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Abstract

Low and intermediate level radioactive wastes are solidified mainly
by cement, asphalt and polymers. The bituminization process has such
merits that the volume reduction and the leach resistance are superior
to that of the cementation process. Also, waste treatment cost is less
and the volume reduction factor is better than the polymerization
process. Therefore, to utilize the bitumization process for the treatment
of radioactive wastes, research and development on bituminized waste
forms having better mechanical and demensional stability and high leach
resistance has been carried out continuously in many countries.

In this report, research and development results on the
bituminization of radioactive wastes are closely reviewed, especially
regarding waste treatment technologies, solidifying procedures, and the
characteristics of asphalt and solidified forms.

A new concept of the bituminization method is suggested in this
report which can improve the characteristics of solidified forms. Stable
solid forms with high leach resistance, high thermal resistance and
good compression strength were produced by the suggested
bituminization method, in which spent polyethylene from agricultural
farms was added.

These results will be useful for the further development of improved
bitumen-based waste forms that will secure long term stabilties in
disposal sites.
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wE g3sshE C/H = ~05 wWA(benzene)e C/H = 1, HZEA
(naphthalene) C/H = 1.2°]¢}.

AYPHR o} 2BWES] FQ HYEF] AEES 848 Table 17 2.

Table 1. Typical composition of bitumen[9]

Main compounds wt %
Aromatics and naphtenoaromatics 38.3
Asphaltenes 156
Saturated i- and cycol-olefins 16.1
Neutral heterocompounds 14.2
Basic heterocompounds 8.5
Acid heterocompounds 72
Saturated n-olefins <01

Main elements wt%
Carbon 84
Hydrogen 10.3
Sulphur 41
Oxygen 1.2
Nitrogen 04
Aluminium ~ppm
Silicon, Vanadium, Nickel ~ppm

_11_



4. 3183 AR

YutFR o2 olABMEE H2AA B A% 3 wl AFgFHe] B3}
tt, ez 38F WgEAY BRI E i AEHT QY. olABEE
L XA AL 8, g9 B2 A S WY £ Jen o
AL EE 9 ofAREE A|x3=d olgfHth olF wigEL
ol AR E 9] &4 A3Hdehydrogenation)$} olATHIL] B Ao FEFL

ok

SPEEH

[>

AU

35t Wsle o2 B2 HEZGlol of2BEV} & 2E(>300T)
=EHAS 4 dojd == Atk o] FAL FFAA AT olABE Al
ool Hr|E9 of2RENZAE FHAANE 1ol w). 55t
A R do g AR L ol 2B/EQ] 515 YR JFL vom=z A
Fo ol wkg&xE Aolg Ale] ot Y WY EH Y ol F
g3l A #F=A ged
Aot ofARE NEZ-2 ASOIABE A XFHAN FREHR, ol2W
E AHSEE o g4 318 HEFEr] gEd F84A "t wEEEE
2o o] oEF Y, AFolABE AHZFAHAA ubH A ZAF A
F719} £6E olARET} 250T Ev I oA X0 HEE u w
< 9 wEch ofARETL HALAN Friet HEY o ofABET] o)L
gustd wg- wig =g A P, o ABVEE 43l oo gd
A glon, AgEres Yo EASAA g w=o(13]. @ X
T EXHe Aste % 5p HolE ATdEU, oJFL RAA
7A3E 25~5mm oA dojdtt. HWo] YE FHAME ofABE F
Fol @2t Ao dE UAAE w¢ g2 dESEW AsolARE
(blown bitumen)= 4t3le] dis] wl-¢- & AFAHE ze=oh o 504 Po)
9] o} 2FEFANYY ZAxE 1% BE T4 ol2BEC] YRy} uf

|m

i

olo
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o

$ E7) WEo] Aast Bl g Yo EgEHE £EE 6
. olE® 8250 grle P UF ojxBES AFAL B F
a1k,

dulg oz ol2BEE AHEANY Ustelgde) o Ay A
g B Ystegde 9 FAEI Aa HHH fABE HEI we
g AT AN £ A LA E ojrBEE FAL WA @
o, A O§ oj2BES WTHL Mo Fxo] JEH=u duHe
2 AP A o}2WEES FTAVY. FL 43 LAY FEaAW ofx
We) Aol olate] of2BES] 7 sHhardening)® ob7] ¥ 4 ATk A
A} (96%)E FARES FLE (YT FARAY, oY Y52
200C NS FAEL WA @ty JAWEE F& Had APy g
T AedAE W VAR We AYHo) Zad. ojrBEEL 3
(HNO9o) Aol @i g AL 459 sknitration)s] JF&
o, B A4 4A e FEG ALy ZA ol2BES FAU,
JeEz ol2BEE e g MTEBAEE HYN Poh. Yoz F
& AN 2WERHFA 9 BolE o}ABE HAYE AAFE AdE
doz AT AT

Table 25 Ao)M JH7AX AT & Qo] G& ojABES
Agde 1ol F1 Yok

Ir
)

-

rr

22

_13_



Table 2. Resistance of bitumen to the effects of chemicals at room

temperature
Mexphalt Mexphalt
(oarey  Time 40/50,20/30,10/20 RED/20.D45/40,
05|10 [ 15|20 (075| 10| 35 |50
Inorganic acid
Hydrochloric acid <10%| + | = — +
Hydrochloric acid 10-30%| * | = - +
Hydrochloric acid 40% +
Nitric acid <109%| £ | — +
Nitric acid 10-25%; — +
Nitric acid 25-50%) — -
Phosphoric acid 5% +
Sulphuric acid <50%| + * - +
Organic acids
Acetic acid 20% +
Benzoic acid 1.0% +
Butyric acid 10% — +
Formic acid 85% +
Lactic acid 10% - +
Phenol solution 1.0% +
Picric acid 1.0% +
Salicylic acid 0.1% +
Inorganic alkalis
Ammonia 25% +
Caustic soda <30% +
Soda solution 10% +
Soda solution (saturated) +
Salts

Chlorine-containing brine +
CotmBRs stlkatea) +
Formaldehyde solution 30% +
Magnesium chloride 14% +
Sea water +
Sl RSkl
Sodium hypochlorite 5g/ ¢ +
SSfium ?legaq{lu;tgted) +
"Teepol’ + |+
Waterglass +

? 4+ Not affected,

_14_

* little to moderate attack,

— strongly attacked.




5. 93 44[11,12]

ol~HES E3F E4L H/EA dE AYE JAHEZ2AN A
AR $e4E 7HY. AR EE AJA 1A EE wraN EFH
o dol g5 A A% T F U FEVEY HEE 22X FUi
e} Zas 229 = Abele] BA = Fig. 13 Table 394 BE uf
o} o] of2BES FHo FHY wel qEd. o2dEE 7 AR
3= 54 B 9ES FE3] #E54E 7 wA spddy

Table 3. Equiviscous temperatures (C)

Mexphalt Viscosity in cSt
Grade
20,000{ 5,000/ 2,000 1,000 200 100 50
1807200 70 85 97 108 138 156 176
("Spramex”)
80/100 78 94 106 117 149 | 166 187
60/70 85 101 113 123 155 | 172 193
50760 88 104 116 125 158 | 175 197
40/50 91 107 119 130 162 | 179 201
30/40 95 111 124 135 168 | 185 208
20730 101 117 130 142 175 | 193 216
10/20 111 128 141 153 185 | 206 228
H 80790 133 150 163 172 206 | 224 246
H 1007110 154 170 184 195 227 | 245 -
R 85/25 126 144 157 169 205 | 225 248
R 85/40 127 144 157 168 201 | 220 243
R 95/15 143 161 176 188 225 | 245 -
R 115/15 166 185 202 216 | (266)| - -
R 135/10 190 210 225 240 - - -

..15._



W7189 lrgERSANNA A4 AEAEL 4D 4 A= ArlE
54, ot2BES AZE nYRY ¥, TY/Y YU, B FULESH
Ze Azl g AR, JAAN AREE R sok 57) HE
238 Aol O 7P ARS YEE ABLAHtrials)] )8 Rojo} @
.
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Fig. 1. Typical temperature/viscosity chart for bitumens
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of2BES 2EE 250TAA 50T2 F7H71F E20=9 wAJYA
9] FzJF Wy, HIAHEAL T JAEY FEHS A9 $EH
g e A=A F/t IO g oA EJ HAL7tA] YWHEH L)
oAl AsEY ARt 6 & E2eAE Fge] Utk olx2WE] Hx
£ 0~50TANA 10°~10° poised] WHE Eon, HA 9 (pitch)d] A=
= 0TlA 5x10" poise, 15CAA ¥ 1x10" poise® g4 Ut =
o 9§ ofABEQ] o]£& o 1000 cSto] HE A o4& AL IR
Qe AF olABE 40/509] HFE Fig. 1914 glojnd 130TAE ¢
< I Uth

olABEE HAf FFEH Hde HHY S A E8H A
2 FEo] W & 5 Jon AAo e FAHAN T ¥ gAY
= g2y A2 Lo UdE 4 Utk 35H EHEo] olABE FA
g AYsed EFEI}ER Foljn HIEY o2BE AT H F
3 olARE AEdE Table 491 AE ESAILYE AHE3H9 ulg
Ag ¢ de A ARAE 7[Rz doof )

- 3 X (Penetration)
olAZES] A dd¥ F FEE JeldE AEZ 100g9 F
7t Rad uwkEo] 25T A2A 52F<¢ ol2BEJ IR} Yo)E
mme@$ 9] 1082 YErdT
- A X (Viscosity)
2 Ld 2xdA ol2BES {58H EAE dAHs Y oxgE
o HEo & FTH, £Y, =4 AL F ol2RE nsFAHY HAHL
TE A T2 2t
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Table 4. Applicable standards for the measurement of bitumen

properties
Property ' Testb

ASTM AFNOR DIN®
Softening point (R & B)° D36 T66.008 52011
Hardness (Penetration) D5 T66.004 52010
Viscosity D2171
Flashpoint D92 T60.118 |DIN ISO 2592
Density D70 T66.007 52004
Loss of weight on heating D70 T66.011 52016
Ductility D113 T66.066 52013

a ASTM: American Society for Testing of Materials.
b AFNOR : Association Francaise de NORmalisation.
¢ DIN : Deutsches Institut fuer Normung e.V.

d R & B : Ring and Ball test.

- A3}t3 (Softening point)

ol2BEJI = ZEE 7] AFE}E &EE YeEdY. olxad
thst BEalge 7HA Ejpajolng uAAdoA] dxAdoZe] Aol
-3

lu
rr

x9Q HE=H(melting point)e] B3 Fdo] oY IYxe AsldL
ol2REQ] 7|AA, FFEH 54L& Jelld, 714 nEsid A3y 23
¥ & Ring and Ball ¥'{ & A}&-3c}

- 9313 (Flash point)
BZo] Q& FoA o}AHREE QA 14 ¥ & Y= 258
vebdo 78 1Estd 93ty SAWH L Cleveland open cup test ¥4

._18_



2 ARE3t
olARE EdFH AAE AESY dEsY 43 2o
7}. ¥]Z (specific gravity)
25CAA FYE7E 5B & olABE 9 H|FL Pycnometerd] <) 3j
ZA3e, 50189 & dad ofAB/EL H|F L hydrostatic balanced]

o3t FA3s A= Table 59 Wb

Table 5. Specific gravity of bitumens

Pen. 100 g/5 sec/25T Specific density at 25T
300 1.01 = 0.02
200 1.02 = 0.02
100 1.02 £ 0.02
50 1.03 £ 0.02
25 1.04 = 0.02
15 1.04 £ 0.02
10 1.05 £ 0.02
5 1.07 £ 0.03
< 5 107 £ 003
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of~2H|EQ HFL ABEE MY U8 AR F2 JEIHa gl
o1} AUWtAH o2 Table 59 Webd WHte] ¥4 el ofA2RE] H)F
< &4 JYxont o &, dAHoz FAF JYEE = AJYFF
(B Fol2HE, Aslol2RE F)9 ol2BEA FAF %S AU o
HAY 8 AFEE dojd &8 k2R E(cracked bitumen)s IWHA
o2 HlFo] ¥4,

Aduty oz ofABWEL HFL 099~12g/cm’e) Wld 9 Y=}
40/50Q) o}ABEE 103 = 002g/cm’olth. 71&¢A 2AI AR 9
25CHA o}ABES ¥FE lg/mie 2 AHgsta Q.

v, R3] s ZAH 4 (Coefficient of cubical expansion)

Fu BFAee &7 £F ANE 98 PG EHANA FEFo
T8 AAR FAELH Afd 27dY BFAFE 15~200C B9 &
ToA AAAHor AFoln] EE ofA2BE (HYE 23~196, 100g/5sec,
25C)el disl A9 FL3th. BIFAFE 15~200C HAAAM 000061 *
0.0001 o]t}

o}, ] (specific heat)
of2FE S H|EL 0~300C 2% HAHA AYgroln] HolHo)
7] i EHAHo=2 FF §EH) EAFA ZEvh Table 694
bt AAY gL x4 met ¢y Wit Table 68 3¢ 1T
3 Hde] €Wzl 0.000320)
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Table 6. Specific of bitumen
(Blown bitumen, penter.40 at 25T, soft. point 85)

Temp., T Specific heat, cal/g.C
0 0.430
100 0.462
200 0.491
300 0.526

qA P o] of2BENA 1TF ¥de] ¥3t= 000032414 0.000787}%]
o MAZ SAHUY. EE ol2BEY HP DL 045 cal/g. TE A2
g T A

gt. 4d X% (Thermal conductivity)
kca/m.ChE EAEEE Yeds Aol 7|€ZFHQ =WdAM 713
Agsin st o] veE LETFUIL 1T/m g9 Im® FUAHS 5
ted AIZtd B2 gol® kcal/m.Th 2 EAE S 0002789 4
A5 #3t9 cal/lem.T.sec B2 I F Qi) GAEEE BE ofx
BEJ & daFe2 gor ©x x4 wi 10TF ¥ 1% FE 7
A%y, d23 BEFoz Agdtes AEEY g2 0.13kcal/m. C.hrojt}.

al, G379 EaE
gAY $3719 FAASLE AR A6 Ficks $4EHe A}
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£ & U3 ofEe Aoz wHAY

N = (P1 - P2)

o714 N : &atstes B9 &
D : AT (5719 FH4x)

A EUH
t: Azt
X : A9

(P1 =Pz ) : &9 F714A

ZF, N& 393 o] AQ 3AGWHE X9 AL weg tAdES 84 & £
AE B9 FolH P -P; & E9 F71Y Aol

o] H&L AAZ E& FrdA %= EA(polystyrene)dl = &3} A)
Agol dot. FF7|d ¥ olABES Fix e BFAAS DE XY
4 9lth. weF Fickd Mo A49chd DE ImmHgd Z71¢3elN B
W o] lem®olR FA7 1 cmdy £ 339 1 S FAsts 4=
719 ¥¢  JeEdd 25CAAN  ofxgES FAAFE  1.3x10°
g/cmhrmmHg2 YE ok AT E olA2BE FHYPrsg x4
o E 3t}

v}, ¥943 (Surface tension)

Table 7& H7IA] 2N olx2BES FWHAHL dyne/cm ©
42 Jetd Aol
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Tabel 7. Surface tenstion of bitumens

Temp. C Surface tension, dynes/cm
25 33 *= 1 (extrapolated)
100 29 = 1
120 28 1
150 255 £ 15

Al & WA (Total surface energy)
ZF B WAYA] EsE ol o2 A ¢ 3.

do
Es=0 -T —
dT
o = ¥U%Y
T =A%

T 3E ol2REY gt EE PN e 51*] erg/em’ES AL F
t},

ol. A3/HAEXE (Resistivity/conductivity)
FAREE S AY F e AVAEEE VB2 & HAE
oty AJAEE g9 Ao/t HAHOR FAY uiE JAAE &X
2 9ad ol2RETJ RESQ of2BENT ¢ AL AJAEEES =
th, EE o}2TEY AJAYFL =7 FUHE we Aadd AAF
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A AZIAFY #L 53 2o

Temp.(C) Resistance (ochm/cm)
30 10"
50 10
80 107

7. AA749 Al7] (Dielectic strength)
A4 A7l kV/mmZE SA3HR SHXAH A59 P 9
g 9o ol2BEE FEE ol2BERYET B2 ol2FE)R
[o]

AQ AEE ey EE of2BVE HAREE 27t F

(a) AY=E 170/20090 otV E

Temp.(C) AAZ2E(kV/mm, & AFAHE)
20 10
50 5

(b) @23 ofAHE (hard bitumen)

Temp.(T) AAZEKV/mm, B HAFAHE)
20 30~60
50 10~20

2t 71AA, 7553 42 (Mechanical and rheological properties)
SIAREE FARAZA TE AUFEA AT A= YFI, o] ¥
7}A FEAel9 FHA P = BAIH. of2VEE drii Aol T
3 71413 L @] 4o, o)y¥ AL Af9 A FHEFTAH



BAGAA H7ISAY of2BEC ol e &vd i dF& L=t
Ao O Z|AH AYgYdY Jx= doFPE DA poiseR FAHE F
Atk ol2BE oA BEL £F YA ' wEFAY EFAA ]
g3le Aol dutH ol A (plastic)d WF9 dhFd Ferl 4@ €
ol Hestol s olABEY ©A(elasticity)o] YEIYEH FEFA =
E YrtaA FERANAN gL dEA FI3 T FHd OiF Lo
ZA vepdd, old dFL H4AF ALRAA dFEA HEEH. JEA
e 53] $3A 30 £ E2AY o] &9 F a3zt

ol2WEQ 74 FoY BEAHL 3F ET FEHH Adoltd. olxw
Er ¢4 d4H 854S /AT AH} 24F ZEEANS A= A
o2 vys & At 24 A olAFE(plastic bitumen)E ot2¥E S ¢
2ol H3n HAAH ofARE(viscous bitumen)dlA THEF F EAHZA
et FEFHA 4ol ol2BES ZTEEAHL FHs=d ol&dm Q)
on, 71 F8F AEL IYdES d3HolH. HYESY AEE M= B
dol gled dEEd IAYEI &4 E5 Z E(hardness)t 9 9 AA
t}, ofABEE HQUEJ 5 FE .2 oA FE 300 oA kst
A ALE TFL ANEYG. JJAx9 A5FL olxgd FHEH #A
7t em HAZF of2BEY HEE A FASN|E ofHAR ol A
3t Q== FH dFHA #L & T Yt

531 x 10°

A % (poise) = —
P T T )

R ERo v ¥ YN SE5HL AU lABEE gy
of WEAYA Rtk 7Y Gud FHA ofrBEZA 2L Y x

AlZbo] Addl met BFo] & F YT ALE ot ol AVEE ZEL



Sk7INFE AR AN AL FHo AYY & AE 24F oj2y
E(plastic bitumen)& & o] FL do|g. FHAHAH of2BEJ FI|E
Bol Yol AHNOZAN 24H o}ABEEF WO U AL £
A EAAA Y FRFE FAARL of2BE FHFS S,

FABES FHEHL otAVE-AYIE nEA B& wige] FoH o
27b @k FEEAN AP &5 oj2BES Rumsie x4 ©
& Bywsie vaste Jogdoz Aol ofABWE GFAL 40x107°
cm¥kgoli 1T A3 FA 457 600 x10° ojlm2 2% 1TEHZY ma
vyiwse HAA 15 kg/em® 450l e Rujd s 2

ol2ARE HEo] tig e JEFL ofAHE FHH EIHT I JF
S M 2 5 At FERA AY PEEt olAWEY 1000 kg/em’e
AP HLHH HAEE 10° B 2 0|49 2AxRle o Zrigio)

ojd el HIA(filler)d A7l solFEH ] ofABEY FTXEL §
AANE Fed REAMNE &S A} FEF SHE JMAY, &
g G 2T ofARE AAFEL = FAT 43I Wi o] 753
TE FEY 9488 AdYy. {F3AZ 22o=4 HEE FdHdE #
3} ofARELE XY wE olABE FXES PAZ=d olARE)
g filler FE2EY F& d7t @y Z2o]=4 HE(bentonite)= 15
vol,%9 AL GO of2BEFZ WRHIZTHE YA 100T ol &
EAME FARTHY EUYP S LAUY, olAWE HYAB L A
A AYPYL T2 XY THFEAY FED EFAY ol2UEE FFHsm
2X dojA olABE-3A E}E 2T HE J|AFHZEE oARE
o Hxel olA2REU EFE FUIEAY IF} Fx9 HAF =N
Adddh



3, Axet 2223 (Ductility and brittlence)
g3 Ade] Axe FAYPE FHII] A ALGHAUG. A=

APL 19039 Z7]9 olu Dowel 93l A¢=AYEd FeHAo] lem
o2 71ed7t §A 8 olARE ANFE 25T $2Z A 5cm/ming &=
2 FRNNEE Ho] QIvHI3)L o]H ZAFAA Ui T2ELE o}
2BEE AY 10cmE 2H3tE wi$ =& AEE Uedg. @86y 9l
= soldH ol2BEE 2Z 4% we AxJF g FAFoln Frhgt
&g Ztod wato, gelﬂ‘EH OFABREF x4 AY FFE ¥A g,
olA2RE FEFEEAI DHIF FAZ A

B2 AEE ofABES ALgd F8% ou|E zZteo. oixy
Eo 2zl e 2x9 HMY&SE JFE ved 2YBR F2F
AEE Fod AN dojues H&EE 2xd 98 FdHA,
Fraassel 9|& /gd UL oA ZEA AE&HD Qled AA3] H
E o of2BEC Z3 JtE X&) AAE 2= & A

r>~
r{r

|

Bl AR A A [14]
WA H 71 €9 of2BENZA AN o, £, v BAMEC g o}

2% E uzhjA9 AR BAA FAE et 53] ¢AFA A
A 5 Qe olA2RE AW AU WALs Yol AP BEAZ AxE

Tt HapAdoes R FA 1~700 rad/sec NFEZ FAY
S ol2RE EAY WA AP did AFE USy e FES
At

- & Aol 10° rad olstetd olrBEE FEI AFYL gttt

- 10° rad A 2B E 1gF 9 05~1cm’S Hz 24 (25T, 1719

- 10" rad 139 HFE F5E ol2BVELE ATz} gujd,



« &, WE, CoHy, CiHy, CiHy, CO9 24
« AR st2d 8 S0t
i e s e
&89 St
« 1Y) A =F}
R R=rd
«ot2BH T X9 FI}
skl Za
- 10" rad®} ZAlE GR| olABE A9 HaAWwe dozit
- F ZAAFO] g o AdHFEo] FAIY ABE HIFR
Zag
- 10° rad ©)49) AN olxBEI} GHHATE
- ALK EEjo] 7)Q0% R uFte AslolA2BET) A FolABEHT]
At

215 HlA AFHLE of2BES] EEH H4FA L 2%3%HW Table 87
2 }.[19]



Table 8. Physical properties of Bitumen

Property Value
Specific density 1.04£0.03 kg/ 2 (at 25T)
Coefficient of cubical expansion 6.1X10™C™ (in the range 15~200T)
Specific heat 188 J+g'eTT™
Thermal conductivity 04 kjem'+TC"en™
Permeability of H2Q vapour 975x10™"g +h™ +cm™ + Pa™* (at 25TC)
Surface tension (29£1)x10™ N/cm (at 100C)
Total surface energy 51%+0.1 g J/cm®
Resistivity / conductivity 102 +cm (at 30T)
Dielectric strength 20~30 kV/mm (at 20T ; flat electrodes)
Dielectric constant 2.7 (at 20C)
Dielectric loss 0.015 tan & (50 Hz ; 20C)
Viscosity 10°~10” P (in the range 50~0T)
Heat combustion 42x10* J/g
Compressibility ~4X10” cm*/kg
Permeability of Hp diffusivity ~3X10"% g+h™ +cm™ +Pa™" (at 25TC)

6. ot=BESQ F7] A%

7] FEFstAA ol2BE £ disirs LAARH A ey
AASA ZAHRAE &sith. AdXAFAME diF-Ee] ojiBE JTZE
o] A £ I3 Jue A gAY A4XE Qi Ad 20~30
d F¢ k3@ did B B4 IFHUEY 53] HEnu ofx
ZE FHAE E2FXE, HIJdE ol2BEnSE WA IE A7)
Aol BEst FA o] EopAtl ot2BE ‘-Slageing)= FEFHE=
B, T71& EAFE ECE, EYY 1A FHFH TL AHAA)
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& I L=t
OfABE 3} o]gld] ofAWES FI|He AP AFH diEstdq n
#Hd 987 e F/HA A= 953 Zo
- olARESG Y= EZFAY WS
- TAETEH 2 7
AZ1Z9 AHEAZA ALESE BHIAAM of2HFE 7| AAHE
o qa Fa AAES AFHE 9SH 2.

7} olAWES WA
(1) 284 A3

FAREE BEHSL EHAY FACIEFE, o) LER)Y 9
3 FAL 4ES0] 2ol Hojn FROZAAE o1 Yok A
£¥ SEN YrleEs o=AAs WAHH §49ye o 2
FANE WFoz o|Fsn attge HEsL EolA. oA WA =
A4 A2 FREY, ¥ HE fEo e YYo=z o]EL 4
do] BY 4 Yt = TAHoY. EH st EUE AL ojaw
Esl WZdE W AWs gAHIE gl gr9 EA4Y S5 Qo o
Ry A9 o FRE g AFY FARG wEY F FA BT ofa
BEY AZtdE 2490 99 AT HEo 3. 2y Aste A
AR 75 99 ey 2AY Zwog FYLT: FUYH
QAR Fo) JEEN, TF x22Q =, =39 7o Lz =@
ol AAE ox &AL o}2BES Hue uwal AFs] Wy of
AME YEE G ExFo) E¥ oEFT HE FYH ojrBEL
olg ¥ Wald I3 FAY 4 Y L AsEA gt g2s9
60TC=2 14 & 714F of2RES HEJL F7IHEd AHA Azt 9
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& F7toln

(2) 33+4 A3t
U2 B f7IEAY ol2REE O7|F At4d HEZE o AA
3] Atsigtch. PAHE o] ALE FRT 7l ZA YA (micelle)ot &
s Aol A mWEM ofABES] HEE 4T3 TG W #
Foll wre} s15tA Aztg A 98Ut e, Yol e FAA 9 ks
S-S Y XA AswrgEd wErA Jgdy, FdRE AhE F2
CO7ZIz2 EAstn UYWA= COz HO0E AT

o] gl&u AsNtEd= ZE ALE BHES A F (1F) SO 712,
2 A F (1de]d) CO 7|2 dedy,

Yol SR otABES A3 (ageing) Ao o &3}t @t
We] EAA sk oF 5p 9 o2 AFHY HAZ s (ageing)E U
He X9 B JF¥e £o. Hustd A0 2 FAH4E ¥ALS
ZANAR ELEAZ B0 vutged AAgL=ZN N2 o AR
o xTdd. Y E2FEREL WTAHYd dEiAMe old Aol E=
T8A e IAHE E2FAL vl @G A4 B84l &
olct.

A7 E B EokAAM ofEBES HEL ofFE HoA Atsl(ageing)7}
Bete] Aoz AAY F At ofFE RAAMY itste FrHA dgiy
o o R34

- Akl 9% At

- ¥hgo 9 4t
wE B4 =9 9hge A4l H]Ie FA e, AFolARE 50/60
of oisl offe] gho] AojATh

e

29|

- 31 -



- AbA BAASE 12 x 108 cm¥/sec (50TAA)

- olAMEY i £FE : 010 cm¥em’atm (50T A)
Ao g ofAMES] WAL Jd), 2= we} Wsin, 30~50T
Aol 25 A vighiFel olF HE& FEL v AL FF F
I ZHol7F 25~5mme] WU AL AFH o2 F3k At o] ¥y
Atk a2 7zl WA H2FF9 Yok A=AE Fr1¥ Holuh,
Y32 olABEE A5 YHE FAY F 3= oz vt H
A9 gt

U Oed AR e

718 Y EH oA ok ABETL HF o] Aol A e u}
g of2BES FAo] MY JHeAde nEHoF ¥ EidE nFPE
o FHEAFHY HF ook olAREE 27T WHHY de T
o F71, FARAIIEA F4, Asky, FEY A, Aol vHE FZE
T4 A2 g gioh dRH dPAZLES dHAA ol EFH
ofAZESLY HkE AFE FH A FEL ofATEY HH ZH A
FEYE ol ol 2UEY HINREAZMY 7FE AHFARAE £
te olth. of2EE Hd % FRAAY FEE I #LE A
o 9&¥

- OlARE ¥EgZo YHE

- Sl2EEE FH3}e B(F7)FH 7Y FAEE

- &%E £ 44
Bo] Fd% ofl2BEZE TAY U ofF HE ¢ Eojge FrA o]
i

- A, oj2BE ¢ E9 &FHEE ul$ Wrh(0.001~001% )

_32_



- EX, ol2BE AxE gW 7| 2xdA W =0
ofAHETL AFF ¥ g9 £A4LE EE S FT3E dAE A
gy B9 £i3x= F7HY Aold. EF Atad Ui ol ARE FAlA
= 24zt 10° g/cmhrmmHg 9 10 g/cmhrmmHg R E o), 135}u)
AQ ol2WES HIFLAHL of2TEUY EELE FFIA &
(hydrophilic) 39 &Aj¢} of22E 15AH 9 pinholeo] W T H EA) 9
O EJT}, FHOIATELE L IQYxY AglojpARE ¥ ¢ 4L E&
EqAZY, FEERG JEFSA 109dF Smm FH 9 AsoABE F2 3
~4% B FF39, g8 gdgd ofA2®E(H 80/90, H 110/1200& 1%

oste] B¢ F4 e

o). o) A& Ea[16,17,18,19]

1972:d¢] Drents "ol~ME 2o @ u] g Jgo] gy B
£ fAoh 1978ddlE "HAAAIIE Bk BA OlF 2ok of
gE nAEeA 29 A7l Zobelld Molecked] 98 &z+s
o AxHes BE 89 ofABEL wHoh} oo & uje
=d £EAMRH S BE £544 Ggd 452 P2 2 4+ U
AEH) £EE ofABEG U@ AR E2AAY HE ojrBEC 8
td A2, 2ed 4, $AZASY 9% v s EY ojrBE
28HAY LE  F, 80~200C WAL H/E Ao FHan A= R
2o wygol} 2T Fo|rlo] 2EF SEolth 2Y YR 2y
wrelejolol o @ olrBETSAY Bt olaAE Ads AL Ad
o},

Wrie 9% weolst 4 weelols pH 6~89 WM s
B PR olA2BES tPE Edd HE FL ZARINE Ra

by



EE gutAHo g wj$ =gt RHEEE of2BE W FAT Astd
B x&d EHF 6 &2 Jehdd. Pseudomonas Fol ¥ ofxu
A gsleie JRAE PAEFSAY FHEEAA 95 FFEdE
Aol vt Fhtth  Ontario® of2BE EHAEAM ZId A2
0] A 8291 pseudomonas asphaltenicust o}2%d & ¥ 33 YL @
FAE &3 PAE H4Y HF 5L 2EE o 100TCoth. =3 2
MABEEE 0TEY & 2E4AH 2AFLY x2dE AE&d A

& W o}AHETL nAEA 3 FTHEL WEAE GHOZ AL

P

|

£ P e
N
52

T QAR oH o)A mAEo] ol ABEE FAUUWN EEHEEE
718 ET o =¥ Hojt.

EE2X ofARES oW FH Ao di7|REAA U nAE
9] & s WIHATHE Ao] Harrisdll 98 FHHNULw, 2= o}
2BEZR JES ujFd HolZ F9 Egd mAET] IAFA F7)
33 FZEE (coaltar) 2 Y EF Edd T nAEY 4] v may
t}. 2 pseudomonads, corynebacteria, actinomycetes &°] ¢}ATE B
ol A} . EAEE dHHEol TR AsA FAxA o
g A ofAHEQ wWElR e olAWH ] heterocyclic B} ERY f FH&
7] ok

H71EE 13t AR o} 2BEE ALLst=d AdE Foz 2y
#2% + e Zee %4 2 9Ly o,

- A de EAste VABES TV ZUFA olABES FH
¥ FHo] 3t
- gutdo g nAEFEHE oY) 4
oE, I&EE Folt.

- PAE 85 JAsE 29 AHg3 A d& A dA A

I-o!r

]

Ho
Sh
rlr

AFI2BE, Ao



o] fltt.
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REgd d ey, FEAFH L AFo2REI A3 FolM I&s
o] Rt} olAWE YA EAHL oABE 1A LE HYIA
A FOtABEY HEJL AZlARE HEHT Wy o TS A
wet wEN ZAL ol2LE-HIE EFA FHA AdFsg 3=
gle detugtFdy] Fyos A ForABET} AMLHY JAF Yo 9=
3 4E7) Fel(extruder)dl s F2 AsfolARET} ALY, olAWE
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AF9 AEHoZ AEL AWEI glth. Table 95 ofAE Az 3 A}
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Table 9. Characteristics of "Shell” Bitumens

TYPE | Specific |Ring and |Penetration|Ductility | Solubility | Flash p.
density Ball at 206C |at 5T | in CSz |Cleveland
at 25 |softening | 100 g/bs open

REFINED point | Nd. No 2 cup
BITUMENS Kg/ ¢ T 0.1 mm cm wt%
Spramex 280/320 |0.99-0.14| 33-38 | 230-320 | > 100 | > 99 > 200
Spramex 180/200 {1.00-1.05| 37-48 | 180-200 { > 100 | > 99 > 200
Mexphalt 80/100 |1.01-1.05| 45-52 80-100 | > 100 > 99 > 225
Mexphal 60/70 [1.01-1.06| 48-55 60-70 | > 100 | > 99 > 250
Mexphalt 50/60 |1.01-1.06| 50-58 50-60 > 100 > 99 > 250
Mexphalt 40/50 |[1.01-1.06| 52-60 40-50 > 100 > 99 > 250
Mexphalt 20/30 |1.02-1.07 | 59-69 20-30 > 30 > 99 > 250
Mexphalt 10/20 |1.02-1.07| 65-75 10-20 > 5 > 99 > 250
BLOWN
BITUMENS
Mexphalt R75/30 |1.01-1.06 | 70-80 25-35 > 2 > 99 > 200
‘|Mexphalt R85/25 [1.01-1.06| 80-90 20-30 > 2 > 99 > 200
Mexphalt R85/40 [1.01-1.05| 80-90 36-45 >2 > 99 > 200
Mexphalt R95/15 11.01-1.06 | 90-100 10-20 > 2 > 99 > 200
Mexphalt R110/30{1.01-1.06 | 105-115 25-35 > 2 > 99 > 200
Mexphalt R115/15]1.01-1.06 | 110-120 10-20 2 > 99 > 200
HARD
BITUMENS
Mexphalt H80/90 | 1.03-1.08 | 80-90 6-12 - > 99 > 320
Mexphal 104-109 | 110-120 | 3-7 - | > | >3
Mexphalt 135-10 |1.02-1.07 | 130-140 7-12 >1 > 99 > 200
Mexphalt 155-7 |1.02-1.07| 150-160 | 5-10 - > 99 > 200
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#7189 AAs WPoz AMHE AFAEE A HaHI} 1
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Inorganic Based System Organic Based System
portland cement bitumen
soluble silicates-cement urea formaldehyde
pozzolan-lime polybutadiene
pozzolan—-cement polybester
clay—-cement epoxXy
gypsum polyethylene
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W74, 848 5 eR2AH 13FA g S wet 40~60 wt%ES o

1. a1 &% 083
P4 g 2BENHE 9d AwY J1Ee A Us &
el gotsty Tt ao

7k /=, A, AEFAM ALE Jle
- 160~230T 2x=oA E3 UG FEo] TAld FLgdaN o
A £ 3N YAEHZIE] §8E F=BES} EF
- ARLE AY &l EHE £F
o] QL YA TER s FA HEo] AFHo2 JF
H #FYE ok2BE aZFPos HE ¢ FUEFZAH FAE FA
Aestes Aol fedy HeLErt dax ¥ Aol B Holrh ofx
YES we dARES E8i wid stdEdHol F "Wart glow, &
E=7F oW A o] LE7hY olA¥E Fdd oy ouj(gd)r) §
A3 o]RL duBE TS offA BHEYV) HE FL& RPN
AT x5 {FAY "ol Ut = ofz=BEuAL AEH Y
& olABEQ B 35 WM E o|AE 4 Ut

. msdA Aed Jle

- A2AA f3tE olEBEG gH EE IA YAYANEL G
- B9 1YY AT FEAANI AH ERES 1Y

_40_.



- AEE A% &7 e A
o] 33 wiyZA EHE &M 4A =
gohs Holn We oM FELE ofARES] HIEE HAgd:, H
oA e wRkgE HAY Eiho] Hu, EH Er d§Hoz &Aoo
btk o] A9 AL vEAH 5L usexolnz Yz Fot
RPEY FAol dojux NOs & NO: & ##3dte #H7I1Ed dsiye
HdstA Xt

I
fr
Jo
o
2
>
i
luf
Ul
=
op

9. AN AL A&

- 2, #3504 2 o}2BES EF
- &g® 232 ¥y wed 29 B

=dd 29sr1d nety 239 QA ex

o] B We AWE /AT Yud GFd FEEA0~90%)E A
= s9x9 2=y, ARYS e Y 2N ZHY &
93, ARBAA (F3A) NS ARG Hue Jole %4 Y= F
Holth, e AAA @A) HEalo] waH ugo] Lon ARG
Aol EAE Be F48 /7Y dRPos A2eL EolA ot

A4 A4S o] YA WAL AN A EAY ) HEH
e 71Ee fstol2BEY ASAE AEEA FE 4T, Wold, SUS
AA ALY 7% o BRES AXsL itk

HAEFYA 9@ EFE A ANZ U=+ Qe Fig 29 2
o,

..41_



Bituminizer
System for immobilizing
radioactive wastes

I

]

Discontinuous Continuous
Batch Extruder Thin film
evaporator
With Without One step||Two steps| [Bitumen ||Molten
Evaporation| |Evaporation

Emulsion| |Bitumen

Fig. 2. Classification of bituminization systems
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Fig.3. Flow sheet for the bituminization facility at Mol using a Pot
form
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REFRIGERATING SYSTEM
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VESSEL

o
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Fig. 4. Flow sheet for the bituminization facility at Qarai using a

Drum form
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Fig. 6. Flow sheet for the bituminization facility at KAERI using a
thin film evaporator form
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Fig. 7. Simplified diagram of an extruder process
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Table 10. Extruder/Evaporator installations for radwaste volume
reduction & solidification

No. of
Extruder {Start -
Location Plant /Evapo | -up Pnr;raorz e:g:; tes Comments
type -rator |dates
trains
Bellefonte,| PWR 1 1987 [Concentrates(sulfates and [Centrifuged resin feed.
USA borates) bead resin, Cement system retrofit.
powdered resin.
Seabrook, | PWR 1 1985 |Concentrates, Bead Centrifuged resin feed.
USA resin. UF system retrofit.
System hardware
delivered.
g&ngra PWR 2 1987 {Concentrates, bead resin.
Brazil
Marcoule, |Reproce 1 1985 [Concentrates(primarily
France ss-ing nitrates).
LeHague, |Reproce 2 1986 |Concentrates(primarily
France ss-ing nitrates).
Hope BWR 2 1987 |Concentrates, bead and Centrifuged resin feed.
Creek, powdered resin, dry System installed.
USA active wastes. Preoperational testing
in progress.
Trillo, PWR 1 1986 |Concentrates (primarily
Spain borates), bead resin.
Fermi 2, | BWR 1 1987 |Concentrates, bead and System installed.
lUSA powdered resin. Centrifuged resin feed.
Cement system retrofit.
Start-up in progress.
Clinton, BWR 1 1986 |Concentrates, bead and
USA powdered resin.
Palo verd,| PWR 1 1987 |Boric acid, sodium
USA sulfate bead resin
North
Anna, PWR 1 1990 Boric acid, resin
USA
Surry, 1 1991 |Boric acid, resin
USA

.._48_




No. of

Extruder |Start .
Location l:i,ant /Evapo | -up Pru;raorzle ;g/ :j tes Comments
pe -rator |dates
trains
Palisades, [PWR 1 1982 |Concentrates(primarily Processing radioactive
USA borates) bead resin, wastes since 1984,
powdered resin. 287 drums of shipped
by end of 1986.
UF system retrofit.
BM/PNC, |Reproce 1 1982 |Concentrates, powdered System installed.
Japan ss-ing resin, bead resin. Start-up in progress.
LaHague |Reproce 1 1983 |Concentrates, powdered
France ss-ing resin, bead resin.
Midland, |PWR 1 N/A |Concentrates{primarily Operating since 1983.
USA borates), bead resin.
Laguna |BWR 1987 |Concentrates, powdered System installed.
Verde, 2 resin, bead resin. Plant construction
Mexico suspended.
Lagun & [BWR 2 1987 |Powder, concentrates System installed.
Verde, {primarily sulfates),
Mexico bead resins.
Winfrith, |Reproce 1 1980 |Concentrates (primarily
England [ss-ing nitrates).
fran PWR 2 N/A |Concentrates, bead resin. |Work suspended.
Project,
Iran
;G(';’n ?:_piroce 1 1981 |Concentrates, powdered
ap ne and bead resins.
Resena
ch
gﬁffﬁ;‘f; PWR 1 | 1979 |Concentrates (primarily  |233 drums produced to
nd borates), bead resin. date On-site storage
facility (over 4,100)
drums.
Japan S:zroce 1 1978 |Concentrates, bead resin.
organo, ne
Researc
Japan h
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No. of

Location Plant E/)}Eit\l;ggsr S_tig’ Prlrlr;rary Wastes Comments
type -rator |dates ocessed
trains
CRNL, |Researc 1 | 1976 |Incinerator ash (both Filot plant
Canada dry and slurry feed),
borates, sulfates, decon.
Solutions, bead resin,
powdered resin.
Eurochem Reproce 1 1978 |Concentrates (primarily 11,800 drums produced
¢ . ss-ing nitrates). in 28,000 operating
Belgium
hours.
On-site storage for
20,000 drums.
&ar(;:nh:’ Ifl{esearc 1 1973 |Concentraces (primarily Pilot plant research
) borates and sulfates), work completed in
ny bead resins (both 1976. 1,000 operating
slurry and dry feed), hours. System in
powdered resins, decon. storage at Eurochemic.
Solutions.
i){var(;::nh:' l;{f_pirnzce 1 1972 |{Concentrates (primarily 1,400 drums produced.
) nitrates). Power plant Inactive since 1977.
ny Researc . .
h wastes including
sulfates, borates, and
resins.
Cadarache Re_p."’ce 1 |1970 |Concentrates (primarily  |Over 7,500 operating
,France SRiSl:j_c borates and sulfates), hours.
h bead resin (both slurry
and dry feed), powdered
resing, decon. solutions,
laundry waste.
Marcoule, | *7°%% | 9 | 1965 [Concentrates (primarily  |31,500 drums produced
France ssTing carbonates and nitrates). |up to mid 1982,
Researc
h
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gol B 4 dow {8 HrIEAY AHMERS}E i ¥ £ A

Table 11. Comparative costs for cementation and bituminization
processing of spent resins

Cost (in $/m°
Item(s)
Cementation Bituminization

Solidification 2649 2649
Transportation 1843 971
Burial 2889 1353
Total 7381 4973
(based on data in [Doyle, 1986])
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Table 12. Comparative costs for cementation and bituminization

processing of sludge

Cost (in pounds sterling)
Item(s)
Cementation Bituminization

Materials (Cement/bitumen, 23.60 20.60
drums, power, etc.)
Non-material costs (wages, 59.00 98.80
overheads, depreciation,
maintenance, interest, etc.)
Processing cost 82.60 119.40
Transport and disposal 17.10 5.00
Total cost 99.80 124.40
(per 455 m® sludge)

(based on data in [Burns, 1971])
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Table 13. Economic example case

EXAMPLE CASE 1

EXAMPLE CASE 2

1100 MWe BWR 1100 MWe BWR
600 MILES FROM BARNWELL | 2500 MILES FROM HANFORD
CEMENT TVR-II CEMENT TVR-III
Chemical
Na:SOs' 10,000 f&/yr. | 10,000 f¥yr. | 5000 f¥/yr. 5,000 ft3/yr.
Conc. Liquids™ 2,000 ft'/yr. 2000 ftYyr. | 2,000 ft¥yr. 2,000 ft'/yr
Resins/Sludges
Dewatered 5,000 ft¥/yr. 5000 ftyr. | 2,000 £t 2,000 ft¥/yr.
. 3 $ 125/t 3 $ 125/1ft°
.| Cost of Service $ 55/4t (Including $ 55 /ft (Including
Drums) Drums)
Treatment Cost
(Incl Equi $1,188200/yr. | $2,125000/yr.| $ 848200/yr. | $1,125,000/yr
Lease.) D-(Including Liners) (Including Liners) .
Container Size 178 ft* Liner 55 gal Drum 178 ft’ Liner 55 gal Drum
Solidified Waste 2590 ftYyr. | 4460 ft*/yr. | 11960 ftY/yr. | 3,338 ft'/yr.
Volume
Burial Volume 25,216 ft'/yr. 4598 ft'/yr. 13350 ft¥/yr. 5,400 ft’/yr.
Number of
Shipments 142/yr. 44/yr. T5/yr. 52/yr.
Transportation
Cost $915,790/yr. $142,000/yr. $675,000/yr. $ 300,820/yr.
Burial Cost $1,137420/yr. | $206,890/yr. $467,250/yr. $ 189,000/yr.
Total Annual Cost | $3,241,410/yr. | $24738%/yr.| $1,990,450/yr. | $1,614.820/yr.

Annual Savings:

$ 767,500 and 20,673 ft’
burial volume

$ 375,630 and 7,950 ft*
burial volume
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Eo] a3 7ted FHol = ¥& DOT- 17E¢t DOT-17C# 3+, =
BE AAE AAY £ e ¥& DOT-17THHI HEG. ol =34
2%, rolling hoop®l <, S22 WY, ¥7249 FH, FA, FA7/ =21,
Fig. 82 DOT-17CE& Y& Aol Fig. 95 DOT-17HE, Fig. 10& 1
7% £7] HICE Jed Ao}t 10CFR 61 (Code of Federal Regulation)
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- AvaZ &7 g+E& 05 wtk olst
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2 A Aot
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3 AFAZ BE o]FY aglm AT At o BAAYA, Ll
A, AEAFR 4 7AAFEE M7 AF st glelok gt
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~ 2315 321a (536 mm} Mae > content $5 ganony (223 Lilery)
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metnc content: 87 20 gaitons {216 5 liters)
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17-3¢din_ (451 mm) Mas

Minimum wet ght: 53 7 pounds (24 4 kilogeama)

P T

11=Ts8:n,
{102 mm)

q —f K

e 22-1 2in. {572 mm) —————t

4374
188 mm;

Wi-Tran
38 in. (.52 mm) Min ) (302 mm)
Ydin. (19 mm) Mas. l

A 4

1:4- in. (19 mm)

Fig. 8. DOT-17C drum
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{SEE NOTE 2)
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3/41n. (19 mm)

Fig. 9. DOT-17H drum
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A FHAEE AL E83 Wy g HLsoof jir},
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EgAE sted 9%E T4 g
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H3=oA A AFdA 2& 213N £E-AY JAL d4s
Aol A wa FAIY HEolth Table 145 EETAYL JFTAE
Bit-45 (R fol2RE)Z n8g AHA(FAFEFA FAM= 1:1)9] A
g o), Fig. 12& 1AM A9 2EEE yebd Aot 31].

T —

} [above surlace)

{60 cm frem bottom)

150
{10 cm Irom botiom)

|oo-:§\
ORUM : h s 88cm; |Ds 57 em
[— CELL TEMP.»~209C
U ™~ 2

w

La20cm l

N3
50 <
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- 4
) 24 (1] n (hours)
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{*C)
R

J 7/ -1 {{)5cm from botiom)
o v/ ~ ™ lrom =
,1 4 // 2 [ti3em ot}

50 — \
n 1 [ ﬁ%

Fig. 11.Cooling curves of bitumen-waste product(55wt% bitumen/45wt%
NaNQO3)
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Table 14. The relative activity distribution when the activity
at the bottom was chosen as 100%

Sample Co-58 Mn-54 Zn-65 Co-60
(%) (%) (%) (%)
Granular :
- Surface GS 45 51 52 55
- Center GC 55 62 62 66
- Bottom GB 100 100 100 100
Powder :
- Surface PS 95 96 96 95
~ Center PC 97 97 98 97
- Bottom PB 100 100 100 100

HEOGHT FROM THE BOTTOM (m)

POWDER RESIN P R1 GRANMULAR RESN
0.6

—

{ i 1 I |
0 3 2 1 100 20 300 &0 50 6(;0 x10
SPECIAIC ACTIMITY , Bq/g

Fig. 12 - The distribution of the activity along two vertical samples
from both a drum of bituminized powder and granular resin
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233 13%/87% EFE Hu ¢ Y3 ZFIAE HAEd Mexphalt R
85/407} NaNQs 41.94%, NaNO: 1647%, E€43 1Y E 2846% 5 &3
ER}EL 250T oA LHESE Yedla oF 350TCAA Zdgdurs-g o
Btk ol 2B E/H EFFE(40~50% AFEtolAWE/NaNQO; + NaNO; +
E + B89 dE A2 (DTA, Differential thermal analysis)© 2
295TC ol3tell A wankgo] dojutA] %EE ¢ + AT F3dgR AY
o ZHE ot#le] 23 FES IAUCHEL

- ot2BE/H ] EFEANAN AA FABEFGRFo] Holx 40 wt% o)
3, B4 &g Aol A FUsA BatHo] glon, X &
=9 2x7F 280T ol3t2 #FAHE ZUIJAAME AlslolAdE
(Mexphalt R 90/40 =< R 85/40)%} si€2 Aol &/H8 NO:% NO,
o] EFe ALAHQ dFesE dod|A g

- 99 Y B4l EFE F Uutd 1A olAME FfTo)
4 50 wt27F 7 EHIL EFEY SEE J¥PY wdwrgg ¥3

flo

H

- 64 -



7] 915t 230TCE %3 A& AddT

AAGA P AF[33)e 0¥ 2x0 E=EFHH NaNOy/ ot EQ)
BE EFHLAN M2 9§ vt BusHrt. EFEA NaNOs7t
70 wtBdo 7Hg ¥ AJEukg 2EE ¥ Yed 2 W 2E7F 3%0T
Aok ttE AEo] EAdE AL F, $F48FEE, E, Mn(OH),, ¥7tEHE
2 o] EAY W NOs-olAREQ ATt re 7lg Edo] EAg
gt oF 240C 2 HYolAth oA NO: & ¢47t8 EHEY &§3Hol
F4ast7] wio)d

ol ARE M N9 FE&3FEH} ¢l &2 dgd TS (Hokx
HE FAu= 21)& ALY JFE AHALS 180T ~250T Atold 29
A olAMESS EFA NO3 EA¢] didt AAPEAT F7&AMY B9
Fig t7|dME S 2 ubge 3 dojuA] ¢gon, NOz9 94&
FHe &egrt olagEMS H7AC pH 9~1022 ZAHIH 180T ~
250C 29 2= AAPE astAe A &4 =oh[34].

g A7 2Ed T4 474d%E .95 Y &3 2o 35).

- d§-E9 o ABREE 400T 0l39 2xdME ALHOZ WA

=t
- 237 dojul ofA2RE/NO; g ETHEC] &FOARE HY o
e gt & NOs= 94 E 7M43 Ao

- LFE 60 wt¥% olHE R of2FE/NO: 99 1A= ojy@
2 ZAgo] Qich

-~ ARSI R EAsts oJUEAL o2HENIAY ALLEE VA
3o}k, &, NO39t sodium citrate(NasCeHsO7) 20 wt% & ${3l= &
HEL ¢ FS A4S E(230~260T)E =t

A



- o}AHE(B15)/40~60 wt%9e EFES(AATAHA AF7|HAA
U zo EgAIE)Y A2 300C oot

- 42 H7)E(HsBOs, A A, NaSOgoll gt ofA2BE 50 wt%/d
50 wt% ERES AL 400T ool

- olA%E (B15) 50 wt%/LiZt B7l o]2xdd JAH o] A
40 wt% , B 10 wts Q1 EFES AL oF 400Toltt. (Fol&

A= & 120T dA d¥oz Fsido] FFHGUH)

- AAHZTAAZIEANM 40 wtds ot2BE/F 60 wt%<Q 13tA9 =}

W3l (self-ignition point) 360C o]A}o|t},

dedon A944uds AZ1ESH ged Lo FuE AA YA AN
WAHE AT IIES ofaRERGAYE A, T £E YT @
durge) 9@ge EAx FETH36]

- SfABE/HIIES EFENAN IABE FHTL 50wt% olHoZ
Fig=1

- olABE/HIIEY THLEE 230T olE et

- Zary slae 1S Y)Y Ete B $Fr)S UKo

- dagol me $AY 44 IwsE 2R AYSHAY "B
A&l AATHAA A AgL



A 3 A olATRENZA LY AHA
1. 3A9 E4

7t nEtA e 54 Bl
nEAGE TS A B A FAG 42E AEF E EF
stedl mASE 7[A, A 2A FEEHE 4L A JHE
ZE Zeds AMdelth ngAst nsujAd o EQE
22 W Table 159 ZHH37].

a

o

il

o
XN
ok
i
_L]

—

z

2. ngtAS QG #hd B2

WA HZE A9 A FLE RBRAZRE FR02 YA NF
Z0] AZAA AP FALAFE 2SR e W dHEtn @
Aot A 2 AR FHL 1AHcs A% AEFRLe= HUE
29 4L HAY AAAIedH FLE H¥E o

ABA ] AT ALY BHAM A FAL YA E83F, 3
A o g dAAEE AAsdE 247 EH

oFEHE FH Y EAHL AA o AF7|HAN ZALHO f3 ofx
BE A9 bdF AFE A Fadvdn ADHAAE A A
= 953 2o

- JEviA AE AFA

WAR o] g AARE A Fg
de g A3 9T
Tgd 2329 JAA

- AxA Fwy

ol

A

oX

_.67_



- 71AH R4

- AR B F5EA 98 B

Table 15. Summary of solidification media characteristics and attributes

Cementation

Thermoplastic

Thermosetting

Processes Polymers Polymers Gypsum
Data available:
Short-term Much Much Adequate Adequate
long-term Some Little Some Little
Waste stream Ion exchange |Oxidizing Boric acid; Few
limitations resins; oils; agents (e.g. Borates;
organics; nitrates); Wastes must
borates and organic be dewatered.
boric acid. liquids.
Sensitivity Very Relatively Relatively Very
to changes in sensitive insensitive insensitive insensitive
waste chemistry
Radionuclied Cs hard to Retention Retention Cs and Co
retention retain; Co, ability much ability much v anhand to
ability Sr much more (better than better than rggn
tightly bound. {cement cement. )
Modeling Some Little Some Little
development
Ease and Materials safe [Process simple |Processes Similar to
safety of use to handle; but potential more complex; |cementation;
process simple |fire hazard material may process may
but detailed due to high be flammable. be simples;
characterizing |temperatures. detailed
of wastes characterizing
needed. of wastes not
needed.
Relative costs;
materials Low High Very high Low
processing Low High High Low
transport High Low Moderate Moderate
disposal High Low Moderate Moderate
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_ ay . m
L = A, S-¢

Q714 an = ARt A FEE EA AY s B vE
Ao = B3 A9 £7] F WA B FE
m = AR9 FA(g)
S = AZA(leachant)d) 28 A2 EWH (cmd)
t = A& A1ZH(day)

2 At 5WT 94, PAEEFHAL, s§E0 2 F dd. gy
FE2EE 2R3t EZJ dis] HE3s] AHHookwt gt AFE dl
3 A8 SI 99 kg/m’s A, B ALEHR QA @t

FE4Ad9 dade =3 FAHYEER T 7 A&, Rlm/s)e 3

ZANT tlsec)d] FFEA Ao 2 FHEH

Ay
A, - S - p - t,

A7 an = 4 FEANZ L3S FEE WA [57]
Ao = sample®] %7] ¥ [s7) kg™
S = A&A x%¥ sampled] WH [m’]
p = samples) AE [kg/m’]
=z #3k9 A& AEHA [s]
t =¥ JEANT [s]

Ao®t ap A AZFA7IE B AE o ),

FEE Re2 RU t9 2RZME & & QIR0 AEAY n@gFE IH
A olFox A S Zevh wEA dFAFoz P A4EY
o £ R,9 HTAUE AZT

FEANEY dAE vud o nysol = A% &3 2o

R,
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- =34 doA errord 7t5 84E U=Vt
- APz el F9 JA 2HHU=
-y, 23, A n5A9) JEt ddF e vudg ¢ et
- A87} o ARE ngA e THANA BAE ngAd ds HEAS
ek
oFAZE ABAANM HZNEHEY FEEL oE AR I8 F2 I
& et
- o}~ E A9 EA(HIE/IEBE v S, S H v)4 4
Aol Ao #§FF)
- E¥E AVE 2Y¥EY A=Y
- o}AEE 1A JF FrE
- ol2ZE ¥
- o} AEE REFH
- A W EAF

- AE89Y 2499 F=, pHD)

Fo) A28¢ FHFE A EYF) Y= 1Y Y
3 Qs BEH SgEe gaEot.  ofABE 1
F2 7= Y 7bA $9o) B 4¥H A7 M Faw

.—i‘a.

(1) %49 #7159 =47 g 23 g8
- JAEES A 2ACEEY nE AN HyE ¥R u)g
3 3MF (Cs, Na > Sp)oll 6 J3Fe BE=vH40].
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- JEEL AN 49 FFo] FUHEA w2 Tk,
- AN LFte Fol 5 wi%E 2HHE IEAFE PG
[41].
- 399 of2RE AN nFFY 20~60 wtds ¥ = of
671 ¥t AEELS AT g 7HATH42
- 32y Ao olAHE nHAgN DL 60 wt 4 EELS
AR AN 3 X 10? g/em® day
FEAHAAN 15 X 10* g/om® day
- R Fo] 20wt% 4 W FEE 115 X 10 glem’. day [42]
Ru-1069) A&& : 7 X 10° g/em® day [43]
- BN-IIIQ! ol2BEZ 235 n3lAe 1dF Cs-1379 IAEELS
«NaNO; 40 wt% ¥u : < 10 g/cm’day
* Ca(NOs)2 40 wt% ¥dj : oF 10° g/em’day
« CaCz 40 wt% 9 : 2 10° g/cm®day °)3t [14]
- O}AWE 45 wt%Q) oFAWE 1A} ofABE 40, 50, 60 wt%
ngtA e vwste HHo) JEAFE LATH44].
- B-1591 o}2BE S} thgd NaNos (~5004 qAZ7]) &FE& 3=
RFAE JELIoZ FHTE AHESHA 149 < Na IEES
739

NaNQOs; content
(wt%)

mean leach rate Not 4x 107

X107 X 10™° x10™°
(g/cm?day)  |detectable 7X107 | 2 10‘ 9x10
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-~ o}2WE/ NaSO4 3A| (o} 2B E 50% / NaSO4 50%)9 NEEL
¥3} NaCl £ : 1.7 X 10° g/cm’day
S8 A (MgCly 31.2%, MgS04 1.85%, KCl 0.56%,
NaCl 0.18%, H:0 66.129%)°14 : 1 x 10° g/cm’day [35]
- o}2~RE A A F3A 6 wtd A= JAEFE TS 1A
A X% %o
- AL TE FIEZA B2 EEAY BHRY 7 e HFES
Faste nsAE 10°~10" g/em’day BER ¥ FEAYH L
YR
* sodium carbonate —— NaxCOs; . 10H:0
* sodium sulfate ——> NaSO4 . 10H20
» disodium hydrogenphosphate —— NaxHPs . 12H20
* sodium tetraborate —— Na:B4O7 . 10H:0O
*» sodium chromate —— NazCrOs . 10H20

o5 e F5de naAe Wag zdsn nsiAd Fol AW
A2 xEHE WA §S HWold A& F/MA £ A
- ARG ol2RE Ao e FE modelBE Rk
gew gow Fd AYr)TE Ficks A 2429 Bate) 27
st let,
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Medium Transport mechanism

semi-infinite
homeogeneous, diffusion
chemically inert

> -_ =

ro B )

finite cylinder,
homogeneous, diffusion
chemically inert

s, m eol-(%2) 0] ew(-[L2505] n)

A, =1 - 72 @21 a1 Jom z ) (Zn—l)z

Semi-infinite

diffusion + concentration

. .. uniform ] ~dependent dissolution
initial concentration
=% . \74

Z0 5§ = () er ot v () e

semi-infinite

diffusion + surface dissolution

uniform (moving boundary)
initial concentration ary
I \74

A X5 = (RD)"[(: +§1§) erf (RD* + (7[—’1?—)%1 e ® 4 t]

* a, = Amount of substance of interest leached in interval n;
A, = total amout of substance of interest originally present;
(V/S) = volume to surface ratio; t = time;
D = diffusion onstant;
k = dissolution rate constant; erf = error function;
R = U%4D where U = velocity on the moving boundary.
Jom = m™ positve zero of the zeroth order bessel function;

r = radius of cylinder; h = height of cylinder.
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(2) A3 dLA o 3 FF
NaNO; 99 &3] & FTH FSudL 4E71y

Aol Hold 1 AE BE & gled o £E=H e dFA 9
A7) 40p °lHRATH32] TS 3 dAdd A & E
40 wt% 7R otA%ME ¥ W nAY EEXE W FUsAR FAY
golgls ofyth

AgHor &Y HIE 2FEY AV AT E, BX9 7Y
dol EE&TF ol 2BE A FH IHESAHYA 0l Eoldh

olN

a2

l

(3) & 9% %

A B FHse WIIE(FEHY, A4, dHEXE 5)& of
2TE ngA¥ o ndAE dyrFos JIFEY FE 05 wtk o)
2 gfsfor gtk 10 CFR 60 (Code of Federal Regulation)o] A= 13}
g ve 8717

Agdazt 87] 0 gL 05 wt% o3t

- 27ZxE §7] (HIC) : #4% 1 wtk% ol
2 TAS

grgol ¥ 1A E ¥ dIAHE AYUY 53] o £ AY
T aAE B2 FEA4ES el ol 2RE 3sAIL AN £ (o)
UL A F)FHAN el B 2L 2UY FAHLEHAAM wEo]
A ol2dE ngA IJEE B 5~5087F T £ Qe AL AF
o] Aoz dol A& F A7l HEoH.
AR ol2RE A= B9 A ol Frs B9 %ol

2

o

- 29 Fr8L HEAYAE TR 2T EAN BY LAY o
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g FHIE or2BENA ¢ Fr[l14]
- AREAYA 7} o} 2BES EAY W EE& /P Bol FoEoH14]
- o}2~¥E #ako] 437 60 wt%$l ofARE usAl= 15009(F 4
d)zE Bl &4 e B¢ 56%9 E& FEH28].

(4) o}~"E FFH g IF
- dytHo g A% ofABWER WrEolX 1A HAEFEo] T
olABMER whsolz mzA e FHEFo] v
- AF o}AHE(E3] Maxphalt 4060)2 FEH AL 233t 13}
T Aglol2BEZ n3tg nAEY JE&0] £F FrH4LEL
- 1A o}A2RE FAUF LS NFA WHF 9 ofABE MY E9] 3
o dig Aol ¢ At

(6) o}2"E mEA e A % JTF
g&9 232 H7E AR FE2HA 9FS F F U
- E¥eE
- FRERANIE A He&E 23E
- O}2WE {3
EL EFLE O 150T)% 1 HEABNA HIES HYR(AE &7
Sr-907 Ca)& ol&¥E AEFH WeE & F 9led dwryoz HrE
AEe AEAAE 493 ZaANUY a8y 120C7 e 2594 S
LA 9 of2BENIAYE ol¥l(amine) BPEE ZH:FA A
g AEAFAA AFFE A F Ao FEHH Yo {3ld olrwEG
o EAHE FAHL £89E ol2BEY A Ejfe] He FAEYG G #F
dg of2BE A E AT L& 2E(190~230T)olA wrsolx



OFAZE HI|EY A= FHF FFEo]l EF 05 wt¥ o2 A
o wty ERE PR RS JEE&E FAATH28]

6 I=AFY AN
Yol olm AFH 8JAEFH Fugle] &Y 2714 B o~
ZE 1349 FH JEHE FLaAE F AH.
- §-7](container)®] A7 A
- A8AY F7HHQ B3 AT
T OF2BER NZAE A H(coating) o2 HAEL HIFI 7+
27F g8 73718 FHEHUY. (Eurochemic, KfK, CEA-Marcoule)
T olA~¥E H 80/90% H 120/130F 6mmZE A9 I3 & & Fo}
A 12209(339) Ft A A, HF IAEE LAHFA HpvH28].
Smm FA9 ¢FoABRER HuyH of2BE A= 9 HAFo] 254
T dojuA ggten 5d4F%F Aguygd zFgAE FE Lol 3x10°
g/cm’day o™ o}2BERZ AWHHA e NRE 10°~107 g/em’day
R TH46].

4

o dAbA bR G
ohxgES] PAM AFYel JFE T ARE TeH P
- ad Tz (ol2BE £9)

A7E (Y, &9, ¥4 5)

- Ap e Yo

- F A

- A

- ex
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- F9 WA (37, N, 7S, 25 %)
- M EEH
- ZAREote] 71AH Y
A AP Fee A B BAY A7|9 oj2sd 4%
Fed F2 g2 WA A radical(8E AA Fe AAE M 4
U 2 ¥R 9% b °lE A# radicale ©hEe] W&o A3
o matAe] £23, g5ty JA wste] 9] €.
- AEARe) E3
- A9 stmdd
- EddE Wr1gs e F9 FRWNAEIDSY A kg
- 71A AAE e AR A9 ¥4
webd WAHEE skt BAlAe] o8] ob7| ¥ radical®] 23F WHg A
Eoltt. F4d€ 7hx(Hs, CHy Collx 5)€ WHA utd 7, Aoz 4
& 4¥T YWol|n F S2TAEL AFA F/HEY FAVEY YA

E ZAS A ZAAI|H ol AR EE polyethylene
25 AHA GAdr.
- G4 AFdHEo] HolE Bol} Asol2BWEV} TE FFH9
S}ATE BT} WA A A o] thA v,
- 1x10° rad 74X 9 W PAN MFS AbslolABE TBH 9 A
Zhgk W3t a el HA Edo, AEEYU TAM AFSHAM w2
E a9 FF9 dqA= Aslol2BER 33AL + o

el

o B Y
SFAME 3ot 9 ALEH TR EAT 4¥UIEH ¥4
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#Ast AL F Yed oA2BE 1A T, FHAAY, AFAL =

AZZFL2 4G 0g Fadt AVNAZES AHN EgE Y
ZF9) Zro] o3 mEtA] WRIEL WAEE tadAd fEo] EWs)
g Hojort o) dEEo] FHo LU YATE WY F U= WYAE
& 7tx B olAgE A9 KEAHE TV A AFzA4 ue
A gt o] of ey, '

olATE mEtA9 FAI Wialele 2xalelE A e Ao HYH
ol )R AFnIANAN HEH & e HPATe F2 A &
7], £719 FA} FHERA Alo] gAGEA E|THE=E AL 9o
X wel 2FH Wse AEEE olARES nyPRo FTiAFE
Z7bsted] guiy oz 025W/m.C RET #AHEY ANL 10°
Ci/m*(1 Ci/2)9] ¥ HA}5& A of2FERZA st WEudL 3
~5 W/m® 0|22 AA7tde] AEIHL 58 ABAINAE £t} o
2g AAHES #8stE olABE nsAY 2EE 005 W/ Hd=s
2008 =3 FAAA 70CE 2334 &8 Aol

AFEEE ol2BE AL FAAFIL olA2BES} nyPE Er}
HX ¥E2 fFA&HF ). o}AWE/NaNO: natAo] dia] AF2xE
60CE Z73tA Folof 3ri[14]. 2002 =Ho TFE F= HAH(<10
Ci/2)9 ol2%E 3 AE AL PFo] 7 d9 HEYdL 0.05 W/
¢ Ax2 & FAHANNY 2EE 70T ol 4 Aotk 70T o|& 9
SEAME YRS HAg 29 ool EAFA &g Aoy AuA
23l =3 AQPA otk @tk 2004 FEE=HA A ol ARE mEA s}
ek 10 Ci/ L HANs S JHAGEE AR HEWALY &EX}E 4TE
Za3A] gon, 1Y AIAE HACN HFY o FALEE 35T o3}
d Rojt.

fr

i
)
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2t 3% FdA
olALE nFAY HIE RFPEL S XA olEABE EF0]
HstojPe] wel vigto g siEgs AFol AW EAE ol2BESG
HI7E PR EFAHY =0 JFEE2~3CT/hE JAY JAE op]
AFIRZA EdYd nEA 9ol B £ J. NOs 22 kA
XL JAd g8 s5HAR 7 Uk

1) 438 23

Eurochemicoll Al 438 AL FAFOABE 55 wt%/NaNO; 45
wt%e] EFEES 220¢ =" 180T LX2 10LE AT AL2dA
HT 2~3 T/HhE BLAAE 9 o}A2BE ujASA NaNOz9 % 93}
g AR oY FE AZR wsE At 29 AdAM[29] d3d A
d ol2BME-VA] nsLI|dA dZEHE FU oA X9 Ao
AL 239 AFEL 9o JAEAE WF47], TH2[28], A
%[35] 9 EurochemicdlA Q5o gtel.

@AM d88 YoM ol~BE m:3Ast 242 30T, 62T, 105T
M 13z AFEdY. EFE 1YL AAAVE 1~-40¢ EQEd
AZLE7t nstA e AsHAA 20TE W 2032 AFsta g9 3
Mol dojuhA] Fg& EUTh URE ol2RE AL WAL EE
& 2oz QAo GDetA HW AZto] Agel wet AstHe] F1s)
o dukxg oz 115C AE7F €k

AHEE ol 2RE FPH FFE PAMFTA gt ustAe dsbde
60T~160TC HH7F @vt. <Adskdo] 9 100TY oFEBEYNAN AL
7t 40T 4 o 304 YA FALEEE AASHE 5 X 10° mm/year o] 5
ojltt. wetA e FHLE 200845 lmm ool HA RFH35)
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2) A=A
TYF olABE A= EFE nHVEY IAA nFAHY A
73 B4 e 9] 39 60T ol &% =& 1 15 A3bd
A 20TE W 2% o3t A AA3tefof gt

B2 49 of2BE uztA 9 F7|A G SN 1A ALK
3 ol e Ao gFd. B3 iFEkd NOE F#rete iz
Aol A AT FHFAUAM Fo HA HIiHolof Fr} o]
#HEE A7 E0l dYUgddN FPHIJLH FEHEE 2ok

(1) HAlek: 4@ [33)

g Alolell el AYPL o} A2TE(BNK-2, BN-3) 7, 15, 20, 30 wt%
ALE-3E o} AW E /NaNOs 1stA 9] FAdd digh ZAo|ch, dPe 53
& Eodol JtEiAl He 1A A ofABE FHFY FAE UFIHE=
d ot A#E of2BE 15 wtX °l3tE #wd LA dAME= FEg 7}
S0 3lew, vt 15 wt¥% °]d & 1A FHEA ged

P72 NaNO; KNO; Ca(NOsz)z9l TBP, kerosene, EFd,
naphthalene 5 #7]Edc¢] %€ n3A9 FLAPE A3 HUYG, A
T 718 #&%Fo] 6~16wtk 7HAR FWAPe dA= W Fo f71H
A%} NO; g9 z4usts o FLsAld FFE AZsA mxAe
%=t

A& NaNOs 40 wt%/oF=BE(BNK-2) 60 wt2%2t NaNOs; wt%/ o}
2B E(BNK-2) 40 wt% 1&A © AL S H]€9 dAs #r]Eo
ALEH R =d 28 H (flash point)# €l & X (burning temperature)= 2}

il
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Z} 203T ¢ 345CE wFotagESY 28y dg ee 2534 77k, &
3}-2 = (self-ignition temperature)= 500CE d<=tl.

o dTE AT FEHY AR d& JdFE £AEL TIHUY o}
AHEY U HrE nYPEY EFL AAAYE FUAINA gon 3
Aot Fa shege Hvkes FEoin

2

(2) "= 4@ [48, 49]

NYE 60 wt% (35 wt% NOz &+1) 23] dig 438 13
A7t ZAFe AREL 993 FA(nterstate commerce commission
regulation)ol] 9j&] Fod HHPEAY EFo &4 &=vh. ORNLAA ©t

3 2e #F A7 e Ak

F71&0A 550CZ 719 ® 60 wt LTS T n3AE L3z
et AAel Az Yagde Ad nFAE N A3t 535C 744
AME w3eA] gt nEAA A BHe= AL ABEA gAw
ZHA = it BE S5 £ ol2%EY BE SEEY ¢ o

@) A% : 4923 [7, 35]

A7E F2 TP NO; 243%ER $Evd0] Y2 4 e
e A7Ee 60 wi% TR TSN APsEPY. utdoz sk
o WHLEE 40T ooz FHAT. CalNOg, ¥8ol ¥ Azs
NOso| Bol&sgEee] BHLES} 30T ~300CAT. =AL AW
(T00T)HA M oFABE mBAE €4 ot2BEUT B Ae] < 108
U we) gstEen], BE ARE Hxdt. €5 ojrBEE st
A Ae d718 W MEd e FHEL Wt wwd olrgE 1y
Ae veAez AGsA BHY He IFEL WAY. AAY A2



AN wE tEe Az ZuYde Q. ol2gE usAE 7|AH B
Zwt Ao ZHEA gn EWde FA/F7] EFALA oFH #HIHA
or=tl 1750 T 27 57% ofAME/43% NaNO;l x3tA 211kg9]
F QAN BEOZ NaNOs9 ¢ 271%7F A7]2 etttk CO7t 7t
A AAg AsEFAYo] AFHUT. 50 wt¥ olA2BES} AF2 AL
A7 EQ ol 2useA], A, £ BAFHFS Ad sHYY Bl 2%
= 400TC oA olurt. LA ofAWE FAE NOyl floeuz I
238 Bt £ ol ABEY HIT

olE ATE HA¥Y oAWE A} FLo YFo £HIA gon
El7] 48 E™o] oldg UF3Y. of2WE NFAE FL 175¢ =%
€ 20cm F4 E3YE §7]d 93, AE3] ga e E& 508 T
w2

2= AL (fire test) S TAHE AHE7|7F 7 Ao Ao 7
7Hsdol A+E YFAAHT. Table 16 13tA 9 XA u}

Table 16. Comparison of heats of explosion

System Heat of explosion* Oxygen balance
(wt26) (kcal/kg) (wt94)
Bitumen *** 13
+
NaNOs 87 605 =0
Bitumen 6
+
NHNO; 9 925 + 0
Bitumen 20
NH4HO; 80 440 - 456
TNT 1,030 -63.9
Nitroglycerin 1,510 + 35

* H20O gas, constant volume.
** Mexphalt 15; 865 wt% C, 10.0 wt% H, 0.5 wt% N.
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@) =2 : 49A3} [50]
BE ojABE REHAE Aoy Fwe sx) g Aud

SSeEE iR 2eHs 30T olgolth wEWee) asse A
23 ojABE Ale] WaEug YN GAENDTA ; differential

thermal analysis)dll 9)3t9 A HAU=W A= oS3 2o
- dEEFE o] RASAA LY nFAHIE EHE AFAFE 25
T 20T oltt. o] &£EE gTH TS g g9 FA v&s
2334 gedd WA ded.
25 wt% ammonium nitrate (NH4NQO3)
37.5 wt% potassium chromate
37.5 wt% potassium chlorate (KCI)
45 wt% potassium dichromate
NO;z ¢]2, NaNOs, sodium borate, calcium borate® 2 A& &=
ol2ZE nztd F5H G doll e AP FFE mR A RF

62 &
AL AMHAVIEY 2PE 60 wtn 7HA i3 oA
E agAE HF, FF, ARde ¢ FdaA gon, 300T o) 71d
3t gked EHAl ¢ket. H|E NOs9 &0 d4E FX3tn 7H4A)7)
At AAeA daE&E FIHATI7 A BFESH

v, Z1AH G A
olARE nEA S J|AH JAL HF, F7F, AZEA FLI AR
ojtt. ¥& ZEJA ofAREYY HIES EFRT F W) =AS &F
Ae 2% 200¢ =¥ &7]q ®ed Y =8 2% (9 160~1907T)



AN cell 2=(F 20~30C)7HA] nstAY WHEL 1.3~3 T/hrZ FT
oF 2 C/hrolth. 50wt% P& nzpAo] AstHe] ¢ 100 T AEo|n2
A nA7E AL WA 15~2¢9 AE Ao d7] XA 244
b BZ4stE o]=AHE nstA Y ulgFo] FauHBE =¥o] Holx= 7

= nsAst EuiEls H4de] ol = FEIGE drld FES

rr&e

o

rwEN WIE nYEe EFL A F7, ojrBEY YAE

dee T EY DAHE T Lot WL A
B, B9 2AY 24 TFste 0§ HAsT. o}ABE 1A 7
R e olABE f¥e) Ad, W8 nYEY AR 4, 1

Y23 ol2BE ug 5 AYS BE Ax] JF vy,

—_—

¢

(1) 4494

71AA ARBAZ L of2BE a7 AAF 3 A 20, 30, 40
T 2xdgzddA A7HAG5GL]. d3tHo] g ZE n3AdA ¥
ol ded, ¢HIAAE Aol 110T o3 nzAE 7] AZF
ol FA Aol AU o] TLHFFA Y] THL o}ABES Hxo} §
B ARAE FUMA Tl 53] s of2HBEJqAN FriYg. ¥F 3
A= ZAAYH Ring and Ball Holl ¥ AstHL oA E/H <A 1135}HH)
of sl d¥d HAAges dA XIvh. od&A “cylinder bending test”$}
"hole migration test” W3 o] o}A2WE/HIZIE 13 A FHEIAAA &A
HHoz fEEHAR, -40TCT 2 -40CT 20T Aol & ¢£8st= 2550 o
8 4" &390l ATHAAGB2] dBEAME Add AFY HI
o] SR ofARE B EAZF(2002)9 EFset #AF A7) 4§
A 7000m M £ 700 kg/em’ M E EFH A P AP 22 G
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ZEo HZE 2FE AT AF7t FEHAYG. o}2BE 50~70 wtst
AF2 A7IBGIFA 20 wt%, B8 BZE 10 wtn R $FAYY BF
AYE 20~50 wt%)e EFEE nHFAE AT AFAN o gL
Aas AU

- oSS} WH BEAE 87HE H2H9 UE 124 =93
71 98 FEWAF S5t of gt

- ol2BE 1M ETFL 700 kg/om® FUAA B HR) Fojop g
o},

- 12m ¥°)9} 90m EoldA ot2BE AT HrF22 A{Hs
A71E o} AR E 3|9 @A gE AHE 33x B g3 F7
od o Zsin sddAeA EXAG SAugAN FH AL5 Ao

- ImzoldlA Hatd EFFELS HYHA HAVES EAA] g

- NazSO4, NaxCOs, NaNOz & E#ete ngAle i3 EAl 233
R&8t7] ol #fr&o) 40~50%F 2HA3tA| Tolop g,

@32 &

SF2RE nstAY AN 4AL A ¥NZY(RYE, okx
=, NFRY £7), ojrBE fYCl2BA ¥, AYK), LE, ¥
2R EH(AAZY), porosity)d] SJEBT wep AAH dygye
Hee 4% Hd, EF 2 A% 2A9 95 IQA JPe Beo

A g
ARE ok2BE DAY BE 9B Fa 4 FHAL GeH B
.
- gApRelol 9% RS e Ss YAy
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- saty
- 1A FHoE BY B9 FF
BEe AxE A WA AT vpdAbsdd 93
A 7H9e nskA9 383 247 AFT FH E749 HEAZA 9
& 2R WARRE shae] ot FEEE WALES Jlie] wAER
o gon BELe 02 cm¥e.l00 Mrad AEolth. RuZstE olamE
13tA 9] ALY A EAFTOEZAN AEE F Qs Ho| Axd
o,
E3E 23o] ol2WE 1A WE dAA ALE
- A3 4o B A7E 7 UE (BAF) F9
- thFe] AlA (6 wt% °o])
- 3kA Y 50 wt%E 2#{3= Ax ol2u A9 T

(B o

(1) 484
o e @At #FFHA

- 38 wt% CaCO; (calcium carbonate)& /3= AlBE 24 159
AFAZIE HxHH9 Fulz B&FHATH14L

- 17~44 wt% NaSO4 (sodium carbonate)E& #H3tE Al2E 1~2F
Well 13 w3zt ebg 108 +3Eg g4stq FRTU A8
oA &= ATH46].

- 60 wt% RPFELS RS (] NaPOs) n3AE= 309%F Fx
Hoz W&ol AFHY & I&ELS HIFY

- AR 11 wt% F(FE NaPO)E #F3te X 25T E9



e

oF 6719 A A BEEHUAH.

AZ ol2u#FA 70~80wtnE HFRIE AiEe F7ITAME
& H A H52].

50~60 wt% AZE o 2ABFAE i3t
A FeA7a Hx Ey9 202 F&dd

724 DVB (devinyl benzene) 8% ©]4& /3 o] 234 9]
o die AP EE ZAHA &S FARYG A FA7}L oF
148 =d}.

rir

NaE RS 2~3

(2) 28

ZA

A ol2BE A9 Ry WsE M5 ¢ yrolop it
A= 293t A8 E €9 F U

e dAFE ZE g7EdE A oS Ee drE ®
t Bol gl £84 doE Ao} It

#7158 WolEol=(hygroscopic) BA9 #FFL A FA Ao}

uls

SF OIABUE F& B9 IS AT AAAZH.

b3l O ABEE FF AN Fo] 5 X 107 rad o] FAAE AL§-9)

FUEHLEA o LHBFAY o} 2BES FF AFA 2
W FAe 2EA ARt )R] An B AA BaHE A
ER



A 377 A o2V E n3A Az

Alld HdEAs

1. o}2FE

7h ok E gt oA
e nguAd Hwste ofAHE gtujAo] X F AL
foFstd oa 2.
ox A
- Aol FXa AAHA V&
- 8740l jlo] AFske EAR FRE S-S A Y&
(HA71E9 =4, pH ¥3 59 Aol Qlo] Az uide =
o] ¥&)
3 e A¥Aol Ak

(g 9§ 9 F77h )

- ¥4 EA(hygroscopic substances) & A] B34
- A ¥l U

- 10° rad o]/¢9] WAL ZAIEH Hp, CHy 5 gas 24

712 Wl Zn, Pb, Cu Bt 923380 A AANES] SAutg



i

€ AAATIE T HIZIE Aol MY W AWE 13E FAAYE =23
3t7] AEY. of2FEE Ao) Qo HEI}E EAH FHE g
A gornzg Hr7|EY £4, pH ¥d T Algo] flo] Agdy #H7| &9
Zo] Yt} Fig. 13& ol2WE 13}e) pH 3 4¥WYE YEd Aoz pH
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Fig. 13. Asphalt extruder/evaporator process pH range
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AR AT vt wr| Y AR ALEEE ol2BVEE E2IFL
AC 60/702 AF&38 200kg =83 3500099 T4zt A|HAEZE 3000
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sttt AlWE nstAE nsle ©E FuFste] do] QA uk ol AgE
n3le 28ld wE Fuo Zrrl glon Hr|Ee wEtNdE 23]y Py
A a7t gl #Hr7lEe 8 e AEES FHNY HEvEL
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HisE epd RolthE7l.
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ARE Bol AHgstE AMYFTHAA LAHE HNEY FAHARL
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BEZ AYE 85100 o] thFEoln, AY® 60709 HF o}ABEE 4
LA AABT. OGS Yoo ofrBEE FAI|YS0]l AFY
Al A Y AF ofABE 851008 Agdte] s E: gAe) #7)
S0z £xd B Y AX FHY ofABEES AN, GaA AT
o ote ugo] Fstact

Adel AHEHE of2BEE YR 60709 AF olrBERZ H A
A 2y ANHE 713 de HYES RE fABEY. Table 178
AF olABE 60709 TYH AL vehd el

Table 17. Physical properties of asphalt 60/70

Description : Asphalt cement AC 60/70 (AP-5) KS M 2201
Penetration 25C, 100g, 5s 1/10 mm 63
Softening Point Ring and Ball T 488
Flash Point Cleveland Open Cup T 328
Ductility 25T, 5 cm/min cm 150
Solubility in trichloroethylene % 99.8
2. 3B F A
7}. & (sulfur)

FE Hrtzs HF FETAY AA FIER T ELAL &



go] 93t RAERZ dojAuk. MSC(modified sulfur cement)E ©}=BE
o} e grtaAd 3= 19729 7= Bureau of Minesd| 93 w7t 9}
M FHFFRLZ BH SAHE H3(waste sulfur)g AAEE F-o
2 ALgdde. MSCeE #<e %<9 DCPD(Dicyclopentadiene)?} CPD
(Cyclopentadiene)2 T4 5 & modifiers & 5wt% E%3lo w50 &8
AE 19Tt 33L& 7t2AFEE st a3 2oHs6]

( _7 Sg ‘ (D
\ // +* Sg — Highly exothermic
Sg

ceo

TP~ Cr2 —=Crse L - ( v oo

0CcPo l

! (2)

oo
Sg

Linear pofymer

C ERE #e nF3Etl A Vulcanization®] ZluAE 9] AlgHEd o
3 o] &g
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C 3 C
TR
L C—I—E—E—C—C}?——C'\IW\N\;
R P A R

3o Yutd Fe = o -sulfur(orthorhombic form)& EAst=d &84
£ 1128C ot} TYd EAFL 7HA B2 o}ABENME slaA)
2 A8 + At

1}. Polyethylene

Zeld e IAYE GslriA EEdoln EHoZE 1
Ao wgdoz 2 & . Zdgdae sHoz uwe gy
gt goln, Be oFEd & Aued 2o} ZFAsA ERE 4
g UEE gasa L 48 wslsae $4E 0T ol gl &)
StAI vt A2 M= AFgAe]l k. ZEdEde AL Ao walAy
atol7b el 091~0925 g/cm’S AAx Z&] 4 g =(LDPE), 0.926~094
g/em’e FAE Z2o) € A(MDPE), 0941~0.965 g/cm’® & 3% %(HDPE)
2 BERed. #3571, 71A, dA9 F38L dxrt F/EsE don, &
AZE £ dolxig, Wxrt AAY JAFAZEE FUMY. EddEd
9 #+x2E BYH oS3 g

™

e
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Ethylene Polyethylene

Zgdgale dutgon dAARFAH L FL& HAH Adxd HEF3HA FS
e 200C 74A] £88 ¥ AASH 300C ol ddAME EilE MAg.
ALexE AYE du= 16T, BEYH = 124T A xolth Table 18
e Az ug Zgddd HAE 89k Aon{s7].

ZgddAe s dFAT & FH HFHA FUHeZ O, CO;
5 7149 E34x7F golA ELFAE Aujel Yo AL dE AR
Ak, FUY FPE BELS F 0%7t E ez vhEojAn
AHE FHEe 1~2dez HZIEEZ 2AHgE ¥ ¢oF 90,000 ton/yr ©|th.
U UEL Ao diF Ago] 7ok = Fd L LF A
AN FFA T E ARAE AU ®EH. EFdQEIoE wrEoR
A7 54§ &L 13 HxAZ Agte A ZEddd e n
3t A2 AL§F

Agel] AlEE ETEAL P& UEARY F2 ALHE AHEE
Z2oldA(QDPE) ¥ 3% HAuEE& AHgE.
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Table 18. Properties of polyethylene

Property Low density | Medium density | High density
Compression moulding 135~177C | 150~315C | 150~230T
temperature
Density 0.91~0.?25g/cm 0.926~094g/crn’ 0.941~Oé%5g/cm

18.61~24.82
Tensile strength - - MPa
- - 2700~ 3600
Ib/in’
Water absorbance o o o
(24 h 1/8 in thick) <0.01% <0.01% <0.01%
Flammability(burn rate) 104 in/min  |{1.00~1.04 in/min 1'(.)0~!'04
in/min
Average extent of burning 0.8 in 06 in -
Average time of burning <5~25 s 10~60 s -
Effect of weak acid Resistant Very resistant | Very resistant
Effect of strong acid Attacked b.y Attacked slowly | Attacked slowly
oxidizing acids
Effect of weak alkalies Resistant Very resistant | Very resistant
Effect of strong alkalies Resistant Very resistant | Very resistant
Effect of organic solvents |Resistant below| Resistant below Resistant
60T except to | 60T except to below 80T
chlorinated chlorinated
solvents solvents

_.lm_




A2 HdAIFA R WA

L A33=A

2] Potd olABE AR = o}AUE nEFA TN MY &
&3 Jeoln HIEd TEE dAS 2717 vlAIEA ot FA A &

2& FA ¥orz JAIE e WECd Husty FA#7 B
APZAE EH potd ez wg7] &FLE 4£0°/ W] 187 cm ©]
ot wkg7lE olTH o wEo] HEde dAwARTE E9 don v

Aol o wrgr] e BE YoM 227l dASA FAHY R
d Adg LAY $ Aok, EuiAfE A7 s stEE™ 25T ~240
T 7tA =A0] 7t53H.

Mixer= DC EH| 98] 70~550 rpm 7tA =Heo] 7153 3749 ¢
Mol oste EgdE. 3749 EA7E o] AE ATAdE EFE &
EE ZAAsE 2 AANZE 3 HYE I ¢ AT Ho] A HY
. E3 mixer olHF-EY 23AFE EFES NEY W =L0] H=
E AAF A

Hrg7]19) F4L f5tel 93 dxn 2on wgrst AdE & UE=S
dad. wer] F4dE FEde Ut FE 2% £ UAEE Yt
F7t «@8sE $E718 MASAY. Fig. 16& APFAE Hehd Ao
o},
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blade for the

production of laboratory scale asphalt waste forms

..

mixing vessel and

Fig. 16. View of heated
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2. 43

OFAREE FolM LxoA nZARE ¢ H|EE F7IE wet 3
T} Z71%), ol AHE nHFAFONA potd g vrRFUI|HP LS ofx g
E ZFEL =Y wjEd o FHA JE£3r] Wi EFEY FEE
Zasit Add 4gFAAAM wsAF ¢ de 2=2HANAA EFFH
EFEY wjEo] A &3 BE EFEY =0 AEVE o

nEA P AL JYE, A%, 53] AFAE 2 As-dPe=
F7t & & Yt olA"E nFHE A HINEY FAE 2o} ukEs)
Wi A3 dojAFE 71dstd Add2 =2 Y wwtr)Y AAFE
150rpm o2 AT AY vESAIZEEGd WS A1 ohE wRbr)e 3
AFE S0rpmo 2 nAJTH APFE UEE Ztzte] &7l AgE
=g dERES AN A7 =249 3= WA bem, E°] 85
cm? HZEo2 AZE molddl ¥ol AZdlA 24A17F YA Ao mold
E AAG NEE A= A2 B xE4PES A%

7t AQEE
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- 22 A FHG AUMF ¥ ge HyE
- Bz u3A FF9 A7 g wE £ L EJE wEIIEA
« 15HA e AN

- Bz n3tA FH FHUMF ¥l wEg EFE A=

- Bz n8A FTFY HOMF WSl & EFEY asd

- Bz A8A FH F7HE ¥t 4 EHEY AFAE

- BZ N3A FH AU Ut BE EHEY Y] xELY
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1) A=

Brookfield Viscometer$t ASTM SpindleS A}8-30 25T ~240C
7R Al 228 dASFA A8 4 A+ Thermocell System-S 2
3ty A& &A 3t

(2) AY=E : ASTM D5 o
100g9) 37 ¥2d utso] 25C ALA 5259 IAEZ Yo
E mm ©99 10v2 vjebdcl

(3) 434 : ASTM D36
Ring and Ball ¥ 93to &A4 3t}

4) ¢=72= : ASTM D10740-83
Universal multitest machine (Model: Zwick 1445)8 A}&-3}9,
ASTMOAA A% 3tA] A8 Fold tte 005 in/minin 9 YE&EE
2 ASAA 1AV 10% BHHAE WY =S ST

BG) A7l xE24¥

A AEE A2 tr)Fd B Fo T nEA FE 9
W3ls #AF3,
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A 34E AFAs

1. @77
s 2 AAe FAL 1AM Az JATROE AYE 4E
o HAHE AL AAY AAAYEY FaE 4L I PAEANE
nsAEH ZEojol ¥ FAENL Thed} Tol A4 291 5 ek
- A% AYA
- WA AYA
- gE 2 AAH A
- oA AYA
- DA A, £, AR WG
ssujRol gensAe] S4¢ vELstd Table 19% o] 2 okgrhsa]

Table 19. Comparison of the properties of Immobilized waste forms

Leach resistance Cement < Polymers < Bitumen < Glass
Radiation resistance |Polymers < Bitumen < Cement < Glass
Mechanical stability | Bitumen < Polymers < Glass < Cement
Fire resistance Bitumen < Polymers < Cement < Glass

Costs Glass > Polymers > Bitumen > Cement

(taken from TABLE XVI in [IAEA, 1985))
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Table 19914 B ule} Zo] oflARE nAE= AEAFAYH x|
Az, &4, J&9 &4 Hojutk ey Fd 2 71AA AAA
3 stAe] A doiNE Eesr LYAEHIEC] obd Fa A
NEd HEE AE, A AR L AdEHE FEol.

Hel 2 J)AA YL WgA e HAF AEFAAY nsA )
AP LHET BAZ Jok. of2BWE nstHe] FE L 7| AA AAA
S ngA =P 1AHoz &y Py ARAL S FrEy] g8 WY

TE X2 g F8F BRol dasith FH L 7AH AN
Hog o7|HE & & FAAL of2RE n3AV EF JEHE o
BHo] dojun HELS Ax J&EE&EE F7HMAAY. Fig. 17& #H{9 9
A& 715 ez Yol £33 Fu A e YL ol2VE
gAY JE 5AHS Fristed FooAez AHdYg, JEFo A
2 ngA7t FHE FANA K3 A& dHH ] Wy W&ot

olARE 3F Ao WA HI|E] i HELS ol2WE FL HFE
A 1zt g 2y I e AFH dEd HE4H3 de=d A
o)A 9 Ae AAFLALGME o]l 2XFFAI} 5~10 wt¥% T
e ARNE n3AE Az gled welo, dz8E dFLdE 40
wt% HE ol2RE n3AE AxH2 Aot PAEY Ave FE o<
AR FAE7] Y5t Y FFAgME g4 =84 2YEJ} B
Zd st §718 AHgsta ok Fig 18€ €473 =34 gasEes}
279 n3A 479 duzoln E3LE FANFE ofAWE nEA| 9
& 5837 JwH21l

ol2RE A FHE IdiE FAFAAN 2 FH AP L JAR
BEE NAERSA BT FHADOEZN o}ARE A BEWA &
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A 2o F71A P AFEE AL F de 77 e

Cumulstive Fractlon Leached

Time

Fig. 17. Schematic model of expected leaching behavior of bitumen
waste forms incorporating soluble waste and/or waste which
swells upon hydration. The dashed vertical line separates
Region A, in which no swelling has occurred and region B, in
which there has been enough water uptake to cause swelling.

2. 4754

g 2 7AAN IFPE wPgA == HF ALFAA unstA 9 G
AP AHF BAY Ak FH P qF P} L S AFH 4A
A gxE WYL ol2BE A9 ¥y FEEANRE A ARANY, =
3 HE45E Z7MAZT AZIA B RFHZAE o] L3t msiAe ¥
8 2 7AA dAFNE gxdE WS of2RENS N FHE ag=
FAE < 9k, 53] 7€ $UE EF ANES nguzASZ AL
A AL ¥R SHAA {3k

98 959 982 polyethylene °|Y polymer 7 AQ1 3-8 3ty
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Fig. 18. Simplified diagram of an enforced concrete-steel drum
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