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##4270505421 : MAJOR NUCLEAR TECHNOLOGY

KEY WORD: SULFUR POLYMER / WASTE ENCAPSULATION / MIXED WASTE / WASTE

SOLIDIFICATION
RAWIWAN KRITSANANUWAT : DEVELOPMENT OF AN ENCAPSULATION
PROCESS FOR HAZARDOUS AND LOW-LEVEL RADIOACTIVE MIXED WASTE
USING SULFUR POLYMER. THESIS ADVISOR : ASSOC. PROF. SUPITCHA

CHANYOTHA, Ph.D. , 100 pp. ISBN 974-17-9882-2.

A lab-scale experiment was conducted to investigate the use of sulfur polymer material which
involved the reaction of element sulfur with 10 wt% STX ' modifier to encapsulate the hazardous and
radioactive mixed waste. Selected waste types were sediment sludge from hazardous wastewater
treatment facility, incinerator ash, activated sludge and spent ion-exchange resin which the latter three
waste types receiving from radioactive waste treatment facility. Waste form formulation was fabricated to
determine optimum waste loading and perform the property testing which included the resistant to
compressive strength, water immersion, chemical, radiation and leachability.

The results from the experiment show that the sulfur polymer waste form of sediment sludge and
spent ion-exchange resin have poor quality formulation, therefore, use of sulfur polymer for encapsulation
of these waste is not recommended.

The sulfur polymer material could be well incorporated with incinerator ash and activated sludge.
The optimal waste loading for incinerator ash and activated sludge were found to be 40 wt% and 20 wt%,
respectively. At these waste loading formations, the range of compressive strength was found to be 27 -
40 MPa for incineration ash and 8 - 19 -MPa for activated sludge which higher than the minimum required
compressive strength (0.41 MPa) by USNRC. The radioactive nuclide and heavy metal leachability tests,
shows that all specimens tested have radioactive. leachability indices higher than the USNRC standard
value of 6.0 and have heavy metal leachability values lower than the USEPA standard value. It indicates

that the sulfur polymer could retard the release of radionuclides and heavy metals to the environment.

Department Nuclear Technology Student’s Signature..........oeevvveeviiiiiiinennannnnns
Field of study Nuclear Technology AdVvisor’s signature .............coceeviiiiiiiiiiinnnn..

Academic year 2002
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2.1 MNANHUASIFUATNINUDUTEDUATE (Radioactive and hazardous waste)

2.1.1 PINANNUATIT (Radioactive waste)
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EPA hazardous Max. concentration
Waste number Contaminant (mg/1)
D004 Aresenic 5.0
D005 Barium 100.0
D018 Benzene 0.5
D006 Cadmium 1.0
D019 Carbon tetrachloride 0.5
D020 Chlordane 0.03
D021 Chlorobenzene 100.0
D022 Chloroform 6.0
D007 Chromium 5.0
D016 2,4-D 10.0
D027 1,4-Dichlorobenzene 7.5
D028 1,2-Dichloroethane 0.5
D029 1,1-Dichloroethylene 0.7
D030 2,4-Dinitrotoluene 0.13
D012 Endrin 0.02
D031 Heptachlor (and its hydroxide) 0.008
D032 Hexachlorobenzene 0.13
D033 Hexachloro-1,3-butadiene 0.5
D034 Hexachlorotoluene 3.0
D008 Lead 5.0
D013 Lindane 0.4
D009 Mercury 0.2
D014 Methoxychlor 10.0
D035 Methyl ethyl ketone 200.0
D036 Nitrobenzene 2.0
D037 Pentachlorophenol 100.0
D038 Pyridine 5.0
D010 Selenium 1.0
DO11 Silver 5.0
D039 Tetrachloroethylene 0.7
DO15 Toxaphene 0.5
D040 Trichloroethylene 0.5
D041 2,4,5- Trichlorophenol 400.0
D042 2,4,6- Trichlorophenol 2.0
D017 2,4,5-TP (Silvex) 1.0
D043 Vinyl chloride 0.2
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(%Tmﬁymﬁn) (N5W) (MSW/AaVSY.) | (Mwav.sy) | (MSu/au.w.) (nTansy) twnzithama) | (wnzidhama) | (wnzidania)
23.892 1.8564 770 15.1961
0% ASH 25.717 1.9982 1.9508 0.0818 810 15.9856 17.4986 3.3278
25.715 1.9980 1080 21.3141
26.673 2.0725 1070 21.1167
20% ASH 26.988 2.0970 2.0605 0.0437 1025 20.2286 20.5115 0.5245
25.895 2.0120 1023 20.1892
27.024 2.0998 1670 32.9579
30% ASH 25.325 1.9678 2.0337 0.0660 1285 25.3598 29.3068 3.8077
26.172 2.0336 1500 29.6029
27.822 2.1618 2200 43.4176
40% ASH 25.669 1.9945 2.0531 0.0942 2000 394705 40.3915 2.6867
25.781 2.0032 1940 38.2864
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MIANUNY
AT ITIUNETY 1 um anuvuiy | anuny | ddea ﬁmﬁﬂqa’cm MINUNIU mu dudioan
YDINN Ao W& Ao may WINTFIU fiennsasuld ADLITINA AeusInAImAY WINTFIY
(%Tﬂmiymﬁ’ﬂ) (N3) (N3) (MFV/AV.TN) | (MIV/AVSN) | (ATV/AU.5Y.) (nTansu) nzithama) | (wnzihaaa) | wnzihana)
25.680 25.792 1.9953 870 17.1697
0% ASH 25.945 26.066 2.0159 2.0108 0.0136 690 13.6173 16.2487 2.3128
26.012 26.117 2.0211 910 17.9591
25.161 25.386 1.9550 910 17.9591
20% ASH 27.260 27.390 2.1181 2.0084 0.0950 1000 19.7353 18.2222 1.4001
25.125 25.272 1.9522 860 16.9723
25.869 26.000 2.0100 1080 21.3141
30% ASH 27.182 27.341 2.1120 2.0356 0.0674 1190 23.4850 19.8668 4.5190
25.542 25.682 1.9846 750 14.8014
25.417 25.604 1.9749 1360 26.8399
40% ASH 26.710 26.822 210754 2.0398 0.0563 1420 28,0241 28.2214 1.4900
26.628 26.719 2.0690 1510 29.8002
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(%Tﬂ&ﬁymﬁﬂ) (n5W) (M5W) M5u/au.sy) | (FN/av.sN.) | (MTV/AU.H.) (nTansy) (unzthama) | (unzdiama) | (wnazdiania)
25.792 25.945 2.0040 690 13.6173
0% ASH 26.066 26.087 2.0253 2.0196 0.0136 820 16.1829 15.7882 2.0029
26.117 26.210 2.0293 890 17.5644
26.300 26.547 2.0725 870 17.1697
20% ASH 25.029 25.378 2.0970 2.0605 0.0437 830 16.3803 17.4328 1.2058
25.030 25.167 2.0120 950 18.7485
25.726 25.853 2.0998 1050 20.7220
30% ASH 25.238 25.575 1.9678 2.0337 0.0660 780 15.3935 18.2880 2.6939
26.172 26.394 2.0336 950 18.7485
25.417 25.607 2.1618 1200 23.6823
40% ASH 25.785 25.912 1.9945 2.0531 0.0942 1680 33.1552 27.1031 5.2562
26.012 26.271 2.0032 1240 244717

78




1 1 a o 4 v 1 1 -4 J
#1319 N-8 ﬂWﬂ”IﬁTluV]']LlﬂﬂLlﬁx‘]ﬂﬂ‘UﬂﬁWa@]ﬂﬂl“ﬂﬂ?ﬂwﬁﬂﬂﬁgLﬂ“l/llig])'lﬂ’dﬂNTL!ﬂ?ﬁll%iﬂﬁWﬁagﬁWﬂI%Laﬂﬂqaﬂﬁ’l’)ﬂll%ﬂ (ﬂ'lﬁVlu“lmL!ﬁ@ﬁTﬁlﬂfl)

MIANUNU
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Y9INN WA nawy mae WIAITIY fiawsofuld AOLITINA AU INAIEY WNITIY
(%Tﬂ&ﬁymﬁﬂ) (n5W) (M5W) M5u/au.sy) | (FN/av.sN.) | (MTV/AU.H.) (nTansy) (unzthama) | (unzdiama) | (wnazdiania)
25.780 25.945 2.0031 790 15.5908
0% ASH 26.567 26.671 2.0643 2.0279 0.0321 850 16.7750 16.0513 0.6344
25.952 26.176 2.0165 800 15.7882
25.406 25.500 1.9740 980 19.3405
20% ASH 26.214 26.314 2.0368 1.9994 0.0331 1050 20.7220 19.2748 1.4812
25.578 25.721 1.9874 900 17.7617
25.937 26.164 2.0153 1030 20.3273
30% ASH 25.874 26.001 2.0104 2.0065 0.0113 1090 21.5114 21.1825 0.7472
25.659 25.759 1.9937 1100 21.7088
26.176 26.265 2.0339 1630 32.1685
40% ASH 25.756 25.943 20012 2.0152 0.0168 1470 29,0108 29.9318 1.9470
25.874 26.012 2.0104 1450 28.6161
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MIANUNUY
ROERG ML EY 178 ey | A | daudsau ﬁmﬁﬂqqu’n MINUNMY mu drudloan
VOINN e WA fannsesuld AOLTINA AOUTINAIDGY WATTIU
(%Tmﬁymﬁn) (N5W) (MSW/AaVSY.) | (Mwav.sy) | (MSu/au.w.) (nTansy) twnzithama) | (wnzidhama) | (wnzidania)
23.983 1.8635 510 10.0650
0% ASH 25.825 2.0066 1.9499 0.0761 650 12.8279 10.7228 1.8653
25.478 1.9796 470 9.2756
25.024 1.9444 890 17.5644
20% ASH 25.521 1.9830 1.9613 0.0198 840 16.5776 16.3145 1.4001
25.179 1.9564 750 14.8014
26.41 2.0521 1350 26.6426
30% ASH 26.854 2.0866 2.0949 0.0476 1180 23.2876 23.2876 3.3550
27.622 2.1462 1010 19.9326
29.378 2.2827 1630 32.1685
40% ASH 28.024 2.1775 2.1933 0.0825 1650 325632 31.3791 1.7205
27.283 2.1199 1490 29.4055
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MIANUNU
ROERG ML EY 178 ey | Aty | daudesuy ﬁ1ﬁﬁﬂ§ﬂi‘1ﬂ MINUNMY mu drudisauy
YOINN mae NINTTIU fawsosud AOLITINA AaUINAIREY WA

(%Tmﬁymﬁn) (M5W) M5SW/av.sY) | (FN/AV.TN.) | (ATN/AL.HY.) (Mlansy) (wnzdhama) | (unzthamia) | wazidaaia)
23.892 1.8564 770 15.1961

0% SLUDGE 25.717 1.9982 1.9508 0.0818 810 15.9856 17.4986 3.3278
25.715 1.9980 1080 21.3141
25.635 1.9918 880 17.3670

20% SLUDGE 25.098 1.9501 1.9336 0.0680 940 18.5511 19.6037 2.9094
23.924 1.8589 1160 22.8929
24.164 1.8775 1760 34.7340

30% SLUDGE 26.049 2.0240 1.9679 0.0790 1070 21.1167 24.1428 9.4489
25.768 2.0022 840 16.5776
24.419 1.8974 1530 30.1949

40% SLUDGE 25.251 1.9620 1.9183 0.0379 1820 35.9182 33.2210 2.8758
24.395 1.8955 1700 33.5499
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MIANUNY
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VYDINN Aouumin & Aouuiin e WINIFIY fiaunsasuld ADLTINA AousanAmae WNIFIY

(%Tﬂmiymﬁ’ﬂ) (N3) (N3) (MFV/AVTN) | (MFV/AEUFI) | (ATW/AL.TY.) (M Tansu) wnzihama) | unzihaaa) | unzihania)
25.680 25.792 1.9953 870 17.1697

0% SLUDGE 25.945 26.066 2.0159 2.0108 0.0136 690 13.6173 16.2487 2.3128
26.012 26.117 2.0211 910 17.9591
24.444 24.830 1.8993 540 10.6570

20% SLUDGE 24.515 24.703 1.9048 1.8937 0.0147 380 7.4994 9.4071 1.6785
24.157 24.456 1.8770 510 10.0650
25.690 25.958 1.9961 160 3.1576

30% SLUDGE 23.825 24292 1.8512 1.9504 0.0860 240 47365 4.1444 0.8602
25.790 25.990 2:0039 230 4.5391
26.710 26.883 2.0754 150 2.9603

40% SLUDGE 24.805 24.962 {9074 1.9865 0.0783 100 19735 2.8945 0.8899
25.185 25.305 1.9569 190 3.7497
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MIAUNU
AT ITIUNETY 1 1 Ay | Ay | daudiea ﬁy1ﬁﬁﬂQQQQ MINUNU mu ddleany
YDINN NoUILY ALY Ao 1nde WINTFIY fiaunsasuld ADLLTINA AeusInAIndY WINTFIY

(%Tﬂmiymﬁ’ﬂ) (N3) (N3) (MFV/AVTN) | (MFV/AEUFI) | (ATW/AL.TY.) (M Tansu) wnzihama) | unzihaaa) | unzihania)
25.792 25.945 2.0040 690 13.6173

0% SLUDGE 26.066 26.087 2.0253 2.0196 0.0136 820 16.1829 15.7882 2.0029
26.117 26.210 2.0293 890 17.5644
24.830 25.101 1.9293 460 9.0782

20% SLUDGE 24.703 25.003 1.9194 1.9163 0.0148 390 7.6967 8.8809 1.0988
24.456 24.701 1.9002 500 9.8676
25.958 26.361 2.0169 310 6.1179

30% SLUDGE 24.292 24.556 1.8875 1.9746 0.0755 240 4.7365 4.8680 1.1896
25.990 26.321 2.0194 190 3.7497
26.883 27.242 2.0888 120 2.3682

40% SLUDGE 24,962 25.422 1.9395 1.9982 0.0796 170 3.3550 3.1576 0.7116
25.305 25.698 1.9662 190 3.7497
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MIAMUNY
AT ITIUNEL 17 1 Ay [ ey | daudieany ﬁymﬁﬂqdqa MINUNIY mu drdleany
VYBININ NOULY AUy Aevuah mae AT fiaunsasuld ADLTINA AousInAmaY WAIFIY
(%Tﬂﬂﬁ”mﬁﬂ) (N3Y) (N3) (MTV/ALSN) | (MFV/ALTN) | (DTW/AL.5N.) (M Tansu) (unzithama) | (wnzihaaa) | nzihaaa)
25.780 25.945 2.0031 790 15.5908

0% SLUDGE 26.567 26.671 2.0643 2.0279 0.0321 850 16.7750 16.0513 0.6344
25.952 26.176 2.0165 800 15.7882
24.830 24.919 1.9293 450 8.8809

20% SLUDGE 24.703 24.770 1.9194 1.9163 0.0148 510 10.0650 9.5387 0.6029
24.456 24.554 1.9002 490 9.6703
25.958 26.092 2.0169 240 4.7365

30% SLUDGE 24.292 24.403 1.8875 1.9746 0.0755 250 4.9338 5.1969 0.6344
25.990 26.149 2.0194 300 5.9206
26.883 27.084 2.0888 150 2.9603

40% SLUDGE 24,962 25.182 1.9395 1.9982 0.0796 120 2.3682 3.0261 0.6931
25.305 25.495 1.9662 190 3.7497

06




1 1 a o 4 v d o 1 1 o ] o 1w
M1I N N-14 ﬂ?ﬂ"liﬂuﬂ']uﬂﬂllﬁﬂﬂﬂ‘llﬂﬁWﬁ@]ﬂmMﬂTﬂWﬁﬂﬂﬁglﬂﬂﬂgﬂﬂuaﬁﬂfﬂ (W‘]J) NoAIIFIUNETUA d| NAIVINAIUMTRIYSIT (m'ﬁnummmeiﬁ)

MIANUNU
ROERG ML EY 178 ey | Aty | daudesuy ﬁ1ﬁﬁﬂ§ﬂi‘1ﬂ MINUNMY mu drudisauy
YOINN mae NINTTIU fawsosud AOLITINA AaUINAIREY WA

(%Tmﬁymﬁn) (M5W) M5SW/av.sY) | (FN/AV.TN.) | (ATN/AL.HY.) (Mlansy) (wnzdhama) | (unzthamia) | wazidaaia)
23.983 1.8635 510 10.0650

0% SLUDGE 25.825 2.0066 1.9499 0.0761 650 12.8279 10.7228 1.8653
25.478 1.9796 470 9.2756
25.098 1.9501 690 13.6173

20% SLUDGE 25.635 1.9918 2.0052 0.0628 790 15.5908 15.1304 1.3434
26.688 2.0737 820 16.1829
24.569 1.9090 1050 20.7220

30% SLUDGE 25.690 1.9961 1.9499 0.0438 900 17.7617 18.5511 1.9032
25.028 1.9447 870 17.1697
25.615 1.9903 1410 27.8267

40% SLUDGE 24.173 1.8782 1.9163 0.0641 1270 25.0638 26.7742 1.4943
24.200 1.8803 1390 27.4320
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MIAIUIVAIABUNIT DNV &4 (Leachability Index Calculation)

o Aa o 3| @ Y
NTANUUNITNATDN LA mimmmsﬂullﬂmummgm ANS/ANSI 16.1 ﬂ\iﬁ
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o ' I
1. a4ad@IUNMITHYATOAVDINUUUAMNNTLHY (Cumulative activity released fraction; F) Wu
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A= a P a [ 4 =
A = ﬂ’ﬂllLL‘N‘i\ifff“llf]\iuﬂqﬂﬁﬂﬂﬁuiﬂﬁluwﬁﬁﬂﬂ!“ﬂfﬂﬂWl.lﬂ ) 1381
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LINAU
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[ I 1 H a 4%
2. A%1inMIv2d1e (Leachability Index; L) iuaiiieumssedisvesin lnadsadaungy
f] Mass-transport theory FANAWNAUN Y logarithm VoIdulseansmMsung (Effective

Y
diffusion; D) e wsasuIa lgasaums ae 'l

audszansmsuns (Effective diffusion; D)

a /AO AY4
D:TCX e o
Ao, S

FYIINIFLAN (Leachability Index; L)

L. =i§[log(B/D]
10 1 n
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{ o o @ 1 v o [ a o 4 { o 1
a3 v-1 Joyanlddruruasiinseszdie uaz dadrumsngaseanuiuanmsidazay lundasusimnniinlsznmdiNonsidumannin 20 wiv

f08HANTUNMNHTIN ASH20 USasveInaafusimnHin(V,.cm’) 12.8704
ANUNTISITUD Cs-137 Tumdadusimnniin 2213.23 ﬁyuﬁﬁwmwﬁmﬁmcﬁmﬂwﬁﬂ(s,cmz) 30.4024
AT 59894 Cs-137 Tt rinse §296719 1.52 é’mnfauﬂ?umwiﬂ‘ﬁuﬁﬁa(ws)z 0.1792
ANWITITIAHAY rinse (A,) 2211.71 USnasvenivedande (v, ,ml) 300
Leach Leachability index ; L
A%} T a [ /Ao T Effective diffusivity ; D "
interval a /A, F=Sa/A, log( 1/D)
(n) (sec) (sec) (nCi) (fraction/s)2 (cmz/s)
1 7,200 1,800 6.80 3.07E-03 3.07E-03 1.82E-13 1.85E-10 9.73
2 18,000 14,835 7.11 3.21E-03 6.29E-03 3.19E-14 2.66E-10 9.57
3 61,200 51,231 15.39 6.96E-03 1.32E-02 1.29E-14 3.73E-10 9.43
4 86,400 125,894 14.46 6.54E-03 1.98E-02 5.73E-15 4.06E-10 9.39
5 86,400 213,818 10.91 4.93E-03 2.47E-02 3.26E-15 3.92E-10 9.41
6 86,400 300,849 9.29 4.20E-03 2.89E-02 2.36E-15 4.00E-10 9.40
7 86,400 387,596 7.64 3.45E-03 3.24E-02 1.60E-15 3.49E-10 9.46
8 1,209,600 939,462 66.25 3.00E-02 6.23E-02 6.13E-16 3.24E-10 9.49
9 2,419,200 2,716,550 61.55 2.78E-02 9.02E-02 1.32E-16 2.02E-10 9.69
10 3,715,200 5,768,861 23.98 1.08E-02 1.01E-01 8.52E-18 2.77E-11 10.56
Average Leaching Index (L, ) 9.61
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{ ° % @ 1 ) @ a o 4 { o 1
MmN a2 Jeyanlddnuawiinsyzdi uaz dadrumsvgaseanuiuanmssdazan lusdadusimarinlszinndNoasidiuwaunin 30 wi%

fog1aNan S NINKIIN ASH30 USasvenansasinnuiin(v,cm’) 12.8704
ANMUNTITITUD Cs-137 Tumandasininuiin 4386.51 ﬁyuﬁﬁammwﬁwﬁ’mw‘fmﬂwﬁﬂ(s,cmz) 30.4024
A3 459894 Cs-137 Tt rinse §29619 3.6576 Sa31e SRS ABRUARI(V/S)’ 0.1792
ANWUTITIAHAY rinse (A,) 4382.85 YSinmsvoaizieds (V,_,ml) 300
Leach Leachability index ; L
7A%S T ! [(a/A) o T | Effective diffusivity ; D "
interval a /A, F =Sa /A, log( 1/D)
(n) (sec) (sec) (nCi) (frac‘[ion/s)2 (cmz/s)
1 7,200 1,800 7.21 1.64E-03 1.64E-03 5.22E-14 5.29E-11 10.28
2 18,000 14,835 8.59 1.96E-03 3.61E-03 1.19E-14 9.91E-11 10.00
3 61,200 51,231 19.58 4.47E-03 8.07E-03 5.33E-15 1.54E-10 9.81
4 86,400 125,894 18.67 4.26E-03 1.23E-02 2.43E-15 1.72E-10 9.76
5 86,400 213,818 12.25 2.79E-03 1.51E-02 1.05E-15 1.26E-10 9.90
6 86,400 300,849 10.31 2.35E-03 1.75E-02 7.41E-16 1.25E-10 9.90
7 86,400 387,596 8.93 2.04E-03 1.95E-02 5.56E-16 1.21E-10 9.92
8 1,209,600 939,462 80.77 1.84E-02 3.79E-02 2.32E-16 1.23E-10 9.91
9 2,419,200 2,716,550 81.19 1.85E-02 5.65E-02 5.86E-17 8.97E-11 10.05
10 3,715,200 5,768,861 59.09 1.35E-02 7.00E-02 1.32E-17 4.28E-11 10.37
Average Leaching Index (L, ) 9.99
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MmN -3 Jeyah lddunuastinsyzdi uaz dadiumsvgaseanuiuanmssdazan lusdasusimaninlszinndNoasidIuwaunIn 40 wi%

fog1aNan S NINKIIN ASH40 USnasveanandaainInuiin(v,cm’) 12.8704
ANMUNTITITUD Cs-137 Tumandasininuiin 5644.14 ﬁyuﬁﬁammwﬁwﬁ’mw‘fmﬂwﬁﬂ(s,cmz) 30.4024
A3 459894 Cs-137 Tt rinse §29619 2.9 o318 SRS ABRUARI(V/S)’ 0.1792
ANNTITITNAY rinse (A,) 5641.24 ﬂ?mmmaufwzﬁaaﬂn (V,,ml) 300
Leach Leachability index ; L
(At)n T a, [(an/AO)/(At)n]2 Effective diffusivity ; D !
interval a /A, F =Sa /A, log( 1/D)
(n) (sec) (sec) (nCi) (frac‘[ion/s)2 (cmz/s)
1 7,200 1,800 7.74 1.37E-03 1.37E-03 3.63E-14 3.68E-11 10.43
2 18,000 14,835 9.70 1.72E-03 3.09E-03 9.13E-15 7.62E-11 10.12
3 61,200 51,231 22.08 3.91E-03 7.01E-03 4.09E-15 1.18E-10 9.93
4 86,400 125,894 21.98 3.90E-03 1.09E-02 2.03E-15 1.44E-10 9.84
5 86,400 213,818 15.50 2.75E-03 1.36E-02 1.01E-15 1.22E-10 9.91
6 86,400 300,849 12.82 2.27E-03 1.59E-02 6.92E-16 1.17E-10 9.93
7 86,400 387,596 10.11 1.79E-03 1.77E-02 4.30E-16 9.39E-11 10.03
8 1,209,600 939,462 66.90 1.19E-02 2.96E-02 9.61E-17 5.08E-11 10.29
9 2,419,200 2,716,550 60.89 1.08E-02 4.04E-02 1.99E-17 3.04E-11 10.52
10 3,715,200 5,768,861 61.24 1.09E-02 5.12E-02 8.54E-18 2.77E-11 10.56
Average Leaching Index (L, ) 10.16
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=

M3 -4 Joyanlddnnadaiimsyzde uay dadiumsugaseanuiuanmssdazan lusdasusimnniinlszinnazneuddas (Uda.) Ndasidumaunin 20 wi%

@

14

=3

fog1aNan S NINKIIN SLUDGE 20 155 veInNaan unMINEN(V,.cm)) 12.8704
ANV 59TV Cs-137 Tundafasimnniin 3228.99 ﬁfuﬁﬁammwﬁﬁﬁmﬁmﬂwﬁﬂ(s,cmz) 30.4024
ATUNT5989 Cs-137 Tutin rinse §206719 0.1276 é”@]ﬁdauﬂ?mmdﬂﬁuﬁﬁa(wsf 0.1792
ANWUITITIAHAY rinse (A,) 3228.8624 USinasveaivzdedis (V, ,ml) 300
Leach Leachability index ; L
7A%) T a, [(a /Ao, T Effective diffusivity ; D '
interval a /A, F=Sa/A, log( 1/D)
(n) (sec) (sec) (nCi) (fra.ction/s)2 (cmz/s)
1 7,200 1,800 14.63 4.53E-03 4.53E-03 3.96E-13 4.01E-10 9.40
2 18,000 14,835 11.66 3.61E-03 8.14E-03 4.03E-14 3.36E-10 9.47
3 61,200 51,231 25.34 7.85E-03 1.60E-02 1.65E-14 4.74E-10 9.32
4 86,400 125,894 25.50 7.90E-03 2.39E-02 8.36E-15 5.92E-10 9.23
5 86,400 213,818 13.48 4.17E-03 2.81E-02 2.33E-15 2.81E-10 9.55
6 86,400 300,849 10.31 3.19E-03 3.13E-02 1.37E-15 2.31E-10 9.64
7 86,400 387,596 6.11 1.89E-03 3.31E-02 4.79E-16 1.05E-10 9.98
8 1,209,600 939,462 58.90 1.82E-02 5.14E-02 2.27E-16 1.20E-10 9.92
9 2,419,200 2,716,550 56.30 1.74E-02 6.88E-02 5.19E-17 7.94E-11 10.10
10 3,715,200 5,768,861 59.06 1.83E-02 8.71E-02 2.42E-17 7.87E-11 10.10
Average Leaching Index (L;) 9.67

L6




=

M3 -5 Joyan lddnadaiimsyzde nay dadiumsugaseanuiuanmssdazan lusdasusimnniinlszinmazneuddas (Uda.) Ndasidumaunin 30 wt

f0g1aNAN T U NINKIIN SLUDGE 30 USuinsveInandusn mMorInV.cm’) 12.8704
ANV ISV Cs-137 Tumdadasimnniin 5368.29 ﬁfuﬁﬁwmwﬁmﬁmqﬁmnwﬁﬂ(s,cmz) 30.4024
AMUNT59894 Cs-137 Tutin rinse #2064 3.6576 é“mwdauﬂ?nmwim’%uﬁﬁ’;(wsf 0.1792
ANNTITITNAY rinse (A,) 5364.63 Wsasveshwed0619 (V, ,ml) 300
Leach Leachability index ; L
7A%) T a, [a/a)Do T | Effective diffusivity ; D '
interval a /A, F=Sa/A, log( 1/D)
(n) (sec) (sec) (nCi) (fraction/s)2 (cmz/s)
1 7,200 1,800 19.60 3.65E-03 3.65E-03 2.58E-13 2.61E-10 9.58
2 18,000 14,835 22.71 4.23E-03 7.89E-03 5.53E-14 4.62E-10 9.34
3 61,200 51,231 46.10 8.59E-03 1.65E-02 1.97E-14 5.69E-10 9.25
4 86,400 125,894 41.56 7.75E-03 2.42E-02 8.04E-15 5.70E-10 9.24
5 86,400 213,818 28.73 5.36E-03 2.96E-02 3.84E-15 4.63E-10 9.33
6 86,400 300,849 23.09 4.30E-03 3.39E-02 2.48E-15 420E-10 9.38
7 86,400 387,596 18.77 3.50E-03 3.74E-02 1.64E-15 3.58E-10 9.45
8 1,209,600 939,462 143.38 2.67E-02 6.41E-02 4.88E-16 2.58E-10 9.59
9 2,419,200 2,716,550 130.38 2.43E-02 8.84E-02 1.01E-16 1.54E-10 9.81
10 3,715,200 5,768,861 135.45 2.52E-02 1.14E-01 4.62E-17 1.50E-10 9.82
Average Leaching Index (L, ) 9.48

86




=

M3 -6 Joyanlddmudaiimsyzdre uay dadiunmsugaseanuiuanmssdazan lusdasusimnniinlszinmazneuddas (Uda.) Ndasidrumaunin 40 wi%

fog1aNan S NINKIIN SLUDGE 40 USmasveamaadunmrTInV.cm’) 12.8704
AN IS ITUD Cs-137 Tumdadasimnniin 5585.52 ﬁfuﬁﬁaﬂlmwﬁﬁﬁmﬁ{mﬂwﬁﬂ(s,cmz) 30.4024
ATT59804 Cs-137 Tutin rinse #2069 0.1557 é”@]ﬂdauﬂ?mm@iﬂﬁuﬁﬁa(wsf 0.1792
ANWUITITIAHAY rinse (A,) 5585.36 USinasvesiszdaedis (V, ,ml) 300
Leach Leachability index ; L
7A%) T a, [(a/a )0 T | Effective diffusivity ; D '
interval a /A, F=Sa/A, log( 1/D)
(n) (sec) (sec) (nCi) (fraction/s)2 (cmz/s)
1 7,200 1,800 22.89 4.10E-03 4.10E-03 3.24E-13 3.28E-10 9.48
2 18,000 14,835 25.71 4.60E-03 8.70E-03 6.54E-14 5.46E-10 9.26
3 61,200 51,231 50.72 9.08E-03 1.78E-02 2.20E-14 6.35E-10 9.20
4 86,400 125,894 49.44 8.85E-03 2.66E-02 1.05E-14 7.44E-10 9.13
5 86,400 213,818 38.39 6.87E-03 3.35E-02 6.33E-15 7.62E-10 9.12
6 86,400 300,849 37.79 6.77E-03 4.03E-02 6.13E-15 1.04E-09 8.98
7 86,400 387,596 38.29 6.86E-03 4.71E-02 6.30E-15 1.37E-09 8.86
8 1,209,600 939,462 130.06 2.33E-02 7.04E-02 3.71E-16 1.96E-10 9.71
9 2,419,200 2,716,550 132.02 2.36E-02 9.40E-02 9.55E-17 1.46E-10 9.84
10 3,715,200 5,768,861 129.17 2.31E-02 1.17E-01 3.87E-17 1.26E-10 9.90
Average Leaching Index (L, ) 9.35
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