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Application of Slope—area Discharge Estimation Method using Continuously

Observed Water Level Data in a Gravel Bed River
—Case Study of the Dal Cheon River
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Abstract

In this study we calculate discharge by slope-area method using continuously observed water level
data and analyse the results. This study is performed in the Dalcheon river reach of 960 m length
including riffles and a pool, which is located downstream of the Goesan Dam. Three values of
roughness coefficient are applied to discharge calculation, which are established using bed material
size analysis. Another roughness coefficient value obtained from the river improvement plan is also
used. Calculated discharges by slope-area method are compared with dam discharges. Relative
difference from dam discharges appears to be largely affected by roughness values and a value of
0.042 or more seems most suitable for the entire study reach. Smaller roughness value is suitable to
the reach which has gentler water surface slope than mean channel slope of the entire study reach,
while a larger value to steeper reach. In case roughness value is set considering overall slope of the
channel, it is desirable to select the entire calculation reach including both gentler and steeper
sub-reaches. Since relative difference becomes nearly constant at over 500 cms, in case that
verification of applied roughness is conducted with other directly measured discharge, accuracy of
measurement by slope-area method for larger discharge may be improved.

keywords : slope-area method, roughness coefficient, relative difference, water surface slope
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Fig. 3. Location of Sampling the Stream-Bed Materials and Cross Sections of Gage Station

Table 1. Representative Bed Material Sizes for Study Reach (unit = mm)

Location dig dyy dgg dyy d, Remark
S1 70.79 109.65 194.98 218.78 156.96 cobble bar
S2 48.98 89.13 165.96 190.55 131.21 cobble bar
S3 47.86 102.33 208.93 239.88 160.84 cobble bar
S4 64.57 151.36 295.12 354.81 228.94 riffle bed
S5 74.13 141.25 234.42 281.84 190.44 riffle bed
S6 85.11 158.49 239.88 281.84 199.99 riffle bed
S7 64.57 162.18 239.88 281.84 199.04 riffle bed
S8 79.43 162.18 309.03 371.54 242.02 riffle bed
S9 74.13 138.04 24547 363.08 196.11 riffle bed
S10 85.11 165.96 288.40 363.08 231.34 riffle bed
S11 63.10 120.23 229.09 281.84 179.83 riffle bed
S12 70.79 151.36 257.04 316.23 206.71 riffle bed

Average 69.05 137.68 242.35 295.44 193.62
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Fig. 4. Cumulative Particle Distribution Curves
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Table 2. Measured Water Level at Each Section

(unit = m%s, m)

No. Event Dislzi?rge Sujeon Br.(X1)|2nd gage(X2) | 3rd gage(X3) | 4th gage(X4)
1 2005-07-01 18:30 99.1 111.293 111.122 110.989 110.253
2 2005-07-03 23:30 576.0 113.243 113.037 112.659 111.843
3 2005-07-04 03:15 427.0 112.753 112.567 112.254 111.433
4 2005-07-04 09:45 251.0 112.033 111.877 111.639 110.853
5 2005-07-11 16:40 1,023.0 114.343 114.077 113.674 112.768
6 2005-07-12 15:45 171.0 111.643 111.472 111.359 110.528
7 2005-07-12 04:30 306.0 112.293 112.112 111.939 111.033
8 2006-07-11 01:00 146.0 111.623 111.471 111.303 110.568
9 2006-07-11 13:00 143.0 111.573 111.421 111.253 110.523
10 2006-07-11 19:30 62.7 111.063 110.926 110.833 110.083
11 2006-07-16 18:30 645.0 113.413 113.211 112.858 112.058
12 2006-07-16 20:30 901.0 113.993 113.776 113.313 112.538
13 2006-07-16 21:30 1,183.0 114.743 114.486 113.948 113.303
14 2006-07-16 22:30 1,237.3 114.823 114.556 114.003 113.373
15 2006-07-16 23:30 1,331.8 115.073 114.776 114.223 113.643
16 2006-07-17 03:30 839.3 113.843 113.641 113.173 112.353
17 2006-07-17 13:30 383.0 112.523 112.361 112.058 111.238
18 2006-07-18 01:30 758.5 113.573 113.356 112.928 112.108
19 2006-07-19 12:00 290.0 112.183 112.031 111.763 110.963
20 2006-07-31 14:45 64.0 111.073 110.931 110.833 110.078
116 —
10Q=901~1,332 cms
114 - Q=576~840cms
- 1 Q=425~540cms
1S Q=250~383cms
@; 112 - Q= 37~171cms
T
‘E‘j 110 —
w i
Bottom
108 —
106 \ \ \ \ \ \ \ \
400 600 800 1000 1200 1400 1600 1800 2000

Distance from dam(m)

Fig. 5. Longitudinal Water Surface Profiles for each event
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Table 3. Water Surface Slope Calculated for Each Event with Averaged Bed Slope (unit : %)

Dam
Discharge X1-X2 X2-X3 X3-X4 X1-X3 X2-X4 X1-X4

(m*/s)
62.7 0.079 0.020 0.240 0.036 0.108 0.102
64.0 0.082 0.021 0.241 0.037 0.109 0.104
9.1 0.098 0.028 0.235 0.047 0.111 0.109
143.0 0.087 0.036 0.233 0.050 0.115 0.110
146.0 0.087 0.036 0.235 0.050 0.115 0.110
171.0 0.098 0.024 0.265 0.044 0.121 0.117
251.0 0.090 0.051 0.251 0.061 0.131 0.123
290.0 0.087 0.057 0.256 0.065 0.136 0.127
306.0 0.104 0.037 0.289 0.055 0.138 0.132
383.0 0.093 0.064 0.262 0.072 0.143 0.134
427.0 0.107 0.067 0.262 0.077 0.145 0.138
576.0 0.118 0.080 0.261 0.091 0.152 0.146
645.0 0.116 0.075 0.256 0.086 0.147 0.142
758.5 0.125 0.091 0.262 0.100 0.159 0.153
839.3 0.116 0.100 0.262 0.104 0.164 0.156
901.0 0.125 0.099 0.248 0.106 0.158 0.152
1,023.0 0.153 0.086 0.289 0.104 0.167 0.165
1,183.0 0.148 0.114 0.206 0.123 0.151 0.150
1,237.3 0.153 0.118 0.201 0.127 0.151 0.152
1,331.8 0.171 0.118 0.185 0.132 0.145 0.149

Bed slope 0.747 -0.166 0.081 0.018 0.150
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Fig. 6. Relative Difference between Slope—area and Dam Discharges

Table 4. Applied Roughness Coefficient Values

Roughness

coefficient s

0.039

Variable

0042 0.050 ~ 0.042

From River
Improvement Plan
(Chungcheongbukdo,
1995)

estimated from

By Cowan’s method
(Kim, et. al., 2007)

By Bray(1979)'s
Equation

By Limerinos(1970)’s
equation
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Table 5. Relative Error from Dam Discharge (unit : %)

Ie) L
S Hhe= o

Ao #xom (.039
Q=27F

+10% HH ol

b FAgARE veRaL itk 1 A

g ol o gt M
ool E=AF
3 AY ZH 5
th 53] X2-X3 732 BAFAl= 280 wie
ki

fo N

3
2 g

Y o>

A S g S RO f

[e]
2ol 500 cms °ldle)AY ZEAGF 0.042 oo

o -
o /\E]é

Fgol ma AL fr3

o] AF*

oL

f
N
fot
ad
i)
e
N
o
o
ox
K3
>
e
oo
:(I’L_’,
o

X3-X4 T7H X3 7t vkE ahel YA ERE
2 7H 94 (Fig. 2, 3 Fa) vl2 AF Ry}

Da—>ection X1-X2 X2-X3 X3-X4
Discharg n
(m¥s) 0.033 | 0.039 | 0.042 |Variable| 0.033 | 0.039 | 0042 |Variable| 0033 | 0.039 | 0.042 |Variable| 0.056
627 | 1276] 887| 740 42| 233| 45| 30| 185| 3512| 2796| 2518| 1944] 1624
640 | 1273| 884| 738 42| 250 58| 17| -173| 3414| 2714 2442] 1831] 1569
9.1 86| 653| 526] 296 132 41| 110| -237| 2443| 1895| 1683| 1292] 100.1
1430 653 380| 276] 108| 145| 32| -101| -214| 2137| 1638| 1444| 1132] 822
146.0 692 41.3| 306 136| 173| 08| 79| -195| 2227| 1714| 1515| 1194 875
1710 511| 288] 191 36| 151| 284| 335| -419] 1938| 1477| 1298| 1006| 718
2510 31| 1568] 72| 46| 94| 76| -142| -234| 1530| 1131| 976| 62| 475
290.0 286 80| 00] 89| 96| 75| 141] -216] 1384] 101.0] 863| 699] 392
306.0 51| 222] 132 32| 64| 211| 269| -333| 1640 1232] 1072] 891| 552
383.0 270 70| 07| 75| 105| 67| 134 193] 1260 906] 768| 649 322
4270 83| 169] 85 13| 135] 43| 112 172 1301] 941| 801| 679] 347
576.0 30| 152] 73 26| 181] 05| 78| -120] 1145 8L1| 680 603| 257
645.0 200| 104 29| 16| 126] 53| 123 -164| 1110| 781| 652| 576| 236
7585 205| 35| 34| 75| 100| 73| 141| -181| 865| 515| 461| 394 94
839.3 174 11| 56| 76| 177] 10| 82| -104| 889| 596| 481 447| 109
901.0 190 27| 39| 59| 160] 25| 96| -118| 80| 560|] 48| 414 83
10230 271 107 39 17| 102 76| 145] 166 9%8| 663| 546 510 163
1,183.0 29| 74| 09| 11| 243| 43| 34| 58| 72| 455| 348| 316] 05
1237.3 26| 73| 09| 11| 233| 34| 42| 65| 617 409| 305| 274 28
13318 22| 119 54 54| 242] 40| 37| 37| 643] 78| 216] 216] 51
D Section X1-X3 X2-X4 X1-X4
Discharg n
(m®/s) 0033 | 0039 | 0042 |Variable| 0033 | 0039 | 0042 |Variable| 0.033 | 0039 | 0.042 |Variable
62.7 624 | 367 266 61| 1947] 1490 13L1| 939 I817| 1370] 1196 839
64.0 628 | 370 270 64| 1903 | 1453 1277| OL1| 1781 1341| 1170 | 8L6
99.1 440 | 213| 124 39| 1298 940| 800| 542 1236 83| 746| 491
1430 320 11| 31| -101| 1106| 778| 649| 441| 1017| 698| 574 373
1460 352 | 139| 55| 78| 1166] 827| 695| 482| 1073| 745| 6L7| 412
1710 14| 63| -131| 242| 933| 631| 513 322| 83| 560| 447 263
2510 185| 01| 74| 174| 75| 506| 397| 247| 71| 42| 337 193
2900 153 27| 98| 77| 7n3| 46| 341| 23| 637] 380| 280| 167
306.0 119| 58| -126| 204| 813| 530| 419| 294| 744| 471| 364 244
3830 155| 26| 96| 157| 656] 398| 297| 209| 588| 340| 243| 159
4270 211| 22| 52| 115| 690| 426| 322| 233| 634 379| 279| 193
576.0 233| 42| 32| 77| 632| 376| 216| 217| 580| 335| 239| 182
645.0 177] 04| 76| 18| 586| 336| 238| 181| 529| 292| 199| 144
7585 133 41| -109] -149| 456| 28| 138 86| 409| 192 107 57
839.3 176| 04| 75| 96| 506| 269 177| 149| 44| 22| 135| 109
9010 169 09| 79| -101| 473| 240 149| 122| 48] 200| 114 88
1,023.0 161| 15| 85| -106| 519| 280| 187| 159| 467| 245| 157| 131
1,183.0 239 53| 21| 43| 450| 217| 127] 100]| 402] 188 103 738
12373 231 | 47| 26| 49| 419 191] 103 77| 376|166 84 59
13318 52| 66| 08| 08| 46| 179] 91 91| 75| 166 83 83
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