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Experimental study on monitoring suspended sediment
content in mountainous rivers based on turbidity

XIONG Ruoyu', WANG Wen’e'", LING Gang®, WANG Shilong', Pl Yingying', HU Xiaotao'

(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid Areas of Ministry of Education,
Northwest A & F University, Yangling 712100, China;
2. POWERCHINA Guiyang Engineering Corporation Limited, Guiyang 550081, China)

Abstract Aiming at the problem of lacking real-time monitoring of suspended sediment content in
mountainous rivers, the turbidity and suspended sediment content of the rivers were monitored, and the
influences of light intensity, velocity, particle size and water sediment content on turbidity were analyzed. A
relationship model between turbidity and suspended sediment content was established. The results show
that: 1) Light intensity has the greatest influence on turbidity. According to the relationship between the light
intensity and turbidity, light intensity (E) is divided into three intervals, E < 6 800 Ix, 6 800 Ix < E< 22 000 Ix
and E > 22 000 Ix. In corresponding to the three intervals, the relationship model between turbidity and
suspended sediment content is determined. 2) The flow velocity mainly affects the distribution of sediment

particles in the upper layer. The turbidity of the measured area at the flow velocity of 0. 16 m/s is greater
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than that at the flow velocity of 0.018 m/s; 3) When the particle size of the sediment particles is larger than

the critical particle size driven by the lifting velocity, it will be deposited at the bottom of the channel.

Therefore, the larger the proportion of particles larger than the critical particle size in the sediment

gradation, the smaller the suspended sediment content and the smaller the turbidity; 4) The larger the

sediment content of the water body, the more suspended sediment carried in the process of water and

sediment transport, and the greater the turbidity of the upper water sample in the measured area; 5) Using

the three relationship models of turbidity and suspended sediment content determined in this study, the

average relative errors of predicted suspended sediment content and actual suspended sediment content

are 7.22%, 10.00% and 8.58%, respectively. According to the turbidity measured in different light

intensity intervals under natural conditions, the suspended sediment content in the measured area can be

obtained. To sum up, since the turbidity can be measured continuously and quickly on site, it is feasible to

apply this model to real-time monitoring of suspended sediment concentration in mountainous rivers.

Keywords suspended sediment content; turbidity; monitoring model; model selection
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1. By pass pipe; 2. Blender; 3. Sand inlet; 4. Mixing tank; 5. Sewage pump; 6. Valve; 7. Water inlet; 8. Grit chamber;

9. Return pipe junction; 10. Tail lock.

I, I and I are the measurement areas of turbidity and suspended sediment content.
1 BOEFHEVNRBEERVNEXEHE

Fig. 1 Sediment automatic monitoring test device and measuring area layout
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Fig.2 Relationship between light intensity (E) and turbidity (7) on sunny and cloudy days
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Table 1 Turbidity and suspended sediment content in regions I, II and III measured

KA DAL/ Foi/(m/s) X 41 X 4 11 X 3 111
JEIHRE CED /1x (kg/m" Flow Section I Section 11 Section II
Light intensity ~ Water sediment )
content velocity T/NTU C/(kg/m*) T/NTU C/(kg/m*) T/NTU C/(kg/m")
] 0.018 63 0.873 61 0.667 60 0.539
0. 160 70 1. 545 65 1.126 63 0.873
0.018 73 2.522 68 1.392 66 1. 156
E 0. 160 74 2.682 69 1.439 68 1.392
0.018 77 3.517 71 1. 986 69 1.439
E<6 800 5
0. 160 79 4.179 73 2.522 71 1. 986
7 0.018 80 4.363 75 2.800 73 2.522
0. 160 85 7.457 78 4.132 76 3.222
10 0.018 86 7.597 79 4.179 76 3.222
0. 060 88 8.926 80 4.363 78 4.132
1 0.018 38 0.727 37 0.627 36 0.545
0. 160 44 1.273 42 1.091 39 0.836
5 0.018 49 2. 444 44 1.273 42 1.091
0. 160 50 2.765 47 1. 780 44 1.273
0.018 53 3.415 50 2.765 44 1.273
6800<CE<<22 000 5
0. 160 55 4.148 49 2. 444 48 1. 959
; 0.018 57 4.337 50 2.765 49 2.444
0.160 68 7.200 55 4.148 51 3.221
10 0.018 70 7.400 55 4.148 51 3.221
0.160 78 8. 364 58 4.264 55 4.148
] 0.018 16 0.915 16 0.915 15 0.462
0. 160 17 1.211 16 0.915 16 0.915
) 0.018 25 2.238 17 1.211 16 0.915
0.160 24 2.154 18 1. 308 17 1.211
0.018 32 3.615 24 2.154 21 1.692
E>>22 000 5
0. 160 36 4.249 26 2.538 23 2.052
7 0.018 39 4.521 28 2.923 26 2.538
0. 160 51 6.692 34 4.061 30 3.183
10 0.018 51 6.692 34 4.061 32 3.615
0. 160 60 7.983 36 4.249 34 4.061

TE T RHEMEL ; CONBIF RV T i . R 31,

Note: T stands for turbidity. Cis suspended sediment content. The same in Table 3.
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Table 2 Turbidity of three measurement areas under different particle size gradations

KGR/ (kg/m®)  HiH/(m/s) WPPHBES  FEECT)/NTU Turbidity
. IR JE (B /1x i - - -
W ater sediment Flow o i Sediment X HR1 X 1T [X 3 11
. Light intensity . . . .
content velocity grading  Section I Section II  Section III
S1 78 75 73
5 0.16 E<X6 800 S2 83 79 76
S3 76 74 71
S1 54 53 50
6 800<E<
5 0.16 S2 63 60 55
22 000
S3 53 50 46
S1 38 37 34
5 0.16 E>22 000 S2 42 38 36
S3 37 35 32

TE ST AT v YD KRR VD ) 4330k 3096 .50 %6 .15 % 5% 5 S2, 4l vb Al v v 11 i 4 430k 80 %6 #1120 % 5

S3HLYD FRRRLYD 18 5 23 HCH 8024 F120 24
Note: S1, the quality fractions of fine sand, medium sand, coarse sand and extra coarse sand are 30%, 50%, 15%,
5% ; S2, the mass fractions of fine sand and medium sand are 80% and 20% ; S3, the quality fractions of

coarse sand and extra coarse sand are 80% and 20%.
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Fig.3 Relationship between turbidity ( T) and actual suspended sediment content (C,.,) under three light intensities (E)
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R3 IWHARBEXRETERE-BEZRIVESENERIRNX
Table 3 Model relationship between turbidity and suspended sediment content under

three light intensity intervals

e B (E) /1x T2 Y A 3 R =
Light intensity Model Model relation

2 pE C=0.152 1T—0.713

E>>22 000 Xt & 5 C=4.457 5InT—11. 006
SR E TR C=—0.002T%40.282 9T —2.554 5
kX C=0.202 7T—7.277 6

6 8O0<CE<<22 000  %f %=t C=11. 214InT — 40. 649
TR Z T C=0.000 7T%40. 12T —4. 993
L C=0.309 1T—19.51

E<6 800 it Bt C=22.332InT — 92. 59
TREZTR C=0.011 27— 1. 357T+41. 808

3 MERESHEERR ‘
P REOL R 4, R Z WA B R 22 8

7E 3 MO AR I D) B 2t B ke PR R 22 VBT iR 22 B/ T AR R S i Bk E A
T Y 1) - B AR R 22 B TR R 22 TR BOR T H AR 5

R4 3MARBERXETIMEAXHEHENRE BAFRREBARENRERY
Table 4 Average relative error, root-mean-square error, mean-square error and determination coefficient of the three models

under three light intensity ranges

- 1 AH X i 22 By 5 MR 2 Y75 15% 7% e R AL
e ISR (ED /1x e » - . -
o . Average relative Root-mean-square Error of mean Determination
Light intensity Model -

error error square coefficient

AR 0.147 3 0.509 6 0.259 7 0.878 9

E>22 000 PR &N 0.093 3 0.417 3 0.174 1 0.942 0
—kzm 0.085 8 0.376 4 0.1417 0.947 2

R 0.119 3 1.045 3 0.5713 0.928 9

6 800<<E=<22 000 xF # X 0.1359 0.856 0 0.7327 0.837 2
Z k2 uisk 0.100 0 0.289 2 0.568 6 0.938 2

2Pk 0.159 5 0.638 9 0.538 6 0.7515

E<<6 800 X % 0.193 4 0.7718 0.768 7 0.693 5

— k2 ui s 0.072 2 0.2237 0.076 1 0.9757
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