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Analysis of River Sediment Transportation and Sediment Yield in

the Shihmen Reservoir Watershed

Tai-Li Lin Kean-Yip Chong Jen-Yang Lin Chi-Feng Chen’

ABSTRACT Rapid accumulation of silt in reservoirs poses a major challenge for water resource management.
However, estimating sediment transportation is difficult because of the complex interaction between sediment
properties and hydraulic conditions. In this study, a reliable and efficient method was developed to assess sediment
transportation and identify sediment hotspots. Shihmen Reservoir was used as an example. The results indicated that
the ratio of suspended load to bed load was approximately 70:30. The high-water season accounted for 86% of the
annual sediment load. Through water level-discharge regression and outlier removal, the sediment load estimation error
was reduced from 20.9% to 11.2% and was controlled within 7% in stable years. Overall, this method can enable the
real-time estimation of channel sediment load in the presence of real-time sediment concentrations and flow rates.
When this study’s estimates were combined with observations and previous modeling results, the average annual
sediment inflow to the Shihmen Reservoir in 2013-2022 was found to be approximately 3.016-3.587 million cubic
meters, a range that is within historical trends. These findings can be applied to reservoir sedimentation early warning
systems, desilting plans, and reservoir storage capacity management strategies, providing substantial benefits for the
sustainable operation of reservoirs.
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Table 1 Summary of Typhoon and hydrological events in the Shimen Reservoir

F5Y (P70 Hbi K SO HE (i2-2) YRR (mm) SR (cms) EOHUR (cms)
e aliiE 07/12~07/18 450 5,458 4,949
20134 p=EEI S 08/20~08/28 543 2,410 1,953
R L 09/20~09/25 268 1,195 1,060
JERRF G 10/04~10/11 279 1,393 1,320
20156 fif 2 ) G o 08/06~08/09 473 5,634 5,026
HARHE 09/27~09/29 409 3,802 3,051
20164 A e 09/26~09/29 428 4268 4,000
20174 06027k 06/02~06/06 271 1,428 1,422
20194 SH B2 09/29~10/03 202 1,091 1,047
20214 JRAE R 07/21~07/30 508 2,309 2,304
B8] e JeE, 10/10~10/16 283 1,301 1,284
HF R G 09/01~09/09 435 1,426 1,381
20224F HA C e L 09/10~09/19 336 1,103 1,084
I 10/15~10/22 369 1,749 1,682
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Table 2 Summary table of stage-discharge curve equa-
tions at the Xiayun Sediment Observatory by

year
) [BlER 4R i = RELE
2013 Y=12.2617(X-245.7)*!17 0.9973
2014 Y=0.0018(X—243.8)774* 0.9877
2015 Y=9.7334(X—245.9)>4¢% 0.8823
2016 B .
2017 B -
2018 Y=21.8933(X-246.0)*353 0.9401
2019 Y=22.6523(X~246.0)>%%% 0.9958
2020 Y=6.6859(X~245.7)*¥" 0.9846
2021 i .
2022 Y=23.4637(X-246.0)>76% 0.9462
2013~2022 Y=37.1545(X-246.2)>346 0.9230
X @ 7Kz (m) Y : Jiz (cms)
&3 BERMMBMEZKMEAEFREEAPIKEEARE
MEHEE
Table 3 Comparison table of annual flow at the Xiayun

Sediment Observatory and annual inflow into
the Shimen Reservoir before and after correc-

tion
KFIBAE  AWREER  APVKE
Foy BB EEFE FEARE
(m'y) (m’ly) (m’ly)
2013 28,702 22,142
2014 7,472 12,021
2015 31,963 16,944
2016 9,503 14,946 20,140
2017 12,690 12,821 14,735
2018 7,351 11,541
2019 10,697 13,751
2020 3,851 6,432
2021 3,818 12,143 15,809
2022 12,841 19,766
250
[}
249
£ o
o) o
X 248 A
i
E=|
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246 . . :
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FiE(cms)

5 2016 FK (-2 RIEFRARE
Fig.5 Stage-discharge regression plot for 2016
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RIS R PIIEER] - 534K 70:30 - FheERE
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Table 4 Estimated volumes and proportional relation-
ship table of bed load and suspended load

MR R danbE | Ry 5

(A) B ©=\+®m A /1©
2013 538.1 179.9 718.0 75%
2014 40.5 35.6 76.0 53%
2015 891.6 202.1 1093.7 82%
2016 112.5 86.3 198.8 57%
2017 78.9 73.5 152.5 52%
2018 34.8 36.8 71.6 49%
2019 17.9 57.5 75.4 24%
2020 0.7 11.2 11.9 6%
2021 84.3 71.4 155.8 54%
2022 113.8 72.1 185.9 61%
Ra = 1913 82.6 274.0 70%

Table 5 Summary of the ratio of bedload to suspended load in Taiwanese cases

il BFFENC (% - 1)
SR (1978) ST ) [ - (RIS R RS HRHI40% 71:29

FREIP (1996) P I/KEESR/KIE K BE S K SLub R BUR AR P TITIE - (R E G a8 Ry 1000 - HERSHIAYR37.77  73:27

Dadson et al.(2003) SGaaEn) D EdE - SHUIBB B RRY HILEHI49/70:30 - 70:30
WA KBS K @GR IR R LB 70:30
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Fig.10 Box-and-whisker plot of wet-to-dry season sedi-
ment ratios in the Shimen Reservoir from 2013
to 2022
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Fig.11 Box-and-whisker plot of monthly sediment in
the Shimen Reservoir from 2013 to 2022
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Table 6 Estimated sediment inflow table for the Shimen Reservoir watershed
oy Efﬁigi URIE fﬁiﬁé?ﬁ;-% TEIE 7K THERD N
10'm*)(EED) (10°'m*) (3¥2) (10*m®) (3¥3) (10*m*) (10°'m*) (10*m*)
2013 20,720 10,192 994.0 48.8 402.1 1,444.9
2014 20,826 10,086 -106.0 56.1 1.5 -48.4
2015 20,471 10,441 355.0 83.8 133.9 572.7
2016 - (3¥4) - (714) 136.0 (3+5) 38.0 70.0 244.0
2017 20,199 10,713 136.0 (££5) 49.9 5.0 190.8
2018 20,315 10,597 -116.0 69.3 0.0 -46.7
2019 20,293 10,619 22.0 132.0 0.1 154.1
2020 20,416 10,496 -123.0 295.2 0.0 172.2
2021 20,533 10,374 -122.0 396.7 63.1 337.9
2022 20,422 10,490 116.0 421.2 28.7 565.9
Sty - 129.2 159.1 70.4 358.7

(o 1) - T KR TR o 2 RO K
(R 2) SRR R S R

(FE 3) FMNHRISE

IR L R E
(5 4) EFEEEAHEEL
(3£ 5) 2016 FRERZ KEMERZHERGE - HUfF 2015 2 2017 £ BRUMIEMH (272 #IL5AR) FESE - #E5 2016 £61 2017 FZFENHES

K5 136.0 BILTAR -

R 7 KB LR RS ERM BFIR BREMMTR

Table 7 Error analysis table of total sediment transport and sediment inflow estimated by proportional method

b BEE EnD & AFPKEE RS & .

5y (10'm’) (10'm’) (10'm’*) R
A) (B) (©)=(B)/ 086 A-O)/(A)

2013 1444.9 718.0 834.9 42%
2014 -48.4 76.0 88.4 283%
2015 572.7 1093.7 1271.7 -122%
2016 244.0 198.8 (86.5) 231.2 (100.6) 5% (59%)
2017 190.8 152.5 (102.6) 177.3 (119.3) 7% (37%)
2018 -46.7 71.6 83.2 278%
2019 154.1 75.4 87.7 43%
2020 172.2 11.9 13.8 92%
2021 337.9 155.8 181.1 (22.2) 46% (93%)
2022 565.9 185.9 216.1 62%
RSeS| 358.7 274.0 (244.1) 318.5(283.8) 11.2% (20.9%)
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Fig.12 Proportional diagram of sediment inflow from
upstream and reservoir area divided by the
Xiayun Sediment Observatory
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Fig.13 Histogram and box-and-whisker plot of the observed sediment inflow of the Shimen Reservoir
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Fig.14 Histogram and box-and-whisker plot of the estimated sediment transport volume of the Shimen Reservoir
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Table 8 Quantile analysis of the observed sediment
inflow and the estimated sediment transport

TEHE BRI R Heflifh b &
¢ (10°m?) (10°m?)
TrUsrirE (Q1) 158.6 87.9
P8 (Q2) 217.4 179.2
sy ir s (Q3) 508.9 227.4
5 (Q3+1.5xIQR) 1034.3 436.8
SEEFEIE (PUEE R 217.4~10343 179.2~ 436.8
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