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Fconomic Evaluation of Laser Enrichment Plant

Takashi ARISAWA and Koreyuki SHIBA

Department of Fuels and Materials Research
Tokai Research Establishment, JAERI

(Received July 11, 1983}

Operational characteristics of Lager Enrichment Plant are
deseribed based on the data available at present. And its
economy is also discussed from the view point of investment
and energy consumption. In %he procedure of this estimation,
the composition of the plant is firstly considered,secondly
each component is designed, and thirdly the production
cost of each component is estimated. Then the sensitivity
of the component cost on the plant cost is analysed,
which leads to the optimization of the product cost
and the determination of the economic plant size,etc. The
results shows that the power cost of the electric gun
occupies the large majority of the total power cost, and
that the capital cost of laser devices occupies most of

the total capital cost.

Keywords : Laser Enrichment, Plant, Economic Evaluation,

Isotope Separation, Operation Cost, Power Cost
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Table 1 Details of cost estimation for LIS uranium enrichment plant

CAPITAL COST
PLANL SITE
PROCESS BUTILDINGS

ATR CONDITIONING SYSTEM
CLEAN ROOM

AUXILIARY BUILDINGS
SUBSTATION
REPAIR AND ASSEMBLY FACTORY
MATERTAL PREPARING FACTORY

SEPARATOR
VACUUM CHAMBER
EXCITER WITH OPTICS
IONIZER WITH OPTICS
VAPORTIZER
EXTRACTOR

AUXILTIARY INSTALLMENTS
VACUUM SYSTEM
COOLING TOWER
LASER MEDIUM CIRCULATOR

POWER COST
SEPARATOR
EXCITER...... POWER,REACTION LENGTH
IONTZER...... POWER,REACTION LENGTH

VAPORIZER. ...TEMPERATURE,REACTION WITH
EXTRACTOR. ...ELECTRODE GAP

AUXILTIARY INSTALLMENTS
DYE CIRCULATOR
VACUUM SYSTEM
COOLING TCWER

RUNNING COST

SEPARATOR
WAVELENGTH ADJUSTMENT
CHANGE OF LASER OPTICGS
ION EXTRACTOR

AUXILIARY INSTALLMENTS
DYE PREPARATION
MAINTENANCE OF VACUUM SYSTEM

OTHERS
INTEREST
PERSONNEL EXPENSES
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Table 2 Initial Condition

PARAMETER VALUE PARAMETER VALUE
EXCITATION z ELECTRODE

CROSS SECTION 110713 cm? Eigg%sgglé' 1CM

TON - N

‘8&%%§T2ECNON 1x10716 cm? THIC KNESS 50 MICRON
LIFE TIME 200 NsEC PRODUCT ASSAY 3%
A NG TH 6000 A FEED ASSAY 0.25%
ONIZATION LIFE T™E_OF

WAVE LENGTH 3000 A PUMP_LASER 5000 HRs
PLANT CAPACITY 110000 towu/y |5 AHYE OF 10000 HRS
NUMBER OF HFS 8 ' PLANT LIFE TIME 15 YRS
ENTER PGSITION
CEE GRS 3RD.

Table 3 LIS plant specification (Depleted U stripper)
PARAMETER VALUE PARAMETER VALUE
PULSE DURATION 123 nsec TEMPERATURE 2870K
HMEARTH WIDTH 14 CM SEPARATIVE WORK  [0.00314 KG SWU/S/MODULE
HEARTH LENGTH 1 M FEED 0.00508 KG/5/MODULE
PUMP LASER 1041W (570} §TAIL ASSAY 052 %
DYE LASER 72W(1140) | INITIAL COST 1.98%
IONIZER 970w (1482} | PRODUCT COST 3§ $/KG sWuU
N AR e RvAL o | 745 cM NUMBER OF MODULES | 114
VAPORIZER ANGLE 1
Table 4 Initial condition
PARAMETERS SYMBOLS VALUES
EXCITATION CROSS SECTION off 10 13en?
(ForR 2380y Ts 10 %3enm
O’a 10—13(:]112
LIFE TIME OF EXCITED STATE T 200 nsec
235y CONCENTRATION (FEED) Xg 0.711%
PLANT CAPACITY Towy 100ton.SWU/Y
NUMBER OF STAGES n 5
EXCITATION WAVELENGTH N 6000 A
x; 6000 A
A3 6000 A
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Table 5

Optimized values

VAPORIATTION

ATOMIC VELOCITY
BEAM PRESSURE
TEMPERATURE
VAPORIZATION RATE
WIDTH OF HEARTH
LENéTH OF HEARTH

FRACTION OF ATOMS TO BE
EXCITED

FLUX ATC REACTION REGION

4.37x10%cn/s
2.07 Torr
2701 K

2Kg,/s/mod

1.77x10°
24.8 cm
5.64 cm
73.2 %

1.03x10%7 sem®s

LASER

ABSORPTION OF LASER BEAM

PULSE WIDTH

PULSE REPETITION RATE

LINEWIDTH COF SELECTIVE
EXCITER

EXCITATION PROBABILITY

LINEWIDTH OF EXCITER

= =2 = X = =
[ T O T B 'S T N T )

oY, 2Y,

25.8

N

351 ns

20000 Hz

1.06 GHz

. 45x10° /s
65x10%/s(235U)
.74x10% /s
L07x10°/s
03x10%/5 (2380
.8x10%/s

[T % NS SR o B A A

0.5GHz
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Table 5 { continued )

ELECT RODE

CHARGE EXCHANGE CROSS SECTION 2.05x10 T4en?
CHARGE EXCHANGE RATIO 30.6 %

ATOMIC BEAM DIVERGENCE 28.7 times greater
LENGTH OF ELECTRODE ' 134 cm

WIDTH OF ELECTRODE 30.5 cm

DISTANCE FROM HEARTH 247 cm

ATOMIC BEAM DIVERGENCE (ANGLE) 7.12 deg.

NUMBER OF ELECTRODES 91

ELECTRODE SPACING 1,26 mm

ION RECOVERY

THERMAL IONIZATION 0.11 %

SEPARATION FACTOR 4,88 (changing in

o 2

1.12 every stage)
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Table 6 Results of cost estimation
 INITIAL RUNNING POWER
INVESTMENT ($) COST (%) COST (%)
LASER 51 32.6 2.8
LASER MEDIUM 15.5 12,4
OPTICS 2.1 1.4
VACUUM CHAMBER 2.12 0.08
ELECTRON GUN 23.5 17.9 95.0
VACUUM SYSTEM 0.07
CONTROL SYSTEM 1.32 0.2
PROCESS BUILDING 1.2
ATR CONDITIONING 0.07 2.14
POWER STATION 0.04
- INVENTORY 3.4 2.1
PERSONEL EXPENDITURE 2.1
INSURANCE 31.0
TOTAL (PLANT) 1.37x10°K$ 2.21x10%ks/Y | 13Mw.
NUMBER OF MODULES |1
NUMBER OF LASERS 423




JAERI-M 83-123

Table 7 Optimized value for 3—stage—recovery'module
PARAMETERS SYMBOL VALUES (STAGE)
18T, IND. IRD.
ELECTRODE HEIGHT h cm 10 5 5
ELECTRODE LENGTH 1 cm -é3G 255 260
DISTANCE FROM HEARTH $ cm 128 148 157
NUMBER OF ELECTRCDES n 190 208 - jz220
ELEtTRODE SPACING d cm 1
HEARTH L cm 50
B cm 1
TEMPERATURE T K 2600
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ENERGY EFFICIENCY (35U ATOM/ eV)
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AVERAGE POWER
{EXCITING LASER)

HEARTH TEMPERATURE
1 [ | | [ l‘]
-3 : =2 Z
10 10 10
YIELD(235U Kgty)
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PRODUCT COST (HIkg-SWU )

PRODUCT COST ( $/Kg.SWU )

50 -

40+

JAERI-M 83-123

301

Electrode interval

A5 08 10 12 14 16

DEVIATION FROM STANDARD VALUE

Dependence of product cost on deviatien from standard

value

50

40

30

\ Exciter Intensity
A\

b \ /

/!
\Ioniser/Exciter
\ \
‘\ ;Y

/
b7

/

/,

Laser Linewidth

I [ i !
06 08 1.0 12 14

DEVIATION FROM OPTIMIZED VALUE

Dependence of product cost on deviation from standard

value




JAERI-M 83-123

Temperature

e a—— —
o o —
o —\

m
O
T

Hearth wWidth /
Electrode \f//

Position ,
7%/

!

PRODUCT COST ( $/Kg-SWU )

30 ! 1 1 1 1 1
06 08 10 12 14 186

DEVIATION FROM OPTIMIZED VALUE

Fig. 26 Dependence of product cost on deviation from standard

values



JAERI-M 83-123

INITIAL INVESTMENT RUNNING COST
Separation Cell Qthers Others
" QOptics e

Recovery
System

Labour

L Recovery System
plics

Separation Cell

Fig. 27 Details of initial investment and running cost
OPERATING COST POWER COST
Recovery System Others
a Air Conditioning
Maintenance
Depreciation
Fig. 28 Details of operating cost and power cost

LASER

lonizer

Fig. 29 Details of laser cost



JAERI-M 83-143

DYE PUMP LASER DYE LASER

Power Suppl Assembly & Test

Assembly & Test

L.aser Head

Laser Head ™ Power Supply
Replacement Replacement

Laser Head
Replacement

Fig. 30 Details of dye and dye pump laser cost
IONIZER OPTICS
Assembly Others Sensor

and Tes

Contral
Replacement

Control

Power Supply
Reptacement

Alignment
Replacement

Fig. 31 Details of ionizer and optics cost



juerd £ M8 U0l 001 dof senjea paziwigdQ €€ "31a

S3IOVLS 40 H3EWNN (1uerd £/MS U0J, 0OT) SApoIjde]e Jo IoqumN 2 311

JAERI-M 83-123

oo 8 9 % 7 0
_ i _ T T o; SIOVLIS 40 YIEWNN
(,)0001XAVSSY 1IVL WEldAMMs1 001 O.P w w .w [4 0
OO— [ T..LmMmmZ,um‘_. JOEVHD .IOF
.ﬁ%wf
= @O/ i |
& 002
B —00l
300D T3 4o yIEWNN
i 200€ .
B —0001
& TUe ATANG L 001
] -00%




JAERI-M 83-123

(3uerd £, NMS UOL 001)
sinjetadws) YjIesy uo afes yowe Ul sonyeas pazimijdQ ve 814
jueid [eax ul Aesse jenpoid jo aouspuada(y c¢ 314

$39VLS 40 H3IBWNN

( ¥)34NLYH3dW3L HLIYV3IH ¢ v e , w
0[0)°1 000t 006¢ 0002 " . ' T .
ueld AINMS L 001 E
i AVSSY 1IVi ] (R)AVSSY T1v]

— ( 6)HOLOVS NOLLVYVEaS — |

T
o

-
]
O
G - -
n 1 <
O
—_
I ZLD — —01!
— — 1l >
w
wn
=
LNIOd NOIS3T < -
LA - - - s {WaH1gW 300413313
] d\l.l ™= -
| INIWHIIEUNT 39vH3AY | 2
_ , - $300415313 30 HIBWN 717
L IINQOKW ¥ NI INIWHITENT XYW lo_.

(WO YHLONIT 300¥L0373

Taeld AMMS L 001




JAERI-M 83-123

(uotjezmurydo) aingeledwoal

y3ieoy uo pIal4 puw diom aarjeredss jo eouopusdog [f "8Td

(W)3YNLYH3dNIL HLIYV3H
007 00ZE 00CE 008Z 00K 00YZ 00ZZ_000Z

B ol
.-Ml
(93]
m
)
p
A
>
L —q
=
m
5 ot
e 3
X
>
=
m
L o
_
} 0

(puetd £ NMS UOL 0000T) dinjeradmay
yilesy uo queijd jead ur Aesse jonpoid yo eouspuedaq gg B4

00SE

(M)3ENLVE3dN3L H1YVIH

000E 00S¢ 0002

(sebeis g )weid ANMS L 00001

AVSSY VL

*%ZLT

LNIWHOIENG

%ol m—

FINAOW 3HL NI LNIAHDIENI XVW

S

(%) AVSSY  12N00Yd

-—

Ol




JAERI-M 83-123

azis jueid Lwouocoy

6€ 814

(uorjezimijdo jo 3no) sanjeladwoj

yjieoy U0 Piaid e Nlom ealjeiedos Jo soudpuada(

(M)3PN1Yd3dN3L HIYv3aH

gE 'BTd

0002

00GE 0Q0E 005C
(AINMS 1) ALIDVAVD LNV _ _ _
0000I 000t 00l
T ¥ T T 1 I o
(NmsBY 1§ 07) S r
_ = = T T Tazis jue)d Awouod3 =
| 3
O
- 0012
O f—
I!—
O
O —
]
—
. 00Z e
&
apod4daio M B
-abeis-g pue A Ypm =
juejd uoijeziuol UOoOyd £ L
} A ] A | A

0l




JAERI-M 83~123

i

|

84 T/ ' 1. T/ '
y _| lMODULE Y :
(000711) l R (0.03) ]
- |

[ 73 Tly l

l 4 (0.00366) |
[ IMODULE LS Ty
L2 (0.03) 1
| 68.255 Tly !
[ r(O.OO'I 83) {
|

' i
| |
! |
{ A

17793 T
AT ALSY 0522 TSWUHy

(00 3)

MODULE 2.048 Tly
©3 (003)

66.207 Tly
( 0.000958)

Fig. 40 Example of module cascading



JAERI-M 83-123

7. B b bH K

ﬁ%ﬁﬁ%“f%%ﬂé?“&%%%&LTV_€—¢§V§%7§Vh@%ﬁﬁﬁﬁ%ﬁ

us 355 (ELUEP) 24K L, REEZMFLEHARENIWELY 77 ¥ ML
ﬁbﬁo$f§yh@%ﬁ@%ﬁmﬁwf@iffaVb%&%ﬁﬁL.%h%%%ﬁ?%%
Dy — Ry MoV TOHRE, FhicavE—F Y IR PORMET >, TOXDITL
Tfﬂﬁ?%:zb%ﬁﬁb,§%$N§X—9ﬂ®:zbK%i%@E%fzw?Ltoé
meuﬁah:xrmﬁtf%ﬁﬂ%ﬁﬁc&m;@%ﬁfﬁvrﬁﬁﬁ&m@?%ﬁ%%
972,

UEDhhoHEETNEOEFNBETLL,

@D avd-ivrox OERREBOTE, Lo F-HE, RER, V- -KH RZ
o, HESSHR, BT, OEE, Yo BE, FEXFESCHLTREESEL
LTBAEBOEER AT » 7.

@ NFA—H —REF . RBOTE, vy FRBR, vy RBE, ENEEER - LE,
Do of m - n i, MHEDNS Ay —, BEEADPOOZTNLOEEN, BEY 7 ¥
fnﬁﬁh:xbzﬁié%%mcwf%ﬁ%ﬁoﬁ%%,%mwvﬁﬂﬁﬁ%gwk%
W EBH LD LTS 0T

® BESCBHLEEIR NOBERE, ANEER, EER, BER. HEENFCXS
L,é6%%@%&%%3Vﬁwiybmﬁﬁ¢5C&KiafﬁbtoC@%%,ﬂﬁ
W ED B L~ —BEHE, HEENBICEDIEFHROIGORE VL LHHN
Lo

ccmﬁ&t:ﬂﬁﬁ%nmﬁié4yfyb?—&uammiﬁiﬁ%ﬁ?&%ﬁﬁﬁq

fm%ﬁ,%%%E%mzov,%ob@ﬁﬁx#~A%®%éWﬁ&ﬁ%ﬁofw<Caﬁ
WEBETH S,

# 5 ,
AREBOGRIC S AMEES - L EAFERBIFBRCE RBOBER LT

& £ X B
1) Mail, R.A.et al : Cost Analysis of Lasers for Laser Isotope Separation

System” UCRL 13744 —2 (1977)



JAERI-M 83-123

7. ¥ b bH I

ﬁ%ﬁm%mr%énaf—a%%%&Lfv—ﬁ—oay%%i??%®ﬁﬁﬁﬂﬁﬂﬁ

Sarsa (ELUEP) AFRL, SERFZLIHA-EFONMELY 77 v bREEL
ﬁttoﬁ?ayh@%ﬁ@%ﬁmﬁuf@ifﬁ%yhﬁ&%ﬁﬁb,%hé%%ﬁ@é%
:yﬁmﬁyﬁwomf®%ﬁ,%ﬂm:yf—iyb:xb®%&%ﬁvtoC@;iwb
Tfﬂfﬁfjxﬁ%ﬁﬁb,%%ﬁ”?ﬂ—ﬁ*@jxFmﬁiéﬁg%?iv7bﬁoé
6m7uﬁ7b:xrmﬁbfﬁﬁm%ﬁéc&m$bﬁﬁf§vhﬁ&ﬂamﬁﬁéﬁﬁ%
57,

PlEDhh o BETNESDOEINET L L,

@ GuH kv roRFQBERIESVTIE, L-F—RE, R¥ER, L-¥F-KH HEZE
o, HEHSR, BT, DNEE, Yo BR, FALKESCALTERESS L
LTRAEMBOEE AT - 1o

@ 5 Ak —REEF oy 2 BVTE, My AR, vy REE, ERESEIR - AE
Lo — - n i, MO A5 —, REAPLDENOOEEY, BEY 7V
Fas s SR NCSA BB ONTERET R, BV FREOEBOKRS
W EWH L E 0T

® BEAKBIALEE-ZOARE, AHEER, EER, BFHR HAEENFCXS
L,éem%ng%%zyﬁﬂivbmﬁﬁﬁécawxofﬁbnoC®%%,Mﬁ
&ﬁwﬁbﬁvﬁﬁ-ﬁﬁﬁﬁ%.ﬁ%%ﬁ%mﬁb5%¥ﬁ®%é®k%wC&ﬁ%%
L7e

G r KRNSO~ FRENISABA VT hF— I NERRELELERTANSAPEK-

Tbéﬁ,%%%E%miﬂﬁ,%Oﬁ@ﬁ@x$*A@®%%Wﬁﬁﬁ%ﬁofw<C&ﬁ
VBTH Do

Y 5 ,
AREBOMRI S AHBEH - L ERXSERH LFRRCRCRBOBER LT

s # X B
1) Mail, R. A.et al : Cost Analysis of Lasers for Laser Isotope Separaticn

System” UCRL 13744 —2 (1977)



JAERI-M 83-123

7. ¥ b H I

ﬁ%ﬁm%mr%éﬂ&?—&%%%&LTV—f—oav%%fﬁyb@%ﬁﬁﬁﬁﬁﬁ

ussn (ELUEP) ARL, £ERELLAH-EFNUMEL 77 v PREEL
ﬁtto$f§Vh@%%@%gmﬁwfdiffﬁVbﬁ&%@ﬁb,%ﬂ%%%ﬁ?%%
:yﬁfiyﬁwomTQ%ﬂ,%nm:yﬁ—iybijwﬁﬁéﬁctoC@;ﬁwb
cFas s raA FEBEHL, BEANTA-§-DIRICEALREEAT 2y 7 LT T
émfuﬁyb:xbmﬂbf%ﬁm%ﬁﬁcawxbﬁﬁfaVbﬁﬁﬂemﬁiéﬁﬁ%
1572

PllrodmholkETEEOEFET L L,

@ GuH—ixYrORFPQOEREB VT, Lo -BEB, RER, L -¥-EH HZE
v, HEHSR, EFE. CIES, Yo BF, FERESCHELTERGESE L
LTEREHOBEE T - o,

@ NFA—H —EF v FICBOTR, VYRR, vy KRE, EREERER - L8,
Loy - i, MO A -5 —, REAPLOTNSOEHH. BEY TV
Su s F TR P EEABEBCOVTHEREIT 1R, BV FEEOEBOKRS
W EWHH L ETE o T

® BEAKBUALEE-R OARE, APRER, EEE, RER HAEEHFCXS
L,é6&%@%&%%3V£H$meﬁﬁﬁécéw£cfﬁbﬁoC@%%,@@
GBI EDE L~ P RERHE, HBEENBCHEDIETHOHEDOKNE N T LHH
L7e

G r RN~ FRENKEABA VT y b F - HERRELELNERTANSHADPE-

Tbéﬁ,%%%E%Miﬁﬁ,%Oﬂ@%ﬁx#*bﬁ®%é%ﬁﬁﬁ%ﬁofw<Ctﬁ
HETH B,

# 5 ,
ARE ORI H7 D HHBEH - L BASERBLFRRCR BHOBERLET

& £ X B
1) Mail, R.A.et al . Cost Analysis of Lasers for Laser Isotope Separation

System” UCRL 13744 —2 (1977)



