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Table 4.

APPENDIX A

1 # Sorption Efficiency of **’Cs on Titanium Dioxide as
Effected by pH and Contact Time.

pH % Sorption Efficiency

Contact

Time 1 3 5 T 9 11 13

5 mins. [37.51 48.85| 45.46(29.17

10 mins. [39.95 :;,,:- 48.58| 51.50(29.00

20 mins. |42. ST b 51.00] 52.78|2B.87

.

30 mins. |38.1 3 |68.18 1"51.89| 57.96(29.35

1 hr .B5| 56.50)28.95

2 hrs. 4 .18) 57.57|27.08

4 hrs. 41 .T8| 47.25|26.74

1 day. 4] 54.45129.95

Table A.2 % Sorptiof E {ziency ®s on Zeolite as Effected

[Faknd:

by pH and Cor "?
el

pH

X
"
L)

9 11

Contact 7@
Time 13
A [ ]

5 mins ¥ 89.50| 94.62|95.65| 95,04| 85.85| 82,50| 77.50
AR TY WY TINL G Y
209mins. | 92.25| 95.15| 94.25| 99.78| 87.94| 85.93] 79.00
30 mins. | 92.56| 95.67| 95.58| 99.69| B89.867| 83.51| B81.46

1 hr. 92.20| 93.85| 95.00| 99.43| 85.04| 82.00| 81.57

2 hrs. | 91.95| 94.15] 94.05| 99.50| 84.15| 83.35| 82.14

4 hrs. | 90.25| 94.34| 94.59| 99.85| 88.15| 82.00| 81.25

1 day. | 92.20| 97.54| 95.25| 99.43| 88.94| 82.93| 81.29

50



Table A.3 % Sorption Efficiency of **7cs on Bentonite as Effected
by pH and Contact Time.
pH % Sorption Efficiency
Contact
Time \\\\\i 1 3 5 T 9 11 13
5 mins 54.50| 52.75|y55.84| ,61.00] 51.24| 53.52| 54.41
10 mins | 68.41 *\\IJ _;",.- 15| 63.29| 64.02| 65.65
20 mins 75.95 " THPS4| 768 -POTISL 72.95| €67.45| 6B8.58
30 mins .45| 77.43| 78.50
1 br #.58| 78.57| T7B8.85
2 hrs «59| 83.35| 80.35
4 hrs .0B| B2.65| BD.74
1 day .65| 82.15]| BD.B4
Table A.4 % Sorptiol Ef £885 sy on Kaolinite as Effected
pH
Contact
Time 11 13
: !
5 mins¥| 83.25| 91.24/ 89.50| 88.58| 85.63| 84.95(85.56
‘ =N o
LI B eN (rin 5
20qmins B6.50| 94.58| 96.15| 99.02| 97.02| 94.36|89.85
30 mins B5.36] 94.89] 97.76) 59.12] 96.55]| 93.63|89.55
1 mins BT7.44] 94.67| 94.67| 9B8.08]| 95.73]| 93.75|87.85
2 pins 87.54| 95.54| 95.44| 99.04| 96.98| 92.98|83.78
4 mins B6.B9| 94.43| 94.64| 9B.50| 96.23| 93.57|86.34
1 day B6.68| 94.60| 96.20| 99.02| 90.77| 97.02|B9.68
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Table 4.5 * Sorption Efficiency of ** Cs

by pH and Contact Time.

on Sand as Effected

pH % Sorption Efficiency
Contact
Time 1 3 5 7 9 11 13
5 mins 58.25| 53.00| 51.04
10 mins BZ2.75] T4.75| 73.52
20 mins BB.50| 77.35| B2.15
30 mins BB.89| BT.96| 83.80
1 hr. 9.68| B6.36| BG.54
2 hrs. L 90.47] B7.50| BB.D5
4 hrs. 91.10| 87.50| 87.13
1 day. 9.95| 85.80| B85.59
Table A.6 % Sorp on Sanddy Soil as Effected
Contact
Time 9 11 13
T I TETI N
5 mi iu 59% 200 55. 0. B8 | 587352 537.48] 51.00] 51.39
o0 Ko prai VR ok Fii S e
nsl QUTH. saT .5 2 58.87
;L mins 7B.4B| B81.41| BB.59] 92.74| 8B.9%0| BT7.58| 59.80
1:Bx. 80.49| B85.43| 85.95]| 93.55| 90.68) B86.36| 62.54
2 hrs. B0.57| B6.81| B7.57) 94.75]| 91.47| B87.50]| 63.05
4 hrs. B1.40| B5.57| 90.85]| 923.45]| 92.76] B87.25| B7.13
1 day. B1.59]| BB.90| 91.57| 94.58| 92.35]| BR.BD| £9.95
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Table A.7 % Sorption Efficiency of '“’Cs on HAP as Effected
by pH and Contact Time.

pH % Sorption Efficiency
Contact
Time 1 3 5 7 9 11 13
5 mins G0% 58 h 37.55| 41.14] 32.64
10 mins 8 0\ T oL F4NT BB 35.43] 40.25]| 32.75
20 mins : et | 8 SP-08T3 | 39.45| 41.78] 34.47
30 mins L Tc0| 48.590 92%00f40.75]| 44.45| 35.35
1 hr. 000 57 4905 94, 4MWa0.50| 46.54] 37.90
2 hrs. 58] '8 1.18| 45.64| 34.15
4 hrs. B4| 4T7.25] 35.47
1 day. golfeg 2814 g 80), 42.45| 45.00| 34.50
; 7 \\ \
Table 4.8 % Sorpliogl Ef f 1740 "*%s on Antimony Pentoxide
act Time.
pH i‘iv,;. e I R
Contact =
]

Time 11 13

" - L
| " ; .

'Eir
9
75.94] 77.58

77.50| 64.14| 42.64
¢

cvnk N pr ek Fap 3k B

30 mins 95.50| 97.50| 98.59| 99.50| B88.75| 76.14]| 49.35

5 mning)

1 hr. 98.05| 98.65| 99.45| 98.00| 90.52| 76.54| 47.94
2 hrs. 98.73| 98.65| 99.45| 98.43| 90.52| 76.54| 47.90
4 hrs. 97.50) 98.45| 98.47| 9B8.45| 92.84| 77.50| 43.13
1 day. 87.59| 99.90| 97.57| 99.58| 90.75| 78.80| 44.59




Table 4.9 A Comparison of the Sorption Efficiency of '*7Cs by

Various Exchangers.(pH 7, 25°C, Various Contact Time)

Inorganic % Sorption Efficiency of *’Cs
Ion-exchanger

5 mins |1 j 30 mins| 1 hr 2 hrs
Tio, 50 3 s 18 | 68.75 | 69.02
Zeolite 95. .69 | 99.43 | 99.50
Bentonite ; 85.95 | 83.52
Kaolinite . 98.08 | 99.04
sand .5 k 80 , 95.55 | 94.75
Sandy Soil szfszfl 'rﬂ 1982, 4 | 93.55 | 94.75
HAP B1. % 00 | 94.43 | 96.50
Ant.imony- 81.0 =50 | 9.50 | 98.00 | 98.43
pentoxide T

AULINENINYINS
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Table 4.10 A Comparison of the Sorption Efficiency of **7es at,

Various Temperatures ( pH 7, 1 hr.Contact Time).

% Sorption Efficiency
Ton-exchanger
25 C 30 °C 40 °c 50 T

Tio, 61.00
Zeolite 95.50
Bentonite 71.45
Kaolinite 96.05
Sand BB.0DD
Sandy Seil 92.74
HAP 92.54
Antimony- 91.05
pentoxide

Table A4.11 % Cor t.aniul Dioxide

as Effected by pH and Contact Tige.

A RGN
wa QR aa]w]apefad] »

1 hr. 0.67 | 1.33 | 1.56 | 2.27 | 0.72 | 0.98 | 0.83
1 day. 4.73 | 5.83 | 4.48 | 6.60 | 2.61 | 3.76 | 4.36
5 days. | 4.07 | 8.13 |11.26 |11.30 |11.26 |10.18 | 5.30
10 days. 3.85 | 7.88 | 9.46 |11.04 [11.43 [10.37 | 4.88




Table A.12 % Sorption Efficiency of °°Tc on Zeolite as Effected by

pH and Contact Time.

pH % Sorption Efficiency
Contact
Time 1 3 5 T ] 11 13
1 hr. 0.00 0.00 0.00
1 day. 0.45 0.00 0.00
5 days. 0.55 | 0,18 | 0.30
10 days. 0.05 | 0.10 | D.18
Table 4.13 % Sorpl Bentonite as Effected by
pH and
pH
Contact
Time 11 13
f bk ]
1 hr. g 0.00 0.00
1 day. | 0.03 |.0.02 §o0.08 [ 0,81 | 0.00 | 090 | 0.00
0 | S B 14 8 o
10'days. | 0.05 | 0.08 | 0.08 | 0.04 | 0.13 | 0.37 | 0.18




T

Table A.14 % Sorption Efficiency of °”Tc on Kaolinite as Effected by
pH and Contact Time.

pH #* Sorption Efficiency
Contact
Time 1 3 " 9 11 13
1 hr. 0.4 " 0953 o7 0.00 | 0.00 | 0.00
1 day. | 1. 2] "2.40 | 1.97 | 1.08
5 days. | 1. RTINS 4.05 | 1.17 | 1.65
10 days. | 27 ‘: .78 | 2.86 | 1.45
¥
Table 4.15 % Sorpti f%d « n Sand as Effected by
pH and C : i:
AN,
pH
Contact
Time R 13
o
1 hr. 0.00
wn laoum
5% ays. 0.00 | D.00
10 days. D.0D | D.0O




98

Table 4.18 % Sorption Efficiency of %97¢ on Sandy Soil as Effected
by pH and Contact Time.

pH %+ Sorption Efficiency
Contact
Time 1 3 7 ] 11 13
1 br. 0.0 =3 0 #=bwbt 0.02  0.00 | 0.03
1 day. | 0. 0 | .01 | 0.00 | o.00
5 days. | 0.00 0 o] .01 | 0.00 | 0.00
10 days. - 00 4F ," .03 | 0.00 | D.OO
¥
Table A.17 % Sorp %d n HAP as Effected by pH
and Contg _ :J

2T

\ "
Contact &—

Tine 16 203 5 af T 9 11 13

| ,
0.00 4 0.00 0.00 a,OD 0.00

0,20
L e
0.13 | 0.00 | 0.50 | 0.00 | 0.00 | O.00
0.20 | 0.00 | O.54 | 0.03 | 0.17 | 0.00
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Table A.18 % Sorption Efficiency of 997¢ on Antimony pentoxide
as Effected by pH and Contact Time.

pH % Sorption Efficiency
Contact
Time 1 3 3 7 9 11 13
1 hr. 33.24 29,87 gd|31.72 [38.60 [29.82
1 day. |50. 54 48l 64} l40.90 [35.54 [53.54
5 davs. |B0 86 . Ejiﬁ' 64 |45.19 |55.95
10 days. |95 TJ; 53 |56.87 |56.95
"o
Table 4.19 A Compa ; _',' 180 ‘ 'iciency of ?°Tc on
Variou hang jft r Times. (at Optimum pH, 25" C.)
T
ORI
ficiency
Itﬂe' ,
V‘n 1 hr.| 1 day | 5 days|10 days
P
q Tio, 2. 6.60 | 11.30 | 11.04
qwa ealitecs o 1la e 5 ﬁ 59
\ RSN ANELLA 8.
Kaolinite 0.07| 1.85 4.13 4.05
sand 0.00| 0.00 0.00 0.00
Sandy Soil 0.00] 0.01 0.01 D.04
HAP 0.20| 0.30 0.50 D.54
Antimony- 33.24| 50.64 80.96 | 95.81
pentoxide




100
Table 4.20 A Comparison of the Sorption Efficiency of *’Tc at
Various Temperatures(pH 7, 1 day Contact Time)

% Sorption Efficiency

Ton-exchanger

50°C
Tio, 5.00
Zeolite 4.50
Bentonite 0.00
Kaolinite 1.05
Sand 0.00
Sandy Soil 0.00
HAP 0.54
Antimony- 71.05
pentoxide

AULINENINYINS
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Table A.21 The Optimum Quantities of Inorganic Ion-exchangers

for "*7cs Sorption.

Inorganic

Ion-exchanger

% Sorption Efficiency of **7 s

Zeolite
Bentonite
Kaolinite
Sand
Sandy Soil
HAP

Titanium dioxide

Antimony pentoxidi

Note = Volume of sol

.'I
i
W

Contact

Time

g. 3 4. (mins)
69.91 20
99.69 S
63.29 20
88.35 10
80.58 20
92.73 20
86.40 30
98.03 20

i¥

AULINENINYINS

RN TUNIINGIAE
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Table A.22 The Optimum Quantities of Inorganic Ion-exchangers for

*®*Tc sorption.

Inorganic % Sorption Efficiency of 97¢ |contact
Ion-exchanger Time
3 g.

Titanium dioxide 11.30 5 days
Zeolite 5.89 5 days
Bentonite 0.00 -
Kaclinite 5.05 5 days
Sand 0.00 -
Sandy Soil 0.00 -
HAP D.50 -
Antimony pentoxide B0.96 5 days

Note : Volume of solutiam Ba5 |-

AULINENINYINS
PMIANTUAMINYAE
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Table A4.23 Density of Cemented Ion-Exchange Materials

ITon-Exchange

Density tgfcl‘l
Materials

Titanium dioxide 0.7056

Zeolite 0.5976
Bentonite SN 047954
Kaolinite — ;
sand — ‘ | 1,761
Sandy Soi

/ R
Antimony p :'q
u H;. m\--a '-

Portlan

ﬂ‘HEl’J'VIEWl?WEJ']ﬂ‘i
ﬂﬁﬁaﬁﬂimﬂﬁﬂmﬂaﬂ



Table A.24 Weight Ratio of TiD_ to Cement.

Ratio

Weight (g.)

Tio Cement.

Water

25 3 75
30 : 70
35 : 65
40 = 60
45 1 55
50 = 50

Ratio

25 : 75
auia ﬂﬁ{
35 f65
40 = 60
45 = 55
50 : 50

32.00
31.00

30.00
30.00
30.00
30.00

18.22 54.64,.,

A $AG T 1B
25.50 47.36
29.14 43.72
32.79 40.07
36.43 36.43

" 38400
V21 &1

38.00
40.00

104



Table A.26 Weight Ratio of Bentonite to Cement.

Table 4.27 Weight RdlidBE¥eol

40
45
50

Ratio

oL fe
30 A

q
35 : B5

60
55
50

Weight (g.)
Ratio
Bentonite Water
25 3 75 50.00
30 = 70 55.00
35 : 65 55.00
40 = 60 £0.00
45 = 35 64.00
50 = 50 66.00
to Cement.

Mnans

adils

35.41
39.34

gl

43.28
39.34

N8 Y

38.00
40.00
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Table A4.28 Weight Ratio of Sand to Cement.

Weight (g.)
Ratio
Sand Cement. Water
25 : 175 o1, ir‘ 24.00
30 = 70 ' iT 23.00
35 = B5 23.00
40 = B0 20.00
45 = b5 20.00
50 = 50 19.00
Table A.29 A Compapris he enéity of Cement Waste Forms.
LAY
Sinulated

Waste Forms

q

AWNEHRINAS

Tio

Kaolinite-Cement

Sand-Cement

AU
- ceﬂant

AT

Bentonite-Cement

NS AIANEN A

J
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Table 4.30
Time (28 days).

Density and Percentage of Weight-loss after Curing

Specimens % Weight-loss | Density (g/em™ Note
Ti-25 %Wt 7.23 1.68 Ti: Titanium -
Ti-30 #Wt 8.50 1.69 dioxide
Ti-35 %Wt
Ti-40 #Wt
Ti-45 4wt
Ti-50 4wt
Z -25 WL Z: Zeolite
Z -30 AWt
Z -35 %Wt
B -25 Wt B: Bentonite
B -30 #WL
B -35 WL
B -40 #Wt
B -45 #Wt
B -50 %Wt
K -25 %Wt K: Kaolinite
K -30 4¥Wt
K -35 %Wt i‘as 84
: wﬂ'lJ'El'J NaNIngnns
K -40 % 6054
K -45 1Ht 10.97 ¢
AR ARNTR AP YA E
s - 5 Wt 5.52 1.85 S: Sand
5 -30 %Wt 4.60 1.91
S -35 #Wt 4.16 1.98
S -40 #Wt 2.98 1.95
S -45 *WL 5.58 1.88
S -50 %Wt 4.69 1.98

107



Table A.31 Compressive Strength of TiO_-Cement.

Tio, : Cement | Load" (kg) |Compressive strength”(kg.ca™™)

25 : 75 3600 + 0 304.86 + 0

30 : 70 3433 + 47.14 280.77 + 3.99

35 : 65 L2 211.75 % 11.98

40 : 60 9 / 218.78 + 14.40
= |

45 = 55 =————— 130.31 + 22.23

S0

(1]

50

ﬁlﬂ. 90 7.98

| ==

//
Table A4.32 Co - ; \i\\ Cement.

Zeolite: Cement pssive strenzt.h‘tk:.cfn}

25 : 75 212,95 g6 04 + 17.97

30 : 70 wANE 42414 + 32.86

35 : 65 ) 583 +117.8 149.40 + 9.98

AUEINININEINS
PMIANTUAMINYAE

Note : Load” : average load ( 3 times replicated )

Compressive strength“= corrected by multiple correction

factor shown in Appendix B Table B-1
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Table A4.33 Compressive Strength of Bentonite-Cement.

Bentonite:Cement| Load” (kg) Compressive strength” (kg.ca™®)
25 2 75 1516 + 271 128.40 4+ 22.95
30 = 70 1273 + 533 107.82 + 45.14
35 : B5 13268 & 112.31 + 12.03
40 = 60 8624 151 /A}.m +12.79
45 = 55 0 L5 1 Qi 4 6.86
50 : 50 I;;// \\\ .05 + 1.18

Table A.34 Compfes ite-Cement.

Ti0_, : Cement essive strength” (kg.cm™ ™)
- 1 <

25 2. 75 -'.' 17.62
30 : 1550 + 168 131,88 4 14.25
35 =
e £1 U ﬁﬂﬁimw g

éxjma

80O + £67.75 + 12.94

RORIEN bR gk t]
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Table A.35 Compressive Strength of Sand-Cement.

Ti0, : Cement Load" (kg) |Compressive strength” (kg.cn™™)
25 = 75 4773 + 383 404.22 + 32.48
30 = 70 4450 + 604 376.84 + 51.16
35 : 65 3466 4+ BAS 293.56 4+ 54.70
40 : 60 83.4 697 ‘// 326.85 + 59.10
45 : 55 BBt 1 : + B.65
. | #221 .59 +
50 : 50 ¢ + 4B.74

Table A.36 Optim ‘ ‘ )\\\\~ lated to

Compres 7/ ‘\\

Regression Equation.

¢ optimum ‘. equal to 150 kg/cm.”)

Type of Waste pCiRtn Ext spente ratio(% Weight)

R
L7 AW
Titanium dioxi‘ T ST

W

Zeolite 25 50 / 'H 50

s 2] 39) U ¥ ?Wﬁﬂﬂ 9

Kaoliniteq) / 75.58

R1AN NIV Y

Note : Calculation from the linear equation shown in Appendix B, Table B-2
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Table A.37 Cesium-137 Leaching Data for Kaolinite/Cement Wasted-Forms

Activity (cps)

Leaching Time room temperature|high temperature

(days) iy C ) { 50 C)
L] A‘H
285 1.841
284 4.766
282 15.049
291 23.458
305 30.340

285 3z.120
295 32.326

308 33.448
i1 289 33.869
| 290 34.230
287 34.832

@s 35.679

286 41.705

e
N C
Remark A," : initail activities in cement samples (corrected
with shielding factor = 1.585)
A activities in leachants removed in time t

(corrected with geometrical factor = 2.825)



112
Table A4.38 The Leach Rate of Cesium-137 for Kaolinite/Cement Waste Forms

Leach rate x 107" (g.cm —.d™7)

Leaching Tine Room temperature|Oven temperature

(days) A\ ; ( 50°C )

IFL CFL

50.00 | 50.00
36.00 | 86.00
30.00 |116.00
23.00 |1239.00
18.70 |157.70
16.00 |173.70
12.40 |186.10

10.00 |196.10
9.43 |205.53
.38 |213.91

221.58

ﬂﬂsﬁﬂaﬂ’]ﬂi s0 |220.08

7T.45 |236.33

Remark IFL: Incremental Fraction Leached
CFL: Cumulative Fraction Leached
Calculation of leach rate and the logarithmic cure fit

shown in Appendix B. (Table B-3)
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Calculations

Cementation Process

The weight of materials can be calculated as follows:

weight = volume x density

mpewc iman LAE

density_,_ ~ =(ratio exchanger x dengity exchanger)+(ratio cement

x density cemel

Example : ratio zeo
zeolite deoas®
cement dep

volume of sfec

density

1}
—
_
.
o
[=-]
=
-

LAR. S

1]
fry
-
T
(-]
-3

n

weight

meec imen

weight

o AUTIENINGINS
ARIANTAUNNIING 1A Y
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Calculation for Determination of Compressive Strength

Compressive strength = maximum Load for specimen (kg)

cross-section area of specimen(cm’)
If the specimen height is less than 2 times the diameter, the
following correction factors must be used to determine the

campressive strength.

Appendix Table B-1 Rat * with a Multiple

essive Strength.

rection Factor

Ratio of Height/ Dig //A

1.75
1.50
1.25
1.00

\k\%
/ \...

calculation of lu,t.fdm.et.er of

a specimen by linear r gIE ﬂ
d

vher Y = multiple norregﬁzon factor
Al ‘EJ‘EI"J'P’I H‘WTWE!"T’M““
1t was foun at BD#. 10& and the equat1on was:

AT I AANL 1AL,

is 0.9603.
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Appendix Table B-2 Calculation of Exchanger/Cement related to

Compressive Strength by the Linear Regression Equation.

Y = a + baX
Y = Compressive strength {kg!cl'i
X = % Weight of exchanger

Correct 2 Wt. = % Wt. at Compressive strength equal to 150 kg/cm”

Type of Waste Proper * Wt
Titanium dioxide 45,23
Zeolite 25.50
Bentonite 19.05
Kaolinite 24.42
Sand 54.14

AULINENINYINS
RINNTUUNININY



Calculation for Determination of Leach Rate

Leach rate , R = A_.W__ g.cm .d
A 8.t

wvhere A, = amount of activity removed in time t

A, = 1initial amount of activity in sample of weight W,
S = surface area of sample (cm')
t = leach time (days)

In this study, S

CFL

CFL (25 ©)
CFL (50 ©)

"

g
I8y

The cneff1i; ; F ‘dete nation ndicates the

e AR
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