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Fig 2. Measurement curve a) one-line; b) two-line and c) the interface of Nodeh-Khandouz hydrometric station based on
USBR method and two statistical periods (1966-1992) and (1993-2015)
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Table 1. Sediment measurement equation and its coefficients in each of the methods of measurement curve and two statistical
periods (1966-1992) and (1993-2015)

) N o3l sluss - . e
gy Ao dslas R Number of dat solal o9 A gowa gy
Sediment measurement equation umber ot data Statistical course Curve measurement method
Q=15.398Q "% 0.71 4521 1966-1992
Py
Q=22.036Q_'** 0.65 299 1993-2015 One-line
3 . - .
Q=15.765Q > 0.55 382 1966.1992 /) Y/0 5l S o3 = a5
Two-line - flow less than 3.5 (m?/ s)
3 NI oL
Q=8.4028Q >4 0.73 70 1966.1992 (M3/8) Y/0 5 iy oo — oo
Two-line - flow greater than 3.5 (m?/ s)
3 N I
Q=19.753Q ' 0.52 251 1993-2015 MY$) ¥ 5l xS 25— o 53
Two-line - flow less than 3 (m3/ s)
3 J e .
Q=7.228Q " 0.68 48 19932015 @P/8) Y 5| iy o5 et s
Two-line - flow greater than 3 (m?/ s)
Q=16.978Q >*" 0.98 9 1966-1992
) .]a.wb J=
Q=24.576Q >** 0.94 7 1993-2015 Intermediate
by A gy A f o 5l 0315 glaaias DMLl - g
Table 2. Data set information to plot the average sediment measurement curve
OFVY=1YaE) g bl oy g5 OYFEL0-VYVY) g el o83
Statistical course (1993-2015) Statistical course (1966-1992) > wals
(m’/s) PrIvE
Gos o2 o) %')r“) > b s (8) bow o o Gas oo o9 %-’)*“J > B e M) Ja yta o Flow rate Category
Average sediment flow rate ’ Average sediment flow rate ) (m’/s)
Medium flow (m?* /s) Medium flow (m?* /s)
(tons /day) (tons /day)
12.8 0.6 11.9 0.6 <1 1
39.6 1.5 314 1.5 1-2 2
192.7 2.8 98.1 2.7 2-4 3
662.8 4.6 560.6 5 4-6 4
805.8 7 857.3 7.2 6-8 5
12666.6 9.8 1124.4 9.2 8-10 6
- - 7442.3 13.2 10-20 7
62000 24 - - 20-30 8
- - 72874.9 32 30-40 9
- - 112301.4 49 40-50 10
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Table 3. Correction coefficients of different methods to reduce the estimated logarithmic transformation for two statistical
periods (1966-1992) and (1993-2015)

. , Te Aot | o
Smearing QMLE MVUE FAO (4) Sl e T o
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Fig 3. Comparison of cumulative curves of sediment discharge estimation methods with cumulative sediment
accumulation curves for two statistical periods (1966-1992) and (1993-2015)
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Table 4. Values and rank of RMSE and MAE statistical criteria for evaluation and comparison of sediment flow
estimation methods for two statistical periods (1966-1992) and (1993-2015)
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Abstract

In the present research, changes in sediment regime in two statistical periods of "natural flow" and
"modified / debris flow" were evaluated. In order to determine the significant difference between two
mentioned periods (1966-1992) and (1993-2015), the significance test was used. In order to determine the
most suitable method of Sediment Rating Curve and correction coefficients, the results of simple linear,
bilinear, midline rating curve methods as well as the mentioned rating curves with correction coefficients
including correction coefficients of FAO, MVUE, QMLE and Smearing methods were evaluated. The
results showed that since 1993, with the onset of large floods, the sediment discharge regime with a high
intensity and increasing trend is out of normal and in the period 2011 to 2015, the highest rate of sediment
transfer in the form of debris flow has occurred. Among the methods, the one-line curve method and the
smearing correction factor for the natural sediment regime period (1966-1992) and the two-line curve
method and the smearing correction coefficient for the modified sediment regime / debris flow period
(1993-2015) are more accurate in estimating sediment flow. On the other hand, the one-line curve method
without taking into account the correction coefficients have a higher low estimation error and among the
mentioned correction coefficients, the FAO coefficient has a very high overestimation error. In the batch

middle method, sediment estimation at high discharges is improved by reducing the effect of low points.

Keywords: Sediment regime, Sediment rating curve, Corrective coefficients for suspended load

estimation, Khorrmarood
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