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SUMMARY

Ground has been frequently excavated because of construction of new roads
and modification of existing roads in Korea. Ground excavation especially in the
area with sulfide rich bedrock generates acid rock drainage (ARD). The ARD
on road cut slope has been known to reduce the slope stability, to corrode the
slope structure and to discharge the contaminants and is a pending problem in
construction field in Korea. The objective of this study is to develop a coating
technology to reduce ARD generation from the road cut slope. The research
works of the first year covered followings: 1) figure out the area of ARD
generating rock, 2) evaluation of ARD generation potential for sulfide containing
rocks, 3) investigation of negative effects of ARD in terms of engineering and
environment, and 4) search the optimum condition for ARD reduction; the
second year: 1) figure out the optimum condition for phosphate coating, 2)
development silicate coating technology, 3) development of revegetation
technology for acid sulfate soil in a greenhouse, 4) evaluation of the effect of
coating solution on concrete strength, 5) field application of coating technology;
the third year : 1) field application of coating technology for the reduction of
ARD generation and revegetation, 2) evaluation of cost and effectiveness of

coating technology, 3) field manual of coating technology.

There were four type rocks in Korea which had ARD generation potential:
Okcheon group in Chungcheong—do, Mesozoic volcanic rock in southern
province, Peongan group in Ganwon-do, and Tertiary sedimentary and volcanic
rocks. We categorized rocks into three groups according degree of harm in
terms of foundation engineering and environment: group I (NP/MPA < 1 or
NAPP > 100), group II (I < NP/MPA < 2 or 0 < NAPP < 100) and group III
(NP/MPA > 2 or NAPP < 0). Where NP stands for neutralization potential,
MPA for maximum potential acidity and NAPP for net acid production potential.

A strategy for ARD reduction may be required for the group I and a careful



management may be needed for the group II. However, there is no ARD
generation potential for the group III. Acid rock drainage on cut slope
accelerated rock weathering and corroded slope structures resulting in reduction
of slope stability. The cut slope with ARD had bad vegetation coverage and
whit and red colored stains resulting bad landscape. There was also an
environmental concern due to contaminated drainage with heavy metals and low
pH. The optimum coating solution was pH 6 (NaOAc) 0.01M PO, 0.01M H.0
which reduced greater than 80% ARD production. The solution produced a
surface coating of 5 A in thickness on pyrite and the coating was quitely

stable in pH 3 to 10 solution.

The information for the distribution of rocks with ARD generation potential
may be utilized as a basic data in an evaluation of environmental impact,
investigation and planing for the future construction projects. The evaluation
method for ARD generation potential for rocks can a standard rock evaluation
method. We expect a great demand for the coating technique for ARD reduction

in the field of slope management.

Treated cut slope with coating technology reduced ARD and rock weathering.

The coating solution reduced Al availability of soil and enhanced plant growth.
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F CI  NO; SOf Ca K Mg Na

T. EC
Sample () PH (070

(mg/ 2 )
SR 158 2.83 16180 0.802 4674 3298 94726 708 215 2920 4.34
CHG 191 3.12 2640.0 5.820 12.160 0 275288 1750 18.70 140.00 39.20

YS 102 3.21 20400 17.268 7.888 2636 1611.83 1290 6.92 53.60 12.40
HK 247 3.68 1615 0.093 2521 2416 6746 206 047 371 2.89
KB 247 3.73 593.0 1.010 7948 0.687 38422 387 346 2010 6.84
HB 163 568 629 0014 4735 6354 2515 386 340 161 251
Iw 245  6.68 699.0 0.189 2.823 0 13330 127 389 33.00 645
KP 169 714 984.0 0.528 30.284 1.856 505.08 744 2.05 10.30 39.50
CP 247 898 1577 0197 9173  0.601 199 686 536 9.28 20.50
Std.” 5.8-8.5 250

Al Ba Co Cu Fe Mn Ni Pb /n

Sample (mgs/l 7)

(ug/ 2)
SR 26.10 741.0 414 567.0 489.00 5710.0 2970.0 1550.0 115.00 1270.0
CHG 44.10 0 0 3200 1050 26500.0 7550.0 1260.0 40.80 3450.0
YS 3150  969.0 14.1 4030 35.70 48500.0 26200.0 110.0 7450 1150.0
HK 704 1110.0 10.1 357 1620 671.0 36.2 933 558 305
KB 2140 1620.0 250 2350 6650 373.0 1310.0 688.0 4480 956.0
HB 5.23 98.2 26.7 79 158 189 65.3 132 176 10.7
w 9.14 49 320 28 203 425.0 1450.0 46 745 7.6
KP 7.86 113.0 405 0 0 09 361.0 88 35 1.2

Cp 12.30 82 539 41 0.8 189 3140.0 14 483 0.5
Std.” 300 300 300 100 1500
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obAl o] AtdbAlZo 1) H AR5 ¥ (maximum potential acidity, MPA), 2) At
3}5 ¥ (neutralization potential, NP), 3) +4F&A%5 = (net acid production, NAP)
& NP/MPA, 4) =2b3A ¥ (net acid generation, NAG) o2 F&3te] =H 3
o H oAbt s =2 MPA(kg CaCOs/t) = total S(%) * 31.213 A& o] &3to] A
ekt AbFste s IN 25 HCIS o] &3to] A& v e 4 TaedS
21 & 9& HCLE 01 52 05N %% NaOH= A Aste] ZA3 AT
TAPEAFE FUAIE 25g8 500ml Eet~Ae] Yal 16% HoOxs Za 7}h3fo]
250ml7h Al H7RE & 2ol A TxdAe] WE f7A] RS AIFT Al V]2
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Qtz Mica Pl K-feld Py Smec Ver Chl Pyro Kaol Tour Cal Gyp Amp
Sample
(wt.%)
KR 636 14 56 29 133 10.2
YH 89.0 105 20 91 6.0
YS 41.1 8.3 40.1
YJ 92.3 6.7 2.3
KB 306 66 69 6.1 31.0
YW 91 75 21 37 238 193
CH 11.3 3.7 24 19 311 1.3 0.7
CH3 131 19 199 104 17 305 1.9 2.3
BS 3.9 55 16 289
HK 159 351 538 1.2 33.9
HB 636 131 6.7 1.2 79
BK 440 04 140 178 1.0 4.0 2.8
KK 12,5 5.0 04 122 2.0
CHG 277 2.0 34 03
DE 833 82 52 6.9
W 348 218 9.0 3.6
YA 307 24 334 455
SR 539 175 18.3
TB 36.6 18.3 3.4 425 73
CP 50.7 19 218 17.0
KP 128 09 79 6.4 14 49.2
® 6. TF= Al dE F3sH.

Mineral group Typical minerals

Relative reactivity

at pH 5
Dissolving Calcite, aragonite, dolomite, magnesite, brucite 1.00
Fast Anorthite, nepheline, forsterite, olivine, garnet, 0.40
weathering jadeite, leucite, diopside, wollastonite ’
Intermediate  Sorosilicates, pyroxenes, amphiboles, 0.02
weathering phyllosilicates :
Slow .
weathering Plagiclase feldspars 0.01
Very slow B .
weathering K-feldspars, muscovite 0.01
Inert Quartz, rutile, zircon 0.004
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a3 H A 0.03 kg CaCOy/t, A 351.77kg CaCOs/t= YEFWLTE Ak
shse e 1485 ~ +86.25 kg CaCOy/t HHAE YEFNAT(E 7). Ats3stsdo] &

()8 grold Al=7F Atell tid T3ks#Hol 18 glas vt CHGA RS 73
G qbel e T3 Hol A glont At
A TR el glrk WHE YSAIR = At digh F3ts o] wowA {8l
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E 7 A g S Fa 59,

Total MPA NP NAPP NAG
Sample NP/MPA
S(%) (kg CaCOs/t) (kg H,SOu/t)

YA 0.09 2.69 -149 1754 1893 553

CHG 0.03 0.82 17 2.52 0000  -2.08
KK 050 1569 72 22.89 16844 046
HK 071 2227 16 23.87 10686 -0.07
YW 323 100.66 4.8 105.46 62.093  -0.05
YH 680 21231 -89 221.16 107839 -0.04
YS 5838  183.38 6.4 189.78 142139 -0.03
BS 880 27755 43 273.25 104891 0.02
TB 0.06 1.87 0.4 147 o000 o0z
BK 133 4162 9.2 32.42 13671 022
KR 1127 35177 86.3 265.52 3348 025
HB 173 5389 138 40.09 19467 026
CH 132 4120 109 30.30 12370 0.26
DE 0.28 8.66 35 521 1068 0.40
YJ 470 146.79 62.1 84.69 75550 042
CH3 136 4245 29.8 12.65 10004 070
BS 090 2806 334 -5.34 4000 119  1-2
KP 031 9.54 26.3 -17.26 0000 281 >2
SR 0.07 2.22 112 -893 0000 503
W 0.08 2.38 24.1 2172 0000 1014 >4
cp 0.00 0.03 9.2 -9.12 0.000 312.97
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pH A EC(us/cm) pH B EC(us/cm) pH C EC(us/cm)
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E 8 ERAY An Fo FAA @A

P-wave velocity (m/sec)

S-wave velocity (m/sec)

Sample
reduction reduction
No. before test after test ) before test  after test )
ratio (%) ratio (%)

1-1 44294 4098.0 75 2828.2 2563.4 94

1-2 4529.3 4397.1 2.9 2952.9 2738.2 7.3

1-3 43029 4183.3 2.8 27135 24389 10.1

1-7 4788.9 4866.1 -1.6 3002.0 2705.8 99

2-1 4981.0 4940.2 0.8 2998.5 2702.7 99

2-2 4933.6 49744 -0.8 3102.6 27359 11.8

2-3 4988.4 4828.8 3.2 29159 2820.6 3.3

2-4 4981.0 4860.5 2.4 3013.5 2816.4 6.5

3-2 4669.8 4529.3 3.0 3012.0 2801.9 7.0

3-4 4600.0 4707.8 -2.3 2939.5 2842.5 3.3

3-9 45271 4363.0 3.6 2840.1 2640.8 7.0

3-10 4630.0 4299.3 7.1 2799.5 2572.2 8.1
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X9 FIANY A Fo FAA] AT s

Sample UCS (MPa) Reduction ratio
No. before leaching after leaching (%)
1-4 - 220
1-5 - 204
1-6 - 254
1-8 - 218
1-10 - 192
1-1 169 -

1-2 165 -

1-3 236 -

1-7 171 -
Average 185 218 14.9%
Average* 168 214 21.3%

2-5 - 136

2-6 - 132

2-7 - 170

2-8 - 120

2-10 - 135

2-1 121 -

2-2 117 -

2-3 139 -

2-4 119 -
Average 124 139 10.5%
Average 119 134 11.2%

3-1 - 148

3-3 - 122

3-5 - 146

3-6 - 130

3-2 133 -

3-4 159 -

3-9 95 -

3-10 61 -
Average 112 137 17.9%
Average 78 141 44.8%

Average* . average of UCS excluding the values of big deviation
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Ca(OH); + SO = CaSO, + 20H

Ca® + SO = CaSO,

CaS0s + 2H.0 = CaSO4 - 2H,0
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¥ 11 JGFAAA Y] FHe g 5 gA9 pH, Fesx:, SO ¥k,
a3 A A e & g 54
PO, H-0, pH pH Fe SO
(M) (M) initial final [total(mg/D| Fe* (mg/l) |[Fe” (mg/)| (mg/l)
0.0001 | 0.01 2.07 2.02 43523 50.458 6935 | 1232.234
0.0001 | 0.01 3.09 2.76 44.629 27.321 17.308 | 613.683
0.0001 | 0.01 6.03 3.02 34.941 20.304 14637 | 363213
0.0001 | 0.02 2.07 2.10 41,565 43.852 2286 | 1238.077
0.0001 | 0.02 3.11 2.74 50.591 44.817 5.774 709.763
0.0001 | 0.02 6.08 3.06 39.186 20.366 18820 | 430.182
0.0001 | 0.05 2.05 2.08 47.663 43.740 3923 | 1336.840
0.0001 | 0.05 3.05 2.69 56.567 39.766 16.800 | 669.608
0.0001 | 0.05 6.11 297 49510 30.720 18789 | 494.229
0.0001 | 0.08 1.96 1.98 54.357 63.972 9615 | 1635.857
0.0001 | 0.08 3.03 2.67 62.840 33.374 29466 | 721.870
0.0001 | 0.08 6.06 2.89 62.432 33.365 29.067 | 579.442
0.0001 0.1 1.99 2.02 60.918 51.393 9525 | 1596.434
0.0001 0.1 3.10 2.66 67.382 42.684 24697 | 766.116
0.0001 0.1 6.15 2.86 64.878 43.609 21.268 | 607.713
0.001 0.01 2.05 2.01 40.479 46.401 5922 | 1231.859
0.001 0.01 3.07 261 7.097 8411 -1.313 | 385.130
0.001 0.01 6.06 2.84 4136 2.379 1.757 345.181
0.001 0.02 2.02 1.99 42.808 44.7883 ~1.930 | 1214.021
0.001 0.02 3.06 257 10.158 10.694 -0535 | 445689
0.001 0.02 6.11 2.66 17.787 16.210 1577 466.715
0.001 0.05 1.98 2.00 65.577 54.748 10.829 | 1319.049
0.001 0.05 3.04 2.48 23.068 18529 4539 575.637
0.001 0.05 6.08 2.59 30.172 20.566 9.606 581.957
0.001 0.08 1.98 1.98 78.504 63.191 15313 | 1493573
0.001 0.08 3.09 2.43 40.770 30.137 10633 | 731.916
0.001 0.08 6.09 257 48.690 27.219 21471 | 706575
0.001 0.1 2.00 2.00 91.606 67.780 23826 | 1524.759
0.001 0.1 3.09 2.42 47.350 28.824 18527 | 755597
0.001 0.1 6.00 250 57.948 32.617 25331 | 741.458
0.01 0.01 2.01 2.03 28553 17.321 11.233 | 1442537
0.01 0.01 2.99 2.62 2.191 0.214 1.977 354.713
0.01 0.01 6.00 5.21 0.122 0.025 0.098 | 143.686
0.01 0.02 2.01 2.02 29.751 13.282 16469 | 1260.934
0.01 0.02 3.00 250 3514 0.925 2.589 503.152
0.01 0.02 5.98 5.14 0.053 0.054 -0.001 | 124.031
0.01 0.05 1.99 1.91 36.290 9.814 26.476 | 739.369
0.01 0.05 2.93 2.30 6.506 0.845 5.661 836.833
0.01 0.05 5.97 4.96 0.685 0.224 0.462 215.379
0.01 0.08 2.05 1.93 38.128 3.481 34.647 | 1600.859
0.01 0.08 3.02 217 11.448 2.180 9268 | 1017.961
0.01 0.08 5.97 461 0.006 0.125 ~0.119 | 383.788
0.01 0.1 2.04 1.90 44.010 3.637 40.373 | 1731.939
0.01 0.1 3.02 2.16 12.388 0.986 11402 | 1049.115
0.01 0.1 5.93 437 0.055 0.346 -0.291 | 512.619
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AASATHGEE 14).

& 14, T34l H7bell W& pH, PO43-, 5% =9 W3}

01% Ca(OH), | A% | zn Pb Cd Cu Mn Fe | PO
&N H7bFml)| pH [ __ T (ppm)
0/100 558 | 870 7.0 27 | 1200 | 73 828 | 680.1
1.5/100 693 | 87 | 103 30 | 1229 | 66 753 | 680.7
15.3/100 699 | 720 | 177 | 101 | 1112 | 101 | 80 | 6780
29/100 713 | 00 95 26 19 3.0 104 | 5275
50/100 768 | 00 85 3.0 17 3.0 90 | 3707

U AdY IFEEIF)

(200)A =&d AGxAdes 259 =7, o5 $HEUIER FAY=
4T 70CAA ARFPAAFES AAstaL o5 tAl 4T 70TCelA kst A d s

A3 e Ast fAE G5 HASATE 15).

duren ewaq | A EEED | total Fe PO,” SOs”
e T (C) (mg/1) (mg/1) (mg/1)
T8 4 30.336 0.145 352.305

T 2 70 65.536 1.124 673.449

4T 4 9.008 0.986 220.509

4C 70 33.304 9.196 518.999

70C 4 8.392 0.366 135.910

70C 70 34.944 8.009 310.770
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Fe_P04 >> S, F8203
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S > Fe_P04, F8203, F832
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o | mmza |gareroq MPA | NP | NAPP | NAG [ NP/MPA
**************** Kgcaco/t ——————————————~
QA QK 5.88 1834 6.4 189.8 142.1 -0.03
21371
24 of QMFSK | 136 425 29.8 12.7 10.0 0.70
HAYg | QMS,.C 1.73 53.9 13.8 40.1 195 0.26
AXe | QFSKG | 889 2776 43 2733 104.9 0.02

£ 16, otA o] FExA 3 ABA testZd ¥

FANEE WG] H00 FETL 74k pHr} oA
= A% HIFATHILY 62, 63, 64, 65). &9

P09 w7k F74@¢%  pH7F S7b8Ha Fest SO° o =7t gadte %S

Ho]Fth g9 SO FEE ¢ o}

POl osto] &shdEe] Absi7E HAAEASS dugith =3 POsl 9 st

SOs” 9] FEgast FAO] Fed FEziy 487t AREe ¥

o] AAEAeS dudt FatE Fwol AAH BANAL Mad HHL

7}\ T

=]
Apeteto] gshg= o] AkskE oAt
%

o2
_]>~
Ho
oftt
2 i
=
ol
o
s
N
=
o
]:01,
o
a2
o

=
AA o WUEAZAL 00IM PO, 0.0IM H.002 Fheks o},

Andesite Andesite Andesite
1 80 0

ﬂ—po‘:oﬂomm/u\./4 —@— PO,=00001M
et o | Focoon =u ——Po,=00M
—@—roz0omm| = |—A—PO=00 = A—Fo=00
¥ = =
T —Eram g & mo
=, — A P0,Z00IM Z "
o Il
i =
3 04 = 0
2 T T T \ 0 \ \ \ \ 0 ! T \
Ll o 0% 008 0 w0 00 06 0% 0 w 0w 006 08 o
H0, (W) H,0, (M) H,0, (M)

19 62, ehaketa FubE g Aol whg & g oho] pH, SO B %, Fer k.



. Sedimentary rock Sedimentary rock  Sedimenary rock
500

—@— POZ000M 0— P0,2001M —@— P0,=000tM
64 — POz 000M 40| —f— P0,=0001M = oo
—h— ROy ey oo —k— P0,=00M
62 E=%E
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z E
61 S M-
51 10
56 T T T T 0 | . T T 0 T T T T
Ll o 06 0% 0 il 00 0% 0% 0 il 0 0% 0% 0
H0, (M) H0, (M) HO, (M)

a9 63 A37] Bt v g A S F 899 pH, SO 5%, Fes =,
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Metamorphic rock Metamorphic rock Metamorphic rock
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002 004 006 008 01 00 004 006 008 01 00 0 006 008 01
HO0, (M) HO, (M) HO, (M)

-1 = o = ~ 2-
a9 64 FHST WG g A vk & §He] pH, SOt § %, Fes =

Coal Caal Caal
6 0 16000
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—— Fo,-00LM 50 | —f— P0,=0001M = g || B o0
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HO, M) HO, (M) HO, (M)
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Specium 4

Fe
A

pats
S & 7 8 § 0 1 2 13 18 15 18 17 18 19 20
Full Scale 126 cts Cursor: 9.905 ke {0 cts) keY]

1% 66. Y HE A el ¢HAkeke] &d A SEM ARxI3 EDX 3pekAbE.

Al 104. SilicateE °] &3 FFdY A JXFA

1. o] 24 H=WH
gHA e 23lE FHe pH 240 wet 29 A= UE =
(1A ¥E-g- © pH>3.5]

FeS, + 350, + HO = Fe*' + 250,/ + 2H'

Fe* + H + 050, = Fe’ + 05H0

Fe’ + 3H,O = Fe(OH); + 3H

[2T A BF-S: pH<3.5]
FeS, + 14Fe” + 8H,0 = 5Fe” + 16H"

1GANES-2 AFsbS %7]9] pH7F 350]8F9 A dojy= wkgo=
gHEA ] F AbgAolth REH 29 A whEE 1A whEo] FEE HdEo F
pH7]' 3,5013& Em Fe(OH)39] Aol dojupA] ¢kl Fe''7h -2 e 2
kS A FT 28 wrSol A Fe''s AEE $-A AskA)
H ’&‘é‘?}‘?}‘ﬂﬂ—’? uhA o] Fqlo] ®rh webr Whggeoje] Fe''e] stz &
(activity) & A 3HAI 71 294 REgol A H A Abstel] o b hubulo] A
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Silicatet= ¥ ZA¥3dlo] Fe-silicate complexE dAst= Aoz LA
Fe¥' ¢} silicate® complex PAHL AstA 2 A Feb'o] 384
A FHA ] Abstel] wE ARkl WS AT
2betE o] 2 d S Siell o] gt Feg+-4 g A7+ ¥Rk oy} Fe 2]} ol
AAGFOZA FHA AstE A AT 5 Ak vrEE& Ao FE AbstE 5
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< FAstE e e F2 §d stk EeF pHol fste] A Hnh SEA
2 e Hdslrt e pHZERAY wel Wsl= variable charge minerale]t}. 3F
4219 point of zero charge:x= pH 152 <& A At} wabq pHZF 15 0]6‘}01]/\1
FAAM ] THL FHsE 7M™ 15 o)A FHdetE 7Hxlt i 2H2d vl
T pH 15 oldelw o]yt oA FHA e WL FHE 7}{]‘4 JHA
o] st A &EH = Fed3+v dstE 7HA+ Sd4 1dol| 254 dn
FH4 guo FFE Fe''s Fwel pH7F 35 ol4fo] HW 4std 5o $akst3
FEE AREY. SdA 39U AsE P = HAAdolA AAHo] AAste AR o
ok FEHA g JHdE bstEGES GEHAY ALY HES Adete 9
o7 g3t B AdoA pH 6 Na-OAc buffers} Sig NS A= AFE3Fo]
Fe3+9] @ =& A3tA|7]1 SEA g Abstd Iuhs FAgAIA FEA e 4t
slE oJAst=d H2 o] 9t}
2. A7
A FaA e AEEE FEAS @ol e FAY M-S gder
ststo] SFHEAM o ASARAAS FASEATE A A, A R, LEA
FA o] FAdFol FHA o e 83%0 ). Qhiete] FHul ARA F(MPA)
=3} 2 —6.4kgCaCOs/kgolt}. 2tstd %

Els Y2

S8, X*?'r A complex A, 2H3bd 3 FE 2 A4S complex Aol ¢
St Zyzte] SHA o A AEES APttt sk AU I" pH 6_0.01M
NaOAC &9 A2+ complex® Ao Na-silicate £, 4t3bd W =8 2 247
2k complex® A ol &= pH6_0.01M NaOAC, Na-silicate & NS A A= AFE3FA
7zt YA A EIA R HoO 5 AFEsEATEH 2 A Aleh Al &3S BEEA|
T gHEMo AFAREIHES Lol et &9 pH, Ferk, SO 55E
SASAT. THAAE H0, (0.01, 0.02, 0.05,0.08 0.1M), H:O-_silicate(0.0001,
0.001, 0.01M), H.O._pH 6 Na-OAc buffer, H-O._silicate_ pH 6 Na-OAc buffer&
ol & ALg-3Ath §49 pHE Orion pH meter, Fe®l Sis X+ ICP, SO42-F %+
ICE ol&3dt SA3A

r&__ﬁ



ggole) FHW g Fo| sobd 54e wI7H 2o
H502

H02(M) Na-silicate(M) Final pH Total Fe(ug/ ¢) SO4(mg/ 2)
0.01 0 3.55 502.00 60.75
0.02 0 3.35 1045.00 129.87
0.05 0 3.02 4434.00 279.41
0.08 0 2.86 8910.00 407.10
0.1 0 2.79 12100.00 506.73

Na-silicate & H30;

Ho0-(M) Na-silicate(M) Final pH Total Fe(ug/ ¢ ) SO4(mg/ ¢)
0.01 0.0001 3.52 618.00 94.05
0.02 0.0001 3.30 1275.00 128.06
0.05 0.0001 3.15 2211.00 165.53
0.08 0.0001 2.86 8195.00 285.53
0.1 0.0001 3.10 6118.00 223.96
0.01 0.001 3.49 805.50 120.42
0.02 0.001 3.28 1637.00 132.54
0.05 0.001 3.14 2628.00 158.93
0.08 0.001 2.83 9210.00 280.65
0.1 0.001 2.78 12509.00 330.37
0.01 0.01 3.45 1282.00 123.18
0.02 0.01 3.27 5490.00 101.39
0.05 0.01 2.98 22860.00 156.94
0.08 0.01 2.84 18430.00 238.23
0.1 0.01 2.80 31704.00 221.63

pH 6_NaOAC & H30O;

Ho02(M) Na-silicate(M) Final pH Total Fe(ug/ ¢) SO4(mg/ 2)
0.01 0 5.83 9.93 20.07
0.02 0 5.79 11.25 30.27
0.05 0 5.70 13.65 45.50
0.08 0 5.65 18.05 65.25
0.1 0 5.62 19.65 74.15

Na-silicate, pH 6_NaOAC & H;0;

Ho0(M) Na-silicate(M) Final pH Total Fe(ug/ ¢ ) SOu(mg/ ¢)
0.01 0.0001 5.85 12.90 16.08
0.02 0.0001 5.81 12.10 20.58
0.05 0.0001 5.75 14.10 29.17
0.08 0.0001 5.70 16.00 38.75
0.1 0.0001 5.64 19.00 46.43
0.01 0.001 5.84 115.50 18.74
0.02 0.001 5.79 206.50 20.91
0.05 0.001 5.72 304.50 30.80
0.08 0.001 5.67 276.50 35.60
0.1 0.001 5.64 160.50 34.94
0.01 0.01 5.87 334.00 13.76
0.02 0.01 5.82 384.50 16.49
0.05 0.01 5.75 624.50 22.85
0.08 0.01 5.70 768.00 29.19
0.1 0.01 5.66 757.00 33.18




= g H0.0 %7} 27} 842 pH7} Wolxm Fest SOL ¢
ZFSFATH L™ 67). HyO0x9 F%7F S7kstd d Ao abkslrt S7tso] H' s
7tkste] pH7F "olA| iz, ﬂ?“*«l F32kE9l Fest SO0 9 s%7F F7tete A
o7 Addrh SO F 5 Ferxkwo Ao AnaAs ﬂ?—i*d/l Abste] W& F
gt SOL 9 FE F7HE v Y 68).

ol of\ i

14 a0
38
36 2 50
34 10 b
— gm
& g 2
o 0
£, )
Ts 5} L
Q w R
4 >
28 %3]
2 100
26
. 0 0 ‘ ‘ ‘ ‘
0 o 0m 0% 08 01 01 0 o 004 006 008 01 01 0 o 004 006 008 01 01
H,0, con.(M) H,0, con.(M) H,0, con.(M)

19 67. HoOr HE A HOr %W sle] wE pH, FerE, SO % #3l

14 a0 o
g E- =
Q10 Q e
Q Q w0 Q
Es —= a
C C W ~ w
e} o c
O 4 0200 8 200
® . o}
A= ) [ 6 100

0 %]

25 27 29 31 33 35 37| 0 0

25 27 29 31 33 35 3. 0 2 4 6 8 10 12 14|
pH pH Fe Con. (ppm)

23 68, pH vs. Fes %, pH vs. SO 5%, Fes = vs. SO 5%,

Na-silicate_ HoOo& 4 7} w8 % ] d‘lOﬂ-J pHE HoOx8 M3 g Fo} Hjs=3t 4
TS HolFd ot TAds HO,s%olA silicated] 98te] SO/ 5 74389
o Feske Z7HAHd 69). Silicatee] FEF 7kl 98 SO 5w i
= Siel okl FHA ] Abshrl AREHASES r gt Sie Feot complexs 3
AJate] Fe''ol LS ARAA FHH9 AsE APA7| o] Fukso] g
9] SO Y BEE vE Aoz Budr Silicate %9 F7t] WE Ferxe
%7} Fe7}t silicate®} complex® @A dto] AtstdFE o] AALS A ste] et

A ow dddn



20 500

400

300

200

Fe concentration (ppm
S04 concentration (ppm

100

0 0.005 0.01 0 0.005 0.01
Silicate concentration (M) Silicate concentration (M)

19 69. SiEES Fe 2 SO/ %9 A4a37.

pH 6 Na-OAc7} W&ol £A5% Fe’' 7} Fe(OH); & Fe(OHpo2 4+
o] &) Fermrt stobl& & 4 Qrh(2d 70). T3 buffere]l €3 SO F =
A8k bufferell ojste] FHA e} Absiyb AAld S ofwgheh. Bufferel 2|3 Few
® % SO¢ wEe] AdhE Fe''el A Aol AsARA Fe''o] 24
w7h ol &g ofm @t Ed AR H w2

FAEE At FE e Aol #EHAY. &HA Wl HdH AsddES

i Tl =
ok FEAe) AL Adds wuon zgate FAAe AsE AR
Aoz dekEc

14000
600
12000 | [—e—H202
= ~e—H202 =
£ 500 | - a2 ~m-— H202/Buffer
g —m—H202/buffer 2 10000 F
S 400 - 5
o —
2 5 8000
£ 300 ¢ § 6000
=] =
g 200 f S 4000
) [}
o100 f * 2000
? I/././H
0 N | | | | 0 L - - a—
0 0.02 004 006 008 0.1 0 002 004 006 008 O.1
H,0, concentration (M) H,0, concentration (M)

1% 70. pH 6 Na-OAc bufferol] |3+ 32 A o] 213} A,

Buffere} silicate®F 3dAe] 2 ﬂ% AAet= AS=Z ey on  bufferet
silicate’} 27 EZ3hE A A7E FHEA Y AbstE B A oR AAet=E AL
2 YeEpg (™ 71). =3 Na-OAc buffere} Sivh 2% gfd wSg&doA Si
= 899 Feo] HEE AA7I= ZAET ol &9 Fe 58 T7HA7)+

Aoz eI
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H,0, concentration (M) H,0, concentration (M)

OFO

19 71. Buffer, Sioll ©3 wkg- 5 golo] Fes} SO, 9 Hxws)

T §99 SO =l w#EsH As, Zn, Cu, Cr, Nj,
A7) olat ATt Aset Ale] sEE WHSE& A9 SiF
Lo Al HZE 72). Ase= FEAANA o] complex® =A3tH silicate2}
F2 siteo] Wt M= AAIC ek &4 Siwkrl TRl Wt silicate
| ©]slo] arsenate §-& arsenite’} FEJAZFH G2to] dojuhAl HT}. Silicate
of 9]¢t arsenate S arsenite?] B2 §d As TE FT7HE opr|gtt) Sid

o5k AlsE9 ZF7F= silicate’} Al¥} complexES A se] Al dES HAS 7

ALAA ke FANe A¥ 5 wAPew wALI WaA sharpsith(L
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A BFEEAT e 2H] EDX Amv FEA o xHe SistgES IS A A
sl Si peak”t #Z ] LT}

@
o
~N

—@—0.0001M Si —®—0.0001M Si _A
16 | | -m—0.001M Si A —=-0.001M Si
—A0.01M Si A —4—0.01M Si P

=

PSS
oo o °

0 0.02 0.04 0.06 0.08 0.1 0.02 0.04 0.0 0.08 0.1
H,0, concentration (M) H,0, concentration (M)

©
o

o
o

N
'S

©
w

o
o

As concentration (ppb)
B
Al concentration (ppm)

[=]
o

[=]
[=]

19 72, Sisk HoOo0ll €% Asob Ale] s =W s}



EHT=2000kV Mag= 150KX

10pm
i

EHT=2000kV Mag= 150KX

—

EHT=2000KV Mag= 500X

20pm
—

EHT=2000kV Mag= SO0KX

= %

]

|

FAAF 3YE ZEo] 1

o}
2}

|

A 114.

sh7F 7 AA lE

shgao] 2k

EEE

A ZA HoOo,

s
~

el
of

3}

—acetate, PO~

Na

N

o
L

Ao

=35}
=

ZhE

Sl E AN Al

8o
~



2. 49 ¥

Al HE (39%), I

ek FEE03%, JHPFALA F= 0, 25 50, 75, 100%)

=
=4

P

Y

shel EebaeAa

Hj <

FRATHILE 74). 28U S 5ol

)

KR
=

2 A

284

ar

—~
o

—

143kl o

= -
= A

&

Jo] =z 379 o

+o]

Al 2]s

A

v 2 A

e AT (L™ 75).

48 - 50MPa®l 2w

.

I (calcium phosphate)

o] A
- =

of g

58 POS 7 Al

i3
=]

o]

CaHPO4 + OH

Ca” + PO/ + H0

#7F e

p84

3 A

AgH oz AT

=} O
3¢S

ol

7} AT 8T

A 7F

A

—_
fie)

Y

N
el
LOO
Bo

;OL

o

Y

e = ARl

Z

W
!
o

RS

el



)

444

+ +

75

50

25
Concentrations of coating solution (26)

60

T
39

56 -O

7
N [eo]
o <

(edNI) Wpbuans anissauduoD

100

2
L

JRAE 44

E
=

&

o] -&

Jetgy e

A 124,

=0

rJ

B3
"

)

=]
=

Ashe 9

=
L

Eofo] AHAM} HEAW]

)

e
M
el

<
!

o
o

i
ﬁo
o
.
ﬂ.ﬂ

]
S|

SpEE

=
=

SEE R

-
R

ol 7h Ay =

Sls
AR 7E Bl BarE Al Ivk (| 76).

B

o o

&l



REAR} AHAE A8 YT As) A,

7w

gl

sk A

= A
=

A 3

tef A

S

PEEEI

Aga 4

Al

CRELD

AT A A ek

ApE ol A

gt

o Emd 9

0]
AN

A7 RaiE o

B

29

BFol=

2 9

X
=

23]

H7he=

. BAEs BEe

=5

B
oo

N

Ho

M gE7bE AdAc geby

ki3

st

48

A& o]

=K

Gl

o)
s
Mo

pa—

0
N

7

20cm, z o] 25ecm®] PVC 3hiell A-9-31 57 (43]), 0.0IM H:0.8 <4 (43]), 0.01M

H:0,_0.01M KHzPO, pH 6 &H(13]+FF 33|, 23]+5FF 23], 33+

THES 45kge

QAR (20%), EH(40%)

44

[¢]

13
=

5ol 4 E(40%),

A

A,

]_
HHER g IHHG

S

AL

she

3uhe)

=

H? 7. 2 Ad

Ah(

of 32070 9] reygrassE ¥

5

A

3]) 1L=

4

.

E
=

Hﬂﬂ

H

.

ke
T

™ a_a
3
offy =
o
I
e
"
d g
~ g
.
o X
T S
N

i

W

=
T
]

1

k-3
78).

3
=
)=

ol &
shlvH( L

35 5ko] 14

[e]
=
=
=

=
=

< pH/EC meter, ICP, IC

o

k<1
=

9]

3tk 370

=]
D

| &3}
ryegras

o

—_
fie)

rvze]
-
]

N

o

0
A

el

=0

Qs 3RO 2 BE ryegrass? 3|FHA FEE

=
=

&



o 77 A AAL

3.9+ 2%

7z} A el & ryegrassd ol&S
EBFY (2™ 79). Ryegrass® Woli= Eko] 3}
olgte] Hg-Hog HEld ol zol7t §ls

100

ggf t I } t

60

(%)

50 |

Ot

40 |

2ot

30
20 1
10

T
N
O
&
=
=

S
=

2,
&

a9 79. A2l ¥ ryegrass®] wol&.

A2 ryegrass® AFS & AolE BAT SFT4 HO02 AP g EFolA
ryegrass®] A2 IAUFFAZ At EYRY A48 AstEHArh 1Ak 99t



FAA ] A dlare e Ao 4GS Aol7t glow F/HFe HiO: Aol v
3l AEC] of SMARE =& ZoE Yt FHFY H0:E AHg i
ryegrasst I& ¢ oF 29 Sof mAMGENZE HATH(1E 80, 81). wHH 3= A A

& & 39 ryegrasst® A EHZE st @A shE o
ryegrassy 9] Aol Yo7l SFF 9 HoO- 2 39| ryegrassE th 29 o4
ATHIY 82).

212l ryegrass?

/\é xo]— A}

0.1M H,0, M2l

a3y 81 3% 271€

S A e ryegrass®| Helol 9lo

3787 H.



7.00
OAverage of plant
OAverage of Leaves =)
6.00 OAverage of Roots — _
5.00
4.00
3.00 I ] mil ]
2.00 r
1.00
0.00
> > > > > >
A > PN W\ PN PN
& B o o & i
4% o & ® >
‘LO & & & &
Q ¢ Q’\/ o’\/ Q’\/
e e e

13 82, A g ryegrass®] biomass.

Sl pHE JubAe) 43) > soAel 38 > wupA Y 28] > vuAe 18] >
O, 8942 > SRAAY €02 et IY 8. 4349 EC, Yol & ¥
%2 et R5% M08 3o

l= pHE 4501812 tehget s9ae 3
polest goleel gye FAel oshe] Ego

oo ouath FuAel @ EY FEAY

oo
32

Bl

o
12

il
hetel FAAA ARG Holl o3 Fo 2 A sk,
AT pHE SO 9 wmeh whlelsta ECohe wldlshs 4FEe vehisich
Ao AbstE AAE FE259 SO FES F7HAYA pHE AsA 7Y BE
- sjupA el e 345

ﬂl

o
&3]
@)
i
N ol
N
>
3@ pu !
oM
o
fu
[‘ﬁ,
e
i
v
A=)



7.0 12000

—o—Control
——H202
6.0 —+—Coating-once
Y H 10000 | —&— Coating-twice
—=—Coating-three times
—o—Coatina-four times 2—
5.0 s
§ 00 4
40 S
I @ 6000 |
3.0 o
5 4000 -
20 —o—Control © o /
—e—H202
——Coating-once 2000 | NS +
1.0 —4—Coating-twice l\ . /‘\A
—8—Coating—three times ¥i/ \&s ~
0o | =e=Ceathaztour tmes \‘ﬁj’j
' o . . . . . . ; i i
326 /30 41 4I5S 424 52 512 S22 529 62 65 6/8 3/28 3/31 4/4 46 4/26 5/2 512 522 520 6/2 6/5 6/8
Date of sampling Date of sampling
0.500 10.00
—o—Control
——H202
—+—Coating-once
0.400 EC —&—Coating-twice
—=—Coating-three times o
—e—Costina—four times a
1.00
o
E 0.300 2
=
hy
e o)
8 a
0.200 5
2010
(=] —o—Control
o —e—H202
0.100 ——Goating-once
—&—Coating-twice
—=—Coating-three times
—=—Coatina-four imes
0 0.01
3/28 3/30 4/1 4/5 4/24 5/2 5/12 5/22 5/29 6/2 6/5 6/8 3/28 3/30 41 4/5 4/24 5/2 5/12 5/22 529 62 6/5
Date of sampling Date of sampling

19 83 =49 pH, EC, 84 SO 9 POY 9] F .

o] £84 SOS O FHe EF pH wldsts AFe v
pHE FA2) < B0 < 7913 < #u2s] < w33 o=
5

J

2.5 3 3.5 4} 1000 2000 3000 4000 5000 I3 00
¢ 3 0 &
2[ 2
Eal £al
B ]
o oF S0,2-(ppm)
—>— control - convel
- —— 10, ol
8 —— coating-once
—2&— Coating-wice
Coating-three times
—@— Coating-four times
10 10
o . 40 . 8.0 . 120 . 160 . 200 Pré T Q4 r 9.8 " 1.2 1.6
2 2

EC(mS/m) L

54 g PO,3-(ppm]
g S
6 6
+—<>— Control +—<>— Control
‘ H202 — H202
8 8
Coating-once Coating-once
—&— Coatingwice —A— Condingmice
Coating-three times —— coating-three times
—®— coating-four times —®— coating-four times
10 10

a9 84, HEld B9k Zold wE pH, EC, SO 9 PO/ 9 F =,



Awe] AAH4 I

-
=1

o4 4

2=
il

A 134.

Jen ga

AlH O 24 AEZ S seed sprays

ki3

e

K
=

Aol = 4] 43w

il

s 9o

H4]

ool APHEALS]

o] 4

I~

B

R

£l

—_
file)

!

fol wolsl A}

5

Ej

o
T

el v

g3 ok wekA Ab

s

7}

44 4 o

7]

]_

oz WBFoRA A

2. 498

N
B
%

=
E & H

3

R

&

OsE

g

j,]
1), 2section E5F A

5]

w44
3]
2

.{[:
Fol

5

=l

AR O A ]

W

1=15
=

9] seeping©]

PN
T

gl

A%

S

R

S

A€

ke
T

H ). Sectionl

)

ol
21,

FAeH(L € 85). ¥

2 Al3z F
= @ X0°

0.0IM H>0._0.01M KH2PO,_0.01M NaOAc

1
R

section?

dAT2a3

slubg Al

3.

bol 44

)

3 A o
SERER

4

}

25}

7} section®] 2| ABAHE T

x ¥

7Fet At |

=
o

449

REER

F7rstel ov]

7wl

Ly
X

86).



EOE Ok T B
o[ < B 4 W %o .
G eE woB
o ) o o T
of o B T o
< WMo o2 <o
o ~— B o) o n
~
20 5 =° . ,Dl 03 w
—_ m T T B 0|
= o o o
3 o N gL
lnrﬂ ﬂ UT.C ‘F|J| m 3o OH_O o
_m . H_AJI »A_I OAO LO O_E 1-,/| a
~ = ‘Nﬂ o X O_H E.E ﬂe
: ~o — ToR o < =
xX o < = o X OF
5 el T B P o T o
X0 o ﬂA_I h —~) M ﬂmo
=0 .CI To O4 ‘M Ko
— _ ©oH oy o g X
JwAlO ~ o - s ‘_ﬂ_._._ .mﬂ
oF .Nr.._ o] B ,m H | =0
BT O
- ) WX g9 F
% E o 1m . M.@U J)Al
03 _ — o m KD
L N _._A.uﬁ - fce) 0
1 el 2 o’ m_._ i)
0
£} ot oH %0 o B o))
o N TS of o)
) - N
my —_— —_— _ ‘MX 0 e
X — 9 ~
o ™ X = W N 70
0y o o K Moo Br
- o m Gl ™ wT X
™ o 0 = iy
i 2 ~ ™ . o s w
O o © - —A_l .Cl #O . dl X
- M X E.—_._ —_— o) .U.l rai T g
<t — x| S ™ ~
— °© X T oo
" -

94

Al

2]

& A
st <]

=
3

9,]

q o)
A=

A}, meA

5

rol gt
%t

}_

h 64

S

of A
A}

]

],

SERE
]

-

R

A 2] Al
2. A¥y

A1



(

o

=9

A

SRR

% seed sprayE ©o]&3F A Ay ES AT ApHolL Alel =A
A

o

fotow FANe EAZ FAY 5 g

1214 A3 AYE AdS AT 5 B2 TE8%4 dF

=
Wow =i 357} wol AaA® gtwe] EAlsH: Folth AduaAdde A
[e]

] Aad Apdolth(ad 87). Abd B dE g F37h go] 1y yof

At A A EYGAIEE AF st AUdA] F13 $ rubber stoperg ©] &

sto] s AA Fddn A 2 FAANEE AE ol&ste] YE7F 2mm o]

skl AlRE Fgete] BEYSAY 24 R Z"-AYA FHel o3 Al A&

HE3-A]7] 32 0.45pm membrane filterS ©]-&3le] 12 & &Ho] pHel EC
sttt ' A #(0.0IM Ho02_0.01M KHpPO4 0.0IM NayCOs) 9l <]l

AE7HEE HSLE dolry] 98ty 2mm ot YEE THAE FHAIE 10
GA A 50mlE Hlo] A T oA 3U3 WA AT WA & T

o EAGHER FF - FHste] mP A 7 Al A=TEE WIS

2
)
i
o
&=
lo,
iy
2
ofl
=
e
e
ri
o%
%
rlo
-
%

5

g

o
g
o
o)

=)

N

)
S
S
S
)
o
_E,

I. Water-soluble and exchangeable
1. 4g soil + 40ml 1M KCI shake for 30 minutes
2. centrifuge and decant into 200ml flask



3. wash with 40ml distilled water 3 times & add into 200ml flask
4. make the solution to be 200 ml

II. Carbonate and organically bound form

add 40ml 0.0oM Na:EDTA & shake for 5 minutes

centrifuge and decant into 200ml flask

wash with 40ml distilled water 3 times & add into 200ml flask
make the solution to be 200 ml

B~ W e

III. Fe and Mn oxide form

1. add 40ml 1M oxalic acid & shake for 5 minutes

2. centrifuge and decant into 200ml flask

3. wash with 40ml distilled water 3 times & add into 200ml flask
4. make the solution to be 200 ml

IV. Organic acid extractable form

1. add 40ml 1M citric acid & shake for 5 minutes

2. centrifuge and decant into 200ml flask

3. wash with 40ml distilled water 3 times & add into 200ml flask
4. make the solution to be 200 ml.
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water—-solunle and exchangeable form 9.4mg/kg 0.0mg/kg
carbonate form 49.4mg/kg 34.8mg/kg
Fe- and Mn-oxide form 903.9mg/kg 728.8mg/kg
organic acid extractable form 58.0mg/kg 51.4mg/kg
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71 A 74 M ZTAYE 94, A7), EWA, | 2302 4,340 7,119
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(1) Furfuryl alcohol resin sealant (FARS)

2 FHE oot a9 Idaho Fallsoll 1+ Intermountain PolymersAloll ]3] 7]

e 7]golt}, o] 7]1&e H{ydH &4 (furfuryl alcohol)S 743 A =1l (a strong

acid catalyst)9} EdA71™ Aol A, kG ZHE FAFst= dEE o

&5 Aot oju FAE Eev = FAEA Y B &S b FARS &4

AR s &3 FAbstH 5 4

(2) EcoBond™ ARD (EcoBond)

2 FHe F2gEF9 e 3lE Metals Treatment TechnologiesAlell A1 7))t

gt 7]&olt}. o] 7]&2 A4 (Phosphate)ol] 71HbS & 7|2 A FAke] HA] 3

al, AP Tl e SFEA Y AbstE HLZ]OV] flste]l JpEEAT o] VEws A&

bl SFHA Y] WS HAR, 5849 =dE A" EcoBond® /o] =

3} H] =8t

(3) Aks} vlavlEF 393 A (passivation) 7]+ (UNR/MgO)

B FHE& UNR(University of Nevada-Reno)ol| 4] 7l4k3t 7)< o|t}). o]

stdE MgO €dS =3xste] gstgs xHd 2449 9us A=
719k B HES HolA Ao PSS WAskE 7lEolth MgO &9 HAE

=3 Blszstt

P24 ZF 71 (UNR/KP)

B 7]1% 2 DuPont TechnologyAt7} 7Hstal &35 Weror} UNR (University

of Nevada-Reno)dll 71538l dA&= UNRe| 53 & &fsta it o] 7]

shdEe] FHo] Hitd s mxste] B9 4bst H-wt vvhs A

oy Tk 2o HEFS TolA Ao S 24
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A782,100¢0 el Zghrt. o] HE & 2} 2
AelE Aot} whepel] o] VlaES =l =9dsiA 44‘10}?4“4 T AlEHIE 9
of m=ollA =i7bA e Az uknjel WA So] F7F Hojop & Aoln. wEhA
Am ekl dA 52 A & AlERET oA Byete & Al A
W3k gl wsell A e Ry A A ol



Az 2
zw=za | A=Y |% of total| . . 9% of total| w72 | ©rb/m
71 e} 74 H]
FARS $1.44 68% $0.68 32% $2.12 $22.82
UNR/MgO $1.51 419% $2.14 59% $3.65 $39.29
UNR/KP $1.51 41% $2.14 599 $3.65 $39.29
EcoBond $4.1) 549 $3.52 46% $7.63 $82.13

& 24, 9j=re] frAbe ] EA] w7k

(A}5=* : Final Report-Prevention of Acid Mine Drainage Generation from
Open-Pit Highwalls, Mine waste Technology Program Activity I, Project 26,
2005)

3. ARG A =5 v8 2ZEd

ojn] WAE AR ehtul ol o)k HEE Fol7] fdAe AHddu s A 43P
A sfoF str). A dHbul e A v1E> AAl A s (Passive treatment) 2} 4
=4 74 = Ijq(A(:tlve treatment) &2 & T}

SR A E, Y, w95 AHEA] v ARDAHE W=
AEtA Ag& olget 1 5HoRE AN F AL
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Shel 4 o So] o, HFAE Aol AL&ALe 7 Bk A
FTH 2+ SAPS(Successive Alkalinity Producing System), < 7]4
(Aerobic wetland), &7]14 A ® %] (Anaerobic wetland), %134 8]59 (Limestone

Drains) &°| %l

A=52 Aeye A A E fstel AEHAQ A FAH A FA e

7F &9 ol e At ket Aease] Sdsht B2 &9

v 7} sttt A=4 7%3401] /\}Q“QL o 2= pHEAFA), =34 A,
Xéﬂ’—ﬂ% Fixed-Plant —-O] %lE‘r



A | A= |2 ! =3 | AYEFH(E/Y) AFGE (HTE)
3= 98 606 450
A
S} EAHY (57) 03 688 508
P 98 2,500 302
=3(67) 98 269
Ej) Y Zq(A2EH) 983 232
- 2781
AR SHE (22 2178) 98 228
Bl = (474 7) 98 160
((£9)AH9H(87578) 99 605
4 1,094
(% 91)2F2H(920, 97070) | 99 941
Z9 99 65 191
A=
(Aol el 4 04 400 843
s | g4 S e (27) 96 43 36
o (A2 % 97 464 528
gy | U ° (B 99 509 204
25} S 04 126 310

F 25 g edad A A A (REEA ARG ).

Eﬂr Eﬂ Bol & Ziﬁi E?JE}. AA S5 E%ﬂ‘%ﬂ A& & st
20EEAT T AFHAHAA FAAS A ARHFE A s 5]
BoAl A AAe el oF 30919 H&o] =T I A
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gk vl g9 A g d3d + 9



~ X0 ol
5 <L K owo
| o - B ! =+ o
s
LoF e o7 | %o N ol
o ®|F N | [° Moow
_ 0
CO S =l T wo FF
ir B i < | oF
fo Fl4r =R %_ Ry P .
~ = TN
T | o il = | nir K =) Mo X >
H ojn
,..Aro < t_.# 1_/r Eo oF - 10.! m_ = 1%_; o) HT._._
B ol |0 =
) et T i B R T G
A RS T T A VT
i L b S ﬂ%ﬂ
Blo| i 8 T K| LR mﬁ Olzr o~ B
gr 3o i | o8 | TN lar <
JE ‘lOJl m ji MWE ZT| @H ﬂ%O ‘Mﬂ oAl ﬂe . ﬂ:._ E
e )
ﬁoﬂY % o ,o#mﬁzoﬂrmo moww _ﬁm_.E
Pro | FEE LR o HT < ==
TR g X P xlwE o B
Pym TrldET Rl ®E FTHE
oF R R | R g | B RO E Ar| W R of|X° mo|E R
NE % T | B o | R A o R ap ap (X of | Ro
| B RN L T | T |
3 7o
3
N__H £} . o
T | e
——
e : L X
o I I R
o 17r JI u_.E =K 2y =
=0
L O = S N s T
of |Ho = | o] < =
GO mo| o4 |eo| B o G
- oF W e | = hy T

3

3

ki3

ol o

)

H

SR

[e)

To
e

AFA

B

26. A3 A

22

o
ize)

B

o

o
il

o

or
[=o
jant

)
No

o

ol

H
_éo

0
B

LAY o

Aol A A

Wb Aol

v}
=

R 5

Zh=

—~
o

B
iz

0

Fal itk

S

ol

=
=

min

=

2} ) &}

=
=

AAZE A SR 70%

$elehs

o]

qr

B
o

—_—

)
N
oF

—_

°
T

o}

=
T

Aow wWolw, 1o u

z7a
SRR

0

bRk wheba

Aol Ao = oy

ARDWA A 7¢

ki3

°o]-&

=
=

7
o
J)

~
fife)

|

2 A

2~ [e)
=4S

Z
a

A

-(:51_

=
=

3)

b1

?:;l,

7] ol

7hA =t

=
=

A7 GRE IEY 7€y A7

=y
)

B

S Az A4



oM

3

o

L
a

9] = ol A

[e)

I 71&=

I

ojFlem T

=

=

o A4t

2=
=

Fo 2 M 7]

kel

H

=

3+

S
=

ﬂm m:mjxlﬂﬁ N gl MR N o PN I
X ~ © = e 0 ; .
: N Ry g ﬂmmn%ﬂ M vaﬂ_oar
—_ T _ = B — x T X o =
s EOEH ¥ 7 N B M
. BN & A7 " ¢ TE L R
~ -t < AR —§% oy & ww CgwoE W
G Exdw a8 Mg TR %ﬂﬂi%
—~ O‘I‘uAI,._ﬂ,DI ﬂr_zrv‘la o iy oo Om
o S o X O X = ™ X C s Ao N
™ th oo o %ﬂ o T 2 o <Y S "o MM ue B T A
i ] g &5 a5 L
ol H o~ = ﬂnon)Ath O,_Mﬂﬂﬂulﬂo]_oo?
W o Yo oen wEY_w W W o E o
=5 R i L ER R ol T M N e B
an i} %ﬁ%%% S T ow ﬂ%muofoﬁﬂugﬂm
1:1_%| N 7Lﬂﬂm_ Wﬂmﬁﬂ] - — = 1)
) — — K O‘*‘_l.A‘I,I_ﬂ
BN T Faxd TEE o, mEERT
MM ] <y 5 < ~O < o =) 4 EK mﬁ X . T T O
G — oM B = . - X = B o
R joj N m O oo By Z oW 5 AT oS
D T A mog TR ETE T heT g
ol 3 M ﬂgonnuima " ugh,ﬂmo*ﬂb ﬂﬂﬂﬂ‘_ﬂr;ﬂgﬂa
< HoMaoEioﬂUm T ~ B T L~ & oTX]ﬂ&o].o
A 3 ~ o = = .8 ) X T 2
B ﬁlﬁmﬁé 2 £ Mﬂo ?%ﬁ, o oM 0 R
0 A Nro o J T wﬂv Mo K Ao o ~r > £ M D o oy T oz
MR ~ mﬂima%m] - T @ AR AL
,m_wo ﬂ_u __1 ..ﬁ o ,m EO OT En o N =) ,AL o
iy = U o WA o X ae B om e K
o W X T = N o 7 omo oo TR ~ Ww oy
o %o R o T e T W T = oy AR WA Ry o, O E
~ = ~ ﬂﬂ =y Ot;o,._ ,mMO —~
EAg C %_%ﬂﬂ_ﬁ & " o}/ R W RN g ﬁ: Ho
0 N wK g Wl/ ‘_JXI‘.A \ﬁOJl
; EOARA LD % v FdgpE odF & T
_ZT.C ‘;&rﬂ n_u_._ X B\ 0 i N ﬂﬂ —_— Ll.._ \_HM fLAl o =Y ar HT _— HT ) O_
ey ® TN __o®m®m 0N 3 - - o] 8 PR T AL T o
£ T GRS 2 7P LS m S i ~ X
W 5, o T " T 50 om W T BT B
R < "W AR ) B R N —~ F o It o™ W ORI B O
T S T W WO o o~ Z NPT T8 T MM

HA g 78

°

fug

ok

-

AdoziH

o] AR HE H7AM &5 TR

o

Al A

o

T

SRR P

A

A

3|
&

gromn ofelof



S|
ax

665m’, %

=

o

ol

15 = Aoz YErst

—
"61_ A

A

3|
A

27H4,360m’ 7}

o

=

(2) ASAA R FAHA9] vl @AFA R HFAE 235

Fa= 2006l 37

2171 334kl

Hlo

Hlo

ol
of wel 1 ZA7E gAY AET]E A

al

44
5

=
-

=

T2 Al =ZA ¢

o]

o

12740 2A &g

oHA
o 9%

FA 2 )

)

shwl Al

[e)
o g

3}
=

s

]

@/ oA

o1

AlZEo] Aol

SRS

=] o] -
o]»_]—_’_ )\)]\1_

23!

L
o
ok
B

o

WA T whebA o] g

==
T =

4

N
]

ol

J A

ERPRE

=

“

@ AAetz 9go] of

7}

-
R

atol w2~

5 2 4 )

o]

3
ar

AN, AEA A el

A7) o

A

o
=]

ISR T I

S

o %

3
ar

ted Al

<]

o 2

=
o

HYEE, e

h=¥e)
=

3}

3

gl

=
T

H

B7H718 H A THY dFAHE Ad

skl <k

S

71t o
Al 224.

A

=

)

- A A

PADS

ol A

[¢)

bns 5ol

| s w sich okl AAAk el 2ab

°

EEESEALE

b

AL, AAIRA,

RETA

A A
[¢)

Jo] w4 et ol

s

[e]

1

=
R

ol 5]

Al



g} Flel Fa® ai7h frh 7Y AWEE0EAS A, B, A2 H
9 AR ke gFo] e ARl el MANAAS Wobsha AbA bl 4
of o% el s WA % gAY FHo] B Ae] Byo|rh

2. A+
A EAA ZA
1, 2, 392 619 A4 AxAdA gAe £FH, F2Z A 2AEA

o,

SEECED

A4, B9, B2 He AFFA AlFE HEdEH 1 AFAE gAtew
orak atadE o] Ao E St W FfA S o] &) FASATHE 27)
7 B NFENs T 2 AFERE
TB1 e TB13-1
Al A TB2 TB13-2
TB3 welEY TB14
FAEE TB4 I TB15
oA TB5 ° T Th16
TB6 Th17
= 7 TB7 TB18
TB9 ] & 3] TB19
TB10 TB20
A A TB11 Th22
TB12 P = 4 TB23
TBI3 TB24
TB25

X 27. AV A5,

oA o] AtA gukn] LA J]AA A& (Acid Base Account Test)
B Aol A (AT A Fao] T ZHAdd AR ARE dYoR sk
o EAAFE Foto R FAtstal, gshdEo] EAlste A gstgEo] EA

ek AR 28).

g r
rir
)
=3
o2
£
o
2
o,
_O‘L
2
Mo

5]



SR o] &
H] al H] ol
e M He |[AF
—A g ket —AR
TB-1| 3 |-3#AMo] FAtgel®  |TB-13-2| 1 |-&Atg e Aol
Ny FHA o] veine] A&
TB-6| 1 |-¢tdd &3¢ TB-15 | 1 |-AF
~SHAb A A ARt “AR
TB-9| 1 |-&2t@ele] wAg TB-20 | 2 |-AotdAs} &E 4] vein
A4 veino] A& ez =&
-A}ot -3} 7ot
TB-12| 1| ] TB-22 | 1 | - ]
~3 4 veino] A= ~gH o] BAFHRE A&

=2

28. At Alm B 54,

4 Alse 3371 (Crushen) & ©]&€3te] F7em olstzZ & Al Fa1 1127
& & 7] (Pulverizer) 2 200mesh ©]3t= #3135ttt E43lsk AJ55 o
2 1) HY 2 A E (Maximum Potential Acidity, MPA), 2) 2tF353

%)

(Neutralization Potential, NP), 3) A& A & (Net Acid Generation, NAG)S =

ox X M
[o o

@% (MPA) @ E2AIR9] #33&FS LECOAS] #3475 o &
i MAP(kgCaCOs/t) = total S(%) * 31.213% ©|-&3to] MPAE 74t

2) ’&%ﬂ%‘?‘n(NP) D & IN HCIE o] &3t A8 do &fd 4 Fsleds 27
AREAZL $F 0.IN 52 05N NaOH= HA3te] NPE 433t

3) TAPTAFNAG) @ FEAE 15% H0.5 Z=a 7heto] Ao &g ES
AFSEA] 7] Absiabgo]l gku¥ F dA FuE &4 FE 2T 0IN Z&
05N NaOHE o] &3te] Atste] ofste] wAE 2HH ) FS Agste] SA gt
) =AbE A S 2 (NAPP)2 NAPP = MPA - NPE o] &3ke] A4tstaltt.

& 295 Al S (Duplicate samples)& ©|-&3tA o™, SAPRA T F74 Al
Al & (Triplicate samples)S ©|-83lo] 2709 A&+ NAGSAHo| o] &3t
M |5 NaOH AHAS A &1L 045pm membrane filterE o] &3 04
AAE Fatgtt. 99 pH, EC, F%o]2(Na', K, Ca”, Mg*)el #x=,
(F', CI', NOs, SO/2)9 %, 9% 552 =AH319h

I

td
ey
N\ .

w
[z
e

A

N

lo
>~



SEE]

3.
2] A A

b Ao

S

Ay
g

Aot FAE Y, TP BU2ed FH AATRE ¥

el

ol

ﬂ_mo

—~
o

=
R

)
—~
file)
I
i)

o] AL Ak o] A Hd

-

&

B
i)

B 3AHYT
AAE D T2

ox

1
b
il

R
=<

(ash flow tuff)o. 2 o]Fojx 3}

5 5-¢3%

KN
) .

g 2 et

-
.

of ¥xal

A
4

o)

o
gt

—

R
=

Bo

<

%

O
7

1 5H)

TC
T2

o

o 0 52 4]

-
R

o] 60mol-ge] =

3z
=

OF 2] b 5ol A

o A et

=
=

= A7le Zd 9

o]},

=
=

o
A Sager HolHl W

el M=

2| %

e 3e
Gl 277 PasEA

=

e

—_—

o
'

o
ﬁo

)

s}

P
TE

Holm, STA 9+9004] 4 of A

™

) O /\ﬂ
Z 7]

o) O
e

gfyl 2] 7k Aol HolA

-
1

il

boh eu

3
pul

L
a

7

9] ol A

of 7}7h% shik

0 AH<
(agglomerate) WA 3}

STA 10+

} 5 (Pyroclastic flow)7}

a4

oF
=

REE

B FH1EdE 73

o] F7ke] A

Aoz o] FoiA]

|

o} o
=

ST
it

A

= 4

il

B
o

ZO
)

—

—

0

-
A
1o

~

gt

—

W
=

o

R

0
o

A

B
il

B 5H28d 73

ol¢r3} Abel el goro g o]Folx 9o 3}



g o B RN T R TR -
SO~ W~ e = B =
o S Mo R oW oE W
o Mo X X X — wT oR
~o N — ,Mﬂ ~ O H_T| o O# = o © o Lf
N X X o o e o ke § T —
T T e ]
RN A - SOt R o o % K
= 3 G me o m 5 E W = ® A & O A
SHEr_ oV m¥es 5T By O
~ m R 1dr| B Mo 5 o, WU Wﬂ M o % < o -5 o
R S L T oD w B g o
s T o XK In T = o Wy ge B Yo .Hmo o] °
N8 . m o o 5 % S = B P o
- S R AR
T Mo S mo 2 ﬂﬂwhmr@‘wp A B 5 o o
o w, FETT LT Ew G LT TR R g
wEXET LTS DR T oWy
0 — ) ! @] 0 [
s 823 eioagmtes iy S G
ny Gl o o 0 AJd IS — o = o —
ﬂmMmw&o@maégdﬂ%.mm@oﬁ P %
8 WE T g B ooy oy X E T T 0o Al
QE ~ —_ —_— _.AL jant —_ O_ —_ o Z,.* D Ny LlL
~n —~— N 0 0 o 1rL — 0 OM — X
- L S SR I LT R
4 1,U.|l o =y O w0 b ™ Ho = W 11_w_,| N = =0 =0
o] R Mo g A T o B % o= W o wurrm ™ oF o = — z
do B T %iﬂaﬂr T 2 N R Pmﬂ =
~ OT _50 Oﬁ o Lf i Zﬁ L= WU_.O ,E.ﬂ )A,._ S =) m
X %Hﬂﬂﬁ@rﬂ%mrv g T T <
O — o T 3 N :.L ﬂu.u E,._ H _z,:v o% ,Ul ,LN_ i_’ T E
BXn BpoPRIEZRET o I T
NI = S VR O B oo N oA L Z
N © o Mo o N Moo e =
o ry il oy T o= To ol = ™
=ty = = o ) X M- G 0 of )
= o x w_ﬂ/a 1o of my oo | o W oy R X o R =
Pyure Pl ieng oL PET S
omog_ﬂﬂwnoﬂﬁw}ﬂmmﬁutﬂﬂﬁoﬁv EIAL Wm
T . T BN - & Mo 20X
o1 T XL T ﬂLcﬁ;é:L T %o ) TR
WL - B on mO m_ml iy ‘% g FL iﬁ 5 Huru = H;l ﬂw _50 ﬁ# e
0 n % —~ Ay RO o
™ [ Mmgsﬂmﬂv%m.sowﬂ%_é TooW = gy
s lorra T oeren ®, ELsPww
A R L R R R SR
. A TR TIE o I i e L R
~ juig) N OL O_U HT o ‘m\ﬁ ‘a OM ,mL HLO ‘El ZT ‘Ol Ti

P

R
5

oé] fe)
Z] o

ol g1, o
/_\jl

1
T

=

=

(TB-2 ~3)oll 4]

kel A 3

o

oL

= o

wrh o Be W

2ol A
T2E woFy, #uel] gl

TEe e e

<

o] TB-1

-

=

Al

&} 5ol A

)

871 ¢]
g Al &

-

o) Folut,

}-
=

et

o

°©

FAE Aol A
&
<3

W ZAEET

W37}
A EA



o 2w
= NC) Pour X T W
= 53 <2
= afﬂr}ﬂnﬁ = F l
,mwlmo ~ T dﬂuﬂ;l T T W EE
mﬂl,_t Ao%ﬂowf B iy @ a.mdr ﬂmu 1r
PTG P s lwl =
— — T [ | —
LT M@_ozgal o T °l z
=~ 3 m%%am?mo SRR ¥
> o~ 97%@@%& mﬂwﬂ Wu
"o mmﬁfmﬁﬂ DR o
o &% 4afﬂﬂn_oﬂﬁ SRR = B
b T T o OF ) M T e
N z = o F No oy o
o) © T W = X 4 W oy R ~
,Ll_:fﬂ Eadl H;A]L_!,_Ir,_.,l o ﬁo\lll <7 X
N o e ‘IJI‘Jn‘lo q,urﬁe._“_o o
DR .= SOEXEEMEMOQ oo RS ol
o o & Tao ¥ Tewl F R T o
»AXUd T o ._01_,.@10 ‘mﬂ .,‘I\‘.Al:.L %EJJA
ml,zom @Muwy;dra,ﬁewﬂ - ol NS
L B g o BT T B o MR w
W g XS R Tax el T %
) oo T oy T A w0 X w T B i+
B o ST oy =" 2 8F w
X W0 woEXE o B o= oo D _
H B or N T = or A N _zT ol - 0
%GE g TR W= ]urmNTx AR
] o,ﬁlob@augom_uu < - dﬂx
8 oy W 2 2l oo B i = W
W= R 2 Nﬂﬂ%i o EH% s J&
o . w eruﬂn9zo_oz_|oﬁ B %o gf O X <
o T 2B 0 5 ﬂwﬁdaﬁﬂ = © 3
o Vnﬂ{TolE_o e B - W w
2 ff%aﬁ@ﬂ@ IR . < 7
2o ¥ITm =k R y
oo 5 :lﬁg.%mﬂﬁl duw mﬂ%% W f\—
) N . . o B < _~ o M Q o) il i
W m LE Jl e Ot ;O:u ‘H_Ol m.mE 7.._ ﬂAIL @E __AE ‘AIUM 0 ,_ﬂﬁ “o _L ﬂ
9 o o o N N B e = ™ — — F Hi £y _
fl!ﬂ lhlﬂdﬁ N HEZ._‘%]_L‘MO ok 0
I -I) %Eﬂﬂaﬁ,lal YETm T T M
V7n Holl ﬁlq,qu H,_.EHWJ._u M oji G
® No 2 W mn Mw ) R N o oF WQ Moo oy 1 R —— r
a3 of H X o o < T T ™ nﬁ HA_I el iz o5 1%0 ‘ZT oR N T
Ho B aftﬂyumq@. _ o =
l%ﬁﬁmo w g T <
e i .B%Emru
T_oumom

=2
§ 117, TB-14)F-310;

19
9 116, TB-14]F-310:



TB-9 A 53]
HAlRE FAAew o] ol
118, 119).

F =

% 118 TB-9A]F30f: #4HY 19 119. TB-94]
a4 A, Ae

¥
_‘&
o
}1_1{
o

TB-13-2 A|FH]
AR A Hopddor FAE AWy 2AEHE AdEse FENSs B
stATH ™ 120, 121).

9 120. TB-13- 2A] i01 19 121. TB-13-2A] 3 50]: 344

o = 1.

ERERIDEER

TB-20 Al F39]

Aol WM Aol waow AZHgen id i FHs] e
e wo] o] AEHUTHIY 122)

TB-22 Al F 39
A A o] oFAl HA o BEAME o] AlEECH LY 123).



~
. | Muru ,m_w Nr,._
HLﬂ 2 af | 2
o a || & K
o ) 0 —
v T B ol N " T R BN
< 0 N_.o 4 a H ‘Zl mﬂ;!ﬁafxﬂ\/
HT_ 5 ‘wﬂ wlAr,._ 4 A AA_ < 4‘»|AFLM./ N
W qo_.u,lat AA_ < o) | Htﬁ&LJEM
S 5z © N R ualﬂwﬁwuﬂ
— < -
i+ Bowg L) E T oW o P o
_‘._ ﬁonA . I — ME _dﬂﬁ_/
AN o : 4 U. )| .
. < quﬂon% A B o)) woﬂr SN
2 o e & : o5 BB D
: _ ‘M um_l < f < . = .LINM
m o) = AAA_ X mﬁ .DIA n_AIPo g
TR g I PEIE T T 4y ST
%. O_ E.E_ 4 4 af | w0 Ky N s HIJI‘/L.E
b — o o op o n - B ﬁ_OﬁTgaﬁvﬁ
0 B R # - W P T oo T
1 “ fo el g -
o ) SR b o o
oy How_m | AL P S G
i o T E® TR I i%ﬁﬂmug
2 woowE X S A FTR S
X P s SRDE! P 1 P M B
T _ o| ©% A b 3 w g W
i =K 2 X o N B <oy
) fud [ut A _r °
o oA R P Ly e I
- ‘WIL Oﬁo Ot Bo g < 9 . ,Xl:._ ,,Iﬂ_AH H\MT_ T H_T ,HA_I q
\Wm Y ol R xr < A A B X s & — &
N ME w_,mu_ﬂvﬂ,:x_ AAAAAA AA N wwqmﬁﬂﬂhﬂ
< 7 Mo 75 - olwmmhm%w
i < < ! B3 0
Sz 3 & o EDRT PR wfﬂW&ﬂﬂ
_ sy \|ﬂ < < O
m 1%%0 _:_I J:AlL o< HT_ % a < < HE N Ln‘,.__ ,_ﬂu :.L h ,NU Xl
R an T T - I T T o
2>A_l w o a4 AA — H._OJI,_M,”O_ < 0
~ B ﬁ,_.amﬂqox]au < X ﬁ_.ﬂm_.ﬁaaﬂl.
~o e JL.E,A < < : w0 N o 9
22 PrzTaz T R T e
22 pII TE A8 Bow o
: ;
Iﬂdﬂoo_L% L - myﬁﬂa%ﬂ%_u
= T omwm ™ R
== N oA
B Mo T U %
<) wWor

A

o) o
R

¢l %) %]
Mol wg o}

=

3}

Fell A
t:)‘_:']_—

F A
Mol =4

H9le}. Al
SEIE

=+
=

H
Lol X Ao}

o] o 1
2101 Felsite dyke’7} #95
Arolad A who] P

Aero 7 LA T o]
Aol A

10cm
(19 125).



AR P B ADA
el AuahE s e (MPA), 4H5 3815 2 (NP), =44 %52 (NAPP), w2hia) &
(NAG)E E 29 e AT

A = *

N T [ P s o P .
TB-1"  |16m, FAAH 0.023 0.712 -0.037 | 0.749 0.521 -0.053 | 3.56
TB-1"  |9m, ZA A4 0.079 2477 -0.200 | 2.677 3.060 -0.081 | 2.77
TB-1"" |22m, A A4 0.173 5.400 -0.162 | 5.562 2.450 -0.030 | 2.56
TB-6 93m, AL 0.001 0.027 19.338 | -19.311 | 0.000 | 728.863 | 6.78
TB-9 BTHIAIA 3710 | 115.800 | 1.988 | 113.813 | 46.062 0.017 | 1.97
TB-12 |5 HIAA 0.013 0.406 | 36.725 | -36.319 | 0.000 90.542 | 691
TB-13-2|39m, B H1&A 0.208 6.492 18.225 | -11.733 | 0.000 2.807 | 7.24
TB-15 [22m, aH1EH 0.001 0.025 1.975 -1.950 | 0.000 79.591 | 5.02
TB-20" 16m AEBEY, 6.630 | 206.942 | 33.400 | 173.542 | 98.147 0.161 1.65

W, ojet

TB-20" [16m, A& 0.000 | 0052 | 2333 | -2.338 | 0.000 | 45387 | 5.22
TB-22 |5 H2EA 0.027 0.844 14.850 | -14.006 | 0.000 17598 | 6.49
& 20, A grubuls A Al AlE (ABA test) Ak
AP HNAG)SH 4P 5 2 (NAPP) S o] §3ke] 9hAl & A4 ghubul 5= kA 4]
e A Auss B A7A e AeR BR|UGHIY 126, TB-L,
TB-9, TB-13-2 vein, TB-20 A& A dntu=5 2AAZ Jlddo] A+
Moz BHuch wd tE GHES HAGuHSE BAAL Aol e




I
12-10m @ 13-2-39m

o2 e

& 22139m
|
|
g38m

@6-93m

® 20-16m(V)

& 9-14m

uc
PAF

+1-1Em

| |
100 200

NAPP (kg CaCO3/t)

-100

7} NAF:
u} 2}

3

3 2ol

9

_‘H

CRER
b5 )

s

4
Ay

alr
=

s

b 5
o7} 27y

pI.
==

-

o] -&

=

-

R

[e]

X] oku

=

=

o]

gkl =AY PAF: At

# (MPA)
= TB-13-2

o

-

Mo
TB-1, TB-9,

TB-20 veln
TB-6, TB-12,

TB-20, TB-22

). Se)
=

<1

o
1-2 or 3 |TB-13-2

J}A] o}k

(NP)/Z th2he Ay

A

]

19 126. NAGSF NAPP

H
==
=

7 o

30).

3t

=
K3

Ay A
st

F

-

A

(



4r

= EA R 15%H0.8 A4 (1:100)= BEE A1 5

o} A
™

bl ot

S

1| ©0 o
Sl EB|lg el |3 |2|=|o|o|n|<|8
|
|
|
o | ! (9 I [op)
C_7876m1566ﬂ5
I
| o
&m5677ﬂ55m7m8%
|
)
0 <t o
R8I | B |l o ||| | a|w |||
Y | — N
I
n_m%au ~ [ap) S
S I3 & | & | 8| ¥ | 2| v | w | o | o | & | a8
al ™ | - —
(=)
L= Y AN T R — — ~ | D@
S
T
ol 0 | v < ap) o
C_266515525422
|
I
] N o] =S VR
< ||| | =~ | | =& | |© | & || ®B| B[S
|
e_027 g 77%50
I
@ || S GG | © 8]~ | © |5 5 @388
_ = =
Il o S| o | O S o o
M_208222684640
[ = T D A A2 A R I B R IR e O I ORN BN T o> R IS S BN |
I
_ o | o o =
M_%2039wm38%4m
_5ﬁﬁ8nﬂ1175%43
s 2] o | o = =] o =~ = | = | @
M| R | R e e Y a2 3 9 | @
B NN - - - - - -
I
S |2 © | = | @] © | | o | ©o | »n| <o <o|o
Nm9.2.2.9.3.l0.13.5.9
m01102111110
g 2 = | = | 2| v | a|la| x| | R| o
O |l S 2L S Y| L2 8|
=1 I I B I R DA ICH I A -
w ||| =~ | | =| x| o3| a2|| 9|2 | =
= =2 Y e =5 xR e A - =
M_000060011nﬂ0
™
nd » 3 o | b el ol |«
N N D A N N N R N N =
< Mm | M| A | A A A A A a|]a| Al
HE Bl Bl EHE]lBHE Bl EH]lBH ] BH]B | BH]®v

2]

3 w4

S
&y

1o =2

A3 TB-1, TB-9% TB-20V ¢

3]
=

344

dEth webd EEEatl

jd_

)

2



A B F Cl NO3 S0
—————————————————————— mg/L ———

TB-1" 0.178 0.589 0.552 9.896
TB-1" 0.183 0.600 0.406 1.211
TB-17 0.183 0.388 0.000 0.730
TB-6 0.197 0.374 0411 0518
TB-9 0.214 1.045 0.348 11.823
TB-12 0.274 0.464 0.412 0.554
TB-13-2 0.212 0.459 0.000 1.021
TB-15 0.198 0.554 0.000 0.000
TB-20 1.245 0.686 0.000 1.455
TB-20V 0.679 0.620 0.000 14.505
TB-22 0.230 1.194 0.000 2,554
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