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Stage-Discharge Relations — Applications in
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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

—62—



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.
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&6 SBEEBEDIARBHBRE

K- T S S AP TS 21 A I
H(m) £ TEE | — 0 o Eli—iﬁ RE| TAae

A . RS\ SBhsE| S Z.(m) Zn . = 0 (m%/s) O(m’/s)

= Z,, (m) ¢ Z, 0. | Qc(m’/s)

Kt | ki
1 2 3 4 5 6 7 8 9 10 11
9 1 [9193]2272] 6921 68.2 | 1.015 | 1.2331| 1100.58 * 363
9 | 7 lo1ss5]2253] 69.02 682 | 1.012 [ 13276 | 199.64 | 265.03 210
o [ 18 [91.31[2234] 6897 682 | 1.011 [13536| 67.92 91.94 134
10 | 2 [91.07] 221 ] 6897 682 | 1.011 [ 13536 23.11 31.28 53.9
10 | 12 [91.08]22.11] 6897 682 | 1.011 | 13536 | 24.17 32.72 67.1
10 | 23 [9087] 22 | 68.87 682 | 1.010 [ 1.4072 | 9.41 13.24 38.5
11 | 6 [ o1 [228] 6820 682 | 1.000 [ 1.8256 | 16.87 30.80 205
11 | 17 [ 911 [ 226] 6850 682 | 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 [ o1 [2297] 68.03 682 | 0998 [1.9502 | 16.87 32.91 453
1 3 [91.08] 231 | 67.98 682 | 0997 [1.9885 | 24.17 48.06 70.9
1 | 12 [9086]2283] 68.03 682 | 0.998 [1.9502| 9.00 17.54 31.9
2 | 6 [90.77]2288] 67.89 682 | 0995 [2.0592] 6.00 12.36 33.8
2 | 20 190742271 68.03 682 | 0998 [1.9502| 5.5 10.23 29.9
3 9 [909 [ 226 ] 6830 682 | 1.001 [1.7560 | 10.77 18.91 34.1
3 | 19 [9075]22.68] 68.07 682 | 0998 [1.9201 | 5.49 10.54 31.7
4 | 9 [o184]2323] 6861 68.2 | 1.006 | 1.5568 | 734.57 * 106
4 | 23 [9134]2324] 68.10 682 | 0999 [1.8979 | 77.72 147.50 60.1
5 7 |or12]2325] 67.87 682 | 0995 [2.0753] 28.93 60.03 30.5
s | 16 [91.15[2297] 68.18 682 | 1.000 | 1.8398 | 33.10 60.90 287
s | 22 9187|2374 6813 68.2 | 0999 | 1.8759 | 840.55 * 187
6 | 7 lo1sa|2381] 6173 682 | 0993 [2.1912] 19087 | 418.24 318
6 | 13 [ 9132373 6757 682 | 0991 [23318] 64.94 151.42 150
6 | 26 |9144]23.92] 6752 682 | 0990 [23775| 12179 | 289.57 253
7 91.17 | 244 | 66.77 682 | 0979 [3.1816 | 36.21 11521 88.1
7 | 5 9247 244 | 68.07 68.2 | 0.998 | 1.9201 | 12449.93 * 1340
7 [ 20 [9144] 237 | 6774 682 | 0993 [2.1828 [ 121.79 | 265.85 181
8 | 6 |o916[2041] 7119 682 | 1.044 [0.5714| 24991 142.81 354
8 | 17 |9134]19.05] 7229 682 | 1.060 | 03727 | 77.72 28.97 188
8 | 28 |9136]18.72] 72.64 682 | 1.065 |0.3253 ] 85.03 27.66 133
9 [ 5 J9147]1886] 7261 682 | 1.065 [03292 ] 139.37 45.87 222
9 | 19 [91.94]2026] 71.68 682 | 1.051 [0.4724 | 115115 * 819
9 | 25 |o161|2026] 7135 68.2 | 1.046 | 0.5370 | 261.40 140.37 254
10 | 5 [91.94]1909] 7275 682 | 1.067 03117 ] 1151.15 | 358.85 233
10 | 16 [9148]1876] 7272 682 | 1.066 [ 03154 | 145.77 45.97 110
10 | 22 | 914 [1848] 7292 682 | 1.069 [0.2918 | 101.76 29.70 54.4
11 | 7 [9r63]1823] 73.40 682 | 1.076 | 02422 | 285.97 69.25 17.7
11 | 16 [92.12]18.57] 73.55 682 | 1.078 | 0.2285 | 2584.13 * 99.8
11 | 29 [9145]18.19] 7326 682 | 1.074 [02557 | 127.39 32.57 12
12 | 11 [o131]1818] 73.13 682 | 1.072 [0.2690 | 67.92 18.27 12.8
12 | 24 [91.92] 185 | 73.42 682 | 1.077 | 02403 | 1052.23 | 252.85 41.1
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32 A~ < 32
o | Fall 15 feet /’r %
30 s = T 30
© Measured discharge d °
Adjusted discharge
3 : MeJ;sL‘\:ed d?sccharge»fall relation . / L 3
5 26 41 ° 26
= L Vv .
Eﬁ u f Oy rating curve ° / 124
=] y. A
2 2 e T [7% o0 T1o 120 130 140150160170 180190 200 n
2 2 - y IEASURED DISCHARG INT‘ USANDS QF CUBIC FEET PER SECOND 16
£ SN % Ze \
- Adjusted discharges| 8 ° - 14
=Ny plotted 8 : | ] =)
E L / 'g ‘ 12 q
E 14 07 M > "\ Fall-ratia curve for 10 g
T o ® ° o rating fall of 15 feet =
2 . &# ° : 08 g
S 10 #’ K /‘ Teasured 06 sé
y a A discharges plotted 5
8 e 04 %
6 = / 02
4 0
10 20 30 40 50 10 20 30 40 50 60 70 8 0 2 4 6 8 10 12 14 16 18 20 22 24
DISCHARGE, IN THOUSANDS OF CUBIC FEET PER SECOND FALL RATIO, F,/F,
9 {IBR Guntersville, Ala. =2 Tennessee River SR Z={FIEDHTAER ERHIR[3]
x£7 BINBEERREZEDITER
A% H(m) ik A
b P A P P wow | D05
E S B AU FH AT B 2 .
Al | 4% = . ol (o “lame | 1 AH AH |5 E 57
B4 | #ak | At AH | = Qm RE =2 -1 1 1+ *— 1 4
K| B — Ou || 0, — 1 |US, At S, A EQ,
Kz | k4 [(r)| At [(m¥fs)| Qo ||V US. | 7o
Ffﬁ 3 ch USL
(m/hr) (m’/s)
1|2 3 4 5 6 7 8 9 10 11 12 13 14 15
1] 1 (22.02|122.06| 1 [0.040| 10
2 | 2122.06|22.09( 1 [0.030| 16
3|3 ]22.09(|22.11| 12 {0.002| 20.5
4 |15(22.11|22.15| 5 |0.008 | 24.5
5120]22.15|22.29| 1 [0.140| 34.5
6 121(22.29(23.05| 2 |0.380| 78.5
7 123(23.05(23.17| 1 [0.120| 715 |507.95|1.408| 0.9814 | 8.1783 [130.1153| 15.6138 4.0760 175.42
8 124(23.17(23.40| 2 [0.115| 854 |613.80|1.391| 0.9358 8.1376 |43.4639| 4.9983 2.4492 348.69
9 [26123.40(23.81| 2 [0.205| 1180 [917.39 [1.286| 0.6544 | 3.1924 | 5.8528 1.1998 1.4832 795.59
1028 (23.81(23.83| 1 |0.020| 1840 |1668.10|1.103| 0.2167 |10.8363 | 1.5217 0.0304 1.0151 1812.62
11129(23.83(23.89| 1 |0.060| 1870 |1714.50|1.091| 0.1896 | 3.1604 | 1.1843 0.0711 1.0349 1806.90
12130(23.89(23.99| 1 |0.100| 1980 |1853.70|1.068| 0.1409 1.4091 | 0.7174 0.0717 1.0353 1912.58
13131(23.99(24.04| 3 |0.017| 2200 |2081.48|1.057| 0.1171 7.0276 | 0.4484 0.0075 1.0037 2191.82
14134 |24.04|24.11| 1 |0.070| 2310 |2225.22|1.038| 0.0776 1.1092 | 0.3079 0.0216 1.0107 2285.50
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
16136 (24.16(24.15| 1 |-0.010| 2570 |2570.22|1.000| -0.0002 | 0.0172 | 0.1865 | -0.0019 0.9991 2572.40
17137(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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| A4z H(m) iR CE S
- mot| & |®wsme| 0| o e | D00 ‘
Al | 4% o e | | Q| |y | PR | L JAH [T AH R
x| B4 | #ak | At & 20, | #¥ Ou [Q] 1 h s, ar s a | %o,
g | ke ()| At |(mds)| Ca |5 N Us. | -«
il Ou Us,
(m/hr) (m®/s)
18]3824.11/24.07| 1 |-0.040| 2390 [2426.47/0.985| -0.0298 | 0.7459 | 0.2803 | -0.0112 09944  [2403.51
19]3924.07/24.01| 1 |-0.060{ 2250 [2311.47/0.973| -0.0525 | 0.8747 | 0.3834 | -0.0230 09884  [2276.34
2040 (24.01{23.94| 1 [-0.070] 2040 [2138.980.954| -0.0904 | 1.2915 | 0.5762 | -0.0403 09796  [2082.43
21|41(23.94[23.86| 1 [-0.080| 1820 |1876.90[0.970| -0.0597 | 0.7464 | 0.9218 | -0.0737 09624  |1891.06
22 [42(23.86(23.82| 1 [-0.040| 1600 |1737.70[0.921| -0.1522 | 3.8051 | 1.3424 | -0.0537 09728  |1644.77
23 [43(23.8223.75| 1 [-0.070] 1500 |1610.10[0.932] -0.1321 | 1.8869 | 1.8948 | -0.1326 09313 [1610.61
24|44 (23.75(23.69| 1 |-0.060| 1340 |1459.30[0.918| -0.1568 | 2.6136 | 2.8473 | -0.1708 09106  |1471.58
25[45(23.69(23.65| 1 [-0.040| 1200 |1376.65[0.872| -0.2402 | 6.0043 | 3.8948 | -0.1558 09188  |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 09703  |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 09454  |926.55
31[52(23.50{23.48| 1 [-0.020| 840 [1507.21/0.557| -0.6894 |34.4696|12.0308| -0.2406 08714 | 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 09221  |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 07415 |917.11
36 |58(23.3823.36| 2 [-0.010] 652 |877.80[0.743| -0.4483 |44.8292|25.5171| -0.2552 0.8630 | 75547
37[60(2336(2333| 1 [-0.030] 624 |844.80[0.739| -0.4544 |15.1470|29.8442| -0.8953 03235 [1928.70
38| 61(2333(2330] 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 — —
40163(23.26/23.24| 1 |-0.020] 492 |719.40|0.684| -0.5323 |26.6136|54.1213| -1.0824 — —
41164 |23.24|23.23| 4 |-0.002| 468 |703.84]0.665| -0.5579 [223.1491|59.4546| -0.1486 09227  |507.21
42168(23.23|23.22| 1 |-0.010| 456 |693.24]0.658| -0.5673 |56.7321|63.2990| -0.6330 0.6058 | 752.71
43169]23.22|2321| 5 |-0.002| 444 |682.64]0.650| -0.5770 [288.4778|67.3920| -0.1348 09302  |477.33
4417412321]23.19| 3 |-0.007| 432 |666.74|0.648| -0.5802 |87.0278|74.0330| -0.4936 07117 | 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|78123.17|23.16| 1 |-0.010| 396 |629.64]0.629| -0.6044 |60.4443|92.1861| -0.9219 02795  |1416.65
47079]23.16/23.14| 1 |-0.020| 388 |613.74]0.632| -0.6003 |30.0167[101.2704 -2.0254 — —
48180(23.14|23.13| 2 |-0.005| 372 |597.84]0.622| -0.6128 [122.5628[111.2499] -0.5562 0.6661 | 558.44
49182(23.13|23.11| 1 |-0.020| 364 |581.94|0.625| -0.6088 |30.4377(122.2129 -2.4443 — —
5083 (23.11]23.09| 1 |-0.020| 348 |560.74 |0.621| -0.6148 |30.7421[138.5287| -2.7706 — —
5184(23.0923.07| 2 |-0.010] 332 |539.54|0.615| -0.6214 |62.1355[157.0228 -1.5702 — —
5286(23.07]23.05| 5 |-0.004| 316 |518.34|0.610| -0.6283 |157.0845[177.9859] -0.7119 05367 |588.77
5391(23.05]23.04| 2 |-0.005| 300 |502.44|0.597| -0.6435 [128.6970[195.5252| -0.9776 0.1496  [2005.62
5493 (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 — —
3 1 Af

C—TMREAT I ——— <0 BAIKFE o
Us,

c

At

—73—




®~8 BEMEBESTEXR

Wi | B REE | WAL ot e |
Mk | Ak | g |EFAL| A SR 0 s | AR L
(hr) At 1 us, At Us. At QC ; RE
(m) (m) (m/hr) Us. (s) (m®/s)
] 2 3 4 5 6 7 8 9 10 T
1| 2202 | 2206 | 1 0.040
2 | 206 | 2200 | 1 0.030
3| 2209 | 2211 | 12 | 0.002
4 | 211 | 2215 | 5 0.008
5 | 2215 | 2220 | 1 0.140
6 | 2229 | 2305 | 2 | 0380
7 | 2305 | 2317 | 1 0.120 | 507.95 | 16.6138 | 4.0760 |507.95| * 715
§ | 2317 | 234 | 2 | 0115 | 61380 59983 | 2.4492 |613.80| * 854
o | 234 | 2381 | 2 | 0205 |91739] 2.1998 | 1.4832 |917.39| 1360.7 | 1180
10 | 2381 | 2383 | 1 0.020 |1668.10] 1.0304 | 1.0151 |1668.10] 16933 | 1840
11| 2383 | 2389 | 1 0060 |171450] 1.0711 | 1.0349 |1714.50] 1774.4 | 1870
12 | 2389 | 2399 | 1 0.100 |1853.70] 1.0717 | 1.0353 |1853.70] 1919.0 | 1980
13 | 2399 | 2404 | 3 0017 |208148] 1.0075 | 1.0037 |2081.48] 2089.2 | 2200
14 | 2404 | 2411 | 1 0070 |222522] 1.0216 | 1.0107 222522 2249.1 | 2310
15 | 2411 | 2416 | 1 0.050 |242647] 1.0106 | 1.0053 |2426.47| 24393 | 2460
16 | 2416 | 2415 | 1| 0010 |257022] 0.9981 | 0.9991 [2570.22 2567.8 | 2570
17 | 2415 | 2411 | 1| 0040 |254147] 0.9913 | 0.9956 |[2541.47| 25304 | 2530
18 | 2401 | 2407 | 1| 0040 |242647| 0.9888 | 0.9944 242647 2412.8 | 2390
19 | 2407 | 2401 | 1| 0060 |231147] 0.9770 | 0.9884 [2311.47| 2284.7 | 2250
20 | 2401 | 2394 | 1| -0070 |2138.98] 0.9597 | 0.9796 |[2138.98 2095.4 | 2040
21 | 2394 | 2386 | 1| -0080 |187690] 0.9263 | 0.9624 [1876.90 1806.4 | 1820
22 | 2386 | 2382 | 1| -0040 |1737.70] 0.9463 | 0.9728 [1737.70 16904 | 1600
23 | 2382 | 2375 | 1| -0070 |1610.10| 0.8674 | 0.9313 [1610.10] 1499.5 | 1500
24 | 2375 | 2369 | 1| -0.060 |1459.30] 0.8292 | 0.9106 [1459.30 1328.8 | 1340
25 | 2369 | 23.65 | 1| -0.040 |1376.65| 0.8442 | 0.9188 [1376.65 1264.9 | 1200
26 | 2365 | 2361 | 1| -0.040 |1299.85| 0.7998 | 0.8943 [1299.85 11625 | 1120
27 | 2361 | 236 | 1 | -0010 |1251.85| 0.9415 | 0.9703 [1251.85 1214.7 | 1040
28 | 236 | 2355 | 1| -0050 |119425| 0.6468 | 0.8043 [119425 9605 | 1020
29 | 2355 | 2352 | 1| -0.030 |1117.45| 0.7278 | 0.8531 [1117.45 9533 | 930
30 | 2352 | 235 | 2 | 0010 |1069.45| 0.8939 | 0.9454 [1069.45 1011.1 | 876
31 | 235 | 2348 | 1| 0020 |150721] 0.7594 | 0.8714 [1507.21] 1313.4 | 840
32 | 2348 | 2346 | 1| -0.020 |1009.79] 0.7273 | 0.8528 [1009.79] 861.1 | 808
33 | 2346 | 2345 | 1| -0.010 | 989.99 | 0.8502 | 0.9221 |989.99| 912.8 | 776
34 | 2345 | 234 | 2 | 0025 | 95039 | 0.5480 | 0.7403 |95039| 703.6 | 760
35 | 234 | 2338 | 1 | -0.020 |904.19 | 05498 | 0.7415 |904.19| 6704 | 680
36 | 2338 | 2336 | 2 | 0010 | 877.80 | 0.7448 | 0.8630 |877.80| 757.6 | 652
37 | 2336 | 2333 | 1| -0030 | 84480 0.1047 | 03235 |844.80] * 624
38 | 2333 | 233 | 1| 0030 | 80520 -0.0805 | —  |80520| — 582
39 | 233 | 2326 | 1| 0040 | 759.00 | -0.7939 | —  |759.00] — 540
40 | 2326 | 2324 | 1| -0020 | 71940 -0.0824 | — |71940| — 492
41 | 2324 | 2323 | 4 | -0002 | 70384 | 08514 | 09227 |703.84] * 468
0 | 2323 | 2322 | 1| -0010 |69324| 03670 | 0.6058 |693.24| 4200 | 456
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Wi | Bk FRE ) L ol B2

Ak | Ak d | A BN AL SRS 1 ) P | S 3
(hr) At 1 us, At Us, At O 3 A

(m) | (m) (m/hr) | US, sy | @7
43 | 2322 | 2321 | 5 | -0.002 | 682.64 | 0.8652 | 0.9302 |682.64] * 444
44 | 2321 | 2319 | 3 | -0007 | 666.74 | 0.5064 | 0.7117 |666.74| 4745 | 432
45 | 2319 | 2317 | 1 | 0020 | 64554 | 0.6783 | —  |645.54| — 412
46 | 2317 | 2316 | 1| 0010 | 629.64 | 0.0781 | 0.2795 |629.64] * 396
47 | 2316 | 2314 | 1| 0020 |613.74 | -1.0254 | — |613.74| — 388
48 | 2314 | 2313 | 2 | -0.005 | 597.84 | 0.4438 | 0.6661 |597.84] 3982 | 372
49 | 2313 | 2311 | 1 | 0020 |581.94 | -1.4443 | —  |581.94| — 364
50 | 23.01 | 23.09 | 1| -0020 |560.74 | -1.7706 | —  |560.74] — 348
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