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1 Introduction

t~3
The FUGEN project has been under development to

search for effective utilization of nuclear fuels inclu-
ding plutonium, FuggN.is a"héavy'water moderated, boi-
‘ling Lighp water goo;pql pr?ésure tube type,reactor.designed_.:
to genérate 165 Mwe:.. Main design data are shown in Iqbleui,vw_ ;
Now, the reactor is under_éonstructiun and schedulea ;6 |
reach criticality in 1976.

Figure 1 shows ‘the initial core configuration of FUGEN, . -
in which , 96 mixed oxidu(Pucglu%) fuel assemblies are to.
be loaded in the center region and 128 oxide (U0, ) fuels
in the outer region. Plutonium jis effective to decrease
void reactivity in FUGEN type reactor432 showﬁ in Fig. 2.

To reduce the local peaking factor, fissile plutonium
concentration of fuel rods is selected 0.55 wt% for the outer
cing and 0.8 wi% for middle and inner ring as shown in Fig. 3.
Fig.4 shows the relative power distribution in the mixed
oxide fuel asgsembly.

* In thi; repori experimental results and analyses are
presented with emphasis on the void reactivity, neutron

flux distribution and power distribution in the partial mixed

oxide fuel core.



T 2 . Neavy Water Critical Experiments®

" A series of inactor physics exporiments arce in progress
using Deuterium Critical Assembly (DCA) to study charac-
feristics of the hcaGy water moderated, light water cooled,
pressure tube type reactor, and 1o evaluate the reliability
of nuclear codes used in the design of an advanced thermal
reactor FUGEN.

As mixed oxide fuel assemblies wiil be used in FUGEN,
.critical experiments on partial mixed oxidc fuel core are

j now belng carriced out at DCA, which con91sis of 121 fuel

'.'abscmbllee arranged at 22.J cm lattice inCh.-
; . »
T The main corc parameters of DCA arc ShOWh'ln the appendix,
Sone 1yp1ca1 results of the ewperlment< and analyses

are as follow~.

2.1 Void Rcactivitys)

Void rcactivity was mecasured, using a pulsed neutron
source undcr.changing void fraction and with a progressive
number of .nixed oxide fuel assemblies in oxide core.

This is shown in Fig. 5 . Fig. ¢ shows the result that
the void re§ctivity.becomes more ncgative as mixed oxide
fuel asscmblies are loaded. The calculations teﬁd to

evaluatce the coolant void reactivitly to the positive side.

9
2. 2 Gross Neutron Flux DRistribution )

The copper wire activation method was adopted for

'measuring ithae gross radial flux distribution in the two

region core having 37(0:54 wt% PuQ;UO, ) and 84 (1.2 wt%

U0, ) fuel assemblies, and in checkerboard coxe having 25
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(0.87 wt%. Puo;UO, ), 32 (0.54 wt% PuO;UO, ) and 64 (1.2 wt%
tK%J_fuel assembiies. This is shown in Fig. 7 and 8.

The experimental results and. calculated values are

shown in Fig. 9 and 10. The accuracy of the calculated
radial .copper reaction .rate distribution compared to the
experimental values was within in 5 % for two region core,

and about 10 % for the checkerboard core.

2.3 Intra-celi Neutron Density'Distribution'”

t

Ihe dyspr031um f011 actlvatlon method was uséd for
measuring the 1ntra~ce11 neutron den51ty dlstrlbutlon 1n
the mixed oxide fuel 1att1ce as shown in Fig. .11. one of
the experimental results is shown compared with calculatlon
in Fig. 12. When compared with experlments, the accuracy of

e

calculated neutron dlstrlbutlon was found accetable.

11
2.4 local Peaklug_Factor

The rod scannlng method was adopted for the measurlng
the local peaklng factor of the mixed oxide fuel assembly.
Fig. 13 shows the experimental results of power peaklng
factors, ccmcared wirh calculations. These power peaging
factors for mixed'oxide fuel assemblies agree with experiv
mental values within 1 % 1n\the case of 100 % v01d condltlon,

but over estimate by 3 % in the case of 0 % v01d condltlon.

Experiments on material buckling and microscopic*lattice
parameters in mixed oxide. fuel core are now in projress.

. 'For future studies, experiments of othér lattice

‘pitches, 20 cm and 25 cm. are being considered.



_Conclusion
1) Experimental confirmation of the plutonium effect
on coolant void reactivity was obtained from plutonium

loaded experiment using DCA.

2) 7The calculated thermal flux and power distributions

in partial mixed oxidc¢ core were found accetable.
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Table 1 Design Data of FUGEN

Output
Reactor thermal output
Gross clectrical output
Core
Core height
Core diameter
Lattice pitch
Number of fuel channels
Fuel inventory
Hcavy; water inventory
Fuel
Fuel material
Pellet diameter
Cladding material
Cladding thickness
Number of ¢lements in cluster
Nominal element spacing
Total length of fuel assembly
Pressure tube
Material
Inside diamcter
- Thickness
Calandria tube
: - Material
- ~Thickness

Primary cooling system - R

Coolant pressure ut steam drum -

Coolant temperature at steam drum

Coolant flow rate '

Steam exit quality {mean)

Number of cooling loops

Number of recirculating pumps/loop
Turbine system

Stecam pressure at TSV

Steam temperature at TSV

Steam flow rate to turbine

300

557 MW
165 MW

3,700 mm
4,060 mm
240 mm
224
36¢
86t

U0, and PuO 2-UO,
14,5 mm
Zircaloy-2

0.84 mm
28

2. I mm

4.4m

- Zr-2.5% Nb
117.8 mm

4.3 mm

Zircaloy-2

1.5 mm

68 kglcm2
284°C
7,600 t/h
14 4%
2
2

63.5 kp:/cm2
279 °C
910 t/h
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Fig. 1 Core Configuration of FUGEN
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FFucl Rod

,/—?FGSSPTO.'.
i Tubc;- .

Rods for '
Spacern

0.55 Wt % Pd 0, in Pu0, -UO,

Z
&

0.8 Wt % Pu'**0, in Pu0,-~ UO:

Tig.3 Cross Section of Mixed Oxide Fucl Assembly
of TIGEN

— Supproting "



o€

Relative power

1.2

1.0

o.8

0.6

Pressure tube
17777717, /777777
77777777 A - —— /177777,
77777774 (//}/}). : “
oy Al Fings _ 0.75w/0 PuOaU0,
—— {inner and middle ring - 1.0w/0 PuO,U02
outer ring 0.7w/0 PuO2U0;2

Fig. 4 Power Distribution in Mixed Oxide Fuel Assembly
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Fig. 5 Loading Patterns of Pqul-—Uoz Fuel Asscmblies
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Fig. 9 Radial Copper Activation Distribution in Two Region Core
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Fuel

Appendix Core Pa_r‘ametér of DCA

Assemb ly

28 elements/assembly in 3 circular rings

tY)

- % of el Pitch circle dia
ne of elements i .4 clements centers(Cw)
1 4 2625
2 8 _ 6000
3 16 9515
Fuel Element
1.2 w/0 Enriched 'U0O,; Fuel
l Inner dia Outer dia Matcrﬁ! Density,
(om) (cm) (g
- 1203w/ 0
Fuel pellet 1.480 -enriched UO; 1036
Gap 1.480 1.5 05_ Helium -
.- |Fi€l sheden}.: 1503 1673 Aluminum alloy | . 2674:

‘e

Ceomssiti s ba ued vell y Ly |Atomic Aidenzity |
mpositlgn ). w0 A fned pellet w/0-In shes ¢1otiat) - oo
o sy " “oovo2s06’ .

‘pellet | By " B&T93 ‘. 002275

0 12150 Q04758

Al 9698 005788
Sheath

Mg 2.60 000172
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(20 054 w/0 Inriched ['w0O,--10; Fuel (Standard Grade )
Innvr dia | Quter die Me (orial Density
(em) (cu) (g1)
Fuel pellet - 1469 {}3(‘,;"‘1{,%’°“'*°“°d 1017
Gayp 1469 1.50¢ Helium . -
Fuel shcath 1504 1.6 68 Zry—2 6523
?omposlt)on w/0 lnl\: ':T::'.l:;;] et w/0 in sheath élﬁr(xti;’:ﬁ/:!e)'nl“y'
By 06214  .opGotezn .
My 66762 ; 002233
1y 0021 YT 102 0000000026
Pellet |*** | 90360 ' 04304 00001103
b oY 8640 004115 200001050
My 0e1s 0004359 0000001108
12 py 0064 0D00303 . 00000000767
o 1242 004640
Zr 9822 004218
Sn 148 G00048B97
Sheath | Fo 0.14 \ CU00O098S
or 210 00000756
Ni 2oé 00p00401

Date of Analysis § 23 August 1971



(il Hanger Wire

P b1 Piteh circle dia Outer dia Material Densi'ty
tnoansembly of hanger wire center (C) (cm) (g/A)
Alumi nu '
4 1060 020 umi nm 2674
) alloy
. . ' ) Atomlic & density
Composition w/0 in wire (107 sat)
Al 9498 005788
Mg 240 0.00172
V) Spacer
Joe i oot OCuter dia Thickness o .. bensity
;é! : g A i kihmiﬁﬁm“‘,;; R .
: 2 ) 11.44 030 HaTioy - | 2674

et e .

Coﬁposition

wZ0 in Spacer

‘At o:rg.i-c;z&,_-de,na i‘fty.

Al

9698

2460

" dosr8s

000172

*1 The positions are 70 cft and 140 o from the lowest end

of fuel.,
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2,

Fucl Channel
Inner Dialem) | Outer Dioten) | Material | Density(gAd)
. Alumimun
Pressure tube 11.68 1208 alloy 2674
Air gap 12,08 1325 Air 0001205
Alumimun
Calandria tube 1525 13465 " alloy 2874
Composition’ ;_i"./'o lnAl w/0 in Air Atomic & density
Al 9698 . 005788
DM 260 000172 o
T B . 235204 - 000001047
N T Ll rearve 000003962
: .1y

3 Moderator

() Density of D;0 (9950 mol/0) 11078

Material | w/o in mederator | Density(g/ol)
D:0 9955 110834
Hy O 045 ' 099777
Composition | w/o. in D;0 | Atomic' 4 density(Ad x 10%)
H nps034 co003333
D 200223 0.066_52
0 709285 003353




ws/o in Coolant

Density(g/at)

(]) Temperature

(i) Square lattice pitch

() viameter of core tank

W 4 of fuel channel ( Standard corc ) :

318

220295k
: 22.5m or 25.0cm
3005cm

‘e H20 | D0 ]| 1,80,]  Air
0 100 - - | 099777
50 6317 | 2682 |wuvoy21]- - 10359
20 1807 | 8191 0021y 10866
867 nas | 2955 - - 11078
TL Y 0.000001
Density go)lovere7i1i0834] 1435 | aoot20%
T T W% in Coolant
Cumpousitiovn
0%void INgvoid 710%void 867% void| 100%void
i 111901 20693 2.0231 up5036
) 74055 164744 200223
0 HBAN9Y | 855231 81.5001 799288 235204
oy noou3 158 0000737 )
B(Natural) uoou;n uno3760
N 764796
~ - U Atomie A density (103 /o) R IRTIN .
Composition - s ~
iooin | 0% void| 30%void | 70%void | 867Fvoid [P00Fvoid|
H 06671 - DOa3TS 001315 00085333 | © ¢
Do S anz2e 005353 0066352 e
0 -:w] 00sszs | aossss 003334 003335 |.000001067
B Naturn.}:‘é 4+ -+ | ooooonoy | nooooo2s ; )
N ”§;=w‘: : Q@ﬁ?°3?éf
5 Others

121 for 22.5mm lattice pitch
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Fig. A-1 Fuol Assembly of DCA ( 1.2% VOz )
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Fue!l Chonnel
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Total Number of Fuel Assembly : 12|

Tig. A-3 DCA Core Confipuration
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