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0A101

0A102

0A103

0A104

TR & T ST ATl AR+ Asor 36 e |
STEHTErT 235 # sraefad xfHam |
I

STF 0A 101,102 a1 0A 103 & foft «ft &Taft, e, g, Tamatas JReE o
HTEOT ST fehelt e o =9 7 fafgd STs ard |

0A105 ITI<H | & &< Ueh STTAT UHTIEF Hal o I<h his 7T qrT |

0A2

0A201

0A202

0A203

0A204

0A205

0A206

T 1 2 ATd ATARET | T, TIRAT T T FE0 ATHA B

dre 2 ;. Fetafe wat &, Fae fe-artsdm afafateet g, vs
FAST AT o SV A (AT E HIHTA o AT AT H,
e T ITaERat a9 &7 It 9% e 99t )

F) A (TR AEHIE % A <) 100 frerrm
g) AT A (T § 9 S 9T A
T %9 T % 235 ATTHET # Sertid i) 1000 FrerRmT
™ e 1000 Frerrme
feoqoft 3: 0A1 FReforfaa & fetea 72 F2ar 2 -
i) T ST ATRA 1w, Gl JaEr 47 o7 At ST 300 9T 9 &9 9
(ppm) & FF TATH AT/ 3T ATRIAT I 2
i) qAT (A1) ST 5% & FF AL 2 |
i) T AHIH ICUTE, ST AT-ATTHEh T 39T ag ARt e @ )

Ay fagefg amft

iR - 239

AT - 233

AEEIRAT 235 rorar 233 § "afga e

g

IUAE & & et U srara srfers Aat & <6 S A

Tt A off e gl ST e ST g 99-aHT T
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Ratha = wft 2n

Ty feorofy

“ rEETErT 235 AT 233 # HaATgq THAAT” gq5aaE F oY
ArzETerT 235 A7 233 AT TE1 F AT AGF AT A g A § T
I ATTETETAT T AT HT TN T ASHET 238 § ST THid &
o ArErerT 238 & AT 235 & TR o T gl
feooofy
1. " e aTHId" AeaaE i AT § Hd AT ATHT T8l 2l
2. "fEe e gl & # oft 7 AR =i e
3. O0A2 fRwferfera &t fAetaa 7l #ear & -
F. TIEIH-238 F AZHICUF HIGT % 80% H AT ATAT el HaH
g, B feEedT aredt,Sa 372 19 ATSe a7 FF |, TR 6 Haal qehl |
FRTAT ST 2

0A3 I At
"I AT | qATCHT ¢ - sl g T-ATSehiT JTE, AT Je el qge STANT qTelt
it amnlY, TE gHT-a9 UT e G g M i S aret | |

0A301 S ST 9T T

SIeTEH, AT AT (STERIH AeETEE) ST S oo AT SIeaW AR SEd Sead

SIY BTESIoT TEATUEN 7 uTd 1:5000 & srfere gr

F) AT N0 | TEAHTA H3 2 U T # 5 R | ifad SEas awa e
T /AT AT UF Feie A9 |, T UF GrEwar 297 2 25 AN SREiEd W |
Ter 2l

g) UF Feie a9 A FHY v yraewat gor g -t fatata § 200 e s
TRHTIE T HEAT 7 AT gl

0A302 BUEEIR DS L F

5 91 yfa ferae (frfrom) 09 % 99qed & Ear @7 ¥ offes v o ST =9 1.5
TTH/ET 7 arfer 2,
F) AT Ruae 1 &l o e arater § TRt gq 1 e & afess &
HTAATEAT H
g) TF FeieT a9 H, TR T yrAsRar 3o g Te-Arteeh afatate § 30 dfew e & afgw
Ll
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0A303

0A304

0A305

0A306

0A307

0A308

feoooft | w5 0A302 F siaeTa U ITSST A5l ATaT 2l

St Sres grefaae it amr a1, g F =7 § SiRaw % 500 907 § U6 9w ¥
FH FA/ATE (1t 2000 Frefrow & w7) & grar & | =99 & fFft 3 ofF sy, 2R, s
farfawtor, sraferg srram qat  eruforg g

FiferEm grg, s AR, Wyarg SR 9w % 50% | afas atiforw grsas
fafRwtor, qate & #re sraforg = o, ue afve afga 9 wfiw/mts, afe =9 Fetafea
TR 2T I -

ED) TF-Y TefAT AT ST AT 6 (o1 AR TR ST ATer St s &y ue
T) ALHT/TAT (emeralds), &1 (aquamarine) aT SE<l | ITANT g “Fe UL Tiferes ©
SET-HTAAT T 6 & | AA

Hatera <t Sae s sareeerdts y=gear 7 (97T 7.5% T Ai8w) qted Igear
FTAT (SLi) ATSHIEIT ATATH-6 FIAT & 3 HATed AAIH Ih IcATE STIAT JRAAT STetah
Arfeass e, ey, #ite, fftmm 1 faon, 3 [ o1 swes 5 1 #
SFAre seraET Th |

s wa Sveam, =t arq, ferenqu s wfasr S Frevarse ua darerse antaer
2l

e

2T, ST A SoET S| & UH A SEH RS & qhEd AT &
TEHTIE T A9TT 1000 & 1 qRT F ATe grav g, grAfh o8 AR+F ool AT, T
TR St &Y W= sregat & forw Soaw 16 5o % €9 § ITTNT g ATt /AT 377
IR AHT AT oTIRT 7ET & |

0A309 =TH{ ;

EIRATH g7, a9 & AT 60% F ATIF ZIRATH AT ATAT THETIY, TS 6 ATAR
60% | A IeEATw ATl greqaw Atrs, 39 FfAtiT g et S o @i § @
foreft o erofers we R |

0A310 *f=Tw-226:

f27w-226 (226Ra), ¥=27w-226 Fi frergrqu, 12aw-226 ¥ A1, TRe7H-226 7<% fa=m,
e fafRmior siw Sodes § & fft % Sorre srerar e, e Sifrear % s § e

et Fiott & ot 7 9 § Ra-226 #T 0.37 GBq (10 mCi) & &7 97T aTel IcqTE 4T
ITHLIT F |



[9rT II—-@ve 3(ii) ] IRA A1 TSI ¢ SAETER 5
0A311 T
FE-10 (10B) § Hafda var Fwifha S SeH T & afees sreaeri y=war
7l -
qrfcash F, TR, T I W07, I8 i, Taiw # F Bt raierg sraeEr s
0A312 Siferr-3
giera|-3 (3He), BierAd-3 I =0r e q@is & & Rt o 921 § <6 ST srear
et
f2egvfi: Sfaaw-3 F 1 gm & F4 JT37 a7 IR a7 JHHaT 6997 AT 787 81
0A313 A ETEeE s el =t #, sewr-ud afafear o2 sratia =gt oa T
T g ST 2l
) qrica®
@) 37 GBq ufa far srarat stfees it o1 Afafafer arer 2R |
) 37 GBq i fohar srerat srferss st e iafafer arer fosror |
=) UL § & T ff 9@Te & 6 IR TET A AT |
T A2 g0 MR WRagEeTsst § Refefa sfde €
uf¥effeT-225 T RTw-227 FhrarfT-253
- 240 FLTH-241 FIAH-242
FIAH-243 FIRAT-244 A aT-253
A TTaw-254 TETATH-148 eI aH-236
wIEITaT-238 TATHIT-209 TATI7-210
e faa-208 weaw-223 Jf=w-228
-227 Tefae-230 Tfa-232
0B fafga Sue=e
0B001 TR Roeres; to Rt & forw f@ow = o 9w a1 99w B 1w srrEr ey

AAAT ITAN T T AT ITANT gq AT FATd ITHLI, Hedh A Tumierdr Hreer
e feaa g

F. HQO ATEEE RuFeT

T, it foge ur

T, iy fueeT Sam wwor ue oese
. ATTHRTT FoAT A0 B2 UH ITERT
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0B002

49

.

.
<

arisrehiry fruses are AferwTd (e =1=)

it Sad FART: AT fum FRT § I gg SeihEw =@ oar
Srttaas g s@E( a7 =@t &t varaet) Sed SR & gEee greAae
=1 9131 500 | & 1 9T 14T S99 FH g

T Fretee 9T AT TEHeles

ATferehtr Rueret Sediewr

TR e % STATHE AT ATEATHE Fole Al § START g A1T A === (FTeT
EIRE)

AT v ofiee

B ol (Sl R, wEiffEm, aifiew, sefem, i e, St fiftem) F
THTEE, IATEH, TG0, THad sr2rar [T F o 699, dag IUeahe, e oiv 30+ forg
AT F¥ L, ATATE T ATAT T ITART ST ATCAT T STANT 2 At =fsres yomferat
e et |59 e € g =7 a% & Siva T8l &)

.

Sy, AT 9T AT SEREH AR F ST STET 9igor g 69T —

1.

T — 1.5m AT IHE ATIF F T % gIEg o qohlse [aT 2@ 79T 2Mpa

(300 psi) = FETE< AT ATEF 2T I TATAT | T, T T IeqTa 6 forw =
&7 & fesrea B gan qor [

EESISH-A7RIEE 9 & T=Tad gq 0w =7 & fRwrea frar gen ar A
SATAT TAT H9E<! 1.8MPa (260psi) IUT & AT AT Fa Id 9L TATAT 5

T T ST AT FHEEA | e AT 56m3/a+ve (120,000 SCFM) & srfers
T FRTE AT &, ST el et et HoS FaT gq o= «a gt &
1.5 @1 ¥ 2.5 {1 F =419 T 35 WY, UET IHH ATET FATS AT AHIHAT -

gresiod fafawer e, 15uadiu a7 9 o7fass a1e 9% J=re | 99, 9Ty 9Ty
IoqTaA & forw faerw =9 & s Ry i a1 [

AT T2 AT Ff U9 ; 9T ITHT % IcqTad & o f@ow &7 7 e+ fwar
AT AT 2@ Seda 99T B U9 67 Tedq ¥ e w9 ¥ S v
TS FieHeT AT 8 S 2eiie fa/forfae wicee 1 Meafad F3d g1 T 730 §
FICTFT TS T2l & T | T (a4 | a9 FTHIHAT F TH=Are & forw &9
wq § fesmae o 1o gewiEae o ot 8

3 THTT AT I ATF F UL T AT AHAAT FhT ST AT TTHT
IeaTeq & forw oy =v 7 fewmrae e war ar /e

A AT gIES /S AT Eer i emar arer e ageyo
[EEEE

Haterd s §9 & AT I H IREdd g IO a9q7

FAIAT-gregod v m T wd &7 YT #i%h AT 9T 6 IcdTad & oIy
SHITAT TN Frvaes. AT LU SHISAT
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T) XRAIH F EITILOT g HAT
. AT 1 T Hw UOs | FI(aeor g Turmtert

UOs & UF ¢ ® ®T(a20T 2 TorTferat
UOs3 & UO, H ®ITA<eT &g TUTTferat
UOs & UF 4 & wiereer g somforat
UF4 & UF ¢ § =97a20 &g SorTrerat
UF, & AT &g § =iaeer gq Jorterat
UF 6 & UO, H ®TTq<eT &g TUTTferat
UFe & UF 4 & ®Ta20T gq TorTferat
UOs & UGl # i & somferat

f-°9°.\‘.®.°’:'>.°°!\’—‘

T w@ﬁw%w%&w
A AT3ee & SAFTES | A0 &g Toterat
2 IEITAAH &7 IATEA g TUrTerT|
F, SIIH % IcqTa, UTTH, ey, FiE0 A1 Z&a9 2 SHad raemd 1 S35 T greg o a1 giiead
RS A, 3T ETESIe SSHIeT WETI0 AT &Tq & BISSIEel T WSO AT &I FL0 AT &
& § ITINT Fd gU LETHLIT TUTerdt Aied &g TR

T SITIAH SAEHEET JAFIOT AETU AT HAF S AT T9T Trgq STERL (FH THI 2-

1. STATH AT o TAFHI 2 €T AT FA=T
2. S qrer freror wieear aw srarfa it st F g 2
ITERT

F) st e &g e e B ™ e g9-a9 At
T,
) T AT AT e O,
M) At o s eiee A,
=) Tqitad AT e TS AT gq arsad (TArTeH)
3. ST ArEEET qUgw 2q Aavaar R it 72 srw-fafawa yuferi =i =7 &g e
IEEIERERRIBRCEC T
4, AR AHRTT TAFE &g FAeraaar s it =it womae AfFw sonfert (Frea Sae, #reveeq

T AT ST T ITART F4oh) T qeeq (aerd: B o 1 =res 1o

0B003 FeRefora AT So o [AEETed gq S35 Ud SUehe a7 U |31 & o f&e =7 7
Reres fFw 10, A T 0 STET AU AU ST STANT U U SrET S9ANT 2q
ATHIT =esh Ud TuTterdl o Feferted =St onfie g g 39 aF ot JiHd Tal & -

. RO S9e 52w o Fdd aq 307 T (o1, fSsiree it T8
LRIE]
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0B004

0B005

0B00S a.

o Aty Sem 1 =erm % fore o Siie sreda |eATed w9l i Ty T T LW arel
v wrerens (FRstreas) e 32 & &t wiiva ua dew foram o o |

TSI A T HeATCH TS T Tohel AT (SATg ehtie v fEemae fAepdor sueae
ATSTEH T T HATIER TATT HE Tl AT hHHA glioetT AT WSTLT 6 IT

ST AT JorTterat 1 fhfora Soe qeat & T THEh0 g Saarterd T (a1 Sorret &
AT THIHTT T ST

1. IF T (T ToE Far owe) farfaeor sfifeew e

2. faferor gdtgm 1T A sroraT 3 oy e

3. 3Ig ATk & fOewEa & gead gq @9 &9 ¥ e &y 1w e quar e

4, IEAT- T E TAFEIO TATAAT ATAT T FAl (e Toq) H g8 hamsti &1 Fe
T START FohT ST Jhe A9 08 TATash (R qered) |

arfsrehrr fuaet & srat & qarndt a7 o e arnft F g9 gq @495 T eeEt
TSR qaEaT S F AEae arer YRt sraferst, freft arfeedr Sam; o
T amR, F ITAR, g, WS UF Tdgd gd 9399 X 394 o7 [&90w 7§
TRTEe =T FATE 3T T, ST T SrerET IUART g AT SUERT |

rEwo-saeR & ererar vHr @yt yonferat, @Efad U sryET Wew ST A,
A, A STHET A F ASHIE % TAFHI AT AL g AT w7 F TS av
T T 1T, ATHTT 7T, ITART TR0 T ST a7 START g ATSST gl foreant e FeEd g

I HEF # ST 2q W w7 § RSrE steer U B 0 i S, At

RIRCEED

1. 9 HEERT

2. YUY TeT THATOAT, Taet (i arer [Hieres a1 sa| § [ g0 Tqelt (9 are [ferey,
OB005 ¥ AT IF ATHET H AT o AITT ATAT T AT THT & qERET & FHiHa) 7t
| # S[2 gf 9T o=l #r OB005.a.4 ¥ aftTaTHETE =er ST a7 goel o ST 4T
2Tl 4T OB005.a.5 3w OB005.a.4.6 & AT AT TIe? T TF SAqi % o7 U2
FT T T

3. WX =F Fferey: v femea 5 @ a1 o B 7 gae fafy g @i
St wers 12 Ll v w7, =3me 75 . sie 650 [l F = qum OB005.a
fooquft-1 & aftrargeaT v =1 vwrfas 3g amed & a9 AT aTer STy F a9
gl
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4.

10.

ol AT AT T Ut S FT TATAE AETE I AT F5 UL AT FT TF 1T T2 2
oo =7 7 fes=fAa e s« us 3 {4, a1 #7 "rer & 650 AT, g 78 7w gy
OB005.a #T fevauft-1 # FfUq Ig aT9=d | T SAqITT ATl qratat & =i gn
THA, TLALT AR & Heaw fomawr = 75 . =fiw 650 ey, & &= g1 o 77
O Ja% F IH-AF = FH A-TAT T g TH U SF & AaL T 8q
fEreroa: fRsrew ar @fda frar mar 21, siv @ 0B005.a #F fooqoft -1 & afia <5
A=Y & Fc ST vt At & ot gn

of T =T srereqer o ¢ Ted A F oA | e g % forg i =7 & e ar [Afda
75 THUH ¥ @< 400 THUR TF & ATH & @99 &9 ¥ Fore a1 A = afa =
HEH AT TH THE UL S & sat UFe F oA Far g ToT Fg A0HAT § FOL0
forfRar (oftd F) 3 e FT ThiFT 9N F T H G FIAT, AT T@HAT, GG FHAT
T HIe TIT ATAT AT (STereqet ) & O Jehl Hl agd HeAr ad7 @ve 0B005.a |
fooquft-1 & aftta 39 afe & =9 sqara gt % i)

ooy =7 & AT geaen g Mo et e Fe [T e 2

F. U IS & $HaY M fad aadrant GF b [T sTaererat St “UF6 & FeqTeor
gt IR & g+t a7 wfea § (@ve 0B005.a & feoqofy 2 afem) e sawes
HTEAH BIAT § TAT LT T ATAT Frarehl A et a1 e % o 3 § fhe goer 9w+

AR
g, T HHEET & 97 7T F forw e v & afvwteua ar A by i

et == feafant & Mo fErerard g g
i) 600 ZEST AT ATIF TT TH T UL hfvad T@T & (o0 [BS=a a7 i) TF a0 7
ferer s et % forw fesaereier T smafe qer/ar sranfea e o (ehos) =g

S EL
i . f[{ow =7 9 ReeFq ar [ Geie &ed = vw F 3w e

ST/ STEFAT BT 1 T €T THIIT: HAMd TEer S FT graT g foree ush foy
T AT BT & s gay fo uw myve 0B005.a 6 § AU steredet 9 | Sied i
T T g1 g, =9 d% § JET g Faaand 6T gr &l gl UTF I8 97

FANTAT Q0T I<h Ag FT Tole &9 AT gl 7 Teahi il g AFdL AT § ST
H & ST B

Arfvash o7 ¢ sfveae 9vq 3g fAata ovr g ¢ o s wefifRa ar afessa fefora
gi=T 77 o 7ifHa g % o =7 | RerefAg ar [t e g g1 w=fis
e =y gt € ¢ 75 THUR ¥ 650 THUR 9% At AT, 10 THUR I7 Afeh
#t iRy A1etE, = % aEw Ar T afew e | T g ST IET Fie § yTEiE ® 99
AIATHTE B & TAT 2 THUH AT 399 ATAF Y T2 a1er g 8l

AT TG AIeT &< : 600 gest AT arfers it smgfy 9% a7 40 v 37 srfger erfzr ww
Rata & qeastiers y=rad & forw 3g wia ag=wor vH feeiE (7 vfogs) et &
T e =7 & Remefaa a1 T a@7 wuq w2 39 Tl § yreius 2.00 Taud
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HIET AT THE FH T It TLGT I T AT g wig HIT IT TgaLoiiT arefeT gr
BET I

11. 30 wHuH aF f fAfy 7 F 37 ey 36 T §8w e F Uo7 =F a8 =6 I8
HERET EriE/AEar e garedardt sier 2ra 2 ST UF g F HEEiaL 2id & adr
0,05 T=3fT % 3ia< a7 <HE FH § iy % Taed e & A9 aId &l
12. I HH-TTE Tl & FT Ued =[F & et § UFe ewuvr & forw =@t arer e qom
et i fAeRsr yorrett # e B S § Je
foroofy 1 HEFET TIETET el 3 TI<h amiat § FeterieT i €
(%) 1. 95 GPa =T s1fersh it =FCH T T ATAT HLTHORT el
(@) 0.46GPa =T arfers Y FeH-a9= qr=y a1 sregitazw fsmg
@) TR FeFaY H ITANT g UG U 3.18x106 Hi. a7 srfers v fafery wisgew ua 7.62x104
HT. 7T arfar i fafory =m-qae g arer femde amiat
(Fafers wiegea N/m? & faferg 9 g farnfsa Nim2 & =1 =1 Ateew g; fBfory =ww-aa=r
=t N/m3# f3ferg are g faafsa Nim?2 & swq-a9+ araed 8)

feoqoft 2: e afvta wal & & 3w a1 v UFe 319 3 A7 #d 9% & ST 8 AT ST oY St 9
HEFS oY Fohe | Fehe § 99 & yarg & g Fa=a w7t g1 UFs & SeTd g § 46
AT # oTHe g- qiar, aan g, 2aee 2o, aegHi=ad, aegHIbaw siees,
segHifAEa g, e ar 60% a7 afass e o6 foeanq e wiiAee gresemEs
EIEIEE

OB005.b  fa9m =7 & fRwmefaa a1 dome &t Tt i Ao dade 4= g Teras® Torterd, ST
3T =

1. HEHLT FEhe & aY UF, geaw g Aefi =< arsfusr yorrfern

2. HHEET HA4A G AT Re? TqoArs FA g 0w w1 F {Kerefa a1 daw G a3 fidE =S
(Feara AT Teaex) o e aftia asft srfSrereror gF o 39 2q e =v 7 R =

(F) 600 Hy AT A& T ToeIthel Thige! s3ele; AT
(@) 37 =i (0.2% & Fga< gy fee=m)

OB005.c T e qada § ST &g o =9 7 fesmsfAa a1 o it 7 safoat i 7

1. e R 37w v UFs & germeor &1 staredt St amimat

2. “UFe & geqTeer T wtaeret st & ffia ar wfem =it Rwgs gt

3. e (aifortea sfaemam, AErwpTer siv stefiar warg Yre &) a1 39 sarere, Rreeht uor sreras
&Har 1m3/ fqe ar sfw UFs 21, fSeamst 2w 500KPa T gt 99T UFes Tiarer & dratafear
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OB005.d

OB005.e

OBO005.f

AT gq RSeRa 10:1 31 w1 T 2 AT 2, TAT UFe | Feareor st wfawrely araRe &
e ar «ferm gn

Tt Ao q9d e § ST g A ResFa ar 9 #i 7 g Jonterdt, 3T
ST Heh

1. ST e FEhet & dava UFe o Zead g TS TUITTeraT ST ge< T

TR e q941 § ITARMY fogrw &7 7 fesmsfa ar f[Afda s, sTee &
qTF;

. FEroro=T & fewrsRa a1 AT R 13 Aoera AiSTer Ud ST THa AT, T At hard

F seRte arer 1 . & w9 aswarges TRl arer atha o9 8 St UFe & 819 aTel HeATeor-
Tl ARl & 99 2 ST A & ST ATE ST T TS § S AT F TATRA I Ay &A
fEeat # o w3 8

. o= 7 fesme™a a1 a6y T A =1 ST 3T THaHT| e &F Ffie &

AT & AT AT 2 & T UFe ST Heameor staerelt aratiat & =T ar wfem gt €

(areT OBO005.a T feequft 2 39) v za# u a7 srfar Tneiety Tae gid 81 I8 &[e et
T AT FMAT AT 92 A 2739 % 19 & gt giat gl

. Trero= & feSmea a7 qaam fohr 13 e AT 19 sAreT S UF /AR 9 (BTeg e AT

atterae) fersror & weqreor it wiawreft s & s+ =7 @ gn

4, FIEFT SAT AT LA ASTAT FT HAGT FA g UFe & Feqreor i afareft s &

ot =7 <fera faorw =1 & Rerefa a1 dome & vt aaem T g,

5. AT Fehet & 3@, UFs & g5 gq UFe & Herreor & wfareft amwtiet & [fda ar

e o =7 7 fesrefaa ar d=e & =it g yorterr;

6. UFe/aR=e araverd worrferat, g i (TS Tor a1 gifora) & UFe &l 31 T F:3d 2;

e At o s At gad w9t § s 2q e w9 & R ar qaw fr g
ST, ITEHT 37T HeF|

1. A BAfRET T8 #57 ITERT 77 piAEw 999 F fow ey =1 & Reefa ar e & =
TITF I TAYE a1 AT Fa9-59 AHAT Fwiaw (THE @) 98 Fiaw &7 =9+ Aans
AT AT UHT qaERET § [T &6 S € S 9ied gres e e =iel g7 S8 &
Tfareft 21 e #7 Tt A= s T80T ATHTad; 30 T I7 F7 g7 (Sore 567 Srar 2|
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2. FF-3F HEEE FHieqed (WrEA-fafawy), S e RAfRET T w9 w2 e R
Haedq g 0w w7 & RemsAa a1 da 7y oa €)1 TH FwicaeT Fifad gregraie uHe € J
g aTer HeATeer & wiarely awiE & sar A fEa G S g wewm w5 e e w1y
ATHTAT: 30 Hhe AT T9H i ESreiaa fhar mar g

3. T fReweor qurtfert s ITee (T Efae):

. LTI A S8 T TR Fd g, TAIH LT g AT I U S5 = & ghq
¥ fregm w2 2 e = & e ar o B @ R wmafas fesam 3 o =t
q |9 H o ATt Her AR, qifad gresraeiis Ui qiegerdt grer g are Serr fi
gtaret gt =R

g, U+ & FIEEE 9T & qge (HhTe 8 Hiehe & Yiede UT I¢ fFemas Mewdor Suee siT 9t
AT 3 ST ZRAT arer e & & e 71 d=me f 72 yonferm)

4, Ig INYE AR FARIEE FT IOTEA F gq oo, foams Fewgo s/ smw e
IIHIIT I I TATL TOITTeraT (T e )|

5. fRaw stfFmeas yorferat (Temaa-fafawe) U & U § snfssae g

6. ga-srtafraTry smam AR Yom/eEenTs (e =) wWrEE-ERE e 5T ST +1
e qadq 2q o =7 § (f9ea a1 a9y ™ ga atwtwraeey aee G e ar
Ftgreno oA g fpRieTay WM /AT Tfgas a7 a1 a7 §4<6 a7 et o
ST ®T H STH HT AT BIEAL ST A6 SIS FAE TS Tl 6 TTd AT AE € F Taret gl

7. s B wew (-t
sre Fafae Yo/ sAfereios = 99 |%a¥ &l &Td U LT & aTel a7 Aiiad gregaaiih uee
Al ZTT 2ot 7 wtaret aiRet & [ ar e ffcegs e

8. smaw At Ry worrterat (sma=r fatae)

A AT S99 FTEhei § START AT ST aTaT T8 AtaaeTsionT a1 Re#hr usiel & 1.
ST & i AT e wafae st a1 Reserd yorferr|

OB005.g SEL AT HFET AT H ITIN o T & 7 139 AT AT 1 AT Jortiert, ITeh
AT T
1. A FTefiET SorTferaT (TEAT ATSe e T taar)
2. FF AT ATCAT TLAAIAT GTq gEa TUITerAT Ud Hedh
(TEHTIL ATCA LT T )
3. TAIH &7 “SUTR 3T o8 TUTEF THS o IT
(TEHTIL ATCAA LT T aT)
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4, YT AISIA I3 (TTHTV] ATCHA TR THITaT)
5. FIHTE TR AISTer (0] ST TE )

6. “STUTEA” AT “Tod” TATEF (V] AT Tgfaam)
7
8
9

. UF e/ ey 9 (3197 e qataar)
. T 9TToE it (7] AT T aaT)
. AT TOITTeraT (310 STETd T iaaT)
10.UF¢/3TR=1% I ST STOTTTora (3797 SATemd Tataa)
11, TATT ATTHISIT F O 2 “TET AT A|T Ot AT =7,
OB005.h TATSHT Haed H431 § 3TN &g faere & | fesmea ar fAfa 5 @ yonfer, soehe &ie
ek,

1. WIEHEET TET #q i e . A@A0 &l IcTed 2 AT @d Hd gq Ua fHafarad
st 9w w7 & Rerea a1 A B 7 aresee amEw &g i vée 30 GH, &
srfers iy Sfie s 3caTae g 50Kw & stfers Hi|/ara< Ieuras|
100 kH, # s1far i st g =4 sefe smae saei Frea
. FIIIH TATSHT ITATEA WUl
4, IR g7 ATT 6T FOAT AT FATOT 1 Ffaret At 7 Wiea ar e e arg

TR 3T “Toq” TATE THe 7|
. AT ST B, WRAT g e FTed qAT ‘IR ST T’ WU I TR FA ol
e Ao grata (i s )

SIEN

[,

OB005.i  Tae[a F@ehia Hada Fa= # ITART 2 Faw &7 7 oo a1 qar & &t yorfer, 3=
3T e,

1. TIEIH ATHCT % A gq FEd qaanid HIET ST 39F (o0 ITeh UF Hea, e
A HT (AT H, ATATSSL ST S0 AF A §), AT HUTgdh (Felaed wie qigd),
FFH SIS T a4T 9% &F & @<

2. AT | gq I Aleest (o= awrs: e wiat gq @y w9 F fEwrew av quw fi vt 5y
Aleest e aears e Fafriea dAfseeo g aaq s=ra § 958 20,000V a7 attes 6t
SIS AleesT 1 THIT AT AT FT ASYE F e AT 8 = Ht sty # 0.01% & Fga¥ arees
fata

3. IF AT, TEMFE e gas TEw arqadr ; Few =7 7 e a1 qaw f = 37 afw,
STEFE FiE Ja A% qoATs forad Aaferiad Tt Afsereqor 2 : 100V A7 i 9T 9T 8 He
FT AT H 0.01% & 92T Fe AT qlee sl [ATIHT & q127 500A AT AT FT e A3l

OBO005.j Ha& F3=f § ITART &g &9 &7 7 51 a1 T3 77 1 3= ITeae 3 =2

1. I YOTerAi//3eaTa” 37 & T Jorferat S i sfteraed, sfa" a1 UFe g&a+ gq T3
JuTTTer T, feHeaT=Y, Fiee €7 AT U9, STEIHTOT AT FE 0T T, “IaTe” AT Soi w9
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2. UFe Stfaa geareor it wiareft s & i a1 <@ ur geaartoa ar @=rfe ae-ats
IqT T 1A AT (AT 912 A dTed, Felo aTed, Jal Hiog ared|

UFe 3 &9 & Siq-ATeH 997 a9 § 9870 UFs WTH TIae | ed/3ma+ &rdl

FIT IT AT B et 9T Hie|

UFe STTHa Semeor sht STaereT st & i 77 d@xtera ge- e

UFe STRT |eAT0T st TTaerdT amataat & Mia a7 d@<tea Farq adraeed, Fara gs+ o
ata o afza Fata yonferm

2

foooft 1: Juft OB005 * siasta Watsta fA=r=ror, 37 w3+ 3w SUeaai 9% ff 9N 21 8, ST o= qcdi
STSHIEIT TAHIT & ATHIT &

feoquft 2: ‘ST qea” H qATTT g BIEg o, TXAIH ST EIHIH % TATdT THT |

0B006 ATTerhIa Nueet Sa= et % gfew=q & forw wa= quy Ao =v 9 e ar At e
e arfaer € afm Faforfag g e a5 €
(F) T =T F FATTT et MO word S 29 Uete F SAfaw FETe aur 98 At o ST w1
F foro fadre = 7 fesmrefaa ar [t
(@) F=TorT ateet i ST Saw fOAT (F1 TEl) 9% 3w FY v Ao T wA F o Fow ' &
Remetaa ar At
(1) FFATTIT T FAT LA 29 ST S T4 {UAT (AT 7€) FiT Srguedr it A= FLd & (o0
e =7 7 oSzt a1 [/t
(=) ATt e Ffe T % fAmior & oo o s & e = i

HE T H TSN € H T TR AqTHA g 1) T (AT 1) 3T 7 Fo€ H TFH-¥ T, 2) qrterd
O (AT TT=) & SIferad o ReFe, 3) 38% T4 Ueie il Hel AL & St=d & forg Ui (AT 7T%)
T AT TR i

0B007 100 FIAT (3.7X1012 95) & arfersw g arelt  ¥f=AramssierT T AT=ef % Icurad,
E, HETRUT JIT TARH o1 €537 AT JOrTTorl

0B008 =T ST e form# ~Ie s@aT sreratorar a7 o= uareii &7 3crad #:37 & o
Teft TR T FATT STEFEAT AT g

0C TT= R T97 AT

0A 7T 0B # fafafde fafea wart ar fafea suseor & o, soarew @ war & forg
STRITRERT A7 ATeae|

[T, &. 32/02/2016-241]
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DEPARTMENT OF ATOMIC ENERGY
NOTIFICATION
Mumbai, the 28th April, 2016

Subject: Updation of List of Prescribed Substances, Prescribed Equipment and Technology Under Atomic
Energy Act 1962

S.0. 1592(E).—In pursuance of clauses (f) and (g) of sub-section (1) of Section 2 and Section 3 of the Atomic Energy Act,

1962 (No. 33 of 1962) and in supersession of the notifications of the Government of India in the Department of Atomic

Energy vide number S.O. 61(E) dated 20th January 2006, the Central Government hereby notifies the substances, equipment

and technology specified in the Schedule appended hereto as ‘Prescribed Substances, Prescribed Equipment and Technology’.
SCHEDULE

Category 0 Nuclear materials, nuclear-related other materials, equipment and technology
0A PRESCRIBED SUBSTANCES

Note: Any radioactive material in Category OA shall additionally attract the provisions of Radiation Protection Rules,
2004 made under the Atomic Energy Act, 1962 and the provisions of Section-16 of the Atomic Energy Act, 1962.

0A1 Source Material
0A101 Uranium containing the mixture of isotopes occurring in nature.
0A102 Uranium depleted in the isotope 235.
0A103 Thorium.
0A104 Any of the materials specified above in 0A101, 0A102, or 0A103 in the form of metal, alloy, chemical
compound, or concentrate.
0A105 Any other material containing one or more of the foregoing.
Note 1:
Source material includes uranium and thorium ores or concentrates.
Note 2:
Exports of following items, for the use only in non-nuclear activities, to a given recipient
country, within a period of one calendar year, not exceeding the limits specified below, are not
controlled:
a. Uranium (containing the mixture of isotopes in nature): 100 kilograms.
b. Depleted uranium (uranium depleted in the
isotope 235 below that occurring in nature): 1000 kilograms.
c.  Thorium: 1000 kilograms.

Note 3: 0A1 does not control following —
i.  Uranium and thorium ores, mineral concentrates or other materials that contain
less than 300 parts per million (ppm) of uranium or/and thorium;
ii. Alloys containing less than 5 % thorium;
iii. Ceramic products containing thorium, which have been manufactured for non-
nuclear use.

0A2
Special Fissionable Material
A201
0A20 Plutonium-239.
0A202 Uranium-233.
0A203

Uranium enriched in the isotopes 235 or 233.

0A204 Neptunium.
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0A205
0A206

0A3

0A301

0A302

0A303

0A304

0A305

0A306

Any material containing one or more of the foregoing.
Such other fissionable material determined by the Central Government from time to time.
Technical note:
The term “uranium enriched in the isotopes 235 or 233” means uranium containing the
isotopes 235 or 233 or both in an amount such that the abundance ratio of the sum of these
isotopes to the isotope 238 is greater than the ratio of the isotope 235 to the isotope 238
occurring in nature.
Note:
1. The term “special fissionable material” does not include source material.
2. Any quantity of special fissionable material is prescribed substance.
3. 0A2 does not control -
a. Plutonium with an isotopic concentration of plutonium-238 exceeding 80%, and
b. Special fissionable material when used in gram quantities or less as a sensing component

in instruments.

Other Materials
‘Other Materials’ means non-nuclear materials for reactors, nuclear related dual-use materials indicated
below and such materials as determined by the Central Government from time to time.

Deuterium and heavy water
Deuterium, heavy water (deuterium oxide) and any other deuterium compound, in which the ratio of
deuterium to hydrogen atoms exceeds 1:5000,

a) for use in a nuclear reactor in quantities exceeding 5 kilograms of deuterium atoms in one
consignment or 25 kilograms of deuterium atoms, for any one recipient country within a period
of one calendar year.

b) for use in a non-nuclear activity in quantities exceeding 200 kilograms of deuterium atoms, for
any one recipient country within a period of one calendar year.

Nuclear grade graphite
Nuclear grade graphite having a purity level better than 5 parts per
million (ppm) boron equivalent and with a density greater than 1.5 gram/cc -

a) for use in a nuclear reactor or any other nuclear activities in quantities exceeding 1 kilogram; .

b) for use in non-nuclear activities in quantities exceeding 30 metric tons for any one recipient
country within a period of one calendar year.

Note: The item 0A302 does not cover graphite powder.

Zirconium with hafnium content of less than 1 part to 500 parts of zirconium by weight (i.e. less than
2000 ppm) in the form of metal, alloys containing more than 50% zirconium by weight, compounds,
manufactures thereof, waste or scrap of any of the foregoing.

Beryllium metal, its compounds, alloys containing more than 50% beryllium by weight, manufactures
thereof, and waste or scrap of any of the foregoing and its minerals / concentrates including Beryl but
excluding:

a. beryllium windows used for x-ray machines or for bore-hole logging devices, and

b. beryl in the form of emerald, aquamarine or ‘cut & polished’ semi-precious stones for use in

jewellery.

Lithium enriched in the Lithium-6 (°Li) isotope to greater than its natural isotopic abundance (i.e. more
than 7.5%) and the products or devices containing enriched lithium such as elemental lithium, alloys,
compounds, mixtures containing lithium, manufactures thereof, waste or scrap of any of the foregoing.

Niobium and Tantalum, their metals, alloys and minerals including columbite and tantalite.
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0A307 Reserved

0A308 Tritium, tritium compounds or mixtures containing tritium in which the ratio of tritium to hydrogen
atoms exceeds 1 part in 1000, except when utilized in such quantities and for such purposes as for
organic labelled compounds, Gas Filled Light Sources and as Tritiated Water for radiotracer studies.

0A309 Hafnium:
Hafnium metal, alloys containing more than 60% hafnium by weight, hafnium compounds containing
more than 60% hafnium by weight, manufactures thereof, and waste or scrap of any of the foregoing.

0A310 Radium-226:
Radium-226 (226Ra), radium-226 alloys, radium-226 compounds, mixtures containing radium-226,
manufactures thereof, and products or devices containing any of the foregoing, except medical
applicators and a product or device containing less than 0.37 GBq (10mCi) of Ra-226 in any form.

0A311 Boron

Boron enriched in the Boron-10 ('°B) isotope to greater than its natural isotopic abundance as follows:
Elemental boron, compounds, mixtures containing boron, manufactures thereof, waste or scrap of any of
the foregoing.

0A312 Helium-3
Helium-3 (*He), mixtures containing helium-3, and products or devices containing any of the foregoing.
Note: A product or device containing less than 1gm of Helium-3 is excluded.

0A313 ‘Radionuclides’ appropriate for making neutron sources based on alpha-n reaction, in the following
forms:
a. Elemental;
b. Compounds having a total activity of 37 GBq per kg or greater;
c. Mixtures having a total activity of 37 GBq per kg or greater;
d. Products or devices containing any of the foregoing.

Radionuclides controlled by this item include:

Actinium-225

Actinium-227

Californium-253

Curium-240

Curium-241

Curium-242

Curium-243

Curium-244

IEinsteinium-253

[Einsteinium-254

Gadolinium-148

Plutonium-236

Plutonium-238

Polonium-209

Polonium-210

IPolonium-208

Radium-223

Thorium-228

Thorium-227

Uranium-230

Uranium-232
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0B

0B001

0B002

Prescribed Equipment

Nuclear Reactors; associated equipment, components, and systems especially designed, prepared, or
adapted or used or intended to be used in such reactors including but not limited to:-

~o a0 o

Complete nuclear reactors

Nuclear reactor vessels

Nuclear reactor fuel charging and discharging machines

Nuclear reactor control rods and equipment

Nuclear reactor pressure tubes

Nuclear fuel cladding: Zirconium metal tubes or zirconium alloy tubes (or assemblies of

tubes), in which hafnium to zirconium ratio is 1:500 or less, for use as nuclear fuel cladding.

T E0e

Primary coolant pumps or circulators
Nuclear reactor internals

i.  Heat exchangers (steam generators) for use in the primary or intermediate coolant circuit of
a nuclear reactor

j- Neutron detectors

k. External thermal shields.

Plants for processing, production, concentration, conversion or recovery of Prescribed Substances
(such as uranium, plutonium, thorium, deuterium, heavy water, tritium, lithium); associated
equipment, components and systems especially designed, prepared or adapted or used or intended to
be used in such plants including but not limited to:

a. Plants for production or concentration of deuterium, heavy water or deuterium compounds-

1.

o

Water - Hydrogen Sulphide Exchange Towers with diameters of 1.5 m or greater
and capable of operating at pressures greater than or equal to 2 MPa (300 psi),
especially designed or prepared for heavy water production.

Especially designed or prepared blowers and compressors for hydrogen-sulphide
gas circulation. 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

Ammonia-Hydrogen Exchange Towers greater than or equal to 35 m in height with
diameters of 1.5 m to 2.5 m capable of operating at pressures greater than 15 MPa
especially designed or prepared for heavy water production

Tower Internals and Stage Pumps: Tower internals and stage pumps especially
designed or prepared for heavy water production. Tower internals include
especially designed stage contactors which promote intimate gas/liquid contact.
Stage pumps include especially designed submersible pumps for circulation of
liquid ammonia within a contacting stage internal to the stage towers.

Ammonia Crackers with operating pressures greater than or equal to 3 MPa
especially designed or prepared for heavy water production.

Infrared Absorption Analyzers capable of ‘on-line’ hydrogen/deuterium ratio
analysis

Catalytic Burners for conversion of enriched deuterium gas into heavy water
Complete heavy water upgrade systems or columns therefor

Ammonia synthesis converters or synthesis units for heavy water production
utilizing the ammonia-hydrogen exchange process.

b. Plants for the conversion of uranium
1.Systems for the conversion of uranium ore concentrates to UOj3;
2.Systems for the conversion of UO; to UFg;
3.Systems for the conversion of UO; to UO,;
4.Systems for the conversion of UO, to UFy;
5.Systems for the conversion of UF, to UFg;
6.Systems for the conversion of UF, to uranium metal;
7.Systems for the conversion of UF4 to UO,;
8.Systems for the conversion of UFg to UF,;
9.Systems for the conversion of UO, to UCl,.

[PART II—SEC. 3(ii)]
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C.

Plants for the conversion of plutonium

1.systems for the conversion of plutonium nitrate to oxide
2.systems for plutonium metal production

Tritium facilities or plants for the production, recovery, extraction, concentration or
handling of tritium and equipment therefor including hydrogen or helium refrigeration
units; and hydrogen isotope storage or purification systems using metal hydrides as the
storage or purification medium.

Lithium isotope separation facilities or plants, and systems and equipment therefor as
follows -

1.Facilities or plants for the separation of lithium isotopes;
2.Equipment for the separation of lithium isotopes based on the lithium-mercury amalgam

process, as follows:
(a) Packed liquid-liquid exchange columns especially designed for lithium amalgams;
(b) Mercury or lithium amalgam pumps;
(c) Lithium amalgam electrolysis cells;
(d) Evaporators for concentrated lithium hydroxide solution;

3.Jon exchange systems especially designed for lithium isotope separation, and especially

designed component parts therefor;

4.Chemical exchange systems (employing crown ethers, cryptands, or lariat ethers) especially

designed for lithium isotope separation, and especially designed component parts
therefor.

0B003 Plants for reprocessing of irradiated nuclear fuel and equipment, components and systems especially
designed, prepared or adapted or used or intended to be used in such plants, including but not limited
to:
a. Irradiated fuel element chopping machines designed for remote operation
Dissolvers capable of withstanding hot and highly corrosive liquid for dissolution of
irradiated nuclear fuel and which can be remotely loaded and maintained
c. Solvent extractors and solvent extraction equipment resistant to the corrosive effect of nitric
acid
d. Chemical holding or storage vessels resistant to the corrosive effect of nitric acid
Neutron measurement systems for integration and use with automated process control
systems for the reprocessing of irradiated fuel elements.
f. Industrial equipment including assemblies and components as follows:
1. High density (lead glass or other) radiation shielding windows
2. Radiation hardened TV cameras, or lenses therefor
3. ‘Robots’ or ‘end effectors’ especially designed for handling high explosives; and
control units therefor
4. Remote manipulators that can be used to provide remote actions in radiochemical
separation operations or hot cells.
0B004 Plants for treatment, handling, storage and transportation of radioactive wastes from nuclear reactors

or from plants for processing Source Materials or Special Fissionable Materials or from nuclear
reprocessing plants; irradiated nuclear fuel; Special Fissionable Materials, and equipment especially
designed, prepared, adapted, or intended to be used therefor.

0B00S All systems, associated equipment, components for separation or enrichment of isotopes of uranium,
plutonium, lithium, boron or other elements, other than analytical instruments, especially designed,
prepared, adapted, used or intended to be used therefor as follows:
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0B005.a Gas centrifuges and assemblies and components especially designed or prepared for use in gas
Centrifuges

1. Gas centrifuges;

Complete rotor assemblies; Thin-walled cylinders, or a number of interconnected thin-walled
cylinders, manufactured from one or more of the high strength to density ratio materials
described in the Note-1 in 0B005.a. If interconnected, the cylinders are joined together by
flexible bellows or rings as described in section 0B005.a.4 following. The rotor is fitted with an
internal baffle(s) and end caps, as described in section 0B005.a.5 and 0B005.a.4.6 following, if
in final form.

3. Rotor tube cylinders: Especially designed or prepared thin-walled cylinders with thickness of 12
mm or less, a diameter of between 75 mm and 650 mm, and manufactured from one or more of
‘high strength-to-density ratio materials’ described in the Note-1 in 0B005.a;

4. Rings or bellows: Components especially designed to give local support to a rotor tube or to join
together a number of rotor tubes, and the bellows is a short cylinder of wall thickness 3 mm or
less, a diameter of between 75 mm and 650 mm. These components are made from ‘high
strength-to-density ratio materials’ described in the Note-1 in Section 0B005.a;

5. Baffles: Disc-shaped components of between 75 mm and 650 mm diameter especially designed
or prepared for mounting inside a rotor tube, in order to isolate the take-off chamber from the
main separation chamber and manufactured from ‘high strength-to-density ratio materials’
described in the Note-1 in Section 0B005.a.

6. Top or bottom caps: Especially designed or prepared disc-shaped components of between 75
mm and 400 mm diameter especially designed or prepared to fit the ends of a rotor tube, and so
contain the UF¢ within the rotor tube, and in some cases to support, retain 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 ‘high strength-to-density ratio
materials’ described in the Note-1 in Section 0B005.a;

7. Especially prepared Magnetic Suspension Bearings with both of the following attributes:

a. Bearing assemblies consisting of an annular magnet suspended within a housing made of or
protected by “materials resistant to corrosion by UFs” (see Note 2 of Section 0B005.a)
containing a damping medium and having the magnet coupling with a pole piece or second
magnet fitted to the top cap of the rotor;

b. Active magnetic bearings especially designed or prepared for use with gas centrifuges.
These bearings usually have the following characteristics: i) Designed to keep centred a
rotor spinning at 600 Hz or more; and ii) Associated to a reliable electrical power supply
and/or to an uninterruptible power supply (UPS) unit in order to function for more than one
hour.

8. Bearings / 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 0B005.a.6 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.

9. Molecular pumps: Molecular pumps are high vacuum pumps consisting of especially designed
or prepared cylinders having internally machined or extruded helical grooves and internally
machined bores. Typical dimensions are as follows: 75 mm to 650 mm internal diameter, 10 mm
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 or more in depth.

10. Ring-shaped motor stators: Especially designed or prepared ring-shaped stators for high speed
multiphase AC hysteresis (or reluctance) motors for synchronous operation within a vacuum at a
frequency of 600 Hz or greater and a power of 40 VA or greater. The stators may consist of
multi-phase windings on a laminated low loss iron core comprised of thin layers typically 2.0
mm thick or less.

11. Centrifuge housing/recipients to contain the rotor tube assembly of a gas centrifuge consisting of
rigid cylinder of wall thickness up to 30 mm with precision machined ends that are parallel to
each other and perpendicular to the cylinder's longitudinal axis to within 0,05 degrees or less.

12. Scoops consisting of tubes for the extraction of UF, gas from within the rotor tube by a Pitot
tube action and capable of being fixed to the central gas extraction system.

Note 1: The materials used for centrifuge rotating components include the following:
(a) Maraging steel capable of an ultimate tensile strength of 1.95 GPa or more;
(b) Aluminium alloys capable of an ultimate tensile strength of 0.46 GPa or more;
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0B00S.b

0B00S.c

0B00s.d

0B00S.e

0B00s.f

(c) Filamentary materials suitable for use in composite structures and having a specific
modulus of 3.18 X 10° m or greater and a specific ultimate tensile strength of 7.62 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?).

Note 2: Some of the items listed below either come into direct contact with the UFg process gas or
directly control the centrifuges and the passage of the gas from centrifuge to centrifuge and
cascade to cascade. Materials resistant to corrosion by UFs include copper, copper alloys,
stainless steel, aluminium, aluminium oxide, aluminium alloys, nickel or alloys containing 60%
or more nickel and fluorinated hydrocarbon polymers.

Especially designed or prepared auxiliary systems, equipment and components for gas centrifuge

enrichment plants.

1. Machine header piping systems for handling UF4 within the centrifuge cascades;

2. Frequency changers (converters or inverters) especially designed or prepared to supply motor
stators for gas centrifuge enrichment, having all of the following characteristics, and especially
designed components therefor:

a. A multiphase frequency output of 600 Hz or greater; and
b. High stability (with frequency control better than 0.2 %).

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

1. Gaseous diffusion barriers and barrier materials resistant to corrosion by UFg;

Gaseous diffuser housings made of or protected by “materials resistant to corrosion by UFg”;

3. Compressors (positive displacement, centrifugal and axial flow types) or gas blowers with a
suction volume capacity of 1 m’ /min or more of UF,, discharge pressure up to 500 kPa and
having a pressure ratio of 10:1 or less designed for long term operation in the UF4 environment
and made of or protected by “materials resistant to corrosion by UF”.

Especially designed or prepared auxiliary systems, equipment and components for use in gaseous
diffusion enrichment:
1. Piping systems and header systems for handling UFs within the gaseous diffusion cascades.

Especially designed or prepared systems, equipment and components for use in aerodynamic

enrichment plants:

1. Especially designed or prepared separation nozzles and assemblies thereof. The separation
nozzles consist of slit-shaped, curved channels having a radius of curvature less than 1 mm,
made of materials resistant to corrosion by UF4 and having a knife-edge within the nozzle that
separates the gas flowing through the nozzle into two fractions;

2. 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 UFg (see Note
2 of Section 0B005.a), and with one or more tangential inlets. The tubes may be equipped with
nozzle type appendages at either or both ends;

3. Especially designed or prepared compressors or gas-blowers made of or protected by materials
resistant to corrosion by the UF¢/carrier gas (hydrogen or helium) mixture;

4. Especially designed or prepared separation element housings made of or protected by materials
resistant to corrosion by UFg, for containing vortex tubes or separation nozzles;

5. Especially designed or prepared header-piping systems, made of or protected by materials
resistant to corrosion by UFg, for handling UFg within the aerodynamic cascades;

6. UFg/carrier gas separation systems for separating UF; from carrier gas (hydrogen or helium).

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

1. Countercurrent Liquid-liquid exchange columns (Chemical exchange), having mechanical
power input, especially designed or prepared for uranium enrichment using the chemical
exchange process. For corrosion resistance to concentrated hydrochloric acid solutions, these
columns and their internals are normally made of or protected by materials resistant to corrosion
by concentrated hydrochloric acid solutions. The stage residence time of the columns is
normally designed to be 30 seconds or less.
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2. Liquid-liquid centrifugal contactors (Chemical exchange), especially designed or prepared for
uranium enrichment using the chemical exchange process. Such contractors are made of or
protected by materials resistant to corrosion by concentrated hydrochloric acid solutions, The
stage residence time of the columns is normally designed to be 30 seconds or less.

3. Uranium reduction systems and equipment (Chemical exchange):

a. Especially designed or prepared electrochemical reduction cells to reduce uranium
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;

b. Especially designed or prepared systems consisting of solvent extraction equipment and
pumps or other transfer devices at the product end of the cascade for taking the U** out
of the organic stream.

4. Feed preparation systems (Chemical exchange) consisting of dissolution, solvent extraction
and/or ion exchange equipment for producing high-purity uranium chloride.

5. Uranium oxidation systems (Chemical exchange) for oxidation of U™ to U**

6. Fast-reacting ion exchange resins/adsorbents (Ion exchange):
Fast-reacting ion-exchange resins or adsorbents, especially designed or prepared for
uranium enrichment using the chemical exchange process, including porous macroreticular
resins, and/or pellicular structures and other composite structures in any suitable form
including particles or fibres chemically resistant to concentrated hydrochloric acid solutions.

7. Ton exchange columns (Ion exchange):
Cylindrical columns for containing and supporting packed beds of ion exchange
resin/adsorbent and made of or protected by materials resistant to corrosion by concentrated
hydrochloric acid solutions.

8. Ion exchange reflux systems (Ion exchange):
Chemical or electrochemical oxidation or reduction systems for regeneration of the
chemical oxidizing or reducing agent(s) used in ion exchange enrichment cascades.

0B005.g Especially designed or prepared systems, equipment and components for use in laser-based
enrichment plants.

1. Uranium vaporization systems (atomic vapour based methods)

Liquid or vapour uranium metal handling systems and components (atomic vapour based
methods)

Uranium metal ‘product’ and ‘tails’ collector assemblies (atomic vapour based methods)
Separator module housings (atomic vapour based methods)

Supersonic expansion nozzles (molecular based methods)

‘Product’ or ‘tails’ collectors (molecular based methods)

UFg/carrier gas compressors (molecular based methods)

Rotary shaft seals (molecular based methods)

Fluorination systems (molecular based methods)

10 UFg/carrier gas separation systems (molecular based methods)

11. ‘Lasers’ or ‘laser systems or components’ for the separation of uranium isotopes.

N
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0B005.h Especially designed or prepared systems, equipment and components for use in plasma separation
enrichment plants.

1. Microwave power sources 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.

2. Radio frequency ion excitation coils for frequencies of more than 100 kHz

Uranium plasma generation systems

4. Uranium metal ‘product’ and °tails’ collector assemblies made of or protected by materials
resistant to the heat and corrosion of uranium metal vapour.

5. Separator module housings (cylindrical vessels) for containing the uranium plasma source,
radio-frequency drive coil and the ‘product’ and ‘tails’ collectors.

et



[ 9 H—-@vg 3(ii)]

AR <pT TSTAA ¢ SHTERIT

23

0B005.i

0B005.j

0B006

0B007

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

Electromagnetic isotope separators for separation of uranium isotopes and equipment and
components therefor, including ion sources (consisting of a vapour source, ionizer, and
beam accelerator), ion collectors (consisting of collector plates), vacuum housings and
magnet pole pieces;

High voltage power supplies for ion sources: 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.
High-power, direct current 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 current output of 500 A or greater at a voltage of 100
V or greater and with a current or voltage regulation better than 0.01% over a period of 8
hours.

Especially designed or prepared other equipment and components for use in enrichment plants:

1. Feed systems / product and tails withdrawal systems such as feed autoclaves, ovens, or systems,
desublimers, cold traps or pumps, solidification or liquefaction stations, ‘product’ or ‘tails’
stations used for handling UFg;

N

Special shut-off valves, control valves, bellow sealed valves, manual or automated, shut-off or

control, made of or protected by materials resistant to corrosion by UFg;

SIS

UFs mass spectrometers / ion sources capable of taking on-line samples from UF; gas stream; ;
Rotary shaft seals for compressors or blowers;

Heat exchangers made of or protected by “materials resistant to corrosion by UF,”;

Vacuum systems including vacuum manifolds, vacuum headers and vacuum pumps made of, or

protected by, materials resistant to corrosion by UF

Note 1: Controls under category 0B005 also apply to the plants and equipment that are intended for
isotope separation of other elements.
Note 2: “Other elements” means all elements other than hydrogen, uranium and plutonium.

Plants for the fabrication of nuclear reactor fuel elements, and equipment especially designed or
prepared therefor including but not limited to:

a.

b.

C.

d.

Item ‘¢’

fully automatic pellet inspection stations especially designed or prepared for checking final
dimensions and surface defects of the fuel pellets;

automatic welding machines especially designed or prepared for welding end caps onto the
fuel pins (or rods);

automatic test and inspection stations especially designed or prepared for checking the
integrity of completed fuel pins (or rods);

systems especially designed or prepared to manufacture nuclear fuel cladding.

typically includes equipment for: (1) x-ray examination of pin (or rod) end cap welds,

(2) helium leak detection from pressurized pins (or rods), and (3) gamma-ray scanning of the pins
(or rods) to check for correct loading of the fuel pellets inside.

Plants or systems for production, handling, storage and transportation of Radioisotopes in quantities
exceeding 100 Curies (3.7 X 10'? Becquerel).
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0B008

0C

Neutron generators including neutron chain reacting assemblies and fusion assemblies of all kinds for
producing fissile materials.

Technology and software

Technology and software for the development, production or use of prescribed substances or
prescribed equipment specified in OA or OB.
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