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Niikleer Silahlarin Yayiimasiin Onlenmesi Andlagmasina iligkin
Olarak Givenlik Denetiminin Uygulanmasina Dair Tiirkiye
Cumbhuriyeti Hiikiimeti ile Uluslararas: Atom Enerjisi

Ajansi Arasindaki Anlasmaya Ek Protokol

Tirkiye Cumhuriyeti Hiikiimeli'nin {bu andan itibaren “Tirkiye"” olarak amlacaktir)
ve Uluslararass Atom Enerjisi Ajansi’min (bu andan itibaren “Ajans” olarak amlacaktir), 1
Eyldl 1981 tarihinde yirirlige girmis olan Nukleer Silablann Yayidmasmn Onlenmesi
_ﬂ_ndlagmasl'nn lligkin Giivenlik Denetiminin Uygulanmasina Dair Anlagmaya (bu andan
itibaren  “Givenlik Denetimi  Anlagmas’”  olarak amlacaktwr) taraf olmalanndan
HAREKETLE;

Ajans'n  guvenlik denetimi sisteminin etkinliinin artinlmas: ve giglendirilmesi
yoluyla nitkleer silahsizlanmamin daha da yayginlastinlmas: konusunda uluslararas: toplumun
arzusunun BILINCINDE OLARAK;

Ajans'in, givenlik denetiminin uygulanmasi sirasinda, Turkiye'nin ekonomik ve
teknolojik geligimine veya banggl niikleer faaliyetler alaminda uluslararas: igbirligine zarar
vermekten kaginmak; saghk, givenlik, fiziksel korunma ve yorirlikte bulunan giivenlikle
ilgili diger hilkimlere ve bireysel haklara saymh olmak; ve ticari, teknolojik ve sanayi
alanlanndaki gizli bilgilerin ve haberdar oldugu diger tim gizli bilgilerin korunmas: igin her
turli tedbiri almak gibi iktiyaglan goz oniine almas: gerektifiini HATIRLATARAK

Ajans'in  giivenlik  denetiminin  etkinlifinin  guglendirilmesi  ve  venimlilifinin
geligtirilmesi amaci ile witarh olacak sekilde isbu Protokolde agiklanan faaliyetlerin sikhginin
ve yogunlugunun en az seviyede tutulmas gerckliligine DAYANARAK;

BUNDAN BOYLE, Tirkiye ve Ajans asafidaki konularda mutabakata varmstir:

PROTOKOL VE GUVENLIK DENETIMI ANLASMASI ARASINDAKI ILISKILER

Madde 1

Gavenlik Denetimi Anlagmasimn hikimieri, isbu Protokolin hikumleri ile ilgili ve uyumlu
olmalan durumunda, ishu Protokole uygulanacaktir. Givenlik Denetimi Anlagmas: ile isbu
Protokohin  hilkiimleri  arasinda  ¢eliski olmasi  halinde, isbu  Protokolim  hikiimleri
uygulanacaklir.
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BILGi TEMINI
Madde 2
a. Tirkiye Ajans’a agagidaki bilgileri iceren bir bildirim sunacaktir:

{i) Tiirkiye tarafindan finanse edilen, 6zellikle yetkilendirilen ve kontrol
edilen ya da Tirkiye adina yiritilen nikleer madde igermeyen nikleer
yakit gevrimi ile ilgili araghrma ve geligtirme faaliyetlerinin nerede olursa
olsun yerlerini belirleyen bilgiler ve bu yerlerin genel tanim,

(i)  Nikleer maddelerin mutat oldufiu tzere kullamldifi tesislerde ve tesis
digindaki yerlerde givenlik denetimi ile ilgili isletme faaliyetlerinin
etkinligi ve verimlilifinden umulan kazanglara dayanarak Ajans tarafindan
tespit edilen ve Tirkiye tarafindan kabul edilen bilgiler,

(ili)  Her bir sahada bulunan her bir binanin, kullammini da igeren genel tanimi
ve sizkonusu tammun yetersiz olmasi halinde ozellikleri hakkinda genel
bilgi. Tammlamada sahamn haritas da yer alacakur,

(iv)  lisbu Protokoliin 1 sayih Ekinde belirtilen faaliyetler ile istigal edilen herbir
yer igin iglem hacminin tamm,

(v) Uranyum  madenlerinin,  konsantrasyon  tesislerinin = ve  toryum
konsantrasyon tesislerinin yerleri, faaliyet durumu ve tahmini yillk iretim
kapasitesi hakkinda ve stzkonusu madenlerin ve tesislerin Turkiye’nin
tamaminda mevcut yillik dretimleri hakkinda bilgi. Ajans tarafindan talep
edilmesi halinde Tiirkiye herhangi bir maden ya da konsantrasyon tesisinin
mevcut yillik dretim kapasitesi hakkinda bilgi temin edecektir. Stzkonusu
bilginin saglanmasi, ayrintih nitkleer madde sayim gerektirmemektedir.

(vi) Yakit imalat veya izotop olarak zenginlegme igin yelerli bilesime ve
safifa ulasmamis kaynak maddelere iligkin bilgiler agafidaki sekilde

olacakuir;

(a) Tirkiye'de 10 metrik tonu agan uranyumun ve/veya 20 metrik tonu
asan toryumun bulundugu her bir yerdeki ve tiim Turkiye icin toplam
10 metrik ton vranyumu veya 20 metrik ton toryumu agiyorsa 1
metnk tondan fazla miktarlar bulunan difer yerlerdeki niikleer veya
nikleer olmayan kullammdaki maddelerin - miktarlan, kimyasal
bilegimleri, kullamm: veya planlanan kullammi. Sozkonusu bilginin
safilanmasi ayninth niikleer madde saywin gerektirmemektedir,

(b) Agafiidaki miktarlan agan ve dzellikle nikleer olmayan amaglarla
kullamlacak olan Tiirkiye'den ihrag edilecek bu gibi maddelerin
miktan, kimyasal bilesimi ve vang noktas

(1) 10 metrik ton uranyum ya da herbiri 10 melrik tondan az olmak
iizere ancak toplanu bir yil iginde 10 metrik tondan fazla olmak
iizere Tirkiye'den aym devlete yapilacak miiteakip ihracatlar. .
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(2) 20 metrik ton toryum ya da herbiri 20 metrik tondan az olmak
uzere ancak toplanu bir yil iginde 20 metrik tondan fazla olmak
iizere Tiirkiye'den aym devlete yapilacak muteakip ihracatlar.

(c) Asagidaki miktarlan agan ve ozellikle niikleer olmayan amaglarla
kullanilacak olan Turkiye'ye ithal edilecek bu gibi maddelerin
miktan, kimyasal bilegimi, bulundugu yer ve kullanimi veya
planlanan kullamm

(1) 10 metrik ton uranyum ya da herbiri 10 metrik tondan az olmak
iizere ancak toplamt bir yil iginde 10 metrik tondan az olmamak
iizere Turkiye'ye yapilacak miiteakip ithalatlar

(2) 20 metrik ton toryum ya da herbiri 20 metnk tondan az olmak
uzere ancak toplami bir yil iginde 20 metrik tondan fazla olmak
lizere Tuirkiye'ye yapilacak muteakip ithalatlar.

Niikleer olmayan amaglarla kullamlacak olan malzemenin nikleer
olmayan nihat kullamm durumunda bulunmas halinde s6zkonusu madde
hakkinda bilgi temin edilmesine gerek bulunmamaktadir.

(vii) (a) Guvenlik Denetimi Anlagmasimn 37 Maddesi uyannca guvenlik
denetiminden muaf  tutulan  nikleer  maddelerin - miktarlan,
kullanimlan ve yerleri hakkinda bilgi

(b) Giivenlik Denetimi Anlagmasimn 36 (b) Maddesi uyarnnca giivenlik
denetiminden muaf tutulan, ancak aym Anlasmanin 37. Maddesinde
belirtilen miktarlan asan ve heniiz nukleer olmayan nihai kullamm
durumunda bulunmayan niikleer maddelerin bulunduklan her yerde
miktarlan  (tahmini  olabilir) ve kullammlan  hakkinda bilgi
Sozkonusu  bilginin - saglanmasi aynntih - nukleer madde saymm
gereklirmemektedir,

(viii)  Givenlik Denetimi Anlagmasimn 11 Maddesi uyarmca givenlik
denetimine son verilen plutonyum, yiksek zenginlife sahip uranyum ya
da uranyum 233 maddelerini igeren orta ya da yuksek seviyeli atklann
bulunduklari yerler ve bunlara ilave islemler konusunda bilgi. Bu
paragrafla sozii edilen “ilave iglemler” depolama ya da nihai depolama
amaciyla auklann yeniden paketlenmesini ya da elementlerine ayiwrma
harig bu amaglara uygun hale getirilmesini igermemektedir

(ix) Ek II'de swralanan belirli ekipman ve nukleer olmayan malzemeler ile
ilgili asagidaki bilgiler

(a) Sozkonusu ckipman ve malzememn Turkiye'den yapilacak her

ihracatinda: kimligi, miktan, ahc dlkedeki planlanan kullamm yeri
ve ihracat tarihi veya miimkunse tahmini ihracat tarihi.
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(b) Ajans'in ozel istegi uzerine, Turkiye'ye ihrag edilen sozkonusu
ekipman ve malzemeler hakkmda diger bir devlet tarafindan Ajans’a
saglanan bilgilerin ithalatgr ulke olarak Turkiye tarafindan teyidi,

(x)  Tirkiye'deki ilgili  yetkiller tarafindan  onaylandifinda  nikleer yakit
gevriminin gelisimi (planlanan nukleer yakin gevrimine iligkin aragirma ve
geligtirme faaliyetleri dahil) ile ilgili takip eden on yilhk siire iin genel
planlar

b. Turkiye asafidaki bilgileri Ajans’a temin edebilmek igin makul her cabayt sarf
edecektir:

(i) Niikleer yakitn, Turkiye'nin herhangi bir yerinde yurutilen ancak Turkiye
tarafindan finanse edilmeyen, ozellikle yetkilendirilmeyen veya kontrol
edilmeyen zenginlestirilmesi, yeniden iglenmesi, plutonyum,  yiksek
zenginlestirilmis uranyum veya uranyum 233 ihtiva eden orta veya yiiksek
seviyeli atigin iglenmesi ile ozellikle gl nukieer madde igermeyen
nitkleer yakit gevirimi ve gelistirme faalivetlerinin yerini belirleyen genel
tamm ve bilgi Bu paragrafia sozi edilen orta veya yiksek seviyeli ank
“iglenmesi” depolama ya da nihai depolama amaciyla atiklann yeniden
paketlenmesini ya da elementlerine ayirma hari¢ bu amaglara uygun hale
getirilmesini igermemektedir,

(ii) Ajans tarafindan, belirhi bir saha digmda kalan yerlerde belirlenen ve
Ajans'in bu  sahada yurutilen faaliyederle iglevsel olarak ilgil
olabilecefiini diisundugu kisi veya kurulusun kimligi ve Ffaaliyetlerinin
genel tammi Bu bilginin temin edilmesi Ajans tarafindan 6zel olarak
talepte bulunulmasina baghdir. Bu bilgi Ajans ile muzakerede bulunularak
zamanminda temin edileceklir.

c. Ajans’m talebi oldugu takdirde, Turkiye, guvenlik denctimimn amacina uygun oldufiu
durumlarda isbu Madde kapsaminda temin ettign herhangt bir bilgiye ek bilgi ya da
agiklama saglayacaktir.

Madde 3

a. Tirkiye, isbu Protokolun yururlige girdifi taribten ibaren 180 gin iginde Madde
2.a.(i), (i), (iv), (v), (vi) (a) ve (x) ile Madde 2.b (1)'de belirtilen bilgileri Ajans’a
temin edecektir.

b. Her yiin Mayis aymm 15 gunu Turkiye, Ajans'a bir onceki takvim yihim igeren
doneme ail olan ve yukandaki a paragrafinda belirulen bilgilerin gincellegtirilmig
hallerini temin edecektir. Onceden temin edilmig bilgderde herhangi bir degigiklik
olmamasi durumunda, Turkiye bunu belirtecektir,

c. Her yihn Mayis ayimn 15 gunu Turkiye, Ajans'a bir onceki takvim yihn igeren

doneme ait olan ve Madde 2 a (vi) (b) ve (c)'de belirtilen bilgilerin giincellestirilmis
hallerini temin edecektir.
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d. Tirkiye Madde 2.a(ix)(a)'da belinilen bilgileri g ayda bir Ajans'a temin edecekdir,
Sozkonusu bilgiler her ig aylik donemin sonundan itibaren 60 giin igerisinde temin
edilecektir,

e. Tirkiye, Ajans’a Madde 2.a(viii)’de belirtilen bilgileri  ilave  iglemler
gergeklestirilmeden once 180 gin icerisinde sunacakur ve her yin 15 Mayis tarihine
kadar bir ®nceki takvim yilini iceren dénem itin bu yerlerde meydana gelen
degisiklikler ile ilgili bilgileri temin edecektir.

f. Turkiye ve Ajans Madde 2.a.(ii)'de belirtilen bilgilerin temin edilme zamanlamasi ve
siklify Gizerinde anlasmaya varacaklardir

g Tirkiye, Ajans’a, Madde 2 a (ix){b)'de belirtilen balgileri, Ajansin talebinden itibaren
60 giin iginde saglayacakur,

EK ERiSiM
Madde 4

Asafiidaki konular igbu Protokolin 5. Maddesi uyarmca ek erigim  saglanmasi
durumlaninda uygulanacaktir:

a. Ajans, Madde 2'de gonderme yapilan bilgileri makineler ya da sistemler agisindan
dogrulamaya calismayacak ancak agafiida belirtilen yerlere erigime sahip olacaktir:

(i) Beyan edilmeyen niikleer madde ve faaliyetlerin bulunmadiindan emin
olmak amaciyla segme esasina dayanarak Madde Sa (i) ya da (ii)'de
belirtilen herhangi bir yer.

(i)  Madde 2 uyannca temin edilen bilginin dogrulugu ve butdnlaga ile ilgili
herhangi bir sorunu ¢ézmek ya da sézkonusu bilgi ile ilgili tutarsizhi
¢oziime kavugturmak amaciyla Madde 5b. ya da c'de belintilen herhangi
bir yer,

(iii)  Nikleer maddelerin mutat oldugu iizere kullanilmakta oldugu bir 1esis veya
tesisler digindaki bir yerin igletmeden alindigina dair Ajans’in Tiirkiye'nin
beyanini, giivenlik denetiminin amaglan dogrultusunda teyit etmesinin
gerekli oldugu olgiide Madde 5.a.(jii) de belirtilen herhangi bir yer,

b. (i) Asafidaki (i) paragrafinda belirtilenlerin  diginda, Ajans Tarkiye'ye,
erigimde bulunacagina dair en az 24 saat énce olacak sekilde on bildirimde
bulunacaktir

(i)  Sahadaki tasanm bilgisi dogrulama ziyaretleri ya da ozel ya da rutin
denetimlerde herhangi bir yere erigim igin on bildirim suresi - Ajans talep
ettigi takdirde - en az iki saat olacaktir. Ancak istisnai durumlarda bu sire

iki saatten az olabilir.

¢. On bildiim yazh olarak yapilacak ve erisim nedenleri ve erigim  sirasinda
gergeklegtirilecek faaliyetler belirtilecektir
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d.

b

Bir sorun ya da twarsizhk olmasi durumunda, Ajans Tirkiye'ye sorun ya da
ttarsizhigin ¢ozlimiingd belirleme ve kolaylagrma firsati tamiyacaktir.  Ajans’m,
erisimde gecikmenin erigim amacina zarar verece@i kamsinda olmadigs duramlarda,
bu firsat bir erigim talebinden &nce saflanacaktir. Herhangi bir olayda, Tirkiye'ye
siizkonusu firsat taminmadan dnce, Ajans sorun ya da twarsizhk hakkinda herhangi bir
karara varmayacakiir.

Tiirkiye tarafindan aksi kararlastinlmadikga, erisim yalmzca dilzenli galisma saatleri
sirasinda gergeklestirilecektir.

Girevlerinin  ifasmda, miifettiglerin geciktirilmemesi ya da faaliyetlerini yerine
getirmelerine engel olunmamasi koguluyla, Tiirkiye'nin Ajans milfettislerine bilgelere
erisimleri sirasinda temsilcileri ile refakat etme hakki bulunacaktir.

Madde 5
Tiirkiye Ajans’in asafidaki yerlere erigimini saglayacakur:

{1) Bir sahadaki herhangi bir yer;

(n) Tiirkiye tarafindan Madde 2.a.(v)-(viii} kapsamunda Tirkiye tarafindan
belirtilen herhangi bir yer;

(i)  Niikleer maddelerin mutat oldugu tzere kullamlmakia oldugu isletmeden
alinan herhangi bir tesis ya da igletmeden alinan tesisler digindaki bir yer.

Tirkiye tarahindan Madde 2.a(i), Madde 2.a(iv), Madde 2.alix}b) ya da Madde
2.b. de belirlenen ve yukandaki a.(ii) paragrafi disinda kalan herhangi bir yer. Tirkiye
stizkonusu crigimi saglayamadifs takdirde, gecikmeksizin Ajans'in gerckliliklerini
diger yollardan saglamak igin makul her tiirlii cabay: goisterecektir.

Yere ézgii gevresel dreklemenin yapilabilmesi igin, yukandaki a. ve b. paragraflan
disinda kalan ve Ajans tarafindan belirlenen herhangi bir yer. Tiirkiye stzkonusu
erigimi saplayamadh takdirde, pecikmeksizin Ajans'm gerekliliklering bitigik yerlerde
ya da diger yollardan saglamak igin miimkiin olan her tiirlil gabay: pistereceklir.

Madde 6
5. maddenin uygulanmasi sirasinda Ajans agagida belirtilen faaliyetleri ytrinebilir:

Madde Sa(i) ya da (i) uyannca erigim igin: Gozlem; gevre numunelerinin
toplanmasi; radyasyon tespit ve Olgiim cihazlanmin  kullamlmass; tamamlayic
diizenlemelerde belittilen mihilrdlerin ve diger belirleyici ve hasar tespit edici
cihazlann uygulanmas: ve kullanim; ve idareciler Meclisi (bu andan itibaren “Meclis™
olarak amlacakur) tarafindan, Tirkiye ile Ajans arasmda yaplan gériigmeler
sonrasinda, kullanimi kabul edilen ve teknik agidan wygun oldugu gosterilen diger
ilgili tedbirler.

Madde S5.a.(ii) uyannca erisimi igin: Gozlem; nilkleer maddelerin sayilmas
tahribatsiz  6lgtimler ve Grnekleme;, radyasyon tespit ve dlgiim cihazlarimin
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kullamlmasi, nikleer maddelerin miktan, mengei ve durumu ile ilgili kaytlann
incelenmesi; ¢evre numunelerinin toplanmasi, ve Meclis tarafindan Tirkiye ile Ajans
arasinda yapilan gorugmeler sonrasinda kullamnu kabul edilen ve teknik agidan uygun
oldugu gosterilen diger ilgili tedbirler

¢. Madde 5.b uyaninca erigim igin: Gozlem; gevre numunelerinin toplanmasi; radyasyon
tespit ve &lgim cihazlanmn kullamlmasi, giivenlik denetimine iliskin dretim ve
sevkiyat kayulanmin incelenmesi; ve Meclis tarafindan Turkiye ile Ajans arasinda
yapilan gériigmeler sonrasinda kullamm kabul edilen ve 1eknik agidan uygun gornilen
diger ilgili tedbirler.

d. Madde 5.c uyannca erigim igin: Cevre numunelerinin toplanmas ve neticelerin Madde
5.c uyannca Ajans tarafindan belirlenen verdeki sorun ya da tuarsizhif ¢ozememesi
durumunda, stzkonusu yerde pgozlem yapilmasi, radyasyon tespit ve 8lglim
cihazlanmn kullamlmasi ve Tirkiye ile Ajans tarafindan mutabik kalinan diger ilgili
tedbirlerin alinmasi.

Madde 7

a. Tirkiye'nin talebi izerine, Ajans ve Tiirkiye isbu Protokol kapsaminda diizenlenen
erisim swrasinda, hassas bilgilerin yayilmasim engellemek, givenlik veya fiziksel
koruma gerekliliklerini kargilamak wveya tescilli veya ticari agidan hassas bilgileri
korumak igin diizenlemeler vapacaklardir. Bu tiir diizenlemeler, Madde 2'de belirtilen
bilginin dogrulugu ve bitinligu ilgili bir sorunun ya da sézkonusu bilgi ile ilgili
tutarsizhifin ¢ézimii de dahil olmak Gzere, Ajans’in sézkonusu yerde beyan edilmemis
olan nilkleer madde ve faaliyetlerin yoklugundan emin olunmasi igin gerekli olan
faaliyetlen yuritmesine engel olmayacakur.

b. Tirkiye, Madde 2'de belirtilen bilgileri temin ederken, Ajans'a, dilzenli erigimin
uygun olabilecegi bir saha veya yer hakkinda bilgi verebilir.

¢. Gerekli tamamlayict dizenlemelerden herhangi birinin yonirlige girmesine kadar,
Turkiye yukaridaki a. paragrafi hilkumlerine uygun olacak sekilde duzenlenen erigime
bagvurabilir.

Madde 8
Isbu Protokolde yer alan higbir hukiim Turkiye'nin, Ajans'a, Madde 5 ve Madde 9'da
belirtilen yerlere ek olarak bagka yerlere de erisim imkam tammasina ya da Ajans'dan
herhangi belirli bir yerde dogrulama islemleri yapmasim talep eimesine engel
olmayacaktir. Ajans bu tiir bir talep kargjisinda gecikmeden harekete gegmek igin
mumkiin olan her tirli gabayr gosterecektir.

Madde 9

Tisrkiye, genis caph gevresel ornckleme yapmasi i¢in Ajans larafindan belirlenen
yerlere  Ajans'in  erigimini  saglayacakur. Ancak Tirkiye boyle bir erigimi
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saglayamadifi takdirde Ajans’in gerekliliklerimi altematif yerlerde karsilamak iizere
miimkiin olan 1im c¢abay) gosterecektir. Ajans, kendisi ve Tiirkive arasindaki
porilgmelerin ardindan genis caph gevresel dmekleme kullammm ve ilgili usille ait
diizenlemeler Meclis tarafindan onaylanana kadar stzkonusu erigim talebinde
bulunmayacaktir.

Madde 10
Ajans agafidaki hususlar ile ilgili olarak Tirkiye'yi bilgilendirecektir:

a. Ajans tarafindan, faaliyeller icra edildikten itibaren 60 ginlik bir sire icinde,
Tirkiye'nin dikkatine sunulan herhangi bir sorun ya da wtarsizhik ile ilgili olanlar da
dahil olmak iizere, igbu Protokol kapsaminda gergeklegtirilen faaliyetler.

b. Mimkiin olan en kisa zamanda ama mutlaka Ajans tarafindan sonuclann elde
edilmesinden itibaren 30 gin igerisinde Ajans'in Tirkiye'nin dikkatine sundufu

herhangi bir sorun ya da tutarsizhikla ilgili faaliyetlerin sonuglan.

¢. Isbu Protokol kapsamindaki faaliyetlerden ¢ikartilan sonuglar. Sonuglar yillik olarak

sunulacaktir.
AJANS MUFETTISLERININ ATANMASI
Madde 11
a. (i} Umum Midiir, Meclis’in onay: ile Ajansin herhangi bir Ajans

girevlisini giivenlik miifettisi olarak atadifim Tirkiye'ye bildirecektir.
Tiirkiye'nin, Meclis’in onayi ile ilgili bildirimi almasindan itibaren il¢ ay
icerisinde sbzkonusu pdrevliyi Tirkiye igin miifettis olarak kabul
elmedigini Umum Miidiire bildirmemesi durumunda, bildirilen mifettis
Tiirkiye igin atannng kabul edileccktir,

(ii) Umum Mididr, Tirkiye tarafindan yapilan lalebe cevaben ya da kendi
inisiyatifinde olmak Qzere Tiirkiye igin milfettis olarak alanan herhangi
bir glrevlinin gérevden alindigim derhal Tiirkiye'ye bildirecekltir.

b. Yukandaki a. paragrafinda ifade edilen bildirim, Ajans tarafindan Tirkiye'ye
taahhiltlit posta yoluyla giinderildigi tarihten itibaren yedi giiniin sonunda Tiirkiye
taralindan alinnms olarak kabul edilecektir.

VIZELER
Madde 12
Bu konuyla 1lgili talebin alinmasindan itibaren bir ay iginde Tiirkiye talepte belirtilen

atanan miifettigin gérevlerini yerine getirmek (zere Torkiye simirlan igine girmesi ve
burada bulunabilmesi igin, gereken yerlerde, uypgun ¢oklu girig/gikis vefveya transit
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vizeleri temin edecektir. Talep edilen tim vizeler en az bir yil gegerli olacak ve gerekli
olmasi durumunda, mifettisin Turkiye'de bulunaca@y sureyi kapsayacak gekilde
yenileceklir.

TAMAMLAYICI DUZENLEMELER

Madde 13

a. Turkiye veya Ajansin igbu Protokolde belirtilen tedbirlerin nasil uygulanacagnin
tamamlayics  duzenlemelerde belirtilmesinin ~ gerekli  oldufunu  ifade  etmeleri
durumunda, Turkiye ve Ajans isbu Protokolin yirirluge girmesinden itibaren 90 giin
igerisinde veya sozkonusu tamamlayici dizenlemeler ihtiyacimn igbu Protokolin
yirirlige girmesinden sonra ifade edilmesi durumunda, sozkonusu  ifadenin
belirtildigii tarihten itibaren 90 gun igerisinde, tamamlayici duzenlemeler konusunda
mutabakata varacaklardir.

b. Herhangi bir gerekli tamamlayici duzenlemenin yururlige girmesine kadar Ajans isbu
Protokolde belirtilen tedbirleri uygulama yetkisine sahip olacakur.

ILETiSIM SISTEMLERI

Madde 14

a. Turkiye, Ajans’in koruma kabi vefveya gozetim ya da olgum cihazlanindan elde edilen
bilgilerin miifettis veya cihazlar tarafindan aktanlmasi da dahil olmak uzere, Ajans’in
Turks:,r{:'dn bulunan miifettigleri ile .-"I.J:J.ns in Merkezi ve/veya Bolge Burolan arasinda
resmi amagh yapilan serbest iletigime izin verecek ve bunu koruyacakbir. Ajans’in
Tiirkiye'ye damgarak, uydu sistemleri ve difier telekomunikasyon sistemleri de dahil
olmak iizere Tirkiye'de kullamlmayan uvluslararast olarak lesis edilmis dogrudan
iletisim sistemlerini kullanma hakki bulunacaktir. Turkiye ya da Ajans tarafindan talep
edilmesi durumunda, Ajans'n  koruma kabr ve/veya gozetim ya da dlgum
cihazlanindan clde edilen bilgilerin mufettis veya cihazlar taralindan aktanimasina
iliskin olarak bu paragrafin uygulanmasina dair aynntlar tamamlayic duzenlemelerde

belirtilecektir.

b. Yukandaki a. paragrafinda bahsedilen iletisim ve bilgi aktanminda Turkiye’ nin tzel
bir has:msu,rut:, sahip olarak gordugu uzerinde mulkiyet hakki bulunan veya ticari
hassasiyete sahip bilgileri ya da tasanm bilgisini koruma ihtiyacma gercken dikkat

gosterilecektir
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GIiZLi BILGILERIN KORUNMASI

Madde 15

a. Ajans, isbu Protokoliin uygulanmas: sirasinda kendisine gelen bilgiler de dahil olmak
ilzere, kendisine gelen ticari, teknolojik ve enddstriyel sirlarin ve diger gizli bilgilerin
ifsa edilmelerin karg: etkin bir koruma saglamak igin siki bir sistem uy gulayacakur.

b. Yukandaki a paragrafinda sozil edilen sistem, digerlerinin yamnda asafida belirtilen
hususlar ile ilgili hitkiimleni igerecektir:

(i) Gizli bilgilerin bulundurulmasina iliskin genel ilkeler ve ilgili Gnlemler;

(ii)  Gizli bilgilerin korunmas: ile ilgili personel istihdam kosullar;

(iv)  Gizliligin ihlal edildigi ya da edildiginin iddia edildigi duromlardaki
islemler.

¢. Yukandaki a. paragrafinda bahsedilen sistem Meclis tarafindan conaylanacak ve
periyodik olarak tekrar gézden gegirilecektir.

EKLER

Madde 16

a. lIsbu Protokoliin Ekleri, Protokoliln aynilmaz bir pargasidir. Eklerde degisiklik yapma
amaci diginda, isbu belgede kullanilan “Protokol™ terimi Protokol ve Ekleri anlamma
gelir.

b. Ek I'de beliftilen faaliyetler listesi ve Ek 11'de belirtilen ekipman ve malzeme listesi,
Meclis tarafindan teskil edilen uzmanlardan olusan bir gahigma grubunun lavsiyesi

iizerine Meclis tarafindan degistirilebilir. S6zkonusu herhangi bir degisiklik Meclis
tarafindan kabul edilmesinin ardindan dort ay sonra gegerlilik kazanacakur.

YURURLUGE GIRME

Madde 17
a. lsbu Protokol, Ajans'in, isbu Protokoliin ylriirlige girmesi igin Tirkiye'nin hukuki
ve/veya anayasal gereklerinin karmilandiina dair yazihi bildinmini aldifs tarihte
yilriirlilge girecektir.

b. Tirkiye, isbu Protokol yiirirliige girmeden &nce herhangi bir tarihie, bu Protokolii
gegici olarak uypgulayacagim ilan edebilir.

¢. Umum Midir, isbu Protokoliin gegici olarak uygulanacagina dair herhangi bir
bildirimi ve yiriirliige girmesini Ajans’in tim iiye Olkelerine derhal bildirecektir.
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TANIMLAR

Madde 18
Isbu Protokoliin amaci kapsaminda,

a. Nikleer yakit cevrimi ile ilgili arastirma_ve gelistirme faaliyetleri, tzellikle agafidaki
alanlarda herhangi bir islem ya da sislem geligtirme ile ilgili [aaliyetler anlamina

gelecektir;

-nilkleer maddenin dénisliinilmes,

-nitkleer maddenin zenginlegtirilmesi,

-nitkleer yakit imala,

-reakidrler,

kritiklik tesisler,

-nitkleer yakitlanin yeniden iglenimesi,

-plutonyum, yitksek zenginliie sahip uranyum ya da uranyum-213 iceren orta ya
da yilksek seviyeli atiklarn islenmesi (depolama ya da nihai depolama amaciyla
atklann yeniden paketlenmesi ya da elementlerine ayirma hari¢ bu amaglara
uygun hale getirilmesi dahil degildir),

Fakat bunlar teorik ya da temel bilimsel aragtrmaya veya endistriyel radyoizotop
uygulamalar, hbbi, hidrolojik ve tanmsal uygulamalar, salik ve cevre etkileri ve
geliglirilmis ~ bakim  dzerine arastirma  ve  gelistirmeye  iligkin  faaliyetleri
igermemektedir.

b. Saha, kapatilnug bir tesis de dahil olmak iizere bir tesis igin ilgili tasanm bilgisinde ve
nilkleer maddelerin mutat oldufu Gzere kullamlmig oldufu kapaulmg bir tesis dig yer
de dahil olmak ilzere nitkleer maddelerin mutal oldufu tzere kullamldigy tesis digt bir
yer hakkindaki ilgili bilgide swrlan Tilckiye larafindan belirlenmis olan (sicak
hicrelerin bulundugu ya da dontstinme, zenginlestieme, yakit imalati veya yeniden
isleme iglemlerinin gergeklestirilmis oldugu yerler ile smrhdir) alan  anlamina
gelmektedir. Aym zamanda, nikleer madde igcermeyen isinlanmig  maddelerin
iglenmesi igin sicak hticreler, atiklann iglenmesi, depolanmasi ve nihai depolanmas:
igin donammlar ve Tirkiye laralindan Madde 2a(iv)'de tammlanmig belirli
fagliyetlerle ilgili binalar da dahil olmak izere, temel gerekli hizmetlerin yerine
getirilmesini saglayan veya bu amagla kullamlan, lesis ya da yerde yer alan tim
donammlan igermektedir.

c. lsletmeden alinmg lesis ya da tesisler disinda_isletmeden alnnms yer, kalan yapilann
ve kendi kullammu igin gerekli ekipmamn nikleer madde depolamak igin
kullanilmayacak ve bir daha nukleer madde bulundurmak, iglemek veya kullanmak
icin kullamlamayacak bigimde sokuldudil ya da ¢ahgmaz hale petirildigi bir donamm

veya yer anlamina gelmektedir.

d. Kapatlmis lesis veya kapaulmis tesis disi yer, faaliyetlerin durduruldugu ve nikleer
maddelerin ¢ikartldigs ancak igletmeden abnmamig donamm veya yer anlamina

gelmektedir.
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e. Yiksck zenginlestinilmis uranyum, %20 veya daha lazla uranyum-233 izolopu igeren
uranyum anlamina gelmektedir.

f Yere dzgil ceviesel Ornekleme, Ajans’in belli bir yerde beyan edilmemis nikleer
madde veya niikleer faaliyetlerin mevcut olmadifina iligkin sonug elde etmesine
yardimcr olmast amaciyla Ajans tarafindan belirlenmis olan yerde ve buramin yakin
cevresinde gevre numunelerinin (Gme@in, hava, su, bitki, toprak, kir) toplanmasi
anlamina gelimckiedir.

8. Genis_capl cevresel drnckleme, Ajnas'in geni bir alan Gzerinde beyan edilmemiy

nitkleer madde veya nikleer faaliyetlerin meveul olmadifiina iliskin sonug elde
elmesine yardimel olmasi amaciyla Ajans larafindan belirlenmis olan birden fazla
yerde gevre numunelerinin (drmefin. hava, su, bitki, Loprak, kir) toplanmas anlamina
gelmekiedir,

h. Nikleer madde, Tozigon XX. Maddesinde tammlandifi sekilde herhangi bir kaynak
ya da herhangi bir dzel bdlinebiliv madde anlamina gelmekiedir. Kaynak madde
terimi, cevher ya da cevher artifs olarak anlagimayacaktir. lsbu Protokolin yarirlige
girmesini miteakip, kaynak madde ya da ozel bohinebilir madde olarak kabul edilen
maddelere eklemek iizere Ajans Tizigonin XX. Maddesi uyannca Meclis tarafindan
yapilan herhangi bir tespit isbu Protokol kapsanunda ancak Tirkiye tarafindan kabul

edilmesi halinde gegerlilik kazanacaktir
i. Tesis

(i) Reaktdr, kritiklik tesisi, gevrim tesisi, iretim lesisi, yeniden igleme tesisi,
izolop ayirma tesisi ya da ayn depolama lesisi,

veya

(i)  Bir efektif kilogram'dan daha fazla miktarda miktarda nikleer maddenin
mutat oldufiu tizere kullamidifis herhangi bir yer anlamma gelmektedir.

j. Tesis digi yer, bir tesis olmayan ancak bir efektil kilogram ya da daha az miktarlarda

nilkleer maddenin mutat oldufu izere kullanldigs herhangi bir donamm ya da yer
anlamina gelmektedir.

Viyana’da 2000 yihun Temmuz aymin 6'ncr giinii Ingilizee dilinde iki niisha olarak
dilzenlenmigtir.

TURKIYE CUMHURIYETI HOKOMETI ULUSLARARASI ATOM ENERJIiSi

ADINA AJANSI ADINA
(1mza) (imza)
{mihir)
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EK I
PROTOKOLUN 2.a.{iv) SAYILI MADDESINDE BAHSEDILEN
FAALIYETLERIN LISTESI

(i) Santrifiijléi rotor tiiplerinin imalat veya gaz santrifiijlerinin maontaji.

Santrifiijlii_rotor tiipleri Ek II'de Madde 5.1.1.(b)'de belirtilen ince duvarh

silindirlerdir.
Gaz_santrifiijleri Ek II'de Madde 5.1'in Agiklama Notunda belirtilen

santrifiijler anlamina gelmektedir.

(i) Difiizyon bariyerlerinin imalat.

Difiizyon bariyerleri Ek II Madde 5.3.1.(a)'da belirtilen ince gozenekli

filtrelerdir.

{(m)  Lazer esash sistemlerin imalat veya mantaji

Lazer esash sistemler Ek II Madde 5.7°de belittilen pargalan igeren

sistemlerdir,

(iv)  Elektromanyetik izotop ayinicilarimn imalat: veya montaji

Elektromanyetik izotop ayinalar Ek I Madde 5.9.1 (a)'da belirtilen iyon

kaynaklarini igeren Ek I1 Madde 5.9.1°de bahsedilen kalemlerdir.

(v) Siitunlarm veya ckstraksiyon ekipmammin imalat veya montaji

Siitunlar veyn ekstraksiyon ekipmam Ek 1l Madde 5.6.1, 562, 563, 5.6.5,

3.0.6, 5.6.7 ve 5.6.8"de belirtilen kalemlerdir.

(vi)  Aerodinamik ayrigtirma memeleri veya vortex tiiplerinin imalat:

Acerodinamik ayrigtrma _memeleri veya vortex tiipleri Ek [1'de sirastyla

Madde 5.5.1 ve 5.5.2'de tanimlanan aynishrma memeleri ve vortex tiipleridir.

(vii)  Uranywm plazma iiretim sistemlerinin imalat: veya mon Laji

Uranyuwm plazma iiretim sistemleri Ek Il Madde 5.8.3'de belirtilen uranyum

plazma tiretim sistemleridir.
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{vinn)

(ix)

(x)

{xi)

(x11)

(x111)

(xiv)

(xv)

Zirkonyum tiiplerinin imalat

Zirkonyum tiipleri Ek 1 Madde 1.6"da tammlanan tiplerdir,

Afir su veya diteryum iiretimi ya da iyilestirmesi

Afir su_veya diteryum diteryum atomlanmn hidrojen atomlanna oram

1:5000°den fazla olan doteryum, agir su(diteryum oksity ve herhangi diger

doteryum bilegiklen.

Miilleer amagh prafit diretimi
Niikleer amach _prafit Boron esdeferi milyonda 5 pargadan daha iy sallik

seviyesine sahip ve yogunlugu 1.50 g/em”den daha fazla olan grafitir,

Isinlannug yakit igin kap iiretimi

Isinlannus _yakit _icin _kap isinlanig yakitlanin tagimmasinda  ve/veya

depolanmasinda  kimyasal, termal ve radyolojik koruma saglayan ve tasima ve

depolama sirasinda artik isiin atilmasim saglayan kaplardir.

Reaktir kontrol gubuklarinin imalat

Reaktir kontrol gubuklar Ek [1 Madde 1.4'de bahsedilen gubuklardir.

Kritiklik agisindan gitvenli tanklarin ve kaplarin imalaty

Kritiklik acismdan giivenli tank ve kaplar Ek Il Madde 3.2 ve 3.4%(e

tamimlanan kalemlerdir.

Ismlanmy yakit elemanlarim kesme makinesinin imalat

Isimlannms yakit elemanlars kesme makinesi Ek 11 Madde 3.1°de agiklanan

ekipmandr.

Sicak hiicrelerin ingaat

Sicak hiiereler yopunlugu 3.2 glem’ ya da daha fazla, 0.5 m ya da daha fazla

beton zithlama ile birlikte toplam olarak en az 6 m® hacme sahip olan vzakian

kumanda ekipman ile donatilmig bolme ya da baglantih bolmelerdar.
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EK 11

2.a.(ix) n.;ngnm:si'g«ua: GORE ITHALAT ve IHRACAT'TA RATOR EDILMESI
iCiN BELIRLENMIiS EKIPMAN VE NUKLEER OLMAYAN
MALZEMELERIN LISTESI

1. Reaktirler ve Ekipmanlar

1.1.  Niikleer reaktrler
Sific enerjili reaktorler harig, kendiliginden devam eden fisyon zincirleme
reaksiyonunu kontrollu bir gekilde devam ettirerek cahsan nitkleer reaktorler
Maksimum Pu  dretimi 100 gram/yildan daha fazla olmayacak sekilde
tasanimlanmig reaktorler sifir enerjili reaktorler olarak tammlanr.

ACIKLAYICI NOT

Bir "nikleer reaktér” lemelde reakior kabinda bulunan veya ona direkt olarak baglanmng
elemanlan, kordaki gikg seviyesini kontrol eden ekipmanlan ve normal olarak reakior korurwn
birincil sofutucusunuy kapsayan veya anunla direkt baglann halindcki veya o kontrol cden

bilesenleri kapsar.

100 gram/yil'dan daha fazla Pu dretebilecek sekilde depistirilebilen reakiorler “sifir enenih
reakior™ tammina dahil degildir. Onemli gig seviyelerinde devamh calismak tzere tasanmianimig
reakidrler, Pu dretme kapasilesine bakilmaksizin *sifur enerjili reakidrler” olarak didgiinithnezler

1.2. Miikleer realtdr kaba

Asagida 1.8 paragrafinda tammlandigy gibi reaktor i¢ aksami ile beraber, yukanida
1 1 paragrafinda tammlandif: gibi ozel olarak nukleer reaktor korunu igermek
{izere tasanmlanmus veya hazirlannig metal kap veya bu kaban ilgili pargalan

ACIKLAYICI NOT
Bir reakitr basing kabimin kapak bolimd, basing katumm fabrikada tretiten belli bagh ir pargas)
olarak Madde 1.2"de yer almaktadie

Reakiorin ic aksamlan {Groegin kor destek kolonlan ve plakalan ve basing kala difer 15
aksamlann, , kontrol cubugu kilavuz tipleri, termal arhlar, deflckior plakalan, kor izgari
plakalar, yayict plakalan vs) normal olarak reakior tedarikeisi tarafindan saglamr  Baz
duramlarda, kimi i¢ destek bilesenleri basing kabiun imalatina dahil edilir. Bu malzemeler
reaktonin givenli ve emniyetli galigmas agisindan (ve dolayisiyla, reakitr ledarikgisinin garanti
ve gitvenilirligi agsindan) son derece Kritiktir. Bu nedenle, reakionin kendist igin gereken temel
satin alma islemleni hancinde, bu parcalann temin edifmes: pek sik rastlanan bir prosedir
olmayacakur. Dolayisiyla, bu tek olarak. dzel 1asanmb, dzel olarak hazirlanmig, kritik onem arz
eden, genis ve pahali malzemelerin ayn alarak temini her ne kadar dzerinde diginilimesi
gereken konular olsa bile bu tiir bir temin olmayacak gibi gozitkmekledir.

1.3 Niikleer reaktir yakiti yiikleme ve bogaltma makinalaru.
Yukanda 1.1 paragrafinda tammlandiis gibi, ozel olarak nikleer reaktorlere yakut
koymak veya almak igin tasar ymlanmis veya haziflanmig ekipmanlar. Bu ckipmanlar
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yiikte galigma czelligine sahiptirler, veya yiikie dedilken karmasik yakit yenileme
islemlerini (ki bunlar yakitin direkt gozlemlenmesi veya yakita ulagilmasi gibi
normal olarak mimkin olmayan islemleri igerir) mumkin kilmak tizere teknik
agidan geligkin pozisyon tespil etme veya ayarlama pzellikleri ile donatilimglardir

1.4, Reaktdr kontrol cubuklar
Yukanda 1.1 paragrafinda tammlandif iizere, 6zel olarak nikleer reaktorlerdeki
fisyon iglemini kontrol etmek Gizere tasanimlanmig veya hazirlanmig gubulklardr.

ACIKLAYICI NOT

Bu malzemelerin iginde, nétron emici pargalann yam sira, aynca temin edilmesi
durumunda, destek veya aski sistemleri de mevcut olabilir.

1.5.  Reaktdr basing tiipleri

Yukanda 1.1 paragrafinda tammlandify gibi bir reakidrde 5.1 MPa {740 psi)
iizerindeki cahgma basincinda yakit elemanlanm ve birincil sogutucuyu kapsamak

iizere ozel olarak tasanmlanng tuplerdir.

1.6, Zirkonyum tiipler

Yukanda 1.1. paragrafinda tammlandi gibi bir reaktorde kullamlmak tizere Gzel
olarak tasanmlanmis veya hazirlanmmg, hafniyum/zirkonyum oram afurhkea
1:500"den az olan ve herhangi bir ahc dlke igin 12 aylik bir sure zarfinda miktarlan
500 kg't gegen tip veya tip demetleri geklindeki zirkonyum metal ve alasimlan.

1.7.  Birincil devre sofutucu pempalan

Yukanda 1.1. paragrafinda tammlandifi gibi ozel olarak bir reaktor igin birincil
devre soputucusunuy  dolaghrmak amaciyla  tasanmlanmyg  veya hazirlanimg

pompalar.
ACIKLAYICI NOT

Oizel olarak insarimlanomy veya hazirlanomg pompalar, birincil devie sofulucunun stzinlising
snlemek igin gerekli sekilde contalanong sistemiberi ve atalel kiitle sisternli pompalan igerctalir
Bu tanim MC-1 veya esdeger standartlara gére onaylanmig pempalan da kapsar

1. Niikleer clmayan reaktér malzemeleri

1.1 Déteryum ve afir su

Yukanda 1.1 paragrafinda belirtildigi gibi bir niikleer reaktorde kullamlmak iizere,
herhangi bir alici iilke igin 12 ayhk bir sirede 200 kg doteryum atomunu agan
miktarlardaki déteryum, afer su (doteryum-oksit) ve doteryumun oksijene oram
1:5000' agan bitin difer doteryum bilegiklen.
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1.2, Nikleer amagh grafit

Yukanda 1.1 paragrafinda belirtildigi gibi bir nukleer reaktorde kullamlmak uzere,
herhangi bir Al alke igin 12 ayhk bir siirede 30 metrik tonu agan nuk tarlarda,
milyonda 5 boron (5 ppm) esdegerinden daha iyi sallifia ve 1.50 glem™ten daha

yuksek yogunluga sahip grafit

ACIKLAYICI HOT

fhracat kontroti agisindan, yukandaki dzelliklere salip grafitin ihracatimin niikleer reakitirlende
kullamhmak izere olup olmadipim Hitkiimet belirleyecektir,

3 Ismlanmis yakit elemanianm yeniden isleme tesisleri ve bu amag icin duzel
olarak tasarimlanims veya hazndanmyg ekipmanlar.

TANITICI NOT

Isinlannus yakitin yeniden islenmesi ile plutonyum ve uranyum yiiksck radyoaktiviteli fisyon
driinlerinden ve difer transuranik elementlerden aynhr. Farkhi teknik iglemlerle bu ayirma
yapilabilir, ancak Purex yillardir en gok kullamilan ve kabul edilen iglem olmugtur. Puorex,
iplanimig niikleer yakiim nitrik asitte ¢zilmesi iglemini ve bunu takiben bir organik madde ile
seyreltilmis THP gozeltisi kullanarak solvent ekstraksiyonu yolu ile U, Pu ve fisyon dirinlerinin

ayrnihmasi islemlering igenr.

Purex tesisleri winlannng yakit elemamm doframa, yaki gozme, solvent ayirma, ve akigkan
depolama dahil olmak iizere, bithirine benzer proses fonksiyonlanna sahiptir. Uranyum nitratin
termal denitrasyonu, plutonyum nitratin oksit veya metale doniigtirilmesi, ve fisyon irini
anklann uzun dénem depolama veya gomme igin uygun bir formda iglemnesi igin gerekli
ekipmaniar da Purex igleminde yer alabilir. Bumumla birlikte, yeniden iglenccek isinlannug
yakitin tipi ve miktar, geri kazamlan maddelerin nasi kullanlacagy ve 1esis tasanmuyla birlegen
givenlik ve bakim felsefesi dahil olmak @zere, gegitli nedenlerle bu fonksiyonlan yeritne getiren
ekipmanlann dzel tip ve konfigiirasyonlan tesisten tesise depigkenlik ghsterebilir

“Igmnlanms yakit clemanlanmn yeniden iglenmesi tesisi®, igmlanmg yakit, temel nikleer
maddeler v fisyon dinind akunlan ile normalde dirckt temas halinde olan ve bunlan direkl

alarak kontrol cden ckipman ve bilegenleri igerir.

Plutonyum dénigim ve mectal plutonyum firetiond sistemleninin tamam dahil olmak dzere, ba
iglemler kritiklikien (mesela geometri ile), radyasyona maruz kalimaktan (mesela zirhlama ile) ve
zehirlilik tehlikesinden (mesela koruma kaba ile) kagmmak igin ahman dnlemler yoluyla
tammianabilirler.

Isinlamg yakit elemanlaninin yeniden iglenmesi igin "ve 0zel olarak tasar imlanig
veya hazurlanmg” ifadesi iginde dugtiniilen ekipman elemanlan sunlar igerir:

3L lgmlanmg yakt elemam kesme makinalar
TAMITIC] HOT

Bu ekipman silannug yakil malzemesinin gziici ile temasim spglamak igin yako zarfim
keserek pargalar. Ozel tasanmh metal makaslar en yaygin kullarulan ekipmanlardir, ancak lazer
gibi geligmis ekipmanlar da knllamlabilir.
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Yukanda belintildigi uzere ozel olarak bir yeniden igleme tesisinde kullanilinak
iizere tlasanimlanmis veya hazirlannug, iginlannug yakit elemam yiginlanm,
demetlerini veya gubuklanm kesmek, dogramak, paralamak uzere planfanmig
uzaktan kumandah ekipman.

3.2, Cozme Tanklan

TANITIC] HOT

Coeme tanklan normal olarak kullamlmyg yakitlan dofranmig halde kabul ederler. Kritiklik
agisindan gitvenli bu kaplarda wgmlannug nilkleer yaki maddesi nitrik asitte ¢ozinir ve kalan
kabuklar ve kinntilar proses akigindan atihr.

Yukanda tammlandis gibi bir yeniden igleme tesisinde kullamimak uzere ozel
olarak tasanmlanmug veya hazirlanmug, ignlanmig nikleer yakii ozmek igin
kullanilan, sicak ve korozyon etkisi yiksek siviya karyi dayanabilen ve uzakian
kumanda ile yiklencbilen ve bakimu yapilabilen, kritiklik agisindan givenli tanklar
{mesela kigilk saph halka veya dilim yeklinde tanklar).

33,  Solvent ekstraksiyonu kontaktrleri ve ekipmanlar:
TANITICI HOT
Solvenl ekstraksiyonu konlaktdrleri hem gizme tanklanndan gelen iginlanmg yakil ghzeltisini
hem de uranyom, plutonyum ve fisyon driinlerini aywan organik cozeltiyi ahrlar. Solvent
ckstraksiyonu ekipmanlan normalde, bakim gerektirmeden veya kolay degistinneye uygun uzun
gahgma omri, gahgma ve kontrol kolaylifs vo proses sartlanindaki degigimlere esncklik gibi
cahigma parametrelerini kargilayacak sekilde tasanmianiriar.

Isinlanmus yakiti yeniden islemek igin bir tesiste kullaniimak izere, dolgulu veya
darbeli kolonlar, kanstinci-cokeltici tanklar veya santrifilj kontaktorleri gibi dzel
olarak tasanmlanmus veya hazirlanmug solvent aywma ekipmanlan. Solvent
ekiraksiyonu kontaktorleri nitrik asitin korozyon etkisine dayanikh olmahdirlar.
Solvent ektraksiyonu kontaktérleri normal olarak digik karbonlu paslanmaz celik,
titanyum, zirkonyum, veya difer yiksek kaliteli malzemelerden, ¢ok yiksek
standartlarda, 6zel kaynak, denelim, kalite temini ve kalite kontrol teknikleri
uygulanarak imal edilirler.

34. Kimyasal tutma veya depolama kaplan

TANITICI NOT

Solvent ckstraksiyon adimndan ¢ ana proses akinn oraya ¢kar. Bu dg aki ileri seviyede
iglemek igin tutma veya depolama kaplan asagrdaki gekillerde kullambirlar:

{a) Saf uranynm nitrat bzeltisi buharlagirma ile konsantre edilic ve wranyum okside
covrilmek fizere deniltasyon iglemine gonderilir. Bu oksit, nilkleer yakut gevrimince
yeniden kullanihir

{b) Yiksek radyoaktiviteli fisyon drinleri gbzeltisi normalde buladagtirma ile konsantre
edilic ve sivi olarak depolamr. Bu konsantre sivi daha sonra buharlagtinlp depolama
veya pimme igin uygun bir forma déniigtinilebilir.

(c) Saf plutonyum nitrat gbzeltisi konsantre edilir ve daha sonraki iglem adimlanna transfer

edilinceye kadar depolamr, Orellikle plutonywm gzeltileri igin ulma veya depolama,

kaplar, akunin konsantrasyonundaki ve yapisindaki degigikliklerden 'knynaklalﬂhikﬂk'
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kriiklik sorumandan kagmlacik sekilde tasanmbamr

[ginlanmig yakiti yeniden iglemek igin bir tesiste kullamlmak uzere ozel olarak
tasanmlannmg veya hazilanmg tutma veya depolama kaplan. Tutma veya
depolama kaplan nitrik asitin korozyon etkisine dayamkl olmahdirlar. Tutma veya
depolama Kaplan normalde diigiik karbonlu paslanmaz gelik, titanyum, zirkonyum,
veya difer yiiksek kaliteli malzemelerden imal edilirler. Tutma veya Depolama
Kaplan uzaktan kumanda ile gahstirmaya ve bakuna olanak saglayacak sekilde
tasarinlanabilirler ve nikleer kritikligi kontrol etmek igin agagwdaki ozelliklere
sahip olabilirler:

(1) En az yuzde iki boron egdegeri igeren duvarlar veya ig yapilar,

(2) Silindirik kaplar igin maksimum 175 mm (7 ing) gap, veya

(3) Dilim veya halka bigimindeki kaplar icin maksimum 75 mm (3 ing)

geniglik.

5. Plutonyum nitrati plutonyum okside gevirme sistemi
TANITICI NOT

Birgok yeniden igleme tesisinde, son iglem plutonyum nitral gozeltisinin plotonyum  okside
doniigtinilmesidir. Bu iglemin igerdigi temel fonksiyonlar sunlardir: depolama ve ayarlama,
gokniirme ve kan/sivi aynnu, kalsinasyon, iirin isleme, havalandirma, auk ydnetimi ve iglem

kontrold.

Kritikligi ve radyasyon etkisim énlemek ve zehirlilik tehlikesini en aza indirmek igin
gerekli 6zel donamma sahip, plutonyum nitrati plutonyum okside ¢evirmek igin
ozel olarak tasanmlanms veya hazirlannis komple sistemler

36 Plutonyum oksitten metal plutonyum elde etme sistemi
TANITICI HOT

Yeniden isleme lesisiyle baplantih olabilecck bu iglem, phutonyum oksidin normal olarak
korozyon cikisi yitksek hidrojen Muonir ile Muorlanmas: yoluyla elde edilen plutonyum flnorinin
yiksek safikiaki kalsiyom metalle indirgenerek metalik plutonyum ve kalsiyum Muornir ciirefu
iiretmesini icerir. Bu islemde yer alan wemel fonksiyonlar sunlardir: Muorlna (mesela degerhi ir
metalden yapiinug veya onunla kaplannus ckipmanlar kullamlarak}, metal indirgenmesi (mesela
seramik kaplar kullamlarak), ciirul eldesi, iirin igleme, havalandirma, atik yonelin ve iglem

kontroli.

Bilhassa kritikligi ve radyasyon etkisini onlemek ve zehirlilik teblikesini en aza
indirmek igin gerekli 6zel donamma sahip, plulonyum metal uretmek igin dzel
olarak tasanmlanmig veya hazirlannug komple sistemler.

4. Yakat elemany imalat tesisleri
ACIKLAYICI NOT

*Yaka elemans imalat wesisi® agagidaki ckipmanlan igerrir:

a  Normal olarak nikleer maddenin dretim akist e dogradan temas halinde veya onu
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direkt olarak igleyen veya kontrol eden ekipmanlar

b, Mikleer maddeyi zaf igine kaynaklamak igin ekipmanlar

5. Uranyum izotoplarim  aywma  tesisleri ve bunun  igin  dzel olarak
tasanimlanmig veya hazirlanmg analitik enstriimanlar disindaki ekipmanlar

Uranyum i1zotoplanm ayirmak igin “analitik enstrimanlar disinda ozel olarak
tasanmlanmig ve hazirlannug ekipman” ifadesinde yer alan ekipman elemanlan

sunlardir:

5.1 Gaz santrifitjleri ve finiteleri ve paz santrifiijleri igin dzel olarak tasarunlannus veya
hazwlannus bilesenler
ACIKLAYICI NOT
Gaz santrifiijii, normal olarak vakum ortaminda bulunan, 75 mm (3 ing) ile 400 mm (16 ing)
arasinda capa sahip, ince cidarh ve 300 mfs civannda veya daha yilksek ¢evresel luzda diinen
silindirlerden olugur. Yilksek oz elde etmek icin, dénen bilesenlenin yapt malzemeleni yiiksek
dayamm/yofuniuk oranina sahip olmaldir ve dengesiziifi en aza indirmek igin, rotor demeti ve
bilesenlen gok yakin toleranslarla imal edilmelidir. Uranywimo zenginlegiicmekie kullamlan gaz
santrifiljii, diger santrifijjlerin aksine, rotor odasinda déner bir disk seklinde yayic bir plakaya
veya plakalara sahip olmasiyla ve ikisi rotor ekseninden rotor edasimin kenanna dogr wzanan
kepgelere baglammg en az iig ayn kanali tasiyan (UF; gazim beslemek ve gekmek igin sabil bir
tip dikzeni igermesiyle bilinir. Dénmeyen, dzel olarak tasanmlanmeg olmasina ragmen imalan
por olmayan veya ozel nalzemelerden imal edilimeyen bawm keitik elemanlar da vakum
orffaminda bulunur, Bir santrifiy tesisinde bu bilegenlere ¢ok sayida percksimim vardir;
mikiarlar son kullammm énemli bir pésterpesidir,

S. 0.1, Ddnen bilegenier

(a) Butiin Rotor tniteleri:

Bu béliimiin ACIKLAYICI NOT kisnunda tarif edilen, dayamm/yofunluk oram
yiiksek malzemelerden imal edilen ince cidarh silindirler veya bir kagt birbirine
bagh ince cidarl siindirler. Silindirler birbirine baglanacaksa, asafmda 5.1.1 (¢)
boliminde tanf edildigi gibi esnek konik veya halkalarla baglamr. Rotor, agagula
5. 1.1.{d) ve (e) biliminde tarif edildhgi gibi dahili deflektor plaka(lar) ve ug

tipalarla donatilir,
(b} Rotor tiiplen:

Bu bélumiin ACIKLAYICI NOT kisnmnda tanf edilen, dayamm/yogunluk oram
yiiksek bir veya birden fazla malzemeden imal edilen ve kalinhg 12 mm (0.5 ing)
veya daha az, ¢capt 75 mm (3 ing) ile 400 mm(16 ing) arasinda olan, 6zel olarak
tasarimlanmis ve hazirlanmig Ince Cidarh Silindir.

{c) Halkalar veya konikler:

Rotor tipine bolgesel destek vermek wveya birkag rotor tipini  birbirine
baglamak Gzere 6zel olarak tasarnimlanmug veya hazirlanmms bilesenlerdir. Kok
cidar kalnligi 3mm (0.12 ing) veya daha az, capr 75 mm (3 ing) ile 400mm (16
ing) arasinda olan, biklimlere sahip ve bu bolimin ACIKLAYICI NOT kisminda
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tanf edilen dayamm/yogunluk oram yuksek malzemelerden imal edilimis kisa
silindir

(d) Deflektor plakasi:

Bu bolimun ACIKLAYICI NOT kismunda tarif edilen dayamm/yogunluk oram
yiksek malzemeden imal edilen, gapt 75 mm (3 ing) ile 400 mm (16 ing) arasmda
degizen, tahliye odasun ana ayirma odasindan izole etmek ve bazi durumlarda UF;
gazinin rotor tiptinin ana ayirma odasi igindeki sickiilasyonuna yardim etmek igin
kullamlan, santrifij rotor tipiniin igine monte edilmek tzere 6zel olarak
tasanmlanmig veya hazirlanmig disk seklinde bilesenler,

(e) Ust baghklar/Alt baghklar:

Caplan 75 mm (3 ing) ile 400 mm (16 ing) arasinda degigen, rotor tip uglanni
baglamak ve rotor tiip igerisinde UFg tutmak ve bazi durumlarda st yatak (st
kapak) elementi yekpare olarak kapsamak, desteklemek veya tutmak veya
motorlarin donen elemanlanim ve alt yatad (alt baghk) tagimak igin bu balimiin
ACIKLAYICI NOT kismunda tarif edilen dayamm/yogunluk oram yiiksek
malzemeden imal edilen ozel olarak tasanmlanmig veya imal edilmis disk
geklindeki Bilegenler.

ACIKLAYICI NOT
Samrifiljiin dénen bilesenleri icin kullanitan malzemeler:

(a) En son gerilme mukavemeti 2.05x10°N/m’ (300,000 psi) veya daha fazla olan disiik
katbanlu gelik

(b) En son gerilme mukavemeti 0.46x10°N/m? (67,000 psi} veya daha fazla olan aliminyum
alasimlar

(c) Karma yamilarda kollamima uygun 12.3x10° m veya daha fazla ézgil modiile ve 0.3x10°m
veya daha fazla dzgill en son gerilme mukavemetine sahip yitksek direngli malzemeler,
{Ozgal modul, (N/m*)ozgil agarhk (N/m*) cinsinden Young Modiliidir, Ozgiil enson
gerilme  mukavemeti {Nﬂn’}fﬁzgill agichk  (Nfm’)  cinsinden en  son geriline
mukavemetidir. }

5. 0.2 Statik bilegenter
(a) Manyetik askili yataklar

Rutubetli ortam igeren odalar iginde asilnug halka geklinde magnetten olusan Gzel
olarak tasanmlanmig veya hazirlanmis Yatak Uniteleri. Oda UFg'ya dayamklh
malzemeden imal edilecektir (Bélim 5.2 ACIKLAYICI NOT'a bak). Magnet
giftler Bolim 5.1.1.(e)'de tammlanan ust baghklara bir kutup pargasi veya ikinci
bir magnet ile baglanr. Magnet, dig capinin ig capma oram 1.6 veya daha kiicik
olan bir halka bigiminde olabilir. Magnet, ilk gecirgenligi 0.15 H/m (CGS
biriminde 120,000) veya daha gok olan, veya manyetikliginin %98 5 veya daha
fazlasim yitirmeme ozelliine sahip olan, veya enenji ¢arpimm 80 kJ/m® (107 gauss-
oersted) den yiksek olan bir yapida olabilir. Genel malzeme ozelliklerine ilave
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olarak manyetik cksenin geometrik eksenden sapmasimn gok kuguk tolerans
icinde simrlandinlmas: (0.1 mm veya 0004 ing'ten daha kuguk) veya magnet
malzemesinin homojenliginin 6zellikle 1stenmesi bir on gartr.

(b) Yataklar/Damperler

Damper uzerine monte edilmig bir mil/kapsul unitesinden olugan dzel olarak
tasarimlanmug veya hazirlannug yataklarchr. Pivot, normal olarak bir ucunda bir
yanm kiire, diger ucunda 5.1.1.(e)'de tammlanan alt baghga baglanma
mekanizmasi tagiyan sertlegtirilmis gelik bir saftur. Safta bagh hidrodinamik
yataklan bulunabilir. Kapsil, bir yuzeyinde yankuresel bir girinti olan pelet
seklindedir. Bu bilegenler daha gok damperlerden ayn olarak temin edilir.

(c) Molekiiler Pompalar

i¢ kismindan iglenmis veya preslenmig sarmal yivlere ve deliklere sahip, ozel
olarak tasanmlanmg veya hazirlanmug silindirlerdir. Tipik boyutlar: 75 mm (3 ing)
ile 400mm (16 ing) aras i¢ gap, 10 mm (0.4 ing) veya daha fazla cidar kahnhg,
capina esit veya daha biyuk boy. Yivlerin kesiti tipik olarak dikdorngendir ve
derinligi 2 mm (0.08 ing) veya daha fazladir.

(d) Motor statorlan

Vakum ortaminda, 600-2000 Hz frekans ve 50-1000 VA’hk bir gi¢ arabfinda,
yilksek hizh ve gok fazh AC motorlann senkronize gahgmas igin ozel olarak
tasarimlanmig veya hazirlanmig halka seklinde statorlar. Statorlar, tipik olarak 2.0
mm (0.08 ing) veya daha az kalnlikta ince tabakalardan olugan katmanh ve duguk
kayiplt demir bir kor uzerindeki ¢ok fazh sargilardan olusurlar.

(e) Santrifijj odasyahcilar:

Gaz santrifiijiin rotor wap unitesini muhafaza etmek igin 6zel olarak tasanimlantmsg
veya hazirlanmmg bilegenlerdir. Santrifiij odasy, yataklan yerlestirmek igin hassas
yapilmuig uglar ve montaj igin kullamlacak bir veya daha fazla Nanslar igeren ve
cidar kalnhg 30 mm'ye kadar olan bir sabit silindirden olugur. Islenmig uglar
birbirine paralel ve silindirlerin dikey eksenlerine 0 05° veya daha az diktir. Oda
pek ok rotor tipini muhafaza etmek Uzere petek tipi bir yapida olabilir. Odalar
UFs korozyonuna karst dayamkl malzemelerden yapilir veya bu malzemelerle

korunur.

() Kepgeler:

Pitot tiip hareketiyle rotor tup iginden UFs gazim ¢ekmek igin i¢ capi 12 mm’ye
(0.5 ing) kadar olan ¢zel olarak tasanimlanmig veya hazirlannug tiplerdir ve
merkezi gaz atma sistemine baglanabilirler. Tupler UFs korozyonuna dayamikl
malzemelerden yapilir veya bu malzemelerle korunur.

52 . Gaz santrifiij tipi zenginlegtirme tesisleri igin dzel olarak tasanumianmis veya
hazirlanmig yardima sistemler, ekipmanlar ve bilesenler.
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TAMITICI NOT

Gaz samtrifiij tipi zenginlegtirme tesislerindeki yardime sistemler, ekipmanlar ve bilegenler
santrififleni gahstirmak veya lesisi kontrol clmek igin gereken ekipmanlarla beraber, UFg'yi
santrifilje beslemek, giderek yiikselen zenginliklere imkan saglamak icin kademe (veya adim)
olusturmak amaciyla tek tek santrifiijleri birbirlerine baglamak ve "aruk™ ve “iinin® UFg'y
santrififjlerden gekmek igin gereken lesis sistemlernidin,

Mormal olarak UFg, isitilmis otoklavian kullanarak kat fazdan buharlagunlic ve kademe bagi
borusu kullanilarak santrifiljlere gaz halinde dagithir. Santrifijjlerden akan "drin® ve "artk®
UFs gazi, tagima veya depolama igin uygun kaplara transfer edilmeden dnce yodugturuldugu
(201 K civarmda gahisan) sofuk wzaklara da kademe bagi borusu vasitasiyla transher edilir. Bir
zenginlestirme tesisi kademeler halinde diizenlenmms binlerce  santrilijden olugtugundan,
binlerce kaynak igeren kilometrelerce kademe bagi borusu vardir ve tesis dnemli Slgitde kendim
tekrarlayan bir yerlesim  diizenine sabiptir. Ekipman, bu ckipmanlann bilesenlenn ve
pompalama sistemleri gok yiiksek vakum ve temizlik standartlanna uygun imal edilir

5.2.1.  Besi sistemlerifitriin ve arttk pekme sistemleri

(1zel olarak tasarimlanms veya haziflanmg proses sistemleri gunlan igerir:

Santrifiij kademelerinden 100 kPa’a (15 psi) kadar ve 1 kg/saat veya daha yiiksek
debide UF; gegirmek igin kullamlan besi otoklavlan (veya istasyonlar)

3 kPa (0.5 psi) basinca kadar kademelerden UF; c¢ekmek igin kullamlan
katlastiricilar (desublimlegtiriciler veya soguk tuzaklar). Kaulagtricilar 203 K'e (-
70°C) kadar sogutulabilme ve 343 K'e (70 ’C ) kadar istilabilme ézelligine

sahiptir

UFs'y1 kaplar igine yakalamak igin kullamlan "trin" ve "artik" istasyonlan.

Tesis, ekipman ve boru donammm UFg’ya dayamkh malzemelerden yapilir (Bu
bisliimin Agiklama Notu'na bakimz) veya bu tip malzemelerle kaplamr ve gok
yitksek vakum ve temizlik standartlanna uygun olarak imal edilir

5.2.2.  Makina baghk boru sistemleri

Santrifiyj kademeleri igerisinde UFg nakli igin 6zel olarak tasanmlanmig veya
hazirlanmis boru ve baghk sistemleri. Boru sebekesi normalde baghklarm her
birinin santrifijinin  bir birine baglanmasindan olugan G bolumlu  baghk
sistemidir. Sistemin tamami UFg’ya dayanikh malzemelerden yapihr (Bu bohimun
Agiklama Notu'na bakimz) ve g¢ok yiksek vakum ve temizlik standartlarina

uygun olarak imal edilir.

523 UF; kittle spekirometresiZiyon kaynakluary

UF¢ gaz akigmdan besi, iirin veya artik orneklerini her an alabilme ozelligine ve
aynica agafidaki ozelliklere sahip olan, 6zel olarak tasanmlanmig veya hazidlannug
manyetik veya dort kutuplu (“quadrupole”) kiitle spektrometrelenidir.

1. 320¢den biiyitk atomik kitle birimi igin segicilik (“resolution™),
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2 Nichorome veya monel ile astarlanmis veya mikel kaplannug ryon
kaynaklar,

3. Elektron bombardiman iyomzasyon kaynaklan,

4. lzotopik analiz igin uygun bir toplayici sisteme sahip olma

i.2 4. Frekhons degistivicifer

Bolim 5.1.2(d)de tammlanan motor statorlanm beslemek igin ozel olarak
tasanmlanms veya hazirlanmg frekans degigtiriciler, (aym zamanda konvertor
veya invertor olarak da bilinirler) veya parcalar, bilesenler. Bu tir frekans
degistiricilerinin alt tniteleri aga@idaki 6zelhklere sahiptir:

1. 600 ile 2000 Hz arasinda ¢ok fazh gikig,
2. Yiiksek kararhhk (frekans kontrolii %0.1 den daha iyi),
3. Diisiik harmonik bozulum (%2 den az), ve

4. %80 den buyik verim
ACIKLAYICI HOT

Yukanda listelenen parcalar ya dogrudan UF. proses gaz ile temasa girer ya da direkt olarak
santrifiijleri ve kademeden kademeye ve santrifijpden santrififje gaz gegisini kontrol eder

UF, korozyonuna dayamkh malzemeler arasinda paslanmaz celik, aliminyum, alaminyum
alasinlan, nikel veva %6dan dabi fazla nikel iceren alagimlar ver alir

5.3 Gaz difiizyonu ile zenginlestirmede kullamimak icin &zel olarak tasarmmlannig veya
hazirlanmms iiniteler ve bilesenler,

TANITICI NOT

Uranyum izotop ayima igin gaz diflizyon metodundaki temel teknolojik dniteler bzel pozenckli
gaz difiizyon bariyeri, gazi (sikigma islemivle sman) sofutmak igin s degigtiriciler, conla
vanalan, kontral vanalari ve borulardir. Gaz difiszyon teknolojisi uranynm hekza Muonir (LIF,)
kullandi@indan, bitiin ekipman, boru ve enstrimantasyon (gaz ile iemas halinde olan) yiizeylen
UF, eikilerine dayanabilen malzemelerden yapilmaliie. Bir santrifij tesisinde bu bilegenlere
cok sayida gereksinim varchr, mikiarlar son kullammmn énemla bir ghstergesidir,

5.0.1.  Gag difizpon bariyerleri

(a) UFs korozyonuna dayamkh metalik, polimer veya seramik malzemeden
yapilmig, 100-1000 A arasinda gozenek boyutu ve 5 mm (0.2 ing) veya daha
az kalinh@ olan boru seklinde ve ozel olarak tasanmlamms veya hazirtanmg

nce gozenekli filtreler.

(b) Bu tir filtrelerin imalats igin 6zel olarak hazirlanimg bilesikler ve toz halindeki
maddeler. Bu bilesikler ve toz halindeki maddeler, gaz difiizyon engellerinin
imalaty icin ozel olarak hazirlanms olup, nikel veya %60 veya daha fazla mkel
iceren alagimlar, aliminyum oksit veya %99.9 veya daha fazla safhiga sahip
UF¢'ya dayamkl timuyle fluorlanmig hidrokarbonlar {10 mikrondan az ve son
derece birbirine yakin pargacik boyutuna sahip) igenr.
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b2 Mifazyon edafan

Ozel olarak tasanmlannug veya hazirlanmig, ¢capr 300 mn'den (12 ing) daha
biyuk ve boyu 900 mm'den (35 ing) daha vzun, taimoyle sizdirmaz silindir kaplar
veya kargilagtinlabilic boyutlarda dikdortgen kaplar. Bunlar, gaz difuzyon
baniyerlerini ihtiva etmek igin ¢aplan 50 mm’den (2 ing) daha buyik bir girig ve
iki ¢ikis baglantisima sahiptir, UFs'yva dayanikh malzemelerden yapiir ve yatay
veya diisey olarak verlestinlebilecek sekilde tasanmlanir.

5.3.1  Kompresdrier ve pat kdrihkleri

UFs emme kapasitesi | m’/dakika veya daha fazla, bogaltima basincy bir kag yuz
kPa (100 psi) olan 6zel olarak tasanimlanmig veya hazirlanmig eksenel, saninfii,
veya pozitif deplasmanh kompresorler veya gaz korukleri. UFs ortaminda uygun
gucte elektrik motorlu veya motorsuz mimkin cldugu kadar uzun zaman
cahsmak uzere tasanmlanmiglardir, Bu kompresor ve gaz koniklen 2.1 ve 611
arasinda basing oramna sahiptirler ve UF; 'ya dayamkh malzemelerden yapihirlar

534 Rotor mil (saft) contalar:

Komprestr veya gaz korigu rotorunu suruct motoruna baglayan saftin
sizdirmazh@im saglamak icin ozel olarak tasanmlanmis veya hazirflanmig conta
besleme ve conta eksoz baglantilan ile beraber vakum contalan. Béylece UF; ile
dolu kompresoriin veya gaz korigunin ig kissina havamin sizmasina karg
guvenilir bir sizdirmazhk saglamr. Bu tiir contalar normalde tampon gazlar igin
1000 em’/dakika'dan daha az (60 ing'/dakika) bir s;zma oram igin tasanimlamir

fary
=
]

UF s sofutma igin st degigtiviciler

UF¢'ya dayamikh malzemelerden (paslanmaz gelik harig) veya bakir veya bu
metallerin bilesiminden yapiloms veya bunlarla kaplanmmg ve 100 kPa (15 psi)
basing farky altinda 10 Pa {(0.0015 psi)fsaat’ten daha az kagak basing degisim
orant igin planlanmg, ozel olarak tasanmlamms veya hazirlanmg is1 degistinciler.

54, Gaz difizyonu ile zenginlegtirmede kullamimak igin ézel olarak tasarimlanmig veya
hazwrlanmg yardimor sistemler, ekipmanlar ve bilesenler

TANITICI NOT

Gaz difiizyon tipi zenginlestinne tesisleni igin yardimer sistemler, ekipmanlar ve bilegenler
UFs'v1 gaz difiizyon dinitelerine beslemek, giderek yiikselen zenginliklere imkan saflamak igin
kademe {veya adim) olusturmak amaciyla tek tek dniteleni birbirlerine baglamak ve "artik®™ ve
“iiriin" UFy1 difiizyon kademelerinden gekmek igin gereken tesis sistemleridir. Yuksek atales
gzellign nedentyle, difizyon kademelerinin igletiminde bir kesiklik ve Gzellikle igictimin
durduralmas: ciddi sorunlara vol agabilir. Bu nedenle, bir gaz difiizyon fesisinde, biitiin
tcknolojik sistemlerde vakum ofanumin sirekll muhafiza edilmesi. kazalardan otomatik
koruma ve hassas olomatik gaz akisr dizeni ok dnembidir. Tim bunlar, tesisin bir cok  ozel
tlgme, dilzenleme ve kontrol sistemlerivle teghiz edilmesini gerektirir

MWormal olarak UF; oloklaviar igindeki silindirlerden bubarlasinhr ve kademe bage borusu
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kullwmlarak, giris nokvabanma gag halinde dagmdr. Cikag nokialunndan akan "irin® ve "arink”
UF,. gae ok, tagima veya depolama igin uypgun kaplara gondenlmeden once.  UFgmmn
sivilastinldips sopuk wzaklara veya stkigurma istasyonlanma kademe bag borusu vasitasiyla
transfer edilir. Bir gaz difiizyon zenginlestinme tesisi kademeler halinde dilzenlenmig binlerce
gaz difiizyon initelerinden olostugundan, binleree kaynak igeren kilometrelerce kademe bag
borwsy vardhe ve lesis dnembi olgiide kendini tekrarfayan bir yerlesim dizenine sahipur.
Ekipman bilesen ve boru sistemleri yitksek vakum ve iemizlik standanlarina nygun olarak imal

edihirler

5.4.1.  Besi sistemlerifitriin ve arnk gekme sistemleri

300 kPa (45 psi) veya daha az basinglarda igletime uygun ozel olarak
tasarimlanmis veya hazirlanmig proses sistemleri. Bu sistemler asagidakileri igerir:

1. UFg'y1 gaz difiizyon kademelerine aktarmak igin kullamlan besi otoklavlari
{veya sistemlen)

2. UFgyi difiizyon kademelerinden almak igin kullamlan desublimlestiriciler
{veya sofiuk tuzaklar).

3. kademedeki UF; gazin sikistinhp  sogutularak sivi UFs  gekline
danustiirildigi srvilagtirma istasyonlan

4. UFg'min kaplara transferi igin kullamilan “urin” veya “artik” istasyonlan.

542 Anag bory sistemleri

Gaz difizyonu kademelerindeki UFg'min igleme tabi tutulmasi igin 6zel olarak
tasanmlanmis veya hazirlanmig boru sistemleri. Bu boru gebekesi normal olarak
her hilcrenin her ana boruya baglandifs “¢ift” bagh sistem seklindedir.

3.4.3  Vakwum xistenileri

(a) Ozel olarak tasanmlanomg veya haarlanmg biyik vakum mianifoldlan,
vakum basglan ve 5 m'/dakika (175 fit'/dakika) veya daha fazla emme

kapasitesine sahip Vakum Pompalan.

(b) UF, tasiyici atmosfer iginde servis igin ozel olarak tasanmlanmg aliminyum,
nikel, veya %60'tan daha fazla nikel igeren alagimlardan yapilmig veya bunlarla
kaplannmg vakum pompalani. Bu pompalar doner ya da poziif olabilir,
deplasman ve fluorokarbon contalar ihtiva edebilir ve igleim igin oOzel

akigkanlar gerektirebilir.

5.4.4.  Ozel kapama ve hontral vanalart

Ozel olarak tasanmlanmis veya hazirlannug, caplan 40 ile 1500 mm (1.5 ile 59
inc) arasinda defiigen, paz difizyon zenginlestirme tesislerinin ana ve yardimc
sistemlerine  yerlestiriimek tuizere UF¢ya dayamkh malzemelerden yapilnms,
otomaltik veya elle kumanda edilebilen kapama ve kontrol (korikhi) vanalan.
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LIF g kiitle spekivametrelerfiyon kaynakiar

UF, gaz akismdan besi, inin veya artik orneklerini her an alabilme ozelligine ve
aynca asagidaki ozelliklere sahip olan 6zel olarak tasanmlannmg veya hazirlannug
manyetik veya dért kutuplu ("quadrupole”) Kutle Spektrometreleri,

I. 320'den biyik atomik kutle birimi igin segicilik (“resolution”),

2. Nichorome veya monelden yapilmg veya bunlarla astarlanms veya nikel
kaplanmug iyon kaynaklan,

3. Elektron bombardiman iyonizasyon kaynaklars,

4. izotopik analiz igin uygun bir toplayicr sisteme sahip olma.

ACIKLAYICI NOT

Bu balimde listelenen pargalar ya UFs proses gazi ile dogrudan temas halindedir ya da direki
olarak kademeler icerisindeki akigt konirol eder. Proses gaz ile dogrudan temas halinde olan
biitiin ydzeyler UFg'ya dayamkli malzemelerden yapihir veya bunlarla kaplamr. Gaz difizyonu
elemanlan ile iliskili olan kimmlar igin, UFs korozyonuna dayamkh malzemeler arasinda
paslanmaz gelik, aluminyum. aliiminyum alasumlar, nikel veya %60 veya daha fazla nikel
iceren alasimlar ve UF;"ya dayamkh tamamen Nuorlanims hidrokarbon polimerler sayilabilir.

5.5 Aerodinamik zenginlestirme tesislerinde kullamlmak icin  &zel olarak
tasarimianmis veya hazwlanmg sistemler, ekipmanlar ve bilegenler.

TANITICI HOT

Acrodinamik zenginlestirme iglemlerinde, gaz UF, ve hafif gaz (hidrojen veya helyum)
kaniginm sikighnbir ve Kavisli duvar geometrisi iizerinde olugan merkezkag kuvveller yoluyla
izotopik ayirmanin (amamlandif ayirma elemanlanndan gecirilir. Bu metoda dayah iki proses
basanl bir sekilde gelistirilmigtir: ayirma memesi prosesi ve vorieks tiip prosesi. Her iki proses
icin ayirma adirmmin ana bilesenlerini, ayirma elemanlanm (memeler veya vorteks tipler)
verlestirmek igin kullamlan silindirik bir kap, gaz kompresbrler ve sikaigma 1sisim almak igin
kullamian 151 degigtiricileri olugtorur. Bir aerodinamik tesiste bu kademelerden birden gok
bulunmsama iltivag vardir. Aerodinamik prosesierde UF, kullamldidy igin, { gaz ile temasta
bulunan) biltin ekipman, boru takinu ve enstriimantasyon yizeyleri bu gazla lemasa gegtiginde
kararh kalmasim saglayan malzemelerden yapilmalidir,

ACIKLAYICI NOT

Bu bolimde listelenen pargalar ya UFg proses gaa ile temas halindedir ya da direkt olarak
kademeler igerisindeki akigt kontrol eder. Proses gazi ile dogrudan temas eden biltin yiizeyler
UF,'ya dayamkh malzemelerden yapihr veya bunlarla kaplanir. Aerodinamik zenginlestirmwe
elemantan ile iliskili olan kisimlar igin, UFg korozyonuna dayamkh malzemelere, bakir,
paslanmaz gelik, aliminyum, aliminyum alagimlar, nikel veya %460 veya daha fazla nikel
igeren alagimlar ve UF,'ya dayamkh tamamen fluorlanmug hidrokarbon polimerler dahildir.

551 Ayirma memeleri

Ozel olarak tasanmlanmis veya hazirlanms ayirma memeleri ve ilgili dniteler.
Ayirma memeleri, UF, korozyonuna dayamkl, | mm'den (tipik 0.1-0.05 mm) daha

az egrilik ¢ap olan ve meme arasindan gecen gaz iki fraksiyona aywrmaya
yarayan bir bicak ucu jeklinde kenar tagiyan, yank bigiminde ve egimli

kanallardan olugur.
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532 Vorteks tuipleri

Ozel olarak tasanmlammms veya hazwlannms vorteks wpleri ve ilgili initeler
Vorteks topleri, 0.5 - 4 em gapinda, vzunlugun gapa oram 20°1 veya daha az
olan, bir veya daha fazla teget ginge salip olan, UFs korozyonuna dayamkh
malzemelerden yapilmug veya bunlarla korunan silindirik veya sivii uglu tiplerdir
Tuplerin herhangi bir veya her iki ucunda meme tipi ekler bulunabilir

ACIKLAYICI NOT
Besleme gazi. vorleks tipe, tegetsel olarak bir ucundan ya da girdap kanatlardan ya da uip
ceviesi boyunca dizilmis birgok te@el pozisyondan girer,

3.3.3.  Kempresirfer ve gog kirdhleri

2 m’/dakika veya daha fazla UFs tagiyier gaz (hidrojen veya helyum) kargim
emme kapasitesine sahip ve UF; korozyonuna dayamkh malzemelerden yapilmig
eksenel, santrifiij) veya pozitil deplasmanh kompresorler veya gaz konikleri

ACIKLAYICI NOT

Kompresir ve gaz kinikleri igin tipik basing oram 1.2:1 ve 6:1 arasmdadar

Ly
"y
S

Diimen ,}'n_ﬁ' cortalar

Kompresor veya gaz korigi rotorunu sinicii motoruna baglayan saftin
sizdirmazhg icin conta beslemesi ve conta egzos baglanulan ile beraber, dzel
olarak tasanmlanmis veya hazirlanmig donen saft contalan. Boylece UF, ftagiyia
gaz kanigimi ile dolu kompresor veya gaz ufleyicinin i¢ odasindaki proses gazimin
disan veya havamin ve sizdirmazhk gazimn igeri kagmasina karsi givenilir bir
sizdirmazhk saglamr

oz sofutma igin st defigririciler

-
e
T

UFs korozyonuna dayamkh malzemelerden yapilmig veya bu malzemelerle
korunmus 6zel olarak tasanmlanmg veya hazirlanmsg 1s degistiriciler.

Aprrma efemani edalar

L
[
=

UFs korozyonuna dayamkh malzemelerden yamlmig veya bu malzemelerle
korunmus, vorteks tipleri veya ayirma memelerini muhafaza etmek igin 6zel
olarak tasanmlannug veya hazirlannug ayirma elemani odalar

ACIKLAYICI NOT

Dikey ya da yatay kurulmak sizere tasartannug olbilecck, capn 300 mm‘den (12 mg), boyu ise
900 mm den (35ing) daha biyik silindir seklinde ya da benzer boyutlarda dikdorigen seklinde

odalardir
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337 Besi sistemderifivin ve orok gelime sistemleri

Zenginlestirme tesisleri igin UF, korozyonuna dayamkh malzemelerden yapilnug
veya bu malzemelerle korunmus  ozel olarak tasanmlanimg veya hazirlannug
proses sistemlen: veya ekipmanlan. Bunlar agagidakilen igenr.

(a) UFg'y1 zenginlestirme isleminden gegirmek

otoklavlan, finnlar, veya sistemler;

(b) Sonraki transfer igin zenginlestirme isleminden UFg'y gikarmada
kullamlan desiiblimlestiriciler (veya soguk tuzaklar})

() UFy1 sikisunp, daha sonra s veya kat gsekle donugtirerek
zenginlestirme isleminden almak igin kullamlan katilastirma veya

sivilagtirma istasyonlar,

(d) UF¢'mn kaplara transferi igin kullamlan “inin" veya “aruk™ istasyonlarn

Ana boru sistenleri

[
]
=]

Aerodinamik  kademeler igerisinde UFg'y1  isleme
korozyonuna dayamkl malzemelerden yapilnng veya bu malzemelerle korunmug
ve ozel olarak tasanmlanmig veya hazirlanmig boru sistemlern

559 Vakum sistermnleri ve pompalar

(a) 5 m*/dakika veya daha fazla emme kapasitesi olan vakum manifoldlan, vakum
basliklar ve vakum pompalanindan olusan ve UFs tasiyan atmosferde hizmet
icin ozel olarak tasanmlanmis veya hazirlanmig vakum sistemleri,

{(b) UF, tasiyan atmosferde hizmet gormek uzere ve UFs korozyonuna karg
dayamkh malzemelerden yapilms veya bu malzemelerle korunmus, azel
olarak tasanmlanmig veya hazwlanmig vakum pompalan. Bu pompalar
fluorokarbon contalar kullanabilir ve isletim igin 6zel akiskanlar gerektirebilir.

5.5.10. Ozel kapama ve hontrol vanalar

Aerodinamik  zenginlestirme  tesislerinm  ana
yerlestirilmek  tizere, 40-1500 mm  gapinda,

sistemlerine
korozyonuna  dayamkh

malzemelerden yapilnng  veya bu  malzemelerle
tasanmlanmis veya hazirlanmus otomatik kapama ve kontrol (kéruklu) vanalan

5.5.01. UF, kittle spekiromerreleriffyon kaynaklars

UF¢ gaz akigindan besi, uinin veya artik drneklerini her an alabilme zellifine ve
ayrica agagidaki ozelliklere sahip olan, ozel olarak tasanmlanmig veya hazirlanmg
manyelik veya dért kutuplu (“quadrupole”™) kittle spektrometreleri

I 320'den buyik atomik kiitle birimi icin segicilik {“resolution™};
2. Nichorome veya monelden yapilmis veya bunlarla astarlannmg veya nikel

kaplanmus iyon kaynaklan,
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1 Elektron bombardman iyomizasyon kaynaklars,

4 lzotopik anahz s uygun bir toplayicr sisteme salip olma

3.3.12. UF, Avagiyece pag ayirma sisiemnlderi

Tasiyici gazdan (hidrojen veya helyum) UFg'y aywrmak igin ozel olarak
tasanmlanng veya hazirlanimg proses sistemlen,

ACIKLAYICI NOT

Bu sistemler UF, min tagivic gaz icerisindeki mikianm Ippm veya daba aza indirmek igin
tasarinlair ve agafidaki ekipmanlardan olugur.

(a) -120 °C veya daha digilk sicakhiklara kadar sofmabilen cryogenic 151 degigtiricileri
ve sofuk ayincilar, veya

(h) -120 “C veya daha disik sicakbklara sofutabilen ¢ahisabilen cryogenic sofwnia
birimler,

(¢} UFSyr tasivicr gazdan ayirmak igin kullambn ayirma memeleri veya vorteks
tiplers, veya

{d) -20"C veya daha diigik sicakhiklara soutabilen UF, sofuk wezaklan.

5.6 Kimyasal degisim veya iyon defistivme yoln ile zenginlegtirme tesislerinde
kullamilmak igin dzel olarak tasavumlannug veya hazirlanmuy sistemler, ckipmanlar ve

Inlesenler.
FTANITICT HOT

Uranyum izoloplan arasindaki ufak kitle farkhilhiklan bu izotoplan birbirinden ayirmaya temel
teskil eden kimyasal reaksiyvon dengesinde kiigiik degisikliklere sebep olur. Sivi-sivi kimyasal
degisim ve kati-sivi ivon degistirme islemileri baganyla geligtirilmekiedir,

Sivi-sivi kimyasal defisim isleminde, kangmayan sivi Gielar (suln ve organik), binlerce ayirma
kademesinin zincirlene etkising vermek fizere bitbirleriyle ters yinde akarak etkilesirler. Sola
laz hidroklonk asit ghzeltisi icindeki uramum klorir'den olosur, organik faz ise organik b
goziicii iginde uranyum klonir igeren ekstrakie edici kKisimdan olugur, Aywma kademesinde
kontakior olarak srvi-sivi degisim kolonlann veya s santrifij kontakarlen kallamlabalir
Avirma kademesinin her iki ucunda, gen akis gereksimimlerini karjilamak ogere kimyasal
dintigiim (oksidasyon ve indirgeme) islemlen gerckmekiedir

Fati-sivi iyon ahg veris isleminde zenginlegtinme, Gzel gok lnzh tepkime veren iyon ahig verig
recinesi ya da adsorbam Gzerinden uranyumun adsorpsivon/desorplivona ugramas yoluyla
gergeklestiribmekiedir. Hidrolik asit ya da diger kimyasal soliisyonlar igindeki wranymmn
solisyonu, toplu adsorban kimeleri igeren silindir seklindeki zenginlegtirme kolonlanndan
geemekiedir, Islemin siirekli olmasim saglamak dgin, uranywnu, adsorbantitan sivi akigina geri
salacak olan bir geri déndiirme sistemine ihtiyag duyulmakiador ve boylelikle “drin® ve
artiklar’ toplanabilmekiedir. Bu durem, lamamen ayn dig devrelerde geligtinilmig olan ve
izotoplu ayirma kolonlarnun iginde  Josmen geligtirilebilen wygun indirgemefoksidasyon
kimyasal soliisyonlanm kullanm ile percekiestirilmekiedir. Proses icerisinde, sicak konsantre
hidrolik asit soliisyonlarmin bulunmasi, ekipmamn tzel, korozyona dayamkh malzcmelerden
vapilmasim va da bu tir malzemeler ile korunmasim gerektirmekiedir,

https://www.resmigazete.gov.tr/eskiler/2001/07/20010712.htm[13.08.2020 09:33:22]



5od

Sove-sive degiying holemfary (Kinpasal deising

Kimyasal degisim islemi kullanarak uranyum zenginlestirmesi igin ozel olarak
tasanmlannmg veya hazirlanmug, mekamk gug ginigine sahip, ters akimb sivi-sivi
dedisim kolonlan, Konsantre hidroklorik asit ¢ozeltilerinin korozyonuna kars
koruma icin bu kolonlar ve icerleri uygun plastik maddelerle ya da camla kaplamr
Her bir asama icin kolonda kalma zamam kisa (30 saniye ya da daha az) olacak
sekilde tasanim yapilir

Sove-sove santrifief kentakidrleri (Kimyasal degigim)

Kimyasal degisim iglemi kullanarak uranyum zenginlestirmesi igin ozel olarak
tasarimlannng ya da hazirlanmug sivi-sivi santrifii) kontaktorleri. Bu kontaktorler
organik ve sulu fazlann kangmasim dénme hareketi ile ve sonra fazlann
aynimasim santrifij kuvveti ile saglar. Konsantre hidroklorik asit ¢ozeltilerinin
korozyonuna kargi, kontaktorler uygun plastik malzemelerden yapilir veya camla
kaplamir. Santrifij kontakt6rlerin herhangi bir asgamada kalma zamam kisa (30
saniye veya daha az) olacak sekilde tasanm yapibr.

Uranyum indirgeme sistemleri ve ekipmani (Kimyasal degigim)

(a) Kimyasal degisim islemi kullanarak uranyum zenginlestirmede uranyumu bir
degerlik durumundan digerine indirgemek igin 6zel olarak tasanmlanmsg veya
hazirlanmis elektrokimyasal indirgeme hiicreleri. Proses ¢ozeltileriyle temas
halinde olan hiicre malzemelen konsantre hidroklorik asit gozeltilerine karg
korozyona dayamkh olmahdir,

ACTKLAYICI NOT

Katodik hilcre bélmesi nranyumun daha iist degerliklere yilkseligenmesini &nlemek igin
tasanmilanmahdir, Uranmyumu katodik bolmede wimak igin, hilcre, dzel katyon degisim
maddesinden yapilan su gegcirmez diyafram bir zara sahip olabilir. Katol grafit gibi uygun
ir kat ifetkenden olugur.

(b) Asit konsantrasyonunu ayarlayarak ve elektrokimyasal indirgeme hucrelerini
besleyerek trin alma kademesinde organik akimdan U™ almak igin ozel

olarak tasanmlanmig veya hazirlanmig sistemler

ACIKLAYICI MOT

Bu sistemler, elektrokimyasal indirgeme hilcrelerini beslemek amaciyla ¢ozelt pH ayan ve
kontrolii ve pompalann ve transfer cihazlanmin kontroliinii baganyla saglamak icin diger
ckipman ve/veya buharlagma ile Uil organik sividan sulu gozeltiye siyirmak igin ¢ozici
sivirma ekipmamndan olugor. Sulu akimun belli metal iyonlarla kirlenmesinin snlenmesi
ana tasarin konulanndan biridir, Sonug olarak, proses akimiyla temas halindeki parcalar
igin sistem, uygun maddelerle (cam, fluorckarbon polimerleri, polipenil silfat, polyeter
silfon ve regine-emdirilmis grafit gibi) korunmmg ya da  bunlardan  yaplmug
ekipmantardan tesis edilir.

Besi haprlama sistemiberi (Kimyasal defiyim)

Kimyasal degisim yolu ile uranyum izotop aywrma tesislerinde yuksek saflikia
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aranyum klorur besi gozeltisi elde etmek igin ozel olarak tasanmlanmig veya

hazirlanmis sistemler

ACIKLAYICI NOT

Bu sistemler, saflastrma igin kullamlan ¢tzme, solvent ckstraksiyonu vefveya iyon degigtirme
techizatmdan ve U™ veya Ui U'e indirgemek igin knllamlan elekirolitik hiicrelerden
olusur. Bu sistemler, krom, demir, vanadyum, molibden ve diger iki veya daha yiiksek
degerlikli katyonlar gibi metalik gayrisafivelleri yalmzca mulyonda birkag aramnda igeren U
klorir gozeltileri diretir, Sistemin yiksek safliktaki U ile islem piren kisimlan cam,
fuorokarbon polimerlen, polifenil silfal veya plastikle astarlanmmg policter silfon ve regine-
enwdirilmis grafit gibi maddelerden yaprhe

Uranpum ohsiduasyen sistemleri (K irmpasal degisim)

=i
=
=11

Kimyasal degisim yolu ile zenginlestirme igleminde, izotop aywma kademesine
dénecek U'un +3ten +4'e yukseltgenmesini saglamak iizere oOzel olarak
tasarimlanmis veya hazirlanmg sistemler.

ACIKLAYICI NOT-

Bu sistemler agafidakileri igerir

{a) lzotop avirma teghizatindan gelen sulu akun ile klor ve oksijeni lemasa getirmek ve
sonugla olugan U™ diriin alma kademesinden pelen siyrilmg organik akima ckstrakic
elmek igin gereken ekipman

by Su ve konsantre hidroklonk asitin uygun verlerde sisteme yemiden verilebilmesi igin
suvu hidroklorik asitten ayirm ckipian

5.6.6 Hizh-reaksivon veren ivon defigtirici recineler/sofurucular fIvon degigini)

Iyon degistirme yolu ile U'u zenginlestirmek igin 6zel olarak tasanmlanmig veya
hazirlanmis hizh reaksiyon veren iyon degigtirici regineler veya sogurucular
Gozenekli kilcal regineler ve/veya aktif kimyasal degigim gruplannin akuf
olmayan gozenckli bir destek yapimn yuzeyine kaph oldugu ok mce zar gibi
tabakalardan olusan yapilar ve pargaciklan ve fiberleri de kapsayan uygun sekill
kompozit yapilar bu gruba dahildir.

Bu iyon degigtirici regineler/sogurucular, 0.2 mm veya daha kigik capta olup,
konsantre hidroklorik asit cozeltilerine karsi kimyasal agidan dayamkh ve aym
zamanda degisim kolonlannda biltiinlik ve kalitelerini mubafaza etmeye yetecek

fiziksel saglamhga sahip olmahdirlar,

Recinelerfsogurucular gok izl (yan omrii 10 saniyeden az) izotop degistirme
reaksiyonlan vermek tzere tzel olarak tasanmlanrlar ve 100-200 "C sicaklik

arah@mda gahigma yetene@ine sahiptirler.

5.6.7  dvon degigtivici kolonlar (ivan degistirme)

iyon degistirme iglemi kullanarak uranyum zenginlestirmesi icin Hzel olarak
tasanimlanmis veya hazirlanmig iyon deiglirici regine/sogurucunun bulunduju
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dolgulu yataklan banndian ve destekleyen, ¢apr 1000 mm’den daha biiyik
siindirk kolonlar.  Bu  kolonlar  konsantre  hidroklonk  asit  gozeltilerinin
korozyonuna kargl koruyucu malzemelerden (ttanyum veya fluorokarbon gibi)
yapilmah ve 100"C-200"C sicakhk arahig ile 0.7 MPa (102 psi) basincin tstinde

calisturlabilmelidir

6.8 fvon degistirme tekrar knllamm (“reflux”) sistemleri (fyon degisimi)

(a) lyon degistirme yolu ile zenginlestirme kademelerinde kullanilan kimyasal
indirgeme ajanlanim tekrar elde etmek igin 6zel olarak tasanmlanmug veya
hazirlanmg kimyasal veya elektrokimyasal indirgeme sistemleri

{b) lyon degistirme yolu ile U zenginlestirme kademelerinde kullanilan kimyasal
yukseltgeme ajanlanm tekrar elde etmek icin 6zel olarak tasanmlanns veya
hazirlanmus kimyasal veya elektrokimyasal yiikseltgeme sistemleri

ACIKLAYICI NOT

lvon degistirme yolu ile zemginlestirme islemi mesela Ti'0 indirgeyici katyon olark
kullanabilir, bu durumda indirgeme sistemi Ti'* "ib indirgeyerek Ti'*'d 1ekrar elde eder,

Mesela Fe'" yitkseligeyici olarak kullamlirsa, yilkseligeme sistemi Fe'”'yi yilkseligeyerek Fe''ii
tekrar elde eder.

5.7 L.azer ile zenginlegtirme tesisleri icin Gzel olarak tasarimlannug veya hazirlannug
sistemler, ckipmaniar ve hilegenler,

TANITICI NOT

Halihazirda lazer kullanarak zenginlestirme yapan sistemler iki kategoriye aynhir: Islem ortam
atomik uranywm buhan olanlar ve iglem ortany uranyom bilesik buhan olanlar. Bu iglemler
yavgm olarak su sekilde isimlendirilir: birinci kategori - atomik buhar lazer izolop ayinm
(AVLIS veya SILVA). ikinci kategori- molekiiler lazer izotop ayinmn (MLIS veya MOLIS) ve
izolop segici lazer aktivasyonu ile kimyasal reaksivon (CRISLA). Lazer ile zemginleslinme
tesisleri igin sistemler, ekipman ve bilesenler sunlardir; (a) wranynm-metal buharm besleyen
cihazlar (segici folo-iyonizasyon icin) veya uranyum bilesimi buhanm besleyen cihazlar {fotod-
ayinmu veya kimyasal aktivasyon igin); (b) birinci kategori icin, zenginlestirilmis ve tiketilmis
uranyum metaling "driin® ve “artk” olarak toplayan cihazlar ve ikinci kategori igin, aynlums
veya reaksivona girmis bilesikleni “irin® olarak, etkilenmemis malzemeyi de "arnk” olarak
toplayan cihazlar, (¢} Uranywm-235% segici olarak uyaran lazer islem sistemleri, ve (d) besi
hazirlama ve Grim donilgiim sistemi. Uranyum atemlannin ve bilegiklerinin spekiroskopisinin
karmagiklifis meveut lazer teknolojilerinden herhangi birinion kullammom gereklirebilir

ACIKLAYICI NOT

Bu baliimdeki elemantann bir cofu, uranyum metal buban veya UFs veya UF; gaz kangim ve
difer gazlardan olusan iglem gazi ya da siayla direkt 1emas eder. Uranyum ile ya da UF; ile
lemas eden biitiin yiizeyler tanamiyle korozyona dayamklh maddelerden yapihir ya da bunlarla
korunur. Lazer esasina dayah zenginlestinme ile ilgili olan kisimlar igin korozyona dayamkh
wranyum bilesikler, uranyum metal ve sivisina yitria kaph grafit ve tantalum dahildir ve UF,
korozyonuna dayamkh maddelere bakir, paslanmaz gelik, alominyum aliiminyum bilesiklen,
nikel veya 60 % ya da daba fazla nikel igeren mikel alagimlan ve UF; “yva dayvamkh tam
Mluorlanmus hidrokarbonlar da dahildir.
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Ozel olarak tasanimlanmig veya hazirlannug, hedel uzenine 2.5 kW/cm'den daha
fazla gic veren, yuksek gig seridi veya tarayici elektron demen silahlan igeren
uranyum buharlastirma sistemleri.

5.7.2 S wranyum metali igleme sistemleri (AVLLS)

Metalik bilesiklerin 1siildigs potalardan ve bu potalan sogutan ekipmandan
olugan, eryik uranyum ve uranyum alagimlan igin ozel olarak tasanmlanmig veya

hazirlanmig siv metal isleme sistemleridir.

ACIKLAYICI NOT

Bu potalar ve bu sistemin diger pargalan, uranywm eriyigi ve uranyum alagimlan ile temas
edebileceginden korozyon ve isiya kargi dayamkh maddelerle korunurlar. Bu maddelere
tantalum, yuria kaph grafit, grafit kaph diger nadir toprak oksitleni veya bunlann bilegiklen

dahil ediletnlir

373 Uranyum metal "iiriin" ve "artik " toplama fniteleri (A VLIS)

Kati veya swi haldeki uranyum metali icin 6zel olarak tasanimlanms veya
hazirflannmg "urun" ve "artik” toplama birimleri

ACIKLAYICI NOT

Bu dniteler igin bitesenler, uranyum metal buhan veya sivisi(yiria kaph grafit veya tantalum)
gibi 1s1ya ve korozyona dayanikli maddelerden yapahir ya da bunlarla korunur, Bu bilegenlere
borular, vamalar, tertibatlar, oluklar, besi yollan, 151 degigtiricilert ve toplayict plakalar
{manyetik. elekirostatik veya diger ayirma metodlan igin) dahil edilebilir.

74 Ayiricr modiil odast (AVLLS)

Uranyum metal buhar kaynagim, elektron demeti silalim ve "urin®” ve "artik”
toplayicisim geren ozel olarak tasanmlanmg veya hazalannns silindink veya
dikdortgen kazanlar

ACIKLAYICI NOT

Bu odalar, lazer pencerelen, vakum pompa baglantilan, tam ve ghnintileme enslrimaitasyon
ve clekirik ve su besleme yollan igin gok sayida istasyon ihtiva eder. I bilegenlerin bakimna ve
venilenmesing ixin vermek igin gerekli agma ve kapama sistemler meveullur

3.7.5  Sesten luzh genigleme memeleri (MLES)

UF, kansimlanm ve tagiyicr gazi 150 K veya daha diguk sicakhklara kadar
sogutan ve UF; korozyonuna karg dayamkh, dzel olarak tasanmlanmiz veya
hazirlannug sesten hizh genigleme memeleri

576 Uranyum pentafluorir dirin toplayicilar (MLIS)

Filtre, darbe veya siklon tipi toplayicilardan veya bunlann kombinasyonlarindan
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olusan ve UFJUF, ortammda korozyona dayamkh clan, &zel olarak
tasanmlammis  veya  hazirlanmus  uranyum  pentafluorir  (UFs) kati iretim
toplayicilan

577 UFgtayime paz kompresiri (MLIS)

()zel olarak tasanmlanmis veya hazirlanmmg, UF; ortaminda uzun sire
cahgabilecek UFgtagiyics gaz kangimlan kompresérleri. Bu kompresorlerin proses
gaz ile femasta bulunan bilesenleri UFs korozyonuna dayamkh maddelerden
yaptimal veya bu maddelerle korunmalidir.

5.7.8 Danen saft contolart (MLI1S)

Kompresor rotorunu siinicii motoruna baglayan gafun sizdirmazhig igin conla
beslemesi ve conta egzos baglantlan ile beraber, 6zel olarak tasanmlanmig veya
hazirlanmis dénen saft contalan. Boylece UFgftagiyics gaz kangimi ile dolu
kompresorin i¢ odasindaki proses gazinin disari veya havann ve sizdwmazhk
gazinin igeri kagmasina kargi givenilir bir sizdirmazhk saglamir.

5.79  Fluworlmna sistemleri (MLIS)

Ozel olarak tasanmlanmis veya hazirlanmmg UFyi (kati)) UFs'ya (gaz) fluorlamak
icin gerekli sistemler.

ACIKLAYICI NOT

Bu sistemler. loplanan UF; tozunn UFya Nourlamak daha sonra iirin kaplarnnda toplamak
veva ilave zenginleglirme igin MLIS Gnilesine besi olarak transfer etmek iizere tasanmlamr, Bir
vaklagima gore Orilndl dirckt olarak toplayicilardan elde etmek dzere, Nourlima reaksiyomu
izolop ayirma  sistemi iginde gergeklegtirilebilir, Bir diger yaklajima gore ise, UF; lozn,
fluorlama islemi igin ~inin™ toplayicilarmdan kolekidrlerinden uygun reaksiyon kazamna(sim
yolakh reakior, pervancli reakidr va da alev kulesiy iransfer edilir. Her ki yaklagimda da
fluoriin {veya difer uygun Muvorlama ajanlanmin) transferi ve depolanmasi icin ve UFg'mn

transferi ve toplanmas: igin gerekli ekipman kullanihir,

5.7.00 UF, kiltle spektrometrelerifiyon kaynaklan (MLIS)

UFs gaz akimlanndan kesintisiz olarak “besi”, "tirin® ve "artik” numunelerini
cekebilen, ozel olarak tasanmlanmig  veya hazwlanmig  ve agaguwlaki
karakteristiklere sahip manyetik veya dort kutuplu (“quadrupole™) kitle

spekirometreleri:
I. 320'den bilyiik atomik kitle birimi igin segicilik (“resolution™);
2. Nichrome veya monelden yapilmis veya bunlarla astarlannms veya nikel
kaplanmg iyon kaynaklan,

3. Elektron bombardiman iyonizasyon kaynaklari;

4. 1zotopik analiz igin uygun bir toplayic: sisteme sahip olma.

5.7.11 Besi sistemferi/itriin ve artk gekme sistemleri (MLIS)
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UFy korozyonuna kargt dayamkh malzemelerle korunmus ya da bunlardan
yapilig, zenginlestirme tesislen igin ozel olarak tasanmlanmig veya hazirlannug
proses sistemleri ve ekipmanlaridir. Bunlar agagidakilen igerir

(a) UFe¢yr zenginlestirme iglemine  gegirmek igin - kullamlan  besi
otoklavlan, tanklar, finnlar veya sistemler,

(b) Sonraki transfer igin zenginlestirme isleminden UkFg'yr gikarmada
kullamlan desiiblimlestiriciler {(veya soguk tuzaklar),

(c) UFgyi sitkisunp, daha sonra sivi veya kati sekle doniisturerek
zenginlestirme igleminden almak igin kullamlan kaulagtirma veya
sivilaginma istasyonlan

(d) UFgmn kaplara transferi igin kullamlan  “Orin”  veya “artik”
istasyonlarn.

5.7.12 UF/tagpc gaz ayirma sistemleri (MLIS)

UFe'yt tagiyict gazdan ayiwmak igin 6zel olarak tasanimlanmig veya hazirllanmsg
islem sistemleridir. Tagiyicr gaz nitrojen, argon ya da diger bir gaz olabilir.

ACIKLAYICI NOT
Ekipmana miidahale eden bu sistemler:
fay  -120 °C ya do daha digik sicakbklara kadar sofutabilen cyrogenic is
degistivicileri va da cyrojencraldr ayiraglar
by -120 “C veya daha dugik sicakhklara kadar sofulabilen cyrogenic sofutma
birimlen
() <20 °C veya daha diisik sicakliklara kadar sofutabilen UF, sofuk tuzaklandir.

5. 713 Logzer sistemlerifA VLIS, MLIS ve CRISLA)

Uranyum izotoplanm ayirmak igin 6zel olarak tasanmlanmig veya hazirlannug
lazerler veya lazer sistemleri

ACIKLAYICI NOT

AVLIS islemi igin lazer sistemi iki lazerden olugur: bakir buhar lazeri ve boya lazeni. MLIS
icin lazer sistemi genellikle bir CO; veya “excimer” lazerden ve her iki ucunda da ddner ayna
bulunan cok gecirgenli bir optik hicreden olugnr. Her iki iglemde de lazerler veya lazer
sistemleni vzun sireli isletim igin bir spekirum frekans sabitleglincisine gereksinim duyarlar.

58 Plazma ayirma ile zenginlestirme tesislerinde kullanmak igin dzel olarak

tasarmmlanms ve hazirlanms sistemler, ekipman ve bilesenler

TANITICI HOT

Plazma ayirma igleminde, uranyum iyon plazmasi U™ iyon rezonans frekansma ayarh bir
elekiriksel alandan gegirilerek, tercihen U™ iyonlanmn enerji absorplamast ve helezona benzer
voriingelerinin capiun anminlmas: saglanr, Biiviik ¢aph yollan izleyen iyonlar yakalamp
toplanarak U e zenginlegtirilmis tnin elde edibr, U bubanmn wvonlagticldimasi  ile
olusturulan plazma siiperiletken bir magnet larafindan firetilen yitksek manyetik alanh bir
vakum odasinda muhafaza edilic. Bu islemdeki ana teknolajik sistemler sunlarchr: U plasma
iiretim sistenm, sipenletken magnet ile ayinc: modiili ve “unin” ve “arik" lan toplamak igin
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gercken sistember

P& Mikrodalpa giig kaynaklort ve antenler

50 kW'dan bayik ortalama gig ¢rkigina ve 30 GHz'den buyuk frekansa sahip
olan ve iyonlan urelmek veya hizlandirmak igin 6zel olarak tasanmlanmig veya

hazirlanmis mikrodalga gig kaynaklan ve antenler.

N2 f_pﬂn ayarma bobinleri

40 kW'dan yiksek ortalama gi¢ ve 100 kHz'den yuksek frekanslar icin ozel
olarak tasanmlanmis veya hazirlanmig radyo frekans iyon uyarma baobinleri

5.83  Uranpum plagma itrefim sistemleri

Ozel olarak tasanmlanmms veya hazirlanmug, hedef iizerine 2.5 kW/cm'den daha
fazla gig veren, yiksek gig seridi veya tarayir clektron demeli silahlarim
icerebilen uranyum plazmas: iretim sistemleri.

5.84 S aranyum metali iglerne sistemleri

Metalik bilegiklerin 1stldi@i potalardan ve bu potalan sogutan ekipmandan
olusan, eriyik uranyum veya uranyum alagimlan igin 6zel olarak tasarimlanmig
veya hazirlanmmg sivi metal elde etme sistemleri.

ACIKLAYICI HOT

Bu potalar ve bu sistemin diger parcalan, uranyum eriyigi ve uranyum alagimlan ile temas
cdebileceginden korozyon ve 1siva kary dayankh maddelerle korunurlar, Bu maddelere

tantalum, vitria kaph grafi. grafit kaph diger nadir toprak oksitleri veya bunlann kangimlan
dahil edilebilir,

Uranyum metali "iritn " ve "arttk" toplama initeleri

Katt haldeki uranyum metali igin 6zel olarak tasanmlanmg ve hazirlanmig "uriin®
ve "artk” toplama uiniteleri. Bu toplama uniteleri yttria kaph grafit veya tantalum
gibi uranyum metal buhar korozyonuna ve istya dayankh malzemelerden yapilir
veya bunlarla korunur,

[
=
i

586 Aprict modil odast
Uranyum plazma kaynagim, radyo frekans siiriicii bobinini ve "uron™ ve "artik"
toplayicisim igeren plazma aywma ile zenginlestirme tesislerinde kullanmak igin
&zel olarak tasanmlanmis veya hazirlanmis silindirik kazanlar.

ACIELAYICI NOT

Bu odalar. difiizyon pompa baglantilan, 1am ve gérintileme ensinimantasyonu ve elektrik ve
su besleme yollan igin ok sayvida istasyon iltiva eder. Ig bilesenlerin bakmuna ve
venilenmesine izin vermek icin gerekli agma ve kapama sistemberi meveuliur ve paslinmaz
gelik gibi manyetik olmayan uygun bir malzemeden yapihirlar,

59 Elektromanyetik zenginlestirme tesislerinde kullanim igin dzel olarak tasarumlanmig
veya hanirlanmg sistemler, ekipmanlar ve bilesenler '
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TAMITICI NOT

Elcktronvnyenk islemde, iz besi maddesinim (tipik ofarak UCL) ivonizasyoms sonucy olusan
urayim metal dvonlan manyelik alandan gegirilic ve boylece Tarkh izotop iyonlarmn Tarkh
yollar izlemesi saflam. Elckiromanyetik izotop ayincisiom belli bagh bilegenleri: iyon demeti
saphinmafayirma igin bir manvetk alan, hizlanding sistemiyle birlikie bir ivon kaynag ve
avrlnus ivonlar igin toplama sistemidiv, Bu islemdeki vardimer sistemler sunlardir: magnen gig
saglama sistenn. ivon kaynaf yiksek vollaj giic saglama sistemi, vakom sistemi ve kapsamh
kimyvasal muamele sistemlen (irin eldesi ve bilesenlerin lemizlenmesi ve ger beslenimesi icin

perekli)

Efekrromanyetik izotop aviricilan

Uranyum izotoplanm aywmak igin 6zel olarak tasanmlanmis veya hazwlannmg
elektromanyetik izotop ayincilar, ekipman ve bilesenler. Bunlar asagidakiler
Ierir:

(a) lyon kaynaklar

50 mA'lik veya daha biiyik iyon demet akumi saglayabilen, grafit, paslanmaz
celik veya bakir gibi uygun malzemelerden imal edilen 15 hizlandincisindan,
wyonlastincidan ve bir buhar kaynagindan olusan, 6zel olarak tasanmlanmug
veya hazirlannug tekli veya ¢oklu uranyum iyon kaynaklar,

(b) lyon toplayicilan

Grafit ve paslanmaz ¢elik gibi uygun malzemelerden unal edilen,
zenginlestinlmig ve taketilmis uranyum iyon demetlerinin toplanmas igin 6zel
olarak tasanmlanmis veya hazirlanmug, iki veya daha fazla yariklan ve

ceplerden olusan toplama plakalan,

{c) Vakum odalan

01 Pa veya daha disuk basinglarda cahsacak sekilde tasanmlanan ve
paslanmaz celik gibi manyetik olmayan uygun malzemelerden imal edilen,
wranyum clekiromanyetik ayincilan igin dzel olarak tasanmlanms veya
hazirlanms vakum odalan,

ACIKLAYICI NOT

Odalar, ivon kaynaklanm, toplama plakalan ve su sofutmal astarlan igermek igin ozel
olarak asanmlanmig veva hacrlanng ve b elemanlarin odadan ¢ikanlmas: ve yamiden
verlestirilmesi igin gerekli agma ve kapama sistemlen ve difiizyon pompasi baglantilan
igin gerekli techizat ile donatiinustr,

(d) Magnet kutup pargalan

Bir elektromanyetik izotop ayinci iginde sabit bir manyetik alan temin etmek
ve birbiriyle irtibath ayincilar arasinda manyetik alan transferi saglamak igin
kullamlan, ¢apr 2 m'den daha biyik, ozel olarak tasanmlanmg veya
hazirlanmig manyetik kutup pargalandir,
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302 Viksek veltaf grig koyiakfan
8 saathk bir sire boyunca 0.01 ®a'den daha 1y voltaj duzenine, 1 A ya da daha
fazla cikig akimina ve 20000 V ya da daha fazla ¢ikig voltajina sahip olan, surekh
isletm ¢ uygun ve ayon kaynaklan igin ozel olarak tasanmlanmis veya
hazirlanimg yuksek volta) gug kaynaklandir.

30T Magnet gy hayrnaklor

§ saatlik bir sure boyunca 0.01 %'den daha 1yi vollaj duzenine sahip olan, sirekli
olarak 500 A ya da daha fazla gikig akim ve 100 V ya da daha fazla voltaj
tretebilen ozel olarak tasanmlanmms veya hazulanmig yuksek-gig dogru-akim
magnet gu¢ kaynaklandir.

6. Agir su, diterynm ve diteryum bilesiklerinin konsantrasyonu ve iivetimi
igin tesisler ve dzel olarak tasarimlanmig veya hazirlannug ekipmanlar

TANITICI HOT

Agur su gegith prosegler kullanilarak vretilebalir. Bu proseslerden licari elarak vazgegilmez olan
ikisi: su-hidrojen sulfiir degigim iglemi (G5 islernd) ve amonyak-hidrojen degisim islenn

GS igleni, dist kisown sofuk alt kison sicak olan seri olarak baglanth kuleler iginde su ve
hidrojen silfiie arasinda hidrogen ve diteryumuon degisimi esasima dayamre, Su, kulenin st
kisnimdan agagiva dogm akarken hidrojen gazi agafudan yukanya dolagir, So ve pazin iyi
Kanigmasim saglamak igin bir seri delikbi bla knllamibr. Doterviom diigiik sicakhiklarda suva ve
viksek sicakliklarda hidrojene gecer. Dateryum yoniinden zengin gaz veya su, sicak ve sofuk
kisumbann bulostugn yerdeki binnci agama kulelerden alinim ve bu iglem sontaki asamalarda
tekrar edilir. Son agamamn drini olan déterynmen %30 zenginbestinlnns su. reakiorde
kullanima uygon ager su tretmek tzere (599.75) danutma birimine génderilic

Amonyak-hidrajen degigim iglemi déternvunm sentez gazindan bir katalizér varh@mda s
amonyak ale wemasa  petirerek  geker, Sentez  gan,  defisim kolclerine  ve  amonyak
daniigtiiriciisine gonderihr. Kulelerin wginde sive smonyak vukandan agagiva dof akarken
gae agafidan vukanya dogra akar, Sentez gazon igindeki diétervumn hidrojenden ayilir ve
amonyak iginde  konsamire  edilie. Burada, smonyak  kulenin all kissmndaki  amonyak
pargalayviceva akarken, gaz st bisimdaki amenyak dowiigtiaricive akar. llave zenginlestinme
sonraki agamalarda saglomr ve reakiorde kullamma uygun agmr su son damima ile elde edili
Besi olarak kollamlacak sentez gazr bir amonyak tesisinden saglanar, Bu tesis agir su amonyak
hidrojen  degigim tesisi ile baglantth olarak inga edilebilir. Amonyak hidrojen  defisin
isleminde diteryum kaynage olarak nonmal su da kullimlabilic

GS veva amonyvak-hidrojen degigim islemlerini kallanarak agir su ireten tesislerdeki bir cok
danemli ekipmian elamam ile kimya ve petrol endistrisindeki muhtelif elemanlar aymdir, Bu
duremGS katlaman kiguk tesisler igin ozellikle gegerlidie. Mamafih, ancak ok az sayula
elemiam hazir olarak tenn etmek mimkan olanbiliv. G5 ve amonyak-ldroen islemlerimle,
vilksek basinglarda yamic, korozyona yol agic ve loksik akigkantarin biyik miktarlanm isleme
tabi mak gerckir. Bu yiizden, bu islemleri kallanan tesis ve ckipmanlar igin tasanm ve
igleime standarilanim belirlerken, yiiksek givenlik ve giivenilirlik fakidrleri ile birlikie uzun
servis dmminii temin etmek icin malzeme segimine ve spesifikasyonlara dikkat elmek gerekir

Hem GS hem de amonyak-hidrojen degisin islemlerinde, sadece afar su dretimi igin dzel

olarak tasannmlannug veya hazirlannng olmayan ekipman pargalan, agir su diretimi igin dzel
clarak tasanmlannug veya haorlanmg sistemler igine monte edilebilirler. Anonyak-hidrojen
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6.1

6.2

6.5

6.4

6.5

6.6

degisim aglenunde knllamban katabizor drctiom sistenm ve  reaktorde  kullamma uygun
konsamrasyonda afr su tieetimi igin kullamban su danntma sisteinders buntara ornek olarak

posterilchilie

Su-hidrojen silfir degigin islemini veya amaonyak-hidrojen degigin iglemin kullanarak agir su
aretimi igm azel olarak tasanmlanmg veva hazirdannng ekipman kisinlan sunlardir:

Su-hidrojen silfitr degisim kuleleri

Su-hidrojen sulfiir degisim iglemini kullanarak agir su uretmek igin Gzel olarak
tasarimlanmis veya hazirlannmg, 2 MPa veya daha fazla basingta calisunlabilen, 6-
9 m arasinda capa ve 6 mm veya daha fazla korozyon simnna sahip olan safl
karbon ¢elikien (ASTM AS516 gibi) imal edilmis degisim kulelen

UNeyiciler ve Kompresdrler

Su-hidrojen siilfilr degisim islemini kullanarak afir su dretimi igin 6zel olarak
tasarimlanmis veya hazirlannug, hidrojen silfir gaz dolagimum saglamak (70 %
den fazla H,S iceren) igin kullamlan tek asamal (0.2 MPa veya 30 psi) Santrifiij
iifleyiciler veya Komprestrler. Bu tfleyiciler veya kompresorler, 1.8 MPa(260
psi) veya daha yiiksek emme basinglannda cahgtinhrken, 56 m'/s veya daha
yilksek kapasiteye ve islak hidrojen-silfiir (H;S) ortanunda sizdirmazhk ozelligine
sahiptirler

Amonyak-Hidrojen Defigim Kuleleri

Amonyak-hidrojen de@isim iglemini kullanarak agir su iretmek igin ozel olarak
tasannmlanmis veya hazirlanmug, yiksekligi 35 m (114.3 ft) ve daha uzun, 1.5
m{49 fi) ile 25 m (82 M) arasinda ¢apa sahip ve 15 Mpa'dan daha buyok
basinglarda cahstinlabilen amonyak-hidrojen degizim kuleleri. Bu kuleler, g
pargalann yerlegtirilebilmesi ve digan alinabilmesi igin en azindan bir tane, flangh,
eksenel ve uygun gapta agitkhga sahiptirler

Kule i¢ pargalar ve kademe pompalar:

Amonyak-hidrojen degisim islemi kullanarak agir su elde etmek amaciyla ozel
olarak tasanmlanmig veya hazirlanmms kuleler igin kule i¢ pargalan ve kademe
pompalan. Kule i¢ pargalan etkin gaz/sivi temasim saglamak izere ozel olarak
tasarimlanmus kontaktorlen icerir. Kademeli pompalan, bir temas kademesinin ig
kisrmindaki sivi amonyagin kademe kulelerine sirkulasyonunu saglamak igin ozel
olarak tasanmlanmis daldinilabilir pompalan igerir

Amanyak pargalaywcilar

Amonyak-hidrojen degisim islemini kullanarak agw su uretmek icin ozel olarak
tasanmlanmig veya hazirlanmig, 3 Mpa (450 psi) veya daha yuksek basinglarda
cahstinlan amonyak pargalayicilar.

Kiziliitesi absorbsiyon analizérleri
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0.7

1.

Diterywmn  konsantrasyonunun 90%  ya  da daha  ust  de@erlerinde
hidrojen/doteryum oram anahzim sireklh olarak yapabilme yeteneging sahip
kizdotes: absorbsiyon analizorler:,

Katalitik yamcilar

Amonyak-hidrojen degisim iglemy kullanarak ozel olarak tasanmlannug veya
hazirlanmms, air su Oretmede zenginfestnilmig déteryum  gazim  afir suya
démisturmek i¢in kullamlan katalitik yamcilar

Uranyumu diniistiirmek i¢in dzel olarak tasarimlanmig veya hazwlanmig

ckipman ve tesisler

1.1

1.2

1.3

TANITICINOT

Uranyum dénasiim tesislen ve sistemleri, bir wranyum kimyasal formmndan dier bir veya daha
fazla kimyasal forma déntsimi gerceklegtiie. Bunlar, wranyum cevherimn U, “e, UOy'im
Uy'yve, uranyum oksitin UFe veya UFgva, UFJiin UFsya, UFnin tekrar UFJe, UFiin
uranyum metiling ve wranyum Nuonirin U0,'ve dondsimi. Uranyuwm gevrimindeki bir ok
anahtar ekipman kisimlan kimyasal islem endiistrisinin bivgok parcalanyla ortakur, Ormegin,
bu islemlerde kullamlan ekipmanlar iginde Drnlar, déner finnlar, alev kule reakiarleri, sw
santrifijler, dammtma  kolonlan, svi-sv gekme  kolonlan we sivi yatakl  reakitirler
bulunmakiadir. Bumunla barlikte az sayuda ekipnian hazie halde temin edilebilit, ¢ofu
miglterinin ihtivaglarma ve isteklerine pére hazirlanmaktadir. Bazr durumlarda igleme iginde
kulamilacak  kimyasal maddelerin (HF, Fa, CIF; ve wranyum fluonir gibi) korozyona yol acan
trelliklering bertaral etmek igin Szel tsanm ve ingaal gercksinimleri oraya gikar. Son olarak,
nanyu  déniigtirme  proseslerini hepsinde.  ashnda uranyum démighinme  iglemi  igin
tasarkimanug va da haziflammaong ekipman kalemberinin, vranyum domigtionme iglemi igin
kulambmak dizere dzel olarak tasarlanineg va da hazrlammg  sistemlere gevrilebilecegi

hususum dikkat edilmelidir

Uranyum cevher konsantrelerini UOy'e ¢evirmek igin Gzel olarak tasarimlanmig veya
hazalanng sistemler

ACIKLAYICT NOT

Uranyui cevher konsantrelerinm UOy'e ¢evrimi Gnce cevierin nitrik asit icinde ¢ozulmesi ve
sonra da tributyl fosfal gibi ¢izici kollanarak safasiinlmg uranyum nitratine gekilmesi ile
gergeklestiilie. . Uranyum  nitval,  konsantrasyon, denirasyon  veya amonyak  ganiyla
nitralizasyon iglemi ile UOye dénigidribiir ve bundan sonra sizme, kuretma ve asitma
islemlenvle amonyum dineawit retilic

U0y S UFg'ya ceviemek icin dzel olarak tasarimlanons veya hanrlanog sistemler
ACTELAYICT HOT

Uit UF,'va donilgiimii dirckt olarak fluorlama ile gergeklesir. Islem igin Muor gazina veya
CIFy'a pereksinin vardir,

U0, U0 ye gevirmek igin Bizel olarak tasarimlanmg veya hazielannng sistemler

ACIELAYICI NOT
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UDyin UO-ve geviinn UOUn pargalanims ameonyak gazi veya hidrojen ile indirgenmesi
sonnecn perpeklesir

T4 UO,'yi UF,'e cevirmek igin 6zel olarak tasarimlanmis veya hazirlanmg sistemler
ACIKLAYICI NOT
U0, nin UF/e ¢evrimi 300-500°C'de UOy'nin hidrojen fuoriir gazwyla elkilegmesi sonucu
gerceklesir.

1.5 UF.'ii UF¢'ya gevirmek igin dzel olarak tasarimlanmng veya hazirlanmg sistemler
ACIKLAYICI NOT

UF'iin UFg'ya déntisiimi bir kule-reakiénin iginde fluor ile ekzo-termik reaksiyonu sonicunda
gergeklesir. Auk akigimn -10°Clye sofutulmug sofuk tuzaktan gegirilmesi sonucu sicak auk
gazlanindaki UF, yogusur. Bu iglemin Muor gaz kaynagma ihiiyacy vardir

1.6 UF,"ii Uranyum metaline cevirmek igin dzel olarak tasarimlanmg veya hazwlanmisg
sistemler

ACIKLAYICI NOT

UFin U metaline dbmisimii magnezyumi{genis kime) veya kalsivumikiigiik kime) ile
indirgenmesiyle gerceklestinilir, Reaksiyon wranyumun  ergime  sicakligimn (1130 °0)
iistiindeki sicakhklarda gergeklegir

7.7 UF'min U0, ye diniigiimil igin dzel olarak tasarimlannng veya hazirlanms sistemler
ACIKLAYICI NOT
UF, 'mn U0, “ve gevrimi agagdaki g islemden biriyle gergeklegtinilir, Birinci iglemdeki UFy
hidrojen ve buhar kullanarak UO; "ye indirgenir ya da hidrolize edilir. Tkinci islemde, su iginde
cozelti ile UF, hidrolize edilir, amonyum diuranili ¢oktiirmek igin amonyak ilave edilir ve
diuranit 820°C'de hidrojenle UQ, ‘ye indirgenic. Ugiincii iglemde, UF; gan, COy ve MH; s

iginde birlesir ve amonyum uranyl karbonat goker. Amonyum uranyl karbowat UO; dinini
eldesi igin S00-600 ¢ *de buhar ve hidropen ile birlegir.

UFg'min U0, 'ye gevrimi yakat dretim tesislerinin ilk safhas olarak iglem gorur.

7.8 UF;'min UF,"e déniigiimii igin dzel olarak tasanmlannng veya hazirlanmg sistemler
ACIKLAYICI HOT

UF,'mn UF,'e cevrimi hidrojen ile indirgenmesi sonucu gergeklegin
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Protocol Additional To The Agreement Between The Government
of The Republic of Turkey and The International Atomic Energy
Agency For The Application of Safeguards in Connection
With The Treaty on The Non-Proliferation of
Nuclear Weapons

WHEREAS the Government of the Republic of Turkey (hereinafter referred to as
"Turkey") and the International Atomic Energy Apency (hereinafter referred to as the
"Agency"”) are parties to an Agreement for the Application of Safeguards in Connection with
the Treaty on the Non-Proliferation of Nuclear Weapons (hereinafter referred to as the
"Safeguards Agreement”), which entered into force on | September 1981;

_ AWARE OF the desire of the international community to further enhance nuclear non-
proliferation by strengthening the effectiveness and improving the efficiency of the Agency's
safeguards system;

RECALLING that the Agency must take into account in the implementation of
safeguards the need to: avoid hampering the economic and technological development of
Turkey or international co-operation in the field of peaceful nuclear activities; respect health,
safety, physical protection and other security provisions in force and the rights of individuals;
and take every precaution to protect commercial, technological and industrial secrets as well
as other confidential information coming to its knowledge;

WHEREAS the frequency and intensity of activities described in this Protocol shall
be kept to the minimum consistent with the objective of strengthening the effectiveness and
improving the efficiency of Agency safeguards;

NOW THEREFORE Turkey and the Agency have agreed as follows:
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RELATIONSHIP BETWEEN THE PROTOCOL AND THE SAFEGUARDS
AGREEMENT

Article 1

The provisions of the Safeguards Agreement shall apply to this Protocol to the extent
that they are relevant to and compatible with the provisions of this Frotocol. In case of
conflict between the provisions of the Safeguards Agreement and those of this Protocol, the

provisions of this Protocol shall apply.

PROVISION OF INFORMATION
Article 2
a Turkey shall provide the Agency with a declaration containing’

(i) A general description of and information specifying the location of nuclear fuel
cycle-related research and development activities not involving nuclear material
carried oul anywhere that are funded, specifically authorized or controlled by,
or carried out on behalf of, Turkey.

({T}] Information identified by the Agency on the basis of expected gains in
effectiveness or efficiency, and agreed to by Turkey, on operational activities
of safeguards relevance at facilities and at locations outside facilities where
nuclear material is customarily used.

(iii) A general description of each building on each site, including its use and, if
not apparent from that description, its contents, The description shall include

a map of the site,

(iv) A description of the scale of operations for each location engaged in the
activities specified in Annex I to this Protocol.

(v)  Information specifying the location, operational status and the estimated annual
production capacity of uranium mines and concentration plants and thorium
concentration plants, and the current annual production of such mines and
concentration plants for Turkey as a whole. Turkey shall provide, upon
request by the Agency, the current annual production of an individual mine or
concentration plant. The provision of this information does not require detailed
nuclear material accountancy.

(vi)  Information regarding source material which has not reached the composition
and purity suitable for fuel fabrication or for being isotopically enriched, as

follows:
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(a) The quantities, the chemical composition, the use or intended use of
such material, whether in nuclear or non-nuclear use, for each location
in Turkey at which the material is present in quantities exceeding len
metric tons of uranium and/or twenty metric tons of thorium, and for
other locations with quantities of more than one metric ton, the
aggregate for Turkey as a whole if the aggregate exceeds len metnc
tons of uranium or twenty metnic tons of thorium. The provision of
this information does not require detailed nuclear material accountancy;,

(b) The quantities, the chemical composition and the destination of each
export out of Turkey, of such material for specifically non-nuclear
purposes in quantities exceeding:

(1) Ten metric tons of uranium, or for successive exporis of
uranium from Turkey to the same State, each of less than ten
metric tons, but exceeding a total of ten metric tons for the

year;

(2} Twenly metric tons of thorium, or for successive exporis of
thorium from Turkey to the same State, each of less than twenty
metric tons, but exceeding a total of twenty metric tons for the

year,

(c) The quantities, chemical composition, current location and use or
intended use of each import into Turkey of such material for

specifically non-nuclear purposes in quantities exceeding:

(1 Ten metric tons of uranium, or for successive imports of
uranium into Turkey each of less than ten metric tons, but
exceeding a total of ten metric tons for the year,

(2) Twenly metric tons of thorium, or for successive imports of
thorium into Turkey each of less than twenty metric tons, but
exceeding a total of twenty metric tons for the year;

it being understood that there is no requirement to provide information on such
material intended for a non-nuclear use once it is in its non-nuclear end-use

form,

(vii) (a) Information regarding the quantities, uses and locations of nuclear
material exempted from safeguards pursuant to Article 37 of the

Safeguards Agreement,

(b) Information regarding the quantities (which may be in the form of
estimates) and uses at each location, of nuclear material exempted from
safeguards pursuant to Article 36(b) of the Safeguards Agreement but
not yet in a non-nuclear end-use form, in quantities exceeding those set
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out in Article 37 of the Safeguards Agreement The provision of this
information does not require detailed nuclear material accountancy

{viii) Information regarding the location or further processing of intermediate or
high-level wasle contaiming plutonium, high enriched uranium of uraniwm-233
on which safeguards have been terminated pursuant to Article 11 of the
Safeguards Agreement. For the purpose of this paragraph, "[urther processing”
does not include repackaging of the waste or its further conditioning nol
involving the separation of elements, for storage or disposal

=
{ix)  The following information regarding specified equipment and non-nuclear
material listed in Annex II:

(a) For each export out of Turkey of such equipment and matenial:  the
identity, quantity, location of intended use in the receiving State and

date or, as appropriate, expected date, of export,

(b) Upon specific request by the Agency, confirmation by Turkey, as
importing State, of information provided to the Agency by another
State concerning the export of such equipment and material to Turkey

(x) General plans for the succeeding ten-year period relevant to the development
of the nuclear fuel eycle {including planned nuclear fuel eycle-related research
and development activities) when approved by the appropnale authorities in

Turkey.

b. Turkey shall make every reasonable effort 1o provide the Agency with the following
information;

(i) A general description of and information specifying the location of nuclear fuel
cycle-related research and development activities not involving nuclear material
which are specifically related to enrichment, reprocessing of nuclear fuel or the
processing of intermediate or high-level waste containing plutonium, high
enriched uranium or uranium-233 that are carried out anywhere in Turkey but
which are not funded, specifically authorized or controlled by, or carried out
on behalf of, Turkey. For the purpose of this paragraph, "processing” of
intermediate or high-level waste does not include repackaging of the wasle or
its conditioning not involving the separation of elements, for slorage or

disposal,

(i) A general description of activities and the identity of the person or entity
carrying out such activities, at locations identified by the Agency outside a sile
which the Agency considers might be functionally related to the activities of
that site. The provision of this information is subject to a specific request by
the Agency. It shall be provided in consultation with the Agency and m a

timely fashion.

https://www.resmigazete.gov.tr/eskiler/2001/07/20010712.htm[13.08.2020 09:33:22]



c Upon request by the Agency, Turkey shall provide amplifications or clanfications of
any information it has provided under this Article, in so far as relevant for the purpose
of safeguards

Article 3

a Turkey shall provide to the Agency the information identified in Article 2.a (1), (1),
{iv), (v}, (vi)(a), (vii) and (x) and Article 2.b.(1) within 180 days of the eniry into force
of this Prolocol.

I Turkey shall prowvide to the Agency, by 15 May of each year, updates of the
information referred to in paragraph a. above for the period covering the previous
calendar year. If there has been no change to the information previously provided,
Turkey shall so indicate.

c Turkey shall provide to the Agency, by 15 May of each year, the information
identified in Article 2 a (vi)(b) and {c) for the period covenng the previous calendar
year.

d Turkey shall provide to the Agency on a quarterly basis the information identified in
Article 2.a.(ix)}{a). This information shall be provided within sixty days of the end of
each quarter,

[i]

Turkey shall provide to the Agency the information identified in Article 2.a {wviii) I_Eﬂ
days before further processing is carried out and, by 15 May of each year, information
on changes in location for the period covering the previous calendar year.

f Turkey and the Agency shall agree on the timing and frequency of the provision of
the information identified in Article 2.a (ii).

g Turkey shall provide to the Agency the information in Article 2.a (ix)(b) within sixty
days of the Agency's request
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COMPLEMENTARY ACCESS
Article 4

The following shall apply in connection with the implementation of complementary
access under Article 5 of this Protocol:

a The Agency shall not mechanistically or systematically seek to verify the information
referred to in Article 2; however, the Agency shall have access to:

(N Any location referred to in Article 5.a.(i) or (i) on a selective basis in order
to assure the absence of undeclared nuclear matenal and activities,

(1) Any location referred 10 in Article 5.b. or c. to resolve a question relating 1o
the correctness and completeness of the information provided pursuant fo
Article 2 or to resolve an inconsistency relating to that information;

(iii)  Any location referred to in Article 5.a.(iii) to the extent necessary for the
Agency to confirm, for safeguards purposes, Turkey's declaration of the
decommissioned status of a facility or of a location outside facilities where
nuclear material was customarily used.

b (1) Except as provided in paragraph (ii) below, the Agency shall give Turkey
advance notice of access of at least 24 hours;

(i)  For access to any place on a site that is sought in conjunction with design
information verification visits or ad hoc or routine inspections on that site, the
period of advance notice shall, if the Agency so requests, be at least two hours
but, in exceptional circumstances, it may be less than two hours.

Advance notice shall be in writing and shall specify the reasons for access and the
activities to be carried out during such access.

d In the case of a question or inconsistency, the Agency shall provide Turkey with an
opportunity to clarify and facilitate the resolution of the question or inconsistency.
Such an opportunity will be provided before a request for access, unless the Agency
considers that delay in access would prejudice the purpose for which the access is
sought. In any event, the Agency shall not draw any conclusions about the guestion
or inconsistency until Turkey has been provided with such an opportunity.

Unless otherwise agreed 1o by Turkey, access shall only take place during regular

working hours,

f Turkey shall have the right to have Agency inspectors accompanied durning their access
by representatives of Turkey, provided that the inspectors shall not thereby be delayed
or otherwise impeded in the exercise of their functions.

https://www.resmigazete.gov.tr/eskiler/2001/07/20010712.htm[13.08.2020 09:33:22]



Article 5
Turkey shall provide the Agency with access lo

a (1) Any place on a site;
(i) Any location identified by Turkey under Article 2.a.(v)-(vin),

(iti)  Any decommissioned facility or decommissioned location outside facilities
where nuclear material was customarily used.

b. Any location identified by Turkey under Article 2.a(), Article 2.a.(iv), Article
2.a(ix)(b) or Article 2.b, other than those referred to in paragraph a(i) above,
provided that if Turkey is unable to provide such access, Turkey shall make every
reasonable effort to satisfy Agency requirements, without delay, through other means

c, Any location specified by the Agency, other than locations referred to in paragraphs
a. and b. above, to carry out location-specific environmental sampling, provided that
if Turkey is unable to provide such access, Turkey shall make every reasonable effort
to satisfy Agency requirements, without delay, at adjacent locations or through other

means.

Article 6
When implementing Article 5, the Agency may carry out the following activilies:

a For access in accordance with Article 5.a (i) or (iii): visual observation; collection of
environmental samples; utilization of radiation detection and measurement devices;
application of seals and other identifying and tamper indicating devices specified in
Subsidiary Arrangements; and other objective measures which have been de monstrated
to be technically feasible and the use of which has been agreed by the Board of
Governors (hereinafler referred to as the "Board*)and following consultations between

the Agency and Turkcy.wj

b, For access in accordance with Article 5.a.(ii): visual observation; item counting of
nuclear material: non-destructive measurements and sampling; utilization of radiation
detection and measurement devices; examination of records relevant to the quantities,
origin and disposition of the material; collection of environmental samples; and other
objective measures which have been demonsirated to be technically feasible and the
use of which has been agreed by the Board and following consultations between the

Agency and Turkey.

For access in accordance with Article 5b.: visual observation, collection of
environmental samples; utilization of radiation detection and measurement devices,
examination of safeguards relevant production and shipping records; and other
objective measures which have been demonsirated to be technically feasible and the
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use of which has been agreed by the Board and following consultations between the
Agency and Turkey.

d For access in accordance with Article 5.c.. collection of environmental samples and,
in the event the results do not resolve the question or inconsistency at the location
specified by the Agency pursuant to Article 5.c., utilization at that location of visual
observation, radiation detection and measurement devices, and, as agreed by Turkey
and the Agency, other objective measures

Article 7
a Upon request by Turkey, the Agency and Turkey shall make arrangements for
managed access under this Protocol in order to prevent the dissemination of

proliferation sensitive information, to meel safety or physical protection requirements,
or to protect proprietary or commercially sensitive information. Such arrangements
shall not preclude the Agency from conducting activities necessary to provide credible
assurance of the absence of undeclared nuclear material and activities at the localion
in question, including the resolution of a question relating to the correctness and
completeness of the information referred to in Article 2 or of an inconsistency relating

to that information.

by Turkey may, when providing the information referred to in Article 2, inform the
Agency of the places at a site or location at which managed access may be applicable

e Pending the entry into force of any necessary Subsidiary Arrangements, Turkey may
have recourse to managed access consistent with the provisions of paragraph a. above

Article B

Nothing in this Protocol shall preclude Turkey from offering the Agency access lo
locations in addition to those referred to in Articles 5 and 9 or from requesting the Agency
to conduct verification activities at a particular location. The Agency shall, without delay,

make every reasonable effort to act upon such a request.

Article 9

Turkey shall provide the Agency with access to locations specified by the Agency to
carry out wide-area environmental sampling, provided that if Turkey 1s unable to provide such
access it shall make every reasonable effort to satisfy Agency requirements at alternative
locations. The Agency shall not seek such access until the use of wide-area environmental
sampling and the procedural arrangements therefor have been approved by the Board and
following consultations between the Agency and Turkey.
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Article 10
The Agency shall inform Turkey of;

The activities carried out under this Protocol, including those in respect of any
questions or inconsistencies the Agency had brought to the attention of Turkey, within
sixty days of the activities being carried out by the Apency,

b The results of activities in respect of any queslions or inconsistencies the Agency had
brought to the attention of Turkey, as soon as possible but in any case within thirty
days of the results being established by the Agency.

c. The conclusions it has drawn from its activities under this Prolocol. The conclusions
shall be provided annually.

DESIGNATION OF AGENCY INSPECTONIS
Article 11

a (i) The Director General shall notify Turkey of the Board's approval of any
Agency official as a safeguards inspector. Unless Turkey adwvises the Director
General of its rejection of such an official as an inspector for Turkey within
three months of receipt of notification of the Board's approval, the inspector
so nolified to Turkey shall be considered designated to Turkey.

{ify  The Director General, acting in response 1o a request by Turkey or on his own
initiative, shall immediately inform Turkey of the withdrawal of the
designation of any official as an inspector for Turkey.

b. A notification referred to in paragraph a. above shall be deemed lo be received by
Turkey seven days after the date of the transmission by registered mail of the
notification by the Apency to Turkey.

VISAS
Article 12

Turkey shall, within one month of the receipt of a request therefor, provide the
designated inspector specified in the request with appropriate multiple entry/exit andfor transit
visas, where required, to enable the inspector to enter and remain on the territory of Turkey
for the purpose of carrying out histher functions, Any visas required shall be valid for at least
one year and shall be renewed, as required, to cover the duration of the inspector’s designation

to Turkey,
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SUBSIDIARY ARRANGEMENTS
Article 13

a Where Turkey or the Agency indicates that it is necessary to specify in Subsidiary
Arrangements how measures laid down in this Protocol are to be applied, Turkey and
the Agency shall agree on such Subsidiary Arrangements within ninety days of the
entry into force of thiz Protocol or, where the indication of the need for such
Subsidiary Arrangements is made after the entry inlo force of this Protocol, within
ninety days of the date of such indication.

b Pending the entry into force of any necessary Subsidiary Arrangements, the Agency
shall be entitled to apply the measures laid down in this Protocol.

COMMUNICATIONS SYSTEMS
Article 14

a, Turkey shall permit and protect free communications by the Agency for official
purposes between Agency inspeciors in Turkey and Agency Headquarters and/or
Regional Offices, including attended and unattended transmission of information
generated by Agency containment and/or surveillance or measurement devices. The
Agency shall have, in consultation with Turkey, the right to make use of
internationally established systems of direct communications, including satellite
systems and other forms of telecommunication, not in use in Turkey, At the requesi
of Turkey or the Agency, details of the implementation of this paragraph with respect
to the attended or unattended transmission of information generated by Agency
containment and/or surveillance or measurement devices shall be specified in the

Subsidiary Arrangements.

b. Communication and transmission of information as provided for in paragraph a. above
shall take due account of the need to protect proprietary or commercially sensitive
information or design information which Turkey regards as being of particular

sensitivity.
PROTECTION OF CONFIDENTIAL INFORMATION
Article 15
] The Agency shall maintain a stringent regime to ensure effective protection against
disclosure of commercial, technological and industrial secrets and other confidential
information coming to its knowledge, including such information coming to the

Agency's knowledge in the implementation of this Protocol.

b The regime referred to in paragraph a. above shall include, among others, provisions
relating to:
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(1) General principles and associated measures for the handling of confidential
information,

(11)  Conditions of stalf employment relating to the protection of confidential
information;

(i)  Procedures in cases of breaches or alleged breaches of confidentiality

c The regime referred to in paragraph a. above shall be approved and penodically
reviewed by the Board

ANNEXES
Article 16

The Annexes to this Protocol shall be an integral part thereof. Except for the purposes
of amendment of the Annexes, the term "Protocol” as used in this inslrument means
the Protocol and the Annexes together

b. The list of activities specified in Annex 1, and the list of equipment and matenal
specified in Annex II, may be amended by the Board upon the advice of an open-
ended working group of experts established by the Board. Any such amendment shall
1ake effect four months after its adoption by the Board.

ENTRY INTO FORCE
Article 17

This Protocol shall enter into force on the date on which the Agency receives from
Turkey written notification that Turkey's statutory and/or constitutional requirements
for entry into force have been mel

b Turkey may, at any date before this Protocol enters into force, declare that it will
apply this Protocel provisionally.

The Director General shall promptly inform all Member States of the Agency of any
declaration of provisional application of, and of the entry into force of, this Pratocol.
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DEFINITIONS
Article 18
For the purpose of this Protocol:

a Nuglear fuel cycle-related research and development aclivities means those activities
which are specifically related to any process or system development aspect of any of

the following:

- conversion of nuclear material,
- enrichment of nuclear matenal,
- nuclear fuel fabrication,

- reactors,

- critical facilities,

- reprocessing of nuclear fuel,

- processing (not including repackaging or conditioning not involving the
separation of elements, for storage or disposal) of intermediate or high-
level waste containing plutonium, high enriched uranivm or uranium-233,

but do not include activities related to theoretical or basic scientific research or o
research and development on industrial radioisotope applications, medical, hydrological
and agricultural applications, health and environmental effects and improved

mainlenance.

b Site means that area delimited by Turkey in the relevant design information for a
facility, including a closed-down facility, and in the relevant information on a location
outside facilities where nuclear material is customarily used, including a closed-down
location outside facilities where nuclear material was customarily used (this is limited
to locations with hot cells or where activilies related to conversion, enrichment, fuel
fabrication or reprocessing were carried out). It shall also include all installations, co-
located with the facility or location, for the provision or use of essential services,
including: hot cells for processing irradiated materials not containing nuclear material,
installations for the treatment, storage and disposal of waste; and buildings associated
with specified activities identified by Turkey under Article 2.a.(iv) above.

C Decommissioned_facility or decommissioned location oulside facililes means an
installation or location at which residual structures and equipment essential for its use
have been removed or rendered inoperable so that it is not used to store and can no
longer be used to handle, process or utilize nuclear material.
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d Closed-down facility or closed-down localion outside facililies means an installation

or location where operations have been stopped and the nuclear material removed but
which has not been decommissioned.

e High enriched uranium means uranium containing 20 percent or more of the isotope
uranium-235.

f. Location-specific environmental sampling means the collection of environmental
samples (e.g.. air, water, vegelation, soil, smears) at, and in the immediate vicinity of,
a location specified by the Agency for the purpose of assisting the Agency lo draw
conclusions about the absence of undeclared nuclear material or nuclear activities at
the specified location.

E ide- ing means the collection of environmental samples
(e.g., air, water, vegetation, soil, smears) at & set of locations specified by the Agency
for the purpose of assisting the Agency to draw conclusions about the absence of
undeclared nuclear material or nuclear activities over a wide area.

h. Nuglear material means any source or any special fissionable material as defined in
Article XX of the Statute. The term source material shall not be interpreted as
applying to ore or ore residue. Any determination by the Board under Article XX of
the Statute of the Agency after the eniry into force of this Protocol which adds to the
materials considered to be source material or special fissionable material shall have

effect under this Protocol only upon acceptance by Turkey.

i Facility means:
(i) A reactor, a critical facility, a conversion plant, a fabrication plant, a

reprocessing plant, en isotope separation plant or a separate storage installation;
or

(ii)  Any location where nuclear material in amounts greater than one effective
kilogram is customarily used.

I Location oulside facililies means any installation or location, which is not a facility,

where nuclear material is customarily used in amounts of one effective kilogram or
less.

N L
DONE in Vienna on the - day of ;3 w! 42000 in duplicate in the English

language.
For the GOVERNMENT OF For the INTERNATIONAL ATOMIC
THE REPUBLIC OF TURKEY: ENERGY AGENCY:
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ANNEX |

LIST OF ACTIVITIES REFERRED TO IN ARTICLE 2.a(iv) OF THE PROTOCOL

(1)

(i)

(i1}

(1v)

W)

(vi)

(wii)

(viii)

The manufacture of centrifuge rotor tubes or the assembly of gas centrifuges.

Centrifuge rotor tubes means thin-walled cylinders as described in entry 5.1.1(b} of
Annex [1,

Gas centrifuges means centrifuges as described in the Introductory Note to entry 5.1
of Annex [1.

The manufacture of diffusion barriers.

Diffusion barriers means thin, porous filters as described in entry 5.3.1(a} of Annex
i1.

The manufacture or assembly of laser-based systems.

Laser-based systems means systems incorporating those items as described in entry 5.7
of Annex [1

The manufacture or assembly of electromagnetic isotope separators.

Electromagnelic isotope separators means those items referred to in entry 3.9.1 of
Annex 11 containing ion sources as described in 5.9.1(a) of Annex IL.

The manufacture or assembly of columns or extraction equipment.

Columns or extraclion_equipment means those items as described in éntries 5.6.1,
5.6.2, 563, 565, 56.6, 567 and 5.6.8 of Annex IL.

The manufacture of aerodynamic separation nozzles or vortex tubes.

Aergdynamic separation n or vortex tubes means separation nozzles and vortex
tubes as described respectively in entries 5.5.1 and 5.5.2 of Annex 1L

The manufaciure or assembly of uranium plasma generation systems

Uranium_plasma generation systems means sysiems for the generation of uranium

plasma as described in entry 5.8.3 of Annex 11.
The manufacture of zirconium tubes.

Zirconium tubes means tubes as described in entry 1.6 of Annex II.
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(ix)  The manufacture or upgradmg of heavy water or deutenum

Heavy water or deuterium means deutenum, heavy water (deuterium oxide) and any
other deuterium compound in which the ratio of deuterium to hydrogen atoms exceeds

1:5000.
(x) The manufacture of nuclear prade praphite.

Muclear prade praphite means graphite having a purity level better than 5 parls per
million boron equivalent and with a density greater than 1.50 glem'

(xi)  The manufacture of flasks for irradiated fuel.
A flask for irradiated fugl means a vessel for the transportation and/or storage of

irradiated fuel which provides chemical, thermal and radiological protection, and
dissipates decay heat during handling, transportation and storage

(xii) The manufacture of reactor control rods.
Reacior control rods means rods as described in entry 1.4 of Annex 1.

(xiii) The manufacture of criticality safe tanks and vessels.

Criticality safe {anks and vessels means those items as described in entries 3.2 and 3.4

of Annex [I

(xiv) The manufacture of irradiated fuel element chopping machines.

Irradiated fuel element chopping machines means equipment as described in entry 3.1
of Annex IL

(xv) The construction of hot cells.
Hol cells means a cell or interconnected cells totalling at least 6 m’ in volume with

shielding equal to or greater than the equivalent of 0.5 m of concrele, with a density
of 3.2 g/lem’ or greater, outfitted with equipment for remote operations
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ANMNEX I

LIST OF SPECIFIED EQUIPMENT AND NON-NUCLEAR MATERIAL FOR THE
REPORTING OF EXPORTS AND IMPORTS ACCORDING TO ARTICLE 2.a.(ix)

1. Reactors and equipment therelor

L.1. Complete nuclear reactors

Nuclear reactors capable of operation so as 10 maintain a controlled self-sustaining
fission chain reaction, excluding zero energy reactors, the latter being defined as
reactors with a designed maximum rate of production of plutonium not exceeding

100 grams per year.
EXPLANATORY NOTE

A “nuclear reactor” basically includes the items within or attached directly to the
reactor vessel, the equipment which controls the level of power in the core, and the
componenis which normally contain or come in direct contact with or control the
primary coolant of the reaclor core.

It is not intended to exclude reactors which could reasonably be capable of
medification to proeduce significantly more than 100 grams of plutonium per year.
Reactors designed for sustained operation at significant power levels, regardless of
their capacity for plutonium production, are not considered as "zero energy reactors™.

1.2 Reactor pressure vessels

Metal vessels, as complete units or as major shop-fabricated paris therefor, which are
especially designed or prepared to conlain the core of a nuclear reactor as defined
in paragraph 1.1, above and are capable of withstanding the operating pressure of the

primary coolant,
EXPLANATORY NOTE

A top plate for a reactor pressure vessel is covered by item 1.2. as a major shop-
fabricated part of a pressure vessel.

Reactor internals (e.g. support columns and plates for the core and other vessel
internals, control rod guide tubes, thermal shields, baffles, core grid plates, diffuser
plates, etc.) are normally supplied by the reactor supplier. In some cases, certain
intemal support components are included in the fabrication of the pressure vessel.
These items are sufficiently critical to the safety and reliability of the operation of
the reactor (and, therefore, to the guarantees and liability of the reactor supplier), so
that their supply, outside the basic supply arrangement for the reactor itself, would
not be common praclice. Therefore, although the separate supply of these unique,
especially designed and prepared, critical, large and expensive items would not
necessarily be considered as falling outside the area of concern, such a mode of
supply is considered unlikely.
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1.3 Reactor fuel chaging and discharging machines

Manipulative equipment especially designed or prepared for inserting or removing
fuel in a nuclear reactor as defined in paragraph 1.1. above capable of on-load
operation or employing technically sophisticated positioning or alignment features
to allow complex off-load fuelling operations such as those in which direct viewing
of or access to the fuel is not normally available.

1.4. Reactor control rods

Rods especially designed or prepared for the control of the reaction rate in a nuclear
reactor as defined in paragraph 1.1. above.

EXPLANATORY NOTE

This item includes, in addition to the neutron absorbing part, the support or
suspension structures therefor if supplied separately.

1.5. Reactor pressure fubes

Tubes which are especially designed or prepared to contain fuel elements and the
primary coolant in a reactor as defined in paragraph 1.1. above at an operaling
pressure in excess of 5.1 MPa (740 psi).

1.6. Zirconium tubes

Zirconium metal and alloys in the form of tubes or assemblies of tubes, and in
quantities exceeding 500 kg in any period of 12 months, especially designed or
prepared for use in a reacior as defined in paragraph 1.1. above, and in which the
relation of hafnium 1o zirconium is less than 1:500 parts by weight.

1.7. Primary coolant pumps

Pumps especially designed or prepared for circulating the primary coolant for nuclear
reactors as defined in paragraph 1.1. above.

EXPLAMNATORY NOTE

Especially designed or prepared pumps may include elaborate sealed or multi-sealed
systems to prevent leakage of primary coolant, canned-driven pumps, and pumps
with inertial mass systems. This definilion encompasses pumps certified 10 NC-1 or
equivalent standards.
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2. MNon-nuclear materials Tor reactors
1.1. Deuterium and heavy waler

Deuterium, heavy water (deuterium oxide) and any other deuterium compound in
which the ratio of deuterium to hydrogen atoms exceeds 1:5000 for use in a nuclear
reactor as defined in paragraph 1.1, above in quantities exceeding 200 kp of
deuterium atoms for any one recipient country in any period of 12 months.

2.1, Nuclear grade graphite

Graphite having a punity level better than 5 parts per million boron equivalent and
with a density greater than 1.50 g/em’ for use in a nuclear reaclor as defined in
paragraph 1.1, above in quantities exceeding 3 x 10° kg (30 metric tons) for any one
recipient country in any period of 12 months

NOTE

For the purpose of reporting, the Government will determine whether or not the
exports of graphite meeting the above specifications are for nuclear reaclor use,

3. Plants for the weprocessing of inadiated fuel elements, and equipment especially
designed or prepared thereflor

INTRODUCTORY NOTE

Reprocessing irradiated nuclear fuel separates plutonium and uranium from intensely
radioactive fission products and other transuranic elements. Different technical
processes can accomplish this separation. However, over the years Purex has become
the most commonly used and accepted process. Purex involves the dissolution of
irradiated nuclear fuel in nitric acid, followed by separation of the uranium,
plutonium, and fission products by solvent extraction using a mixture of tributyl

phosphate in an organic diluent.

Purex facilities have process functions similar to each other, including: irradiated fuel
element chopping, fuel dissolution, solvent extraction, and process hiquor storapge.
There may also be equipment for thermal denitration of uranium nitrate, conversion
of plutonium nitrate fo oxide or metal, and treatment of fission product waste liquor
to a form suitable for long term storage or disposal. However, the specific type and
configuration of the equipment performing these functions may differ between Purex
facilities for several reasons, including the type and quaniity of irradiated nuclear
fuel to be reprocessed and the intended disposition of the recovered matenials, and
the safely and maintenance philosophy incorporated into the design of the facility.

A "plant for the reprocessing of irradiated fuel elements" includes the equipment and

components which normally come in direct contact with and directly control the
irradiated fuel and the major nuclear material and fission product processing streams
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These processes, including the complete systems for plutonium conversion and
plutonium metal production, may be identified by the measures taken to avoid
criticality (e.g. by geomelry), radiation exposure (e.g. by shielding), and toxicily
hazards {e.g. by containment).

Items of equipment that are considered to fall within the meaning of the phrase "and
equipment especially designed or prepared” for the reprocessing of irradiated fuel

elements include:
Al Inmdiated fuel element chopping machines
INTRODUCTORY MOTE

This equipment breaches the cladding of the fuel to expose the irradiated nuclear
material to dissolution. Especially designed metal cutting shears are the most
commonly employed, although advanced equipment, such as lasers, may be used

Remotely operated equipment especially designed or prepared for use in a
reprocessing plant as identified above and intended to cut, chop or shear irradiated
nuclear fuel assemblies, bundles or rods.

3.2, Dissolvers
INTRODUCTORY NOTE

Dissolvers normally receive the chopped-up spent fuel. In these critically safe
vessels, the irradiated nuclear material is dissolved in nitric acid and the remaining

hulls removed from the process stream.

Critically safe tanks (e.g. small diameter, annular or slab tanks) especially designed
or prepared for use in a reprocessing plant as identified above, intended for
dissolution of irradiated nuclear fuel and which are capable of withstanding hot,
highly corrosive liquid, and which can be remotely loaded and maintained.

33 Selvent extractors and solvent extraction equipment

INTRODUCTORY NOTE

Solvent extractors both receive the solution of irradiated fuel from the dissolvers and
the organic solution which separates the uranium, plutonium, and fission products.
Solvent extraction equipment is normally designed to meet strict operating
parameters, such as long operating lifetimes with no maintenance requirements or
adaptability to easy replacement, simplicity of operation and control, and flexibility
for variations in process conditions.

Especially designed or prepared solvent extractors such as packed or pulse columns,
mixer setilers or centrifugal contactors for use in a plant for the reprocessing of
irradiated fuel. Solvent extractors must be resistant to the corrosive effect of nitric
acid. Solvent extractors are normally fabricated 1o extremely high standards
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{(including special welding and inspection and quality assurance and quality control
techniques) out of low carbon stainless steels, titanium, zirconium, of ather high

quality materials
34, Chemical holding or storage vessels
INTRODUCTORY NOTE

Three main process liquor streams resull from the solvent extraction step. Holding
or storage vessels are used in the further processing of all three streams, as follows:

(a) The pure uranium nitrate solution is concentrated by evaporation and passed
1o a denitration process where it is converted to uranium oxide. This oxide is
re-used in the nuclear fuel cycle.

(b) The intensely radioactive fission products solution is normally concenirated by
evaporation and stored as a liquor concentrate. This concentrate may be
subsequently evaporated and converted to a form suitable for storage or

disposal.

() The pure plutonium nitrate solution is concenirated and stored pending ils
transfer 1o further process steps. In particular, holding or storage vessels for
plutonium solutions are designed to avoid criticality problems resulting from
changes in concentration and form of this stream.

Especially designed or prepared holding or storage vessels for use in a plant for the
reprocessing of irradiated fuel. The holding or storage vessels must be resistant lo
the corrosive effect of nitric acid. The holding or storage vessels are normally
fabricated of materials such as low carbon stainless steels, titanium or zirconium, or
other high quality materials. Holding or storage vessels may be designed for remote
operation and maintenance and may have the following features for control of

nuclear criticality:
(1) walls or internal structures with a boron equivalent of at least two per cent, or
(2) a maximum diameter of 175 mm (7 in) for cylindrical vessels, or

{3) a maximum width of 75 mm (3 in) for either a slab or annular vessel.

3.5, Plutoniun nitrate to oxide conversion system

INTRODUCTORY NOTE

In most reprocessing facilities, this final process involves the conversion of the
plutonium nitrate solution to plutonium dioxide. The main functions involved in this
process are: process feed storage and adjustment, precipitation and solidAiquor
separation, calcination, product handling, ventilation, waste management, and process

control.
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Complete systems especially designed or prepared for the conversion of plutonium
nitrate to plutonium oxide, in particular adapted so as 1o avoid criticality and

radiation effects and to minimize toxicity hazards.
3.6, Plutonium oxide to metal production sysiem
INTRODUCTORY NOTE

This process, which could be related to a reprocessing facility, involves the
fluorination of plutonium dioxide, normally with highly corrosive hydrogen fluoride,
to produce plutonium fluoride which is subsequently reduced using high purily
calcium metal to produce metallic plutonium and a calcium fluoride slag. The main
functions involved in this process are: fluorination (e.g. involving equipment
fabricated or lined with a precious metal), metal reduction (e.g. employing ceramic
crucibles), slag recovery, product handling, ventulation, waste managemenl and

process control.
Complete systems especially designed or prepared for the production of plutonium

metal, in particular adapted so as to avoid criticality and radiation effects and 10
minimize toxicity hazards.

4. Plants for the fabrication of fuel elements

A "plant for the fabrication of fuel elements” includes the equipment:

(a) Which normally comes in direct contact with, or directly processes, or controls,
the production flow of nuclear material, or

(b) Which seals the nuclear material within the cladding.
5. Plants for the separation of isotopes of uranium and equipment, other than analytical
instruments, especially designed or prepared therefor

Items of equipment that are considered to fall within the meaning of the phrase
"equipment, other than analytical instruments, especially designed or prepared” for

the separation of isotopes of uranium include:
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5.1. Gas centrifuges and assemblies and components especially designed or prepaed for
use in gas cenbifuges

INTRODUCTORY NOTE

The gas centrifuge normally consists of a thin-walled cylinder(s) of between 75 mm
(3 in) and 400 mm (16 in) diameter contained in a vacuum environment and spun
at high peripheral speed of the order of 300 m/s or more with its central axis
vertical. In order to achieve high speed the materials of construction for the rotating
components have to be of a high strength to density ratio and the rotor assembly,
and hence its individual components, have 1o be manufactured 1o very close
tolerances in order to minimize the unbalance. In conirast to other centrifuges, the
gas centrifuge for uranium enrichment is characterized by having within the rotor
chamber a rotating disc-shaped baffle(s) and a stationary tube arrangement for
feeding and extracting the UF, pas and featuring at least 3 separate channels, of
which 2 are connected to scoops extending from the rotor axis towards the periphery
of the rotor chamber. Also contained within the vacuum environment are a number
of critical items which do not rotate and which although they are especially designed
are not difficult to fabricate nor are they fabricated out of unique materials. A
centrifuge facility however requires a large number of these components, so that
quantities can provide an imporitant indication of end use.

5.1.1. Retating components

(a) Complete rolor assemblies

Thin-walled cylinders, or a number of interconnected thin-walled cylinders,
manufactured from one or more of the high strength to density ratioc materials
described in the EXPLANATORY MNOTE to this Section. I interconnected, the
cylinders are joined together by flexible bellows or rings as described in section
5.1.1.(c) following The rotor is fitted with an internal baffle(s) and end caps, as
described in section 5.1.1.(d) and (e) following, if in final form. However the
complete assembly may be delivered only parlly assembled.

(b) Rotor tubes:

Especially designed or prepared thin-walled cylinders wath thickness of 12 mm (0.5
in) or less, a diameter of between 75 mm (3 in) and 400 mm (16 n), and
manufactured from one or more of the high strength to density ratio materials
described in the EXPLANATORY NOTE to this Section.

{c) Rings or Bellows:

Components especially designed or prepared to give localized support to the rotor
tube or to join together a number of rotor tubes. The bellows is a short cylinder of
wall thickness 3 mm (0.12 in) or less, a diameter of between 75 mm (3 in) and 400
mm (16 in), having a convolute, and manufactured from one of the high strength 1o
density ratio materials described in the EXPLANATORY NOTE to this Section
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(d) Baflles:

Disc-shaped components of between 75 mm (3 in) and 400 mm (16 n) diameter
especially designed or prepared to be mounted inside the centrifuge rotor tube, in
order to isolate the take-off chamber from the main separation chamber and, in some
cases, to assist the UF, gas circulation within the main separation chamber of the
rotor tube, and manufactured from one of the high strength to density ratio materials
described in the EXPLANATORY MNOTE to this Section.

(¢} Top caps/Bottom caps:

Disc-shaped components of between 75 mm (3 in) and 400 mm (16 in) diameter
especially designed or prepared to fit to the ends of the rotor tube, and so contan
the UF, within the rotor tube, and in some cases to suppori, relain or contain as an
integrated part an element of the upper bearing (top cap) or to carry the rotating
elements of the motor and lower bearing (bottom cap), and manufactured from one
of the high strength to density ratio materials described in the EXPLANATORY

NOTE 1o this Section,
EXPLANATORY NOTE
The materials used for centrifuge rotating componenis are:

(a) Maraging steel capable of an ultimate tensile strength of 2.05 x 10° N/m’
(300,000 psi) or more,

(b) Aluminium alloys capable of an ultimate tensile strength of 0.46 x 10° N/m?
{67,000 psi) or more,

(c) Filamentary malerials suitable for use in composite structures and having a
specific modulus of 12.3 x 10° m or greater and a specific ultimate tensile
strength of 0.3 x 10° m or greater ('Specific Modulus’ is the Young's Modulus
in N/m? divided by the specific weight in N/m’; 'Specific Ultimate Tensile
Strength' is the ultimate tensile strength in N/m? divided by the specific weight

in N/m’").
5.1.2. Siatic components
(a) Magnelic suspension beanngs:

Especially designed or prepared bearing assemblies consisting of an annular magnet
suspended within a housing containing a damping medium. The housing will be
manufactured from a UF -resistant material (see EXPLANATORY NOTE to Section
5.2.). The magnet couples with a pole piece or a second magnet fitted to the top cap
described in Section 5.1.1.(¢). The magnet may be ring-shaped with a relation
between outer and inner diameter smaller or equal to 1.6:1. The magnet may be in
a form having an initial permeability of 0.15 H/m (120,000 in CGS units) or more,
o a remanence of 98.5% or more, or an energy product of greater than 80 k)/m’
(10 gauss-oersteds). In addition to the usual material properties, it is a prerequisie
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that the deviation of the magnetic axes from the geometrical axes is limited to very
small tolerances (lower than 0.1 mm or 0.004 in) or that homogeneity of the matenal

of the magnet is specially called for.
{b) Beanngs/Dampers:

Especially designed or prepared bearings comprising a pivot/cup assembly mounted
on a damper. The pivot is normally a hardened steel shaft with a hemisphere at one
end with a means of attachment to the bottom cap described in section 5.1.1.(e) at
the other. The shaft may however have a hydrodynamic bearing attached. The cup
is pellet-shaped with a hemispherical indentation in one surface. These components

are often supplied separately to the damper.

(¢) Molecular pumps:

Especially designed or prepared cylinders having internally machined or extruded
helical grooves and internally machined bores. Typical dimensions are as follows:
75 mm (3 in) to 400 mm (16 in) internal diameter, 10 mm (0.4 in) or more wall
thickness, with the length equal to or greater than the diameter. The grooves are
typically rectangular in cross-section and 2 mm (0.08 in) or more in depth,

(d) Motor stators:

Especially designed or prepared ring-shaped stators for high speed multiphase AC
hysteresis (or reluctance) motors for synchronous operation within a vacuum in the
frequency range of 600 - 2000 Hz and a power range of 50 - 1000 VA. The stators
consist of multi-phase windings on a laminated low loss iron core comprised of thin
layers typically 2.0 mm (0.08 in) thick or less.

(e) Centrifuge housing/recipients:

Components especially designed or prepared to contain the rotor tube assembly of
a gas centrifuge. The housing consists of a rigid cylinder of wall thickness up to 30
mm (1.2 in) with precision machined ends to locate the bearings and with one or
more flanges for mounting. The machined ends are parallel to each other and
perpendicular to the cylinder’s longitudinal axis to within 0.05 degrees or less. The
housing may also be a honeycomb type structure to accommodate several rotor
tubes. The housings are made of or protected by materials resistant to corrosion by

UF,.
() Scoops:

Especially designed or prepared tubes of up to 12 mm (0.5 in) internal diameter for
the extraction of UF, gas from within the rotor tube by a Pitot tube action (that is,
with an aperture facing into the circumferential gas flow within the rotor tube, for
example by bending the end of a radially disposed tube) and capable of being fixed
to the central gas extraction system. The tubes are made of or protected by materials

resistant to corrosion by UF,
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5.1 Especially designed or prepared auxiliary systems, equipment and components for
gns centrifuge enrichment plants

INTRODUCTORY NOTE

The auxiliary systems, equipment and components for a gas centrifuge earichment
plant are the systems of plant needed to feed UF, to the centrifuges, to link the
individual centrifuges to each other to form cascades (or stages) to allow for
progressively higher enrichments and to extract the ‘product’ and 'tails’ UF, from the
centrifuges, together with the equipment required to drive the centrifuges or to

control the plant.

MNormally UF, is evaporated from the solid using heated autoclaves and is distnbuted
in gaseous form to the centrifuges by way of cascade header pipework. The ‘product’
and 'tails' UF, gaseous streams flowing from the centrifuges are also passed by way
of cascade header pipework to cold traps (operating at about 203 K (-70°C)) where
they are condensed prior to onward transfer into suitable containers for transportation
or storage. Because an enrichment plant consists of many thousands of centrifuges
arranged in cascades there are many kilometers of cascade header pipework,
incorporating thousands of welds with a substantial amount of repetition of layout.
The equipment, components and piping systems are fabricated to very high vacuum
and cleanliness standards,

5.2.1. Feed systems/product and tails withdrawal systems
Especially designed or prepared process systems including:

F'eed autoclaves (or stations), used for passing UF, to the centrifuge cascades
at up to 100 kPa (15 psi) and at a rate of 1 kg/h or more;

Desublimers (or cold traps) used to remove UF,; from the cascades at up to 3
kPa (0.5 psi) pressure. The desublimers are capable of being chilled 1o 203 K
(-70 °C) and heated to 343 K (70 °C),

'‘Product’ and "Tails' stations used for trapping UF, into containers.

This plant, equipment and pipework is wholly made of or lined with UF-resistant
materials (see EXPLANATORY NOTE to this section) and is fabricated to very high
vacuum and cleanliness standards.

5.1.2. Machine header piping systems

Especially designed or prepared piping systems and header systems for handling UF,
within the centrifuge cascades. The piping network is normally of the ‘triple’ header
system with each centrifuge connected to each of the headers. There is thus a
substantial amount of repetition in its form. It is wholly made of UF-resistant
materials (see EXPLANATORY NOTE to this section) and is fabricated to very high
vacuum and cleanliness standards.
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5.14.

5.

UF, mass spectromeiersfion sources

Especially designed or prepared magnetic or quadrupole mass speciromelers capable
of taking "on-line' samples of feed, product or tails, from UF, gas streams and having
all of the Following characteristics:

. Unit resolution for atomic mass unit greater than 320;

2. lon sources consiructed of or lined with nichrome or monel or nickel plated,;
3. Eleciron bombardment ionization sources;

4. Having a collector system suitable for isotopic analysis.

Frequency changers

Frequency changers (also known as converters or invertors) especially designed or
prepared to supply motor stators as defined under 5.1.2.(d), or parts, componenis and
sub-assemblies of such frequency changers having gll of the following

characteristics:

1. A multiphase output of 600 to 2000 Hz;

2. High stability (with frequency control better than 0.1%),
3. Low harmonic distortion (less than 2%); and

4.  An efficiency of greater than 80%.

EXPLANATORY NOTE

The items listed above either come into direct contact with the UF, process gas or
directly control the centrifuges and the passage of the gas from centrifuge to
centrifuge and cascade lo cascade.

Materials resistant to corrosion by UF, include siainless steel, aluminium, aluminium
alloys, nickel or alloys containing 60% or more nickel.

Especially designed or prepared assemblies and components for use in gaseous
diffusion enrichment

INTRODUCTORY NOTE

In the gaseous diffusion method of uranium isotope separation, the main
technological assembly is a special porous gaseous diffusion barrier, heat exchanger
for cooling the gas (which is heated by the process of compression), seal valves and
control valves, and pipelines. Inasmuch as gaseous diffusion technology uses
uranium hexafluoride (UF,), all equipment, pipeline and instrumentation surfaces
(that come in contact with the gas) must be made of materials that remain stable in
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53.1.

5.3.2.

5.3.3.

5.3.4.

contact with UF, A gaseous diffusion facility requires a number of these
assemblies, so that quantities can provide an important indication of end use.

Gaseous diffusion bamiers

{(a) Especially designed or prepared thin, porous filters, with a pore size of 100 -
1,000 A (angstroms), a thickness of 5 mm (0.2 in) or less, and for whular forms, a
diameter of 25 mm (1 in) or less, made of metallic, polymer or ceramic materials

resistant o corrosion by UF,, and

{b) especially prepared compounds or powders for the manufacture of such filters
Such compounds and powders include nickel or alloys containing 60 per cent or
more nickel, aluminium oxide, or UF,-resistant fully fluorinated hydrocarbon
polymers having a purity of 99.9 per cent or more, a particle size less than 10
microns, and a high degree of particle size uniformity, which are especially prepared
for the manufacture of gaseous diffusion barriers.

Diffuser housings

Especially designed or prepared hermetically sealed cylindncal vessels greater than
300 mm (12 in) in diameter and greater than 900 mm (35 in) in length, or
rectangular vessels of comparable dimensions, which have an inlet connection and
two outlet connections all of which are greater than 50 mm (2 in) in diameter, for
containing the gaseous diffusion barrier, made of or lined with UF-resistant
materials and designed for horizontal or vertical installation.

Compressors and gas blowers

Especially designed or prepared axial, centrifugal, or positive displacement
compressors, or gas blowers with a suction volume capacity of 1 m*/min or more of
UF,, and with a discharge pressure of up to several hundred kPa (100 psi), designed
for long-term operation in the UF, environment with or without an electrical motor
of appropriate power, as well as separate assemblies of such compressors and pas
blowers, These compressors and gas blowers have a pressure ratio between 2:1 and
6:1 and are made of, or lined with, materials resistant to UF,.

Rotary shaft seals

Especially designed or prepared vacuum seals, with seal feed and seal exhaust
connections, for sealing the shaft connecting the compressor or the gas blower rotor
with the driver motor so as (o ensure a reliable seal against in-leaking of air into the
inner chamber of the compressor or gas blower which is filled with UF,. Such seals
are normally designed for a buffer gas in-leakage rate of less than 1000 cm*/min (60

in*/min).
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54.

5.4.1.

Heat exchangers for cooling UF,

Especially designed or prepared heat exchangers made of or lined with UF -resistant
materials (except stainless steel) or with copper or any combination of those metals,
and intended for a leakage pressure change rate of less than 10 Pa (0.0015 psi) per

hour under a pressure difference of 100 kPa (13 psi).

Especially designed or prepared auxiliary systems, equipment and components for
use in gaseous diffusion enrichment

INTRODUCTORY NOTE

The auxiliary systems, equipment and components for gaseous diffusion enrichment
plants are the systems of plant needed to feed UF, to the gaseous diffusion assembly,
to link the individual assemblies to each other to form cascades (or stages) to allow
for progressively higher enrichments and to extracl the ‘product’ and 'tails' UF, from
the diffusion cascades. Because of the high inertial properties of diffusion cascades,
any interruption in their operation, and especially their shut-down, leads to serious
consequences. Therefore, a strict and constant maintenance of vacuum in all
technological systems, aulomatic protection from accidents, and precise automated
regulation of the gas flow is of importance in a gaseous diffusion plant. All this
leads to s need to equip the plant with a large number of special measuring,
regulating and controlling systems.

Normally UF, is evaporated from cylinders placed within autoclaves and is
distributed in gaseous form to the entry point by way of cascade header pipework.
The 'product’ and “tails’ UF, gaseous streams flowing from exit poinis are passed by
way of cascade header pipework to either cold traps or 1o compression stations
where the UF, gas is liquefied prior to onward transfer into suitable containers for
transporiation or storage. Because a gaseous diffusion enrichment plant consists of
a large number of gaseous diffusion assemblies arranged in cascades, there are many
kilometers of cascade header pipework, incorporating thousands of welds with
substantial amounis of repetition of layout. The equipment, components and piping
systems are fabricated to very high vacuum and cleanliness standards.

Feed systems/product and tails withdrawal systems

Especially designed or prepared process systems, capable of operating at pressures
of 300 kPa (45 psi) or less, including:

Feed autoclaves (or systems), used for passing UF; to the gaseous diffusion
cascades;

Desublimers (or cold traps) used to remove UF, from diffusion cascades,

Liquefaction stations where UF; gas from the cascade is compressed and
cooled to form liquid UF,;

"Product’ or "tails' stalions used for transferring UF, into containers.
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54.1.

54.4.

54.5.

Header piping systems

Especially designed or prepared piping syslems and header systems for handling UF,
within the gaseous diffusion cascades. This piping network 15 normally of the
*double” header system with each cell connecled to each of the headers.

Vacuum systems

(a) Especially designed or prepared large vacuum manifolds, vacuum headers and
vacuum pumps having a suction capacity of 5 m*/min (175 ft'/min) or more

(b) Vacuum pumps especially designed for service in UF,-bearing atmospheres
made of, or lined with, aluminium, nickel. or alloys bearing more than 60% nickel

These pumps may be either rotary or positive, may have displacement and
fluorocarbon seals, and may have special working fluids present

Special shut-off and control valves

Especially designed or prepared manual or automated shut-off and control bellows
valves made of UF,-resistant materials with a diameter of 40 to 1500 mm (1.5 to 59
in) for installation in main and auxiliary systems of gaseous diffusion enrichment

plants.
UF, mass spectrometers/ion sources

Especially designed or prepared magnetic or quadrupole mass spectrometers capable
of taking "on-line" samples of feed, product or tails, from UF, gas streams and

having all of the following characteristics:
1. Unit resolution for atomic mass unit greater than 320;

2 [lon sources constructed of or lined with nichrome or monel or nickel plated,
3. Electron bombardment ionization sources,
4  Collector system suitable for isotopic analysis

EXPLANATORY NOTE

The items listed above either come into direct contact with the UF, process gas or
directly control the flow within the cascade. All surfaces which come into contact
with the process gas are wholly made of, or lined with, UF -resistant materials, For
the purposes of the sections relating to gaseous diffusion items the materials resistant
to corrosion by UF; include stainless steel, aluminium, aluminium alloys, aluminium
oxide, nickel or alloys containing 60% or more nickel and UF-resistant fully

fluorinated hydrocarbon polymers.
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5.5. Especially designed or prepared systems, equipment and components for use in
aerodynamic enrichment plants

INTRODUCTORY NOTE

In aerodynamic enrichment processes, a mixture of gaseous UF, and light gas
(hydrogen or helium) is compressed and then passed through separating elements
wherein isotopic separation is accomplished by the generation of high centrifugal
forces over a curved-wall geometry. Two processes of this type have been
successfully developed: the separation nozzle process and the vortex tube process
For both processes the main componenls of a separation stage include cylindrical
vessels housing the special separation elemenis (nozzles or vortex tubes), gas
compressors and heat exchangers 1o remove the heat of compression. An
aerodynamic plant requires a number of these stages, so that quantities can provide
an important indication of end use. Since aerodynamic processes use UF,, all
equipment, pipeline and instrumentation surfaces (that come in contact with the gas)
must be made of materials that remain stable in contact with UF,

EXPLAMATORY NOTE

The items listed in this section either come into direct contact with the UF, process
gas or directly control the flow within the cascade. All surfaces which come into
contact with the process gas are wholly made of or protected by UF,-resistant
materials. For the purposes of the section relating to aerodynamic enrichment items,
the materials resistant to corrosion by UF, include copper, stainless steel, aluminium,
aluminium alloys, nickel or alloys containing 60% or more nickel and UF -resistani

fully fluorinated hydrocarbon polymers.

£5.1. Separation nozzles

Especially designed or prepared separation nozzles and assemblies thereof. The
separation nozzles consist of slit-shaped, curved channels having a radivs of
curvature less than 1 mm (typically 0.1 to 0.05 mm), resistant to corrosion by UF,
and having a knife-edge within the nozzle that separates the gas flowing through the

nozzle into two fractions.

£51. Vorex fubes

Especially designed or prepared vortex tubes and assemblies thereof. The vortex
tubes are cylindrical or tapered, made of or protected by materials resistant to
corrosion by UF,, having a diameter of between 0.5 cm and 4 cm, a length to
diameter ratio of 20:1 or less and with one or more tangential inlets. The tubes may
be equipped with nozzle-type appendages at either or both ends.

EXPLANATORY NOTE

The feed gas enters the vortex tube tangentially at one end or through swirl vanes
or al numerous tangential positions along the periphery of the tube.
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554,

5.5.5.

5.5.6.

55.0.

Compressors and gas blowers

Especially designed or prepared axial, centrifugal or positive displacement
compressors or gas blowers made of or protected by materials resistant 1o corrosion
by UF, and with a suction volume capacity of 2 m’/min or more of UF Jearrier gas

{hydrogen or helium) mixture,
EXPLANATORY NOTE

These compressors and gas blowers typically have a pressure ratio between 1.2:1 and
6:1,

Rotary shaft seals

Especially designed or prepared rotary shaft seals, with seal feed and seal exhaust
connections, for sealing the shaft connecting the compressor rotor or the gas blower
rotor with the driver motor so as to ensure a reliable seal against out-leakage of
process gas or in-leakage of air or seal gas into the inner chamber of the compressor
or gas blower which is filled with a UF/carrier gas mixture.

Heat exchangers for gas cooling

Especially designed or prepared heat exchangers made of or protected by materials
resistant to corrosion by UF,

Separation element housings

Especially designed or prepared separation element housings, made of or protected
by materials resistant to corrosion by UF,, for containing vortex tubes or separation

nozzles.
EXPLANATORY NOTE
These housings may be cylindrical vessels greater than 300 mm in diameter and

greater than 900 mm in length, or may be rectangular vessels of comparable
dimensions, and may be designed for horizontal or vertical installation,

Feed systems/product and tails withdrawal systems

Especially designed or prepared process systems or equipment for enrichment plants
made of or protected by materials resistant to corrosion by UF,, including:

(a) Feed autoclaves, ovens, or systems used for passing UF, to the enrichment
process,

(b) Desublimers (or cold traps) used to remove UL, from the enrichment process
for subsequent transfer upon heating;
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5.5.8.

5.5.10.

5.5.11.

5.5.1%.

(c) Solidification or liquefaction stations used to remove UF, from the enrichment
process by compressing and converting UF, to a liquid or sohid form,

(d) 'Product’ or 'tails’ stations used for transferring UF, into contaimers

Header piping systems
Especially designed or prepared header piping systems, made of or protected by
materials resistant to corrosion by UF,, for handling UF, within the aerodynamic

cascades. This piping network is normally of the 'double’ header design with each
stage or group of stages connecled lo each of the headers.

Vacuum syslems and pumps

(a) Especially designed or prepared vacuum systems having a suction capacity of
5 mYmin or more, consisting of vacuum manifolds, vacuum headers and vacuum
pumps, and designed for service in UF,-bearing atmospheres,

(b) Vacuum pumps especially designed or prepared for service in UFg-beaning

atmospheres and made of or protected by materials resistant to corrosion by UF,
These pumps may use fluorocarbon seals and special working fluids.

Special shut-off and control valves
Especially designed or prepared manual or automated shut-off and control bellows

valves made of or protected by materials resistant to corrosion by UF, with a
diameter of 40 to 1500 mm for installation in main and auxiliary systems of

aerodynamic enrichment planis.

UF, mass spectromelersfion sources

Especially designed or prepared magnetic or quadrupole mass spectromelers capable
of 1aking 'on-line’ samples of feed, ‘product’ or “ails', from UF, gas streams and
having all of the following characteristics:

l.  Unit resolution for mass greater than 320,

5 lon sources constructed of or lined with nichrome or monel or nickel plated,
i Electron bombardment ionizalion sources,

4. Collector system suitable for isolopic analysts.

UE Jemrier gas sepuration systems

Especially designed or prepared process systems for separating UF, from carrier gas
{hydrogen or helium).
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EXPLAMATORY NOTE

These systems are designed lo reduce the UF, content n the carner gas o 1 ppm or
less and may incorporate equipment such as:

{a) Cryogenic heat exchangers and cryoseparalors capable of temperatures of
120 °C or less, or

() Cryogenic refrigeration unils capable of temperatures of -120 °C or less, or

(¢} Separation nozzle or vorlex tube units for the separation of UF, from carrer
gas, or

(d) UF, cold traps capable of temperatures of -20 °C or less.

5.6. Especially designed or prepared systems, equipment and components for use in
chemical exchange or ion exchange enrichment plants

INTRODUCTORY MNOTE

The slight difference in mass between the isotopes of uranium causes small changes
in chemical reaction equilibria that can be used as a basis for separation of the
isotopes. Two processes have been successfully developed: liquid-liquid chemical
exchange and solid-liquid ion exchange.

In the liquid-liquid chemical exchange process, immiscible liquid phases (aquecus
and organic) are countercurrently contacted to give the cascading effect of thousands
of separation stages. The aqueous phase consists of uranium chloride in hydrochlonc
acid solution: the organic phase consists of an extractant containing uranium chloride
in an organic solvent. The contactors employed in the separation cascade can be
liquid-liquid exchange columns (such as pulsed columns with sieve plates) or liquid
centrifugal contactors. Chemical conversions {oxidation and reduction) are required
at both ends of the separation cascade in order to provide for the reflux requirements
al each end. A major design concern is to avoid contamination of the process
streams with certain metal ions. Plastic, plastic-lined (including use of fluorocarbon
polymers) andfor glass-lined columns and piping are therefore used,

In the solid-liquid ion-exchange process, enrichment is accomplished by uranivm
adsorption/desorption on a special, very fast-acting, ion-exchange resin or adsorbent.
A solution of uranium in hydrochloric acid and other chemical agents is passed
through cylindrical enrichment columns containing packed beds of the adsorbent. For
a continuous process, a reflux system is necessary (o release the uranium from the
adsorbent back into the liquid flow so that ‘product’ and 'tails’ can be collected. This
is accomplished with the use of suitable reductionfoxidation chemical agents that are
fully regenerated in separate external circuits and that may be partially regenerated
within the isotopic separation columns themselves. The presence of hot concentrated
hydrochleric acid solutions in the process requires that the equipment be made of or

protected by special corrosion-resistant materials.
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5.6.1.

5lﬁ p:'

5.6,

Liquid-liquid exchange celumns (Chemical exchange)

Countercurrent liquid-liquid exchange columns having mechanical power input (i.e.,
pulsed columns with sieve plates, reciprocating plate columns, and columns with
internal turbine mixers), especially designed or prepared for uranium enrichment
using the chemical exchange process. For corrosion resistance to concentraled
hydrochloric acid solutions, these columns and their internals are made of or
protected by suitable plastic materials (such as flucrocarbon polymers) or glass. The
stage residence time of the columns is designed to be short (30 seconds or less).

Liquid-liquid centrifugal contactors (Chemical exchange)

Liquid-liquid centrifugal contactors especially designed or prepared for uranium
enrichment using the chemical exchange process. Such contactors use rotation fo
achieve dispersion of the organic and aqueous streams and then centrifugal force to
separate the phases. For corrosion resistance to concentrated hydrochloric acid
solutions, the contactors are made of or are lined with suitable plastic materials (such
as fluorocarbon polymers) or are lined with glass. The slage residence time of the
cenirifugal contactors is designed to be short (30 seconds or less).

Urandum reduction systems and equipment (Chemical exchange)

(a) Especially designed or prepared electrochemical reduction cells to reduce
uyranium from one valence state to another for uranium enrichment using the
chemical exchange process. The cell materials in contact with process solutions must
be corrosion resistant to concentrated hydrochloric acid solutions.

EXPLANATORY NOTE

The cell cathodic compartment must be designed to prevent re-oxidation of uranium
to its higher valence state. To keep the uranium in the cathodic compartment, the
cell may have an impervious diaphragm membrane consiructed of special calion
exchange material. The cathode consists of a suitable solid conductor such as

graphite.

(b) [Especially designed or prepared systems at the product end of the cascade for
taking the U* out of the organic stream, adjusting the acid concentration and feeding

to the electrochemical reduction cells.

EXPLANATORY NOTE

These systems consist of solvent extraction equipment for stripping the U*" from the
organic stream into an aqueous solution, evaporation and/or other equipment to
accomplish solution pH adjustment and conirol, and pumps or other transfer devices
for feeding 1o the electrochemical reduction cells. A major design concem is to avoid
contamination of the aqueous stream with certain metal ions. Consequently, for those
parts in contact with the process stream, the system is constructed of equipment
made of or protected by suitable materials (such as glass, fluorocarbon polymers;
polyphenyl sulfate, polyether sulfone, and resin-impregnated graphite).
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5.0.4.

5.6.5.

5.6.6.

Feed preparation systems (Chemical exchange)

Especially designed or prepared systems for producing high-purity uranium chloride
feed solutions for chemical exchange uranium isotope separation plants.

EXPLANATORY NOTE

These systems consist of dissolution, solvent extraction and/or 1on exchange
equipment for purification and electrolytic cells for reducing the uranium U* or U"
to U*. These systems produce uranium chloride solutions having only a few parts
per million of metallic impurities such as chromium, iron, vanadium, molybdenum
and other bivalent or higher mulii-valent cations. Materials of construction for
portions of the system processing high-purity U include glass, fuorocarbon
polymers, polyphenyl sulfate or polyether sulfone plastic-lined and resin-impregnated

graphite,
Uranium oxidation systems {Chemical exchange)

Especially designed or prepared systems for oxidation of U™ 1o U" for return to the
uranium isotope separation cascade in the chemical exchange enrichment process.

EXPLANATORY NOTE

These systems may incorporate equipment such as:

(a) Equipment for contacting chlorine and oxygen with the aqueous effluent from
the isotope separation equipment and extracting the resultant U* into the
stripped organic stream returning from the product end of the cascade,

{b) Equipment that separates water from hydrochloric acid so that the water and
the concentrated hydrochloric acid may be reintroduced to the process al the

proper locations.
Fast-reacting ion exchange resins/adsorbents (ion exchange)

Fast-reacting ion-exchange resins or adsorbents especially designed or prepared for
uranium enrichment using the ion exchange process, including porous macroreticular
resins, and/or pellicular structures in which the active chemical exchange groups are
limited to a coating on the surface of an inactive porous support structure, and other
composite structures in any suitable form including particles or fibers. These ion
exchange resins/adsorbents have diameters of 0.2 mm or less and must be chemically
resistant to concentrated hydrochloric acid solutions as well as physically strong
enough so as not to degrade in the exchange columns. The resins/adsorbents are
especially designed to achieve very fast uranium isotope exchange kinetics (exchange
rate half-time of less than 10 seconds) and are capable of operating at a temperature

in the range of 100 °C to 200 °C.
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lon exchange columns (lon exchange)

Cylindrical columns greater than 1000 mm in diameter for containing and supporting
packed beds of ion exchange resin/adsorbent, especially designed or prepared for
uranium enrichment using the ion exchange process. These columns are made of or
protected by materials (such as titanium or fluorocarbon plastics) resistant 1o
corrosion by concentrated hydrochloric acid solutions and are capable of operating
at a temperature in the range of 100 °C to 200 °C and pressures above 0.7 MPa (102

psia).
lon exchange 1eflux systems (lon exchange)

(a) Especially designed or prepared chemical or electrochemical reduction systems
for regeneration of the chemical reducing ageni(s) used in ion exchange
uranium enrichment cascades.

(b) Especially designed or prepared chemical or electrochemical oxidation systems
for regeneration of the chemical oxidizing ageni(s) used in ion exchange
uranium enrichment cascades.

EXPLANATORY NOTE

The ion exchange enrichmenl! process may use, for example, trivalent titanium (Ti*)
as a reducing calion in which case the reduction system would regenerate Ti" by

reducing Ti*".

The process may use, for example, trivalent iron (Fe™') as an oxidant in which case
the oxidation system would regenerate Fe” by oxidizing Fe™.

Especially designed or prepared systems, equipment and components for use in laser
based enrichment plants

INTRODUCTORY NOTE

Present systems for enrichment processes using lasers fall into two categories: those
in which the process medium is atomic uranium vapor and those in which the
process medium is the vapor of a uranium compound. Common nomenclature for
such processes include: first category - atomic vapor laser isotope separation (AVLIS
or SILVA): second category - molecular laser isotope separation (MLIS or MOLIS)
and chemical reaction by isolope selective laser activation (CRISLA). The systems,
equipment and components for laser enrichment plants embrace: (a) devices to leed
uranium-metal vapor (for selective photo-ionization) or devices to feed the vapor of
a uranium compound (for photo-dissociation or chemical activation); (b) devices to
collect enriched and depleted uranium metal as 'product’ and ‘tails' in the first
category, and devices to collect dissociated or reacted compounds as ‘product’ and
unaffected material as "ails' in the second category; (c) process laser systems lo
selectively excite the uranium-235 species; and (d) feed preparation and product
conversion equipment. The complexity of the spectroscopy of uranium atoms and
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compounds may require incorporation of any of a number of available laser

technologies

EXPLANATORY NOTE

Many of the items listed in this section come into direct contact with uranium metal
vapor or liquid or with process gas consisting of UF, or a mixture of UF, and other
gases. All surfaces that come into contact with the uranium or UF, are wholly made
of or protected by corrosion-resistant materials. For the purposes of the section
relating to laser-based enrichment items, the materials resistant to corrosion by the
vapor or liquid of uranium metal or uranium alloys include yitria-coated graphite and
tantalum; and the materials resistant to corrosion by UF, include copper, stainless
steel, aluminium, aluminium alloys, nickel or alloys containing 60 % or more nickel
and UF,-resistant fully fluorinated hydrocarbon polymers.

§7.1. Urmnium vaporization systems (AVLIS)

Especially designed or prepared uranium vaporization systems which contain high-
power strip or scanning electron beam guns with a delivered power on the target of

more than 2.5 kW/em.
5.7.2. Liquid uranium metal handling systems (AVLIS)

Especially designed or prepared liquid metal handling sysiems for molten vranium
or uranium alloys, consisting of crucibles and cooling equipment for the crucibles.

EXPLANATORY NOTE

The crucibles and other parts of this system that come into contact with molten
uranium or uranium alloys are made of or protected by materials of suitable
corrosion and heat resistance. Suilable materials include tantalum, yitrig-coated
graphite, graphite coated with other rare earth oxides or mixtures thereof.

57.3. Uranium metal ‘product’ and “tails’ collector assemblies (AVLIS)

Fspecially designed or prepared ‘product’ and "tails’ collector assemblies for uranium
meital in liquid or solid form.

EXPLANATORY MNOTE

Components for these assemblies are made of or protected by materials resistant to
the heat and corrosion of uranium metal vapor or liquid (such as yttria-coated
graphite or tantalum) and may include pipes, valves, fittings, 'gutters’, feed-throughs,
heat exchangers and collector plates for magnelic, electrostatic or other separation

methods.
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57.4.

5.1.5,

5.7.6.

5.7.7.

5.7.8.

5.1.9.

Separator module housings (AVLIS)

Especially designed or prepared cylindrical or rectangular vessels for conlaining the
uranium metal vapor source, the electron beam gun, and the ‘product’ and ‘tails’

collectors,
EXPLANATORY HOTE

These housings have multiplicity of ports for electrical and water feed-throughs, laser
beam windows, vacuum pump connections and instrumentation diagnostics and
menitoring. They have provisions for opening and closure to allow refurbishment of

internal components,
Supersonic expansion nozzles (MLIS)

Especially designed or prepared supersonic expansien nozzles for cooling mixtures
of UF, and carrier gas to 150 K or less and which are corrosion resistant 1o UF,,

Uranium pentafluoride product collectors (MLIS)

Especially designed or prepared uranium pentafluoride (UF,) solid product collectors
consisting of filter, impact, or cyclone-type collectors, or combinations theresof, and
which are corrosion resistant to the UF/UF, environment.

UF, fearrier gas compressors (IVILIS)

Especially designed or prepared compressors for UF/carrier gas mixtures, designed
for long term operation in & UF, environment. The components of these compressors
that come into contact with process gas are made of or protected by materials

resistant 1o corrosion by UF,.
Rotmy shalt seals (MLIS)

Especially designed or prepared rotary shaft seals, with seal feed and seal exhausi
connections, for sealing the shaft connecting the compressor rotor with the driver
motor 5o as to ensure a reliable seal against oul-leakage of process gas or in-leakage
of air or seal gas into the inner chamber of the compressor which is filled with a

UF Jcarrier gas mixture.

Fluorination systems (MLIS)

Especially designed or prepared systems for fluorinating UF, (solid) to UF, (gas).
EXPLANATORY NOTE

These systems are designed to fluorinate the collecled UF; powder to UF, for
subsequent collection in product containers or for transfer as feed to MLIS units for
additional enrichment. In one approach, the fluorination reaction may be
accomplished within the isolope separation system to react and recover directly off
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the ‘'product’ collectors. In another approach, the UF, powder may be
removed/transferred from the *product’ collectors into a suitable reaction vessel (e.g.,
fluidized-bed reactor, screw reactor or flame tower) for fluorination. In both
approaches, equipment for storage and transfer of fluorine (or other suitable
fluorinating agents) and for collection and transfer of UF are used.

5.7.10. UF, mass spectrometersfion sources (MLIS)
Especially designed or prepared magnetic or quadrupole mass spectrometers capable
of 1aking 'on-line' samples of feed, 'product’ or “tails', from UF, gas streams and
having all of the following characteristics:
.  Unit resolution for mass greater than 320;
2. Ton sources constructed of or lined with nichrome or monel or nickel plated;
3.  Electron bombardment ionization sources;
4. Collector system suitable for isotopic analysis.

5.7.11. Feed sysiems/product and tails withdrawal systems (MLIS)

Especially designed or prepared process systems or equipment for enrichment plants
made of or protected by materials resistant to corrosion by UF,, including:

{(a) Feed autoclaves, ovens, or systems used for passing UF, to the enrichment
process

(b) Desublimers (or cold traps) used to remove UF, from the enrichment process
for subsequent transfer upon healing;

(c) Solidification or liquefaction stations used to remove UF; from the enrichment
process by compressing and converting UF; 1o a liquid or solid form;

(d) 'Product’ or 'tails’ stations used for transferring UF, into containers.

5.7.12. UF/Jcanier gas separation systems (MLIS)

Especially designed or prepared process systems for separating UF, from carrier gas.
The carrier gas may be nitrogen, argon, or other gas.

EXPLANATORY NOTE
These systems may incorporate equipment such as:

(a) Cryogenic heat exchangers or cryoseparators capable of temperatures of
=120 °C or less, or

(b) Cryogenic refrigeration units capable of temperatures of -120 °C or less, or.
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(c) UF, cold traps capable of temperatures of -20 "C or less
5.7.13. Laser systems (AVLIS, MLIS and CRISLA)

Lasers or laser systems especially designed or prepared for the separation of uranium
1sotopes

EXPLANATORY NOTE

The laser system for the AVLIS process usually consists of two lasers: a copper
vapor laser and a dye laser. The laser system for MLIS usually consists of a CO, or
excimer laser and a multi-pass optical cell with revolving mirrors at both ends
Lasers or laser systems for both processes require a spectrum frequency stabilizer for
operalion over extended periods of time.

5.8. Especially designed or prepared systems, equipment and components for use in
plasma separation envichment plants

INTRODUCTORY MNOTE

In the plasma separation process, a plasma of uranium ions passes through an
electric field tuned to the U-235 ion resonance frequency so that they preferentially
absorb energy and increase the diameter of their corkscrew-like orbits. lons with a
large-diameter path are trapped to produce a product enriched in U-235. The plasma,
which is made by ionizing uranium vapor, is contained in a vacuum chamber with
a high-strength magnetic field produced by a superconducting magnet. The main
technological systems of the process include the uranium plasma generation system,
the separator module with superconducting magnet and metal removal systems for
the collection of "product’ and ‘tails’

5.8.1. Microwave power somces and antennae

Especially designed or prepared microwave power sources and antennae for
producing or accelerating ions and having the following characteristics: greater than
30 GHz frequency and greater than 50 kW mean power output for ion production.

5.8.2. lon excitalion coils

Especially designed or prepared radio frequency ion excitation coils for frequencies
of more than 100 kHz and capable of handling more than 40 kW mean power.

583, Urnium plasma generation systems

Especially designed or prepared systems for the generation of uranium plasma, which
may contain high-power strip or scanning electron beam guns with a delivered power
on the target of more than 2.5 k'W/em.
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584,

5.8.6.

5.9.

Liguid wmanium metal handling systems

Especially designed or prepared liquid metal handhing systems for mollen uranium
or uranium alloys, consisting of crucibles and cooling equipment for the crucibles.

EXPLANATORY NOTE

The crucibles and other parts of this system that come into contact with molten
uranium or uranium alloys are made of or protected by malerials of suitable
corrosion and heat resistance. Suitable matenals include tantalum, yttria-coated
graphite, graphite coated with other rare earth oxides or mixtures thereol

Uranium metal "product’ and ‘tails’ collector assemblies

Especially designed or prepared 'product’ and 'tails’ collector assemblies for uranium
metal in solid form. These collector assemblies are made of or protected by maierials
resistant to the heat and corrosion of uranium metal vapor, such as yttria-coated

graphite or tantalum.
Separator module housings

Cylindrical vessels especially designed or prepared for use in plasma separation
enrichment plants for containing the uranium plasma source, radio-frequency drive

coil and the ‘product’ and “ails’ collectors.
EXPLANATORY NOTE

These housings have a multiplicity of ports for electrical feed-throughs, diffusion
pump connections and instrumentation diagnostics and monitoring. They have
provisions for opening and closure to allow for refurbishment of internal components
and are constructed of a suitable non-magnetic material such as stainless steel.

Especially designed or prepared systems, equipment and components for use in
electromagnetic enrichment plants

INTRODUCTORY NOTE

In the electromagnetic process, uranium metal ions produced by ionization of a salt
feed material (typically UCL,) are accelerated and passed through a magnetic field
that has the effect of causing the ions of different isotopes to follow different paths.
The major components of an electromagnetic isotope separator include: a magnetic
field for ion-beam diversion/separation of the isotopes, an ion source with its
acceleration system, and a collection system for the separated ons. Auxiliary
systems for the process include the magnet power supply system, the ion source
high-voltage power supply system, the vacuum system, and extensive chemical
handling systems for recovery of product and cleaning/recycling of components
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£9.1. Elechomagnetic isolope separators

Electromagnetic isotope separators especially designed or prepared for the separation
of uranium isotopes, and equipment and components therefor, including:

(a) lon sources

Especially designed or prepared single or multiple uranium ion sources
consisting of a vapor source, ionizer, and beam accelerator, constructed of

suitable materials such as graphite, stainless steel, or copper, and capable of
providing a total ion beam current of 50 mA or pgreater.

(b) lon collectors

Collector plates consisting of two or more slits and pockels especially designed
or prepared for collection of enriched and depleted uranium ion beams and
constructed of suitable materials such as graphite or stainless steel.

(c) Vacuum housings

Especially designed or prepared vacuum housings for uranium electromagnelic
separators, constructed of suitable non-magnetic materials such as stainless
steel and designed for operation at pressures of 0.1 'a or lower.

EXPLANATORY NOTE

The housings are specially designed to contain the ion sources, collector plates
and water-cooled liners and have provision for diffusion pump connections and
opening and closure for removal and reinstallation of these components.

(d) Magnet pole pieces

Especially designed or prepared magnet pole pieces having a diameter greater
than 2 m used to mainlain a eonstant magnetic field within an electromagnetic
isotope separator and to transfer the magnetic field between adjoining

separalors.

59.2. High voltage power supplies
Especially designed or prepared high-voltage power supplies for ion sources, having
all of the following characteristics: capable of continuous operation, output voltage

of 20,000 V or greater, output current of 1 A or greater, and voltage regulation of
better than 0.01% over a time period of 8 hours.

593, Magnet power supplies

Especially designed or prepared high-power, direct current magnet power supplies
having all of the following characteristics: capable of continuously producing a
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current output of 500 A or greater at a vollage of 100 V or greater and with a
current or voltage regulation better than 0.01% over a period of 8 hours

. Plants for the production of heavy water, deuterium and deunterium compounds and
equipment especially designed or preparcd therefor

INTRODUCTORY NQTE

Heavy water can be produced by a variety of processes. However, the two processes
that have proven to be commercially viable are the water-hydrogen sulphide
exchange process (GS process) and the ammonia-hydrogen exchange process.

The GS process is based upon the exchange of hydrogen and deuterium between
water and hydrogen sulphide within a series of towers which are operated with the
top section cold and the bottom section hot. Water flows down the towers while the
hydrogen sulphide gas circulates from the bottom to the top of the towers. A series
of perforated trays are used to promote mixing between the gas and the water.
Deuterium migrates to the water at low temperatures and to the hydrogen sulphide
at high temperatures. Gas or water, enriched in deuterium, is removed from the first
stage towers at the junction of the hot and cold sections and the process is repeated
in subsequent stage towers. The product of the last stage, water enriched up to 30%
in deuterium, is sent to a distillation unit to produce reactor grade heavy water, ie,

99 75% deuterium oxide.

The ammonia-hydrogen exchange process can extract deuterium from synthesis pas
through contact with liquid ammonia in the presence of a catalyst. The synthesis gas
is fed into exchange towers and 1o an ammonia converter. Inside the towers the gas
flows from the bottom to the top while the liguid ammonia flows from the top to the
bottom. The deuterium is stripped from the hydrogen in the synthesis gas and
concentrated in the ammonia. The ammonia then flows into an ammeonia cracker at
the bottom of the tower while the gas flows into an ammonia converter at the top.
Further enrichment takes place in subsequent stages and reactor grade heavy water
is produced through final distillation. The synthesis gas feed can be provided by an
ammonia plant that, in turn, can be constructed in association with a heavy water
ammonia-hydrogen exchange plant. The ammonia-hydrogen exchange process can
also use ordinary water as a feed source of deuterium.

Many of the key equipment items for heavy water production plants using GS or the
ammonia-hydrogen exchange processes are common to several segments of the
chemical and petroleum industries. This is particularly so for small plants using the
GS process. However, few of the items are available "off-the-shelf”. The GS and
ammonia-hydrogen processes require the handling of large quantities of flammable,
corrosive and toxic fluids at elevated pressures. Accordingly, in establishing the
design and operating standards for plants and equipment using these processes,
careful attention to the materials selection and specifications is required to ensure
long service life with high safety and reliability factors. The choice of scale is
primarily a function of economics and need, Thus, most of the equipment items

would be prepared according to the requirements of the customer.
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Finally, it should be noted that, in both the GS and the ammonia-hydrogen exchange
processes, items of equipment which individually are not especially designed or
prepared for heavy waler production can be assembled inlo systems which are
especially designed or prepared for producing heavy waler The catalyst production
system used in the ammonia-hydrogen exchange process and water distillation
systems used for the final concentration of heavy water to reactor-grade in either
process are examples of such systems.

The items of equipment which are especially designed or prepared for the production
of heavy water utilizing either the water-hydrogen sulphide exchange process or the
ammonia-hydrogen exchange process include the following:

6.1. Water - Hydrogen Sulphide Exchange Towers

Exchange towers fabricated from fine carbon steel (such as ASTM A516) with
diameters of 6 m (20 fi) to 9 m (30 f1), capable of operating at pressures greater than
or equal to 2 MPa (300 psi) and with a corrosion allowance of & mm or greater,
especially designed or prepared for heavy water production utilizing the water-
hydrogen sulphide exchange process.

6.2 Blowers and Compressors

Single stage, low head (i.e., 0.2 MPa or 30 psi) centrifugal blowers or compressors
for hydrogen-sulphide gas circulation (i.e., gas containing more than 70% H,3)
especially designed or prepared for heavy water production utilizing the water-
hydrogen sulphide exchange process. These blowers or compressors have a
throughput capacity greater than or equal to 56 m’/second (120,000 SCFM) while
operating at pressures greater than or equal to 1.8 MPa (260 psi) suction and have
seals designed for wet H,S service.

6.3, Ammonia-Hydrogen Exchange Towers

Ammonia-hydrogen exchange towers greater than or equal to 35 m (114.3 ft) in
height with diameters of 1.5 m (4.9 fi) 10 2.5 m (8.2 f1) capable of operating at
pressures greater than 15 MPa (2225 psi) especially designed or prepared for heavy
water production utilizing the ammonia-hydrogen exchange process. These towers
also have at least one flanged axial opening of the same diameter as the cylindrical
part through which the tower internals can be inserted or withdrawn,

6.4, Tower Intemals and Stage Pumps

Tower intemnals and stage pumps especially designed or prepared for towers for
heavy water production utilizing the ammonia-hydrogen exchange process. Tower
internals include especially designed stage contactors which promote intimate
gasfliquid contact. Stage pumps include especially designed submersible pumps for
circulation of liquid ammonia within a conlacting stage internal to the stage lowers.
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6.5,

6.6,

6.7,

7.1

Ammonia Crackers

Ammonia crackers with operating pressures greater than or equal to 3 MPa (450 psi)
especially designed or prepared for heavy water production utilizing the ammonia-
hydrogen exchange process.

Infraued Absowmption Analyzers

Infrared absorption analyzers capable of "on-line" hydrogen/deuterium ratio analysis
where deuterium concentrations are equal to or greater than 90%.

Caialytic Bumers

Catalytic burners for the conversion of enriched deuterium gas into heavy water
especially designed or prepared for heavy water production utilizing the ammonia-
hydrogen exchange process.

Plants for the conversion of uranium and equipment especially designed or prepared
therefor

INTRODUCTORY NOTE

Uranium conversion plants and systems may perform one or more transformations
from one uranium chemical species to another, including: conversion of uranium ore
concentrates to UQ,, conversion of UQ, to UQ,, conversion of uranium oxides to
UF, or UF,, conversion of UF, to UF,, conversion of UF, to UF,, conversion of UF,
fo uranium metal, and conversion of uranium fluorides to UO,. Many of the key
equipment ilems for uranium conversion plants are common 10 several segments of
the chemical process industry. For example, the types of equipment employed in
these processes may include: furnaces, rotary kilns, fluidized bed reaclors, flame
tower reaclors, liquid centrifuges, distillation columns and liguid-liquid extraction
columns. However, few of the items are available "off-the-shelf", most would be
prepared according to the requirements and specifications of the customer. In some
instances, special design and construction considerations are required 1o address the
corrosive properties of some of the chemicals handled (HF, F,, CIF,, and wranium
fluorides). Finally, it should be noted that, in all of the uranium conversion
processes, items of equipment which individually are not especially designed or
prepared for uranium conversion can be assembled into systems which are especially
designed or prepared for use in uranium conversion.

Especially designed or prepared systems for the conversion of uranium ore
concentrates to UQ,

EXPLANATORY NOTE

Conversion of uranium ore concentrates 1o UQ, can be performed by first dissolving
the ore in nitric acid and extracling purified uranyl nitrate using a solvent such as
tributyl phosphate. Mext, the uranyl nitrate is converted to UO, either by
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concentration and denitration or by neutralization with gaseous ammonia lo produce
ammonium diuranate with subsequent filtering, drying, and calcining.

1.1 Especially designed or prepared systems for the conversion of UO, ta UF,

EXPLANATORY NOTE

Conversion of UD, to UF, can be performed directly by fluorination. The process
requires a source of fluorine gas or chlorine trifluoride,

7.3. Especially desipned or prepared systems for the conversion of UO, to UO,

EXPLANATORY NOTE

Conversion of UQ, to UQ, can be performed through reduction of UO, with cracked
ammonia gas or hydrogen.

74, Especially designed or prepared systems for the conversion of UO, to UF,

EXPLANATORY NOTE

Conversion of UQ, to UF, can be performed by reacting UQ, with hydrogen fluoride
gas (HF) at 300-500 °C.

1.5 Especially designed or prepared systems for the conversion of UF, to UF

EXFLANATORY NOTE

Conversion of UF, to UF, is performed by exothermic reaction with fluorine in a
tower reactor. UF, is condensed from the hot effluent gases by passing the effluent
stream through a cold trap cooled to -10 °C. The process requires a source of

fluorine gas.

7.6. Especially designed or prepared systems for the conversion of UF, to U metal

EXPFLANATORY NOTE

Conversion of UF, to U melal is performed by reduction with magnesium (large
batches) or calcium (small batches). The reaction is carried out at temperatures above

the melting point of wranium (1130 °C)
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7.7 Especially designed or prepared systems for the conversion of UF, to UD,
EXPLANATORY NOTE

Conversion of UF; to UQ, can be performed by one of three processes. In the first,
UF, is reduced and hydrolyzed to UO, using hydrogen and steam. In the second, UF,
is hydrolyzed by solution in water, ammonia is added 1o precipitale ammonium
diuranate, and the diuranate is reduced to UQ, with hydrogen at 820 °C. In the thpd
process, gaseous UF,, CO,, and NH, are combined in water, precipitating ammonium
uranyl carbonate, The ammonium uranyl carbonate is combined with steam and
hydrogen at 500-600 °C o yield UQ,,

UF; 10 UQ, conversion is often performed as the first stage of a fuel fabrication
plant.

1.8. Especially designed or prepared systems for the conversion of UF, to UF,

EXPLANATORY NOTE

Conversion of UF, to UF, is performed by reduction with hydrogen.
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