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A simple method for estimating runoff sediment concentration

Wen Wenjie Zhang Jianjun Li Yixuan Huang Xiaoqing He Pei
(School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Runoff sediment concentration is an important variable in monitoring hydrological
processes and quantifying soil erosion. Methodological improvements in measuring sediment concentration
are critical to the automatic, efficient and accurate estimation of soil losses, and could also guide soil
and water conservation practices. [Method] We collected and analyzed soil samples from different
provinces in China, and developed a weighing-based empirical model for estimating sediment concentration.
We also investigated factors( specific gravity of sediment, volume of sample, water temperature) which
may influence the accuracy of the method. [Result] The results showed that measured data agreed well with
true values, and the method for estimating sediment concentration was accurate enough for practical
use. When the sediment concentration was between 5 g/L and 20 g/L, the average relative error is less than
20%; when the sediment concentration was between 20 g/L and 200 g/L, the average relative error is less

than 5%. Both specific gravity of sediment and temperature (P > 0.05) had no significant effect on the
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accuracy of the method, it is therefore reasonable to use the average specific gravity of the top-layer soil in

the calculations, and the range of variation was between 2.50 and 2.70. However, the accuracy was

significantly influenced by the measurement of the sample’s volume, how to accurately measure the volume

ofsampleisthekeytoinventautomaticmonitoringmachineforestimatingsedimentconcentrationinsurfacerunoff.

[Conclusion] The weighing method has simple operation and high accuracy. It has a good application

prospect in the study of inventing automatic monitoring machine for estimating sediment concentration in

surface runoff.

Key words: runoff sediment concentration; weighing method; specific gravity of sediment; volume of

muddy water sample; soil erosion
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Tab. 1 Basic information of the soil samples

SKAEHL Sample site L3R 355 Land use type

e A Soil type

35 Soil texture T FE L E Specific gravity of sediment

b Forestland
#3h Bare land

Jt 5t Beijing
it %% Beijing
1T 7 Liaoning Hilh Grassland
#ith Forestland
#RHE Forestland

M Forestland

#a#E Fujian
11174 Shanxi
Bt Shaanxi

4.3 Red soil

#5+ Cinnamon soil
AP+ Sandy soil

4% Brown soil

45+ Loess soil
45t Loess soil

145+ Loam clay 2.60
#ARP £ Coarse sand 2.67
1+ Loam 2.50
FiL Clay 2.61
#E+ Loam 2.57
3+ Loam 2.60
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100.00. 150.00. 200.00 g/L e K EE, 54 Ve K FE
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Tab.2 Formula of Dixon test statistics

n B X ] AEHE N RME X, BN RKE X,
Interval of n value Suspicious value is the minimum value X, Suspicious value is the maximum value X,
3~7 Q=X - X)X, - X)) 0=, —X,_ /X, —X)
8~10 0= - X)X, - —X) 0=X,— X, /X, — X)

T n ARSI ORI GE T R X D SR I BRI s X D9 SR IR O TP R USRI BRIME L X > X5 X, SR B0 i oK AE
X, SIS EE P R X, LAAPI B R AES X, - | < X,- Notes: n represents the number of repeated experiments; Q represents the test statistic; X; represents
the minimum value in the experimental data; X, represents the minimum value other than X in the experimental data, X, > X;; X, represents the

maximum value in the experimental data; X, _ ; represents the maximum value other than X, in the experimental data, X, - | <X,
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Tab. 3 Correlations between measurements and true data under four sediment specific gravities

4 & Amount of data P LLE Specific gravity of sediment

K £ 30 Relationship formula

2% 23U Correlation coefficient (17)

170 2.50
168 2.57
168 2.60
169 2.67

y=09835x+0.841 9 0.999 3
»=0.990 7x + 0.804 7 0.999 8
y=09779x+1.105 6 0.998 3
y=1.0027x+0.434 9 0.999 6

VRN ELSE SV L y R BRI E M E YD R BUE E WIS A —41. Notes: x represents true sediment concentration; y represents the sediment
concentration calculated by the weighing method; Two data volume is acted as one group.
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Tab.4 Average relative error of the weighing

method under different sediment specific gravities P
B VP Specific gravity of sediment
Sediment concentration/

(gL 2.50 257 2.60 2.67
5.00 8.40 17.34 19.00 11.71

6.00 17.89 18.84 9.85 11.06

7.00 10.86 18.14 8.71 5.43

8.00 9.00 17.86 6.83 8.42

9.00 4.15 12.55 3.19 5.77
10.00 1.99 9.54 4.12 7.55
20.00 1.24 2.99 2.03 4.68
30.00 2.51 0.97 2.57 1.83
40.00 0.82 1.16 1.93 2.23
50.00 0.87 0.58 1.01 1.36
60.00 0.78 1.02 1.33 1.16
70.00 0.66 0.69 2.26 0.72
80.00 0.44 0.75 3.60 0.67
90.00 1.09 0.55 0.62 0.53
100.00 0.33 0.53 2.03 1.10
150.00 2.05 0.58 1.68 1.01
200.00 1.93 0.50 4.10 0.39
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Tab. 5 Relative measurement error caused by relative error of volume under different sediment concentrations %
PR 52 b i Sediment content/(g-L ")

1 [
Relative error of volume/% 5.00 6.00 700 3.00 9.00

10.00  20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00

0.02 13.00 11.00 9.00 8.00 7.00
0.04 19.00 16.00 14.00 12.00 11.00

0.06 26.00 22.00 19.00 16.00 14.00
0.08 32.00 27.00 23.00 20.00 18.00
0.10 39.00 33.00 28.00 24.00 22.00
0.12 45.00 38.00 32.00 28.00 25.00
0.14 52.00 43.00 37.00 33.00 29.00
0.16 58.00 49.00 42.00 37.00 33.00
0.18 65.00 54.00 46.00 41.00 36.00

0.20 71.00 60.00 51.00 45.00 40.00

6.00 3.00 2.00 2.00 1.00 1.00 1.00 1.00 1.00
10.00 5.00 3.00 2.00 2.00 2.00 1.00 1.00 1.00

13.00 6.00 4.00 3.00 3.00 2.00 2.00 2.00 1.00

16.00 8.00 500 4.00 3.00 3.00 2.00 2.00  2.00

19.00 10.00 7.00 5.00 400 3.00 3.00 200 2.00

23.00 11.00 800 6.00 500 400 3.00 3.00 3.00

26.00 13.00 9.00  7.00 5.00 4.00 4.00 3.00 3.00

29.00 15.00 10.00  7.00 6.00 5.00 4.00 4.00 3.00

32.00 16.00 11.00 8.00 7.00 5.00 5.00 4.00 4.00

36.00 18.00 12.00 9.00 7.00 6.00 5.00 4.00 4.00
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THEE R, [ 0.026 A1 0.048 1X P> B 9256 5% 22 38 B 1Y)

FHAEZ Ah, P RT 0.05, BiBHAE 5 ~20 °C {55
W, FREEMINESE R I LR EER .

1 AN [E KR A5 1E S AR E V200 27 A6 S 3
AR 2, W LA W, ASR KR A5 1 TR 35 mT i 2 =
R L ELR, 120 S VD RAE 5.00 ~ 20.00 g/L B, “F33
FHX IR ZE < 20.00%; 27L& VP& AE 20.00 ~ 40.00 g/L
i, SFRIFXR 2 < 5.00%
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Tab. 6 Statistical results for independent sample 7-test

K25 Vb Sediment concentration/(g-L ")
Group of water temperature/ C 500 10.00 20.00 30.00 40.00

5~10 0.486 0.390 0.078 0320 0.935

5~15 1.000 0.125 0.160 0916 0.637

5~20 0.445 0.216 0.258 0.026 0.464

10~ 15 0.719 0.185 0.931 0.315 0.481

10 ~ 20 0.241 0.368 0.794 0.437 0.168

15~20 0.609 0.747 0.762 0.048 0.649
43t @
@10 °C
m15°C NEJEN \ 4 71 S ks B A PN
W 20 °C FREVEMTHREAER S, B HLEZ — NS

SEIYFIXTR 2 Average relative error/%

5 10 20 30 40
Vbt Sediment concentration/(g-L™")

1 AFEZKHER SRR VLR P AR RHR 2
Fig. 1 Average relative error of the weighing method under
different water temperatures

Ho IR WA AL T 2.50 ~ 270 2 1,
5 AR A DR 0 5 0 8 o i 5
IR L THET T, WA S 62, it
5 V44 LB 2,60, A T S0 SR 0 MR o SR
WA, JE TR b R 5 L R R I
TP WRT RIS R AL AR
£ R RIS R, 12 B 0.99 BLE, [ oK
SRR T 1, BB T Ot 0 i
TS R K, 7T L BB T4 L
uEs

Fx7 BAEHELE260ITEMNESVESELENHEXXR

Tab. 7 Relationship between true data and measurements calculated using an average specific gravity of 2.60

JEVP L E Sediment specific gravity (d)

K &3\ Relationship formula

9% R H Correlation coefficient (77)

2.50 yy=0.958 9x, +0.820 8 0.999 3
2.57 y = 0.983 3x, +0.790 6 0.999 8
2.67 yy=1.018 5x,+0.538 7 0.9999

T x N FSE AR & VD i y, JIF B 2.60THSEAARIAL & VD it . Notes: x, represents true sediment concentration; y, represents sediment concentration

calculated using a specific gravity of 2.60.

FALCEL 2.60 15t (1) 2 b & 10 T35 A R 22 T
F 8PN, MR 8 AT LLE MR & W E1E 5.00 ~
20.00 g/L B, “FIJAEXT R 2 < 20.00%; &5 & &
£ 20.00 ~ 200.00 g/L I}, ~F35FHX R % < 5.00% . iX
FUIH B R AR V0 T 15 e S AT T SR 45 R A
% 3 A2 7K DR A M W PR 75 SR, PR EE R 2 AR A b
2] UEHARRTHBEZ N, #— PR E TR
HIE S A .

PR E VL HRAE 5, BB T, 5 A& S e
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H 20 °C )25 1 /KAEAF N 250 mL 1945 &+
fic & A& 7P & A 5.00. 10.00, 20.00. 30.00. 40.00.
50.00 g/L [P IKFE, 45 Ve K AE 125 50 Ik &
4 0.01 g (Y HLT RAFHEAT R &, 2 )5 FE A SR

R PR KA AT I e BT, 20 0 P AR B Ik ) T A
BRI R E AR RS DR, NS EE
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I AIRS AR ZE XL, P52 BoR, S TRV
DU RV T AT 1) 25 0 B 1 ARG 3R 22 2L
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Tab. 8 Average relative error of measurements

calculated using an average specific gravity of 2.60 P
W RILE
Sediment concentration/ Original specific gravity of sediment
L™ 2.50 2.57 2,67
5.00 7.21 16.48 13.21
6.00 14.94 17.97 12.88
7.00 8.09 17.28 7.16
8.00 6.78 17.00 9.86
9.00 391 11.73 7.25
10.00 2.06 8.74 8.98
20.00 2.66 2.67 6.49
30.00 0.78 0.87 3.50
40.00 2.35 1.29 3.064
50.00 1.78 0.77 3.02
60.00 1.83 1.46 2.72
70.00 1.95 0.69 1.83
80.00 2.39 1.47 2.30
90.00 3.56 1.08 2.17
100.00 2.30 1.03 2.75
150.00 3.87 0.65 2.66
200.00 4.01 1.07 1.97

14
12.83 W ik Filtration method
L @ FRE L Weighing method
12
10.73
10+
S8t
6

AT IR 2 Average relative error/%

233
116 0.87
0.8 036
= 0.320-3 7 0.64
5 10 20 30 40 50

=)

b1 Sediment concentration/(g-L™")

B2 ARSIV FAT T IEE SRR I I P AR R R ZE X L
Fig.2 Comparison between the average relative error of the filtration
method and that of the weighing method under different

sediment concentrations
4+ ;
S %5 ‘M):\

COF FH PR E I AR I & v & mT DA 2 /K &
DR A5 e 00 ) K B K, TR S T v B b B KR .
BV EAE 5.00 ~20.00 g/L I}, P X % 2 <
20.00%; #23 & VP EAE 20.00 ~ 200.00 g/L i, ~F 154
X iR ZE < 5.00% . FREVEAH EETAE S (10 i ek A
BN, 5T EE. YRRV EKRT 30.00 g/L
I, PR E PRI RS FE S R R AR 22 TE T L

(29 ¥b Lt Z50T PR F 32k P 00 B 4 2R R 5 e AN
o T DAELRE A M DX R R R T L AR
i, HlT BRI L EAR T EIR AN, FRE
I EAR VY R UAE RS R 2 2 B

(3D ¥ KRR A AR A B A1 0 K B35 0 e 5 SR
SRR, Sl AR AR R 224 2 3 IR K B B ik
%, [BEEE ST ENE R, WBUR Z R R & B
I/ o BRI GE 5 D B, 0 Z5ack O 11 T AL
I R E BRI I E A, L DARRUR M
TR R KRR, 5 2 I8 AR K &= R 2

(4 U B %o R B 925000 5 A2 0 25 v B AR RS 2 R
o, PR E R AR 9 R R K e v S R A
RO %o AR P A 52 305 5 R i K (1 I A T
B MRS T HE ROz .
BOs /EWRSCEREHBL B8] 1 IERHO R 2K RSB K T AL
R AN BT S 0 (185 BRI SRy, 2 AR kA !
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