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Terminology,

(Gas| centrifige;— a device that: camr alter
the ISotepIc composition off material.

Isotope — one off tWo) o more atems
naving the same atemic number but
different mass AUmbers.

ERrichment = Increased abundance ofi a
desired ISotepe.
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Uranium

Natural Uranium has two isotopes — 2°U
and 22eU.

255( 1S ani atomic fuel.
Natural Uranitim: contains 0.711% 2°°U;

z33(J1s enriched toe ~5%) for powWer
ieactorsi and ~90% for' Weapoms.

Uraniin cani be In a gas state as UF..
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Introduction

(Gas| centriftiges’ are; the econemic ChoIce for
enriching uranium,.

(Gas| centriflige cascades anemore easily
concealed than ether processes.

Technolegy: tightly: guaraed by: most nations.
Technolegy spread by al clandesting netweork.

Diffiicult for INSPectors torget Information they:
nNeed o) assess What isf being produced.
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Early: Days

Isotopes were, discovered in early: 19007s.

Centrifuge separation off ISetepes; first
suggested by lindemann; andl Aston (1919)

Chapman, Mulliken, Harkens and! ethers; tried
unsuccesstul experiments.

First successtul experiments at UVA in; 1934 by
Prof. Jesse; Beams with| Isotopes of Chiorine.

Attempts to use centrifitges in Manhattan
project were unsuccessful.
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Professor Jesse W. Beams
University: ofi Virginia
1898 - 1977
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Dr. Gernot Zippe

IHe wasia fIght instructor for GErmany.
during WAV,

Became PO in; Russia afiter the War:.

IHe andl Steenbeck made a deal with
RUSSIans; o) build gas centrifliges.

After 7 years, ZIppe wasfinished withr the
project. Given/ireedom 3 Years Iater.

Worked! with Profi. Beams at UVA 1958~
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Zippe’'s Return to Russia in 2000
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THE MODERN GAS CENTRIFUGE
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Molecular Pump & Rotor
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Scoop Assembly.
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Cascades

Centrifiges do not generally: produce desired
enrchment IR 0ne machine.

Machines are connected ini Sseries, to: attain the
desired enrichment and inf parallel te attain
the desiredl product filow: rate.

hisi arrangement Is called al Cascage.

fihe amount of enrichment performed: is
called Separative Work and Is measured in
Separative Work Units (SWU),

SWU usually:has units kgl year.
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Centrifuge Characteristics

Materials

Speed
(m/sec)

Diameter
(meters)

llength
(meters)

SWU
kgU/yi

Aluminum),
makaging
steel,
Carben

350 to
> 100]0)

0.13 -
0:60

0.5-15

2 0)0)
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Cascade Schematic
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After 1960

Based on Beams, andl ZIppe st worik, U.S.
Pegan development off gas centriftiges; to
ieplace gaseous) dififtision.

Zippe went ter Europe and helped start
EURENCO — a consortium of Britain,
Germany: and Netherianas.
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Other Developments

Other countries bedan Independent:

pPrograms; tordevelop
Erance, Italy, Japan,

centriftlgesiincliuding
SWEden.

All'werkiwas highly: classified.
It was net public knewledge; that Russia

nad gasi centriflge p

ants untilithe 1990's;

Chinal had R&D; effior

IS, but purchased

plants firom RuUssia ini the 19907s.
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Fig. 2. The separation centrifuge facility for production of chromiam-51{.
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% The separation centrifuge facility for production of chromdume-508.
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Source; Zippe G., Development and status of gasi centrifuge
technoelogy, Proc. 7t Workshiop on Separation. Prenomena il Liguids
and Gases JuIy 24- 28 2010]0) Moscow Ru55|a pp 35-53,
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Fig. 9: Subcritical, short Centrlfuges in Russia
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Aerospace Engineering
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URENCO / Almelo, Netherlands
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Dr. A. Q. Khan

Native Pakistani Whorworked fior Urencorin
the Netherlands.

Defiected withrdrawings ciicar 1974

Developed das centriftige program: in
Pakistan and headed A. @Q. Khan'Research
Institute.
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Abdul Qadeer Khan
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Spread! off Centrifuges

After first GulffWar in 1991, IAEA inspectors
discovered centrifuges in Irad.

In 2002, Aluminum tubes headed for lirag were
dlleged to be for centriftges.

This was proven to be false, buti the long secret

subject was now: being discussed inithe media.

In' Octeber 2002, DPRK stated they were
puilding| a centriiige plant.

It was knowni A. Q. Khan visited DPRK.
By January 2003, DPRK denied this.
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Spread — I1

In Eeb. 2005, IAEA inhspector ElBaradel
Visited enrichment:plant at Natanz.

Puringl 22¢ Gulff War'in 2003, Mahdi Obeid
turned over centriftige parts buried: in: his

Pack yard.
Inr 2004, LLibya gave up: their centriftiges.

Khan network off centriftige; and Weapen
design wasi involved in all off these.
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Natanz
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Safeguard Inspections

Trechnically;, Iraniisirequired to stubmit to
TAEAIRSPECtIonS;

IHOW! Cala centrifitige plant under
INSpections; be operated te preduce highly.
enriched turanitms clandestinely?

One; pessibility IS to operate centrifiliges
With' lewer off-design fieed rate.

o) Houston Wood, Mechanical &
w4 17-Apr-07 Aerospace Engineering




Approeach

Consider hypotheticall Iguacu’ centriftige.
Optimize centrifuge performance.
Determine ol asla fUnction: off feedl rate.

[DESIgn| cascade for enrichment: te 5%.

Vary ieedl rate in tWe Ways:
= Change only centrifuge feed rate.
s Re-optimize centrifilgerfior each fieed rate.
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[guacu Centriiuge Parameters

Peripheralivelogeity 600 m/sec
Radius 6.0/cm
Height 43 cm
Wall pressure 60 tort

Axial position ofi teed  [H/2
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Pancake Calculations

FOUF oW casesiwere computed linearly,
and combined to; preduce optimum
separative Work:

s Feed withicut = 0

s Feed withicut = 1

s Linear'wall temperature
s Scoop drive

o) Houston Wood, Mechanical &
94 17-Apr-07 Aerospace Engineering




Optimized lguacu Centriiuge

Feed Rate

Cut (heldfixed)
Delta T

SCOOop) IHorce
Delta U max
Delta U

31.81 (mglUFE /sec)
0.5

1269 K

854 dynes

16.97 SW.U

4.34 SWU

1.254
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Cascade Design

ihe centriftige o Is the cascade stage; a,
andiis constant throtugh the cascade.

All'centrifliges have the same; fieed! rate.

An| Mit cascade is designed for producing
ieactor grade fuel (~ 5%, 2>>U).
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[guacu Centrifuge Cascade

Number of Enricher Stages 6
Number of Strippen Stages

U-235 Product Concentration 53.21%
U-235 Tails Concentration 0.18%

Cascade Recoverny Factor (P/1F) 102105
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— Optimized
~ -~ non-optimized
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Conclusions

ihere s al potentialifior Uranitim torbe
enriched toera higher levelfthan that for
WhICh| the cascade s designed.

ihe rate ofi production: of higher enriched
material’ wouldrbe lower than! for: the
designilevel off enrichment.

INSPECLOrS NEEd aCCeSS) to infermation te
ieveal SUCh Operations.
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Recommendations

Natiens not int goed standing) With' regards
to NP (e.g. Iran) should be subjected to

extiral pretecols.

Safieguards, inspectors must be given
ACCESS o) Mere cascade Information such
as Interstage flow: rates and assays:.

[FOr @ matien: pursuing nuclear energy, this
coulal provide trust building.
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Questions?

Comments?
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