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We developed MOX Fuel Database, which included valuable data from several irradiation
tests in FUGEN and Halden reactor, for help of LWR MOX use.

This database includes the data of fabrication and irradiation, and the results of
post-irradiation examinations for seven fuel assemblies, i.e. P06, P2R, E03, E06, E07, E08
and EQ9, irradiated in FUGEN. The highest pellet peak burn-up reached ~48 GWd/t in MOX
fuels, of which the maximum plutonium content was ~6 wt%, irradiated in EQ9 fuel assembly
without any failure.

Also the data from the instrumented MOX fuels irradiated in HBWR to study the irradiation
behavior of BWR MOX fuels under the steady state condition (IFA-514/565 and IFA-529),
under the load-follow operation condition (IFA-554/555) and under the transit condition
(IFA-591) are included in this database. The highest assembly burn-up reached ~56 GWd/t in
IFA-565 steady state irradiation test, and the maximum linear power of MOX fuel rods was
58.3-68.4 kW/m without any failure in IFA-591 ramp test. In addition, valuable instrument
data, i.e. cladding elongation, fuel stack elongation, fuel center temperature and rod inner
pressure were obtained from IFA-554/555 load-follow test.
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1. Introduction

Japan Atomic Energy Agency developed the advanced thermal reactor (ATR), which was
heavy-water-moderated, boiling-light-water-cooled and pressure tube reactor and MOX fuels
for this reactor™?. The prototype ATR “FUGEN” had been operated safely and reliably for
25 years before it was permanently shut down in March 2003. Over its 25 year lifetime, 772
MOX fuel assemblies were irradiated without failure®. The maximum pellet peak burn-up
was reached ~48 GWd/t. Some MOX fuel assemblies in FUGEN were examined to study
irradiation behavior and integrity of ATR MOX fuel assembly? after irradiation.

In addition, some irradiation tests with instruments, i.e. LWR MOX fuel test, daily load
follow test and ramp test, were performed in Halden reactor (HBWR) in Norway to study the
irradiation performance of MOX fuel rod under irradiation”.

We developed the database, Uranium-Plutonium Mixed Oxide Fuel Database, including the
various kinds of useful data from these irradiation tests mentioned above. In this report, the

detailed contents of this database are summarized.
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2. Outline of MOX Fuel Data

Table 2-1 shows the irradiation conditions and the major specifications of FUGEN MOX
fuel assemblies and HBWR irradiation rigs in the database. The FUGEN MOX data of
standard type A and B, i.e. P06 and P2R, 36-rods cluster type, E03, 36-rods segmented type,
i.e. E06 and EQ7, and 36-rods Gadolinia type, EO8 and EQ9, are included in this database. In
addition, the HALDEN data of MOX used in BWR irradiation test, IFA-514/565 and IFA-529,
load-follow test, IFA-554/555, ramp test, IFA-591, are included. Figure 2-1 shows the rod
average burn-up and the pellet peak linear power of fuel rods irradiated in each fuel assembly.
As shown in this figure, E09 MOX fuel assembly, which was UO,-Gd,O;3 fuel assembly fuel
assembly, reached the highest fuel average burn-up ~ 40 GWd/t in FUGEN, and IFA-565 was
irradiated up to the highest burn-up of ~57 GWd/t in HBWR to study irradiation behavior of
LWR MOX fuel rod.

Table 2-2 shows irradiation data items included in the database. The items filled with solid
circle have been already included in the database and with annular are under development. As
shown in this table, the histories of reactor power, assembly power and flux, rod power and
flux for FUGEN MOX fuel assemblies have been already included in the database. Moreover,
the data of coolant water quality are also included. On the other hand, for HBWR irradiation,
the histories of reactor power, assembly power and burn-up, and rod power and burn-up are
included with the instrument data which were in-pile data of fuel center temperature, rod
inner pressure, fuel stack elongation and cladding elongation.

Table 2-3 and Table 2-4 show fabrication data and post-irradiation examination data of
MOX fuel assembly respectively. Various fabrication data are included, but ceramographs
and a-autoradiographs of as-fabricated MOX fuel pellets for EO3 and EO7 are still under
development, as shown in Table 2-3. In addition, the results of visual examination of
assembly and fuel rods, bundle diameter measurement, ceramography and a-autoradiography
of post-irradiated fuel for P06, P2R, E06 and E07, are still under development. There are
some items under development as shown in Table 2-4.

Figure A-1 shows typical image of Uranium-Plutonium Mixed Oxide Fuel Database. This
database is available under “Microsoft Office Access” software.
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3. FUGEN MOX Fuel Irradiation

MOX Fuel Database includes the fabrication and irradiation data, and the results of
post-irradiation examination (PIE) for FUGEN MOX fuel assembly, i.e. P06, P2R, E03, E06,
E07, EO8 and EQ9, as mentioned above. In this section, the outline of FUGEN MOX fuel
assembly is introduced.

Figure 3-1 shows the structure of FUGEN MOX fuel assembly. There are two types of
driver fuel assemblies, i.e. type A and type B, which includes 28 fuel rods. In addition, 36-rod
fuel assemblies, i.e. 36-rod cluster type, 36-rod segmented type and 36-rod Gadolinia fuel
assembly, were also irradiated to develop the DATR (demonstration advanced thermal
reactor) fuels. FUGEN MOX fuel assembly has a cylindrical cluster type structure. The driver
fuel assembly consists of fuel rods, a spacer tie rod, the upper and lower tie-plates, and
spacers. DATR fuel assembly and Gadolinia type fuel assembly have a spacer support tube
instead of a spacer tie rod in the driver fuel assembly. The upper and lower tie plats and
spacers are used to hold fuel rods at the designated positions. Table 3-1 shows major
specifications of FUGEN MOX fuel assembly.

3.1 FUGEN Driver Fuel Assembly (P06, P2R)"-

FUGEN driver fuel assembly had 28 fuel rods divided into three rings as shown in Figure
3-1. The major specifications of FUEGN driver (standard type A and B) are shown in Table
3-1. Cladding outer diameter and pellet outer diameter were 16.46 mm and 14.4 mm,
respectively. The cladding material was made of Zyr-2. The maximum plutonium content of
P06 was 1 wt%, on the other hand, that of P2R was 2 wt% to aim at the higher burn-up than
P06.

P06 fuel assembly was irradiated from 1979 to 1982 in FUGEN. Figure 3-2 shows the
burn-up history of each ring in P06 fuel assembly. As shown in this figure, the rod average
burn-up reached 15 GWd/t.

P2R fuel assembly was irradiated from 1981 to 1985 and the rod average burn-up reached
20 GWd/t. Figure 3-3 shows the burn-up history of P2R fuel assembly.

Post irradiation examinations of P06 fuel assembly and P2R fuel assembly were carried out
to study the irradiation performance and to confirm the integrity of FUGEN diver fuel
assembly.

3.2 36-Rod Fuel Assembly (E03, E06, E07) and Gadolinia Fuel Assembly (EOS,
E09)3),6),7),8),9)

36-rod fuel assembly and Gadolinia fuel assembly were developed for demonstration
advanced thermal reactor. The 36-rod fuel assembly was designed to aim at the maximum
assembly burn-up of 35 GWd/t. The structure of Gadolinia fuel assembly, which was
designed to aim at the maximum assembly burn-up of 40 GWd/t, was basically similar to that
of 36-rod fuel assembly. As shown in Table 3-1, the cladding outer diameter and pellet
outer diameter of their fuel rods were 14.5 mm and 12.7 mm, respectively. The cladding
material was made of Zry-2.

Figure 3-4 shows burn-up history of E03 fuel assembly, which was 36-rod fuel assembly,
was irradiated up to the assembly burn-up of 33 GWd/t. Since this assembly was not
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examined after irradiation, MOX Fuel Database includes the only fabrication and irradiation
data for E03.

The structure of E06 and EQ7 fuel assembly, which consisted of 36 fuel rods including six
segmented rods to be used for the ramp tests in HBWR, is shown in Figure 3-5. Figure 3-6
and Figure 3-7 shows the burn-up history of E06 fuel assembly and that of E07 fuel assembly,
respectively. EO6 was irradiated up to assembly burn-up of 26 GWd/t in FUGEN, and the
post-irradiation examinations for E06 were carried out. Also E07 was irradiated up to
assembly burn-up of 18 GWd/t in FUGEN, and subsequently, the non-destructive
examinations were performed. Eleven segmented rods base-irradiated in E07 were used for
the ramp tests (IFA-591) in HBWR. The details of IFA-591 ramp tests are described in
chapter 4.

The Gadolinia fuel assembly was designed to aim at the higher burn-up, and the fissile
content of fuel pellets for this type was enhanced. Therefore, as shown in Figure 3-1, the
axially heterogeneous fissile content had to be adopted in order to reduce the axial difference
in linear power. Moreover, in order to reduce the power peaking at the beginning of
irradiation, four UQ,-Gd;03 fuel rods had to be located in the intermediate ring in this
assembly. The Gadolinia fuel assemblies, i.e. EO8 and E09, were irradiated in FUGEN from
1991, and the burn-up of E09 fuel assembly reached the highest in others irradiated in
FUGEN. The pellet peak burn-up of E0Q9 fuel assembly was about 48 GWd/t. The histories of
linear power of EO8 and EO09 fuel assembly are shown in Figure 3-8 and Figure 3-9,
respectively. Various post-irradiation examinations for EQ9 fuel assembly was carried out to
confirm the integrity of ATR MOX fuel assembly under the high burn-up from 2001 to 2005.
As the result, the integrity of ATR MOX fuel assembly was confirmed up to pellet peak
burn-up of 48 GWd/t.
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4. HBWR Instrument MOX Fuel Irradiation

MOX fuel irradiation tests in HBWR were carried out to study the irradiation behavior of
BWR-MOX fuels under the steady state condition (IFA-514/565 and IFA-529), under the
load-follow operation condition (IFA-554/555) and under the transit condition (IFA-591).
These irradiation tests are described in this chapter.

4.1 BWR MOX Fuel Trradiation Test (IFA-514/565, [FA-529)°%17

IFA-514/565 and IFA-529 irradiation tests were performed to study the irradiation behavior
of BWR MOX fuels. The fuel specifications for these irradiation tests were decided in
accordance with those of BWR 8 x 8 type fuels, and plutonium content of MOX fuels was set
to be 5.8 wt% for IFA-514/565 and 8.3 wt% for IFA-529.

Six MOX fuel rods in IFA-514, of which parameters were pellet geometry (solid or annular)
and surface roughness (grinded or as sintered), were irradiated to the assembly average
burn-up of ~ 45 GWd/t, and the instrument data during irradiation, i.e. cladding elongation,
fuel stack elongation, fuel center temperature, and rod inner pressure, were obtained, and
various post-irradiation examinations were carried out. After that, the irradiation for three fuel
rods (Rod-2,4,6) of six fuel rods irradiated in IFA-514 irradiation test were continued to the
assembly burn-up of ~ 56 GWd/t in IFA-565 irradiation tests. The structure and major
specifications of IFA-514/565 are shown in Figure 4-1 and Table 4-1, respectively.

In addition, IFA-529, of which parameters were pellet geometry (solid or annular),
pellet-cladding gap (140um, 240um and 340um) and plutonium powder fabrication process
(50% PuO, -50% UO, MH powder, 100% PuO, powder), was irradiated up to ~ 30GWd/t.
IFA-529 had instrumentations for in-pile measurements of cladding elongation and plenum
pressure under irradiation. The structure and major specifications of IFA-529 were shown in
Figure 4-2 and Table 4-2.

Figure 4-3 shows the burn-up histories of fuel rods irradiated in IFA-514/565, and Figure
4-4 shows those irradiated in IFA-529.

4.2 Daily Load-Follow Test (IFA-554/555) %'V

IFA-554/555 irradiation tests were performed in HBWR to study the MOX fuel behavior
under the load-follow operation condition. The fuel rods irradiated in IFA-554/555 had the
instruments of rod inner pressure, fuel center temperature, fuel stack elongation, and cladding
elongation. The design for IFA-554/555 was similar to that for the demonstration advanced
thermal reactor (DATR). As shown in Table 4-3, the cladding outer diameter and pellet outer
diameter of fuel rods for IFA-554/555 load-follow test was 14.5 mm and 12.4 mm,
respectively. Figure 4-5 shows the structure of IFA-554/555.

IFA-554/555 was irradiated for eight years, including twenty-three series of power cycling
tests. The power change between 50 % and 100 % of nominal power simulating the typical
“14-1-8-1” mode of the daily load-follow operation were usually repeated fourteen times at
each power cycling test as shown in Figure 4-6. The rod average linear power of IFA-554/555
was in the range from ~ 20 kW/m to ~ 45 kW/m, and the rod average burn-up was 37 GWd/t.
Figure 4-7 shows the burn-up history of each fuel rods irradiated in IFA-554/555.
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4.3 Ramp Test (IFA-591)121)

Eleven segmented fuel rods were base-irradiated in EQ7 fuel assembly in FUGEN up to 18.4
GWd/t, after that, these segmented fuel rods were constructed in IFA-591 and the ramp tests
were performed in HBWR. MOX fuel rods of the instrumental rig IFA-591 were ramped to
study the ATR MOX fuel behavior during the transient condition and to determine a failure
threshold of MOX fuel rods. Moreover, to study PCMI behaviors of different cladding
material under the power transient, the claddings for segment fuel rods were made of two
types of materials, i.e. Zry-2 and Zry-2 with Zr-liner. Figure 4-8 and Table 4-4 show the
structure and major specifications of IFA-591 fuel rods, respectively.

Figure 4-9 shows the linear power histories of each fuel rod during the base-irradiation and
the ramp test. All segments to be used for the ramp tests, which consisted of the multi-step
ramp tests and the single-step ramp tests, had instrumentations for in-pile measurements of
cladding elongation or plenum pressure, and heated up to the maximum linear power of 58.3
to 68.4 kW/m. There is no difference in PCMI behaviors between two type rods of Zry-2 and
Zr-liner claddings from the in-pile measurement of cladding elongation and plenum pressure.
Moreover, as the result of the post-irradiation examinations after the ramp tests, it was
confirmed that no failure had been occurred during the IFA-591 ramp tests with the final
power higher than the failure threshold power of UO, fuel rods, and this is expected to
indicate that MOX fuel would have a better performance for PCMI failure due to their higher
creep rate than UQO; fuels.
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5. Conclusions

We developed MOX Fuel Database, which included valuable data from several irradiation
tests in FUGEN and Halden reactor, for help of LWR MOX use.

This database includes the data of fabrication and irradiation, and the results of
post-irradiation examinations for seven fuel assemblies, i.e. P06, P2R, E03, E06, E07, E08
and EQ9, irradiated in FUGEN. The highest pellet peak burn-up reached ~48 GWd/t in MOX
fuels, of which the maximum plutonium content was ~6 wt%, irradiated in EQ9 fuel assembly
without any failure. Also the data from the instrumented MOX fuels irradiated in HBWR to
study the irradiation behavior of BWR MOX fuels under the steady state condition
(IFA-514/565 and IFA-529), under the load-follow operation condition (IFA-554/555) and
under the transit condition (IFA-591) are included in this database. The highest assembly
burn-up reached ~56 GWd/t in IFA-565 steady state irradiation test, and the maximum linear
power of MOX fuel rods was 58.3-68.4 kW/m without any failure in IFA-591 ramp test. In
addition, valuable instrument data, i.e. cladding elongation, fuel stack elongation, fuel center
temperature and rod inner pressure were obtained from IFA-554/555 load-follow test.
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Table 3-1 Major Specifications of FUGEN Assemblies

Standard 36-rod
ITEMS AandB Cluster Segmented Gadolinia (1)
(P06(A), P2R(B)) (E03) (E06, E07) (E08, E09)
1.Fuel Pellet
(1)MOX Fuel Rod
Fissile Content ™
Inner and
Intermediate Rod 2.27 wt% (P2R) 3.21 wi% 3.71 wt%
Upper and Lower (Axial Uniform Content) (Axial Uniform Content) (Axial Uniform Content) 5.0 wt%
Middle 4.3 wt%
Outer Rod 1.84 wt% (P2R) 1.71 wt% 221 wi%
Upper and Lower (Axial Uniform Content) (Axial Uniform Content) (Axial Uniform Content) 3.0 wt%
Middle 2.6 wi%
Pu Content
Inner and
Intermediate Rod 1.0 wt% (P06) - - -
Upper and Lower (Axial Uniform Content)
Middle
Outer Rod 0.7 wit% (P06) - - -
Upper and Lower (Axial Uniform Content)
Middle
59 Enrichment 0.65 ~ 1.44 w1% 0.71 wt% 0.71 wt% 0.7~14wt%
(2)U0O,-Gd,0, Fuel Rod
25U Enrichment
Upper and Lower - - - 38 wt%
Middle - - - 3.4wt%
Gadolinium Content
Upper and Lower - - - 0.8 wt%
Middle - - - 1.4 wt%
Diameter 14.4 mm 12.4 mm 12.4 mm 124 mm
Inner Diameter - - 3.5 mm -
Height 18 mm 13 mm 13 mm 13 mm
Density 95 %T.D. 95 %T.D. 95 %T.D. 95 %T.D.
Type Chamfered and Dish Chamfered and Dish Chamfered and Dish Chamfered and Dish
( Annular Pellet : Chamfered )
2.Fuel Rod
Zry-2 (standard),
. . Zry-2 (standard), Zr Liner Zry-2
Cladding Material Zry-2 Zry-2 Zr Liner Zry-Z) Corrosion Resist T}}"pe~A and
Corrosion Resist Type-B
Cladding Outer Diameter 16.46 mm 14.5 mm 14.5 mm 14.5 mm
Cladding Inner Diameter 14.7 mm 12.7 mm 12,7 mm 12,7 mm
Cladding Thickness 0.88 mm 0.9 mm 0.9 mm 0.9 mm
Zr Liner Thickness - - 0.075 mm 0.07 mm
Overall Length 4045 mm 4070 mm 4070 mm 4061 mm
Fuel Active length 3700 mm 3647 mm 3647 mm 3640 mm
Plenum Length
Upper / Lower 251 mm /24 mm 355 mm /30 mm 355 mm / 30 mm 357 mm /30 mm
Filling Gas and Filling Pressure He, 0.1 MPa * a He,0.3MPa * a He, 0.3 MPa * a He, 0.3 MPa-a
3.Spacer
Material Inconel-718 Inconel-718 Inconel-718 Inconel-718
Arrangement 28 Rods, 3 Rings cluster 36 Rods, 3 Rings cluster 36 Rods, 3 Rings cluster 36 Rods, 3 Rings cluster
4.Spacer support tube (Spacer tie rod)
Material Zry-2 Zry-2 Zry-2 Zry-2
Overall Length 4132 mm 4070 mm 4070 mm 4061 mm
Diameter 9 mm 14.5 mm 14.5 mm 14.5 mim
5.Assembly
Overall Length 4388 mm 4388 mm 4398 mm 4393 mm
Outer Diameter 111.6 mm 111.6 mm 111.6 mm 111.6 mm
Number of Spacer 12 12 12 12
Number of Spacer Support Tube 4 (Spacer tie rod) 1 1 1
Number of Rod
Inner (Free Rod) 4 6 6 6 -
Intermediate (Free Rod) - 6 6 -
Intermediate (Free Rod) 4
(U0,-Gd, 0, Rod) B ) )
Intermediate (Tied Rod) 8 6 6 8
Outer (Free Rod) 16 18 18 18
Rod-Rod Clearance 2.1 mm (Minimum) 2.04 mm (Minimum) 2.04 mm (Minimum) 2.04 mm (Minimum)
6.Designed Burn-up and
Linear Power
Maximum of Assembiy Average 20 GWdft 35 GWd/t 30 GWdt 40 GWd/t
Maximum Linear Power 57.4 kW/m 49.2 kW/m 39.4 kW/m 49.2 kW/m

*1) Fissile Content means (239

Pu+"Pu+**U)/(Pu+U)
*2) Pu Content means (Pu)/(Pu+U)

.13.
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Table 4-1 Major Specifications of IFA-514/565

IFA-514 IFA-514 | IFA-565 IFA-514 IFA-514 / IFA-565
ITEMS
Rod-1 Rod-2 Rod-3 Rod-4 Rod-5 Rod-6
1.Fuel Pellet
Pu Fissile Content*1 4.64 wt% 4.64 wt% 4.64 wt% 4.64 wi% 4.64 wit% 4.64 wit%
U Enrich 0.71 wi% 0.71 wi% 0.71 wi% 0.71 wi% 0.71 wi% 0.71 wi%
Diameter 10.55 mm 10.55 mm 10.55 mm 10.55 mm 10.55 mm 10.55 mm
Inner Diameter - - - 3.5 mm - 3.5 mm
Height 10 mm 10 mm 10 mm 10 mm 10 mm 10 mm
Density 94 %T.D. 94 %T.D. 94 %T.D. 94 %T.D. 94 %T.D. 94 %T.D.
Fabrication Method MB™ MB”? MB™? MB™ MB” MB”
Cnamiered
Chamfered Chamfered Chamfered and Hollow and Hollow and
. . and
Type and Dish , and Dish , Dish, Chamfered , Dish Chamfered ,
Ground Ground As™ As”? A oy As”
2.Fuel Rod
Cladding Material Zry-2 Zry-2 Zry-2 Zry-2 Zry-2 Zry-2
Cladding Outer Diameter 12.52 mm 12.52 mm 12.52 mm 12.52 mm 12,52 mm 12,52 mm
Cladding Inner Diameter 10.8 mm 10.8 mm 10.8 mm 10.8 mm 10.8 mm 10.8 mm
Rod Length™ 1505 mm 1505 mm 1505 mm 1505 mm 1505 mm 1505 mm
Fuel Active length 1380 mm 1380 mm 1380 mm 1380 mm 1380 mm 1380 mm
Plenum Volume 7.6.cc 5.6 cc 57ce 77 cc 6.3 cc 57cc
- - He, He, - He,
(< (< (2
Filling Gas and Filling Pressure ' ’ 0.1MPa-a 0.1MPa-a ’ 0.1MPa-a
.1 MPa * 0.1 MPa * 0.1 MPa °
0.1 MPa*a 2% 21 1 05MPa(at121 C)* | 1.05 MPa (at 121 C)* 22| 1.05MPa (a1 121°C) %
3.Instruments
. EF/EC (IFA-514) PF/-(IFA-514) EF /EC(IFA-514)
6 -
Upper / Lower PE/TF EF/EC EF /EC (IFA-565 ) PF/EC (IFA-565) {TE EF/EC (IFA-565 )

*1) Pu Fissile Content means (**Pu+>*Pu)/(Pu+U)

*2) Mechanical Blending
*3) As-Sintered Pellet
*4) Length between v-grooves

*5) at start of irradiation in IFA-565
*6) EC : Cladding elongation, TF : Fuel center temperature, EF

: Fuel stack elongation, PF : Rod inner pressure

-14-
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Table 4-3 Major Specifications of IFA-554/555

IFA554 Upper cluster IFAS554 Lower cluster / IFA-555 Rig
ITEMS
Rod-Al Reod-A2 Rod-A3 Rod-B1 Rod-B2 Rod-B3 Rod-B4
1.Fuel Pellet
Pu Fissile Content*1 3.4 wi% 34 wi% 3.4 wi% 3.4 wt% 3.4 wt% 3.4 wt% 3.4 wit%
Diameter 12.4 mm 12.4 mm 12.4 mm 12.4 mm 124 mm 124 mm 124 mm
Inner Diameter - - 35 mm - - 3.5mm -
Height 13 mm 13 mm 13 mm 13 mm 13 mm 13 mm 13 mm
Density 95 %T.D. 95 %T.D. 95 %T.D. 95 %T.D. 95 %T.D. 95 %T.D. 95 %T.D.
Type Chamfered Chamfered | Hollow and Chamfered Chamfered | Hollow and | Chamfered
and Dish and Dish Chamfered and Dish and Dish Chamfered and Dish
2.Fuel Rod
Cladding Material Zry-2 Zry-2 Zr Liner Zry-2 Zry-2 Zry-2 Zr Liner Zry-2 Zry-2
Cladding Outer Diameter 14.5 mm 14.5 mm 14.5 mm 14.5 mm 14.5 mm 14.5 mm 14.5 mm
Cladding Inner Diameter 12.7 mm 12.7 mm 12.7 mm 12.7 mm 12.7 mm 12.7 mm 12,7 mm
Zr Liner Thickness - - 0.075 mm - - 0.075 mm -
Rod Length ™2 581 mm 581 mm 581 mm 581 mm 581 mm 581 mm 581 mm
Fuel Active length 500 mm 500 mm 500 mm 500 mm 500 mm 500 mm 500 mm
Plenum Volume 6.0 cc 57cc 6.3 cc 5.7 cc 57cc 6.1cc 5.8cc
Filling Gas and Filling Pressure He, He, He, He, He, He, He,
03MPa*aj 03MPaca} O03MPa*a| O3MPa*a| 03MPa*a| 03MPa*a| O3MPa‘a
3.Instruments
Upper / Lower*3 EC/TF EC/TF EC/TF EF / PF EF / PF EF / PF EC/PF

*1) Pu Fissile Content means (239Pu+241Pu)/(Pu+U)

*2) Length between v-grooves

*3) EC : Cladding elongation, TF : Fuel center temperature, EF : Fuel stack elongation, PF : Rod inner pressure
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&
IFA-554/555
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.31.




JAEA-Technology 2007-010

Rod Average Linear Heat Rate

(kW/m)

—IFA-529 Rod-10

30
Rod average burn-up (GWd/t)

Figure 4-4 (10) History of Rod Average Linear Heat Rate (IFA-529 Rod-10)

Rod Average Linear Heat Rate

(kW/m)

——IFA-529 Rod-11

30

Rod average burn-up (GWd/t)

Figure 4-4 (11) History of Rod Average Linear Heat Rate (IFA-529 Rod-11)

Rod Average Linear Heat Rate

(kW/m)

45 —IFA-529 Rod-12

Rod average burn-up (GWd/t)
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