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EX-USSR FUELCYCLE

Up frontin the CIS

A snapshot of the supply side of CIS front-end fuel cycle capabilities as it exists today.

rior ta the break-up of the former
PSovi:t Unian, all uraninm mined in

Kazakhstan, Russia, Ukraine and
Uzbekistan was sent to one of two con-
version plants, and then 1o one of four
encichment plants, all of which ate lutst-
ed in Russia. Now, of course, the
republics are not bound to send theirura-
nium only to Russia, but canalso sell iton
the world market. However, CIS reaclors
conlinue to be supplied with conversion
and enrichment services, and fuel assem-
blics solely by Russia. Although
Kavakhstan has a sizeable facllity to re-
convert cariched UF, and pelletise UO,,
the manufacture of the final fuel assem-
by product is done in Russia,

Currently, most industries within the
CI$ are in a state of turmoil as altempts
arc made to cope wilh hyper-inflation
and massive debt. Specifically, the candi-
lions under which the uranium mines,
mills, conversion plants, enrichment
plants and fuel fabrication plants operate
ore extremely difficult as they all suffer
from severe payment delays and are
trapped ir a labyrinth of debt, Suppliers
on every level, from the electricity distrib-
utor duown to the uranium miner, are not
being paid by their consumers.

Civen the current economic climate, the
rimof this articleis not to forecast CiS front-
end fucl cycle pruduction capacities, which
would be a difficult task under the dreum-
stances, but to provice a snapshot of the
supply side of the front end as it exists
today. ft must be noted that in Russia, differ-
ent enlerprises operate each nuclear facility
and are under the contm! af the Russian
Federation Ministry of Alomic Energy
(Minatom).

However, only one  company,
Techsnabexport (Tenex), markets the prod-
ucts. Thus, for simplicity, the Russian sup-
plier of natural urenium, conversion,
enrichmant and fabrivated fuel will be
referred 10 here as Tenex. Similorly.
Karakhstan has # vesicly of enterprises
operating mines 2nd a fuel pelletising plant,
but the Kazakh State Atomic Potver
Engineering and Industry Corporation
(Katep) fs the parcnt company and sole
Kazakh marketer.

In 1995, uranium was extracted in four
€15 republics, Kazakhs:an, Russia, Ukeaine
and Uzbekistan; but was processed in six,
Kazakhstan, Kyrghystan, Russia, Tadjikisten,
Ukraine and Uvhekistan, ’

The cutaer is et The Ure~ium Latituts, Twslkh Flecr,
Boweter Houtz, 63 Kaight:tnid;z, Londan SWIX 71T,
UK

MINING AND MILLING

‘The map belosy shaws the locativn of the
various traniwn mines and mills in the C(S,
while the table oppusite lists the operatars,
mining and milling methods used, produc-
tion eapacilies, and actual uranium produic-
tion since 1991,

Uranivm production from the CIS as a
whole has been sleadily devreasing sinee
1958, as can be seen In the graph below.
However, the production in individual
republics has been declining at different
rates, primarily due to increasing costs of
production, as each republic moves te  froe
markel economy, and also to restricted mar-
ketaccess imposed by the US anti-dumping
suspension agneements and the Euratom
Supply Agency's restriclive impart policy.
The picchart below shows that Kazakhstan,
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Russia and Uzbckistan hava continued tabe
sipnificant world preducers of uranium,
with cach republic holding close 1o 8% of
waorld production, or less than 300U each.
To put this in perspective, (he largest urani-
um producing country _in the world,
Canada, accounted for 26% of world pro-
duction in 1993, fallowed by Niger withjust
over §%.

Kaskor, a Kazakhistan uranivm producer
and subsidiary of Katep, announced in
carly 1994 the suspension of uranium pro-
duction at onc of its mills, namely Aktau'.
The mill had been produdng urantumsinee
1964 as a co-product of phosphate fertiliser
and rare earths taken from deposits of phas-
phatised fish skelétons, Aktau’s production
had been steadity declining from its capaci-
ty of 1000 {UL In Kyrghystan, alurcies fromn
Kazakhstan are processed at the mill at Kora
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A Key to map: » Ore processing ceutre. 3 Kaskor Mining's mines. 2 Tsclinny dMining’s
mizes, 3 Steproye Mining's riines. 4 Central Alining’s mines. S Ore Company No b miires,
6 Priargunsky snine, 7 Vatutinskid mine. § Uchkuduk mine. 9 Zarafshannine. 10 Yostok

mine, 11 Zafarabad nine. 12 Nurabad mire.
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EX-USSR FUEL CYCLE

TGS UrTHITM Brodualan Rum 1 90) N 9937 e aaniaE s ey

Country Mine Mt Operator Minlng  Milling  Production Production Production Mill eapacity
method method 1991 (W) 1992 (1) 1993 () 1993 [1U)
Kazcthitoq Grochevskoyo + Voslok  Stepnogo:sk Tieheny $42C uG A/IX Combined  Combined Comtired
- Komyshavoys + Shotpok Stepncgorsk Tseflaay MCC UG Al total ket fotol
Zvozdnoye Stepacgork Tselinny #CC uG A/ of of of
Zaozernoye Stepnogonk Tselinny MCC UG AN 1200 800 3000
Maloveye + Tomek Akiay Kador MCC Opf6f  P;Os 800 400 1600
Kanzhugor + hem Karo Bella Ceontrel MC 5L ISt/ 600 500
Uranas 4 Mymkudk  Kore Bolia Stepnaye MC 15t (S, 800 600
Norlh Korameeua Chkalevik Ore Compeny £6 {Chiili] 15L ISU 400 400
Tolol 3800 200 2700 4000
Kyrghwtan Na mines Keors Ecddia Kara Blio #CC 1SAX 1200 1100 1100 2000
Rupig  Krosnokomansk Krosrokemansk  Priargunsky MC UGH. KR/ 3300 2540 2400 4000 °
Jadikislon No mines Chkalonk Vozlokredmal MMC ISL/1¢ 1350 1200 0 O-
Ukgina  Vemtiagdii Zholyte Vod Eastern ACIVY UG ASSX 800 602 500 2000
SR gk Dricpodroigbink Duiepr Bosn O UG AJSX 0 0 0 0
Tatol 800 €00 500 2000 e
Uzbelistan Uchkuduk Nowi Navoi MMC or AJIX 540 520 Combinad
Udhkuduk Novoi Navei MMC 15L BU/A/IX 200 380 o?ﬂci‘
Nurobed Novei Mavol MVC 5t <31 850 740 of
ZarckhenNosok Nevoi Navoi M4C UG A/lSX 290 190 4000
arake Chiglovsk Novoi RAIC 15t 15 830 830
Tl 2930 2480 2600 4000
GRAND TOTAL** 8200 11000

Uroaium mlnad I Russia n 1993 wos 26911 Tha 1923 Russian produskon Bgura Is for grifled matarich, *Ul estimeto
¢* Exdludas Kyrghysten & Tadjikisica mill E;odudka cs il is miosd in clher covalrics

Minieg: UG, vaderground; OF, cpen pil;

bipsaduet; I8¢, in st kooch; HL, beep booch

Balta (outside the capital aity of Bishkek), as
Kyrghystan“las no operating wranium

‘ines. This processing will stop soan, how-

zer, as Katep has stated it plaas ta redece
the amount of material milled at Kara Balta
1o zero over the next three yeury, The dosure
of the Kara Balta mitl should not affect the
smount  of uranium  produced by
Kazakhstan, as it has suflident ore process-
ing capacity - of its own. The large
Priargunsky complex in Russia processes
uranium -ote extractesd from swrrounding
underground mines and heap leaching oper-
ations, and 2lso from a nearby Mongolian
mine. Production has deereased in recent
years from Russia, as all of the underground
mines were closed. Tadjildstan - also
processed ore from buth Kazekhstan and
Uzbekistar, but stopped in 1993 as the mill
was ennverted o a lead/2ine concentrator
caclier that year. Production jr. Ukreine has
dareased substantially since one of two
underground minrs was shot in 1991,
Uzbeldstan, like Kavakhstan and Rusats, has,
in the past few ycars, been increasing the
pruportion of uranium mined using the in
situ leaching technology. However, the net
result has been a gradual redaction in the
tatal qutantity of uranium pruduced. In 1993,
the Urbekistan govertunent onrounced tha,
2s reserves were alnost depleted, the coun-
try’s open pit and undenmeund mines
would close soon.

¢ MLOYCLE

* [ Coaverslon

N/ The conversion of U0, to U, for the foue
: Russian corichmeat plants cusmntly takes

May 1994

place ot the Angarsk canversion facility, 30
km northwest of frkutsk in Russia (sce map
below). The majority of the plant’s produc-
tion ultimately goes to Eastem Euripeanand
CIS seactors, as fuel. The safeand sustainable
opcrating levels, over an extended perind,
typically fall between 80% and 90% of wame-
plate capadily. The table on page 18 estimates
the effective capacily of Angank ut 18 700 U
(icE5% of the plant’s nameplate apadity of 22
(X tU). Actual productionin 1993 is estinat-
ed to have been 10 800 tU. By way of compar-
ison, the 1993 reactor requirements for
Eastern Eunape and CIS were alminst 4000 tU
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less than was converted at Angamsk, or
approximately 7000 tU.

A sccond conversion facility exists in
Siberia, namely Tomsk-7. This plant, how-
ever, ceased to convert natural uranium in
1991 because there was more than enough
conversion capacity lo meet demand at
Angarsk. At that time, the plant was dedi-
cated to the re-conversion (and also ro-
enrichment) of reprocessed uranium, and
continues with this practice today. While it
is theoretically possible for Tomsk-7 to be
used for extra conversion copacity if ulti-
mately needed, this is unlikely as the plaat
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EX-USSR FUEL CYCLE
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Counlry Site Locction Operator Technology Product Nominal Actuz’
capacity prodi—
1993 1962
CONVERSION - N
fupic Aagersk 30km NWkkusk  Eletrolysing Chemicol Cembine  Ufy Fuoriretion  Nowrel UyOy to UFy 1870010 1033
Tomsk-7 Tomsk Siberion Chamlce! Combine UO; fluctineticn  RepU 1o Uy ro na
ENRICHMENT
Ryssia flaterinburg ~ Neor Eketerinburg  Electrochemisiry Combire - Gas canlifugs 1EU & peeviously HEU 7MSYU A
Tomst7 Tomsk Stberion Chemial Combine Co1 cenhifuge Enricksd FeolU corton
- edously }Eu fremRapl) A MV Kt'
Krasnoyarskd5 90 km E Krosroyorsk Eloc.‘roche:niskmonl . Gus ceatifuge ﬁu 288 of
Angars 30 km NW lkutst Elecirolysing Chenical Combine  Gas contrifuge ey 1AW 6 NS,
) RE-CONVERSION
Kargkhston Uz Kemenogork £ast Kazathatan Wibinskt ADU* Heturol & RopU UF, b UO, . 125610 6221,
Russlo Eledrosia! 54 kmfrom Mazcow  Minclom Dryflame spreying  UF, 10 UO, powder fer
WER 440 Ll 70040 236
Kazok t East Karat Ulkinsk PELITISING | VVER-440 RepU -
azokhitan Ust Kemsnogorst East Karathten Sinski Coavertiona]. 440 FepU o A A
i R3VK1000 seﬂelz combined  kic!
Cenventional VYERL40 RepU 1o lotal el
REMX-1500 pellets of S7CL
Cenvantional VYER-1000 peliats 20500 8L
Russia Elektrosic! 54 km from Mascow  Minctom Coaveniional VWER440 pellets 700 230
. FUEL FABRICATION
Russiq Hektose! 52 m from Moscow  Minatom . Conventional RIMKIO00 hosl eloments A A
& aisemblies : k! tor’
Craventional RAMK1500 fuel elaments  of o
& ossarblios 5700 570C
Coaventione! WERA40 fual elements
& ossemblias 7000 230t
v Novosbiesk Sikerio Mirclom Conventionsl VVER1000 bsel elemants
& oisomblies 10000 2l0L
ZIRCONIUM PRODUCTION
Russig Glazov Udmurio Mirgtom vonls REMX zircoa¥ay Mbing 000km  200C=
Conventicnal .. YYER zircoclloy lubing 2000k na

*Conveational, cmmoniura divrorcle

has been contaminated with U-252 and U-
234 from the repracessed uraniuny,

In 1993, worldwide effective: conversion
supply eapadity {calculated at 85% of name-
plate capacity) was 53 300 tU and the world-
wide demand was 52 000 tU. About 50% of
this demand was met by exisling contracts
with the five primary supplices: ConverDyn
of the USA; Cameco of Canada; Comurhex
of France; BNFL of Brilain; and Tenex of
Russia® A further 4% of the requireients
was met by supply from LEU, 2ad 6% from
spot purchases which refiect inventory
druwdowns. The listogram (right} com-
pares the effective conversion capacities of
the five primary suppliers; it shows Russia
having the largest capacily in ihe world at
M7 of the total.

Russia is very likely to relain its current
market share in Eastern Europe and the CJIS,
due to its available susplus production
@pacdty. surplus LEU ard, potentially,
HEU. However, It is questienzble whether
much Russian coaversior. will be sold to
Western markels inanay other farm except as
a component of LEU. The main reasons age

hat the conversion facilities in Russia an
integrated with eorichmuent facilities - an
arcangement which is no! practical for toll
conversion  the fact tha: the transport af
concentrates for toll conversion nver long
distances from West to Eas: wuild be costly,
and the risks due to the eastable political

18
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As mentioned, additivnal sources of con-
versionsapply fathe ClS are LEU and HELU.
LEU from the former Sovict Union has been
conting into Western markels since 1973,
with initiu] shiprients being made to West
European utilities. The USA began import.
ing Saviet LEU in the lah: 1980s and Asian
utilities purchased smiall quantitivs in 1990
and 1931, Howeves, contineed entry into
Western muarkets has beea restricted, in the
USA by the Department of Comnere pur-
suant 1o anti-dumping suspension agree-
wents, 2nd in Ewope, by the Euratem
supply Apency reshiicting imports to 20%:
from any one supplier. The Russian HEU
steckpile represents potentially the largest
sruce of secundary conversion supply, at

theequivalent of 150 000 1L or 92 (O 1SV L.

K Enrichment

Allfour gas centrifuge enrichment plaz==
the CIS (Ekaterinburg, Tomsk, Krasan—=
and Angank} are located in Russia (==
map on pag¢ 17). The oldest and larp= -
Ekalerinburg, formerly Sverdlosk-44. i
«d near the city of Ekaterinburg, It =
menced aperation in 1949 using paz—=
diffusion ~cnrichment  technology: T2
newest and smallest plant is Ang—
Behween 1966 and 1992, the gascous 2=
sion technology proviously employed- o
of the enrichment plants was compzx
replaced with the more efficient centz=z
technology. In 1993, Minatom inlimatel=
the total Russian entichment capacis, <
about 14 million SWU per year anZ ==
Ekaterinburg was the largest of the —
planty. Minatom alsv stated that the sg=-
tion wapecities of the plants, as p pener=
“of the tolal, were as follows: 43 =
Ekaterinburg, 29% 2t Krasnoyarsh, 1577
Tonsk ard 8% at Angarsk®, Rased ¢4 =
distzibution, the capacities are estimzizz
the table. Currently, Ekaterinburg & ==
priscarily for providing enrichment s
far export, wheras the Tomsk-7 plos =
dedicated to re-enriching reprocesses =-
nium as roted above. Both thise o=
werz HEU production fadilities, buz
Termisk-7 used reprocessed uranium t: =
duze the HEUL Asis the case with Lr2 =

Nudeor Englnearing Intern=><
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EX-USSR FUEL CYCLE

geated conversion plaut at Tomsk.7, the
enrichment plant has also been contaminat-
ed with U232 and U234 from the
reprocessed uranium.

In 1993, worldwide enrichment supply
capacily was 47 million SWU, compared
with demand of only 32 million SWU, There
were four prirnary supplices of enrichment
services: US Enrichment Corparation with
production in the USA: Eurvdif with pro-
duction in France; Urenco with production
in Britain, the Netherlands and Germany;
and Tenex with productionin Russia. These
primary supplicrs collectively suppliad 96%
of the demand. Thi 1993 Russian envich-
ment production, or commitment, 23 csti-
mated by The Uranium [nstitute was about
&million SWU, or 40% of their capacity. This
cslimation is based on the assumed Eastern

“Burapean and CIY reactor demand of 4 mil-

lion SWU, plus the export to the West of 2
million SWU (or 6% of the Western market),
as staled by MrEvgenijMikerin of Minatom
at the USCEA Ennizhment Conference held
in Washington DC in June 1993, Thus, the
Russian eonrichment production, as a pro-
portion of worldwide demand, was almost
19% in 199, The histogram below compares
the worldwide enrichment supply cupaci-
ties held by vach of the four primary suppli-
ers. )

H Fuel fabrication

After enrichment, the fabrication of VVER
fuel involves the recanversion of UF, 1o

by R e
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UO,, prlletisting, ziscumivin lube rstulation
and fuel bundle assembly. The raw material
for RBMK fuelis reprocessed uranium orig-
inating from spent VVER fuel separated 2t
the Mayak plant in Chelyabinsk, which is
also pelletised,installed in zirconium tubes
and asserabled in fugl bundles,

The fabrication of fized pellets is presently
done at the Elckbrstz] glant in Russia and
the Ust-Kamenogorsk plant in Kazakhstan.
The next step —fuel element and fuel assem-
bly fabrication for Fastern Furopzan and
CIS reactors — takes place only at the two
sites in Ressia: Blekeestal and Novosibissk.
The Glazov plant in Udnaurtia, Russia, pro-
duces zirconium and the zirconium-based
alloy tubing for VVIR and RBMK fuel ele-

. meanls.

Re-conversion for VVER~00 fuel is done
at Elekteostal, which employs the flame
spraying process, ene of the gascous or

20

*dry” methods 4. Consequently, the resultant
LQ, powder is not sufficiently free-flowing
and'so tndergoes further treatment to pro-
duce a “press-powder”, from which the
VVER-440 pellets are pressed. The VVER-440
fuel pelicts are then produced into fuel ele-
ments and fuel assemblies nn site, Elektrstal
also receives already-fabricated RBMK-1000
and ROMEK-1500 fuel pellzts from Ust-
Kamenogorsk, with which it manufasiures
the fuel clements and assemblics. Fast reactor
fuel and breeding blankets arc all fabricuted
at Elektrostal,

The bulk of fuel pellet fabrication in the
CIS is done at Ust-Kamenogorsk in North
East Kazakhstan, As mentioned above, this
plant produces REMK-1000 and RUMK-
1500 pellets from reprocessed VVER spent
fuel and sends them ta Elektrastal for final
fabrication. It also produces VVER-1000
fuel pellets, but sends these to Novosibirsk
for final fabrication. Ust-Kamenogorsk is
an integral part of the fucl fabrication
procuss, and unless the Elektrostal pelletis-
ing plant is expanded, it is lkely to remaln
so. It also produces the rare metals tanta-
lum and scandium, as well as having one
of the largest beryllium refineries in the
warld.

‘The fue] fabricalion capacity of the CiS is
limited not by the capacity of the pelictising
plants but by the capacities at Flektrostal and
Novosibirsk, as these plants put the final
assemblizs together As shown by the table
on page 18, Elektrostal produced at 63% of ils
capacity, while Novoaibirsk operated at enly
215 of capacity. These production rates ame
likely to be reversed as the fucl reguirements
for RBMKs decrease (when they reach the
end of their lifetimes), and requiternents for
the planned VVER-100Us increase (when they
begin aperation). In 1993, there were over 20
fucl fabrication plants around the woreld. The

+. tota] LWR fucl fbriation aspadity wis ubout

11 000 tU and annual demand was 6000 tLL
The piechart (right) shows Russia’s share ¢f
the world’s LWR (uel fabricalion capacity at
glightly Jess than 16% (nof including any
RBMK fuel fabrication capacity). Hawever, in
1993, Russia supplied only 77 of the world’s
LWR fuel fabrication demand, with virtually
all of its supply going to Eastern Europe and
the CIS.

Since the world fuel fabsication Indestiy s
oversupplivd, competiton in the Westas well
as in the Eastis likely to become even inore
intense. Befors the break-up of the Soviet
Union, Russia was the sale supplicr of fuel to
damestic ceactors and all forcign reactors of
Sovict ardgin Since the breakoup, Western
fabricatars have bogun paving into Eastern
Furope, where they have seen a n2w muarket
opportunity to supply the Suviet-designed
reactors. Foc instancr, fa (ctober 1992,

Westinghouse edged outa competitive bid by

the Russian fabrictoraad win 3 contract o
design i riw cone anid provide (uel for the
Crech chublit's hva 1000 MWe VVER roae-
tors at Temelin, More recently, Wentinghouse,
Framatome and the Russian fabricator have
been short-listed by the Czech and Slovak
Republics to supply fuel for ten VVER42T

resttory, at Dukovany, Bo—: and
Mochavee. Negotiations are = 2z=.5 with
the bidders before a decision wi = —zdc s
to which fabricator has won U = <pply
conlract. )

STILL A LEADINC PLAYLR

Sinwprudu(ﬁuudumlmvclu:.::... <able .

fromthe CiS, it canbe seenthal = oro-
duction, like that from the W, =: Seen
steadily declining, Since the brix = 2{the
former Soviet Unian local costs o1/ ===tion
have begun to reflect markel sexloe with
the resnlt that some unecmomi- === zave
been clused, and attempts @
Western matkets on a large sevz @0 2 orig-
gered government limitatiorr = zxess.
Nevertheless, three republics = == CIS,
namely Kazakhstan, Russia an?' .
rernain in the top five uranium ==
the worlkd, in terms of actual p:
she future, CIS wanfum produ== = cely
to conlinue to play a very signi®== =i {n
world supply.

Changes within the CIS and v== the
global fuel cyde market have nis 2= 3mit.
ed to the urmnium production inix -

“atil
recently, Russia was the sole suprie = abii-
cated fuel to all of the Eastern E==r== and
CIS reactors; Western fuel fabs aave
reduced Russia’s supplics 10 ez

npe,
and could perhapsdothepamel: =: = As
for conversion and enrichment sz, it s
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in cither Castern Burope of the (2 £z 2is-
Jace Russia’s dominance unhl 137 soXs
ve been used. On the other hers =05
has been supplying increasing Qo= _w of
converted or erriched wranium *; . eyt
and consequently LUV, 1z 2as
beentaken to rastict mo.Siet access & +2h
natwsl uranitan Mevertheless, in 397 T st
held about 251 of the world’s conves:s =a:-
ketand closeto 15% of the world's sz ot
markaf,
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