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SUMMARY

I. Title : Groundwater Remediation Techniques in Rural Area

II. Objectives and Scope

The water usage per capita and the amount of wastewater in rural area
have been continuously increasing as the living welfare in rural area has
improved, The number of pollutant sources, both point sources and non
point sources, also growing out every year. Such as underground storage
tank for gas station, live stock farm, land fill sites etc.. In urban
area, the situation is similar with on rural area however, they are a lot
of people who concerns groundwater contamination in wurban area,
Researchers, engineers, mass-com, environmentalists and even government.
In some cases, remediation project have been implementing after the

remediation budget had furnished.

The percentage of the people who is supplying tap water is still very
low in rural area., Which means that those people are using groundwater as
their drinking water source, In this concern, groundwater contamination

problem is much severe in rural area and need more attention,

The scientist said that the soil and groundwater has the natural

vii



attenuation ability by themselves. However, several reports shows
evidences that the groundwater contamination in some rural area is much
higher than the its natural attenuation ability and the plume is
expanding gradually, If we continue to neglect this situation our
children in rural area even don know that the groundwater is a clean and
pure water resources. In the sense of groundwater contamination, the more
fast the more economical. The remediation cost increase by non-linearly.

This research project was initiated on this basis,

In advanced countries, a lot of research project has been made from
seventies, Biodegradation, bio venting, microorganism, air sparging,
pump-and treat, mechanical treatments have been studied. The researchers
found that the remediation effect from those technologies are more than
expect however, the cost for every technique become tremendous,
Consequently government and researchers looking for new technique, which

is economical with similar effect from early 1990,

Permeable Reactive Barrier, on-site technology, is initiated by Waterloo
Groundwater Research Institute in Canada and followed by hundreds of
researchers over the world in nowadays., Construction cost for PRB is a
little expensive and the total remediation periods are longer than the
other techniques however, once the PRB system has set, only few
additional cost is needed. In the long run, PRB is the most economical
remedy for groundwater contamination, This study is aimed that weather

the PRB system is suitable for Korean aquifer condition and sufficiently

economical to adapt for rural area, In addition, engineering aspect to

viii



construct PRB system is also studied.

III. Contents

Two fields sites were selected, one is polluted by live stock farm and
the other is wastewater in rural area. Site A was located on the lower
land in small watershed where the polluted water was flowing in the
creeks from live stock farm located on the hilly upper land (Gangwon,
Wonju). Site B was located on the ex-riverbed area where had polluted by
wastewater from Sand Filter Disposal System of the Wastewater Treatments

System for 11 houses.

The concept of a PRB is relatively simple, Reactive material is placed
in the subsurface where a plume of contaminated groundwater must move
through it as it flows, typically under its natural gradient and treated
water comes out the other side. Attenuation of agriculturally derived
nitrate in groundwater has been attributed to denitrification resulting
from increased availability of labile organic carbon such as sawdust,
wood chips, leaf mulch, compost and so on. Two pilot-scale PRBs have been
installed at site A and B. One, which located at site A contained sand,
sawdust, mixture of zeolite and sand. The other at site B consisted of

wood chips and scoria,

Trench was fully penetrated the alluvium into the depth of the basal



rocks, The length of the trench can be designed enough to catch the full
pathways of the plume. And the PRB can be installed total width of the
trench or some portion can be blocked by sheet pile or funnel and gate
type can be used. PRB installation for full width is effective but high
cost. The purpose of this study is not full cleaning of the study area
but verify the effect of PRB and adaptability of the system in Korea, the
size of the PRB was adjusted to cover the portion of the plume, The size
of the PRB was 6m x 1m x 8.8m(Depth) for A site, and 6m x Im x 3m for B

site. Monitoring was made for 11 months.

IV. Conclusion

The monitoring data after installed PRB system in A site, there is few
evidence that the groundwater has remedied by the system, The system was
designed based on the existing aquifer data (1995-1996) and from two

weeks of field campaign in the year of 1996 under this research.

Monitoring data groundwater flow direction has been continuously changed

by rains,

In the B site, hydro geological investigation for the aquifer has
executed for six month before drawing design for PRB. We monitored B site
for more than one year, Field campaign identified nitrate is the main

contaminant in the shallow groundwater at the study area. Permeable



reactive barriers (PRB) is a useful approach for removing contaminants

from groundwater,

At site A, PRB system failed in removal of nitrate because groundwater
flow direction is changed whenever it rains and plume moves

unidirectional. In PRB installed at site B nitrate attenuated

»

successfully., In wood chips, nitrate removal rate is higher than in

scoria, and concentration of ammonium and BOD are increased.

The conclusion of this study is that the PRB system is suitable for
Korean aquifer condition and sufficiently economical to adapt for rural
area, However, there is a lot of precaution to get sufficient effect such
as, good understanding for the aquifer system before drawing the design

and hydro chemical characteristics of the plume,.

It is suggested that the further study on increasing effect of PRB and

standard design for groundwater contaminated by nitrates in rural area.
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thd| 13,207 43,94 | 11,251 30,655| 231| 3,655| 1,759 9,144 5% 509
S 286  2086| 2424| 1850| 13| 1,54 137 76| 17 24
ZA7)| 78,800| 378,939 | 56,104| 274,000| 1,988| 32,137| 20,259| 67,051| 59| 5750
739 38,891| 116,267| 29,146| 65259 586 9,39| 8,90| B4 209 314
ZE121,58| 263,004| 80,848 110,927| 1,614| 23,333| 38,657 | 125300 409| 3,58
2 205,974 | 496,543 | 118,671 | 191,095 9%2| 19,710| 8,125| 267,99| 18| 17,768
AE| 145,217 | 296,554 | 66,762| 102,142| 83| 16,535 76,949| 176,075 671 | 1,801
A 171,982 | 495688 | 95127 140,786 | 716|  8,074| 75,9%5| M3453| 04| 3,374
ZE| 67,588| 33%,662| 41,782| 173,218| 1,405 41,382| 24,213| 109,030 | 188 | 13,030
A 53,221| 394,505| 33313| 207,595| 1,362( 27,207| 17,924| 136.792| 62| 13,001
A% 3,807 311,609 1,237 95820| 212 9,59 23%9| 19558| 19| 10,65




<E 1-1-3 A3t G45dd ol 88% (B9l i’/ d ¢ AHIFH, 1997)
ou A 30n'/Q ofs} | ZIMISE | 10022~1500l8} | 150n°/Y 23} m]712
N | o8| Ab |ol&%| b | o8| A | ol&F | Ak | ol&F| A |08
H=| 786,921 2,863.7| 322,723| 346.1| 373,060 1,222.3 27,883 284.4| 31,901) 832.5(31,3%4| 77.9
Ag| 14,593 47.3 1,891 12| 958 153 1,201 88 1,388 19.8 43| 2.2
B 7,909 66.8) 4100  1.1] 59%| 335 689 10.2] 593 2.2 22 L5
tht| 3,973 428 596 0.5 1,640 8.2 408 51| 1,34 289 25 0.1
| 5640 179 113 01| 4,69% 94| 474 38 3%/ 45 3B 01
% 8,051 386 3,174 36| 3,695 125/ 414 56/ 753 168 15 0.1
thA| 11,077 359 74071 95 1,356 85 297 4.6 489 12,5 1,528 0.7
A7) 75,992 3151 30,241| 52.7| 31,440 129.7| 2,459 31.3] 2,177 85.4] 9,675 16.0
79 36,924 1013 21,347] 132) 12,250 29.1 661 9.1| 2,68 49.8) 38 0.1
28| 752 287.00 31,4%2 359 38,181 159.9] 3,227] 2.6 2,039 62.4) 2,603 2.2
2 121,804|  348.5| 53,400 539 52,0776| 150.7| 5,281| 52.0/ 3,73%| 85.2) 7,311 6.7
HE| 143,397 365.3| 50,729| 57.6| 85,360 246.5| 1,267| 10.7| 2,077 487 3,94 1.8
AHyH 166,955 433.6| 68,453 66.7| 88,609 252.2| 4,505 28.0| 4,766 859 62| 0.8
ZE| 65,52 300.3 34,389 24.2| 22,381| 72.6| 3,627 42.7| 4,617 160.5 508 0.2
ZGH 43,994 298.3| 19,080 25.9| 15781| 941 3,158 45.2| 4,943 132.2] 1,02 0.9
AF| 3,548 165.0 Ll 00 18 01 125 0.7 65 19.7| 3,339 4.5
of A|st47t LEEH, o]&&o] W H|LAF At HAE i, ARt Al
¥+, B, SE25F HUELEEE T ¥Rl VEAE 2t HeE
2 AR g oE AEE 28" AYo] Urt. ¥R FY A £ASHY A=
of oJshd Hibd i of 76099718 SHY 5 12.2~17.2%7} 7|EA (He==w
71E,10mg/ £ )& 2IstE on, 1996\ S22 H oM H=L1657] Al Ad=fu]x]
ofl A AL-&St= At S BARE Azt 24.24(40704) BETt 7IEAE 23
e ZoE UERYTE <E 1-1-4>. EZF 19979 HetETolA T ofItE tix]

of mkg 3,2227048] A|stE tidoR sEAARE HAIRY 23 37.3%(1, 202
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PCE

1.2
1.0

0.3
1.05
0.8
0.3

1.8
1.7

2.1

2.7

2.5

3.2
1.7~3.2|0.3~1.2

14
16
21
13
19
24

7.6
9.2
6.0
7.9
6.0~9.2

66
70
45
59

COD

35
35.1
42.1
47.2

269
268
317
352

12.3
13.8
17.2
13.5
13.6
12.2
12.2~17.2 | 35.0~47.1

94
105
132
103
103
91

762
762
769
763
752
746

oy
B

]_

27}
12}
27}

}
22}

95
96
97

)

ErE 9]

=
=

23
& d3el 71

k=
<+

15

o

o HIZS tiesS U2 R A A

AARE A

=

—_
no

Sk
°©

)

stod WI0 A=<

NNed 3N e

J)

"
o

o]

A=Y
R

5

A= chu]

el

K
b
ol



pr—

o
B

&

ir
s

=34

]

5

dd4do] el Fel= &)

odn
=

2

2 BODFAHS #7IE

Fel2 wET s’ 4ol otk

3L

SECRIEES

ExR
=0

2|3

o))

tol uj &I ¢

&3

]

¥jo] L

Al

¢
Wi
offy

)
—_—

1

1-3-1>.

(729 33,

o] AU A BALEIZ} BAL A stE ],

’



<E1-3-1> 2

’

mm___ Hlo e o | =
o 4 |
wle | @Y 2o
7o g ! me g
x° | g 0 ~ ] N
E | A |of o
) mu__ “ o |3
N5 | We G+ 2
~ .m m_.”.___._ MoC i ._m.___.
X o ol 2lmal| TR
e | 5 |SE|F|HE|w
—_ o_u o o
o N H.._ N S - z._o
|6 | g || % mel
)| = zo | HW|er v
TG | o || ®|Te|G
O.._ m ‘m_u m:._ H__I W yA_I %
..nm_n..v :_o = P E._um s
o) | X% g M % @Em
= 7 M u,_ B = L,H X0
Bo o (N IS | DE
4 e
il E_uﬁ_" AT
ol M = ek
SR S AR IR
il o :_e e zT ~ | <
TH ;m_u ﬂv_A",.nn Nr oF oF Kjo TP
O.._ _._._o Illxo ]__/l z,_oJ_A m_mro
- oF R Mok
S N
¢
— -t A — —~~
T | 517 4] | 2
B ,_u: ol m_uu.._ o_u Ho "
ol M| = | XN B
;A_._l

&
off
e

1€ 233t 7}

2

31 BOD, COD 5] 7]&

(o)
-+

wegol e}

2ol 3t7t 4

ol 7] ul



o] weE o] R A|st4=rt FAtulol s L AEAE wfol olF

Fe 71 of

ol
1w
5

Nee
B8} 2]

arojeh.

o] ==

Z1 ul
1w

H

]

FU A 2de QoD 4 gtk AHEwt A Y

Lozt

&H

x| &o] 0.91% =7}

J)

A

|

Z 7]

3

o= NH-Ne®, 37|

b8 47 e@alTh whebd

5

tol =
o] 13|

5

A3 = ot a3t 7}

=
LL

A=Y
R

o] NOs-N 2 @=&A]

2
T

5

R

ol

tof MA 2%

15

[«]
+

M, ol& 3%

3}

o

oK

AR H 7L

x3

a1 olch

5

A Hg

I

e

ol
s

g

Z0 2 19929 250 oJshd oA

o o]

| wgstel

Eo
1__

10,2174

[e23
=

=
=



b7t 2HlEo] /714 AgEl7E Hal 771ES] AEHEsTE o

A SR A
T2 &4

1

= X

T W F W RPN =T ®
—_ _u 1 S T~
" = o o B o W ;R
I A - S
S | T
= En%HL_L CON I~
- — —_ —— vl
Tl YexFrIE - E
Woon X i X "
—_ M..A ﬁo 0 ﬁ A_I _~
Boo N w L w ow oo F o
= o~ = X L3 L B lo
T o8 K T o7 of L oo X0 o H
) o o —_—
P X 0y P X oW
NOw R n”.mu T owe M o= N
- X ) ~ i
L O SR I N
a2 w iz L Lg
A O N G © % 5 2
PN S Y G ) U
) _/u mm A.__; ] u m_wo nE o_e < _,AA_._u _
GO R
O RV JCH SO
=1 0 ) ap SN e w X e T
Joo N2 } ™ T e k-
W o & B il ok T K "B
O -G~ R N R
o jH xR g P& fo
. 5o BN <0 A
© g o) - FT g ® g Hx
) o %O ﬂ% T oy > 7 = m
= OF 5O < s .mm 3 Fo o T ) b
50 —_ ~ B T2 & - —
i N Wh__ < T _m,_o a_w mrn: W X
+ o — S I of & M
I R T S N 3
A = B X o B
Hoow 7ok T 63 W ofy
m W o . . B o7 Ne m,_ X W) B
N w e ®F ' 7 v 7 C3

2~
T

J

°

bol chstel
tAch <3 1-3-2>.

°

°

& A

oF

K

24 2]

1999.11. ~2001.11. oj]=
Ao o] o3 2HH A

pilot-scale?]

o,



/N
23]

AN
Do
A\
2,
44
i)
oo
=)
nE
fo

e

1A=
(1998.11. ~1999.11.)

22X =
(1999.11. ~2000.11.)

REAIER
(2000.11. ~2001.11.)

o Zatosieo] ol o4l
o3 Heiel 7

o3 oxro] 23t eqr|

T35 AR 7Y dF

o B5ixe] mels

=2 | e | M

op 1 |k {4

- Zaresio] ofs) o9l

H vaEs #skeE

qBoso] o5l 0wl
Bds AeE o

o HEe] o w

J
|

1

- Ziesle @ A

e A A Y

- o@EEd PapaelE

7\

- o9l =4u A9y

BAE] 71 - 71E AR

10




2

7t @71 T,

om0 T W W o N oo B P F
TE g B oo KRN
of R oy X =R s P ]
— g 9 R XWX ol
T T ol T
e W T ol T ol T ol
FERER . Bwt o ¥ o
N AR By oTom i\ -
= o) T W o oo WMo
° ] H _.C._ —_— urt O.._ [t —=— \‘LI ()
" N m___ul ~ = ;Io.ﬂ o ‘__ ] 1¢| W o_u
T 5 2 r 4w T 5 2 o X
—~— - <H = = oo o S gn N oF
N A_I —_ z_.o o m X A_.E _—
PAZ o ¥ Wy B
~ 0 = = —
T X5 W o R owm MRS
FLErrd fonenmd
e 28w B d 5 x o3 W
SR m"@ ~ 2 g 2 5 N
P R s gy R B
B HE T RHE . R R ° - BN
ﬂﬁﬁ%ﬂvfﬂm%ﬂwﬁﬁﬁ
Me s Er__vu o _Mo% ) o__._.,m " WN n_.e - MMVI 5o
N o i ~ < mm_: . —_ o
im«ﬂwoﬂhﬂugﬁwmwﬂoi_
N “m L) (I ;Io.M % N ° N ol T
A T VI I B .
woT i < ® gk i_ EoNode g
ﬁo o QO oﬂOl ﬁ N o° L¢] ‘OI o ml _wi
- = T X HoM N R g Ko 2
OL L ﬂr.V” R mo ®O — A_I . MO . ;OL D
" Mo o e K o = X A+ ol
& I B % ajo w«o M ]
fo] [u w.oﬂ s ﬂ_l ‘OI =0
L_Lﬂmoi_%w_mwo_eﬂs_emﬁw
T % B B o mp MoR oo o om ®o

o 2 74

|

R

5]

°

|

FH

[«]

11

IE 47
a8y, oy

x:N

teh.

teh.

°

°

felst AA 23 AA el 2 T &
7 ol en, oyl
b Zlol whgtd

=
-

A
=79 sl Aa

=

o &%,
=
=

2}

ol
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o @Ae7e

2= z = 3 gl
(1) &xdy |71 RESH 1) biodegradation EoF
(in-situ)e] Asly|= 2) bioventing Eo¥
X8] Az 3) white rot fungus EoF
4) co-metabolic processes =
5) nitrate enhancement A|5}5=
6) oxygen enhancement with air sparging A5
7) oxygen enhancement with hydrogen peroxide A|SHE
L 52 -3 | 1) preumatic fracturing B
A3y|& 2) soil flushing B
3) soil vapor extraction EoF
4) solidification/stabilization (S/S) EoF
5) air sparging |5}
6) directional well enhancement A5l
7) dual phase extraction A|5}5=
8) free product recovery A5
9) hot water/stream flushing/stripping A5l
10) hydrofracturing enhancement A5l
11) passive treatment walls A5
t} dAz7|e 1) thermally enhanced soil vapor extraction EoF
2) vitrification Eo¥
(2) $9A193] |7} AZTA | 1) coposting ot
(ex-situ)ollA|  H3l& 2) controlled solid phase biological treatment B
o] Az 3) landfarming Eo
4) slurry phase biological treatment EoF
5) bioreactors |5}
L} &2 -3’ | 1) slurry walls S klnn
Asl7& 2) vacuum vapor extraction |5}
3) chemical reduction/oxidation EoF
4) dehalogenation (basecatalyzed decomposition) EoF
5) dehalogenation (glycolate) EoF
6) soil washing Eof
7) soil vapor extraction EoF
8) solidification/stabilization (S/S) EoF
9) solvent extraction EoF
0) air stripping |5}
11) filtration |5}
12) ion exchange 2|5}
13) liquid phase carbon absorption A5
14) precipitation |5}
15) W oxidation Z|5}5=
)
)
)
)
)
)
)

1) high-temperature thermal desorption
2) hot gas decontamination

3) incineration

4) low-temperature thermal desorption
5) open burn/open detonation (0B/0D)

6) pyrolysis

7) vitrification

L Bt bt b M b ot
0%0%0%0%0%000%
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7. AEStA A&

Biodegradation : water based solutiong& LEEY UZE £3AFoZH E

HngBe] WAL ATl 712 Rols Ful. BRAE 2 Eozvy

Co-metabolic processes : methanotrophic biological degradationg& Z3IA]

7171 #lste] A8k U= gz} 4taTt &8d &8 FYshe W,

Nitrate enhancement : 1] Eo] 2|3
717 S5ted OhA BAk AN ANAES CAT Aska LT BabAAE B

=3
.

Oxygen enhancement with air sparging : 7}2 7|5 A5l o] F
Sol 824LL BEE Z/ATORH AW 0 ABA T 712 PELY

| ot
—

g

b
il

.
i

Oxygen enhancement with hydrogen peroxide : 3|A¥H Z}alsl4A Lole
2@ U4F U BIA Askrl FEML SEE FUAL wet uA

ol 2T RrledEde] 318 BEs SEE T4
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U, Ze -3etd Asls

Soil vapor extraction : ¥ W F=Fu&E P37 ¢I5t F&HS =23
sl WANENE WEo] FeEA EoF el HuR QUBUL AU - 259
= IEEAN, LEEHA2 &AL He|ZHolA *E|. in-situ soil venting,
in-situ volatilization, enhanced volatilization X+ so0il vacuum
extractiono| g} E2|7|= &L
Solidification/stabilization (S/S) : 2&
o B el THAAAY, RS 27lo)
HE=de 7tAA]F|= (stabilization) ¥,
Air sparging : E3h] Uol 2718 2 295kl 2ABAE HUA O 2A
A A

Dual phase extraction : TZ|AE=7} EFSIAL EF AT AUt o] a4t
W e SPBAE FAlo] AT fste] TEe AFE ol i A4,
Free product recovery : U(HFF W) e JFALR (553 W)
of 23] Ahe HEH A4 $I1LPEE Hasts BA.

Hot water/stream flushing/stripping : A W Il 2 dEXR S 7]

A lstel FUFL olg3tel T4F U AUS BAFYE &=
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Hydrofracturing enhancement

chg2 A= )

T+EZ

. Chelators,

Passive treatment walls ¥+ permeable reactive barrier

Al

sorbents, 1]

FAFIAL A

(o]

bl Eo

5

Mo 4%

A 2] 71 &

Thermally enhanced soil vapor extraction :

7}

&

R4

272wl

I SVES} m}

5

of of3l 7t F= Jes U

Vitrification

2] o Q] (ex-situ)o]| A 2] AU H

2.

5o 29E

=
=

SECRIEEE RIS M

I3 H]-go]

2|7} Fuwojof

1=}
-

A 2|7} 7hssiet.

o
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AL AF}7|S

7

71&E

|

B

tod bulking agentl} LMERZE, HAIE

25
= [¢]

cdEqe 2

Composting :

o)
Nl

Ivﬁ

Controlled solid phase biological treatment :

ofp
Ko

il
jam}

H

#3}o] 2|

cdEqe 2

Landfarming :

Slurry phase biological treatment :

bokg "eAA AR

3
R84

2 Ag

o

Bioreactors :

Slurry walls :

Vacuum vapor extraction :

T Az

oA 473

¢

_‘—%
=
No
]
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Chemical reduction/oxidation : Z2¥H QEEAE A}/ HLIHEL S o]&
sol b3, AMAA REY EE ASH HYRL AL A&, D
AoZF AFARL ozone, hydrogen peroxide, hypochlorite, chlorine

dioxide5& 4] A&

Dehalogenation (basecatalyzed decomposition) : PCBsg} Z+2 f7]8 435}
UET 298 B TH] AT AZAL, A ¥ T N0 2L &
BASl B, AU 3307 Col RO Thdsto] HAZABSIAL FEH
o7 .

Dehalogenation (glycolate) : ¥=Z27A3} wW3kE 3F31Eo] alkaline

polyethlene glycol (APEG)E& Z¥, A2[&7IUlolA 7tEst] HEEsgto s
A EHS A

2 F 2E7lolA 2elste] A2 Ee AR
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Air stripping : &TH 2 GX|5}4+E packed towers, diffused aeration,
spray aeration 54| Thye F718o] 28] 3718 Fastel FL4 eaEA

271%e] AEPAL F0A

.

N
N
lo
f
3
_(_0111
e,
N
N
ol
rr
ok,
i3

Filtration : &4¥H 29 X3}5E v}ZA A& B34

L A1eRA, 39 EE olzhulal alol) el 3 FEHS AL

N
kd
ot
i
o
gh
o
_<|>L

Ion exchange : 29 E32 3} I 3o (exchange media)7te] oFo]-2& ol o]

< ABAA Fo2H A ke U o|2EAE AAS: WHoEA, F2 &E

254 52 W vl EZ ) nitrate, ammonia, nitrogen, silicateZ} & 7]
&= AA 7Hs.

Liquid phase carbon absorption : }+¥ A|3l+-E AR E35l= o

o Ad(colum) UZ FHAIA §F A71098S 54

%
)
_?L
rlr
N
>
)
X,

H

3}et 4 (saturated carbon)®] A W AL Fr|ZHoT £38,

2y, A ok o3

=3
=
5o Ao £ FHol 3] AASE WAOE viyRe] F9 pH 2AA 2

UV oxidation : &4 A|stgo] zpe]dS "ACZA sty Rl 2

d
[y}
N

N

High-temperature thermal desorption : H[7]& 2] & 2 Fr7egER
= FLAF]7] f18to] 315~538 °CE 71EshH, JIAAE[AARIOR o]FE o]
He)

Hot gas decontamination : 2@ ] U FZoj tfste] dFA| Fet =
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At 7F Z25H= Abefoll A 871~1,204 °C2]

A A (afterburn system) Lol 3] 2]

Incineration :
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o

o 2-2-1>.
LHAY9
(ex-sitw)o] A 2| landfarming
Z}
Q. Cx’J] 1%1 SH — E]- %?_4
<AJEFZ>

L AAAgY
(n-situ)°l A 9

<AF5E>

pump & treat

<18 2-2-1> L9AIA e AR £AE (o]EF, 2000)
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{E 2-2-1> 2EE

& W Aske A YAE A0 @ g HlaL

A 31A] 2] 2] ]| £
D ¥41x 1. Adx)n|
BTy -R| 8t 2j4=go] 38~151 £ /B ] pabstEs =9ln)
A2 7& : $3,500~5, 000
(in-situ -2 4=8o] 38~151 £ /& 4 u] air sprager?] H|-&

biodegradation)

: $3,500~5, 000
-A| S ZAIA ¢ Im W A XH] $ 33~66
(182 A3 A5} F560 wigh 249=le ol ciEld e 171 A]9w $20.000~200,000)
A R4 W A42F HAM] ¢ In B 649 ~66
2. Qe
- air sprager aerationg ©|-&x] ¢zt 24uv] : § 5,000~10,000
-Ipakete 4 Az F¢0d] - § 3,500~15,000
-AEh B (3] #EH, 43)/d FF) 0 $ 5,000

@ 1A
EAE s
(soil flushing)

1. Adx]w)
- 5 1m ¥ $55~66
- casing : 1lm % $65~82
2. 93|
- A|sb HEA (casing EJE, 3709 H¥F7, 43]/1d) :$5,000
-AE FAA  lkg & $1,43~1.94
3. H|&

- $SZ2REEE (0,19~7.6m 3/hr) : $ 400~1, 000
- }ERY (chemical feed) : $100~ 1,000

@ =t F3hy 1. F=}n|
(remediation - Wilcox cover?d] ¢ri&E : A& $ 100~ 200
of natural - 2R ZE A8 BEAY] 0 In W $65
attenuation, - #EH A (0.15m, PVC) ¢ 1m F $49 ~66
passive 2. Soiza|n]
remediation, - 27 ™ol Aot BEA By 0 dAZF $ 10,000
RNA) 74 BRI Ael el
@ vl 1. Adx]u], F2|&u6], 2= 2y
A 3pak : $0.55 ~1.10/ton ,limn && H|E $0.6/ton
(non-in situ land : $0.55~1.10/ton treated material
techno]ogy) dump truck : $ 80.000~100,000
tracer : $23, 000
rototiller : $17,000
discharrow : $33,000
spriker : $ 1,000

2. Qe
-cultvation®} site operation $1,65~2,2
-8 5 W AHE  $9.35
-EkEA 1 $1,000
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AH3E F5A4ut2M Ay (Permeable Reactive Barrier)
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Water
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Flow Qirecton
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(plume)2} F/dut-3HAlo] o3t HEA ] EAL

(0tt N., 2000)
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Permeable Reactive Treatment Zone
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_— clean soil

ground surface

groundwater level
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<E 2-3-1> T2l FaAeltiy L9 Ed3t iRl Ut A A+ (EPA, 1998)

e g -
(RBH A=) (T4 RA uAEA) E

1,2- DCE. TCE, Freon, VC Fe Treatment Wall

1,2,3-trichloro propane Fe Column

1, 2-dibromo-3-chloro-propane (DBCP) |Fe & Ho/Pd/Al:04 Batch

10 monosubstituted Nitrobenzens Minenal oxides in presence of Fe(II) |Batch

10 Nitrobenzens Iron, Fe-reducing microbes column

2, 3-dibromopentane 7n Batch

11 Chlorinated solvents Al, Fe, In batch

2-chloro-2-propen-1-ol,, CT, Chioroberzene| Pb/C Batch

4-amino-azo-benzene(4-AAB) Fe Batch

4-chlorophenol Pd/C Batch

acid mine drainage

mixture organics,
sulphate-reducing bacteria

Reactive wall

Fe Test Reavtive Wall
Al, Cd, Co, Cr, Fe, K, Mg, Mn, Ni, Fe Electrochemical
Pb, 7n Cell
Alachor, Metalochor Fe Batch Kinetics
As, Se, Mo, U, sulfate, nitrate Fe Foam Batch, Column
Atrazine Fe Batch

Fe Batch, Soil
Azo Dyes H.0:/Fe Powder Batch
Background hydrocarbon formation |Fe Batch
CCl4 Fe Colum ,Batch

Corrin, reductant Batch

Fe Batch

Fe Column

Fe Reduction kinetics
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{E 2-3-1> A%

- el S=d A )
g3t el e ) (FutgAl mizl=2) =°
L, ﬁ;, ;kr:, T(if P](Bif,T?l'MnA,g'CuGe - O paten
Fe and sul fur Batch
Fe, 7Zn Batch
Pyrite Batch
Sn,Zn & Mg Batch
Sulfide, Biotite, Vermiculite Batch
In batch
CCl4 or CT, CH.Cl3 or DM Fe Batch
CCl4, cDCE, tDCE Fe Batch
CCly, TCE, CHCls, Cr(VI), Te, U PRB In situ
(Cly, TOM, TCE, PCE Fe Batch
Cd Fe Packed Bed
Cd, Mg, Ni, TcOy, U0" Fe Batch
CHC14 Methanogenic bacteria and Fe Batch
Fe Batch, Column
};iaszn Aitainless steel, Cu, EZ ;Stl’ivgo\}v:ﬁ
’ Borden, Ontario
Chlorinated contaiminants Palladized iron Batch
Chlorinated ethylenes Fe Batch
Pd, H2 Batch
Reactive
Chlorinated organics Fe transport model
USA
Chlorinated solvents Column
Chlorophenols(CPs) Fe-Pd Batch
Cls Fe Batch
0, Fe Batch, Column
Configurations Funnel-and-gate Model
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{E 2-3-1> A%

EXER 22 JE—
(BA I =2) (Fr8nt-eyA mizl= =0
Cr limestone column
Fe reactive wall
Fe batch, column
Cr(VI) Fe Batch
Fe Batch, Column
Fe Char, Study,
Eliz city No
Fe Column
Fe Field Study,
Eliz city NC
Fe(II) in aquifer material batch
Mn2+, Fe2+, steel wool(Fe) Batch
Pyrite fines Batch
steel Batch
Cr(VI) , TCE Fe Batch
Cr(IV), U, etc. pyrite or Fe trench
Cr(V1), DXE, TCE, VC Fe gidcilyldﬁé
Cr(VI), TCE Fe Fe Reactive Wall
cDCE, tDCE Fe batch
DCE, TCE, PCE Fe Batch
DDT, DDD Fe Batch
Dithionite Fe batch, column
Dibromopentane Fe Kinetics Batch
Dioxin, Furans Cu Batch
Fe corrosion Fe Batch
Halogenated compound Fe Batch
Halogenated organics Fe Batch
Halo-organic compounds Fe Wall, Borden
Hexachl orobenzene (HCB) n batch
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{E 2-3-1> A%

od B 2] o=

CRspAA 4ER) (eegusad gy | A9
Hydrocarbon (HC) formation Fe Batch
Mine Waste Organics mix, anaerobic bacteria Batch
Mo, U Amorphous ferric oxyhydroxide Batch
Chemical Barriers Column

Fe and sul fur Batch Column
Nitrate Fe Batch
Nitrate, Nitrite Fe Batch

Nitrate-tile drainage

mixed organics, bacteria

in-line bioreactor

Nitrobenzene Fe batch
Nitrobenzene and carbonate Fe batch
Organics Ni-Fe wall in situ-Otis AFB, MA
PCB Fe ,Pd/Fe Batch
PCB, TCE Nano-Fe or Pd/Fe particles Batch
PCBs(Aroclor 1221,1254) Fe Batch
PCE Fe Batch

Fe Surface chemistry
PCE, cICE, TCE Fe Ni/Fe Canister, NJ
PCE, TCE, cICE, \C Fe Column

Fe Pilot-scale Test
PCP Fe Batch

metal oxide from steel manufac,,|colum, cylinder,
Phosphorous

limestone reactive wall
Precipitation Fe Batch

Fe Column
Se Ferric Oxyhydorxide Batch, Site Sample
Sr, Cs, TCE zeolite, 3 media types Contairers, TN & CH
1,1,1-TCA Al batch
TCA, TCE Fe Batch, Column
TCE, DCE, VC, dichloromethane Fe batch, column
TCE, cICE, VC Fe Funnel -and-Gate
TCE, DCE Fe Column
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{E 2-3-1> A%

EXER 22 JE—
(BA I =2) (Fr8nt-eyA mizl= =0
TCE Fe Batch
Fe Batch, Column
Fe Column
Fe Funnel-and-Gate
Fe and FeS Batch, Column
Fe, Mg Batch
Fe, Mg, Ultrasound(US) Batch
Fe, Ni/Fe, Pd/Fe Column
Fe, Pd/Fe Batch
Fe/Pyrite mixture Column
Palladized iron (Pd/Fe) Batch
Pd/Zn Batch
Fe, Ultrasound(US) batch, column
TCE, DCE, VC Fe Batch, Column
TCE, DCE, Palladized iron (Pd/Fe) Batch
cis&trans-1, 2-dis-chloroethylene
PCE
TCE, PCB Fe, surfactant Batch, Column
TCE, PCE Fe Reac, Wall, Borden
Fe, Sulfur Batch
Fe, US Site dem, Moffett, CA
Iron filings/pyrite Batch
TCE, PCE, TCA Fe Column, reactor,
Belfast, Ireland
TCE, CCl4 Fe Batch
Tc04 Fe(II) Batch
tDCE, cDCE Fe Batch
Te99 Steel wool Column
Tracers , b0 Fe Column
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{E 2-3-1> A%

Batch

Column

Pilot barrier in

Batch

Batch, Column

Batch
Batch

Column

Batch

Tracer

Field site CA

Fe

Fe

Fe

Iron oxid aggregate

Organics, inoculated w/ bacteria

Fe

Fe Colloid Barrier
Fe Colloid Barrier

Fe

PRB

In situ Fe Wall

04", Mos™, TCOs CrO&

Various

\C

Velocity measurements

VOCs

E(denitrification)o] Q3-Eo] ZIT}. Robertson £](1995)0of 2]3}

(mechanism) o] 2}

RH-&71%

g

J)J

& % qek ol A

*(plume)& =

24

Ea

7 whazt 24

ofehe} Zrh.

o)

5CH;0(s) + 4NO3 — 2N; + SHCO3- +2H,0 + H'

pseudomonas

=
L

CH,0

]

olt}. ollat efelobz No

)
—_—

7] 8t4(organic carbon)Z EY}(sawdust), FEH(woodchips), L}

J))

_—
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=93 A 4 Z(leaf mulch), F|H|(compost) & A&3tch (Chung 9,
1992: Robertson 2], 1995: Benner 2], 1999: Blowes, 2000: Blowes 2], 2000:
Schipper 2], 2000: Schipper 2], 2001: Primrose, 2001). NO; % 2|& ¢|3t &5
kg ol B FrL ol R A FEY YULLEo| WA Uolutn,
Aohe @A ol FUTE ©Fol BRTE 0BT 5~90mg/L NOy ol
A AAARIT A% 71E(100g/L N0 N)OI SR ZAVTHE 2E o)l

th. ThIstA AA ElAR W o] AXH ok,

l

}= Paracoccus denittificans Ble]2]o}E E3st

ol

Fe(0)2} W43t 482
Al N03- Tito] AL Hel A (Fe0 — Fe¥ + 267 ¢ He] A15piIE)L
2 QIgt £4 = AArY FF(nitrate-base respration)Zt-gof Hx} AH|FAIE

AHgHTE ZE(steel wool)E Fe(0)Z Algsln w3 28e d=

3 Zof wiste] FIHeela o W2 Bl&2] NOs 7 Ny 2 uiR] 7| Hohe Felgt

71A = ATt

(E 2-3-1DoflA R Axldd(nitrate)S A 2[517] 9138 Fe, #7188, e g

o}E o]-&3}od batch testE 3tgom, & Ao ALE A|ASH7] ¢l v
SEAZ AR HAYE &)= Fl(saw dust), A|ZElE, R, BAF
(X5 &A= UFEZ(wood chips), AFE|o}(scoria)E AHE3}

7}, -§-7]et A (organic carbon)

Enl(sawdust) : Bt g BoEA3L 7b

=2
A2 wol o] gEH A& Eo| ¢ At oE 21, FUEGAMHAA

o
o
ne



4 ®3) 5o FuAUTh BUEFIRYL 1) BURGIHEY 19

A A2 200m, B A0cn) 9 2) EFoizY O = P F o] Qn AH220cnst B
whlo] 22 AIYES S0en FAY F ARZES At 2o 7Y 9

T} B3pA e Z3ts BODZ} 3.732—13.3mg/ £, FHEA(SS)S 8.040—10. 3mg/
2 2t HeE|EE0] 99. 9% Ao EHStA A"t <& 2-3-2>. Tt #
2l WA e o] Wad, Mool AH w45 1% 3xteo] ZA oz Ao
Abszstolof sh, oAl ol 3~5mP =] F-REHo] #d uf ¥

o] #el 2& AMAstolo} 3tx, 3ol A FUABEL HHLE LHsto]

T5 pH BOD(mg/ £ ) S(mg/ £ ) T-N(mg/ £ ) T-P(mg/ £ )
b B 7.5 3,731.5 8,040.0 1,439.4 211.8
Ento]z}g 7.0 947. 4 159.5 607.6 47.5
E oko] 7} 2} 7.5 143.8 39.7 186. 2 7.7
EoFod 22} 7.2 20.3 16.3 35.1 7.6
E oko] 7}3x} 7.1 13.3 10.3 31.4 7.0
A 5L-2 (%) 99.6 99.9 97.8 96.7

Chung 91(1992)& Bihe olgstel FHol(NI(ID), Cd(ID), Cu(ll),
Ph(11))€ AASHE HBS sk eeuR, AUR, 9a(0ak: H2ue, 23
URR), Larch, ZFAUR, obsbilohbR, & &7](Bean Sten) 5| Hit3t A

£2}o E(natural zeolite), BATHE o 83te] Pb(11) F2&(kd)) g gt 2

1) Kd = (250mg®] Fifol FHH F%0]2%, mg)/(10ppme] Fo]2o| &aljEo] oz 20ml &Ao FHEF
A Ll-o].ol‘— :L_{_lj_ ]{_ol: mg)
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8|
uﬂl

3}, (3% 23 B F £7](Bean Sten) & 0| 8T B9 W] 2F % ph

)l FHgol £ TE AREL pirt Z7HI4E F2gol S7tet A
QA & 20 E(natural zeolite) Rt} & FH&E Hyrl B opECR ;
27 olFPAloh R BREE pl 9014 71 BE B8-S Hyom 1%-Na0H;+—owE

o2 A2[¥ larche B AL v =

flo
ofoh
1
o
o
[2od
¥,
inj

2-3-
ol HE CIEE el B W A Eelo=el mlln) 4 s
= &7](bean stem), 2: FAA| & 2ol =(natural zeolite) 3: 1%-NaOH
A 2|gt & &7](bean stem), 4:4AUF, 5: 23 (oak), 6: ZZ LT
: =] . 1o 5 ! T,
CESIT, SlvNaOis OMIESE AR arch, o %, 100
=02 A3 ofFIr oL ’

Robert 9’] ‘—‘, E]’ v/] & AL = A
rison 1995 O]}\ O ;E"}\ (r11 tr‘ate NOJ ) 2 = (plume) 2
L =

2]3s17] ¢J3) 5 o] 83
13171 €13 HlS o] &3}o] Killarney layer®} Borden layer 27}A] typel Z A
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Astent <2y 2-3-0. 19 F A=l wE  cl, NHY-N, Nos-N, S0/,
DOC(Dissolved Organic Carbon)?] W3S B NHY-NS N0y 2 Al3}E|o] =

27t ZHastar, ol 2 Qs s=7F F7H NOy N2 A EL Fibs T 7oA
AR o8] F=7F BAS] ZATE 2L} Killarney layerdolA =
Doc7h AR ReiFolMde AlEtER&(oxidation)ell  osf  FEz WFF
(DOC: 134mg/1) 2.t} 10mg/12 FA3] stopx|2|qt Fits oA e W2 &2 #7
A (EolA 7108 fret4) 7 Hew FaEo] o= 86mg/17HA] F

7¥ste] HESL T ¥(rye seed) & T 5 Lol 2,100mg/12 F713MT)

Schipper 2](2000)-2 w32 =2] North Islando] Q1= Bardowies#o] 19964 1

4 Zo| 3m, Zo] 1.5m, F 1.5m] WHEHAE dA|sto] A@siglct. o] HAE

A Batet B 400’ YUY & th] EAA|(trench)ol Yol Mg ZloE
<3¥ 2-3-5ol A E H-EH A =|5t4FF-(upslope), HARF, A|st31F7
F(downslpoe)ol]l #EZEZEL MHAsle] 2d7 HAe:EE EUHIYSIATL <F

T A ARFE 6.9~13.3mg/1, HH-SHA| UM = n]dEol &3t A3
Zt2(biodegradation)o] &3] 0.12~1.06mg/1, =8} 3s}FHolxE= 0.33~
8.1mg/1E 19971 12¢ A &E A|2Jstile H-SHAlol os) A2d A= s)
ol HEl s=7F WA UElsdth 19979 1249 285 BH ALl At

ol shgstel WHgMAl ALE(1.5n)Rrh Yobd 2 @S (plune)o] WSHAE T

3t Schipper £](2000)= A4t A A& (nitrate removal rate)S olel|el Zto]
Helol 27t gAY L AASE AV} E 230

gxAxa[ NO;—N]
EAA
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1.4

JILY & PEAT,

NHp ~N NOZ-N sof” oot

" Ep wWOD % WO 0O M & 0 F 200
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2o
-

NHJ-N  NO;=N so}” poc
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<3#¥ 2-3-4> Killarney layer®} Borden layer?] Adx] 1'd F(Killarney layer’dx] 7}
T F 410~424¢ A A A,

A) Axo utE 33t E W3} (Robertson $], 1995)
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Wells

—_—M

-

Stream

Sawdust and ~————y,
soit mix

[
o

] n [
[+ 43} (=]

Distance (m)
o

10 4

0 5 10 15 20 25 30
Distance (m)

2] 2-3-5> FR M= 2] North Islando]] 9= BardowielsZlo] AX|H Wk i e

'6'

(71 % wkgHA FHoA ] AL EFEZ (L) (Schipper 2], 2000)
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<E 2-3-3> ibgHA FH2 JA A5t At (nitrate) Bd5E
m

(g N m™® : Schipper £], 2000)
e RRSHEA LR 2|5t SHF-F-

& B | ZEHA | AESF| B | BEYUA (AES| BE | ZEHAAES
1997.9.30 | 8.1 2.5 8 | 0.12 | 0.14 10 | 0.61 1.3 9
1997.10.20| 6.9 3.4 9 | 0.26 | 0.64 10 | 0.33 | 0.19 10
1997.11.12| 8.3 2.5 9 | 0.14 | 011 10 | 0.6 1.4 10
1997.12.4 | 7.4 2.5 8 | 1.06 | 1.5 10 | 8.1 5.7 10
1998.6.15 | 13.3 | 6.0 10 [ 0.13 | 0.1 10 | 3.4 1.5 10

<GE 2-3- HEEHAIE TSt At R (flow rate)zt A4 A A &(nitrate
removal rate)(Schipper 2], 2000

gt | oy | AR | DeEAG 2R A | AueAsg
- (m/day) (m) (mg N cm™ h™)
A 0.018 1.4 1.9
1997.9.30
B 0.036 0.7 7.6
A 0.009 1.4 0.8
1997.10.20
B 0.040 0.7 7.2
A 0.007 1.4 0.8
1997.11.12
B 0.059 0.7 12.8
A nd 1.4 nd
1997.12.4
B 0.046 0.7 7.8
A 0.023 1.4 4.8
1998.6.15
B 0.170 0.7 51.2
(1% 2-3-650040 B A%} BRYol N AoHEREUFL 2] ThECh AT

g
AL BEOET BPHNE YEHOS P, R4S ATHolART} BT

J&‘l

a
ol 28]~ 1080l 4 WHECE CF 2-3-0>, o] o2 WA AL S Axtsh

2

Hrct BEHolA AHAgo] A vetylch
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30

N 25-

Distance (m)
& 3

—
[en]

30

Distance (m)

% 2-3-6> WA FRolAM L] st S = (Schipper 2], 2000)

Shipper #](2001)= Shipper #£](1998)oA dx], AT HEZHA
(pilot-scale)?)& 54t Q¥ 2E UEsIg=t], <OH 2-3-DolA He
Hiel Zho] mb-ga| o] 2|stpit7H-2 sE= Al nE s=H3e o=
HA| x| o] F 16000 Lol B AE = Fet 16mg/101A4 Img/1E ZEASIA|RE, o
S U= ehA A28 (denitrification)o] 23] 27|l 2mg/1G oL} A]

Zol Z2kgol met lng/1013ke =7} Stopzct,

2) o714 AT vkeHAE gA AL (denitrification wall) olelsle] B & -r,—7]E}/\ z3eg

o} glom, Aske ofdl AstrEFel Hzo] H=F T44 HA(perneable wall)E FAskeirt
(A7) 19969 19).
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{,-1 NBw) eyeiN

200 400 600 800 1000 1200 1400 1600

0

Days since construction

1 #2 &0l URE(wood chips)& 27E A 2o

X (wood chips)

chips A}

ATES 27 A oS

of ujz} ctEc} <F 2-3-5).

& 4 olr} (KE 2-3-5)¢ U

U
G
ol

Ho

w_L

J))

o

b
off

ol

2.5cm X1 emX 0, 5emol] A

A=Y
R

4emX2.5cm X0, Seme| T <1 2-3-8).
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<& 2-3-5> UYF-E"2Hwood chips) &4

&7 ey
FAUE(gml) | @asol whet geby
g% 42 24RHAAS(FELT)OE ol 8

ZAp A}
Ak

(&)

<2y 2-3-8> UFE"(wood chip) A (RIEAF : FaladHA)

iUt 2ElR]2 Lanton?] FHEaojMe 1993d 6Y Fuf A2 3¢ v
(large-capacity septic system tile field)ollA] L& PO, Noy & A A7 ¢35}
AE funnel-and-gate system2 x|, 2%93}9itl. Funnel-2 2712] sheet-filing
wallo] 29} gateolA] 12ft(eF 3.6m)7k2] BAA Qit}. Gate: Zo| 6ft(2F 1.8m)0]

3 A=} oie 5ft(eF 1.5m)oTh 0|7 F 7le] Hexd e Hojglrk PoSE ¢

FF A2 AT 2£t(9F 0.6m)o]aL NO3 & 13 A 2|2 F2|7} 4ft(F 1.2m)o]
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gt A 2|2 6% Fe/Ca oxide &3, 9% high-Ca limestone, 85%2]

]

[]
F

th PO &

»_o_n_u
o

3} Ca-PO, 2 FAE ] AAE

=z}
=

2d =

2 A A

PO, %= 1. Omg/L~1.3mg/Lo] 51 ¥WHgH

oA WE® PO EEl 2 2219 E¢F 0. 0lmg/Lo)

] =% 23mg/L~82mg/Lo] I HRS

=7

o 0.19+0.04mg/LO 2 X|&E| AT NO;

Qb Img/L mRto 2 FA|¥ ]

t}.

Benner £](1999)% ¢l ZE/H](municipal compost), L}&

=
| .

23] 42 20:20:9:50:12] HHH]|LE

mulch), VEE2Hwood chips), ApZ,

ol

(plume)o] FE o] Lz 4= QI=F s17]

2 HE

7

I

22X Zo] 20m, Zo] 3.5 iS4

ol R uls} Zol,

A

stadct <a€ 2-3-9>

JIRAERE X

=9
o=

3t

SR B

PR EYO R nolH,

A2 FAE 25

=2
=2

Z In7} HE E#fF7H(sand zone)S A X|3}IT).

o

ol
o
B

J)

——
o

30cnFAS] HE Y(clay cap)E& Xt HA YEE 24

W ol

t}.
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on Tailings

Tailings Location of
", Dam Reactive Barrier Recharging acidic
3 surface water

Moose Lake
Bedrock
Bedrock
(th reactive
Wells »
Cores I . .
,
(3
K4 % T % e,
)
(ch ,
reactive
material

Zones
Wells « /A% > - e

| v | r7
Up-Gradient Sand Organic
Zone Zone Mixture
Zona Down-Gradient
Zone maters

—
groundwater flow direction

<3 2-3-9 th32} RESHAY] THAE (Benner £, 1999)
(7h) &HAE dAIsl] ol SR} ABl-RE R ST E 2Pt fad
(Lh) wkSHAR} thrBolle] Algxid] 8 L AEE 914
(th sk 2ol wet Az og 7R3t 47) 72k 94| (AF773 Bt &

TERETZE BT
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o] 2|2l A|FH44-2 vt 15m/a = 0.041n/dayo| 22, <13 2-3-9>2] (T})ol
A FEYT TEEE L@l E B v 2t <29 2-3-10, 1§
2-3-11>. AFEE 17 (up-gradient zone)oj A= SO, %5 2, 500~5,200mg/1, Fe
= 250~1,350mg/1, Ni2 0.12~30mg/1E mf-$ HOo1 pH= 2.8~5.90|5 4Zg
E(alkalinity, as CaC03)= lmg/lo|S}~60mg/lo]t}. EelF7H(sand zone)olA =
oZe| =71 150mg/ 1704 F7tst=tl ol Aol &3l Wal4(calcite)o] &
57 & ZHeg xEFHTE f7]E¥EF7Horganic mixture zone)olx=

S04 9 A ST} 840mg/ 1712 ZFASH (74% 7+A), Fel= 80mg/1E 85%0| A} ZFA

he], Ni2 0.1mg/1 o|3t2 ZrA3Itl. 53| S& Fed] HE7t4AE= f7|etAZIE
WollA mjBZ2&ol 23 FeuwSe FEMo=E HAEI| ulioln AA=R
EDX(energy dispersive X-ray)E SEM(scanning electrom micrograph)&4l gt A3}

O

| 7ol A= 23 FeSE FH & o grt <I¥ 2-3-12)>. SR+
HA dellA Al Astert Fevies

F7te g 50,5, & Aol Brhe A uk ARl v]E] S =71 W, Fe, Nig
s

olo

F7ZHdown-gradient zone)of|A]= Hb

Ex dA8] 243 AEloln, phe 6.0~6.5% Eobzlch
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Sulfate (mgiL)

meters

agrounchwater fow dieciion”

=
]

<2® 2-3-10> 1996 99 S0.%, Fe, Ni, W otzhg| % (alkalinity, as CaC0;) % W3}
thH = (Benner 2], 2000)
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(/B By {ybw) uz {s}oAINW) Y3 By oiuu}
e g v AHAROY HO
B 88 .2 3 2 g =» .8 & g = -
| | 1 ] | i | | | | |3
@ @ 3 @ i @ =
v & n
5 ! :
- b
[~
it _m
3 : :
3 B B
v &
L2 & 3
c @ L
85 &
oM P |
n o o —— —]
85
oy N
5 3 0
2 £ 28 g2
=
gg88°8 838" & 5 s 8 2 ° g 3 7 bhRELRBLD
(16u) *OS MY (7/Buw) B0 'ag (1/Bur) IN ow) v 1S Hd SonfeA NN GHS

(Benner 2], 2000)

e

<3 2-3-11> 7708 FE(vell nest)2] 4
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<27 2-3-12> §71EA 7] AAY FeSe] SEMAA (Benner &, 1999)

1}, A3 o}(scoria)

Q4AHIT WS IR T Aol YR ua AR sHe o] W o] W
sk whguAl A Bols RAsi VAT tjgoT We Bdo| AuE T 9l
ol 1 2 thEde) HudES BEY tjgos 2B o &%
lobe A AnanelA felE At ER

22 (1.60~1.70g/cn’)oll H]3) H]Fo] Zol(0.9~1.2g/cn’) 7hH9H FHES

dok

o
i)
"
o,
o
fd
b
(s
o
fr
[>
Hy
48]

s 0~2%0]2|RE AFE|olE 25. %2 3 TARAE tiZEolojx nEH
Hol| vlad grt Ay Fol thyt of A& EIF Refj(1.627g/1)0f vls) 2u] 7}
2F =r](2.94~3.43g/1) (o], 1992).

o|Rl £](1992)oll = A3 eolE o] &3t AFE LNAZHY 4 o2t
HE A dstgct. AR} 7](4~8mesh3), §~16mesh, 16~30mesh), U2 F

FEZ 5 Z(SS, Suspended Solid; 50mg/1, 100mg/1, 150mg/1), H|FA|ZH1A]ZE

3) EEA HZIo| whE A 3V
FEFA (mech) 4 8 16 30
A]E(mm) 4,750 2,360 1. 000 0.550
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22717} 2}

[e3}
=]

He|&ELo] &} <2 2-3-13, 2 2-3-14>.

o Ztuf A ] W]
o] Holx|a FF A7y

mr
<
ol

w_L

2ol o o}

o] o{FA Hel ss AAR

&

7} g winct gol

AU 7hsgel

IYE &
t}.

A

16-30 mesh

8-16 mesh

4-8 mesh

0 30 60 90 120 30 60 90 120 30 60 90 120

1.0
0.8

0.6
04}

°0/2

02}

0

Depth, cm

<3# 2-3-13> 34|

HC/Co) (o]RIF &, 1992)

7
b

3HRT

1 HRT

90 120

90 120

1.0

0.8}

06}
04+

4
9]

02}

60

30

60

30

Depth, cm

Eat

(2 2-3-14> 904 SS7} 100mg/1Q w) 7 AFAI oA 2] 270} YA

Zolof i3t HF=HIHC/Co) (o]FIF 2], 1992)

o

2o} of7}3

# vl E(Bacillus sp. )]

S
|

£ s

2](2001)

i

—_—

o]u
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o]-g3ste] FHIgA(HS)E AASIE APS sttt <Od 2-3-1552F <O
HIHA FETI2o A F3tpirt AL HEEA] W33(1,100ppn7tA] A A ZE

99.9%), FU=%7} 1,300ppm, 1,500ppm¢] -9 77} 93%, 85%2] =& AAZS

2-3-165004 R nish o] HaEE} B2 wlolt FYBES FThsh T

& Ryt & ABERD ohlel TEEXANE d4R o3 ngHes

00
0 —e—|niet
E —o—Outiet
g™
¢ 1}
=4
o
O 0t
2
X 5 }
0
0 5 10 15 0 5 30
Operating time (day)
<33 2-3-15> Hpo| LUEUYE §UFEE 33l4s =T 5 30~280ppnE AR OE =
ZWAZu FE7tA W #3teAs 55 H3E (o|RlF 2], 2001)
2000 100
—~ 1600t 180 -~
£ 2
g =
- 1zn - I &) t
S 2
S af lo 2
2 5
T aof {2 &
Y I 4.4/‘*‘*-""/,)- 0
0 10 15 20 5
Operating time (day)
<I¥ 2-3-16) Hlo| QLENZ FYHE= sﬂzz} T 400~1,500ppnE THAR O 2
S7MAZu] F-E7tA W F3 T W3} (o]l 2], 2001)
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oA A& AAF o] vz Foe] Y Rejkct F23 S48
o] on HAEE FHAZ BF o 2 AHEES Holg AFroke
Guerin 2£](2002)o|A 5
(2002)= G52 29% 2892 (plume)S A 2|5}7] 93] funnel-and-gate el
Z A x]35t9dtt. Funnel-2 0. 75mm 7742 U =Z2|ofel 2 (HDPE, high-density
polyethylene) 22 Zo| 27m, Zlo] 5m, = 0.6m8] HEZ A|ZL5}9 T, gate=
Felotel ExES o] &35ty 4m Fo=T dA|siolrt <O® 2-3-17>& KW,
gate YFol= AL AFgote il F7|HAEAA (air sparging pipe)
& A3t ool FE8] A RSt FVILEHZ LT HE U2 3
A 230t 23S B

A nl gl 23 BZ 3l (biodegradation)7t o &

CATE ~4.0 W

PATH R 364

TOP SOIL OVER PEAT

EXISTING

FILL MATERIAL
| GEOF ABRIC LAYER

MONITORING WELL MW13 _ MONITORING WELL Mw'4

CHAIN MESH EARTH ANCHORS

SCORIA FILL AL v v N EXISTING FILL/RIVER SILTS MATERIAL
GATE ENTRANCE . v
SULTS0m, RIVER
3 ' 4
T M ml 03 T
ot L '8 A S
FLOW DIRECTION,
» w A 4
25MM DIA.PO - - FLL
AIR SPARGE PORT
S ISTone

0 Q5 1 2
I N E—

Scole In Metres

<3% 2-3-17> Funnel-and-gate AJAEIS] thA T (Guerin £], 2002)
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t}. AL elo]E(zeolite)

BEWGoR AgellEr PHF2Y FAAFE'R ML (Zeolite
2+ .
Ca” )wl(SivAlx)Ozxy)]z - nHOZE, UF-

SI*7F A1¥ 2 x|3EE A Na', K, X Ca¥' 7} Zo] A3tE]o] charge balanceZ

Bzttt A& lo]EFo|= nitrolite, mesolite, thomsonite, heulandite &

ol H4E 71 AgelEt A% B 2F ol2ES FASHE dlol wol

zolm, AAE FEIT ¢EUo} o]2& A dlol 2l v} gith. gEYo}

exchange capacity)& A % Qgith. clinoptilolited] Qo] F5E o]
5o gastirt 7ol H24E Agetol= vola Harslo] w

T e ZHFo] o A7) vl ¥E

R
i
iy
N
N

o
oX,
29,
n
2
X
fJ
2o,
ro
kJ
i
r o
olo
©,
e,
2
e

A ed(silica,
- A F(feldspar, (K,Na)AlSis0s - (NaSi, CaAl)AlSizOs)
- FAMF(feldspathoid group)

1
2

- H]AF(zeolite group, (Na' K, Ca® sy [ (SivAlx)Osgramy ]z + nH:0)
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st #A7} g,

J))

2% 7} 20CoA 35CE Z7}5}

ZE== = (Portland)

Z=(Oregon)

< 2

Bowman(1999)

(chromate: 22mg/1)2} PCE(perchloroethylene: 2mg/1) Q.2 Q¢ ¥H =]

tod 1998

5

|

(cation exchange

X

A} © 2 pilot-scale?] A|-2-g}o]

7T45E 109712 *5sigict

]

capacity)o] mf-¢ &3 <O¥ 2-3-18>AH A|22}o]

zt5]o] A HC),

5
C]

of ZF4td} PCEZ}

- rgaﬂic
j Partitioning

("
O
1

mechanism)of] tj

ZH(

I

)

<% 2-3-18> A|&zefo]

(Bowman, 1999)

=

(waste paper), XHEW|7|E, nitrolite(A]&z}o]

Ahsan £](2001)

W

)

™ SS9} COD A 2|&

Z2¢l nitrolote”} 7} A 2|&

[e2}
=2

1

0

o] AHA &
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o] sSe] AHe|&ZEo] 71 A UEIWIL, nitrolites Jol2aFeo] 7% &
7] w2l ol NHy & 71 E3H o8 Ero] FHAIZ 4= gl om, NOy
= n]dEo 28t ME3|(biodegradation) & &R AZN2 (denitrification) 2

= A9 ¥R BAYRE RS FHA Beeld LAz 2 et

o

<E 2-3-6> m|AE 2E9ER A2 FZ L v (24¢:% ; Ahsan 2], 2001)

EIEE- SS CoD PO, NO3 NH;

AAES 7 &2} B2 23 2 | 62-91 - 79-80 14-23 0-13
23N EWHEF} 7] EYIE A | 55-78 8-14 33-54 11-17 -

273 42-88 42-65 20-32 17-37 6-16

23] 76-87 42-58 13-27 12-25 7-12

nitrolite (A &ejo]E U& 72-91 30-61 36-66 7-22 65-75

eSS FEAZ FE 54-95 61-71 18-32 29-38 31-62

Het 99-100 85-88 11-17 15-19 11-32

2}, 2d (sand)

Hele F2 $AEH 5 ASE ool AgHu, AR F4A
A, AAFR kR RATHoIN AL SO AA Aelshs Aol
B3 Y o 5 o

i3
o,
L
fr
X
E
N
=
o]:o -{n:
mlo
2
X
2
L)
et
2
o
L

st 4WE] BE 4 AR F WAUR A5t A9E © URA e
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B8 4 9JeE 3] Fr} (Benner &], 1999).

o}, 07F A[Fe(0)]

PE
Helolx et 35 Bt} <XE 2-3-1>. FAA 2] WRE71ERS A3h3
o}

(biodegradation)eo| T},

u% ZEHET Durango e SeHEAZTY T QAT A5 A
3tA 2] 517] ¢15te] 1995 104 Sandia National LaboratoriesollA] 07} & A}
Solol FAAUHAT AAskETh 07 BE ABReS 9(foamed

zero-valent iron bricks)3} ZFE R Al(steel wool )& Bt5o] HISEZE A}E,
=2

.

HE F Aitd(nitrate)d] FEE <O 2-3-19>0]A B v} Zo] FE=
T 25~36mg/1E HA| R REEHAE X3 Ao = 20mg/1, HX] F 50

o o] FHE = A2 HAEo| & B AEE A ALC] vil¢ Erh <I¥ 2-3-20>
o] (7he =22 AR AFEYES 071 & 2Yola (Ve AF, &9

A 29 S AdoIN AEREN] 071 4 BYg BE AWOE SebE

Barriers, 2000).
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- + o 0.9 +
2 * * 4 £ Inlet * *
E a0 ' * g 4+
c 1+t Inlet E 07 ¥
£ 25 c pel—=a 'y i
= o \
g zcmﬁ_ﬂl g 0.5
615 N\ L
g 0 \ 5 0.3 \
— - 3 = Y
£ . }”l\ Z 0z \
,, Outlet = ot . Outlet
e N e o e ——
o 18 3 40 50 73 1056 135 153 195 230 o 18 23z 40 73 106 138 183 195 230
Drays Days
Nitrate Removal Molybdenum Removal
w7 " * it
£ 6 *
& . ¥ Inlet
£ 7
2 a-
o
[&] 3
E 4
& 2
5
1-
(LA Ouﬂa
g S
u] 18 38 4El SEI ?3 ‘IEIS 136 163 ‘IQS 230
Day=
Uranium Removal
= X
<% 2-3-19> T4
L]-7]———
(Permeab

a2

2-3-20> % BRelERo] AT
ele] Fe(0) £ A1 (
(7h) Bagubgea] AATHA,
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D BN AAALeERT} $ A ER Roln, BRI A )

3t
138

<

o

} DOC(Dissolved Organic

EAE AEY woles /7%

Carbon)?] Z7} & BOD, COD2] Z717 2A7} &

A7} 2 Q3lt} (Robertson 2], 1995).

HEEE 7|

= Bk} vxE

23 go}

afo] ula) &3} o AL ke Ao AR

L
3

aeht oby

A3 gk

1

5

77t 2

od

Z37} & FolA ool Thar

Lhell A

Fe(0)2] 487 WA oo} Agelol =X AFEL AL o7t §4

A=Y
R

o]l A AlS-3h= =% 99.9%2] Fe(0)

150, 000%) /kg 0.2 mj& n#p3 1 9] 2"

A=Y
R
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HE column test RH.T} B oA A

A=Y

F2 batch test, column test

ol

p 4

277} Wosith. old Agalelxe] AzkA e

ol

=
15
=

|517]0 Ztekstn] A3 Ao

A

].
w7t
]_

p 4

3
&3}t}. Batch test

5E7IE
=
& 4 UA
Batch test :

Batch testo]

=
=

217}

J)

teh. Z2fut Batch A|ARI2 FE HE E57] ol
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mass

o)

—_—

T
o

transport$} HEAFEIE FFSA Hrl uweA

3

Column test :

tollA 2dE AA

5

=2

g

9 23

of &

185 A

g 4=8 Agstel AHe Ao ¥

ol2e] W3tE

9 %

] LG ER EI7}- 02 column profile?} §UE 2 &

3

£ Ase AR

column test

oy
J)

5]

1213t 2t2= RH&¥ollA Ehel p 2312] ¥ o

|

et ¢

3

A|-Z8tc}h. column test”} batch test HE.T} H]

==
=

ol
BH

iy

C = Coe™*

AZE (t)ellA

C:

&
=

0.693/k & U=}

Z1(ti2)E tie =

b

X

A717v8] column

AH(slope) ZHE ALHHTY
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BIH LS. column testol] H]
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=2

Y35 UM 4 olth. e Ed=d e A A& oAt
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[e]
[¢]

]_

T
batch testl} column test2} Zro] A¥E ¥ 4= 9] 7 funnel-and-gate system2 Al

column A]

Ll
—

0

i
&

o

BH

3

20 °~25 °CollA A]

2-3-8>.

a

ZAShH 4L 0.4055m/day~47.3092n/dayZ Ao

Pa "o <29 2-3-21,

0

¢

%O
N

—_
o

3
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PN 5
f B weza B
» %) 13
250 mm
-
700 mm. 650mm
720 mm.
q
100 mm. . 100 mm. 400 mm.
50 m 50 mm. 50 mm.
i - 700 mm. o
\ [ &5 ARG
N : | .
[ 1120 mm. i >
Frxdn
P AE FEFAE
W& T W& T
OF 2-3-21> #REFAYE B
(E 2-3-8) $F2Fo| WE f43
ola=t| £=zAut| {] dh I K(m/sec) |Dupit’s eqn. | Darcy’ law | Darcian velosity
(n) (n) (m) | (o) |{dwdl)| -Ea Q(u*/day) | Q(u’/day) q(n/day)
0.65] 0.300 |0.70(0.350(0.500 |0.001095| 11.2359 | 15.3755 47,3092
0.65| 0.590 |0.70(0.060|0.086 |0.001095| 2.5141 2.6358 8.1101
0.65| 0.620 |0.70(0.030(0.043 |0.001095| 1.2875 1.3179 4.0551
0.65| 0.644 |0.70(0.006|0.009 |0.001095| 0.2624 0.2636 0.8110
0.65| 0.647 |0.70(0.003|0.004 {0.001095| 0.1315 0.1318 0. 4055
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3. ¥y A W

o Funnel (impermeable barrier)

N

=
T

Flume T

(L) funnel-and-gate® T dut-334|

<I# 2-3-22> Fdnkdya]l & (Vidic, 1996)
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-1-2> fF7)) 712 o4 Fdzl (P49 2 C)

14 | 24 49 | 5 | 6 | 7 | 8Y | 9¢ |10¥ |11

-3.8|-4.7 7 |14.5)19.2(23.1| 26 |22.9|15.5| 7.5 | 0.2
-3.2|-5.6 14.5(19.2(23.2|25.6|22.6|15.3| 7.3 |-0.2
-3.5|-5.2 7.5 |14,5|18.7(23.1(25.5|22.2|15.7| 7.6 |-0.3
-4.91-4.5 8.5 |14.8(19.5|23.1|25.1|21.5|14.9| 7.6 |-0.2
-5.21-3.4 9.4 |15.2(19.9|23.5|25.4|21.5|14.3| 8.3 |-0.1
-4.3|-3.4 9.3 115.3(20.4/23.7|25.1|21.7|14.2| 8.2 |-0.5
-3.6|-4.1 9.9 |15.8(20.3|23.9|25.1|21.3|13.9| 8.3 | 0.8
-3.3| -4 10.5(15.6 (20.2 |23.7(25.2|21.1|13.7| 7.2 | 0.6
-3.4|-3.6| 2.8 |10.7]16.2|20.6| 24 |25.4(20.5|13.5| 7.1 |-0.3
-4,21-3.3(2.7 |10.3]16.3|20.6|24.1(25.2|20.1|13.3| 6.3 0.2
-4.9|-2.6| 2.8 |10.4(15.9|20.7|23.2|25.2|19.6|13.9]| 5.9 .8
-4,7|-1.8| 3.1 |11.1]16.8(20.9|23.3/25.3(19.6|13.7]| 6.2 .1
-5.1|-1.5| 3.6 |10.4| 16 |21.4|23.8|25.5(19.2|13.2| 6.2 .4
-5.9(-1.3| 4 |11.1|15.8|21.6| 24 |25.4|19.2|12.5| 5.2 .5
-4.3|-1.1| 4.1 |11.4] 16 |21.9|24.4/24.8|18.9|12.4| 5 .2
-5.21-1.8| 3.6 |10.7|16.3|22.4|24.1|24.6 |18.5| 12 | 4.8 .4
-5 |-1.3| 4.1 | 11 |16.2]22.2[24.1|24.6|18.1| 12 4 .4
-5.6|-0.8| 4.4 |11.7]16.2|21.6|24.7|24.8|18.3|11.6]| 3.3 .9
-6.3(-0.3| 4.8 |12.2|16.7|21.6|24.7|24.9|18.1|11.6] 3.2 .6
-6.21-0.3|5.3 |12.6|16.9|21.5|25.1|24.4| 18 11 | 3.2 .8
-5.8|-1.2| 5.4 [12,9]17.7(22.3|25.3| 24 |17.3|10.4]| 2.6 .2
-4.7(-1.1|5.3 | 13 |17.8|22.3|25.3|24.1|17.1| 9.7 | 2.7 .1
-4.91-0.1|5.5|13.3|18.4| 22 |25.3|23.3| 17 |10.1| 2.7 .8
-5 1-0.3| 4.1 |13.3]18.2(22.2|25.4|23.1(17.3]10.3]| 2.1 .2
-4.91-0.6 | 4.7 |13.6|17.5|22.3]25.3|23.1|17.1| 9.5 | 2.1 .6
-4.8(-0.3| 5.4 |13.8(18.2(22.9|25.5|23.3| 16 | 9.4 | 2.2 7
-5.3|-0.1| 6.5 [13.8|18.5(22.5|25.622.9(15.9| 9.5 | 1.2 .3
-5.5| 0.7 | 6.9 |13.7| 19 |22.8|25.8|23.1| 16 | 9.4 | 0.5 .3
-5 | 1.2 | 7.4 |14.4]19.4|23.1| 26 23 |15.9] 9 0.5 .6
-5.6 7.4 | 15 |19.6(23.1(26.2|23.1|15.5| 8.7 | 0.7 .
-5.2 7.1 19.3 26.3122.9 7.9 .8
-4.8(-1.9|4.1 |11.3]16.7|21.3|24.5|24.5|18.9| 12 .9
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-1-3> AF71S A 4 Fdgk (9] 0 m)

19 | 29 |39 |4 | 5Y 6Y | 7d | 8Y | 9¥ (10¥ |11 |12
0.9 10.2 1 1.6 | 2.5 | 5.6 |11.2|11.3|15.1| 1.3 | 1.1 | 1.2
1.3 105(1.91]1.9 |22 |57]|11.6| 13 |15.1| 2.1 |2.1 |1.4
0.9 106 31|1.4]3.6|3.6]|8.4/|12.6|44|1.8]0.7]0.5
0.8108(1.3|0.4|0.9/|272|14.2|18.5|2.9|1.5]1.9 1.9
0.910.2|1.1 5 1.5 | 2.1 | 5.7 | 4.2 6 1.9 | 1.7 | 0.3
0.6 10.2 1.8 3.4 4.4 3 4.9 7 6.3 1.5 1.5 1.4
2.3 103 1 5 7.2 5 7.5 5.7 | 1.5 1 1.9 | 1.5
0.8 106 (|1.1|15|2.7 |48 |7.6|11.6|1.8|0.4]1.3|1.4
0.2 1.5 35 |1.1]21]26]9.1|11.5]43]0.5]|21]|0.4
0.7 1.8 1.1 |1.6|1.7|3.6(12.5|7.2 9.7 |47 |17 1.8
0.2 1 1.9 | 1.7 | 2.4 | 1.4 |13.2| 2.9 |12.9| 2.2 | 0.7 1
0.2 10.6 05 |46]29]|1.6|109|2.9 1.3 6 1.7 | 0.2
0.4 107 (0.4)|44|149|1.9(10.7|14.2|1.3 | 1.1 |2.2]0.5
0.5 103 |1.3]1.7 5 1.4 |11.5|12.5| 7.7 | 0.4 | 1.2 | 0.5
0.9 112083609 |1.4]| 13 7.771]06]|1.5]|0.2
0.8 1.9 2 2 1.8 | 5.6 {16,848 |3.5|3.1|1.4]|1.5
0.7 102 (07]33]|1.1 6793|091 6 0.8 1.5 0.9
0.5 1.2 | 1.5 4 2.6 |47 3.3]3.7|1.5]|26/|1.2]0.9
0.8 |11.1 2.6 |3.7|53|7.2|145|7.3]2.6 1 2 1.2
0.8 1 0.8 107 (33 |55/|10.7|17.4|9.7 0.3 |1.5 0.1
0.5 1 0.7]12.605]|45(11.8|8.1 |51 |2.8|1.8]0.7
0.8 | 1.1 1 1.8 12.3|1.8(23.6/3.7 1.1 06]09]0.9
0.8 1.2 |1.6|1.6|0.7 |48 (81| 12 |1.6|0.2]0.7]0.7
1.6 1 0.7 | 3.3 | 5.1 2 56 | 7.6 |57 |71(1.9]1.5]0.5
0.5 1.1 |1.4]1.1 18.4|14.5|15.2| 0.8 | 1.2 | 0.8 | 0.6
0.4 102 |1.9] 4.3 6.5 |14.3|5.6 | 1.9 |0.3]|0.6|0.4
0.2 10.7 1.4 |1.9 1.7 8 9.1 |11.73.1|1.4]1.3]0.8
0.2 125 (1.2 |49 |15|21 |87 |86 |04]21 1 0.8
1 1 2 2.9 1 7.6 (8.2 |86 |2.3(1.3]29]0.8
0.8 3.6 1.7 (1.41(11.218.9|7.3 33|19 ]1.3 2
0.7 1.7 1.6 3.6 [11.3 2.4 0.6
22.7|25.4|49.2|80.5|91.7 |146.1| 325 |282.9(147.4|50.9 | 43.7 | 27.6
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I 3-1-5)> 19994 54 ~10¢ 97) #ZA 2 A5l $¢] AUz H3}
27t W-1 | %2 | w3 | 0-1 | 0-2 | 0-3 | 0-4 | 0-5 | 0-6

99-5-21 9:00 | 2.36 | 5.91 | 3.16

99-5-21 13:45 | 2.39 | 5.57 | 3.16

99-5-21 19:30 | 2.41 | 5.18 | 3.12

99-5-22 9:00 | 2.38 | 4.08 | 3.01

99-5-22 13:40 | 2.41 | 3.88 3

99-5-22 16:40 | 2.41 | 3.82 | 2.98

99-5-25 17:30 | 2.43 | 5.11 | 2.91

99-5-26 9:00 | 2.42 | 4.94 | 2.98

99-5-26 17:00 | 2.44 | 4.69 | 2.97

99-5-27 10:30 | 2.44 | 3.93 | 2.98

99-5-27 14:00 | 2.43 | 3.79 | 2.97

99-5-28 9:15 | 2.47 | 2.99 | 2.88

99-5-28 14:05 | 2.41 | 2.89 | 2.84

99-5-29 10:00 | 2.38 | 2.6 |2.715

99-6-1 13:15 | 2.42 | 2.58 | 2.65

99-6-2 18:40 | 2.59 | 8.75 | 3.3

99-6-3 11:00 | 2.58 | 6.87 | 3.23

99-6-9 11:30 | 2.41 | 2.61 | 2.64 |[2.619 | 1.911 | 2.591 | 2.659 | 2.637 | 2.591

99-6-10 9:00 | 2.23 | 2.53 | 2.55 | 2.559 | 2.491 | 2.551 | 2.569 | 2.577 | 2. 481
99-6-12 20:21 | 2.42 | 2.54 |[1.605 | 2.544 | 2.471 | 2.531 | 2.589 | 2.567 | 2.521
99-6-21 17:00 | 2.45 | 3.165 | 2.69 |2.664 | 2.586 | 2.651 | 2.704 | 2.697 | 2.631

99-6-26 9:00 | 2.66 | 3.28 | 3.37 |3.629 | 3.541 | 3.611 | 3.624 | 3.602 | 3.521
99-7-23 11:20 | 2.44 | 2.6 | 2.69 [2.749 | 2.651 [ 2.731 | 2.729 | 2.727 | 2.641

99-7-24 6:30 | 2.45 [ 2.585 | 2.69 |2.739 | 2.636 | 2.721 | 2.714 | 2.727 | 2.631
99-08-18 11:20 | 2.91 | 3.28 | 3.26 | 3.559 | 3.481 | 3.561 | 3.524 | 3.537 | 3.431
99-08-21 13:10| 2.91 | 3.18 | 3.22 |3.419 | 3.341 | 3.421 | 3.379 | 3.397 | 3.281
99-10-06 9:20 | 3.32 | 3.87 [3.785 [ 4.099 | 4.021 | 4.101 | 4.059 | 4.067 | 3.951
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Ca,Na-type / bicarbonate-typel E AITJZE O Z Mg, FHAilo]-2 Aol
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34| JIF |A= -F’Y—’—'“.1 inc e A -?Y—’—é R | A= -?Y—’—'“.:j 3
m) | (m/day) | (° ) | (m) | (m/day) | (° ) | (m) | (w/day) | (° )
99-5-21 {18 25.7mm, | 8.6 1.2 | 113.3| 5.3 1.2 | 147.0 | 9.2 1.2 | 119.8
199 5 1m | 8.6 1.4 | 119.5| 5.3 1.2 | 147.9] 9.2 1.2 | 122.7
75k 712 | 8.6 1.4 | 121.5 9.2 1.2 | 119.9
8.6 1.3 | 114.1 9.2 1.3 | 119.8
8.6 1.3 | 118.1 9.2 1.2 | 116.4
8.6 1.2 | 115.5 9.2 1.2 | 120.5
BF| 1.3 | 17.0 | ®F| 1.2 | 147.4 | FF| 1.2 | 119.8
99-5-22 8.6 1.3 | 122.8| 7.0 1.3 | 118.0
8.6 1.3 | 122.8| 7.0 1.1 117.4
8.6 1.4 | 1246 | 7.0 1.1 132.3

7.0 1.3 114.2
7.0 1.2 128.2

HE | 1.3 123.4 | B | 1.2 122.0
99-5-26[24 20mn | 8.6 1.3 122.3
7k2ak 712 | 8.6 1.4 120.7
HE | 1.3 121.5

,
/

,/ Chloride

Type

Type

50 50
*Ca (/ing “Ca Cl—

Cations Anions Cations Anions

(7h) Abzitiololngel %2 @ (Back, 1966) (L) A% 19989 69 51444
A
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< 3-2-1> 71 71> o4 Bdgk (=48] = C)
T 1Y |29 | 39 | 4 5 |6 | 7Y | 8Y 9 | 10¥ |11 |12%
19 | -1.7] -3.2 1.7| 7.6| 15.1] 20 23.7] 27 23.8/ 17.1| 8.9 1.8
2d | -1.6| -3.8 2| 7.6/ 15.1| 20.1| 23.9) 26.6) 23.4| 16.6 8.8 1.5
39 | -1.8 -3.3] 2.6 8.4/ 15.3] 19.9 24.1| 26.4] 23.1| 16.9 9.2| 1.1
4d | -3.1| -2.4/ 2.7 9.5/ 15.5) 20.6| 24.1| 26.2| 22.6/ 16.3| 9.2 1.6
50 | -3.5 -1.6| 2.8/ 10.2| 15.9] 21| 24.3| 26.2 22.5/ 15.5 9.8/ 1.6
64 | -2.5| -1.6/ 2.7| 10.2| 16| 21.2| 24.6 26.2| 22.7| 15.2 9.7 1.2
74 | -1.7| -2.3| 3.5/ 11.1] 16.3] 21.2| 24.7| 26.3 22.4| 15.1| 9.2| 1.8
8d | -1.6| -2.3 3.9 11.2| 16.2| 21.2| 24.5/ 26.6/ 22| 15.2| 8.3 1.7
9o | -1.6| -1.4] 3.6/ 11| 16.8/ 21.5| 24.8/ 26.3 21.3| 15.1/ 8.5 1.1
10 | -2.3] -1.5| 3.4/ 10.8/ 17.2| 21.4| 24.6/ 26| 21.1| 14.8 7.7 1.4
11 | -2.5 -0.8/ 3.7| 11.3] 16.9] 21.7| 23.9] 26| 20.9| 14.8 7.4 0.8
1290 | -2.4| -0.2| 4.1| 11.6/ 17.9] 21.8| 23.9| 26.2 20.7| 14.3] 7.8/ -0.5
13¢ | -2.9 0 4.5 11.2| 16.9) 22.2| 24.4| 26.4) 20.2| 14.3 7.7/ 0.1
149 | -3.7| 0.2| 4.8/ 11.8/ 16.7| 22.3| 24.8| 26.4 20.1| 14| 7.2| 0.2
159 | -2.5 0.2 51 12.3| 16.9] 22.7| 25.2 26| 20.2| 13.9| 6.5 -0.7
16 | -2.9] -0.2| 4.6/ 11.7| 16.7| 22.9 24.9| 25.7 19.7| 13.3 6| -0.4
17¢ | -3.1] 0.3 4.9 12| 17| 22.8/ 24.7| 25.5 19.7| 13.2| 5.3 -0.3
18¢ | -3.4/ 0.5 5.4 12.6/ 17.2| 22.5 25.3| 25.8 19.6/ 12.9| 4.8/ -0.8
19¢ | -3.8/ 0.7| 5.8 13.3/ 17.5/ 22.5| 25.8/ 25.8/ 19| 13| 4.8 -0.9
20 | -3.3| 0.5/ 6.4 13.5 17.9 21.9| 26.4 25.3] 19 12.8 5 -0.3
21 | -3.5 0 6.6 13.9 18.5) 22.7| 26.2| 24.7 18.5 12| 3.8/ -0.6
2290 | -2.7| 0.5/ 6.3 13.8 18.8 22.9| 26.2| 24.7| 18.5 11.3| 4.4/ -0.8
23 -3 1] 6.4/ 14.2( 19.2| 22.8| 26.2| 24.2 18.4] 11.3] 4.2| -1.3
249 | -2.8| 0.8 5/ 14.1] 19| 22.9| 26.5/ 24.1| 18.5/ 11.4] 3.6/ -1.6
2591 | -2.6| 0.7 5.7| 14.3) 18.5 23| 26.5 24.1| 18.1| 10.9] 3.8 -1.5
26 -3 1| 6.5/ 14.6] 19| 23.1| 26.5/ 24.2/ 17.2| 10.6/ 3.9 -2.3
279 | -3.3| 1.1| 7.6 14.8 19.2 23.2| 26.7 24.1| 17.4| 10.8] 2.8 -2
28 | -3.6| 1.6/ 8.2| 14.5) 19.6 23.4| 26.9 24| 17.5 10.6| 2.2| -2.1
29 -3 1.7 8.5 15.3] 19.9] 23.9) 26.9) 23.7 17.3| 10.1] 1.7] -2.6
309 | -3.7 8.4| 15.7] 20| 23.6/ 27.1| 23.9/ 16.9] 10.2] 2.1] -2.3
31d | -3.6 7.9 20 27.2| 23.8 9 -2
2 | -2.8 -0.5 5/ 12.1| 17.5] 22.1| 25.3| 25.4| 20.1| 13.3] 6.1 -0.2
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< 3-2-2> C713u) Bsr 48 Bdgk (e 2 mm)
T2 1Y | 29 | 3Y | 4 | 5¢Y |6 | 7™ | 8¢ | 9¢ (109 |11 |12
1d 0.6f 0.4 1.5 1.7 2.8 3.9 9.5 6 5.4 2 1.1] 1.2
29 1.6/ 0.5 1.8 2.1 1.7 3.4 7.7 10.2] 10.1] 3.5 1.5 1.1
3 0.7 0.5 2.4/ 1.3 4.6/ 2.3 8.1 14.3] 6.4 1.4 0.8 0.6
49 1.1 0.5 1.7 0.2 1.6 1.4 7.6/ 12.6] 3.5 1.1 0.8 2.5
5 0.8 0.2 1.2 4.9 09 22 4 9.2/ 6.3 2.8 1.9 0.4
6 1| 0.2/ 1.7 3.2 3.3 3.3 8.1 4.3 3.9 1.8 2.8 1.8
74 1.7 0.3 2.8/ 3.4/ 6.5 6 8.7 5.2 1.8 0.9 1.5/ 1.3
8 0.8 0.4 1.4 1.5 2.8 4.9 11.5] 6.5/ 2.3 0.4 1.5 1.2
9o 0.4 1.6 3.3 2.8 0.5 3.6 8.3 12.7 4.5 0.5 3 0.4
10 0.4 1.9 0.8 2.1| 1.4 4.6 12.2] 7.6/ 6.8 4.6/ 2.4 1.3
11 0.6/ 1.3 1.7| 1.4 3.7 1.7/ 14.1] 5.5 5.6/ 6.6 1.2 0.9
12 0.4 0.8 0.3 5.4 2.8 1.1 12/ 3.6/ 1.5 4.4 3.8 0.2
13 0.2 0.6/ 0.7 2.6/ 11.1] 1.9 10.4 6 2.4 1] 1.2 0.3
14 0.5/ 0.5 1.5 1.3 5.4 2| 7.3 11.1] 12.1] 0.6 0.8 0.8
15¢ 0.9 1.1] 1.2 2.5 1.5/ 0.4/ 12.1] 7.7/ 8.5 0.7 2.7 0.2
16 0.8/ 2.2 3.1 1.5 2.6 71 17.3 6.9 5.6 2 1.7 0.8
17 0.4 0.7 o.5 2.6 1.2 4.8 9.7 8.1 6 0.2 1 1
18 0.7 0.9 1.2 3.1 2.6] 2.8 2.7 7.8 1.9 1.5 1| 0.8
19 0.6 1.4/ 2.4/ 3.6/ 3.4 5.2 8.7 9 2.3 0.8 2.4 0.8
202 1.1 1.2| 0.8 2.4 2.3 9.8 4.3 17.9] 4.6/ 0.3 1.7 0.1
21 1.8/ 1.2 1.1] 3.5 1.4 5.9 6.9 10.7] 3.7 3.3 2.5 0.4
229 1.3 2.4 1.1] 2.4 1.4 2.4 2020 2.7 0.9 0.3 1.4 1.1
239 1.3 1.8 2.3 1.4/ 1| 4.6/ 9.6/ 7.8 2.6/ 0.4 0.9 1
249 1.9 0.5 3 4.1] 2.7 5.7 3.2 9 8.8 1.9 1.7 0.5
259 0.4 2.1 1.4/ o0.5 8.2[ 19.5 11.2| 21.2] 1.2] 0.9 1.2] 1.1
269 0.2 0.2 1.5 3.1 4 7.8 6.4 7.9 2.1 0.6/ 0.8 0.7
279 0.2 0.6 0.9 1.7l 1.5 5.8 5.6/ 10.3 3.2 2/ 1.8 0.9
289 0.3 2.1] o.6] 6.3 0.8 4.3 5.6 7.1 1.1 1.5/ 1.6/ 0.5
299 1.1 0.8 3.3 2l 1.6 9.6/ 3.5 9.2/ 3.1 2.1 3 0.9
309 1 3.2l 1.9 1] 16.2] 5.6 8.7 5 1.4 1.1] 1.1
314 1.6 0.8 1.5 3.3 4.4 2.1 0.7
A 26.4] 28.9| 51.2| 76.5) 87.8|154.1|265.4]271.2/133.2| 53.6| 50.8| 26.6
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e | AN | Aol | BEHEHE(00C0) | X549 H #(T0C, m)
W99-1 19994 74 0.250 3.1 1.340 ~ 2.300 (0.960)
W99-2 | 1999 74 0.285 2.5 1.810 -~ 1.860 (0.000)
W99-3 19994 74 0.290 3.15 1.620 ~ 2.780 (0.970)
W99-4 19994 74 0.345 3.48 1.970 ~ 2.580 (0.610)
W99-5 | 1999 74 0. 560 3.09 1.790 -~ 2.600 (0.810)
W99-6 19999 7 0. 305 3.06 1.920 ~ 2.800 (0.880)
W99-7 19999 7 0.170 3.05 1.610 ~ 2.820 (0.770)
W99-8 | 19994 7¥ 0.250 2.5 2.135 -~ 2.575 (0.440)
W99-9 19999 7 0.150 2.73 1.933 -~ 2.960 (1.027)
W99-10 | 1999d 7¥ 0.145 2.25 2.490 -~ 3.050 (0.560)
W99-11 | 19994 74 0.030 3.45 2.520 -~ 2.755 (0.235)
W99-12 | 1999d 7¢ 0.010 3.73 1.690 ~ 2.345 (0.655)
W00-1 2000 104 0.290 3.2 2.065 ~ 2.780 (0.715)
W00-2 | 2000 10¢ 0.105 2.49 2.040 -~ 2,575 (0.535)
¥00-3 | 2000 10 0. 580 3.23 1.150 ~ 2.340 (1.190)
¥00-4 | 2000 10 0.745 2.7 1.075 ~ 2.250 (0.680)
W00-5 | 2000 10¢ 0. 650 4.35 1.320 -~ 2.830 (0.735)
¥00-6 | 2000 10 0. 600 3.63 1.330 ~ 2.860 (0.830)
¥00-7 | 2000 10 0.390 5.31 1.735 ~ 2.490 (0.755)
W00-8 | 2000 10¢ 0.540 2.6 1.630 ~ 2.430 (0.800)
¥00-9 | 20004 10 0.235 4.14 1.805 ~ 2.700 (0.895)
%00-10 | 2000 10 0.310 3.1 1.985 ~ 2.790 (0.805)
W00-11 | 2000 104 0.510 3.27 1.940 -~ 2.730 (0.790)
%00-12 | 2000 10 0.490 3.35 1.365 ~ 2.150 (0.785)
%00-13 | 2000 10 0.700 5.65 1.225 ~ 1.980 (0.735)
W00-14 | 2000 10% 0. 560 2.69 1.050 ~ 1,810 (0.000)
¥00-15 | 2000 10 0.435 5.93 0.905 ~ 1.640 (0.735)
%00-16 | 2000 104 0.330 2.64 0.665 ~ 1.470 (0.830)
1) #F3 A= : 20004 7% A3 AEY
2) TOC(Top of casing) : BEHA #HolA ¥R E JIE22 &A% 23l 44
3) A st 1999"“ ~2001'd 5Qbe] A|Sh9(TOC) ] LX)~ th2]
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210,11,12,1,2,3, 4,590l = A3} 7F dom <18 3-2-10>0)4 B v}
o} o] HFFolA sIFHE ZLFLE XS] =7 AAFoE Yo o]
= A3t 75 W] Ao #AGel AL LAt AL 2ujsict. o]#

A FECIHE A T 4 ek

o 2
#5543 | FE A=) =34 37 ) (ft/day)'rr“ (w/day)
W99-3 3 2000. 6. 24 331.0 0.472 0.144
W99-4 3 2000. 6. 26 24.5 0.423 0.129
W99-10 1.5 2000. 6. 28 102.7 0.217 0. 066
W99-12 3 2000. 6. 28 345, 4 0.786 0. 240
W00-3 3 2000. 6. 28 332.6 0.623 0.190
W00-5 4 2000. 6. 26 340. 3 0.382 0.116
W00-7 4.5 2000. 6. 26 352.1 0.614 0.187
W00-9 3 2000. 6. 26 47.7 0. 887 0.270
W00-11 3 2000. 6. 28 311.4 0.251 0.077
W00-13 4 2000. 6. 28 92.5 0.309 0. 094
W00-14 2.4 2000. 6. 28 288. 2 0.622 0.189
W00-15 5 2000. 6. 28 332.5 0. 446 0.136
W00-16 2 2000. 6. 28 356.9 0.526 0.160
H 0. 504 0.154

(E 325 AEEEANE FURTREEE A3t 7 BHPeINY 47 vz

HEE | APkesederelde] /% | U % HSIHEURBREA) | Al (A7)
¥99-3 360° 31.0° 29°
W99-4 5° 24.5° 19.5°
99-10 10° 102.7° 92.7°
¥99-12 360° 345.4° 14.6°
W00-3 330° 332.6° 2.6°
W00-5 355° 340.3° 14.7°
%00-7 10° 352.1° 17.9°
W00-9 340° 47.7° 67.7°
W00-11 360° 311.4° 48.6°
%00-13 340° 92.5° 112.5°
W00-14 10° 288.2° 81.8°
W00-15 300° 332.5° 32.5°
%00-16 20° 356.9° 23.1°
234 2000. 6. 23 2000.6.24~6.28
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0.348 %10 ~4.801 X 10 *m/sec
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3.01~41.48m/day= %
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(E 326> £ EIAE B UG L AW ZHARE AP A FF

T 1

HEEHT | #HERAE(m) | AR | =715%0](m) K(m/sec) K(m/day
W99-11 3.52 0.73 2.79 1.004x10™ 8.675
W99-12 3.72 0.61 3.11 0.524x10™* 4,527
W00-5 4,57 1.91 2.66 1.265x10™ 10.93
00-7 5.37 1.54 3.83 0.348x10™ 3.007
%00-9 4,24 1.85 2.39 1.174x10™ 10.14
W00-13 5.71 1.86 3.88 4,801 %10 41.48
W00-15 6.06 1.61 4.45 0.871x10™ 7.525

e 00000 (1999)
® 00O OO0 (2000)
@ =7ZIrHsiAIE

eS|
—_ o
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(7]’)W99—11 l:\\\\\\\\\\\\\\\\\\\\7 Obs. Wells

0WO9-11
r 7 Aauifer Model
[ T Uneonfined

Solution
Bouwer-Rice
Parameters

K =0,0001004 misec
y0=03137m

0.01\\\\\\\\\\\\\\\\\\\\\\\\
0. 8 16. 24 32 40.

Time (sec)

(L})ng—lz lf\\\\\\\\\\\\\\\\\\\\f Obs. Wells

0wo9-12

r 7 Aquifer Model

p 1 Uneonfined

Soutin
Bouwer-Rice

Parameters

K =5.24E-05 m/sec
y0=01727Tm

Displacement (m)

0_01\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0. 12 24 36. 48, 60.

Time (sec)

<O 3-2-12> =qeouzag 23 (Kiee|dEE, yoitype-curved] 27| H9])
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E 32 FU BEES U GEF FEINE

4= el L4 S4&5
AWM (ZL2 A1) MPN/100m1 5,0000] 5} -
o mg/ 1 0.10]3} 0.10]3}
RERS ng/1 0.050]3} -
T mg/1 E3E =3
Al ok mg/1 =3 =3
67} A& mg/1 0.05°] 3} 0.050] 3}
AR A mg/1 200] 5} 200] 5}
e mg/1 0.012]3} 0.012]3}
H mg/1 0.0050] 5} 0. 0050] 5}
HEZ =2 oell mg/ 1 0.010]3} 0.010] 3}
ErZz 2oy mg/1 0.03°]3} 0.030] 3}
714 mg/1 E3E E3E
oH 5.8~8.5 6.0~8.5
cl” mg/1 2500] 3} 2500] 35}
) s = LI mg/1 (6°]3l}) (8°]31)
P -X

2 AR TN 2@8do® FHEE Jo2E uE AT, AR,

3 el et WE 37147} gk,

(1) exAe|7] (B2 A 3A e[A]4)

19950 11A4Jth 5501 7| &0 2 HAX3 oA r|2, ALY B
AtzolA 1AZ A2 Z& ] ZRPEY ENAE F3 222 Heste

_]
2 g3 Zolh 1UMFHIE LAE 71E0E 11nt/Qol et 33 19

3L
[SI= ]
22|23 20ni/Y, BOD 20ppmo]3tE X E|FH =& HASIAC).
Eoka o4 HIlRL (T 3-2-1650]4] Bi ule} go] A, 4y, £y
A, WE4x 5

Zo| 23 BAL o8t AL F Held
12 B3 UTtES 5 =

o]
T8 3-2-18>0fA] K= uie} o] SF, RN E), FESA(Z Al

P

L
k1 o
A

Edg

W
i
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49 234 A1), oAEW, BI(EdYN B), t13A BEPeR
o] gith. EAXZRE Ash4el7h 1.5n8r} ofelo] glojof sim, Eok
AL J1EAV] ATY Welolulolofok 312, ARF A=} o

AF4ot s Io] Geto] 4712 Wolok ek, T} (I 3-2-1904

=2
Z|3t549] I ELE 61.5n~61.8m(W99-3x1E)E 0.8n~1. ln7}8f &o} E=X
AR A2 g 7 el 3l na1d3 A7t L9d" 7Hs8o] Erh
CHA] s, @44 e 7]e] Wi $8 7|2 pH 5.8~8.6, COD 100mg/10]3},

i

BOD 150mg/10]3}, H-§E2(SS) 150mg/10]3} 508 RA}x| o] Eokr] o=
21718 WHTe AETH 4L F3H(BD)E A QFlaL AT Rl FIE AT

eAz7]e] A Y EAPIEAR ] HETL At Tk BAZE o]

drhe] 8% Asl47t 2d® Ao AmHL)
2 01:7;] =z}

A 1969¢6] AT o] F 10,0000i 2] & A}gatod oLt 2000 o

—_

F FEI OIF H45 o0 WA 8,0000] uhels} ARt glom oz A
A48 5d AYOE sholHth YARE F AFOE YA utetel AE

52 ¥e ¥ WUz uizk a0l Fohl o weld A=
FAE Fol7] Aol utetel 2ol F3} AFeE AFL AR ZolEth &
o WlEES &, S WEBT W DY W, FEBFE] YT AL(TN)
05), ZEI(K0), 418](Ca0) B mpauAlokMg0) B8l HIE HE ThEol
)

P,0
wom 55 4R BPol 1S Hr} (AL HUFY SPATNE, 1998

122 B71EQ  2EAE @ QAR(AA] )2 24 thFY f712 BUEQeE EodudEo]
AAslr] Lt EQOR HAE(EANA EY) 80x, FEAE 2052 wigEo] grl

3) B+EE = 5X10-2cm/sec~4. 5X10-4cm/sec
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<E 3-2-8 7158 = 4% (€8 T8 58 d7AH, 1998)

fL T O ©

ko (A F%) (4 5%) A (DA F%)
45 10~40 25 40~70 55 10~40 25
C/N 4~16 10 13~26 19 3~17 10
EC 7~1 9 2~8 5 7~11 9
N 3~5 4 2 2 2~4 3
P20s 5~9 7 0~3 1.5 5~9 7
K20 3~5 4 1~3 2 3~5 4
Ca0 8~21  14.5 0~7 3 9~21 15
Mg0 0~5 2.5 11 0~4 2
3) H|E

R A= 1 )
A 12%, Ze] 11%, IE 3% YRE] 93, 2ANEE A 465TFE] glo
H F2 =0 AH[gTh XAE S 4 15%, ZE] 4%, IE 2%, T4
0.342 2 g9} Pl Arbgiol

S Qo] 3~43] Alujsin] A1)

ox,
o
=2
=
48]
5
>,
R
Uil
hd
=)
.
i

45 AT

I;L _Q_OEIH-IOI m )J_l;._

1) A FZEe|et o] 23 2adwe] d Al =X

ot Abgw ]%f ABEM SAS300C©
2) Zgoglog xgsye stdudady

WA 3}FZFS =A]8tETE <28 3-2-220.

A
[}
c
=]
(o
o
=
e}

w 2
o
—
o
=
o

for WINDOWS (Ver. 3.
SURFER(Ver.7.0)Z o]

oo
_<|>L
2
nx
iyt
119
Y,
N,

antzlo g Fpzkete] A7|u|ATFE 1,000 ohm-m o]Ato]al
water)= 100 ohm-m, & 3 ohm-m, 3|5 0.2 ohm-mo]rH, &

]_
7IH A2 ~3,200 ohm-mo| St ;A7 HES il HH2 YA Uehd
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<

th ol At ATyl AolHE Edo| Uehb=y ol 9@ EA o] 9447
(524 DP-16, 17, 18 7|EL8) & At A RELZ FAIEHA] o]

Z xEH"Ec} <28 3-2-22>.

R
M
rO
POUR
(o

gAY BEH(ASte stRH)ol widd 34 DP-19.20, DP-8.9,
DP-21_229} W} W&ol w3t DP-179] 2x1d A7WAY FREE AME] 4
HEE DP-17, DP-19_20, DP-8_9, DP-21 22408 2|3} AFHA s1HEE
s s gliul, DP-19_20, DP-8_9, DP-21_220 A% H7ju|A43}to] 100 ohm-m
o|3tel Au|A Y7} &2 AAFE S fIA|SIA|RE DP-170 A= 100 ohm-mo] .2
2 AP E BT <Y 3-2-210. ol LA EY] EFBOR o] &

AbE|x] Eoln BEoT HaEwA FA WAUE Rez Alzdd

AL FUZIE F n~80n% ol F UAHelA AAISG O, 1
6 B L3

EESSEE R R ERER

- ASANY -

= ’0000 :0000 1Im
0000 :0000 2m

o : 2 AC00RAN)
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wﬂuuuuun40393837:535343332:1anzszsﬂzszsumzzﬂzo1s1s171s1s141a12111oss7ssE

© 603 |47 608 619 [ 929 | 181 | 185 | 143 | 752 | 87.4 101 | 67.7 | 84 6935, 614 | 84 07
249> 113 | 1 143 | 107 3@ 107 {1\ 103 | 180
2
wi 2| 23 | poa 503, 659 | 621 &5 _5,\513 891 | 784 | 581 | 724 | 766 | 846 | 87.7 | 846 | 543 620 —z70 926 | 85.4 130 | 105 (l
[ 4 = 5
=
g 8 114 | 4 574 Jea4 (426 481 | 462 | 431 | 443 | 622 /ﬁ 140 | 836 Q‘ﬁ
= | /
& N ey o0 B\
a
48, 655 | 450 535 85.4 | 100 | 644 | 347 623 | 80.8 | 821 | 848 | 845 | 565 | 640 | 115 | 167 | 126 | 107

[ — )
1 10 100 1000 10000 (ohm-m)

DEPTH (METER)

= o
1 10 100 1000 10000 (ohm-m)

DEPTH (METER)

448 ‘ 543 ‘ 448

-
1 10 100 1000 10000 (ohm-m)

DEPTH (METER)

1 10 100 1000 10000 (ohm-m)

<28 3-2-21> BAeIN S BAApY Bl )
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159



8|
uﬂl

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000

8588

S

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
00

00

100

00

5

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000

FEEEE]
8 8 8 8

IS

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000

o




VESG6-0

(7h) V-6ollrfe] 2etrpazt

AB/2, Depth (Meter

(Lh) V-8ollrfe] s2etrbazt

<I% 3-2-23> BA| ol A 2] 2 &tAl(Schlumbergeruld) 23}
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(u}) V-130j48] 22ekx} Az}

VES19-0

(8h) V-190j4 8] 22Ekx} Az}
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§} Zl

515!3]01 [2)

2

(diffusion)

J)J

bl oUAE e HAT MTOE o714

)

3}

i

b ofefol s o5 At

F3}2b2 (nitrification)ol &]%

At

H

ol
TR

5

gt} %)

I A&7]A(N) 2

3

L-(denitrification)el] &

Z}F
b

At3}

ZH(denitrification)& AW st=t] <9k (consecutive)S o] &3 4

SRR

AEuESolA Ao o8 712 2

(first-order kinetics)o] W2& ZA o2 7FFTICE A}

I

EERE

t2s o8 YA=

s

or

2 O

Z| o

7

ELER

beict.
_{":

}o] MODFLOWES A}&3

R EL L

¢

code®l MODFLOW (McDonald and Harbaugh, 1988)& A3} =T}, MODFLOW(A

MODular 3-dimensional finite-difference groundwater FLOW model )= m]<=}%]

¢

el

K
W
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1§39l

=
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tod 2000 10€ 3¢ =82 &

s

7]:1-0

ow, PRBY] A BRI} A BHE

3]o]| 2.2 (Waterloo Hydrogeologic Inc., 1999) XAt

ote] 2

B

o
"

—_
o

3-2-9>3} Zc},

L1

(o]
HE2 <

0.4332

0. 00001

0.31746

0.2

—

§

4
0. 0025

| B
™ | A

16
0.01

o

—_—

o

(5X10°~4%X10"m/sec)?] ™

=
=

ol A column test

Al
E=3
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o

(Anderson,M.P., Woessner,W.W., 1992)0o]
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AsfalA WA QWHOT Monod 4] (Monod, 1949)& 71| o 883}
BB LERIT ol Wonod 42 274 SUBATE AR HIE wT
St=d] A WSt Molz et al., 1986: MacQuarrie et al., 1990: Chen et al.,
1992; Essaid et al., 1995; MacQuarrie et al., 2001). o] Al AE3] nr-2
of ¥i-gof X¢H BEE B s=o A& et 7183t AEs] 33
poll T2t ol NMonod A& T}E3} gol Al U 4 gln}

ey 3K 80 G %@ c, %% c, 00 K, O
é%ﬁxm@ KA, KO, Ky O ¢ tC 8

oJ71M, 1P & AEs) 3 poll 7 71A o]&E MLT'], Hex & WS

8 pEet Hrf 718 o] &E [T7], Xn & ¥hZo] BAFHE n|PE nd] 55

coefficient) [ML?], Ko, & m]AEo] thgt =] A4 [ML?] o]t}

A7 A, Y & HYgt okE A2 (stoichiometric coefficient)o]T}.

@Bl Al A doled ¥ & 13} 23 DA %E Aol AL
344 pERF 12 7)ol the 2@EA o] 2 Uehd 4 gtk 919 [QwE

7
A e@EL AT Ad4] T (4B 0 oA S
computer code(Clement,1997; Clement et al.,1998)& 0]%3}01 A 42 AA3}st

4l AFS mYstel wokt.

ﬁd
ri’L’
+
1%,
i
=J
3
W
[ww)

@ sA o] AF23 29 : RT3D(Reactive Transport in 3-Dimensions )= T}x}H
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o A)sl4 Eaehol A Aol i 5 (nobile)Z} u]-§E A imnobile)2]
Rt $ES ASS Ushi: E olde] 329 AulBEAe 27 9% 2
FH codeolth. ol QMHHoE S|HHQ et £HA AE EA S

reactive transport solver@ Z|WE|o] ZHt}Clement et al.,1998: Sun and
Clement, 1999: Sun et al., 1998,1999). RT3D:= EPA-transport codeql MT3D2]

1997-versiongl DoD_1.50]| 4] advection solver®} dispersion solver& A}-&3t

T}(Zheng, 1990). RT3D codels T}orst aefe] 3}5Mibez} njyENLS S R A}s}
ol Fgehe, olu] PCE, TCES} 2 Q4 9} BIEXE 0¥ X|dg =t

ol

3t A &
el ol &1t 23t O &/l YdSEH7IE stelrh. MI3De} T RT3D E]E ]
b wele AF - 220 WEE Aty fls Aske f5E UEhls

code®l MODFLOW(McDonald and Harbaugh, 1998)& ©]&3tt}. RT3D code:=

=

ol
I

operator-split strategyS X}23}32 =t o] user-defined reaction
moduleS §3)of T 1g 22 elT + 9B VT webd E aTol

e Ao a2 AF B 7337 98] user-defined reaction

nodule 7Huste] APA| ol HgAIA Rk

<E 3-2-10> B4 24 AT EERA AHESHe 8 Bt

o) 3= TA AR A
ok | oHE | RS e s |, o,
P IX]' \_—H 12]- \_—H 1 1__—.H AALS AIXES 'T"u'] 1??]_—1;— 01__1_]_-—1;—
S & & & oUE oTE =
T T = ( Py, mg/m ) ( a)

(K, cay™)| (Ko, day™)| (Kios, day™) (Yvoenwa) | (Yosmce)

Zr | 0.0001 0. 008 0.001 2.5504 | 1.3478 |1.5412X10° 18

@ 3§A : o714, PRBE dx]317] A<l 20004 10 1Y

KX
R7] 935t o} BA& AA|ste] Rojth <@ 3-2-26004 xF2] )
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o



B8 2)

5.

A=

A EZ2A0EL N %

7.

)
° OO0 000 (1999)
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S EEEEIR

tod 2000 10 EolE

3-2-28).

°

ERICE

4
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Afololl ]
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W00-147F ¢l X3t A A3} 278-4H %
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F
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[e]
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todch <a® 3-2-29>8 RW
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A

A

A

A

o wg3t Hao) FEI A
o] 6m, = 1m, Zo| 3md] FEZ A

=
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. A1ZH]

32m/m&]

I

H
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Zo] 24z} 2m, 2.5m, 3me| PVCH

(HFA oA E¥E 0.5m7FA] screen X)L Ax|stz, &

B

=
[¢)
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0. 7Tm®]

e

N

ez 712, A=, Zol7t

AHg)E sieigrt

= aodubg Al 4R o] F 2001

a7 29k 3], EA

[F-EF
o 83k 9] .

ok
[-=F

6m, 1m, 3.5m¥= E#X|(trench)& T}l 9]
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N

uiel Zho] x|, 2001d 96 71A] 17)€ 7=

|

R

<37 3-2-30000A K
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Ko
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FRYE 207}

Al
-

°

FY-(downgradient )2] A% 2m
AofA

% 2.5m, 3m E+= ¥

°

=

FA]

A,

4 7357 (upgradient ) 2}

AZgol, W2.5U, W2.5L, W3U, W3L Z}
FZAo|rt. S2U, S2L, S2.5U, S2.5L, S3U, S3L ¥
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olct.

A
o
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|:| A F#o}(scoria)

|:| LEERHwood chips)

i

—

0.7 m0.14 m1.0 m
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k1.5m4
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—— 2.7 m
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Depth (m)

Distance (m)

0 5 10 15 20 25 30,
0 A | | | | | | | | | | | |A
1 —
w2L
2 —] w2u e
S3380.5L
— HE
W2NE3bL
3 —W99-3 w3y HEE M \W99-6
[ | S383L
7] B \ww2
M ss2
4 —

L 2d W FS8

1) SAdurguiy 249 (20004 10 ~ 20011 9

e 1 2712 BEANA AT AR E AASte] p, EC, NOIN, \H3-N,
Cl-, BOD(Biological Oxygen Demand, &3HA xt4A ¢ Fek) =8 BAM51 7 <
T 3-2-3D, FgUeHA B5F ol tiste] 2001 64 1271

EAGAT CE 321D, 24A 7o RYHAL 24 (RYE,

A%k 2 : SR Ao AT BEF W99-62] A|RE Lo
Bt} o] 2 WHE4(E)E 20019 368 A 9)5h3 20004 129 58] 2001

6471x] A RAHTE E7Fsste] o] 7R Fkel EMAITE ik 2™
3-2-3>F HH, A7) #d(1)9] phe 20014 19d0] |t o] F45-¢ 64
W7HA] 742 SISt 9d 2 Th] 6.7 AT F FUbke FAIE KA

ok old M3H: 199-3 A Bt AL PhrRe BEYelN BT T4
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2}H(wood chips)& FU3F F+ZH(W3UZ} W3L)EC pH7} Ti4 &

(1)2] %% 600 S/cm ~ 850 S/cm HEo]2| 7t 2001 84, 9¢ol 1,600 S/cm
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"
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]

=
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R
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(nitrification)
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AtEHETh WS
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-
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ERREENE

5
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N
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E1 MY HerE £ 23 (BE838Y ¥EER #7))
XX : 7lEA] 23 35
AR e | JE W-1 W-3 W-3 RW RW
UAVTA CFU/ml 100 150 |25, 6000 0 0 570
dgEz | oml | 84 | @4 | @A | 24 | @R | 24
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& mg/1 0.001 nd nd nd nd nd
AJQt mg/1 0.01 nd nd nd nd nd
6713 E mg/1 0.05 nd nd nd nd nd
oILjold A A mg/1 0.5 nd 1.4 nd nd nd
AR A mg/1 10 25.2 464. 6 25.8 2.3 2.2
A= mg/1 300 26 459 182 31 19
HAEARRE | mg/l 10 6.2 616.2 5.8 0.3 1.3
W B4 | #An | FAu | FAw | Av | A
% B | wAn | wAw | FAw | Av | A
5 ng/1 1 nd nd nd nd nd
A = 5 150 | 5200 | 150 nd 1
AR mg/l | 0.5 nd 1.06 nd nd nd
pH 5.8~8 6.6 6.4 6.6 6.8 6.3
olad mg/1 1 0.008 | 0.009 0.014 0.005 0.018
4ol mg/1 250 27 71 28 4 3
ZHu2RE mg/1 500 3,448 | 63,613 | 1,834 41 61
A mg/1 0.3 nd 0.01 nd nd nd
PAdy mg/1 0.3 0.009 1.335 | 0.012 nd nd
Ele NTU 1 999,99 | 25,600 | 999.99 | 0.19 0.17
Brtol2 mg/1 | 200 2 16 2 4 nd
dFn|E mg/1 0.2 nd nd nd nd nd
A 1999,7.24 | 1999,6,9 | 1999.7.24 | 1999.7.24 | 1999.9.10
w7 ) @® ) @ ©
@ : FY7MEEAL @ ¢ TFFAEZAL @ ¢ HFAIFABTEAY L




2 AR 137 PRl oyt AN A (4713 1 547D
AR w1 | w1 | w2 | w2 | w2 | w3 | w3 | w3
pH 6.2 5.7 6.4 5 4.2 6.5 5.5 5.9
EC( ¢ S/cm) 192 301 102 592 574 80 525 457
SS(mg/1) 805 |[1,990 11,790] 3,230 96,830| 2,590
PO4;-P(mg/1) 0.169 | 0.471 0.065 | 0.05 0.275 | 0.576
NH3-N(mg/1) nd |3.154| nd nd |3.584| nd nd | 0,287
NO2-N(mg/1) nd nd
NO3-N(mg/1) 10.67 [17.992|1.604 | nd |36.337|0.915 |15.315|14. 754
Zu b3 E(mg/1) | 1,020 | 637 6,662 |68, 398 8,660 (9,171
Ch - (MPN/100m1 ) =73 =73
COD(mg/1) 5.5 30 0.4 | 99.5 |289.6| 0.4 |758.4|132.7
CN(mg/1) nd nd
Cr°(mg/1) 0.003 0. 002
ABS(mg/1) 0.12 0.14
=4d 1999.9.10{1999.10.6| 1999.6.9 {1999.9.101999.10.6| 1999.6.9 |1999.9.10/19%9.10.6
AR 01 | 01 | 01 | 0-2 | 0-2 | 0-3 | 0-3 | 0-3
pH 6.7 5.1 5.2 7.2 5.3 7.4 6.1 5.4
EC( ¢ S/cm) 804 | 1,241 | 516 314 548 135 | 1,010 | 465
SS(mg/1) 820 | 5,760 50, 470 925 292
P04-P(mg/1) 2.974 | 0.306 0.074 0.162 | 0.454
NHs-N(mg/1) 48.44 |1.433 | nd nd |0.573| nd nd nd
NOs-N(mg/1) 0.027 nd nd
NO3-N(mg/1) nd nd [0.112| nd |0.076| nd |20.15|9.635
Zu 285 (mg/l) 1,860 | 2,680 4,122 1,517 | 3,701
A MPN/100ml ) | 1,300,000 4,000 2,400
COD(mg/1) 115.2 | 849.2 |372.9| 24 |581.4| 9.4 | 42.2 |110.6
CN(mg/1) 0.012 0. 004 0.003
Cr®(mg/1) nd nd 0.002
ABS(mg/1) 3.725 0.15 0.23
=4d 1999.6.9 |1999.9.10{1999.10.6| 1999.6.9 |1999.10.6| 1999.6.9 |1999.9.10(19%9.10.6
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z22 (A%

A X EHE 0-4 0-4 0-4 0-5 0-5 0-6 0-6 0-6
pH 7.9 6 5 7.2 7 7 6.5 5.6
EC( ¢ S/cm) 148 721 443 84 801 97 1,060 | 621
SS(mg/1) 14, 440|66, 980 705 11,030 8,910
PO4-P(mg/1) 0.024 | 0.437 1.985 0.049 | 0.118
NH3-N(mg/1) nd 2.58 nd nd | 3.441 nd |0.573| 0.86
NOs-N(mg/1) nd 0.006 0.067
NO3-N(mg/1) nd nd |5.222|4.24710.933 | 5.82 |15.205|16.936
29 2-7-5(mg/1) 5,538 | 6,646 1,244 8,545 (27,428
CRIAHMAN/100mL ) {240, 000 300 1, 300
COD(mg/1) 18.4 |484.2224.4| 1.8 |151.6| 2.6 |624.1 |274.9
CN(mg/1) 0.004 0.002 0.002
Cr®(mg/1) nd nd nd
ABS(mg/1) 0.4 0.19 0.17
=4d 1999.6.9 {1999.9.10|1999.10.6| 1999.6.9 {1999.9.10| 19%9.6.9 {1999.9.10|1999.10.6
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3 BAY HEeEIIE £ 2 (BE3Ed ¥EER #7)),
XXX 2 71&R] 23 35
BARYE wel| 71& | Bl | B2 | H3Y | H4 | H5 | H-6
AubA| A CFU/ml| 100 790 nd 2,100 nd nd 49
g mo| Y| 8| & %8 | &8 &Y &%
L2 mg/l | 0.05 nd nd nd nd nd nd
B4 mg/1 1.5 1.3 0.3 2.8 0.4 0.4 1.0
H]A mg/l | 0,05 | 0,006 nd 0.016 nd nd nd
RER mg/l | 0.0l nd nd nd nd nd nd
T mg/1 | 0.001 nd nd nd nd nd nd
AJQ mg/l | 0.01 nd nd nd nd nd nd
6712= mg/l | 0.05 nd nd nd nd nd nd
oL ]opg A A | mg/l | 0.5 nd nd nd nd nd 0.06
Zrg A A mg/1 10 1.8 0.8 nd 4,5 59 0.4
Az mg/l | 300 55 153 863 141 87 256
SpizatEan mgl | 10 | 12 | 11 | 209 | 60 | 0.8 | 1.4
Wi B4 | g - | - | -
% 2a) | o wam | - | - | -
= mg/1 1 0.036 | 0.013 | 0.191 nd 0.009 nd
A = 5 1 nd 200 nd nd 2
M mg/l | 0.5 nd 0.15 nd 0.15 | 0.22 nd
H 5.8~8.5| 6.7 6.4 6.5 6.2 6.6 6.1
oled mg/1 1 9.66 | 0.092 | 1.215 | 0.028 | 0.111 | 0.081
Haol2 mg/l | 250 6 20.4 nd 155 | 16.2 | 10.6
ZNRRE mg/1 500 126 217 1,236 214 171 306
) mg/1 0.3 0.22 nd 123.2 nd nd nd
7t mg/l | 0.3 | 0.376 | 0.671 | 0.796 nd nd | 0.214
=3 NTU 1 0.36 3.00 90 nd nd 10.00
2ol mg/1 200 6 12 2 9 7 3
UdZn)E mg/1 0.2 0.04 nd 2.187 nd nd nd
=4 2000.7,3(1999.7.29/1998.10.13(1999.7.29(1999.7.29|1199.7.29
A7 ) ) ) ) ) )
O 35 2ABEATY, @ sHUIEAt
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23 (A%)
AAJerE The] 7|& W99-3 | W99-9 | W99-11 | WoO-1 | WOO-5 | W00-15
AuAH CFU/ml| 100 |2,060,000|2,190,0008,700,000{ 2,600 | 2,100 | 3,400
g2z /ml | 223 | 17,000 [ 11,000 | 800 | oFd | o3 | o
L2 mg/l | 0.05 nd nd nd nd nd 0.17
B4 mg/1 1.5 0.4 0.3 0.3 0.4 0.4 0.4
H]A mg/l | 0.05 nd nd nd 0.005 nd nd
RER mg/l | 0.0l nd nd nd nd nd nd
& mg/1 | 0.001 nd nd nd nd nd nd
AJQ mg/l | 0.01 nd nd nd nd nd nd
671322 mg/l | 0.05 nd nd nd nd nd nd
atjopd A | mg/l | 05 | 011 | 016 | 0.04 | 0.24 | nd | 0.68
Zrg A A mg/1 10 5.0 11.7 6.4 7 11.2 1.7
Az mg/l | 300 340 231 207 180 152 123
FpgzbEAna g/l | 10 | 240 | 90.1 | 224 | 186 | 66 | 9.1
A B - | - | - | - | - [ -
o g | - | - | - | - -]~
= mg/1 1 0.020 | 0.013 nd 0.014 | 0.011 | 0.009
A = 5 27 296 75 40 30 20
Al mg/l| 05 | 020 | 027 | 0.16 nd nd nd
H 5.8~8.5| 7.0 6.9 6.8 6.7 6.7 6.7
oled mg/1 1 nd nd nd 0.017 | 0.026 | 0.147
Haol2 mg/l | 250 19.0 26.1 21.9 19 23 12
ZHIRE mg/1 500 869 2,960 | 1,106 768 418 378
A mg/1 0.3 nd 0.08 nd 0.2 0.46 nd
nkzd mg/l | 0.3 nd nd nd nd 0.801 nd
=3 NTU 1 191.00 | 2,236.0 | 522.00 370 310 90
2ol mg/1 200 39 32 23 24 24 10
UFnlE mg/l | 0.2 nd 0.207 | 0,042 | 0.17 | 0.55 nd
24 1999.7.29(1999.7.29{1999.7.29| 2000.7.3 | 2000.7.3 | 2000.7.3
w7 ) ) ) ) ) )
1) H-3 714 #7332 19999 AR X g AstaaAe] 344 Fdo #3 A7704 A A5
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BARME che] 712 | RI-1 | R¥-1 | R¥-2 | RW-2 | R¥-3
AnhAl CFU/ml | 100 2,800 | 6,600 | 6,800 20 84
2 /ul 24 g 240 | 3,000 | &9 | 24
L2 mg/1 0.05 nd nd nd nd nd
24 mg/1 1.5 0.2 0.2 1.8 nd nd
H]A mg/ 1 0.05 0.007 nd nd nd nd
AEE mg/ 1 0.01 nd nd nd nd nd
& mg/1 0.001 nd nd nd nd nd
Alet mg/ 1 0.01 nd nd nd nd nd
6712= mg/1 0.05 nd nd nd nd nd
YRLoPg -4 mg/1 0.5 0.16 | 0.03 | 0.23 nd nd
Aabgda mng/1 10 1.5 6.9 nd 6.4 9.7
Az mg/1 300 474 110 | 1,287 | 122 143
Iz E ARk | ng/l 10 2.8 12.0 1.9 0.6 0.6
WA 3 - - - A | Ay
kN 5o - - - A3 | Ay
= mg/1 1 0.049 nd nd 0.014 | 0.015
N = 5 8 nd 6 1 273
A mg/ 1 0.5 nd 0.29 0.14 nd nd
™ 5.8~8.5| 6.4 6.7 6.3 6.2 6.3
o}l mg/1 1 9.699 | 0.005 | 4.199 | 0.007 | 0.023
Haol mg/1 250 7 18.3 | 11.3 23 27
ZARE mng/1 500 1414 210 | 1,465 | 204 332
A mg/1 0.3 0.25 nd nd nd 0.23
oz mng/1 0.3 0.384 nd 0.357 nd | 0.009
313 NIU 1 7.7 400 | 3660 | 011 | 50.6
Batol mng/1 200 11 17 6 24 28
UFulE mng/1 0.2 0.38 nd nd 0.04 | 0.48
Y 2000,7.3 [1999.7.29 1999.7.29 | 2001.6.5 | 2001.6.5
A7 ) @) @) ) )
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213

¥4 BAY #SH, JEAFY, oA #Us € WRY dEE B4
=43 W00-4 00-9 ¥00-10 W00-11 W00-12
H 6.6 6.5 6.5 6.1 6.4
EC( ¢S/cm) 501 415 1,065 203 365
SS(mg/1) 3,700 244 143 570 173
TS(mg/1) 3,593 474 896 691 323
NP (mg/1) - - - - -
NN (/1) - - - - -
T-N (mg/1) - - - - -
FUIRE (/D) : : : : :
A%(mg/1) 285 180 514 102 112
EFE(NTU) 4,722 154 49 402 70.1
NOz-N(mg/1) 2.053 33.04 54,63 87.76 16.926
U A+ CFU/ml ) 200,000 36, 000 480, 000 118, 000 56, 000
A== MPN/100m1 ) 8,000 230 2,200 240 300
COD(mg/1) 31 5.5 44,5 14.8 23.5
479 2000.6.26 | 2000.6.26 | 2000.6.26 | 2000.6.26 | 2000.6.26
Aardkis @ @ @ @ @
AkE W00-13 W00-14 W00-16 E I
pH 6.3 6.5 6.4 6.1 6.9
EC( 12S/cm) 404 507 486 307 524
SS(mg/1) 46.8 102.4 60.4 17.6 21.6
TS(mg/1) 331 442 356 196 246
N (mg/1) - - - - -
NN (/1) - - - - -
T-N (mg/1) - - - - -
FRE (mg/1) - - - - -
ZE(mg/1) 163 225 206 66 75
EFE(NTU) 12.5 27.9 12.3 10.6 3.5
NOs-N(mg/1) 39.94 84.5 34.97 3.328 1.662
W kA|-(CFU/ml ) 3,000 94, 000 80,000 55, 000 3,700, 000
A== MPN/100m1 ) 300 500 60 2,400 240, 000
COD(mg/1) 8 168 12.5 22 3
Aol 2000.6,26 | 2000.6,26 | 2000.6.26 | 2000.6.26 | 2000.6.26
w7 @ @ @ @ @
FHEARZE ALY, @ Y7L QFPATFE77IAH




BagE H-2 199-3 W00-16 P
o 6.27 6.49 6.17 6.25
EC( 12S/cm) 342 858 759 862
SS(me/1) 0 7 0 0
TS(mg/1)
T-P (mg/1) 0.94 1 1.09 2.09
NHs-N (mg/1) 0 0 0 0
TKN (mg/1) 1.01 9.4 11,26 30. 56
ZUARE (mg/l) 214 325 294 365
A% (mg/1) 148 217 157 165
EFT(NTU) 2.3 9.4 4 2.1
NOs-N(mg/1) 1.01 9.26 11.24 30.33
QML CFU/ml ) 0 1300 2400 0
TR MPN/100m1 ) =3 R e =8
00D(mg/1) 0 0 0 0
A 2001.6.28 | 2001.6.28 | 2001.6.28 | 2001.6.28
w7 0,3 0,3 0,3 0,3
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HE D B Yol AU = H3H(2000~2001)

Jal1 20009 6 23Y

4

NO3-N (rmy

a3 2 20004 8Y 3
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NO3-N (mg/l)

Jal 3 20009 9 29

74
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a2 4 20009 109 279 (PRBAY])
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¥% E B9 =0 B4

N\

E-1. &4 % (bulk density), YA Z(particle density) & F

E(porosity) &%

AFWA ¢ 10000 TAUAY ] FAS FHL F (), ARA EPAE

il
Y
1
)
o
=

0cn’E Y3 BAE ZA3Ic} (Ws), Bo]-24=(deionized water)

EYE (bulk density) = (W = W)
30
XU = (particle density) = B — (W ‘_NSW_)W_m (W. — W)}
4=
ZL3E (porosity) = l—m

ARAI} . EUELE 1.5412g/cr’, YAPLEE 2.7190g/cn’, TFE- 0.4332.

S % (bulk density) 463335 = 1.5412 g/cm®

. . o 46.235 _ ;
UAEE (particle density) = 75—, 53"~ 45 935y — 27190 g/em

_ . 1512 _
<& (porosity) = 1 2190 0.4332

[\]
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E-2. E¥ FLAsOS SR (e)E 7371 ¢

Column Test (3} A}, 1988)

A 0 27]=%27] 100 ppmQl Cl &AL 5B Z(peristaltic pump)ES

JELE

A AEEE 89 AER A && 715stAL o] A2 ntET 7] (Ton

E

i

A £EF columifg] Al&o] FYTh 2 thE colum] 70

o

Chromatograpy, IC)& o|&3l4 C1 ¢ F=& ZHIrl
AAAz 0 AEE SHE f8H2] okS pore volumel Z FAS}3L pore

volume fractiono] wWZ =T 3}E breakthroughZ A (BTZA1) & 2 HE] RafaiAl

< ol &3lA 23 Z2E FF IF1E sk
Rafai%] : D = 8L(7/0,g4 — 710’ D=V-.a
ay = %(70.84 - 70.16)2
A71M D FEAMAFE, a1 FEAAAT
yo0.84 = C/Co7} 0.84Uuj 2] pore volumn
7016 = C/Co7} 0.164wl]2] pore volumn
V = columnifjol| 48] Z=2-7< (0.583 ml/min. )
L = column®] Zo] (13.45cm) o]t}.
Q%1 BTRU O Rafaidg ol &AN EUARY @@ o
ARAz BAY EYY FEAF(a)e= 0.63180]3, FTEAAG(D)+=
0.3683°]t}.

7084 = 1.427, 716 = 0.814,
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L1

1

@ = 135%5(1.427 — 0.814)% = 0.6318

D=V- a; =0.583-0.6318 = 0.3683

column test ZA3}

Volume Cumulative Volume | Pore Volume C C/Cy
24.0 24.0 0.328 0.872 0.009
18.5 42.5 0.580 0.986 0.010
17.5 60.0 0.819 16.379 0.164
21.0 81.0 1.106 52.573 0.526
9.0 90.0 1.229 68. 691 0.687
9.0 99.0 1.352 78.310 0.783
12.5 111.5 1.523 91.228 0.912
13.5 125.0 1.707 98.038 0.980
12.0 137.0 1.871 99. 623 0.996
12.5 149.5 2.042 99.834 0.998
1.20
1.00
losa
0.80 —| \
|
o B |
QO 4604 !
O \
- \
0.40 —| :
i |
|
0'20_7919777 |
= : 1.427
0.00 T T T T T
0 05 1 15 2 25
PV (Pore Volumn)
%l 1 BA|Y EoFA]FE 2] C1° BTZ A (breakthrough curve)
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