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SURVEY ON THE RESEARCH AND DEVELOPMENT

ofF THORIUM FUEL

Hiroshi MURATA, Toru KIKUCHI, Kaoru UENOQ,
Kazumi IWAMOTO, Shigeru YASUKAWA, Eiji YAGL*, Satoru EMURA

Toychide ISHIHARA, Kiyoaki TAKETANI, Junichi SHIMOKAWA
Japan Atomic Energy Research Imstitute

(Received February 5, 1975)

The element "Thorium" sounds familiar to us all,
though research and development on the fuel on a large scale
is not started yet in Japan. Meantime, information on this
fuel abroad seems to be accumulating. Recent developments
in this field in the world are reviewed: resources, chemical
characteristics, refining, fabrication, reactor physics,
reactor design, reprocessing, refabrication, waste treatment
and desposal, radiation protection, and strategy with HTGR.
Thorium-fuel research and development programs 1in overseas

contries are also presented in the appendiX.

* Former JAERI employee
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Ezlal HEH Th(x10 °) U(xX10 ') Ra(x10 )
L= 26 1.30+2 3.0 0.3 1.37+0.17
oA 6 444+1.2 1.4 £0.2 0.51+0.05
He MR 34 39+06 096+011 038x0.03

. ERMEY , Pk  HEREZCDRBOBEEOREINGO, P
®$®,$£U¢ém%®?ﬁfg

20— 2 % fﬁr y v s & oY

Name Composition Content of ThQ, (per cent)
Cheralite . .i (Th, Ca, Ce{(PO,, S0} 10, varinble
Huttonite . .1 Th{Si0y) B1-5 (ideal)®
Pilbarite . .| ThO,-UQ, -Pb0-28i0, -4H;0 31, variable
Thorianite . .| ThO, Serics to UO,
Thorite . .| Th(8:10,} Bi-5 (idcal}®
Thorogummite .| Th(Si0); {OH),, 24 to 59 or more
Eschynite . .| (Ce, Ca, Fe, Th)(Ti, Nb),O, Upto 17
Fergusonite . A4 (Y, Er, Ce, U, ThXNb, Ta, TOQ, | Upto 3
Monazite . .{ (Ce, Y, La, ThYFO,) Up to 30, usually 10 to 12

& After C. Frondel, Prec Tubevn. Conf. Feacesol Uses Alomic Energy , b S8 (1956,
b The thorium wntem is usually less because of substitution of other elements for thorium.

2-3% =+ X AOMHERY

Indian Brazilian Idaho
Cotnponent | Monazite | Monazite | Monazite

(¥4 (%) 4
Total oxides 69-2 681 68-9

ThO, 9-4 65 3-95
CeQ, 285 — 202
U0, 037 618 015
P,0; 259 260 285

s M. Smutz, G. L. Bridger, K. G. Shaw, and M. E. Whal‘.ly,

Chem. Engr. Prog. Symposium Series No. 13,

Nucl. Engineering Part II °

167(1954),
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THoriUM {Th}, Z = 50

Muass  Decay type _ T, Specific acrivity

nintber : dimiyee Cilpeg o omglci

23 -4 .9 5 1.248 x 1047 5673104 1.763 < 10~%

24 a 1.05 s 1.065 x 10%* 4.540 x 104 2066 < 10

225 o, &~ <3% 8.0 m 2319 x 104 1034100 9487 x 102

226 o 30.9 m 5.978.x 10V 27.173 3680 % 16—

227 o 18.7 d £.986 x 101* 317610 31.492 .
223 k4 1.91 ¥ 1.823%10° 8.254 x 10 LT 1P

219 & 1340 1R y 4721 < 108 21461077 4,660 10°

250 z, SF <« 5x10-84% 752000 y 4.589 1t 2.08Rx 10—? 4.794 % 107

3 B 136 h 1180 104 0.336 1.8A4 .
232 w, SF < 1, 4x 0% LaMI0 y 0.2+ 1111 210 9.002 5 10t

233 & ? m 8100 (0% 36.519 2716 S 10

234 a8 d 3.140 10 2336 K 107F 42.802

235 f#- m 353 xH0M >L6L510% <5197 107

2—-5%% Y Y oA S B OHESNEE

Froperty Value
Melting point .. - . . . - . .| 1150°C
Crysal structuret .
Faco-centrad cubit 1o 1400°C . . . .| ag = 5086 & QGROSA (25°C)
Body-centred cubic 1400-1750°C . - - .| g = 411 & BOIA (1450°C)
Dessity
From X-ray datn, 25°C . . . . . 4 11724 glem®
Bomb-reduced, &5 cast . - - . - .| 115-156 gfem®
Arcmelted ‘jodide’ metal . . . - .| 1E-66 giem®
Heat of vaporization,* . . . . . .1 AHjpe = 130 kenlfmole
Vapour pressure, . . . . . +] 10-74atms. at 2000°K
107 stms. at 2000°K
Heat of fusion . . . . . - .1 %6 kcalfmole
Elastic constants
Young's modulus . . . - . . . 105 x 14 psi
Shear modulus . . . . . . . 40 x §0% psi
Poicson's ratio® . . . . . . .| 0265
Compressibility . . . . . . 1164 ey’ idyne
Coefficient of thermal EpI.TIG-I'Un {25-1000°C) - 128 x10%°C
Eectrical resistivity '
Bomb-reduced metal . . . . . .| 18 % 10~* ohnrém
Estimsted for pure thoriom . . . . .13 — 14 x 10 ohoocr
Temperature cocfficient of resistance . . Jdo396 x 10 -
Thermal conductivity
100°C . . . . - . . . .| . 0-0%0 calfeec e °C
400°C . . . . . . . .| 8100 caljsec cm °C
Thermal diffusivity
CH0°C . . . . . . . . | 02 anfse
Work function . . . . . . . .| 339 clectron vohs
Hall coefficient . . . . - . . ] = 88 x 10 e esuiomb

Emissivity {solid)}
1900-1700°C, 0667 2, . B - . . .| O3B0

® Much of the data in this table was selected from the sutboritative paper of Wiklvelm ef 2l

» Contraction normal to siressfclopgmiion parsilel to stress. This valve for Poissan's retio
# somewhat smaller than for most metdls,

* L. Brewers, pervonal communication, 1956, Brewer finds a value of — (AFjeee— AHzu}T
= 31 cal/molc °C. i

4 Sec text for aliernative value for crvxtal paremeter.
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Soiubility in other

Reagent | Compound Precipitated Solubitity in Water Reagents
oH- . Th{OH), V. insol, solubifit Sol. acids, ammonium
product = 16~ oxalate, atkali car-
’ bonales, sodium
citrate, elc.
H,0, Th{DQ),50, - 3H;0 Y. insol. Sol. in conc. mineral
acids
F- ThF, -4H,O V. insol, (17 mg/1) | Sol. in acid atuni-
) nium nitrale
solution
105 Th{TOy), V. insol.
507 Th{S0,);- H,0 Somewhat sofuble in
‘ excess sulphite
GOy Th(C;0,),- 6H,C ‘Insol. in waler or acid | Soluble ammonium
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8—13% SUMMARY OF GAMMA DOSES*

A. So0l-Gel Line

Operator Doses Station Doses

Total dose, mr Total dose,

Worker Whole bddy Hands Station mr
A 165 200 Measuring 40
B 355 1090 Blend tank, ThO, addition 50
C 70 70 Blend tank, so!l transfer <1
D 130 ©120 Dryer, tray filling 40

Dryer, tray dumping 20

720 1480 Furnace 50
Powder preparation,

milling and sizing 80

Weighing 110

’ 380

B. Rod Fabrication Line and Mechanical Assembly

Operator Doses Station Doses

Total cdoge, mr Total dose,

Worker Whole bedy Hands Station mr
A GO 170 Blending 20
B 50 130 Loading 53
C 40 170 Cleaning 30
D 10 30 Weighing 20
Welding 20
160 500 peak test, 11
Gamma absorption 32
Final decontamination 16
204
C. Totala
~ Operator Doses Station Doses
Total dose, mr Total dose,
‘Operator location Whole body Hands Statlon mr
Sol-gel line 120 1480 Sol-gel line 390
Rest of plant 180 500 Rest of plant 204
' 880 1980 594

*#All doses are for the production of B2 kg of U-233-0;—ThG, powder {Part A)
and the compaction of 37 rods and asgembly in one bundle (Part B},
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§—23% TOTAL-BODY RADIATION EXPOSURES PER
OPERATION FOR KILOROD PROGRAM?
( SOURCE:; FILM-BADGE DATA)

Exposure, mrem/week

ard quarter  4th quarter  1st quarter

Process Operation (1u63) {1963) (1964) Average
24*
Denitration All operations 15 (7 weeks' Shutdown 20
operation)
Blending 22 g+ 20 17
Sol-gel { Operations at erucible table 28 12+ 25 22
51 21 45 39
Jaw crushing and sampling 1.2 5.1 7.3 5.1
Ball milling 2.1 3.2 4.6 3.2
Blending (powder} 3.3 8.4 12,0 8.4
Compacting 16.0 23.0 19.0 18.0
Scanning 4.8 3.0 3.4 3.4
4 e . . . A4
Rod fabrication < 3‘\!!32:'5:{? ring rod for séanning gg 2; gg g-s
Ultrasonic cleaning 2.2 1.6 2.1 1.9
Leak testing and weighing 2.5 L7 2.3 2.1
Turco cleaning; smearing
and loading into carricr 4.4 5.4 6.5 5.4
| Supervising 19.0 12,0 14.0 14.0
Total 67.0 86.0 78.0 67.0

*From sum of pocket-meter values,

8— 3% HAND AND ARM RADIATION EXPOBURE PER
OPERATION FOR THE KILOROD PROGRAM?
( SOURCE; FILM-RING DATA)

Expouuré, mrem/week

4th guarter No, of 1st quarter No, of Waighted

Process Operation (1963} weeks (1964) weeks average
Denitration All operations Not available
Blending 55 10 {one 51 12 {one 54
Sol-gel { operator) : operator}
Operations at crucible table 70 68 o (other 59
— — operator) _—
125 - 121 123
Jaw crushing and azmpling 44 9 63 54
Ball milling 28 40 11 35
Blending (powder) 72 103 89
Compacting 125 i1 70 11 98
. Scanning 27 11 15 8 22
Transferying rod for scarnin 1 1 1
Rod fabricatlon 9 yoyding 8 18 10 15 12 16
Ultrasonic cleaning & 5 G
Leak testing and welghing ki 6 6
Turco cleaning; smearing and
loading inte carrier 36 9-11 39 11-12 38
Supervising 103 11 59 B &5
Total 469 436 451
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84 % FBERCHTLHABOBEEE, (U-Th)C:OHE.

Material Location. Quantity, and Age in
Fabrication Plant Processing (U—Th ) C;

Plant Capacity (kg hesvy metal/day)

&0 230 930 3700
Zone 1
(1) In-process material at a 22 g8 352 1408
given time, kg
{2) Time since in-process 16 16 16 16
material received from
sol-gel plant, hr
{3) Mnterial held up in equip- 3 3 3 3
ment, kg )
(4) Tihze since hold-up material 5.7 5.7 5.7 5.7
received from sol-gel plent,
days
Zone 2
{1) In-process material at a 20 80 320 1280
gliven time, kg
{2) Time since im-process 26 26 26 26
material received from sol-
gel plant, hr
(3) Material held up im eguip- 3 3 3 3
ment, kg
(4) Time since hold-up material 6 6 6 6
received from sol-gel plant,
days
Zone 3
(1) In-process material at & 15 30 60 60
given time, kg
(2) Tme since in-process material 1.7 L3 1.3 1.2
received from sol-gel plent,
days
(3) Hold-up material in any 3 3 3 3
element, kg
(4) Time since hold-up material 6.7 6.4 6.3 6.3
recelved from scl-gel plant,
days
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8-5FR HERCHTLHREOBEEE, UC;, ThO, BIOBEE

HTGR Material Location, Quantity, and Age in
Fabrieailon Plant Processing UC; and ThC,

Plent Cepacity (kg heavy metal/day)

60 230 330 37C0
Zone 1 (U enly)
(1) In-process material at a 3 4 16 64
given time, kg
(2) Time since in-process 16 16 16 16
material received from sol-
gel plent, hr )
(3) Materisl held up In equip- 3 3 3 3
nent, kg
{4) Time since hold-up material 5.7 5.7 5.7 5.7
received from sol-gel plent,
days
zone 2 (UCy only)
(1) In-prececs malerial at a 3 6 24 %6
given time, kg
: (2) Time since in-process 26 26 26 26
3 material recelved from sol-
j gel plant, hr
? {3) Material held up in equip- 3 3 3 3
ment, kg
{4) Time since hold-up meterizl 6 6 é 6
recaived from sol-gel pleat,
days
Zone 3 (UCy + ThCp)
(1) In-process materlel at a 15 30 60 60
given time, kg
j {2) Time since in-process 1.7 1.3 1.3 1.2
: material received from sol- :
g gel plant, days
(3) Hold-up material in any 3 3 3 3
: element, kg
1 {4} Time since hold-up 6.7 6.4 6.3 6.2

material recelved from sol-
gel plant, days
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10'

3

Soturation Activily, %

O ORNL-ISSI {(Run ML}
0O MW Total Gommo Activity

- T BAW 2.4 Mav T1.208 —
10" ] i ! i ] L
° 19 20 20 o s & 70

! Days Since Purification

8—1 ¥ Calculated and observed growth of gamma activity of
U~-233 material containing 42 ppm U-232.
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9. BEBEY MLE MY

ﬁ%ﬁ#%fww5®W%ﬁ%ﬁ%@,vﬁy@buvAmﬁ%,%ﬁﬁﬁ@Kﬁinﬁ
B O8E, T, EFFOEE, FREBNBLER EOSRE Ao TR, BE EAER
T%%?bc%ET%%%%m%,ﬁﬁ,W%ﬁV*WM,%ﬂ#47”@%ﬁﬁﬁ%Um%
H%Kﬁﬁ%fﬁybﬁﬁﬁ,@ﬁf% %ﬁ%mM@m%ﬁmx;f Kal{ZE8HT5H,

U202 py w08 P = U 4 2 oD REREREEG, BTOYA 7
wﬁﬁ%ﬁﬁf@ﬁénfh&%ﬁgwﬂmma,@5%%@%~4z%ﬁﬁku%%bko

235

%1 MHEHMEENORELE R

1) 73, bV T AORE, FEH
ﬁg,ruvaﬁﬁwﬁ%,%ﬁfﬁvr@,%¥sn1m%mﬁ AR EREY
(tailings)DHEE, 75 SO HEFL MBS LT £0TE Lo

e, ?ICrEEDY S BEARE U0 BET0.2%, BETRCTAENERIS
%:b,ﬁés%#%ﬁ%@@@%%%tuf#&éna%@:?bk,%E%ﬁ%%ﬁ,ﬁ
EEFORAREARETS A, ThROD, Us0s 1 kg MU D 0765m° LEEINL,
C O EBm O M AL, A, SAUAIO tailings pondCHD, HRAFREMTR
FBCaE-Tnbh, LDL, TNDEEHORE BWAD HRE BT LEs L, TOHKUNET D,
W%&%EﬂﬁmPﬁME%Ckb,7277»rﬁ£fﬂﬁ*u£6tféﬁﬁbﬁéo
b ABBIRONTY, T AAeALE Yy s EAE AREERELLHE, BE
TLEERLIEHABET AL LN TE b

o5y LUr Y A RACEEEEROERE L ERERICL, T, KHTLTH 5.
9—1%%97/§ﬁﬁbU?A?ES00%/%Wﬁuﬁﬂﬁﬂﬁéﬁﬁﬁmmﬂiﬂﬁﬁ
gevEr L ERERERT. TOEIPDL, M v LIRS, v v ROARERCITE
RIS O NI AT EBDD D, '

2 w3, FUYLEBHEOMLT
%ﬂmifayrmb®m%&%%%@,ﬁﬁﬁ,Zﬂﬁyfﬁzmﬁ%¢@ﬁ%ﬁ,ff
RF g, Fu—TF, T4 mE—RETD b
%KW%ﬂ@mIf%vr#%@%E%%%%m,vavﬂmMﬂﬁ,%SOOt/ﬁﬁﬁ
ELREE, 9 2RI (T, |
bﬁb,%iﬁﬁ,WIfﬂtz,ﬁﬁ,W%%%%ﬁ,%ﬁ%@ﬁﬁﬁﬁﬁﬁofﬁﬁf
bcruw;m%ﬁm@,ﬁm%%ﬂf@nﬁ,%ﬁ%%&%@f—fﬁa05V&@%F£
EF ST (o

G, m sy, b)Y AOREHCHTHHFRER, 93 200w T Lo, 2Ry Y Y
A®%§%£®ﬁﬁﬁuMﬁ,wwﬁ%%%%ﬁﬁﬁa&mﬁﬁ,AfWﬁ% e

@) EFH
ﬁ%ﬁ#b%%?%wﬁ@%%%Km,ﬁm,ﬁﬁ,@%ﬁ@écﬁw%ﬁ%momfm
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BEARNTCHEALEAZIN, EEEER s LTEEbNLL, BXKFE (BWR, PWR)TH, H
R, BEVLVY .y, KV Yy, RGRE, WMERE, EMSBERAL SEE, RBREgEIEREL
Znap, HTOGROHE, SEHE~V O 2TH LT £ L, BHARBERBLRIBIC A N,

i, BEREEHMTCO2ATr, BKETCERRBRE O MG, EREAL A KRR, -7
M E—R S, Y, WEGEEMAL ST LN A%, HTGROSECH, KARIERY
W EAE R, MEXRBEY, BARESH, 725y 8axry, PIFY 2 RREEZE LA
Lo

1,0OOMWe SO LWR , LMFBR , HTG RO LHET AAEEFELO EMRBEHEE
BT O - 4FRCRT,

HTGRW 2T, Fort St., Vrain HTGR OF —#0 bHNE LA,

9—4FEOCI L, BAFHLLORERERT s OBRECORSFOFZKEEEMHILLOREEF &
rhmT He, RICERINAEE, ELOHTAA, B BELZLBROAEZFRELT
HLOWCEL A,

@) IS E

BO#7 s v 0 bRAETH MMERERE, f—r, e—f8—7 LU« EEY, Cladding
hull, BY A 1 BESRZFESELCRHERELER L, BHL AL OHB N,

BEaBys v FEROBR/ER, Bk, WaidRE 772, 723, 242 E0L-T,
FREREBEAGEEs» 2 ) OBYLERO HE, H®RALOHEEEID L,

9—5FfHb 9—7EC, LWR (PWR—T, ¥ 3% ,1000MWe), 32.873MWD/T) ,
HTGR (U=Th,1160MWe), 94264MWD/T), LMFBR (1011MWe), 41,792
MWD/T) D EHEARS1t 2EXRTURLABSCEET LREYORESR T T, £,
B o00 CTHRIELARILE L TERD Lk, o

S N BEEAL GO FPREREE, BREOREESRE(ADLELLADL, BERYF
OT 2 F A FBETEEREOERR LRBECIRE T Ho TNL ERYORESRESE
9—- 8%, 9—-9KRTF T,

F o, BURLBEHAQOTFTP, 7275/ 4 VEROHMELSHEEMCOWT HET 54
B, Ci/ MWD/ ~—=74 X LRy 9— 16, 9-2HTHET,

FPhaoy@msEiEn, 4583%1 004547 Osr,'0s TH 52, 1,000~10,00 0%
L PWROBE, 21, e, "N, P0s,¥Nb THO, HTGROBAEE, I, Te,
“Se, 4%, LMFBR ®Eair 1, Tc, 80, s 2 X TH 5,

—F, TZF /4 FEHEOBE, 9—2BOZ £{ PWR—Pu 2 Ci /MWD #5 % K%<
2 Am, P08, HOPu O 51000 EPBCEbNEL, HTORTH, U, Uodi
FTHETEROB 7+ =0 a®ERT 4670, 10 0FF TOXREFELPWR 1T & HHE
LTwbnEALBTE Pam0F 5047 ' ke (857 5,

A, BURT 52 b mbHB V<A BEGHAC Pu $7200 2P0 104 ) RO L 9 R BE

WO RET A,
« FEEE Y 113m (8.75gPu or U/ /m’ )
a—f3—-rBEY 283[113( 0.875gPu or ,/m’)

—70—
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4 — r By 453m° (0.035g Pu orU/m’)
(5) B BT
Pk = oo EOF R MERSE 75 M b OBBEBERL 74 =0 A E M
Ly ATES D, FRCET. CnhEREOHLE 9 — 3EICTT, CP9 b~ V<vﬂﬁ

L ETA VT B 5

233

it | KL 3 m L & gt
a B 9 8 3m3 56 6m?  849m?
8 —r BEZEY 1132m® 22 64md 3396m?

22 ZothoREYS IILEEY.

1y FH=

LWR, LMFBROEMEBF 1 1 %) DAEAAFLS ~6 kg TZOWS S5 EDXe T
BHn, 1500BHEBEOBRERS ALK ZITELA, Kr 090 FUENELRRIC, &
b 1 L THETFFEGRICEAET 5.

(2) =2vH
aﬁﬁ@EW%“,001WMWDH*@U,ﬁ%tﬁ%ﬁ@M,E%ﬁﬁi@ﬁmﬁﬁf
1918 058), SHAEASLE PI(LEX10TEITH b,

3 FUVFTL

AT LA ) F Y AERER, 0.02~0.03Ci /MWDL) #7221 700~1200Ci 1,
SF TH - T el %O BEMC, 5D A Core materials WICHFET Ho

a) LWR ‘

LR OR v E, ) F o A EQBELEOREFRIGTELT bo AT , Haon
THnHFANTH 1IR%E mwﬁmbU%vA@W%~5mm/méifﬁﬁﬁﬁéccw%
o, IMWMWBIMR®1K%HMm6¢&M6m%D}U%?Aﬁﬁ%%?éa

by HTGR

ﬁ»fﬁ#W?%rU%vaizwmouq,briﬁ,r% BT LA 1,310C1 &
h@ﬁ”ﬂﬁ«4~ﬁﬁ@§%moIthBmtm11TM&MOHhtbu&Wb,@%
B & LT B - T b

¢) LMFBR

M®ﬁﬂtﬁﬁ995%@ﬁﬁﬁ?@@ﬁﬁ¢ﬂz%yvx%m%#bﬁﬁb,1&%%
Ba—naFb Iy 7iCsediun tritide sludge & LTHHBEINS,

() e
HTGR@%HS&MH/MSF@“GﬁéﬁTéOC,%merBR@H;*700@

THho

9.3 FEBRRED
o ETEE MR OE S EEECRET AEREC O TENTERD, TSRO
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WHEREZERACREAEE T EL AEERFERM T ONTHENS,
FEEREL T KRBT H &
(1) =B, HHE WEOBE, TR, XERLTFCEREIBCL ~THET L EEY
(2) WZOMAYITL - TETHERY
a) TOBRFEHOHFBIRA, BHEOHME BE BEW, BROAELLTHEITERLAE
AOh, FHEHL, cBRERTAREEDS -HHECRKBRRET LI - TH 54,
b)) FAZLMFBRDIKXEZF LIV v 2aEAEN, BFHry2FAalRELAZNWESADL
Ny 27 2050 TNAEEREBRTC L - THEZEY - L TULBLAOHRER B,

24 EREDHOUH

MEERZEOLSCHEL T, BATHTHFER, SHBLS, BRELSSAEBBINTEHD,
¥+ 7, HRHEE, BIROKEE, HRA NS, BEARZESEE BEI ATV,

DEBRCEATH, BRKFHLLOB VRV BEBRONSCONTEBLUAIOHEE, HIHE
BEINAKRETH - T, BHCBLTHRERENET 7 —FHBAET AL T W AND LR
KRTH 5,

Wy~ BEGOEBELISERICHEFET A LETRTEETH Y, RERIEME, HFEEE
oMK, REEZITEC LICADB, CORED, - EEEREHA, LVELTCREL, ¥
A T B O RIEE, FHT A EET LN,

—7F, BHNSCHELTHE, «BE®#Ye LUV ERFERREL T EEMRITL, ki, B,
EELRFTORMER s B1Te TR, BT BLERS AL,

F, BrSvBERCOANTH, ENAEOHRMEBEOREE +HMTIER L, EMChi
S B HROBILE 1A NETH b,

BFNHECOR$Has®R, BERNENY OB AHE» R e AME L E2H9, 20
DL B O®RE, @RERTTALEETSALAT RER DR,

B2EXW

1) J.O.Blomeke, Q. W.Kee, J.P.Nichols ; ORNL—-TM—-3965{1974)
“Projections of radioactive wastes to be generated by the
U.8.nuclear power industry.

2) A.H.Kiﬁbey, H.W.Godhee ; ORNL—-4924(1974) “A (Critical review
of solid radioactive waste practices at nuclear power plants”,

3 P, E.McUGrath ; KFK 1992(1974) “Radicactive waste managenent
potentials and harzards from a risk point of view”,

4) S.E.Logan, G,A'Whan ; TANSO 19 204(1974), “Seleoction of
significant elements and radionuclides for waste ma,na;gement
assessment’”,

5) J.A Angelo,Jr., R.G, post ; Nuclear Technology _E‘,_fl"(ll) 323(1974)

i

“Nuclear fuel Cyele and the isotopic Compositions”,
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7)

8)

9)
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W.Vinck 3 EUR 5001 ct,e,f,0(1973) “The Prescnt and future

situation of nuciear Energy production and its associated industry

‘~normal operation, accident prevention and mitigation, Comparaiive

risk assessment”,

P.J.West ; Bulletin-TAFA 16 (1/2} 78(1974) “Waste management
for nuclear power”

R,W,Rams ey, Jo,et.al ; Seminor on the management of plutoenium
Contaminated solid waste (1974)7 Ov‘ul'vic'w of manacement
programs for plutonjvm-Contaminated solid waste in the 11,8, A7
G.R® Baiohridge, P,A Bonhote, G.H.Daly, E.Detilleux, H.Krause,

At . Enecrgy review 1_2{1) 146(1974) “Decommissioning of puclear

1

facilities—A review of status,’
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913 95 vdfdr ] P AaBFE500 MBLABSORELOLRE
_ _ 7 5 ' b)Y
TLH F, 70— 7255, (m?3) AK(m? ) ol L5 (m¥) 7<(m?)
T 00152 - — 0.039 4 - -
Pb 0677 g3x10'’ 3.3%10° 0.189 1.8%x10° —
Bi 0677 1.7 X1 0° 8.8x10° 0.109 3.6%10° -
Po 101 1.6%x10" 4.7x10" 0.1 09 — -
Rn  0.346 1.1x10° — 01009 1.0x107 -
Fr 00002 — - - - -
Ra 0.346 11210 L1x10’ 0.219 55%x10° 3.7x10°
Ac 00153 1.9x10" 7.6%1 0% 0.109 3.6%X10° -
Th 0692 41x10" 1.8x1 0" 0.0109 2.3%x10'° -
Pa 0347 3.8x10" - 1.7x10° - — —
U 00338 6.4%x10° 9.9%x1 0’ — — -
# 415 49x10%° 1.5%1 07 0.816 79%x10'% 37x10°
j@ﬁﬁﬁzf%mimﬁnlu_ ‘ «10CFR20 Appendix B, Table II

ROG*
g— 2% FEHhit L VEEEY 7 o MTHARN OO WHIEREREYLO RER
[ R e m? E m? /15, t
B RYE FEEE 160 0.3 2
AR SR 100 0.2 0
~
MER (=T T4 M E ) 100 0.2 0
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g —33 Concentration in air and water above mnatural

background - Table 1] (10CFR—20, Appendix B)

I T Air (e Ci /mf) Water( 2 Ci. mf)
] 2x10 " 3x107°
17—233~235} .
1 4x107" 3x107°
9 3x107"° 4%107°
J—238 1 i
1 5x10 % 4x107°
S 3x1 077 2%x107°
iT—pnatural } ] _ 7 _
i 2x107"? 2%107°
] o107 2X107°
Th—232 } 1 .
I 107 4%x107
g 1072 107°
Th—natural} . r
I 107 10°
S ! soluble , I : Insaluhle

9g—43% LWR,LMFBR,HTGR?) -OEEREES T
' 1,00 0OMWe

5 Eil w?®
BWER 140~280
LWR |
PWR 50~100
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1 0~1F C(Classification of postulated accidents and
eceurrences (Kelly, M.J.et al, ANS Topical

Meet ing on Gas Cooled Reactors, Gatlinburg

1974.5)
Class AEC description? Examples
1 Trivial incidents Small spills
' 2 Small relesses outside _ Miner tritium releases

containment

3 Radioactive waste system failnre Kadioactive waste tank
Failure
4 Fission nroducts from primary Instrument line hreak, small
E¥st em pipe hreak, small liner

failure, or venting of PCRV

due to overpressurization

5 Fission products from primary Reheater tube rupture

system to secondary system

6 Refueling acecident None
7 Spent-fuel handling accident Fuel cask drop
8 Accident initiation events Rapid depressurization

cons idered in design-hasis
) evaluation in the Safety

Analysis Report

9 Hypothetical sequonce of failures Nog considered

! more severe than Class 8

AThe ac¢cident descriptions given in Appendix D of 10 CFR Part 50 have

heen slightly medified to hetter suit gas—cooled reactor systems,

Lo
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: lo—2% HEAVY ISOTOPE INVENTORY IN FSVR
} FUEL ELEMENT® (WASH—-1534

Fissile Fertile
Nuclide Particles Particles Total
- (cifelement) (CiJelement} ({ci7element)
Ra-223 1-nt -1 e
Ra-224 3(-3) 5)-1 B(-3)
Ra-225 2(-10) 2{-10}) 5¢{-10)
Ra-226 1(-6} 2(-6) (-6}
Ra-228 4(-33 (- 1¢-2)
Ac-227 5(-5) 8(-8) 1{=4}
Ac-218 . 4(=-3) (- 1(-2)
Th-227 5(-53) B(=5) 1( 04
Th-228 1(-1) 20-1} -1
Th-229 6(-7) B 9-7 1(-6)
Th=-230 3(-4) 4(=4) T(~4)
Th-232 &4(=4) 7(-2) 1(-1)
Pa-230 2(-8) 4(-8) 4(-8)
Pa-231 8(-4) -3 2(-3
Pa-233 i 2¢3) (N
Pa-234 4(=2) T(-2) E(-1)
U-230 1{=7) 2{-T) 3(-7
U-232 8(-1) 1 2
U-233 B(-1) 1 2
U-234 1(=1) 2(-1) 3(-1)
U-235 2(-4) -- 2(=4)
u-236 7¢-3) - (-3
U-237 1(=4) -- 1(-4)
U-238 1¢-5) -- 1(-5
Pu-236 8(-21 -- 8(-n
Pu-238 WD .- 120
Pu-239 9(-2) L] 9r-2)

i Pu=-241 S.1) -- 5(1)

: Pu-242 2(-3) - 2643
Pu-244 2{-10) - 2{-10)
am-261 9{-21 : .- (-
Am=242m 6(-3) . -- BL-3
An-262 6(-3) - 6(-1)
Arr-243 4(-2) - 4(-2) .
Coar242 {1 - 2D
Cm-243 10-2) - 1(-2)
Cm= 244 [} - -]
Cm-245 5(-5}) - 5(-5}
[a] pased on 6 yr irradistion and 180 days cocling time. Sowe elements

will not have been irradiated that lomg at processing time. #AEET 10°MWd 1 Th4U
1 127y 15 equivalent to 1 X 107
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10-3%& RADIQCACTIVE MATERIALS IN FSVR FUEL® TWASH- 15343

Activity per Average Puel Tlemsot

Fissile Fartila
Nuclide Farticles Particles Tccal
- (Ci/elenent) (Ci7element) (C17eTemenc)
H-3 4 2cyiel
o146 7¢-1%] 6-2 P
Se-79 2(-2) 1(-2) 3(¢-2)
Er-85 3(2) 2() 5{2)
Rb-87 : 1T 47y 1(-6)
St-89 8(2) 9(2} 2(3
Sr-90 2(3) 1(3) k153
¥-9C 2(3) 1{3) 33
¥-91 1(3) (3 2(3)
2r-93 8(-2) 4(-2) 1{-1)
Ze-95 2(3) U 3(3)
Nb-95 k163 3(3) 6(3)
Te-99 H-1) | 1(-1) 4(-1)
Ru~103 2(2) 1(2) n
Rh-1C1m 2(2) 1{2) 3(2)
Ru-106 5(2) {2} 72
Rh-106 5(2) (2) 7(2)
Pd-107 5(-4) C2(=4) 7(-&)
Sn=12%m 1(1) pLeS) 1)
Sh-125 4(1) kTeh] 7D
Te-125m {1 9 2(1)
Sn-126 2(~2) 1(-2} 3(-2)
Sb-126m 2(=2) 1(-2) -23
$b-126 2(-2) 1¢-2} 3(-2)
Te=127m 2(2) 3(2) 5(2)
Te-127 2(2) ET¢)) $(2)
Te-129m (1) 4(1) B(1)
Te-129 4(1) 4(1) 8(13
I-129 8(-4) 6(=4) -3
1-131 1(-3) (=3 2(-3
Cs=134 4(1) 2(1) 6(1)
€3-135 4(-2) 1(-2) 5¢-2;
Ca-137 Hn 1(3) My
3a=137m 2(3) 1(3) uy
Ba-140 6(-1) 6(-1) 1
La=140 -1 6(-1) 1
Ce-141 @ k1¢) 5(2)
Pr-143 1 1 3
Ca-144 (0 &N 1(8)
Pr-144 3 6(3) 1(4)
Hd-147 5(-2) 4(-2) #{-2)
Pa-147 &4(3) 23 6{3)
Sm-151 5Q1) 2Q1) 7(1)
Bu-154 3 1 4
Eu-155 &(1) 3 4(1)

[a] Based on 6 yr irradiation and 180 days cooling time. Some elements
will have been irradiated for shorter perlods of time. JAMERT 10°MW s Th 41

-2
[b] 7(-2) 1s equivalent to 7 x 10 ,

ic] H-3 total includes 10 Ci present cutaide of tke fissile and
fertile particles.

[d] C-14 total includes 0.9 Ci present outside of the fissile and fertile

particles.



JAERI-M 6002

10—4FK MAXIMUM ESTIMATED AIRBORNE RELEASES FROM THE
HTGR REPROCESSING DEMONSTRATION (WASH 1534)

GAS FRCM I
R
HEAD END OXIDATION COOLE

10-1 X

NRTS boundary(n)(b) fpplicable (®)
Lonstituent Concentration Federal Regulatfon

Carbon monoxide 8.9 x 1074 ug/m® 10 ug/m

Sulfur oxides 7.7 x 107° ug/m® 60 pg/m’

Hftrogen 4.5 x 107 yg/n® 100 ug/m®
dioxide

Particulates 4.2 x 107 yg/m® 5 ug/m’
7

Carbon-14 Ve ycime 1 ox 107 uci/m
Krypton-85 7x 1070 woime'®) 32107 uorae
Tritium 2 x 071 eimel®) 2 <1077 woam
lodire-129 9 x 167 wei/me(®) 2 x 10717 ci/me
Todine-131 1x 07" wcimel®) 3 x 10710 oi/me

{a) Assumes a mean annual dilution factor of 1.8 x 10-5. The abowe
valdes show that atmospheric releases due to the HTGR fusl
processing will not have a significant impact upom the
environment.

(b} Average annual concentrstions.

{c) Assumes off-gas cleanup system is not operational.

HEATED AR
I MOLECULAR
SIEYE

HEATER

DECOMPOBITION
TOWER

STEAM 1
-
1
CONDENSER 100INE

,-| HEATER |-| TRIT{UM ]
| MTRIC

! ACID
" r—- CrNDENSER | STILL
i

IDDINE
i_ COOLER H DEMISTER H CONDENSER OXICATION

{ J

MOLECULAR
SIEVE

MOLECUL AR
SIEVE

TO KALL PROCESS

Schematic Flow Diagram of Tritium and Iodine
Removal Process (WASH—1534 1]
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A FY TR Y ABRE T 4 2 AR BT AL £, OPFERROAIEE & LT OEIL
CharpBr5i, TNHTELB= AT AWMEAERTE A
b ABETA 2 A EADES, BAEELENT YR X OF TCEXRREE
LATRIE 26T, BIES LURNFRTI T NEARTETS b
A EY RO AR ATECLAE, PV T ABEIA I OBEL DY, BEEY
5L RE Y 4 2 VDBEOF, BEABEYA 2 2 BEELTHAL (BBARAFEART S
Be), |
Yy ABREY A 2 AT, TOEPOLBICENEEE, + FORBR A ND 5,
LR M T, AFY R, SR PHRBCEELES D, TORBITEREY 7 ¥
L, 199 0ELE, BRMECHATH Y7 2B8F 4 7 vBRPBEINLRAT, b
v ARENTE Y 22 TH LWeEDERE D> Tk,
3 77 r=
s 5 A, GAREDSA £y ABFCEDE, b v 2 BHEEAT HERSAFOH
%Kﬂb<&fm%ﬁ,}UVhﬁﬂ#4?»%%Kﬁ?67572ﬂ@@7miiaﬁiﬁ
ﬁ%bf%ﬁ%o%ﬁﬁxﬁfﬁ,PU?A%ﬂQﬁﬁﬁ,%@%ﬂ?%i»%?ﬁTé&é
A DEBHLTWDH, B, MU o2 mEOBLEE, <7 -4 BINHETHTC, head-end
process tuf@ﬁ%ﬁﬁ%%%é%%t&ﬁlb,1990¢M%KHMTﬂ%tﬁ%%
DEFELT A B, o nts, BMCEHTH Y v 2 BEBRLRTHEOREE 2L TNDLH
BED #\ng
4) ;w4
ﬁ?%ym,AVRﬂmTR%ﬁ%ﬁU*ﬁbeU?A%ﬂmmﬁﬁﬁmmb<&fmb
p, AR, BMLTRERATS0N DY ARES A4 2 2 RBORIITEE AR ARHNZ
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(BB B, HDAMC, A CTHESRE, EFEORE - RENEELETH 0, Tn
S BT, BmTOEREBTCELOBDEOREL — sOFLTCESATNEL ST
A B, L LAA D, A% A, 75 AN 2EE D, WA Y DBECARARLE
e THsb, BRMTETL MDY A%M'ﬁ‘ﬁ &g INTENCH, YA Y — 7 5 A —— A
£Y X OBIBRPERN S D E B LT b, |

AT, CCTH, CcOBENALERHELACENT LT AN A ORERE7a 77 4 ZHMTT

AT LT B,

2. PAUNECHEIAPUTLABBY A I IESORIKE G

Fort St.VroinFOBERRAMENCALCRATAEC HHTGR OBy A 7 ~3
HOMBEFIEESLTHLD A, 197 5&HEFCHT A FHIL, 20072y X V-,
v Et@E, b b, ©OIdabo O NRTS(National Reactor Testing Station) Tk
LEME 7S o B BEH3000FV 2+ ), B LUE@ORNL KeitsBmMIL7 7~ &
o (ETH1000FFN ) — OERCEAUCHAIN TV S, ZNHD 75 ¥ FEHOE
., AEC i, HTGR BRE 7 o752 LU Y v 2B FEA7 R 7 7 2 5 TF T N EHE
BEOER( 197 48EEC ST 1,250FFvhh, 19 7582FFFELeTH 2080
Frar~DEE ) FBECREFE LT b,

Fort St. Vrain FOMEFREO —HATFrbHHINAMHAT1 975 FOELH
X T4 D, 37, Peach Bottom FOHRELREOHLIIL 9T 4EREABNTIN A,
X657, Delmarva P&L A ® Summit 1B & L 25, Pliladelphia Electric 42O
Fultop 1 B4 L F2SHF( AEC OREEFET ERTHID L FHEIN T LIRS, Seuth-
ern California Edison#O Vidal 125 LF2E8197 4F09 ACIHAEC OF
SEECHDIHEDEBHMINT WD, CRLIE, HTGR &L O BB 4 7 v EHLL L
TT7T AV AOBFEABERLALLOTE - TETR.

1, 7AVH (AEC B LUFGA ) CHEL, ®rWHITEINTNAHTGR &
By 4 s v MBEONB s, BT 77 27 FTHOTH b,

3, FAUHCHEITIAHIGR BEHA AT ATS L

s A0 BT, 197 0EMH A2 —F L National HTGR Fuel Recycle Devel-
opment program plan A& b, TNTBERITEINT, FNFskCsit 5 HTGR B>
4 7 »DESTCHRE T EL TN b

DT erd alt, FOAEBLRIAENTHEOHLNT NS,

D REFHEFROE ( Task 100)

@ BmMLHEKOFERE( Task 200}

@ VA7 A BEORHS e TOFMEAR ( Task 300)

@ BRE A 2D R T AN ( Task 400)

EoB et AT BA BEE, HTGR By 4 2 v AR O design eriteria, standards
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LU procedure WWHEHT LD TS b,

(1} 7w 7 aQfeFE 7

2, 197 0RFFEEL S, 19 8 1 ZEFE ( Recyele fuel pilet plant 7%
HMERE AN, #7, Commercial recycle plant OEFEHHMNEHFETHRBE)IFTTOO
BE AT YD TH by |

MAEFRRS LFEEROBRCREAINHEFTRD LI TS 5.

SRR (1 9 8 3&RTEE S TDRE)
$72500000

. CRBERDAOORE(H#BEBOERES LT SM 2y F Ty P ERC LR FRZOL
HH)
* $40000000

Bl EAE |
$£112500,000

Bakn, LRLATRERELBRER(NTNLIE) s OERN TV -2 7 s BRT b
NDTHBH, 2k BHREOS DL, $30000000 EHLAE A0, b 75> PERCHLD
HHO, HBHOS10000000 HBEWL A48y b 732 bERLCHALDLLOTH D, T
DESETFREER A V2 —rll, [HREAS4m, T 720 LML M ey b7
Sy rDEy PEGAHAME L 97T 9FNL 19 80S4HEEFTO2HFM| LT EPHH
TEARIDTH b,

BWHEHATGR OEHEEHCH T FEE, B 2%, 1984~19 85 HFACHTS
GRS A 7 AR OB Y ) REHL T A, LALES S, ZONational HTGR Tuel
Recycling program Tk, BENCT+AAENE S DBBY 4 70 fidkx BZHL O o556
1 9B TREAEE s FAINL, COF v 7HBELC 2N THE, RV ¥4 2 »HEZOFMH
Lo, VHFA LA FECRAPUV—vg ¥ oS48, T OBEEFHeTHELLCE —
S5, TR, BAVYA 2 A BEOEEARBME TEL AT RDHTET, BRI LA
L EMTEHAEC BAREBHEMFL TV b,

(2) MAEE MMM OM% ( Task 100 — Fuel reprocessing development)

COEHBREBED, SHLCEROLYT, 220FBBEARECAHRIN TV L,

Suhtask 110 (Reprocessing deve[npment..)

M task T HHRERET —< RO IBHTS He

@ Burper feed preparation ( MRIEZBFEW L - THET BB 00 L 2 TWNL D

(€, Py BRI EE BT L T e R o

Burner technology ( BMATOMRE, BHNLOTHE).

Burner ash handling ( BHEICLL U & Puvsops).

; . . . 23300 235
Alternate met hods for maintaineg separation of T and 17 .
Fuel dissolution

Berap recyele

96 68 9 8

Off-gras handling and decontamination’
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@ . Waste treatment and disposal
® Selvent extraction processing,

Qubtask 120 (Reprocessing pilet plant demonstration)

— O TEOMBELL, 4 ay b 775 P OHBIIEROBERITHBABOS~1 0%
METREAE DA O BHICAD AT, [COGNRAdny F 77 bOLENY
OOTEE, Fors St, Vrain FREOK1 0OMRBEEMED | 226N Tnb, TOAA
2y b7 REER ORISR I NG, TORHHE(1002%Hs0T)
HER SR, ACHEL TN D,

£ Subtusk 1200, BEBHI, 8%, 7 -4 Fe LF& .y b3k, FBEQLE . D4,
7o+ 2 %, T as-low-as practicable FHHOEH A EFTBRCELHLNH T LIT
froTnb, EEAZTEL, #EFIABOER:, HBRCILBBOMRERETS L,

#% Subtask 120 T, Z°0 % b 3 9 & e 5 OB 5 Acid thorex sol-

vent extraction 7R XOHABLC OPNTEFEYZA PV —PT5HC LR -TWNL,

c i, 1CPP(.Idaho Chemical processing plant) NDBF Cpp —64 0 ITHET B
Head-end pilet plant systems ( HEFRIEO & v P £ LR ) BETETEELZYD
W naTEeEn R (, BHF Cpp—601 H»LFCpp—602 DRPCHEINMLIETS b,
N 75 v VAER, 10 kg PP day %L INTW A,
(3) MM T H#FOE% ( Task 200 — Refabrication development)
COERRES, ROL T, 2OOERABBLCAMIN TN A,
Subtask 210 (Refabrication process development)
ZO Subtask CHITHAARALT — <KD 6IEH TS 4o
@ Sol prevaration( fEE MV v A LRV F £ % T3 YR L > THNZTNO
BT ERIE D ),
@ Microsphere preparation ( LT TE b N Y v ERKLT, BRIBOEA
KT H o

@ Microsphere coating
@ Tuel rod fabrication
® TFuel e¢lement asseﬁnh-ly

® Recycle of off-specification material

Subtask 220 (Refabrication pilot plant demonstration)

Z OB, Subtask 120034 & @skiC, ZERE, &%, 74+ FHIUTs MEHE
BRI . M, TR eABHERLEARCEOLN TV, ERRTRL, M¥Y 7~
(3P O ARBE~NDER, S-S ABECLL YV TELTY 72T SO BNRA
OB, HUNR OB, AUICE BB, RS LTERRIO RS £ REEA~OR
B, E RS OB bR o Tnb, A4 =y b 75 b OBBE, FERT5YHHO

BIE5 B s ENTHD, TOBRETORNL OTURF ERORTFEI NTn b,
(4) Va7 ArREORS D FHEER ( Task 300 — Recycle fuel irradiations

and examinations)
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COEBEEL, KDL O, 400 FERINECHYI AT A B,
Subtask 301 (Capsule irradiation tests)
COFER, REFOBRNT LUREBE0, MEERAC LA PEHERREZXNR LT
nh,

Subtask 302 (Peach Bottom irradiation tests)
HTGR V%4 2 ABBITHL T PFHINAMBEEE S LU ERSEFITHESL iR S
&7 BB %, Peach Bottom FHHEWTRHTLEETS 5,

Subtask 303 (Large-scale recycle element irradiation test)
EMTHAORRETRES 47200, 2@OERRAREER (2L U Ttan (70
FRHTAHE TS b HOLTRBBEN A — 74 — = ¥ R BERT %,
Subtask 304 (Refabricated.fuel irrediation tests)
BNTA 4=y b 77 b TRESNRY 742 #3288 E (FU) 2 ZRICEST HHE
THb, CORBRM, E7ers5oORMEBE-ZR A,
(5) #B¥ A4 210 VZ?A:SH??(Ta-s.k 400 — Fuel eycle systems analyses)
COVARTFABFCEHTAE—OHWE, K7a 75 o THE L nBEEORNL, HRAH
VH A 2275 P CRLTOIERBAESDTHLOELTHMTAC LLH L, AT ETALT
BLNAEEAMAN BR73 VAR L UAHERECRR SN L B0, RO 3DORE
HEH LT ERHCELPINLDDTEH H,
Subtask 410 (Fogineering and economic studies)
Z ) Subtask WHiTAHRART — <~ RO 4TEB T, TNEFN 19 8 0 LFHEEITHTE
BANHFEE - T b,
@ Process evaluation ( RO AMEETIERT A37H, R LERLTF — £ &M
T5),
@ Tuel shipping methods and cests ,
@ Irradiated fuel storage ( LEXFM BN, M. B, LLUHFEY 1+ O
B#).

@ Waste management and by-prodvet recovery .

Subtask 420 (Conceptual design of Commercial recycle plant)

rOBE, KRR eSS AOFEN, BROEAT Iy RIACERZYRT 2L L
T ErE BB F 2 v 7T HRDIE, WTLNABODTD 5o LDEARE T, 7

/rGV47vb,ﬁ%ﬁLUvz?A®%%,ﬂbﬂ YRR EFOE S AESN H L LIT

.

7

oo TN bo
Suhtask 430 (Collection and organization of information and data)
L, 75 OREECESHMESPLECCORAENTRTON TN L, TADL, £

@kaéémHSMMMk#%%bﬂﬁ%ﬁﬁf—ﬂmﬁﬁéaﬁﬁ@#iﬁ%%ﬁﬁ@%

HW T B S OT, BHAN, HEERENEOOS, BHETRCOATYMRT LT £

- T b,

—105—



JAERI-M 6002

Bpoq xey
_wzw-ﬁu_u;uﬂ: LAJCOO0L
24971599} 5300, xoy pydd
-e:b 4A/ 00005 mmmuo.&om

aje2s juvd-jord

a2 yuwpd-jopd

ajeas jueyd-jopd
ajgepued

-39 402k f5210> 2Diey g
+317919 430} 095°L

€03 |

2 ‘o) duy topd tiush

19d 52103 pun-3ma-001
¢ e jucjomnbd  mop

Apaeder

Gg ver

5460
&L63

1741

BLGE

po idy

04}

1951
dnjiess

vain uiseq iddis
sssipy jenuad w Age
-gosd *Apnys 1apun apg

INYO 442401
o4?P1 'SLAN
eor 21 'O

{ybrojey jo ypou
T 0Z) TN ejiasbunay

G4y2P "SLAN
o4ep] 'SLAN
ellor @1 'V
e vase Aajep ojua0g

uai}#20]

Ut 2519 0§ JO s jeruue Jaoyy |
a0 F4. ] ‘J-&Eﬁu 310 WGIp "JG POL .:O««.&EOU 194

|30} YoM 0493
LG @A pue sspooday

ECZ() PPAD
-84 J9 UOHRILGRAI oY
40} G Ul PIIH QO
sessadasd  oyespswowa()

B ut pasn 8q o}
sassazoxd oymipsuowa(y

2404
swapsds pus-pedy 38

S YO H JomBu (|9 IO}

13N} pue uigsp 1S 404
10} |an} pROJF BINPGIY
paeidwod g hua jang
WRsp I {104 pue 3303
puodas | ‘g d PrOH
2103 54} |

wopog yswag buipjors
[ gald ]

WA 45 04 pue |
wSHag Y2ud4 [[F 2pe

ucljouny

juepd Buissacoiday g
juod

jopd uoneILqe Ry L
jued

jopd Buissanouday ‘g
vuy buissasoidar pus

-puay [ejuadopsad §
4urig uoit

-eougey P4 YOIH ¥
Appoey obe

~iofs Ny papopery g
Aupoey she

-10)8 jany Awwrodwal g
Appovg

vayerLqe} Pnf {o)id 7t

nuepy

VD puz 97y — peuueld Jo a3uUAISIXT Ul Sangazy 0jaA3 Jand YaIH

-

=106 --




€
1
H
i
H
i

JAERI-M 6002

K861

qmma_ mwod— 661 _ 1861 — 0g6l rohma_ BL6T _ LL61 _ chmﬁ—‘mnaAﬁ qmma_ ﬂhma— Ti61 _ 1461 — ohmﬁ_

aea) Jvpuaied

-4

-

Jueid 2124£3a¥ 1and - VOIIINIISUO] puE uZisad

£ayrioe3
a8ex035 1and juadg - uopisnazsuol pue uBysag

SATLITIOV FTOADIY TVIDUDMOD
saipnig 1oeduf [ejuspuoayAuUl puw L3a3es
uZysag jenidaouo) jueld TEY2Iauma)
aa1pnas dlwouedy pue Furassurfuy
SASATVNY SHALSAS TIZAOE Tand
Eg35el UWOTIE1PEIIT Tand paledjaqelad
§38al 1uawald a1dLoay 21ers-afie]

. s353L LWOTIRTpPRIA]
woy30g yoead pue £3sal uojIeipexr] aynsded

SNOILYNTWVXT GNY SNOTLVIAVHEI ‘T3nd FTIRDTA
voTiEaIsSUcWad JON IUB[d I0TFd LCIIEIYIqeIay

Buyasal teuoyleaadp prod pue ‘uojaeyelIsul
fuoyaearaqe] jusudinbg Jueld 107174 UOTIEITIqEINY

uwBysaq
Jueld 1071d BOTIE2IXqeJay pue Jusudoyaaaq ssarold

INTHIQIIATG NOLLVIIHEVITH
uojaeIISUOWD] 04 Iveld 10114 Ruissazcaday

fuy3sal Teuclivisdp pod pur 'UDTIPTTEISUL
tugirea1aqed 1uvaudyinby Jueld 307Wd fuyssazoadoy

u3ysag
Jueld 3071d Buissasoaday pue quawdoyanag ssadodd

INTHAQ13AAC INISSAO0UITE T304

[:12

w61

P

w861

1861 0861 6161 | BL61

LibT

9L61

SL61

w6l

£L6l

Ziel

161

0L61

ATIL 1805714 _

ojnpaysg weidosg juemdojeasq a1o400Yy feng YOILH JO A1 o g

¥THE

— 107 —~




JAERI-M 6002

, *
005 21T $6Z 00E G26'z 4nG'9 O06T°L Snp*ql SE6°82 4gn'se Lln*e 6¢£°9 3e8png weadodd TUI0]
1
000° 01 o 0 v} 0 0 000'9  O000°ET 000°ST ] 0 308png UOTIONIISUOS TEL0L @
ta8png quoawdoTara(
0052l C62  O0E G26°2 GH6'9 O06T'L G4g'g SE6'6 sgntor LIR'E  658'9 pue yoiessay rejor @
9EG* ) o} 0 €26 09g SEL €90°'T  Oly*t  0S0°T g2 gee sosATeuy smWa3sAg LD Tand
SUCTIEUTWEXY PUW
LA 662 O0E 0SE 05E 051 oS 65y %9 144 4 99¢ BUOTYWIPRII] Tond 3[oAsay
H20°SE o o 059*T 050°% 050°f O6E'S O42's  gfo's 6¢g £96'c  1usmdoTaas( UOTFEDTIQRIIY TN
26152 0 1] 004 CEE*T GS6°T om6*T  oLl'z  S9g‘t Litte Lil'e quamdoTaang Buissesoaday Tand
L6t
TeTIa3%y EQ6T 26T 1961 0R6T 6L6T  gL6T LL6T 9L6T £L61T uInoaysy
puw zanoduey 0L6T ST41L NS®BL

18305

Iee] TUOSTJ YO®d 407 ‘000'T$ ‘380D

wrifox g ruowdojeas(]

a194%9y 1ong YHILH JO s1s0) [®10] jo fivwwng P ]

— 108 —




