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Summary

1. Title : A study on increasing efficiency of
Large—scale groundwater facilities(1)

2. Period : March 2015 - December 2015

3. Background and Objectives

3.1 Background and Necessity

(O Necessity of securing sustainable large amount of groundwater
and maintaining facilities due to the increase of drought
according to climate change

(O Increasing trend of agricultural water usage according to the
steady rise of farming industry using green house in recent
year

(O Groundwater level drops, complaints occur and cause problems such
as limited new development, and increase efficiency required for
large underground facilities for water shortage resolved

(O Rock groudndwater facilities (150m’ day) compared to the
horizontal radial collector well is large (2,000m’/day) groundwater
is possible because it is possible to secure a large supply of clean
water to the local groundwater supply disadvantages.

(O Consumers prefer eco—friendly farm products and good quality of
agricultural products are grown to the consumer because clean
water for crops planted in confidence that could create more
demand and higher prices.

(O Korea Rural Community Corporation has a horizontal radial

= viii -



collector well 98 facilities, there is lack of management skills
utilization lowers ongoing maintenance plan to establish is required

(O Since the horizontal radial collector well construction in one
place installation costs are approximately six billion, if utilizing
the sump and complemented by facilities such as a horizontal
water intake pipe increase the efficiency and to reduce the new
replacement facility construction costs, to extend the expiry can

(O The agricultural groundwater dam five places built in the early
1980s, This efficiency is degraded condition, horizontal radial
collector well is aging, pumping amount is being reduced to a
blockage such as clogging.

(O Sustainable development of groundwater resources in long—term
studies to solve the water shortage through a stable supply and

sustainable water resources policy implementation is urgency.

3.2 Objectives of the study

(O The purpose of this study is to improve the efficiency of large
underground facilities of radial collector well, check and manage

the facility and has to establish a maintenance plan

4. Contents and Results

4.1 Contents of the study

(O This research aims to develop a management plan for a large
increase efficiency and maintain groundwater catchment facilities
such as horizontal radial collector well, groundwater dam,
culverts.

(O In the first stage classification efficiency degradation types and
to develop ways to increase efficiency

(O In the second phase plans to draw underground—water—dam



durable change analysis, deployment of large underground
facilities and the best installation techniques and develop a
maintenance plan for ways to continue to use large amounts of

groundwater on the basis of these findings.

4.2 Results of the study

(O Large underground facilities of the general specifications of the
agricultural horizontal radial collector well has an inner diameter
3.5 m, depth 10 m within a horizontal tube was constructed of
PVC material with a diameter of 65 mm depth within 30 m, the
number of horizontal tubes each radial collector well are various
pieces 9—28.

(O In areas adjacent to rivers 500~800 mm diameter culverts were
also found in the horizontal radial collector wells are installed.
(O Efficiency degradation types are as follows, reduction of the
quantity of alluvium groundwater down, quantity decreased by
clogging, ground subsidence, after collecting gold dust or
aggregate quantity reduction, old vacuum tube of siphon radial

collector well.

(O The main reason of radial collector well pipe water intake
depression i1s the influx of particles from the surface, the
precipitation of minerals due to water—rock interaction, and in
addition to oxidation and corrosion and sediment accumulation in
the pipe due to the biological processes of bacteria in the water
pump and so on.

(O Rehabilitation technique for improving well efficiency is largely
classified intophysical processes and chemical treatment.
Physical processing method brushing, cleaning with mechanical
means, such as a surge block, hydraulic methods such as high
pressure fluid jets, wide, high—pressure gas, high—pressure

pulse discharge, impact method, a heat treatment such as



ultrasound. Chemical treatment method, acid treatment method,
blocked with an organic solvent, and the antimicrobial treatment,
one might use the method of mixing processes in parallel a
number of methods to 1improve the efficiency of on—site
situation.

Empirical results for the horizontal collector pipe field test
conducted by the surging water pipe clogging removal
effectiveness analysis, the flow of groundwater flowing into the
radial collector well is improved increase specific capacity of
67% and the pumping time 1s more than three times.

In the surging method fresh water and air is injected In a
direction parallel to the horizontal collector pipe, high pressure
cleaning, so the high pressure can not jet in a direction
perpendicular to the horizontal collector pipe removal horizontal
collector pipe plugging material than the surging using a
high—pressure rotary injector efficiency is determined to be
high. Thus, the fresh water and air surging during operation to
be transmitted to the water tube wall in the radial horizontal
collector pipe, and, if used in making the front end device is
determined to be able to increase the efficiency of surging.

In foreign, through air—surging and amniotic fluid, the amount
of pumping was more than tripled increased, Sonar jet has a
two—fold increase in water withdrawal practices were identified
by performing recovery techniques using, in the case of
domestic air surging, and the result of applying a high pressure
shock , the process to target brushing and average water
withdrawal rate is Air surging 14.8%, a high—pressure shock
method as was the increase in cases of 217.5%.

In order to make a cost—effective recovery technique in
accordance with the cost of the surging method, Helweg et al.,
(1983) using the empirical formula for the running costs per unit

period of the wells, Korea Rural Community Corporation were

_Xi_



compared before and after the surging of the collector well. When
calculating the agricultural electricity bill for pumping an average
of 8 hours, Electric charges before 41,001, after surging been
estimated at 31,185. On the other hand, the result of the cost
comparing about a high—pressure shocks and air surging
technology, water withdrawal and recovery, high—pressure shock
method 1s cost growth came out higher water withdrawals,
However, if you apply a high—pressure shock method in the
domestic PVC horizontal tube of radial collector well it must be
careful to screen breakage.

(O Radial collector well recovery technique must first evaluate a
decrease in the efficiency of the well to determine the effective
time. Well decrease in efficiency evaluation method TV logs,
saturation index, chemical analysis, and the use of pumping
tests, etc., typically, a 25% reduction shall be applied during
recovery technology than the existing water withdrawals.

(O Rehabilitation technology of the radial collector horizontal tube is
apply in order feasibility study, site investigation, recovery
technology implementation, follow—up. In the pre—investigation, It
determines whether recovery techniques performed through check
collector well water level drops, the discharge groundwater quality,
TV logs, pumping test. In the field survey selects a recovery
technique suitable for a horizontal tube well through the
specifications of collector horizontal tube, geology of the target area,
hole blocking material analysis.

(O Then, the field survey on the basis of, if necessary for the application
of technology for the recovery radial collector well can be applied

to one or more recovery technique

- Xxil -



5. The expected effect and practical uses

5.1 Expected effect

(O Radial collector welll functional recovery and contribute to the
long—term maintenance

O By providing an optimal design scheme for domestic geological and
hydrological characteristics, it can help in the planning of effective,
sustainable water resources development and management.

(O If the new development a large groundwater facility requires a lot
of money, it can save costs for development, increasing the
efficiency of aging facilities.

(O Sustainable use of large groundwater facilities, inhibit ground water
development and can contribute to groundwater quantity, quality

management by centrally managing groundwater

5.2 Practical use

(O It can be utilized in the acquisition and management of clean
water for groundwater recharge

(O Contribute to ensuring a stable rural water against drought by
presenting the rehabilitation technology of the radial collector well
and management plans

(O Utilized in decision—making, such as radial collector well life

time estimation and redevelopment decision
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2000 FRH7] o]F AQARA (=AM 2 HFAE] 74, AR A
T8 774, o] Fo] A AX|= FAolth
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30 m7H] HF == Alsstal, 714k A=) gt ~§d$%ﬂﬁ
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T2 ol (M) 30 o] 30~60 50~100
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19 AF7Hs= (ton/Q) |1,500~5,000 ' ’
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2 QFAH] (94 5~6 10~20 25~30
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AR Gow Fgol AstHli FAGel WA Atk oldd AYEL
Bge] A olF o AAT v 4 wot T Wi (clogging) ol I
S petash £AoksR ols A mfo] Woixi, A AdHw o]
Sulg AAA E4lo] Al gl

r.
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to watar
treatment
1 facllitr

well

basamant

boreh
orehols water tube

—E— submersible pump

'
b ——  tuba

\:

clay seal
—
water inflow filtar scraen
— .
‘___________,_.7 gravel pack

Size 4,5 X 3,15 mm

(a) ¥4 A% (0 &2 dAv7A AKX

<a¥ 3-1> #ANA Y F93 (clogging) A A (Zwart et al., 2008)

o

HPe] Ty A o® Qg Ak B &8 Ast A1 A VA
A9l Fusl (mechanical or well bore clogging)¥ 3}st#el Fu3)
(chemical or screen slot clogging) &% & 4 It} (Beek et al.,
2009; Beek, 2012) (18 3—-1).
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214171 ZHE AR (FEN ST, S=5FAdFAE 2011)7 F “GAIA AL

s
(S
e
.l
i



XE

flge)

B

0
_50

Apu)e) Savet ol At

=]
Zs)

o B Al

ol it

G

3]

I sl 9le] =

Y

A7lM A

A

3] A
=0

3Fod A

o9
IN)

el
=

E
=

s 7]

&+

W AR AR oAb SEselERAE 1980

o
=X

o

o

—
1o

N
B

A=A AATE ARGE A AL STt

-

hs

el o

o
Mo

)A
g

]
X

o] olEds AASH: 1St #

237 AAel e} 3

1o] AAZE HA4 e

==

s

-

1

5

°©

2 AHg

BK

o

Fel o

3

/231—

oFo] AW WA}

wolak 7]

Q53

&

A

AME WA

S

= 9

T E

el
T

Al

)
=~

W ol=4 AlA

o

EO
-
o
Jﬁmo
T
o)
ol
&

fiTe)
0

o
ojiy

Zoltt.

=

3+

sfojol

S

Q.

o

]
A

Ef of] A

)
5

besh sk

S

o|J

J_.NO
i
AT

~
file)

Fol HERd

S

_32_

o vebd

Wy Aol f4 1



ol egto] ZhGtELy, v w2 s =eH el gl AR
2l Soll osto] A EEAQl = =P8 ddows 8
o YAsol A FHOR Bo| FaE= Aerh 9] vEdH, ¢=
ze 91, Aw el o FEE vkE, o T o7t v Sl
sof AT (SRS P, Sd=FAdTAE 2011).

SR AU VA A, weld w9 oy, s djleR
tHrolAl =l Z1AIA L Al S Aol FeELe abst gl 4, B
2 QL AskelM msAre] ]l AR 54, Sk A2 = A
ol A=Y, % ZE 9 Atst @ 7, -9 o® A% F=] A

29
=Rt B L
3

[e]
o
A, AEst 3AgE gtElEote] ok dfolzo] HXHE F4 o XFH

Aetrdl theFst YAE9] ole Askr ¢E =Fshe] AAAQl dde
2 ZAgstA doh Ak e F 22 Buk oiygr 8§ EAMA &
HEsith 85 AR A5 SE7be o w &R o= vbd, B xke
ol-&= YA =17]¢} F=(pore spaces/pore necks) 2] HB|[e} A

5 73, W2 i AR FE B A7 E s Aol
<29 3-2>2 JAF A7) wE X3k ol o]Fel dis] sl

B84 185 FF B (turbidity) 5 olx|wh, Fzgol oJaf #|A
2 ok a8y FRolEE e A A7)8F R Qs v JAA S5
(10—2m/s olsphwie] FAZgoz AAL F gt BE AuxFoe
106/cnt FE=7kA 9] ZFRol= EH-o] iyl 9ls 4 Uth

ROt Uy 2 BEAE, B 11X S xF

O TtAHE (silicate) YAVs: AE, 1T (EHHES) oS4

O TS (e.g., TAZH)

{0

M

r
Fow g P

o

)

i)

O

%
=

O F2A=4d: 132 94k (humic acids), =824 47]&
O Hm) ¥ 2, V) Atsk=

O FAs g

O 8= 73 (polysulfides) (FAFA Arsl ¢ WH3)
© wA=5: vtego}, vlol A, o
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Pore sizes in sand

T 1 rrrm|

T |||||I'I'|
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T |||I'I'I'I|

T |||||I'||

L |||I'I'I|

hacteria 1
viruses
colloids 4

suspended matter 4

molecules 4

macromolecules 1

1000 10000
{1mm)

100
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1E3 0.0 0.1

1E4

size[um]

Ass £

{1nm)

(1)

A9 A7) (Houben and

=
=

A =71 g

E
=]

<19 3-2> 284

Treskatis, 2007)
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100

— MOBILIZATION
T 10-

= ]
L, ]

>D -
R

L1h)

> -

g o4 W[thOth adhes;on

E -, waeh
g 01y
5 NO MOBILIZATIC

o.M a1
1E-3 0.1 0.1 1 10
particle diameter d [mm]
<18 3-3> A3 459 e A FFHFE YA o]F (Muckenthaler, 1989)

o33 wjAYZFS] ¥ I (surface filtration) == cake o3F}(cake
filtration) 7} 7H& 27141 AF&elth. Cake o#eo] A% T7AwWAL] &=
oy A717F & JAES Efske &do] F midw ‘?Jﬂ = “41 Ely
Attt o] w, F=Eo] U Zof YgAEol FdshA et
H (deposit) Bt} A= filter cakedt B3 & 55 3
w2 Qe A%, F7% filter cake’} FAAEHH F3pd ofA
ml-g- s, 534 filter cakeZ} 71Eol 73 HAH 2
ZPA) A FapshA] EsHAl g

T ARl Bt 2717F Wil e A A (5 pore neck) 8] Hat A7 H
ok #Zom A FRde wEdE SoA7AY wdEs S Aolth. AXA
ofF Aol A7) Fxe wf, dAEe] Fds] ol U 7] wiikel 4Ak
=0 E75 A 0E ¢ Ze 7Y F& FEel Rokd Aojnh o]
AYELE A Z7](straining) &2 7] At(size exclusion) o]t} 4 &
g bridgings 7 YAF=ECl BAE SHsHll Fws] A A2
(straining) o] 3+ ST gFgjolth. F 7 &2 1 o9 Aol 2 =

_35_



Zho] =] Ao w&E wiwtk 171E50] {1AF bridgeE 8335t A4
£ gtk o A9 g8 A2 YgAEC] bridgedl 449 3 FAIES
&3] wd 4 vk Bridgings =2 5 Sxo el FXE=, ol=
=& 7% FE7F oY gAEe] Sl ¥ gl BoE F URE o
7] wjiolt}.

Fod mide] SR w9 22 IRES wiE T} JA} Apo] <] QlEo] &
grrh A welwt fAEt wd e Qiake] AFE ofyEt o] A5
A, 7, 2 A B9 Y4, 38 B4l JalAE Aol dFS v

th. dxkel wfE Alolo] HEH BA= thgol o JeS Wt
© Stokes® HZ ] 7]&=¥H Fgeof 93t % (gravitational settling)
(& YA 4%
O Bk &5 (&4 28), v 22 dA=9 4

[e)
o
= (A —interception), W& AAA st A} A7]9] B

O ®H9 dstzat whe =g
B ke i Afol o) A

1o

o) QCFAA-TA Aol e wy
HERE

XN

¢

YAE F Aol st gHol: YA} oA hAY YA A/ of
W AAEe] oAvhy ol oS AT AUAAE AYHE Fo AR

O ¥A A= (formation particles) 2 A #| & whE x|Wsjjof it}
O o4 W2 5 £4S8 fistdAr ods] oxE 583 wE A
Zojo} gt}

fl

]VE o= Y AEX AAY 2714 ale] HAFAoA] o]Foxl
o} wkeF 927} 71ete #-elx ddst 7= FAAE TS AAEAA
(gravel pack) AFol9] ¥F=(pore spaces)= Azta] Euobd, ¢ Z

-

= 2

)

rlr
ofje
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AA & 2l;
< (cubic packing)> "i-¢- A7]1(oose) WA EH &AM NG F
Qom, wje 2 FAAT F B4 2718 Ui SIS &S dAkE
2 QA = T80 48%A 125%=2 FA% astal FASTL
TAaRTKIY 3-4>.

ool 718k8tAQl nHAIGELS HA9] F
Aol A= FFol o, A7+
Saucier (1974) = &k oj3 EAJo], gravel pack® &==41(d50)
50%2] &780] =718} A= ¢yl A7)E HluFeRA Jhed
Uhs ARES 2 Agch <a9 3-55% 4709 495 dehdsd, 3 WA
T (YZ) oA gravel pack filter cakex]® YUY v]Asle] ZE A=
= Ay Ao F& BAE wAUY A ouyx|e] du|7p e Zlo
ok 71 87} 6K AW {IAFEC] gravel packS.E EO7HA Al B}5]7)

ST
us
ol
ok
D)

F= Aol

RN

ol A fHad Aol HlEo] oF 12 Ho AW R ¢7ole
e E AA 2 S 72 Aotk
TIHoE WE 4 U 6 Aol Wl B FEd T gae
YAE A G Aol B FFoz ek
10 y -
09 .J' .I
. !" L l'f
0 0.8
EE 0.7 A /
= .
E
Rx o \
0 B 4 \
“_l. £ 05 b—mil
T 0q L L2 \
= & o !
K~ gF G0z
5 o3y \ A
e o,
t:z-—m”ﬂfEfPrJ A
: HE
=B oA o2 oG 2rAE Z2EH S0l BHHEE S
01 —a&T s
RO 1 1
00 ! I " I " | " I ! ! " !
0 2 4 6 8 10 12 14 16 18 20

dsegravel pack / dggformation
<I¥™ 3-4> AAg AT W &780] 2719 Hlo] mE FHGH YAo]F (Saucier,
1974)
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aguifer gravel pack aguifer gravel pack

<28 3-5> oA =7)|4H (a) ¢} plugging . E o]0 = YS9 A4 (Houben and
Treskatis, 2007)

3.1. 71414 4

RS FOR, ¥ F&olA
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AelA 7) e Ame] nE Bl £4L E 5 9l
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o

=

A A e AbgE = ZFHo] 5,03 8.5 Ate]f] thekst HAEE Zhe
0o=2A I mfE E4g W] ﬁ‘jr. e Ax
A, E243 (PVCO), YA SEAAEEA, 4
EAS etk 59, Aad &3 Aad £10 AdF
b ek 23R Hold ol ud QA 5L
golahA s, o)t FANOT g AA $2 T

o
=
ioﬂ —’E—’é}—% U]idlﬂr_ A gk wis 282 T)"(incrustations) 2t WAE

.

s
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o
N
fr
>,
kit
=
£
4 o
»
i
o ¢l
B
2o
>
AN\
N,
T
el
i
£
[
rlo
A
-
© o)
=
ol
9

=Wz oled W 5ol IdF= 7 2l
Y, A= 5 (eaks) = ol#ld Fno] FFo% FHF o AR

3.2 94 ¥4

3.2.1 AxAA wPA] {4
A& (gravel pack)o] olF2 oz HAAHU sitfets =2 4<)
kgl whAsh = gk =4l vl wid O QiAke ol A
o] 71t fFHoFE Qlste], YAES =

==z
o
OR olFgHi FFHEr 0] = HoR 7}77}01 s %Eﬂ Eﬁ%
iu

o
o}

A o

= &Y = <71¥ 3-6>. 01 3’%*3—8— - %ﬁ]i
TAE=H, A 1A G 55 AlFehs st sty 7 HA G
= g Fof ks u yehdt
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<I¥ 3-6> "2 HAFT XY £ o] F(KIWA, 2004)

R 5L F2 o] (drilling mud) & o]gal AlFHt) o] A& uj¢
1% A AEMMEY|E) L 77124 &4 (carboxymethylcellu lose, CMC
) E 7Y B9t A5 diAl ARE wE HESE AR RFEe] 2 2A)
(drilling fluid) el 9l&te] F-f& Zolrt. W 9o =Z2A12] o] =E0]
Al Holl dekEZo] FmmellA Feme FAE ol ATKIH 3-7(a)>.
HAE vuto] vko Eado 555 AT S5 F9 FEAEES A5}

S &b7] wiEell 584

"li‘ % - T = = E%
Ql #Hg-5 sttt “12fv} o]H 8t bentonite cake®] & Ald 3y 2 A
Zoto]| A AR ko FHAOoRE & ALEAS "ot A Hr) of&y
ik °© 2
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aquifer gravel pack aquifer gravel pack

{a) {b)

<I¥ 3-7> (@AIFF Hel| A3t FF o]F2 B £ IFEE,
(b)) Al JAE9] outer colmation (Houben and Treskatis, 2007)

22§ Z2F oleE &Ads] AAeA b2 Al EA filter cakes9
T AolA FF HAETIY 3-8>. 5Y Bavaria A% olA
Eu CMC7F A7FA A dgbaell s &tskaL o]x1e] A

o

<I1¥ 3-8> $E AAZo Yetd A (5L Wackersdorf &%
=HZF FA ALA: E&M Bohr Gesellschaft mbH, Hof/Saale, 5¢.)

A2+ EA1E] =l bridgingell 2lste] veERdT Bridgings 2 YAHEE]

2717 F8E 3 e $E5] A2 Afol® wio]l BAgE BT

t. Bridging= o8] 79 4AF50] FAlel SAe WE el sk
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Yelu=d], S0 ym A= 25 dbde] sk Hios uhglo] vielhd
o9 3-9>.

<1¥ 3-9> Gravel packs T3t Fot9 A= bridgingd straining
HA (Houben and Treskatis, 2007)

Bridging =2 50 g FXH1 sAl 5Al Hox So7tEE
A= 5 F7HA71A 9ot Bridgings WA % Yx=2] 8ol el EAH
A71ef iRt -5 Aol oyl @ ARt YA el oEA
T 5k

Y@ #=29] Technical University of Delftol4 <73k wlol] w21
Bridging @742 ¥4 Q91 th51 2tk

O YA v%

5
O YA} A718} = @7go] =17] Alele] Bl (ZFR AlE2] H]—aspect ratio)

O YAtel 5 mop, EW A3}, AW A=

e A g ad fE] o JFE wA=A e vpe] mEw,
ARl 918k FARJAGEEAL ) 91 ARol9] Aol & o] AR
= F42 5 U stk F27F AF On/off H= ZAfoll= o] ARt Fake]
T AbERRE AL fash] @kuKa™ 3-10, 29D, fe) 2ol
RIWaHA] kS m<2d 3-10, 199} 3&A> $-82 ©3]7] A%t 4
Z7F AW 2o MR g SHes JA49 59 97} Bridgese]
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g el AFF HorR AES A Bk Adgow
£ pede B aue sAsLd o8d - 9

o
-
1l o
fla AFe AAZE et

|d ot

(1) ) (3) (2 (3)

10

water level (above pump) [m]

(1) pump not in operation

3 4 (2) pump tumed on/off frequently
(3) pump turmed on/off infrequently
2 T T T T T T T T ]

oA 05 ZGG '?»05,\: ot .2“05.\:_ ?536210 TAAN 2967 a2 '?—OUZQ«?— zzg?%afzﬁqa

oM

<% 3-10> Noord Bergum (Friesland, U@ #E) A¥9 &
50A°X 9 4 W3}

3.3 354 9

Aol &g w40 AbshAg-o- AEH U] FAolu FAEGE st
M FEAoRE e 724 3 E o7t (Roscoe Moss Company,
1990). Askradol AMGE= Aloldoly AEHY ARl S5 &3]
AR 94 W sk o]l Ax}rEE-Al (electron acceptor) = ZHEShE A
o ERMEsith wEolM HAAE WEshs Abskag

R RCCET =
WEHE A4E Frsts BUggo] Fusolokl F4e) R aEe 2ol
gtk 2R Adke §E URE AREA olEE] wEd 47 45
o] e el WATA Pokw FAAEL Aol % ek o Aah-
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Yz} 2144 (anode £} cathode) Abolol] z17]3}sh

]

3| 4 (electrolytic solution)

il

(reacting species) <
g=<Q Fe &= FAZAENE 9JFoR olgA7|H, Cl-9 SO42-

o
o5

18-
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e
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B35 8HA Hrt b
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Zhe Fol A Absagol
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% =

d

=3k AgJef sk M7]3}st A4 (electrochemical series)

25T 171

o
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At o, Ade <
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o] Slojup

fo wska & gk
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oxygen
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e olee] 4ol

A7)

T

At

}

7F9k &

A
242 (differential

=
T

ge &
P

A, ol

T

R

°f

ol

7}

=

o] 20725 mg/ LA 7}

P

ol

corrosion) S YO 7]A FHrt} o]yt

oA g,

=

[e)

sl

S
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o #4&

o E
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Bl

=, 1
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F 314
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S oA A

o
y T
S

sl
o
SHA Hvh w2 pHellA
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file)
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™
W

ojy

;_HO
Y

0%

(hydrogen pitting) =

pH2] W 3}e] o

|
=i

L

T

0]
gl

HCOs~
gt

A Avnw o9 2,

A=

T3, et AT Arele] -3t (splash zone), %A

T — o7 FEFEY(Roscoe Moss Company, 1990).

2282 splash zoneol|A] vl
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TR

B
ojiy

=
{F

=

(@)
2 (dielectric coupling) ©.%

Iz

=

34 =]

(wet—dry) o] 25 75217

S

A

] %

[e)
T

P Ay

hia

corrosion) ©]
o] Fxle| 9%

=

o, 57k Al

o

o]
HH

o

38

(6]

bewA Aol ®

[¢)
(oxygen differential cell) &

rE A

A7 7
A

2N

A
Qs

Afol e

=M=
T

(wet—dry), Z—A AFA 4= (high—low oxygen levels)°l <&l

o
.

—_
o

[e)

o

B

ar
Mo

Ho

0

™

(perforation),

e
o

go] WA A

Ak
A
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(free swimming)

sessile or
attached within a

“biofitm”

exopolymer L
- "

Mature Biofilm
with Mineralization

<I1¥ 3-12> $EY AEY A 2 FEZ JHhoz
(Schnieders, 2003)

3.4.1 wregofe] 3t vpo]zof] JAE 7

7v. grelgote] % E24 34

Ao fA4], BElolA T3k A= duteglole] Ay HAo
ZW gz s,
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vhe|gobel 2 e AAMEE AREshs AskEaels &3, ol

.
o A NS AR B8] wEe] ArasE/ e B 224 2
49 Aol Fod e @l

Gallionealla ferruginea, Leptothrix ochracea,
Toxothrix sp. &°] Sl=Hl, ol TAAE] A AZ4M vAZE
(mat) oAl 2 A2t} v globs ARk oz Zlvet ety 22 {714

FEgel dFe F= dutHlgole] TR sttt e ARl
[e)

24 AE st el wreeloprt 7] (substrate) o] 2 4= 9
Al sk, nedAE FPsth M2 wrEelols 2@ w1 utEeoe] A
oM sl S FE2E YT
of wiel e Aztel g wheelol A=A Avkd Folelr} o
of $= 249 et I FYUTE otk b o® vEHEols an
& Ao Agsted Astrdlelr HE 2dshs gehibes £3A
At} shkg-o) AbER Ao oyA|7} H]’EQE‘ 1l o1& ‘#Eﬂao}ﬂ AHE-
S 2 Ak
AC]

2L
o
ol
o,
i
! do
ol
o,
_&
o
OFO
ol
o,
r{r
N
N
ﬂBi'
o
fol
o XN b oofg
(0 24 rf Xzl o i

37be] AAe el gMgAolt RARATL AZeA7] o)A A%
24 (biofouling) &) AZWI2 A Ask=l, 37be] AWAA, Fole, A

£ 7 NN f71E & AU FAaste] AL EAr)a FAL
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N il %—Qtolur ZAYE Fx2=oA4 AEe Uie f4A Ak g
| ¥t (Tuhela et
al., 1997)

Fe” 7} Fe’' 712 Abslelo] A7) olUx1E tjabatg o Algsls ule|
2o A9} Fe'7F dAAolso] wojsly] el ¥4 w= 1 Q129 o
F5o] HAp welA dn olelst AEA HAE FA4S tiFEe Fel
A AA He wAlolth Autdlgols HE, AT, W T oSl A
AMAskEd|, ole &3] EAAYE A &

Ade 2AE FHshA gevhd Wr|te] =8 afo] dds AT F
Atk
E??}, ‘i}Eﬂﬂo}ﬁ]OﬂH 7V 2 el ke S ¥
= S} e A Sl s WA=
‘j/]u 3-13>. 171’“ ﬁﬂ §L7g oA gk, T Al Fo

SO BN

I
E{

. et
Ad7gsh, drha o= ‘321-1-1:—7]' FaL Fu7L & AEYe o] dth oE 159

3 4¢l W= Pseudomonas, Flavobacter, Acinetobacter, Aeromonas
ol ATk

~-Mostprobable
~<— location-of -
_——heavy slime
former blockage

o

<23 3-13> <3¢ FA vElg o 8 B4A F37F (Schnieders, 2003)
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#7140 wrEglo} 1% (anaerobes)> Atavl @l ZHOIME Aol &
T A AFoth °] & I FE A2 FEolt Ah Tl HA o
TAA oA YetEE offl ATt thidel d=EolEFA WAME YA
o] & AL Aol AiA R Tk v Iuel £dva & 5 Sl

T2 3 39 vyglol (sulfate—reducing bacteria) & 5
(coliforms) 7} 7]l 43tc}
L. gt 2ot &gt E27 717

v 2job= E}%ﬂr 22 7%= Fek] I ST Aad 5 3

e s 3= etk

@ wtele]ol goje] AHA|
et gl e =84 d, It FAEES] ¥4

© AHA EHEo] v ok &

S

o
M,
AC)
rlr
o2
1%
i
Y
i
2
bl
i

2o Akt 2ol Al A3 A& (acidophile) 18] F/3 2] pHell
27K &I Atstete] 37bde] =i Fake @A /e
ok Bhehbe Y AbEE 2% ofUXz YEHEEE ol welEebrt

StiL, SAHA vk Fehibee Fgolea 27bde] 3/bd R
oS edbst), Hubg o) 27HE S 37FE R Holste HESS v

Fe?" (gdo)a gEt= 3) + H + 1/40, — Fe** + 1/2H,0

37be ah gl theat ol B S AL FYw,

1]
of 714, Ak, A4 DH *O]E}
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o, ZusEree}

@ #7249} (gallionella ferruginea)

Gallionellax= & ZAF Aslro A A H&HTH

Gallionella ferrugineat Hte|g]o} UFolA BdE & ejF2 Fvjd
A2 27177 dder FeEd ez S A<, ol 84
Qhef] Ao FHEd Yoy Ev WY 7| E(stalk mat) E Y]
UH(Ghiorse, 1984). o] HtH[glolE A8t gloe tpekst A8
G FEEAE, 53] R ~FA pH, skl 200~300mV =
oA COx7} FH3shd 2+ AFESI}E Gallionella ferruginea® Aol 7}
T3 L ARARTE TS A Sk Aol 27FE o] 9] QEAd o]
(Hanert, 1992). Gallionellat= 3I3H719w oz galld 27HdS
7H ARstER ANSIAIA UAE A, 27FES 371 A e B

M ot o2 MOk s Lo A oot oft o

S
DE %7149 Gallionella: d¥tdow 37|43 7|4 Eo] &35+
oA AAgt o]yl xS FUIA dFToEFE wEHE st
(streambed) oA &3t} @71 dl4SS AMSshe 3HE old 7)-
7] ZAEo] Hrt. #AolA Gallionellad] 34 o]Zo] Adsh= 37

:| e} T
TFAbslEo] WS w] el A7zbek ZA7F ®¥ 5k (Chapelle, 2001).

@ HFEEZY A (Leptothrix)

Leptothrix ochraceay™ 499 (neutrophilic) 2] pH FA3} AFAFE
otejo] mlwa wta Fe®" o] mlmd e Aol 2 A
(James and Ferris, 2004), Fe AFs}Ent ofyz} Mnk AFs}A| 71t

Leptothrix 0] Fe" o] &9 Atslo| YA S &-&sh= Hel QoA 3t
7| GAIRE Edt f]EE ol&ste] ©AE Sk AolMe T
FoFAlel FEt. Leptothrix Fo] Fe®" o]29 Atgloyx|& o]g3}
uw, AskE Fe'' o]2& B3 JhpRs] Hol ALAsERE A o
AFArstEe weglol Al ol #olA o thAbE-S 73T AE i
HZo] Fol&A =t (Emerson, 2000).

Leptothrix&< A9 A 9io] Hla s FujAj#A Fe’ o]2o] Hol
2 ®do] FALEE i (Cullimore, 2008). vregjo} Al FH} ot
Abol 7} Hed =z Eo] Q17] wiite] vte|gol= Huhs A gEste] BESH
A Eoh gJus dlold v gols thA] AlE mHe] HAdS Fulstar

Rd
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=) H A
Hpakshee guhe ‘i}EﬂﬂO} A& OJ*(EEUj %L-% HAoZRY B
o F= v golo|Al A AR oS Abdehes Bt

71% stt}(Hallberg and Ferris, 2004; Cullimore, 2000).
gy AES) SleiA atelglols AlRS Fe®' o] &3} CO.7F desitt
wpebd dlelelols Fade] guks "oy Fe' o3 CO,5 &gshal
T Al A2 Jdubs s HRoF 29 oF 1 2719 Leptothrix
T AFArskEe] @utb qbellA AEstAAM AEste] AEE Fu=s A
Leptothrix ochraceas= Eh 165 mV, DO 0.2 mg/l, &< Fe?* 7} 3 mg/L
2 galEo] e Ak oM Aol Aghs 2 whA] k=T o]ef wha,
Gallionella ferrugineat™ Eh7} #A3%F 250 mV o], £5447) 6. mg/L
ojAkel st oAt AA7}s3tHl (James and Ferris, 2004), 71 o]f=
Gallionella ferruginea’} Mn< AFeA]71#] #38}7] wj&Fo]th(Katsoyiannis
and Zouboulis, 2004). tj-& A3}l A4 Leptothrix ochracea® 7WAH4=
7} Gallionella ferruginea X.U} U-LO] A2 =d], 1 o]+ Leptothrix
ochraceaL FEHIFIE R AT e Wnt opy et S

2, =
A 2 19 EARE 48E 5 V] wEolth

@ =3Fo] At
ANARER o] Fol HAA S ELFo| 129 o] 53 A2 A4sta Q=
T-Z5+< Pedomicrobiumell 2J3ll4 &A% #AFmycelium) (Ghiorse, 1984),

Alternariat} Cladosporium®} 22 30| A}, 52 GallionellaZ} Al3E2]H
o] WA 1 hydrosol?] Fe’ ub Al (gel) AHe}e] Fe’ o] aid€th(Che et al.,
2006). Fe’" 23] 4k3lel Fe’ & Gallionella7} AFA19] M Lol FFHA7] 1L,
hydrosol®] Fe®" & AXe)® o7 vjdA7 3, a2 Q3] AZde HA%
hydrosol®] Fe’'e gel AE|2 WM3}sly Ao gel AE Q] Fe’'e AR w7}

njeket Aoz Wstsi, velglopt 2 - UAAY FEe 7 2e JEA L
Z A" (Che et al., 2006).

. 427 i
AL A2l dhdel O ART wae AN AN BAmel dE
e AW Bl el Ahsetct olelst AW @A) AgHEo] Wy



rr
S
e
ro
bt

%
N

]7+¢1 BART (biological activity reaction test) 7} &&

7Fsatth e SE Ads Arlste] Aol Jx, vEs nAd=9]
g5 o A7 Ade Agsten olgstertE A e &
d el vf- 2 Q4o @Al BART #Hl= 71E &‘Fﬂi EEo] ¥

=3 tH(Cullimore, 2000). AESFE Aol &85+ BART 71E

El
o] Freo} FANFE Ao sk R (F 3-1), (& 3—2)011 a8 a 7k
sl A Algle <a¥ 3-14>,<29 3—-15>¢] YeERQITth

-

(£ 3-1) 1= AAM AME-3 BARTY F7

A 7] Al
Iron Related Bacteria IRB 8
Sulfate Reducing Bacteria SRB 8
Slime Forming Bacteria SLYM 8
Heterotrophic Aerobic Bacteria HAB 4
Denitryfying Bacteria DN 3
Nitrifying Bacteria N 5
Fluorescing Bacteria FLOR 8
Micro—Algae ALGE 24
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(& 3—-2) BART A]¢F¢] k&

2 s 24

Bro
wrER Lo e u] 3
BC | Brown Cloudy IRB
BG Brown Gel IRB
BL Blagkeped Pseudomonads & Enterics
Liquid
Iron Related  BR  Brwon Ring IRB
Bacteria . .
CL  Cloudy Growth Heterotrophic Bacteria
FO Foam Anaerobic bacteria
GC | Green Cloudy Pseudomonads
RC Red Cloudy Enteric Bacteria
BB Blackened Base Slime bacterla.I and SRB
consortium
BT Blackening Aerobic slime bacterial and
Sulfate Reducing around Ball SRB consortium
Bacteria B}ackenmg All Complex bacteria and SRB
BA in Base and .
consortium
Ball
CL  Cloudy Growth Anaerobic bacteria
DS Dense Slime Dense slime bacteria
SR Slime Ring Dense slime bacteria
around Ball
CP Cloudy Plates Slime forming bacteria
layering
Slime Forming CL  Cloudy Growth Slime forming bacteria
Bacteria BL Bla(':ke.ned Pseudomonads & Enterics
Liquid
Thread—Like . . .
TH Strands Tight slime bacteria
Pale Blue Glow .
PB in U.V. Light Fluorescing Pseudomonads
Blue Bleaching
UP Up from Aerobic Bacteria
Heterotrophic Bottom
Aerobic Bacteria Blue Bleaching
DO Down from Anaerobic Bacteria

Top
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EER TE 0 ws 9 W 3
Deg;tcrts;};;ng FO FoamB:ﬁound Denitrifying Bacteria
PB Pale Blue Pseudomonas aeruginosa
Fluoresging GY Greenish—Yello Pseudomonas fluorescens
Bacteria A
CL Cloudiness Non—fluoresing psedomonas

C. M 99 +RG) D. # 99 #(RR)

<18 3-14> Iron Related Bacteria(IRB) <] vk Ald
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A e 19 F

C. vk 94 & D. Wi 99 5 93 2d

<1¥ 3—14> Slime Forming Bacteria (SLYM) 2] ok A}=|

2 A ]
53] U39 A% TL Adsiok s AAE 4T S Yok £, 39
A A% AB71% A A% A §A S me By L s
Aol g SR melsiol frk



Ag Al AF-e] ZHelR = oy 9o FA SR WY o] dojd = 9]
o] FAsHe Aoz vetyt) olyst Hed Bl A% ARVt =55
= AL 7lsst g5Vl S As &5 7F vk B A" o)
o] oA FFoME ddAAZF QYR BN I Ea {2 3=
710 7hsst, Uy AdECA FE7]EY A St Y5 V& ofok
st ZAow shelgr)

A StesolEF ALY WAME A FEAsEe AT Ae UEE
o] PVColt}. ol& B I, AAEY, COTY, 45871, =
gkel 2o FEV|Eo] AL Vheste Aoz duyEy, 3 QF ] A=
i U FEHO #H oz BHA, HEHAY, dF7E o83 & U|E
o] A& 7lest Zlow JAdHET
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=
.

(& 3-3) +8 AA9 43 B2 24 AAL e 3
FsR e oA @FFAATA, 2010)

= Fg | AA | COz | °ol | HH | AE | €A | F | :
= Fapy | 285
ZFA G| EY | FH | A" | A" | A | S | 3T
e ++ ++ -
A3
++ ++ + ++ ++ ++ ++ ++ ++ ++
a0
Ank
B ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
233
PVC
++ ++ ++ ++ + + + ++ - ++
a2
A
=
B ++ ++ ++ ++ + ++ ++ ++ ++ ++
249
Az | +4+ ++ ++ + ++ + + + - ++
kgt ++ ++ ++ - + + + + - ++
oA | ++ + - - - + - + + ++
v ++ - ++ + -
]
++ ++ ++ ++ ++ + ++ ++ ++ ++
SR
olF
++ ++ + - + - + + + ++
o1 A
Zog
= ++ ++ + + + - + + + ++
oA
¥ %
++ + + ++ ++ ++ -
" E]
Key: ++ = ¢b338] A& /st 830 + = 4§ 7hesta FR4os £83, FAA1 &4 77
- O,

A=} 278 -

28 7 s, A

o

gobA e 27h5 9

o ™.
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H4E H=7ls &SIl vlu g7}

74 ol (well problem) & =317] 215+ F+74 AA71% (well rehabilitation
method)& A E2]4 2] (mechanical treatment) 2} 3}8+7 ]2 (chemical
treatment) & 728 7 Qlvh =84 A2 B2 (brushing), A AEY 24
(surge block swabbing) 2} 22 71414 ¥ (mechanical method) 2}, Al
AF(high presured fluid jetting) ¢} 2+ 421812 W (hadraulic method), &2F
(explosive), 1147}~ (high pressured gas), ASFEA WA (sparking), 2%
(sonar jet) &} 72-& =212 ¥ (impulse method), 28] (heating) 5°] .0
o5 FE air lifting ¥ WA} 35t A= A g W (acid
treatment), 71840l 23t ¥ (sequestering), 34l #2] (antibacterial
agent) s°] Qom, i A8 a5 S fldl oheket WS Walskes
=342 (blended method) & AHEsH| %= St 4-1>.

& A8 (well rehabilitation) & #749] =53} B1= #4 Soll <3l A
Wdo a8AdE TATI= w40l ¢= i (well development) 2 A
AeolA wk s T vHARE Akl FEAS SHAITY] HE
olth. 53], FHATHE] A Adnle] 544 = M D AT E AelA

o Zolg

(¢} = =
AT Al g o)A o] Aol Wt 1 avhis

b
7}

g

Ol

ok of
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Free Water Surface

~«—— Well casing

=

Surge block. Surge
block es up and
= down eate in-ou
—-  movement of water
- through screen

il Ll
IR
111

|<=— screen

D brushing @ surge block swabbing

(a) 7]1AA ¥ (mechanical treatment)

DO 2.9H8-AEAF(high pressured fluid jetting)

(b) 884 " (hydraulic methods)

Gas fo market

D sonar jet

@ high pressure gas @ impulse

(c) 22 ¥y (impulse methods)

(D antinacterial agent 2 acid treatment

(d) 3}s+# = (chemical methods)

I3 4-1> 99 WA A5 F3R3FH HAF753 579
o (McLaughlan, 1996; Houben and Treskati, 2007)
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4.1.1 71AA Y

ke Zeld el AL 7149 Agel 94 b wHHoE Abgs
BN S BEF 99 AACIIY 4-2>. FERAOT 2ol
sjeke &7e] o8] A s BeAe Adetn skt g W47

==
2 ARE v B FF UE E7EY AAHYR AR

o8

z

rE

o

T

e

o

% 1
Y gk meiAe] 44 9 ARE Aely/AaRe] A7)9 Ao v
Agsolof gt Teprgow 798 A2 BN weli TS solof
dth B BYdE TPl S Fol  AHEEA gov, Eeay AW
o BEAZ} AR OoR AFgE I gtk FARES AW &R Wl uf
g nejAe) 54 W A $Eo AAHLY,

B el BAHE A5 met AEHE Dojmd 5 9le o)
. melAed AAE gl A9 SEe] webd & 9w, olle] £

o

oX
tlo
o
P~
>
My
5
¥0
5
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ado .o KT o Wﬁ@ MMEM%
iy DR 2 o <0 XM R NF
T MY Ty g R O oy 2 iy
sl e esla T oo
T o ﬂ%ﬁoﬂ Jo B omw  Hp R
~ ol oF X Hw o WL of = o
S = of o KRN 3 T g0
S I - i TN
N U_.E i,OI]F\_J_,NO] ‘LI,I@IOT‘UI,L‘a _,A_l
g M kR T T H P E g
2 Eainy TR e o Sm Y
b S PR m T R R0 e R
P T oo BB o= 8o T ® N %ok
O F Ao 4, o o O o B o 2 O
= w S I T e
2 dREz ctarlelowods
< . ‘w —_ ) e
< %Hﬂﬂ%ﬂ%ﬂ%@%%ﬁ@%%
i * R BB T ER G RT LT
o zn,_oéuwwr%au]ﬂo_aﬂ@ww@ﬂu.
x ST RN R SR P S e
= do = T- A A N
< Prritog o lT gD Bad oy
< < . o ml oy
oy ]/_I\_OL__OEHTQLHJ_W%DIFOL:IA#.WIL&LMM
o A I M B
A e I O oA Mg s R
a w2 o T o} o] 5"
_ F1 - o T o ol Y
3 Zomh %o oom o I E & O
<t ﬂAI,.__.NOHO < ZTAQULﬁO O‘MArir‘._lgo
z el TapPuyPloe g =R e
y %) - ok o o L_omz_ﬂlﬂl
v .a_vo_,_auuﬂ o o oy ~ g e
wE T T AT ey TN LT
ﬂ%1zﬂ_a@ammﬂ%ﬂﬁ@@ﬂ%
Hﬂﬁo_qﬂa%%axL_Lﬂ%w_mmﬂ_ﬁ%
e T R ®TERG L0 N e
Jow < W™ AW T fe oo L] T T
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Free watar surface
______ P AL
-
~y
.
T Well casing
W
i
---Cb-'\—_ -
ol Burge block.
— i, Surge bhock moves up
....... e and down to create
e } f—s  im-out movement of
S-SR - water throwgh screen.
i
== T Barpan

<39 4-3> XAEY A Z (Water spouts, 2002)

A e #5002 =5 &9 Bl Akl =2 a% A AlAs

+ H4& suffosionolgt ot o]= & U9 AH & AA 0}7%‘/} &
Bg AAE ) o] Fesky ALE o4t AL wl o] Wo] AgH
o z2E Bl g8 AAE S dAE 251 e FS 2AstoioF &
gol ", o] FatshdA dxtell FH3 fHe AsHA Aok o] =
E3lo] olzte] AmMlda) Ak AAZA 9" 28 S 9ste] BElw i A
Ad g A (FE ST, d=FAdTAEL 2011).

7. DA ARA

AFA BARS G w2 550 E AES A atel] o HdE
= AASHE ROt 4-4>. &2 5= WY 5ol =& S5t

of o]Fgtt. AR wpgZo|u} FHo wz= S oyA e FAakdt 7
A witel Ads] sty webd HAske =S o

Frofop shv, wm=ZEFEIS] ATt F7lebEA
and Howsam, 1990). Fountain and Howsam(1990)2 x=Z°| +4 3}
Aol gk #AAS v 2ol AAsAH.
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1=
Do = =& A4, L, x=2Z=25H 59 AgHE 559 43, L
vy = & FAASEFEH WAMY Weke] A (3d diFE 7MY,
v=z), L

ANk o & 9t jetting? Y] jetting WA SR FREEH =, AR
A5 bar (73 psiolaH 9k & FHF (A WA F¥Mm/h) o 285,
FAR= AU[10 bar (145 psi)old] 3 St FF[20 m/holsH o #-E=
o} 319t Al2El2 50~500 bar(725~7,250 psi) 9] W WA 24
7Fedt ¢ 2 oS st (Schultes and Moses, 2002). 444
 F9 F£E+ 10 m/h olske] WLE 7, =52 A 2704 3787}
7 AdbA ol Ao T IIY 4—4>. W9 F f3S 2= water jetS A

i

-9 2 Fitel] w2 GEHE WA=, o] B 19 @l
239 &% d45-9 I"E W Zo] okst A e A7t A= A9 Al
A &4 7HAE F doEE fdlor sty ARbAow EefAE o
3% 200bar(2,900psi) 7} ZFstA]  ex sty 1Ste]  afdste
550bar (8,000psi) AE7MA= 24 5 wldtel] &8 do71A o4+ A

=
o2 AFHAY (Fountain and Howsam, 1990). A~3#
718Fed] Bk jetting AN #HHE a&8A4S AASE &
Ay A3 (wire—wound screen) 3 #o] w2 /&Y A5 &5 7}
A AAYRELE AE FAL| kst
A9 qde] BUAXE 1 AES s SR Al 42 1L
o =
T =
A=)

=gl ARgClM dERE g Sk kEe RARCR olg &

A

A S

A A4 Q)= water jeto] Whsolu} 7)o o3t IJAS HAAA 5

Atk F9e Fus FA7I AANZEEH JAAES FHAA T eSS

o =Z9 3y 4 bR Al F7F Hhe FH AFE op|stkal A
Z 7o) 5 AL AZsty FukS vy e 2 288 Zo|t)

G2 AR (82 A AAl, A% 54, PVC §) & Ad Aol W A39

AAZ FAAE 2 ZAAY A, 1 AER AYSHR] T S A
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|

Zo
Al

]

2

ahe

o &

=]
£

ha

gl -8 Aol A= U

afoo}

A g

F19] of
bl g

S

ol
HH

;o,._

[e)
=

Hl, %o AuiR, 28

i=]
Run

A5l A
9

=
T

S 4—4>,

gfojo}

<2Y 4-4> £33 32§ 1¢ AY W (1F CWD, 2% AE N2 o,

oAA A

pig

4r

© Al°]

il

a3
= =

<9 (resonance)

©)
©

= 'ETO%

=2 N3}, 9

A

71<j1;<

Az A

b 2kAl A

e xEo] Hx

Bl

NES A F, A 2E

=] O
A

]

gro] goret At ol
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T 1Y 54 AsFolMe =5 A7 A 2A7F Asst] Al#sio)

o] ZsTolA ¥ HFo %2 A7) Hirx] o st} (- “resonance

catastrophe," <Z1¥ 4-5>). ol F& B4 A%y FAAA 7 =,
1

7hE e 84 8 dA s Zloth

,'5‘+ pay |

“resonance || : a) low
Catastrophe” : I attenuation
I
|
J t
high
b) attenuation
—
t

<I2¥ 4-5> F34 solA AT WE BAY 39 JFY IF
A (Houben and Treskatis, 2007)

21 (thixotropy) & AESAL AFo] WE Hel et g
A oA AHE v 2E ona e B8l 2 4 gle ey
o

di ARE 5 5 Qe AR I T5A e o Aol wAR
Holgle] Telitex] A F83) SEW AAAE Hol Fever 2
2 o gk W, W e 22

A e ugEY AE 5 A
A



AAE 712 37 AdE 5 oy Fide 9%t e B% 20~40Hz
Arola Z&ube] 93 WEFE= 20,000~25,000Hz HEo]th,
289} e U7 EAE Ea] dgd u Agd uet FEr As
A

A Fk o]l B SR GER) S d%5o ¥+ gl osjiAnt
AasA Nt 2 el s Aty Fels F A AE el ¢ B
2o ok3t gyt A wl

= a1k

o] % 7}A gqlo] Agstel WA
SEENE 74 (attenuation) B3 FETL A Selrh wgAslE B
7} BEEC] 100% B A2HE o] okl A& & 5 9tk 49 3
2 ARy o 2

AR WAL 520

o
B
o
AN
r o
%
2,
£
N
uj
r
[P
L)
to
fr
Mo
ot
ui
il
%)
offt
ofh
£
o

o]y}

1%

HA S kel disl] AZE] B AAPEHE HEE oluAs o

st Holvt HA7ME 739 FElE debdth A 7teizl 4= Pol

wHog gy o] ¥ Ax 3 HOozHE Ayt Hol

= yoxe  fx o] mHge wE = At o
A=4 7 «? 0]7] wjiEo] ZAE= WAool wel FAsHA HAadich

=

PN
T
kil

el

)

&l e
A A =5 ?L” Qa4 UHZ]«] E]E | dF=
I, A& (gravel) Alol7F & 4~ o A3
ARl 5E H7ysh7] E7Fselr] Wil o 7]A]
< st Az BU)2 st HRAbEE RO

° fZ rr
N
S e 2
O
2
I
B
o -
e
>

ooy T

rlr
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FHARA g2 okl Aol osiA AAtE

2
R= ( Puater — Psolid )
Puater + Psolid

pt =H dx, M/L3

a7k Az e 2EES e T 2 Aol A4S Ad u) witg
IEERE
]

=4 dgo] BF Aoty 4-6>. o] A4S & ®uy go] A
HEZ Bol EAZE dierEo] et RS ol HAeAe Zde 7 B4
e 53 el AR & £59] AREA dojdrh EZA &g 5
= 549 Y4 S (RAE Un)o wet 4, 242 352 oy
A 2AE s

sino,  sina, sinP, sinf3,

AU Via Va1 Voo

<% 4-6> F WA Fohe] AH wA @ AN Avtshe] BA
(VIl=m @14 o] ko] %5, Vig=uj 22649 E3e] &5, Vsl=v]d

19149 HAetute] &£x Vs2=wjA2M 9] HdAtule] 4%) (Houben and
Treskatis, 2007)
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AL Wl et e A BAL BAAE F vy JUAY Qv
A, xel, £ B U9 QA o] F Foz A b A9 o
AR A qUA Y £UL ALtk P DRHOR & AFF

| wet Z7he) o

o Aol Wt agle] FrE e AE
o

A ge P v 5 o

2g)7F AN olsd o 3} o
T ASdelM v 4s T MR vE 5 dydad wiE
AtolE FEA A3 v W] A wAdE RATIA B o= <lE
Ayl A oy doHos BE Zlo] vkl #dEy, WEE

she 2zt AEAES s Btk ASued A4 we) dgel E o

o] &) o7 e}l Out of phaseol s F 1 2ZE9 A7 et
1A B2AE B olsste 3 oyA|Y B I, A 52 gl
o

Z ABH/E skt 3 eluAe] Mek HA| ouA7t FolEi=

©)
ol AWM AgEE Q& VEES MHH R HES Hekor, T4
A2 R Al e Zta gl
© efstal &4 F97F EAskh: Aol He 7] E4¥ AA-E 54
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fo,
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7 SR S AR EA o7 A2 P Hg ol
oF gtk 53], Aol 2w AA 9l Aot FHo oFs
;

i)
>,
Sr o M2

frolstofol st e, 4 Vles A8 o] E Ui B

W To® =gARl Aol AaEolof s, FA WA o] A o]l
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(FEHGF, S=FA-dFAE 2011)
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ZUEe Ry A 2 oREe] teteld QA%
[e] j=
=

A A
toh 5% FA% 9 A5 AT Yook S, HuEe
H

o
i
N
[t

&g 98l AHg Folth QEE WAlE dwHoR 3] wE A Fol
379 Fut gee zustel Aurksshv, Anon Eoku okt &
o Fujolch. AlH mI AW A Aol AAE AHg bttt
= 3ol olnt

ke gok WUl AES sk 3R] Az o A T
ATt olF st WHE YAJotell A MLEHAAR FH FHAA IF S8 =
IS B @A, A5 ARl 8] a4 Thae) Akh TEAE oS
& 2o Asl B2 olgata Utk Ar] Haje] Fas A7RS Zuko] ¢
= A7)e) wet gekA e oF 20~60% FLolth FtAE £ H3 S

ol g8 AstEd, Eol] FukAQl AnkgS Ao o] by F7) AF

o]F -0.6~13 barg e @y & AAE AT}

g z&v

A 55 F Y& WIS HolHE FHEE 23 3 2599
AEE 5~10 W/em®old, vlm® A7 2487 10-3 W/em?, U4
297 &7k 1077 W/em®olth webd Z2gvis 7SR o 714149l
2795 72 gtk

QA EA] EF AHA] 237} L5 AFEE T Q=Y 2 ¥4

o] A= 22 WNF AR AL Foto] shesith o] A&t i
AHog ok 10,000 K& 10,000 bar(145,000 psi) 9] %9} ¢tzlo] el

U, ool e Beld e 2 B olgg fuw
B Bpo] 2euE AHBSIIA S WA 1960WY) 2YE oeld



grot 1990ddlel AA Ag=7] Alzbsksict -
ko] FuEE 20004 25 kHzol ®HYolth dX 7]17]= oF
o

6.8W/cre] 7+
T2 AP o R Wt s Y AR St o] S¥ES 9 0.3~1.2 m
o] Aol FAEHY, =i due] A A= ol o5te] o] FoR)

A 16bar® F7Fstd Z3ke a¥r7b 108 A% S7FE 5 (Wilken &
Bott 2002). 20m Kt} &2 7k = 2 bar (29 psi) olstellA= 9

oFe il =GP FA Fakdleh mebd, 2&oks G FRhiThs 2
& $3e) BTE 98 AW o F8300 AHEB Ak W, e

ot o
o7k Hstel Mt AT 129 FAo] fash] Wi
3! =

L AT WY BAE oplab] W), vt 2 o] Frtw nelw
ofo @k,

253 FAF Foll Agshs AR de2 e AEus A
NOEE gy At adE 7RG

oV BAEE LARS W 2ENE BEB S ANLE e e
@7 aelA] olsojAlck g}
O A9s] 24 9= (20~50 me FF7F A= oF 3
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ojrttEA o] Aol 2kt e FdrR E?ﬂ%ikl%‘ 4=7>. ‘%—8—

engl B YL olaEaE A Hrl, COE $E
g3k bg e e

r>~1
rict
tlo
NS
2L

fo
e

Yol Fske glolth, et ol A3 3 PFow AP v
= pd
O

soid

triple point

E critical point
E 10| {5.19bar, -56.6%C)

sublimation of dry ice
(1.013 bar, -78.5)

gaseols

—140 —120 —100 —80 —60 -40 -—-20 L1} 20 40 60
Eempemaime[ T ]

<8 4-7> o|Atsler4 9] 4E ¥ #A (Houben and
Treskatis, 2007)

oSS o] &% v AAY ave= FE =94, 44 2
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71918 = Qlvk 1 BE o] WS 38 ofug o] gl =ekal =€
A o] Mo nedn. Re A2 AU FEFoEN 2k |
stol] Wkgsh, aAE A i IHE EFTCRHE ZAE 9l
= 24 dEs oplEth iR 1Ale W 2RolM FHREAN =
< A "ok e AR dEelA FE dAke] e e 2w
AR, s Zude 22 AN uAl(de) 2 Adgkd w of
9.1vol% wH RS} olabslebat Bof gald uw ofzke] HY o255

T e %2 SJiaiecls gl

: e ANV fsiE 9
& AUA7E Heshy o] = A EEATI HER EE
3] wjEAIACK Fh v o, bar (174 psi) ¢} -40 T Apo]9
AstellA A olitsteas %‘Qo}ﬂ] E=d o= wubel] ofske] A=

olegt WEe 570u714] R3] 712 xejehd FaHow wu
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o%ﬁ%}nimlorﬁwrﬁ@éé
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AR 5 e BUA FES YR NAYOR FY drEo

HAEF7F s 2T ¢ Qledl 20m oo WHAAZMAE slde] #r

o LRt oAFY B woldls B& $AA7II AP Stk o

e TP ofe] W wEHo] o Foln AAF o] gake FIER X

A 98 A7, 2390 o] 9@ W I5 B we O R A
vl wEAow @ B 4re] Tl B
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<I¥ 4-8> YF o|A3lgt A 9%t & B (Houben and Treskatis, 2007)

TUE COz A= Aalrel gz Aatr w4 &S vxA |
ol 918 WA gatd, 'S Lall7F FXE = Al pHE oA Al
Ht} Juttner and Ries (2001)2 ¥ Wel A8 ‘jiﬂ shetA A
He7h vebdS stk ® 3-9>). ojabstera F4 AF pHIF
7.52904 6.80= W3t ZFo]l 6994 113 mg/liter® F7Fetal & Ax
7b 147014 21.7 dGH=E S7FebH, ©abed A7k 12.0004 19.2 dGHZ
Z7FettE ARAE dolWith(dGH = German Hardness, 1 dH = 10
mg/liter CaO, 1 American Hardness = 1 mg/liter CaCO3). =o}z &k
A g8l wite]l M7IAEEE 556004 722 4S/cmE A FTh olekzt
W7 drp} A& = A ekl o, o]AbstErA o] F9]o]

-
“o i
o ZES shoe S A T EAst).

A]

i FIO
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o, AEY WdE SaE dor|al ol EUE ¥ 9Y A4S =Y & &
Atk ATt Bl SHACA o] EAlsk=dl, 1 liter (2 1 kg) 9] &
°of EEE 1 T &87] falA= 4.2 kIS oyAE T8 k k=t ofy]
Al m&Ado] g vtop o] WAL felM= ALY AREEHA kil Hul A
oA AgtA o ® ALGE I QT
4.2 3154 A=

stebA Aeld $=3 I FiAA (pump, 3 pipe &) ol AEsL Sl
+ 2t vfelg Ay vrg ok (bacteria) &5 Abtete] AET JAAS oA
stal o9} ke FEA AAH TE HAagsle] $=2 285 Folv W
olgb & & Qlrk Eshk & AA A & ol BE AA dEA &
2 Algto]l AMAs|E st AWE o7 U Alto] AAE|% ).
olelgt Alits M FoRA o] &8 Aty e JMMstE A% 3hEHA
Aele] & vgE HHow & 4 v

A 9y A2 e Ay HAoE AidE ¢ e dEAQ)
afloll st 2efv AEsHE 93l d@dS op7|eh= HtH|ElokE A
FTol Dbz Zoz dEA o olyst FETo wel Fdst 3lE A

i 38ty 5 Ades F2 945 T8 Yoy, Fr vt
A4 E CaHCl, NaOCl 55 &° §sliste] &83ta gt ol& &
et A2 by o] g H

CaHCl 3 Aol 1A ZA] Pat—Tabs, HTH—-Tablets % Chlor—Tabs
59 olgo® A#H Jrk 70% L ArAES 3 CaHCl
0.45 kg—% Bl aA71d ol Y Ee 103kg94 ArTtr s &
AN Wt FA A A 9 SBAANEE AFast

. gL
g le %E}. (% 4-1D2 o] 714
Q

1= tﬂ% 50 WA 200 mg/ 4 2] gl
FEo g 380 (S AFs=H A= 7T0% 9AE 7HR CaHCle <
S e Zot}



(F 4-1D F2A 2549 =9 94%F

oA FE (e 0) s REX P
15000 22.7g(0.05Lb) 31.8g(0.07Lb)
150 45.5g(0.10Lb) 63.6g(0.14Lb)
200 68.2g(0.15Lb) 91g(0.20Lb)
300 91g(0.20Lb) 136.3g(0.30Lb)
100 159g(0.35Lb) 227.2g(0.50Lb)

Apobd 4akatt(NaOCD = vl HO& g st ol EelAAAM
RIS A B T A 7Pe} 2 EaE A= 67H 4 9 I A=
Awko s Azkdch Hof 20 %9 ?ﬁiﬂ gell=ol =
SHAIRE & 6 %9 sEE M Zlo] 7P B3 Aot <& 4-2>
gl AL amgor Mol oy 7x FEE 7l NaOCl §-9 380

7

O

_l%
mlo
2
o RN
ol
o
~N

o —-=

1__
= & 0
2 £LHE A S vehd otk $F U solrE At
3|

e 40
Lot dt 2 o b oo

(£ 4-2) AolgaALTNaOCD) 8949 E3du&

A4 (kg)
3 29) =% (mg/ () .

5% 7% 10%
50 0.2 0.14 0.1
100 0.36 0.27 0.18
150 0.59 0.41 0.28
200 0.73 0.56 0.36
300 1.1 0.77 0.55
400 1.5 1.0 0.73
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b
-

<2¥ 4-10> T 84 B9 AARF ol A3d)

olelst FUAL AN AT HRAE F SN Age ABr1EL
selshel, Bl ETA WAPY W5 A3 AAE kst PVC
&

24, olgst Aol Agtsl IE Vs AEEW Held, 3 4, COq

3 &3, B2y Wol oM, FHHel 9% of
Hx]ﬁaq _%%-‘l]-“ xhg_o] %7]_1:61— Ao
A A1717F QeE]o] ujF A=l

8
3 yEE weslor @ slojtt.

_84_









H5E di 8T A HM-d FHrlls 57| 45AE
5.1 A& g AAHA 5 37}

5.1.1 &5 Ast33+d X7 243
Aol % FRASH ANAA G BAL 9 ALAEARE 4F
A AR DA, BTN AER 2R Ul YA,

AL A4 271%9} T AAE A3 AN = AR S A,
T AA A2l A AN AT dAH = @Als}&’iﬁ}.
STAAL X]EPS%Q%F%‘J AAZAE 11959 ~ 11¥9 629 AAst9 o,

A4 AxE 9.27m, HEAA AxE 8.8mojn TES EAL n|Ald oF
E (silt loam) o]t} Hﬂ A3 JAEA AAR FHAFTAANA HFEHoz
FAE = Ak s50] /iAE e vkl 67% F7Vekal, FFTbsAl
Zko] 3uj o]t FUkekE A2 Sl th (3 5-1)< 1751,

(E 5-1) FFAMN AH3AFE N4 A - F 0P v

A8k 4291 (m)
T FAAHF | S | v
oF Ok IS
(4=p o Cla ((m) (m/4) | (m/Y/m)
I
Hd 3.90 8.62 4.72 6,216 1,317
(09. 23) '
1%16
4.61 . .
(11, 10) 6 7.96 3.35 6,216 1,856 141%
40% A v S vl
S AT FroF H] FoF o 11
(m/40%) (m'/40%) (m'/40%/m)
A7 4.72 173 36.65
A% 2.82 173 61.35 167%
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[2F+Al =5 2Ziol)
3.0 r
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=50 i)
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] 10 20 30 40 &BO BO 7O 80 90 100
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<F 6.0 _/_'_.";--------------
4k
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S IHAIZHmin)
—_—HEEH === HEE
<I¥ 5-1> FF335Y N A - T FH%s 2 3EFS

2013d°] *‘Alfﬂ WG el A shrolgA1d el

1,300/ aL Ml gt
oki=A17Fo] HAIZF A 15A17FO 2
7t 7hsd vk

& Al

FTFAAE A3
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20134 gapol EFANA AAE B9 ASFARE o) §AH AR
A @ AR Qi 8871 A4 SAT EEEHY $5F AR

(3 5-2)3% Ztt

(£ 5-2) WM A5 BEENY F5F

o gy | [OCOE | LCOIE- | FONE~ | F0E~ | SO0LE- 1(;(?1

o8} | 2000% | 000E | 5000% | 10000= .

A E 1 _ _ B . - -
M 4 14 5 3 8 10 4
ks 16 3 2 3 1 4 3
VAP R 24 4 9 - 6 ; :
WaAE| 3 _ _ : - - -
SHA 88 21 9 11 19 20 5

F) PP 20134 TR A AT o] gAURIA, AR ol

(£ 5-2)°)A 3000E/4 olate] H44 41442 AL st Mad
1,000=/9 98] oFpeFo] T/t A, SEAMNE e F7idss dnE
Hrketd, 12340 o R A 1,500WE0] &5 F7t2 R + S
Zlojty,

{Zwﬂ% 4 © 3,000=0]8F 41704 \
® 0oHE : 123WWA=41714 x3H A (H54 e e] 1/20)
o SIS R L 4 1VHE/Y = 41704 X 1HE/Y

= 1,5009FE/d (WA A A7 k11

AR A AAA A A5 (Site specific) o] tht

f
j\l}j
2
-
i)
to

N
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5.1.2 ¥F As2x+4 A 2 1qAH

R&2AFAe] qAA AT 2 9k A| A S A A T wE =917
St <19 5-2>¢ Aok A A 2 adAHST AEAXNAZG7MA] 9
el Alzro]l M del vlste] 2w o] T7bst A& gldk 4 itk

w3k, FUsE oFpHo R A 3 80F o]|F o FHAstHAAS vlwehd
JFAIF o] Ao Hlsto] v|ggFo] SUMeE AS &Rl 4 Qi

(& 5-3) FFAAF As23FA XA A - F B SFF v
Ak =2 o)
A=k | =at= =2k
T (m) P A v 3 W3
(4=h oFZ=a] | ke (m/D) | (m/D/m)
=} = (m)
- al.
M 6.32 | 9.63 3.31 3,120 943
(11. 06) ' ' ] '
LA A 5
) 1 2.11 12 1,4 1
(11, 11) 7.05 | 9.16 3,120 79 57%
40% SFA] B|FFF vl
o A s T H| 4= .,
= (m/40%) (m'/40%) (m'/40%/m)
SRl 2.48 87 35.08
I oA 1.40 87 62.14 177%
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<I¥ 5-2> 3F23F8 FFA Ads 9 W3t

AAA e B W oot 5Tl B PO BAH, 3¢}
AAE D3 AALAFAT o|8ate] FHAFRO] AAUFOR e
7} wAbEEE e vlste] £uA5R GAEA AA Ake] BS Aow

AdE ¢+ JesE, A
S Aow dAgkdrt

S CEDE CRRE
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5.2 TVAS 8 $4%A

<19 5-4>% AsR2yed #3AFH TVAaS AR JA5ddd 2
1.3m, 5.5m 7o) H4A ekl 13.9mHMt} clogginge] A3k AS &
o Flg 4 qlrh

ol Eol gaEle] 3wl 271 (Fe*) o] Abxg} nkg-ato] 3714 o] (Fe')
2 ¥ 37pdo] E3 wkgate] B89 FakstA S FAste] AT o
oy o] gk Whg-& ke = dojdtt

g A cloggingo]l AW ¥FH
Ae dy Bl AFEF 7IE oldeorE AFHNoU FEA
A

clogging®] #¢] QU™ Tl At d3to] 2HE £ 7

H/

N

ofj

<I¥ 5—4> FFAA A2 FRATE TVAH
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AL

5—4) WAME A AR A - F Ak FEHA 2H(AH)

(AR ¢ glietol (), () $-&84 T4
2435 I L e U
XNAA|A3%| A3F | 432 |43
kA 100CFU/m¢ 72 - 0 15,000 0
s 2A%/100m | B% | - | %A% |24% 293
PANNGE/NEE | BRE/100m |BAE| - | 2703 | 293 |2uE
B SN | o sme/tolat | 007 | - | 006 | 0.01 |28%
S AL e se
(Consumption of 10mg/ Lolst | 0.6 - 6.0 0.9 1.9 71%
KMnO4)
A% (Color) 5%0]3 100 | - 3.0 1.0 1.0
A (Fe) 0.3mg/ L°]3} | 0.06 |13.88| 5.72 | A% | 0.10
U-7F(Mn) 0.3mg/ L °]3} |0.621]2.556| 1.351 | 0.274 [0.405
E'E (Turbidity) INTUo|3} 6.88 | 32.2 | 6.28 0.23 | 1.17
T 255 (pH) 6..—8.5 6.3 - 6.5 6.7 7.9
A2 E 2 (NO3 —N) 20mg/ { ©] 35} 0.3 - 7.2 0.6 1.6
0] 2 (CD) 250mg/ £ °]3} 16 - 53.7 20 24.6
FHEF(Cd) 0.0lmg/Lola | BA%| - |24z | 24% 242
W) 4 (As) 0.05mg/Lola |BA%| - | %A%z | 24z 242
AHCN) 0.01mg/Lola |BA%| - |24z | 242|242
22 (Hg) 0.001mg/ Lol3H BAE| - | BAE | 2AF | RVE|,
4719l 0.0005mg/ (o5H 2% | - | 272 | 2713 (273 ;%’é
¥ (Phenol) 0.005mg/ ¢ o|3H &4 = — A% | B4 |54
+(Pb) 0.05mg/Lola |2A%| - |24z | 242|242
6713 (Cr+6) | 0.05mg/ Lol | 28%| - | 2A% | 24Z (242
EZZ 2 YA (TCE) | 0.03mg/ L o3} | E3= — A% | B4 | E4=
HEAEE AR o oime/ eole |#aE| - | 2% | vaE vas
(PCE)
(11.'11.'11_}?1%)?)?;1 0.3mg/tol3t |2a%| - |24z |24z 242
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(% 5-5) BAM A5 & ol ¥4 2
[AA)2  wedista dekgE A TaE, @9l mg/L]
AF BE | AF AR | AF 2 | 3F Ae2 | 2% A3
AN G E
T R s N P B R B e M e B i e s B e M YR s B e P R e
Na+ 11.84(12.29| 7.22 | 8.54 | 8.81 | 8.31 [12.01|11.64|14.52|14.47
KT 4,18 | 4.38 | 293 | 3.07 | 249 | 2.64 | 153 |1.45|1.99]| 1.70
Cszr 38.16(34.70|124.19|126.76(17.11{18.96|22.85|18.65[20.64[19.72
]Wg2+ 6.73 | 6.78 | 4.32 | 4.92 | 3.88 | 4.28 | 8.66 | 7.52 | 8.07 | 7.68
CcCl 24.4 |18.64| 6.8 |12.99| 8.44 | 8.21 | 19.2 |21.19] 25.4 | 34.5
HC’O?: 100.7(88.45] 70.2 [73.20154.90|54.90| 79.3 | 51.6 | 67.1 | 45.8
50427 17.9 [22.45| 13.6 |15.94(11.54|11.81| 18.7 | 20.4 | 19.2 | 22.8
NO; 11.0 {14.39| 11.4 | 8.33 |10.29|11.20| 2.2 3.8 4.4 7.5
Collector Well Legend
A UEMEAE)
A UEMEE)
@ LH2MNEH)
@ E2ANES)
& TIMHEE)
& TIMHEE)
© FBRMETE)
FERNEE)
® ASRAMEE)
FERMEE)

Na+K

HCO3

o

<I¥ 5-5> WA ASA X3 Piper Diagram
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Ca* Na*+K* HCO, +CO* CI’

<1¥ 5-6> Piper Diagram< ©]|&3 §3IEF

sto]m Toloj@e £F AH Fol el
GRS M-SR ALkl she] Az troloj el Ak, %O]
(CO3 + HCO3)—S04—Cl 7te] G@3H|E WEgx AAilsto] o 4
oloj 1ol AT th, o] F Az tpololafls veks] Fol ¥
AlE & tholott= BeFe] tholoj I 7h-d] Fof Akl 4
= J1¥olt(Piper, 1944).

¢l Ca—Mg— (Na+K)zte] AF

S|
&

FPO;&

i J¥ rlo

E 5-6)AME A ARA - F o)y golojaf A I9E 72 #+F

S Wl A A E
~] 512 Ca—HCOs Ca—Cl2
#3513 Ca—(HCOs, CD) Ca—Clz
nE Ca—HCOs3 Ca—HCOs3
A4k Ca—HCOs3 Ca—HCOs3
& Ca—HCOs Ca—HCOs
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Ca2+

glo]s tjoloj 13| o3t A|skrd FR Aol FAo] o] wholy th
ojojZ1gi Yol ol fe] A upe] wet Sh= Aotk <E 3-36>
dto]s] tholo] 1 Aol 2# X o] el o At FFS FEd A
oty Foly tolojzsle g d-sto|y  tho]oj 1 (Hill Piper
Diagram)o|gt1 % &, o7]d] d% I¥& E21 Wy dolm tho]o
ORME 7FE o] gt

=

e

l

(% 5-7) Sfols] Tolol 1A A9l FE S 7
39 A3k 73 ks A3k 3
1 Ca type 2 Mg type
3 Na—K type 4 A ol S
5 CO3 type 6 SO4 type
7 8 TAE gole Sl

B 7 & (carbonate
9 hardness) > 50% 10
e B4 9 ok 94

BB &= (noncarbonate
hardness) >50%

B]EFAF] 7] = (noncarbonate
- B2 7] & (carbonate

11 alkalinity) > 50% 12 )=
Sbzte] =4 wl Zhat o] alkalinity) >50%

)
13 A ool &—gol e §le













6.1 AZUHE A+ S7F 2 &0 HE 24

gyrA o ® ety B A E (rehabilitation cost) & g Hx
AR H]L 10~20% A%e] dFsht, F714 HA W QAo e B s}
I 1 5840 fAXHE J7reE AAd Folke= AHeES wWolnl
(Houben and Treskatis, 2007). A& 2 7|g} #3 AAHo] 749
w3} ¥ clogging @4 AAE e S glor W) HEH ALAIL
2 /A FE ol ARACE, WAME A5 olg BH W o] g
Dol wet 27 ke AEEe n s a8 WS neld $AL
AAste] HA o] MARRES AEst= Flo] T Q3tt.

6.1.1 AAWHE H5F F7} 24

s ool A o] Aol WE FHagg S7F AbElE AR, ool 3t 74
STE AAEt] FAEEet FHgRe]l 38 F7FsktH(subsurfacetech,
2008)<Z1¥ 6—1>. Sonar jets °l&sto] &S AAS B¢ A5E] 57
7} 2d) doju= Alo] 1= Tk (Utility service, 1999) <18 6—1>.

N

Discharge Rat: Specific Capaaty
Pre-Redevelopment i S gi<ieo

Discharge Rate (gpm) | Pumping Level (Ft bg,) | Drawdown ft) | Specic Capacity (gpm/fy) Pre- 180 52

Treatment

180 58 455 33 70 57
310 35
PUSt-REdEVE|0meﬂt Discharge Rate Specific Capaaty

Discharge Rate (gpm) | Pumping Level (Ft bg.) | Drawdown ft) | Specific Capacity (gpm/fy) Post. ol Emf)

151 1915 {515 1009 i e 13

7 12
20 "1 a7 802 307 12

30 545 4145 (&l 403 17

(a)olloj 3 9 3o ok4= (b) Sonar jet
<I¥ 6-1> 9 AALYH wE HFHF F7F A

N

Sel A e] Aguel e AP F7h AbE olold g 8 ngt $7
Mo Agstol FAUIFE 19 AWeInG BRS taow



it HE AAEte] 217.5%° SRS BT (AN, FAakea
At e, 2012)<29 62>,

Do -

Daesan siverbank fitration site 1 [ wesan veank strasion site |

— e o | — Ty | T

T{m‘{fsuc}
8
Tim2isec)
|

- - ] - -
|

. B 8

Hantush, 1960 BK Moench, 1385BK Hantush, 1960AK Moench, 19854K

Before cleaning After cleaning

(@) Fr3A

[}

Corsee | Daesan fvarbani Miraton sk * Dawsan iverbank Wration ste
.8 e | e Sy e ] ek

H -
: 0
s F
£ - g
P ; ;o -
PP 5 —
H . . " 1
g 1 . )

s 4

B-ﬂure cleaning After clearlw

(b) &= (o) W= (d) 20A=+
<19 6-2> APTtATHE ol &8 FHHEM(EAE T,
FAdst e AdstgEd, 2012)

oA Aok AR 9= R Aol v AR 8ol M=
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AE371F 2 (bore—blast) 3 H= AFESE °F 10% 9] S7HES RSt o]+
A7) F ol W ) “501] oJste] FHFa o] At © e 7} oly 7] wiiEel
S7HEo] AA 2 Ao Z YERSTH (A FAE 2013).

S A v FHe SUHE ERIEY H4H S 71dv)
TP = 3 E7])Ee 14T AYHS &8% o7 o5 Fgsle] AT
s Zo] oy ddEL, A
Sharso] =3 ALY HAMY AFA Y AT QAL PVCE 35 7]|&S AA
, A Aa-S AMgete], AA-e] wEg Folslojof it

5.1.2 AAHE &
AN 8 AeEE 0§ Slste] FAH FE 1Ee Hgstolof

stt}, Helweg et al. (1983)2 49 @957 () & &40 #st 74
/\

2 ofelsh o] AL

to
R
ofo
M
1

&
=

(Q)(s + SWL + h)(0.746) (T) (K)
3956 X e

C:

7|4 C &+ @AF71E H& (%), Q & HART FEFF(L/sx15.85
=gpm), s © A3t (m), SWLZ XLLETH Aot 9 7hx 9] Ag
(m), h & 7 @m), TE &AM, K & S22 dEY A7 ($/Kwh),
e &= HX9} BE Q| oval efficiency, 0.746 & v} (horse power) 2] Kwh
(AZEA) 22 W3 3,956 2 (gpmXm) 2] v}E (horse power) &%

9] W34 (Smith and Comeskey, 2009)
A= ol&sto] 7 AT AA A, T B dAFIIE 81
< 2Hgstel W, A Fot 8AIE et Y
F A

g ASEE HEAAE Aol 49 2

= 9T dapdold A Ay A4 1A (GEE -SSR 100m x
8%) (3£ 6—1) ol st oflojx4d = 1 S
o] 7% & v]& 86,258,000, 119tFAH ] A 128,

=l
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&
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Fl oo} g et

3

of w2 FHrEe] Sk vlEE THRHCE vl

(% 6-1) FdT 24 M F-3 A4

1
g
| & &
x| 2o
W
g
o g

AR S

A= Qe

N

pare]

N e g
Nl
A= =
= o0

—~| R g

K| N ©

~r

&\v

i

il
1 g

OT ND %

V=0.35464 CD" 5% -5

Hazen—Williams2!

iR2/3[1/2

V:

Manning
o714 C, n

=

AR D

o
A
Ho

) 1

S

A2t

0y

As Ee X

uha

o
R

D/40]t},
o] go= vl B Tt 4

o
huy

T
)
&
Ho

H

H)ZE U gholr dE oA g

D

W

_lryl

Hazen—Williams2]

Manning

Hazen—Williams2]2 $H|4-82 A

ol

Ao @of

3+
ol

A

i

i

~N

e
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V= 10.35464 CD"% 05
Q=0.27853CD* %3 °>

D — 16258 C* 0.38 Q0.38r 0.205

h 4 4
J= TL: 10.666 C 1.80D74487Q1480

a8a 7Aoo ® Rl oidh e ARbEQl AE el disiA gkol
a4 Aoh(EE 6-3).

Manning2l oA Darcy2 ¥ &2 ez A4S 4= vy A9 f3%3d
< olE A& FAsHA A Eotaf sk el AsE o]Fo] W] 93t

A
o] Darcy? #t¥} vlwdte] Tdsd opey ¢

Manning f=124.5(nD " V6)
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(& 6-2) AH4L&F s 2= #@G@FFALFAE, 2005)

C n
#+ A= . )
(Hazen—Williams) (Manning)
Y E 7F(Riveted steel) 110 0.013-0.017
A E 120—-140 0.011-0.014
2 (Cast iron)
- M2 (new) 130 0.013
- 2% (old) 100 0.015-0.035
o} (Galvanized iron) - 0.016
AIE TR X
OfATE =73 A (Asphalted _ 0.013
iron)
449 Z(Welded steel) 120 0.012
A A HE (Asbestos cement) 140 0.011
T-2] (Copper), &FuF3 150 0.010
PVC, Zo}~E 150 0.009

¢} Manning?)
Qlafjm okt A9 A3}, Hazen—Williams2l2 1.5349), Manning?]9] A%
2.06H19] FFatols BT T#al dAA AlFEolAE= ¥ 65 mmé}
150 mme £33 30 m A=A Al 2%+ v]ES F2lsk A3} 34007
A(mT 116%) 7} 6,160 (m 2055+ o] vl go] 5o F7hH+=
Zoll e AQ = v]go] & ZoR et
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W5 AR (second—order turbulent component) &2 FA X o] Qittar

s =BQ+CQ’

1 24 [T2/L5]

el o

S

2 Brse, 994

< m/ho|t}. o] HlA

=
=

m'/h-m

1_,NO

Fo 100%

7}3

2m'/hmoE 2] &

| —
T

Im'/hmolw 7R o] 5

o
ao]:t

Zol 10m/hmeo]ebd, Al

=

A

AHE o
wire—to—water H]&”

(Driscoll 1989). o] %t

By
=

3F, = A

o
R

% olgHAE A

«

Q-+ h 065
WW="3565 - P,

T
R

wire to water ratio®|™, @ ¥ (liter/min), P,

L
R

oA7|e A, ww
M= ARZKW),

(m) o]t

>~ =
T

=S|
=

- = o}
L.%H

N
ok
o}
B
B

;01_
;OD
2|

W

W

o|J

_
fite)

4

A
i
I~

o

~N

o
il

)
;oﬁ

o|J

B
e
0

0

oF
N
H
ool

1
fite)
XO

N

YA HEeAE

a

Al71H

0

s

0

- 109 -



L

S

A7

=
=

o]

L —

T

S

°©

o} Sok AR A3
=l &4

Tr7ge] fle,

g 9] gravel pack

1o}, sleke) Am

S

171 8l

oju

==
5

-

s

3to] gravel packell U= AHT}

Sk

o fEme A3
o=

et

E2L2 pyrites (FeSy) 9} &2

1571 7bes

A

J
£

REXE

==
5

shEAH 7

o

=13
2

ey

=]
H

o]
=

J

S
]

e

He] o) Fg 2ol A

T

o
g

=27 Foh

L —

AZAAM

. 9
T o
= =2 -

1t

1

)
o

CEBIFE

O, +TH,0 < 2Fe(OH),+4S0; +8H"

3

S

1

2
tt}l. Scanning electron microscope (SEM) Aol AR

s

0

2FeS, +7
X—ray diffraction (XRD) %} infrared spectroscopy (IR) 59

Brglel sute 7hg
Phe el A7 ojof

A HAE ook
2l X3} X9 At

=
pu
=
S .

A

ﬁo
i

T

w

ey

- 110 -



1 A a, ¢, d=

171 £ "ol
2 Co D, 181 1

S

i Kl

=]

=

1

9]

aAscC+dD

o

Q

e A,

B

o
Bo

.

Al
=

A 3.4

S

9] &35S YeRdLE oo 9
1o]t}. Ton activity product(IAP) &= Mol A 2]

o &

Lo
4]

IAP=[C[D]

= (IAP)

o]

Nr

g2 Mk,

o

o

2]

2

- 111 -

1

S
L

]

PZS
=

3}, F=ol

Ay
fn i

. 7}

A

ST=10g(£2)

SI>0



+0.27h49] s —0.29F Zo] we geEd AdAow FPGHetL o
Rl

jur}
3=
pic
iy
el
X
2
A
i3
=
m
B
:(’)%

(03
o

%0
5
o
2 1o
m >
rlo 2 F.E
Oﬁ; —{O
g 02 g
fo o e wn Ho

N

W
o
W
X
52
N
i,
=
o
o
it
Mlo
2
=
i3
1o
il

of I
=
1o
_OIL
£
in)

g2 Wb 1o ox mn g 1o fo
2y
B
>
o
v
x
g
2
N
ol
<
)
of
N
o
inll

B

ofo

o

o

T

N T~
s

o,

% o
>,

©
(i
2L
o o g
ot U
o o
e
i <
k?—“’ —lo
1% e of
o Lo ‘10{'
ML g
i T
lo o
n il
O
e
®ow
iy
flo
Y
iy
o
¥
N

= o = P )

o M 12
o
oo
w2
N
ol
o fr
>—1‘ N
oL T
1A —
R

fu
Y
-
oy
1%
X
-
12
lo
K
-z
a
1o,
o
10,
(o
i)

flo
o,
k
"
~N
bl
=Y
e

© © O OO0 © 0o O
Z o
it
=
1
W
[
HJ
ut)
o
oft
%
2
PN
Al
Ho
in
N
A
)
&
4o,
)
=D
>

g

o
o
o
1o
oX
oX,
o
o
™
>,
N
rlr
Hi
flo
o2
o
M
ok
il

N
ol
i

7} gravel pack? @& FiAd

o
A ok 7o) Atel= TR S

= e
ol
ol

o
o
iy
rlo
e
ich
=
PN
Ay
o

© o
off
o
rir

O

%
A
i_l‘l
)
o
=
)
1>
rot
ol
L
lo %
K
rr
o
it
2
(e
o
o
X
1B
X
lo
Hl
td
i
v
o,

i
x

oW oo
o |

—

i,

o

- 112 -



A&

1

R

Q
a

)
=

°
<l

top 1o, S

T 7H2} == borehole geophysical

W3l o

-
s

P
T

=
=

ZA}

1

pia

IR

k)
pal

o

=

[e)

= 100%)

logging

T A o o o W o %0 of A AR T e m W W Eo
wm%%&ﬁoww <o oo o @W%Hﬁ%_dﬁﬂ
dYTNERE Y % s pIipziidee
ol ! ' | R _ o I~ g e
@@ﬂ%ﬂ@@ L T Az%@?%ﬂww
R A N /i Ay AL
ﬂiﬂ@o&owwqaﬂ X x o X goom om oL X e
o WEREZIE® B ORE BE-PRavg
J)J I w0 = N o <P oNe L o] 2
Eﬂﬂ%ﬂ%ﬁ.ﬂﬁ NJo o1 - o]ﬁuaé‘,%mmob
2 W il Po o> 2 x W
oT}MoTowﬂ%%% = M Lo
. —
?@MMNE%?E ml wﬂrdrmoﬁuw%mﬂ._/uwm
o = < 3 — o KT L =M
TP T ,w P T PN Ggrey P
.ﬂﬁmw%%%%ﬁ I - I ]
T e R N X o B S - I
[t mo 2 o = T o J) o &N~ o AR R ol = 2
TNSrRg L el & R o PawmaTELL Y
A H\I\AO ‘_ﬁ.b OﬂNOﬂ_ ﬂ\|3!7 =K
NTHETESec ¢ EReifLiRalo0
— ! r %N X — N~ o _H.:l»_ oy 9
5 Uriﬂﬂwﬂﬂ% ol w = o = E AR o
e T A R o o = < N KO A
EXREZaycl R 7 Sismmog,iBivs
2 oo X = = m Q o kI XE
op O W oA S CU A . S ~ B AR AR {n o = e o eyl
%%%ﬂﬂ@.mﬁ%y&%w ﬂm«@@ﬂﬁ%jl%ﬂ?
~ NI 7! Mo ~—~ r oy PR 2o 0 o) o X o
SRR e B TR E Ry
o NEOT SR ~ it ~ oy 5 oare o liiove
A = I e s — o oW me AR 2 DN e = 2
= ) N o - 1
R TR e o T o K ~a g om0
R N e hwo < o} o T = X o) oF @ o} Ho= o T
mo QMW o X o = HoRoE ke R o W Mo <
q ol F o O © ¥R T o % AR o]
N of W o N o < " B R e T oo mo B oM

- 113 -



5 AFel Qe H% 7% Aol NEARE A8 A1 6-3>.

« 3018 Q08 S0 A A0 WA N0k 3 N7mA AU TV WA

TR 1R EAR 3014340 420 20 A
EEO  trth i

g | | Y W02 WS A A0 3= 99188 HH0 41
i U1 e B8 2

\sag IIHIJINMIIII Hﬂﬂﬁmﬁﬂ”ﬂiﬂﬂ!ﬂﬂﬂﬂﬂ
1% 0% l& SN T 120G A8

<19 6-3> FHATH FAF7)F 3571& AA flowchart

- 114 -









=
N
0
=
R
pul
0%
>
0z
I
-
ox
X
=
0x
2

7.1 7o el s e ww

7.1.1 iAo e} sdod =
v e

N s 47 S8l r=

AA], 2003; HaAl, 2005). RrEg o7 I FHFHAA wo]
RBF (riverbank/bed filtration) ©] "

v &

| S5 AN § Pl e B R ol BakuA £
A
o

ol
iiﬁ 2
>,
Y
=
©
v
ot
o
rE
flo
o
T
2
=
1o
ol
ol
I
&
[l
W
L
=
ftr
0 _h
39
o

Wioltt. o] WS FHelM oF 150d HHE AAak
Moz Wol ARgEo] ghow, nlmolME 7k AREETZE 90dH) $wtb
T Aot el dist fE &is] AAdE 1 Qv (Schubert, 1997;
Hunt, 2002). sPdoi#e] -9 st ofef o] s A Fol 23k zlo]e
A 78 Aads AXetal olgs HAFAe ddste] o2 HEH oAdrE &
3= " o)t} o] New MexicoT2 AlbuquerqueX| %5 m|FoAx=
] stal lom g-Eugto % sk EFrebe olFo®E A aakE-
ol gxo] i, &bl EE, diaddAl A, g A
N Fuiz d-s) skl FATF SRy shdsAsfde]
EAY AdEa gy Aoy sidoldes B s 4
7HE 2943 s s o8k WRHCE AE fFAFSE o] WA

Tt o7 B 7px o] AolHE glow, olF FHe 54

2 o2 W E e Ay o
W
1o
h

Bl

HU o
>

— — o qum

(0]
o 2 M o

oX (o A Mo p1 omY |
oo o A
l—l‘l_llo

o
fa
oo w2
S
ol
il
jur}
I
)
O
fu
N
N
o
o
1o
BN
A
=2
P
rlr
ok -~
rE
b
rlr
(kA
ﬁ
ot
uj
il
iy,

ol
rir

- 117 -



7.1.2 Y9 7

Fe9 elolaks ofe] Uetel A A9 wet AR B dHE 98T
ott. oFE sAse Adsel b sAweld 23 A olg(e
80m) ©1A4® Aol FAYOR Frstel tirFol e AAAZL R
of ols wEelxl ofneE  sts el Zwlolvelth(Tufenkji,
2002). 459 AAAREIE A A o g 4 9 o
L omeld, s, agm QRS slgeln, Beld, sty 712 3%
F2 oqiRel o Aedels AREA A4 A9 oAE WSS B 4
N9GEE Q78] AT polek of W, PEUEE AV} thps
of AT 71zl SAHW hAfe] TN o @S o wol R
Ak AL S AT g g = i

O HFHA HAAZE 256~359E Y3t
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(Schubert, 1997).
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<] | |
&) | |
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| |
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t L Dissolved organic carbon
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| I
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<I¥ 7-1> A A AFAZ ] HE FAAREY FFAHQ
W3} (Tufenkji et al.,, 2002)
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(¥ 7-2) Parameters of Petrovic Formula(Petrovic 334 W43h)

Horliil;;ntzer :feen A B ¢
4 4 3 5.25
8 3 2.9 7.31
12 4.068 3.068 10.00
16 3.718 2.718 11.2

Natural ndition

Hydraulic Conductivity (K)
Aquifer Thickness (T)

Optimal site selection
Determination of Optimal Yield

Artificial Condition

Horizontal collector Specifications (D,L) | |
Setting Height (R)

Number of Horizontal (M)
Draw—down(Ah)

Economic Viability,
Performance Capacity of Construction

<Z1¥ 7-15> Conditions for Determination of the Optimal Yield (A%
FrE A4 =7)
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P 100m niasla PN 200m | 50m
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on pumped well)
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1om Existing pumphouse
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126m

Borehole No. 6876 -
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1 (26m)
6 (16m)
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Breakout into
river
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&m o am 75°
1
s ' 85°
:"‘\90“ _
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2.2mdia

(b) Laterals drilled at Borolong
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o %ol TLMS] F24uA7] Alfleln 5k1] FeUA: A4 *

Characteristics GI GII GIII
Wells and development Wells and development Wells and development
Area of application bores, bores, bores,
measuring points injection wells injection wells
Well diameter > 50 mm > 100 mm > 75 mm
Operating depth down to 500 m down to 2000 m down to 500 m
Pulse generator length 310 mm 570 mm 570 mm
Pulse generator diameter 40 mm 70 mm 60 mm
Weight 1,0kg 8.0 kg 4,1 kg
Working pressure 1-4 MPa 1-10 MPa 1-10 MPa

(adjustable)

Pulse release Automatic Automatic Automatic
Pulse sequences adjustable adjustable adjustable
Design stainless steel stainless steel stainless steel
acid resistant acid resistant acid resistant
Approx. 5 kJ Approx. 25 kJ Approx. 12,5 kJ
Energy deposit conformto 1,2 g TNT conform to 6-7 g TNT conform to 3-4 g TNT

Effective depth around the

wells Approx. 5 m Approx. 25 m Approx. 12 m

GII with hole centering device Effect of a pulse GII with electric hose reel
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