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101 -

 

3-1  
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101 -

3-1-2  

7 ( (1)

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

3-4  

3-5 2010 5 2012

9 7

9~10 4~5 (2)

2012 8 9 34.4m (1) 2011

3 23.6 m (1)2011

10-11 8.9m (1) 2010 10-11

7.8m  

3-4  

(TWD67) 
   

X Y  
(1) 13080111  196776 2515370
(2) 13080121  196776 2515370
(1) 13010211  198476 2511130
(2) 13010221  198476 2511130
(3) 13010231  198476 2511130
(1) 13100211  201104 2515658

(2) 13100221  201104 2515658

 



 
 
 

 
 

34 

101 -

3-5  

              m
 

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

5  28.0 30.0 27.7 24.3 - 30.0 30.0 
6  28.5 30.5 28.0 24.8 - 30.8 30.8 
7  29.2 31.7 28.7 25.3 - 32.2 32.3 
8  29.8 32.6 29.5 25.5 - 33.1 33.2 
9  30.4 33.6 30.5 25.9 - 33.9 34.0 

10  30.4 34.1 31.0 25.9 - 34.1 34.2 
11  30.4 - 30.7 33.7 27.7 25.2 33.8 

2010
 

12  29.8 - 30.3 33.3 27.5 24.9 33.3 
1  29.1 - 29.8 32.7 27.4 24.7 32.8 
2  28.8 30.9 29.3 32.0 27.3 24.6 32.0 
3  28.5 30.3 28.7 30.2 27.2 23.6 31.1 
4  28.2 29.7 28.2 30.4 27.0 24.3 30.4 
5  28.1 29.4 27.8 29.8 27.0 24.2 30.0 
6  28.1 29.3 27.6 29.7 27.1 24.3 29.8 
7  28.3 30.0 28.1 30.3 27.3 24.7 30.7 
8  29.3 31.3 28.9 31.7 27.7 25.4 32.1 
9  30.2 32.2 29.6 33.2 27.5 25.9 33.0 

10  29.6 32.2 29.9 33.2 27.1 25.6 33.1 
11  29.4 32.0 29.8 25.6 27.2 32.9 32.9 

2011
 

12  29.3 31.7 29.6 25.7 27.4 32.6 32.6 
1  28.9 31.3 29.2 25.5 27.3 32.0 32.0 
2  28.6 30.8 28.8 24.8 27.2 31.3 31.2 
3  28.2 30.0 28.3 24.3 27.0 30.6 30.6 
4  28.0 29.4 27.8 24.3 26.9 29.7 29.9 
5  26.0 27.2 27.9 24.2 24.3 29.0 29.6 
6  27.3 28.0 28.6 24.1 24.6 29.5 29.6 
7  28.9 31.9 30.0 24.9 26.5 32.0 31.7 
8  30.5 33.7 31.1 25.5 28.3 34.2 34.4 

2012
 

9  30.4 33.8 31.1 25.6 28.0 34.4 34.4 
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  - :  
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101 -

3-1-3  

9 3-6

2010 5 2012 9

2011 6 (28.9 ) 2011 1

(16.8 ) 2010 7 (0.9m/s) 2011 12

2012 2 (0.3m/s) 3-2

18.8~28.9 3-3

0.3~0.9 m/s

 

3-6  

( ) (m/s) 
 

2010  2011 2012 2010 2011  2012
1 - 16.8 18.9 - 0.4 0.5 
2 - 19.7 19.7 - 0.7 0.3 
3 - 20.6 23.3 - 0.4 0.6 
4 - 23.7 25.9 - 0.5 0.6 
5 27.9 28.6 26.8 0.4 0.5 0.6 
6 26.1 28.9 27.1 0.6 0.7 0.7  
7 27.5 27.5 28.5 0.9 0.6 0.6  
8 27.8 28.0 26.9 0.7 0.5 0.7  
9 26.5 26.9 26.5 0.6 0.5 0.5  

10 25.6 25.9 - 0.5 0.4 - 
11 22.9 24.2 - 0.4 0.4 - 
12 20.1 19.3 - 0.6 0.3 - 

              -
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3-2  

 

3-3  
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101 -

3-2  

(2002)

0.01~0.2m/s

2~15cm

FP111 ( 3-1 )

10cm 3

1-2 17 00 18

00  

 

  

3-1 FP111  
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101 -

3-2-1  

3-4 2010 6 2012 10

3

8.0~58.0cm 38.7cm

6.0~65.5cm 37.7cm

25.0~85.8 cm 58.6cm 2012 1 3

 

3-2-2  

3-5 2010 6 2012 10

3

0.1~0.8 cm/sec 0.4 cm/sec

0.1~0.7 cm/sec 0.3 cm/sec

0.05~0.7 cm/sec 0.3 cm/sec
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101 -

 

3-4 -  

 
3-5 -  
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101 -



 
 
 

 
 

42 

101 -

3-2-3  

(2002)

 

3-7

 

3-7

0.498 0.517

0.889 0.533 0.477  

 

3-7  

     

  0.498* 0.517* 0.434 

 0.035  0.889* 0.533* 

 0.028 0.000  0.477* 

 0.072 0.023 0.045  

* P<0.05
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101 -

3-3  

 

2 3 4  7 8

( ) (

) 0cm-15cm 2

12 (<2mm)

100

 

3-3-1  

(Pycnometer method) (Blake 

and Hartge, 1986) (Particle density)

3-6

100 101

101 100

2.58~2.80 g/cm3 2.70 g/cm3

101 2.58~2.72 g/cm3

2.51~2.77 g/cm3  

(1990) 2.60~2.80 



 
 
 

 
 

44 

101 -

g/cm3 2.65 g/cm3

 

3-3-2  

(Soil core method) (Blake and 

Hartge, 1986) (Bulk density)

 

3-7 100 101

101 100

1.10~1.40 g/cm3 1.27 

g/cm3 101 1.19~1.35 g/cm3

1.03~1.64 g/cm3  

(1990)
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101 -

 
3-6 -  

 

3-7 -  
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101 -

3-3-3  

(Porosity) 3-8 100 101

101 100

40.95~65.0% 52.2%

101 49.5~55.2%

52.3% 41.0~65%

51.7%  

 

3-3-4  

(Organic matter)

(Organic residues) (Humus)

92.0%

( ) 25.0%  

3-9 100 101
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101 -

101 100

1.0~3.9% 2.4% 101

1.6~3.1% 2.5%

0.4~2.0% 1.2%  
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101 -

 
3-8 -  

 

3-9 -  
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101 -

3-3-5  

3-10 100 101

101 100

0.01~0.35% 0.08% 101

0.02~0.21%

0.08% 0.01~0.06%

0.03%  

3-3-6  

3-11 100 101

101 100

0.35~5.60 mS/cm 0.95 mS/cm

101 0.45~3.90 mS/cm 1.31 

mS/cm 0.49~0.81 mS/cm

0.58 mS/cm  
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101 -

 

3-10 -  
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101 -

3-11 -  

3-3-7  

3-12 100 101

101 100

3.6~59.1% 9.7% 101

5.2~35.0% 12.5%

5.1~8.4 % 6.0%  

3-3-8  

(Soil reaction)

6~7 3-13

100 101 101

100 5.2~8.0

6.98 101 6.6~7.3

1 2 8 7.3 6.9

6.3 ~6.9 6.7

(1990)

6~7

(H+)
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101 -

 

 

3-12 -
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101 -

 

3-13 -  

3-3-9  

SPSS

T

3-8 3-9 3-10

T

 

1. T  

3-8 T 3-8

(P<0.05)

(P>0.05)
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101 -

 

3-9 T 3-9

(P<0.05)

 

2.  

3-10

P<0.05

 



 
 
 

 
 

55 

101 -

-0.974 -0.509 -0.608

0.487 0.624

0.522  

3.  

(1990)

pH

 

3-8 T  
            

   P  

 1.42±0.15 1.35±0.16 0.186 
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101 -

 46.01±5.14 48.14±4.67 0.203 

 1.66±0.74 1.69±0.92 0.913 

 7.36±0.31 7.12±0.36 0.041 

3-9 T  
            

   P  

 1.26±0.08 1.51±0.10 0.000 

 51.03±2.40 43.24±3.67 0.000 

 2.20±0.79 1.16±0.50 0.000 

 7.51±0.16 6.95±0.27 0.000 
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101 -

3-10  

     

  -0.974* -0.509* -0.608* 

 0.000  0.487* 0.624* 

 0.002 0.003  0.522* 

 0.000 0.000 0.002  
* P<0.05 

 

3-4  

7

 

YSI-650 ( 3-2)

pH ( )

1 10 cm 3

1-2

17 00 18 00  
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101 -

 
3-2 YSI-650  

3-4-1  

3-14

100 101

3

23.6~26.4 24.8 23.5~26.2

24.9 23.8~26.4 24.9  

23~26

(2002)

25
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101 -

 

3-4-2  

3-15 100 101

3

6~10 11 4

0.39~0.46 mS/cm

0.42 mS/cm 0.41~0.45 mS/cm 0.42 

mS/cm 0.41~0.49 mS/cm 0.42 mS/cm

(7~9 )

(2002)

0.21~0.60 mS/cm
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101 -

 
3-14 -  

 
3-15 -  
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101 -

3-4-3  

3-16

0.19~0.23 ppt 0.21 ppt 0.19~0.22 ppt

0.20 ppt 0.19~0.22 ppt 0.20 ppt

6~11 12

4

 

3-4-4  

3-17 100 101

3

3.0~6.2 mg/l 4.5 mg/l

3.0~6.8 mg/l 4.7 mg/l 2.9~7.0 

mg/l 4.6 mg/l

(2002)

5.55~5.58 mg/l
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101 -

 

3-16 -  
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101 -

3-17  

3-4-5  

 

3-18

100 101

3

6.7~7.7 7.2 6.9~7.7

7.2 7.0~7.5 7.2  

(2002)

7.2~7.6

 



 
 
 

 
 

64 

101 -

 

3-18  
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101 -

3-4-6 (COD) 

3-19

7~52mg/l 30mg/l

3

30.01 mg/l 30.12 mg/l  

 

3-19 (COD)  
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101 -

3-4-7  

3-11 3-11

2002 2006 2010

(2008)

2010 6 2011 12

(2002)

 

SPSS

T T 3-12

3-13 3-14

T  

1. T  

T

T

T T

 

3-12 T 3-12

(P>0.05)

(P<0.05)

T
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3-13 T 3-13

(P>0.05)

 

2.  

3-14 3-14

0.514 0.802

0.642 0.526 -0.703

0.369 0.286

-0.300

0.904 0.601

-0.805

0.485 -0.804

-0.701  

3.  
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101 -

2

0.3~0.5mg/l
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101 -

3-11  

 
( ) (mg/l) 

(mS/cm) 
 

 
(2002) 25.0 2.58~2.85 0.05~0.06 7.15~7.60 

 
(2006) 25.0 2.58~2.85 0.05~0.06 6.80~7.10 

 
(2010) 25.0 2.58~2.85 0.05~0.06 6.80~7.10 

 
(2008) 24.6 4.26~5.27 0.15~0.82 7.35~7.74 

 
(2010~2011) 24.9 3.20~6.10 0.39~0.49 6.69~7.71 

3-12 T  
          

   P  

 24.88±0.67 24.88±0.62 0.957 

 4.55±0.91 4.64±0.92 0.555 

 0.435±0.022 0.423±0.017 0.000 

 0.21±0.01 0.20±0.01 0.001 

 7.12±0.25 7.22±0.17 0.009 

3-13 T  
          

   P  

 24.88±0.62 24.88±0.62 0.952 

 4.60±0.91 4.67±0.93 0.630 

 0.426±0.017 0.422±0.017 0.202 

 0.20±0.01 0.20±0.01 0.390 

 7.20±0.17 7.22±0.18 0.337 
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101 -

3-14  

      

  0.514* 0.802* 0.642* -0.703* 

 0.000  0.369* 0.286* -0.300* 

 0.000 0.001  0.904* -0.805* 

 0.000 0.011 0.000  -0.804* 

 0.000 0.007 0.000 0.000  

* P<0.05
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101 -

3-5  

3-5-1  

2 1

1~2

3 19 00 19 30 20 00  

3-20 100 101

7~8 10~12 3~4 19 00

360 19 30 200 20 00 150

19 00

30~60min  
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101 -

3-20  

3-5-2  

T

T

T

T  

1. T  

 

3-15 T

3-15 19 00 19 30 20 00

(P<0.05)

 

2. T  

 

3-16 T

3-16 19 00 19 30 20 00
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101 -

(P<0.05)

 

3-15 T  
 

   P  

19 00 52±29 50±27 0.744 

19 30 43±27 38±21 0.223 

20 00 25±16 25±14 0.544 

3-16 T  
 

   P  

19 00 78±36 25±14 0.000 

19 30 61±31 19±12 0.000 

20 00 37±20 13±8 0.000 

 

3-5-3  

1.  

T

 

3-17 T

(P<0.05)
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101 -

(P>0.05)

 

 

2.  

3-18 3-18

-0.222

 

3-17 T  
 

   P  

 35.4±12.2 56.6±10.9 0.000 

 0.42±0.17 0.26±0.12 0.000 
 
 52±29 50±27 0.744 

3-18  

    
 

  0.358 0.069 

 0.001  -0.222 

 
 0.546 0.049  

* P<0.05
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101 -

3-5-4  

T  

1.  

T

T

T  

3-19 T

3-19 (P<0.05)

(P>0.05)

 

3-20 T

3-20 (P<0.05)

(P>0.05)

 

2.  

3-21 3-21

(P>0.05)
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101 -

3-19 T  
 

   P  

 24.88±0.67 24.88±0.62 0.957 

 4.55±0.91 4.64±0.92 0.555 

 0.435±0.022 0.423±0.017 0.000 

 0.21±0.01 0.20±0.01 0.001 

 7.12±0.25 7.22±0.17 0.009 
 
 52±29 50±27 0.744 

3-20 T  
 

   P  

 24.88±0.62 24.88±0.62 0.952 

 4.60±0.91 4.67±0.93 0.630 

 0.426±0.017 0.422±0.017 0.202 

 0.20±0.01 0.20±0.01 0.390 

 7.20±0.17 7.22±0.18 0.337 
 
 78±36 25±14 0.000 
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101 -

3-21  

     
 

  0.514* 0.802* 0.642* -0.703* 0.011 
 0.000  0.369* 0.286* -0.300* -0.217 
 0.000 0.001  0.904* -0.805* 0.237 

 0.000 0.011 0.000  -0.804* 0.057 
 0.000 0.007 0.000 0.000  -0.162 
 
 

0.956 0.288 0.243 0.783 0.429  

* P<0.05
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101 -

3-5-5  

T  

1.  

T

T

T

 

3-22 T

3-22 (P<0.05)

(P>0.05)

 

3-23 T

3-23

(P<0.05)

 

2.  

3-24 3-24

 

-0.809
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101 -

0.803 0.434 0.734  

 

3-22 T  
 

   P  

 1.42±0.15 1.35±0.16 0.186 

 46.01±5.14 48.14±4.67 0.203 

 1.66±0.74 1.69±0.92 0.913 

 7.36±0.31 7.12±0.36 0.041 
 
 52±29 50±27 0.744 
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101 -

3-23 T  
 

   P  

 1.26±0.08 1.51±0.10 0.000 

 51.03±2.40 43.24±3.67 0.000 

 2.20±0.79 1.16±0.50 0.000 

 7.51±0.16 6.95±0.27 0.000 
 
 78±36 25±14 0.000 

3-24  

      

  -0.974* -0.509* -0.608* -0.809* 

 0.000  0.487* 0.624* 0.803* 

 0.002 0.003  0.522* 0.434* 

 0.000 0.000 0.002  0.734* 
 
 0.000 0.000 0.010 0.000  

* P<0.05
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101 -

-

(2005)

(1997)

(2004)

(2006)

 

4-1  

2011 3 2012 10

 

4-1-1  

LM-8000 ( 4-1 )
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101 -

5 1~2

17 00 18 00  

4-1

 

4-2

8 10

 

 

4-1 LM-8000  
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101 -

 

4-1 -  

 
4-2 -  



 
 
 

 
 

84 

101 -

 

4-2  

(2002)

 

- 1-2

17 00 19 00

 

( )

3 4 7 8

4

8 (<2mm)

 

4-2-1  

PTM-816 ( 4-2 )

5 1~2 17

00 18 00  
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101 -

4-3 2011 3 2012 10

16.8~29.5

25.1 18.3~29.6

25.8  

 

4-2 PTM-816  
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101 -

 

4-3 -  

4-2-2  

CS-620 ( 4-3 )

5 1~2

17 00 18 00  

4-4 2011 3 2012 10

15.7~34.9% 23.5%

5~36.2% 21.5%
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101 -

 

4-3 CS-620  

 

4-4 -  

4-2-3  
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(Particle density)

4-5

100 101

101 100

2.00~2.70 g/cm3 101

2.10~2.80 g/cm3 2.40 g/cm3

2.11~2.70 g/cm3 2.50 g/cm3  

4-6 100 101

101 100

 2.00~2.50 g/cm3 101

2.10~2.50 g/cm3 2.20 

g/cm3 2.49~3.17 g/cm3 2.61 g/cm3  

(1990) 2.6~2.8 g/cm3

2.65 g/cm3
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101 -

 
4-5 ( ) -  
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101 -

4-6 ( ) -  

4-2-4  

(Bulk density)

4-7

100 101

101 100

1.30~1.50 g/cm3 101

1.30~1.50 g/cm3 1.40 g/cm3 0.97~1.51 

g/cm3 1.32 g/cm3  

4-8 100 101

101 100

1.10~1.60 g/cm3

101 1.10~1.40 g/cm3

1.30 g/cm3 0.91~1.61 g/cm3 1.26 

g/cm3  

(1990)
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101 -

 
4-7 ( ) -  
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101 -

4-8 ( ) -  
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101 -

4-2-5  

(1990)  

4-9 100 101

101 100

30.2~68.4%

42.3% 101 32.3~46.4%

40.7% 41.1~54.8% 44.6%  

4-10 100 101

101 100

31.7~57.5% 44.3%

101 39.3~50.1%

44.2% 41.1~57.5% 46.9%  
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101 -

 
4-9 ( ) -  

 
4-10 ( ) -  
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101 -

4-2-6  

(Organic matter)

 

4-11 100 101

101 100

0.7~3.1% 101

0.9~2.5% 1.6%

1.0~2.4% 1.6 %  

4-12 100 101

101 100

0.6~3.8% 101

0.6~2.3% 1.3%

0.9~4.4% 2.1 %  
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101 -

 
4-11 ( ) -  
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101 -

4-12 ( ) -  

4-2-7  

4-14

100 101

101 100

0.1~0.9% 101 0.1~0.8%

0.3% 0.1~0.3% 0.1%  

4-15 100 101

101 100

0.1~0.9%

101 0.1~0.3% 0.2%

0.1~0.3% 0.1%  
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101 -

 

4-13 ( ) -  

 
4-14 ( ) -  



 
 
 

 
 

99 

101 -

4-2-8  

 

4-15 100 101

101 100

0.5~2.7 mS/cm 101

0.6~2.5 mS/cm 1.0mS/cm

0.3~0.7 mS/cm 0.4 mS/cm  

4-16 100 101

101 100

0.1~3.5 mS/cm

101 0.4~2.0 mS/cm 1.0 

mS/cm 0.3 ~0.8 mS/cm 0.5 mS/cm  

(1990) 2 mS/cm

 


