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STUDIECENTRUNM VOOR KERNENERGIE .s k! CENTRE D'ETUDE DF LENERQIE NUCLEAIRE

X | P
SCX/RLN. i n-° CENB.CK.
i)
XS Mp2953
/100 ¥3f3
Boerelang 200 B-2400 MOL. (Beigiuni)
TEL (014;21.88.71 - 31 & 01
TFX (014)31.80 21
TLX 102
TLG Centratom Mol
¥ -

'o whom It may concern

END JSE STATEMENT

The undersligned certific: that -he following material, i.e. 32,1 kg of
urenjum (93.3 % U-23) euriched) ir the form of METAL and containing
29,95 kg of U-2'% tlat will be furnished to us wunder a short term
fixed-commitment contract with US-DOE, will be used for PR2 reactor.

We authorige TRAMENUCLEAR Inc., two Skyiina Drive Kawthorna, New-York
to apply for the US ecpert licenss.

Manufacturing cf the fue! elements wil) be parformed by CERCA, Romans,

France.
~ GUBEL C. MALBRAIN
Head of BR2 dape tment General Director
‘ Head office and Finsnzial Servicon: Rue Ch Lamuirestraat 1 B-1180 Brussels (Baigium)

H TEL (02)651.08 11 TFx (02 .80.76.83 TLX 22718 TLA Centratom Brussels
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CHECKLIST FOR USE IN REVIEW OF KEQUESTS YOR HEU 70 DETERMINE
THCHNICAL AND ECONOMIC JUSTLIFICATION
BR2 REQUEST

Name of reactor and fac.lity: BR2
Locetion: Belgler Nucleur Research Centre
(C.E.N./B.2.K.)
B=2400 MOL « BELGIUM
Quantity of urarium req.iested (kg U)r 32,1 kg ¥
Enrichment in tie isstope U-28%: 93,30 %
Quantity of urasium reg.ested (kg U~285)1 29.95 kg U-23%
Type of fael element an! form of uranium:
Assemblies of concenird: cylindrical tubes, where the fuel is under
the fuel Ls under ths form of UAL povder (xad), 1.27 gu/en’,
mixed with aluminium an. burnable poisons added as powder.
Current raactor powe: luvel (MW th):
Current reactor powe:: 0 to 100 MWth
Gepending on the experimental loading.
Maximal resctor powe 1 125 Mwth
Currant maximal heat flux: 470 W/em?
Maximal nominal heat flux: 600 wW/em!
Duty factor: see appindix 1.
Average burn~up: a) of ¢ loed, end of cycle
£ ¢ to 7 4 of experiments: 37 %
b) of eliminated fuel elements: 54 ¢ 4 %

&) Current core load ng (kg U-238):

€ to 12 kg U-235, depending on the experimental loading
b) Amount of fuel pe  siement (kg U-285):

400 g U=235 for e etundard fuel element
€) Number of elevent: i1 core:

27 to 40, dependiig on the experimental load, routinely 32

fualelamernts
d) Average core life Ore fuel element serves for 10 running weaks,

.6, % cycler of | weeks or 4 cycles of 3 weeks

tot

£8.11.90
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€) Active core und reflestor dimensions:

height 914 mm

dlameter 1100 men

hexsgonal lattice 96.44 mn piteh

fuel active hedght 726 mm

f) Neutron flux: bV L3
"‘S wli). 4k / #(0).d8
o ’ 'q“

Central Be pliug ¢ 1044 n/cmis 1.4 204 n/cmls
Standard fue) elenern. s 3.8 101‘ nicmis s 7 101‘ n/et's
Driver fusl clement o 200 mn) 7 101‘ n/em's

10, Annual fuel usige (kg 1-235)1
Routinely, 75 fuel elewants type Vin, or 30 kg U-2385,
In case of devilopment of the safety programme for fast reactor:

1 fael elcment @ 200 mm or . 2 kg U-238,
In case of starting of the fuslon programme
20 fuel elements Lype Vn or 7,2 kg U-235.

11, Annual spare fuel raquirement (kg U«233): 30 kg U=235 minimunm in
the form of METAL,

12, Flans to incresse, lecrease v “ctor power level:
We continucusly op.imi.ze ..¢ raactor performances: specific and
total power, energy produced. number of fresh fuel elements to be
used for a&u dimposed cycle length, taking 4into account the
experimental loading. The present trend is to increase the
available fas. f ux and consequently the specific power,
maintaining the maximum thermohydraulic characteristics of the
reactor,

13. Bstimated annual suply of current fuel request: 30 kg U-235
minimun,

i4. Required manufscturi”s vorking stock, if any, included in this
request: The manufs:tu-e”s working stocks are not included in this
request. For & nornel order of 100 standard fuel elements, the
manufecturer ryguizas the avuilability of 27 kg U-235 above the
quantity necessary ‘or the production:
[(100 x 0.4 Zg) * lsscs « 27 & 68 kg U-235)

13. Fabricetion loms, {' ary, inciuded in this request (kg U-23%): 2 X
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A0 Nawwa vl wwivmirars DS«Inw unesxiAgr 1Prresses (1nd
COJEMA BP-¢ F~78141 Velizy France.

47, Fabricetion of fuel. NNRNA Rowans=snr=Tsdre  Franre
18, Inventory on October 20, 1990,
The complets irventory ic glvsn at appandix 2.
detalled items of thi: inventory concerning usable fuel for the

XS/
100 Y 39-

28,11.90

Find hoscafeer ahe

8

raactor BR2.
-, { Ernisieabe g i T T
etock froch fual | n | U-tet | U-238 | HEV | Remark
|fued | [kg) | [xg) | I
| el | | I I
N e + - +
gooms | ANl | 30,084 | 4,9987 | stuve eredlebls
| | | | | At nreasnt | ine
CERCA I I I I I
Scraps | | 7.100 | 6.530 | 0,9197 | ¢)to be recovered
6ahmlaay s G | | 26067 | 20,900 | 0,9040 | C)pustlally
SCTApS d | | | | available
lasl supply | | 20,228 | 28,874 | 06,9343 | )stidpped on
| | | | | Ouivle. 20,1990
I I I | I
DOE (U.S5.A.) | | ©0.000 | 0.000 | |
I ! I I I
BR2-BRO2 (Mol~Beigium | I | | |
standard fresh fuel | 36 | 15.447 | 14.363 | 0,9298 | b)only 5451 Mwd
for experiments | 9] 4.938 | 3.28% | 0,9296 | b)not usadle
special type | 21| %.3210 | 4,784 | 0,8991 | b)not usable *)
usable spent fuel | 172 | 81.587 | 47.400 | 0,8532 | d)only 10484 Mwd
i ] [ 1 |

BSDAKKR' &) scraps and U/F6 to be recovered.
L) labimicatmd imirradiated soorud Muwl,
¢) unirracdiated nun-fabricated and fabricated fuel.
d) spert fuel rtored until residusl 200 g U-235 /fuel el.
*) to restirt the reactor after @& prolongated shut-down

(3H0-polson:n|)
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19. Date at which tre available a14 usable inventory will be expended:
Fedbruary 1933.

Date at which current lnventory, including a, b, ¢ (usable), will
be expended: O:tober 1493,
20, Date current riquested fuel will be needed st resctor:
February 1992, while the working stock is maintained at 27 kg
V=235 in CERCA.
21. Date current raques.ed fuel will be needed by fabricatoer:
October 1991,
22. Time takan for shipnen: from USA to convertor/fabricator:
8) lead time for orifering in USA: six months.
b) shipmant in and ‘ron USA: six months.
¢) conversion LFé ~» U-metal: twelve months,

23. Date at which curreit -equestod fuel will he expended i.e., when a
further HEU supply will be reeded st resctor: February 19§3.
The current date sueduled fcr the replscement of the Berylliunm
matrix is oid-1995, which will cause nine months approximately &
one year shutdown,

26. Dates ot which reac .or could be converted to 4% I fuel; to 20 %

fuel, including tim: required for licensing procedurs:
No date is fixod yot “or BR2; in routine, it will not be before
several years, as for sther high flux reactors: ATR, HFIR, MFR in
Grenoble ... from whut we know, tests of fuel plates U‘St ~Al
(8 4.6 g b/cm ;oaro sxtisfying end the industrialization of the
process i in under wiy. ¥or the future (at & time still to be
defined), 4t woul! ©ne possible, 4f requested, to wuse MEU
(45 X enrichment) st the BR! reactor. The time required for
licensing procudure is equal to & successful irradiation campalgn
and post-irradiatlim examinition of prototype fuel elements,
incressed by six moithe for reporis, when the reprocessing of this
fuel has been Zlemonitrited feasidle technically and economicelly.
The use of LEU in BR! demands the availability of fuel plates
containirg vasxl-n (2 7.1 g 'J/cma). No prevision can be given
concerning the rel ability of this fuel, which ie required in
order tc attein the density level of LEU required for the
BR2«reactor,
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¢5. History and dates of previous HEU supplies by the U.§.:
Continuously, since June OB 1959, has U.S. supplied HEU for the
reactors BR2, 1R02 and third perties. The last delivery of 25 kg
HEU for which uhe )Jicence XSNN-02495 was issued on July 16, 1990,
has been shipped fram USA to Europe on October 23, 1990,
The BR2 reactor has reduced its stock of svailable U-238, reducing
the stock of partieily burnt fuel element at minimum and
recoveriag all ecrips considaring the increase of the number of
planned sxperinents, an annual supply grester than $0 kg U-235 i
foreseen after the ye:r 1991, The appendix 3a and 3b give the
detalls concerrdng respactively the deliveries of U~235, transfer
of fuel for hot riprecessing and supply to third parties. The
flgure lc¢ gives the burnup spectrum of wussble standard fuel
elaments et BRI,

26. Amount of fuel of U.6.-origin previously consumed during operation
of reactor: '

The total amoust of urundum raceived up to Cotober 23, 1990 is:
1482,774 kg U-235.
The total amount of uranium busnt to October 26, 1990 is:
1,26 g U-235/@c » 361,557 MWd = 0.97 = 434,881 kg 0-235,
The appendix 34 glvis .lo total balence of highly enriched uranium
received at BR2.

27, Status of cooperatim letween reactor operator and Argonne
Nstional Laborstory In reduced enrichment program (RERTR):
We have mainta.ned the contact with the ANL representatives, for
collaboration in ths RERTR program, although there is some delay
in the testing of very high dersity fuel plates. We cooperate
also closely with the fuel febricators mainly on the performances
of our fuel elerenty (fissior products releuse, corrosion,
cladding, behaviour ...).
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28, Status of agrecment beiween resctor operator and ANL to reduce

enrichment:
Agreemeants and cmrdtaents for a Joint study between the Belgian
Nuclear Ressarch Centru and tis Argonne National Ladoratory (RERTR
PrRegran) i e willleetlun of LBU fuel eleumuis fu e | 1.9}
reactor aere efective: contract ~igned January 22, 1965, The
flive plisse or e progras nés Jwiwavlielewd Lhe thworetical
feasidility for irradiution of & LEU fuel element test in the BR2
core and has bien tarmi nated with the first approval by the Safety
Authoritles, by the prasentation of the Safety Analysis Report at
8th March 198y, e research on technical feasibility 4s in
prograss. The snalysiv of thie teet will aczece the modlfleatlon
in the parforminces an  in the sefety, with corresvonding economic
implications. The sc-edule for BR2 test elements is given at
sppendix 4.

29, Status of cooperatisn !etween reactor cperator and IAEA reduced
pragrami The Ne'gisn N lear Reswernl Owuliv e sweilun upwielus
participates rognlarly at the consultant’s mesting orgenived by
the IAEA for the re lucvd enrichment program.



Appendix 1.
§ 8 Actua. and foreseen duty factor

Adtual foresesn

1968 1949 199¢ 1990 1991 1992
Date of bagin 16 Dac 87 1) Dac 88 1! Dec 89 | 03 Oct 90 cycles of 10 eycles
Date of end 15 Dac 68 1) Da: 89 0! Oct 90 | 02 Jan 90 21 days 21 days
ond of eycla 13/806A 13 854 10/90A
time of the year 8653 268,90 292.7 90 368 363
[day)
operation (1) (day) 167.6 L. 146,80 2x2 189 210
duty factor .48 (&) 0.5 | 0.49 (3) 0.52 0.8 (&)
energy prodiced 10.954 13 504 $924 « 2 x1300 «12.000 «33.000
nunber of fresh fue. '
elaments loaded 64 78 ‘ 36«2 x4 73 ~81
mass of fresh U-235 26,3 3.2 . 22.4 ¢ 4.8 30 o33
(kg) i

Bamasks:

1. The oparatlag time is defined to be the time when the reactor has
& power > 80 ¥, DMNomiial powsr for normal cycle and > 1 X nominal
power for special :am.aign.

2. At the and of vear 19:6 the available stock of fresh fuel elements
was gerdo and the nunber of reactive (B and Sm burnt) partially
burnt fuel elemant) (10 < B « 25 2) was minimum.

3. From cycle 9/90, tie “adiocisotopes production has been adapted for
cycle length of 2! duys, permitting installation of the CALLISTO
loop equipment ani heavier electromechanical maintenance 4in the
BR2 complex, antic.pating the renewal of the reactor at the end of
the year 1995.
Because the ’no r.sing rate incresses with the cumuleted energy
produced with the Be matrix, the duty factor mugt increase adove
30 2.

4. The CALLISTO loo; programme will begin i{rradiation in October

19911 the duty fac'or should te higher than 0,88,



Appendix 2.
! 1§ loventory on October 26, 1990
U kot U-235 Enrichment Remark
(kg] (kg (1)

Cogama (France) not avalladle
Scraps i.022 6,333 §3.04 8)to be recovared !
Buraton UF¢ 6,640 4321 9312 b)to be comverted f

CIRCA (Prance) avalladle :
fabrication and scraps 64,067 76,899 91.47 e)periLally usable
last sopply 5,226 23.3%4 $3.48 c)shipped from DOE

on October 1990.

DOE (USA) 0 ¢ ”

SEN-SCX (MOL~BELGIWNM)

BRY:

Physics department, 0.243 0.222 91,35 ¢)for experimants
et MR

BRO2:

41 Fuel elements 13,241 11,897 89.8% €) to be recovered

BR2;

2 freash fuel el type G VI from BRO2 0.8%. 0.804 $0.17 ) usadle

34 fresh fuel el type ¢ VIi stindard J4.85%  13.3%¢ 93.1% b) usadle

9 fresh fual el type ¢ Vn 3.334 3.28% 92.96 b) for axperiments

21 fresh fual el type A 3.32; 6. 784 89.%0 t) not usable *

172 partially burnt fuel @ o 34 mm 18,347 47,400 83,31 b) usable e+

2 partially burnt fue. el « 2¢ am 2.1¢? 1.902 85,56 d) usadle

566 spent fusl el o Hé mm 143,154 107,609 75.17 d) not usable

11 spent fuel ol o 200 mm 16,000 12.961 81.00 d) not usable

Banazks:

4 ! scraps

b : fabricated unirradistud stored fuel

¢ t+ unirradlated rien fabricated fuel

d : spent fuel stured

* 1 only usable to restar: the reactor after prolongazed shut-down

**; permicting to produce 10484 Mwd,
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10 BU/KL/31010 110343

19 B0//8-1

N

10 B0//3+008 010112

3 VI
1T/
1 TRS/E0-15
0L/
i /-
o uy/nn/
37 UR8/B0/10%
:l 0/m/14
!
30 ws/m/isl
i
17 Bpils Uenf
3 1m0
EURATOK

02081
120570
Hoin
010173
el
wun
man
m
231080 Acl410
0206 AGLL
061040 AG221N
1028 AQLN2S

021008 A5

SURATCN U715 021009 43

JOLEm-02493
total (Rg)

160790

U-tot
(k)

()
(.20
Wi
Han
1.1
10.401
13,143

LR IT]

.50
i
5100
.95
15,097
0.
§.6%¢
LN B
.
(R
R
(.54
N 1}
0,100
Han
AN
LALN
Wan
17,086
.60
1.1
13,000
.00
Qum
2.6

um
{6
.26

LN

U335
(k]

3478
A
um
19,104
19.97§

m
12373

0.508

i
i
3

L

123
3l
8.5

1807

0.0
0. 4585
0084
L
b.un
0.5
00597
0.8000

0.093!
00590
0.8
0.0
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b0
0.0
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04545
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SUPILY of HIGLY KUICRD OMOK b TR PARYIRS

FERRRRRRRRRAR IR IREC LY ERY FRRRCRRRRRR PR RN R ey

coptraet date bt 22 Syitoar
(k¢ (k)
1 BU/IL/91 240870, 080m) 0.200 G000 00000 I B/K/310)
PR TR R LIS VTSR T T IR .92 000 0.1 I
3 URS/B0/2Y 0N 02 01 et m bravsschwlg

¢ ORO/RU/10% 10eD1S. (5o R N e m
vhe/E0/ 105 SN

§ORE/R0/T 0610080040 GB LR 0004 oth/ier atallorgle
€ OR/B0/T 010 S 00T pass pun
T UR4/B0/044 230079 .000 200 090 tu
EAGH ALORS 10,308 0.9500 NURRN (CZN/8CE BR))
G0 leat 1908 GO 620 0.0 e (moL 12

total (kg LU P B T S N T

FURL IN BCY REPROCISS NG

frRReRRRRRER R I RN LR Lt

localination date uel Dedot  Ue2i8 EIe +tot U3 WU bragp
thofresh  fred  frapd peEt  mpert  ppart
b (ko) kg) k5]
1 Burochenic 196" 2 0NN wa v W8 2003 0N 0.0
2 Burecheaic 19¢¢ WE 30372 1500 0.099; AW 22430 07902 0.0
3 Rurechenie 1964 80100800 LIN0TL 00004 104500 4,263 0.0087 0.01)
4 Burochanic 137011 00 TN s 010 6T G 0.0 0,358

§ Burochaale 01.07.1 SOOJLNT D00 002 208 19,083 0,708 0. 3448
6 Rurscheaic 13.10.%; 100 26250 20855 00900 19,890 18,680 00000 0,330
T Rurocienie 20,0413 ORI Y 00990 2 22478 07706 .l
¢ Burschenic 05,02 14 10 S5ATE 49000 .00 3000 20.522 07607 (B AT
§ Marcosle  24.01.75 M0 R 00901 30560 2067 0.7 04890

10 Nareonle  31.12.7% 10 208 008 .30 1.0 0700 04848
H vz 1979 e UT0EL 42,900 0.9011 50,260 22,412 0.740 04176
1 fevaasd 19790 WEBLI3D 3652 09008 2300 27.420 0,733 .51
13 havasad 19410 WEOALTLE 00 00082 200 20313 07067 0,829

14 ldade N S L& PR LR (L S Y P T Y C TR T T 7612 0.49.8
15 favazald 1859 panding

total (kg V26 TORSID E3N0EY 09017 @aT.602 377.865 07700 0.40%¢
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POTAL LEVIRTORY of BIGRL' EX2 CEED DRAYIVY 2% BR2 REACTOR

LA R L R R e e L e LI T

fuel Bedet 323
¢ fresd  fresh
(k) ()

localisation date

POTAL fresk supply 1330, 194 Lit6. 1

stock:
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subtotal: 990 SO0 (R2.82
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reprocessed or dlismaztied  WTE 772.808 698,507

L.adg/und * 097 ¢ 341 8970904

fabrication losses 16.704
uatil Dee 23, 1948

M un 1310084
ditlerezce 1.028
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§ 28, Approxizate schedule for BR2 test elemeuts at November 1989,

Aproximate time
tequired (months)

Approximate completion
date

i,

2.

3.

6.

7e

First spproval of Sufaety Rerort,
Finalize detailed specificacion
Fabric.cion feasidility rveports
from CERCA and 20d appreval of
Safety Report.

Fadricate test fuel ¢lesents.
Reactivity and flux measurements
iz BRO2 Critical Facility

Third approval of Safety Rejpore.
Irrediation in BR2

Cool irradiated elenent:.

Posteirradiation-examini ticn

18

8th March 1988

26th Aprdil 1989

December 1969

December 1950
pending,

Jenuary 19891
March 1961

July 1992

September 1992

January 1993

The key uncertaicties ir this schedule ars the dates for finalizaticn of
the specifications by CERCA and the dates by which CERCA will be able to

deliver the firished (levents tc BRI,



