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ABSTRACT

A Study on the Optimization of Solidification Process for
Radioactive Waste Not Suitable for Disposal by

Pelletization

Jung Minyoung
Advisor : Prof. Jongsoon Song, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

The disposal—-incongruent radioactive wastes generated from the operatio
n or decommissioning of NPPs must be treated, solidified and packaged pr
jor to disposal. These wastes are typically exemplified by particulates of ra
dioactive wastes with dispersion characteristics. These wastes include the d
ried powders of concentrated, slurry, sludge, various powdered wastes gen
erated in the decommissioning process (crushed concrete, decontamination
sludge, etc.), and fine radioactive soil which is hard to decontaminate. As
these particulate wastes must be packaged so that they become non-dispe
rsive, they are solidified with solidification agents such as cement, asphalt
and polymer. If they are treated using the existing solidification methods, h
owever, the volume of the final wastes will increase. This drawback may in
crease the disposal cost and not meet the acceptability of disposal sites.
Accordingly, for solving these problems, this study investigates the pelletiza
tion of particulate radioactive wastes and their solidificaion with polmer in o

rder to reduce final waste volume.
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- StstH D2 (Chemical waste)lt 24

r regeneration system)0lAl &&= SHMMEHIIS

&) HAHE(Condensate demineralize

- HEIAHE = 2=(Turbin building floor drain sump)lA ZEE = XA HDIIS

[

- NI&EH DI = (Detergent waste)

Waste generated

Fuel pool |«

Deep bed demineralizer ——— Bead resins

A

Cartridge filter = Filter cartridges

h 4

Care i

Chemical and volume control system; ) i
clean liquid wastes Bead 1eaiie
L » Filter cartridges
L Evaporated slurry
h 4
| Bead resi
Sieain g Blowdown treatment S
generator ————— Filter cartridges
A
L Condenser
Dty ligiadh —P Cartridge filter = Cartridges
wastes
Evaporator ———» Slurry, dissolved solids
. . —» Purified liquid
Deep-bed demineralizer ;
[———» Beadresins
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ANE JbsE SENN YAS ERIE WFEES YO DIFOIM LSS HIIS0IC
[4]. Ol2{8t HHMEDISSS oiF JI2H0 AENOZ C1Y LMGHH ohAl Al Zasts
23S IMIZD HES MYOZ Q50 LMsts MY B SS 02 5 + 2
Ch,
3. NEFHEY Ad HII=2 24
2018HE Z-HES YASHIIZ el MBAHNNE S HES SALHIIZO|
20179 2, 200 LS8 JIEOZ & 130 8427520 LATIAD BHOA LU |
02,852E 82 24 & AAHIAILOAM 22I5tD USH(Table 1), 015 HEAIL0
SHOIEl 14,272 SRS AXHSATCOIA 22I5tD UCID 36k ACHS].
Table 1. 2 BFY, GITH 5-NES YALHIIS 4 22
5 ool (g9 =& [s= [awel [d=Es8 (&0
~ 1999 | 27,778 12,073 4,216 9,690 - - 53,757
2000 1,216 -718 370 900 - - 1,768
2001 1,185 -1,108 | 664 752 - - 1,493
2002 977 581 —654 1,126 - 2,030
2003 993 1,186 -495 830 - - 2,514
2004 886 1,029 588 147 - - 2,650
2005 1,064 1,282 639 -309 - - 2,676
2006 1,461 2,129 707 -259 - - 4,038
2007 2,417 1,792 7 629 - - 5,655
2008 1,374 1,318 783 1,823 - - 5,298
2009 1,036 1,212 1,769 961 - - 4,978
2010 283 349 1,498 289 - - 2,419
2011 261 345 615 354 207 - 1,782
2012 266 540 340 564 90 43 1,843
2013 490 373 400 492 121 95 1,971
2014 595 422 399 478 116 51 2,061
2015 786 331 342 278 100 87 1,924
2016 174 568 360 421 133 80 1,736
2017 315 995 337 506 117 89 2,359
2R 43,557 | 24,699 13,595 19,672 | 884 445 102,852
A AUMN FAHTSQ SASHIIZES HRE IRHIISY =55 HY, K
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ZH, H=X, skl S22 F4D0 UL S H2FRHEY YALEHII=EE 2]

Of =LHSl &0 M0 A= HII=2 S&2 Table 42 2L
Table 2. HJI2 M& && (200L &8, 2019, 3271 JI=F)
= el 24 Bt gt= Al
S= H 11,742 - 4,624 3,649 20,015
EL=PN 91 98 138 347 674
s HEY 11,833 98 4,762 3,996 20,689

o
>
Ol
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Wil
W o
Pl
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>
MY
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rr
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Ol
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o
1G]
B

SETFE & 3 EE M2, 2 NES
ZAYd HER HII2 H20 MERHE RE HEYAS 88 Jissitid &S
Ct. Olcdst ZAtEHDII2EE =IE2 MAIStD U= DA & HE0 Ot d=2S
OF StHH, JLHS B2, YAMEHIISEE 2422 =0 Ot HIIZ2 21=I1&E(Waste
Acceptance Criteria, WAC)OI et M2l ¥ SEtE 0 HII2 +AMEHA H2
JIZEE SEGHH0F MZAIZ0 225610 22lg &= UL

<7 E> e 7> sene ssn§||::::||§sng

1z g7= NEL HIIE (o]

----------- UFE7) 204 0140 YHHH ¥E ME 5T 4,000Bg/g, TELE 2 kw/m?

=H=s W=

- SHHES =2 1008

;lx-l_f‘j_?,l ﬂ)l% _—— 0

AHEY 55

HHsHA HIE HsHAE 1=
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g, JREs, Hol= €4 SA 2 2 4 HE dE8 52 =2 2E 8| &
U WRE0l A= ZAIGHHOF &Lt HYIE 22 e, 28 € ME £ol0 2
otH H=3tEOI0F o4, el XIHX AHS0l S016t=S METO0F ofd, HJI
== Ec Sl ALEN XMEA2 sels 2ZO0t0F sthhd FAIGHD JALHM, MEHQ!
g2 Orefier 201 J1=01 MAIZO QUCH

- HII2 EEE2 U7 SE¥=2 ZALE LE¥=S2 3R 6= Oloh, M E8 =
=2 1= 0lot0{0F etlh.

- HolI2e £F 9 3= A 0.5 m(L) x 0.5 m(W) x 0.8 m(H), 0.5 m
(D) x 0.8 m(H) Ol&0l0f0F St =ICH 1.5 m(L) x 1.5 m(W) x 1.5 m(H), 1.
5 m(D) x 1.1 m(H) OIGtO{0F &tCY.

L. 2AEHDIZE D3HAI2 gt 24
HYl2 Z¥=22 1Ug€s 42 I 22 HoI2) H2E W22 s = A
MERHE ZALHDIZe =5 HEY H=X, scil s2 22 H=2 287t
T, Z2HIIE2 DESIt ARAHCZ T OF SN AT UCH DESHE H
Jlg atdle G322 RHS BHEGIUO0F otH, & DAMY EIJIE AEcts Z =0
= JsHMe ANlgedAs HE6tAl H=0h

- HYIZ2 Jatd= JI=X 0lael SRS JHMOE of(H, AIHE St 22 &3
& DSH 2 AEH9 d=2T= 3.44 MPa(500 psig) 01&H0I0{0F Gt11, &
d DEtMe 32 AIEY & HEES0| 3 %2 M 2=2S= 0.41 MPa(60 psi
g) Ol&0I10F SHCH.

- HJI= Datde 2Atd S3tol et Mgtd0l A0k of 0, Ol2u ==Xl H |
£ D3HM AIEE 106 Gy, 1 0l21e DA AME2 107 Gy HANA &AtA
ZAAIEE AAIE = 1)S BHESHO0F SO

- HJI2 LINZRH MEHS FE22 M2 Adds 2HoI| 2l =2
ol SOtOF otM, J3tHel AlEN et & X+== Cs, Sr, Co S0l CHotH
6 0124+0/010F BCt.
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EE (= 0l= Slip-Stick0l 20U=X HEE ZEE). 9 HEUAMY 010HE A
(0]

=01 .= Otch A0 25 AHatg = UCH

-
Wty = 5 (6)
T Rf
desH TﬁuTRfE' Ao JUAAHAM R= E° &, = dHEO=Z M Ot Ale=28H
=30, P
T
q
= — 7
T=h (7)

OIIM, R2 22 BHE0ICH

£ B3, T,= 28 8 Y2 IX S = 229 = Y0 20l01 2UES
= gg2=M HeE == UCH
—s1n L
T,=olD; 3 (8)
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R, =2796x 10 °P, ID’TS,

o)

= (Roll speed)

&=

Ju
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o

Kl
o}

ol

M

110

I, ol
==

ni

H Lle 222 20IL Melz(q)

60p, 7 D, L R, S,

C. =

01IIM D, :

2 SM(cm)

l

Otch 2 2 Ct.

2 =
A2E, =

o}
=

E WoA2 Ot

(11)

27,

t, =

KH(force factor)OlC}t.

(0]
[y

Fe 8

OIIA,
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]

4

AR S
23
(USDA)OIA 2F & ¢l

ol

Ct.
=2 =22 (United State Department of Agriculture, USDA)Sl 2% 22 (Soil taxono

ernational) DI

ol
PN

13].

CH 12,

_uu_
l[e]

P

22 (USDA)I AL H Al

P
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my)S MHEGHo AtS
Ol=
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It

0.2 ~ 2.0

2ol W 714 el Al 7ol 2
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FALCE.
— 32 —

o)
P PAE T 7
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3
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=

=

=
=

0.002 0l
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0] St SE=ZH HESE RS L DM AES0| 2N UCH

Eot 8o RNE+LEUA EX2 227E MHGHAU MESts HE0AM =
S0t £dstl), MSBol 2ol RII=tE=E S dsttt. Olclet Hol=2 Wils ¥,
=2 % HE 2 =501 ZEE0|T el 2oz X d2+ Wils IS
= HHH =20/ FHIA EE=E o= o820 &RDIN U W20 2HELZ
ZH =Kot 25 =L

245 28 & 2HEAE SS FUotH AT0UAM Zdots =X SF2 10
st 2J| atsty 8= ZAtot0! Table 90 &HclotRALCH. Table 90AM 2X01 FAd
scllle &Y 222 F2 E(Fe) 4200, HHEO0ILE Sump sdX0NE & =0
=2 0IF1 ACH etHol 23cIEY EY sdXdile =z E 4201 HULH

ciot 4201 diiEez 2 A2
ZHEHE X B, BES =2l X0l HIotX
steE FHEQ HeldtE

Sump®t Eol s A0ME Aelatd =2 01210 Y=dl, Sump
[m;

sNY F2, A
b 23CEZ HLEYI| WE20lct
0 =2 Hie z2AX Lol

Table 9. S2iXIg 2JI12 & X4 (wt.%)
EE £y [ 232E [ ==y ][ sZ =AY
Fe304 24
Fex03 4 -9 5.61 24.05 52.3
NiO 15.9
CFQO3 8.3
CoO 0.78 0.3
AlxOg 16-24 5.31 10.0 21.17
SO2 2.00 2.29
SiOz 50-65 21.03 13.0 38.65
Other
Al>Si;05(0H) 4
CaO 63.38 19.0 1.08
TiOy 4.0 0.55
B.03 30.0 0.032
Na,O 0.07 2.0 5.74
K20 1-3 4.18
MgO 0.6-2.5 2.60 9.0 1.83
Zn0O 13.0 0.24
CuO 0.20
MI"]OQ
A 100.0 100.0 100.0 100.0 100.0
- 34 -
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29 HII=Z2 MZ FMX

A Zdols HIIE & MSFEEotHA WEXHC HII=SS X Atch
HII== Table 100 2IotALt. == HY & =X =d S2 4S5
Sotd Aol 22 AIEE MZotATH 0l ?lotK 2E did A= =
IIHLE =0 EItA & AXIIE OIS0t 460 T OA 2A12 S S
& 29 HIIE AI2E HMZIotRUCH Delln EL4N 23CE IHsE=2 |d
HAS HHMEANAM =ESIH 2L 2Lds = 2FE <IGH0 Hi(Sieve)

Table 10. 28 A2 &8 ¥ BF

il 2
|t

R

0

n

on
o

=2
0p0
ol
=

i
=)
0
el

e =z 5
Sz o B} I E Lt0| £
AN 2 HIIS == B, Sump ZXl
AT A HIIS 2320E, £Y
M HOIS S X
MZEES 2t 2o HIIE AZS M2 Fig. 70 20

Fig. 7. Mzx& 29 /\IE

T/

(MHE2H HEUO0IE, EY, 2232IE, =5 HY, Sump, 2A4 £2iX)
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It BIELIOIE

Bl ELIO| E(Bentonite)

enton FAMUAN HS Sl

2 (Wyoming)=2l Fort B
=& 0|S0ICH XN&Esdoz HELIOIE= 3hat

rr
K
=
[m] 0_):|_|
0
HN
o
o
HU
=)
W
o
=]

Table 11. 2H(ZF) HEUO0IE &tz d
Ho SiOz | AlOs | Fex03 | CaO | MgO | KO | NaeO | FeO | SOs | MnO
N (%) (%) (%) | (ug/a) | (%) | (%) | (%) | (%) | (%) | (%)
g 56.8 20.0 6.0 2.6 0.8 0.9 1.3 0.2 1.3 | 0.04

HIELIOIEE PAHGlE =2 220 222 ZLI0IE(Montmorillonite)= A=
= =) A

8N ¢=0Is

S 2 USO, 0B ZIR MRS 4HA B0 LM SOl
29 E42 FHS 02N HCh 0248 SHOZ Q6K HELINIEE 20ILt S5
b &2 BIIY FEGE, S0IU £50|0t MELIE LR AS6H0 22U2UI0IE
Jl2 & A0S HelZ ZIHAIDIDI M2, < (Sorption)B 4 01F &8 AH Us
MELIOIES 24X MY MEC SLOF 20l Sotots WS 8 aHSwelling)0l 24
etCH14].

Soro] ma MM 200 B OIS FSH et BHSS sHoIstaX = o
20AHE FHSTHE AMBID Us MELOIES 2o ABR HFGAH, a8
AMBE HIELOIES 2UHUA MAE 2SHDIZAT) WELIOIES 0185HULH
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in volume f undersize

&
{
” ‘
w
5 7
o / T
38 7 @
Fed (=]
q
z )
3 7 3
< / ®
i _, 8
@ O
2 =
.f—
o e T
¢ i =
% (Diameter) / &n o

Fig. 8. HIELIOIE(ZHAH0IZE) B& B2EE

Lt E&F

HHO oMl Al MSHP2= Qlottd 2E=l E20[LE, M0l =Jtsgt 0Igh 2
Jlel 2LSe LMZ2 NHGIH EYZ2 22 Algez HdEG6IH 22 A2 Mot
Ch. = G50 AIEE E22 el 284 212 JAd 22X FBo EAS AIEoIAL
0, =8= EZ2 Y==22% SEM AIXS 22F Fig. 9, Fig. 100 Z2F LIEHTH

=W 3420A HZAM EAS MWFGIH =48 AtdlE XZAGHH =2 E2S
T HolE SISTHEE Table 1201 H2lotACH15]. QUSE =20A 2 £29 &
<, 520 A203, Fe203, H209t X2t CaO, MgO, K20, Na20Jt Cta HA
SRC0 ACH, LT UMM MM E29| 2ef(Sand)= 15 ~ 40 %, AE(Silt)
= 20 ~ 50 %, BE(Clay)= 30 ~ 60 %0l &Z4M E29| Re{(Sand)= 40 ~ 8

0 %, &E(Sit)= 10 ~ 30 %, EE(Clay)= 10 ~ 40 % ctd HMAIGHD UCH

Table 12. £ 2J|2 st&tA X4 (wt.%)

E}g SiOZ A|203 F8203 MQO Kgo HQO j| E+3)
s = 50 - 16 - 0.6 - 10 ppm
4 -9 1-31]5-15
(%) 65 24 2.5 0l &f
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100 in volume / undersize

@
=

E3
3
=
=t
—

-
=

9 / ( sanjea aalleINWND ) £O
[0 0ZX] weibojsiH

=

N

o1 1o 160.0 6000

1
o x (Diameter) / pm 2500.0

Fig. 9. E&9 2 2XL

Fig. 10. E22] SEM At&

Ct. 232 E

3) Co, Ni, Cu, Rb, Y, Nb, Cs, La, Ce, Pr, Nd, Sm, Eu, Dy, Pb

ol
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chle AIHE 22

3clE sclX2 Al

Table 130 A0l

Fig. 111t 1200l X(Sieve)z2 HE 23c2IE M2 L& ZE2A SEM At

LIEHCE.

Table 13. =L AlEZQl ZIS2HE AIHES =4 (wt.%)
= CaO 8102 A|203 F6203 MQO Nago SOg LlogS.S =
wE 62 22 6 3 3 0.2 2 1.2 99.4
s 63 21 6 3 3 0.1 2 1.5 99.6
st 63 21 5 6 3 0.1 2 1.1 101.2
A4l 63 21 6 3 3 0.1 2 1.0 99.1
Sl 62 21 6 3 3 1 2 1.1 99.1
OFAllO 62 22 6 3 0.1 1 2 1.4 97.5
100 involume fundersize
2 v
2" 2
% Alll \\ =
= AIK C
20 4 I‘.
A ’,‘
! "DTQ_HF‘:Q- 0.0 qmnm
o x (Diameter) / pm 25000
Fig. 11. 23c2lEQ & XL &
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r TR P G T
CNU SEI 15.0kv  X1,000

ct. =5 H

ooz aUiM 28 2 JIdE2(PWR)UIM= BISE HHE2=Z S4AE
AEotD I 20 HY Sos Ao S0 R0 UCH16]. =2 &
N ZMotE Haol HALHIIZSE =JI0s SEII0 2o 52 MelZA2L, &
M, SAER HHES == HHE AZ&UHl(Concentrate Waste Drying System,)@l CW
DSOll 2ot Y, == 2 24X WHEsS Soff =2 HEH=2 AX5tD Y1, CTSOl <
A= SHHMS NS AMEHZ AXEHD JACH 2Lk CWDSOH 26t HEE o
MEE BEESsSe 19 25 2 R E28 = m ~ =8 mme O2ds 2019
ez =IHstCh

Table 14. 5= HHO| 3t&tA Xd (wt.%)

o Na Si B Ti n Al Ca Mg
~ (%) (%) | (w8/g) | (%) | (%) | (%) | (%) (%)
EE] 4 13 30 4 13 10 19 7
— 40 —
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100

involume /undersize

@
=

@
=}

=
=]

[orazx] wesboisiH

9% / ( senjea sajenWINg ) €0

Of. Sump &4 Xl

L=
=
(=T ]

\

ol
=

00
x (Diameter) / pm

H

1]
25000

OH =
- =

EPARE]

-
-

WD 1

2

0.0mm

150k X1,000  10um

Sump £cikle LEIROZ MF HYALHIIE MEHIL S, AL 2H Ht
SOILE HEHO MY MY = L2 X2 HHEHMNYG SS9 &Pl 2ol LMEIH AHE
IS 20l AXIE Sump LIZ RYE SHXE LE =L

AN Hx gMEX MR 23 g 12el MEE =& (H940 x D66
0 (mm), 82 gal)dil ZHE Sump =H X0 CHE 22l st =4 S0l =20 A
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=0, 0] EHdXl= Sump SXZ2M MEZE &8 219 2/32 £, 1/32 21
Iz PAE 2402 ZAMEUSH[17], 0l =20 Jlz== Sump =KX CHst
=cd| ststd EH2 Table 152 201 BED0E N UL
Table 15. Sump Sludgell =2I3tsty S4
= =2, % pH =, g/ml 22, % bl
=
e 41 8.4 1.3 3.1 /\I-;O:
£l Sump Sludgelll CHst St&tA XHZ2 Table 160 LIEFSHCH.
Table 16. Sump Sludge?| 3tst T4
= Fe Ti S B Na K Si Mg | Ca Al Zn | Cu
(&) 1 (%) | (%) | (%) | (#8/g) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
sef | 1066 | 0.42 | 1.6 63 27 | 221229 | 1.4 1098 7.1 ]0.24 ]| 0.2
100 in volume / undersize
2 Al
il
£ 1?ﬁfﬂ:ﬂﬂ? 100 H‘ 1’00 1000
004 X (Diameter) / ym 2500.0
Fig. 15. Sump =Xl & 2X¢
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SEI  15.0kV  X1,000

10um WD 10.0mm

Fig. 16. Sump =i Xl2 SEM A&
gt. 24 =4 X
SAH EHAle Aoz i, SO S0 1xF 22 EF6I0 2ALS
S HH MEQ 2501 HAISZ O OISZ22E OIED0 MAHE 2AFSHE HII2O0|CH
Ol 1x =2 FHUEOILL SIILAEI2 ME UM st MG HH LY
Ol =otH =CHTable 17 &X). & &2 d SHAT H2 20/0AH 24

170t 1801 & H+E
EE 2 SEM AHY S LIEFRC

2AZ2 M=E

A z2NY YE

Table 17. 244 &4 X129 3 X4
aref
&= material composition "l
(Wt%)
F6304 24
Fe20s 523 o &2X W +282 80
A4 Corrosion
N NiO 15.9 wt.%
1=\ Products ) -
Crs03 83 o XAt 2IJ1 ¢ 1uym O0Idt
CoO 0.3
— 43 —
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H3E 29 HIIZ Algo el dsad

Collection @ chosun

% / ( senjeA sAleINWND ) €O

100 in volume / undersize

@
3

@
3

=
=]

[0'01X] weibojsiH

0 N

b 1. 100
X (Diameter) / pm

Fig. 17. 24l sd X9 25 22&

-

SEI 150k X1,000  10um WD 10.0mm

Fig. 18. 24 =d X2 SEM At&

a
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Xe 2& 0|20 2Eo AZ23E ek Hal 4, 4aE HAS NsIXelE It
o ROAE L HdEE "o ANMY SHEE 1NHGIH Otch AIEEE SFAMII= Al
AHIOZ ARG TE GIRUCH
- 8838 NME AIESHA E2HA AL 2L 48 IisH
- 48& geio 37 24 KA WL
- NYUEo a3l 48 Jtsd(DAE3S
- &8X ¥ SAE=IF 2018 271 L 20 CHSH HE Jtsd
- Halgt d-F HelE 20U EXIF ERotKl 2 =H S
“=E 2 dE4dd FXC =2 74 X Y 059 JIssS2 Ot 2Ch
- Roll Tire
H=E ANE HdEol= RollOIH 2 JHIF & H2Z O|FHM ULH 2 HHO
= 2Fst A9 PocketOl IIEBEIH Pocket &2 JZIt H8tl= B=2.
— Drive Unit
Roll TireE #&0t= &XI2 Roll Shaft, Bearing Part, 2=J], Motor S22
“HEH. PBHZ MEEE XEE = ULL
- Screw Feeder
=20 == JEoHH ot AZE JtYot =222 dadsS salold| fI8t
Xz deld & 25I1 £ S motor, Screw Shaft, bin 22 F&EI,
OIHHE ME3SIH INMNBETE BHIIAIZ %= UL
- Hyd" Unit & Cylinder
EUS "oz 48 A S0 O Oyst g2 KXok f18t Hyd' Unit
2 LA ALHEN JUA2H. &L= E=OM 15 ton/cmItXl Jtge = U
Ct.
— Product Box
JIHHAN e 8882 €2 = JUASSE MEE BOXOILH.
- Control Panel
HXE Z&HGH= Panel2M  Roll Tire 3l&8=%, Screw Feeder 3| &%, Tire
U ZS SOIGHH, TEE = UL
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Table 18. Process Parameters and Conditions in Roller Compaction

Process parameters Process conditions
Effective angle of friction 42° | Roll gap 3 mm
Radius of the rollers 21.5 cm | Hydraulic pressure | 300 kgf/cm?
Compact surface area 360 cm? | Roll speed 30 rpm
Roll width 6.5 cm || Feed speed 35 rpm
Roll pockets;
- Length 0.95 cm
- Height 0.9 cm
Eet N2 B HEOR 2|MolHAM & 20| Cls SHO2 22 AR FE
=, 22 A2 5501 H20lHU, 89 &0 =8 =2 d€AI=0 2
et HHELU = ER0= S e S M09 A2 SO0 XA &Z=d 0l 8 &
(Roll gap)0let &tCt. 2 20l HAH FUE 2L A= HEH2 oA 0l
(et 2ol "al 40 2t 2&Edl= KNMototAH . et 0 8 e 3&E
ZHGH)| It Fig. 242 201 8 & SHFEXE AXoACH. &=l LVDT(Linear V
ariable Displacement Transducen)2tC2& £ 24 =ZO0| JtsotX FLSHH =3
otJl !5t 2120 (Encorder)E =ItotRALH
— 48 -
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Fig. 25. Experiment by using an uniaxial die
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AlOZ2 THotE S (Loading rate)= AlH

—/ 1=

O, RLAO0l Ol L&A

A=EAUE =™HE oY S OAl
=0/(1 mm)E JIE2Z 6t 1 mm & 0.05 mm/min 22 =&X5IE=2 5L
= oo 2X2 2o HII2 AR B0 UACOR HE WO AR BT
AYE fgo 2 FIE EEFoW 0 200l ol 222 HE E3H6IH
22 3k = 48 dal 2H/2L 2H 2 "2 HIIESE ottt

of gEM ME 2D L DEF

1. 29 mHol= ANz

S Xg 2L 2AXE Fig. 282 2= 2=)|(2E 208)2 F=E(cylindrical stainl
gt =0 2= =oALt

ol =

ot otU2MH, £=5

ol Rll= 16.642

ess steel die) U0l XESAEAH YHotAIAHA =L =
2 SHAIE 220 Dt &2 13.5 £(13,460 kgfH)ez &
=0l= 53 mmoOIEZ2 0|0,

g=Jlo AE 29 ANFE 20 mm,
cm30| AL
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Table 21. Advantages of Polymer Solidification
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Regulatory Approval
* Only solidification method with
NRC-approved Topicals for stabilization
of Class A, B, and C wastes
» Accepted by all US commercial low—level
waste disposal sites

Volume Efficient
» VERI™ produces zero volume increase
* VES has 2 to 1 waste to media ratio

Improved Waste Form
» Compressive strength 5-10 times cement
* Leach index up to 10,000 times cement

Controlled and Consistent
* PCP determines media formulation
* Reliable translation bench—to full-scale

Chemically Tolerant
* Tolerates wide waste pH range
» Unaffected by sulfates, nitrates,
ammonia

User—Friendly
* Portable, skid— and trailer—mounted
* Reliable, low—maintenance operation

ALARA
+ Shielded to minimize exposure
» Remote operation and control
* Video monitored

Economical
* Low capital equipment cost
* No HIC or burial overpack required

* Reduced waste volumes save cost of

containers, transport, and burial
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Table 22. Polymer Solidification Technologies of DTS

Vinyl Ester Resin In Situ (VERI™)

Vinyl Ester Styrene (VES)

This process solidifies and encapsulates
materials without mixing.

VERI™ is excellent for solidification of
coarse or granular materials with
easy—to—penetrate interstitial spaces.

This process involves high—shear mixing of
polymer with waste materials.

VES is ideal for wet/liquid wastes,
powdered/granular wastes, and other
material that lacks easy—to—penetrate
interstitial spaces.

VERI™ Applications

VES Applications

* lon exchange bead resin

+ Spent LOMI/CITROX bead resin
» Zeolites

* Filter elements (encapsulation)

» Hardware pieces (encapsulation)
» metal pieces (encapsulation)

« Swarfs (encapsulation)

» Evaporator concentrates

* Sludges, resin slurries

» Chelated decon solutions
Carbon filtration media
Powdered ion exchange media
Filter aids

Incinerator ash

Z2|0 DEs =0 AtEst Z2IH 13 A2 ALSE JIXHA R 2SEs
d=HE 2= HEA =XI0ICE HZBA =Xl @238 ME2 FH(EH)= YD-
128, A3t Z= G-1034, 02l1) SISHZE= LGEE AISotRULE LGE= =M 2 &3t
Mol E8s Z0IotAH o, L&k Zel Hal A0l 2= MHRe U K48 2
0dt= Jlss 298t

2. 8¢ malo F2l Ut A

el H8ad AXE 0l80t0 2LZ2RH A8 2F 2I(Size) & 22 (Shape)
£ F= "AZ I & A2 F, A4 0 HFHY ZcI0It AHESI00F St
ECHE & MHEZ AIBote Olfes 24 HREE Zcls 24011, Hx =2
OS2 EaAZ D3ot)|JF 20I6ICH D2l Z2lieE S0l Cer Zatne] d=S(A
dhesion)2 ZUAIHA LFATE SAAMZ &= JA2UN UHESH E&F Sag =
Jl W&O0ICt.

2 I RAS A= HaAZS ZCHZ 06| M= MEE(Channeling)
A0 ASHA T A0S 5= W2 &S(Penetration)It S0I5tHAM 11 =2 W
o A BINET SS28HCOZ HIE AIAHOF ST ol 3J1 JIEZE BiEodt)| 56tH
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Table 23. Viscosity According to

the addition of LGE (30 RPM

, Et2l:cps)

LGE &Eot&
2z
0% | 5% | 10% | 15% | 20% | 25%
YD-128 | 19200 | 6000 | 2860 | 1229 [ 900 | 500
YD-134 2000 | 1260 | 800 | 480 | 340 | 240
AT THc-4001L | 3360 | N/A | 720 | NA | 320 | NIA
THC-4001M | 6660 | N/A | 1500 | N/A | 580 | N/A
G-1034 | 19980 | 10960 | 5880 | 3580 | 2600 | 1940
KMH-153XB80 | 9600 | 5000 | 3220 | 2040 | 1660 | 1060
SN T Thca001L | 8216 | 1200 | 520 | N/A | NA | N/A
THC-4001M | 3219 | 1288 | 1000 | 652 | 408 | N/A

Table 24. Viscosity According to the addition of LGE (100 RPM, &< :cps)

LGE =Dt
P
0% 5% 10% | 15% | 20% | 25%
YD-128 - -] 3,005] 1.380]| 1,056 660
- YD-134 -1 1404 942 | 642 510 372
THC-4001L | 3,377 - 822 - 450 -
THC-4001M - - 1.740 - 780 -
G-1034 - - -] 3.809| 2879| 2,220
gy | <MH-158XB80 -| 5281 | 3461 2.262| 1,920| 1,302
THC-4001L | 3,341 1,422 738 | 606 - -
THC-4001M | 3,215 -| 1080 725 545 | 440
— 66 —
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H HZEZE o=, 23 HHOA & 150 €T 2 L 2&IF LMSIRSH, L0l
2 Dsd ZZ0l LMSIACH Z20 LA Me HEed ot oglago A
03k Hae Hlnzs E40o)| fdl ®=EstEel YD-128(F) L G-1034(Z 3HAl)
St &2 (Sealing) HE UHZAIQ KRS(F=H)2 KH(ZSHA), dHllM S8 =S¢

so}

YD-134(=H) 2t KMH(ZEHA), el &S M=ZAI2l THC HE WZAIE ALS5HO
£ BSIAIDIH OIBIAIE S MZASHACH OIZFAIS =H/

Table 25. =& Z2|H &S ¢

et X2 BatMe SFE S¢Etl

7= HZA 28
ANBHS ZH HIE (wt%) A 3HAl HE (wit%)

001 THC-4001L 90 THC-4001L 70
002 THC-4001M 90 THC-4001M 70
003 KSR-177 65 G-1034 35
004 KSR-177 100 KH-700 100
005 KSR-276M70 45 G-1034 55
006 KSR-276M70 30 KH-700 70
007 YD-128 65 G-1034 35
008 THC-4001L 100 THC-4001L 50
009 THC-4001M 100 THC-4001M 50
010 YD-134X80 40 KMH-153XB80 60

MBS HESIH S48 ot A8 &, 622 AES HMZot0 Z3tAI2E, 103 AEH,
20l == A8 52 Z2E HluwotW 007HEH 010 AlE X2d= A80 HEoX
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Vacuum
gauge

o Epoxy resin

Clea.ner o Diluent

@ Hardener

Vacuum Pump

Static mixer .
Air
A Ball valve to
" control
vacuum

Resin Pump

Mixing tank 3

p 4 #

Drainage

b 4

 Pellets

“A' Solidification vessel
“B" Solidification vessel

. Perforated
plate

X

Drainage

Fig. 41. &€ 39 Z2I0 13t HEE

Ol0A ZE UIZAl 222 HESE 28 E=2 Hote HE AlZHLHo 228

ol Z3t& otdd 50 T 2 ®RAEH= 22 W
Olet HIWGHI| fAGH0 A=20IM ZBSHAIIIHAM(Fig. 43) D3 &, =, 6t 229 &
T BHaE 4HEUC 25 22 Fak Al 2SS0l oU=0 L3t SaF
22 DetA =8 222 I W OEHH RN Zdots 22 ARE LA
It SOA DetHS R R AR0 =2 220l ZAlotH =Ch OetA 23HH It
d3at A0l 201 20l 24 Mole 2 240 OHE WR 2= 8ot 1 2= &
H ZAAIDIH StALE 22 EE = Us € &+ =22 M0 =t 20 2
of DatMIJt @#Zote NS YRASHHOF 8. E£= DA FB 258 =AM 18t
H WSR2 =250t U6l =8 252 206tE == ot00r2 DstHol =@ E01 JHXl &
A =L

= Hg0Me =8 2= 50 CO0l1, 210 2= 89 T OIULH 21 250 =
gote O Ze AlZE 98=0IRUCH =D2=0 &8 = 80 T IA= 1082, 70
CTHX= 136=, 50 CTHA= 260=01 ALEIRICEH 0 Z02F &2 Z3tet Hl WA
S8 XHI250 TEote A2 a2 BilM= 1892, 50 CTllAME 9820122 5
0 COHIMS Hst= &= AsHol HIotH ZatAlzt2 1/22 S=E/UC D & It UL
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Jdeld 22l DA AlES 30 otl, 3t =8 252 60 C
<0

2& UWoIM ="otA=0I(Fig. 44), 2= 22 B
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JstMe S48 25= SEEtE o) AMESt = UE 4520 M =IO ZIRSS
2 It UL, OlUM LR 2&= otZotH &2 & == UL O FetE Dl AlE
g = 1002 20N =eets = Zote 2EHUS A2 HUHECH deld Ist
M =8H2E2 Ot sSd2Se= datoldl AIES AMALZ2RH 5A12401 Xt =0
HOl 2LXIGIUCE OI0AM DIHE ABE ME SEZL2H HAHGI=A, 2SHHA
Eci0e YHMI 8a LXK &2 2oz 20l DstdleE 286l daleE 1oz mog)
AL OlF Z2I0l 2st &alol 1Nst= 1035 AME A 22E 5A12t01 XILIH 2
SE A2 TCBIRACH

Thermo couple
100 o
80
o
@
2
£ 604
[
j=1
E —-=— Upper position
= ——— Center position
40 + — Bottom position
—»— Drying oven(60 °C)
20 T T T r T T T z T T 1
50 100 150 200 250 300
Polymerization (Solidification) Time, min
Fig. 44. Balo] Zc|H DstHel HStAl HE2e 58
M3E &l &g 22 st S4 o

DEst AU 2o M= D= HII= A=IIE0A HAlotY Jes Datd =
dEI)l AleES Sot ANMEE SSAFAH0F H=20] Jtsoi &t HII= el==J|=0 A
MAISED U= Q SRS BHeZ B2 £ ULt
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f= (1)2 (14)
™9
fos 2= 2%=(MPa)
P ZICH 3= (N)

2. 2 &=

A

o

S M= SAEHIIZ2 AetAe += LAME AN THOIS SH B

=01 2 M M2t D22 J&$eZ Detidles 28 S0l 2ol «stotAl = Ch HiD|

= J3tHe EatdEE ONSNE Fdots U3 HE 422 2, ME 2te

JEtHIL OIMEE2 2 gEe 22 Ghast Ee NS0l 2ol g g=U. T
of S

ctA AStHl AlES B2 FI1Hel € S

¥
ol
¥

_,_

Metd &
22 o2 BlO0F ol 2 280l gl A2 LS =6l E =53
g= 3

I G £

44 MPa OlatS +oti =t dedgd IS0 A MAIGHD Js 1Dt

M &2 &8 AEZYEES “ASTM B553, Thermal cycling test for evaluation of electro
plated plastics” AI&E 0l 2o *8otES 27A6tD UACH21].

Jeilt 01=2 NRC BTP[22]0IAdE= ASTM B5532 & & &H &St 2&2 o8t 2%

ot= gcl AIBIE DM CHotd &gt 252 otgt 255 22 60 C, - 40 CT=&2
c

HPCIH & =& AES AHoIEE Dot JUJ 20 0lE 2HZ NRC BTPU
A BHZot0 HAlet € =& FJIE Fig. 4601 LIEHRCEH

g2 =8 M= ddso| ot L3t (HES SF2A SHIE0l UE AotMl AlH
4HE M0, ASTM B5532 A2 &0 et &= 60TCHAL 1AIZ2F, Sol 30T
A2l TAIZES 1Cycle JIE22 & 3082 EFJ| =8H(Fig. 46 EX) AES AlI™
ottt Z =8 FJ| Alg=S Aldlet =, 2 Al A8 = AlES HEsS =Eot:H

ANE &2 AIE M HWotH AlE =9
M, OIA AlE=2 ATE0 ot =52 <

o 2 Hsles SEotje
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g AE ZAHS E06I00F ot1d, = AIZE0 AIEE 22 € ol2U oH=r=E
AE3H1, ANS 16.12] & MY &5t =>35HALT.

= AMEU MEE 2& Millipore Direct-Q8 === M= EX=2 HEE =
1.06 uS/cm)E MAGHH EHLEMUCZT AESIUL, AIE AEHS A= 2T Al
Yol AlE AIES 3Dl HF/=0l = 1/2 (HF = 50 mm)& &tAL =Pl
3Jl= Fig. 232 M2XE ANS 16.12] & AIEB0U A XAl leachant volume/su
rface area of specimen = 10 cmJt T & dI”R2H, &4 2J/12 ME2 1LSMH=
2H &5 €50 )| HHA =X 2= PTFE(Poly Tetra Fluoro Ethylene,
HEZE) &J12 ofRUCt delld DA A" AEE2 S50AM 10 F8H8 L& &9
SHz 228 92 &= UASSE XX AIZHOF StC Ol XIXIHZ 215t XX D3HA
of EHAZ ISX EHH 2 % 0|5t2 StHOF 3t22 Fig. 472 N e
KNXHE SLE5| LootUCH, &422 GtRe XA ¢2&e DM RH He 3%
el H StHAM EtAE S(HAE)Z GHALCH

=

AR BEE
[

b
X | XICH(PTFE)

e guEas

Fig. 47. &=
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fo

- ¥ ANE U4 AlES DstM off XX 0 Sds=2 = 42 NAUE

|
0z

N8 AES Fig. 48X8 == Alg AlE=S E==E)| S20 /XA =, B=H9
Se€=S SANES HIEZ = S| 4FE 2HADIL B+ EJ/2 Gz =8I
S =0 0l0A AIE AlES 9022t =250 E==AI21H =0, 902 = 0lF AlE

Table 28. Z2AI8 & Z2/0 D35 AI® Data
ANE 85 =0l (mm) XIE (mm) 2 (q) AE 210 (cm®)
007-06 101.86 50.02 325.56 200.13
007-07 102.37 50.00 326.44 200.93
007-09 98.16 49.83 336.68 191.34
008-02 102.01 49.91 324.96 199.47
009-02 102.54 49.65 309.49 198.43
010-02 101.66 49.63 307.16 196.63

* N8BS Z20

o
]

H B1s - DA M= HS(Table 25 &X)
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ol Mo 2=CX RE=2 5t)| Gt PTFE(Polytetrafluoroethylene, HIEZZ) 22
Z ottt
el DSk AIE AIEES 2(B&E4)30 E4AMH & AIg@S AIgE M, 235

Mo =0 Aote M2 FESIF S SHOIE)Z @2 201 Q0 0F StCh 012
FIoiA DStdleE SSUM X212 fIXNE SXNE = UAESE X KXIF E{0F StCh. 103
M XX DSMetel EHAE2 N3X EH 2 % 0|ctZ Gt00F 322 Fig. 5
02 o 22 AANHE SEol Lo, NAU A22 ot2= JA0I0 ®IX
ot Aot 2 ZEHN E=F&X L&F olHA LA EHCZ2RH He 3% A2l
E RXotEE EctAE H(RAE)Z HAZoIATH

130

145 Material ;
~ PTFE
135
Fig. 50. & ZJ|2 & % PTFE &&= EJ| M&
ELEEEE
o

HE 27

ETEE PG

Fig. 51. OsIdl &= AE

Ha &=
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Uzt

H4Z 3 gel Z2|0 DaXe S& BOF 2} Y D

A O

Zcli D3 AlE2 HIEU0IE ES MESIUCH, 13 IHES EJ]% SIS
£ G2 6t 2 Z=II(Hot cell)OllA 60 CTOHIA 24A12F Ol& BSE S6t06H MESHA

Ct. Fig. 532 &=2dE 822 Z50/HH, SEE 2UE Table 2901 HlotALH Ol
©M, Fig. 55%H Fig. 6181ItXl

= Fig. 540l AlEE &=ZT Z2UE LIEUA

AHE=9| Stress—-Strain &= LIEHHACH.
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Table 29. ZcI01 L&Al A8 AlES 22T

B sis =0l NS 2 AE 21 U= 2T
(mm) (mm) (9) (cm®) (MPa)

007-03 107.3 49.9 325.2 209.7 25.5
007-08 107.0 49.9 325.8 209.2 28.2
008-01 97.1 49.9 333.4 189.8 33.4
009-03 100.7 50.0 323.3 197.6 33.8
010-03 104.8 49.6 310.1 202.4 10.6
010-06 100.3 49.6 300.6 193.7 9.71
010-09 100.4 49.7 301.0 194.7 9.36

* AIB BIS : Z2|0f 284 815 - DM ME BS(Table 25 &X)

ZclH st Ld=LT AMEE =48 2, A dELEE 010 AIHOA =3

=X& 33.8 MPal 2E AL
Ol= D3t HZOl =29 EsHIS0 et DsHHol 2EIH Letkls AS 908
o) ol 3.44 MPa

SC 2F 36 Ol 108 =2 =XIJt SEEJYLH, DM AxH ML E S20!
ot
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Fig. 55. 007-03 AlE2| Stress — Strain Curve
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Fig. 56. 007-08 AlE 2| Stress — Strain Curve
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Table 31. &€ =&AIE & AdF2AT
e = R L HA=0| 21 2 A=2T
4 5
AlEE = (mm) (mm) (cm?®) (9) (MPa)
007-01 101.1 198.4 313.4 27.1
008-03 97.6 190.8 334.8 34.7
009-01 97 .1 190.6 313.7 37.4
010-01 98.4 188.5 293.4 13.7
50 - —=— 007-01
—eo— 008-01
—4— 009-01
‘0. —e 010-01
A
©
Q 30 -
= .
U
~NO
Kir 20
31
®
10 -
3.44 MPa
0_
NEES
Fig. 63. ZclH L3H2 & =&Algd = =L 21
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Table 32. EAAIE HS9 2t AIE AIHY XA OI2 20 L SN B
by 21 Yat=s 2 dH3ts
AlB Bis HRAE | BR=0 i” stE H oS
(mm) (mm) (cm®) (%) (a) (%)
AMSA 50.0 101.8 200.1 325.6
007-06 — 2.8 - 1.36
AES 50.2 1041 205.9 321.2
AEA 50.0 102.3 201.0 326.4
007-07 — 2.1 - 1.66
AES 50.1 104 .1 205.1 321.1
ASEA 49.8 98.16 191.3 336.7
007-09 ——— 9.8 - 2.27
A= 50.1 107.7 212.2 329.2
AN 49,9 102.0 199.5 325.0
008-02 —— - 2.8 3.97
ASES 50.1 98.5 194 1 338.4
ASEA 49.6 102.5 198.4 309.5
009-02 — 0.6 5.2
AES 50.0 101.7 199.6 326.4
AEA 49.6 101.6 196.6 307.2
010-02 —— - 0.7 - 2.0
AES 49.5 101.5 195.2 301.1
— 93 —
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Table 33. &£A8 & A=E2UT
R HaAA HZ =0l 21 2 A=A
Al EHH
Jai (mm) (mm) (cm?) (a) (MPa)
007-06 50.2 104.1 205.9 321.2 24.8
007-07 50.1 104 .1 205.1 321.1 24.2
007-09 50.1 107.7 212.2 329.2 24.8
008-02 50.1 98.5 194 1 338.4 15.6
009-02 50.0 101.7 199.6 326.4 35.1
010-02 49.5 101.5 195.2 301.1 8.24
—u— 007-06
50 — —u— 007-07
—xz—007-09
—A— 008-02
404 —+—009-02
—e— 010-02
¢
©
a 30
=3
H B m
=0
K 20
31
A
10
®
3.44 MP a
O_
ANHBR
Fig. 69. Scl L13tMe &€ =stAlg & A2 A
4., BIAFE A EH
BEALSE ZAMAIE 2 AIEHE HAXD1(60 T)UHIA 24A12F Olar HBHAIZCH &=
O MEes B2 ANEz2 HdEE HEUOIE, EY, Z3LCIE, & = 4JIX9 &

AXIE OISotUCH. LAFHZAL AIES 32, 007812 YD-128/G-1034 22|00
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0R)

& A0 TE A=

o &A 2 Solot A 1 SUL= =
AlE Bz O2H ot HIEXS 82 AlEHZS A0l As=S NG
AStM AIEHZ2 1.0E+07 Gy HRI0A ZHAIE ZAES0| LBHEE SAIETZAF &
Xl JI=AIZtS Hol ZAIAIZZS O (Table 34), BIAIA EAIAIE &2 9| AlH2
ZdH 22 HAM e 78, HE, 2AHE S0l ALK LULCH SUHBAE
22 S AEE 2J|FE OtE HEE TIIoH)| ol d=2UEE SHOULH Fig. 70
2 SAIE ZALAIEOl Y AlEHS =24 T =8 Al AIEO0| WD dl 22 25
OICk.
Table 34. SAFAZAIE 28 ZAF A
ltem Condition
- start (0 hr) : 28.2 T
Temperature -
Room - stop (106.50 hr) : 28.5 C
condition Pressure ~ 1 atm
Medium air
[rradiation . . .
Reriod 2019.07.17. 14:31 2019.07.22. 02:37
- Gamma-ray : Co-60(210,536 Ci)
Type - Energy spectrum : 1.17 & 1.33 MeV
(Ave.:1.25MeV)
Irradiation | Total absorbed dose 1.00 x 10° Gy (1.00 x 108 rad)
condition
Average Absorbed 9.40 x 10* Gy/hr (9.40 x 10° rad/hr)
Irradiation time 106.50 hr
Dosimeter Alanine dosimeter
—_ 95 —_
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6 = =
ZIU 9.28H2 Jl=s 25 HotRL, DatMel #xH

fl= Hez EILDULH

Table 35. HAMEZAIAIE &Z2| 2t A& AIEHE M3 E 2L ¥ 2 Hals

A Bis g28Z =0l 21 Hats 2 Y=

(mm) (mm) (cm®) (%) (9) (%)

R gas Tt wre | asos [ 1o | *° [sme °°
agd . . } )

i L O T
agd . . . )
RO R T T T
R R N
o [AEElmn [ e |, e
e . . ) )

6 ose [ agsr | iorio | rore ] © [erer] 02
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Table 36. & AtEZALAIE

oo
ol
9
Hi
N
H

= 4284 Ho=0| 21 2 LT
AEE= (mm) (mm) (cm®) (9) (MPa)
IR1 49.79 99.08 193.9 322.3 28.4
IR2 49.91 101.70 198.8 349.6 30.5
IR3 49.89 98.01 191.6 319.3 23.9
IR4 49.94 100.75 196.6 319.5 37.0
IR5 49.81 102.17 199.0 369.0 31.6
IR6 49.81 101.19 197.0 375.7 16.4

=, AE NE ABE2 HES =6t 25 AE J AIE A
Z IS Table 370l LIEFRUCH Table 370AH 2X0| &

o &« 2H #Hss2 i< ol 2 20, E=AE 2
=

= SO D3t AIEES Fig. 71

=)
= 0
o
jas

g
o
0
Q
pal
o
1]
W

0%
O
all

Table 37. & Alg= ?lgt Lot AIE AIES M&

— - —

MIE e s A3 Tracer (g) ANE2A (g) P?!EEZ*. ;_I]‘_ﬁ

Hs (mm) Co Cs Sr @2l | Epoxy | Total | (cm® | (cm?d)
H=51.13

L1 Bentonite 1.021210.8510(0.6808| 87.65 | 70.12 [157.77| 20.34 | 103.98
D=50.90
H=50.09

L2 Soil 1.059510.8829(0.7063| 90.94 | 62.94 [ 153.88| 19.69 | 98.61
D=50.08
H=50.63

L3 Concrete 1.1132(0.927710.7421| 95.55 | 59.36 | 154.91| 20.15 | 102.04
D=50.67
H=49.71

L4 |Concentrate 1.0553|0.8794(0.7035| 90.58 | 60.32 | 150.9 | 19.42 | 96.56
D=49.74
H=50.52

L5 Sump 1.0766(0.8972|0.7177| 92.41 | 65.08 |157.49| 20.09 101.5
D=50.59
bottom H=50.73

L6 ; 1.0689(0.8908|0.7126| 91.75 | 66.98 |158.73| 20.24 | 102.68
drain D=50.78
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2 Alg BEHA 2% DHOCH A= 2499 pH(Orion 4 Star AI2)E =
A5t Table 380 LIEIH 204, OI2 Fig. 7201 LIELSHCH Table 381t Fig. 720 M
HS0l A8 pH sE= 5.85%UCH SHE FEMUSO| pHE UER 7.0 0/t &F
CIRUCH Table 382 HUE DO 2AMGIYS M, Z2I0{E 0|28t DMl 3t&t
Zol S£0| gt & %= ULt

Table 38. & AIE & WHE EEHO pH ESHA Y

s | wmea () pH of Leachant(pH)

L1 L2 L3 L4 L5 L6
0 0 5.85 5.85 5.85 5.85 5.85 5.85
1 0.083 7.4 7.4 7.4 7.0 8.1 8.2
2 0.292 6.5 6.3 6.5 6.8 7.6 6.6
3 1 6.5 6.8 6.5 7.0 7.1 7.3
4 2 6.0 6.2 6.2 6.2 6.5 6.4
5 3 6.7 6.3 6.5 6.4 7.4 6.5
6 4 6.4 6.4 6.6 6.6 6.6 7.4
7 5 6.6 6.2 6.5 5.6 5.8 5.7
8 19 56 5.3 6.0 5.9 6.3 6.3
9 47 5.7 5.6 55 5.5 5.9 5.6
10 90 6.9 6.6 6.1 6.7 6.9 6.7
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L}, &EdHo| XI| 8E%(Conductivity) =& 21

1k

= ANE 1

Star AI2)

o

==

MM 2HEY WAHOICH WHE EEMO| M T T (Conductivity, Orion 4
ZHGI Table 390 LIEtH20Y, 01 SAISGHO Fig. 7301 LIEHUCEH

Table 391t Fig. 730A 250l AIE x=Jl= &Y WA D210l BlnE SI[HQ|
Jl 20 DSMZEH & 4200 A #HLLD AKX WAl J12t0] 21 A2t &
S, 180 AlED 3 AIE Q] Conductivitydt =l U2 X222 20t LSHM=z=H CE
AMEON HIgH & 8201 AUFEC2 20| HAHLLLD ASS 2 I AUCHL

i
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Table 39. & Al 29| WA= =EEHO| M (Conductivity) & 21t
- Eh of leachant(EC), uS/cm
S | FEYM( :
As | FREE) L2 L3 L4 L5 L6
0 0 0.91 0.91 0.91 0.91 0.91 0.91
1 0.083 5.4 5.5 4.0 4.2 4.0 5.0
2 0.292 2.2 2.1 2.1 2.1 2.3 3.0
3 1 3.0 1.7 2.1 1.9 2.9 2.8
4 2 1.5 1.5 3.2 1.8 2.3 2.1
5 3 1.5 1.6 3.6 1.5 1.6 1.5
6 4 1.4 2.0 3.4 1.5 1.5 2.6
7 5 2.4 1.9 2.9 1.3 1.3 1.3
8 19 4.8 4.0 1.8 3.7 3.5 3.7
9 47 8.4 3.8 1.5 3.4 2.8 4.4
10 90 10.5 2.4 8.7 2.5 2.3 3.3
125 —m— L1, Bentonite
® L2, Soil
— —4A— L3, Concrete m
€ 104 ¥ L4, Concentrate
Q » L5, Sump P
cg L6, Bottom drain — A
: 8 /' /
5
5 4
i,g 6 //
= e
.
S 44 ¥ Y .
5 A /% .
=] 'QA\/ o
-g > JiN " N ’ :
O 1 1 I 1 1
0 20 40 60 100

Leaching Time (Days)

Fig. 73. &% DA 2 E&HO M (Conductivity) Bl
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Ct. & LHo| s&tE =4
SIStES] =L 2M2 FIsES E4 X0|2 25l Co2t Sr= ICP-AES, Cs= ICP
-MS& 24 5tULC.
|CP-AES (OPTIMA 8300)
Fig. 74. 3lsE 245 8t ICP-MS(&) 2 ICP-AES(R)
2l ICP-AES2t ICP-MSS| s& 42 st 58 AH2 0t 2 UL
Table 40. X8 sI&+E5 =8 XA
=E¥XA ICP-AES ICP-MS
RF Power 1,300 W 1,300 W
RF Freguency 40.68 MHz 27.12 MHz
Coolant Gas Flow 15 L/min 13 L/min
Nebulizer Gas Flow 0.7 L/min 0.9 L/min
Auxiliary Gas Flow 0.7 L/min
Sampler Cone Ni
Skimmer Cone Ni
HEW LHe St&rEE2 Z4ot)| Rt 22 AMZ0l steE22 AME& = Co, Cs,
Srg 2 1 %2 EIotW Zaez HHEIW DSHME HMZEGHQUCH MEE DsHH Sl
AEYE HE9 =L E HAGH| fotK Table 37001 de2l& 1DSHM HMEZ2 028K
JStMIN &=E SEtEl &2 HKGIH Table 410 &2lot0d LIEFLHACE. L1 Al
HE JIECZ oS M, 23HAM M=E0 Al2= ®eio] a2 8765 g0lD, Zal A

{ZICollection @ chosun

- 101 -



ol AtEEl HIELIOIES HIEg2 2242 3tsfE0] 1 %% & 3 % AIZSEHJI| 20
97 wt. % Jt =Lt 0IE JIEt o BN ZeE BMEUOIES 22 8
5.02 g0l &I, Co. Cs, Sr8 =J| sk&= 22 0.8765 g2=2 A& 0lHE AlE

|O
:_i
mﬁ
_O'ﬂ

e = = - Co Cs Sr
AEEe exs= (mg) (mg) (mg)

L1 Bentonite 463.17 671.60 376.07
L2 Soil 480.54 696.78 390.15
L3 Concrete 504.89 732.13 409.93
L4 Concentrate 478.63 694.02 388.61
L5 Sump 488.29 708.06 396.45
L6 bottom drain 484.80 703.01 393.63

Let TE AS0A ANS 16. oH =
SHHA 2t WA ADIN DHE BEUCZ2PH LEFSHO AMZE MHASGHH ICP-

ICP-MS0ll 2lolf EA48t s AE AIEEZ Table 422 & 4701 LIEHRCH

Table 42. &&= WH Al 2EHO| gl&tE s (A& AE AT L)
LIPS BES =T (mg)

HS T =T

- (&) pH EC Co Cs Sr

0 0 5.85 0.91 463.17 671.60 376.07
1 0.083 7.4 5.4 N/A N/A N/A
P 0.292 6.5 2.2 N/A N/A N/A
3 1 6.5 3.0 N/A N/A N/A
4 6.0 1.5 N/A N/A N/A
5 3 6.7 1.5 N/A N/A N/A
6 4 6.4 1.4 N/A N/A N/A
7 5 6.6 2.4 N/A N/A N/A
8 19 5.6 4.8 N/A 0.5612 N/A
9 47 5.7 8.4 2.3180 5.3558 10.9922
10 90 6.9 10.5 11.3826 13.9812 | 43.9688
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Table 43. &% WH Al EEHO| gistEs ST (S AE AlEH L2)
- CxolA EEs4 s (mg)
- (&) pH EC Co Cs Sr
0 0 5.85 | 0.91 480.54 696.78 390.15
1 0.083 7.4 791.0 | 0.1770 0.4012 16.5318
2 0.292 6.3 800.0 | 0.1770 0.1652 10.6318
3 1 6.8 | 1.198.0 N/A N/A N/A
4 2 6.2 | 1,027.0 N/A N/A N/A
5 3 6.3 870.0 N/A N/A N/A
6 4 6.4 718.0 N/A N/A N/A
7 5 6.2 703.0 N/A N/A N/A
8 19 53 | 2.626.0 N/A N/A N/A
9 47 56 | 2.220.0 N/A N/A N/A
10 90 6.6 | 1.784.0 N/A N/A N/A
Table 44. &= WAl Al ASHO| &5 s(E= ANE AHE 1Y)
s | EY2 E-PS =% (mg)
N (&) oH EC Co Cs St
0 0 585 | 0.91 504.89 732.13 409.93
1 0.083 7.4 4.0 0.1573 0.0847 0
2 0.292 6.5 2.1 0.0605 2.1659 0.9075
3 1 6.5 2.1 0.0605 15.5727 | 0.8107
4 2 6.2 3.2 0.1815 | 382.8803 | 13.3221
5 3 6.5 3.6 0.0968 | 348.6978 | 15.7421
6 4 6.6 3.4 0.1331 | 313.9708 | 26.6442
7 5 6.5 2.9 0.0484 | 223.3176 | 3.6300
8 19 6.0 1.8 57596 | 3111.8540 | 538.9945
9 47 5.5 1.5 4.3197 | 1483.9200 | 581.3808
10 90 6.1 8.7 3.4485 | 355.1350 | 168.3594
- 103 -
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Table 45. &% WAl Al E&HO| 3IstE s (EE AIE AE L4)

wg | TEH A= s< (mg)

B (2) oH EC Co Cs st
0 0 585 | 0.91 478.63 694.02 388.61
i 0.083 7.0 4.2 0.2552 03664 | 44.1264
o 0.292 6.8 21 N/A 0.5568 | 10.4516
3 1 7.0 19 N/A 0.0784 | 4.6400
4 o 6.2 18 N/A N/A N/A
5 3 6.4 15 N/A N/A N/A
6 4 6.6 15 N/A N/A N/A
7 5 5.6 13 N/A N/A N/A
8 19 5.9 3.7 N/A N/A N/A
9 47 5.5 3.4 N/A N/A N/A
10 90 6.7 05 N/A N/A N/A

Table 46. &&= WH Al 2EHO| gl&tE S (EE AE AT L)

e | wEua IS =% (mg)

- (2) oH EC Co Cs St
0 0 585 | 0.91 488.29 708.06 396.45
i 0.083 8.1 4.0 0.1560 0.3000 0.6360
2 0.292 7.6 2.3 0.2400 0.1920 0.2880
3 1 7.1 2.9 N/A N/A N/A
4 o 6.5 2.3 N/A N/A N/A
5 3 7.4 16 N/A N/A N/A
6 4 6.6 15 N/A N/A N/A
7 5 5.8 13 N/A N/A N/A
8 19 6.3 3.5 N/A 0.3240 N/A
9 47 5.9 08 N/A 0.0240 N/A
10 90 6.9 2.3 N/A 0.0360 N/A

Collection @ chosun
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Table 47. B&% WAl Al &N 3I&E sE(EE AIE AHE L6)

vs CxolA HE4 =% (mg)

N (&) oH EC Co Cs St
0 0 585 | 0.91 484.80 703.01 393.63
i 0.083 8.2 5.0 0.3267 0.1573 N/A
0 0.292 6.6 3.0 N/A N/A N/A
3 i 7.3 08 N/A N/A N/A
4 0 6.4 01 N/A N/A N/A
5 3 6.5 1.5 N/A N/A N/A
6 4 7.4 2.6 N/A N/A N/A
7 5 5.7 1.3 N/A N/A N/A
8 19 6.3 3.7 N/A N/A N/A
9 47 5.6 4.4 N/A N/A N/A
10 90 6.7 3.3 N/A N/A N/A

VIHZRE $2E oH&E0IL #EL = X ==(leachability index)2 H&t2 C
St Z2 EX0 2chA HAZN AT 24 BEE HS0IU &Ee sk A

(Effective diffusivity, diffusion coefficient)

i
Bl

o
&
>
o
=
0t
_O'j
X
10
fol
Jor
z
A=l
1>

_ a’n/Ao 2 V
Perlan, sl 1o
dI1M,
D =S5 &&HA (em?/s)
V= ANES ™ME (em?)
S = AIBO HOHA (on?)
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OlOIA, &N S8t 2 & A20A2 R
Z Us0 82 82 N+ &t

n=1

S N &ES Pt HMAMNSZRH 28 8t
HZ P00 Table 49 2H 540Kl LIEHHCH, &#=E EE K=
800 HelotA2M, OIE JIgte=2 2t AHNAS stetEE &

LIEFCHTable 48).

llog(1/Di)l,

0

for

il
\‘
(@)
S
@ oM

(@]
U
0
2

Table 48. & A& AMEO S&tEE H? & K=
2 N
- = i 4=
Co Cs Sr
L1 Bentonite 8.87 10.28 8.66
L2 Sail 9.84 10.64 7.14
L3 Concrete 10.04 6.19 7.46
L4 Concentrate 9.58 9.90 7.31
L5 Sump 9.76 12.52 10.12
L6 bottom drain 9.37 11.13 N/A
- 106 -
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Table 49. 31&1Z9| 2= X2 HLHES AIE AE L)

Leach Time(sec)

Leach Interval | durati mefinﬂ’:ime R::::jﬁ? Released ratio \;?Jlrl;;ncee/ Effective diffusivity Leachability
uration ot the (released/initial) - (cm?/s) Index
time leaching (opm) ratio
(sec) interval
(sec)
a /A Vv
an an/ 4, D=rl 2R PT Li=1og(1/Di)
No sec (At), T V/S ™atn' 'S
Co Cs Sr Co Cs Sr Co Cs Sr Co Cs Sr
1 7,200 7,200 1,800 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

25,200 18,000 14,835 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

86,400 61,200 51,231 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

172,800 86,400 125,894 | N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

259,200 86,400 213,818 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

345,600 86,400 300,849 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

432,000 86,400 387,596 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

1,641,600 | 1,209,600 939,462 N/A 0.56 N/A N/A  [1.12E-03] N/A 0.83 N/A  |1.76E-12  N/A N/A 11.75 N/A

O | O | N oo | |l

4,060,800 | 2,419,200 | 2,716,550 [2.32E+00| 5.36 10.99 |1.69E-02{1.076-02|2.40E-02| 0.83 [2.89E-1011.16E-105.82E-10 9.54 9.94 9.24

10| 7,776,000 | 3,715,200 | 5,768,861 |1.14E+01| 13.98 43.97 |8.30E-02|2.80E-02(9.59E-02| 0.83 [6.27E-097.12E-108.39E-09 8.20 9.15 8.08

g 8.87 10.28 8.66

1 .
* T= [5(t:1/2+t:1,/31)]2’ t:E<At)n
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Table 50. 3t&'Z9| 2= X2 HLHES AIE AHE L2)

Leach Time(sec)

Leach Interval | durati mee;nﬂ:ime ijrlsjjstd Released ratio éilﬁc;n;/ Effective diffusivity Leachability
uration ot the (released/initial) : (cm?/s) Index
time leaching (ppm) ratio
(sec) interval
(sec)
a /A Vv
an an/ A, D=n|—~P=PT Li=1log(1/Di)
No sec (At), T V/S (At)n_ S
Co Cs Sr Co Cs Sr Co Cs Sr Co Cs Sr
1 7,200 7,200 1,800 |1.77E-01| 0.40 16.53 |1.29E-03|8.02E-04|3.61E-02| 0.83 [1.26E-104.87E-11[9.85E-08 9.90 10.31 7.01

25,200 18,000 14,835 [1.776-01| 0.17 10.63 |1.29E-03|3.30E-04|2.32E-02| 0.83 |1.66E-101.09E-11)5.37E-08 9.78 10.96 7.27

86,400 61,200 51,231 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

172,800 86,400 125,894 | N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

259,200 86,400 213,818 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

345,600 86,400 300,849 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

432,000 86,400 387,596 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

1,641,600 | 1,209,600 939,462 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

O | O | N oo | |l

4,060,800 | 2,419,200 | 2,716,550 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

10| 7,776,000 | 3,715,200 | 5,768,861 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

g 9.84 10.64 7.14

1 .
* T= [5(t:1/2+t:1,/31)]2’ t:E<At)n

- 108 -

Collection @ chosun



Table 51. &t8&9 = X4 HAHEZE A AlE LI3)
Leach Time(sec)
Leach Interval | durati mee;nﬂ:ime R:rlsjjstd Released ratio \éﬁlﬁc;n;/ Effective diffusivity Leachability
uration ot the (released/initial) : (cm?/s) Index
time leaching (ppm) ratio
(sec) interval
(sec)
a /A Vv
an an/ A, D=g|—2P[=PT Li=1log(1/Di)
No sec (At), T V/S (At)n_ S
Co Cs Sr Co Cs Sr Co Cs Sr Co Cs Sr
1 7,200 7,200 1,800 |1.57E-01| 0.08 N/A 1.15E-03[1.69E-04| N/A 0.83 [9.96E-112.17E-12] N/A 10.00 11.66 N/A
2 25,200 18,000 14,835 |6.05E-02| 2.17 0.91 |4.41E-04|4.33E-03|1.98E-03| 0.83 [1.94E-11|1.87E-093.91E-10, 10.71 8.73 9.41
3 86,400 61,200 51,231 |6.056-02| 15.57 0.81 |4.41E-04|3.11E-02|1.77E-03| 0.83 |5.80E-122.89E-089.33E~-11| 11.24 7.54 10.03
4 172,800 86,400 125,894 |1.82E-01| 382.88 13.32 |1.32E-03|7.65E-01|2.91E-02| 0.83 [6.44E-112.15E-053.11E-08 10.19 4.67 7.51
5 259,200 86,400 213,818 |9.68E-02| 348.70 15.74 |7.06E-04|6.97E-01|3.43E-02| 0.83 [3.11E-11[3.04E-05[7.37E-08 10.51 4.52 713
6 345,600 86,400 300,849 |1.33E-01| 313.97 26.64 |9.70E-04|6.28E-01|5.81E-02| 0.83 B.27E-11[3.46E-052.97E-07| 10.08 4.46 6.53
7 432,000 86,400 387,596 |4.84E-02| 223.32 3.63 |3.53E-04|4.46E-01|7.92E-03| 0.83 [1.41E-11]2.26E-05[7.10E-09 10.85 4.65 8.15
8 1,641,600 | 1,209,600 939,462 |5.76E+00|3,111.85| 538.99 |4.20E-02|6.22E+00({1.18E+00| 0.83 [2.47E-095.42E-051.94E-06 8.61 4.27 5.71
9 | 4,060,800 | 2,419,200 | 2,716,550 |4.32E+00|1,483.92 | 581.38 [3.15E-02|2.97E+00(1.27E+00| 0.83 [1.00E-098.91E-06[1.63E-06 9.00 5.05 5.79
10| 7,776,000 | 3,715,200 | 5,768,861 |3.45E+00| 355.14 | 168.36 |2.51E-02|7.10E-01|3.67E-01| 0.83 |5.76E-104.59E-07|1.23E-07| 9.24 6.34 6.91
g 10.04 6.19 7.46

1 .
* T= [5(t:1/2+t:1,/31)]2’ t:E<At)n
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Table 52. 3t&tZ9| 2= X HLHES AIE AE 14)

Leach Time(sec)
Leach Interval | durati mee;nﬂ:ime ijrlsjjstd Released ratio éilﬁc;n;/ Effective diffusivity Leachability

uration ot the (released/initial) : (cm?/s) Index

time leaching (ppm) ratio

(sec) interval

(sec)
a /A Vv
an an/ A, D=1|[—~—2P=PT Li=1log(1/Di)
No sec (At), T V/S (At)n_ S
Co Cs Sr Co Cs Sr Co Cs Sr Co Cs Sr
1 7,200 7,200 1,800 |2.55E-01| 2.37 4413 |1.86E-03|4.73E-03|9.63E-02| 0.83 [2.62E-1011.69E-097.02E-07| 9.58 8.77 6.15
2 25,200 18,000 14,835 N/A 0.56 10.45 N/A  [1.11E-03|2.28E-02| 0.83 N/A  |1.24E-105.19E-08 N/A 9.91 7.28
3 86,400 61,200 51,231 N/A 0.28 4.64 N/A  |5.57E-04[1.01E-02| 0.83 N/A  9.24E-123.06E-09 N/A 11.03 8.51
4 172,800 86,400 125,894 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
5 259,200 86,400 213,818 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
6 345,600 86,400 300,849 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
7 432,000 86,400 387,596 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
8 1,641,600 | 1,209,600 939,462 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
9 | 4,060,800 | 2,419,200 | 2,716,550 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
10 | 7,776,000 | 3,715,200 | 5,768,861 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
g 9.58 9.90 7.31

1 .
* T= [5(t:1/2+t:1,/31)]2’ t:E<At)n
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Table 53. 3t8tEC| HE X+ HAM(EE AIE AIE L)
Leach Time(sec)
Leach Interval | duration meoe;nt;i;ne ijrlsgjstd Released.rgt.io éilﬁc;n;/ Effective diffusivity Leachability
Hime leaching (ppm) (released/initial) catio (cm?/s) Index
(sec) interval
(sec)
A
No sec (At), T - an/4, V/S p=rl (ag/t); F [Lbﬁz Li=log(1/D3)
Co Cs Sr Co Cs Sr Co Cs Sr Co Cs Sr
1 7,200 7,200 1,800 |1.56E-01| 0.30 0.64 |1.14E-03|6.00E-04|1.39E-03| 0.83 [9.79E-11]2.72E-111.46E-10, 10.01 10.56 9.84
2 25,200 18,000 14,835 |2.40E-01| 0.19 0.29 |1.75E-03|3.84E-04|6.28E-04| 0.83 [3.06E-101.47E-113.94E-11| 9.51 10.83 | 10.40
3 86,400 61,200 51,231 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
4 172,800 86,400 125,894 | N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
5 259,200 86,400 213,818 | N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
6 345,600 86,400 300,849 | N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
7 432,000 86,400 387,596 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A
8 | 1,641,600 | 1,209,600 939,462 N/A 0.32 N/A N/A  |6.48E-04| N/A 0.83 N/A  5.87E-13 N/A N/A 12.23 N/A
9 | 4,060,800 | 2,419,200 | 2,716,550 N/A 0.02 N/A N/A  |4.80E-05| N/A 0.83 N/A  2.33E-15 N/A N/A 14.63 N/A
10 | 7,776,000 | 3,715,200 | 5,768,861 N/A 0.04 N/A N/A  |7.20E-05| N/A 0.83 N/A  4.72E-15 N/A N/A 14.33 N/A
g 9.76 12.52 | 10.12
© T= (R, b= (A,

2
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Table 54. 3t&8tZ9| 2= X2 HLHES AIE AHE L6)

Leach Time(sec)

Leach Interval | durati mee;nﬂ:ime R:rlsjjstd Released ratio \éﬁlﬁc;n;/ Effective diffusivity Leachability
uration ot the (released/initial) : (cm?/s) Index
time leaching (ppm) ratio
(sec) interval
(sec)
a /A Vv
an an/ A, D=n|—~P=PT Li=1log(1/Di)
No sec (At), T V/S (At)n_ S
Co Cs Sr Co Cs Sr Co Cs Sr Co Cs Sr
1 7,200 7,200 1,800 |3.27E-01| 0.16 N/A  [2.38E-03|3.14E-04| N/A 0.83 W4.29E-107.49E-12] N/A 9.37 11.13 N/A

25,200 18,000 14,835 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

86,400 61,200 51,231 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

172,800 86,400 125,894 | N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

259,200 86,400 213,818 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

345,600 86,400 300,849 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

432,000 86,400 387,596 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

1,641,600 | 1,209,600 939,462 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

O | O | N oo | |l

4,060,800 | 2,419,200 | 2,716,550 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

10| 7,776,000 | 3,715,200 | 5,768,861 N/A N/A N/A N/A N/A N/A 0.83 N/A N/A N/A N/A N/A N/A

g 9.37 11.13 N/A

1 .
s 1= [5(t:1/2+t:1,/31)]2’ t:E<At)n
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Table 55.

=
=

0l
EY =dXle 2R 2.2 ~ 3.9,

2.5 ~ 3.8 2 ZE8IIt HALE AL

|
A

Y

K1

70
7

afl

3.0
3.5
3.8
3.9
2.2
2.5
2.8
2.8

3.6
4.2
4.6
4.7
2.6
3.0
3.4
3.4

1.2
1.2
1.2
1.2
Gap = 1 mm
1.2
1.2
1.2
1.2

Gap = 0 mm
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(rom)
10
15
20
25
10
15
20
25

Force
(kgi/cm?)

290
290

Speed
(rpm)

0.5
0.5
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Table 56. 23c2l& =Xl E3lo| ZEH|

—EEEEIE | secaec | mmes |
(fperi) (kg?/rccriE) (rz‘fn) (a/cm?) (g/cm?) =
Gap = 0 mm
10 1.0 3.5 3.5
15 1.0 4.1 4.1
0.5 290 20 1.0 4.2 4.2
25 1.0 4.4 4.4
30 1.0 4.1 4.1
Gap = 1 mm
10 1.0 2.5 2.5
15 1.0 3.0 3.0
0.5 290 20 1.0 3.1 3.1
25 1.0 3.2 3.2
30 1.0 3.0 3.0
Table 57. 8= (Sump) &Kl Bo 2&H|
B 48 zd
Soo g | ma g
Speed Force Feed (g/cm?) (g/cm?) Z 8t
(rom) | (kagi/cm?) | (rpm)
Gap = 0 mm
10 1.1 3.7 3.4
15 1.1 4.0 3.6
0.5 290
20 1.1 4.1 3.7
25 1.1 4.2 3.8
Gap = 1 mm
10 1.1 2.7 2.5
15 1.1 2.7 2.5
0.5 290
20 1.1 3.0 2.7
25 1.1 3.1 2.8
HIS &4 XIE 2oz HEAIN 2% JIELE &dHXl S =4 A 2o
HIE H&tSH Z0HE Table 580 E2Iot0 LIEFHCH GIIA HIY =2kl 222 2
=4 BIIOM =& L&(0.7377 g/cm3)E AISOIALCH ol 2RIl= &H
E B2 1 mm ot 22 HAGIKRCH O Z2o, 2 40l 1 mme! =20 22 D
2 Ko HEZ [t HAE 2EHE BREOZ2 3.79 2=2H|1JF E&HUC
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Zcl 1
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0.5
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Table 59. a2l H&o 2ARY I} (EY)
ol 2| RES:
-y DstH | D 4;?5“ may 2ot
o =R 3 =L o (]
(mm) 2 (g) 21 (cm) (g/cmS) 2A (g) 2 (g)
320.6 194.4 1.66 280.3 254.0
9.45 3225 193.3 1.67 270.1 D47 1
3253 1935 1.68 2724 0485
o 3034 193.7 1.67 0742 0498
Table 60. B2l A&o| 224 I} (2I2IE)
%'?‘l' a8 | osm | 22 ey sy
= o [=ET 3 =L o o
(mm) 2AH (9) | 2Ll (cm’) (g/cma) 2AH (g) 2AH (9)
326.0 1975 1.65 268.1 204 1
9.45 319.8 1915 1.67 053.8 2112
336.2 206.1 1.63 056.4 206.8
] 327.3 198.3 1.65 059.4 220.7

Table 61. Zal A& 2&H| HI} (8 Z(Sump))

o =
;;i; D8 | D D—%?g' B2y s
) 2 (@) |20 em)| o | @ | 2H ()
372.6 204.2 1.82 265.5 229.2
9.45 3708 | 1993 | 186 | 2663 | 226.9
369.9 201.5 1.84 264.8 227.6
o7 370.9 201.6 1.84 265.5 227.9

Table 62. 23 &J&°| 2&H| EIt (H)

e - - =1y _
- 28 | pam | 22 B3 2
o =211 3 =L o o
(mm) 2 (g) 21 (Cm) (g/cms) A (g) 2 (g)
9.45 375.0 197.6 1.90 281.3 178.2
' 379.9 197.0 1.93 286.8 178.8
o 2 377.4 197.3 1.92 284.0 1785
Table 63. eI HE Ol 2t2H| HIF (B4!)
e DSHHI DSHA| JSHAI e =g
=Y 2 21 ac A 2
(mm) (9) (em?) | (g/cm?) (9) (9)
9.45 480.1 199.5 2.41 378.6 067 .4
- 119 -
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