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Summary

According to the Unified Soil Classification System (USCS), Jeju powdered
basalt sludge that is produced during the stone treatment process is similar
to ML & CL. The materials found from our surroundings such as site soil,
cement (hardening material), compounds (quick setting admixtures), fly-ash
and sand were mixed with the Jeju powdered basalt sludge. The strength
test results for these mixed materials showed that the intensity decreased as
the powdered basalt sludge content increased. As the curing day extended the
intensity also increased. The most mixtures with powered basalt sludge were
satisfied with the standard intensity of the water—-stop material, except when
the mixtures were used as following percentages: the powdered basalt
sludge below 18%, cement below 2%, fly-ash and sand over 80%. With the
soil ratio over 20%, the formation did not occur during the test of water
curing, and because it is hard to manifest over the regular intensity, the test
results concluded that it cannot be utilized as the water stop material. The
tensile strengths of mixtures were found about 9-14% of the compressive

strength, although they can be different depending on the curing condition.

After compaction the powered basalt sludge, the coefficient of permeability
was 4.67E-06cm/sec. The permeability test results for the combination of
various samples and powered basalt sludge showed that the permeability
decreased as the powered basalt sludge content decreased and as the cement
content and curing day increased. Also, when the amount of the used
powered content was below 50%, the coefficient of permeability was very
small changed. The mixtures formed with the ratio of powdered content

below 83%, and cement content over 17% showed the permeability standard
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of the water—-stop material in satisfactory with the coefficient of permeability
below 1.00E-07cm/sec. The mixtures formed with the powered sludge below
50%, fly-ash, and cement below 50%, were not satisfied with the standard
permeability as a water—stop material. In addition, in case with the site soil
mixture testing, it was found that the sample formation was difficult to do
conducting tests. However, for the mixed proportion ratio for the powdered
sludge and site soil with 4:6, it was considered as being close to the

permeability standard of water-stop material.

The strength test result for the powered basalt sludge, cement, and
compounds (quick setting admixtures) after freezing and thawing showed that
its resistance dropped as the content of powdered sludge increased. While the
change of the coefficient of permeability was relatively small with increasing
the content of cement to before and after freezing and thawing, the coefficient
of permeability was increased as the content of powered sludge increased.
This is because of the increase in gap that is caused by the expansive force

and moisture in the process of freezing and thawing.

In the weight change testing, 9% of the weight dropped as the content of
powered sludge increased. The examination of Pozzolan reaction revealed that
with the increase of cement content, the combination was good and the size
of gap was small, but as the content of powered sludge increased, the size of
gap was larger. Also, during the crack & length change test that is based on
the drying shrinkage, the shrinkage amount was high, and the number of

cracks was low as the content of powered sludge increased.

The adsorption tests were conducted to determine the detergency of powered
sludge. The test results for each of the heavy metal, pH, and sample amount
revealed that whole eliminate efficiency resulted pb2+> Cd2+>Cr, and the

eliminate efficiency increased as pH increased.
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In order to develop a water—stop method by utilization of the powdered basalt
sludge, the permeability tests were conducted on specimens formed the
conditions of sedimentation and dryness for seven days after dropped the
mixed sample from the water. As results, the permeability was very low with
the ratio of powered sludge 50%, cement 109, and fly—ash 40%. But as the
use of site soil increased, the permeability tended to be higher. In case with
the combination of powdered sludge, cement, and sand, if the mix proportion
ratio of the powered sludge and cement was high, the result of permeability
was low. Thus, it was concluded that the proposed method could be

applicable to the water-stop method.

There are many other ways to recycle the powdered sludge: it can be used
as 1mpermeability material for filling holes after drilling; filling material for
the underground water pumping facility, grouting material for surrounding

space, and for the small scaled pond ground construction.
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Table 2.1 Geological Layer in Jeju
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Fig. 2.1 Geologic map of Jeju Island(Park, 2001)
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Table 2.2 The Present Status of Stone Processing Industry

Section ‘97 ‘99 ‘00 ‘01 ‘02 ‘03 Note

Number of Industry 686 453 427 427 499 505

Number of Employees | 8,239 4560 4,302 4285 4997 4903

Number of Production

Y 7,453 4 461 4,428 4,432 5,277 5,368
(hundred million won)

Average of Production

(hundred million/industry)
Amount of Production

10.9 9.8 104 104 10.6 10.6

1,666 1,626 1,324 1,249 1,403 1,818

(thousand ton)
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Table 2.3 Private Contract of Korea Stone Industry Cooperative and

Actual Supply

: Total amount )
3rd unit cost and Jeju Basalt
Year/Item (landscape Total
total amount ] Stone
architecture)
1995 15,795,183 990,000 16,785,183
1996 16,324,366 919,000 17,243,366
1997 24,617,728 878,000 25,495,728
1998 20,284,566 85,798 2,073,000 22,443,364
1999 18,532,937 1,606,257 2,374,000 22,513,194
2000 16,745,422 2,408,759 5,043,000 24,197,181
2001 22,623,254 8,296,351 4 572,000 35,491,605
2002 24138717 5,289,600 2,984,000 32,412,317
2003 25,289,852 12,505,228 2,265,277 40,060,357
2004 28,696,892 16,116,888 2,738,060 477,551,840

% Unit: one thousand won
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Table 2.4 The Yearly Report on the Stone Material Export Statistics

Item 2001 2002 2003 2004
number | Volume |Amount| Volume|Amount| Volume|Amount| Volume | Amount
2515 23 9 110 17 339 36
2516 98,073 | 2,298 | 8,346 | 1,777 | 4353 | 1,252 | 5204 | 1,701

6801 48 26 10 1 ) 3 1 1
6302 13539 | 16,274 | 8663 | 10,582 | 6,215 | 6,998 | 8,095 | 6,855
Total | 71,660 | 18598 | 17,042 | 12,369 | 10,680 | 8,270 | 13,639 | 8,593

¥ Unit (Volume: ton, Amount :1,000%)
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Table 2.5 The Yearly Report on the Stone Material Import Statistics

Item 2001 2002 2003 2004

number | Volume | Amount| Volume | Amount| Volume | Amount| Volume | Amount
2515 1,973 348 5,523 883 2,992 792 2,163 830
2516 44942 | 5282 | 39,492 | 5031 | 62,794 | 7,077 | 50,143 | 7,782
6801 2,225 477 951 89 4,317 382 5,881 648
6302 | 753,541 | 164,864 1,423,464 | 282,106 | 1,784,049| 358,930 (1,757,497 |3980,859

Al 802,781 | 170,971 |1,469,030| 288,109 |1,8x4,152| 367,181 |1,815,684| 390,169
¥ Unit (Volume: ton, Amount :1,000%)
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Table 2.6 Market Scale of Korea Stone Industry

Standard Amount. . Ratio Note
(hundread million)

Domestic Raw Ore 5,083 21.56%
Manufactured Stone 700 2.97%
Tombstone, Urn Tomb 3,000 12.72%
Stone Material Import 86 0.36%
Stone Material Export 3,900 16.54%
Construction 10,812 45.85%
Total 23,581 100.00%
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Table 2.7 The Present Status of Registered Enterprise in the
Association
Name of ) Number of
Address Main Products Note

Industry Employees
o o7 AFA B2 A ThEE 187
o o =4 o 44 3E 16
o 044 g 2 4 7FgE 327
o o 7ft S 558 AR 7FEE 68
o 0 4kS] ZHF 39 AA 7hEF 114
O oAk 7Nt 235 5&=9 A A 7HEE 139
o o 7f s oA AR 7 & 21
o o7 A5 <Hd e AR 7HE 109
o o 7ft A A A A 7HEE 93
o 04ke] EAAE s AA T E 2573
o 0 A7) ddg HSE AR 7HEE 57
Total 1667
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Table 2.9 Stone Material Production for Government Supply in 2005

: ) Quantity Unit: kg _
Section Size ] Weight (kg)
/Volume (Piece,m’)
300x150%20 41,601 7W 2.3 9,682
Bumpy Stone
300x150%30 9,00074 3.3 29,700
300x300%30 1,2227H 6.9 8,432
300x300x40 784m’ 9.2 7,213
300x450%50 316m’ 13.8 4,361
Plate Stone 200x200x50 353m’ 8.6 3,036
350x440x50 6,000’ 14.2 85,200
300x600x40 153 m’ 18.4 2,815
500x500x50 20874 31 6,448
Irregular Stone 4,938m’ 102 503,676
120x120x500 3,400 74 184 62,560
Road
120x150x500 32,4747 229 743,655
Boundary
150x150x500 27,1797% 285 774,602
Boundary of 170x270x500 11,37071 434 493,458
Sidewalk/Road| 200x250x500 65,57571 64.7 4,242 703
way 210x300x500 25,4377 80.3 2,042,591
Total 9,106,132
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Fig. 2.4 The View of the Stone Industry
(Outdoor)

Fig. 2.5 Stone Process

(Bringing in the Raw Material)

_17_



Fig. 2.6 Stone Process (1st Cutting)

Fig. 2.7 Stone Process (2nd Cutting)
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Fig. 2.8 Stone Process (Final Cutting)

Fig. 2.9 Stone Process (Grinding)
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Fig. 2.10 Stone Process
(Finished Product)

Fig. 2.11 The View of the Stone Industry
(Indoor)
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Fig. 2.13 The photo of the Powdered Basalt
Sludge Production (Wastewater)

Fig. 2.14 The photo of the Powdered Basalt
Sludge Production (Collecting Water)
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Fig. 2.15 The photo of the Powdered Basalt
Sludge Production (1st Settling)

Fig. 2.16 The photo of the Powdered Basalt
Sludge Production (2nd Settling)
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Fig. 2.17 The photo of the Powdered Basalt
Sludge Production (3rd Settling)

Fig. 2.18 The photo of the Powdered Basalt
Sludge Production (Dewatering)
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Production (Powdered Basalt Sludge)

Fig. 2.20 The photo of the Powdered Basalt
Sludge Production (Piling)
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Table 2.10 The Current Status of the Stone Sludge Production Amount

and Treatment Expenses

Section ‘97 ‘99 ‘00 ‘01 ‘02 ‘03 Note

Stone Sludge
987,200 | 983,300 | 780,000 | 733,500 | 790,300 | 787,800

(ton)
Cost of Disposal
15,000
(one hundred 148 147.6 117 110 1185 | 118.2
won/ton

million won)
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Table 2.11 The Present Status of the Scrapped Stone Material Disposal

: ) ) ‘06. 9
Section ‘03 04 05 Note
Present
Amount of
Construction Wastes 169 4,380 6,524 2,493 @
(ton)
Amount of Basalt
Stone Sludge About 40% of
68 1,752 2,610 997
Wastes(ton) @
(two plants)
Amount of Production
34 76 1,305 499
per Industry (ton)
Amount of Estimated
) 442 11,388 16,965 6,481 13 Plants
Production (ton)

Table 2.12 The Production Amount of the Powdered Basalt Sludge

J ! ‘ ‘06. 9
Section 03 ‘04 05 Note
Present
Basalt Stone
442 11,388 16,965 6,481
Sludge(ton)
Cost of Disposal 15,000
N 6.6 170 254 97
(one million won) won/ton
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Table 2.13 The Substance of Water Pollution Emission Test

) Discharged - .
Section y Total Facility Included Facility
Facility
A2 A2 T | w47
2\ &4 1m/A] 7o) 4 1 A
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A7t AA EA1m' o] % a w e aAE
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Table 2.14 The Standard of Harmful Chemistry Ingredient Content

It Density It Density Not
em em ote
(mg/ 4) (mg/ 2 )
Pb 3 or above Cr'® 1.5 or above
Cu 3 or above CN 1 or above 1 ¢ of effluent from the
As 1.5 or above| aerobic(P) | 1 or above clute test result based on
0.005 or the processed waste test
Hg PCE 0.1 or above| and its contained amount
above
Cd 3 or above TCE 0.3 or above
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Allowance of
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Table 2.15 The Analysis of the Stone Industry Wastewater




e

-

S A

2
2)

“‘E‘E%X‘I
=
?

271 =

ﬂ
" T T
E oo EC)
W_M No m...u 70 M n
o = Nlo o
2 3 & T 7 ur o
LIL OU 0 ﬂ — —_ EME —
2 SEgiE0 i
1l - e
o) HQMEﬂEW% ﬁ%zm uxumﬁﬂ
iy =) —_ _ o5 - 3} = ~
—_ ~ < {n my - < H r = X T H —_ 1r
= T o o B e TR . « B M E; % = oK X 5 o
—~ ) EE 1 o HW o N ) L — =) — 00 Qo il E._ B
gﬁﬂi}utgvl;omnqﬁi EE,;;%
wffmonff?yo?ﬂmw}ﬂﬁ 5o N
<o @nﬂﬂégiﬁ%%lwm@ ,MEWOMT
O%Mmﬁfﬂ#@4g&7qqooEo ﬂogoaol@
= % 5 X s iy MM oo = & o o = wm " o N
@Jgggyg ﬁnlzﬁo%ﬁﬂa 5 e .
o P ox g2 Lo = of A - r H —
Br ol X — i o Xo W — ~ il ol X0 3 —_ o £ T s 2
— B = fo = ” o =S ~ N o e RO n Mq o 3} o — 5
KoK = i) aﬁ 0 o= = = ~o ) MM oK Gl Nlo @ © d
= ﬂgl]owar.ﬁﬂﬂa ﬂm_af,g o) ﬂ%%mfh
T T ul iR & - —~ = = xr B o = — H ~
2 2 < % o ™ gt o E N ar N ~
o N ¥ = B\ x¢: R\ X w S % S8
< s T %ﬂlﬂngl 5 = B ! 2%&
= ofp 4w Y ol CRGY = w N N T @ A o)) = = = e} o6 oF i
ﬁ%%%%ﬂ%&}yL%oﬂ%mﬁ@ Wmo,go@
zq70f.iGgﬂ;%&wﬁoﬂmmaue%%g
0 X e W/, 0| T = o| T A g Y o o i o !
oy =0 =0 h N ol _ R Lo X o 7 B o
W < oy K ol T &) afo W i ra i < = Nfo el
< A 9 - do T = Giy o o ok F oy X
ol oo TR o Al Eoa il > ol ~ W — < % Moo B i
@HH&EWJWEQHQEI a.oogﬂl,ﬂﬁwr%
X o= ok ~ ~ o< X i ~n 0 W i
<0 = O " T o el B %0 oo o Ry X oy I Tl ny
! = = 0 = A_u/ o) a- 5 iy = W g’ X9 M i = X o ~
3 i = o TR T I "R = I 3 B% W< = W
ol 5o o 7 BT < g0 O Ny o oF B N o
_,% e - i ZH _ R Cin M] 0 o .mu M ¥ o o) :.Ly ol i -
= 3 = 1 a g = e ; = 3 4 oy 5w = -
W F o @ = g & = L = O 2p Mo = ° o T o =
Efiok vy % i%;fl
m«ﬁ]z o ¥ ﬂoﬂo JR Hom%wo - W 5w ﬁmﬂ
qiﬁﬂuoﬂmwgﬁahoﬁ@%m
T o P o S S SO o g 3 op S
1@09_;&0;@&0%@0@%@
,aafzbﬂo %ogmﬂmw?l
" KO o o i SIS 3 " ?
0% on o I @ra Mo A o o owo
Mo :Ai HL .= HT_ 1__/1 ™
ST T I
W o o M
1
-

- 35 -

40974 =
=7}

[e)

=

S1 =

E!_]_—S]_

1 3

3}

’ OE
A]—_Q_

9 oF

[e}



o

w

hSS

g 2

ted 83tk o] Fo1A

o= Uekon, v B

T A A o

B

B2 AIAA A

]

-
R

o

e dalel &

-
T

2l

Z
S

T A

B/

oo
o

)

3R

e

I

SAH

3

o] AR =

1
W71% Aol vlEe Fi el

©)
Tl

e A AZgol

S|
a

tel A7 TN HIAYES

S

S o] Al
= A= |

3

A

o %
o 5

B
G

Ao 2 19691

= 1970t 8 A2

9 A= = (Pollution
Fol dhAY o Al <}

5]

[e)

=
=

[}

[e)

=

o
7

.

%

IYE AHE

(]

=
T

A

sheich. w2

el &

P ew 1990 ol

1Y

AYA
i I

&

] (Agenda for Action)

=

°

s}
=

1 AlA AL 2

=
=

°

A 24

AdH 7= o

19720 T e
e A%

AYE

i)

=

=L
1

SkO
A

]_

S

=8

2} =2 9
7455 1990 9

A= A

=

(¢}

=
o

2

27]
SRR

Prevention Act)¥} #H 7| &

T
a

o]

& Hete s 1991 A

Ho
o)

—

-

Do

e
=<

1o

IH

JJJ
)

N
=y

Sh2-&, 2005).

S

st o] Sl Aol vk
— 36 —

ke
T

Rt g B YRR 248



III. 7]|&£o] &

N

IH
il
A

4

i
-

Jolu} EAbe] F5A

o) A
=

L

]
8=l

=]
=

AR el A

A

|
o

g AER

e

=0

3 e % 7))

ol

= o

™ o]

L
fils)

NE FHel wet A

!

=0

I
fi%e)
ruze]
.Zrl

o

Ho

N

4 (Constant pore pressure head)

e

3 el dA=
s

A, A9

=
o]

P LA A

i)

U Al

1
T

Aol A

=

£ 0]

FA A

o
3

of
I

I

A

o W

_37_



olm= k7}

o

) 4] o

- EEAF 0 43

(3.1

3t =

-
X

A A7 100%

w4 <]

033

.

IER=

I

9]

49 %)7]

+

A
W

FA A

A

o ZFejAl= =

%

T

B

p=~]

_38_

sle] Aol -
A28

kel
pad



[e)
=

=y

=

(=1,

(®)

s}

Fig. 3.1(a)

L=
A=

A

L,

A9l

Fig. 3.1 Constant head permeability
and falling head permeability tests

o
O

—

el

el

o, &

ol
3R

A

Qg5 5]

.
2 E5AGTL B AR

AT

o

Ho

N

o

(3.2)

Eiasg

&

]
ZS|

Aht
I71M, ki FAlT

_ QL

o
AT

—

O

~

&

~H

_39_



Fig. 3.1(b)¢t #Zth. ¥l vetdl up

d A=

]

A

|

0

o

oF

—_
o

—_
file)

—~
10

i
B

or
jruge]
=)

il
-

-
W

o
Jvmo
‘ZTI
]
4
o
e
o)
oF
<
)

—_
fie)

(3.3)

_ dh _
adt_klA

(3.4)

_dh _ A
ah—kldt

, pAREA F=97E gl pARRA $97F p, e

7l

(3.5)

- [

/)
h

1

-J

)
g

(3.6)

Ty
R

i

[
b=k

[

aiA

_40_



(3.7)
(3.8)
(3.9)
(3.10)

et o 7]

0|

bl gt

(B.1= o] &3

]

s

2 P B

H
o

=

==
T

714

}

0
yad

Fig. 3.2%} Fig. 3.32 o]# 3t
"4 Q1 Darcy

olm g 21(3.1)

]
dl =dr

=

A

RE ol

il

AEE

el

¢+
&

o

B
22!

i
olp

ol
<
0

_41_



__2rmkhAp

2@B6) FrAgel e 4oz A A shd

o Qun (B4 ) (3.12)
2h Ap
7|4 R &FEHE, r& R Ap=pi—p,, pic HT 4=, p= AT &

ok

= e

Fig. 3.2 Plane Schematic diagram of radial
flow

_42_



¢11¢¢

g
il
il
]
——g———

Fig. 3.3 Sectional view of specimen

_43_



dEss A A|BE 514

32|

=
=

Z,

oo W R g o N oy m X o
< MR Lo i T R
. mo = )
,ﬂo;L l_ﬁl 5 B A_l E.e o ‘UI 0 ~ S 0
s ﬁ ﬂ % &) % M SR iy o) o
0 ) ! \ ] O - .
M M Ly ZERXT H >
e Ry T oo T Y
e A R i T
R R A R A al=
. — 0l =
1ﬂrrL Mﬁ_ JJJ | oﬂ X MLM | Z o o No i 5
_;%T. =S & = o e I E dﬂ m.roc >
B o Ao AR Dy 2 ¥
< 9|/ o oE < E <
e KogoNr G < A
I I e A B
MR A B, B o
AN Box 4k woa G =
7L ﬁ.b >— \.|7rO < E ﬁ Ot ,‘H_Tﬂ ;OO Ot
. o o .o 2 il 2 2 mo o i
H N M A W o0 N oo WH
—_ ) — 3
PsEfe DTN gay il
XS N X R = W OE g W
T T W T e e W g
2z gl T e no%
oo o g M W eh W &, % ol Aﬂw
=0 )
FERREASSS = 5
I aiy - = Mo = I Wn 0
oA Mo O R gL R - 4
REREN S LS -5 S S
Az ol il oo B R - _ = X
7 ﬂ o W ) B {F = .
Iy xe o il w| < o T 9 ®ORe 1| ay
woow omom S E R OW o OR = bW
GRS I N = B
T R S, N Wil
w T % W "o AR Mo En o oo

& 71 = A

A ECA 7]
). ZH7 BHgHE el

S

=
.

=
K3

T

R4

[ai3
=

)

il
243t A 7F F=

H

=
=

sttt 2= 3tdoe]

S

o] FEH= oA
_44_

ki3

=

o
_(H

ZHA] ejmlel A T e

W, A2 3gE) =2

X3

H
gl

T3}

gl o] A el A
}

[e}

-

—
=2
N

=
=)
+

=

=

‘gefel o]
(]



Table 3.1 Heat of hydration for cement(Kwon, 2004)

Heat of Hydration per day(cal/g)

Compound
28 90 6.5 13
(Molecular formula) |3 days|7 days 1 year
days | days years | years
S 3Ca0 - Si0 ) 58 53 30 104 117 117 122

C2S< 2C20 - SiO 2) 12 10 25 42 54 53 59

CgA( 3Ca0- Al,05) 24 372 329 311 279 328 324

CAF 60 | 118 | 118 | 98 | 90 | 111 | 102
(3C20- Al,04 - Fe,0.)

AEAME F9) ot o8 WEEET MEs, Faid] g 7o} 2

stA ztzro]l F3ld e 1Y 55cal/g 2

i E
=

o ot 6% 7 ' a7t 5% St
4.1cal/gol S7FstH, 3¥e] 98cal/g % 8O0cal/g, 7€l 99cal/g ¥ 189cal/g®]

Z7}ebr, cal/g= 39 ol Ao wrSAo] ATha B k(A CE 2004)
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LELringate

Rate of Heat Evolution (calfg- Rl

Fig. 3.4 Heat of hydration speed
curve(Kwon, 2004)
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FEEdolgt ZAdo] flo] aAARE Astde] fleu &9 AR A2ddA

Ca(OH), 9k Wrgate] kg B84 stgtes Adstel 43 5+ de =2

CH+ S+ H—C— S— H(Calcium Silicate Hydrate)

(3.13)
(C: GO, H: H,O, S: Silicate)

FET EAHS e BEdEe shtAY &3kt 5o AAAE Fly-ashoh 2
A3 Aol Ut #AAAe] &2 EZAF syl FEE(Diatomate) =
Utt. TEREE X (Diatom)e] AA = vt} = S gHbge] J A st} o] F
Ao AAe) oM mi 2o o 95%7F Silica® T4 Hol glom, xE

24 Fo| 71¢ o] A4g HE HAAE AYHoR S0, 45%, Fe,0, 15%,
9,

2C00 - SiO,+ (n+2)H,0—3Ca0 - Si0, - H,O+ 2Ca(OH), (3.14)

2C00 - SiO,+ (n+1)H,0—3C00 - S0, - H,O+ Ca(OH), (3.15)

agla, o] d f2 Ga(OH),9 tEo] Soluble Silica ¥ AluminaE ¢H-#3haL
JdE TET =Bdo] Hed w dojuyps wEE ofg 43 o] o] Calcium



Silica ¥ Calcium Aluminate®] F3lZo] A E o 2M Ca(OH),o &Fo] WA

Ha xEE ZoE A He Aotk

xCu(OH)y+ ySi Oy + mH,O—xCaO - ySiO, « nH,O (3.16)

xCa(OH)y+ yAl, Oy - mH,O—xCaO - yAl, O, - nH,O (3.17)

AT = AEEeAUe] Ag7tet dFu ot AMEW S Cad e 4
ol & Wk HFoF Ao AW sle] tis] SEM(Scanning Electron
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Table 3.2 Standard Water proof Liner
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Table 3.3 The type

of various liner(Korean Geotechnical Society, 1999)

Item Contents (breakdown)
HEZFA 7F. AAA " E 244 (uatural clay liner)
(clay liner) U 9@ ™ E 2= (compacted clay liner)
7}, 7 AA
- PVC HDPE - CPE - EIA - ECB
ol A 3l A]
-EVA - EPDM - [IR -CR - EPT
(geomembrane) 9. 54
- CSPE - PVC-nitrile ruber - PVC-ethyl vinyl acetate
- Cross-linged CPE
GCLATA ) eaanas mEdes 2
(geosyntethic | ) g omu a3 WEvel= A%
clay liner)
7b S-HEYOlE U FAWE o, &34
g 2389 E
TEYE AWE ZIFE . = 4 ZagE
S A A ] Vi | i N
np, Ol ATE
JJATBE ZIHPE - LHJABE ZIFE
- F/EY ot ATE
Lz go|xpg | 7} o} ATE AH
(spray on liner) | 1. =28 E
7
& ok 7 2= }. BEE Star 1. EM
t}. Condor SS 2}. lon-X System
N P 7} Eeheo] o4 . #Elo]of L= S R
ANLE A=A | 2 #HA S ul, JAH 7 & nl, A4 7] &
& &2} A 7F. & E L. FElo] o th A k3]
(absorptive liner)| 2. tl 2 g}o]E ul, A 3] A
Table 3.3¢1+= mlGA ol AE-5 = Z+E ZAjo] diste] Lstded AE A<
A, A B H Rl A A, TEAFA, 2z o] g 2 VE FoR BFEHI
olE ATAlE B THE HAEH AA THEE T4 Foll o]Er

_52_



AEE EYY E7olAM AEFE] Ardd vt @ F5ATE sty o
wol AFF M T 7 ARelth AR T U EGERFT Al=d]
AbgE ) 1% 8yl American Society of Testing and Materials(ASTM, £
Bk RAbE ol o3 EGEFiel $AX R ARSHE T

183, The US Department of Agriculture’s(USDA’s, JEBIE%:55) 2
American Association of State Highway and Transportation Officials(AASHTO,
EBATERRR) 58 Unified Soil Classification System(USCS, ##f—20%1k)%S

o EFRRAzDE F2 EFRA, AT, v £ BedAEe

HEE dutd oz Ay e ELA5(K=10"~10""cn/sec)S zta Ut}

T4, A9 o ddS At ArAEEAY AFEE AAMsto o &
=
432 EYJE

4.3.3 #9294 7 el (Geomembrane)
H AF3AFAR] AewBglo] AFARA Wol AFEE I e A oeWH
dole st gk Wststdol 231 F4A47F 10712 ~10 “em/secE A v



AomMB o= FAATAF, FAHLFF D of2FEV e olFddA T2
@o] Alg¥+= 7S HDPE(High Density poly Ethylene), EPDM(Ethylene

propylene Diene)s ] t}.

434 ESFAFA oY

-~

Geosynthetic Clay Liner(GCL)E AoWlH gy HES AHS uF Zta 9
AbAleta 9 Qe Aol folst HEHT Fduidom FATE gF
AT A ewHg A HFo]l FH #AA HY T2 gley GCL

3l
AAeAds WlEvelee] A B HAo] oste] AAEATH Q7] Wl H

iy
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oA ARgE dARSE AT AFA 21S HEAG AsteA 2(4
= 3

1. =2 59

1.1 35 AREex
111 =84 EA

AP AHEE AR 100°C ooz 2443t ol & Ax 3 o& A

R

S
£

gto] NodAlE F43 A RS AHE8ES

Table 412 AE&eA 9] 7|2 A4S doatr] A& dAst=s 489 d=44d

.

714 (Korean Industrial Standards)el™ A3 ZAi= Table 4.2¢] A A8} T
7t A= 33 AR Higtolth Fig. 412 Aol AH&" dF< A
X FAE YEAT JEREFAANA HA YRS sheFo] vlaA A
Esteh iAke] A7l 0.002mmE T 2HE o] of 20% 4 =2 el
T 2.87~297=A AubAQl EALS Mgk 2.65~2.7¢ Hls| Atk o
AHA(LL)« 22.3%~23.00%, 24 $A(PL)= 16.57%~187%=; &4 A +(PD+=
346%~573%= Aol FE Ao yeiwrh AT AY HAT5H e 2
1% ~25%0°l 331 HPAZGH]FTHS 1.62g/can ~1.675g/cne] W9l E¥E3}
I Qth Fig. 42& A& A4S BT it oy AEEEA ] T

Al 5.42E-06cm/sec o2 YERY ALl T},
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ek AEe BEAbe gERR BEd FRvles 88 oded
=il oete] et FrIde] AE B vfgrhe 2Ye] ML &A4do] B

o] #7148 HAEQ CLY §Ae Aoz ehdt

Table 4.1 The Test Methods for the powered basalt sluge

Korean Industrial Standards

KS F2308

KS F2303, KS F2304,

A EEA KS F2309, KS F2302

A KS F2312

FrAE KS F2322-95
AHAEA D KS F2343

Table 4.2 The physical properties of the powdered basalt sluge

Test Result
Tests
Contents Powdered basalt
Specific gravity Specific gravity(Gs) 2.92
Water contents Water contents(%) 35%
Liquid limit (LL,%) 2267
Liquid & Plastic L. .
o Plastic limit (PL,%) 17.97
Limits
plastic index (PI) 4.7
Shrinkage Limit (SL,%) 15.32
Shrinkage Ratio (SR) 2.43
Shrinkage Limit
Volume Change (Sv,%) 9.77
Linear Shrinkage (Ls,%) 3.06
Optimum moisture content(%) 2157
Compaction
Maximum dry unit weight (g/cr) 1.65
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2 kgule] B vehd et

Table 4.3 Coefficient of permeability of Powdered basalt

m\ void ratio (e) k(cm/sec)
egree oI compactio

100% 0.747 3.905E-06
90% 0.845 1.072E-05
80% 1.191 2.790E-05
70% 1.503 1.616E-04
65% 1.605 2.636E-04

S 1.0E-03 2.0

=

(5%

Z

g 1.08-04 Coe.of permeability curve 1.5 -g

E Void ratio curve g

3 =

S 1.0E-05 103

£

2

g

S 1.0E-06 0.5

50% 60% 70% 80% 90% 100%

Degree of compaction(%)

Fig. 4.3 Relationship between degree of compaction and coefficient of
permeability
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Fig. 495 o874 Add ez AgE AEste] A3 dadA e Ads-2Hy)
FHAAAA 2 AGSEy F2ASHe] BAE JeERNA L, Fig. 4103 Fig.
4112 g@AAF oz Y3 A=

2 Awsd FASHe] BAS UL, AwAd An dudgze

Table 4.4 Direct shear test result

Test Result
Tests
Contents Powdered basalt

relative density30% 29.16°
relative density50% 31.49°

angle of shear
resistance() relative density70% 33.74°
compaction test result 37.34°

direct shear
relative density30% 0.0962
relative densityb0% 0.1565
cohesion(c)

relative density70% 0.0144
compaction test result 0.7628

_59_



—— Confining pressure 0.5kg/cm2
1.4 | | —&— Confining pressure 1kg/cm2
—&— Confining pressure 2kg/cm2

Shear stress(t,kg/ °)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Horizontal displacement (D,mm)

Fig. 4.4 Relationship between Shear stress and horizontal displacement
(Dr=30%)

1.5

—_
o
T

y = 0.558x + 0.0962

o
(8]
T

Shear stress(t, kg /c)

0.0
0.0 0.5 1.0 1.5 2.0 2.5
Normal stress(c,kg/crt)

Fig. 4.5 Relationship between Shear stress and Normal stress (Dr=30%)
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—a— Confining pressure 0.5kg/cm2
—&— Confining pressure 1.0kg/cm2
1.4 1 —A— Confining pressure 1.0kg/cm2

Shear stress(t,kg/ cT)

0.0 2.0 4.0 6.0 8.0 10.0 12.0
Horizontal displacement (D,mm)

Fig. 4.6 Relationship between Shear stress and horizontal displacement
(Dr=50%)

1.5
™
s
2 1.0 |
% y = 0.6127x + 0.1565
£
7]
505}
5]
=
75

0.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Normal stress(o,kg /ci)

Fig. 4.7 Relationship between Shear stress and Normal stress (Dr=50%)
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1.6
—m-Confining pressure 0.5kg/cm2
1.4 F ——Confining pressure 1.0kg/cm2
—A—Confining pressure 2.0kg/cm2 A AAAAAAAAR
c 1.2 vy
(&) v )
J:: 10 B
g
£ 0.8
E ol
[+
= 0.6 |
= 0.
0.4
0.2 ,
0'0 1 1 1 1
0.0 2.0 4.0 6.0 8.0 10.0

Horizontal displacemeni (D,mm)

Fig. 4.8 Relationship between Shear stress and horizontal displacement
(Dr=70%)

1.5
i |
8
_@1.0 B
° X
Z X
g - y = 0.6678x + 0.0144
172} L
50.5 |
= -
w =
0.0 L L L L
0.0 0.5 1.0 1.5 2.0 2.5

Normal stress(o,kg/cr)

Fig. 4.9 Relationship between Shear stress and Normal stress (Dr=70%)
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—a— Confining pressure 0.5kg/cm2
—&— Confining pressure 1.0kg/cm2
3.5 F —A— Confining pressure 2.0kg/cm2
—@— Confining pressure 4.0kg/cm2

Shear stress(t,kg/ o)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Horizontal displacement (D,mm)

Fig. 4.10 Relationship between Shear stress and horizontal displacement

(compaction)

3.5

3.0 |

2.5
y =0.7628x + 0.073

Shear stress(t, kg /ont)

0.0 . :
0.0 1.0 2.0 3.0 4.0

Normal stress(o,kg/crr)

Fig. 4.11 Relationship between Shear stress and Normal stress

(compaction)
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dHd MEEH A9 sty EAS dolR iz AeUdtn 7| 2348 wSAdT
TE717199 9% XA ¥3BEA 7] (X-Ray Fluorescence, XRF)E &3 40kve]

Aot 30mA A& Rh targetE AR&sto] XS FAMSH] FoAES 4
t}

FAAEZG0,+ AlO, + Fe,0,7F 1839% % FF & o] F i A& Ao YEyt 4
FEYA 9 pHE ¢F 867=2 UE} dvlgld S Wi ok pH 45=2 @o

o} mgo, K0, Na,O7F °F 18% =5 AFA|3FaL o] o] 5] 7h=i3] zHgof & A

d¥ 2 mole 9| om°l o L7HHA FHE U= Adow ddd

Lo,

My O+ Hyo—>M(OH) y—M,, +20H" 4.1)

ion

o714 M: Ca, My, K, Na

Table 459 Fig. 412= XRFE & @59 Aol tiste] £43 @7 4
we A9 534 24 £AA4E e 3 24 S B AR
A S0 FTHFo] 5266%= UEIY 7 Be v &S YEURer o 9
&2 831%E AL,O7F 14.67%, Fe,0,7F 11.06% % EFSL

S0, R AL,o= AR T FPHE Cu(0OH),% WHEstel HHEZE
(tobermorite © a0 - SO, - HO)E ¥4 + s Ao= Addr 4,09
85 Cu(OH),oF Wr&3te] 3uo - S0, - BOE B3 Mol wrgste] o E
H7lolEE HAse £E2T W3S do7 HAow #AukEul Table 463 Fig.
413 AEEeA et AES} S &I F A tg pH #& YERNS
o},
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Table 4.5 Chemical composition of Powdered basalt

Sample
' Contents(%)
constituent

Si O, 52.66
Al Oy 1467

1i Oy 1.93
Fe, Oy 11.06
MgO 6.33
a0 8.31
N, O 2.34
K0 0.98
MhO 0.14
PO, 0.34
LOI =
total 99.26

¥ LO.I : Loss of Ignition

60

Contents(wt%)
n W Py
o o o

—_
o
T

| el

Si0O2 ARO3 TiO2 Fe203 MgO CaO Na20 K20 MnO

Chemical composions

Fig. 4.12 Chemical composition of Powdered basalt
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Table 4.6 The pH values of the Powdered Basalt Sludge and Cement
Mixture Ratio to time elapsed

Day
1 3 5 6 7 9 11 13 15 18 20

Ratio

1:1 (1247 124 [ 12.37 1233 |12.23 | 12.03 | 11.81 | 11.53 | 11.35 | 11.16 | 11.11

1:3 12.3 |12.27 112,18 | 12.09 | 11.96 | 11.74 | 11.56 | 11.31 | 11.16 | 11.04 | 10.95

155 1122212111194 11.92 | 11.79 | 11.60 | 11.43 | 11.26 | 11.18 | 11.09 | 10.99

177 11212 11.95|11.83 | 11.75| 11.63 | 11.45 | 11.34 | 1.25 | 11.06 | 11.00 | 10.91

1:10 |12.03]11.76 | 11.59 | 11.50 | 11.39 | 11.17 | 11.07 | 10.98 | 10.85 | 10.81 | 10.73

Cement |12.61| 12.6 |12.54 |12.51 | 12.41 | 1219 | 11.96 | 11.64 | 11.43 | 11.23 | 11.10

PBS | 947 | 873 | 881 | 895 | 892 | 888 | 887 | 886 | 879 | 8.78 | 8.67

Water | 799 | 7.84 | 7.83 | 7.83 | 7.81 | 7.76 | 7.89 | 791 | 7.94 | 792 | 792

155 1179 11.89 | 11.80 | 11.78 | 11.70 | 11.38 | 11.26 | 11.11 | 10.87 | 10.54

P4

ot
el

USRI

s
FEFE 100g, B300g EstAlE ANE FHe] 1%AHE

(ol

——1:1 -A—1:3 &5-1:5 -©—1:7 —6—1:10 —A— Cement —ll— Sludge —@— Water —y¢ 1:5(20kg)

0 5 10 15 20
Time(day)

Fig. 4.13 pH Variation to the Powdered Basalt Sludge and Cement
Mixture Ratio
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I = Table 473 Zom, A 59 FAdxe= 7|4 odz dehut
Fig. 4159 4162 Y E<eiA ) A4S =74 A4S T3 a2

Aol .

Table 4.7 The Analysis of the Harmful Chemistry Ingredient Content

Item Standard Result Item Standard Result
3 or b 1.5 or

Pb 0.000 Cr 0.000
above above
3 or 1 or

Cu 0.163 CN 0.000
above above
1.5 or ) 1 or

As 0.000 Aerobic(P) 0.000
above above
0.005 or 0.1 or

Hg 0.000 PCE 0.000
above above
3 or 0.3 or

Cd 0.027 TCE 0.000
above above

% Unit: mg/ ¢
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Fig. 4.15 The shape/surface in Powdered basalt by scanning
electron micrograph(300:6,000)

Fig. 4.16 The shape/surface in Powdered basalt by scanning
electron micrograph(12,000:50,000)
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1.2 FFEA

el A Hskel A@e AAsHc

1.21 EARA]

it

AFA $A & S A AN BAEHE 2709 A AN EAN ARE
TR, Ao AF&E A== 100°Co] o2 24413 o] $Hd3] dxg A
25 AHESIATE Table 482 AFEALS] 7] =45 Fotstr] S8 AAg 4
7F 4 (Korean Industrial Standards)g WEF AT

7 ZAXNE 33 SAHAY HaEHoez HF AE Table 4991 AAEHA T
Fig. 4173 Fig. 419 33 H Al d=E&x=4ds Herdda. #lF9 &
< 258~267°1th. A H AASA = AFAY AGdSA = 40%~41%, A2 F

Ae 2265%~2548%%=; £ A€ 1552~17.35% LIERSH
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Table 4.8 The Test Methods for the soil sample 1

Item Korean Industrial Standards
H| 2= A 8 KS F2308
M- AdEA A Y KS F2303, KS F2304,
A= EH KS F2309, KS F2302
gAY KS F2312
FrAd KS F2322-95

Table 4.9 The physical of the soil sample 1

Test Result

Tests
Contents Sample 1-1 | Sample 1-2
Specific gravity Specific gravity(Gs) 2.58 2.67
Field density dry unit weight (g/cm) 1.48 1.49
Water contents Water contents(%) 15.27 13.51%
coefficient of uniformity C, 13.33 13.33
Grain size analysis
coefficient of curvatureCe 1.67 1.67
Liquid limit (LL,%) 41.00 40
Liquid & Plastic ~
o Plastic limit (PL,%) 2548 22.65
Limits
plastic index (PI) 1552 17.35
Optimum moisture content(%) 18.60 19.00
Compaction Maxi it weight
aximum dry unit weig 17 173
(g/cm)
Permeability Test | cocticient of permeability of |7 50p ) | 1 o155

compaction sample (cm/sec)
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Fig. 4.17 Grain-size distribution curve of site soil sample 1-1
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Fig. 4.18 Compaction curve of site soil sample 1-1
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I—L—I—Ll—li —@— Soil1-2
e B Shudge | 9
\.\ 60
130
'\&‘\ -
L 0
100.0 10.0 1.0 0.1 0.0 0.0
Grain size(d,nmm)
Fig. 4.19 Grain-size distribution curve of site soil sample 1-2

3

Dry density(rd,g/cm’)

.80

.75
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.65

.60

.55

.50

5 10 15

Water content(®,%)

20 25

Fig. 4.20 Compaction curve of site soil sample 1-2
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1.22 EAF AR 2

Aol AbgE EAMAR 2= MFAEAC AT SEAAAGZANAM ARE TSt
Ao, 100°Col oz 2413t o] &ds] dxd A RE ARSI A
< BEAF ARl 2

2 SAA = 33 SA4A9 Hegter 49 A= Table 41001 A 5H3A

Fig. 4212 A3 ® A89 A=EEF4S el HF 9 g2 24401t

4
i
=
&
i
i
o
3L

Aol Algel el v Aldd Aa HAZgHl= 25%, AHAxzGHT

Table 4.10 The physical of the soil sample 2

Test Result
Tests
Contents Sample 2
Specific gravity Specific gravity(Gs) 2.44
Field density dry unit weight (g/cm) 1.22
Water contents Water contents(%) 21.03
coefficient of uniformity C, 10.0
grain size analysis
coefficient of curvatureCe 1.37
Liquid limit (LL,%) 50.00
Liquid & Plastic Plastic limit (PL,%) 3548
plastic index (PI) 1452
Optimum moisture content(%) 25.0
A compaction
Maximum dry unit weight (g/cr) 1.48
ermeability Test coefficient of permeability of S 11E-04
D y compaction sample (cm/sec) '
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Fig. 4.21 Grain-size distribution curve of site soil sample 2
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Fig. 4.22 Compaction curve of site soil sample 2
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1.3 AlWE 2 &34

THAIRY WA A3E HAHow AMRE AHEE Ay ow ZAZE
AR wlel A ZHE Wl AREH AL gl =l DAFY] ZEHE 1F HEA
HNEE AbEstl o, E3kAl= DA AlF & AHESFAT

AFEE AHE 318HE - EelA EAS AWE Ax3|Abe] AR S 8 &
Ql 3t o™, Table 4.11% Table 4.129F #Z Tt} Fig. 4.23% 4.24+= AH&¥ AWE
o] S AWEFA AAANE S 3 B Aol

oAl XA FFEA7](X-Ray Fluorescence, XRF)= &3] 24330
Table 4132 &3hA) 9] 3}8t4 548 Yeblidoh

Table 4.11 Chemical composition of cement

constituent chemical composition (%)
MgO(%) 5.0 or below
AN, 0
L 3.0 or below
below
SO3(%) =3
3Ca0 + AI'O” 8%
3.5 or below
(exceeded)

LOI

3.0 or below
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Table 4.12 Physical composition of cement

Contents

physical composition

Fineness (cn/g)

2800 or below

Stability (%)

0.8 or below

] Start (min) 60 or above

Gillmore Test o .
) ) Finish (min) 10 or below

Setting Time -
Start (min) 45 or above

Beaker Test o ]
Finish (min) 375 or below
) 3 days 130 or above

Compressive
7 days 200 or above
Strength

28 days 290 or above

Fig. 4.23 The shape/surface in Cement by scanning electron
micrograph(300:6,000)
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Fig. 4.24 The shape/surface in Cement by scanning electron
micrograph(12,000:50,000)

Table 4.13 Chemical composition of quick setting admixtures

constituent | SiQ, | Al,Oy | Fe, Oy | CaO | Na,O | K0 | MhO | POy | LOI | total

Contents

(%)

= 6.59 R - | e = - | 3787 | 80.86

LOJI : Loss of Ignition
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Table 4.14 Physical composition of Fly-ash

Korean Industrial
Test Item Result
Standards
Density (g/cr) 2.24
non surface area
fineness brain method 4232
(c/g)
3 [¢)
.R.atlo.of the flow value(%) 99 KS L 5405-04
Activity index
28 days 92
(%)
Water (%) 0.1
LOI(%) 263
Si02 (%) 58.4

142 3tsb4 g4

Fly-ashe] St 8o glgke] Aol 27 2

% 84 9 A7e ga da Aol vk ALH Fly-ashe] satd S4E @
Sfuaa #AAA A@AT Lol %) BAF A7 Table 415% Fig. 4259
2. Fig. 4267 427¢ Fly-ashel Q4 44574 d4an4e g4 Baa
Aolt},

Table 4.15 Chemical composition of Fly—ash

Sample Korean Industrial
Contents(%)
constituent Standards
SiOy 53.30
FexOs 5.28
AlLOs 23.00
CaO 6.79
MgO 1.11 KS L 4007-96
K0 0.84
NaxO 0.55
SO3 0.82
LOI 4.60
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Fig. 4.25 Chemical composition of Fly-ash

Fig. 4.26 The shape/surface in Fly-ash by scanning electron
micrograph(300:6,000)
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Fig. 4.27 The shape/surface in Fly-ash by scanning electron
micrograph(6,500:50,000)
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Table 4.16°1 Al 8}Sit}.
Fig. 4282 @34 ® A5 d=&x340S el vFo g 26201t

<
HARAZG T F S 1.68g/an, ALT 2GS TF S 1.37g/arolth. 5 AT 1.469]

ARFel oste] RFE me SPYERE/} L

Table 4.16 The Physical of the sand

Test Result
Tests
Contents sample

Specific gravity Specific gravity(Gs) 2.62
minium dry unit weight (g/cm) 1.37

density
maximum dry unit weight (g/cm) 1.68
coefficient of uniformity C, 1.46

grain size analysis ==

coefficient of curvatureCe 1.04
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Fig. 4.28 Grain-size distribution curve of Sand

Fig. 4.29 The shape/surface in sand by scanning electron
micrograph(300:6,000)

Fig. 4.30 The shape/surface in sand by scanning electron
micrograph(12,000 :50,000)
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Fig. 4.32 Grain-size distribution curve of materials

_85_

Percent finer

Percent finer



2. AlEeE B EE
2.1 A9 wiet

A dFEAL AME 31 E344, Fly-ash, Zajot #4dn|&= wjdst

=1
ol oJ217kA] Typedl A &EE WhEol AlES A8t Al=e] vigH &2

4%
A &&3ste] ol# Typeo= 3dtlem, Typed AF wigay A& A2
Table 4187 Zth WA AHEHE= 22 ¥8Ho= WA =3& 1y
EHIZ gro] 75~1257F ¥H= Wl el AR&sEH
Table 4.18 Total Mix Proportion Matrix
Item Type 1 Type I Type I Type IV |Type V
Sludge o [ [V o o
Fly-ash o o
Cement o [ ~ [
Admixture o
Sail 1 o
Soil 2 ®
Sand o
Tests i;:;fjﬂj FE/FF | GEF/RE | GF/EF | B
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AE WEH AR GFFEE AP st AR AREUASE ANE
= 01, 111, 41, 511, 611, 912 atg o EAe A7lEe AHME Fo

1%2 stem, 7+ wigtr]e] gigt &9z AYPES Bt W/(BS+CO)(BS: A,
C: AWE)H= 375%2 Ast) olw 28 2ol 1S 75~1257 HE= Heu)
oA =7g ekt

Table 4.19 Mix Proportion Ratio of Type 1

Item Sludge(%) | Cement(%) | Z3}41(%) Water(%)
TypeI-1 0 100 1
Typel -2 50 50 0.5
Type I -3 80 20 0.2 Sl Zgko] 75~1257}
Typel -4 | 83 17 017 G W ARE
Typel -5 37 113 0.13
Type I -6 90 10 0.1

(2) Type

o
MEEs dists BdHe] Ak VhAREH HAAVIE AT 3 (g

Fly-asht= @l £34, 4234, AFAR, E2AR, AL 5O8 off
243 a1 Qo e

WA FgA
ol B e ABgsE ArA A7) Askel M Type2 BAste] A3t
Atk Fly-ashet A 2o, AFEA, AWMES Table 4209 2ol wiatste] A
etk W/BS+CFa)(BSAHE, C: A/WIE Fa: Zeho]o] 4] 375%% 4
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Atk oW EHZ O Fe 75~1257F HE WHYHANA Z=As ST
Table 4.20 Mix Proportion Ratio of Type II
Item Sludge(%) | Cement(%) | Fly-ash(%) Water(%)
Typell -1 50 50 0
Typell -2 48 32 20
EHiZgko] 75~1257}F
Typell -3 42 18 40
EER LR AN
Typell -4 32 8 60
Typell -5 18 2 30
(3) Type M (A+< 2] A+ A4l E+Fly-ash+d G EA}2)
9 Mol m7lel Frhste] AEE EARE Foba Hdo] HmH sy
gel ) g gol REHo] g Tol Foldt ARE YRREL HEed
Ask AWE, Fly-ash HE B g2 ojnz wgel 442 Husns
ABTYel hE AAA WS PRSI Aokl EAZ Frkekel MF Typed
AA ANFsFt Typed wj$hu]= Table 4.213 2t}

Table 4.21 Mix Proportion Ratio of Type III

Item Sludge(%) | Cement(%) | Fly-ash(%) | Soil 2(%) Water(%)
Typelll-1 50 10 40 0
Typelll-2 40 8 32 20 el smglo] 75~
Typelll-3 36 6 18 40 1257} =+ 19
A8
Typelll-4 28 4 3 60
Typelll-5 16 2 2 80
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(4) Type IV (A EEe] A +A Wl E+ R )

ZAYE WFA F=ARE o] & Refle 384 gddo] H
WA Qjo] &olgk AEE YEFEVE FEote AMEEHA
T HEA oln=m widd AAAS grRHA As AAe] HFE7E Fsstd]
A AE T H FFAAS EAskE W a4 olgte ddo] Qlo] Y&
F7F Wi Types ZAAst AldstAdth. Typed Wi dv]+ Table 4.229F #o] Hj

Fakel A@start

Table 4.22 Mix Proportion Ratio of Type IV

Item Sludge(%) | Cement(%) Sand(%) Water(%)
TypelV-1 50 50 0
TypelV-2 48 32 20
Syl X gro] 75~1257F H &
TypelV-3 42 18 40
HeAW AR
TypelV-4 32 8 60
TypelV-5 18 % 80
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FEAEE Ak Type 19 wlde 4545 A93S A wds Type 3

s sttt

Table 4.23 Mix Proportion Ratio of Type 1

Item Sludge(%) | Cement(%) | <3}A41(%) Water(%)
TypeI -1 0 100 1
Typel -2 50 50 0.5
Type I -3 80 20 0.2 Z 7l Zgko]l 75~1257}
TypeI 4 83 17 0.17 = Hoy AlE
TypeI -5 87 13 0.13
Typel -6 90 10 0.1

(2) Type O (A+< 8 A +A| AW E+Fly-ash)

25A08E 9% Type Mo MFe FEAE A9

o
fo
o]

3 wjgtet Type I <}
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Table 4.24 Mix Proportion Ratio of Type II

Item Sludge(%) | Cement(%) | Fly-ash(%) Water(%)
Typell -1 50 50 0
Typell -2 48 32 20

ez gko] 751257
Typell -3 42 18 40 il ]LHOM AH—I i

Typell -4 32 8 60

Typell -5 18 2 30

(3) Type M (A& A +A W E+Fly-ash+3 g EAL2)

FrEAdSs 918 Type Mo Mg =54 %= AldS #18) v Type Mot

Table 4.25 Mix Proportion Ratio of Type III

Item Sludge(%) | Cement(%) | Fly—-ash(%) | Soil 2(%) Water(%)
Typelll -1 50 10 40 0
Typelll -2 40 8 32 20
SHEZgo] 75~
Typelll-3 36 6 18 40 1257F = H9u
o A AF&
Typelll-4 28 4 8 60
Typelll-5 16 2 2 80

(4) Type NAEESHA+AHE+EY])
FrAES % Type VO widte 545 AlgS A8 wlgst Type Ve

OEAS
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Table 4.26 Mix Proportion Ratio of Type IV

Item Sludge(%) | Cement(%) | Sand(%) Water(%)
TypelV-1 50 50 0
TypelV-2 48 32 20

] LY Z o] 75~1257F &= W
TypelV-3 42 18 40 o ol A Ab&

TypelV-4 32 8 60

TypelV-5 18 2 80

(5) Type V (A& A +HFEAH)

NEEHAL AFEA 18 &dsto] AREeA Tl 0%, 10%, 20%. 40%,

60%, 80%, 100%= &t GHAAES & Jo} HAazd = o]std

FAE AFAS APsto] AgEon. @ ST AF A st Ao

91.0%% 89.5% % Al AF3st] FFAIE AlFAE Bk AEA AF

MBEEe A9t FFEALS] wWjgH] &S Table 4273 2o Fig. 435 o
_T_

Ao oJste] £~ HMER FFAY AMEE HER

4

o

>
L

Ht

=
il

2 A

=

R R S
!

A&7 APst= FHolth Fig. 436> 438 & A5E X35 A7 F
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Table 4.27 Mix Proportion Ratio of Type V

Specimen

Item Sludge Solil
TypeV -1 0% 100%
TypeV -2 10% 90%
TypeV -3 20% 80%
TypeV -4 40% 60%
TypeV -5 6026 40%
TypeV -6 80% 20%
TypeV -7 100% 0%

Fig. 4.35 Remolded sample Fig. 4.36 Samples saturation
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Fig. 4.45 Setting feature

Fig. 4.44 Container Lid
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Fig. 4.50 Making Specimen for Testing-2

Fig. 4.51 Making Specimen for Testing—-3
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Table 5.1 Compressive strength of water curing specimen Type 1

Curing time

Specimen 7 days 14 days 28 days
Type | Sludge | Cement (kgf/cm?) (kgt/cm?) (kgf/cmd
[-1 0% 100% 222.18 321.91 370.80
[-2 50% 50% 166.97 221.77 243.41
[-3 80% 20% 66.99 94.46 140.32
[-4 83% 17% Dl lsank 83.96 106.93
I-5 87% 13% 51.86 73.69 103.14
[-6 90% 10% 3 | s o177 83.15

Table 5.2 Compressive strength of air curing specimen Type 1

Curing time

Specimen 7 days 14 days 28 days

Type | Sludge | Cement (kgf/cm?) (kgf/cm?) (kgf/cm?)
I-1 0% 100% 191.54 186.30 2277.23
I-2 50% 50% 114.75 143.16 173.65
[-3 80% 20% 64.57 61.63 53.01
[-4 83% 17% 57.26 59.92 49.80
I-5 87% 13% 55.23 51.36 38.25
[-6 90% 10% 25.68 14.63 14.23
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Fig. 5.1 Relationship between compressive strength and Cement Content

(water curing specimen)
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Fig. 5.2 Relationship between compressive strength and Cement Content

(air curing specimen)
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Fig. 5.3 Relationship between compressive strength and Curing time

(water curing specimen)
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Table 5.3 Compressive strength of water curing specimen Type II

Curing time (day)

. 7 days 14 days 28 days
Specimen (ket/ed) (kgf/errd) (ket/erd)
cm cm cm
Type | Sludge| Cement|Fly—ash
m-1 50% 50% 0% 2184 236.2 265.9
m-2 48% 32% 2096 139.2 162.9 190.4
m-3 42% 18% 409 43.5 63 73.6
II-4 32% 8% 6096 13.2 21 23.4
I-5 18% 2% 30% S F 393 SN 9 P T
300
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E 250 |
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= 200
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Fig. 5.5 Relationship between compressive strength and Curing time

(water curing specimen)
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Table 5.4 Compressive strength of air curing specimen Type IO

Curing time (day)
. 7 days 14 days 28 days
Specimen (ket/ed) (kef/errd) (ket/ed)
m m
Type | Sludg |Cement|Fly—ash e ¢ c
om-1 50% 50% 0% 195.8 224.2 247.2
o-2 48% 32% 20% 119.2 152.3 180.7
om-3 42% 18% 40% 42.0 65.2 73.6
m-4 32% 8% 60% 18.3 21.3 29.1
-5 18% 2% 80% 3.1 3.5 4.7

300

|—o—Tvpe I-1 —A—Type 1-2 —5Type 1-3 ——Type -4 —A— Type 1.5 |

250
200 r

2

Compressive strength (kgf/cm)

150
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50 F E/—B////El
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0 A A : A
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Fig. 5.6 Relationship between compressive strength and Curing time

(air curing specimen)
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Fig. 5.7 The shape/surface in Type I -1 by scanning electron
micrograph(300:6,000)

Fig. 5.8 The shape/surface in Type I -1 by scanning electron
micrograph(12,000:50,000)
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Table 5.6 Compressive strength of air curing specimen Type I

Curing time (day)
. 7 days 14 days 28 days
Specimen
: (kgf/cm?) (kgf/cm? (kgf/cm?
Type |Sludge|Cement | Fly-ash| Soil 2
Mm-1|50% | 10% | 40% | 0% 45.2 62.3 68.2
M-2 | 40% | 8% | 32% | 20% 3.3 4.8 5.2
Mm-3 | 36% | 6% | 18% | 40% 49 4.2 2.8
Mm-4 | 28% | 4% | 8% | 60% 4.5 39 36
M-5| 16% | 2% | 2% | 80% 4.0 3.8 3.6

100

‘—Q—Tvpe -1 —A—Type I-2 —F—Type -3 —4—Type 1-4 —A— Type II-5

2

Compressive strength (kgf/cm)

: s . -

0 7 21 28

14
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Fig. 5.9 Relationship between compressive strength and Curing time

(air curing specimen)
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Fig. 5.10 The shape/surface in Type -1 by scanning electron
micrograph(300:600)

Fig. 5.11 The shape/surface in Type II-1 by scanning electron
micrograph(12,000:50,000)
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Table 5.7 Compressive strength of water curing specimen Type IV

Curing time (day)
. 7 days 14 days 28 days
Specimen (kef/crrd) (kgf/erm?) (kef/crr?)
cm’ cm cm
Type | Sludge |Cement| Sand
V-1 50% 50% 0% 2184 236.2 265.9
V-2 48% 32% 2096 152.1 168.2 184.3
V-3 42% 18% 40% 134.0 144.5 157.3
V-4 32% 8% 60% 58.2 63.3 789
V-5 18% 2% 80% 1.9 2.5 3.8

300
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E 250
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14
Curing time(day)

Fig. 5.12 Relationship between compressive strength and Curing time

(water curing specimen)
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Table 5.8 Compressive strength of air curing specimen Type IV

Curing time (day)

. 7 days 14 days 28 days
Speien (ket/ed) (kgf/errd) (ket/erd)
Type | Sludge |Cement| Sand kgf/cm kgf/cm kgf/cm
V-1 50% 50% 0% 195.8 224.2 247.2
V-2 48% 32% 2096 167.4 1754 196.2
V-3 42% 18% 40% 1125 136.2 158.3
V-4 32% 8% 60% 41.3 43.3 46.0
V-5 18% 2% 80% 1.8 2.6 34

300

‘—e— Type IV-1 —A— Type IV-2 -5 Type IV-3 —— Type IV-4 —A— Type IV-S‘

250

200
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Compressive strength (kgf/cm)
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Fig. 5.13 Relationship between compressive strength and Curing time

(air curing specimen)
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Fig. 5.14 The shape/surface in Type IV-1 by scanning electron
micrograph(300:600)

Fig. 5.15 The shape/surface in Type IV-1 by scanning electron
micrograph(12,000:50,000)
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Table 5.9 Tensile strength of curing specimen Type I ( 7days)

- Compressive
) i ) Tensile strength
Mix Proportion Ratio _ strength 0. / O
0 (kgf/ sz)
0. (kgf/em?)
cured | cured | cured | cured |cured |cured
Type Sludge| Cement| Fly-ash| in n n in n in

water | air | water | air |water| air

-1 50% 0% 0% 264 | 224 | 2184 | 1958 [12.1%|11.4%

-2 48% 32% 20% 132 | 11.7 | 139.2 | 119.2 | 9.5% | 9.8%

-3 42% 18% 40% 54 41 435 | 420 [12.4%] 9.8%

3 3 oHwd Ay AP EE dEFE 82%~141% AEolal, F7|FAA 7
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Table 5.10 Tensile strength of curing specimen Type IV( 7days)

Tensile Compressive
Mix Proportion Ratio strength strength 0 / O
0; (kgf/em?) | Oc(kgf/cm?
cured | cured | cured | cured | cured | cured
Type | Sludge |Cement| Sand in in n n n in
water | air | water | air | water | air
V-1 50% 50% 0% 264 | 224 | 2184 | 195.8 | 12.1% [11.4%%
V-2 48% 32% 20% 214 | 156 | 1521 | 167.4 | 14.1% | 9.3%
V-3 42% 18% 40% 11.0 7.8 | 1340 | 1125 | 8.2% | 6.9%
250 | <O Tentsile Strengh(Water)
a @ Tentsile Strengh(Air) |:|
5 200 h OCompressive Strengh(Water) H
jm: () H Compressive Strengh(Air)
© E 150 | 5
» 9
35 .
O X i .
= < 100 b
£
8 50 F
A @
0 *.
0 20

Cement contents(%)

Fig. 5.16 Relationship between compressive and tensile strength and

Cement contents
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Table 5.11 Classified of Compressive strength

Compressive Mix Proportion Ratio(%)

Strength Type

(kef/cm) Sludge | Cement | Fly-ash | Soil 1 | Soil 2 Sand
m-2 40 8 32 20

200] &} m-3 36 6 18 40
V-5 18 2 80
1-6 90 10
m-3 42 18 40

20~100 -4 g7 8 60
-1 50 10 40
V-4 32 8 60
Te=3 80 20
= 83 17
1-5 87 13

101~200
m-2 48 32 20
V-2 48 32 20
V-3 42 18 40
1-1 0 100
1-2 50 50

2010]4F
m-1 50 50
V-1 50 50
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Table 5.12 The shape/surface in Cement contents by scanning eletron

micrograph(10,000)
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Fig. 521& %
o]

Table 5.13 Coefficient of permeability of specimen Type I

Curing time
. 7 days 14 days 28 days
Specimen
Type |Shudge|Cement (cm/sec) (cm/sec) (cm/sec)
I-1 0% | 100% 1.638E-08 1.180E-08 7.323E-09
I-2 | 50% | 50% 5.294E-08 2.225E-08 1.110E-08
I-3 | 8% | 20% 4.328E-06 9.481E-08 8.942E-08
I1-4 | 83% | 17% 6.271E-06 1.738E-07 9.836E-08
I-5| 8% | 13% 8.693E-06 2.438E-07 1.925E-07
I-6 | 90% | 10% 1.493E-05 9.342E-07 8.38E-07
I-71]100% | 0% 4.670E-06
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Table 5.14 Coefficient of permeability of specimen Type II

Curing time (day)
) 7 days 14 days 28 days
Specimen

Type |Sludge|Cement| Fly-ash (cm/sec) (cm/sec) (cm/sec)
oO-1 1| 50% | 50% | 0% 9.84E-09 1.17E-08 1.36E-08
O-2 | 48% | 32% | 20% 3.01E-06 1.95E-06 8.94E-07
O-3 | 42% | 18% | 40% 6.45E-05 3.88E-05 1.31E-05
O-4 | 32% | 8% | 60% 1.99E-04 1.35E-04 7.04E-05
O-5 1| 18% | 2% | 80% 7.88E-04 5.05E-04 2.21E-04
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2.3 Type M (A ELEH A +A Wl E+Fly-ash+& ZEAL2)

Type M2 4% F5Agd 423+ Table 51591 YEFU AT Table 515914 H &
Hpel o]l AN F&EH= EAVE MigE s Afdes drle dmd B
71% 1x10 "em/sec ©]8+2 RHEdE A9 1Tk

A FEEAZE WidE o RmA AS AT AR FAT FAHAY AF
ol ZFal A= st o &)

2 of o
EARE wEA e AaEgels vt e AoR PER

»

Table 5.15 Coefficient of permeability of specimen Type I

Curing time
Specimen 7 days 14 days 28 days
: (cm/sec) (cm/sec) (cm/sec)
Type | Sudge| Carert|Hy-ash| Sail 2
Mm-11|50% | 10% | 40% | 0% 1.95E-04 1.06E-04 1.78E-05
IM-2 | 40% | 8% | 32% | 20% 3.35E-05 Ay F 13 2 &) 3} 3]
M-3|36% | 6% | 18% |40% | %A% 37 $AF T PN 5 T
M-4|28% | 4% | 8% |60% | ¥AF 33 FAF 97 S 97
M-5|16% | 2% | 2% [80% | %A% I FA 5 77 YA 5 T2
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A ES] dhaFo] 18% ol&kel AgoE AESHAE wiggo] Hojxa m
= el BolAE HYIE #EHEY FUIeS UEoA] FudE YRkA
A AFAZZA AE T AoE AEHAL
Table 5.16 Coefficient of permeability of specimen Type IV
Curing time
Specimen 7 days 28 days 28 days
(cm/sec) (cm/sec) (cm/sec)
Type |Sludge|Cement| Sand 2l i "
V-1 | 50% | 50% | 0% 9.84E-09 1.17E-08 1.36E-08
V-2 | 48% | 32% | 20% 2.52E-08 3.82E-08 5.11E-08
V-3 | 42% | 18% | 40% 8.39E-08 9.18E-08 9.96E-08
V-4 | 32% | 8% | 60% 6.05E-06 7.31E-06 8.56E-06
V-5 | 18% | 2% | 80% Ads I Ads I AdF 97
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25 Type V (AEEHA+AAEAMN)

Table 5132 AE&e1A 9t AFEA 1-1 A5 NodAl T34 A5 2 E3HA
of wjgdANA e EqAE AN G AaE YERARAT Table 5172 4@
GEA 1-2 Al89 NodAl &3 Als R 3kl wighdAcdA e EdA59
AN 23E YER ST

E3AE A AEEUAE 1%E st FFAIYR AFAE wEAEA o
A AldAdito] odle] AHEe] At tRAAY Ay HESE A9 TlEkol
Lol A4 2 AAxALErt AsstE A4S YeEha HAgSuE 2olA =
75]6;:}_0‘ ‘/]'EI’IH—L N\E]' 017/&*01: g—%"/‘]ﬁ_gl @,v‘i—%aix] @-%‘t %—7]-0” o] 3} o7

NE=R3h=N
Table 5.189} Table 5202 th3d A& AT}o] oJate] wigin] & AHFe 1-1, 1-2
AFEALZ &3 A5 FFA5e Ad & 7FH S YEla )

Table 5.17 Compaction test result of Powdered basalt and soil sample 1-1

Specimen Maximum wet |Maximum dry unit| optimum moisture
unit weight(g/cr) weight(g/cr) content(%)
Type |Sludge| Soil No.4 No.4 No.4
V-1-1| 0% | 100% 1.969 1.487 24.50
V-1-2] 10% | 90% 2.060 1525 26.00
V-1-3] 20% | 80% 2.031 1.542 24.10
V-1-4] 40% | 60% 2.037 1.593 21.80
V-1-5] 60% | 40% 2.046 1.615 21.10
V-1-6| 80% | 20% 2.039 1.642 19.50
V-1-7/100% | 0% 2.001 1.66 21.8
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Table 5.18 Coefficient of permeability of Powdered basalt and soil
Specimen 1-1

Specimen No.4 void ratio
- K (cm/sec) e

Type Sludge Soil

V-1-1 0% 100% 1.56E-05 0.748
V-1-2 10% 9096 2.35E-06 0.726
V-1-3 20% 80% 1.51E-06 0.725
V-1-4 40% 60% 9.89E-07 0.729
V-1-5 60% 40% 1.62E-06 0.741
V-1-6 80% 20% 1.98E-06 0.765
V-1-7 | 100% 0% 4.67E-06 0.747

Table 5.19 Compaction test result of Powdered basalt and soil sample 1-2

Specimen Maximum wet | Maximum dry unit| optimum moisture
unit weight(g/cm) weight(g/cm) content(%)
Type |Shudge |Soil No.4 No.4 No.4
V-2-1] 0% |100% 1.874 1.49 25.8
V-2-2| 10% | 90% 1.943 1.53 27.0
V-2-3] 20% | 80% 1.938 1.55 25.0
V-2-4] 40% | 60% 1.957 1.59 23.5
V-2-5] 60% | 40% 1.952 1.60 22.0
V-2-6] 80% | 20% 1.999 1.65 21.2
V-2-71100%| 0% 2.001 1.66 21.8
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Table 5.20 Coefficient of permeability of Powdered basalt and soil
Specimen 1-2

Specimen No 4 void ratio

Type Sludge Soil K (cn/sec) e

V-2-1 0% 100% 1.010E-05 0.836
V-2-2 10% 90% 2.132E-06 0.845
V-2-3 20% 80% 1.087E-06 0.825
V-2-4 40% 60% 2.345E-07 0.779
V-2-5 60% 40% 1.861E-07 0.788
V-2-6 80% 20% 2.058E-06 0.875
V-2-7 100% 0% 4.670E-06 0.747

Fig. 5237 Fig. 524% 7 ¥l B F4A5E Jed Aol 2gelA
e kst o] RSt ARSeAY gl /13 wet dass 2
F& woltl ArseiAe) Fdol 60%AEL F/EH T4 AN
vheRf A glek

ey 4Rsed Fge] 1 oo FAEA FEAS B Fkee 4

S Holal rt o] A& Table 5.19, Table 521 vlepdl nvle} 7o) zb wjdin)
of W 17t FASEE AR oo Hldsle] Hade AORE &Y
EaEa =
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Table 5212 A% 9% Ao gsto] 1-1= ZoiE®: 91%, 12+ Zudx
80%col el AUAE HHste] FREAPL @ Ao
R o) gulalstel Fig. 525914 e kel o] ARzel el

eFol Skl whet FAle= Aol vidEste] Fast SUbeke A
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Table 5.21 Coefficient of permeability of Powdered basalt and soil

Specimen

Speci relative density relative density

pectmen Dr 91% (1-1) Dr 89% (1-2)
Type |Sludge| Soil K(cm/sec) VOlderaUO K(cem/sec) vo1derat1o
V-11] 0% | 100% | 7.840E-04 0.868 3.140E-04 1.353
V-2 1| 10% | 90% 6.755E-05 0.795 1.162E-04 0.777
V-3 1| 20% | 80% 2.321E-05 0.788 1.212E-05 0.756
V-4 | 40% | 60% 8.013E-06 0.785 6.842E-06 0.741
V-5 1] 60% | 40% 5.850E-06 0.767 5.439E-06 0.731
V-6 | 80% | 20% 5.705E-06 0.835 5.520E-06 0.757
V-7 1100% | 0% 1.072E-05 0.845 1.072E-05 0.845

1.0E-02

—A-Dr=91% - Dr=89%

Z
= 1.0E-03 }
=
g
=
-~
2 g 1.0E-04
T%
E S
'S 1.0E-05 |
b=
s
O

1.0E-06 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

0% 20% 40% 60% 80% 100%

Powdered basalt Content(%)

Fig. 5.25 Relationship between coefficient of permeability and
Powdered basalt Content (field density)
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Table 5.22 Classified of Coefficient of permeability

Coeff1fc1ent Mix Proportion Ratio(%)
0
T
Permeability pe . .
Sludge Cement | Fly-ash Soil 1 Soil 2 Sand
(cm/sec)
I-1 0 100
[-2 50 50
I-3 80 20
1x10%)at | I -4 83 17
I-1 50 50
V-1 50 50
V-2 48 R 20
V-3 42 18 40
I-5 7 13
1X10™ | 15| g0 10
V-4-1 40 60
V-4 32 8 60
%10~ V-2-1 10 90
~ V-3-1 20 80
“10°7
110 V-5-1 60 40
V-6-1 80 20
I-3 42 18 40
o-4 32 8 60
1x107*
o-5 18 2 80
o]
m-3 36 6 18 40
V-1-1 100
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Fig. 5.50 The shape/surface in Cement 100% Content by
scanning electron micrograph(1,000:10,000)

- 163 -



Fig. 5.51 The shape/surface in Cement 100% Content by scanning
electron micrograph(1,000:10,000)

Fig. 5.52 The shape/surface in Cement 50% Content by scanning
electron micrograph(1,000:10,000)

Fig. 5.53 The shape/surface in Cement 33% Content by scanning
electron micrograph(1,000:10,000)
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Fig. 5.54 The shape/surface in Cement 20% Content by scanning
electron micrograph(1,000:10,000)

Fig. 5.55 The shape/surface in Cement 17% Content by scanning
electron micrograph(1,000:10,000)
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Fig. 5.57 Shape of cracks
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Table 5.26 The Sample Amount for pH

Sample

(g)
0.5 1 2 4 0.5 1 2 4 05 1 2 4
pH

Pb** Ccd* cr®

2 0.499711.00192.0033 | 4.0035 | 0.4987 | 1.0005 | 2.0039 | 3.9990 | 0.5075] 1.0000 | 2.0036 | 4.0070

4 0.5011]1.0017| 2.005 | 4.002 [0.4996|1.0031 {2.0011 | 4.0044 | 0.5006 | 1.0027 | 2.0020 | 4.0002

6 0.5033| 1.001 |1.99853.9998 [ 0.5077|0.9996 | 1.9990 [ 4.0008 [ 0.4976 | 1.0023 | 1.9992 | 4.0022

8 0.50231.0066 | 2.0044 | 4.0017{0.5011 | 1.0036 | 1.9996 | 3.9993 | 0.5023 | 1.0022 | 2.0005 | 4.0004
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Table 5.27 The pH Variation after Pouring Sample

ample

(g)

Ph? (Y9 pH = 359) | Cd* (¥ pH = 357) | Cr¥ (49 pH = 5.02)

0.5 1 2 4 0.5 1 2 4 0.5 1 2 4
pH

2 468 | 6.04 | 670 | 751 | 495 | 597 | 682 | 721 | 6589 | 694 | 733 | 817

4 478 |1 6.09 | 680 | 731 | 493 | 6.01 | 6.78 | 740 | 656 | 7.06 [ 757 | 822

6 484 1 6.07 | 682 | 750 | 491 | 6.04 | 680 | 748 | 6.76 | 7.04 [ 7.65 | 840

8 510 | 590 | 6.87 | 750 | 494 | 6.01 | 682 | 746 | 667 | 706 [ 765 | 826

RS o] 8EFe] 30% Wyl F AE=o](Filter paper NO. 5B)S& o] &3] 2

Hl AASE 54 I/ §%=E 54T 23 Table 5283 2t

Table 5.28 Remaining pH Density

ample o4

(g)

Ccd* Ccr®

0.5 1 2 4 0.5 1 2 4 0.5 1 2 4
pH

2 1.9973 [1.8727 | 1.5525 | 1.3271 | 2.2380 | 2.1949 2.1490 | 2.1162 | 3.0878 | 3.0587 | 2.8937 | 2.6395

4 0.493810.2121]0.1795|0.2239 [ 1.8394 | 1.6805 [ 1.4735 | 1.7394 | 3.2811| 3.0172 | 2.8734 | 2.8637

6 0.2328]0.2061 {0.0994]0.1557 [ 1.2115(0.3848| 0O 0 |2.7278]3.0172]2.9766 | 3.1099

8 0.1617]0.1884]0.203210.2388 0 0 0 0 12.9643|2.7190]2.3457|2.1189

AEEdA e F2s9 dsto] pHE AAZES A3 23 Table 5299 2
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Table 5.29 Elimination Utility Factor

ample

(g)

Pb* Cd* Ccr®

0.5 1 2 4 0.5 1 2 4 0.5 1 2 4
pH

2 0.135 | 6.365 |22.375|33.645| O 0 0 0 0 0 0 0

4 75.310189.395]91.025| 88.805| 8.030 |15.975]26.325(13.030( O 0 0 0

6 88.360|89.695]95.030 | 92.215(39.425|80.760( 100 | 100 0 0 0 0

8 91.915|90.580189.840|88.060( 100 | 100 | 100 | 100 0 0 0 0

HESHUAE AZE FHAA FHAAZAY 7HeAdS AHEY] 8t F55
d, pHY, A3z 298 38 A9 A4 AAZEL pb”> Cd>Crol
™ pH7} 5718kl wiel Al g ez AAZEL T7lele Aoz yet
o]AL pH A5l % FAseze IAHoz Q7o Hoxlg. FFE5E Al
Aol pH 6914 AlmFo] 2g A 95%] AAX
H 6, A1 2% 2g °]4FH 100%°] AAEZES BH
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Fig 5.59 Elimination Utility Factor
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1.2 = 3

121 FA18 Type I 24 &

AN A5 A
g3t 3%+ Table 6.17 2

NS 93 HRZe X9} Fly-ash, A4l

Table 6.1 Mix Proportion Ratio of Type III

Item Sludge(%) | fly-ash(%) | Cement(%) | Soil (%) Water (%)
Typelll-1 50 40 10 0
Typelll-2 40 32 8 20 Al HAe 2
Ag el
Typelll -3 36 18 6 40 Z L 7ko] 75~
1257F € A EE
Typelll-4 28 8 4 60 A A
Typelll-5 16 2 2 30
122 FFA18E Type V 3£
AFAA A5 ANLANDS A AR A 9 we, ANED AEH BE
Table 6.29} 72t}
Table 6.2 Mix Proportion Ratio of Type IV
Item | Sludge(%) | Cement(%) | Sand(%) Water(%)
TypelV-1 50 50 0
TypelV-2 48 32 20
UERIEEEESEAEE
TypelV-3 42 18 40 Hazgho] 7.5~1257 E4 9l
=5 24
TypelV-4 32 8 60
TypelV-5 18 2 80
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Fig. 6.1 Permeability Testing Mechanism for Indoor Model
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14 Ald At

7} Type I 23}

Table 6.3 The Water-stop Liner Application of Permeability Test
Result Type III

Prior to the input of | After the input of
Item combined sample combined sample Note
(Gravel+Sand) (Gravel+Sand+Sample)
Type -1 2.06E-02 1.70E-06
Type -2 1.15E-02 1.86E-05
Type -3 1.52E-02 1.06E-05
Type -4 1.77E-02 4.30E-06
Type II-5 2.00E-02 2.56E-06
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1.0E+00
—<— Type -1 —A— Type -2 = Type -3 —@— Type -4 —&— Type II-5
2z 1.0E-01 |
.-5
o 1.0e-02 |
=
-~
S IO)
& 3
= E 1.0E-03 |
e
)
§ 1.0e-04
b=
)
=)
O 1.0e-05 |
1.0E-06

before after

Puted Sample before and after

Fig. 6.2 The Water-stop Liner Application of Permeability Test Result
(Type IN)

v Type IV 23}

Table 6.4 The Water-stop Liner Application of Permeability Test
Result Type IV

Prior to the input of| After the input of
Item combined sample combined sample Note
(Gravel+Sand) (Gravel+Sand+Sample)
TypelV-1 2.90E-02 1.64E-06
TypelV-2 2.10E-02 1.02E-06
TypelV-3 2.00E-02 9.47E-07
TypelV-4 1.98E-02 2.29E-05
TypelV-5 2.09E-02 9.39E-05
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1.0E+00
—&— Type V-1 —A— Type IV-2 —=— Type V-3 —@— Type IV-4 —A— Type IV-5
.? 1.0e-01 |
S 1.0E-02 |
5
s
o 2 1.0E-03 |
= 2
5%
22 1.0E-04 |
A
)
2
& 1.0E-05 |
)
S
1.0E-06
1.0E-07

Puted Sample before and after

Fig. 6.3 The Water-stop Liner Application of Permeability Test Result
(Type V)

142 Ax ZH

Azgeel A Type Mol Wge ARS sdstel AN G4 F F 554

B
& A= Table 659 2t} Type

m
fly-ash 40% AWE 10% wlEA T4l 71 wgron wd AFEA AL
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7} Type I ®i &

Table 6.5 The Water-stop Liner Application of Permeability Test
Result Type III

Prior to the input of| After the input of
Item combined sample combined sample Note
(Gravel+Sand) (Gravel+Sand+Sample)

Type -1 7.74E-03 1.03E-06

Type -2 1.79E-02 6.96E-06

Type -3 1.72E-02 7.75E-06

Type -4 1.59E-02 8.66E-04

Type -5 3.05E-02 4.33E-03

1.0E+00
—&— Type II-1 —A— Type -2 —5— Type II-3 —@— Type I1-4 —A— Type II-5

=z 1.0e-01 F
g 1.0E-02 F

E

g § 1.0E-03 |
5%
.:5 S 1.0e-04 |

&

= 1.0E-05 [

3

© 1.0E-06 [

1.0E-07

before after

Puted Sample before and after

Fig 6.4 The Water—stop Liner Application of Permeability Test Result
(Type I)
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Table 6.6 The Water-stop Liner Application of Permeability

Result Type IV

Test

Prior to the input of | After the input of
Item combined sample combined sample Note
(Gravel+Sand) (Gravel+Sand+Sample)
Type V-1 7.83E-03 1.12E-06
Type V-2 3.06E-03 1.08E-06
Type V-3 5.09E-03 2.54E-06
Type V-4 2.30E-03 3.99E-06
Type IV-5 6.55E-03 4.29E-06
1.0E+00
—o— Type IV-1 —A— Type IV-2 -5 Type IV-3 —@— Type 1IV-4 —&— Type IV-5
= 1.0E-01 F
.E 1.0E-02 F
B
g § 1.0E-03
Tt
= S 1.06-04 [
2
(2}
= 1.0E-05 |
3
© 1.0E-06 |
1.0E-07

before

after

Puted Sample before and after

Fig. 6.5 The Water-stop Liner Application of Permeability Test Result
(Type IV)
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Table 6.8 The Flow of the Plugging Hole Treatment

T T G
to w5 il ST
— o
DG o oF
o Aoy
* w2
A anlis
o <P & B
oy BT = o
7R =
J_AO Jl — ﬂe M
~ N
m % ] %T Njo
o B MW.._ =
B W R
T s = 3
_ M ) o
~ uﬂ.ﬂ” ‘_I.Zl ﬂo o
—_— ﬂra
NI o
o W o L Ky
dlo my 1A o
" ce i
or = B T
Ho T X oo W
of - oo o
™ z ° ~ N
s < X : 6
F RV e = i
K il w £ y =
el © = ,El < A50)
B = X0 CR -
| o # = +
EO _ZT .A_l ™
_Z]T =< W X wk
~ H_a




Table 6.9 The Plugging Hole Treatment Method

Step 1 Step 2 Step 3
sl AR & AA s T AR SIS | AE T g
- %39 4%, 2ol 2 - BREH ARCINER)S
A et 9l ohot - FEAAR(EY)E AFHe 1.0m7HA 3
RESIE E FALZRY ARG 5m - ARFEES AL
- Casing 2 #= PVC SHE-A A7 A F 28 st %A 9
Pipe A 7] TR FH FSoRHA %
(AET7)
- BREFAASAHMELE)E
A &49] 5m IFA A
BE A% Q7R A
%9
Table 6.10 The Plugging Hole Treatment Diagram
Step 1 Step 2 Step 3
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Fig. 6.10 The Pond Construction Process using Powered Basalt
Sludge (The Pond Site, Mixing-1)
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Fig. 6.11 The Pond Construction Process using Powered Basalt
Sludge (Mixing-2, Mixing-3)
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Fig. 6.12 The Pond Construction Process using Powered Basalt
Sludge (Finishing, Slump Testing)

Fig. 6.13 The Pond Construction Process using Powered Basalt
Sludge (After Construction)
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