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Experimental study on sediment measurement errors from
sampling-mixing procedures of purple soil
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2. College of Water Resource and Civil Engineering, China Agricultural University, Beijing 100083, China;
3. Tianshui Soil and Water Conservation Experiment Station, the Yellow River Water Conservancy Committee,

Ministry of Water Resources, Tianshui 741000, China)

Abstract  Runoff plot is a commonly used method for soil and water conservation monitoring. Sampling after mixing
from runoff collection bucket (tank) for sediment concentration measurement is a traditional procedure. In this method,
un-evenly sediment distribution in the procedure and quick deposition process of sediment particles may
resultinaccurate measured sediment concentration. Laboratory experiments were conducted to investigate the error of
sediment measurement and influential factors through mixing-sampling procedure. The experiments involved two
sediment-laden water volumes of 50 and 100 L, using 13 sediment concentration levels of 1,2,5,8,10,20,50,80, 100,
200,500,800 and 1 000 kg/m®. The sediment-laden water samples were prepared according to the designed sediment
concentration. The measured and designed value of the sediment measurement error produced by mixing-sampling
procedure was compared from. The experimental results indicated that sediment content measured was less than true
value. The distributed value of relative error was mainly ranged from —30% to —50% for sediment concentration of
1—200 kg/m*. The relative error was reduced to below —20% for sediment concentration of 500,800 and 1 000 kg/m®,

but the difference of sediment concentration reached 110 kg/m®. And the research revealed that sediment concentration
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and volume impact on the results of relative sediment measurement. Through similar experimental methods, the research

established the relationship between sediment concentration measurement obtained by traditional sampling methods and

the actual sediment concentration under different conditions to correct the sediment concentration obtained by traditional

measuring method.

Keywords runoff plots, sediment concentration, measurement, mixing-sampling procedure, error analysis
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Table 1  Composition of tested soil %
Wk Sand kL Silt #hiki Clay
(2~0.05 mm) (0.05~0.002 mm)  (<C0.002 mm)
21.68 51.42 26.90

L2 gt
AR S £ T A AL 5 U0 R A BT AT T RS o
YRR A Bt R 1.2.5.8.10,20,50, 80,

F2 WRWiEITK,

100.200,500.800 I 1 000 kg/m’ %5 13 . 4
AR EE XTI 2 ANV KRR BARFR 50 Fi 100 L, 2k
26 UG . FHEDJE SRR B AL MR . 0 E AR 59
cms FHEA 45 cm, & 73 cmL, 2 150 L,

¥ B3 A SRRV R 2 ATl
3. IREWEMAE 1. 2. 5. 8,10 fil 20 kg/m’;
e R AL :50.80,100,200,500,800 Fl 1 000
kg/m®, #MEBEIT Y & V0 & A E AR R 5 A A
TP IKFET AR U8 Vb FE K B i, ik 2 iR, 3
TR 5 €8, - ) UKL 25 BE B 2. 65 g/ em® L K Y % E L
1 g/em® AR T 1 & KFER 1.88%,

WHERERE

Table 2 Designed volume and mass of the mixture of soil and water

V,/L C,/(kg/m*) V, /L V./L S/kg W/kg V,/L C,/(kg/m’) V,/L V./L S/kg W/kg
50 1 0.02 49. 98 0.05 49. 98 100 1 0. 04 99. 96 0.1 99. 96
50 2 0. 04 49. 96 0.1 49. 96 100 2 0.08 99.92 0.2 99.92
50 5 0.09 49.91 0.25 49.91 100 5 0.19 99. 81 0.51 99. 81
50 8 0.15 49. 85 0.41 49. 85 100 8 0.3 99.7 0.82 99.7
50 10 0.19 49. 81 0.51 49, 81 100 10 0.38 99. 62 1.02 99.62
50 20 0.38 49.62 1.02 49.62 100 20 0.75 99. 25 2.04 99. 25
50 50 0.94 49. 06 2.55 49. 06 100 50 1. 89 98.11 5.1 98.11
50 80 1.51 48.49 4.08 48. 49 100 80 3.02 96. 98 8. 15 96. 98
50 100 1. 89 48.11 5.1 48.11 100 100 3.77 96. 23 10. 19 96. 23
50 200 3.77 46.23 10. 19 46. 23 100 200 7.55 92. 45 20. 38 92. 45
50 500 9.43 40,57 25.48 40. 57 100 500 18. 87 81.13 50. 96 81.13
50 800 15.09 34.91 40,77 34.91 100 800 30.19 69. 81 81.53 69. 81
50 1000 18. 87 31.13 50. 96 31.13 100 1 000 37.74 62.26 101.92 62.26

ERH VR L Co NBH & it ke/m® Ve HTRUABL L Ve K BABL L S A B IMA PR 4 ks Wy JIm A K B 4

kg,

Note:In the table V, is the total volume,L; C; is the designed sediment concentration,kg/m?®;V, is the volume of sediment,L;V,, is the

volume of water,L;S is the designed mass of added sediment,kg;W is the mass of added water.kg.
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W VR VD 0 A L AR AR R VD R L 4 R
W U B 5 1 v i AU VD KR A )
B 24 h, AT P HURE X — b R R O T B AR
/N X i B AR TR VD S R H EURE T IR VD
FUN
1.4 REVEAERGE

KB U0 i 2145 5 1 08 V0 K R 1 % RN 1 BORE

FE— AR PTG T o R A F R IRORE S5 A (5 L
— KPR VD KB L B R — MR B 1 U VD KRR B L B
A PR A 40 v B 1 e Vb B S BRI OK IR T
TR B T AR AR . X AT AT ARAIR & V0 i 4 1 i g
i, FE H U AR A Y VD DU R D AN S i AR 4L A%
e TR R . BRI o 2 S SR
A3 BEAT 50 F1 100 L @4 Pl BORE i B2 L 722 A4 v
A FR 50 A 100 kg /K ARy E IR BE R 50 AN
100 LA AR B, 7 K A7 2035 07 B FHE 5 28 Ui b
id. AT EVE KN 1.2.5.8.10 120 kg/m® [
KIS, i VbR 1 kg/m® JTFUR e IRk R R6 AR TR
HEAT o I 2ok A v i O e v DL B i ey & T



559 3]

JEAGAE . B SR AT QD SRR IBURE I 2 5 V0 B 5% 2 1 119

18 I BRSO A KOT 52 P BORE SR K 2
TCALE  RIOR A B PR BRUAS AL L i U e v il 45 14 ¢

x3 REVE

KRR & U B it S vb i . Ui A B
Tevb IR IR 3 s,

HEmb 2R

Table 3 Mass of the added sediment in low sediment concentration group

Vt/L  C,/(kg/m’) So/g AS/g S’/g Vi/L  C,/(kg/m®) So/g AS/g S’/g
50 1 50. 96 50. 96 50. 96 100 1 101. 92 101. 92 101. 92
50 2 101.92 50. 96 101.92 100 2 203. 83 101.91 203. 83
50 5 254.79 152. 87 254.79 100 5 509. 58 305. 75 509. 58
50 8 407. 66 152. 87 407. 66 100 8 815. 33 305.75 815.33
50 10 509. 58 101. 92 509. 58 100 10 1 019.16 203. 83 1 019.16
50 20 1 019.16 509. 58 1019.16 100 20 2 038.32 1 019.16 2 038.32

E RV AR L Co AT & U kg/m® 5 S HERIHIMA N it gs AS HI DI, g5 S8 BT IMA R i, g, BiHIMAE T

w5 mARY &5,

Note:in the table V, is the total volume,L;C, is the designed sediment concentration,kg/m?®;S is the designed mass of added sediment,g;

/S is the increased mass of added sediment,g;S” is the accumulated mass of added sediment,g,and the accumulated mass of added

sediment is consistent with the designed sediment concentration.
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Table 4 Measurement result of sediment concentration

Wit 50 L 100 L

S/ I/ MXFR2E/  HXTiRZE/ MXTERE W18/ MXFRE/,  HXTRZE/ MR dE
(kg/m®) (kg/m*) % (kg/m*) W2/ % (kg/m*) % (kg/m*) W2/%

1 0.73 —26.67 —0.27 12.52 0.79 —21.50 —0.22 23.05

2 1. 30 —35.25 —0.71 7.99 1.18 —40. 92 —0.82 11. 42

5 2.96 —40. 90 —2.05 16. 98 2.41 —51. 80 —2.59 16.11

8 5. 31 —33.67 —2.69 24. 99 3.79 —52.65 —4.21 9. 83

10 6.26 —37.45 —3.75 19. 67 4.14 —58.63 —5.86 8.71

20 12. 66 —36.72 —7.34 11.82 8.25 —58.73 —11.75 7.34

50 31. 35 —37.30 —18.65 6.85 31.09 —37.83 —18.91 4. 77

80 52.95 —33.81 —27.05 7.76 55. 27 —30.91 —24.73 3.84

100 68. 74 —31.26 —31.26 7.88 73. 69 —26.31 —26.31 2. 84

200 145. 47 —27.27 —54.53 3. 27 131. 66 —34.17 —68. 34 11.40

500 428.11 —14. 38 —71.89 2.74 391. 45 —21.71 —108. 55 3.31

800 736.59 —7.93 —63.41 1. 30 753. 87 —5.77 —46.13 2.24

1 000 971. 34 —2.87 —28. 66 1.10 941.02 —5.90 —58.98 0. 65

T« 00 L R X 457 22 R 24 X 1 22 S — A B TR KO 2 UCEPEIRORE 3 U S IRASAY 6 D RE A A M.
Note: The measured value, the relative error and the absolute error is the average of 6 samples of one sediment concentration level through

2 times of sampling after mixing and 3 repeats.
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500,800 F1 1 000 kg/m® B, I &2 75 vb 2 9 AH X 1%
#R—2.87% ~—14. 38 % MH A X R 2 —28. 66~
—71.89 kg/m’, K 100 L & B Je v K A 0 i
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Do VD i B AR R 22 —21. 5% ~—58.63%, 4
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bR 4 N 25k — 46, 13~ —108. 55 kg/m®,
W 25 045 Rt S Y s A 200 kg/m? B,
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1000 kg/m® W}, Yo v0 #E B K AL 3~5 cm, BUOHE
A R OAR By e v L K i AR A Vb E
AR IR ZE<<—10% , (H4s X% 22 35 8 — 60 kg/m’
T3Ah NTE] — & vb & oK P 3 Wk HE A Y B RCRE A

AR A o i 22 7T i L B S U RS L A D
I RS A L X R TR O I R D D T K
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Table 5 Segment table of the measurement result varying with volume
50 L 100 L
it &b/
(kg/m") S A XsF - 34 46 %ok V- AR RS - X5 AR X - 34 4 % S F4 A X5
W/ E/(kg/m’)  FRHERZE/ % W2/ BE/(kg/m’)  FRUEM2E/ %
1~200 —34.03 —14.83 11.97 —41. 34 —16.37 9.93
500~1 000 —38.39 —54. 65 1.71 —11.12 —71.22 2.07

F 25 AT R 50 L ARFL A e vh K e 45 5
Yo AR R R 2Z B R 100 L AR FL A I8 70 K BEAR .
X150 AR A PN UD KA B AR BB N L BRAE B i
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BF 50 LA P U V0 9 40 > 1 A X i BE TEAIR, BT
BNAETE /N A T e ke ok, BT L 3X AT g S 300 i
Vb YA XTI 22 50 L BFAR 100 Lo Bf/h, i T ledh
TEEWA GO NTEH 7w EamAY, FE2KRT L
JZ o HORE TR B X 40 P BBORE I £ 285 R W] B AT — 22 52 )
XA AE 25 i e T E TR 5Y

%

P EBORE I S 5 Vb DR BE AN 24 20 RO BORE 0
OSSR AR, S YR 1~200

3 &

B
EUBLY

kg/m® B, 458 1 HURE I 5 55 60 4 5 v B %) A G R 22
K —30% ~ — 505, (H 4 {5 1+ & vb i 5 i F 500,
800 F1 1 000 kg/m® B, 4 Fft BORE I 5 4 0 + & 1
HIYAHXR 22 TR —20% LLR o {H H I 266 % 45 2%
ik — 110 kg/m’® . ¥ B X6 5 v i Y o (14 52 i) 55
LA o F v i AR 45 P BURE ) i v A 8 A X iR
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