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Code No. D-01

Purposes and
Contents

1. Objectives
° To Secure additional groundwater resources by scientific and systematic rehabilitation for

pre-existing agricultural public wells

- Immediate irrigation of groundwater against severe drought events in accordance with
climate change

- Scientific rehabilitation responding to the increasing demands on groundwater of horti-
cultural facilities

- Development of standardized guidelines in order to establish optimal management for

rural groundwater resources.

2. Necessities

° Sustainable management for agricultural public wells and maintaining their yields coping
with frequently occurring severe drought events by climate change

° |ncreasing demands on groundwater as irrigation water for most horticultural facilities due
to its relatively clean qualities compared with surface water such as streams and reservoirs

o | ow-yields and deteriorating-qualities concerns for agricultural public wells by non- peri-
odical rehabilitating actions due to the lack of local governments’ budgets to maintain them

> Requirements of systematic managements for low-yield agricultural public wells located in

rural area from local interesting groups

3. Contents and Scopes

o |dentifying the causes for deteriorating groundwater quality from agricultural public wells
with time

o Establishment of a systematic diagnostic method for agricultural public wells

° Investigation and analysis of on-site rehabilitation techniques

o Establishment of the standardized diagnostic guidelines for agricultural public wells

o (Field tests) Evaluating the effect of rehabilitation on groundwater quality and quantity

o (Field tests) Quantitative evaluation for improvement effects of performance after mechan-
ical rehabilitation treatments on agricultural public wells

o [Field tests) Assessment on improvement of groundwater quality after mechanical re-
habilitation treatments on agricultural public wells

o Development of short-term and in-situ rehabilitation methods

° A systematic rehabilitation plan on agricultural public wells

o A standardized guideline for rehabilitation on agricultural public wells

o Future applications

Results

1. Identifying the causes for deteriorating groundwater quality from agricultural public wells
with time

[Methods] Scientific identification of the causes for deteriorating groundwater guality from

agricultural public wells
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Results

o References for research
° Analysis of pre-existing field data
o Scientific consideration of the causes for incrustation and corrosion

[Results] Identification of the causes for deterioration of groundwater within the wells

o Deterioration due to the inadequate management for the wells

> Damage by natural disaster or non-intensive accidents

o Malfunction of ageing parts: decreasing yield of groundwater

o Natural deterioration due to groundwater use with time

o Incrustation: Chemical/microbiological precipitation on slots, filling sediments on slots
and submerging motors

° Corrosion: hydraulic, galvanic, chemical, and biological corrosion, oxidation

2. Investigation and analysis of on-site rehabilitation techniques

[Methods] Investigation of laws regarding rehabilitation and on-site rehabilitation technigues

° |nvestigation of on-site rehabilitation techniques
° |nvestigation of domestic patents regarding rehabilitation
° Preparation for a short-term and in-situ rehabilitation equipment

[Results] Investigation and analysis of on-site rehabilitation technigues

> Mechanical rehabilitation methods
- Air-surging, Blushing, Surge block, Emission, Blasting, and Sonic
> Chemical rehabilitation methods
- Disinfection, Chelate, Surfactant, and Poly-phosphate
> Domestic platents(29)
- Keywords for searching: Groundwater, Well(Borehole), Flushing, Cleaning

- Air-surging(38%), Blush(32%), Gas-injection(3%), Pulse-discharge(3%), Others(24%)

3. Establishment of systematic diagnostic methods for agricultural public wells

[Methods] Establishment of the scientific and systematic diagnostic methods for low-yielding

agricultural public wells

o Establishment of the diagnostic framework for agricultural public wells
° Analysis of design for the wells in order to make detailed diagnostic methods
o Verifying the newly developed diagnostic method

[Results] Quantification of a diagnostic method for agricultural public wells

° Search for the customized rehabilitation methods in fields
° Analysis of design for agricultural public wells: legal papers, facility information, and others
° Diagnosis for groundwater quantity and quality
- Quantity: Specific yield, Critical yield, Well efficiency, and Transmissivity
- Quality: Color, Dissolved oxygen, Chloride, Iron, Manganese, and Consumption of potas-
sium permanganate

> Borehole logging: geophysical logging method, submerging TV camera recording
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Results
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Fig. 3. Areport for rehabilitation results Fig. 4. A checklist for evaluating a

diagnosis of the wells

4. Establishment of standardized diagnostic guidelines for agricultural public wells

[Methods] Establishment of standardized diagnostic guidelines in accordance with well types

° Analysis of the Groundwater Act

o Review on register papers of agricultural public wells

o Standardized diagnosis guidelines including four stages

o Detailed implementation for each stage

o Establish of methods identifying improvement after rehabilitation and a year-round man-
agement guideline

[Results] Standardized diagnostic guidelines for agricultural public wells

> Demonstration of legal acts regarding rehabilitation methods
o Analysing merit/demerit of rehabilitation
o Standardized diagnostic guidelines consisting of four stages: basic inspection, specific in-
spection, rehabilitation, and management
> Basic inspection
- Searching references: legal papers regarding licenses and permits, references for hydro-
geologic features and others
- Groundwater uses: groundwater quality, well facilities and public opinions
- Report: reporting a result of the basic inspection, demonstrating problems on ground-
water and decision for conducting specific inspection
° Specific inspection
- Identifying problems from the report on basic inspection
- Specific inspection: scientific assessment on groundwater quality and quantity, analysis

for borehole logging
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Results

- Report: reporting a result of a specific inspection, suggesting an optimal and customized
rehabilitation methods

o Rehabilitation
- Applying the suggested rehabilitation method

- Assessment on improving groundwater quality and quantity after rehabilitation

> Management

- Applying short-term and in-situ rehabilitation methods

Basic inspection

Searching references
Surveying current use of a well
Reporting a result of a basic
inspection

T

Identifying
problems?

Yes|
Y

Specific inspection

Scientific assessment on GW quantity
and quality

Suggesting an optimal and
customized renovation method
Reporting a result of a specific

inspection

- Periodic rehabilitation
¥ by Groundwater Law

. . (Every 5 years, Facilities inspection-oriented)
Rehabilitation

Applying the suggested rehabilitation
method
Assessment on improving GW
quantity and quality after
rehabilitation
T

Y

Management

Applying a short-term, in-situ
rehabilitation method

Fig. 5. A flowchart for the systematic diagnosis on the wells

5. (Field tests) Evaluating the effect of rehabilitation on groundwater quality and quantity

[Methods] Identification of the causes of deterioration for agricultural public wells

o Consideration on optimal analysis for results from step-drawdown pumping tests

o Field tests for four agricultural public wells using the customized air-surging rehabilitation
method

o Evaluation of groundwater quality after applying rehabilitation processes

o Evaluation on a relationship between incrustation and corrosion by analysing both of
groundwater quality and quantity

o |dentification of the causes of deterioration of agricultural public wells and suggesting fu-

ture plans

[Results] Field tests in order to identify the improvement after rehabilitation

o Field tests for four agricultural public wells
- Consideration on optimal analysis for results from step-drawdown pumping tests
- Field tests for four agricultural public wells using step-drawdown pumping tests

- Evaluation of groundwater quality after rehabilitation
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Results

- Evaluation on a relationship between incrustation and corrosion

o Methods for field tests

- Step-drawdown pumping tests before and after rehabilitation

- Evaluation of groundwater quality before and after rehabilitation
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Fig. 6. Schematic approaches for analysing the step-drawdown pumping test

o Results of the field tests for four agricultural public wells

- The older groundwater well, the more increase of well efficiencies

- (3~B years wells) SH well: decrease of well efficiencies ranging of 6~7%, YP well: increase

of well efficiencies ranging of 1~3%

- [9~10 years wells) SS well: increase of well efficiencies ranging of 22~32%, HW well: in-

crease of well efficiencies ranging of 26~43%
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Fig. 7. Increase of well efficiency after rehabilitation(air-surging)

- Floating materials in borehole and organic matters affecting the well efficiencies

: Both of incrustation and corrosion directly affecting decreasing yield and deteriorating

quality

: Analyzing reports on groundwater quality being able to identify the incrustation
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Results

- Suggesting the order of priority for the wells to be treated by rehabilitation
: Analyzing report on groundwater quality possibly suggesting the order
: A checklist to groundwater wells possibly demonstrating the order

: [dentification of the causes of deterioration for each well and suggesting future plans

6. [Field tests) Quantitative evaluation for improvement effects of performance after me-
chanical rehabilitation treatments on agricultural public wells

[Methods] Identification of the causes of deterioration by applying various customized re-

habilitation techniques

° Field tests for 12 agricultural public wells using the customized five rehabilitation meth-
odslair-surging, high-voltage pulse discharge, power bubble, blushing, and water jetting)

° Quantitative evaluation on securing additional groundwater quantity after each re-
habilitation method

o |dentification for disappearance of clogging materials using a submerging TV camera

° Assessment and comparison on well efficiencies for five rehabilitation methods

[Results] Field tests in order to identify the improvement by applying various customized re-

habilitation techniques

° Field tests for 12 agricultural public wells using the customized five rehabilitation methods
- Ruling and measuring each part of the testing well: determining pulse intervals and num-
bers
- Demonstrating experimental conditions
- Analysing merit/demerit of each rehabilitation methods
° Results
- Increase of well efficiencies ranging of 2~11%
- Similar in aquifer loss coefficient before and after rehabilitation tests, Decrease of well

loss coefficient

0 T T T
! | |
i ] ]
E 2 —o— Before rehabilitation | |
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T 4 ¥
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Fig. 8. Change of groundwater drawdown before and after rehabilitation in
the Goan 1 public well
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Results

- Increase of specific drawdown in high pumping stages

- Specific drawdown in the last stage being recorded to be 0.0027~0.0029day/m?, showing
larger than it of the initial stage

- Securing amounts of groundwater being 8~16% more than before rehabilitation

- Similar in transmissivity before and after rehabilitation tests, decrease of drawdowns

- Identification for removal of clogging materials using a submerging TV camera

: required more systematic diagnosis methods using bubble and pulse

7. (Field tests) Assessment on improvement of groundwater quality after mechanical re-
habilitation treatments on agricultural groundwater wells

[Methods] Assessment on improvement of groundwater quality after mechanical re-

habilitation treatments

° Field tests for 12 agricultural public wells using the customized five rehabilitation meth-
odslair-surging, high-voltage pulse discharge, power bubble, blushing, and water jetting)

o Quantitative evaluation on the improvement of groundwater quality after each rehabilitation
method

o Evaluating groundwater color and turbidity after rehabilitation using a submerging TV cam-
era

[Results] Field tests in order to identify the improvement of groundwater quality

° Quantitative evaluation on the improvement of groundwater quality for 12 wells after each
rehabilitation method
- Analysis for a total of 23 chemical/microbiological items
° Results
- Decrease of floating materials and turbidity after rehabilitation by well logging using sub-
merging TV camera
- Results for groundwater quality demonstrating decrease of turbidity but similar in ion
contents and metals
- Required an advanced technique to control and improve both of groundwater quantity and

quality

8. Development of short-term and in-situ rehabilitation methods
o Objectives
- Ashort-term and periodic flushing method using pressed airs can attain in-situ manage-
ment of groundwater wells, increasing the longevity of the wells using only small amount
fund without lift up the groundwater facilities.
- Modification of measurement tube for identifying a groundwater level
° Application of two domestic patents on in-situ rehabilitation method using measurement
tube for identifying a groundwater level
- In-situ rehabilitation method for groundwater wells considering the effect of well efficien-
cies
: Application no.: 10-2016-0064804(2016.05.26.)
: Developers: Sung-Ho Song, Byung Sun Lee, and Chung Woon An
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- In-situ, interlocking rehabilitation equipment between groundwater level and a borehole

and its method
: Application no.: 10-2016-0064806(2016.05.26.)
: Developers: Sung-Ho Song and Chung Woon An

—+—ex-situ washing system  —#-in-situ washing system

Well performance

0 5 10 15 20 25 30
Elapsed time (yrs)

Fig. 9. Securing groundwater well efficiencies through periodical diagnosis

9. A systematic rehabilitation plan on agricultural public wells

[Methods] Consideration for a systematic rehabilitation plan on agricultural public wells

° Entrusting management of agricultural public wells by professionally designated surveying
institutes for groundwater in Groundwater Act

° Enrolling agricultural public wells of local governments to professionally designated sur-
veying institutes for groundwater in Groundwater Act

[Results] A systematic rehabilitation plan on agricultural public wells

° A systematic management by professionally designated surveying institutes for ground-
water in Groundwater Act
- Sharing groundwater well informations between the designated institute and local gov-
ernments via the internet website(e.g., Rural Groundwater Net]
- Local government officer entering data of local agricultural public wells into the website
and the designated institute substitutionally managing the wells based on the information
- Identifying the well information by administering QR code to each well
° Enrolling agricultural public wells of local governments to professionally designated sur-
veying institutes for groundwater in Groundwater Act
- Right for the wells transferring from local government officer to the designated institute
- Gradual transferring the rights to the designated institute
: Priory rehabilitation for the deteriorated and low-yield wells being transferred from the
local government
: Development of substitutional wells instead of fully deteriorated wells being transferred

from the local government
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Fig. 10. A systematic rehabilitation plan

o Systematic rehabilitation plans

- Agricultural public wells against the drought events
: Preemptively groundwater well management and improvement coping with the drought
events
: Development of new agricultural public wells on the repeated drought occurring area
: Achievement of integrated agricultural groundwater management using the website
- Agricultural public wells on uplands
: Survey for actual groundwater irrigation and uses using public wells in uplands
: Collecting informations of each agricultural public well facility
: Periodical rehabilitation on agricultural public wells on uplands and development of in-

tegrated management system

- Agricultural public wells on mountain area

: Contribution of the price stabilization of agricultural products by a systematic manage-
ment of the wells

: Providing high-quality groundwater to the farmers lived in the mountain area
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Fig. 11. Objectives of systematic rehabilitation plans
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10. Standardized guidelines for rehabilitation on agricultural public wells

[Methods] Development of standardized guidelines for rehabilitation on agricultural public

wells

° Standardized guidelines for rehabilitation including three stages

> Conducting legal matters: surrendering legal reports regarding rehabilitation to the local
government

[Results] Standardized guidelines for rehabilitation on agricultural public wells

° Standardized guidelines
- Rehabilitation methods for the deteriorated wells
- Approaching strategies
o 1st stage: Evaluation of the well before applying rehabilitation methods
- Pumping test before lifting submerging pump(evaluation of groundwater quantity)
- Analysis of groundwater quality before lifting submerging pumplevaluation of ground-
water quality)
- Lifting submerging pump
- Borehole inspection using submerging TV camera before applying rehabilitation methods
- Injecting a disinfectant into the well
° 2nd stage: Rehabilitation
- Applying rehabilitation methods to the wells
- Cleaning, diagnosis and flushing pumping facilities
- Ruling, measuring, and changing deteriorated parts
° 3rd stage: Evaluation of the well after applying rehabilitation methods
- Borehole inspection using submerging TV camera after applying rehabilitation methods
- Placing submerging pumping facilities
-Pumping test after placing submerging pumplevaluation for improvement of groundwater
quantity)
- Analysis of groundwater quality after placing submerging pumpl(evaluation for improve-
ment of groundwater quality)
- Identification of improvement on well efficiencies and disappearance of floating materials
o Conducting legal matters for the well with pumping rate more than 150m*/day
- Surrendering ‘rehabilitation implementation plan’ to the local government before apply-
ing rehabilitation
- Receiving ‘rehabilitation implementation certificate” from the local government
- Surrendering ‘rehabilitation completion report’ to the local government after applying re-
habilitation

- Receiving ‘rehabilitation completion certificate’ from the local government
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1. Business plans
o Application the developed methods to a total of 27,926 domestic agricultural public wells
- Public enterprise using funds from Ministry of Agriculture, Food and Rural Affairs
(MAFRA]J and Korea Rural Community Corporation(KRC)
o Overseas enterprise
- Exporting the developed methods to the low-economic and developing countries in water
crises
- Protecting own rehabilitation techniques against imported ones from overseas
Table 1. Distribution of agricultural public wells in S. Korea (2015.01)
Management authority
Description Total number Korea Rural Community
Local Governments :
Corporation
Total 27,926 100.0% 26,542 95.0% 1,384 5.0%
Expected Metg?t‘?gé'ta” 2,872 10.3% 2,800 10.0% 72 0.3%
Contribution Busan 1,318 4.7% 1,318 4.7% 0 0.0%
Incheon 412 1.5% 394 1.4% 18 0.1%
Daejon 474 1.7% 461 1.7% 13 0.0%
Daegu 198 0.7% 188 0.7% 10 0.0%
Gwangju 185 0.7% 181 0.6% 4 0.0%
Ulsan 270 1.0% 253 0.9% 17 0.1%
Sejong 15 0.1% 5 0.0% 10 0.0%
Provinces 25,054 89.7% 23,742 85.0% 1,312 4.7%
Gyeonggi 1,747 6.3% 1,969 5.6% 178 0.6%
Gangwon 1,618 5.8% 1,497 5.4% 121 0.4%
Chungbuk 1,548 5.5% 1,422 5.1% 126 0.5%
Chungnam 2,898 10.4% 2,803 10.0% 95 0.3%
Jeonbuk 2,587 9.3% 2,353 8.4% 234 0.8%
Jeonnam 4,466 16.0% 4,303 15.4% 163 0.6%
Gyeongbuk 4,948 17.7% 4,680 16.8% 268 1.0%
Gyeongnam 4,324 15.5% 4,209 15.1% 115 0.4%
Jeju 918 3.3% 906 3.2% 12 0.0%
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2. Distribution of standardized guidelines for rehabilitation

o Distribution of newly developed and standardized guidelines for rehabilitation on agricul-

tural public wells

> Development of integrated management system on agricultural public wells

° A systematic management and rehabilitation on agricultural public wells by professionally

designated surveying institutes for groundwater in Groundwater Act

3. Improvement of groundwater irriagtion service to the farmers

° rrigating more plentiful amounts of groundwater to the farmlands by systematic re-

habilitation processes

° Saving the budget to develop new wells due to securing additional groundwater by applying

rehabilitation processes

e Securing high-quality, additional groundwater by applying the developed methods to a total

of 27,926 domestic agricultural public wells

° Providing integrated and customized service for managing rural groundwater well

Keywords

Agricultural
public wells

Rehabilitation

Standard
diagnosis

Additional

securing

amount of
groundwater

Standardized
guideline for
rehabilitation
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1. 7IAXQ! 2|

-

] 71A1A Q1 B S S SAE ol A=A Q) &g 2Rk A

nN'

AEg el Ho Ak
ot} of7]ofl= AFA Q1 vt o 2 E2]4] WHK(physical agitation), F-AHjetting), A% (surging), o I A&

© 2 groh} 7| (swabbing) 5-¢] 1AL, AQF7FA BAK high pressure gas jet), A-5-2E2K(vibratory explosive)= 2

y 2O 171

1ot 233} Al (ultrasonic cleaning)©] UTHIH 2-1) .

Rt ' I 1R
18t | Stwwl or
f ud-\-uzuirui

[ty

(b) MX|EZ(surge blocks)

(d) mH(brasting) (e) 3tatA X2

22 2-1. BBV WY OIS W
1960t} Koenig= AA| g0l A 9] 7|2 ¢] 438 @4z tigt A5 AldYsii=l, Lo ofshd ¥ A
] A - & A O v)|okake bl A (consolidated well) 2] 739 141%, H|QPd 34 0] 742 45%2] SFAF A1}
= AAIRE BE Qle, Zejar 7 anbA Q] Wy S Aol WAKshooting), A5k, oF Y AlelA 7
(pressure acidizing)& T+ & A4S dFal npAeto = 4=Qtubdj(hydraulic fracturing) & 3 73-9-2FaL KHalst

k.
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7t =2|H wtt

B8 IS AR RS hska B5lepEo] FHF Qro R

-

S 292 Foun, ATUNE
(biofouling) | 2]e} 2F5HA A &2 Al ASH=tl -8 iiolet. of ’H-2- 319F A4kax(compressed air), 474
2 3t g AE " (surge plunger), 2725 =% AN high-velocity explosives) & ©|-8-5}A L}, Wia}

(blasting), K15 ZoF, 4:9luk) 5 o] g5}e] ey},

L}, EAb
o2 FULEE HAKjetting) = A AT T 7P D] oli Be) ) mul glol Sich, BARE v g
She A E YARE wjshr] Wast Gns 1] $iatoltt. o] Aol Bate] ofs) Felwl 29

I

A =
oprict gpEl o] B Rolok B, 5 B 442 B3E e Aol BRslt), et rE B
& 3ol Thal F457] Al AYRolx HB Yot MY e e Boh AL B L WEE]

HsA A= o ok gk, A2 vt Tt A A F Aol B B o] AT, AbE ARE = Al

ik

psic] qrejolel FabA O Q1 Sxat 4= olrk. AL ko] AlX 8IS AR obat SHz 49 BAle} WA &
=, PP MEE I G B2 ANHE 7|thE 4= e, BAR) AL FolAl UAE BUF A
AEORA 2 RES AT 4 low], Ao A8 AT BAREe RN oA S Y Fuie] S48

e ThEst 1191e] ARE Alo] Aol it ATgle] &4 918 FlAdo] 9lat, ATl HalH of
A= 9150] Ak, 2] elw etele] A s 27hH 0w 9l
o] B asl7|w 3 o] ik

it

T
of X

L
[>
Hu
e
L
I
£
=2
ojN
2
2
r’l

O

Ct. S7|2At

ofoIm A2 sttefRo| WA BEA 0 R UZ FYBteS k=t ARG-ET}, oo A2 371A] W (#]
A EE-S o]-835F M A (surging with a surge block), &= 2 4| & (surge pumping and backwashing), 219}
7| E-AHcompressed air surging))©] )T},

P W FANH P DLF LA

o:
jis

- =
9 A S B PERE FT T P4 WEL 22T AAE B 2] 9 R e
H NS

210) A e Sk 0 1%k TAo] et wo]

oMol ARESh= S U712 U2 350 psi(25 kg/en, 74 250m A=) 22 AR S 2 250m 0] 4<]



FHolo] WM = &7Fs s, TU7IE ARSI ] mhizoll Hi7] 2 H=2(COx, SOx &) 'A-F-=7F . 18]
off ehs AR BHEES 25| A 7 SARIT olon A 4%, w7
T &7t o] stefo] E7Fs sttt wheha] S AIA (o)) 3 WA et 55 ol-8-stof T W
=2t F& Tt -, 7t olloPRA Sl Bl ool A7k tiste] A o] Basitt ERE o oiR A Al

Aba0] BAR= AlH F 5714 Aol ofst o] 4] 927} o] e, AavlA] 58 EAlshe] B

2t Ao AEof| offt MRt £2 SHofLy7|

el ] 22 o] €]k A H(swabbing) & 27 Vol A] 91 2551 uphu] 2 Eo] ofs) -], Srolxl 24
© 2712 BRI AT, £ Sz P (brushing &S] 1 03B ERS 2|7 sH=t] AFgER

Hpgolct, &2 o 5te] Sholuis WS HelskaL theat Ao QAR g A HA s ol
olck. T Bo] 239 SFe|A AAR] Kk A% HAE Selvk glon, Helw Seklo] AAS
SJ3IA] /b0 2 Qlok B o] BRSHIE B o] Ylrt

o, =21} M&(ultrasonic cleaning)

N

E T Suhs Ao oIy A S E A

£ 2145:(30,000ft/sec) O] SIS WA 7= =F 58] Ho]
25} Al A W o] A2 w2 A E(brush)o] %
)it o] e A AR TV 7HH[ekE 0|85

REe A7 sk mabdold,

o B ol=d] ARE-ET 23 EAKsonar jetting)

Fojg ¥y sEHolh

A Q= A 2hgsh, AdeiA o &2 A AX A 4= QlTt,
X

7153 2YHE HojEnt, o] 2 ddel &

p

2 dﬂ
Jlx

HE, R}

Hrk(shooting(blasting))+= 7 Wl ek HEH 3g-& ¥ deju g3} AdstaL
Ay HF 8-S A7 = oot troldnto| E, YE R ZE|A-, TNT2F -2 thekst Fef 2] Hoko] ALE-

O

ek, FHAA] O3] Hlaksao] gt GutEgel A BkobAI) el t Eukaolx] 3 uf wetE ALt
th AGEoke Sush gejo] ke A4S JORES We] A&H 0= e Wit o] 79 Aol Yuyl
ofUle} 7hssha By 8 Foll A E AFe] L w7 Tk, o] ke A%HQl 21%o] Yt
HAES Lab) She 282 Bl T T Sl vhel 4 2182 Stk it HESE HelA A
of Btk FoRg AMER Wiz 3ka AL, AW, TANE, S71E oAl A, S8 9 WA

ejut ks EORS ARG S| TR WA AL B, HES Sls) el AL Baste), ot
o] B7155t0] Qg Aol BAE L 5+ Uk EF HelE Sehle] A SlsiA F71H 0 Q1oF 34
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T

ot

Uk (hydraulic fracturing)+ 19409 o] A5 Akl of|A] 2| F-0] F=&-5 sz0]7] S5t 71 7<=, %]
Sl WA o H| S SV 7= Hloll e ARSI o] WhH-2 AR, QP gl A, 18] B2
E o8 Ao AAJstaL, 5o 8 AARE g0l TEst 4 st

A BL Fste] Fo] 7] i 40 R 2ok A S 712 FES At

Shit] 2ol w52

Of. 71ZM7He

7|32 A) 7 ¥ (bubble cleaning)-2 2|t 3,000psi(210 kgf/crr, 5241 2,100m A1 =9 Q] oF=5 A3k 2] g7}
= (M o & BALSH] pulse energy S WA S 24 237, HEjd, =1 T30l F4E a1
17 FEES AAsks Woloh Mgy E7EAE FUsH 2~3%0] 1314 A5o= 7|37} s,
260joule/pulse®] Z-AT} o YR E oF 1Q12] 2] A= Ji7te)] F5al7] wfjZol 7|&2] Tkt a-g2o]
o}, 2ANIA =AY O] Bt 70~120% B e 315 7Rk, Afhas S (COo, &) olw, L
]

U
= ol A-87kssitt. 12|al A 27 A7)0l Alke] flol A87sdt, B A7 1A He fle

i

—_
N

2. 2FeHQl X2

o

EH
=

1

off
2
o

d

SFehA Q] AU A= o= TRk, HA8 iR AT oy o] F=H S E o] Q=
1717199] HAHE(CaCOs, MgCOs, FeCOs, AbSHa, 2AMSHE 35Ha)S 834 7| Alo|t), o | SlstofEe
AETHA] At A 2 2Fg5e] AT tj45o] 2R 5H= Alak2 0|1, o] 5 Alo-2] Aetel AR AR ES &

AT, W] HEY HEZS vARh JAES EHA A olFlEo] BN AlAE wi7iA] FdEE

A SHe BeleREE Qlck. Bfekalel 2l ol A ER0) BfeteREo] & ol ojejEge
AL, AEPA ALA, 1k ol ik

oferA|Ql A2 S A Q] SR BT B Ahasgs TV 5 e o] e Hhd, A2

7t Z0|EX|, =M, FAILX|K|

SAVBOLHEAY, AEEAN} 22 OFEE-S A} G §alEL 2 HEES AT o] FESL ol
of BapxI e Etol thA] HAEIA] A Shek, o] 1Hg-E Beflo)E chelation, HBHEEG A0l Bk B
BT 52 27} o & AP K|harol] A5 He, Bo] = HefE EAfekA L §HES W 37} o]
2 AR HAHE|E S, 4] S} e HASHER EAfsl|E Gk webd 2eeE G A
WS AASRe] MEA] e g ol
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524 (wetting agents)+= =2 EHAE S T A7)+ 28-S Sttt Eofl S8AIE H718te] S84 AFo] 9]
T h|gho 24, sleleRE o] A EH S SUAA A s oSt
FAER] A (corrosion inhibitors)a= W2 7FAE 37| ARES1o] A1) Al 2582 2 A ShA|ZI), A2 TS

Pl ol B GalA71=, A Abe] BHEo] TAAAOE 1A FES BEAS ARSI

b3

=
=

X
ol

LA

[o1s
=

o
o
L

Lt AHEEH R CrSeME 2]

HE, FRolS, Wik - Fool 0] el FASH: SeerEEo] Stk olelT AAETS T UNE
S22 21719 YAk T KA P SfaH A AASA S i8S Bet. ol steteREL ANEA

a7
g}t g}, 71 2 G A AHSA A= AlEbAo] MAE 0] ABS(alkyl benzene sulfonate) Q1d], 0] A&
o

=, TAERE, vAlRE A xRt abE ot BE2 3%2] Q14 50ppm ool HAaE oAl A
Q@
o

St} iR ] Be/dS I HEshe ARt Aol glal, TR S o] AdAtel ot T et a]looh

whebA kARl M2 e FE o] shsloREo] tigd Zlo] AR alof Ttk SfsloRES F¢lataL
Aga}A) mebA|7] F sto] iRl 3L 3-43] A HhE K| shs Ao] Mrt ATkl ATkE A48
Zr} AL 714, MR B2 A5 ET] 5 AMgste] mATIE A HahAQl Heo] 28-S &

=]
A2 it ge] ArE-soll ofF 8% JTE o] Wi, ditde Aot Al A1 k=i 2A

o 052 S A0 A Hek whebd QAR E WHEA] Qo bl 9 alof Bith. 3k QARG
A, AE, HEZo] HESHE Bol Al AHg S ohs Aol $2u), o F5 Lol eJalA s
ZEX7) W8] LRH 0T FFo| o] thek 0 GUe] FEIt Golst Hesly] FE s Bol
1717) whizole}, QLA ARG 3] 413, FabAlolm sl thg 4= Ik, wak Aol A7|X] L, X7
gL ool s AT 4 gk

3. =L S5171E oig

FUlell 53512 551 T A ol8-2 AT AH7Ie ] 7]5)2 @Al il A-83t H 7]Eo
o}, 58170l Adre] Sai7h 5= o] 9lom, 5314 Aol Bl o] Aake, WA, A, A4 5L
2 HM5h o2 SRS F& 5 ATHEE 2-1). F 29719 B85 &8k, A ool 117&(38%),11
#H73 9131%), 7hAF)) 12130, B 124 (3%), 718F 730(22%) 0 2 -t

2 7 1RARCl P ) A 58] 2=A, Zb2te] Es|ultt Al 54 0 = 2je] 7} 31%1?_% F7 24Kl o]
A7d)olek= SHollM = dieaolsttt. & Sob7](brushing) 71, ol 7]aat g2 S22 Hop
7] 71e3 HHE 53 5] oolnd s tao = Bol SEE I o] 7l A4 *ﬂ—ﬂlgoﬂ% 217t 9k
O, 2 AR AA RS A Hohs A= 5830l otk 2 501 F+ 7 71a <ol Puk(Eep), 2

_
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Elapsed time (years)
O3 3-1. AlZHato| e REHS Mot 48 ZA:

olelet A o) Al Astol ez 2

ofEfo| ZFAE|L A7 2 S22 HEH I AL 25k} A5l
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I 3-1. (}$= X|ZEMYE M6 /ol 2l @x|ata] Z=7|(after Gass et al. 1980; Driscoll, 1986)

Maintenance
frequencylyears)

Aquifer type Prevalent problems

Alluvial Particle intrusion/iron precipitation/incrustation of 2~5
screen/biofouling/casing failure

Sandstone Fissure plugging/casing failure/sand intrusion/ corrosion 6~10
Limestone Fissure plugging by carbonate scale 6~12
Basalt Fissure and vesicle plugging/scale deposition 6~12
Sandstone/shale Low initial yield/plugging of aquifer/fissure plugging/casing 4~7
failure
Metamorphic Low initial yield/fissure plugging/mineralization of fissures 12~15
Consolidated Fissure plugging by iron and minerals/low to medium initial 6~8
sedimentary yield
Semiconsolidated/  Clay, silt, sand intrusion/incrustation of screen/fissure 5~8
consolidated plugging of limestone/biofouling/iron precipitation

sedimentary

A %%‘Eoﬂ TS e S-0he IA A= Rl (A1 4 B AFRI 2] wh) 3 v oo = E5Reh 4= 9l
O Al e Al W HOA (s, o Bl Ui e Hoeh 3 A7) Al el fllsel of
FAott, o] T W HIAD 2 R 2HE SA (LA 54, AAA s, Aeite] S22 QI )
ofet uioley, Tefuf vl B Aol e o - o) Aol $AS 7IIA| $RkE ol Alvke
ol gl AA TAIE TASHA =t o]l vl tii=te] 789 HoAd ] gt 7] Aol #AI(
714 S, A g, Ui 719 E vk E I o2 s S REE L T Ak AR 29
E7]°“°]’7'“ ﬂoi L e R = I M KA R LA e i—r§1*~ B 3%, At

2 WA =, A7IIIANE A 9L ool whE A S AldE(R]elr dH] B AT7IAA) ZAIR BEETEO
s kote s Ae ST
Aol o]0l W lmfohs S 9 -4 o] o3t legotE e 4= Qlek Sl whE =53,

290 A= Q) ﬂ—‘%*ﬂ%x}ﬂ s B AR AR, 58 U A e
=0} $FRE| 0 TS FUISHE o] o] Uelel ofs) WAV} HAle] ofgh T b 5 WAL
TASHE Ao, 27, 2EHG AR FHEY, £F0E 5 WY ) FEE0] ABkargo] ofsf 2415
o] 502 ©J8HAI7) 31, FA AR o] 25 Fo of 4k FFAAl7 I Aotk A3k o] e

2 Bl Sape) 7 M 0] B} TR A o WAl T, o] F AhA AR B slof ek
Ao oful 1L, iR M2 grEel A whAlste], BRAS 191 7 2 AR A A B4 127} B aste,

N
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SHA AR F 7R 8t T Al Fleo] R Rk, et AV E ARG O R 9 RS
A gk vko 2 ZietsiA| sl of A 2 zjAYolgo] 4= Aol QAT IIE 3-2). T A3t
ol-gol thE leFols e Al E A2 s A 5= glal, =2 - oot - =T Al shof )l 4ol Ha
5, ofof] mhe} s AdS AIF-A 02 sadd o Rl SEE A S BRE B o] HoflHe F 7

&

5ok 99l T et} e B AR 5k Ak o] 8ol mhE =58t ZAISH @A, Dol Aok, &

AukA 0 2 PYe| 5g Aoke] tfEAQl Yol AT FHO| AT, AFE 2 AU R IR WY 2ol
L}

L gk QF=2 QISH AW sl 5-9] FAH4 Q1 FAlE = YERATHHouben and Treskatis, 2007).

(a) A=l =235t E S32F (b) 2 LSRIH Q1%

(e) H7IA|




1. 84

—

S (incrustation) AR 7\]3}/\ ol-g-oll meh AHA] Gh= = o] Aol a7l W 2 Fd = o] A=
© A& uRdti(TI™ 3-3). W Hiel T2 740l 2%t o], Ad Fe, AM e HEA A nA
= 5ol ¥4 LH—r‘% 25710 l Ash= 495 Writh duka o= vhliE= Y o] sS4 Ak
T Abeh-ghelihg-o 2 s, A2 skl vk, 25, ol ofsf Y Terth 1y A
o] et o] Wshk= 34| grob ANt Aok Wi o] o] JgE e, e A
{7} vEgE2] A 9lof vlsf W] o] ThAbEd(CaCOs) T} o] R[5l Wof| A o] FH A4 @3l A7 53t

oEL

B2 o|Fof thehdtt

(a) MZE Zaf S (b) MIZE =Zaf x|

(e




FABAO FAAE, HHE P2, PGl HEL] U, uE Fol Ytk FUEL AAS T B
AR A, SRR FF} kS 2] Tokshis Flo] AT AP S Hesied] £ @ &
A, 224 AA, 2EX 2 55, SeloRE-S Fal SN2 4 Gl B 49 oREY] g ARy

EFol "k

C*" + HCOy —>CaCO+ H (A13-1)

o &l o3t A FALS. 2 A 1 N5 Crenothrix, Gallionella, Leptothrix)©l| 18} 82 Ao} w7t
A= o) B o] Al ot o]t Alut2 g2 ALt =0l Eeheett. =3t 85 E o
= AE AR 9F 2 o] (slime) 2 WSA[A B ol 27 2l (clogging) @S ettt H 14 A
< pH 5.5-7.8, 52 5-25C H9]9] o2 =0l A =2 JAIThA 3-2),

F*" +2H,0—>Fe(OH), + Hy+ Energy (41 3-2)

1) 31 AL Hho] 9B S biofilm) & TAA ] BASte] 23S 9ps|A) Sk} Uk 4919
SPF Y4B WEAS u, GUR] FFo| AAWL W), 2P 79, BIZ BF 1 ol Al
o] o] 9L E Hu|Z AFTsks aololth LelT Al SAl0] BRS F 42 B 1A lo] ki o

o] AQlo] HTh(I1LE 3-4).
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AW“OM Jolups AL 5214 1
a2 314)

Al(hydraulic corrosion), F8H4] KAl (chemical corrosion)
(microbiological corrosion) &2 F-E-FTH( 1Y 3-5) .

S)
e galvanic
corrosion
S

'%

hydraulic
corrosion

>
X

2Fe(OH),+H,0+0.50,

chemical & biological
corrosion

2Fe(OH);+Energy
LR A EEe| RA RAE
|5t ol e vlgAEe] et
AF3L U}E

e lru il Y
. oc>‘.:|'<:-|

HAIO %

21 E4do]] ofa) Tl RAle

2910) R4]0] 7 3}elof LhehLb=s, o] x|5}4:0] 23 of 2]

[T 55 W nhu 2 S Qe o R o] 6m/Hg 2351 H,

418 71453h417)7]) e

4512 hydration)o] ©]8) £71219] 34]
s}4] 314]

T AAAole] Lol B, EHAISE Ah8
Lg__ §]-‘<‘S

=)

E=
’F‘
5ol s EAgRIT. oju A -

Olv

off osf &
o) 2174
AHcavitation)o] LoJLbA 4224 H
w5o] AlekEl= A5

o BEEA

spba Raje Ashgo] ofs
MR 9ol BFabe] AL 4]

19l 214, S-3HAHG 2

A ULt
=

afatur

SRR
(4] 3-3)

4 32
(Desu]phovzbfzo Thiobacillus)- —‘?J\VJ\_ 2]
228 2/}, o

3-3).

H,5—>S> +2H "+ Ehergy
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o 219) TPOA 2ol St 2Rlol Ao]4) 2 2 AR RE S Aoly] uho] skt 2
A3} FA 7| FA o] FAlof dojdtt, o] of EQkof| EAS|= Mlwt(Pseudomonas, Flavobacter, Aerobacter)

115]7] Bh 8 A 910] Fick, fAkL IS ALAE 1.07] 98] 9= xpafe] Bsh B 4] oF
(FORIE & 5 0} 45]7] o] 2AZHES AT

obel (4] 3-4)} (4] 3-5)= =] Sullkgofl ofet H o F-4) 154

O

o r
=)

ol

X

o

rr
N

1,

o

Upepic},

1
2Fe(OH), + H,0+ 3 O,—2Fe(OH), + Energy (4] 3-4)
4Fe+6H,0+ SO} —AF*" + H,S+100H (A13-5)
HAZEL o 5= Aot UWHA] 0 2 AN Crenothrix polyspore) , SZFARTH Desulfovibrio desulfuricans),

SIAeH(Beggiatoa alba)©] th3E& o]t} HERS: A o= v =0l U AARS: AH|h= Aot = F-241 280 3o
SEA|QEAF7 |3 Allatoll vl 1 FaFo] &t

7}, Y BAIKZ0| HES Olxls 29

Fr0] A AAE FolsHe ABHA-§ I} HAE 4851 BRG] FA|o] SybElofoby HhAISIc. 1
Sfub BAH FEA] WS AR5 o557 wliel, 1] LSk BHIRRg0] U A Yol A LAY E|A) 9L 7
Sol= T4 FAAGL WA 4= Qlek. AL o] - A0] Ak, 349 I, A5l 2,
0] g ol G n|A e Ashe] Bela, sfeta 27lo] weh AREh, PARE-S 7%} o]}
3 pheo] Q7] o], SoHE o] 20] Sl 24 413 WA Yoyttt

A5 T ol Al Aol 4, AEA A, SERE L 5 FEBLS 249 thipo] Hm, §F AkL,
A9 Bk 0] MG AR 2hgSte] HALS Aok TR A QlojA] 1A FaTk S §EAA o
ofch. §EALL AAEA| AT Bhul, §EALS] o] Z7ISHH FHEMOE o] H AL 271
oF. §EAATE t7Igtel vlelahin, M5} Lo ‘:&Hlﬂﬂ—}wﬂl, L Li%kol 20~25mg/L7HA] Z7N

R
r|r
4
>
fio
H1
3

o] 715 AIRt, o] Kk We 8 2
& YoM 9o met $RAel BaAge 2 g1y H, le‘ﬂ# cEAAe) N, FHR
touch-cut slot 5-2 TF2 R Th 2-3u)9] WHE HA18-S WITh(1E 3-6). 5

ABHE §EAAS] SRR AP ALRAE Yo7

= T=E e

f
lo
R

o
A GHF0] T3 S 0]9] Fo] FEAQ) Aol SHEE AN ARomH $BAIY 5 9]

of A, B Ao olgh HALS U 5 glck
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Increasing
corrosion

Increasing DO, CI, SO 2,
temperature,
GW velocity

a connecting part

a touch-cut slot

Akl Bpotukgat o] FAIR-S Lol Hlesh], Ae] A9oli 2L 100 Z7Kte] wet P Al
o] 750 Z7HIEE, Bl 7} F7heo] wheh Ake] G s, BARe] S st |
of, B AL-S ASHAIRIL) BhAao = Aalg0] Gt SEd RA] 2 oJeES Frh Adkee] fAe F4
3} A5H40] A Ho] GRS HIA|H, fidso] WHESE FALRS ZURICH AbHoE Py 2T2e Bkt
= A5H0] 0] 0.3m/sec Of5FolEl WS- LS A1 8-S kAR, §450] 0,31, 5m/seco] A Ak 5

TSR e S-S A5 Tiel BTk e HARS Mol fo] YA 1 2m/sec, AElA
3.0m/sccolH §3E o] 23 HALISIRS G4

re
o
=
<
x
(i
i)

Ao ajo] MRl TR AukA 0 2 47 AN OISR, BRI 49D AT
F2=9lot A3 SI(E AATSD Abolo] T2k, 9] BHETID.0 2 FEEITHRoscoe Moss Company,
1990). ©] Z SAVA-G-2 A WA T7E] 4lok 41 9] Afo] o] F7koll A T AlHA) Lojutar, 1 theo.
2 ] WA ) A SHETLEA] AL AR 37,

1 801



A : apart above ground surface

B : a part between ground surface and natural groundwater level

C : a part between natural- and pumped-groundwater level

D : a part below pumped groundwater level

LR 24 ZE(C) D) B ) A)
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A
Q'E
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& Aol = A= o198 T 5 WA ofo] AR Held FmwolEs A wEle
138474 5 FA 018 591 1380745 thd22, 20019 o] F- UAIH 7545t AE B ARE £43}
ATHGE 3-2). Rpdshe A A7|A1d e, £ e E wA), oho| 2 wA) 9 JH e 9o = 2Rt
Rom], AI7HA] B i w2 ZdA| 9] 15,602 o213t AN S WY A2 At A 5 B
A Y e SR WA olefdt U emRE WA EANS 247 WY A a, S aa
3 et Ayl BRRo 2 Uehgton, A 71A] €91(15.6%) 0] A A AR k= BE-E 242 1.5%, 8.2%
3L 5. 9% LRt

H3-2. ZZEY 71K} HOIY BASESHS0IETALBE| 1,3807H4 ChAY)

Haoig 7ISXstH =HIE yIES HIZ(%)

HM7INA A2 =2 HYNS =5 21 1.5

SEEZHED =2 UpF L 113 8.2

0| ojdE = Yot AA/PEEY 82 5.9
Lioigls 1,164 84.4
A 1,380 100.0
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R EERE] - . (ohz)
ST7PAE AITERE E
AgroE o] 37 (EA KAV TAFHID M
AE EE Y [ghargo) i)
a1 =
‘.‘\‘?121 LWIEP]- 12627 1-000027 1
it X (£l mg—h}
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(c) X7 |ufZgt

5. JEs EH
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- ERE X HT|AA(of)

0 PFTHEHIE, Ao, AT Hapdt dRel ARt HAL
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o Ztzte) Mg A - FO| BT SFWEEL i
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A A1 o 7ha0k 420 ofshi T Teto] 7t

ol A1 e RS 93] 71 7B A O 2 Al hole, thed AR T AH O R 91X &
SH= TS A Astoltol] T ARE A1ES Foh Bl ABE IAUSA R A7) P 02
BT BAA RS B0 ANEST U SFLUS B Slste], 2710l 2 PRE P45t
TRk A HAA 0 R e S7PAA L) ARSI AR E R oItk 7| PRAHE P
Ao ZHE EEF W VSTNH SHD FUYBFS SAstol thed L FANY el e A

AEE] 0 3 X3 ol A A4shE FAlof 491735k A, oful i el A f-E Sk Askaok
220 Afo]ofl A MPAISHE mhak ol ofs) WA Rl T42% 45 A (formation loss) B A|3147

U Bl ATl ok A3 e ol Ofs) MAEE 98 i M (well loss)o] HgH]

O AEIITh 9B SEEAL K57 P OR FRe o)A ATl ofd A EL o] o3
MPAElof whe opepo] Ofs) AR AR, e S Al ekl B o] ARk GRS s
Qa0 50| Hrlol utth45 el $IXIak TAol A ool ols) 4=9Askh HAIBHE A9 914

SFS (4] 4-1)1} ZtH(Cooper and Jacob, 1946).

=
v
o|\r
-
oX,
i

i

oo 0.183Ql0 (2.257%)
T 7”8

of71A, 51 AL, Qi FHTHLI/TI, T tha%8) FEAmpALL/T, He G4AIRHT), i G4
o3| o] AL, S teEo] ARALeIT A& AolA Uliol A o] 491751 ek th (4] 42)
CE R

e
ok

s, = BQ (Al 4-2)

w
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oA71H, 5, SIFLL BQ thpd SFLUR s ol FRo) 9a e dolet, et
8l B0 ATE BHSHEA WR/FEAYSH: 5ol (4] 422 o] g3t H2RE 5914t Ato] o]
7) W], Rorabaugh(1953)1= mw%w egBk 237, T8 2 Aol ol 4 Yot S-EA
o Fo = Hofalglon, R A9 +9131

s, = B+ CQ" (A1 4-3)

o714 n& Gl HrE Yehl= X4 Rorabaugh(1953)= n-< 2.43~2.82 W Q|2 A|A|§k v} gl o
Jacob(1947)& n=2% AoJetal ePtsles S-F(aminar flow)o]l O3k th4=3 +FEA(BQI t

(turbulent flow)o]] 2J3F 95 EEA(CQ?) Q) o2 AASFATHA] 4-4).

s, = BQ+ CQ* (Al 4-4)

7|4 B= t4% 544 A4 (formation loss coefficient), Chi= -5 45441 A4 (well loss coefficient)

o]tH(Todd, 1980).

Lt HIZE

H| Q4K (specific capacity, 5)-& 4291745Hs,) TH] F4EH Q) oJusn], o) A5S BlsHE A&
2 8517 AHRETHA] 45),

g =< (Al 4-5)

. =230, (225]% L cQ? (Al 4mt)

w = gt

w

I 88 1



(A 4-7)

o714, T= BEraf Al (transmissivity), o = 34 A2 S= 2QA|=, ti= oA A B A8 7] 7ot} ¢
ty

4
O A S8 S5 AR A B AU F9) ulRA B 9402 998 A5kt o)

4470 A% T A5t Aol Al W 2 Ao o] nhate] ols] WAsk Aol
2. 2257\ e
TR, g FE T & A B SRS, (4] 4 98 4 gl
@ 1 N
5. B+ CQ 44-8]

o171 B e S EAARRA g olA] 2SS AT o) T ol B 5He Alsiek
% AR Aolo] HhAsHe npelo] ofg SEdAlolt) 2, B 98 FAIRo)N AT Alo]o] thd
T2k el 4] Qofubis AAIAR) el Aaolek 8 4 Glek. (4] 4802 (4] 4-5)0] tHsH, (4] 49)8 e 4
ek

1
R Tes)

(4] 492 ) Hlahao] g 191, TN 34 W HARAO R Qs g FFAAEE L 2
3 8 2 253700 o2 o] YA A3H 45
e 51 o] Aol ofaf 71918k 102 W 4= e,

Ct f=&8

SEEAY g S-S BAR R e STHZIHA B o] = 9telE Sk dAIYTAIE
AIE o]-g5to FrhE =, daoll sl S =R e A FdE= SFe 2R 3 Abolofl 9l
= A8 A= Rt Wil ofsf W EE A (head loss)2 AtESh=T| ©]-8-F tH(Cooper and
Jacob, 1946), YR 0 2 GA| AR AT AIZIREA 02 oFpid S7HAA7 1 o] 9k

SAGFAIE S o8sto] Aske= W A9 S Frisks t®A Q] WHe B viidshd
(specific drawdown, s,/ Q)& ©-&3t0] 9= B FH tp5-0] FEAES ANE - ¥lashe Aol 1749
vk ol tiste] =rdhe setoll A= ke HI=, (3 44927 E (4] 410082
Aejslo] AP ATE 2o EAISE F Bierschenk(1963)0] AJASH HHH 0 2 95 2R84 Al5=(0)9) 4

S A Ae®E e Uk

T
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Pumping rate (Q)
QQ:Q
— >
]
]
I
I
]
I
i
I E¢rmation loss
LT BQ
3 oA
—t "\Q‘L.\ "'“-._‘“‘
C ~ . e
z SO |
kS o
\\
3 S MM
E w2 \\i“
O S \ vy, | well loss
MY | cen
]
1
1
]
S".V
v
0 4-5. B HHIS S8t U4 B7HE Ty BAE
&2 Aol A= ol et FwF STl ek A1 H7EE flsted, (4] 4-12)F AT ol= & Al

2 A5o] 9oty Wakgh(As,) 2 S Al o] -9] WG (specific yield, @Q,/s,,) AEE 7|22 FU
A

Q2 Az o 2 AXlsl= Ao| 7Hs3l},

e SQ& (A14-12)

A transmisivity, TH= TH3 TS 50k 2|5}pe] S A (Gl HER M0 s 27

(b)g HE x5k %}:O]];]-(/_L_]' 4-13).

o (A 4-13)

b= 24| dofutal, vt 2 B A7t A48 2|8l S-55o] 7] o] 2|5k 4=9)78H= =7
|
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H|ELEH Aol A&Aolct. Zolol utel X514 A4shelE SN RN ARES A4 4= Gl MRS
AL A W SRS AR A7) 0 2 S ol g3kt olel & TEmAe) 49, |EA o
o2 N5 712 167) B Bk, Do) ue RS S715te] BT 4 QIEHGE 4-1), 484
S 919 A AP 0.8 AL RREL ofeet Ut
7}, M

gt 2L PAlo] HL, AL HIThE A1 B Bo] Solglrhs A AR} Erk, AEsl AMS B A 5

71419) sfshikg ol nl g o] S5l ofalA A7l A 37} o) 2ol o AL QAIFI, ofF-& 2ol 7]

H 37
SIS B 22 B U Al e 171719 Faate] SRk Ala AR
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s, = B+ CQ’ (4] 6-3)

oA7|A Ce E Apwell coefficieny@  AFHE FIeE WFo] gt fFEalo|t) A
Rorabaugh(1953)+= T TS o] =97eh= 239, 38 9 Alo]4 YollA] dojup= B jto =

Aolalgon, B4Rl B9 s

w=BQ+ CQO|IL, \FF7RI B+= s, = B+ CQ" = A A3t o7 A n
L 7ol A5 YehfE= 2|42 Rorabaugh(1953)&= n-d 2.43~2.82 Y |2, Jacob(1947)2 n=22 % 2]}
T}, Bierschenk(1963)&= 348 B)2F $-E448( 0)E graphical method & 0]-8-510] AH-&E3}3IT}
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SAGSAE BRAR AL T50l 2B AH1997)9} Tl ETAN2009)014 AAE ol B
% 7] A FA N BHES SO, S 25T} oo} AA] Ao 212 AR AE Ao thstol
4 83HATHE 6-1), ZF TA-L 19904 Tl Fk o] 5ol ZrE 37H0] kb st 2000 A 27 ok
o, olnao]dut S-EAR|0] 2742 77t 250mme} 200mmol e, THAEE 62-100m I gle] Tere4

ZO.8, Y 150m/Y OO R BAGSAHE A G5k A7 2 Aot

2 SH HW YP SS

JHeEE 2000 1993 1998 1994
QUEAH0|A 250mm 250mm 250mm 250mm
SEXX 200mm 200mm 200mm 200mm
= 100m 62m 102m 100m
PARE] 155w/ 327w/ 250m/Y 150m /&
g SOE SoE SOEE SoE

1, SH 2

P
Shoic oju) SBAE-S OF 24417 9k AaATAQl Mol AAZE(Ca(OC),) 30gS Folstgon], S8

H 6-2. SH 2P0l ChSt S AIE ZatR (RS M 0] X) (Sl m)
TEHA| 2¢H| 3CHA| LEHA| 5CHA| 6THA|
(50m*/2d) (70m/2d) (90m*/2d) (110m*/<) (130m*/2) (150m*/)

1 1.039 6.628 10.166 14.540 20.179 26179
2 1.838 7.090 10.955 15.183 20.765 27.014
3 2.415 7.445 11.253 15.558 21.283 27.725
4 2.867 7.753 11.503 15.827 21.715 28.310
5 3.223 8.013 11.695 16.019 22.109 28.857
b 3.502 8.224 11.858 16.173 22.445 29.327
7 3.714 8.397 11.983 16.413 22.733 29.740
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H 6-2. SH 2H8of| thgt EHAISAIR 2t (REMA o) (AL (EF2]: m)

TEHA 2CHA| 3EHA 4| STHA 6THA
= (50m*/Y) (70m*/Y) (90m*/Y) (110m*/Y) (130m*/Y) (150m*/ )
8 3.896 8.542 12.118 16.644 22.992 30.104
9 4.060 8.667 12.339 16.826 23.194 30.354
10 4.185 8.772 12.598 16.999 23.396 30.546
12 4.416 8.945 12.848 17.287 23.732 31.045
14 4.570 9.070 13.060 17.480 23.981 31.409
16 4.704 9.176 13.213 17.643 24.183 31.716
18 4.801 9.253 13.329 17.758 24.346 31.918
20 4.878 9.330 13.425 17.873 24.500 32.186
25 5.224 9.445 13.588 18.046 24.768 33.232
30 5.926 9.541 13.704 18.171 24.951 34.037
35 5.887 9.618 13.771 18.267 25.085 34.689
40 9.676 13.838 18.402 25191
45 9.715 13.886 18.469 25.287
50 9.772 13.934 18.536 25.364
55 9.801 13.973 18.604 25.431
60 9.820 14.011 18.844 25.488
70 9.878 14.078 19.074
80 14117 19.170
90 19.247

H 6-3. SH Z-gof| thgt THAIYSAIR ZatE(REME 01F) (EFL: m)

TEHA| 2t 3EHA| 4| SEHA| 6THA|

(50m° /&) (70m*/Y) (90m*/Y) (110m*/Y) (130m*/Y) (150m*/Y)
1 1.068 5.994 9.946 14.925 20.410 25.921
2 1.848 6.417 10.600 15.501 21.149 26.833
3 2.454 6.840 11.119 15.981 21.620 27.620
4 2.993 7.234 11.532 16.375 22.004 28.243
5 3.406 7.561 11.888 16.702 22.330 28.752
6 3.733 7.831 12.186 16.990 22.618 29.184
7 4.012 8.052 12.436 17.240 22.868 29.539
8 4.224 8.225 12.637 17.451 23.098 29.846
9 4.407 8.398 12.801 17.644 23.300 30.105
10 4.542 8.542 12.955 17.797 23.473 30.345
12 4744 8.773 13.214 18.076 23.780 30.719

11211



(=H2]: m)

TEHA 2CHA 3EHA 4T SEHA 6THA
(50m*/&) (70m°/) (90m*/&) (110n°/<) (130m°/&) (150n°/&)
14 4.888 8.946 13.416 18.287 24.030 31.016
16 5.013 9.071 13.550 18.460 24.203 31.189
18 5.109 9.177 13.695 18.595 24.385 31.410
20 5.186 9.273 13.810 18.700 24.510 31.601
25 5.349 9.427 14.021 18.911 24.779 32.062
30 5.446 9.532 14.146 19.075 24.961 32.369
35 5.513 9.619 14.252 19.171 25.095 32.580
40 5.561 9.696 14.348 19.267 25.201 32.839
45 5.571 9.744 14.415 19.344 25.306 33.213
50 9.802 14.483 19.411 25.393 33.597
55 9.840 14.531 19.469 25.460 33.894
60 14.588 19.526 25.527 34.095
70 14.665 19.603 34.527
(1™ 6-2) = F7g 2] e 97F 254 sPdolal Sl ol dHl 2 b AAIE (1™ 6-1(0) 2 7 A =

(3 6-2)9 (3 6-3)0l) 4 Ak e} o] 2 A

R ASAO R A2 Fof| Z42) 3523t 45

40
| Before disinfection/surging Q, =150 m"

304
Q, = 130 m’/day;

204 Q, =110 m’iday }
l Q, = 90 m*/day

Q, = 70 m*/day

Drawdown (m)

./Q; 50 m’/day

/d7

0+——

Elapsed time (min)

T3 6-2. SH 20|l chet REMA T2 THAYA

7} 0] 5917481 A 5,0 A2 ool 217}

— 71T v T v T ' T T T v T 7
0 50 100 150 200 250 300 350

400

Drawdown (m)

VIS Astol g lsint

G A& ATEe) 7] whigel, 2 AlRlellA] & 71

YA A S st

| After disinfection/surging

204 Q, = 110 m’/day?
] Q, = 90 m'/day
Q, = 70 m'/day!

10

£ Q, = 50 m'/day

Q, = 130 m¥iday;’

Q, = 150 m’/day

0 — 7T 7 1

Elapsed time (min)

ot

Znt

— T T T T T T
0 50 100 150 200 250

T i T L
300 350 400

6.061, 3.228, 3.440, 3.887, 5.614mo|H, X|g] o] ofl=

Z¥7}y 5,571, 3.744, 4.015, 4.044, 5.106m= YEFHTHIE 6-4). A<= B} CE AlAFS17] $13] Bierschenk(1964) 2]
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A O 2 B9 51 (sw/Q) THH] e (Q) o] e azof mASH Ayt Ay 37242 -EA1H o] o=
5w/Q = 0.000589Q+0.0904, -E-A]| A o] & of=s,/Q = 0.000739Q+0.07822 12|11 AAA4= 0,992 VRS
THHE 6-3).

H 6-4. SH 2-80f| et LEMA M| THAIL+Al 2o}

Asw(m)  su(m)  Q(n/day) s./Q (day/m) Ew  Atl(min)
Step 1 6.067 6.067 50 0.1212 75.1 35
Step 2 3.228 9.289 70 0.1327 68.3 35
Step 3 3.440 12.729 90 0.1414 0.0904 0.00059 62.6 35
Step 4 3.887 16.616 110 0.1511 57.8 35
Step 5.614 22.230 130 0.1710 53.7 35
swim)  Q(m/day) s./Q (day/m’)
Step 1 5.571 5.571 50 0.1114 69.1 45
Step 2 3.744 9.315 70 0.1331 61.4 45
Step 3 4.015 13.330 90 0.1481 0.0782 0.00074 55.4 45
Step 4 4.044 17.374 110 0.1579 50.4 45
Step 5 5.106 22.480 130 0.1729 46.7 45
0.30 0.30
Before disinfection/surging After disinfection/surging

—~ 0254 ~ 0251

E E

> >

g 0.20 g 0.20 1

c - c v

%0.15— ST % 0.15- ’_.-'

] P o

3 -® 3 24

g s g .

© 0.104 Y =0.000589 X + 0.0904 © 0.10 Y =0.000739 X + 0.0782

2 2 2 2 _

e r=0.99 (= r=0.99

Q (3]

g_ 0.05 g_ 0.05 1

»n (%)

0.00 . . . . . . . 0.00 . : . ' . . .
0 50 100 150 200 0 50 100 150 200
Pumping rate (malday) Pumping rate (mslday)

32 6-3. SH ER0| et SBHR HE0| (45 U SBAMAS ME

ojEdt AME Hige R FEAlH A5 7 St HE fE=ass AEsh, fEAl o] A

537500 1] ] AXFE Q00 SEAI A o] Folliz d6-60%2] 1= AT A 0.2 wwﬂﬁqﬂqa%

=4, o= & W] A= AT T AT} 7|30 Fot pmas B A2 o] FFo] AAR FA YEhA] =
oz ke

(™ 6-4)= dA

o2
»
oft

AFES 915te] 2 2|9 0] Pyl thote] BASAE AR AR 2 98
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A|H o) o] A9 oF g5/ o], A2 o] ol oF 78w/ A ok7k 2Rl AT U], o) -
- O

& AL Aot w7 = g A o] % A7) 7] wlell = AIA o i UEhbA] o2 Al
= Atk
Qc (m’/day) Qc (m*/day)
0 40 80 120 160 200 0 40 80 120 160 200
0 n 1 n 1 - n 1 n 1 n 0 1 N - 1 1 n 1
Before disinfection/surging 1 After disinfection/surging
5 5 ;
E -10 1 N :E: 10 .
c N = :
3
g *\ § .
5 % -15 4
a a
20 -204
-25 -25
T2 6-4. SH 2HH0]| LS REMA M2 0| YA Y L= At

2. HW 28

HW 782 70 & o 1040] Aate Folg WP o=, S-EASE Y ooy A o] &gt S-EAIH HE
of 2z} 3HA| L} 4THA| O] DA FFAI S AAISte] Ak BASHITh Eas2 oF 244171 F2t SH Tg 1}
EYT HaoamA] 30ge Fostglon], SEAHE o] F7|UF7]E ol8-sto] FsITE DA STAIE
A SFred2 A g o] Fofli= 100, 150 2 200m”/ Y2 AAIEHH 01, A 2] o] $-ofli= 100, 150, 200 X 300m’/ Y=
7} AR 1208 A FAAREOR 35 THEER 6-5),(F 6-6),(1H 6-5).

n

B 6-5. HW 20| Chst

HAIS5AIR 2t (REME 0IX)

r

TEH 2t 3tHA|
(Q=100m*/Y) (Q=150m*/) (Q=200m*/¥)

1 0.024 1.247 2.518
2 0.048 1.319 2.805
3 0.072 1.463 3.021
4 0.120 1.463 3.021
5 0.192 1.559 3.117
6 0.312 1.655 3.237
7 0.360 1.703 3.261
8 0.360 1.775 3.285
9 0.408 1.799 3.309
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H 6-5. HW 2t0]| S SHAIS AR ZatE(SEMIE 01K) (A1Z)

26 3EA|
(Q=100m°/2) (Q=150m*/) (Q=200m*/2)

10 0.432 1.822 3.333
12 0.528 1.822 3.381
14 0.576 1.846 3.429
16 0.576 1.894 3.429
18 0.624 1.918 3.453
20 0.648 1.942 3.501
25 0.696 1.966 3.573
30 0.767 1.966 3.573
35 0.767 2.014 3.645
40 0.839 2.038 3.669
45 0.839 2.062 3.669
50 0.887 2.086 3.693
60 0.911 2.086 3.764
80 0.935 2110 3.740
100 1.055 2.134 3.812
120 1.079 2.254 3.836

H 6-6. HW 21-0]| S SHAIZ AR ZE(SEMH 01F)

25HA| 3cHA| 4LEHA
(Q=100m*/Y) (Q=150m*/) (Q=200m*/2) (Q=300m*/2)

1 0.505 1.828 2.934 4.761
2 0.529 1.948 3.126 5.050
3 0.625 1.972 3.222 5.434
4 0.673 2.068 3.270 5.579
5 0.697 1.996 3.391 5.699
6 0.745 2.044 3.391 5.795
7 0.745 2.164 3.439 5.891
8 0.817 2.164 3.487 5.963
9 0.769 2.188 3.391 5.987
10 0.793 2.164 3.487 6.011
12 0.914 2.236 3.511 6.083
14 0.962 2.164 3.583 6.228
16 0.986 2.260 3.607 6.300
18 1.058 2.309 3.607 6.252
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H 6-6. HW 2H0]| S CHAS AR ZoHE (2N 01F) (A1Z)

2CH 3CHA| 4EH
(Q=100m*/¢) (Q=150m*/¢) (Q=200m* /) (Q=300m*/¢)
20 1.058 2.260 3.703 6.300
25 1.082 2.333 3.703 6.468
30 1.130 2.333 3.727 6.540
35 1.202 2.381 3.751 6.516
40 1.178 2.357 3.823 6516
45 1.250 2.260 3.823 6.636
50 1.274 2.429 3.823 6.684
60 1.298 2.453 3.847 6.732
80 1.323 2.525 3.872 6.829
100 1.347 2.525 3.896 6.877
120 1.371 2.525 3.920 6.901
6 8
| Before disinfection/surging 74 After disinfection/surging Q, =300 m3/<{a)ﬁ
51 1 oon." ’
6 7
4 Q, = 200 m’/day 1 :
= ot 00 = 51
A - \E’- Q, = 200 m’/d '
£ ] f S +] u= 200 iy,
-8 ] . , -8 | "’obo‘
& 5] G =0 midey & 31 Q, =150 m’/day *
8 7 5 e © ¢
1_' Q=100 m’iday ¢ 2'_cz1 =100 m3{da§/
| l,'".u 1 _-',... o
0 J T T T T T T T T T T T T T T T 0 — T r T T T T T T T T T T
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 450 500
Elapsed time (min) Elapsed time (min)

T2 6-5. HW EE0] et SSMIH M5 0| ErAl Zat

ojnf] ZF TA ] 42781 A sw)> -EAIA o]-el 1.079, 1,175, 1.582mO| ™, S-EA| 2] o] Fof=1.371,
1.154,1.395, 2.981m= YEIHTHGE 6-7). $-E 88 HAd B CE Al4lsH| 918l Bierschenk(1964) 2] W
o]-8-3to] g} vl =975l (sw/Q) 2] TAIE (TLH 6-6) o] EAISFATE, TS A} F=afat v]4=¢]
stko] Ao gt AR 3] AR AL SEAIZ o)A o= 5,/Q = 0.00008Q+0.00240]H AAAG=(r") %= 0.99
o 3 SEANA o] Folli= 5./Q = 0.00005Q+0.0097% 18]l AAAG= 0.99% LERRLTE,

o o

facs
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Asw(m)  sy(m)  Q(m’/day) su/Q (day/m?) At (min)

Step 1 1.079 1.079 100 0.01079 23.1 120
Step 2 1.175 2.254 150 0.01503 0.0024 0.00008 16.7 120
Step 3 1.582 3.836 200 0.01918 13.0 120
swim)  Q(m/day) s./Q (day/m’)
Step 1 1.371 1.371 100 0.01371 65.9 120
Step 2 1.154 2.525 150 0.01683 56.4 120
0.0097 0.00005
Step 3 1.395 3.920 200 0.01960 49.2 120
Step 4 2.981 6.901 300 0.02300 39.3 120
0.025 0.04
| Before disinfection/surging After disinfection/surging
Ng 0.020 1 ',- Ng i
> >
2 2
§0.015- . g 0
_g B _g 0.02 1 . L Th
2 00104 #  Y=0.00008 X + 0.0024 3 e
S ¥ =0.99 S ¥
8 g sni Y =0.00005 X + 0.0097
$ 0.005+ B ¥ =0.99
o o
(2] (2]
0.000 T T T T T T T T T T T 0.00 L L L L A L L L AL
0 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400
Pumping rate (mslday) Pumping rate (malday)

37 6-6. HW 20 Ciet 22X

12
rx

SAGTAIE A SEEAATE SEAIA 9 SEas o] Hg] Wolkl= A o= vehge] uhef, &
s AL Rl ol o] A o 2 A e geld 4= IRt TRy Hises SAAl Y] A= 2
S7He = A2 YEhad), ol A2 o] % 22 T 9 vlpefrtsiado] tha T o] S Foll Hlsl 4
o202 A Uepd Jake dhedst 2 o 2 A2 A3 o] tfdeZ 2 710] 94 Rorabaugh(1953)7} A|A5E 2t
Q1 s, = BQ+ CQ" o9 kel WEPE WE R0 weky
FERE (B2 A2 Aol 2t dAME R oF 2.9~3.88) A5t A7t Yef=d], o]t Aab= 9=
=4 £ o] F SEAIA o] S50 B8-S A AN AR It o]g vt fEAIF S

2 A3-e = vl 3 ol& ol AAE AL, HEY Ve R T ok Aol s el §

i

—

F

2

P

Hol FeAu 2533 FEE S o 2 dRe] @4, w5 S 3 SARE 2R QT 7EAA| A9
ot Aoz gebEn), B3 a5l pEA Ao %t pEas S Heo] Tl AP o)kl

0.01409n/minof| A] ©]% 0,01954m*/min & 7}l = A7}t vebgc)
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UAGT AHES 915to] 2 1o thstel TARSAIE BULE A S-BAH o]H12) - oF 120m

doln], A 2] o] Foi= oF 130m/ L& F7HE|0] oF 8%2] 23F Z0 AP} Q= Zl o2 A E T

—

Qc (m’/day) Qc (m*/day)
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210 240 270 300 330
0 " 1 n 1 n 1 n 1 n 1 n 1 n L 1 0 n 1 n 1 n 1 n 1 n 1 n 1 1 1 n 1 n 1 n 1 n
14
& j
] 24
—_— 24 —_— ]
,E'_ 1 Dafgora disinfectign/suraing £ 31
Before disinfection/surging £ ]
c c
3 -3 3 44 - . :
I S After disinfection/surging
2 3 5
8 4 g
(=] o 1
i 64
5
-7 4
6 8

YP 2 A 3 of 7ido] FupE|glon, QA mRT A = Smas Bl S-EA A gl SERE S
o muke} AAFFFS o83t N 7Hs el AwFA WSkE v, EASkt o] Iof| tigh SEAES
OF 48A17F Rt X E| Gl om, LEANHL o] % F7|UF71E ol8-sto] a5t BASTAIA Al

,90,110 ¥ 130m’/day =2 A8 00, 7k AR A|HAIZRS] Zpol & Frof QFA]
AARE (C1E 6-1(0)) o] -2 7} DA podstds AlLtste] s A8kAthGE 6-7),(3F 6-8), (1™ 6-8).
(719 6-8) 2> F=78 9] =907F 254 3131l Sl HoldEl= ohA] AIXE (1™ 6-1(0)) &F v A =
El

2} e WSSk 4912 2ATsho] 2 BAN 4913tk Atstel Hgstalct.

H 6-8. YP 2] O3 EPAQ4NIE ZTEISENE 0l

2¢H]| 3EHA| ALY 5¢HA|
(Q=50m*/Y) (Q=70m*/Y) (Q=90m*/Y) (Q=110m*/%)  (Q=130m*/L)

1 1.527 9.724 14.444 20.062 28.235
2 2.986 10.760 15.000 20.340 28.512
3 4.206 11.413 15.690 21.375 29.527
4 4.734 11.844 16.199 22.170 30.494
5 5.079 12.151 16.534 22.755 31.653
b 5.348 12.362 16.803 23.205 32.601
7 5.626 12.506 17.004 23.608 33.443
8 5.818 12.612 17.167 24.001 34.132
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H6-8.YP ALAR 2ot (REMA 01H) (#l£)

2EH 3| 4EH STHA
= (Q=50m*/Y) (Q=70m*/Y) (Q=90m*/Y) (Q=110m/2) (Q=130m°/2)
9 5.905 12.708 17.263 24.499 34.716
10 6.039 12.976 17.368 24.959 35.443
12 6.241 13.322 17.570 25.639 36.630
14 6.3%4 13.523 17.809 26.118 37.453
16 6.673 13.628 17.944 26.472 38.056
18 6.874 13.715 18.250 26.884 38.477
20 7.248 13.772 18.490 27.191 38.812
25 7.699 13.897 18.778 27.660 39.328
30 8.093 13.983 18.912 27.909 39.634
35 8.275 14.060 18.988 28.091 39.845
40 8.458 14.127 19.065 28.206 40.007
45 8.650 14.185 19.151 28.254 40.141
50 8.774 14.261 19.334 40.247
55 9.005 14.309 19.870 40.313
60 9.129 14.386 20.014 40.428
70 9.254 40.687
80 9.350 40.859
90 9.446 41.021
100 41.107
120 41.270

H 6-9. YP 2Hol| chgt THAIYSAIR ZatE(REME 01%)

2¢H]| 3| ALY
(Q=50m*/Y) (Q=70m*/Y) (Q=90m*/Y) (Q=110m*/Y)

1 2.657 8.113 13.112 20.150
2 3.947 8.948 14.512 21.128
3 4.830 9514 15.193 21.991
4 5.282 10.042 15.807 22.604
5 5.598 10.426 16.315 23.112
b 5.838 10.714 16.737 23.514
7 6.011 10.934 17.082 23.936
8 6.155 11.107 17.322 24.310
9 6.270 11.241 17.504 24.712
10 6.357 11.337 17.667 25.153
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H 6-9. YP 2HE0l| chst THAIRSAIR ZatR(REME 01F) (#1£)

2¢HA| 3| 4THA|

(Q=50m/Y) (Q=70m/Y) (Q=90m*/Y) (Q=110m/L)
12 6.491 11.491 17.897 26.111
14 6.597 11.596 18.070 26.867
16 6.693 11.692 18.204 27.433
18 6.770 11.769 18.300 27.873
20 6.846 11.836 18.386 28.189
25 6.942 11.970 18.578 28.735
30 7.057 12.086 18.703 29.023
35 7.163 12.191 18.837 29.272
40 7.259 12.277 18.952 29.463
45 7.345 12.364 19.048 29.616
50 7.422 12.437 19.144 29.770
55 7.489 12.489 19.230 29.884
60 7.537 12.556 19.316 30.009
65 7.585 12.613 19.412 30.143
70 7.643 12.671 19.479 30.239
75 7.681 12.709 19.566 30.363

50 50
Before disinfection/surging Q, = 130 m*day 1 Atter disinfection/surging Q, = 130 m’/day

40 /""—_ 40 - /

! Q, =110 m’lday_;
3 -
Q, =110 m’/day’

E 30 E 30-
c c
8 8

_ 3 E - 3 é
g 20 - Q, =90 mday _; 'g 20 Q, =90 m’day ?
2 Q, =70 m’/da 2
o 2 y o Q,=70 m°/day ¢

10_Q1=50m3/da ./ 104 3dr—--—-‘
— .ok

0 4 T T T y T ¥ T ) T y T v T ) 0 ¥ T ¥ T ¥ L T T T 4 T J T )
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Elapsed time (min) Elapsed time (min)

8 6-8. YP 2ol thet MR H2o| BAYTAR Z1t

(3 6-7), GE 6-8)°l| A Yrehdt vlel o ZF A FpASATES S-EA1 4 o] 9] 45 FUsHA] got A
Al 2k Aol A @& 7 B XA 450 = sfjAlstal o, S-EA A o] o= 2t HAE R FUsH
755802 TAYGTAIE ARE skt oluf ZF ©A9] S91EHH( Asn)S EAIA o]Fof 8.070,
4.423,4.130, 8.174, 11.749mO| Q] 0.1 | L-5A|| A o] Sofl1=7.681, 3.709, 5.466, 11.263m= LEFHTHEE 6-10).
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S0 WA B CE AL | 93] Bierschenk(1964) 2] S o]-8-5}0 of=pakl vl 73512 (5./Q)
TAE (L™ 6:9) ofl AT, A3 A ah Feega) vl =97t ahege] wA| o gk 2|4 9] A3 3] 2] A
2 9-BA| 2 o] o= 5./Q = 0.00169Q+0.05680 | AA A4 () 0,95}, T LB F o] Fofli=5,/Q =
0.00165Q+0.0576 %, A Al4== 0.92=2 YEFIT}

1o Ho

H 6-10. YP 20 tist MY H2o| EHAL-Al 21t

Asw(m)  su(m)  Q(n/day) s./Q (day/m) Ew  Atl(min)

Step 1 8.707 8.707 50 40.2 47
Step 2 4.423 13.130 70 0.1876 32.4 47
Step 3 4.130 17.260 90 0.1918 0.0568 0.00169 27.2 47
Step 4 8.174 25.434 110 0.2312 23.4 47
Step 5 11.749 37.183 130 0.2860 20.5 47

(0] =3 Asw(m)  sy(m)  Q(m’/day) s./Q (day/m?) * At (min)
Step 1 7.681 7.681 50 0.1536 411 75
Step 2 3.709 11.390 70 0.1627 33.3 75

0.0576 0.00165

Step 3 5.466 16.856 90 0.1873 27.9 75
Step 4 11.263 28.119 110 0.2556 241 75

0.4 0.4

| Before disinfection/surging | After disinfection/surging

E 03 E 0ad
% 0.3 o % 0.3
z z .
c ’ c . v
H 3 .
5 024 .. ® 8 02- e
5 ' Y = 0.00169 X + 0.0568 3 .. ®
hi r'=095 hi ‘ Y =0.00165 X + 0.0576
£ 014 £ 011 r*=0.92
2 2
[} (]

0.0 : . : . : . 0.0 . : : . : .

0 50 100 150 200 0 50 100 150 200
Pumping rate (malday) Pumping rate (malday)

32 6-9. YP 20| et SEMA HB0| 45 U SSAMAL ME

FEAE(EDS FE2A1A A5l ZF A = o st At el SEa=A] £ ol SE2A1 A W
Ho] S50 BES AT A 02 FAE| AL, P4 i £ oF 3
oMY LERE TP AANA R A YA g2 2o s

AT AHES flsto] =& 299 BA o tisto] TAYFAIE AaHE alj4lstH -EA17] oo Z-5-
oF 82’/ Yo, A 2] o] Folli= oF 88w’/ U & F7HE| o] oF 7%0] o S| A7 Qs A 02 EAE ST (L
& 6-10).

1 1311



Qc (m°/day) Qc (m*/day)
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S 20 3 -20-
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354 -35 1 \
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12 6-10. YP 20| et QBMIE FE0| QA4 A Al
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CESEREDS

oL= |1, 24813, o] T of] Tt Eam OF 7241 F4F A

TR
5 %
=
ol
o
i
B
aiy
WE
o
il
>
Dl
2
Lo
2
o
il
fito
o|\

i)

olom], SEAIHS o) F 37I%571E ol45tel 5tk SAgAAIR Al e A HEel 24250,
70,90, 110 S 130m/ A2 AN 0], 2H AN R ATFAIES] Rolg Fo] SbH AN (18 61() €] 2
R 2h A Bl ANSt] S5 A SHACHE 6-11) (3 6-12)

(17 6112 P 5917k 2T 1AL Gl AoVl 9P ANE (17 610y 9k uh A =
ZH A R Wakshs 918 SAelo] 2t AN S olslES AStel A 8-S,

2cHA| 3chA| 4THA| 5CHA
(Q=90m/Y) (@=100m/Y)  (Q=135m*/Y)  (Q=160m’/)  (Q=210m*/2)

1 0.873 3.222 5.139 7.593 11.119
2 1.429 3.682 5.590 7.804 12.097
3 1.803 3.989 5.849 8.024 12.806
4 2.052 4.190 6.088 8.360 13.342
5 2.215 4.334 6.347 8.724 13.773
6 2.340 4.459 6.568 9.031 14.051
7 2.426 4.545 6.740 9.280 14.357
8 2.493 4.622 6.884 9.471 14.712
10 2.608 4.727 7.095 9.749 15.296
12 2.685 4.804 7.239 9.912 15.717
14 2.752 4861 7.334 10.056 16.024
16 2.800 4.900 7.402 10.142 16.301
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CHAIYTAIE ZotE(SEME 01H) (AIL)

2¢H]| 3| ALY 5CHA|
(Q=90m/2) (@=100m/%)  (Q=135m*/Y)  (Q=160m°/)  (Q=210nm*/Q)

18 2.838 4.938 7.459 10.209 16.531
20 2.877 4.976 7.507 10.257 16.732
25 2.954 5.044 7.574 10.343 17.134
30 3.021 5.092 NA 10.401 17.412
35 3.069 10.439 17.651
40 3.117 17.843
45 3.164 18.044
50 18.187
55 18.312

X 6-12. SS 2-0]| cf

3 EY4AIE 2D

HE(REMA 0|F)

2Eb 3eby 4ED 5Eb
2 (0=90m*/2)  (Q=100m/2)  (Q=135m/2)  (Q=160m/%)  (Q=210n7/)
1 1.104 4.106 6.197 8.479 11.202
2 1.756 4.452 6.523 8.805 12.064
3 2.169 4.672 6.734 90.83 12.754
4 2.428 4.816 6.763 9.285 13.320
5 2.610 4.912 6.995 9.457 13.741
6 2.735 4.998 7.108 9.601 14.067
7 2.821 5.056 7.223 9.706 14.326
8 2.927 5114 7.329 9.793 14.556
9 3.013 5.171 7.415 9.879 14.728
10 3.090 5.209 7.482 9.936 14.872
12 3.186 5.277 7.588 10.042 15.073
14 3.262 5.325 7.664 10.099 15.294
16 3.320 5.363 7.722 10.157 15.514
18 3.378 5.411 7.760 10.195 15.705
20 3.416 5.449 7.789 10.224 15.849
25 3.512 5.497 7.846 10.291 16.089
30 3.569 5.516 7.885 10.339 16.261
35 3.617 5.555 7.923 10.377 16.376
40 3.675 8.096 10.406 16.481
45 3.713 16.558
50 3.732 16.625
55 16.788
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20 20

| Before disinfection/surginV | After disinfection/surging
15. ; ) , 5 /"
E Q, =210 m*/day £, =210 miday
E : B .
g 10 /"“ S 104 /- .
3 £ q, =160 m’lday S / Q,=160 m’day
2 / 2 e
© [ _ 3
a £Q, =135 m’lday = 4 Q =135m'/day
=] ., 1 77, =100 m’day
¢ Q,=100 m/day /_.-—-
T 5 17Q, = 90 m*/day
- Q, =90 m7day X
0 ¥ T ' T T T T T T T ) 0 J T T T K T ¥ T T T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Elapsed time (min) Elapsed time (min)

37 6-11. 5S 2Fol| cet R=MA M| THAIYTAlR Zat

(GE 6112} (G 6-12)0f| A LfER BEe} o] 7 GHAlE G Al EAI72 S USR] o7 wiZoll, AA] 2 A9
oA P2 7P B2 ALAREO R A2 5ol 242F 26230 358 0.2 GHA| YAl ALRE s skylt. ol
ZF A 9] 2B A 5y)-2 $-BAF] 0] o] 2,973, 1,616, 2,199, 2,540, 6,517mo] ) 0.1 | $-EA 2] 0] F-o]
=3.617,1.455,2.023,2.077, 5.676m= JEFHTHIE 6-13). $Ea-87 B E WA B CE AXLsH] 9
8} Bierschenk(1963)9] WH& ©1-8-3tef Fpadatt Bl 1ol (sw/Q)2] HAIE (7™ 6-12) of] TmAJsk3IT
EAIRE A ek vlg=epdetke] WAl Wik AR HA S SEAA ool sw/Q = 0.00032Q+
0.0087¢11] A7GAIG> () 0.9 EF S-EAF 0]Fofli= 5./Q = 0.00022Q+0,0238, AA AT 0.992
LERStT.

H 6-13. SS 20 thet REMH H=2| THAIYr-Al Aot

ol Aswlm)  sy(m)  Ql(n/day) s./Q (day/m’) Evw  At(min)
Step 1 2.973 2.973 90 0.0330 23.2 26
Step 2 1.616 4.589 100 0.0459 21.4 26
Step 3 2.199 6.788 135 0.0503 0.0087 0.00032 16.8 26
Step 4 2.540 9.328 160 0.0583 14.5 26
Step 5 6.517 15.845 210 0.0755 11.5 26

Asw(m)  sy(m)  Qlm/day) s./Q (day/m’) * At (min)
Step 1 3.617 3.617 90 0.0402 54.6 35
Step 2 1.455 5.072 100 0.0507 52.0 35
Step 3 2.023 7.095 135 0.0526 0.0238 0.00022 445 35
Step 4 2.077 9.172 160 0.0573 40.3 35
Step 5 5.676 14.848 210 0.0707 34.0 35
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QEFE(E)S S-EAF A5o| 2 TAER oF 2.3~3 08l 453t A3} Yeful=t, 0|3t A= 95
2EA| B o] & S-EAIA W0l 9= meS IA P Aoz HhHE) o] g A= obA oF 10
Bk W o] Ae Aufel A f-EAl A o2 AT 0 e Hl-9-al QI o= -o] AAE AL, A
Eu} 7k mef E skelA Y7o o8 whEE FHo] HelAu A3 RE S Sl u) My Wi ol
1, §49] $7H R S ARG 7 QIah FpA| A of Jg Ao R e,

0.10 0.10

Before disinfection/surging After disinfection/surging
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= 0.06- K g 0061 -
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5 0. ®. ¥=000032X+0.0087 % o) e ¥ =0.00022 X +0.0238
i o 2_ g~ r =0.96
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S 0,021 S 0.02

Q. Q.
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0 50 100 150 200 250 300 0 50 100 150 200 250 300
Pumping rate (malday) Pumping rate (mslday)
02 6-12. SS THO| L3t SEME HEO| S U SSAMAS ME

UAYGF A2 glatol 2 x12je) o) thatel BAGAI ATE a4k 2 A1H o)de] B¢
oF 120mY/ o], M) o]Foli= oF 125m/ AR F7hE]o] OF 4960] saf Zrf HIE Qi AOE BA L)
(719 6-13).
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W

[t
Ral
kel
b
ruﬁ
HI
1z
IIN]
H

=
Z Atolof| ok 75 ol 2 Aol vAl = FE, ASAI Aot E AT H’ér(Ca(OCIz)H FoA7Fp-=A 1A
A] o H2A 08 7 WHHER A 5ol AR T 2
A Hew aA7Ee] A5 ole]of AR T ool HiRk 4= M ASIATHEE 6-14). SH A
9] 9= A 0] F FAE o] & AR a0 2(Cl) 2 HE7}9.0mg/Lofl A 6.0mg/LE ZFAE] ATk ZHito]

T o
230,93 A - A(NO-N) 2] 9= A o] Fof| Atjd 0 & Z71e 1 0 & YefA|gh, 4% ool

o B9 A A 02 2 WP} gl A0 R Uehgth(Id 614).

H|A(As) ng/4 0.001 0.005 0.002 0.007 ND ND
Mels(Se) ng/4 0.003 0.001 ND 0.003 ND ND
AIPHCN) ng/4 ND ND ND 0.001 0.001 ND
=(Cu) mo/Q ND 0.009 0.002 0.003 ND ND
01(Zn) ng/4 10.393 0.358 0.045 0.032 0.607 0.241
H(Fe) ng/4 0.52 0.26 0.09 0.04 6.68 1.06
8t7HMn) ng/4 0.038 0.007 0.008 0.005 1.407 1.024
A20js(Al ng/0 ND 0.39 0.03 ND 0.01 ND
zt(Ca) mg/4 23.15 21.86 19.99 15.94 45.53 44.31
ofa&Mg) ng/4 3.72 4.22 5.18 4.62 18.03 16.81
LIEE(Na) mo/Q 5.25 5.43 2.23 2.62 18.65 17.02
2=(K) ng/4 1.20 0.80 1.15 0.95 3.21 2.97
Haol2(Cl’) ng/4 9 6 3 2 60 57
EA012(S0,7) ng/0 8 16 1 17 9 6
ZIAMZEIANO3-N] ng/4 0.4 1.4 03 0.9 03 1.4
AUDLOPAEIA(NH3-N]) mg/4 0.01 0.05 0.05 ND 0.21 0.01
2A(F) ng/4 0.3 0.2 03 0.2 03 03
X7 |MEE(EC) mhos/om 167 191 125 135 439 409
ZEIA(T-N) ng/4 1.164 1.005 0.034 0.105 0.516 1.154
Z0I(T-P) ng/4 0.017 0.031 0.022 0.024 0.017 0.014
Y7 RZEEAH[ZHKMNO,) mg/( ND ND 0.2 ND 5.1 1.6
S0[2A|HESH|(ABS) ng/4 0.04 0.09 0.04 0.08 0.12 0.08
2 (Hardness) mo/Q 71 81 79 66 199 190
M= (Color) = 2 1 2 1 80 25
AA0|25E(pH) 6.6 7.4 6.6 7.3 6.2 6.3
Etz (Turbidity) NTU 1.99 0.54 0.84 0.23 100.94 19.84
ZextE 2 (Total solids) ng/4 154 151 99 110 348 329
222%|(S9) mo/Q 2.4 0.6 5.8 0.2 25.2 3.4
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Cl (mg/l)

10.0 0 T T T Concentration (meg/l)
. | T T | 10.9
TR N L [ A —B— after treatment
' 1 —a&— before treatment
BO------ - EREE o REPEREE SEEEEEE g
1 : Lo 01+
40—------ ------ A------ To----- EEEEEE
1 H H : : 0.01 4
PYL SRR SN SRS SO S -
7 I I I | 0.001 ; ; : ;
3 A S S N S Mg Ca MNa+k CI S04 NO3I
0.0o 200 400 6.00 8.00 10.00
Ma (mgd)
& 6-14. SH 21Eo]| tiet REMA M=22| 0|22M ZitH|w =
YP 9] 79 SH YT AR AT e, 2] o]F FAR Lol grel gamolec)e]

=7} 3, 0mg/LoY|A] 2.0mg/LE ZrAE A 02 Vet 3Hato] (S0, )3k AAM 2 A(NOs-N) 2] 9= 2 2]
o) %ol Al Ao F7hE Ao Uhehue], FAE ool &0] Fo-E AT A o 2 st gle Slo® ve
Yo 6-15),

Cl {rmgdN
40 T : T T Concentration (meg/)
: . : : e
- : ; : : E —&— after treatment
S P R —a— bhefore treatment
T R S S
]
L St et ERCEE S
: i : : 0.01 4
2 e R
0.001 :
0.0 T l T t T l T 1 T Mg Ca Ma+k Cl 504 NO3
0.0 1.0 20 30 4.0 5.0
Ma (mgl)

33 6-15. YP 2180l tiet =MIH H=2| 0|22 ZotH|u
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422fo]ct o]oh piste] A|akgu] Alozel A= 2140 150m/ o]4Fe] sl el gL sl 7] A}
SIS B3 A AHNS ARG S 75 ek, olufe] ALFRlol A5} o] g B, FA
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au Asl WA i, 85, BEE U 545 2 5 AREE g 71240 7
gk 3t o] §i7] whioll, sFlollAl= thte] -olli= ol tigh 712241 glo] g Wi AR 71|
tiste] of|o} A (air surging)S o8- FWAIH W o] 28] 11 IrhEE ol &FAL, 1997; A 4%
AL, 2011), B3] 3 AlA 5 AR o] So] Ferk 57 E A A 5 B s iAol gk g RERRl
7b 71 9 AR RAR, G821 T Al mpHolu aat Fofl thet A AR B ash Aol
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1997, Houben and
Treskatis, 2007). Te}A] J"&Xécﬂl o3t 2 e §A/ A= Y S AR 5= QlET 1 o= 93} Hp o

E2] 2l Aejet shshAQl A2 Bpwo] Qlet. ol#gt {2/t T IES AgHew
Brkel7] e, aid Aol distel 3 AIF 5 fA/AE HSo] GAIFRAI (step-drawdown

i
oft
o

.|
2
lo
ox.

pumping test)2 5t TheFst a4 A5 0]- 83 H(Driscoll, 1986; Houben and Treskatis, 2007).

Aol M= 5ol U8 558 2] A5 Aot Al 8= Al ool A3 dAdAd S s 2=
AAIEE o} IEk, o] A} B & F7R A} 0T BYURE SEEE ANYEA 2 A0 et
Ko, gk 25 9 B AL 1 A SRARL oF 1-59), B o 8% 2715 A2 U
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8 SBEES| S7H= A ol F o 104 o4 Hzbel 1Y

£3] 9= Eollxle aiprt v £ 2oz vehdol uf
T HHSY a8 THE TR &% Y U AIAE she A= oF 109 oA Bt WSt
S} o] EEel 202 AABHAT,

H Ao A= 71A1A A 7] B (mechanical rehabilitation method) %+ 7]52] o o)A 7]} &0 1}e]
HE(power bubble)@} 114t HA WA WFAl(high-voltage pulse discharge), H.2]<4g(brushing), $EJA|E
(water etting) %5 5714 U] A2 B S SARE 2219) 350l 2§ B U] H-8510], AL HL 28
3 B AlE W50 Y A AL Baa e vlasgslaoly ek B10) ol g Qlake T
AlE ARE 088 = 9 Yl rE A Al HEteh 3l 1A o] o] i SR AL S Al

sto] AIE A AISFAT

O

7t ol H=

o] whE e Ty U] A5Hg] S kol chste] 9ke] AA|AS SbA 0.2 HARE ) A
B2 o A (pulse energw Fgato], 2317 112 i 273 3 Ao]9] of 4] Fo 2 BB Ao}
S8 4% ol FAE AR EE A RIS AASH: 71&0lt) 0] 7|48 S8 45EAR )
e A AN G Slstol, g el 257 ko] hste] AEH R A2/ |AE B
APAIZ) AL o] g3k}, ofuf MRl 47119 oA Heh 3,000psi(210kgf/end) 7] 7Hs SR,
350191 T AXE 23 A Po] PVCE Tk Felo] 2k A5 weo] 91go] QoA EAelA
1= 0F S00psi€] X2 o] §3ket. o] o] oJ3) AAH BB, AHY Bl Ei HE Ho M= Aok H
3 Ujof) A4 AS BAPAA MO AT T o 85to] MEAIITH LY 7-1).

(b)

2! 7-1. ol S E|(a) 2 S FAlb)

A2 g BE BAVE B AR E ZHOHR o AYHA, Faa - A o5
A27AE 22 181/50em B 538]/25em Rl 2 W=kt 3] HE 21¢] o] Fofl= ¥k A& CY-Lifting
Pumpo]| 319F2} AA7|HE F=dste] ¥ vigol 4Rl Al iy HE 55 Alskret A A Y= Hj

Z3P9ct. 4309) g oiet 77hE e Ao WEE N e NvE (3 7-3)3 2k
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HAAE A8y

(m) (psi)
0-36 500 12 0~32 600 6
36 ~ 40 700 6 32~ 40 600 5
40 ~ 44 500 3 A 40 ~ b4 600 7
4ty ~ 48 700 6 (621 4ty ~ 52 600 6
9H 48 ~ 52 500 2 52 ~ b4 600 6
(107124 52 ~ 56 700 7 64 ~ 72 600 6
56 ~ 60 500 2 1216 450 80
60 ~ 64 700 6 32~ 36 500 80
H22
bl ~ 68 500 3 521 40 ~ 44 600 80
68 ~ 72 700 8 50 ~ 54 650 80
1216 500 80 67 ~ 75 550 180
oz 24 ~ 28 550 80
(4722H 40 ~ 44 600 80
52 ~ 56 650 80

AJst g el R ] W =0l 22bA Q1 A’ 7] ol U A& 4 ste] A WA =,
WA Fao] sl A= Abe]e] Zo) wihA o2 A2, AIjte] SEtEut A 2 s Hot. ofn Ay
T TATE o8] 231 7 Yol SAEE A B 5= AlAShE 7ol 2 A o)
TR A 21, 2013). old) v]F=A Q] == sl 5 S A7 A=, 3] A3 e] A wp2t A7) o

VX 282 B 45 FAL 2718 2 B AT A L AU AFE 217 18kvE} kAR 2§51

N




B B TV A5 5 S8 BRI A5 TS FHOE Bt 242} 250n/819% 57, 5m/819] 31
A B W U2 A, TR R SBAR PO R ARl ke, B A WAS
Zersto] A S-EAo] ulsh A2 0 2 Ot AR W A AHg 3] TR UABHATHE 74),

Ct. olloimE

oA Tl AFT7E FUsH o] EAS viEA7| = WA 02, Belq] Wl 3 7P ol A
S5k W ol oh(E e ARdEAY, 2011), o] AR UREA o &2 317 upe Aol A Hofl A4H -+
719127 (air compresson & FE 11910] H%'?—l 1€ A7, oluf WA El= Z o |YA|= 350psi
(25kgf/en) & @AYo ARE-SE7] 7HAZH A, 7] F0. 82 2ATEA F L HEE(CO,, CO, SO)E HiEA7]+=
o] QT 1E 7-3).

A ME W2 A ME W2
(cm/3]) (m) (cm/3])

69 ~ 61 25¢m 32 47 ~ 43 7.5cm 54
61~57 7.50m 54 43~ 39 25¢m 16
57 ~ 49 25¢m 16 39~35 7.50m 54
49 ~ 45 7.5¢em 54 A9 35~ 31 25¢0m bb
45 ~ 41 25¢m 16 31~27 7.50m 54

a9 41~ 37 7.5cm 54 27 ~10 25¢em 68
37~33 25em 16 10~0 - -
33~29 7.5¢cm 54 68 ~ 60 25¢em 32
29 ~ 25 250m 16 60 ~ 56 5cm 120
25~ 21 7.5¢cm 54 56 ~ 48 25¢m 32
21~10 25¢m 44 48 ~ 4t 5cm 80
10~0 - - 4t ~ 36 250m 32
78 ~ 75 250m 12 iz 36~32 5cm 80
75~ 71 7.50m 54 32~ 24 25¢m 32
71~ 67 25¢m 16 24 ~20 Som 80

et 67 ~ 63 7.5¢em 54 20~ 16 25¢0m 16
63~ 55 25¢m 16 16 ~12 Som 80
55~ 51 7.5¢cm 54 12~10 25¢m 8
51~ 47 25em 16 10~0 - -
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12 7-5. YE{NE &H|(a) Y S HA(Db)

3. Al

o)

AR B BHOIN P4E Bol iRl Me] SEHIE BESHE AlE o, WEol 8
(Capacity)ﬂ} 2] EA(hydraulic characteristic) 2 AT 4= T}, YA A 219k A W A4 %] 3 7] 434 9]
A5k A= of-85te] i dAIS AASHL, T/ AlES SAISAI A AT 7 F=AlF (16

AR 0.2 Sl ANSHEOr PR A - F el S WekE stestet

° iC)

7t EALAIE

SEEAT =S SA2 T Ho R %‘E# T S7HIZIHEA WY e S sk AT AIE
o aRE Ay foE= SFe 2R 3 Atole] ¢
© A8 S TRt dRoll 9Jsf WY E= SF<A(head loss)e AFEdH=t] ©]-8-%ETtHCooper and
Jacob, 1946), YR 0 5 THA| A2 AT AXREE 0.2 QFaeek ST A7 B o] =975k
SA5to] WY Q] A&} th4=3-9] A& B7FetH(Kruseman and de Ridder, 1991), @A 4=AE-2 5%741
2 JrEsto] uf ThAE 241 o4t At EET 2H2 HEE S kS gy o= %Xl 5}7]
Q1to] IBE| (inverten & 0]-8-3t FHFHRT]E o855 01, o] F o]-&5to] 2t AR AP H EEFS
FASHES Skt Aok=] o) = JAagh theatl -2 AR g H i< /:;*011*1 A|SkrE
A= o) =3 ol A f-58k= Alsket a3 =4 Afolol| A WA sh= uhakE o o)t =<4l ()
F5 FFEDT, dieF U skt g AT S Tl v A w2 3502 9-E Qro 2 J-9] ko] oF

Jf:
o
o
ﬁOL
£
L
_\|l_
i
fr
£
oo
&
=
lo
o)
B
).
O

[¢]

Z2719) 2RI A4 w At Alo) 4 W AT Ato] o] mhake]] ofs) MAEH: SRRl E SR
Az EE,

AuEA 0 2 APY] Q1AL F FARE AR 2|5k 149 ngol H]e|5te] ne B4R 2-3 Apofo] e}, whebA]
AR A P Al (a9 A1) s, i Hd T 0010 S ROR TR 5, = 5O+ CQ°

2 P 07]14 B Y = HEFRA BQE d9F Aol 51 CQ' & $-B a0l gl
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sy A71ARIA Akl Blald 4= Q1AL A|shrdf Q= Aol Hlnd 4= 9l e B2 BE ti4=5-9] Aolzt

5 AEEL 5 Bl B SO G Aoll H 1 e ol A e
(hydraulic resistance)©]2} 3F 4= QIt}, Rorabaugh(1953)= YA oAl Xskrg A=k uff AA| =751

(5,08 EBSGE AU B 9B SREEVASY iF SREEMASE 2T 5 ov,
S0 = BQ+ CQYOIN AL P QR Wed s,/Q= B+ 0Qo] ek olu] s,/Q2 HIgisteE
(specific drawdown)©]2}al Sttt =& S(well efficiency)2 AA| =7 (=381, s,) o = 58
4 AT N FVEBIE MR, = [BQ/ (BQ+ CQ) % 100 = [B/(5+ CQ)| < 100, %)% Lke}
W % glek, 4B TS AN ARG Al A9 SR AL AR FR] S B9 SE
2 Fol )7 Ejof, T gu] TS vmoto] S| AH oiR H71ES & 4 e

2 QoA F AE AL 2913 Wekgh(As, )k ) AJE o] F2] HleRsaspedic yield,
Qf$,0) AVEE 7122 1) M A5 2t o] thE A 7Hs ) F71RHA Q& AFH O = B7Ksb)

Sfato], (4] 7-1)3k e AL AABH AT,

(A17-1)

Aol A ti5-2] el 5 el S whelshy] fske] alishs A7 A, g ol A Alske

AVRE 0|83t Theis(1935)=

5tol, 545 Alef| (transient state)S}o]|

.S SR QIR =R HEFET o] TR 7] 19

= &A1& Theis H]%ﬁéﬂolﬁ}ﬂ Sh=tl, ti=te] B9 M= B et

8] FdE =t BE ool A i o] Adit), TR ER Yo mE st ] o] o H, & R R B
A q] 2~

S50) BgAU ARAGE W R A1Q] TheisA) 0.2 8ok Siek. Theis 4

ful
Y
ol\r
£ r
=2
x
L g
N
ol
>.
101'
L
i
i—“,
£ 4
2
s
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e
[of
al(f
1o
i(g
ox,
filo
©
(o]
ol

rr

o g FASHT Al UHT FAE /AT BAA QUK ou], thrFe] Wl Fasic,

{FSH=t) ARG EHE Theiso] HHFALE (4] 7-2)9h Z-0m], Theis A 23]
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9 ), 5=, (A17-2)
7"

47T$

0|[[H.T:—r—r Az=(mt/min/m), Q: L2 /min), s: 29 2512Hm), S: M2AH12s, t: ATA|ZHmin), Wlu): 284

Vo [ ] v g 2E dole) Al

u

(1) 71l oA Al R2AAE

ti4-20] S48 Rl of2] 717 mepe] BAL FET Ao 2 WA x| QR 797} wen], 24 a4
M0 2% 8K 0k 47t o] ik o] et A9 i B AR ofgt 27] Ap50] WS, g u
AAZA oJ3t F7] 2410 W] Sol ofalA] Lol ofejst AlH AL s Aatw WA ofw Fao]
3 3 Alo] 9] QMR AR Foll M S AT AL 2o} matchingstolof T}, T127] $Jste] ApraAl
2 © 4 Theis®] 2T (type curve)o]l matchingdFALE, Jacob™ o] €]l 21481412 St} Theis -

3 LN
WAL 5B Gadial flow)ol) 2188 5> Q= 712 B4 o] B, Theise] EEFA vl wsto o5 548 5

F|rt

o

o
3 =
Papadopulos—Cooper(1967)9] large diameter well solution®] A|QFE] =1 &A%} & 7= Log-Log 12| 3|
27178 10l 7R A S Hojenh, TR ER o] RES tig-5 A4S BT A ofyH, 27Ak=
7} A0 o E W= o] & FAJateoF gt (19 7-6(a))+= Theis F=3A10] 2J8) oF4= $7] 2441 1)
S Afelolct, 1ol T =060 R HEARet BEEAl0] & UK
o] & FE| = Hlo|B| 7} EASHA] kot 960+ o] F 5 MRS ul 37HA] Fel = WS vERd o= it
0608 o) 2 o2 8y 3 o feere] W] Rl HETA] YA thpd S4S whdel Ao
2 shAo] sttt et EETARC o EL 8 4
61 29 BE A A boundi)S] iz L0 e Aok 0] Aol o4
UFERTE. whahA A 9] A= 960+ 0] 5 Xt 7k Al =ol] Qe FRREE Y] A7l 2 2, W
W% el A1 24} Ajol e 27o] 15l

A 7]
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20

E Theis Type Curve
- Negative Boundary \ —
| 16 —
10 5 )
E Recharge Boundary 7
£ i £
= = =
o )
e =
153 1 = E i
|=3 | 9
= 3 =
Z ] Z 8
o T (]
0.1 -
- 4
0.01 LR L1 O L B L1 B B AL BN AL/ MR L 0 LI (L) B I 1 B I R B B L S R R L1 B B R R
1E-005 0.0001 0.001 0.01 0.1 1 10 100 1E-005  0.0001 0.001 0.01 0.1 1 10
Time(day) Adjusted Time (day)
(a) (b)

J87-6. 5 98 ¥ ZAH X0l 02 2ES3M(type curve) O§E B
A

od
Theis ZMH0f| 2|5t AAIH S0t F=X(a)zt Cooper-Jacob 2| XIMaHA 717Hb)

(18 7-6(b)y = (™ 7-6(2)) 2] RS CooperJacobH 02 Z A1 413t TR 02 42719 95 A
Faue} F37)9] FaakE By d] Hojaear Qlrk. A sl Ao A= YA (matching point) S <=1
of| whaha] s 2|7} Aes] e 4= Q)= Jacob ol A= F714-2] log cydleo] 2|4lo] Y2 =] E = 5
A3l o]2ldt 0215 Fol=d| vl aufaloletar & 4= g},

A|329] FHeFo] gl A ol A ShFa vyt elthd rpte3o] o= & 4= 910 & AQTESOLV
32 ol A Hantush®] FETGM 01 3|43 4= Qlek. 212 st th=5:-0] FHAIAA R Theis F3
A 0]] ZF matching =] A] 9= 7427} A15= Itk Moench(1984)+= ©] 23t 7-2-of ts}o] - E LAt o|5 5=

&

(double porosity) L8& 285 SAIH-S AKSIATE 0|2 AABkE|o] AQTESOLY 2 1] Fracture

o

Menu®Z 33}+E]o] @It} Hantush T+ Moench 40| A= T thAl K2 Fa X =d] T=bKo| 22, J4= T/
(saturated thickness) 2 AulZ & s}=rlo] KZo] ZHr) 4| AEE K= o4 27| boj tjst
o|B g2 A1 thapoll A= Al sHEe) ties A FAIE, TSl HH Ate] o] S
&Rt At At ol A= 2Tl uhat oF 2 sHR-O] ukafith Ato] S b= A7 sko] fRke] Hat =2
L i

£ Aol 4 TAZN g BAS BRIV ARl glot, g AF s Al AJske B Al

==

o

Btk
o
Z3|

5

&

g A fole BERpA Mo Y A SIS vehds A o2 At 3.2 fhekeo] gl A9l
A a7 LRt 735 %‘4‘414%‘—94 FEETA A& Foto] s Alstofof RN o] & ujAlskaL -8,
287201000 O3] = FPAIFE SlA Al T Askr BEAel tisl o] 7HA] siA R (Theis,

Cooper-Jacob, PaPadopulos—Cooper)—‘" Zg5lal g AdtjeSi At 52 A2 o] v sh-S
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& Ald S AlsiA Y e 23071 54
g-3to] A —’F U}, T2 o] 7 7}11 W W A il ARAleE k] didek=
AlRgzRe WAl o 2 A AR A8 tha FESI: of2fRt 89l e R A fas-ail APy ehsitt
A | R A2of| ofeh Aok <& FEjoll Wt A {AlE S5k ARgsk= 4ol itk Driscoll(1979)
< sl "iste] AFAlE 0.0005, Aol A AFAlTE 012 F4oke 2L = A2
U Ao W= @ AReA| R T2 2] Aol A AA ol HTshe BIE PR AL AARE B U,
SA A dESAE Al oA Aked ARAle] ARl diske] 2{R4(2007)= T 5
ol Sl =H1dolE 577 13671422 Ta Al d ol Aol ARkl AR 2 E A A
5 A tHgshe WS A of 'Rl Aol e ARAlS SE SR skl
G- R BHe] WA S A, AR AR & e AREAE B EekA] 4ttt T1Eu HieS
ol W At et Ydtiee o2 ARE SRkl A9ER A Al 2t
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B Aol Sl A (B RRAIE 14 A HW4007)7F AN S BT Hestel ARASE
4 4= 1 A] AQTESOLV T2 130] Theis FE 24T 0.2 8415190t 944 A9 o]
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74
201

[Al=(m)
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HlQb4 B/l

opAA|ZH
i L [m?//(?;vy] [ds;v)v///?nzl
MITEHA| 125 99 1.72 1.72 57.55814 0.01737
MI2EAH| 120 152 1.46 3.18 47.79874 0.02092
HIBEA| 120 199 1.48 4.66 42.70386 0.02342
MIGTH| 120 251 1.98 6.64 37.80120 0.02645
MISTHA| 124 301 2.36 9.00 33.44444 0.02990
S e 248 b
(min) (m*/day) [mzldgy] [dav;//mzl
MITEA| 127 103 1.68 1.68 61.30952 0.01631
HI2EA 120 149 1.20 2.88 51.73611 0.01933
HIBEA| 121 195 1.24 412 47.33010 0.02113
MI&THH| 122 253 2.11 6.23 40.60995 0.02462
HMISEAH| 120 305 2.04 8.27 36.88029 0.02711

A 0 = opapol] TR U159 BIHew/Q)S] TA| IOl vl sIe] At 71871 of
S g SREAASBI B SFEAS OF BE3l] SERE TN $ERRS fE
Ak, (1% 7:8) ollA] Lyl vlek o] ofapol that vl eske] walrh B gn] A - F uehe
o Uehon], $8 A9 SREAS el $ERREN A U i35 ARe) FEES el

£ g R g olgato] AN S B ESS FakrhE 79,

ron

PRSP

0.04

O Before rehabilitation
A After rehabilitation

=

=

o3
L

Specific drawdown
(s,/Q, day/m?)
=
N

300 400
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o
B
)
A
o,

O

o = Aot kersy] Sish By
A - 5 5 S sA DAl kA1 0] n A el STAlel TS e 300m day S 2 85}e] A5t

b B o
o WHE 91 2710 FAT OIS oo P APTRE 9145 AA

]
TAER BT o AR T 16AIES 71 O R oFE FAIBHL A7 | FEA E S SRS ATl o
2 R5l9] sk ST A7 A S 4 o (1 7-10) of)| AlAIEH o, 4] Axt 422] A A 49
A= (3R 7-10)00 A 28k eint, 87 u] o] A af o] 5-0] Fg=tf A= (T) = 22} 1.447ant/sec@} 1.760ar/sec, 2]
“em/sec@} 2.649x10™ em/sec, AFAGS) = ZH2E0.00039£} 0.00050 2.5 LyER]|
w2}, g 7] o]0 =] x A EAJRIAN Rolgutel Wsh= UERR] o2 2102 SRIE| Gt

A (K)= 242} 2.202}10

100. T T T T T T T T T T 100. T T T T T T T T T T
10. = 10. =
E E
€ €
o o
£ £
o o
o o
8 8
=3 =3
2 2
a a
1. = 1. =
0.1 Lt 01 Ll il il il il
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min) Time (min)
(a) (b)
10. 10. Obs. Wells
O New Well
Aquifer Model
Confined
Solution
8. - 8. |- _ Cooper-Jacob
: : Parameters
T =1.261 cm?/sec T = 1.539 cm?;
S =0.0005357 S =0.0005814
E 6 |- - E 6 |- -
€ €
I3 I3
£ £
@ @
53 53
S S
g . L N 3 L L N
g a4 2 .
2. — — 2. — —
o, L n®l i il il o0, el B/ il il il l
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Adjusted Time (min) Adjusted Time (min)
2l 7- OF X St DX XY| .S X7 |0k A& A7t
33 7-10. 0k 2hEo| chet 2EEH| -2 FI|YrAlR 2t

ZHXAH| 0|1M Theis sliA(a) 2 Cooper-Jacob siAd(c), ZHEZH| 0|52 Theis sliAl(b) 2! Cooper-Jacob sliAd(d)
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YAl

Cooper-Jacob

E224:(T, arf/sec]) 1.66 1.26 1.45
22| M= (K, cn/sec) 2.53x10-4 1.92x10™ 2.20x10™
ME2A%(S) 0.00029 0.00054 0.00039

Cooper-Jacob

S AT, ar/sec) 2.01 1.54 1.76
22|MEE(K, cn/sec) 3.03x10™ 2.32x10™ 2 65x10™
SEV RN 0.00042 0.00058 0.00050

(2) CHA 2P

A Ao gt TAAH] A - T2 A FAIE Aitol| 2 =975t T Y] oA upR|ek thA| 0l
sEHAIol A1 2] Z ] 11.01m(FTF 143m*/day) Q1 HEH g A ] o] 5 sttA|of| A= Z[ )] 10.96m(WF=TF 145m’/
day) 0.2 Uepdol whet $=9)7)51eF 2fo]i= OF sem & - 22 A o 2 VeRtrh( 1™ 7-11) (3E 7-11).

—{— Before rehabilitation

2 13 B— After rehabilitation

Drawdown (s, m)
=3}

10

12 1 1 1 1 1 1
0 100 200 300 400 a00 600 700
Elapsed time (min)

21 7-11. CHA RO CHfSt BEH| F-5 2 B AIZH- 491251
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E7-11. thM 2+8ofl ciet 2P88H| H-= HAYAlR Zat

PERAH| QA A|ZH H| 2 Hl=2 Lot
ol (min) Q/sw sw/Q
(m*/day) (day/m’)
A 120 34 2.02 2.02 16.83168 0.05941
HI2EA 120 b4 2.08 4.10 15.60976 0.06406
HIBEA 120 21 2.15 6.25 14.56000 0.06868
M4 EA 120 121 2.65 8.90 13.59551 0.07355
HMISEA 120 143 2.11 11.01 12.98819 0.07699
oA At opaat Hléli-sf-ao* Hl-f—j—l/??;%%
(min) (m*/day) [mzldgy] [dav;//mzl
A 120 33 1.94 1.94 17.01031 0.05879
K2 A 123 63 2.05 3.99 15.78947 0.06333
HIBEA 119 21 2.20 6.19 14.70113 0.06802
X4 =A 120 121 2.55 8.74 13.84439 0.07223
HISEA 121 145 2.22 10.96 13.22498 0.07561

dera o 2 ofpifol whE vt (sw/Q) 2 BA 2ol A Bl el HH 71e71E ol
Skl tiis S AAlE B9 = S FEAAT (OF =350t =288 34 A s=agS =g
Ak, (17 7-12) of| A UrERd Bhef o] ofpakell tiet vl efidsiarel Webrt B gu] A - 5 Ags= A
o2 YEhtern, o= A9 +rEA S YEidle e Al B gl AR A S YER

L SR AR E o] gotol ANE SEE S-S YelSIYrkGE 7-12),

0.12

{0  Before rehabilitation
A Aflerrehabilifaion  ------m-oomm e

=
—%
1

=

=]

[0e]
L

Specific drawdown
(s,/Q, day/m?)
=
&

o o
-] L]
M ==
L L

=

0 40 80 120 160 200
Pumping rate (m?/day)

33 7-12. tiM 2ol et 2FEE| -2 2ol Che! B2 25HE
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B 7-12. thM 2-80fl ciet 2 E0[ M= 4 TAEB, C X 2288

BHEIRH| 0|7 TEH 2¢HA| 3cHA| 4THA 5CHA|
(34m°/day]) (64m*/day) (91m*/day) (121m*/day)  (143m?/day)
S a-FaA75(B) 0.053827
EFFEA2(C) 0.000162
LESE(%) 90.72 83.85 78.50 73.30 69.91
BEIH| 0|5 TEH 2¢HA| 3cHA| 4THA 5CHA|
(33m°/day]) (63m*/day) (91m*/day) (121m*/day)  (145m?/day)
theSa-FaA75(B) 0.053919
EFFEA2(C) 0.000151
=X =1k 91.54 85.00 79.69 74.69 71.12

£  Before rehabilitation
90 oo T T A Aferrehabilitation |

B e —_—— B bk-/

B0 T .

Well efficiency (%)
-]

T

40 I . T
0 40 80 120 160 200
Pumping rate (m?/day)

2ol et 288

2] 7-13. A EEol CifEt BHeEl| -5

09

H 7-13. CHAM 2-80fl ciet 2P| ©-= Y42l M2 2=582| Hat Hlu

U4 Bl

(m*/day) (HNHE, %)

120 73.5 74.8 1.3
150 68.9 70.4 1.5
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FAu) o)t 0] F0] =9175ES Z17F oF 11.14me} OF 11.06m= LrepTh, A7k
w2 2|5k=9] M} P A7 A 42 (1 7-14) of]| AASF o, sl A3t ofgt =22 A &
| 0]A T} 0] 0] BaswFASE 2471 4 020%10  en/sec®} 4.490%x10™
ar/sec, S| A EEE 5.319x10 em/sec} 5.925%10 cm/sec, AEAIG= 0.000452F 0,00057.0.2 AR of| w}
o} 22|21 EA Ao ol daket ks UreRbR] il

ox
ro
D
rr
=3
-
N
)
2
o
)
ol
ol
¥
o
r o)
o
oX
jus)

100. T T T T T T

100. T T T T T T

Obs. Wells Obs. Wells
0 New Well C ] 0 New Well
Aquifer Model C ] Aquifer Model
Confined onfin
Solution
Theis
Parameters L 4 Parameters
T =0.4066 cm¥sec T =0.4626 cm¥sec
S =00004859 S =00006276
Kz/Kr=0.1 Kz/Kr=0.1
10. = = b =7575m 10. = b =7578m
E E
k= k=
o o
£ £
o o
S S
K K
o o
7] 7]
[=] [=]
1. = — 1.
o Lo el v vl il o Lo il vl il
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min) Time (min)
(a) (b)
12. 12.
9.6 — — 9.6 — —
L L arameters
T = 04358 cm?/sec
S =0.0004142 S =0.0005186
E 721 - E 721 i
z z
o o
£ £
o o
o o
Ko L Ko
3 .sl ] S 4sl ]
a8 4.8 r z ]
24 — — 24 — —
0 Ll cioeestfl A il il i ) 0. Ll ool Sl il il
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Adjusted Time (min) Adjusted Time (min)

21 7-14. CHA ZSON O BEH] B8 7I4Al 2k

oo
ZHHZH| 0| X Theis 5ilAd(a) 2 Cooper-Jacob 3iAd(c), AAH| 0|52| Theis 5A(b) 2 Cooper-Jacob 5HAd(d)
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WIS

Cooper-Jacob

EL2E AT, ort/sec) 4.07x10" 3.99x10" 4.03x10"
22|MEE (K, en/sec) 5.37x107 5.27x107° 5.32x107°
ME2A%(S) 0.00049 0.00041 0.00045

Cooper-Jacob

S AT, on/sec) 4.63x10™ 4.36x10"" 449107
22|ME (K, cn/sec) 6.10x107 5.75x107 5.93x107
PSEVIES 0.00063 0.00052 0.00057

(3) MK2 A

A2 2ol TiE AR A - F0) GASAE Abol mHE S:913sleEe g Au] o] kXt g

Q1 sEEAlol| A 2] 2t 15.83m(F=r 254m’/day) Q1 HHH 4 B] o] STAof A= 2o 13.32m(Y7 226
m'’/day) 2.2 WEPo] uheh = 97dakaf Afol= oF 2.51m= UWEPTH LY 7-15) (3£ 7-15).

0
—{— Before rehabilitation
— —f—— After rehabilitation
E 4
L

L
£ S
g i

16‘ 1 | 1 1 1 1

0 100 200 300 400 a00 600 700
Elapsed time (min)

33 7-15. M2 2o ciet 28| H-= 2 THAIE AlZ-+21Z5HE
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H7-15. M2 28 tiet 2| H-= HAY,AlR Zat

PERAH| QA A|ZH H| 2 Hl=2 Lot
ol (min) Q/sw sw/Q
(m*/day) (day/m’)
A 120 121 4.95 4.95 24.48485 0.04084
HI2EA 120 157 1.76 6.71 23.42074 0.04270
HIBEA 120 199 1.69 8.41 23.70018 0.04219
M4 EA 120 228 3.23 11.63 19.60447 0.05101
HMISEA 120 254 4.20 15.83 16.04548 0.06232
oA At opaat Hléli-sf-ao* Hl-f—j—l/??;%%
(min) (m*/day) [mzldgy] [dav;//mzl
A 120 103 4.46 4.46 23.15459 0.04319
HI2EA 120 137 1.74 6.20 22.07164 0.04531
HIBEA 120 164 1.62 7.82 21.02302 0.04757
X4 =A 120 202 1.82 9.64 20.92372 0.04779
HISEA 120 226 3.69 13.32 16.93694 0.05904

dera o 2 ofpifol whE vt (sw/Q) 2 BA 2ol A Bl el HH 71e71E ol
Skl tiis S AAlE B9 = S FEAAT (OF =350t =288 34 A s=agS =g
Ak, (17 7-16) ol A UrER Bhef o] of=pakell thet vl efidsiarel Webrt B gu] A - 53 gs= A
o2 YEhtern, o= A9 +rEA S YEidle e Al B gl AR A S YER

L SR AR E o] gatol AXTE S-EE S-S YelSIYLHGE 7-16),

0.1
{0  Before rehabilitation
5 0os 4l &  ARerrenabiitaton |
oo
E £ 0.06
© g I
5T U
E% B B ol - G L ——
g &
(7] 0.02 qrmmmmmmmmm oo oo
0 | ' | ' I
0 100 200 300

Pumping rate (m?/day)

221 7-16. HR2 TR0 HEH EEERH| T3 Q40 St ul4- sk
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H7-16. M2 2o tiet 2EH| M- 24 HAE B, C L R=88

2| 3CHA| ASY| 5EHA|
(121m/<) (157m*/Y) (199m*/<) (228m*/Y) (254m°/Y)
S a-FaA75(B) 0.034594
LESFLEMA2(C) 0.00005154
LE2EE(%) 84.70 81.02 7711 76.64 72.54
TEHA| 2| 3CHA| ASY| 5EHA|
(121m/Y) (137m/2) (164m /) (202m2/2d) (226m°/Y)
theSa-FaA75(B) 0.038540
LESFLEMA2(C) 0.00004900
=X =1k 88.40 85.18 82.71 79.60 77.71

WHAE A - Fdiese TSl | e dAeE v - AR An dies e E AT oF

N1L4%E F7F8IUAL, SEr 7S oF 95.1% 202 AAsk3lr) 7 S A S0 e 2 1
Sh= HehdA] gigrou, saarido] e W olahA 5] Hidae] oot guhd @3 A= of

A A ]

1=}
ol
el
o

o
=
=
filo
i
o
&=
rlr
pa)
o
i
it
)
Py
u
o
3
3
2
RN
3

100

R {7  Before rehabilitation
(o7 J S~ A Afier rehabilitation

BD 8 U e el

10—

Well efficiency (%)
-]

T

40 | ' | ' |
0 100 200 300
Pumping rate (m?/day)

33 7-17. M2 2rgofl cist 2P| H-2 Yol et R=EE

H7-17. L2 2o tigh 2E3H| H-2 Y20l 2 LS&3 2 HetH|w

H|ZZ

(FHMEE, %)

50 93.07 94.02 101.03
100 87.03 88.72 101.94
150 81.73 83.98 102.75
200 77.04 79.73 103.49
250 72.86 75.88 104.15
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A\ 52 ol 719N ol Al BATHE e ASA QRS stetst] §18) T M A - m
5 SAAI 2] mhAe} A Q) sTAlel] AR U4k R 242} 253 S/ AT} 222 7/ & 85t A
ot FeAIb] T S glAdshe YA A - 5 W 2] AR 9ISt ol WAk ksl
uE2]Q) 591745k AL} Srel, A5 SHE OF 13m 2|7 kol A We] etk ol BAAIE 45
ol LERcE 91t Al 915 Aol 5 S-EAR|9] GoF Ei rthagel ot ol Aro ® 34

B8 o] F7ro] |4 Ae] FHsHE
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100. i Obs. Wells 100, T T T TTTTTTT Obs. Wells
o New Well n ] o New Well
Aquifer Model r 7 Aquifer Model
Leaky r b Leaky
Solution r 7 Solution
Hantush-Jacob L i Hantush-Jacob

Paramet ters Parameters
T =7.356E-5m2sec E B T =803E-5m2sec
S =0002511 S =0003927

=01 "B =01

Kz/Kr=0.1

b =7636m

r=01
b =7668m

Displacement (m)
3

Displacement (m)
3
T
o
o
a
o
)
3
o
\ .

\ T A R ETT E R TR T
1. 10. 100. 1000. 1.0E+4
Time (min)

(b)
21 7-18. M22 THO et EFH| T3 T7ILAI Zik

o
ZH5{7H| 0| Theis afAi(a) 2 2| 0|%2] Theis &i(b)

] o] AT} 0] 50] BEwk Al Z12F7.36x10  m/sec@t 8.03X10 " m/sec, S8 A EEE9,50x10  m/sec
9} 1.25x10  m/sec, AEAIS= 0.0025112} 0.003927 0.2 AFZHof| ula}, A2E a2 AEA olzjol| A 4-2]
S ket Hsh= UElA] 92 Al 0 & s A Er,

7-18. 22 ZHE0| et ZEEH| B3 27I%4AI 2ot

2| XIEEY 2Ixt 2EHH| ofH M| 0|%
E22 (T, m?/sec) 7.36x107 8.03x10°°
22|MEE(K, m/sec) 9.59x10”7 1.25x10°
MEA$(S) 0.002511 0.003927

A ol digk WA A - T2 dAGFAIE e DA e elshAl Rlen, Aol
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(transien) AEROIL A T F4ek WAl skttt AlRlakgollq 2k o] A|ske917} FAbAEo] meet
AT AR GHI3H7] Tl AAHATE 7} obd Alglell A g 4917

= o]
= A
2 AR S Hg3lo] SSIAEHOI G ] 2005). (18 7-19) (3 719).

—{=— Before rehabilitation

4 N\ —&—— After rehabilitation

E
L
i =
® 20
D \\

24 E

28 1 | 1 1 1 1

0 100 200 300 400 500 G600 700

Elapsed time (min)

3 7-19. ST 2ol et 2EEE| M2 2 EE AR5

QpAA|ZH opAat Hlélij%* H |—’|‘-S-‘r’-|/7ca%%
(rmin) (m/day) [mZ/d;y] [dav)v//mzl
A 120 80 6.61 6.61 6.61 6.61 12.10287 0.08263
M2 A 120 98 2.35 414 8.96 10.75 10.97992 0.09108
MI3EA 120 124 2.48 4.61 11.44 15.36 10.80348 0.09256
MAA 120 146 2.29 5.06 13.73  20.42 10.66204 0.09379
MISEA 120 162 3.61 5.92 17.35 2634 9.33964 0.10707

opAZ} Ao|7ksiat

%[r:ﬂ]a H|6:/;;o Hl‘rs'r“!/caol'o
(m?/day) (day/m?)
HMTEEA| 120 79 5.32 5.32 5.32 5.32 14.88722 0.06717
HI2=A| 120 103 1.97 1.97 7.29 8.94 14.15065 0.07067
HIBEA 120 126 2.44 2.44 9.73 13.05 12.94660 0.07724
M| E=A 120 149 2.80 2.80 12.53 17.77 11.87270 0.08423
HISEA 120 164 2.73 2.73 15.26 23.81 10.77172 0.09284

Ut o 2 Fpfol whE vl et (sw/Q) 2 BA ezl A Bl sl HHw 71e71E ol

=
St SEEUAFBIL $E FEEAASR (OF BE510] SRES BN SEALS AET S
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ek, (19 7-20) ol A] LR HRe} Zro]
o2 Uehton, S8 A0 Fit
= dsrrEdAleE olgste ALt

q_]/\z/\tj\/uzﬂ/\ )

ol gt vl4

A& L]'E]“H =¥ SETTEA
=R e JYSIATHGE 7-20).

T Y SErFEAASE L - HES FY

74.3%, SEPEEA A E oF 98 50 $E 0 2 717t hAst), 422 A] 2

UA] ko), & o] ek W o A) %91 Azl ot sl &

g T e S vehile A es ThaEn(aE 721 (& 7-2).

YA A - ERTEEAARE o

To T T w2
wshe e
SEER

954 o} mE 2

R ]

016
014 4 ) Before renapiitaon |
5 ; A Afer rehabilitation
3~ 0.12
2E o4
h -
&
T T 008
e ] .
E 0.06 '““““:;:53-“"".-: """"""""""""""""""""""""""""""""""""""""""""""""""""""""
A
B T D04 oo
w
002 o~
0 I ' I ' I
0 100 200 300
Pumping rate (m®/day)
J8 7-20. S 2™l chet 2 M| M- Qre2ho] st ]~ skzt
H 7-20. @7 2Pdof| cist 28| M-S 2t HAE B, C X RE2S
RN oA TEHA| 2547 SEHA| 4EHA| 557
= (80m* /) (98m* /) (124m* /) (146m* /) (162m*/)
teSaF2a7(B) 0.066823
B2 MA(C) 0.0002179
2252(%) 79.31 75.71 71.28 67.69 65.44

TEA|

(79m*/ &)

(103m* /)

4THA|
(149 m* /<)

5CHA|
(164m° /)

28 3EA|

(126m* /)

R e =) 0.049639
OBAZAAMAHA(C) 0.0002145
2=258(%) 74.50 69.16 64.74 60.86 58.46
TR I i A7 SFEAIE =3 Al IAFHE XA EA RS THeshr] s wgAe] A - 5
L T FAE o] up]uk ThA| Q1 sThAof] S FF O 2 742} 163.0m*/day X} 170, 1m/day & 28510

Fh ) 2 Q49 ol
He FRc WA o9



79 16A13F 7k 0] 5 429174512k oF 33.83m, A1 F-0] 74 16412 73k F 9151 oF 33 44m=2 Lrehit

CH(1¥ 7-22) (3F 7-22).

100
{3  Before rehabilitation
T 80 4 T e A After rehabilitation
=2 -
Ty -
& 60 TR : s e
2
E .-
I L T S
o T
B 20 e
0 I ; | ; |
0 100 200 300

og5g(%) Wl

PsiH| O 2 o)% (HEE, %)
30 91.09 88.52 97.18
60 83.64 79 .41 94.94
90 77.31 72.00 93.12
120 71.88 65.85 21.61
160 65.72 59.12 89.96

100, 100,

Displacement (m)
3
T
Displacement (m)
3
T

(a)

33 7-22. T 2ol et 2EEE| M2 FIYeAR 2k

o
ZEH| OFF Theis 3i(a) 2 | 052 Theis 3HA{(b)



I Au| o] M3} 0]B.0] A9 Bk A4 7F7F 1 91x10 m/sec®t 1.90x10°m/sec, S| A = EL= 254107

7

m/sec2}t 2.50x10 'm/sec, AFAGHE 0.0025792F0.002686 .2 AFZE| 0] HH 22| A A EA Aol A -2

o e Hohs YEhbA] o2 2l o2 Sl E .

E4204:(T, m?/sec) 1.91x107
22|MEE (K, m/sec) 2.54x107
MeA%(S) 0.002579

1.90x10™
2.50x10°¢
0.002688
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HlQb4 B/l

Q/sw sw/Q

(m*/day) (day/m’)

A 120 145 1.25 1.25 116.00000 0.00862
HI2EA 120 204 1.41 2.66 76.69173 0.01304
HIBEA 120 255 1.17 3.83 66.57963 0.01502
M4 EA 120 300 1.02 4.85 61.85567 0.01617
HMISEA 120 350 1.45 6.30 55.55556 0.01800

opA Azt opaat ngj—ao* HI—T-S-’?-I/??;%%

(min) (m*/day) [mzldgy] [dav;//mzl

A 120 143 1.21 1.21 118.18182 0.00846
K2 A 120 206 1.34 2.55 80.78431 0.01238
HIBEA 120 256 1.15 3.70 69.18919 0.01445
X4 =A 120 300 1.02 4.72 63.55932 0.01573
HISEA 120 350 1.28 6.00 58.33333 0.01714
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2= N A O XX AT AR
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‘l“""l‘“‘l*ﬂ.“eﬁ]‘/l\"(B)ﬂ‘ TET T w EZH—/I\— O=F == ]’ T= %
(1) 7-24) o) 4 Lpebed vk} o] opaagel gt ul4e)gslere] Ws Ay A - 3 ek AoR
el on, 95 2| 9] 5SS el =7 A 2 g5 AA19] F7E24E UEl= o

PESTLAASE o) §te] AkEl SBRES HeSHATHE 7-24),

iy
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N
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L

0.01
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(s,/Q, day/m?)
=
N
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i 7-24. 52 2Fof| e 2PE-H| M- L4 CHAEB, C X REEE
| o[ TEHA| 2¢H]| 3CHA| LA 5EHA|
(145m*/day)  (204m’/day)  (255m°/day)  (300m’/day)  (350m*/day)
theE S4B 0.003206
LESFLEMA2(C) 0.000044
LESE(%) 33.44 26.32 22.22 19.54 17.23
BEIH| 0|5 TEHA| 2¢H]| 3CHA| LA 5EHA|
(143m*/day)  (206m°/day)  (256m°/day)  (300m’/day)  (350m*/day)
= (=) 0.003276
LESFLEMA2(C) 0.000041
PE2(%) 35.85 27.95 23.79 21.03 18.59
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18 7-25. £52 2ol cist 2P| M- Lol et RESS

H7-25. £52 20| et DR H-5 Q420 12 L2580 Hatk|D

H|2?

NLEN XXiH| 0| HMEE, %)
150 32.7 34.8 2.1
200 26.7 28.5 1.8
250 22.6 24.2 1.6
300 19.5 21.0 1.5
350 17.2 18.6 1.4
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52 TN AYIGRAIE Sl A BTN SEAUEAAAS AT sieks] $1s) B
A - B S A AAI ) vhAu Al SThA Qe 350m/day S K E3te] ATt o
ARl B2 491705t GPARE AL 2710 F23 SRS AOAOH S APVHE 91
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100. T T T T I T T T T obs, Wells 100. T T T T T I T T T T obs, Wells
C 3 New Well E J New Wel
Aquifer Model Aquifer Model
Confined Confined
Solut Solut
The The
Parameters . - Parameters
T =26550msec T =3.695cmsec
S =0.0007851 S =0.000662
Kz/Kr = 0.1 Kz/Kr = 0.1
10. = - b Zonesm 10. = — b Zg6stm
E E
€ €
o o
£ £
o o
<] <]
8 8
o o
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a a
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04 Lol il il il il 04 Lol vl il vl il
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min) Time (min)
(a) (b)
10. Obs. Wells 10 I
O New Well
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Solution
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: Parameters
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§ =0.0001503 S =0.0003974
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3 JL g 4L
g a4 g .
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0. LAl l I I I o, L% il il il il
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Adjusted Time (min) Adjusted Time (min)

T2 7-26. £52 BRI et BERH -3 BIYSAIS 2

ZXXH| 0|™ Theis 5i4d(a) 2 Cooper-Jacob diA(c), ZPE%H| 0|Z2] Theis 5H4d(b) & Cooper-Jacob 541(d)
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2 EH| o] R — T 7|org=
Cooper-Jacob

E224:(T, arf/sec]) 2.66 411 3.30
22|MEE (K, en/sec) 2.78x10™ 4.30x10™ 3.45x10™
MSA%(S) 0.00079 0.00015 0.00034

Cooper-Jacob

S AT, ar/sec) 3.70 4.45 4.06
22IHM==(K, cn/sec) 3.83x10™ 4.62x10™ 4.20x10™
MeAIR=(S) 0.00066 0.00040 0.00051
(2) U9 A

A WHolA TR A - T2 DAGTAIE 23 odolars vlatste] 243 o, 2] o]
STA A 2T 5.04m(FTF 250m?/day) Lot W ¥ g H] o] 5 2|l 4. 40m(F<eTd 252m’/day) 714

ABFATH LY 7-27) (3R 7-27).
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2|

I_OIE

M|
M2
HIBEA|
MIATA|
HISEA|

HIQH42

|25
sw/Q
(day/m?)

0.01667
0.01757
0.01831
0.01903
0.02016
H|=?Z51

sw/Q

(day/m?)

N
X2
MIBEA|
M4
MISEA|

(m*/day)

120 54 0.90 0.90 60.00000
120 103 0.91 1.81 56.90608
120 148 0.90 2.71 54.61255
120 196 1.02 3.73 52.54697
120 250 1.31 5.04 49.60317
B 243 e
min) (m*/day) (m*/day)
120 51 0.82 0.82 62.19512
120 101 0.85 1.67 60.47904
120 148 0.81 2.48 59.67742
120 199 0.93 3.41 58.35777
120 252 0.99 4.40 57.27273

0.01608

0.01653
0.01676
0.01714
0.01746

UREA o & Fprpo]] whE vl sle(sw/Q) o A TLefatof| A u]4=9] ZFatekol A

Bl A A (B9} SBRFEAAS (OF EEol0] $2RE T40A
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0 Uehgton], 92 A4 0] 45l ek $-24-544 A4 2 o423 479

L 4S5 R AASE ol 8alo] AAtE SEE LS el AL 7-29),
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H 7-28. 2249 2o tieh 2| -

2B, C U 2858

ok

TEHA| 2| 3CHA| ASY| SEHA|
(54m*/day) (103m*/day) (148m*/day) (196m*/day) (250m*/day)
e W K [2)) 0.015729
LESFEAAR(C) 0.000017
LEEE(%) 94.49 89.98 86.21 82.52 78.73
BEIH| 0|5 TEHA| 2| 3CHA| ASY| SEHA|
(51m*/day) (101 m*/day) (148m*/day) (199m*/day) (252m*/day)
thsF2aA15(B) 0.015782
LESFEAAR(C) 0.000007
LEEE(%) 97.79 95.71 93.84 91.89 89.95

100 s —
S
=
[%]
c
o
[=}
E
® eo 4] {7y  Before rehabilitation |_
) A After rehabilitation
= 0 [ Sl
40 I ' I ' I
0 100 200 300

T8 7-29. U9 TFON ChE BEFH| B3 A0l 3t SBES

H7-29. Y9 20| et BEEH| H-5 U420l 12 L2580 HWStk|D

H|2?
(FHMEE, %)

100 90.2 95.8 5.6
150 86.0 93.8 7.8
200 82.2 91.9 9.7
250 78.7 90.0 11.3
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AEA A= GE 7-30)0) AAISEATE. 778 H] o] A1} o] 5-0f T Al 4= 1.683cn/sec®} 1.877ant/sec, >
2 A= EL= 1,.829%10 " em/sec®} 2.045x10 " em/sec, A A== 0.000732} 000063 0.2 A& E| o] AFE 4]
A EAJ A7 A @it Mshs YERR] 92 A 0 2 SRl gl

rE

100. 100 T
Parameters
T =1.991 cm?sec
S =0.0005522
/Kr = 0.
10. 10. i szKr:gﬁwm
E E
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S S
8 8
=3 =3
2 2
a a
1. = 1. = -
01 bl il il il ol 01 Lol il il il il
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min) Time (min)
(a) (b)
8. T 8. T Obs. Wells
O New Well
Aquifer Model
Confined
|- Solution
6.4 — | 6.4 | Cooper-Jacob
Parameters - Parameters
= T = 1.769 cm2/sec
S =0.0008505 $=0.0007134
E a8 - E a8
€ r €
I3 I3
£ £
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53 53
S L © L
g ., N 3 aol
g %2[ g %2[
16 — — 16 —
o, L@l Al il il il o, Ll Al il il l
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4

Adjusted Time (min) Adjusted Time (min)

(c) (d)
124 7-30. 249 THo| that M| -5 H7 ISR Zok

ZHXXH| 0|1M Theis sliA(a) 2 Cooper-Jacob siAd(c), ZHEZH| 0|52 Theis sliAl(b) 2! Cooper-Jacob slid(d)
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E42842:(T, on/sec)
2|MEE(K, en/sec)

XA (S)

Cooper-Jacob

1.79 1.58 1.68
1.94x10™ 1.72x10™ 1.83x10™
0.00063 0.00085 0.00073

Cooper-Jacob

EL2f (T, arf/sec) 1.99 1.77 1.88
22| MEE (K, cn/sec) 2.17x10™ 1.93x10™ 2.05x10™
PSEVIES 0.00055 0.00071 0.00063

(3) &= &

o =

S el A T A - R AR A} 49)steS vl aste] BARS u), A ol 5

AN A 2 12.22m(F7F 129m/day) Lofid HhH ¥ 7] o] % 2o} 10.26m(F==F 122m°/day) 7H4] 2

238MATH Y 7-31) (3 7-31).
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Hi| 55 7Ol AR 491251
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HlQb4 B/l

B 0/sw 5u/Q
(m*/day) (day/m’)
A 120 49 3.39 3.39 14.45428 0.06918
MI2EAH| 120 68 1.90 5.29 12.91115 0.07745
HIBEA| 120 89 1.83 7.12 12.47191 0.08018
MIGTH| 120 109 1.90 9.02 12.07317 0.08283
MISTHA| 120 129 3.20 12.22 10.56465 0.09466

opAAZH opazy ng-s’.‘—%* Hl—f-:’-llzéﬁ%

(min) (m*/day) [mzldgy] [dav;//mzl
A 120 49 3.46 3.46 14.21965 0.07033
HI2EA 120 70 1.67 5.13 13.56725 0.07371
HIBEA| 120 85 1.75 6.88 12.38372 0.08075
MI&THH| 120 104 1.42 8.30 12.57831 0.07950
HMISEAH| 120 122 1.96 10.26 11.92982 0.08382

L4
2= N A O XX AT AR
©

‘l“""l‘“‘l*ﬂ.“eﬁ]‘/l\"(B)ﬂ‘ TET T EZH—/I\— (=== ]’ T= %
(1% 7-32) ol 4 Lpebud vk} o] opaagel et ul4g)gslere] Ws By A - 3 ek AoR
el o, -5 A9 oS el =78l Al Rt A9 7adS vUstidl= o

FoTTeAATE o835t At SEaES ARSI 7-32).

0.16

O Before rehabilitation
A After rehabilitation

=]
—
M2

0.04

Specific drawdown
(s,/Q, day/m?)
=
o=
[@=]

0 40 80 120 160 200

T2 7-32. S B OE BEEH -5 Y42l e B4 2st
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#7-32. @S 280l tiet 2YFH| -2 4 TAEB, C X =88

25| 3cHA| 4LEHA| SEHA|
(49m* /) (68m* /) (89m* /) (109 m/) (129 m/)
e W B [2)) 0.057336
SZATAAA(C) 0.0002677
LESE(% 81.38 75.82 70.69 66.29 62.39
TS| 25| 3cHA| 4LEHA| SEHA|
(49m* /) (70m* /) (85m* /) (104m /) (122m2/¢)
e W B [2)) 0.062143
SZATAAA(C) 0.0001797
LESE(% 87.55 83.25 80.24 76.82 73.86

o}
o, oA S A=l 2%t suiel A I EHEE W S 4] A
o

100

—

L O Before rehabilitation
S R A After rehabilitation

80

70

60

Well efficiency (%)

50

4D I 1 I 1
0 40 80 120 160 200
Pumping rate (m3/day)

T2 7-33. IS B0l gt 2| -2 Yol LSt L2 S E

0.

H7-33. &S 20l cist 2P| -2 Yool 2 2SEE2| Hat Hlu

QkA2E PEEE(%) H|1
(m*/day) ZHEZAH| 0] FHMBE, %)
30 87.71 92.02 104.91
60 78.12 85.22 109.09
90 70.41 79.35 112.70
120 64.09 74.24 115.84
130 62.23 72.68 116.80
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X

S5 Tl e A7IGRAE ) A BTN Sl AEA QA4S weksy) gls) B A - F
B GARAI R ] nh et B STAle] AT GRTO R 217} 128 4m/ Y, 121.6m/ AL 2 8FHe] A
A wobAl o] b Aol whek 49145k A4
2m, T ] o] Frolliz OF 10, 43mel 4 24 FArel ]
ST PA o] F 1641712 71O R A B SR TR oA ol Fe] E4

=
Ad== 782 4. 70x10 m/sec} 5.63%10 m/sec, S8 AT 3 49%10 'm/sec®} 4. 18X10 'm/sec, A BA4 =

I Obs. Wells
il a New Well

I Obs. Wells
] o New Well £
Aquifer Model C ] Aquifer Model
Leaky [ ] Leaky
Solution L | solution
Hantush-Jacob Hantush-Jacob
Paramet ters = - Paramet ters
T =4697E-5m2sec T =5626E-5m2sec
S =0002163 S =0002228
B =01 B =01
| Kz/Kr=0.1

= Kz/Kr = 0.1 10. — 3
B b =1348m E B b =1347m
4 L 5 4
b £ L o b

2 o
4 £ L 4

8
4 L @ 4

Displacement (m)
Displacement (m)

L Ll L L 01 AT L L I L
1. 10. 100. 1000. 10E+4 1. 10. 100. 1000. 10E+4

(a) (b)

T2 7-34. B B0 et HEEH| M3 B IUAAI Hik

[

01

ZH5{7H| 0| Theis afAi(a) 2 2| 0|%2] Theis &i(b)

—

H 7-34. 23 2o chst 2PN -5 B7 (YA ZotE
S| X|ZEM OIx} ZEXH| o™ 2HHH| 0]
EaZ(T, m?/sec) 4.70x107 5.63x107
23|MEE(K, m/sec) 3.49x107 4.18x107
MZA12:(S) 0.002163 0.002228

Ck OlloIAE 2 AlE

(1) &6 2H
g6 BAHoIA B u] A - 2 TAGAIE A ek, W] oldddle seEAlolA F
9.21m(F5F 250m?/day)7}A] Sob Wb 77 u] o] $-ofl = 2T 8. 75m(Y=TF 252m/day) 2 ©F 46em £

3 Ao 2 Vet 1™ 7-35) (3 7-35).
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—{=— Before rehabilitation
_ 2 —&—— After rehabilitation
£
%
L 4
S
-g 6
T
Q 38
10 1 | 1 1 1 1
0 100 200 300 400 500 600 700

Elapsed time (min)

12 7-35. 46 TR0 ChE ZEERH -5 2 )

g
>
™
4>
0
oN
Ol
ofu

OFA 2 A O|7V 5|2k
(m/day) (day/m?)
MITEHA| 120 50 1.68 1.68 29.83294 0.03352
MI2EA| 120 101 1.81 3.49 28.95642 0.03453
MIBEA| 120 150 1.81 5.29 28.33396 0.03529
MIGTAH| 120 200 1.92 7.22 27.70851 0.03609
MISTHA| 120 250 1.99 9.21 27.13851 0.03685
S o 1243 S5
(min) (m*/day) (mZ/d;Vy] [dav;/m2]
A 120 48 1.60 1.60 30.00000 0.03333
MI2EA| 120 100 1.75 3.35 29.85075 0.03350
HIBEA| 120 150 1.71 5.06 29.64427 0.03373
MI&THH| 120 201 1.84 6.90 29.13043 0.03433
MISTA| 120 252 1.85 8.75 28.80000 0.03472

I © 2 el W Bl alaye] A eIl A vl59) elee] W 7171 ol 85t
PELFEAASBIG SESELUAS (OF EE5l] $BAE TN SRELS ST 4 gtk
(1% 736) ol A] LEehat nfsk o] ool TRt vlolstere] Mkt B e A - T uAsHs Ao R
b o], S8 AR SEEUS Uehll SBATEY AS B g A9 2SS tehh o

FoTTeAATE o835t At SEaES AHEISHITHEE 7-36).
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0.04

O Before rehabilitation
A After rehabilitation

0.0375 -

Specific drawdown
(s,/Q, day/m?)

0.035 1
0.0325 -
0.03 | : : : |
0 100 200 300
Pumping rate (m’/day)
T2 7-36. 246 2HE0f| LS 2P| -2 L52ofl thSh v 2512

2¢H 3EHA| LEHA| 5CHA|
(50m*/day) (101m*/day)  (150m°/day)  (200m*/day)  (250m*/day)
= () 0.032785
LEFFEAA2(C) 0.000016
LESE(%) 97.62 95.30 93.18 91.11 89.13
TEHA| 2¢H 3EHA| LEHA| 5CHA|
(48m*/day) (100m*/day)  (150m*/day)  (201m’/day)  (252m*/day)
= (=) 0.032860
LESFEAA(C) 0.000007
LESE(%) 98.99 97.91 96.90 95.89 94.91

rd

B3 A} Faigol ST EPEP GRS —%%i% i}ol—t— S7FobH, seA| ol SRRt 250m/day<

v W8S - FEREY oF 5.8% /AE Aoz YERt( | 7-37) (3 7-37).

1183 |



100 T—cecame=== = o & B T W
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2 .
Q50 {)  Before rehabilitation |
2 A After rehabilitation
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@
B 20
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0 100 200 300

Pumping rate (m°/day)

21 7-37. Ab46 TEO| ChE ERH| &5 Y4l e 9258

H 7-37. &6 0 thieh 2ETH| H-= Y20l HE =&22 Hat W

°2528(%) HID
ZgH| o™ = UHMEE, %)
50 97.6 98.9 1.3
100 95.3 97.9 2.6
150 93.2 96.9 3.7
200 91.1 95.9 4.8
250 89.1 94.9 5.8
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YL}, P AR T 16ARES 71RO R PR FAST 7| PR RS B

o
4
s
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S
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8.8mof| A = FA e =

=3
TF, Ak wh2 AJsla=9] Mo} AT BT SeAld s (1™ 7-38) ofl tERi $leH, siA A 5=2] 4]
AEA AAH= GE 7-38)0l AAIBHct Bg7gu] o] H Q] A9 FgmFAlaE 8.752¢10 ‘a/sec, ST

1,050X10" em/see, AT 0,000520.8 AFEEQII, AR 0|F:0] A9 FaapA 9.264x10 ar/
see, 2T AR 1 113x10 en/see, ARAGE 0,000510.2 Ao} ohel 412 d E4elxjol A 9.9

Shuket Wasks UhehA] ok o & BRelE 9t
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Displacement (m)

Displacement (m)

100.

100.

F T Obs. Wels F T Obs. Wells
C ] o New Well C ] o New Well
L ] Aquifer Model C ] Aquifer Model
L ] Confined L ] Confined
Solution Solution
L B Theis r b Theis
L 4 Parameters L 4 Parameters
T =09142cm¥sec T =09745cm¥sec
S =00 S =0000451
KzlKr = 0.1 KzlKr = 0.1
10. = - b =8338m 10. = — b =8326m
r 1 B r 1
L ] = L ]
L ] S L ]
£
L 4 & L 4
S
£
L 3 L 4
2
[=]
1= 1. = =
a
o4 Lol TR TIY RV R 01 cl bl il
0.01 0.1 1 10. 100. 1000. 1.0E+4 0.01 0.1 1 10. 100. 1000. 1.0E+4
Time (min) Time (min)
(a) (b)
10. Obs. Wells 10. EE R | Obs. Wells
r q © New Well B © New Well
r 1 Aquifer Model S Aquifer Model
S 4 Confined 4 Confined
L 4 Solution 4 Solution
8. _ Cooper-Jacob 8 _ Cooper-Jacob
L i Parameters : i Parameters
T = 08378 cm?/sec T = 0.8806 cm2/sec
r b S = 0.0005902 b S = 0.0005685
6. m £ s m
L 4 = 4
o
L 4 2 4
L 4 5] 4
o
L 4 Kes 4
L N 3 ., N
4. I ] & . ]
2. — 2. —
0 L iiiual =2 I ol il 4l o0 L ol ol H
0.01 0.1 1 10. 100. 1000. 1.0E+4 0.01 0.1 1 10. 100. 1000. 1.0E+4

Adjusted Time (min)

(C)

Adjusted Time (min)

(d)

121 7-38. A6 0| ChEH ZERH| 53 A7 Q4R Zak

XXH| 0|X Theis sllAl(a) 2! Cooper-Jacob s{A(c),

E42842:(T, on/sec)
2| MEE(K, en/sec)

XS A(S)

S22 2T, on/sec)
2E|MEE(K, om/sec)
MeA%(S)

2Ry

| 0l=2]

Cooper-Jacob

9.14x10"
1.10x10™
0.00046

8.38x10""
1.00x10™
0.00059

Cooper-Jacob

9.75x10"
1.17x107*
0.00045

8.81x10"
1.06x10™
0.00057

Theis 5{A(b) 2! Cooper-Jacob sHAd(d)

8.75x 10"
1.05x10™
0.00052

9.26x10"
1.11x10™
0.00051
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(2) o1 2

A L1 T A I A - T2 AAGFAIE A =S vlaste] 43S o, I 1] o]
SEHA A Z|T) 4.290m(%5TF 201m*/day) Dojt whd I A ] o] &
Aoh(1Y 7-39) (3 7-39).

0
% —{— Before rehabilitation
1 —d— After rehabilitation

_&L’
=
N
2
2,
o
7
o

200m’/day) BHAY S}

Drawdown (s,, m)
(%]

5 1 1 1

1
0 100 200 300 400 200 G600 700
Elapsed time (min)

33 7-39. M1 2ol ciiet 28| H-= 2 THAE AlZ-+21Z5E

opAat Ao|7bstat
(m?/day) (day/m?)
MITEA| 120 38 0.60 0.60 63.33333 0.01579
MI2EHA| 120 81 0.82 1.42 57.04225 0.01753
MIBEA| 120 122 0.89 2.31 52.81385 0.01893
A=A 120 162 0.97 3.28 49.39024 0.02025
HISEA| 120 201 1.01 4.29 46.85315 0.02134
S o 1243 S5
(min) (m*/day) [mZ/d;Vy] [dav;:/mZ]
MITEHA| 120 38 0.57 0.57 66.66667 0.01500
MI2EA| 120 83 0.75 1.32 62.87879 0.01590
MIBEA| 120 121 0.69 2.01 60.19900 0.01661
MIGTAH| 120 164 0.86 2.87 57.14286 0.01750
MISTHA| 120 200 0.81 3.68 54.34783 0.01840
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QA © 2 Qpgeapol mh v 491 slere] 1) I oA Hl49) Astake] et 7187]S o] 85t of
SELEEAAGBIG SREFEUAS OF BE5] SBAS FAlA
(L% 7-40) o) 4] LHERE ik} o] abael] Tisk | gldstake] Wk e A - 5 aAshe Ao
Lo, 98 AR|0] 45448 Lehs $B4E8 A4 9 o3 AR|9) 45448 Lk o

SERFEEAASE ol §5to] AMkE S EERS elSHIrkGE 7-40)

Lo

0.04

O Before rehabilitation
A After rehabilitation

=]

[

(8]
L

e capmm e ————— ]

o i

........ DY

el

0.01

Specific drawdown
(s,/Q, day/m?)
=
N

La=]

0 100 200 300
Pumping rate (m?/day)

T2 7-40. MR TR0 HEH ZEERH| 75 Q40N S HI4- 95k

H 7-40. M1 A0 st 2H™H| M-5 2 HAE B, C Y RESE
223 ol [381513/1 [812nI1r:_Ziﬂayl [12:23:;_:;1t;ay] (162$ﬂayl (20?;:#;2@1
thrSa-F2A75(B) 0.014661
PEASAAAA(C) 0.000034
L=252(%) 91.90 84.19 77.95 72.69 68.21
TEHA| 25HA| 3| 4LEHA| SEHA|
(38m°/day) (83m*/day) (121m?/day)  (164m°/day)  (200m°/day)
thrSa-F2A75(B) 0.014173
EASAAAX(C) 0.000021
LE252(%) 94.67 89.05 84.80 80.45 77.14

S
0700, S ERTAA AR OF 620 RO TASIAE, WYY A - F BRI - ARE A%
ol Z7Fgl vzt A - F2) SEAE Aol Z715tol, e 5ol 2 200m/day S V|5 HS 7

S S-Ego] oF 8.8% 7HA1E S0 Rt 7-41) (- 7-41).
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100

______

3

-

o

c

2

£

T () Before rehabilitation |
> A After rehabilitation
| .

0 I ' I ' I
0 100 200 300

Pumping rate (m°/day)

321 7-41. M1 HE0| Chet BERH| &5 Y4 e 9258

H7-41. M1 2-o]| CHSE 2

oA
o
A
9.-
ol'u

Fof| (2 LES 22| Hat H|

QU Hl2
(m*/day) REH| 0|A = UHMEE, %)

120 78.2 84.9 6.7
160 72.9 80.8 7.9
200 68.3 77.1 8.8

Al L1 WA 7| FFAIE 3 Al BT R AEAG AAE Hiet stefslr] flsf AlA A - :z
B F LA GAGAIE O] vpA e TAIRL SEA of) A RE GRS 200m/day E 285101 ARSI <
AR whE =978 e A EH 270 A% edskE dezlon fE AT st
© A A3 Zhassto] WA R o) 49 =91 skek oF 4.om, W B2 - =918k oF 3.8mollA &7
FIHR ZEH o AR 1A 71 2 g SRS AT Al dE TR AlRtel|
2 A5k WSk Pk 7| FRAE A (1™ 7-42) o] e Gl om, dj4 A} el 2 - EA QA=
(3 7-42)°] =I3koct, T Gu] o] H 9] A9 Bl 1.355am/sec, SE] A EE 1.410x10 " em/sec, A
FAIE 00005302 AR E| AL, AN 0] F-0] 7 EpapAg 1743ai/sec, 7] HEEE 1.816x107
em/sec, A A= 00005022 AE = o] g 2| S AR A kel Mehs UEuA] o2
Ao 2 SHI= Ak

m ~
>.
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100. T T T T T T T T T obs, Wells 100. T T T T T T T T T T obs, Wells
C ] o New Well C ] o New Well
C ] Aquifer Model C ] Aquifer Model
L ] Confined L ] Confined
Solution Solution
L B Theis r b Theis
L 4 Parameters L 4 Parameters
T =1.446 cmZsec T =1.828cm2sec
S =00005292 S =0000518
KzlKr=0.1 Kzlkr=0.1
10. = = b =9604m 10. = — b =9595m
B r 1 B r 1
€ r ] € r ]
] F q ] F q
£ £
@ r B @ r B
S S
£ £
aQ N 7 aQ N 7
2 2
[=] [=]
1. = = 1. = =
o
0.1 cndl i v vl vl 0.1 IR SRR ETTT] R RETIT| BRI W EETIT AR TTT R
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min) Time (min)
(a) (b)
5. RIRARL e e n s e Obs. Wells 5. LB L e 3 e B ey A e e BB e e R Obs. Wells
r B o New Well r B o New Well
r 1 Aquifer Model r 1 Aquifer Model
S B Confined S B Confined
L 4 Solution L 4 Solution
4 _| Cooper-Jacob 4 _| Cooper-Jacob
L B Parameters L B Parameters
T = 1.269 cmZ/sec T =1.661 cm2/sec
r N S =0.0005285 r N S =0.0004919
E 3| — E 3| _
€ r B € r B
5] 5]
£ r 7 £ r 7
@ L i @ L i
o o
o L N Kol L N
3 L L ] 2 L L ]
a il i a il i
1= - 1 _
L s i [ . i
o L val Ol vl vl il o Ll v el il .
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Adjusted Time (min) Adjusted Time (min)

(C) (d)
33 7-42. M1 2o thet 2| -2 7 1YeAl 21k

ZHZEH| 0|™ Theis diAd(a) 2! Cooper-Jacob siA(c), ZXXH| 0|S2] Theis did(b) 2! Cooper-Jacob sHAi(d)

B 7-42. M2 HHO| et BEEH| 25 WIS Z0tE

Cooper-Jacob
E42ZAIR(T, arfsec) 1.45 1.27 1.36
22IMEE(K, en/sec) 1.51x10™ 1.32x107 1.41x10™
X A=) 0.00053 0.00053 0.00053
Cooper-Jacob
E2AI2(T, or/sec) 1.83 1.66 1.74
Le|MEE(K, en/sec) 1.91x10™ 1.73x10™* 1.82x10™*
XeAIS(S) 0.00052 0.00049 0.00050
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S

(3) s

e

S WA B A - T2 DASAE A g vl aske] 23S o, g oA
S [e)

SEHAO A 2] 10.38m(FF 99m’/day) 31738 HHH T A H] o] Fofl= Zoff 10, 22m(F4F 99m’/day) =
oF 16em A4St 2102 YEPGTH( IE 7-43) (3E 7-43).

0
k —{3— Before rehabilitation
2 \ L—— After rehabilitation

.

co

Drawdown (s,, m)
[w2]

—u
=
|

—n
Mo

0 100 200 300 400 200 G600 700
Elapsed time (min)

-

21 7-43. SHEH 2RO R EERH| TS 2 I AT 491251

UL AIZH U4y S SRS
i {nf/day) (m/day) (day/
KA 121 19 1.66 1.66 11.44578 0.08737
K2 A 120 38 1.84 3.50 10.85714 0.09211
KIBTA| 121 62 2.51 6.01 10.31614 0.09694
NIATHA 120 82 2.25 8.26 9.92736 0.10073
MISTHA| 121 99 212 10.38 9.53757 0.10485
Sl S g SR
(min) (m*/day) [mZ/d;Vy] [dav;:/mZ]
KA 120 18 1.59 1.59 11.32788 0.08828
K2 A 120 38 1.86 3.45 11.02728 0.09068
KIBTA| 121 60 2.34 5.78 10.44802 0.09571
AT A 120 82 2.26 8.04 10.14060 0.09861
KISTA| 120 99 2.18 10.22 9.68594 0.10324

1 190 |



Lo

AuA 0 2 ool Wh W9 glere] T ol A u]49] Z4atee] et 71271 ol gaka
SELEEAAGBIG SREFEUAS OF BE5] SBAS FAlA
(L% 7-44) o) 4] LFERE ek} o] abael] Tisk | gldstake] Wk e A - 5 aAshe Aloe
Lo, 98 AR|0] 45448 Lehs $B4E8 A4 9 o3 AR|9) 45448 Lk o

PESTEAASE ol gBto] ANE S EREE HBIATHE 744,

016
()  Before renabilitation

A After rehabilitation

=

.

[N
1

0.04

Specific drawdown
(s,/Q, day/m?)
=
=
(e}

La=]

0 40 80 120
Pumping rate (m?/day)

T2 7-44. SHEHN TR0 THEH EESRH| 75 Q40N TS HI4- 25k

2EHA| 3CHA| ASY| SEHA|
(19m*/day) (38m/day) (62m?/day) (82m?/day) (99m:/day)
B SFa27(B) 0.083595
LEATAANA(C) 0.000213
L=ESE(%) 95.38 91.17 86.36 82.72 79.86
TEHA| 2EHA| 3CHA| ASY| SEHA|
(18m/day) (38m/day) (60m?/day) (82m?/day) (99m:/day)
teSaF2a7(B) 0.084388
LEATAANA(C) 0.000184
L=ESE(%) 96.22 92.35 88.36 84.91 82.25
WG A - & st @ SErFEAATE v - AR A ST a8 A= of
= o

101% %02 Z713190, SB4FEAA= oF 86% s 0 & st PAH A - & S EF8S
EAE Aol= F7Fsh, sTA| gl 2247t 100

© 2 Vet Y 7-45) (3F 7-45).
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100

e

g BD D it e el it = T ey -
oy
5 e ()  Before rehabilitation |
E A After rehabilitation
I L
@
=1 R . it Hs R ;L-EIZ
0 I ' | ' |
0 40 80 120

21 7-45. S EEO] ChEt ZERH| &5 Y4 e 9258

H 7-45. s 2o tieh 2ETH| H-= Y2l HE 2=&22 Hat bW

H|T
(m*/day) REH| 0|A = UHMEE, %)

100 79.7 82.1 2.4

S el A A7IAI 4o A AR el WEA QIS Hehat wtelsly] $18) A1 s‘z
I E AP B4 H O] whA] g el sebAlel) ek e 100w /day S 2 G510] AlRstact
of W2 591745 GPARE A B 2710 FAG 49145E AOF 0N T AT 5945}
A3 iste] g 4] o)) A9 42917481 oF 11.1m

S
o AT Rk, O A2 T 16A0RE 7| HO.E G

¢

o
o
ox
I
9
%
1o
o,
o
1
do
o
ﬂ

2 AT 7| PR B SRS,
A7) BHE X349 WS} AL 71 0F4AE AL (17 746) of Lhehfglon, shal et el as
9 QA= (32 7-46)°] el ShATE. Y] o] HE) 29 B Al 439110 et sec, -2 A = 4,557

Q- BT A= 4.568x10  art/sec, 422
TR BRI A frojantel ¥

10 em/sec, AFA4= 0.00059. 0.2 AFEE| Q) 11, T AH| 0] 59
AE = 4 732x10 em/sec, AFASG= 0.00051.0.82 A E|o] ol
Sh= UERR] ke Zlo g FRelg}ic)
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100. T T T T T ops, Wells 100. T T T T T T T T T T obs, Wells
C ] o New Well C ] o New Well
C ] Aquifer Model C ] Aquifer Model
L ] Confined L ] Confined
Solution Solution
L b Theis [ b Theis
L 4 Parameters L 4 Parameters
T =04428 cm¥sec T =0467 cmZsec
S =00006343 S =0.00045!
KzlKr = 0.1 Kzlkr=0.1
10. = = b 96.36m 10. = = b =9636m
B r 1 B r 1
€ r ] € r ]
5] = B 5] = B
£ £
o I 7 o I 7
S S
£ £
aQ N 7 aQ N 7
2 2
[=] [=]
1. = = 1. = =
01 | L v i il 0.1 Bl il il s il
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Time (min) Time (min)
(a) (b)
12. Obs. Wells 12. Obs. Wells
r q © New Well r B © New Well
r 1 Aquifer Model r S Aquifer Model
S 4 Confined S 4 Confined
L 4 Solution L 4 Solution
96 - _ Cooper-Jacob 96 - _ Cooper-Jacob
L i Parameters L i Parameters
T = 04355 cm2/sec T = 04469 cm?/sec
r b §=0.0005411 r b S =0.0005627
E r2p - E 721 ]
z r B z r B
o o
£ r 7 £ r 7
o | 4 o |- |
o o
o L b Ko} L b
& 4.8 - — & 4.8 - —
[a} <L i [a} <L i
24 - — 24 - —
L ] L oo ]
o Ll Sl sl il il oL vl Bl il il il
0.01 0.1 1. 10. 100. 1000. 1.0E+4 0.01 0.1 1. 10. 100. 1000. 1.0E+4
Adjusted Time (min) Adjusted Time (min)

(c) (d)
321 7-46. SHA EHE0| ChEt ZRRH| B3 A7 QAR Zak

ZHZEH| 0|™ Theis diAd(a) 2! Cooper-Jacob siA(c), ZXXH| 0|S2] Theis did(b) 2! Cooper-Jacob sHAi(d)

—_

Cooper-Jacob
EZAIRT, or/sec) 4.43x10" 4.36x10" 4.39x10"
22IMEE(K, en/sec) 4.60x107 4.52x107 4.56x107
XeAIS(S) 0.00063 0.00054 0.00059
Cooper-Jacob
ESZART, or/sec) 4.67x10" 4.47x10" 4.57x10"
Le|MEE(K, en/sec) 4.84x107 4.63x107 4.73x107
XeAIS(S) 0.00046 0.00056 0.00051
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U2 B FFHZY WA|R Qlsto] WHAY A - 9| o] A MBS YR o] 5%
AleA] Qe 74 4mi/dayoll A el 5914 0. 21mE ekt oL), THAH] o] 5 sEAel A g
90.0m’/day thH] |t =7slF2 9.21m= SRIE AT LY 7-47) (3 7-47).

0
—{=— Before rehabilitation
— —f— After rehabilitation
£ 05 ;
2 \\—L
£
c
1 -
g | -
E " m """"""""""
2 1 1 1 1 1 1

0 100 200 300 400 500 600 700
Elapsed time (min)

opA Azt opaat ngjjor Hl-f—j—l/?:é%%
(min) (m*/day) [mzldgy] [dav;//mzl
A 120 19 0.24 0.24 78.09917 0.01280
K2 A 120 37 0.34 0.58 63.80789 0.01567
HIBEA 120 50 0.30 0.89 56.36979 0.01774
X4 =A 120 61 0.35 1.23 49.47283 0.02021
HISEA 120 74 0.29 1.52 48.85095 0.02047
oA A7t opaat ngjjor Hl-f—:’-l%;%%
(min) [n/day) [mzldgy] [da“)’l/mzl
MITEA 120 46 0.70 0.70 65.14286 0.01535
HMI2EA 120 61 0.31 1.01 60.65411 0.01649
HIBEA| 120 74 0.31 1.32 56.53495 0.01769
A=A 120 84 0.35 1.67 50.69069 0.01973
HISEA 120 90 0.31 1.97 45.68528 0.02189
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AFA] 0 5 Ofapol mhE ul49)Askere] T oA Hl4g) Astake] et 718 71S o] §5tar of
PERFEAASBIG SEFFEAAROE B2t $BAE FANN SEERS FET 4 Utk
(L7 7-48) ol A LFERd bok gro] ofaol] ot Hl49)stare) wiaksh wAlgu] A - 3 wAlehs Ros
Uphom, 98 AR|9] 44 Urhls 9B A 2 g A9 45408 Uehht o

SERFEAASE ol §5to] Ak S EELS elSIrkGE 7-49)

0.06

O Before rehabilitation
A After rehabilitation

0.04 -

0.02 4

Specific drawdown
(s,/Q, day/m?)

T2 7-48. S942 TR0 TS EEERH| 75 40N S HI4- 25k

] o TEHA| 2¢H]| 3EHA| LEHA| 5|
(19m/2d) (37m/2) (50m/2d) (61m/2) (74m*/Y)
ST 47148 0.009797
ogasAAAA(C) 0.00015857
2E52(%) 76.58 62.42 55.27 50.32 45.37
2| 0)= TEHA| 2¢H]| 3EHA| LEHA| 5|
(46m /) (61m/2d) (74m /L) (84m /L) (90m*/Y)
ST 4714(B) 0.011622
ogasAAAA(C) 0.00008091
2E52(%) 75.90 70.12 65.88 62.99 61.48

&)

oF 118.6% 502 F713H W 95 R AR E 9F 51.0% F 0 2 A4S ol
o, ATA At o] M Eo| AlAE 0] SETFEAA T A A 02 FhohE ok IAAA A -
SEEES YA - HESH A3 ofpafo| SUE| wet A - 0] S E5a 8 Afol= FU1sH, STHA| ko

<A oom?/d A 2k 151.04% 7HAE Z O LFERETH(LY 7-49) (I 7-49).
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100

{7}  Before rehabiitation
A Afterrehabilitation |-

Well efficiency (%)

0 100 200 300
Pumping rate (m°/day)

H 7-49. SH2 Yo Cieh 2YYH| - = S0 IHE LE=5E2| Het bW

SE&E(%) H|Z
FEH| O HzHl ol UHIRE, %)

20 75.55 87.78 116.19

40 60.70 78.22 128.86

60 50.73 70.54 139.04

80 43.58 64.23 147.39

90 40.71 61.48 151.04

52 WAL SFHILO) WA 2 Q) P45 2] Xo|7} AA AT wheh WHHH] A - F0] F

247} 75 5m/ 2 208 3m/ A& #851o] Al s, wuﬂoﬂ 581745t AFARS Ak 7)o
A3t =

A2t
L2 4910 m/sec, R AT 2.60x10 m/sec, A EA|G 0002163 0.2 AFZE|Q) 11, T A 1] 0]3-9]
2T A S 2, 07x10 e /sec, 2] AT 21610 m/sec, ABA|Z= 0.0022282 A= E o] AFE 424
A

9 Bl A] £-212 R WEHe Uik gk 2O = BIE|IEH(IY 7-50) (3 7-50)
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Displacement (m)

I
100,
Time (min)

I
1000.

I
1.0E+4

100. £

H
Parameters
T =00002492 m2/sec F
S =0003274 ;/(a/‘gw
B =01
K b
b

Z/Kr = 0.1
=96.01m

ement (m)

Displacs

ol |
100,

Time (min)

0001 I L
1 1000, 1.0E+4

(a) (b)
T2 7-50. S22 ZUH0H T3t REEH| B3 BT IQSAIE Zak
EHHH| 0| Theis siiA(a) 2! 2EZH| 0|F2| Theis HA(b)
H 7-50. S32 2-0]| cHst 2EHH| M- &7 | LAlR ot
SR (T, m¥/sec) 2.49x107 2.07x10™
22|MEE(K, m/sec) 2.60x10°° 2.16x10°¢
MFAA(S) 0.003274 0.001154
of, HENE 3 Al
(1) M1 2
A1 POIN A A - T2 SR AT RS vlmsto] BARS of, Py ol stk
Ao A 2l 68mY/ Y =gt HHH Y] o] ol 84m/ U= F7FSFATHLH 7-51) ,(3E 7-51),
0
k —{3— Before rehabilitation
— 4 —— i After rehabilitation
c
12
3
.% 16
| ™)
5 \
20 fge T
24 ] I 1 I 1 1
0 100 200 300 400 500 600 700
Elapsed time (min)
T2 7-51. MR ZEH0H T RESEH| B3 2t B AT oi2at
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H7-51. M71 2-80f ciet 2| -2 EHAY,AlR Zat

PERAH| QA A|ZH H| 2 Hl=2 Lot
ol (min) Q/sw sw/Q
(m*/day) (day/m’)
A 120 27 3.11 3.11 8.58797 0.11644
HI2EA 120 36 1.69 4.80 7.49688 0.13339
HIBEA 120 48 2.20 7.01 6.85127 0.14596
M4 EA 120 59 2.16 9.16 6.41711 0.15583
HMISEA 120 68 2.66 11.83 5.74956 0.17393
oA At opaat Hléli-sf-ao* Hl-f—j—l/??;%%
(min) (m*/day) [mzldgy] [dav;//mzl
A 120 43 5.55 5.55 7.77818 0.12856
K2 A 120 59 3.72 9.28 6.33757 0.15779
HIBEA 120 71 4.01 13.29 5.32691 0.18773
X4 =A 120 77 2.04 15.33 5.00946 0.19962
HISEA 120 84 5.28 20.61 4.07628 0.24532

L4
2= N A O XX AT AR
©

‘l“""l‘“‘l*ﬂ.“eﬁ]‘/l\"(B)ﬂ‘ TET T w EZH—/I\— O=F == ]’ T= %
(1) 7-52) ol A Lpebut vk} o] opgaagel et ul4e)gslere] Ws Ty A - 3 ek AoR
el on, 95 2| 9] 5SS el =7 A 2 g5 AA19] F7E24E UEl= o

FoTTeAATE o835t At SEaES AHESHAILHE 7-52).

iy
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N

0.8
{3  Before rehabilitation

A After rehabilitation —

=
[0]
1

0.2 -

Specific drawdown
(s,/Q, day/m?)
=
.
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Pumping rate (m3day)
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3EHA LEHA| STHA

(27m/ ) (36m°/) (48m°/ ) (59m*/&) (68m°/ )
CiSaFE 2B 0.077903
PESFEMAR(C) 0.0013845
LERE(%) 67.82 60.98 53.96 48.90 45.28

TEHA 28 3EHA 4EHA STHA|
(43m°/ &) (59m*/&) (71m*/&) (77m*/ ) (84m°/)

therFaA75(B) 0.035320
LEFFEAA(C) 0.0021303
LESE(%) 27.73 22.00 18.97 17.76 16.48
:’_Zé/\ﬂzé /\%/\‘:/\/\] O AT A

‘:H*r—ﬁ*r—‘— 374]4\— ‘3‘3 TET T eﬁ]'jf—’g— H]J—J’— : ZE]E?_]' gj’—} ‘:H*)l\‘%“q\*‘lz‘é}é]ﬁl% QF
P

S
45,30 40 2 ZPATE W, BT LA OF 153,00 4202 F7ISHATh TR A - 7 923
[e]

{3  Before rehabilitation
A After rehabilitation |-

Well efficiency (%)

- I
0 100 200 300
Pumping rate (m3/day)

21 7-53. M9 0| Chet BERH| &5 Y4 et 9258

H 7-53. M1 2]l et 2| -2 S

o

foll 2 R=EE2| Hat Hlw

LEE2(%) H|T

PEHH| ol 2EHH 0| HMBE, %)
20 73.78 45.33 61.44
40 58.45 29.30 50.13
60 48.40 21.65 4474
80 41.29 17.17 41.57
90 38.47 15.56 40.44
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A1 RN 7| 4AI R ol A AT el WEA AR Shefst] gis) e A - 5
% R4 O] TR e eA9] seAlel SR Qbgaro 2 242 67.6m/ A} 77 7/ A K g 3te] Al
shale. QgeAlzroll e 91t oAb AR 270 FAT 91451 doFon g Aas
2 491 A 415 sl A o] Hle) A5 429151 OF 12.04m, AR o] 5 429151 oF
15 11melA] ZAFAENR Sy O AR 3 164K 7| 102 448 SAS A7\ 44A 0 S E7

>

.80x10 m/sec, AFZAG= 0.001764
© 2 A2, T AH] 0|3 0] BELwA4= 2, 73x10 i sec, 8] AIEEE 2,54x10 m/sec, AFAGTE

0.0017152 AFE =] g A 4R A oS Rt o= WERA] o2 A 2= Q1= i)

LOL
2
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)
oX
oX
=
o
B
1o
jm
¥
o
iy
‘l%
M o
W
S
X
S
=
~
&
N
o
2
fr
N

100, - T T T T b, Wels 100. - T T T T Obs. Wels
4 a New Well = 4 a New Well
Aquifer Model r T Aquifer Model
Leaky r b Leaky
Solution r < Soltion
Hantush-Jacob L i Hantush-Jacob
Parameters Parameters
T =3019E-5 m2sec . 4 T =273E-5m2sec
S =0001764 S =0001715
B =01 B =01
KzlKr = 0.1 L 4 KzlKr = 0.1
b =1078m b =1078m

Displacement (m)
3
S
o
B
o
B
o
o
|
Displacement (m)
3
\
|

(a) (b)
221 7-54. MR TEON CHEH BEERH| T3 27IQ4AIY Zik

ZHE/7H] 0| Theis aAl(a) 2 B 0/%2| Theis &1(b)

H 7-54. M1 ZPHo]| St 2PEAH| M-5 7 |$4AE ZotE
22| X|[ZEM OIX} ZIEHH| o|H HHHH| 0|5
EL2 AT, m*/sec) 3.02x107 2.73x107°
£2|HMEE (K, m/sec) 2.80x107 2.54x107
MEAZ(S) 0.001764 0.001715

3. X[gk 7t 2 Tot 2o}

obA] BAE 12704 5ol 98 TAE 5 1] 4
oA o] 87 FUAIH AN AT HAGSAIY ARG £ 7|22 5 37} Suerg Jardor
7V THGE 7-55). 7 AL 2001 o] e ol 0w A Ao} ofeke Zh2F 100me} 200-300
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m/dayo|c}, 332 TA AHTEL 217 250mme] HA & A 0] AL A 2]$H F, 100m AE=7HA] 2HY
74 200mme] PVC A2 2] $-EAA (45T FEIHE Aok oz A E gk

P
_l

B 7-55. 7|AH 2| SHE 2 M

s 71 %2
(m*/day)
oM 100 250 200 300 o HE
olorg 100 250 200 250 O HA g
MR 100 250 200 200 Off oA

370 ol Q4 BB 9] Bl ATE BT v Ik Flo] AEEAS Tetely] sk, 16417t
Eoko] AP HE FEH 02 AAJSIo] Faaprdeol ARAGE ARSI} BT AE = Theis
FREE AR, ARAe] 7ol
op4=A1 B 2] BEAO = BIBLIL Choi(2007)7} AIQHEE A1 7H4-9)751eF A2 2 HE ARAGE APl 57)

E

o
rE
oy
)
oy
NS
i)
@)
3
o
e
=
&_4
o
8
CJ"
IIE
=
)
g
@
:‘?:
1x
s
“
rﬂi
ol

EL273(en/sec)

Cooper-Jacob

oH 1.66 1.26 1.45 0.00039
U9 1.79 1.58 1.68 0.00073
M1 1.45 1.27 1.36 0.00053

341 A} 370 34 0] Bk Ao} AT A G 7 1.36~1.68, 0.00039~0,00073.0.8 2 2}o| 7} §lar, B
d 7N Bt frafetel whet SAIGA Y A vlash=t A9t 202 weEnh

7t SALTAIE

371 Fold-& s ol thstod, 371 Sl AlA 31 A8 A - 3 dASeA AoE vlaskar ZF A
H] =971 AHESIATHGE 7-57), (18 7-55) . URbA o &2 T fA F ol A Q] TAE ofake sl o
Ao A LASHA AFR-SH= =Tk (regular pumping rate) ] 1/3, 2/3 & 3/3 THA| 2 2133} WHHouben and
Treskatis, 2007), & Aol A= ZF A = st p5-0] tp5 s Hab Y 7he s st
o] 717} 5 A=, ZF A 12027t Al kSleh GAISTAIES R H AR E EESTFES 445 9
o

8 30-60H T ¢] 3} 2] (frequency modulaton S o] §-3H%ITh T GFer F7HES 7h B
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Lol2sfat

(Sw; m)

H|& 9| zb5ta
(sw/Q, day/m’)

e

Tt 40n’/day = S7HA71H Al

1 120 99 103 1.74 1.67 0.07 0.01758 0.01621  0.00137
2 120 152 149 3.19 2.89 0.30 0.02101  0.01942 0.00159
10t 3 120 199 195 4.66 417 0.55 0.02344 0.02108 0.00236
4 120 251 253 6.63 6.21 0.42 0.02642 0.02456 0.00186
5 120 301 305 8.96 8.26 0.70 0.02978 0.02707  0.00271
1 120 54 51 0.90 0.82 0.08 0.01667 0.01608 0.00059
2 120 103 101 1.81 1.67 0.14 0.01757 0.01653 0.00104
U9 3 120 148 148 2.71 2.48 0.23 0.01831 0.01676 0.00155
4 120 196 199 3.73 3.47 0.32 0.01903 0.01714  0.00189
5 120 250 252 5.04 4.40 0.64 0.02016 0.01746  0.00270
1 120 38 38 0.60 0.57 0.03 0.01579 0.01500  0.00079
2 120 81 83 1.42 1.32 0.10 0.01753  0.01590 0.00163
M1 3 120 122 121 2.31 2.07 0.30 0.01893 0.01661 0.00232
4 120 162 164 3.28 2.87 0.41 0.02025 0.01750  0.00275
5 120 201 200 4.29 3.68 0.61 0.02134 0.01840 0.00294

A A3t FU A1 31 o] S DAIZF STl whet 97t ske] A3t B
S97stare) Aol7t At F71ske A o= L), 319 i o] A8 ek W] 97 3
*8}3'10 ), H]4=75HE2 0.00137~0,00271day/m* BH

Jo| 4] 2] Z=9) 78l FUAA 0]3 0.08~0.64m THE ZHASFA T, H]4=

78S 0.00059~0.00270day/m* T S7HE| ATk, oflof ) W o] 285 A 21 W o] 7Sk 3
AH)A 013 0.03~0.61m THE 7rASFE 0| B4 74512E2 0.00079~0,00294day/m THE 2718 Ao 2 1}
Epyteh
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L A5 242 U 271 2 348 T}

3712 S Ul AlA e 42 485k SRR Al S Ul A1A 0] $-9] - e EE A= 11-61% 3
43 A o= yehd v, di4S B AAISB)= H Blas o181 0] 6.1%R thE F 7H] W]
B8l g o2 Aol T AR Y AITHEE 7-58), (7™ 7-56) .

o= 3] W& o] 237 3tol] taf oF 30em H4 0.2 OF 53] o]/ 200~300psi®] 73 Y O2 wiE
= AEH o Aol uhet, SRl S Arole] oA Aot g R tiaegoll ek Al ol
T 7HA) ol] mjsf AT o= FA) vl ol wh2 AxhE ke, aeh B W S e R
A= 27t 7P 2 W] diag e 5 R A9 gl A0 R UERd=d, ol 5 S4TE 9
gt 238 e A a3 Sef kel Bls) oA B Hlags -] ok Ml A Bkt A O 2 ) o

l‘UEE

gl

f

AN o] Aol - At Al Bl B Qe AR YER
RS 30l A2 d=57] B AR ZTE 2AMEE dEE ST A3 E 7ol a3
O ALy ol wide] ek v ols B R A8 37HA] Ul Al A W o] AR )l Ak

= Aol 8- W E S 54 Apol7E AL = A] @Rk wiZell, AA| B ofl Z-EA171710= A7 )

o}, wheba] TE 27HR1 At 7ol Hadh Al o g wekEch

SE2475(B, day/m?)
H3I2(%)
191 0.0117584 0.0110369 6.1 0.0000593 0.0000529 10.8
UA? 0.0157000 0.0158000 -0.6 0.0000170 0.0000067 60.6
M1 0.0146609 0.0141733 3.3 0.0000340 0.0000207 39.1
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@© : ¥ ' =
o s,/Q = 0.0000593Q@+0.0117584
‘: E=N .
'g 002
& A(// s,/Q = 0.0000529Q+0.0110369
o) T :
O
= /
‘G 001
@
&5
()]
0
0 100 200 300 400
Pumping rate (m?/day)
(a)
0,04 | |
o -+--{ ® Before rehabilitation
£ A After rehabilitation
& 003
o
=
3 5,/Q = 0.000017Q+0.0157
'g 002 | | | g
© | et 1
© | |
o s,/@ = 0.0000067Q@+0.0158
T oot
@
&5
()]
0
0 100 200 300
Pumping rate (m?/day)
(b)
0.04 | i
o ---{ @ Before rehabilitation
£ A After rehabilitation
>
& 003
&
| o
% s,/@ = 0.000034Q+0.0146609 /
g 002 —
o S X
3} s,/Q = 0.0000207Q+0.0141733
S 001
@
a
()]
0
0 100 200 300
Pumping rate (m3/day)
(c)
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4] AAIE A1 A3 ol gto] (4] 7-)olA] AN vlek o] 3714 he] B A AT 9t
Sk B A1 o] F0) WIS Foto] B A o] 7ol 2 WA A TRse] S7RES AN

S A 23k 7191 WAL 23 3mY/
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1
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E

day, 49} F A W W 283 9o J?—Pé% 32.1m/day, 01101%1101 Ho]' = A8 Al 81 ¥ 31.5mY/
day® UebgT) 34 EEeF tiu] 271 882 282} 7.6%, 12.7%, 15.8% &, E&TFo] 714 W-2(300m/day)
QM Y 2] STt HlEo] 7P A-2(7.60%) BHH EETFo] 7P A-2(200m/day) A 21 Y 2] ST} Hl&o] 7}
7 2(15.8%) RO et of2igh Ak ® K fpifo] A o2 A2 whAof tigh A2 Wy 28

gl A= a7 A F o2 2 A o7 gichE T

o = i = x| 5}H OFA

e P e el

(Qa, m*/day) (swa, m) - m/day)
1I0H 305 8.26 0.63 23.3 7.6
lef9 252 4.40 0.56 32.1 12.7
M1 200 3.68 0.58 31.5 15.8

9 Aol gk g H] o] FTV A A tha FfEo] ERIE Lo, thA| R Bt = A] o
e & SRIEQIeh -] SEA el e ot A o2 Uepgtom, Aad A7kl A 31t 3utgl @4
2 FolE] 7] akofrt I T L 75mo|w] AT 7R A% 36~40m, 44~48m, 52~56m, 60~64m, 68~72mS.
A% 32mofl A 72m 7HA] - 20m Aol 2 AR H A o= fofE Qe I gH] o] 5TV A
o7 PAdu] AETh Ao F2lEo] Jd oEdo] st Fuff vt /A E = A
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(2) M 2

A Bl gt I o) ETV A At B EE F 79moelm AT GRS Ak 31~39m,
43~51m, 63~71m= & 24m A o|&2 HX . &
Aoz Uehten, ol 27 SR koA 77 200mme] BT Seleolel, RS v
UERten, i 24 ofl A o] A ER vEE o] Q= AdHlE SIE ek 2 o] =2 A
7t

B2 A E, AR AR S

(3) M2 2

A2 ol gt TG H] A2-9] =TV AT At T = 79. 7mo]m W =X A= A= 78.7m
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