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Abstract 
1. Preface 

The midstream of Chou-Shui River and downstream of Qing-Shui River 
also belong to Minzu Basin. The range of Minzu Basin east from Chi-Chi Weir, 
west to Chang-Yun Bridge, south to the valley of midstream Qing-Shui River, 
north to the junction of the Recent Alluvium located midstream of Chou-Shui 
River and Chelungpu Fault. To confirm the groundwater reserve and the develop 
potential of the Minzu Basin, it collect the basic data including hydrogeology, 
river flow and groundwater level then conduct suit hydrogeology investigation 
and experiment to analysis and simulate the feasibility of groundwater reservoir 
developed in Minzu Basin. 

The work of Project mainly including the basic data analysis, literature 
collection, hydro-geological investigation, groundwater quality monitored, 
ground hydrological monitored, aquifer reserves and change volume assessment, 
groundwater recharge mechanisms during dry and flood season, assessed the 
relationship between groundwater flow in pass area and groundwater recharge in 
alluvial fan, groundwater development scenario simulation, exploration the 
Minzu Basin groundwater development effect on surrounding environment, and 
the feasibility of groundwater reservoir developed in Minzu Basin. 

2. Basic data collection 
(1)Topographic and geologic 
      Minzu Basin is located midstream of Chou-

including Cuou-Shui Valleys, Qing-Shui Valleys, part of Pingdingpu Mesa, 
part of Bagua mountain Mesa and chu shan Plain. Total area is 76.05 km2, the 
geological characteristics in Minzu Basin is complex, its including Recent 
Alluvium, Toukoshan Formation, and Terrace Deposits. 

(2)Ground hydrological 
      The annual rainfall in Minzu Basin is about 2222 millimeter, the river in 

basin consists of Chou-Shui River and Qing-Shui River, two river converge 
on Ershui Pass 

(3)Groundwater hydrological 
      Minzu Basin is a closed groundwater area. In the east the Chelungpu 

Fault is a discontinuities aquifer, the boundaries in south and north side are 
platform or hilly watershed, in west side the Ershui Pass is the outlet. The 
aquifer in Recent Alluvium are mostly unconfined aquifer, the groundwater 
level change according to the flood and dry season change. 

(4)The cases in domestic and international  
      The groundwater resource assessment methods generally contains 

traditional water budget and numerical model simulation. Before analysis, 
should be understand the hydro-geological conditions, such as aquifers 
geological and hydro-geological parameters. In addition to analyzing methods, 
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many researches focus on the groundwater extraction impact on surface water, 
the groundwater extraction maybe affect the original river basic flow, and the 
increase value of groundwater extraction depends on the river flow. 

3. Hydro-geological exploration and groundwater hydrology analysis  
Hydro-geological exploration work completed 3 ground resistance survey 

lines, the length of 3km, geological drilling (whole core sampling) in 3 site, the 
total depth is 300 m, pumping test in 2 site, situ permeability test in 1 site, 
groundwater velocity and flows monitor in 3 site, electrical Logging in 2 site, 
and set 10 simple observation wells to monitor the level. According to the 
investigation result can initial know the hydro-geological characteristics in 
Minzu Basin. Base on the geological drilling and ground resistance result the 
geological stratification in Minzu Basin can divided into shallow Recent 
Alluvium and deep Toukoshan Formation. The thickness of shallow Recent 
Alluvium in basin is unevenly distributed. Along the Chou-Shui River the 
thickness of shallow Recent Alluvium approximately between 30m to 40m, 
while along the Qing-Shui River the thickness is about 20 m and the thickness of 
Toukoshan Formation under Recent Alluvium is very thick. In addition, it finds 
that there is a thick impermeable stratum under the Recent Accretion and 
conjecture that caused by a dubious anticline by electrical resistivity tomography 
investigation in Ershui Bizitou pass. The research conjectures that the pass is a 
natural geological structure which could keep the groundwater storing in the 
basin. In addition, it also shows that the value of hydraulic conductivity for 
aquifer is higher than the value of Toukoshan Formation that under Recent 
Alluvium by the relation research results and the result of pumping test which 
executed in this research. Therefore, the potential of groundwater discharge 
along the bank of Chou-Shui River is higher than the potential of groundwater 
discharge along the bank of Qing-Shui River that generalizes from spatial 
distribution. 

According to the historical data for groundwater in Minzu Basin, it shows 
that the research area with higher groundwater level, it also higher than average 
elevation of the main river channel and water level in most of time. In 
accordance with interaction between surface water and groundwater, it find that 
the groundwater recharge to surface water and become the base-flow in Minzu 
Basin. In addition, the research also finds that there is high correlation between 
surface water and groundwater in the basin by correlation analyses, and the 
correlation decrease progressively with the increase of the distance to main river 
channel. 

4. The groundwater quality monitoring 
According to the historical data and result of groundwater quality sampling 

and analysis that execute in the research, it shows that the quality of 
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5. The surface water quality monitoring 
According to flow rate data collected from five hydrometric station that 

include Minzu Bridge, Changyun Bridge, Longmian Bridge, Liyu Bridge and 
Yanping Bridge, the inflow and outflow data collected from Jiji Weir, it shows 
that there is a noticeable difference of flow rate between rainy season and dry 
season. In addition, it charted flow rating curve to supply assistance for water 
level and flow rate to conversion. 

6. Discussion about mechanism of groundwater recharge 
According to the result of water chemistry analysis, it shows that the flow 

rate lower in 2013 to 2012. In the Minzu Basin, the source of groundwater 
recharge is from river flow. In rainy season, the flow rate discharge into river 
from Jiji Weir affected groundwater level signigicantly.

7. The evaluation for groundwater reserve and its variation in aquifer 
There is 2.32 hundred million tons groundwater stored in the Recent 

Accretion which near to Chou-Shui River and 1.98 hundred million tons 
groundwater stored in the Recent Accretion which near to Qing-Shui River. In 
addition, there is 0.88 hundred million tons groundwater stored in the Plateau 
Sediments, and 7.84 hundred million tons groundwater stored in the Toukoshan 
Formation. Conclude by the result that the groundwater reserve lies in between 
13.03 to 13.5 hundred million tons. 

8. Simulation and discussion of environment effect due to groundwater 
development 

According to the discharge capacity of aquifer, suitable development region 
was the aquifer of modern alluvium near Chou-Shui River. Area of suitable 
development region was 26.51 km2. The deeper aquifer under the modern 
alluvium was poor for groundwater development. Interaction of surface water 
and groundwater in this area showed groundwater move to Chou-Shui River. 
The water amount which move to Chou-Shui was 1223.64 ten thousand tons per 
year by water budget method. Groundwater development scenarios were also 
estimated. When pump at rates 5, 10, 20, and 30 ten thousand tons per day for a 
year, there were 601, 2426, 6076, and 9726 ten thousand tons recharge 
groundwater from the steam. The percentage of recharge between discharge 
were 32%, 66%, 83%, and 89%. The interaction between surface water and 
groundwater was transformed from move to the stream to recharge. 

According t o discharge records of Jhangyun Bridge station, the discharge 
of Chou-Shui River had significant shortage for base flow and water right 
requirement. In the other word, the discharge of Chou-Shui River was 
unsatisfied the basic requirement. The groundwater development of Minzu 
Basin may cause the lack of river discharge expand.  
The 3D numerical groundwater model was established for groundwater 
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development scenarios simulation in Minzu Basin. The result shows that when 
pumping on 6 wells, the area the drawdown more than 2 m was 316 ha with the 
maximum drawdown 6.6m. The result of groundwater development also showed 
the effect of discharge flow to Chou-Shui River Alluvial Fan under the mountain 
pass was not obvious.  

According to influence factor analysis, the better exploitation plans of 
Minzu Basin are daily pumping supply plan pump ( 3 ten thousand tons per day) 
and wet season pumping backup plan (pump 15 ten thousand tons per day, for 
20 days). The cost of facilities of daily pumping supply plan was 2.77 hundred 
million NTD. The benefic cost ration was 0.73. 

keyword Minzu Basin Groundwater Resources Development 
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2011
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( )
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TM67_X TM67_Y
(m) (km2)

1510H050 220334 2630592 165.012 86.46 2003~2012 

1510H057 212932 2631549 107.17 2906.32 1991~1992,
1994~2012

1510H079 215794 2618897 201.28 360 2009~2012 
1510H084 220097 2634772 163.64 195.19 2011~2012 

( )

1
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1/190

61

~154 429 1,961

46 1/58

448 ~965 18.5
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4.27 
(2004) 

12.04 
(2003) 
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2011 2 8.3 - 0.15 4,900 - - - - - 3.25 
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(1) 218500 2634400 1997 78.275 151.1 24~72 79.1~127.1 
(2) 218500 2634400 1997 193.2 151.08 144~186 -34.92~7.08 
(1) 220800 2634163 1997 24.14 179.39 9~18 161.39~170.39 
(1) 214823 2623400 1997 41 168.715 20~35 133.715~148.715 
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(1) 212782 2629816 1997 59 113.61 35~89 24.61~78.61 
(2) 212782 2629816 1998 150 113.37 144~174 -60.63~-30.63 
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210242 2634428 1994 112.75 82.44 72~108 -25.56~10.44 
(2) 207312 2629734 1994 96 72.31 40~94 -21.69~32.31 
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2006 62.86 11.19 1.18 0.37 8.63 21.37 

2007 64.82 10.65 1.20 0.41 9.42 21.68 
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2011 24.54 10.11 0.98 0.43 7.41 18.93 

2012 69.69 10.71 1.02 0.44 9.86 22.03 
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~ 35.00 10,888.86 1,181.54 9707.32 
~ 33.88 10,898.17 10,578.45 319.72 
~ 14.46 5,095.49 4,882.58 212.91 

~ 10.53 4,511.58 4,511.58 
~ 6.55 6,906.64 6,906.64 

( ,1995) 

2-8 

(cms) 
(m) (m) (m) 

90.00 1,498.06 190.00 1,308.06  
90.00 3,193.71 1,285.13 1,908.58  
90.00 3,099.42 2,549.42 550.00  
90.00 2,992.89 170.00 2,822.89  
90.00 2,933.52 2,933.52  
90.00 7,708.00 6,258.00 1,450.00  
90.00 7,019.50 7,019.50 0.00
10.91 80,003.12 6,870.15 73,132.97  

 ( 1995) 
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1 6 4 0
6 1 3 1
12 29 12 0
1 9 1 0
20 45 20 1

(2013.03) 
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2-11 

(m)
(104m3)

1000011 60 0.0018 
108162 150 0.1368 
123576 165 0.0576 
123538 250 0.061072 
122400 186 0.01425 

0.27
(2013.03) 

2-5 

2-6 

2 1 3 3 

51 

10 8 8 

0 

10 

20 

30 

40 

50 

60 

    

  

(
) 

61% 13% 

13% 

13% 
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2-7 

2-8 

( )

2011

2-12

12 

1 

6 

1 

29 

6 

1 

9 
12 

4 
3 

1 
0 

1 

0 

5 

10 

15 

20 

25 

30 

35 

    

0-50 

50-100 

100-200 

>200 

(m) 

458.100  

76.000  

518.400  

41.400  

0  

100  

200  

300  

400  

500  

600  

    

( / ) 

(
/

) 
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2-12 

/

(%) 

( ) ( )

20,482 96,000 60,627 73.47 116.25 73.41 
( )

5

486 2,500 1,610 78.01 124.19 79.98 ( )

466 2,700 1,477 9.47 17.31 9.47 ( )

3,520 15,800 10,381 61.79 94.40 62.02 
( )

192 2,100 556 54.39 209.16 55.38 ( )

36,672 135,000 116,289 90.89 105.89 91.21 

22,888 141,250 66,363 78.00 165.53 77.77 

787 6,500 2,181 17.06 46.42 15.57 
( )
( )

41,511 174,600 130,202 84.47 111.55 83.18 

161 720 471 82.14 125.44 82.06 ( )

4,327 30,000 11,822 62.39 158.34 62.40 ( )

297 2,800 791 38.27 125.62 35.49 ( ) ( )

138 1,200 511 32.86 77.17 32.86 ( )

256 2,500 951 37.48 98.58 37.50 ( )

2,958 25,100 8,352 41.04 123.34 41.04 ( )

( )
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( )

(http://wuss.wra.gov.tw/index.html)

1

( 2-13) ( 2-14)

2-13 2010 13,907

2-14 1,127,844

1,668,339

( ) ( )

2-13 2010
 ( )

( ) ( ) ( )
4,555.00 908.07 88.00 5,551.07 
2,555.00 5,548.63 252.00 8,355.63 
7,110.00 6,456.70 340.00 13,906.70 

( )
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2-14 2010

390,104.00 270,951.00 8,004.00 669,059.00 
396,344.00 11,970.00 50,471.00 458,785.00 
786,448.00 282,921.00 58,475.00 1,127,844.00 

417,012.00 303,679.00 10,074.00 730,765.00 
924,577.00 1,342.00 11,655.00 937,574.00 

1,341,589.00 305,021.00 21,729.00 1,668,339.00 
( )

2

2-15

136,754 /

95,432 /
2-15 2010

 

(%) ( / )
(
/ /

)
1,307,286 1,207,297 92.35 126,210,643 286 

717,653 672,323 93.68 89,880,340 365 

 

( / ) ( / ) ( / ) ( /
/ )

10,542,876 288           136,753,519 286 
5,551,223 332            95,431,563 363 

( )

3

2-16 105,810

217,280
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2-16  2010

( ) (106m3)
-

(106m3)
-

(106m3)

1521.47 105.810 100.04 5.77 

2398.05 217.280 215.12 2.16 
( )

2-9

83%

 2-9  

2,810,090 
, 83% 

232,185
 , 7% 

323,090 
, 10% 
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(1)

(2)

(3)

( )

1

( 2-1)

1983~1984 1985

7 1986 8 30 1987 11 17
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2.14

659 25.45

 

2-1 

(

)

2-2 2-3

 

2-2 



2-30 

 

2-3 

50%

70

(1)

A

3

820 0.55

25 0.5 2-10

1986 8 22
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2-5

200

170

200

1997 9 90 12 92 10 2 3

6 2-11

2007 

2-10 



2-32 

 

2-4 

2007 

2-11 
B

(

)
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2006

2007 3 200 ( 14.49

) ( 2007)

(2)

A

2011

( )

8,200 2,800

2003

5,000 

1,600 

250 
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B

1989

300~400ppm 1991

1993

C
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2007

2007

400ppm

2

1991

2001

( 2001)

( 2001)

3

160 30~40 

300 2006

22 333

46%

5

3,054
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( )

1 (Barthel et al., 2009) 

Barthel (2009) (Benin)

(Ouémé basin)

(UN-Water)

(Integrated Water Resources Management, IWRM)

IWRM

(socio-economic point of view)

(hydrological modeling) (spatial 

hydrogeological analysis) (health analysis) 3

(long-term 

availability) (sustainability) (reliability)

 HBV

2-12 (precipitation and 

snowmelt) (evapotranspiraton) (soil moisture 

storage) (groundwater recharge)

(direct runoff reservoirs) (direct discharge)

(baseflow) (groundwater reservoir)
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3km 3km

1983 2004 4,000

(aquifer thickness used)

(aquifer suitability)

(failure risk)

2-13

4,000

2-12 HBV (Barthel et al., 2009) 
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2-13  (Barthel et al., 2009) 
2 (Deng, 2012) 

Deng(2012) (Tailan 

basin)



2-39 

( ) 2-14

(ground dam)

2-14  (Deng, 2012) 

3 Usquepaug-Queen

(Dickerman et al., 1997) 
(U.S. Geological Survey, USGS)

(Rhode Island Water Resources Board, 

RIWRB)

(groundwater reservoirs)

1950



2-40 

Usquepaug-Queen

9 (Pawcatuck River)

Usquepaug-Queen

2-15 Usquepaug-Queen 90% 95%

555 95

(subsurface-drainage area) 33

36.1

Usquepaug-Queen 3

(glacial stratified deposits)

(glacial till) (crystalline bedrock) 3

42% 122

2

8

Usquepaug-Queen

8

(transmissivity) 4000 / 26200

/ 25 / 470 /

5 105

Usquepaug-Queen

2.8 105 4.8 105
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3

2-16 (1975-1990)

(1963-1966) 4 106

1.1 107

( )



2-42 

2-15  Usquepaug-Queen (Dickerman et al., 1997) 



2-43 

2-16  Usquepaug-Queen
(Dickerman et al., 1997) 

4 (Takasaki and Mink, 

1985) 

(Koolau Volcano) (Waianae Volcano)

2-17

(lava)



2-44 

2-18

(Kaneohe)

(strike)

(dip)

(specific yield)

(T) (hydraulic gradient, I) (L)

(Darcy law)

135 (

52.1 ) 5,600 ( 21.2 )

2-19

99%

50%

2-20



2-45 

2-17  Koolau Volcano Waianae Volcano
(Takasaki and Mink, 1985) 

2-18  Kaneohe (Takasaki and Mink, 
1985) 
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Stephen B. Gingerich, and S. OkiDelwyn, 2000 

2-19  (Stephen et al., 2000) 

2-20  (Stephen et al., 2000) 
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5 (Uinta River)

(Lambert, et al., 2011) 

(Utah state) (Roosevelt City)

(Sprouse well field)

2008

(Utah Department of 

Natural Resources) (Ute Indian Tribe)

2011

2-21

(losing 

stream) (gaining stream) 2

2-22

(tracer test)

(temperature measurement)
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2-21  

2-22  (A
B )

2-23  
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6 (Central Arizona) (Verde Valley)

1910 2005

2005 2110 (Garner 

et al., 2013) 

1910 2005

2005 2110

MODFLOW MODFLOW

(Verde River) 2005

2-24 1910 2005

4900 acre-ft/yr 10000 acre-ft/yr 2-25

(

) (capture)

2-26
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2-24  2005

2-25  (1910-2005) 



2-51 

2-26  

(water budget) (numerical model 

simulation) 2

2

(steady state)

(Lambert, et al., 2011, Garner 

et al., 2013)

(capture)



2-52 



3-1 

(IDW)

( 2006)

(

( ) ) 500 500m

(

2010 2011 ( )1996

)

3-1

3-1 500

IDW

3-1

264



3-2 

3-1  



3-3 

3-1  
X97 Y97 

(1) 213611 2629610 ( )
(1) 219329 2634194 ( )
(1) 218111 2628814 ( )

C1( ) 220202 2634404 
S5 212984 2630653 
S4 217140 2630740 
N8 216982 2632367 
N4 219676 2634583 
B2 219109 2633513 
A2 213376 2631228 
D4 214926 2628555 
E4 215119 2626541 

264

200

3-2

IDW

10

3



3-4 

3-2  IDW



3-5 

3-2

3-2 

1996

1997

2001

(1/4) ( 1 ) 2010

(2/4) ( 2 ) 2011 

(1/4) 2010

(2/4) 2011 

(3/4) ( 3 ) 2012

1

(1996 )

1996



3-6 

3-3

-

4 20

8 20 70

C

C. V. Theis(1935)

3-3

A B C 10-3~10-5m/s

D E 10-2~10-4m/s

-

9

3-4 F G H I

J K L M N

1.46 /



3-7 

1996

3-3 



3-8 

3-3 1996

(m2/min) (m/s)

A

A1 0.4188 6.98 10-04  

A2 0.5358 3.57 10-04  

A3 0.3255 3.19 10-04  

A4 0.1631 4.94 10-05  

B

B1 5.677 2.31 10-03  

B2 0.8237 4.58 10-04  

B3 1.7805 9.89 10-04  

B4 0.3582 2.21 10-04  

C

C1 0.2663 8.88 10-04  

C2 0.3806 1.27 10-03  

 

C3 1.5847 6.60 10-03  

C4 2.436 5.80 10-03  

D

D1 0.00188 6.27 10-06 ( )
D2 0.000864 4.11 10-06 ( )
D3 0.1609 2.68 10-04 ( )
D4 0.3827 6.38 10-04 ( )

E

E1 6.0725 1.01 10-02 ( )
E2 0.004077 1.70 10-05 ( )
E3 0.1677 5.59 10-04 ( )
E4 0.7352 1.23 10-03 ( )

( D1 D2 E2
T )



3-9 

3-4 1996

2

(1997 )

1 4

130

300 500

3-5

3-6

3-7 3-8

( )

( ) -

10

1.6 10-3~2.0 10-3m2/min 0.9 10-4~1.6

10-4m2/min 4.5 10-6~5.6



3-10 

10-6m/min 1.6 10-3

0.25 10-7~4.5 10-7m/min 2 10-5~10 10-5

( 1997)
3-5 1997



3-11 

( 1997)
3-6 1997



3-12 

( 1997)
3-7 1997

( 1997)
3-8  1997



3-13 

3

(2001 )

3-9

3,516 /

1,697 /

678 /

1,141 /



3-14 

3-9  



3-15 

4

(2010 2011 )

2010 2011

/

100 400

130

2010 3-10

S1

2011 3-11

3-10

( )



3-16 

3-10 2010

S1

   

     

  

 

 



3-17 

3-11 2011



3-18 

5

 (2010

2011 2012 )

2012

(1)

8 4

( 3-12 )

3-12 2010 2011

  

    



3-19 

(2)

2010

10 7

 3

2011

3 1

1 ( 3-13)

2.15 10-4~2.75 10-5m/s

3-4

3-13 2010 2011

   2010 2011
( 2011

2010
)



3-20 

3-4  2010 2011
TM97_X TM97_Y 

(m/s)
( )

N1 219880 2634817 1.09 10-4 30
N2 219827 2634734 1.60 10-4 20
N3 219762 2634675 1.49 10-4 20
N4 219677 2634582 1.25 10-4 20
N5 219625 2634534 2.15 10-4 20
N6 219528 2634424 1.51 10-4 20
N7 219438 2634329 1.97 10-4 30
N8 216999 2632342 1.88 10-4 30
S1 220281 2634308 - 30
S2 219994 2633912 2.75 10-5 30
S3 219516 2633254 5.16 10-5 30
S4 217162 2630702 2.04 10-4 30
S5 212994 2630640 5.63 10-5 30

         ( S1 )

(3)

2010

( 3-14)

 S1 

 8.5



3-21 

3-14  2010
(4)

2011 1

( 3-15) 2

10

50 C1 C2 2 50

10.4 17.9 2012

C1

C1 3-1

2010    

2011 (C1) 



3-22 

(a)

(b) (C1)
3-1 2011



3-23 

3-15  



3-24 

(5)

2012

( 2012)

A

3-16

3-16  2012

B

19,573 150



3-25 

2012

3-17

3-17  2012

C

3-18

30 40

5

20

90 120

70
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50

3-5

3-19

3-5  2012  ( )

222.00 132.00 82.00 32.00
144.00 115.50 65.50 15.50
150.00 116.50 66.50 16.50
113.00 80.00 30.00 -20.00
297.00 177.00 127.00 77.00
169.00 149.00 99.00 49.00
82.40 17.02 -51.49 -120.00
72.30 5.88 -62.06 -130.00
49.01 -1.99 -61.99 -122.00
33.37 6.37 -47.62 -101.60
45.73 6.73 -51.64 -110.00
21.04 -12.96 -61.98 -111.00
21.30 -18.70 -64.70 -110.70
23.16 -2.69 -57.20 -111.70
17.79 -7.21 -64.70 -122.20
16.45 -1.61 -70.11 -138.60
29.00 -11.00 -65.50 -120.00
37.11 -12.90 -71.45 -130.00
55.52 -1.48 -65.74 -130.00
26.55 -0.45 -71.98 -143.50
36.18 12.18 -66.81 -145.80
66.97 15.65 -60.68 -137.00
75.07 -21.93 -81.92 -141.90



3-27 

3-18  2012

3-19  2012 3D



3-28 

D

2008 11 1

23

3-20

3-20 2012

E

3-21 (polygon)

3-22

3-23 3-6



3-29 

K

K

K

K

3-6  2012
x y

(m/day) 
216412.3 2638534 0.044457
219328.4 2634194 0.005839
218110.3 2628814 0.021981
213610.3 2629610 0.965714
213373.2 2628028 0.002833
214805.2 2623635 0.002128
211070.2 2634222 0.015744
208969.2 2629321 0.011118
207916.2 2638982 0.006166
199199.1 2639061 0.006636
202490.1 2635490 0.01269
188047.9 2632613 0.002972
195719.0 2632516 0.002972
198714.0 2628174 0.018529
205412.1 2629499 0.016534
192112.9 2623482 0.162657
200159.0 2624335 0.162657
207772.1 2624153 0.03322
206079.1 2620297 0.03322



3-30 

3-21  2012

3-22  2012



3-31 

3-23  2012

F

15

17 100

150 225

3-24

3-7

0.5 1.0

2.0



3-32 

3-24  

3-7  
(2008/11/1~2009/10/31) 

I 0.5

II 1

III 2

3-8 1

35%

10%



3-33 

3-8  1

(A) 
( ) ( ) (%) 

(B) 
( ) ( ) (%) 

I

1.13

0.18
0.05 4.24 

0.81

-0.01
-0.01 -1.28 

0.13 11.78 -0.00 -0.33 

II 0.32
0.07 5.88 

-0.04
-0.02 -2.54 

 0.25 22.49 -0.02 -1.95 

III 0.47
0.07 6.53 

-0.11 
-0.04 -4.90 

0.40 35.28 -0.07 -8.10 

3-25 3-26 3-27

5 10

5



3-34 

3-25  5

3-26  10



3-35 

3-27  1



3-36 

1

2010 2011

3-28 2010

2011

( )

1000

(1) 1(MC-RIP-101-1, (R1))

MC-RIP-101-1

MC-RIP-101-1

1,000

(2) 2(MC-RIP-101-2, (R2)) MC-RIP-101-2

1,000



3-37 

(3) 3(MC-RIP-101-3, (R3))

MC-RIP-101-3 1,000

3-28

3-2

3-29 3-31

3-32 3-34

(1) R1 1,000

1,100~1,200

(2) R2 1,000

350

(3) R3 1,000

500~1,000



3-38 

3-28  



3-39 

(a) R1 ( )

(b) R2 ( )

(c) R3 ( )

3-2  



3-40 

3-29  (R1)

3-30  (R2)



3-41 

3-31  (R3)

3-32  R1



3-42 

3-33  R2

3-34  R3



3-43 

2 ( )

300

(2D Resistivity Image Profiling, 

2D RIP)

( )

( )

( )

3-35

AGI



3-44 

3-36

28 4 ( 112 ) ( 28

)4

3-35  

a. 2A 
b. 400V
c. 200W 
d. 30nV

3-36  SuperSting R8/IP resistivity /IP meter 

a

I

C2 C1 P1 P2
I

C2 C1 P1 P2
I

C2 C1 P1 P2

V

V

V

a
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C1 C2

P1 P2

22211211

1111
2 PCPCPCPC

V ( 3-1) 

V I

11PC 21PC 12 PC 22 PC

I
VK  ( 3-2)

1

22211211

11112
PCPCPCPC

K  ( 3-3) 

I V

apparent

resistivity

I
VKa  ( 3-4) 

V
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I

R
I
V

 ( 3-5) 

R I

(Ohm s law)

R

A
lR

 ( 3-6) 

l A ohm

/1

(exchangeable 

ions)

3-9
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(

) ( )

( )

3-9  
-m) 

Sandstone (in general)  100 8,000 
Granite Gneiss  7,000 15,000 

Gabbro 10,000 40,000 
Quartzite 5,000 10,000 

Coarse Sand Gravel  20,000 80,000 
Sand  5,000 20,000 

Silt  400 2,000 
Fresh Water  10,000 
Sea Water 0.2 1

Coarse Sand Gravel  1,000 5,000 
Sand  200 1,000 

Silt  30 200 
Clay  15 30 

3 ( )

10 3

1,000
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(1) R1

R1

3-37

G1 G2

A G1

135 66 135

M1 M2 M3 G1

M2

M3 M1

100 -m

M1 150~420

75

B G2

300~500 -m 260 420

MC-HG-101-1(D1)

0 30

30 100

G2

G1 G2 D1 D2
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320 410 550 590

3-37  R1

(2) R2

R2

3-38

G1 M G2

A G1

 

  
 

 



3-50 

100 20 100

1000 -m

B M 100~1000

90 200 10~30 -m

MC-HG-101-2(D2) 

0 24

24 44 44 100

M

C G2 0~300

50~100 -m

D G1 R2

100 G1

M
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3-38  R2

(3) R3

R3

3-39

Gd G1 M1 G2

A Gd 0~400

20 350~1200 -m

B G1 -m
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55 25

55

C M1 110 1000 155

50 -m

D G2 -m

3-39  R3

  



3-53 

(4)

(

)

A R1 66 135

B R2 G1 G2 G1

100 20 100

G1 G2

125 210

C R3 G1 M1 G2 G1

55 25 55
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1

MC-HG-101-1(D1) MC-HG-101-2(D2)

MC-HG-101-3(D3) 3-40

100 HQ

3 1 3

2

A MC-HG-101-1, (D1)

MC-HG-101-1

I 70

100 HQ

4

B MC-HG-101-2, (D2)

100
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MC-HG-101-2(D2)

4

C MC-HG-101-3, (D3)

MC-HG-101-1-3(D3) 100

4

MC-HG-101-1(D1) MC-HG-101-2(D2)

MC-HG-101-3(D3)

MC-HG-101-1(D1) MC-HG-101-2(D2)

MC-HG-101-3(D3)

(

) 3-3



3-56 

3-40  



3-57 

(a) MC-HG-101-1(D1) 

(b) MC-HG-101-2(D2)

(C) MC-HG-101-3(D3)
3-3  



3-58 

2

(1)

HQ

A 3

B 100

C

D

(2) (Lugeon Test) 

3 1 3

Lugeon 10kg/cm2

( )

A Lugeon Test

B
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C

D

10 1

3 3 10

E

F 10 15

5

G

7

kgf/cm2 3-10

H

3-10  

kgf cm2

1  0  5m 0 0.5 1.0 1.5 1.0 0.5 0 
2  5 10m 0 1.0 2.0 3.0 2.0 1.0 0 
3 10 15m 0 1.5 3.0 4.0 3.0 1.5 0 
4 15 20m 0 2.0 4.0 5.0 4.0 2.0 0 

20m
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(3)

(well logging)

(probe)

3-41

3-41  

A (spontaneous potential log) 
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SP

SP

SP ( )

B (normal-resistivity log) 

64 (Long normal) 16

(Short normal)



3-62 

C (single point resistance log) 

D (nature gamma log) 

(scintillation counter crystal of sodium 

iodide)

K40

E (temperature logging) 

3-42

Robertson Geologging RG

Micrologger 2



3-63 

F

Micro-Logger 2

G

Smart Winch 200 0 m/min

13m/min

H

ELTG 8101 (SP)

(SNR and LNR) (SPR) (T)

(NGAM)

3-42  



3-64 

3

2013 3 28 3 24 2 28

MC-HG-101-1(D1) MC-HG-101-2(D2)

MC-HG-101-3(D3) 3-4 3-18

3-43 3-57 D1 D2 D3

(1)MC-HG-101-1(D1) D1

0.6 0.6

20.7 20.7

81.0 81.0

83.5 83.5

100

(2)MC-HG-101-2(D2) D2

15.45

15.45 28.5

28.5 29.4

29.4 29.8

29.8 31.5 31.5

43.7 43.7

50.1 50.1

50.6 50.6 57.3

57.3 59.45

59.45 64.5

64.5 72.0

72.0 77.2

77.2 85.3
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85.3 87.8

87.8 89.0

89.0 90.4

90.4 99.9

99.9 100

D2

30

(3)MC-HG-101-3(D3) D3

76

76 80

80 100
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3-4  D1 (0~20 )
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3-43  D1 (0~20 )



3-68 

3-5  D1 (20~40 )
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3-44  D1 (20~40 )
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3-6 D1 (40~60 )



3-71 

3-45  D1 (40~60 )



3-72 

3-7 D1 (60~80 )
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3-46  D1 (60~80 )



3-74 

3-8  D1 (80~100 )



3-75 

3-47  D1 (80~100 )
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3-9  D2 (0~20 )



3-77 

3-48  D2 (0~20 )
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3-10  D2 (20~40 )



3-79 

3-49  D2 (20~40 )



3-80 

3-11  D2 (40~60 )



3-81 

3-50  D2 (40~60 )



3-82 

3-12  D2 (60~80 )



3-83 

3-51  D2 (60~80 )



3-84 

3-13  D2 (80~100 )



3-85 

3-52  D2 (80~100 )



3-86 

3-14  D3 (0~20 )



3-87 

3-53  D3 (0~20 )



3-88 

3-15  D3 (20~40 )



3-89 

3-54  D3 (20~40 )



3-90 

3-16  D3 (40~60 )
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3-55  D3 (40~60 )



3-92 

3-17  D3 (60~80 )
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3-56  D3 (60~80 )



3-94 

3-18  D3 (80~100 )



3-95 

3-57  D3 (80~100 )
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4

D1 D3

(SP) (64

16 (SPR) (T) (NGAM)

3-59

3-60

20~50 40~80 60~400 OHMM D1

39.6 m

40 API 39.6~81.0

120~350 OHMM

81.0~83.5

83.5~100.0

250~400 OHMM

D3 54.0

40 API 54.0~76.0

150~300 OHMM

76.0~80.4
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20~80 OHMM

80.4~100.0 70~250 

OHMM

89.4~90.0

(a)D1

(b)D3
3-19  



3-98 

3-58  



3-99 

 

3-59  D1

0.00-39.6

60~400 OHMM

39.6-81.00
120~350 OHMM

81.00-83.50

83.50-100.00
250~400

OHMM
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3-60  D3

0.00-54.00

60~400 OHMM

54.00-76.00
150~300 OHMM

76.00-80.40

89.40-90.00

80.40-100.00
70~250 OHMM
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5

D2 3

(Hoek & Bray 1997)

( )

(K)

3-61 3-63 (K) 2.51 10-5(m/s) 1.15

10-5(m/s) 6.87 10-5(m/s) 
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3-61  D2 ( 76 76.5m) 
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3-62  D2 ( 62 62.5m) 



3-104 

3-63  D2 ( 53 53.5m) 
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1

10

IDW

( ( )1996

2010 2011

)

(1)MC-Pt-101-1,(P1)

N8

MC-Pt-101-1(P1) 10

(2)MC-Pt-101-2,(P2) MC-Pt-101-1(P1)

IDW

10

3-64

1 MC-PtO-101-1.1(P1m1)( )

MC-PtO-101-1.2(P1m2)( ) MC-PtO-101-2.1(P2m1)(

) MC-PtO-101-2.2(P2m2)( ) 4

3-20
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3-64  
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(a) MC-Pt-101-1 (P1)( ) (b) MC-PtO-101-1.1(P1m1)(
)

(c) MC-PtO-101-1.2(P1m2)(
)

(d) MC-Pt-101-2(P2)( )

(e) MC-PtO-101-2.1(P2m1)(
)

(f) MC-PtO-101-2 .2(P2m2)(
)

3-20  
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2

(1)

1

(K)

(T) (S)

3-65

3-65  
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A

4

200

(A)

(B)

(C) Q1 Q4

200 200

(D) 2 4

6 8 10 15 20 30 40 50 75 100 125 150

175 200

(E) 2

B

(T) (S)

72

3-66

(A)
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(B)

(C)

(D)

(hi) (Qi)

(E)

2% 2%

1.
(1)
(2)
(3)
2.
(1)(h0)

1. (hi)
2. (Qi)

(Qi-Qi-1)/Qi<0.02

(hi-hi-1)/hi<0.02

Yes

Yes

No

No

3-66  
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C

24

(2)

Theis(1935)

Cooper-Jacob(1946)

A Theis

Theis 3-67

Bore-hole storage

Theis T S Theis

u

u

du
u

e
T

QuW
T

Qthhts
440

( 3-7)

s(t) t (drawdown)

0h h(t) t Q

T transmissivity

u W(u)

Tt
Sru

4

2

!44!33!22
ln5772.0

432 uuuuuuW
 ( 3-8) 

S (coefficient of storage) r
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3-7 3-8

)(l o g
4

l o gl o g uW
T

Qs
 ( 3-9) 

2r 4Tlog log log u
t S ( 3-10) 

Q T S

s(t) r2/t w(u) u

Theis s(t) r2/t w(u)

u

3-68

s(t) r2/t w(u) u 3-7 3-8

T S

3-67  

h0

t
1

t
2

Q

t
2 1 h(t

1
)

h(t
2
)

r
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3-68  Theis
B Cooper-Jacob

Theis r t

u Theis ( 3-8)

Cooper and Jacob Theis

Tt
SruW

4
ln5772.0

2

                               ( 3-11) 

(3-11) (3-7) Theis

Sr
Tt

TTt
Sr

T
Qs 2

2 25.2log
4

3.2)
4

ln5772.0(
4

 ( 3-12)

s logt

3-69 t=t0 s=0

( 3-12) S

2
025.2

r
TtS ( 3-13) 

t/t0=10 logt/t0=1 s s

10

5

2

1.0

0.5

0.2

0.1

10-310-4 10-2

u
10-1 1

10

5

2

1.0

0.5

0.2

0.1

102101 103

r2/t (m2/min)

104

D
ra

w
do

w
n,

 s
 (

m
)

W
(u

)

150

0.01

0.181.0
A
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3-12

s
QT

4
30.2 ( 3-14) 

3-13 3-14 T

S Cooper-Jacob u=r2S/4Tt

0.01

3-69  Cooper-Jacob

Theis Cooper-Jacob

Jacob(1944)

Dsss 2' 2 ( 3-15)

s D

1.2

1.0

0.8

0.6

0.4

0.2

0.0
0.1 2 5 1 2 5 10 2 5 102 2 5 103

Pumping test data

Fitted line

t0 = 0.39min

Time since pumping began, t (min)

D
ra

w
do

w
n,

 s
 (

m
)
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C Neuman

Theis Cooper-Jacob

Neuman 1975

(curve-fitting method) Neuman

(Kruseman, 1994) 

),,(
4 BA uuW

KD
Qs ( 3-16) 

Q K D

W(uA, uB, ) uA uB

),(
4 AuW

KD
Qs ( 3-17)

K D t
Sru A

A 4

2

SA (elastic 

storativity)

3-16

),(
4 BuW

KD
Qs  ( 3-18)

KDt
Sru Y

B 4

2

SY (specific yield)

3

(1)

A

( )
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-

3-11
3-11  

(m) 

(P1) 0

(P1M1) 20.96 

(P1M2) 8.99 

(P2) 0

(P2M1) 17.94 

(P2M2) 18.20 

P1 (2013) 3

20 P2 3 6 P1

3 20 3 23 3 23

3 24 P2 3 7 3 10

3 10 3 11

3-12 3-13
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3-12  P1  

2013 03 20
2013 03 24

P1
30.91 m PVC

2.0 mm 18m PVC

P1M1

30.65 m PVC
2.0 mm 10m PVC

P1M2
31.83 m PVC

2.0 mm 10m PVC

 -24m 
10 54.80CMH

Siemens SITRANS FM Magflo 
 Diver 3

Van Essen Instruments, Logger Data Manager 

1 22.18 m³/hr 03/20 12 35 13 45 2620 1.90  
2 33.90 m³/hr 13 46 14 55 2432 3.78  
3 44.10 m³/hr 14 56 16 55 2156 6.54  
4 54.80 m³/hr 16 56 18 55 1893 9.17  

(03/20 20:00 )
P1 -4.91m
P1M1 -4.30m
P1M2 -4.84m

55 m³/hr 
03/20 20:00
03/23 17:54

4195 min 

03/23 17:54
03/24 15:46

1312 min 

P1M2

P1

P1M1

20.96 m

8.99 m
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3-13  P2

2013 03 06
2013 03 11

P2
30.85 m PVC

2.0 mm 18m PVC

P2M1
31.40 m PVC

2.0 mm 10m PVC

P2M2
31.60 m PVC

2.0 mm 10m PVC

 -29m 
10 0.92CMH

Siemens SITRANS FM Magflo 
 Diver 3

Van Essen Instruments, Logger Data Manager 

1 0.37 m³/hr 03/06 13 10 16 30 2436 2.72  
2 0.56 m³/hr 16 31 19 50 2260 4.48  
3 0.74 m³/hr 19 51 23 10 2055 6.53  
4 0.92 m³/hr 23 11 03/07 02 30 1809 8.99  

(03/07 09:35 )
P2 -11.08m 
P2M1 -12.46m
P2M2 -10.38m

0.92 m³/hr 
03/07 09:35
03/10 09:43

4328 min 

03/10 09:43
03/11 08:22

1359 min 

P2M2

P2

P2M117.94 m

18.20 m
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B

(A)

Jacob (1946)

                s = BQ + CQ
2             

                     ( 3-19) 

 s 

 Q 

BQ  (aquifer loss)

(laminar flow)

CQ
2

(well loss)

P1 P2

100 200 3-71 3-72

Bierschenk(1964)

            s/Q = CQ + B                             ( 3-20) 

B C

B C Driscoll, 1986

3-73 3-74  P1 P2

 s/Q Y Q X

C Y B
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P1

Time (min)

100 200 300 400

D
ra

w
do

w
m

 (m
)

0

2

4

6

8

10

Q1 = 22.18 CMH

Q2 = 33.90 CMH

Q3 = 44.10 CMH

Q4 = 54.80 CMH

1.92 m

1.96 m

2.05 m

2.35 m

3-71  P1

P2

Time (min)

200 400 600 800 1000

D
ra

w
do

w
m

 (m
)

0

2

4

6

8

10

Q1 = 0.37 CMH

Q2 = 0.56 CMH

Q3 = 0.74 CMH

Q4 = 0.92 CMH

2.73 m

1.63 m

2.27 m

1.88 m

3-72  P2
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P1

Q (CMH)

0 10 20 30 40 50 60

s/
Q

 (m
/C

M
H

)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

B = 0.0441

C = 0.00204

54.80 CMH

3-73  P1
 

P2

Q (CMH)

0.0 0.2 0.4 0.6 0.8 1.0

s/
Q

 (m
/C

M
H

)

0

2

4

6

8

10

B = 6.08

C = 3.33

0.92 CMH

 

3-74  P2
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3-14  P1

Q(m3/hr)
s(m) s/Q(hr/m2)

1 22.18 1.92 1.92 0.086
2 33.90 1.96 3.88 0.114 
3 44.10 2.35 6.23 0.141
4 54.80 2.05 8.28 0.151

B= 0.0441 hr/m2 Optimal yield= 54.80 m3/hr
C= 0.00204 hr2/m5

3-15  P2

Q(m3/hr)
s(m) s/Q(hr/m2)

1 0.37 2.73 2.73 7.38
2 0.56 1.63 4.36 7.84
3 0.74 1.88 6.25 8.49
4 0.92 2.27 8.51 9.21

B= 6.08 hr/m2 Optimal yield= 0.92 m3/hr
C= 3.33 hr2/m5

(B)

Neuman

3-75

Theis

Theis

( )

Theis

 tlog-slog Neuman
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 tlog-slog

s t w 1/ua

T S

                                  ( 3-21) 

 tlog-slog Neuman

s t w

1/uy T Sy

3-76

                                 ( 3-22) 

s Q W(u)

AQTESOLV

AQTESOLV HydroSOLVE, Inc.

1989

(K) (S)

AQTESOLV

3-16 3-79 3-82

4Tt
Sru,)W(u

T4
Qs

(A)Early 
2

aa

4Tt
Sr

u,)W(u
T4

Qs

(B)Early 

y
2

yy
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3-16  
T

(m2/sec) 
K

(m/sec) S Sy

Neuman 
Solution 

P1 P1M1 9.73×10-3 3.60×10-4 0.00046 0.1 
P1M2 8.29×10-3 3.07×10-5 0.0001 0.1 

P2 P2M1 6.65×10-5 3.33×10-6 0.00085 0.005 
P2M2 2.90×10-5 1.45×10-6 0.00048 0.045 

3-75  Neuman

3-76   tlog-slog Neuman
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Time (min)

0.1 1 10 100 1000 10000

D
ra

w
do

w
n 

(m
)

0

2

4

6

8

10

P1
P1M1
P1M2

3-77  P1

Time (min)

0.1 1 10 100 1000 10000

D
ra

w
do

w
n 

(m
)

0

2

4

6

8

10

P2
P2M1
P2M2

3-78  P2
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3-79  P1 P1M1
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3-80  P1 P1M2
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3-81  P2 P2M1
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3-82  P2 P2M2
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C

T 3-83 3-84

3-17 3-85 3-88

3-17  
T

(m2/sec) 

Cooper-Jacob 

Solution 

P1
P1M1 4.52×10-3

P1M2 7.15×10-3

P2
P2M1 4.16×10-5

P2M2 5.28×10-5

Time (min)

0.1 1 10 100 1000 10000

D
ra

w
do

w
n 

(m
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

P1
P1M1
P1M2

3-83  P1
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Time (min)

0.1 1 10 100 1000 10000

D
ra

w
do

w
n 

(m
)

0

2

4

6

8

P2
P2M1
P2M2

3-84  P2
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3-85  P1 P1M1



3-134 

 

3-86  P1 P1M2
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3-87  P2 P2M1
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3-88  P2 P2M2
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D

MC-Pt-101-1(P1) MC-Pt-101-2 (P2) 2013 3 6

2 25

(MC-Pt-101-1.1(P1M1) MC-Pt-101-1.2(P1M2)

MC-Pt-101-2.1(P2M1) MC-Pt-101-2.2(P2M2)) 2013

2 18 2013 3 18

P1 P2 2013 3 6 3 20

3-89

(A)MC-Pt-101-1(P1) 3 6

0.5 0.5 4

4 6

6

8 8

31.5

(B)MC-Pt-101-2 (P2) 31.5

(C)MC-Pt-101-1.1(P1M1) 0.5

0.5 4

4 6

6 8

8 31.5

(D)MC-Pt-101-1.2(P1M2) 0.5

0.5 4
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4 6

6 8

8 31.5

(E)MC-Pt-101-2.1(P2M1) 31.5

(F)MC-Pt-101-2.2(P2M2) 31.5

3-89  
(2)

2006 2011

3-18

P1    P2   P1M1  P1M2  P2M1  P2M2 
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3-18  
  TM97_X TM97_Y (m) (m) T(m2/min) 

  

K(m/s) 

2011 
 

2/4 N8 216999 2632342 30 127.34 - 1.88×10-4

2011
 

2/4 S4 217162 2630702 30 125.358 - 2.04×10-4

2011
 

2/4 S5 212994 2630640 30 102.093 - 5.63×10-5

2011
 

2/4 C1 220202 2634404 50 158.542 28.08 1.32×10-4

2011
 

2/4 C2 220215 2634406 50 158.556 - 1.28×10-4

2010 
 

1/4 N1 219880 2634817 30 158.323 - 1.09×10-4

2010
 

1/4 N2 219827 2634734 20 158.15 - 1.6×10-4

2010
 

1/4 N3 219762 2634675 20 157.274 - 1.49×10-4

2010
 

1/4 N4 219677 2634582 20 156.021 - 1.25×10-4

2010
 

1/4 N5 219625 2634534 20 154.964 - 2.15×10-4

2010
 

1/4 N6 219528 2634424 20 153.734 - 1.51×10-4

2010
 

1/4 N7 219438 2634329 20 153.756 - 1.97×10-4

2010
 

1/4 S1 220281 2634308 30 163.56 - - 

2010
 

1/4 S2 219994 2633912 30 154.524 - 2.75×10-5
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  TM97_X TM97_Y (m) (m) T(m2/min) 
  

K(m/s) 

2010 
 

1/4 S3 219516 2633254 30 149.62 - 5.16×10-5

2008 
81 97 (1) 214806 2623635 41 169.62 0.0048 1.67×10-6

2008
81 97 (2) 214806 2623635 170 169.55 0.0031 1.67×10-6

2008
81 97 (1) 213374 2628028 260 297.87 0.0018 8.3×10-7

2008
81 97 (1) 218111 2628814 72 151.29 0.0308 1.17×10-5

2008
81 97 (2) 218111 2628814 162 151.25 0.012 3.33×10-6

2008
81 97 (1) 213611 2629610 59 113.61 0.0952 1.67×10-5

2008
81 97 (2) 213611 2629610 150 113.37 0.02 6.67×10-6

2008
81 97 (1) 221629 2633957 15 179.39 0.0318 2.5×10-5

2008
81 97 (1) 219329 2634194 40 151.1 0.9864 2.22×10-4

2008
81 97 (2) 219329 2634194 162 151.08 0.1306 3.33×10-5

2008
81 97 (1) 216413 2638534 84 222.13 0.0906 2.33×10-5

2008
81 97 (2) 216413 2638534 216 222.14 0.034 8.33×10-6

1997 ( ) 214581 2626292 50 131 0.0016~ 
0.002 

4.5×10-6~
5.6×10-6

1997 ( ) 214581 2626292 50 131 0.00009~ 
0.00016 

2.5×10-8~
4.5×10-7

1996 A1 213249 2630521 35 - 0.4188 6.98×10-4
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  TM97_X TM97_Y (m) (m) T(m2/min) 
  

K(m/s) 
1996 A2 213286.7 2630824 70 - 0.5358 3.57×10-4

1996 A3 213360.9 2631520 35 - 0.3255 3.19×10-4

1996 A4 213596 2631965 65 - 0.1631 4.94×10-5

1996 B1 219398 2632960 50 - 5.677 2.31×10-3

1996 B2 218695 2632859 35 - 0.8237 4.58×10-4

1996 B3 218827 2633891 35 - 1.7805 9.89×10-4

1996 B4 218665 2634242 34.94 - 0.3582 2.21×10-4

1996 C1 221934.8 2635563 20 - 0.2663 8.88×10-4

1996 C2 222171.1 2635933 26.6 - 0.3806 1.27×10-3

1996 C3 221912.6 2636532 30 - 1.5847 6.6×10-3

1996 C4 221971.5 2636710 24.94 - 2.436 5.8×10-3

1996 D1 214370 2627503 33 - 0.00188 6.27×10-6

1996 D2 214774 2627592 20 - 0.000864 4.11×10-6

1996 D3 214976 2627769 28 - 0.1609 2.68×10-4

1996 D4 215244 2627702 20 - 0.3827 6.38×10-4

1996 E1 214494 2621862 30 - 6.0725 1.01×10-2

1996 E2 214630 2621890 17.3 - 0.004077 1.7×10-5

1996 E3 215167 2621783 30 - 0.1677 5.59×10-4

1996 E4 215371 2621754 23 - 0.7352 1.23×10-3
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1

MC-OB-101-1(M1) MC-OB-101-3(M3)

MC-OB-101-5(M5)

MC-OB-101-2(M2)

MC-OB-101-4(M4)

( 2010 2011

) 3-90

(1)MC-OB-101-1, (M1)

(

MC-OB-101-3(M3) MC-OB-101-5(M5))

M1

4

(2)MC-OB-101-2, (M2)

4

(3)MC-OB-101-3, (M3) II

M3 4

(4)MC-OB-101-4, (M4)

4

(5)MC-OB-101-5, (M5) VI

MC-OB-101-5(M5)

4
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3-90  
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2011

100m (1) (1)

18.42 12.73m

3-19 30m

10m

100m

100

(MC-HG-101-1(D1) MC-HG-101-3(D3))

(MC-Pt-101-1(P1) MC-Pt-101-2(P2))

3-21

3-19  (1) (1)

(year) (m) (m) (m) 
(1) 1997-2011 151.1 132.68 18.42 
(1) 1997-2011 151.2 138.47 12.73 
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(a)MC- OB -101-1(M1) (b)MC- OB -101-2(M2) 

(c)MC- OB -101-3(M3) (d)MC- OB -101-4(M4) 

(e)MC- OB -101-5(M5) 
3-21  

2

PVC PVC
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3-91

(a)  (b)
3-91  
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3

M1 M3 M4 3

(1)

A

(A)

(B)

( 1.5 )

(C)

(D)

(E)

(F) 15 30
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3
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A

3

0.017 cm/min 0.041 cm/min
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3

210.0 218.7

(N) 0
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3-20  

(m) (m) (m)
(m)

(cm/min) (deg Mn) 

M1 2013

05

29

19:25 20~30 4.80 24.5 109.920 0.041 218.7 

M3 17:44 20~30 1.44 24.5 124.102 0.029 214.5 

M4 16:12 20~30 7.31 24.5 95.009 0.017 210.0 

0 90 180 270

3-92  
4

0 1 2 3 4
km
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(1)

MC-OB-101-1(M1) MC-OB-101-2(M2) MC-OB-101-3(M3)

MC-OB-101-4(M4) MC-OB-101-5(M5) 2013 1

22 2 21 2013 3 5

3-93

A MC-OB-101-1(M1) 0.3

0.3 6

6 9

9 10

10 31.5

B MC-OB-101-2(M2) 15.6

15.6 30

C MC-OB-101-3(M3) 14

14 31.5

D MC-OB-101-4(M 4) 20.5

20.5 30

E MC-OB-101-5(M5) 20.9

20.9 21.5

21.5 31.5
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( )

3 (R1 R2 R3)

3 (D1 D2 D3) 2 (P1 P2)

4 (P1m1 P1m2 P2m1 P2m2) 5 (M1

M2 M3 M4 M5)

3-95 3-21

3-21  
(in) TWD97_X WD97_Y (m) (m) 

MC-OB-101-1(M1)  4 215223.308 2630452.531 31.30 109.92 

MC-OB-101-2(M2)  4 212955.074 2630841.858 30.60 96.223 

MC-OB-101-3(M3)  4 216398.681 2633073.308 31.80 124.102 

MC-OB-101-4(M4)  4 212432.141 2631786.255 30.86 95.009 

MC-OB-101-5(M5)  4 215196.687 2627386.555 31.17 129.465 

MC-Pt-101-1(P1)  10 218718.837 2631591.655 30.91 130.944 

MC-Pt0-101-1.1(P1-m1) 4 218738.522 2631584.445 30.65 130.851 

MC-Pt0-101-1.2(P1-m2) 4 218710.689 2631595.46 31.83 131.217 

MC-Pt-101-2(P2)  10 213866.306 2629521.464 30.85 113.105 

MC-Pt0-101-2.1(P2-m1) 4 213875.227 2629505.9 31.40 114.372 

MC-Pt0-101-2.2(P2-m2) 4 213861.307 2629538.963 31.60 112.115 

MC-HG-101-1(D1) 10
4 217939.002 2634476.625 101.7 136.136 

MC-HG-101-2(D2)  4 214303.368 2631663.691 100.65 104.632 

MC-HG-101-3(D3) 10
4 216636.251 2629960.277 101.5 136.535 
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3-95  
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( )

3-96 3-107 1997 1

1 2013 3 31 3-96

3-97 (1) (2) (1)

(2)2 66 96 156

186 2 (100

) ( 100 ) (1)

2002 2004

(1) 138.47

146.78 141.91 8.31

(1)

(2) (1)

1997 2002 (2)

2003 (2)

134.92

145.55 142.48 10.63
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(2) 2002

(2)

(1) (2)

3-96  (1)
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3-97  (2)
3-98 3-99 (1) (2)

(1) (2) 24 72 144

186 (1)

(2)

(1)

1998 1999 10

2004 2004

(1) 16

132.68 145.16

137.87 12.48

(2)

(1)
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2000 2 (1)

(2)

(2) 126.49

139.51 134.62 13.02

(1)
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(2)
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3-99  (2) 
3-100 (1)

(1)

(1) (1)

(1) (1) (1)

(1)
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11.55

01/01/1998 01/01/2000 01/01/2002 01/01/2004 01/01/2006 01/01/2008 01/01/2010 01/01/2012
Date

120

125

130

135

140

145

122.5

127.5

132.5

137.5

142.5
W

at
er

 le
ve

l(m
)

Sinmin(2)
Water level(m)



3-162 

3-100  (1)
3-101 3-102 (1)

(2) (1) (2)

20 35 86 98

(1) 1999

10

(1999 9 22 )

2011 12 2012

16 (1)

161.51 177.93 167.61

16.42

(2)

(1) (2) 

164.39 178.02 169.07
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13.63
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3-103 3-104

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

35 89 144 174 (1)

(2)

(1) 1999

5 2007

16

2009

(1) 98.52 120.88

113.18 22.36

(2)

1999 2004

2004 2009 2006

2008 2009

16 (2)

97.35 116.23 112.41

18.88
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3-105 (1)

(1)
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197.09 17.33
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33.62 52.66 39.21

19.04

33.32 47.74

38.96 14.42

3-106  
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3-107  (2)

( 2010 2011)

C1 N4 N8 S4 S5 2012

2012 11 12

2013 1 1 3-108 3-110 5

5

C1 S4 N4 N8

4
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3-110  S5
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7
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(1) 110

40

3-111  (1) (1) (1) (1) (1)
(2)

( )

( (1) (1) (1) (1) (1)

(1) (1) (2) (1) (1))
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M2 M3 M4 M5 D1 D2 D3 P1M1 P1M2 P2M1 P2M2)

2013 3 2013

3

2012 1 2013

4 3-112 3-127

3-112  2012 1
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3-113  2012 2

3-114  2012 3
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3-115  2012 4

3-116  2012 5
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3-117  2012 6

3-118  2012 7
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3-119  2012 8

3-120  2012 9



3-177 

3-121  2012 10

3-122  2012 11



3-178 

3-123  2012 12

3-124  2013 1



3-179 

3-125  2013 2

3-126  2013 3



3-180 

3-127  2013 4

( )

(Winter et al., 1998)

3-128 2012

(1) N4 C1 3-128

3-129 2012

(1)

21.27

3-130 2012

(1) S5
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S5

3.78

3-128  
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3-131

2012 1 2013 4

2012 11 2012 12

(a)2012 1              (b) 2012 2
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(c)2012 3               (d) 2012 4

(e)2012 5              (f) 2012 6

(g)2012 7              (h) 2012 8
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(i)2012 9               (j) 2012 10

(k)2012 11              (l) 2012 12

(m)2013 1              (n) 2013 2
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(o)2013 3              (p) 2013 4

3-131  ( )

( )

(correlation coefficient)

3-23
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                    ( 3-23) 
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x y x y
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3-22 0.5

2

3-22

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

(2)

(2)

(1) (2)

(1)

3-22

(2) (1) (1)

(2)

(1)

(1) (1)

0.55

(

2012)
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3-23 (1)

(1)

(1)

(1) (2)

(1) (1) (1)

3-132

0.7

3-133



3-189 

3-22  
(1) (2) (1) (2) (1) (2) (1) (2) (1) (1) 

(1) 1 -0.29 0.03 -0.22 0.13 -0.35 0.6 0.44 0.72 0.1 0.1 0.01 

(2) -0.29 1 -0.19 -0.27 -0.29 -0.32 0 0.08 0.01 -0.35 -0.35 -0.11 

(1) 0.03 -0.19 1 0.56 0.68 0.29 0.21 0.24 0.23 0.8 0.89 0.17 

(2) -0.22 -0.27 0.56 1 0.53 0.27 -0.03 0.03 -0.34 0.42 0.46 0.38 

(1) 0.13 -0.29 0.68 0.53 1 0.19 0.33 0.32 0.24 0.66 0.67 0.55

(2) -0.35 -0.32 0.29 0.27 0.19 1 -0.71 -0.75 -0.48 0.22 0.25 0.29 

(1) 0.6 0 0.21 -0.03 0.33 -0.71 1 0.91 0.75 0.33 0.29 -0.09 

(2) 0.44 0.08 0.24 0.03 0.32 -0.75 0.91 1 0.65 0.31 0.3 -0.14 

(1) 0.72 0.01 0.23 -0.34 0.24 -0.48 0.75 0.65 1 0.34 0.35 -0.16 

0.1 -0.35 0.8 0.42 0.66 0.22 0.33 0.31 0.34 1 0.92 0.1 

0.1 -0.35 0.89 0.46 0.67 0.25 0.29 0.3 0.35 0.92 1 0.06 

(1) 0.01 -0.11 0.17 0.38 0.55 0.29 -0.09 -0.14 -0.16 0.1 0.06 1 

3-23  

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

0.59 0.02 -0.16 -0.45 -0.12 -0.21 0.26 -0.02 0.56 -0.21 -0.17 0.14 

0.59 0.56 0.74 0.74 0.81 0.71 -0.14 -0.38 0.58 0.58 0.58 0.57

0.64 0.65 0.36 0.39 0.46 0.33 0.11 -0.11 0.2 0.18 0.17 0.57

0.87 -0.49 -0.07 -0.19 0.1 0.07 0.69 0.12 0.72 0.13 0.06 0.16 

-0.2 0.27 -0.23 -0.2 -0.28 -0.32 -0.27 -0.17 -0.4 -0.3 -0.35 0.02 

0.07 -0.08 0.23 0.2 0.34 0.28 0.08 0.15 0.05 0.17 0.2 0.22 



3-190 

3-132  

3-133  



3-191 

50

( )

1

1 2

3-24

(

3-134)

A-A B-B C-C

( 3-135)

( 3-136 3-138) A-A

30

B-B 30

C-C

3-139

30 40

7 -14



3-192 

 

3-134  

3-135  

  

( )  

  



3-193 

3-136  A-A

3-137  B-B

  

  

A A

B B



3-194 

3-138  C-C

3-139  

  

C C



3-195 

3-24  
( ) (m) TWD97_X TWD97_Y (m) 

(m) 

 1996 

A-1 102.876 213249 2630521 35 35 
A-2 96.597 213286.7 2630824 70 42 
A-3 100.121 213360.9 2631520 35 33 
A-4 103.429 213596 2631965 65 30 
B-1 142.685 219398 2632960 50 29 
B-2 136.926 218695 2632859 35 35 
B-3 145.32 218827 2633891 35 35 
B-4 142.226 218665 2634242 34.94 34.94 
C-1 170.544 221934.8 2635563 20 7 
C-2 172.926 222171 2635933 26.6 9 
C-3 170.662 221912 2636532 30 9 
C-4 171.141 221971 2636710 24.94 14 
D-1 136.472 214370 2627503 33 33 
D-2 123.685 214774 2627592 20 20 
D-3 120.834 214976 2627769 28 28 
D-4 127.589 215244 2627702 20 20 
E-1 171.59 214494 2621862 30 17 
E-2 169.517 214630 2621890 17.3 6 
E-3 171.373 215167 2621783 30 8 
E-4 171.905 215371 2621754 23 22 

 1997 Chishui-1 131 214581 2626292 50 23 

 1992-2008 

Liyu(2) 169.55 214806 2623635 170 20 
Pingding 297.87 213374 2628028 260 130 

Zhushan(2) 151.25 218111 2628814 162 34 
Chukou(2) 113.37 213611 2629610 150 20 
Sinmin(2) 151.08 219329 2634194 162 32 

Singuang(2) 222.14 216413 2638534 216 83 



3-196 

( ) (m) TWD97_X TWD97_Y (m) 
(m) 

2010-2011

N1 158.323 219880 2634817 30 28.5 
N2 158.15 219827 2634734 20 20 

N3 157.274 219762 2634675 20 20 

N4 156.021 219677 2634582 20 20 

N5 154.964 219625 2634534 20 20 

N6 153.734 219528 2634424 20 20 

N7 153.756 219438 2634329 20 20 

S1 163.56 220281 2634308 30 8.5 

S2 154.524 219994 2633912 30 30 

S3 149.62 219516 2633254 30 30 

N8 127.34 216999 2632342 30 30 

S4 125.358 217162 2630702 30 30 

S5 102.093 212994 2630640 30 30 

 2013 

M1 109.92 215223 2630453 31.3 31.3 
M2 96.223 212955 2630842 30.6 30.6 

M3 124.102 216398 2633073 31.8 31.8 

M4 95.009 212432 2631786 30.86 30.86 

M5 129.465 215196 2627387 31.17 20.9 

P1 130.944 218718 2631592 30.91 30.91 
P2 113.105 213866 2629521 30.85 30.85 
D1 136.136 217939 2634477 101.7 20.7 
D2 104.632 214303 2631664 100.65 28.5 

D3 136.535 216636.3 2629960 101.5 40 



4-1 

(

)

1997

2003

1 10 (M1 M2 M3

M4 M5 D1 D2 D3 P1 P2)

2 2 2 ( 4 )

3 pH

16

4 NIEA W103.54B 

5

(1) 4

(2) pH 

2

(3)

pH 2  4 ± 2

6 ( 4-1)



4-2 

4-1  

       

  (1)

(                                ) 

(2)

(1) pH (Buffer)-               

(2) 0.01 N  25       mho / 
cm 0.01 N  25 1343
1483 mho / cm

(3)     mg / L     

         %

(4)   



4-3 

4-1  ( )

L/min m
( )

pH
( mho/cm) (mg/L) 

mV
(

( )         

( )         

( )         

( )         

( )         

( )         

( )         

             

                  

                            



4-4 

2003

4-1

2011 4-2 4-3

(

)

cm)

4-2 4-4

2006

9

4-5 4-7

4-8 4-10

4-11



4-5 

4-13

2011 8 2011

4-14 4-21



4-6 

4-1  



4-7 

4-2  2011

        
pH 

(oC) (mg/L) (asCaCO3
mg/L) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

35 6~9 750 175 - - - - - - - 200 - - 2 0.01 0.1 0.2 2 0.2 0.1 

- - - 625 750 1250 - 0.25 - 25 - 625 10 1.5 0.25 0.025 0.25 5 25 - 0.25 

- - - - - - - - - 100 10 - - - - 0.05 0.5 10 50 1 0.5 

- 25.2 6.52 414.17 23.3 161 258 0.6 ND 12 2.71 <0.01 44.8 0.6 0.026 <0.01 ND ND ND 0.058 ND ND 

25.38 6.39 658 51.4 185 412 0.25 ND 7.38 1.67 ND 73.7 0.9 <0.02 ND <0.002 ND ND 0.056 ND <0.02 

- 24.4 6.92  ND 443 558 1.4 ND 30.5 6.89 ND 121 <0.5 0.02 <0.01 ND ND ND <0.02 ND ND 

1.ND ( : 0.57mg/L, :0.0041mg/L, :0.0248mg/L, :0.00128mg/L, :0.00058mg/L, 
:0.00084mg/L, :0.00064mg/L) 

2.
3.



4-8 

4-3  2011

        
pH 

(oC) (mg/L) (asCaCO3
mg/L) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L

)

35 6~9 750 175 - - - - - - - 200 - - 2 0.01 0.1 0.2 2 0.2 0.1 

- - - 625 750 1250 - 0.25 - 25 - 625 10 1.5 0.25 0.025 0.25 5 25 - 0.25 

- - - - - - - - - 100 10 - - - - 0.05 0.5 10 50 1 0.5 

- 26.3 6.41 2.2 478.33 21 170 325 0.2 ND 8.77 1.98 ND 51.4 0.8 <0.02 <0.01 <0.002 ND ND 0.039 ND

25.9 6.1 1.7 438.67 13.7 379 614 400 ND 118 26.65 <0.03 61.8 1.5 0.639 0.263 <0.002 <0.01 <0.01 0.058 0.019 

- 26.5 6.9 0.4 799.2 15.7 150 321 22 ND 30.2 6.82 <0.03 49.6 0.9 0.106 0.012 ND ND ND 0.054 ND

1.ND ( : 0.57mg/L, :0.0041mg/L, :0.0248mg/L, :0.00128mg/L, :0.00058mg/L, 
:0.00084mg/L, :0.00064mg/L) 

2.
3.
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/

4-1

2.0L/min

3
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pH

pH 6.27 8.41

pH 6.50 8.07

pH 6.58 7.84

pH 6.41 7.86

M3 M4 D1 D2
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M3 M4 D1

765 m  832

M3 D1 D2

780  834

B
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( 4 )

(0.25mg/L)

(1mg/L)

D3

(25mg/L) 27.5mg/L

(25mg/L)

(100mg/L)

C
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D
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M3 P2



4-25 

(1.5mg/L)

(1.5mg/L)

M4  M5 P2

(0.25mg/L)

M3  M4 D2

(0.25mg/L)

2003 74

(1)

(2)

(3)

78

(1)

(2)

(3)

(4)

3mg/L
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E

(multivalent cations)

Fe2+ Mn2+ Sr2+ Al3+

(2013 4 29 )

P2

P2 (

CaCO3 ) 99mg/L

( CaCO3 ) 300mg/L

2

3 4

1

3 5 ( -

- - (2) T01

T02) 2013 3

102

2012 3 4 7

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

(2) (1)) 4-8



4-27 

2013 3 5

- - (2)

(25mg/L)

2012 3 4 (1)

 (20,000CFU/100mL)

(1) (2)

(4mg/L)

(1)

(1.5mg/L) 

3

( 4 )



4-28 

4-4  
        

pH 
(oC)  (CFU/100mL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

35 6~9 750.00 - - - - - 0.010 0.1 0.10 0.05 0.002 0.02 5.0 2.0 

- - - 20,000 1 - 4 25 0.01 0.05 0.05 0.05 0.002 0.05 - - 

- - - - 0.25 25.00 10.0 - 0.025 0.25 0.25 0.25 - - 1.5 0.25 

- - - - - 100.00 - - 0.05 0.5 0.50 0.5 0.02 - - - 

M1 25.7 6.27 492 <10 <0.05 4.74 0.7 ND ND <0.01 ND 0.003 ND <0.002 0.664 0.081 

M2 26.1 6.92 584 70 ND 0.52 0.8 ND ND ND ND ND ND ND 0.023 0.076 

M3 25.5 6.93 858 <10 ND ND 1.2 2.3 ND ND ND <0.002 ND ND 1.48 ND 

M4 26.0 6.84 812 35 <0.05 0.01 1.1 2.4 ND ND ND 0.005 ND ND 0.523 

M5 26.8 7.69 396 <10 ND <0.01 0.9 5.3 ND <0.01 <0.02 0.002 ND 0.002 

D1 24.8 6.97 812 90 ND 4.35 0.9 ND ND ND ND ND ND <0.002 0.02 0.01
D2 26.1 8.41 781 100 0.16 <0.05 3.6 69 ND <0.01 0.021 0.0074 ND <0.002 3.85 1.05
D3 25.1 7.5 457 850 0.05 22.7 0.6 3.2 ND ND ND <0.002 ND <0.002 0.054 0.069 

P1 25.3 6.84 674 <10 ND 3 <0.5 ND ND ND ND ND ND <0.002 ND <0.01 

P2 25.5 7.28 310 15 ND 0.03 0.9 ND ND 0.041 <0.02 <0.002 ND <0.002 

1.ND ( : :0.0099mg/L, :0.0248mg/L, :0.00084mg/L, :0.00071mg/L, :0.9 mg/L,
:0.00013 mg/L, :0.0027 mg/L , :0.0034 mg/L, :0.00025 mg/L, :0.0018 mg/L) 

2.

3.



4-29 

4-5  
        

pH 
(oC)  (CFU/100mL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

35 6~9 750.00 - - - - - 0.010 0.1 0.10 0.05 0.002 0.02 5.0 2.0 

- - - 20,000 1 - 4 25 0.01 0.05 0.05 0.05 0.002 0.05 - - 

- - - - 0.25 25.00 10.0 - 0.025 0.25 0.25 0.25 - - 1.5 0.25 

- - - - - 100.00 - - 0.05 0.5 0.50 0.5 0.02 - - - 

M1 25 6.5 518 <10 ND 6.46 0.6 ND ND ND ND ND ND <0.002 0.294 0.02 

M2 26.1 7.18 637 <10 <0.02 1.79 0.7 2 ND ND ND ND ND <0.002 0.027 0.056 

M3 25 6.93 865 <10 0.03 <0.01 0.8 2.4 ND ND ND <0.002 ND <0.002 

M4 26.1 6.97 863 <10 0.02 ND 0.7 2.5 ND ND ND 0.0035 ND ND 0.523 

M5 26.2 7.82 405 <10 0.05 0.04 0.5 1.8 ND ND ND 0.0037 ND <0.002 0.266 0.138 

D1 24.2 7.01 800 <10 ND 3.91 <0.5 1.9 ND ND <0.02 ND ND <0.002 <0.02 <0.01 

D2 25.2 7.19 753 30 0.03 0.01 0.8 2.2 ND ND ND <0.002 ND <0.002 0.5 

D3 25.4 7.48 488 65 <0.02 20.6 0.6 ND ND ND ND ND ND <0.002 0.036 0.019 

P1 25.1 6.84 701 75 ND 3.24 0.6 1.7 ND ND ND ND ND <0.002 <0.02 <0.01 

P2 25.9 8.07 273 <10 0.05 0.65 0.6 3.1 ND <0.01 <0.02 0.0057 ND <0.002  0.238 

1.ND ( : :0.0099mg/L, :0.0248mg/L, :0.00084mg/L, :0.00071mg/L, :0.9 mg/L,
:0.00013 mg/L, :0.0027 mg/L , :0.0034 mg/L, :0.00025 mg/L, :0.0018 mg/L) 

2.

3.



4-30 

4-6  
        

pH 
(oC)  (CFU/100mL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

35 6~9 750.00 - - - - - 0.010 0.1 0.10 0.05 0.002 0.02 5.0 2.0 

- - - 20,000 1 - 4 25 0.01 0.05 0.05 0.05 0.002 0.05 - - 

- - - - 0.25 25.00 10.0 - 0.025 0.25 0.25 0.25 - - 1.5 0.25 

- - - - - 100.00 - - 0.05 0.5 0.50 0.5 0.02 - - - 

M1 25 6.58 528 690 ND 8.73 1 ND ND ND ND <0.002 <0.0004 ND <0.02 <0.01 

M2 26.3 7.19 618 10 ND 1.79 1 1.8 ND ND ND <0.002 ND ND 0.046 0.087 

M3 25.8 6.96 804 <10 ND <0.01 1.4 ND ND ND ND <0.002 ND ND 1.39 

M4 26.3 7.04 832 <10 ND <0.01 1.1 ND ND ND ND 0.0029 ND ND 1.2 

M5 26.7 7.84 383 45 0.02 0.01 0.7 ND ND <0.01 <0.02 0.0029 <0.0004 ND 0.576 0.054 

D1 25.6 7.09 765 <10 ND 4.38 1 ND ND ND ND <0.002 ND <0.002 <0.02 ND 

D2 25.6 7.37 687 <10 ND 0.02 1.2 2 ND ND ND 0.0023 ND ND 0.433 

D3 25 7.55 451 10 ND  0.6 ND ND ND ND <0.002 <0.0004 ND 0.133 0.011 

P1 25.5 6.97 665 <10 ND 3.25 1.2 ND ND ND ND <0.002 <0.0004 ND ND <0.01 

P2 25.9 7.51 309 55 <0.02 0.86 0.7 ND ND ND <0.02 0.0027 <0.0004 ND 0.231 0.105 

1.ND ( : :0.0099mg/L, :0.0248mg/L, :0.00084mg/L, :0.00071mg/L, :0.9 mg/L,
:0.00013 mg/L, :0.0027 mg/L , :0.0034 mg/L, :0.00025 mg/L, :0.0018 mg/L) 

2.

3.



4-31 

4-7  
        

pH 
(oC)  (CFU/100mL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

35 6~9 750.00 - - - - - 0.010 0.1 0.10 0.05 0.002 0.02 5.0 2.0 

- - - 20,000 1 - 4 25 0.01 0.05 0.05 0.05 0.002 0.05 - - 

- - - - 0.25 25.00 10.0 - 0.025 0.25 0.25 0.25 - - 1.5 0.25 

- - - - - 100.00 - - 0.05 0.5 0.50 0.5 0.02 - - - 

M1 25.4 6.41 503 <10 ND 10.6 1 ND ND ND ND <0.002 ND ND 0.021 <0.01 

M2 25.8 6.97 709 <10 <0.05 1.55 0.8 ND ND ND <0.02 ND ND ND 0.045 0.057 

M3 25.2 6.87 834 <10 ND <0.01 0.8 1.7 ND ND ND <0.002 <0.0004 ND 1.19 

M4 25.8 6.97 730 <10 <0.05 ND 0.9 3.7 ND ND ND 0.0035 ND ND 0.93 

M5 26.4 7.86 386 <10 <0.05 0.02 0.6 ND ND ND <0.02 0.0022 <0.0004 ND 0.195 0.154 

D1 24.9 7.02 798 65 <0.05 3.66 0.8 1.6 ND ND ND ND ND <0.002 <0.02 <0.01 

D2 25.14 7.19 780 <10 <0.05 <0.01 1 ND ND ND ND <0.002 ND ND 0.606 

D3 25.3 7.38 443 <10 ND 19.6 0.6 ND ND <0.01 <0.02 <0.002 ND ND 0.509 0.034 

P1 25.8 7.36 322 <10 ND 2.74 0.7 ND ND ND ND <0.002 <0.0004 <0.002 ND ND 
P2 25.3 6.83 632 3200 ND 0.69 0.7 ND ND ND ND <0.002 ND ND 0.079 0.118 

1.ND ( : :0.0099mg/L, :0.0248mg/L, :0.00084mg/L, :0.00071mg/L, :0.9 mg/L,
:0.00013 mg/L, :0.0027 mg/L , :0.0034 mg/L, :0.00025 mg/L, :0.0018 mg/L) 

2.

3.



4-32 

4-8  
        

pH 
(oC)  (CFU/100mL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

35 6~9 750.00 - - - - - 0.010 0.1 0.10 0.05 0.002 0.02 5.0 2.0 

- - - 20,000 1 - 4 25 0.01 0.05 0.05 0.05 0.002 0.05 - - 

- - - - 0.25 25.00 10.0 - 0.025 0.25 0.25 0.25 - - 1.5 0.25 

- - - - - 100.00 - - 0.05 0.5 0.50 0.5 0.02 - - - 

- 24.7 6.52 439 - ND  0.8 - ND ND ND ND - - ND <0.01 

- 25.4 6.93 374 - ND 2.20  1.6 - ND ND ND <0.002 - - <0.02 <0.01 

- (2) 25.3 6.27 451 - ND  0.6 - ND ND ND ND - - 0.031 ND 

T01 25.6 7.61 565 - <0.02 0.72  <0.5 - ND ND ND <0.002 - - 0.022 0.053 

T02 25.8 7.6 560 - ND 0.01  <0.5 - ND ND ND <0.002 - - <0.02 0.035 

(1) - - - 49,000 ND 4.84 5.9 - ND ND ND ND - - 0.162 0.244 

(2) - - - 45 0.19 ND 4.7 - ND ND ND 0.004 - - 0.093 0.192 

(1) - - - 750  <0.01 0.21  1.80  - ND ND ND ND - - 0.042  ND 

(2) - - - 370  <0.01 0.08  1.50  - ND ND ND ND - - 0.178  0.003  

(1) - - - 300  0.06  0.01  1  - ND ND ND 0.001  - - 0.393  0.074  

(2) - - - 40  0.14  0.05  1.70  - ND ND ND ND - - 0.200  0.047  

(1) - - - <10 0.48  1.88  0.70  - ND ND ND ND - -  0.040  

1.ND
2.

3.
4.  -
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2010
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1/4 4
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) 2012
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3/4 ( )

5-1

2010 2012 2012 12 31

2011

2013

1 1



5-2 



5-3 

5-1 
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2013 1 1

1

(1) RDI (Acoustic 

Doppler Current Profilers, ADCP)

5-1

(2) 6

0.07 5-1

5-1 
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5-1 

 0.02~0.2 m 
 6 m 
 0.07 m 

 0.1cm/sec 
 5m/sec 

2

)/( CVFF ED  ( 5-1) 

FD FS

V m/s C

m/sec

2 ( /D SF F V C   ( 5-2) 



5-6 

5-2

5-2

2 ( / ) c o sD SF F V C A      ( 5-3) 

A

5-2 

3

(1) (cellsize)

2

(2) (cell number) 50 1

50 (50*0.02 = 1 )

(3) (transducer) 0.05

0.02 (PDA)
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( 2012 12 31 )

2013 1 1 2013 6 20

5-2

5-2 

 2012 1 1  2012 12 31
 1995 1 1  2012 12 31
 2010 6 20  2013 6 20
 2009 10 1  2012 12 31

 2003 1 1  2012 12 31
 2002 1 1  2012 12 31

1

5-3 5-4

2012

5171.57cms 13.6cms 194.05cms

1995 2012

9074.17cms 0.32cms 132.76cms

2

2010 7
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2011 1 1 2012 12 31 5-5 5-6

2009 10 1

2012 12 31

996.73cms 0.93cms 25.21cms

2010 6 20 2013 6 20

2818.53cms 0.04cms 65.14cms

3

5-7

2003 2012

452.68cms 0.03cms 5.44cms

4

5-8 5-9 2002 1 1

2012 12 31

2004 2005

34,504.5cms 12.68cms 361.92cms

7,245.29cms 0cms

78.77cms
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5-3 (2012/1/1-2012/12/31) 

5-4 (1995/1/1-2012/12/31) 

2/18/12 4/8/12 5/28/12 7/17/12 9/5/12 10/25/12 12/14/12
Date
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10000

D
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Jhangyun bridge
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5-5 (2009/10/1-2012/12/31) 

5-6 (2010/6/20-2013/6/20) 

1/1/02 1/1/03 1/1/04 1/1/05 1/1/06 1/1/07 1/1/08 1/1/09 1/1/10 1/1/11 1/1/12
Date

0
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1000

1500

2000

2500

D
is

ch
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ge
(c

m
s)

Totou-Longmen bridge

2/18/12 4/8/12 5/28/12 7/17/12 9/5/12 10/25/12 12/14/12 2/2/13 3/24/13 5/13/13
Date
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3000
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2500

D
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m
s)

Liyu bridge
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5-7 (2003/1/1-2012/12/31) 

5-8 (2002/1/1-2012/12/31) 

1/1/03 1/1/04 1/1/05 1/1/06 1/1/07 1/1/08 1/1/09 1/1/10 1/1/11 1/1/12
Date
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s)

Yanping bridge

1/1/02 1/1/03 1/1/04 1/1/05 1/1/06 1/1/07 1/1/08 1/1/09 1/1/10 1/1/11 1/1/12
Date

0

10000

20000
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40000
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15000
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ChiChi inflow
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5-9 (2002/1/1-2012/12/31) 

1 (Subramanya, 2007) 

(rating curve)

     )( aGCQ r                                    ( 5-4) 

Q (discharge) G (stage)

a Cr

a Cr 5-4

-

2

5-10 5-11

2012

1/1/02 1/1/03 1/1/04 1/1/05 1/1/06 1/1/07 1/1/08 1/1/09 1/1/10 1/1/11 1/1/12
Date

0

2000

4000

6000

8000

1000

3000

5000

7000
D

is
ch

ar
ge

(c
m

s)
ChiChi outflow
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2012

6 12 2012 8 3

2012 8 3

2012 8 3 142.525

142.443

(1) 2012 6 12

98.0R,)77.145(154.286 25.1GQ

(2) 2012 6 12

93.0R,)77.145(23.48 28.2GQ

(3) 2012 8 3

6.0R,)44.141(15.183 299.1GQ

(4) 2012 8 3

77.0R,)44.141(09.201 236.1GQ

(5) 2012 8 3

9.0R,)44.141(1.455 206.1GQ

(6) 2012 8 3

76.0R,)44.141(52.453 257.2GQ
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5-10 

5-11 
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6-1 

(isotope fractionation)

(Blasch and Bryson, 2007; Kumar et al., 2008; Li et 

al., 2008; Peng et al., 2010; Yeh et al., 2011)

(2009 2010a 2011)
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1
18O

18O (

6-1 ) / 18O
18O

< / < 18O
18O

/ 18O

/
18O /



6-3 

6-1 18O
18O

(11-4 ) (5-10 )

- -4.4 ~ -  - -7.5 ~ -

/ - -10.3 ~ -  - -11.0 ~ -

- -12.1 ~ -  - -12.2 ~ -

-8.4 (-10.0 ~ -7.1) 

2
18O

/ < < ( 6-2 )

/ 18O

/
18O /

/ 18O

6-2 18O
18O

(11-4 ) (5-10 )

- -3.8 ~ -  - -6.4 ~ -

/ - -10.5 ~ -  - -11.2 ~ -

- -9.5 ~ -  - -11.0 ~ -

- -10.4 ~ -
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3
18O

/ < < < ( 6-3 ) 18O

/

/ 18O

18O

18O
18O
18O

18O

18O
18O < <

18O

56% 44% 44%
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6-3 18O
18 O

(11-4 ) (5-10 )

-  -

/ - -10.2 ~ -  - -10.5 ~ -

- -8.4 ~ -  - -9.4 ~ -

- -9.0 ~ -

Nathan  McMahon (1990)

6-1(a) a-b-c a-d

Nash 1960

Wilson 1974

Hertzler 1939

Chow 1964

a-e-f a-e-g-c

e g
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Barnes 1939

Kulandaiswamy Seetharaman 1969

1

a 6-1(a)

2

b e

3

4

c

5 6-1(a) 6-1(b)

6-1  ( Nathan  McMahon ,1990) 
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Rutledge (1991)

(

)

(USGS) 

Rutledge(1992) PART

(1) (2)

6-2

0.1 (

Barnes 1939)
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                      1.
                      2.
                      3."ALLGW"

ALLGW 0

( )
ALLGW=* =  

ALLGW=*
0.1 ALLGW=0

ALLGW=0 ALLGW=0
(1)(2)

(1) ALLGW=* (2)
ALLGW=*

ALLGW=0 >
ALLGW=*

§_

6-2 ( Rutledge 1992) 

(USGS)

(

)

(1) (2)
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6-3

1

2

3

4

5
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6-3 

( 6-4)

6-4

6-4  ( )
 

( )
TMx TMy

(2) 259.2 1941~1944 
1947~2009 67 214392.2 2615946 

86.46 2003~2012 10 219505.2 2630798 

360.0 2009~2012 4 214965.4 2619103 

2,906.32 1985~2012 28 212103.2 2631755 

12
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6-4 

12 3
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6-5

0.07

(1985~1990)

( 6-6) 2010

-

(1/4)

0.386 2,508

0.15

6-4 6-5

6-5

0.12

0.04 0.15
6-5  

2001 176 400
2002 50 212
2003 45 108 302
2004 42 148 305
2005 154 760 289
2006 170 22 159
2007 144 221
2008 167 243
2009 142 457
2010 92 146 168
2011 54 146 176
2012 159 191 262

 146 290 275 224
 0.07 0.12 0.11 0.09

1
2
3
4 = /
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6-5  
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6-6  (1985~1990) 
 1  2  3  4  5  6  7  8  9  10  11  12

1985 14.2 51.6 43.2 68.58 67.3 256 155.7 223 266.2 92.2 48.5 33.8 1,320 

1986 14.5 22.4 47.2 37.59 47.5 211.3 189 85.6 144.3 93.7 42.7 46.5 982 

1987 28.4 14.7 25.4 43.94 65 102.6 202.4 169.4 138.7 73.2 62.7 32.8 959.6 

1988 20.6 19.8 18 59.94 137 107.4 46.74 170.2 139.2 104 56.4 44.2 923.3 

1989 31.5 14.7 17.8 34.29 66 157.7 152.7 184.7 201.7 94.7 24.9 15.5 996.2 

1990 27.2 17 32.3 152.1 139 243.8 169.7 241.6 345.9 95 27.4 24.4 1,515 

22.7 23.4 30.6 66.08 86.9 179.8 152.7 179.1 206 92.2 43.8 32.9 1,116 

2003~2012

95.3 6-7

2005 2007
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6-7  2003~2012 ( )

( )
-

2003  14.0 27.4 3.7 2.1 1,497 1.4 -20.7 
2004  36.2 47.5 6.3 6.5 2,493 2.4 -26.3 
2005  68.8 47.5 9.6 1.8 2,851 2.7 7.3 
2006  67.5 42.4 7.3 2.2 2,440 2.3 13.3 
2007  78.2 44.0 9.7 1.4 3,070 2.9 20.2 
2008  61.6 59.0 9.4 2.0 3,093 2.9 -11.7 
2009  34.9 24.8 7.7 1.5 1,865 1.8 -0.9 
2010  21.8 7.9 21.4 4.3 2,167 2.1 -13.8 
2011  19.5 6.2 15.8 2.7 1,814 1.7 -6.9 
2012  64.8 52.8 35.9 8.2 2,960 2.8 3.7 

46.7 35.9 12.7 3.3 2,425 4.0 16.0 
1. x (95.3 )

  2.2003~2009 2010~2012

(2012)

2006 2011

19

( 6-8) 19

0.96~0.45

0.8~0.34

( 6-6)
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 6-6 
( 2012) 
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6-8  

a

a

(day) b

b

(day) 
2006/6/7 5,087cms 0.96 0 278mm 0.69 1 

2006/7/12 2,799 cms 0.71 0 142mm 0.39 2 

2007/6/7 1,041 cms 0.79 0 158mm 0.36 2 

2007/8/18 4,919 cms 0.60 0 125mm 0.50 2 

2007/9/17 1,376 cms 0.50 0 2238mm 0.59 1 

2007/10/6 3,703 cms 0.50 0 150mm 0.66 1 

2008/7/17 5,765 cms 0.70 0 251 mm 0.67 1 

2008/7/27 2,387 cms 0.86 0 155 mm 0.66 3 

2008/9/13 7,245 cms 0.71 0 230 mm 0.71 1 

2008/9/28 6,190 cms 0.87 0 294 mm 0.50 1 

2009/8/7 9,714 cms 0.69 0 320 mm 0.40 1 

2010/6/13 380 cms 0.63 0 30 mm 0.80 3 

2010/8/18 342 cms 0.68 0 73 mm 0.43 4 

2010/9/17 1,237 cms 0.81 0 34 mm 0.54 2 

2011/5/17 97 cms 0.45 0 35 mm 0.34 3 

2011/6/24 203 cms 0.54 0 44 mm 0.50 2 

2011/7/18 602 cms 0.63 1 37 mm 0.69 3 

2011/8/31 770 cms 0.67 0 50 mm 0.51 1 

2011/10/1 204 cms 0.76 1 22 mm 0.56 2 

1.

2.

3. a

4. b
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(1)2008/7~2009/8

(2)2009/10~ 2011/12

(2012) ( 6-9)

4 (

)

( 6-1)

   ( 6-1) 

VA (cms) 

CA (ppm) 

Vi (cms) 

Ci (ppm) 

VG (cms) 

CG (ppm) 

GG
i

iiAA CVCVCV
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6-9  ( ppm) 

( )

SO4
2- 118~84 99 

Na+ 45~39 42 

Ca2+ 76~53 63 

Mg2+ 21~16 18 

( )

SO4
2- 48~33 41 

Na+ 43~39 41 

Ca2+ 14~1 51 

Mg2+ 76~53 12 

( )

SO4
2- 81~43 61 

Na+ 38~33 35 

Ca2+ 17~13 41 

Mg2+ 76~53 15 

( )

SO4
2- 124~89 102 

Na+ 41~37 39 

Ca2+ 45~38 41 

Mg2+ 19~14 17 

SO4
2- 191~114 165 

Na+ 45~39 62 

Ca2+ 196~117 147 

Mg2+ 39~20 28 
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6-7 (
2012) 

2000 2012 6-8

13 45.2

2008/7~2009/8

2010~2011 20.7

2012 64.8
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6-8 2000 2012

2008/7~2012/12 6-9 6-9

2008/7~2008/12 6

6 55.6

5.97

18.27 12.30
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6-9  2008/7~2012/12
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2009

8 7 8 31

22.3 (24.8 ) 90%

3.24

5.85 2.61

2010/1~2011/12 2010 2167

2011 1814 6-9 2009

2008 ( )

2010 2.48

3.90

1.42

2011 3.92

2.57 1.35

2010 2011 2010

2010 2011

2012 2,960

52.8

64.8 6-9

2010 2011

7.0
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2.45

4.55

6-9

2010 2011

- 6-10

2010

2011

136

136

136

(

6-11)

6-10  2010~2011
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6-11  2008/7~2011/12
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7-1 

(2010)

( )(1996)

(1996)

3 2 4 20

( 7-1) ( 7-2 7-4)
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7-1  



7-3 

7-2  ( 1996) 
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7-3  A B C ( 1996) 

7-4  D E



7-5 

7-5

1 D2 R1 R2

40

D2 30

2 R3

30

3 30

4 130
 

(2010) (BH-04)

(BH-14)

7-1

0.32 0.27

0.25



7-6 

7-5  



7-7 

7-1  

( ) 0.41~0.24 0.32 

0.34~0.25 0.27 

0.34~0.12 0.25 

6 (2011)

5

11 7-6

8

7-1
124.030.2318 ELEGWL hh             ( 7-1a) 
1.02170.9384 ELEGWL hh             ( 7-1b) 

hGWL hELE

7-6
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(40mx40m) (

) 7-2

13.03

7-2  

( ) ( ) ( )

27.4 26.5 0.32 2.32 

25.1 24.7 0.32 1.98 

14.8 22.0 0.27 0.88 

74.0 42.4 0.25 7.84 

13.03 

Healy and Cook (2002) Schwartz and Zhang (2003) 

(2006)

(Groundwater Flucturation

Method, GFM)
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(Ss) (Sy)

U n c o n f i n)(
C o n f i n)(

)()()(

,,

,,,,

,,

i
t
iiviy

i
t
iivisivis

iii
t
iivisiiii

t
i

bhAS
c o n s tthASAS

btthASbtAn
S ( 7-2)

t
ih t

iS t i

isS , iyS , (specific 

storage) (specific yield) ib it ivA ,

7-2

7-7

Healy and Cook (2002)

(potential groundwater decline)
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7-7  

7-8 (7-3)

1,1,1,1,1,1 tt
i

tt
i

tt
i

tt
i

tt
i

t
i

t
i HEVEWISSS             ( 7-3) 

7-8
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t
iS t i 1t

iS

t-1 t 1,tt
iI 1,tt

iW 1,tt
iVE 1,tt

iHE

t t-1

7-2

( 1t
iS )

7-4

1 t

i

ijh

M

j ij

t
j

t
i

ij

M

j ij

t
j

t
i

ij
tt

i

Rj

A
l

hh
K

l
hh

KHE ,
1

11

1

1, )1(
     ( 7-4)

iR i iM

1,tt
iHE t-1 t

t
ih i t ijK

i j ijl ijhA ,

1,1,1,1,1, tt
i

tt
i

tt
i

tt
i

tt
i HESVEWI                        ( 7-5) 
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7-2 7-4 1,tt
iS 1,tt

iHE

7-5 1,tt
iI 1,tt

iW 1,tt
iVE

( 1,tt
iW )

( 1,tt
iVE )

(2004; 2006) (2011)

Heppner et al. (2005)

(regression analysis) (Master Recession Curve, 

MRC)

1
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(Sy) Voronoi Diagram 

(Auc)

Voronoi(1907) Voronoi Diagram 

7-6

jippdppdp ji ),,(),(|)V(pi           ( 7-6)

V(pi) pi d p

Voronoi Diagram

7-9 7-3

7-10

(1)

(2)

Vonoroi diagram

(3)

(4) 365



7-14 

7-9  

7-3  
 Sy (km2) (m) 

 144 0.26 23.2 40 

 151.2 0.152 24.6 30 

 113.6 0.26 14.0 30 

 197 0.15 9.0 130 

 169.6 0.152 53.9 130 

 222.1 0.152 24.0 130 
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7-10  

2

(1) 

0.15

(2) 
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(3) 

(1) (1) (2) 4

(1)

(1.07%)

1.50% 1.55% 1.5%

10-4m/s

(4)

(1996)

9,175,362 

1,100

(5)

outp-swgwp QQQR ( 7-7)

S Rp Qgw-sw

Qp Qout

7-4
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7-4  ( )

(mm)
2002 -0.066 1672 0.24 0.77 0.185 1.07 0.42 
2003 -0.052 1497 0.21 0.54 0.184 1.18 0.72 
2004 0.122 2493 0.36 0.56 0.187 2.41 1.90 
2005 0.089 2851 0.41 0.86 0.190 3.15 2.42 
2006 -0.032 2440 0.35 0.75 0.190 2.06 1.50 
2007 0.059 3070 0.44 0.51 0.190 2.81 2.49 
2008 0.077 3093 0.44 0.79 0.190 2.94 2.32 
2009 -0.179 1865 0.27 1.13 0.188 2.21 1.34 
2010 -0.031 2167 0.31 0.57 0.187 1.31 0.89 
2011 -0.081 1814 0.26 0.63 0.186 1.09 0.61 
2012 0.123 2960 0.42 0.53 0.189 1.86 1.44 

0.003 2357 0.34 0.69 0.188 2.01 1.46 
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MODFLOW 3

1

(1)

8-1

8-1  

  

  

  

  

  



8-2 

(2)

30.2

8-2

8-2  

(3)

20 33.5

-100

-100

  
  



8-3 

XYZ (Digital 

Terrain Model, DTM)

100

22,085

3-134

(4)

10 8-3 ( K )

10-3m/s 10-4 m/s 10-5m/s
10-7 m/s ( yS )

0.33

8-3  
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(5)

3

2

3

SFR

RIVER

SFR

n

(segment) (reach)

SFR

2012

- :

(3/4) SFR

1

RIVER

8-4



8-5 

8-4  

(6)

2012 1 1

8-5 0.15

                             ( )
8-5 

SFR  

 

RIVER  
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2

SFR

River

8-1

RIVER

SFR

8-2 RIVER

8-3

8-6

8-1  
K (m/d) 

HK_10 11 
HK_20 30 
HK_30 20 
HK_40 8 
HK_50 20 
HK_60 12 
HK_70 12 
HK_80 10 
HK_90 51 
HK_100 12 
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8-2  SFR

(m/d) (m/d) 
Chin 0.01 0.01 

DPLK 0.08 0.08 
LTK_1 0.001 0.001 
LTK_2 0.1 0.1 
LTK_3 0.1 0.1 
LTK_4 0.02 0.02 

 

 

8-3  RIVER

(m) (m) (m) (m) 
RIV_1 155.2 155.17 93 92.66 

RIV_2-1 192 191.76 152.5 152 
RIV_2-2 160 159.28 152.5 152 
RIV_2-3 152.5 152 112 111.41 
RIV_3 184 182.96 92 90.95 

(a) (1)                 (b) (1) 

 
(c) (1)                 (d) (2) 

 

8-6  



8-8 

(Bear, 1979)

1

2 (spring)

3 (base flow)

4

5

6

7

8

9

10 (total net benefits)

11

12

(

)

( )
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( )

76.05

17.6 58.45

(European Union EU)

1 (http://water.usgs.gov/nawqa/studies/praq/)

    

2

(http://www.eea.europa.eu/themes/water/wise-help-centre/glossa
ry-definitions/aquifer)

(K)

8-4

(Bear, 1979) 10-4 m/s

10-5m/s

(transmisivity, T) 124m2/day (1000gpd/ft)

(Driscoll, 1986)

40 K
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3.59 10-5m/s

10-4m/s  

8-4  

(Log10K) 
(m/sec) 

0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 -13 

(Permeability) (pervious) (Semipervious) (Impervious) 

(Aquifer) (Good) (Poor) (None) 

(Soil) (Clean gravel) (Clean sand 
or sand and 

gravel) 

(very fine sand, 
silt, loess, loam, 

solonetz) 

(Rock) ( )
(Oil rocks) (Sandstone) (Good

limestone, 
dolomite)

(Breccia, 
granite) 

( Bear, 1979)

1 ( 20 40 ) 2

( 40 200 ) 2

1 1

1

46

K 10-2m/s 10-7m/s

K 10-3m/s 10-5m/s

K 10-3m/s 10-7m/s

10-6m/s
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K 10-4m/s 10-5m/s

K (1)

K 10-4m/s 46 K

1 K

8-7 K

K

2 2

2 7 8-8

2 K 2 K

10-4m/s

1 ( ) 2

( )

2

( 10

40 ) ( 40 100

)

(1) (2)

2.21 10-4m/s 3.33 10-5m/s 40

10

(Bear, 1979)

)/l n (22
0 w

w
w rR

K
QhH                      ( 8-1)
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ww sHh 0 ( 8-2)

0H wh

ws wQ K R

wr

( R ) (Bear, 1979)

2/13000 KsR w                              ( 8-3) 

8-5

0.0495cms 0.019cms

38%

8-5  

(m) (m/s) (m) (m) (m) (cms) 
30 2.21×10-4 10 445.98 0.4 0.0495 
60 3.33×10-5 10 173.12 0.4 0.0190 

8-6

40
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8-6  

(m) (m) (m/s) (cms) (cms/m) 
40 30 2.21×10-4 0.0495 0.00124 
50 40 1.74×10-4 0.0555 0.00111 
60 50 1.46×10-4 0.0606 0.00101 
70 60 1.27×10-4 0.0652 0.00093 
80 70 1.14×10-4 0.0695 0.00087 
90 80 1.04×10-4 0.0736 0.00082 
100 90 9.59×10-5 0.0776 0.00078 

10-4m/s

1

8-6

2

1 ( )K

10-4m/s 26.51 8-9
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8-7  1 (K m/s)
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8-8  2 (K m/s)
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8-9 (K>10-4m/s) 

( )

(Dickerman et al., 1997; Healy et al., 2007; Nelms and Moberg, 
2010; Garner et al., 2013) 

( pR )

( iR ) ( inQ ) ( outQ )

( pQ ) ( swgwQ ) ( S )

(Bear, 1979)

8-10

            swgwpoutinip QQQQRRS                      ( 8-4)
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8-4

           SQQQRRQ poutinipswgw                       ( 8-5)

2002 2012

8-7

8-10  ( Lambert et 
al., 2011) 
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1 ( pR )

(C ) 15%

2002
( P ) ( pA )(

( A )  ( fA )

15.23km2 ( A )26.51km2)
( pR )

CAPR pp                                    ( 8-6)

2002 1 2012 12

8-7 264.28 (2007 )

566.89 (2012 )

2.16 (11 ) 86.71 (8 )

2 ( iR )

( ) 3mm/day

( iT ) 1

10 ( )
( fA )11.28 ( iR )

fii ATR                                    ( 8-7)

2002 2012 1,028.31

94.71

(2 ) 104.86 (1 3 5 7 8 10 )
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3 ( iQ )

2

( H ) ( K ) ( i )

( L ) (Darcy s Law)

LHiKQi                                 ( 8-8)

40

(1) (1) 2

( (1) ) 2012

2

0.0045

(1) (1)

(3.4×10-5m/s) (1)

(1.17×10-5m/s)

2002 2012

1,114 1,978

52.29

1,166.64 2,030.46

( ) (

)

2,644.06 3,466.59
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4 ( outQ )

2001

( )

(3.56 10-4m/s)

2012

2

0.015

40 2,500

1,575.73

5 ( pQ )

1996

( )

164

2

6 ( S )

(1) ( h )

( A ) ( n )

hAnS                                  ( 8-9)
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2002 2012

-1,768.48

3,390.94 ( )
8-7  

(mm-dd) (104m3) (104m3) (104m3) (104m3) (104m3) (104m3) (104m3)
Jan-02 6.86 104.86 135.04 133.83 13.93 -970.37 1,069.37 
Feb-02 0 94.71 115.39 120.88 12.58 -279.06 355.71 
Mar-02 4.11 104.86 116.64 133.83 13.93 44.09 33.77 
Apr-02 0.24 101.48 104.56 129.51 13.48 -183.96 247.24 
May-02 45.25 104.86 98.04 133.83 13.93 7.67 92.71 
Jun-02 30.46 101.48 90.62 129.51 13.48 1,100.31 -1,020.75 
Jul-02 83.64 104.86 88.91 133.83 13.93 967.61 -837.96 

Aug-02 36.79 104.86 94.15 133.83 13.93 919.2 -831.15 
Sep-02 26.21 101.48 112.11 129.51 13.48 -1,381.42 1,478.22 
Oct-02 0 104.86 119.15 133.83 13.93 -773.92 850.17 
Nov-02 2.88 0 112.54 129.51 13.48 -460.02 432.45 
Dec-02 27.84 0 117.16 133.83 13.93 -758.61 755.85 
Jan-03 7.54 104.86 118.32 133.83 13.93 -770.88 853.83 
Feb-03 5.06 94.71 101.82 120.88 12.58 -17.77 85.9 
Mar-03 5.94 104.86 104.35 133.83 13.93 359.65 -292.25 
Apr-03 26.45 101.48 96.61 129.51 13.48 510.38 -428.84 
May-03 15.77 104.86 95.44 133.83 13.93 218.02 -149.71 
Jun-03 62.11 101.48 83.86 129.51 13.48 1,171.32 -1,066.88 
Jul-03 29.25 104.86 88.25 133.83 13.93 -153.67 228.28 

Aug-03 75.18 104.86 91.72 133.83 13.93 238.9 -114.9 
Sep-03 43.69 101.48 90.86 129.51 13.48 613.3 -520.28 
Oct-03 4.8 104.86 98.43 133.83 13.93 -779.47 839.8 
Nov-03 2.05 0 96.19 129.51 13.48 -753.09 708.34 
Dec-03 0 0 100.79 133.83 13.93 -1,009.29 962.32 
Jan-04 2.51 104.86 99.24 133.83 13.93 -681.39 740.24 
Feb-04 13.68 94.71 86.49 120.88 12.58 249.57 -188.14 
Mar-04 12.34 104.86 88.76 133.83 13.93 713.78 -655.58 
Apr-04 21.25 101.48 84.21 129.51 13.48 266.44 -202.5 
May-04 30.85 104.86 83.63 133.83 13.93 78.57 -6.99 
Jun-04 5.43 101.48 77.18 129.51 13.48 288.82 -247.73 
Jul-04 191.05 104.86 65.29 133.83 13.93 3,703.42 -3,489.98 

Aug-04 127.74 104.86 104.4 133.83 13.93 9.58 179.67 
Sep-04 21.02 101.48 127.63 129.51 13.48 1,613.11 -1,505.99 
Oct-04 1.6 104.86 146.72 133.83 13.93 -1,256.06 1,361.48 
Nov-04 0 0 138.34 129.51 13.48 -1,528.33 1,523.68 
Dec-04 28.63 0 134.02 133.83 13.93 -66.57 81.47 
Jan-05 2.51 104.86 131.68 133.83 13.93 -1,261.81 1,353.1 
Feb-05 29.6 94.71 113.29 120.88 12.58 -445.13 549.28 
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(mm-dd) (104m3) (104m3) (104m3) (104m3) (104m3) (104m3) (104m3)
Mar-05 49.59 104.86 111.32 133.83 13.93 2,101.91 -1,983.9 
Apr-05 9.45 101.48 101.3 129.51 13.48 462.82 -393.6 
May-05 101.69 104.86 100.53 133.83 13.93 430.04 -270.72 
Jun-05 124.92 101.48 104.03 129.51 13.48 673.7 -486.27 
Jul-05 103.06 104.86 128.49 133.83 13.93 74.13 114.52 

Aug-05 83.18 104.86 125.7 133.83 13.93 1,447.07 -1,281.09 
Sep-05 38.49 101.48 155.5 129.51 13.48 -670.83 823.29 
Oct-05 5.26 104.86 202.94 133.83 13.93 -766.45 931.74 
Nov-05 3.29 0 175.92 129.51 13.48 -1,122.4 1,158.61 
Dec-05 3.18 0 174.16 133.83 13.93 -740.41 769.99 
Jan-06 2.97 104.86 163.79 133.83 13.93 -347.81 471.67 
Feb-06 1.01 94.71 137.94 120.88 12.58 105.1 -4.9 
Mar-06 22.4 104.86 145.88 133.83 13.93 -349.11 474.48 
Apr-06 28.57 101.48 133.51 129.51 13.48 127.92 -7.35 
May-06 47.08 104.86 125.78 133.83 13.93 1,528.71 -1,398.76 
Jun-06 164.12 101.48 121.12 129.51 13.48 2,022.15 -1,778.43 
Jul-06 65.13 104.86 163.43 133.83 13.93 -499.61 685.28 

Aug-06 36.34 104.86 181.01 133.83 13.93 -710.13 884.57 
Sep-06 47.46 101.48 172.4 129.51 13.48 -325.36 503.71 
Oct-06 0 104.86 172.38 133.83 13.93 -1,261.33 1,390.81 
Nov-06 39.86 0 161.16 129.51 13.48 -636.85 694.87 
Dec-06 19.88 0 160.61 133.83 13.93 -202.78 235.51 
Jan-07 16.68 104.86 156.29 133.83 13.93 -684.13 814.2 
Feb-07 3.8 94.71 134.48 120.88 12.58 0.03 99.49 
Mar-07 13.25 104.86 140.36 133.83 13.93 461.71 -351 
Apr-07 25.27 101.48 130.94 129.51 13.48 158.81 -44.12 
May-07 61.02 104.86 128.67 133.83 13.93 345.19 -198.41 
Jun-07 83.59 101.48 115.52 129.51 13.48 1,513.55 -1,355.95 
Jul-07 50.28 104.86 129.18 133.83 13.93 -1,017.48 1,154.04 

Aug-07 167.28 104.86 123.41 133.83 13.93 1,814.31 -1,566.53 
Sep-07 90.44 101.48 138.48 129.51 13.48 1,219.7 -1,032.31 
Oct-07 45.02 104.86 179.18 133.83 13.93 -39.78 221.08 
Nov-07 9.86 0 188.99 129.51 13.48 -1,004.71 1,060.56 
Dec-07 0.4 0 191.94 133.83 13.93 -1,520.61 1,565.19 
Jan-08 8.68 104.86 183.86 133.83 13.93 -1,012.51 1,162.15 
Feb-08 7.33 94.71 157.34 120.88 12.58 20.63 105.29 
Mar-08 7.77 104.86 165.3 133.83 13.93 -181.72 311.89 
Apr-08 6.61 101.48 151.69 129.51 13.48 -60.55 177.33 
May-08 23.99 104.86 146.27 133.83 13.93 65.96 61.4 
Jun-08 64.47 101.48 126.39 129.51 13.48 2,278.87 -2129.54 
Jul-08 234.01 104.86 126.13 133.83 13.93 1,121.73 -804.5 

Aug-08 54.85 104.86 159.95 133.83 13.93 566.73 -394.84 
Sep-08 144.99 101.48 168.43 129.51 13.48 186.68 85.23 
Oct-08 9.83 104.86 216.19 133.83 13.93 -678.22 861.33 
Nov-08 13.15 0 216.76 129.51 13.48 -1,681.17 1,768.08 
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(mm-dd) (104m3) (104m3) (104m3) (104m3) (104m3) (104m3) (104m3)
Dec-08 4.37 0 212.15 133.83 13.93 -948.41 1,017.17 
Jan-09 0 104.86 200.87 133.83 13.93 -703.01 860.98 
Feb-09 0.76 94.71 170.09 120.88 12.58 -379.91 512.02 
Mar-09 25.82 104.86 174.77 133.83 13.93 449.79 -292.09 
Apr-09 31.17 101.48 162.42 129.51 13.48 -393.6 545.67 
May-09 2.51 104.86 166.2 133.83 13.93 -422.76 548.58 
Jun-09 47.94 101.48 146.4 129.51 13.48 439.24 -286.42 
Jul-09 29.25 104.86 146.52 133.83 13.93 68.87 64 

Aug-09 172.99 104.86 149.62 133.83 13.93 2,264.19 -1,984.49 
Sep-09 58.09 101.48 174.69 129.51 13.48 -1,360.25 1,551.5 
Oct-09 4.8 104.86 173.62 133.83 13.93 -13.27 148.79 
Nov-09 5.34 0 160.09 129.51 13.48 -983.43 1,005.87 
Dec-09 7.16 0 156.89 133.83 13.93 -661.83 678.11 
Jan-10 7.54 104.86 151 133.83 13.93 -440.31 555.95 
Feb-10 22.26 94.71 131.01 120.88 12.58 -158.61 273.13 
Mar-10 3.2 104.86 138.24 133.83 13.93 250.92 -152.39 
Apr-10 28.1 101.48 131.36 129.51 13.48 -458.32 576.26 
May-10 30.17 104.86 132.16 133.83 13.93 -162.38 281.81 
Jun-10 106.74 101.48 120.66 129.51 13.48 1,166.02 -980.15 
Jul-10 102.84 104.86 126.49 133.83 13.93 1,047.21 -860.78 

Aug-10 66.04 104.86 152.39 133.83 13.93 677.29 -501.76 
Sep-10 77.69 101.48 168.6 129.51 13.48 100.6 104.17 
Oct-10 1.14 104.86 181.64 133.83 13.93 -33.07 172.95 
Nov-10 11.92 0 174.17 129.51 13.48 -1217 1,260.09 
Dec-10 9.94 0 173.44 133.83 13.93 -691.78 727.41 
Jan-11 6.86 104.86 167.56 133.83 13.93 -635.42 766.93 
Feb-11 4.3 94.71 143.55 120.88 12.58 46.75 62.36 
Mar-11 5.26 104.86 149.13 133.83 13.93 275.98 -164.49 
Apr-11 1.18 101.48 136.69 129.51 13.48 -83.05 179.4 
May-11 38.16 104.86 133.41 133.83 13.93 102.42 26.25 
Jun-11 56.44 101.48 124.52 129.51 13.48 100.69 38.75 
Jul-11 75.64 104.86 123.49 133.83 13.93 708.99 -552.76 

Aug-11 58.96 104.86 122.62 133.83 13.93 735.03 -596.35 
Sep-11 16.53 101.48 123.42 129.51 13.48 -268.45 366.88 
Oct-11 5.94 104.86 129.19 133.83 13.93 -398.5 490.74 
Nov-11 70.68 0 123.42 129.51 13.48 -176.3 227.4 
Dec-11 9.15 0 127.25 133.83 13.93 -306.21 294.85 
Jan-12 8.46 104.86 128.48 133.83 13.93 -590.27 684.31 
Feb-12 17.34 94.71 113.32 120.88 12.58 177.52 -85.6 
Mar-12 5.48 104.86 121.57 133.83 13.93 126.05 -41.9 
Apr-12 47.94 101.48 114.22 129.51 13.48 -17.3 137.94 
May-12 75.18 104.86 109.27 133.83 13.93 1,545.86 -1,404.31 
Jun-12 119.72 101.48 99.49 129.51 13.48 1,809.32 -1,631.63 
Jul-12 114.49 104.86 132.8 133.83 13.93 -564.27 768.66 

Aug-12 190.59 104.86 161.16 133.83 13.93 1,599.22 -1,290.37 
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(mm-dd) (104m3) (104m3) (104m3) (104m3) (104m3) (104m3) (104m3)
Sep-12 0 101.48 188.1 129.51 13.48 -847.4 993.98 
Oct-12 0 104.86 187.22 133.83 13.93 -927.84 1,072.16 
Nov-12 46.02 0 169.03 129.51 13.48 -215.33 287.39 
Dec-12 20.28 0 167.21 133.83 13.93 -635.97 675.7 

( 8-5)

( )

1 ( )

2002 2012

8-8 (

)

8-8 8-9 2002 2012

2004 2,410

166.33

3,352.53 1,223.64

2002 2012

8-11 1,028.31

456.56 164.01

1223.64

8-9 3 5 6 7 8

6 995 5 219.83
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71.58

920.67

8-11  ( )

8-8  

( )
2002 2,625.61 
2003 1,105.61 
2004 -2,410.37 
2005 1,284.97 
2006 2,151.47 
2007 366.25 
2008 2,221.01 
2009 3,352.53 
2010 1,456.7 
2011 1,139.96 
2012 166.33 

1,223.64 
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8-9  

( )
1 848.43 
2 160.41 
3 -283.04 
4 71.58 
5 -219.83 
6 -995 
7 -321.02 
8 -681.57 
9 258.95 

10 758.28 
11 920.67 
12 705.78 

2
( pQ )

( )

(Bredehoeft, 2002)

8-12 (Garner et al., 2013)

(stream capture)

( S )



8-27 

8-12  (Garner et al., 
2013) 

5

10 20 30 40

5

15

3

(1)

8-8 8-9

8-13

8-8

5 10 20

30 40

601 2,426 6,076

9,726 13,376
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8-10

(Theis, 1940; Leake abd Pool, 2010; Garner et al., 2013 )

8-11

8-10  
( 104m3)

( )
5 10 20 30 40

2002 2,625.61 800.61 -1,024.39 -4,674.39 -8,324.39 -11,974.39 

2003 1,105.61 -719.39 -2,544.39 -6,194.39 -9,844.39 -13,494.39 

2004 -2,410.37 -4,235.37 -6,060.37 -9,710.37 -13,360.4 -17,010.37 

2005 1,284.97 -540.03 -2,365.03 -6,015.03 -9,665.03 -13,315.03 

2006 2,151.47 326.47 -1,498.53 -5,148.53 -8,798.53 -12,448.53 

2007 366.25 -1,458.75 -3,283.75 -6,933.75 -10,583.8 -14,233.75 

2008 2,221.01 396.01 -1,428.99 -5,078.99 -8,728.99 -12,378.99 

2009 3,352.53 1,527.53 -297.47 -3,947.47 -7,597.47 -11,247.47 

2010 1456.7 -368.3 -2,193.3 -5,843.3 -9,493.3 -13,143.3 

2011 1,139.96 -685.04 -2,510.04 -6,160.04 -9,810.04 -13,460.04 

2012 166.33 -1,658.67 -3,483.67 -7,133.67 -10,783.7 -14,433.67 

1,223.643 -601.36 -2,426.36 -6,076.36 -9,726.36 -13,376.36 

(%) 32.95 66.48 83.24 88.83 91.62 
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8-11  
( 104m3)

( )
5 10 20 30 40

1 848.43 693.43 538.43 228.43 -81.57 -391.57 
2 160.41 20.41 -119.59 -399.59 -679.59 -959.59 
3 -283.04 -438.04 -593.04 -903.04 -1,213.04 -1,523.04 
4 71.58 -78.42 -228.42 -528.42 -828.42 -1,128.42 
5 -219.83 -374.83 -529.83 -839.83 -1,149.83 -1,459.83 
6 -995 -1145 -1295 -1,595 -1895 -2,195 
7 -321.02 -476.02 -631.02 -941.02 -1,251.02 -1,561.02 
8 -681.57 -836.57 -991.57 -1,301.57 -1,611.57 -1,921.57 
9 258.95 108.95 -41.05 -341.05 -641.05 -941.05 
10 758.28 603.28 448.28 138.28 -171.72 -481.72 
11 920.67 770.67 620.67 320.67 20.67 -279.33 
12 705.78 550.78 395.78 85.78 -224.22 -534.22 

8-13  

2004 2008 20122002 2006 2010
year
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Q=5 104m3

Q=10 104m3

Q=20 104m3

Q=30 104m3

Q=40 104m3
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(2)

(5 10 )

5

2004 2007 2012

20

8-12 8-14

8-13

8-12  
( 104m3)

( )
5 10 20 30 40

2002 2,625.61 1,705.61 785.61 -1,054.39 -2,894.39 -4,734.39 
2003 1,105.61 185.61 -734.39 -2,574.39 -4,414.39 -6,254.39 
2004 -2,410.37 -3,330.37 -4250.37 -6,090.37 -7930.37 -9,770.37 
2005 1,284.97 364.97 -555.03 -2,395.03 -4,235.03 -6,075.03 
2006 2,151.47 1,231.47 311.47 -1,528.53 -3,368.53 -5,208.53 
2007 366.25 -553.75 -1,473.75 -3,313.75 -5,153.75 -6,993.75 
2008 2,221.01 1,301.01 381.01 -1,458.99 -3,298.99 -5,138.99 
2009 3,352.53 2,432.53 1,512.53 -327.47 -2,167.47 -4,007.47 
2010 1,456.7 536.7 -383.3 -2,223.3 -4,063.3 -5,903.3 
2011 1,139.96 219.96 -700.04 -2,540.04 -4,380.04 -6,220.04 
2012 166.33 -753.67 -1,673.67 -3,513.67 -5,353.67 -7,193.67 

1,223.643 303.6427 -616.357 -2,456.36 -4,296.36 -6,136.3573 

(%) - 33.5 66.75 77.83 83.37 
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8-13  
( 104m3)

( )
5 10 20 30 40

1 848.43 848.43 848.43 848.43 848.43 848.43 

2 160.41 160.41 160.41 160.41 160.41 160.41 

3 -283.04 -283.04 -283.04 -283.04 -283.04 -283.04 

4 71.58 71.58 71.58 71.58 71.58 71.58 

5 -219.83 -374.83 -529.83 -839.83 -1,149.83 -1,459.83 

6 -995 -1,145 -1295 -1595 -1895 -2,195 

7 -321.02 -476.02 -631.02 -941.02 -1,251.02 -1,561.02 

8 -681.57 -836.57 -991.57 -1,301.57 -1,611.57 -1,921.57 

9 258.95 108.95 -41.05 -341.05 -641.05 -941.05 

10 758.28 603.28 448.28 138.28 -171.72 -481.72 

11 920.67 920.67 920.67 920.67 920.67 920.67 

12 705.78 705.78 705.78 705.78 705.78 705.78 
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year

-12000

-8000

-4000

0

4000

8000

-10000

-6000

-2000

2000

6000

G
ro

un
dw

at
er

 a
nd

 s
ur

fa
ce

 w
at

er
 in

te
ra

ct
io

n(
10

4 m
3 )

Predevelopment
Q=5 104m3

Q=10 104m3

Q=20 104m3

Q=30 104m3

Q=40 104m3
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(3)

(11 4 )

5

8-14 8-15

8-15

8-14  
( 104m3)

( )
5 10 20 30 40

2002 2,625.61 1,720.61 815.61 -994.39 -2,804.39 -4,614.39 
2003 1,105.61 200.61 -704.39 -2,514.39 -4,324.39 -6,134.39 
2004 -2,410.37 -3,315.37 -4,220.37 -6,030.37 -7,840.37 -9,650.37 
2005 1,284.97 379.97 -525.03 -2,335.03 -4,145.03 -5,955.03 
2006 2,151.47 1,246.47 341.47 -1,468.53 -3,278.53 -5,088.53 
2007 366.25 -538.75 -1,443.75 -3,253.75 -5,063.75 -6,873.75 
2008 2,221.01 1,316.01 411.01 -1,398.99 -3,208.99 -5,018.99 
2009 3,352.53 2,447.53 1,542.53 -267.47 -2,077.47 -3,887.47 
2010 1,456.7 551.7 -353.3 -2163.3 -3,973.3 -5,783.3 
2011 1,139.96 234.96 -670.04 -2,480.04 -4,290.04 -6,100.04 
2012 166.33 -738.67 -1,643.67 -3,453.67 -5,263.67 -7,073.67 

1,223.643 318.6427 -586.357 -2,396.36 -4,206.36 -6,016.3573 

(%) - 32.4 66.2 77.47 83.1 
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8-15  
( 104m3)

( )
5 10 20 30 40

1 848.43 693.43 538.43 228.43 -81.57 -391.57 

2 160.41 20.41 -119.59 -399.59 -679.59 -959.59 

3 -283.04 -438.04 -593.04 -903.04 -1,213.04 -1,523.04 

4 71.58 -78.42 -228.42 -528.42 -828.42 -1,128.42 

5 -219.83 -219.83 -219.83 -219.83 -219.83 -219.83 

6 -995 -995 -995 -995 -995 -995 

7 -321.02 -321.02 -321.02 -321.02 -321.02 -321.02 

8 -681.57 -681.57 -681.57 -681.57 -681.57 -681.57 

9 258.95 258.95 258.95 258.95 258.95 258.95 

10 758.28 758.28 758.28 758.28 758.28 758.28 

11 920.67 770.67 620.67 320.67 20.67 -279.33 

12 705.78 550.78 395.78 85.78 -224.22 -534.22 

8-15  
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8-34 

( )

1996

1.48×10-4m/s 8.56×10-6m/s

2.27×10-6m/s

(riverbed conductance, 

CRIV ) (Harbaugh, 2005)

M
WLKC R I V

( 8-10)

K L W

M

8,687 ( 86-1)

260

50

10.6m3/s 88.6

3.23
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( )

100

0.135cms ( )

5 (

)

8-16

2002 1 1 2012 12 31 (Q0)

(Qe) (Qwr) 8-16

(2002 2003 2004 )

(Deficit Rate, DR)

                    ( 8-11) 

2002 2012

12.98%

55.91% 29.46%



8-36 

2002 2012 33.88% 2

50.53% 8 9.99%

30% 40%

6 7 8 9

30% 30%

(1 2 3 4 11 12 ) (5 6

7 8 9 10 )

43.19% 24.57%

137

326

235

(Qr) 8-17 2002 2012

19,642 633,149

8-18 34 227

130

313,002



8-37 

130

8-19

249 85,103

25,853 8-19

8-16  

( ) ( ) ( )
(%)

2002 170,957 95,575 326 55.91 
2003 170,957 86,610 319 50.66 
2004 171,191 74,088 261 43.28 
2005 170,957 29,240 137 17.10 
2006 170,957 40,428 194 23.65 
2007 170,957 22,194 156 12.98 
2008 171,191 29,861 213 17.44 
2009 170,957 56,257 286 32.91 
2010 170,957 43,566 264 25.48 
2011 170,957 45,581 244 26.66 
2012 170,957 30,784 186 17.98 

171,021 50,380 235 29.46 
8-17  2002 2012

(%) 
1 41.91 
2 50.53 
3 50.35 
4 34.39 
5 33.91 
6 22.14 
7 20.74 
8 9.99 
9 17.89 
10 42.74 
11 48.80 
12 33.18 

33.88 
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8-18  2002 2012

( ) ( )
2002 19,642 34 
2003 55,532 46 
2004 264,880 107 
2005 546,330 227 
2006 544,189 177 
2007 633,149 202 
2008 474,967 153 
2009 234,743 86 
2010 90,567 108 
2011 69,936 121 
2012 509,089 179 

313,002 130 

8-19  2002 2012

( )
1 637 
2 249 
3 1,834 
4 5,841 
5 21,164 
6 63,109 
7 58,327 
8 85,103 
9 51,423 
10 20,014 
11 1,236 
12 1,303 

25,853 
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( )

30% 40% 35%

1 ( )

1 10

8-18 8-18 3

34.84% 35%

3

(3.35 / )

42.34% 43.21%

26.22% 26.48%
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8-18  
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35.59%

0 2 4 6 8 101 3 5 7 9 11
Pumping rate(104CMD)

25

30

35

40

45

50

27.5

32.5

37.5

42.5

47.5

D
ef

ic
it 

R
at

e 
(%

)

Monthly DR (mean)
Monthly DR (dry season)
Monthly DR (wet season)

 

 

 

 



8-42 

8-19  

3

1 20 8-20

8-20 16

34.98%

16

42.34%

26.22% 27.63%

30%

42

36.16%

0 2 4 6 8 101 3 5 7 9 11
Pumping rate(104CMD)

25

30

35

40

45

50

27.5

32.5

37.5

42.5

47.5

D
ef

ic
it 

R
at

e 
(%

)

Monthly DR (mean)
Monthly DR (dry season)
Monthly DR (wet season)

 

 

 

 



8-43 

8-20  

2002 2012 11

3

4

9

0 4 8 12 16 20 24 28 32 36 40 44 482 6 10 14 18 22 26 30 34 38 42 46
Pumping rate(104CMD)

25

30

35

40

45

50

27.5

32.5

37.5

42.5

47.5

D
ef

ic
it 

R
at

e 
(%

)

Monthly DR (mean)
Monthly DR (dry season)
Monthly DR (wet season)

 

 

 

 



8-44 

16

3

( )

100 8 16

1

2.39

5.4% 64% ( 8-18 8-19)

2.39 94%

36

(1.31 / ) 28 (1.02

/ ) 8 (0.29

/ )

28.5 (1.04 / )

( 15.9 0.58 / )

( 12.6 0.46 / )

28.5 ( 1.04 / )



8-45 

8-20                    

   
 

 
    

 1.36 1.28 15.85 2.45 0.17 18.47 21.11 
 1.03 3.12 17.2 1.35 0.19 18.74 22.89 
 2.39 4.4 33.05 3.8 0.36 37.21 44 
 5.43% 10.00% 84.57% 100.00% 

8-21                  

   
 

 
    

 1.08 1.08 2.91 2.2 0.17 5.28 7.44 
 0.45 2.06 4.2 1.15 0.19 5.54 8.05 
 1.53 3.14 7.11 3.35 0.36 10.82 15.49 
 9.88% 20.27% 69.85% 100.00% 

 
64.02% 71.36% 29.08% 35.20% 

2

98

120

120

36.3 ( 1.32 / )

120

42 (1.53 / )

120 24 ( 0.88

/ )

120 31.6 (1.15

/ )
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2 2

(1)

2014

43.2

4

39.2

2012 2019

13

2022 17

18~26

4

(2)

28.5

(1.04 / ) 12.6 (0.46

/ )

36

(1.32 / ) 8
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8-21  

8-22  (
2010) 

37.3
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40.7 40.7 40.6
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8-23  

( )

1

40

4 4
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26.6
26.9
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8-53 

(2)

A

( wr ) 40 ( 0H ) 30

( K ) 3.54 10-4 /

( ws ) ( wQ )

8-22 5

5 4,000

280
8-22  

(m) 1 2 3 4 5 6 7 8 9 10 

(m) 56.44 112.89 169.33 225.78 282.22 338.67 395.11 451.56 508 564.45 

(cms) 0.0133 0.0229 0.0314 0.0393 0.0466 0.0535 0.0598 0.0658 0.0714 0.0767 

(CMD) 1,149 1,979 2,713 3,396 4,026 4,622 5,167 5,685 6,169 6,627 

B

( wr ) 2 ( 0H ) 30

( K ) 3.54 10-4 / ( 2001)

( ws )

( wQ ) 8-23

90 96

7

7 70%

5 5

5,000

280



8-54 

8-23  

(m) 1 2 3 4 5 6 7 8 9 10 

(m) 56.44 112.89 169.33 225.78 282.22 338.67 395.11 451.56 508 564.45 

(cms) 0.0196 0.032 0.0428 0.0527 0.0618 0.0702 0.0781 0.0854 0.0922 0.0985 

(CMD) 1,693 2,765 3,698 4,553 5,340 6,065 6,748 7,379 7,966 8,510 

2

(1)

( )

( ) 2

A ( )

3

(A)

90 94

92 96
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8-27  

(B)

3

5,000 6

15 3

280

8-28

1,095
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8-28  
B ( )
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11
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5 1

4 30

(Shortage 

Index, SI) 1

iQ0 i ( )



8-57 

iQ1 i

iR i

TS

iS0 i

iS1 i

iS i

iE i (

2.62 )
iR i

iD i

8-29  

( )
( iQ0 )

( 01 ii QQ when
ii SQ 00  ) 

( iii QSS 111 )

( iii ESR 1 )

( D- iii RS )

( 10 iTi SSS )
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(B)

11

1,900

127 23

42

3,614

(C)

23

5,000

46

15 127

15 8-30

8-30  
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(D)

(2)

2 2

A

45%

9

4.5

4,000 12
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40 4,000

19

8-32

8-32  

( )
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3.8 8-33
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8-33  
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2003

( )-

1
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A

2%



8-63 

3%

B

850

1,200

C

(A)

2%

a

( )

b

( )

(B)

15%

(C)

( )
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20%

(D)

1.8%

D

(

) 3%

3

(1)

A ( )

8-24

0 2.77

B ( )

8-25

263.68
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(2)

A

8-26

4.73

B

8-27

6.39



8-66 

8-24  
( ) ( )

1 7,782,958    7,782,958 
(

) ha 4.9     12,000,000   58,800,000 

   210,139,866 
1    155,659,160 

1.1    20,160,000 
m3 16000        90    1,440,000 

6  300,000   1,800,000 
6  120,000  720,000 
6  2,000,000  12,000,000 
6  200,000 1,200,000 
6  500,000   3,000,000 

1.2    5,400,000 
6   300,000     1,800,000 
6   500,000    3,000,000 
6   100,000    600,000 

1.3    27,220,000 
m 1600      10,000    16,000,000 
m 6      600,000    3,600,000 
m3 23000        90     2,070,000 
m3 22200     250    5,550,000 

1.4     20,000,000 
2   6,000,000    12,000,000 
2  4,000,000    8,000,000 

1.5   74,000,000 
m 7400 10,000  74,000,000 

1.6 1  7,278,000  7,278,000 
1.7 1  1,601,160  1,601,160 

2 1  23,348,874  23,348,874 
3 1  31,131,832  31,131,832 
4 1            -           - 

   276,722,824 
          - 

   276,722,824 



8-67 

8-25  
( ) ( )

1    811,451,954     811,451,954 
( ) ha 17.1     12,000,000     205,200,000 

 23,113,723,215 
1  16,229,039,072 

1.1  158,194,230 
m3 122,667            90  11,040,030 
m3 6057          600   3,634,200 

46 300,000  13,800,000 
46    120,000  5,520,000 
46 2,000,000  92,000,000 
46 200,000  9,200,000 
46   500,000  23,000,000 

1.2  41,400,000 
46   300,000  13,800,000 
46 500,000  23,000,000 
46   100,000  4,600,000 

1.3  193,089,970 
m 12,267    10,000  122,670,000 
m 20 600,000 12,000,000 
m3 176,333           90 15,869,970 
m3 170,200          250  42,550,000 

1.4  10,000,000 
1  6,000,000  6,000,000 
1  4,000,000  4,000,000 

1.5  13,987,700,000 
m3 19,050,000            90  1,714,500,000 

( ) 635,000     10,000  6,350,000,000 
t 280,000     21,000  5,880,000,000 
m2 33,000           400    13,200,000 

( ) 1  30,000,000  30,000,000 

1.6    74,000,000 
m 7,400       10,000 74,000,000 

1.7 1  1,446,438,420  1,446,438,420 
1.8 1  318,216,452 318,216,452 

2 1 2,434,355,861  2,434,355,861 

3 1 3,245,807,814  3,245,807,814 

4 1 1,204,520,468  1,204,520,468 
 24,130,375,169 

1  2,237,537,298  2,237,537,298 
  26,367,912,467 



8-68 

8-26  
( ) ( )

1 13,545,146      13,545,146 
(

) ha 6.1 12,000,000      73,200,000 

   372,301,885 
1    270,902,922 

1.1      25,012,800 
  (0 - 50 M )

0"~12" 
m 1,200 3,000        3,600,000 

  (0 - 50 M )
13"~24" m 1,200 3,000        3,600,000 

609.6mm*6mm t m 432 3,500        1,512,000 
400mm (

) m 720 18,000      12,960,000 

  ( 400 
SUS304-SP) m 240 9,000        2,160,000 

m3 48 600             28,800 
141Kg/cm2 m3 48 1,500             72,000 

24 15,000           360,000 
24 30,000           720,000 

1.2      21,600,000 
24 300,000        7,200,000 
24 500,000      12,000,000 
24 100,000        2,400,000 

1.3    108,880,000 
m 6,400 10,000      64,000,000 
m 24 600,000      14,400,000 
m3 92,000 90        8,280,000 
m3 88,800 250      22,200,000 

1.4      20,000,000 
2 6,000,000      12,000,000 
2 4,000,000        8,000,000 

1.5      74,000,000 
m 7,400 10,000      74,000,000 

1.6 1 17,549,280      17,549,280 
1.7 1 3,860,842        3,860,842 

2 1 40,635,438      40,635,438 
3 1 54,180,584      54,180,584 
4 1 6,582,941        6,582,941 

   459,047,031 
1 13,771,411      13,771,411 

   472,818,442 



8-69 

8-27  
( ) ( )

1 18,633,463          18,633,463 
(

) ha 7.5 12,000,000          90,000,000 

       512,159,355 
1        372,669,253 

1.1          39,603,600 
  (0 - 50 M )

0"~12" 
m 1,900 3,000            5,700,000 

  (0 - 50 M )
13"~24" m 1,900 3,000            5,700,000 

609.6mm*6mm t m 684 3,500            2,394,000 
400mm (

) m 1140 18,000          20,520,000 

  ( 400 
SUS304-SP) m 380 9,000            3,420,000 

m3 76 600 45,600 
141Kg/cm2 m3 76 1,500               114,000 

38 15,000               570,000 
38 30,000            1,140,000 

1.2          34,200,000 
38 300,000          11,400,000 
38 500,000          19,000,000 
38 100,000            3,800,000 

1.3        172,390,030 
m 10,133 10,000        101,330,000 
m 38 600,000          22,800,000 
m3 145,667 90          13,110,030 
m3 140,600 250          35,150,000 

1.4          20,000,000 
2 6,000,000          12,000,000 
2 4,000,000            8,000,000 

1.5          74,000,000 
m 7,400 10,000          74,000,000 

1.6 1 26,619,363          26,619,363 
1.7 1 5,856,260            5,856,260 

2 1 55,900,388          55,900,388 
3 1 74,533,851          74,533,851 
4 1 9,055,863            9,055,863 

       620,792,818 

1 18,623,785          18,623,785 

          639,416,603 
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2010

(2/2)-

0.4 1 4.4

2%

8-28

4,823 1,095

4.4 /

28.06 3,614

77.66 /
8-28  

( ) ( ) ( / ) ( )

( 3 ) 4,823 1,095 4.4 27,672 

( 16 ) 280,662 3,614 77.66 2,636,791 

( )

1 5

3 23

9

15

2 (5 10 )

( 20 )

(1 3 90 )
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3

5000 300

4 2002 2005 2012

1 1 12 31

1

8-29 8-31

1 (2002 )

(1) ( 3 )

3

365 2

358

7.05 8-34

390

1,791 1,683

8-34  ( 3 )
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(2) ( 23 )

23

184 2

1,943

8-35 29.55

593

1,791  1,461

8-35  ( 23 )



8-74 

(3) ( 9 )

9

90 2

1,115 8-36

10.34

409 1,791

1,701

8-36  ( 9
90 )



8-75 

(4) ( 15 )

15

20 2

477

8-37 6.15

86

1,791 1,774

8-37  ( 15
20 )



8-76 

2 (2005 )

(1) ( 3 )

3

365 2

269

6.32 8-38

583

1,791 1,708

8-38  ( 3 )



8-77 

(2) ( 23 )

23

184 2

1,732

8-39 21.52

1,288

1,791 1,469

8-39  ( 23 )



8-78 

(3) ( 9 )

9

90 2

658 8-40

6.72

476 1,791

1,714

8-40  ( 9
90 )



8-79 

(4) ( 15 )

15

20 2

332

8-41 6.17

104

1,791 1,778

8-41  ( 15
20 )



8-80 

3 (2012 )

(1) ( 3 )

3

365 2

316

6.6 8-42

536

1791 1705

8-42  ( 3 )



8-81 

(2) ( 23 )

23

184 2

1,797

8-43 22.15

1,177

1,791 1,475

8-43  ( 23 )



8-82 

(3) ( 9 )

9

90 2

709 8-44

6.83

476 1,791

1,713
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3-3 3-17 

(14)

(15)

(16)
6-5 6-6
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1. 1. 3
1000 ( 3000 )

3 12
2013 4 24

2.

(1)

(2)

(3)

(4)

(5)

A.

B.

2.

   (1)

   (2) 90 96

   (3)

   (4)

   (5)

3.

(1)

(2)

(3)

3.
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4. 4.

4-4 4-6

102 4
29
P2

99 /

5. 5. 2013 5 13

6.

3

6.

7.

-

7.
USGS

8. 8.

9. 9.

10. 10.
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102 05 13 2 00
2

                          

1. 2011
0.387

3.92 2.57

?

1.
2011

2011
2010

2. 2.

3. 3. 2012 1
2013 4

3-87 3-102

4.

(1)

(2)

(3)

(4)

(5)

4. :

(1)

(2)

(3)

(4)

(5)

1. P.1 1.1
R1 R2 R3

1.



5-2 

2. P.12~P.26 1.5~ 1.7
1.1 1.1

2.
3-18 3-32

3. P.27 P.59 P.64 3. P1 P1M1 P1M2 P2 P2M1 P2M2
M1 M2 M3 M4 M5

4. P.75 2.2 4. 6-5

5. P.78 2010 2011 5. 2011 2010

6. P.79  6. 

7. P.83 2.4 3 7. 7-2

8. P.87 3.1 8.

8-21

9. P.93 678
2,545

9. 678

10. P.95 10.

11. P.97 11. 
3km



5-3 

12. P.98 12.

1.

D2

1.

2. 3

D2
3

2.

8-2 8-4

3. 3.

4. 4.

2013 3 2012
12

2013 3

1. D1 D3

D2

1.

D1 D3
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2.
Q/S

P1
Sy P2 Sy

2. Q/s
P1

Sy 0.1 P2 Sy 0.025

3. P.72
0.14 2.1

3. 0.14
0.15

4. P.79 4.

5. P.93 3.3

(1) 136

5.

1.

P93 90

1.

2. 2.

3. P73 2.1
(P73)

3. 
6-5

4. P83 2.4 4.
7-2

5. 5.

6. 10 6. 3-5 3-6



5-5 

 

1. 1.

2. 2.
8-10

3. 3.

4. 4.

1.

6

1.

2. P93 (1)
93

2.

3.
2,535

?

3.

4. 4.

5. 5.
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6.
( )

6.

 

1.

90 678
( 93 )

(
)

1.

2. ( ) 2.

3

3. 1.2~ 1.4 3. 3-12
3-14

4. 68

1.10

4.



5-7 

5.

2.1

( 1.2 D1 D2
)

5.

6. 72~73 6. 

7. 75~78

(
)

7.

8. 2.3

( )

8. 2012
2008~2012

6-9

9. 2.4 9.

10. 2.6
5

( )

10.

11. 2.4
( 2.6

)

11.



5-8 

12. 89
2.63

12.

13. 93 (1)
93

2,545
7

13.

14. 4.1

( )

R2 ( )

14.

15. 4.2 15.

1.

3
100

1.

2. 2.
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3. P37 P1M1
P1M2 P2M1 P2M2

P1M1 P1M2 P2M1 P2M2

3.

4. P41 10 CQ2
15 C

4.

5. P1 P2 Sy

P2 2
order

5. Sy

P2 Sy

6. 6. 3-14

7. 2.1

2.2 2.1

7.

2.2
6-6

8. P73 1 ( 2176
)

8.

9. 2.3  9. 6-9

10.

2.3

10.

11. P79 3 1.43  11.

12. P82 (2-2) 12. (2-2)

13. 13.
8-2 8-4
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14.

3.1
D1 D2 D3 3 D1

81
D2 D3 28.5 34

S1 B4 N2~N7
8.5 35 20

80
2.4

31

( 30
80 )

14.

15. P93 15.

16. P98 6 16.

1. 1.

2. 2.

3. 3.

4. 4.

5. 5.
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6. -
-

1.
2.

3.

6.

7. 7.
8-2 8-4

8. 8.
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102 07 12 2 00
2

                          

1. 1.

2. 2.

3. (3 CMD) 3.
( )

4. 3 CMD 4.
8-25

8-28

5.

?

5.
( ) ( )

6. 6.
( )

7.
?

7.

0.96~0.45

( 6-6 6-8)
3-16



6-2 

8. 8.
( )

9. 7 17 2
7 31 9 30

9.
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102 7 31 9 30
B 2

                          

  

1. ( ) 1.
8-33

2. 2.

3. 3.

P8-18

4. K 10-4m/s
(

)

4.

P8-10

5. 5. 4

6. 8-1
8-5 (

)
8-2

P.
-4

6. 8-1
40

8-5
8-2



7-2 

  

1.

 

1.

2. 2-6 6-7 2. 2-6
6-7

3. P2-21
50~200

100

3. (
8-4)

40

4. 2-39 4. Dickerman 
et al.(1997)

5. 3-60 3-61 -
T K

S S

5. S

6. 2
10-7m/sec

10-5~10-6m/sec

6 2
.

7. 6 8 7.
6 8

6

8. P8-31
1.48 10-4m/s 8.56

10-6m/s 2.27 10-6m/s

8.

9. 9. 8-23~
8-25

10. 5-8 2-6 10. 2-6
5-8
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11.

55

30~40
K 10-3~10-4m/s

K 10-5~10-6m/s
100

11. 
K 10-4m/s

8-4

12. 12.

13. 13.

  

1.
4.69 /M3 4.5

/M3

1.

2. 2.

P8-52

3. 3.



7-4 

 

1. 6 8
8

5
6

1.
6 8

6

2. 11 15
1,223.64

2. .

3. 2 3. .
2

P -5

4. 3 4. .
2

P -6

5. 4 2 5.
2

6. 2 6. .
2

P8-109 ( )

7. 7.

8. 8.

9. P2-29 9. .

10. P3-141~3-149 3-87~ 3-102 10.



7-5 

11. P4-27 11. 

4

P4-27

12. P5-1 5-2 12.
1

13. P5-13~P5-14 13.

14. P6-12 6-5 14.

15. P6-17 6-8 15.

6-8

16. P6-24 136 16. P6-24

17. P7-17 7-4  17. 7-4
mm

18. P8-1 8-21 18.
8-35

19. P8-2~P8-3
A-A B-B C-C

19.

20. P8-15  20.



7-6 

21. P8-32
( )

21.
5

22. P8-79 4.5 / 22.
(3.2 /m3)

23. 23. (IRR)

  

1. 1.

2. P6-21

P8-18 8-3
P3-152

2. 6-9

P6-21

3. P6-15 6-7 2012 19.5

1/5 2011
- -80.3

3.

P6-15

4.

3.1 0.96

4.

P8-108
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5. P8-18 8-3 5.

8-5

 

1. 1.

2. P8-79 3.125 2 .

3. P8-22 8-4 1,223

P( ) R( )

3.

4. P6-15 6-7 P6-22
6-9

4.

5. P6-18 6-1 5.

6-9

6. P6-15 6-7 2010 2011 P6-23
2012

6. 2009
2010~2012

6-7 2012
64.8

7. P6-12 7.

8. P8-33 8-12 8.

5



7-8 

9. P8-46 8-17 1,600 9.

10. P8-58 1 10.

11. 11.

12. 12.

P8-42

 

1. 1.

2. 2.

P8-57

3. 3.

230 4

4. 4.
3 6

5.

921
(1) (2)

2009

5.

(1) (2)
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6. 6.

4

7. P5-15 5-11 after 2012/8/3 7.

 

1. P.3-88 1. 3-5 3-6

10-11

P1 P1M1 P1M2
126m P2 P2M1 P2M2 102m

2. 3-11 K N 10-b

K
2.

3. P.3-129 3.

4. 10 K 10-4m/s

10-4m/s K

4. K
10-5m/s

10-4m/s

5. 16 0.96 5.
1.21

1. P8-43 P8-46

42-8-26 = 8 11 21.11 0.4
= 8.44  11

1.
2

42 CMD 8
CMD 1 CMD

4 CMD 18~26CMD
3~11 CMD

11 CMD
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2. P8-47 P -4. 16.
4.5 /m3 0.96<1

-4. 16.
3.1

2.

3. P8-85 3.

  

1. 1.

2. 2.

3. 3.

 

1. P8-45 7 1
m3 27 m3

1.
P8-42
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2. P8-45 3 A.
36 m3 2022

1.03 m3

120
42 m3

4 m3 1 m3

8 m3 18~26
m3 3~11 m3

P8-46 5

2.
P8-42

3.
16 m3 11 m3

3 m3

13.5 km

3.
13.5km

3.6km

P8-42

  

1. 13

P8-49

1.

2. P8-48 (2)
XX

?

2.

3. 3.35
2002~2012

8-4

3.

4. P8-6 4. 3 6 7 10 11
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1.

3 CMD

1.

2.
3 CMD

( 2 )

108

2.

3.
602

3.

263.68

4.
6~23

4.

5. 5.

  

1. 1.
5
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2.

(1)

3 CMD

(2)

6

SI=0

108.56

SI=1

(3)

2.

(1)  

(2) SI=1

127 15

(3)

3. 2012 3. 2012

P8-77

4.

K T

40m

4. K

5. 5.

  

1. p2-21 2-10
100 14

1.
2-11 2700CMD  

2. P1
S

2. T
K
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3.  ( )
(1) (2)

66~96
156~186

(100 ) ( 100 )
1997 2013

(1)
138.47 146.78 141.91

(2)
134.92 145.55 142.48

100 2-5 
(1)(2) 151.29

151.25

3.

 

(1) (2)
24~72 144~186 (1)

(2)

1998 2013 (1) 
132.68

145.16 137.87 (2)

126.49 139.51 134.62

2-5
(1)(2) 151.1 151.08

4.  ( )
(2)

(1) (2)

(1) (2)

4.
(1) (2)

(1)
(2)

(1) (2)
(1) (2)
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5. 6-7 2011 2012 19.5
2012

2012
80.3

5.

2012
64.8   

6.
136

6.

 

7.

 

7.

 

8.

(1)

a. 1
2 1

b. p2-71 4 2-46 2-40

c. 4. 5.

d. p2-75 10 135 ( 2.6
)

e. p3-6 2012 10

f. p3-22

g. p3-27 11 15

8.

(1)

a.

b.

c.

d.

e.

f.

g.
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h. p3-80~p3-84 (2)

i. p3-107~3-110 (2)
6

j. p3-116 4

k. p3-127 2

l. p3-139~3-140

m. p3-141 1

n. p3-149 3

h.

i.

j.

k.

l.

m.

n.

 

o. p5-7 5 1995
1995

p. (16)p6-7 7

q. (17)p7-9 5~6

r. (18)p7-9 5

s. (19)p7-13 7-6

t. (20)p7-15 4 5

u. (21)p8-13 7 p8-16
Qi 8-1 8-2 Qin

v. (22)p8-31 7 ( )

o.

p.

q.

r. 

s.

t.

u.

v.  
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(2)

a. 2-19

b. 2-30~ 2-32

c. p2-57 2-33 p2-73 2-40 p2-79
2-46

d. 3-1

e. 3-3

f. 3-1

g. 3-4~3-6
(R1)

3-3

h. 3-12~3-14 Inverted Resistivity 
Section

i. 3-15

(2)

a. 2-21

b.

c.

d.

e.

f.

g. 

h.

i.  
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j. 3-2

k. ( 3-18~3-32)

l. 3-39

m. 3-19

n. 3-54~3-57 (S )

o. 3-65

p. 3-20

q. 3-69 3-71~3-85

r. p7-6 7-5  D1

s. 8-12~8-14

j.

k.

l.

m.

n. Neuman
a

o.

p.

q.

r.

s.  

 

1. 1.

P8-53  

2. 2.

( 8-4)

40
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3.
( )

( ) ( )
( )

( ) ( )

( )

3.
 ( ) (

P8-109)

4. 4.
 ( ) (

P8-109)

5. 5.

6. 6.
(3.2 /m3)

7. 7.

8. 8.
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102 08 19 10 00
2

                          

1.

(1)

(2)

(3)

(4)

1.

2. 2.

3.

(1)

(2) 1,223

(3)

(4) (

)

3.

4. 2 3 4 4.

5. P.2-1  5.

6.P.2-8  6. P2-8
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7. P.3-141~P.3-149 3-87~ 3-102 7. ,
P3-172 P3-179

8.P.5-12 5.5  8.
P5-12

9.P.5-14~P.5-15 5-10 5-11 9.
P5-14

10.P.6-12~P.6-13 6-5 6-5 10.
P6-12

11.P.6-15 6-7 11. 6-7

12.P.8-1  12.

(P3-191)

13.P.8-2 13.

7-5

14.P.8-19  14.
8-7

8-7

15.P.8-23  15.
P8-25

16.P.8-34 3
50.35% 8-15 2

16.
P8-36

17.P.8-36 8-17 17.
P8-38

18.P.8-37 8-15  18.
P8-39 8-16

19.P.8-59 P.8-60 19.
P8-61

20.P.8-69 8-26  20.
8-28

21.P.8-93 8-33 21.
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22. 22.

1.P.8-11 8-4

100

1.

100

2. 2.

3. 3.

1. 1.

2. 2.

3. 3.
P8-70

4. 4.

5. 5.
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6. 6.

1.
1 ( 2 )

( 15 )

1.

2.
3

2.

3.
12

235

3.

4. 12

( )

4.

5. 8-56 8-62
11 CMD 127

264
10 CMD 85

5.

127 15

6. 6.
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7.

(
)

7.

1.  1.

2. 2.

3. 1 2
1

3.

4. 1 4.

5.P -3  2011~2012
P 7-7 6 64.8

5.

6.
100

6.

7.P -1  2 7.

8.P -1  3 D3 76 8.

9.P -1  4 9.

10.P -5  2 10.
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11.P2-44 2-21 C1 P3-25 3-15 11. 2-21(
3-14) C1 2011

3-15( 3-40)
C1 1996

12.P3-71~3-73
D2-1~D2-3

12.

13.P8-12~8-13 8-6~8-7 13.
8-7 8-8

14.P8-22 6~7 2002
8-10

14.
P8-24

15.

(1)

(2)

(3)

15.

1. 1.

2. 2.





9-1 

 

 1 R1 0K+810~0K+790  2 R1

 3 R2 0K+120~0K+150  4 R3 0K+590 

 5 R3 0K+660  6 R3
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 7  8 

 9  10 

 11  12 
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1. R1(RIP-01) 

(X) 
E

(Y) 
N :

R1 0 218358.519  2632107.990  127.433 
R1 10 218365.884  2632101.072  127.274  
R1 20 218373.103  2632094.260  126.983  
R1 30 218380.371  2632087.435  126.856  
R1 40 218387.596  2632080.480  125.976  
R1 50 218395.238  2632073.580  126.341  
R1 60 218402.444  2632066.935  126.743  
R1 70 218409.546  2632060.133  126.572  
R1 80 218416.936  2632053.282  126.765  
R1 90 218424.085  2632046.299  126.984  
R1 100 218431.278  2632039.414  127.112  
R1 110 218438.606  2632032.543  127.004  
R1 120 218446.070  2632025.568  127.963  
R1 130 218453.373  2632018.840  127.847  
R1 140 218460.471  2632012.083  127.594  
R1 150 218468.003  2632005.550  127.779  
R1 160 218475.316  2631998.645  127.686  
R1 170 218482.261  2631991.682  127.187  
R1 180 218489.948  2631984.752  127.139  
R1 190 218497.026  2631977.819  130.015  
R1 200 218504.356  2631971.000  127.316  
R1 210 218511.695  2631964.287  127.210  
R1 220 218519.062  2631957.338  127.134  
R1 230 218526.285  2631950.582  127.174  
R1 240 218533.772  2631943.561  126.808  
R1 250 218540.699  2631936.768  126.363  
R1 260 218548.178  2631929.997  126.223  
R1 270 218555.396  2631923.198  126.361  
R1 280 218562.714  2631916.316  125.982  
R1 290 218569.798  2631909.504  125.950  
R1 300 218577.070  2631902.712  125.716  
R1 310 218584.349  2631895.729  125.800  
R1 320 218591.786  2631888.879  130.963  
R1 330 218599.118  2631882.051  132.358  
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(X) 
E

(Y) 
N :

R1 340 218606.416  2631875.195  132.803  
R1 350 218613.687  2631868.358  132.369  
R1 360 218620.972  2631861.524  132.126  
R1 370 218628.349  2631854.589  132.126  
R1 380 218635.634  2631847.710  132.022  
R1 390 218642.829  2631841.038  132.140  
R1 400 218650.109  2631834.162  131.293  
R1 410 218657.430  2631827.236  131.327  
R1 420 218664.786  2631820.423  131.294  
R1 430 218671.992  2631813.589  131.312  
R1 440 218679.307  2631806.723  131.275  
R1 450 218686.602  2631799.901  131.285  
R1 460 218693.906  2631793.068  131.620  
R1 470 218701.171  2631786.223  131.630  
R1 480 218708.499  2631779.301  131.748  
R1 490 218715.813  2631772.517  131.824  

R1 500    

R1 510    

R1 520 218737.523  2631751.985  132.322 AC
R1 530 218744.898  2631745.150  133.022  
R1 540 218752.196  2631738.297  132.997  
R1 550 218759.565  2631731.378  135.447  
R1 560 218766.776  2631724.607  136.429  
R1 570 218774.067  2631717.726  135.097  
R1 580 218781.370  2631710.880  133.212  
R1 590 218788.691  2631703.996  132.112  
R1 600 218795.925  2631697.212  130.946  
R1 610 218803.293  2631690.314  130.505  
R1 620 218810.513  2631683.534  130.908  
R1 630 218817.825  2631676.646  130.757  
R1 640 218825.006  2631669.822  130.610  
R1 650 218832.465  2631662.953  130.677  
R1 660 218839.657  2631656.186  131.840  
R1 670 218846.999  2631649.337  131.951  
R1 680 218854.259  2631642.351  131.945  
R1 690 218861.464  2631635.795  132.316  
R1 700 218868.990  2631628.774  132.107  
R1 710 218876.006  2631621.931  131.797  
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(X) 
E

(Y) 
N :

R1 720 218883.387  2631615.186  131.862  
R1 730 218890.724  2631608.153  131.992  
R1 740 218897.939  2631601.366  131.979  
R1 750 218905.339  2631594.605  132.062  
R1 760 218912.610  2631587.773  129.955  
R1 770 218919.881  2631580.837  130.940  
R1 780 218927.137  2631574.003  130.727  
R1 790 218930.546  2631570.484  127.902  

R1 800    
R1 810 218949.070  2631553.447  127.738  
R1 820 218956.280  2631546.640  128.377  
R1 830 218963.540  2631539.763  128.792  
R1 840 218970.917  2631532.903  129.644  
R1 850 218978.195  2631526.080  129.103  
R1 860 218985.583  2631519.242  128.810  
R1 870 218992.815  2631512.265  128.091  
R1 880 219002.672  2631502.911  127.485  
R1 890 219007.307  2631498.658  127.031  
R1 900 219014.726  2631491.869  134.235  
R1 910 219021.925  2631484.952  136.770  
R1 920 219029.235  2631478.147  136.551  
R1 930 219036.572  2631471.235  131.311  
R1 940 219043.711  2631464.545  132.787  
R1 950 219051.080  2631457.603  132.339  
R1 960 219058.391  2631450.715  132.083  
R1 970 219065.668  2631443.450  133.007  
R1 980 219072.902  2631437.065  132.979  
R1 990 219080.356  2631430.315  133.105  

R1 1000 219087.541  2631423.369  133.083 



9-6 

2. R2(RIP-02) 

(X) 
E

(Y) 
N :

R2 0 213334.734  2631592.191  99.584  
R2 10 213333.005  2631582.308  99.423   

R2 20 213331.534  2631572.330  98.805   

R2 30 213329.797  2631562.478  98.645   

R2 40 213328.065  2631552.655  98.658   

R2 50 213326.335  2631542.847  98.668   

R2 60 213324.592  2631532.964  98.678   

R2 70 213322.866  2631523.143  99.310   

R2 80 213321.090  2631513.342  98.282   

R2 90 213319.378  2631503.396  98.302   

R2 100 213317.649  2631493.593  98.311   

R2 110 213315.917  2631483.773  98.043   

R2 120 213314.789  2631478.922  92.161   

R2 130    

R2 140    

R2 150 213308.500  2631444.272  93.702   

R2 160 213306.659  2631434.596  90.932   

R2 170 213304.948  2631424.813  90.203   

R2 180 213303.291  2631414.896  92.176   

R2 190 213301.109  2631405.228  91.984   

R2 200 213299.284  2631395.342  90.812   

R2 210 213297.529  2631385.377  92.695   

R2 220 213295.693  2631375.454  92.069   

R2 230 213293.747  2631365.752  92.026   

R2 240 213292.011  2631356.066  92.311   

R2 250 213290.170  2631346.154  88.987   

R2 260 213288.379  2631336.396  88.586   

R2 270 213286.497  2631326.470  89.006   

R2 280 213284.714  2631316.353  90.495   

R2 290 213282.967  2631306.920  92.038   

R2 300 213281.118  2631296.992  92.093   

R2 310 213279.330  2631287.212  92.152   

R2 320 213277.491  2631277.328  92.160   

R2 330 213275.642  2631267.378  92.221   



9-7 

(X) 
E

(Y) 
N :

R2 340 213273.845  2631257.616  92.225   

R2 350 213272.041  2631247.875  91.974   

R2 360 213270.312  2631238.029  91.786   

R2 370 213268.472  2631228.176  91.298   

R2 380 213266.692  2631218.354  91.345   

R2 390 213264.925  2631208.441  91.540   

R2 400 213263.051  2631198.617  91.243   

R2 410 213261.313  2631189.111  91.039   

R2 420 213259.366  2631179.128  91.597   

R2 430 213257.521  2631169.136  92.164   

R2 440 213255.722  2631159.354  91.536   

R2 450 213253.943  2631149.576  91.935   

R2 460 213252.119  2631139.678  91.755   

R2 470 213250.233  2631129.680  91.542   

R2 480 213248.450  2631119.998  91.092   

R2 490 213246.638  2631110.224  91.329   

R2 500 213244.700  2631100.465  91.463   

R2 510 213242.962  2631090.524  90.901   

R2 520    

R2 530    

R2 540    

R2 550 213235.694  2631050.837  90.615   

R2 560 213233.876  2631041.271  90.658   

R2 570 213232.055  2631031.364  90.722   

R2 580 213230.294  2631021.568  91.052   

R2 590 213227.559  2631006.775  90.655   

R2 600    

R2 610 213224.747  2630991.957  91.236   

R2 620 213223.059  2630982.529  91.490   

R2 630 213221.329  2630972.438  92.609   

R2 640 213219.414  2630962.569  93.552   

R2 650 213217.632  2630952.861  93.300   

R2 660 213215.833  2630943.029  93.674   

R2 670 213213.882  2630932.957  93.899   

R2 680 213212.070  2630923.218  93.783   



9-8 

(X) 
E

(Y) 
N :

R2 690 213210.416  2630913.551  93.562   

R2 700 213208.552  2630903.850  93.841   

R2 710 213206.870  2630893.776  93.495   

R2 720 213204.843  2630884.070  93.211   

R2 730 213203.039  2630874.022  94.550   

R2 740 213201.251  2630864.257  95.513   

R2 750 213199.559  2630854.463  96.308   

R2 760 213197.683  2630844.584  97.645   

R2 770 213195.888  2630834.720  97.496   

R2 780 213194.084  2630824.906  97.425   

R2 790 213192.282  2630815.208  97.405   

R2 800 213190.423  2630805.312  97.393   

R2 810 213188.630  2630795.608  98.833   

R2 820 213186.786  2630785.554  98.091   

R2 830 213184.993  2630775.753  98.124   

R2 840 213183.161  2630765.969  98.128   

R2 850 213181.356  2630756.086  98.104   

R2 860 213179.540  2630746.263  98.126   

R2 870 213177.728  2630736.468  98.105   

R2 880 213175.957  2630726.676  98.040   

R2 890 213174.096  2630716.779  98.089   

R2 900 213172.278  2630706.920  98.116   

R2 910 213170.466  2630697.196  98.118   

R2 920 213168.700  2630687.254  98.070   

R2 930 213166.869  2630677.430  98.120   

R2 940 213165.015  2630667.542  98.123   

R2 950 213163.210  2630657.734  98.172   

R2 960 213161.376  2630647.938  99.350   

R2 970 213159.555  2630638.029  99.859   

R2 980 213157.772  2630628.302  100.349  

R2 990 213155.944  2630618.390  99.639   

R2 1000 213154.140  2630608.583  103.036 



9-9 

3. R3(RIP-03) 

(X) 
E

(Y) 
N :

R3 0 214258.750  2627535.576  142.036 
R3 10 214268.553  2627538.029  141.589  

R3 20 214278.177  2627540.363  142.079  

R3 30 214287.889  2627542.730  141.478  

R3 40 214297.785  2627545.713  141.283  

R3 50 214307.398  2627547.379  136.802  

R3 60 214317.109  2627549.758  136.524  

R3 70 214326.849  2627552.187  136.166  

R3 80 214336.460  2627554.538  135.597  

R3 90 214346.209  2627556.922  135.024  

R3 100 214355.897  2627559.306  134.971  

R3 110 214365.659  2627561.679  134.639  

R3 120 214375.373  2627564.002  134.068  

R3 130 214385.084  2627566.395  133.780  

R3 140 214394.801  2627568.720  133.437  

R3 150 214404.536  2627571.097  132.976  

R3 160 214414.241  2627573.445  132.585  

R3 170 214423.943  2627575.907  132.413  

R3 180 214433.627  2627578.274  131.962  

R3 190 214443.322  2627580.550  131.574  

R3 200 214453.076  2627582.929  131.301  

R3 210 214462.829  2627585.312  130.967  

R3 220 214472.542  2627587.709  130.485  

R3 230 214482.304  2627590.012  130.370  

R3 240 214492.017  2627592.445  130.058  

R3 250 214501.739  2627594.813  129.687  

R3 260 214511.449  2627597.156  129.352  

R3 270 214521.103  2627599.527  129.060  

R3 280 214530.885  2627601.897  129.009  

R3 290 214540.543  2627604.292  128.760  

R3 300 214550.225  2627606.643  128.455  

R3 310 214559.957  2627608.985  128.136  

R3 320 214569.676  2627611.374  127.819  

R3 330 214579.375  2627613.932  127.413  



9-10 

(X) 
E

(Y) 
N :

R3 340 214589.085  2627616.132  127.056  

R3 350 214598.815  2627618.485  126.749  

R3 360 214608.541  2627620.822  126.145  

R3 370 214618.247  2627623.188  126.246  

R3 380 214628.022  2627625.538  125.676  

R3 390 214637.690  2627627.920  125.436  

R3 400 214647.436  2627630.293  124.958  

R3 410 214657.119  2627632.650  124.449  

R3 420 214666.813  2627634.996  124.071  

R3 430 214676.603  2627637.390  123.516  

R3 440 214686.271  2627639.758  123.104  

R3 450 214695.942  2627642.095  122.033  

R3 460 214705.760  2627644.558  122.177  

R3 470 214715.428  2627646.904  122.382  

R3 480 214725.235  2627649.135  120.530  

R3 490    

R3 500 214744.596  2627653.967  119.952  

R3 510 214754.266  2627656.313  120.974  

R3 520 214763.990  2627658.690  120.981  

R3 530 214773.719  2627661.062  120.689  

R3 540 214783.437  2627663.431  120.526  

R3 550 214793.305  2627665.749  119.679  

R3 560 214802.951  2627668.135  118.834  

R3 570 214812.500  2627670.509  120.300  

R3 580 214822.060  2627672.970  119.338  

R3 590 214832.272  2627675.323  119.398  

R3 600 214841.663  2627677.603  119.185  

R3 610 214851.557  2627680.014  119.276  

R3 620 214861.369  2627682.533  119.846  

R3 630 214870.896  2627684.720  119.942  

R3 640 214880.513  2627687.066  119.785  

R3 650 214890.320  2627689.458  119.923  

R3 660 214900.045  2627691.824  120.064  

R3 670 214909.708  2627694.183  120.174  

R3 680 214919.405  2627696.537  120.263  



9-11 

(X) 
E

(Y) 
N :

R3 690 214929.188  2627698.924  120.356  

R3 700 214938.864  2627701.285  120.871  

R3 710 214948.567  2627703.646  120.884  

R3 720 214958.281  2627706.018  120.613  

R3 730 214967.959  2627708.379  120.893  

R3 740 214977.710  2627710.748  121.032  

R3 750 214987.466  2627713.124  121.093  

R3 760 214997.208  2627715.497  121.183  

R3 770 215006.891  2627717.857  121.274  

R3 780 215016.649  2627720.229  121.356  

R3 790 215026.300  2627722.586  121.243  

R3 800 215036.072  2627724.966  121.187  

R3 810 215045.777  2627727.322  121.319  

R3 820 215055.528  2627729.707  121.045  

R3 830 215065.143  2627732.069  120.986  

R3 840 215074.918  2627734.427  120.614  

R3 850 215084.600  2627736.788  120.235  

R3 860 215094.319  2627739.155  119.391  

R3 870 215104.076  2627741.532  118.320  

R3 880 215113.755  2627743.928  119.103  

R3 890 215123.458  2627746.252  122.708  

R3 900 215133.209  2627748.639  126.011  

R3 910 215142.891  2627751.026  125.674  

R3 920 215152.651  2627753.365  126.005  

R3 930 215162.280  2627755.710  122.914  

R3 940 215172.024  2627758.084  122.989  

R3 950 215181.772  2627760.458  123.123  

R3 960 215191.550  2627762.839  123.039  

R3 970 215201.229  2627765.187  123.123  

R3 980 215210.999  2627767.576  125.560  

R3 990 215220.645  2627769.927  127.479  

R3 1000 215230.358  2627772.293  128.237 





10-1 

(102/2/21 102/4/22) 



10-2 



10-3 



10-4 



10-5 



10-6 

(102/4/28 102/4/29)



10-7 



10-8 
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10-10 



10-11 

(102/5/29 102/5/30) 



10-12 



10-13 



10-14 



10-15 



10-16 

(102/7/17 102/7/22) 
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12-1 

(m) TW67_X TW67_Y (m) 
-  A138-6 161 219418 2636988 23.78 
-  A139-3 161 219469 2636338 60 
-  A140-2 156 219087 2635332 20.02 
-  A141-2 150 218501 2634615 15.09 
-  A141-3 149 218410 2634356 29.58 
-  A142-2 146 218398 2633581 30.04 
-  A142-3 145 218490 2633420 30.05 
-  A143-1 143 218596 2633198 19.71 
-  A143-4 140 218791 2632588 30 
-  A144-1 137 219028 2632046 30.04 
-  A144-3 143 219013 2631396 10.21 
-  A145-2 150 218356 2630672 10.45 
-  A146-1 155 218011 2630588 10.09 
-  A146-3 181 217289 2630643 25.04 
-  A147-5 193 216871 2630698 45.05 
-  A148-1 133 216377 2630750 20.05 
-  A148-5 131 216153 2630729 15.05 
-  A148-6 129 215929 2630686 15.03 
-  A148-7 132 215774 2630647 15.09 
-  A148-8 138 215497 2630795 15.07 
-  A148-9 144 215561 2630340 15.04 
-  A149-1 115 215119 2630411 10.6 
-  A149-2 112 214476 2630294 27.5 
-  A150-2 108.277 214108 2630281 25 



12-2 

(m) TW67_X TW67_Y (m) 
-  A150-6 109.506 213663 2630290 50 
-  A150-8 104 213477 2630273 25.51 
-  A151-2 107 213095 2630274 25.09 
-  A151-4 106 212883 2630259 28 
-  A151-6 107 212645 2630270 25.13 
-  B138-5A 163 219356 2637106 26.63 
-  B139-01 161.55 219478 2636737 20.06 
-  B139-02 160 219490 2636561 20 
-  B140-01 158 219307 2635699 20.06 
-  B141-01 152 218710 2634859 20 
-  B142-1 140 218363 2633760 30.05 
-  B143-5 139 218886 2632449 15 
-  B144-2 138 219065 2631893 20.07 
-  B145-1 148 218700 2630918 15.13 
-  B148-10 139 215520 2630560 5 
-  B148-2 132 216255 2630728 15.11 
-  B148-4 130 216059 2630715 15.04 
-  B149-3 113 214781 2630324 10 
-  B149-5 109.294 214343 2630297 25.03 
-  B151-5 102.544 212769 2630278 30.13 
-  YH-07 142.57 218417 2633554 30.07 
-  YH-08 138.32 218859 2632456 20.05 
-  YH-09 183.21 217225 2630633 20.06 
-  YH-10 110.01 214352 2630272 20 
-  YH-11 121.43 214567 2624664 25.04 

 AB-01 103.95 212543 2630265 30.09 



12-3 

A138-6 

1.

2.

(M) (M) 

0.00 0.80 264 

0.80 7.15 264 

7.15 9.85 103 

9.85 11.45 103 

11.45 14.35 103 

14.35 19.67 262 

19.67 23.78 103 



12-4 

A139-3 
1.

2.

(M) (M) (M) (M) 

0.00 0.15 112 22.00 23.00 202 

0.15 1.50 112 23.00 28.50 202 

1.50 2.30 202 28.50 35.00 103 

2.30 5.80 202 35.00 40.00 103 

5.80 7.00 202 40.00 41.00 202 

7.00 8.50 103 41.00 47.00 103 

8.50 11.00 202 47.00 53.00 202 

11.00 12.20 103 53.00 60.00 103 

12.20 14.30 202 

14.30 20.00 202 

20.00 22.00 202 



12-5 

A140-2 

1.

2.

(M) (M) 

0.00 0.37 264 

0.37 14.95 202 

14.95 20.02 103 



12-6 

A141-2 

1.

2.

(M) (M) 

0.00 1.00 202 

1.00 7.50 103 

7.50 12.00 103 

12.00 15.09 103 



12-7 

A141-3 

1.

2.

(M) (M) 

0.00 2.10 103 

2.10 5.50 103 

5.50 11.00 102 

11.00 14.50 103 

14.50 29.58 101 



12-8 

A142-2 

1.

2.

(M) (M) 

0.00 3.00 112 

3.00 5.00 202 

5.00 8.50 103 

8.50 11.00 103 

11.00 13.00 103 

13.00 30.04 103 



12-9 

A142-3 

1.

2.

(M) (M) 

0.00 2.10 112 

2.10 3.80 103 

3.80 6.00 202 

6.00 9.00 103 

9.00 12.30 103 

12.30 17.10 103 

17.10 27.00 103 

27.00 30.05 103 



12-10 

A143-1 

1.

2.

(M) (M) 

0.00 1.40 112 

1.40 8.50 202 

8.50 15.00 103 

15.00 19.71 103 



12-11 

A143-4 

1.

2.

(M) (M) 

0.00 0.30 264 

0.30 4.10 227 

4.10 7.00 103 

7.00 12.78 103 

12.78 14.00 103 

14.00 22.15 202 

22.15 26.00 103 

26.00 30.00 103 



12-12 

A144-1 

1.

2.

(M) (M) 

0.00 0.65 112 

0.65 30.04 103 



12-13 

A144-3 

1.

2.

(M) (M) 

0.00 2.00 112 

2.00 4.60 103 

4.60 5.80 103 

5.80 10.21 202 



12-14 

A145-2 

1.

2.

(M) (M) 

0.00 0.80 112 

0.80 1.80 202 

1.80 6.00 103 

6.00 9.50 103 

9.50 10.45 262 



12-15 

A146-1 

1.

2.

(M) (M) 

0.00 1.00 112 

1.00 4.10 227 

4.10 5.65 222 

5.65 10.09 103 



12-16 

A146-3 

1.

2.

(M) (M) 

0.00 0.50 112 

0.50 2.90 264 

2.90 3.50 244 

3.50 12.50 103 

12.50 13.00 222 

13.00 14.10 206 

14.10 18.70 103 

18.70 25.04 202 



12-17 

A147-5 

1.

2.

(M) (M) 

0.00 1.40 264 

1.40 1.65 227 

1.65 45.05 103 



12-18 

A148-1 

1.

2.

(M) (M) 

0.00 1.55 228 

1.55 3.70 242 

3.70 20.05 103 



12-19 

A148-5 

1.

2.

(M) (M) 

0.00 2.30 227 

2.30 5.00 103 

5.00 6.20 227 

6.20 8.20 103 

8.20 9.70 227 

9.70 15.05 103 



12-20 

A148-6 

1.

2.

(M) (M) 

0.00 0.15 227 

0.15 1.80 103 

1.80 7.75 103 

7.75 8.90 442 

8.90 15.03 103 



12-21 

A148-7 

1.

2.

(M) (M) 

0.00 3.87 222 

3.87 6.80 242 

6.80 10.00 103 

10.00 10.90 227 

10.90 15.09 202 



12-22 

A148-8 

1.

2.

(M) (M) 

0.00 0.90 001 

0.90 1.70 103 

1.70 15.07 103 



12-23 

A148-9 

1.

2.

(M) (M) 

0.00 0.30 001 

0.30 15.04 103 



12-24 

A149-1 

1.

2.

(M) (M) 

0.00 0.80 112 

0.80 1.00 227 

1.00 1.50 103 

1.50 2.10 242 

2.10 10.06 103 



12-25 

A149-2 

1.

2.

(M) (M) 

0.00 3.10 112 

3.10 4.00 227 

4.00 10.60 103 

10.60 13.25 309 

13.25 16.20 412 

16.20 17.25 227 

17.25 27.50 103 



12-26 

A150-2 

1.

2.

(M) (M) 

0.00 1.60 104 

1.60 25.02 103 



12-27 

A150-6 

1.

2.

(M) (M) 

0.00 2.50 112 

2.50 3.30 103 

3.30 4.00 227 

4.00 24.00 103 

24.00 25.00 227 

25.00 50.04 103 



12-28 

A150-8 

1.

2.

(M) (M) 

0.00 25.51 103 



12-29 

A151-2 

1.

2.

(M) (M) 

0.00 23.00 103 

23.00 24.00 242 

24.00 25.09 103 



12-30 

A151-4 

1.

2.

(M) (M) 

0.00 10.70 103 

10.70 13.30 307 

13.30 15.50 222 

15.50 16.50 103 

16.50 18.20 222 

18.20 23.40 202 

23.40 28.00 103 



12-31 

A151-6 

1.

2.

(M) (M) 

0.00 0.65 264 

0.65 11.10 103 

11.10 12.15 202 

12.15 13.60 103 

13.60 16.70 307 

16.70 18.30 227 

18.30 23.30 222 

23.30 25.13 202 



12-32 

B138-5A 

1.

2.

(M) (M) 

0.00 2.95 262 

2.95 5.05 242 

5.05 9.50 262 

9.50 12.50 228 

12.50 17.00 262 

17.00 20.00 227 

20.00 21.63 106 

21.63 26.63 202 



12-33 

B139-01 

1.

2.

(M) (M) 

0.00 2.20 242 

2.20 2.80 106 

2.80 5.95 262 

5.95 7.10 202 

7.10 8.90 202 

8.90 10.65 227 

10.65 16.50 202 

16.50 18.55 262 

18.55 20.06 202 



12-34 

B139-02 

1.

2.

(M) (M) 

0.00 0.45 112 

0.45 0.90 244 

0.90 1.70 106 

1.70 3.25 242 

3.25 8.70 202 

8.70 20.00 202 



12-35 

B140-01 

1.

2.

(M) (M) 

0.00 1.50 242 

1.50 20.00 202 



12-36 

B141-01 

1.

2.

(M) (M) 

0.00 16.00 202 

16.00 20.00 202 



12-37 

B142-1 

1.

2.

(M) (M) 

0.00 13.10 202 

13.10 30.05 202 



12-38 

B143-5 

1.

2.

(M) (M) 

0.00 0.60 112 

0.60 0.90 227 

0.90 6.80 103 

6.80 15.00 202 



12-39 

B144-2 

1.

2.

(M) (M) 

0.00 1.50 222 

1.50 15.50 202 

15.50 16.00 227 

16.00 20.07 202 
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B145-1 

1.

2.

(M) (M) 

0.00 0.30 262 
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2.80 10.40 202 

10.40 11.45 227 

11.45 15.13 202 
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1.

2.

( )



12-42 

B148-2 

1.

2.

(M) (M) 

0.00 0.30 001 

0.30 0.70 242 

0.70 1.60 227 

1.60 15.11 103 



12-43 
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1.

2.

(M) (M) 

0.00 0.30 242 

0.30 15.04 103 



12-44 

B149-3 

1.

2.

(M) (M) 

0.00 0.37 264 

0.37 0.87 227 

0.87 10.00 103 



12-45 

B149-5 

1.

2.

(M) (M) 

0.00 0.35 227 

0.35 0.90 103 

0.90 1.35 227 

1.35 14.80 103 

14.80 16.60 307 

16.60 17.15 303 

17.15 25.03 103 



12-46 

B151-5 

1.

2.

(M) (M) 

0.00 12.40 103 

12.40 13.25 227 

13.25 16.83 103 

16.83 24.64 424 

24.64 26.93 303 

26.93 27.40 227 

27.40 30.13 103 
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1.

2.

(M) (M) 

0.00 0.75 244 

0.75 11.50 202 

11.50 30.07 202 
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1.

2.

(M) (M) 

0.00 0.50 242 

0.50 14.00 202 

14.00 20.05 202 



12-49 

YH-09

1.

2.

(M) (M) 

0.00 10.00 222 

10.00 20.06 202 



12-50 

YH-10

1.

2.

(M) (M) 

0.00 1.10 227 

1.10 5.80 202 

5.80 8.50 222 

8.50 13.00 222 

13.00 20.00 222 



12-51 

YH-11 

1.

2.

(M) (M) 

0.00 0.30 227 

0.30 25.04 103 



12-52 

AB-01 

1.

2.

(M) (M) 

0.00 0.60 264 

0.60 12.80 103 

12.80 15.00 106 

15.00 18.25 227 

18.25 20.40 227 

20.40 22.90 227 

22.90 26.00 103 

26.00 30.00 103 
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