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Fig.1 Structure diagram and real view of weighing rain gauge

HEFEL
7

| b
u l 41500
&\\_ RS
/ o i Y1t

B2 REMEMTER
Fig.2 Structure diagram of sampling bottle
SKRE AR R R AE V4% I AR = ff 28 11, 7T DARR 4
S bR SR AR LU R AR & /oK, BT R
BT RZI08 1.0 Lo £ /KRS & DK E A, M
TR JEE 22 S T 20 R ARG BRFE T, AZ AR AL



110 flk TR (http:/www.tcsae.org)

2024 4

NG J5 BN R VELTIE R . B R AR AR bR 52 A HERf 1
T2 KRR RAE I B K5 FE 4 0.1°11) PT100 I8 AL K28 & T
B, SN AR R B AT R AR AAL IE
212 AREAE

AR HI T BE R E AR RV SRR, EEA
FERR AL S . FRiEat . SoRBEAIA OGEC . R B i
A SRR TR A 5T BORHRE 5 R (RS B o, U
AR CPU ARFRSS, BT IZH AT 5KV & 8 EBoR
EBt % L, FREEEAEEIAME R, st
4% (GPRS) KEFHIRE 6. Hd, RELK
WKW FLFZ MT1041-5 kg R a0 B s, RN
S5kg, KN 1/10 000, REEEHN (2.0+0.2) mV/V,
T R <£10% R-C (€ #ifif, rated capacity) , T
PRIRFEN-20 ~ 65 C. Bk, ERFIERTT, THFEHRE
FERER AT R SRR, B 25 s A T SR I R 22
2,13 Ak

AR A STM32 #5156, AN B sh il
PCB % it %3 HIE GPRS A, LBl T Bdi R4E.
. REE. TR, ZREECK . TBEATED)
fe (B 3), FEOFEHIEREMR I, 18 ¥ H
B 1% B A A7 A HOR O S R A . B SR AR A
L FR AL R R AR A A/D BB A A R . 45 AR R
32 fif MCU STM32F107 VCT6 4 il S fF 4L i, SEELAX #%
MEz (5B . B %k KAE B 5 GPRS
PEH B AL & T8 B S A USB 30l 774
i A R BRI S bR W T TR, RATIR
RS485. SDI-12 @ iz [ 7] 5 & FlfL By, i 480K
I3~ PR AR AR R

o eTe - _CTICTY
= - l ooary FCT3 CTS™
I o000 | I—I _ _
Y . ; 321 i 00000
4321000 10 e u |
$32 16113 ) i 930 N 54321
% [Wer | MEBACTIo BE 238 # (143, 113)
CTo CT3 ’
=g =eos [
TR 0 J112 EBOOTI 4«
LED2 |«
1| usB2 [ oy 2 AM
[UUSB] N
2/ SLEDI CT3 |
CT(’iEl @ WLED4 '3
H CT8 |2
M BOOTOGEm wLEDS I:!M
§32— e % ﬁﬁ?m DC/DC [I 532
s [CT7 .
x5 pm g LR e
4/ 5/

148

Lo STM32 8 fr 2. USBH: O 3. BoRBi 0 4 RIEE O 5 JF k&N
6. RS485 #% [1 7. FRi £ a8 42 11 8. A/D $4% 9. ¥ £ %434 11 10. SDI-
12 #1011 @30

1. STM32 chip 2. USB interface 3. Display sreen inrerface 4. Power interface 5.
Switch interface 6. RS485 interface 7. Weighing sensor interface 8. A/D
conversion 9. Temperature sensor interface 10. SDI-12 interfac 11. Valve
interface

B3 nlEd ks T &R
Fig.3 Schematic diagram of measurement and control circuit
22 TfERR
R E AL TR RS, T E AR T & XX
AT PR, SR JEEEAT T AU IE AR v B A

RGP AR TAE . A REEMEAT RAE, IR R
ThES L, BERERMAE, 18E 5s a3t Tix
ENEANELNE, FEPRD S EHIE. %8s SLn
WoRAERRBE L, TR RN AFREAE AN U £, BORIE R
I ET 6. G TIRREWE 4 PR,

RYIUH L

FriRen = X
BRI
itk
TEsES s

eV AR WP B AR

[(ur e sommmmisn

B4 MERETARE
Fig.4 Flow chart of the operating procedure for designed device
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Table 1 Calibration of sampling bottle volume
KR KB KB 5 PR3 KL A
Water Water Water sampling bottle volume/
temperature/'C density/(g-cm ) mass/g cm’
0.8 0.999 8912 1030.10 1030.21
32 0.9999700 1049.98 1050.01
5.6 0.999 954 4 1040.27 1040.32
9.8 0.999 7194 960.16 960.43
12.6 0.999 428 9 970.34 970.89
16.9 0.998 794 2 979.80 980.98
19.3 0.998 348 1 1047.48 1049.21
23.4 0.997 445 6 1025.37 1028.00
25.7 0.996 866 3 957.53 960.54
28.9 0.9959778 1015.57 1019.67
29.9 0.995 6813 1013.83 1018.23
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Fig.5 Histogram of measured sediment concentration
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Table 2 Comparison of oven-dried method and designed device

T PR GEREC) JEE RCHEE AR 22
River Sampling site S Oven-dried method /(g'L™")  Designed device/(g'L™")  Relative error/%
$iB% M Lhasa River A 91.04E, 29.63N 6.92+0.23a 7.19+0.12a 3.90
H w0 7l 88.89E, 29.28N 12.2140.45a 12.73+0.23a 426
N . bR gz 89.38E, 29.07N 7.23+0.16b 7.68+0.06a 6.22
7] Nianchu R . .
ST Nianchu River THARL 89.81E, 28.84N 8.01:0.43b 8.4140.06a 499
LR 2 3 90.04E, 28.82N 5.98+0.56a 6.80+0.04a 13.71
. . . PEPCRZRIFES ML SC R 88.15E, 29.22N 15.75+0.76a 16.50+0.32a 476
A VT Yarlung Zangbo R
AEEAAIL Yarlung Zangbo River fi K R 90.68E, 29.32N 8.95:0.32a 9.40+0.13a 5.03

T WA RN B R (P<005).
Note: Different letters in the same row indicate significant differences (P < 0.05).
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A device for sediment concentration measurement with fixed volume
overflow sampling

ZHAN Xiaoyun'?, LI Yani® , XU Zhihao® , SHUI Junfeng? , ZHANG Tibin*? , LIU Baoyuan* , GUO Minghang

(1. College of Soil and Water Conservation Science and Engineering, Northwest A & F University, Yangling 712100, China; 2. Institute of
Soil and Water Conservation, CAS & MWR, Yangling 712100, China; 3. College of Water Resources and Architectural Engineering,
Northwest A & F University, Yangling 712100, China; 4. State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing
Normal University, Beijing 100875, China)

Abstract: Sediment concentration is one of the most crucial physical parameters for the soil and water loss and soil erosion.
However, it is still lacking on the accurate and rapid measurement on the sediment concentration at present. In this study, the
novel device was designed with a constant volume sampling bottle. Three subsystems included the fixed-volume overflow
sampling, weighing measurement and control subsystem. The developed device was small and easy to carry for the sediment
concentration measurement. According to the volume-mass conversion, sediment concentration was calculated to accurately
measure the volume and mass of the water-sediment mixture. Specifically, the total mass of runoff sample was the sum of
sediment and water mass, and the total volume was equal to the sediment volume plus water volume. In order to avoid the
impact of sediment particle size on measurement, the total mass of runoff sample was determined by a weighing sensor; the
total volume of runoff sample was equal to the sampling bottle volume. The sampling bottle volume was precisely determined
to fill the chamber with the distilled water at different temperatures. The results showed that the sampling bottle volume was
averaged 1.01 L, and the volume varied from 0.96 to 1.05 L, with an average Coefficient of Variation of 3.46%. After that, the
experiment was conducted on the samples with different sediment concentrations, in order to test the sensitivity and accuracy of
the device. The result showed that the concentrations of 20 g/L. were measured for 40 times, and the average concentration was
19.94 g/L. The histograms of the two target sediment concentrations showed the normal distributions, indicating a high
precision of the device. Then, a linear regression was fitted to measure the concentrations with a slope of 0.981 and R” of 0.999.
Additionally, the sediment concentrations were measured with the averaged relative error of 3.64% and the highest precision of
99.75%. Specifically, the averaged relative errors were 0.81% for the high sediment concentration group in the range from 8 to
800 g/L. While the sediment concentration of 1 and 2 g/L was resulted in the lager errors of 16.00% and 15.67%, indicating that
this device was limited to the sediment concentrations less than 2 g/L. The better confidence was achieved in the high
repeatability and accuracy of the device. The frequency distribution of relative errors showed that the small value was observed
in the most relative errors, where the samples with the relative errors <<5% were accounted for 74.36% of the total. Moreover,
the developed device was used to collect and measure the instantaneous sediment content of Yarlung Zangbo River from Lhasa
to Shigatse and some reaches of Lhasa River and Nianchu River. Meanwhile, the oven drying and the device were used to carry
out synchronous sampling and measurement. The results show that the sediment concentration measured by the developed
device was much higher than that by oven drying, with the average relative error of 6.13%. Furthermore, the average
instantaneous sediment concentration was 9.82 g/L measured by the development device. The average instantaneous sediment
content of Yarlung Zangbo River was significantly higher than that of Lhasa River and Nianchu River, which were 12.95, 7.19
and 8.91 g/L, respectively. Filed experiment showed that the instantaneous measurement on sediment concentrations in
different rivers was extremely higher than the rest from previous studies, indicating the intensified soil and water loss in this
region. The device can be expected to measure the sediment concentration with the high accuracy in near real-time. The finding
can provide a strong reference for the regional soil erosion as an alternative way with the excellent potential.

Keywords: sediment concentration; volume-mass conversion; overflow; weighing sensor
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