTU 4478 (BE 2 28) oMER . BREWFEROL
HOME Pu-U OFITEDOREL T TVET,

—%., Zoftv—F »EHL LT NF,CL BREFASETHYTEOTIT T2 T E T,

T b= ABEERE

Photo 1 O/MBHiER ‘ Photo 2 Pu-U-Gd #4738
Apparatus of O/M ratio. Apparatus of Pu, U and Gd.

Development of advanced analysis technology is carried out for MOX and advanced
nuclear fuel such as MOX-Gd and nitride fuels. For the purpose of establishing
simple, rapid and accurate analysis methods, new methods have been employed
such as nondispresive infrared spectrophotometry for the determination of O/M
ratio, gaschromatograhpy for volatile gas, coulometry for qualitative analysis of Pu
and the apparatus for their analysis have been developed. Recently, the effort of
development of analysis methods are devoted to the determination of Gd in MOX-
Gd fuel and Pu and U in MOX fucl and aqueocus solution by lligh performance liquid
chromatography. For the conversion technology, trace analysis method of Pu and U
are performed. ‘

On the other hand, routine analysis of impurities such as F, Cl, N and volatile gas

are carried out.

Plutonium Fuel Technology Development Section
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Measurements of Physical Properties for Nuclear Fuel
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Fig,1 Melling point measurement by thermal-alesi. methad
The ligure shows Lhe result of measurement ol U0 208

. . Flw.2 Creep lesting apparatus
oblained melting point at about 2800°%C.

The syslem can measure up to LB00C-
under Lthe controlled oxygen potential.

Physical properties of nuclcar fuel such as melting point, thermal conductivity and
creep rate of fucl pellets, arc very important data for fuel design. Melting point and
thermal conductivity are measured to evaluate thermal properties of fuel rod during
burning. Creep rate of fuel pellet also is measured to evaluate Pellet and Cladding
Mechanical Interaction (PCMI) during burning. These data are used to perform
evaluation of feasibility and development for advanced nuclear fuel.

Plutonium Fuel Technology Development Section
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R&D on Nitride Fuel
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UN Pellets Reference UO2 Pellets

Photo 1 ZE{L¥RHBER7ASLFARERA Photo2 EfEL AUNAL v b

Ja—-JHe s Prapared uranium nitride pellets

Argon gas gloveboxes for
praparation for nitride fuels

The scope of R&D for uranium-plutonium mixed nitride fuels (MN) development for fast reactors
includes 1) to develop fuel fabrication technologies, 2) to develop characterization and chemical
analysis technologies, 3) to fabricate pins for irradiation test, 4) to take design data for commercial
facility, 5) to design conceptual commercial facility and to evaluate fabrication cost. Main results
obtained are

(1) The installation for preparation of nitride fuels was fully equipped (photo 1), which is
characterized by maintaining argon gas in the gloveboxes under negative pressure with less
than Ippm-oxygen and 2ppm moisture to prevent nitride powder from oxidization.

(2) Before the fabrication for R&D on MN, laboratory scale test on unaninm nitride fuel was
performed. Unanium nitirde pellet obtained has the maximum density 94% TD and lower
contents of oxygen and carbon (photo 2). And then the most suitable conditions were found
to fabricate UN pellet.

The above mentioned items from 1) to 5) will be performed with the equipment.

Plutenium Fuel Technology Development Section
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Research and Development on Actinide Contaning Fuel
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Photo 2. BRI

Photo 1. JERTH&aiEREEE Gel Samples
The Gelation Equipment (Zircony! hydroxide)

Research and development on actinide fuel is proceeding to lighten the burden on radioactive
waste management and disposal, and for the purpose of nonproliferation.

(1) To improve a manufacturing process, development of the sol-gel process for sphere fuel is
studied to achieve the simple and remote process. The gelation equipment and trial gel
samples are shown in photo 1 and photo 2, respectively. Development of vibro-packing
process will be also experimented to pack the sintered spheres into pin. _

(2) To develop analysis technology, the methods of measurement of Np, Am contents of actinide
contaning fuel are under investigation.

(3) To study physical properties, melting point, thermal conductivity, etc of actinide contaning
fuel will be measured and collected for fuel design, licensing and analysis of irradiation

behavior of actinide contaning fuel.

Plutonium Fuel Technology Development Section
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