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ABSTRACT 

The establishment of stage-discharge relations being carried by a stage station 
database was collected from field measurements. A simple and regular stage-discharge 
relation was difficult to derive in field where the river discharges are highly variable. 
Correction estimation of stage-discharge relations was necessarily for many water 
resources projects. The rating fall constant method and unsteady flow correction method 
were established by USGS and in popular applied in US. The mentioned two methods 
were also reported in the code of WRA in Taiwan. While it was few experiences for 
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applications in Taiwan. The mentioned methods are adopted herein to correct and assess 
stage-discharge relations for two sites on the Zhou-Hsui River. It was found that the 
regular stage-discharge relation was difficult to derive as long as to correct using the 
mentioned methods of USGS. It also needs to concern many more factors affecting the 
stage-discharge relations 

Keywords: Rating curve, Backwater effect, Measurements in flood duration. 
 

 

 

 

(US Geological Survey, USGS)
(rating fall constant 

method) (unsteady flow 
correction method)

 

 

2.1 -  

- 30

1 87
89

[1]
-

2 84 89
-

-
1 2

 
 
2.2 -  



 −64− 

94

93

92

91

90

89
0 500 1000 1500 2000 2500 3000

Q (m3/s)

St
ag

e 
E

le
va

tio
n 

(m
)

1998
1999
2000

 
1   

 
98

96

94

92

90

88
10 100 1000 10000 100000

Q (m3/s)

St
ag

e 
E

le
va

tio
n 

(m
) 1995

1996
1997
1998
1999
2000

 
2   

 

[2]
-

 

NeHpQ )( −=  ....................................(1) 

Q = (m3/s) H = (m) e =
(m) N p =  

(1)  

)log(loglog eHNpQ −+= ..........................(2) 

Q eH −

N
plog 0)log( =−eH ( 1=−eH )
Qlog

-
N

 

        N=1.67  B/h 20  
    N=2.17  B/h 20  

      N=2.67  
B h

N=2  
USGS  

3.1  
-

[3]
 

1.  

-

 

),( SHfQ=  ................................... (3) 

H S

1S 2S 1Q 2Q
 

2/1

2

1

2/1
2

3/2

2/1
1

3/2

2

1
1

1











==
S
S

SAR
n

SAR
n

Q
Q ......................... (4) 

(4) 1/2
β

β 0.4 0.6  

β











=

2

1

2

1

S
S

Q
Q  ................................... (5) 

z  



 −65− 

H

U∆t

∆H

 
3   

 
 

β











=

2

1

2

1

z
z

Q
Q  ....................................(6) 

1z 2z
 

 
2.  

3 [4] 3
∆S  

t
H

UtU
HS

∆
∆

=
∆

∆
=∆

1  ....................................(7) 

S∆ H∆ t∆  

(m) U (m/s)
t
H
∆

∆  

(m/hr )
(6) (7)

 

t
H

USS
S

S
SS

Q
Q

ccc

c

c

f

∆
∆

+=
∆

+=
∆+

=
111 .....(8) 

121�

120�

119�

118�

117�

116�

115�

114

St
ag

e 
El

ev
at

io
n 

(m
)

0 500 1000 1500 2000 2500 3000 3500 4000
Q (m3/s)

1.5�

1.0�

0.50 0.5 1.0 1.5

Q
m
/Q

c

zm/zc

 
4   

( [4]) 
 

fQ (m3/s) cQ

fQ cS

 
 
3.2  
1.  

(6)  

2/1











=

c

m

c

m

Z
Z

Q
Q  ................................... (9) 

mQ (m3/S) cQ
(m3/S) mZ (m)

cZ (m)  
 

(1)  
  

4  
(2)  
  1

 



 −66− 

1   

 
H 

(m) 

  
  

 
  

 
 
 
 

Zm  
(m) 

 
 
 

Zc  
(m) 

 
 
 

Z
Z
c

m  
Z
Z
c

m  

 
 
 
 

Qm  

(m3/s) 

 
 
 
 

Qc1  

(m3/s) 

 
Qc2  

(m3/s) 

 
 
 
 
 

Q
Q

c

m

2

 

 
 
 
 

 

Q
Q

c

m  

 
 
 
 

Qc  
(m3/s) 

 

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

 
                 

 
(a) 

1~6 11  
(b) 5 6 mZ

 
(c) cZ

 

(d) 
c

m
Z
Z  

  

(e) 
c

m

c

m

Z
Z

Q
Q

=  

 1cQ 12  
(f) 1cQ

( 2~ cQH
) 2~ cQH

2cQ 13  

(g) 11 13
2c

m

Q
Q 14 

  
(h) 14 9

 

 (
c

m

c

m

Z
Z

Q
Q ~ ) 9  

 15
 

(i) 11 15

cQ 16  

2~ cQH

2~ cQH (f)
 

(3)  
  

2
 

(a) 
1~4  

(b) 3 4 mZ
5

cZ 6  
(c) 5 6 7

8  
(d) 3

cQ 9
 

(e) 8 9
10  

2.  

( )
 



 −67− 

2   
 

H(m) 
   

  

 

Zm (m) 

 
Zc  
(m) 

 

Z
Z
c

m  

 

Q
Q

c

m  

 
Qc  

(m3/s) 

 
 

Q (m3/s) 
 

 1 2 3 4 5 6 7 8 9 10 11 

 
           

 
25

24

23

22

21

0 500 1000 1500
200 100

1
USc

(b)

(a)
1

2

4

5

6

7
8
9

10 18

11
1217

13
14

16
15

Q (m3/s)

0

St
ag

e 
E

le
va

tio
n 

(m
)

 
5 

 
( [4]) 

 
(8) 

t
H

USc ∆

∆
+

11  

 
(1)  
  5  
(2)  
  3

 
(a) 

1~6 10  

(b) 4 5 H∆ t∆
t
H
∆

∆  

 7~9  

(c) 5
t
H
∆

∆ =0  

 

6 1CQ
11 10 11

12 1
13  

(d) 9 13
cUS

1 =

t
H

Q
Q

c

m

∆
∆

−









1

2

cUS
1 14  

(e) 6 14
cUS

H 1~

5
6

cUS
1 15 9 15

t
H

USc ∆
∆
⋅

1
t
H

USc ∆

∆
⋅+

11

16 17  
(f) 10 17 CQ

18  

CQH ~

cUS
H 1~

cUS
H 1~

(3)  



 −68− 

3   

 
H 

(m) 

 
  

  
 
H∆  

(m) 

 
t∆  

(hr) 
t
H
∆

∆  

m/hr 

 
 

mQ  

(m3/s) 
1CQ  

(m3/s) 
1c

m

Q
Q  

2

1











c

m

Q
Q -1 

cUS
1  

cUS
1  

t
H

USc ∆

∆
•

1  
t
H

USc ∆

∆
•+

11  

cQ   

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

                   

 

4   

 

   

 
H 

(m) 

 
 

H∆  
(m) 

 
 
t∆  

(hr) 

 

t
H
∆
∆  

(m/hr) 

 
 
 

USc

1  
t
H

USc ∆
∆

•+
11  

t
H

USc ∆
∆

•+
11  

 
 
 

Qc  

(m3/s) 

 

 

Q 

(m3/s) 

 
 

 
Q  

(m3/s) 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
              
              

 
(1)  
  4

 
(a) 1~4  
(b) 

H∆ t∆
t
H
∆

∆ 5~7  

(c) 4
cUS

H 1~
cUS

1

8
t
H

USc ∆

∆
+

11

9 10  
(d) 4

CQ 11
 

(e) 10 11 Q 12
Q

13  

 

4.1  
 

-

-

89
89 90

5
6

2
6

 
 
4.2  

USGS
-

[1] -
 



 −69− 

5   

 
H 

(m) 

 
  

   

 
 
 
 

Zm  
(m) 

 
 
 

Zc  
(m) 

 
 
 

Z
Z
c

m  
Z
Z
c

m  

 
 
 
 

Qm  

(m3/s) 

 
 
 
 

Qc1  

(m3/s) 

 
Qc2  

(m3/s) 

 
 
 
 
 

Q
Q

c

m

2

 

 
 
 
 

 

Q
Q

c

m  

 
 
 
 

Qc  
(m3/s) 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 9 1  91.93 22.72 69.21 68.2 1.015 1.0074 363 360.34 1100.58 0.3298 1.2331 294.37  
2 9 7  91.55 22.53 69.02 68.2 1.012 1.0060 210 208.75 199.64 1.0519 1.3276 158.18  
3 9 18  91.31 22.34 68.97 68.2 1.011 1.0056 134 133.25 67.92 1.9729 1.3536 98.99  
4 10 2  91.07 22.1 68.97 68.2 1.011 1.0056 53.9 53.60 23.11 2.3326 1.3536 39.82  
5 10 12  91.08 22.11 68.97 68.2 1.011 1.0056 67.1 66.72 24.17 2.7762 1.3536 49.57  
6 10 23  90.87 22 68.87 68.2 1.010 1.0049 38.5 38.31 9.41 4.0917 1.4072 27.36  
7 11 6  91 22.8 68.20 68.2 1.000 1.0000 205 205.00 16.87 12.1498 1.8256 112.29  
8 11 17  91.1 22.6 68.50 68.2 1.004 1.0022 85 84.81 26.44 3.2147 1.6248 52.32  
9 11 30  91.19 23.02 68.17 68.2 1.000 0.9998 102 102.02 39.62 2.5747 1.8470 55.23  

10 12 21  91 22.97 68.03 68.2 0.998 0.9988 45.3 45.36 16.87 2.6848 1.9502 23.23  
11 1 3  91.08 23.1 67.98 68.2 0.997 0.9984 70.9 71.01 24.17 2.9335 1.9885 35.66  
12 1 12  90.86 22.83 68.03 68.2 0.998 0.9988 31.9 31.94 9.00 3.5461 1.9502 16.36  
13 2 6  90.77 22.88 67.89 68.2 0.995 0.9977 33.8 33.88 6.00 5.6294 2.0592 16.41  
14 2 20  90.74 22.71 68.03 68.2 0.998 0.9988 29.9 29.94 5.25 5.6983 1.9502 15.33  
15 3 9  90.9 22.6 68.30 68.2 1.001 1.0007 34.1 34.08 10.77 3.1672 1.7560 19.42  
16 3 19  90.75 22.68 68.07 68.2 0.998 0.9990 31.7 31.73 5.49 5.7760 1.9201 16.51  
17 4 9  91.84 23.23 68.61 68.2 1.006 1.0030 106 105.68 734.57 0.1443 1.5568 68.09  
18 4 23  91.34 23.24 68.10 68.2 0.999 0.9993 60.1 60.14 77.72 0.7733 1.8979 31.67  
19 5 7  91.12 23.25 67.87 68.2 0.995 0.9976 30.5 30.57 28.93 1.0544 2.0753 14.70  
20 5 16  91.15 22.97 68.18 68.2 1.000 0.9999 28.7 28.70 33.10 0.8671 1.8398 15.60  
21 5 22  91.87 23.74 68.13 68.2 0.999 0.9995 187 187.10 840.55 0.2225 1.8759 99.69  
22 6 7  91.54 23.81 67.73 68.2 0.993 0.9965 318 319.10 190.87 1.6661 2.1912 145.12  
23 6 13  91.3 23.73 67.57 68.2 0.991 0.9954 150 150.70 64.94 2.3100 2.3318 64.33  
24 6 26  91.44 23.92 67.52 68.2 0.990 0.9950 253 254.27 121.79 2.0773 2.3775 106.41  
25 7 4  91.17 24.4 66.77 68.2 0.979 0.9895 88.1 89.04 36.21 2.4329 3.1816 27.69  
26 7 5  92.47 24.4 68.07 68.2 0.998 0.9990 1340 1341.28 12449.93 0.1076 1.9201 697.87  
27 7 20  91.44 23.7 67.74 68.2 0.993 0.9966 181 181.61 121.79 1.4861 2.1828 82.92  
28 8 6  91.6 20.41 71.19 68.2 1.044 1.0217 354 346.49 249.91 1.4165 0.5714 619.49  
29 8 17  91.34 19.05 72.29 68.2 1.060 1.0295 188 182.60 77.72 2.4190 0.3727 504.39  
30 8 28  91.36 18.72 72.64 68.2 1.065 1.0320 133 128.87 85.03 1.5642 0.3253 408.80  
31 9 5  91.47 18.86 72.61 68.2 1.065 1.0318 222 215.15 139.37 1.5929 0.3292 674.45  
32 9 19  91.94 20.26 71.68 68.2 1.051 1.0252 819 798.87 1151.15 0.7115 0.4724 1733.73  
33 9 25  91.61 20.26 71.35 68.2 1.046 1.0228 254 248.33 261.40 0.9717 0.5370 473.00  
34 10 5  91.94 19.19 72.75 68.2 1.067 1.0328 233 225.60 1151.15 0.2024 0.3117 747.43  
35 10 16  91.48 18.76 72.72 68.2 1.066 1.0326 110 106.53 145.77 0.7546 0.3154 348.77  
36 10 22  91.4 18.48 72.92 68.2 1.069 1.0340 54.4 52.61 101.76 0.5346 0.2918 186.42  
37 11 7  91.63 18.23 73.40 68.2 1.076 1.0374 17.7 17.06 285.97 0.0619 0.2422 73.09  
38 11 16  92.12 18.57 73.55 68.2 1.078 1.0385 99.8 96.10 2584.13 0.0386 0.2285 436.83  
39 11 29  91.45 18.19 73.26 68.2 1.074 1.0364 12 11.58 127.39 0.0942 0.2557 46.93  
40 12 11  91.31 18.18 73.13 68.2 1.072 1.0355 12.8 12.36 67.92 0.1885 0.2690 47.59  
41 12 24  91.92 18.5 73.42 68.2 1.077 1.0376 41.1 39.61 1052.23 0.0391 0.2403 171.04  



 −70− 

6   

H(m) 
  

  

 

mZ (m) cZ (m) 
c

m

Z
Z  

c

m

Q
Q  

s)/m( 3
cQ  

/s)m( 3Q  
 

/s)m( 3Q  

1 2 3 4 5 6 7 8 9 10 11 
9 1 91.93 22.72 69.21 68.2 1.015 1.2331 1100.58 * 363 
9 7 91.55 22.53 69.02 68.2 1.012 1.3276 199.64 265.03 210 
9 18 91.31 22.34 68.97 68.2 1.011 1.3536 67.92 91.94 134 
10 2 91.07 22.1 68.97 68.2 1.011 1.3536 23.11 31.28 53.9 
10 12 91.08 22.11 68.97 68.2 1.011 1.3536 24.17 32.72 67.1 
10 23 90.87 22 68.87 68.2 1.010 1.4072 9.41 13.24 38.5 
11 6 91 22.8 68.20 68.2 1.000 1.8256 16.87 30.80 205 
11 17 91.1 22.6 68.50 68.2 1.004 1.6248 26.44 42.96 85 
11 30 91.19 23.02 68.17 68.2 1.000 1.8470 39.62 73.17 102 
12 21 91 22.97 68.03 68.2 0.998 1.9502 16.87 32.91 45.3 
1 3 91.08 23.1 67.98 68.2 0.997 1.9885 24.17 48.06 70.9 
1 12 90.86 22.83 68.03 68.2 0.998 1.9502 9.00 17.54 31.9 
2 6 90.77 22.88 67.89 68.2 0.995 2.0592 6.00 12.36 33.8 
2 20 90.74 22.71 68.03 68.2 0.998 1.9502 5.25 10.23 29.9 
3 9 90.9 22.6 68.30 68.2 1.001 1.7560 10.77 18.91 34.1 
3 19 90.75 22.68 68.07 68.2 0.998 1.9201 5.49 10.54 31.7 
4 9 91.84 23.23 68.61 68.2 1.006 1.5568 734.57 * 106 
4 23 91.34 23.24 68.10 68.2 0.999 1.8979 77.72 147.50 60.1 
5 7 91.12 23.25 67.87 68.2 0.995 2.0753 28.93 60.03 30.5 
5 16 91.15 22.97 68.18 68.2 1.000 1.8398 33.10 60.90 28.7 
5 22 91.87 23.74 68.13 68.2 0.999 1.8759 840.55 * 187 
6 7 91.54 23.81 67.73 68.2 0.993 2.1912 190.87 418.24 318 
6 13 91.3 23.73 67.57 68.2 0.991 2.3318 64.94 151.42 150 
6 26 91.44 23.92 67.52 68.2 0.990 2.3775 121.79 289.57 253 
7 4 91.17 24.4 66.77 68.2 0.979 3.1816 36.21 115.21 88.1 
7 5 92.47 24.4 68.07 68.2 0.998 1.9201 12449.93 * 1340 
7 20 91.44 23.7 67.74 68.2 0.993 2.1828 121.79 265.85 181 
8 6 91.6 20.41 71.19 68.2 1.044 0.5714 249.91 142.81 354 
8 17 91.34 19.05 72.29 68.2 1.060 0.3727 77.72 28.97 188 
8 28 91.36 18.72 72.64 68.2 1.065 0.3253 85.03 27.66 133 
9 5 91.47 18.86 72.61 68.2 1.065 0.3292 139.37 45.87 222 
9 19 91.94 20.26 71.68 68.2 1.051 0.4724 1151.15 * 819 
9 25 91.61 20.26 71.35 68.2 1.046 0.5370 261.40 140.37 254 
10 5 91.94 19.19 72.75 68.2 1.067 0.3117 1151.15 358.85 233 
10 16 91.48 18.76 72.72 68.2 1.066 0.3154 145.77 45.97 110 
10 22 91.4 18.48 72.92 68.2 1.069 0.2918 101.76 29.70 54.4 
11 7 91.63 18.23 73.40 68.2 1.076 0.2422 285.97 69.25 17.7 
11 16 92.12 18.57 73.55 68.2 1.078 0.2285 2584.13 * 99.8 
11 29 91.45 18.19 73.26 68.2 1.074 0.2557 127.39 32.57 12 
12 11 91.31 18.18 73.13 68.2 1.072 0.2690 67.92 18.27 12.8 
12 24 91.92 18.5 73.42 68.2 1.077 0.2403 1052.23 252.85 41.1 

“*”  



 −71− 

92.8

92.4

92

91.6

91.2

90.8

90.4
0 400 800 1200 1600

Q (m3/s)

St
ag

e 
E

le
va

tio
n 

(m
)

Original Data
Adjusted Data
Original Data fitting

Qc = Exp ((H-90.371)/0.02226

16

12

8

4

0

(Q
m
/Q

c)

(Zm/Zc)
0.96 0.98 1 1.02 1.04 1.06 1.08

Qm/Qc=
585010126957*exp(-26.493*(Zm/Zc))

 
6   

 
24.5�

24�

23.5�

23�

22.5�

22
0 20 40 60 80 100

Time (hr)

St
ag

e 
El

ev
at

io
n 

(m
)

original curve
modified curve

 
7  ( ) 

 

7  

- 8

3  

1/VwSc=Exp((H-23.8866)/ -0.1596)

24.5

24

23.5

23

22.5

22
0 1000 2000 3000

Q (m3/s)

St
ag

e 
E

le
va

tio
n 

(m
)

falling limb

rising limb

24.4

24

23.6

23.2

22.8
300 200 100 0

1/USc

H
 (m

)

 
8   

 

7 8
8 H cUS/1

7  

14 15
t
H

USc ∆

∆
⋅+

11 0

8
cUS

1

8
8 10 11

cUS
1 8

cUS
1  

 

- USGS

9
43,700 ft

3,300 ft Guntersville Dam 



 −72− 

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

34

32

30

28

26

24

22

16

14

12

10

08

06

04

02

0

10 20 30 40 50 60 70 80

10 20 30 40 50 60 70 80 0 2 4 6 8 10 12 14 16 18 20 22

90 100 110 120 130 140 150 160 170 180 190 200

24

90 100 110 120 130 140 150

10 20 30 40 50

MEASURED DISCHARGE, IN THOUSANDS OF CUBIC FEET PER SECOND

Fall 15 feet

Or rating curve

Measured
discharges plotted

Adjusted discharges
plotted

Fall-ratia curve for
rating fall of 15 feet

DISCHARGE, IN THOUSANDS OF CUBIC FEET PER SECOND FALL RATIO, Fm/Fr

D
IS

CH
A

RG
E 

RA
TI

O
, O

m
/O

r

G
A

G
E 

H
EI

G
H

T 
A

T 
U

PP
ER

 G
A

G
E,

 IN
 F

EE
T

Measured discharge
Adjusted discharge
Measured discharge-fall relation

 
9 Guntersville, Ala. Tennessee River [3] 
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15 35 24.11 24.16 1 0.050 2460 2426.47 1.014 0.0278 0.5565 0.2114 0.0106 1.0053 2447.10 
16 36 24.16 24.15 1 -0.010 2570 2570.22 1.000 -0.0002 0.0172 0.1865 -0.0019 0.9991 2572.40 
17 37 24.15 24.11 1 -0.040 2530 2541.47 0.995 -0.0090 0.2252 0.2182 -0.0087 0.9956 2541.11 
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18 38 24.11 24.07 1 -0.040 2390 2426.47 0.985 -0.0298 0.7459 0.2803 -0.0112 0.9944 2403.51 
19 39 24.07 24.01 1 -0.060 2250 2311.47 0.973 -0.0525 0.8747 0.3834 -0.0230 0.9884 2276.34 
20 40 24.01 23.94 1 -0.070 2040 2138.98 0.954 -0.0904 1.2915 0.5762 -0.0403 0.9796 2082.43 
21 41 23.94 23.86 1 -0.080 1820 1876.90 0.970 -0.0597 0.7464 0.9218 -0.0737 0.9624 1891.06 
22 42 23.86 23.82 1 -0.040 1600 1737.70 0.921 -0.1522 3.8051 1.3424 -0.0537 0.9728 1644.77 
23 43 23.82 23.75 1 -0.070 1500 1610.10 0.932 -0.1321 1.8869 1.8948 -0.1326 0.9313 1610.61 
24 44 23.75 23.69 1 -0.060 1340 1459.30 0.918 -0.1568 2.6136 2.8473 -0.1708 0.9106 1471.58 
25 45 23.69 23.65 1 -0.040 1200 1376.65 0.872 -0.2402 6.0043 3.8948 -0.1558 0.9188 1306.04 
26 46 23.65 23.61 1 -0.040 1120 1299.85 0.862 -0.2576 6.4395 5.0042 -0.2002 0.8943 1252.33 
27 47 23.61 23.60 1 -0.010 1040 1251.85 0.831 -0.3098 30.9818 5.8528 -0.0585 0.9703 1071.84 
28 48 23.60 23.55 1 -0.050 1020 1194.25 0.854 -0.2705 5.4105 7.0631 -0.3532 0.8043 1268.24 
29 49 23.55 23.52 1 -0.030 930 1117.45 0.832 -0.3074 10.2451 9.0749 -0.2722 0.8531 1090.16 
30 50 23.52 23.50 2 -0.010 876 1069.45 0.819 -0.3291 32.9051 10.6138 -0.1061 0.9454 926.55 
31 52 23.50 23.48 1 -0.020 840 1507.21 0.557 -0.6894 34.4696 12.0308 -0.2406 0.8714 963.94 
32 53 23.48 23.46 1 -0.020 808 1009.79 0.800 -0.3597 17.9870 13.6369 -0.2727 0.8528 947.47 
33 54 23.46 23.45 1 -0.010 776 989.99 0.784 -0.3856 38.5591 14.9808 -0.1498 0.9221 841.59 
34 55 23.45 23.40 2 -0.025 760 950.39 0.800 -0.3605 14.4213 18.0787 -0.4520 0.7403 1026.62 
35 57 23.40 23.38 1 -0.020 680 904.19 0.752 -0.4344 21.7210 22.5117 -0.4502 0.7415 917.11 
36 58 23.38 23.36 2 -0.010 652 877.80 0.743 -0.4483 44.8292 25.5171 -0.2552 0.8630 755.47 
37 60 23.36 23.33 1 -0.030 624 844.80 0.739 -0.4544 15.1470 29.8442 -0.8953 0.3235 1928.70 
38 61 23.33 23.30 1 -0.030 582 805.20 0.723 -0.4776 15.9184 36.0159 -1.0805   
39 62 23.30 23.26 1 -0.040 540 759.00 0.711 -0.4938 12.3454 44.8471 -1.7939   
40 63 23.26 23.24 1 -0.020 492 719.40 0.684 -0.5323 26.6136 54.1213 -1.0824   
41 64 23.24 23.23 4 -0.002 468 703.84 0.665 -0.5579 223.1491 59.4546 -0.1486 0.9227 507.21 
42 68 23.23 23.22 1 -0.010 456 693.24 0.658 -0.5673 56.7321 63.2990 -0.6330 0.6058 752.71 
43 69 23.22 23.21 5 -0.002 444 682.64 0.650 -0.5770 288.4778 67.3920 -0.1348 0.9302 477.33 
44 74 23.21 23.19 3 -0.007 432 666.74 0.648 -0.5802 87.0278 74.0330 -0.4936 0.7117 607.04 
45 77 23.19 23.17 1 -0.020 412 645.54 0.638 -0.5927 29.6333 83.9167 -1.6783   
46 78 23.17 23.16 1 -0.010 396 629.64 0.629 -0.6044 60.4443 92.1861 -0.9219 0.2795 1416.65 
47 79 23.16 23.14 1 -0.020 388 613.74 0.632 -0.6003 30.0167 101.2704 -2.0254   
48 80 23.14 23.13 2 -0.005 372 597.84 0.622 -0.6128 122.5628 111.2499 -0.5562 0.6661 558.44 
49 82 23.13 23.11 1 -0.020 364 581.94 0.625 -0.6088 30.4377 122.2129 -2.4443   
50 83 23.11 23.09 1 -0.020 348 560.74 0.621 -0.6148 30.7421 138.5287 -2.7706   
51 84 23.09 23.07 2 -0.010 332 539.54 0.615 -0.6214 62.1355 157.0228 -1.5702   
52 86 23.07 23.05 5 -0.004 316 518.34 0.610 -0.6283 157.0845 177.9859 -0.7119 0.5367 588.77 
53 91 23.05 23.04 2 -0.005 300 502.44 0.597 -0.6435 128.6970 195.5252 -0.9776 0.1496 2005.62 
54 93 23.04 23.03 1 -0.010 292 491.84 0.594 -0.6475 64.7531 208.1681 -2.0817   
55 94 23.03 23.02 2 -0.005 284 481.24 0.590 -0.6517 130.3459 221.6285 -1.1081   
56 96 23.02 23.01 1 -0.010 276 470.64 0.586 -0.6561 65.6091 235.9593 -2.3596   
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1 2 3 4 5 6 7 8 9 10 11 
1 22.02 22.06 1 0.040       
2 22.06 22.09 1 0.030       
3 22.09 22.11 12 0.002       
4 22.11 22.15 5 0.008       
5 22.15 22.29 1 0.140       
6 22.29 23.05 2 0.380       
7 23.05 23.17 1 0.120 507.95 16.6138 4.0760 507.95 * 715 
8 23.17 23.4 2 0.115 613.80 5.9983 2.4492 613.80 * 854 
9 23.4 23.81 2 0.205 917.39 2.1998 1.4832 917.39 1360.7 1180 

10 23.81 23.83 1 0.020 1668.10 1.0304 1.0151 1668.10 1693.3 1840 
11 23.83 23.89 1 0.060 1714.50 1.0711 1.0349 1714.50 1774.4 1870 
12 23.89 23.99 1 0.100 1853.70 1.0717 1.0353 1853.70 1919.0 1980 
13 23.99 24.04 3 0.017 2081.48 1.0075 1.0037 2081.48 2089.2 2200 
14 24.04 24.11 1 0.070 2225.22 1.0216 1.0107 2225.22 2249.1 2310 
15 24.11 24.16 1 0.050 2426.47 1.0106 1.0053 2426.47 2439.3 2460 
16 24.16 24.15 1 -0.010 2570.22 0.9981 0.9991 2570.22 2567.8 2570 
17 24.15 24.11 1 -0.040 2541.47 0.9913 0.9956 2541.47 2530.4 2530 
18 24.11 24.07 1 -0.040 2426.47 0.9888 0.9944 2426.47 2412.8 2390 
19 24.07 24.01 1 -0.060 2311.47 0.9770 0.9884 2311.47 2284.7 2250 
20 24.01 23.94 1 -0.070 2138.98 0.9597 0.9796 2138.98 2095.4 2040 
21 23.94 23.86 1 -0.080 1876.90 0.9263 0.9624 1876.90 1806.4 1820 
22 23.86 23.82 1 -0.040 1737.70 0.9463 0.9728 1737.70 1690.4 1600 
23 23.82 23.75 1 -0.070 1610.10 0.8674 0.9313 1610.10 1499.5 1500 
24 23.75 23.69 1 -0.060 1459.30 0.8292 0.9106 1459.30 1328.8 1340 
25 23.69 23.65 1 -0.040 1376.65 0.8442 0.9188 1376.65 1264.9 1200 
26 23.65 23.61 1 -0.040 1299.85 0.7998 0.8943 1299.85 1162.5 1120 
27 23.61 23.6 1 -0.010 1251.85 0.9415 0.9703 1251.85 1214.7 1040 
28 23.6 23.55 1 -0.050 1194.25 0.6468 0.8043 1194.25 960.5 1020 
29 23.55 23.52 1 -0.030 1117.45 0.7278 0.8531 1117.45 953.3 930 
30 23.52 23.5 2 -0.010 1069.45 0.8939 0.9454 1069.45 1011.1 876 
31 23.5 23.48 1 -0.020 1507.21 0.7594 0.8714 1507.21 1313.4 840 
32 23.48 23.46 1 -0.020 1009.79 0.7273 0.8528 1009.79 861.1 808 
33 23.46 23.45 1 -0.010 989.99 0.8502 0.9221 989.99 912.8 776 
34 23.45 23.4 2 -0.025 950.39 0.5480 0.7403 950.39 703.6 760 
35 23.4 23.38 1 -0.020 904.19 0.5498 0.7415 904.19 670.4 680 
36 23.38 23.36 2 -0.010 877.80 0.7448 0.8630 877.80 757.6 652 
37 23.36 23.33 1 -0.030 844.80 0.1047 0.3235 844.80 * 624 
38 23.33 23.3 1 -0.030 805.20 -0.0805  805.20  582 
39 23.3 23.26 1 -0.040 759.00 -0.7939  759.00  540 
40 23.26 23.24 1 -0.020 719.40 -0.0824  719.40  492 
41 23.24 23.23 4 -0.002 703.84 0.8514 0.9227 703.84 * 468 
42 23.23 23.22 1 -0.010 693.24 0.3670 0.6058 693.24 420.0 456 
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43 23.22 23.21 5 -0.002 682.64 0.8652 0.9302 682.64 * 444 
44 23.21 23.19 3 -0.007 666.74 0.5064 0.7117 666.74 474.5 432 
45 23.19 23.17 1 -0.020 645.54 -0.6783  645.54  412 
46 23.17 23.16 1 -0.010 629.64 0.0781 0.2795 629.64 * 396 
47 23.16 23.14 1 -0.020 613.74 -1.0254  613.74  388 
48 23.14 23.13 2 -0.005 597.84 0.4438 0.6661 597.84 398.2 372 
49 23.13 23.11 1 -0.020 581.94 -1.4443  581.94  364 
50 23.11 23.09 1 -0.020 560.74 -1.7706  560.74  348 
51 23.09 23.07 2 -0.010 539.54 -0.5702  539.54  332 
52 23.07 23.05 5 -0.004 518.34 0.2881 0.5367 518.34 278.2 316 
53 23.05 23.04 2 -0.005 502.44 0.0224 0.1496 502.44 75.2 300 
54 23.04 23.03 1 -0.010 491.84 -1.0817  491.84  292 
55 23.03 23.02 2 -0.005 481.24 -0.1081  481.24  284 
56 23.02 23.01 1 -0.010 470.64 -1.3596  470.64  276 
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