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Abstract

Nowadays, issues related to soil erosion are one of the most critical issues
and one of the major concerns in watershed management. Accordingly,
knowledge on soil erosion process at watershed scale needs proper,
suitable, accurate, and desirable temporal resolution data collection using
appropriate device. An innovative device is designed and manufactured
through this research for automatic sampling and measuring suspended
sediment concentration. This aimed at a better understanding of the
processes of soil erosion and sediment yield through better time-distributed
measurements. The background of studies and research related to the
project has been reviewed worldwide and based on previous experiences,
manufacturing the mechanical part of the system was carried out and
completed. Also, the necessary laboratory practices for designing,
formulating, and simulating the electronic parts were performed. Numerous
tests and attempts were made to optimize the mechanical and opto-
electronic parts based on determining different arrangements and sources
of light. The field test of the device in several rivers in the northern Iran
indicated a high agreement of more than 93.25% between the observed and
estimated suspended sediment concentrations. The designed sampler is
expected to provide suitable estimates on concentration of suspended
sediment in the dominant range in watercourses with acceptable, affordable
cost and energy, particularly in special conditions such as floods, in the
entire day and night hours, and even for remote areas.
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A-A (2:1)

Fig. 1- The Aluminum structure used to place the receiver of the optical transmitter (A) and the general
scheme of the aluminum tube used to place the receiver of the optical transmitters and the double end caps
connecting to the inlet and outlet (B)
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Fig. 2- Mechanical part (A) and energy supply system (B) and a general view of the automatic su
sediment sampling device (C)
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Fig. 3- Flow chart and steps of the research
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Table 1- Time settings (seconds) used in evaluating the field performance of the automatic suspended
sediment sampler and estimator based on opto-electronic technology
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Time stability required for sampling (water suction) from the river and storing in the container 30
Duration of water suction 40

Snap time without readings to prevent mixing of previous readings 10

Interval between two suctions 60
Interval of storing water in the containers of the device 480

Interval of readings of the device stored in the memory 3
Interval of device readings and transfer to mobile phone via SMS 120
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Suction Inlet

o

l Estimator Device

Fig. 4- Stages of the field test of the automatic sampling and estimation device of suspended sediment based
on opto-electronic technology in the Allimalat River in Noor- Chamestan Road, Mazandaran Province, Iran
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Fig. 5- Measured suspended sediment concentrations (mg.L™) in device containers and automatic
instrument readings (estimated) in the field study
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Table 2- The results of direct (samplimg) and indirect (device reading) field measurements of suspended
sediment concentration

o gy CLIE (05w i 5) oablomo o 9 (L5 11520905) s (2200 (6 3503151 51 Juols gl Y Jgur

Mean concentration of Coefficient of

Test No. Station name Date suspended sediment (mg.L™) Variation Star_1da_1rd
- Deviation
Device Measured (%)
One' Alimalat January 2, 2022 441.44 251.41 362.87 912.29
Two" Khatirkooh ~ February 3, 2022  1730.00 480.00-695.00 -- --
Sabze-Rood May 4, 2022 742.33 94.59 53.10 50.23
Three!l Vazivar May 4, 2022 3702.25 1230.59 61.16 752.67
Alam-Kala May 4, 2022 532.00 107.20 61.66 66.10
Molla-Kala May 4, 2022 2746.75 590.90 13.12 77.54
Abshar May 20, 2022 60.00 Close to zero” - -
Upstream Poloor 10y 20 2002 121.00 8.00 . :
intersection
Lar May 20, 2022 48.50 Close to zero”
Lasem May 20, 2022 00.00 Close to zero”
Four Vana May 20, 2022 146.50 Close to zero”
(a'?i':/ger';'.?,raz Upiﬁ{(ffs':ctpi‘;")’;‘ab May 20,2022 458.75 721.74
Panjab May 20, 2022 4499.93 5160.00
Downstream
Panjab May 20, 2022 3262.00 2269.57
intersection
Amol Bridge May 20, 2022 3601.00 1888.00
Five (Some Telar May 31, 2022 233.75 150.30
rivers in north Babol-rood May 31, 2022 433.67 300.99
of Iran)"V Faculty River ~ May 31, 2022 109.67 168.00
SixV Pole-Sefid June 15, 2022 79.71 67.42 8.40 5.67

' For initial evaluation and general field performance of automatic suspended sediment sampling device,
' For the preliminary field test and re-evaluation of the automatic suspended sediment sampling device,
'"For the calibration of the automatic suspended sediment sampling device,

'V For the validation of the automatic suspended sediment sampling device,

V For the final validation of the automatic suspended sediment sampling device,

“Numbers close to zero were supposed as one to be used in calculations.
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Fig. 6- The fitting curve and the selection of the best equatin to clibrate the data obtained from the device readings during
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the third visit to the four stations
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Fig. 7- Comparison of the measured data and the estimated values of the device after calibration
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1- Soil Erosion

2- Watershed Management

3- Sediment Transportation

4- Ecosystems

5- Suspended Sediment

6- Sediment Sampling

7- Bed Load

8- Bed Material Load

9- Direct Method

10- Indirect Method

11- Point Integration Method

12- Depth Integration Method

13- Indirect Sediment Measurement
14- Optic

15- Visible

16- Infrared

17- Ultraviolet

18- Electromagnetic Waves

19- Light Spectrum

20- Scattering

21- Optical Backscattering

22- Turbidity

23- Nephelometry

24- Turbidimetry

25- Transmissometer

26- Absorptiometer

27- Turbidity meter

28- Photocell

29- Optical Degeneration

30- Reflectometer

31- Optical Backscattering System
32- Pulsed Infrared

33- Wavelength

34- Space-Temporal Analysis of Suspended Sediment
35- Acoustical Backscatter Sensor
36- Suspended Sediment Sampler
37- Sedimentgraph

38- Filter

39- Light Dependent Resistor, LDR
40- Online

41- Systematic Error

42- Random Error
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