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ABSTRACT

A study on the Pelletization and characterization of
waste form for disposal of non—-conformity waste

generated after soil washing

An JunYeol
Advisor : Prof. Jongsoon Song, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

In the event of a nuclear power plant accident and decommissioning,
radioactive materials are released into the atmosphere and soil, which
can contaminate the soil in a wide area. In particular, in the case of
nuclear accidents, nuclides such as Cs-137, [-131, etc. are vaporized and
released to the atmosphere, and radioactive clouds are formed through
insulation expansion. At this time, soil contamination in the wide area
occurs through precipitation. Technologies that can be applied to
decontaminate radioactive materials such as cesium from contaminated soi |
can be largely classified into soil washing, copper, integrated
technology, and other methods (natural reduction, plant cultivation, soil

cultivation, etc.). And soil washing methods can be roughly classified

- vii -
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into simple physical methods such as soil flushing and chemical
extraction (acid, chelate, surfactant, Redox agents, etc.).

Among these methods, the technology that can be applied to urgent
situations is judged to be the soil washing method. The soil washing
method is highly utilized because it can be used for a short period of
time. However, it has the disadvantage of generating secondary waste in
sludge/slurry condition. In the case of drying them, they are classified
as non-conforming waste because they have ligquidity and cannot be
disposed of in the disposal site as they are. Therefore, in order to
dispose of them, it must be converted into waste form stabilized with an
appropriate solidification agent accordance with the regulations of the
disposition site. Therefore, we studied how to reduce the volume of
contaminated-soil generated from the decontamination process using a
flocculating agent (J-AF), and how to solidify the pellets to solidified
waste forms which improved leaching resistance and high mechanical
integrity. To this end, we manufactured simulated contaminated-soil,
derived the optimum operation conditions(roll speed, hydraulic pressure
and feeding rate) to form pellets with roll compactor, and solidified
those pellets using epoxy resin.

Pellets, strength above 5 MPa, were formed in the optimum

conditions(1.5 rpm of roll speed, 28.44 MPa of hydraulic pressure, 20 rpm

of feeding rate). The volume reduction ratio was 1/3.9 ~ 1/3.5 on
pel lets, 1/1.1 on solidified waste form. Through the
characterization(compressive strength, thermal cycling, immersion,

irradiation, leach test) of polymer waste forms, we confirmed that all
polymer waste forms incorporated fine contaminated-soil met the national

regulation and WAC of diposal site. The leach index were above 8.1.
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6. YAEHIIZ DetSEW DM Hlw

Cements

Polymers

Bitumen

Glass

Waste types

Granular & particulate
solids & solid objects,
Aqueous |iquids & sludges,
Organic liquids

Granular & particulate
solids & wet solids, Agqueous
& organic liquids

Granular &

particulate solids & wet
solids, Aqueous liquids &
sludges

Aqueous liquids, IX resins,
sludges, particulate solids

Waste loading

up to 25% dry weight

up to 50% dry weight

up to 50% dry weight

up to 25% dry weight

Ex-container or in-container

Ex-container or incontainer

Ex-container using

Application s . A One-step or two step
mixing. Waste encapsulation |mixing. Extruder for an extruder or
methods in container. thermoplastic materials stirred evaporator. melting processes.
Scale Small to large scale Small to large scale Small to large scale Small to large scale
. Moderate to high depending S .
- Low to high ° |Low(material is plastic and |,
Compressive strength (1to>10MPa) 8?180&g2?r and waste loading softens upon heating) High
. . . Moderate, may swell or flow .
Dimensional Stability Good Moderate to good with time & condition Very good if annealed
Biodegradation resistance Good Moderate to Very good Moderate Good
Thermal stability Good Low to moderate Low-can melt and ignite Very good
Leach resistance Depends on formulation and | Depends on formulation and High for most radionuclides |Very high

radionuc|ides

radionuclides

Radiation
resistance

High(>10%Gy)

Low to Moderate
(10* to 10°y)

Moderate
(10° to 10%y)

High(>10%Gy)

Radiolytic gas generation

Depends on formulation,
radionuclides and water
content

Depends on formulation,
radionudides and water
content

Moderate to High

Very low

Usage

Widely used in many
countries

Used in a few countries

Used in many countries;
discontinued in a few
countries

Used in a few countries

Collection @ chosun
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X2 3D, 85, 2229 FH= S0 = 0IXXE 0l He=2 X EH &
MZN BFECIECH. 23 2MBELSS2 222 E4H0l 2o 3AH Fs=s 2HA
B2, 22O SFe SHO et XSO0k &Lt
H 7. Roll compaction® F=2 QIX
Process Parameters Geometric Parameters Material properties
- roll force - particle size
- roll torque - mixture composition
- roll speed - roll diameter - internal friction
- Feed pressure - roll width - wall friction
- Gravity - roll gap - compressibility
- Inertia - permeability
- roll surface
3. Roll compaction & XI
2 A0 === Roll compaction &EXIE 1% 60 LIEHHACH. OIHA
SEFTN QA ANME 2L0l BACER MHEHONNE 2o HHEES 1 7,
el deE= "Eo et AJ1E A 80l LIEHLHRUCE. B HHU 2elE =
malo] TS FGE 20| HAOCT NHLE 29011, SEUHO S
E2t9 L3I0 Cof 2= &H O LACZRH &0 & EENOF el <
AMEE st S8FXI2 =R AILS = 80l LIEFLH UL
TR L 000 © 0 @ 1 oyelo Rekicer Netor 8| Feed Bin
u:\‘\ 7 2 | Hydraulic Pressure Unit 9 | Worm Reducer
oo/ 3 Gear Coupling 10| Roll Frane
S 4 | Gear Box 11| aligment Goupling
&1 5 Hydraulic Pressure Cylinder | 12 | Gear Coupling
i 6 | Caster 13 | Lower Base
| 7 Foll Tire
& @ ;\\LJ
2 6. B HHAXO SHEO AR PE
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H 8. 978 d€&XI2

Process parameters

Process conditions

Effective angle of friction 42 ° Roll gap 3 mm
Radius of the rollers 21 cm Hydraul ic pressure 29.42 MPa
Compact surface area 360 cm’ Roll speed 20 rpm
Roll width 6 cm Feed speed 35 rpm
Roll pockets;

- Length 0.95 cm

- Height 0.8 cm

Collection @ chosun

R¥e

02

gap omm

0.2mm

0.5mm

1mm

o= | 228.636mm"2

235.916mm™2

246.836mm"2

265.036mm"2

M | 254.058mm"3

271.804mm"3

298.424mm"3

342.789mm"3
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n&
|I§

H3& A8z & As

AE dE8ls

2L

1. EZAN=
2 AEN AIRE EY2 JAXNSYNL 212 2X0HAM MHASIASO, Sotaoz
Bole U2, & 82 M= Za UH DA HMAHGIJCH ELS 2 48A12F SOt
ARUM IHAEX = M &SI|(Sieve shaker, Daewha Tech, Analysette 3 Pro)E
AMESIH LEEF OtULH 0l 2F= £22 &= 500, 250, 150, 75, 38, 38
OB, LEE2F & EYS Ot 18 90 UEHHAUACEH. =8, Ar=2E A
dEJl= 08 100 220, XIS ArZE2 H 90l LIEHHACE.

> 38 um

8 9. 28 EAANE
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H 9. M &SI At

Operation

Vibration

Amount of sample

1.5 kg

Dimension 370W * 4000 * 200H mm
Moving Up & Down Action
Motor 200~240 V, 60 Hz, 115 Watt

2. STRN(J-AF)

2 AEN ARE JAF(SEM)E 2o QUES HY2S Qd FRIHC Lstoz
HMEIA(Jeon Tech.Co.,Ltd)OIAl JHEEH MIOICH. oY STML Hd2= 20t=2D
2IoH MSDS(Material Safety Data Sheets)=AES £slslIFHON 2= 101+ ZCH.

2 10. SEHS 4 82
Al203 Si0p Feo03 Ca0 MgO K20 Naz0 SO3 Cl OH
21.74 0.12 18.75 18.01 8.13 2.12 11.62 6.29 0.13 13.08
— 24 —_
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Ziglo] DME M=ot 2ot DSiHEZ M AIEE Zclle A48 L 26t
gz 2= H=Al =XI0ICH. A ALEE HSEA =Xs S&=3E0A
TOHSIA 204, =AMl YO-128, H3StHl G-1034, SIAN=Z= LGEE ALZGHRUCH slA&H Q!
LGE= =Mt BN HEE XTHGILD, S Z0I6HH St B A2 B3
WS AN m=dsS R0ote IS StCt. YD-1282 Bisphenol-AZ2H R&EE
HE %o =XIZ2AK 0| e f=+otld, W4 & Uststd0l i ==0otLCt.
CH2F BSOF 11,500 - 13,500 cpsZ =) 20 EEE ¥& 2RIt UCH YD-1289)
Bce= 08 1MUM EX0l 250 Fotod, 252 SO0l et B0t 2482
solgt = QUCH. F3HHIC! G-1034= & &JF 10,000 - 20,000 cpsE == Zc|0i01=
=XO0I0, Y0-1282 A& =Xt S&ot0 A, O4RE, 82 S0l AIEED G
1034= &=20M Astd0l ?=+c6t1, N3 =S40l M2l F==H0l ECh. L8
SN, M ¥ REM SWe A4EH0|l =5t LEe Z2IHYY EEE EFI|
ol AI2EEsE B4 SIAMEZA C-12 ~ C-142 XEE 232 S8 22/AE

=
Jb 20 ~ 50 cpsZ =d, I € FEd 42

OlHIZO0ICt. LGE= & & 0] Y|
T T T T T T T T
100000 4
E 10000 i
& 3 E
*':‘
z
S
i
= 1000 4

T T T i T v T F T L L 3 T ¥ 1
10 20 30 40 50 60 70 80

Temperature (“C )

J8 11, 250 HE YD-1282 B Hgt
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2 AElME EYAME = 2M5t= DIMEY Oialol 22 AI2E [MZXoto
ALSSHICH. B E20 ME&+=8H2 Sgotll, o0l SEHM  (J-AF, Jeon
Tech.Co.,Ltd)E S0{cH WBISIACEH. Ol ME =8H == 0.1 mmol/L, EL
S&HM= 10:12 HIZ0ICt. st A& 2e2lst EY = 38 wm0|eel X AJIE
AMNZoIRCH 01F 2o A& EZEAHXI|(Jongro Industrial CO., LTD, VTEC-75)
LHOIA 48 hr S0 AXFCH, &2 S8Rc=s & 7 %2 ZEGIAUCEH. 0l0HA D=
Qaoz HEs6t)| fIol, ASE IHHGIH 223t ot E 110l ELA=E

T80t Ae stefrdilt 2o SAE @EELS| stsfrds LHEHHRATH

H 11, EZANE2 29 FAtE QEEAS ststxd
T4 EAZANE (wt.%) DO HAIY QAEX (wt.%)
0 48.166 45.133
Fe 4.011 3.539
Si 28.05 31.681
Al 12.883 10.053
Ca 0.724 0.435
Ti 0.251 0.161
C 1.793 1.546
n 0.109 0.055
Mg 0.87 0.896
K 1.324 1.53
Na 1.78 3.606
S 0.017 1.137
Cs 0.023 0.227
— 26 —
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I ES DN [ENU
J-AF, 22

Lt. SEM(Scanning Electron Microscope) =& 21t
QAEE NE=2=!
120l 38 umD|Qt &

SEM =242 Soif 29 ZArd
sclsztsly Sd= =06t 18
LIEL St =4 ZUE 8lwotd LIEFL AL

5

1,000 x
= A0 2o
=

— T

SEM

mH
02 12014 38 moIGtel £
ESHN MEE 2o QUEY AR
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Name of the machine

Tension/compression testing machine

Manufacturer & type

DACELL / 1000 kN

Machine No.

01604001

Capacity

1000 kN

resolving power

0.1 kN

Test institute

Korea construction testing Lab.
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(4) ZALS

o

SAE DSHMIJE MESAIE0N 300 & AAME "2 M, 2SAMIF S =
A & 8 S22 2ot & EZAMAIEZ FotAH S0 2HAIM
TALAIE S 01=2 NRC[14]0IA D8 2o et st=2|XNEARJ
HsHdEHUHAM 3oIICH. = 150 ArE RAAIESl XAHZ2 ULENRICH
SAFEZAL AIE0] 22 E NSHH2 222 2AEse =, AFUTE SHOIUL
H 15, HAISEAI AIE =A

[ tem Condition
Temerature - start(0 hr): 25.0 C
Room P ~stop(110 hr): 22.3 C
condition Pressure ~ 1 atm
Medium air
'”Paedr'iaotd'on 2021.10.25.(13:34) ~ 2021.11.03.(09:10), Lose Time: 1h 32 min
- Gamma-ray
Type - Energy spectrum :
Irradiati 1.17 & 1.33 MeV(Ave.:1.25MeV)
ggid:?léﬁ” Total absorbed dose 1.0 x 10° Gy(1.0 x 10° rad)
Absorbed dose rate 9.091 x 10 Gy/hr(9.091 x 10° rad/hr)
Irradiation time 110 hr
Dosimeter Alanine dosimeter
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2 19. DsAl JlE 2280 58 21

A2 DSHAI Ei}_ﬂl DS e =

Ha 2 21 2 2 2 VRF" 2 &l
- (g) (cm?) (gon™) (9) (9)

J-01 301.85 196.61 0.9673 190.18 127.38 0.73 1.5
J-02 306.34 197.03 1.0093 198.87 | 127.66 0.70 1.6
J-03 314.08 197.13 1.0656 | 210.06 127.72 0.66 1.6
J-04 303.68 | 196.44 | 0.9673 190.02 | 127.27 0.73 1.5
J-05 308.43 196.77 1.0144 199.61 127.49 0.69 1.6
J-06 311.99 195.20 1.0760 | 210.04 126.47 0.66 1.7
J-07 299.28 194.77 | 0.9624 | 187.44 | 126.19 0.73 1.5
J-08 310.29 196.80 1.0205 | 200.84 | 127.51 0.69 1.6
J-09 309.77 196.37 | 1.0698 | 210.08 | 127.23 0.66 1.7
J-10 307.51 197.13 | 0.9693 191.07 | 127.72 0.73 1.5
J-11 309.69 196.05 1.0218 | 200.32 | 127.02 0.69 1.6
J-12 312.39 195.59 1.0673 208.75 126.72 0.66 1.6
J-13 299.45 196.12 0.9312 234.28 127.47 0.54 1.8
J-14 310.60 196.57 | 1.0688 | 233.57 | 126.66 0.54 1.8
J-15 309.94 | 197.19 1.0073 | 236.12 | 128.32 0.54 1.8

1)VRF = Volume Reduction Factor (2&QIXt)

H 190lA BX0| QEEL =LZ2 Z20Z 1LSIoIUE e VRFE <& 0.54
0.73 L0IUESES & =Jt JUULL. 0l 20l= LEELS HES FIotH 2L
Heloz HEAIIID 012 Z2IHZ Do es BR0e I QEEY =21
°f 1.8012 =0 =Ct= 2/0/0ICt.
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H3Z =cld LAt Sd80F 21
1. =3 ANE
QEAT AIE2 DS HEH UM HIE NEIZ2 42 DIHS2R2E
»2EiES AE LI M0 M2 HFHS WIISIEM Z28 Al
AEAC ABS HEE RIIE EIMO MAIE KSF 2405(2017)01  2I5H
ABATS STIIUCL. SHINSSEAEANM 23E B0 AU B0
DEHC AFAT AE A, 2o AR YL ZDE D 30 E 2000 LEHHACH

Before the compressive strength test

H 20. 2 D3NS 2= SHZ
ANEHS S (g) =1 A (mm) =0/ (mm) S0l (em®) |2=E2Z(MPa)
J-01 302.00 50.00 100.20 196.64 29.70
J-02 306.50 50.00 99.80 195.86 31.20
J-03 314.20 50.00 100.10 196.45 29.30
H 200lM ES0l DM === 29.3 - 31.2 MPal H2n, 0ols
M2 4=D|=32l 3.44 MPa (500 psig)=2CH &M A3F|BIUCEH. E CoEt
M2 ¢=s2dE= O SH WEH =Mots 280 IAH 2A=6tH DH=d, 2
Z2lH LMUde DZE2 IO RN UL, H=EA =X B2t
0| R =) 2oz THooHARTH
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The compressive strength test after thermal cycling test

After the thermal cycling test
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ANBERHS 2 (g) = mm) =0l (mm) 20/ (en’®)  |LE2E(MPa)
J-04 303.90 50.10 100.00 197.04 28.44
J-05 308.60 50.00 100.40 197.04 28.85
J-06 312.20 50.20 99.80 197.43 27.00

SIERTEARR0 22I5H0 =AHGIUM, BAIEEZANE E 200 Al2t

- =T

Ess 2N | =z | w0 | em o | 0| L

= (9) (mm) (mm) (cn®) (%) )
2 | 298 | 5010 | %85 | 19477

SO TgEs [ o090 | 490 | w0 | 17t | P | 0O
SEd | 310.29 | 50.18 | 99.5 | 196.80

78 |TaE= | si0s0 | 490 | 90 | 1esor | 00 | O
gEd | 300.77 | 5020 | 9.27 | 19.7

79 ["he= | s000 | 4990 | o9a0 | qoany | 0 | 00

After the irradiation test
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H 24, 2 DstMel AR AL AIE

o

A & Z

ANBRHS 2 (g) = A (mm) =0l (mm) 20/ (en’) |L=2 T (MPa)
J-07 299.50 49.90 99.10 193.71 29.30
J-08 310.50 49.90 99.90 195.27 26.70
J-09 309.90 49.90 99.40 194.29 23.10

0 L2t ELAIE =, USIHIE & 24A|I2H SO JAHAAX AIZLH HE = AIEAIEHS
2= FOral AEGFIHCOH 21 S0l OIMIEE 28, O 2 e S22 &6
SAACH. AlE &, =2 AEAIEHS HES Ao DSIHIC 21 & 2 BHilgsS &
2501 UHEHLHRICH. H= 250IM 201 Dsiel PH=E O SIRBIRAILH 1 SE=2
0/03IH D &6t 21| HelE% 0 OI0ISIICE.

E 25, A" &, 29 2t A|lEAEHE [, 20 & 2 Hats

B =1 2
o PN | = =]
MBS ngj' o am?)' (zﬂ;”) vsls | oais
(%) (%)
SEd | 30751 | 50.08 | 100.12 | 197.13
10 =c 0.25 0.19
ME= | 308.13 | 49.90 | 100.60 | 196.64
MEA | 309.69 | 50.13 | 99.37 | 196.05
11 = 0.20 0.16
NE= | 31028 | 50.00 | 99.70 | 195.66
NEA | 312.39 | 50.12 | 99.20 | 195.59
12 =< 0.06 0.16
ME= | 312.99 | 50.00 | 99.60 | 195.47
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The compressive strength test after the immersion test

After the immersion test
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el
N
o
1
A
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oo
ol
10
|;_|
g
il
0o
M
Je
10
°

T
He
"
2
Bl
S
Bl
N
HN
Ji
0
¥
&

Ms | SEUA(Y) 18 20
pH Ec" pH ec’
0 0 6.62 1.18 6.62 1.18
1 0.083 7.73 8.89 7.57 17.60
2 0.292 7.07 2.21 6.82 1.82
3 6.91 5.40 6.72 5.97
4 2 6.61 1.83 6.92 1.70
5 3 6.69 1.87 6.83 2.64
6 4 6.31 1.37 6.23 1.55
7 5 6.54 1.91 6.66 2.05
8 19 6.72 2.08 6.64 1.97
9 47 7.26 2.53 7.08 2.38
10 90 6.80 2.65 7.19 2.32

1) EC = Electronic Conductivity(MIIHMEE)

A E== LHOICH DHE ZHSHO pHet HIIMEZZ(0rion
)5 SHOIH H 2801 LIEI2H, 015 SAStGtHd 08 362 O
A 2 282 118 37, 380IAM 250l pH s== 6 ~ 8AHOI,

EC)= 20 pScm'0I5HZ O LSEF s 2AC.

5
3701 LtE

HMIHES

L

pH of Leachant

0 20 40 60 20 100
Leaching Time, day

a8 37, B9 WA HE =M pH

_53_
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Eh of Leachant, pS:cm’!

T
50

1] 20 40 20 100
Leaching Time, day
g 38. &&E4 A e 2529
conductivity
st ANS 16.10IA RFot=E AlIZH0 EBEHE2 M2 &= W HISHA A
WHADIDOHCH WXE HEMUCZRH dHHO AME MHACHH =48 =
AEABEEZ E 29, 300 LIEFLHAC
2 29. &= WHAl B9 &5 sT(J-19)
- CmoA pH 2 EC S5 (mg)
(2) pH EC Co Cs Sr

0 0 6.62 1.18 481.9977 603.4400 391.3384
1 0.083 7.73 8.89 0.0001 0.0004 0.0065
2 0.292 7.07 2.21 0.0001 0.0002 0.0054
3 1 6.91 5.40 0.0001 0.0003 0.0055
4 2 6.61 1.83 0.0001 0.0003 0.0067
5 3 6.69 1.87 0.0001 0.0002 0.0052
6 4 6.31 1.37 0.0001 0.0002 0.0053
7 5 6.54 1.91 0.0001 0.0001 0.0046
8 19 6.72 2.08 0.0001 0.0004 0.0046
9 47 7.26 2.53 0.0001 0.0013 0.0043
10 90 6.80 2.65 0.0001 0.0012 0.0004

Collection @ chosun
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I 30. =4 WHA FEN FSE sT(J-20)
o J|
s Tao%l¢ pH & EC =& (mg)
() pH EC Co Cs Sr
0 0 6.62 1.18 482.8148 604 .3946 391.9464
1 0.083 7.57 17.60 0.0001 0.0002 0.0060
2 0.292 6.82 1.82 0.0001 0.0001 0.0054
3 1 6.72 5.97 0.0001 0.0001 0.0037
4 2 6.92 1.70 0.0001 0.0001 0.0059
5 3 6.83 2.64 0.0001 0.0001 0.0055
6 4 6.23 1.55 0.0001 0.0001 0.0052
7 5 6.66 2.05 0.0001 0.0001 0.0055
8 19 6.64 1.97 0.0001 0.0002 0.0044
9 47 7.08 2.38 0.0001 0.0002 0.0042
10 90 7.19 2.32 0.0001 0.0002 0.0004
Z2l JDMERH S8 FgsE0IL #ESl A ESX=(leachability
index)= OIS 22 ZEX0 2diA HaAZNH JC. A B2EE #S0ILE
SIEES sEE 248 F, Ot A2 080t |5 SAH s (effective
diffusivity, diffusion coefficient)ES &tC}.

OIIAM,
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0l EEKX= MEZS /s HAMACZREH 2t AMEANEHE L SIsStESE=Z
—=ot0d 18 393t H 32, 3301 UHEIHRUCH. Ol 2H 2 AMBEUAS =tstESE
B HEX=E Otch HE 3100 LIEFHLHRUCH.

H 31. ststEE8 B HE K=+

B2 ot HEX+
Jnl_l_é E uy
=T Co Cs Sr
J-19 2o QA E QL 17.76 17.02 14.00
J-20 2o oHEy" 17.76 17.74 14.07
129 AE 2 CsNOst+Soi | +J-AF
241 Specimen J-19 49 Specimen J-20
—s—Co —e—Co
—s—Cs —=—Cs
20_ —a—Sr 20_ —a— Sr
- ~

S * 16
£ A— 4 £ A —h
2 o z o
=124 = 124
2 2
= =

e, g .

3 Acceptance criteria to leachability index =6 ki Acceptance criteria to leachability index = 6

44 44

0 T T T T T 1 0 T T T T T 1

0 20 40 60 80 100 0 20 40 60 80 100
Leaching Time, day Leaching Time, day
8 39. J-19, J-208 =& &A=+ 2

- 56

Collection @ chosun



[= H&

(J-19)

Leaching Time(sec)

mean time Released i volume/ ) i o .
Leach Interval duration of Aount Released.rét{o surface Effective glfoSIVIty Leachability
time leaching (pom) (released/initial) fatio (cm®/s) Index
(sec) interval
(sec)
No sec (A, T an an/A, s | D= W[%]Q [lS/]QT Li=log(1/Di)
Co Cs Sr Co Cs Sr Co Cs Sr Co Cs Sr
1 7,200 7,200 1,800 9.00E-05 | 3.80E-04 | 6.47€-03 | 1.87E-07 | 6.30E-07 | 1.656-05 | 0.83 |[2.62E-18|2.98E-17|2.05E-14| 17.582 | 16.526 | 13.688
2 25,200 18,000 14,835 9.00E-05 | 1.90E-04 | 5.41E-03 | 1.876-07 | 3.156-07 | 1.386-05 | 0.83 |3.45E-18|9.82E-18|1.89€-14| 17.522 | 16.767 | 13.705
3 86,400 61,200 51,231 9.00E-05 | 2.70E-04 | 5.53E-03 | 1.87E-07 | 4.47e-07 | 1.41E-05 | 0.83 |1.03E-18|5.92E-18|5.91E-15| 17.677 | 16.920 | 13.880
4 172,800 86,400 125,894 9.00E-05 | 3.00E-04 | 6.69e-03 | 1.87E-07 | 4.97E-07 | 1.71E-05 0.83 |1.276-18|9.02E-18|1.07E-14| 17.731 16.952 13.903
5 259,200 86,400 213,818 9.00E-05 | 1.50E-04 | 5.21E-03 | 1.87E-07 | 2.49e-07 | 1.33e-05 | 0.83 |2.16E-18|3.83E-18|1.10E-14| 17.718 | 17.045 | 13.914
6 345,600 86,400 300,849 9.00E-05 | 1.60E-04 | 5.31E-03 | 1.87E-07 | 2.65E-07 | 1.36E-05 | 0.83 |3.04E-18|6.13E-18|1.61E-14| 17.685 | 17.073 | 13.894
7 432,000 86,400 387,596 9.00E-05 | 1.20E-04 | 4.63E-03 | 1.876-07 | 1.99e-07 | 1.18E-05| 0.83 |3.92E-18|4.44E-18|1.57€-14| 17.645 | 17.113 | 13.881
8 1,641,600 1,209,600 939,462 9.00E-05 | 4.20E-04 | 4.58E-03 | 1.87E-07 | 6.96E-07 | 1.176-05 | 0.83 |4.84E-20|6.73E-19|1.90E-16| 17.854 | 17.245 | 14.111
9 | 4,060,800 | 2,419,200 | 2,716,550 | 9.00E-05 | 1.25E-03 | 4.286-03 | 1.87E-07 | 2.07E-06 | 1.096-05 | 0.83 |[3.50E-20|4.31E-18|1.20E-16| 18.032 | 17.258 | 14.312
10 | 7,776,000 | 3,715,200 | 5,768,861 | 9.00E-05 | 1.24E-03 | 3.60E-04 | 1.87E-07 | 2.056-06 | 9.20E-07 | 0.83 |3.15E-20|3.82E-18|7.656-19| 18.179 | 17.274 | 14.693
=y 17.76 17.02 14.00
. 7= %u}/ut}/zl)]% 1=3(A1),
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33. &K= A4H(J-20)

Leach Time(sec)

mean time Released ) volume/ ) ) - .-
Leach Interval| duration of Amount Released'r?t!o sur face Effective glfoSIVlty Leachability
time leaching (pom) (released/initial) catio (cm?/s) Index
(sec) interval
(sec)
No |  sec (At), T an an/ A, s | D= [%12 [l;]2 r|  Li=log(1/Di)
Co Cs Sr Co Cs Sr Co Cs Sr Co Cs Sr
1 7,200 7,200 1,800 9.00E-05 | 1.80E-04 | 6.00E-03 | 1.86E-07 | 2.98E-07 | 1.53E-05 | 0.83 |[2.61E-18|6.66E-18|1.76E-14| 17.583 | 17.176 | 13.754
2 25,200 18,000 14,835 9.00E-05 | 9.00E-05 | 5.39e-03 | 1.86E-07 | 1.49e-07 | 1.38E-05 | 0.83 |3.44E-18|2.20E-18|1.87E-14| 17.523 | 17.417 | 13.741
3 86,400 61,200 51,231 | 9.00E-05 | 9.00E-05 | 3.67E-03 | 1.86E-07 | 1.49€-07 | 9.36E-06 | 0.83 |1.03E-18|6.56E-19|2.596-15| 17.678 | 17.673 | 14.023
4 172,800 86,400 125,894 | 9.00E-05 | 9.00E-05 | 5.88E-03 | 1.86E-07 | 1.496-07 | 1.50E-05 | 0.83 |1.276-18|8.096-19|8.21E-15| 17.733 | 17.777 | 14.038
5 259,200 86,400 213,818 | 9.00E-05 | 9.00E-05 | 5.46E-03 | 1.86E-07 | 1.49e-07 | 1.396-05 | 0.83 |[2.156-18|1.37E-18|1.20E-14| 17.720 | 17.794 | 14.015
6 345,600 86,400 300,849 | 9.00E-05 | 9.00E-05 | 5.22E-03 | 1.86E-07 | 1.49E-07 | 1.336-05 | 0.83 |3.03E-18|1.93E-18|1.556-14| 17.686 | 17.781 13.981
7 432,000 86,400 387,596 | 9.00E-05 | 9.00E-05 | 5.52E-03 | 1.86E-07 | 1.49E-07 | 1.41E-05 | 0.83 |3.90E-18|2.49E-18|2.23E-14| 17.647 | 17.756 | 13.934
8 1,641,600 | 1,209,600 939,462 | 9.00E-05 | 1.70E-04 | 4.37€-03 | 1.86E-07 | 2.81E-07 | 1.11€-05 | 0.83 |4.83E-20|1.10E-19|1.73E-16| 17.855 | 17.906 | 14.162
9 | 4,060,800 | 2,419,200 | 2,716,550 | 9.00E-05 | 2.20E-04 | 4.17€6-03 | 1.86E-07 | 3.64E-07 | 1.06E-05 | 0.83 |3.49-20|1.33E-19|1.14E-16| 18.033 | 18.014 | 14.360
10 | 7,776,000 | 3,715,200 | 5,768,861 | 9.00E-05 | 2.40E-04 | 4.10E-04 | 1.86E-07 | 3.97E-07 | 1.056-06 | 0.83 |3.14E-20|1.43E-19|9.89E-19| 18.180 | 18.097 | 14.725
g2 17.76 17.74 14.07
=B P, 1= S,
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