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1 Introduction
'-3

The FUGEN project has been under development to

search for effective utilization of nuclear fuels inclu-

ding plutonium, FLX6N is a heavy water moderated, boi-

ling light water cooled, pressure tube type reactor. designed

to generate 165 MWe;. Main design data are shown in Tablel.-

Now, the reactor is under construction and scheduled to .

reach criticality in 1976..

Figure 1 shows the ini t ial core configuration of FUGEN,.

in which , 96 mixed oxide(PuO.tUO, ) fuel assemblies are to.

be loaded in the center region and 128 oxide(UO2 ) fuels

in the outer regioni. Plutonium .is effective to decrease

void reactivity in IUGtN type reactor as shown in Fig. 2.

To reduce the local peaking factor, fissile plutonium

concentration of fuel rods is selected 0.55 wt% for the outer

zing and 0.8 wt% for middle arid inner riiig as shown in Fig. 3.

Fig.4 shows the relative power distribution in the mixed

oxide fuel assecnbly.

In this report experimental results ;nd analyses are

preserlted with emphasis on the void reactivity, noutron

flux 'listri butiOln ;.nld power dlistrihution in the! p)artial mixed

oxide fuel (core.



2 .4ieavy WiAl C?.I Criticaxl ErcJ)oriflxi S3)

A series of rnactar physics expC!rimoen1.s are in progress

using Dcuteritim Critic.al Assombly(D)CA) to stuy() chbarac-

teristics of the heavy water inoderat'd, light wvater cooecl,

pressure tube typo reactor, and to evaluate the reli.abili1:y

of nuclrear code.s used in the design of an advanced thermal

reactor FUUMiN.

As irzixoed oxide fuel assemblies will be used in FUGENt,

critical experiments on partial mixecl oxide fuel core 'are

now being carried out at DCA, which consists of- 321:fuel

assembliies arranged at 22.5 cm lattice pitch.*.

7)
The main core parameters of DCA are shown in the appcndix.

Some typical results of the experiiieit's' and analyses

are as follows.

2. Void Reactivity

Void reactivity was measured, using a pulsed neutron

source under clanging void fraction and with a progressive

number of ,mixed oxide fuel assemblies in oxido core.

This is shown in Fig. 5 Fig. 6 shows the result that

the void reactivity becomes more negative as mixed oxide

fuel assemblies are loaded. The calculat.ions tend to

evaluate the coolant void reactivity to the positive side.

2.2 Gross Neutron Flux Distribut.icon )

The copJper wire activation method was adopted for

me1Asurin 19 th. grC)oss rTadial. flux dist:rilbut.ion in the two

region core having 37(0.54 wt% Pu 2 U° 2 ) and 84(1.2 wt%.

U02 ) fuel assemblies, and in checkerboard core having 25
('.,~. .



(0.87 wt%. PuOU0 2 ), 32(0.54 wt% PuO.UO2 ) and 64(1.2 wt%

U02) fuel assemblies. 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-cell Neutron Density Distribution )

. The dysprosium foil.-activatibn method was used for

measuring the intra'-cell neutron density distribution in

the.mixed oxide fuel lattice as shown in Fig.-.11. one of

the experimental results-is shown'compared with calculation

* ( in Fig. 12. When compared with experiments, the accuracy of

' Icalculated neutron distribution was found accetable.

. 2.4 Local Peaking Factor

The rod scanning method was adopted for the measuring

the local peaking factor of the mixed oxide fuel assembly.

Fig. 13 shows the experimental results of power peaking

factors, compared with calculations. These power peaking

factors for mixed oxide fuel assemblies agree with experi-

mental values within 1 % in\.the case of 100 % void condition,

but over estimate by 3 % in the case of 0 % void condition.

I Experiments on material-buckling and microscopic-lattice

parameters in mixed oxide fuel core are now in progrkess.

*.. For future studies, experiments of other lattice

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



C:onclusi'on

1) ExpcerinizitntlJ. confiruiat.ion of uie plutoniLum effect

on coolant void reactivity was obtained from plutolnium

Ioaderd exleriinint usiliJ DCA.

2) The calculatId thermal flux and power distributions

in partial mixed oxide core were found accetable.
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Table I Design Data of FUGEN

Output

Reactor thermal output

Gross electrical output

Core

Core height

Core diameter

Lattice pitch

Number of fuel channels

Fuel Inventory

Heavy water inventory

Fuel

557 MW

165 MW

3,700 mm

4,060 mm

240 mm

224

36 t

86 t

iII
i
I
I

Fuel material

Pellet diameter

Cladding material

Cladding thickness

Number of elements in cluster

Nominal element spacing

Total length of fuel assembly

Pressure tube

Material

Inside diameter

Thickness

Calandria tube

: Material

* *lThlckne.ss

U0 2 and PUO2-U0 2

14.5 mm

Zircaloy-2

0. 84 mm

28

2. 1 mm

4.4 m

* Zr-2. 5% Nb

117.8 mm

4.3 mm

Primary cooling system

Coolant pressure at 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

Steam pressure at TSV

Steam temperature at TSV

Steam flow rate to turbine

.- Zircaloy-2

1.5 mm

68 kg/cm2

2840C

7, 600 t/h

14 ','%

2

2

63. 5 kg/cm2

279 0C

91 t/h

, '.

, .

I,

* - I

i
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Fig. 1 Core Configurationi of FUGEN
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Fi g. 5 Loading Patterns of Pu02 -UO 2 Fuel Assomblies
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I

0 1.2w/o U02 Fuel Assembly :84

I

i

I)6 O.54w/o PuQ2 -UO 2 Fuel Assembly :37

Fig. 7 Two Region Core Configulation



0 1.2w/o U02 Fitwl Assembly : 64

I) * 0.5 11w/o Pu102-10 2 Fuel Assembly :32

0.87w/o Pu0 2 -UO 2 Fuel Assembly :25

Fig. 8 Checkerboard Core Configuration
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* Appendix Core Parameter of DCA

1. Fuel Assembly

(1) 28 elements/assembly in 3 circular rings

Pitch circle dig
RIng A of elements- of lements centerB(CM)

1 4 2.625

2 8 6.000

5 16 P.R S1 5

. (li) Fue IElement

(1) 1.2 w/o Enriched UO 2 Fuel

Inner dia Outer dia Denaity.

() (C) Material a

Fue Ip e I e 1.48 0 1. 20 SW/a
Fuel pellet _ 1.480 * enriched UOs 10.3

Gap 1.4 8 0 1.5 05 Helium

F.uei ahe'th t1.505 1.675 Aluminur allIy . 2.674:

.*.:.. Atomic A density
CompositiQn,. *wo .l.n ue:l pellet w/o in sheath Atmi 4dc at

.-. i* .' 1.C57 O.0oo2806

pellet ' 86.793 . 0.02275

.0 1 2.150 0.04758

A l 96.98 aoo5788
Shiath

Mg 2.60 0.00 172
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i

(2) 0.54 w/o Enriched NuO --- I102 Fuel ( Siandard Grade )

I

I
I

I nnu r d Iit

(CM)
Outer die

(cM)
Me cc r i a I

Densi ty

( gAd)
_i__ §

FuelI

Gap

Fue I

PC II c t

1.469

1.! 06

1.469

1.506

1.668

0.542w/o enriched
P1UC)3 -U0,

lie I i urn

Zry-2*KhealthI

I a1 7

0.525 ?

W/o mIn A density
Comp3sition w/o Inili ""o in w/o in sheath (10" /a;

2" J D.6214 . *0620

"'U b6.782 OL02233

"P 0.021 .OI00102 . .COOOOOD026

Pellet J u 90Q56U 0.4304 oQOO01 IDS

pu l B640 a04 115 fLOOD01050

41 * 0.915 0.004359 0O000001108

L 0.064 D0.00 05 . .OLD000767

0 12.12 0.04640

Zr 90.22 Q04218

Sn .1.48 Q.0004B97

Sheath Fe 0L14 * .UOOO9B5

0i Q10 Q.0000756

N 0.06 0.0000401

Date of Analysis : 25 August 1971



(jj Hanger Wire

Pitch circle dia Outer dia Dens ity
K in anasembly Material

1 uothangerwirc center (Cm) (cm) g i

4 160 020 Aluminum 2.6 7 4
all Ioy

Atomle A density
Composition w/o In wire 10a led

Al 96.98 0.05788

Mg 2.60 .00 172

4e Spacer

* Outer dia Thickness L|ef si ty
JF n .a ssemb Iy Mi te r-i' I

| . 11.44 0350 Aluminum . 2674
alloy

A. tonic. ...- ......

Composition w/o In Spacer. AtDri-c..4;.dena lty

Al 9698 . 0.05788

Mg 2.60 Q00 172

*1 The positions are 70 Co and 140 ciz from the lowest end

of f ue l.
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I

I

i
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I

2. Fuel Channel

. . . . . . .

r

Inner Dia(cm) I Outer Dia(Cm) Nla ter i a I Dens i ty(gM )

Pressure tube 11.68 12.08 Al umirnun 2.6 74
alloy 267

Ai r gap 12.08 13.25 Air Q001 205

Calandria tube 13.25 15.65 al ItOY 2.674
_ _ _ _ _ _ _ _ _ _ _a l y _ _ _ _ _ I

Composition" ui*o InA.i'. w/o in Air *Alomic .% density

Al 96.98 0.0578B

Mg 2.60 0.00172

-AI 0 25204 a 0.00001067

N . .76&4796 0.00003962

5 Modcrator

(j) Density of DI0(9950 mol/o) 1.1078

Material wo In derstor Dcnsi ty ( g/C)

Dr ° 99.55 tj 1 D0834

HIO 0.45 0.99777

Composilion w/o. in DIO Atornic.A density(Ai x 10 I )

H L0.5036 aQ0003335

D 2 0.0223 0.06 6 52

0 7 9.9 2 8 0 a . s 0 5 5

'-
,'.

'.';
's.: ' . .

:--

.

:......

.. ..



4. L:o o Ia n t

S itu I a td Yqd w______ inCoolan Dens I ty(g/('d)
f rar t I on.1

on________ l1z2 DI( .t H13B, Ai r

0 tO - 099777

306 .1 I 3&8 2 (l.U(J21 -1.03559

'1. fi&U7 8 1.9 1 L102 1 1.0 8 66

Et6.7 114 5 9 Y.55 -- 1.10a7 8

tj fl I 0 0.0 00 0 01

I4i~~ ty. K/Vif) (Ili9 I,7 1.1 i854 1.435 0.0OO1205

Compos I Li un
w/,' in Coolant

0 * v o id I511% vo Id 10 v oi d 86.7% vo Id 1 00%void
I --*4-- _ _ ..

II

1)

0)

toB

It(Natu ra I)

IN,

1 1.I 9t 1 . 693

;.4 0 55

8 s.s 2 5 1

(IIUn U 3 158

11001611

2.02 3 1

1 64 744

81.500 1

00013 7

ul.0os7 60

Uo 5056

20.0223

7 9.9 2 8 5 2&5204

7 6.4 79 6

:.:. . : - Atounic AU density (104/J )
unmpos i tln

'0% rv 3i05*void . ?O*void 86.7%vo id P;yOD% void.

: 10667I . Q*n4375 . 0.01315 I. 000333

;1 02.294 ' 105353 0.06652

() . 0545 (1035 5 0.03334 a0os33 .00100 1067

1 ,Saturai) 0 0 0 0009 C00000023

N .0 0 0 0 009262

.

5. Others

(I) Temperature : 22CU295 k

(i) Square lattice pitch : 22.5cm or 25.0cm

(110 aiameter of core tank : 30 0.5cm

4, A, of fuel channel ( Standard core ): 121 for 22.5m lattice pitch
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- Moderator (D20)

Colondria Tube (At)

- -Air Gap ..

>A\ . Pressure Tube (AL)

Fl fg. A-1. Fotol. Assemll)l) of DCA ( 1. 2% U02 )
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Moderotor (D20)

//___ Colandria Tube (At)

4' Air Gop
Pressure Tube (AL)

Clad fAt)

Fuel Pellet
Coolo nt

Hongar Wire (Al)

Fig. A-2 Fuel Assembly of DCA ( O.54w/o PuO2 -U02 )
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Fuel Channel

r Vertical
Experimental

// Hole
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;Total Number of Fuel Assembly :121

Ftig. A-3 I:C. Core confisUrlrtiOfl

(Lattico J'itch : 2"5 miii)


