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Influence mechanism and model construction of biogas slurry
hole irrigation parameters on soil infiltration characteristics

TANG Xiaojuan', XIANG Peng’, ZHENG Jian®, WANG Ying'
(1. Gansu Provincial Research Institute of Water Resources, Lanzhou, Gansu 730070, China;
2. School of Civil and Hydraulic Engineering, Lanzhou University of Technology, Lanzhou, Gansu 730050, China)

Abstract; To explore the effects of biogas slurry ratio, hole diameter, and depth on the soil wetting front mi-
gration distance and cumulative infiltration during biogas slurry hole irrigation, the hole parameters of biogas slurry
hole irrigation and crop irrigation amount were optimized, and an economical and efficient biogas slurry irrigation
system was designed. The HYDRUS-2D model and the measured soil characteristic parameters were used to con-
struct and verify the soil movement model of biogas slurry hole irrigation. The results showed that the cumulative in-
filtration and wetting front migration distance simulated by the HYDRUS-2D model closely matched the laboratory
test results ( NSE >0.966, PBIAS < £0.3). Soil cumulative infiltration and wetting front migration distance
decreased with the increase of biogas slurry ratio and increased with the increase of hole diameter and depth. The
lateral and vertical migration distances of the wetting front exhibited a strong power function relationship with the
stable infiltration rate and infiltration time (R”>=0.977). The wetting front curve could be accurately represented by
an elliptic curve equation (R*=0.957), and soil cumulative infiltration under biogas slurry hole irrigation demonstra-
ted a linear relationship with the wetted body area (R*=0.972). The established model for the wetting front migration
distance model ( NSE>0.976, PBIAS<+0.13) and cumulative infiltration model ( NSE>0.982, PBIAS<+0.10) ex-

hibited good reliability, accurately describing the impact of variations in biogas slurry hole irrigation parameters. This
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provides a theoretical basis for determining appropriate parameters and irrigation volumes for biogas slurry hole irrigation.

Keywords: biogas slurry hole irrigation; hole parameter; wetting front migration; cumulative infiltration;
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Table 1  Soil characteristic parameters of different treatments
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Fig.2 Comparison of measured and simulated cumulative infiltration and wetting front migration distance
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Fig.3 Effects of different influencing factors on soil cumulative infiltration
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Fig.6  Effects of hole diameter on soil wetting front migration distance
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Fig.7 Relationship curves between infiltration parameters @ and ¢ and steady infiltration rate f;

R2 BENEXENILEZNBESH
Table 2 Fitting parameters of stable infiltration

rate and hole diameter

R3 BENSEERNILRENUESH
Table 3  Fitting parameters of stable infiltration
rate and hole depth

TR L L
Ratio of H/cm e f R?
biogas slurry
8 1.2913 0.2547 0.9900
10 1.5836 0.2474 0.9838
0 12 1.9880 0.2283 0.9950
14 2.3843 0.2266 0.9889
8 0.4024 0.2595 0.9873
" 10 0.5051 0.2447 0.9870
12 0.6363 0.2321 0.9971
14 0.7847 0.2205 0.9815
8 0.3791 0.2576 0.9857
16 10 0.4708 0.2440 0.9877
12 0.5917 0.2309 0.9969
14 0.7135 0.2270 0.9811
8 0.3152 0.2092 0.9882
L:4 10 0.3502 0.2196 0.9899
12 0.3783 0.2334 0.9971
14 0.4707 0.2183 0.9887

EERI T
Ratio of D/cm g h R*
biogas slurry
3 0.1947 1.0418 0.9951
5 0.2223 1.0283 0.9957
0 7 0.2738 0.9766 0.9940
9 0.2855 0.9926 0.9944
3 0.0531 1.1088 0.9947
18 5 0.0591 1.1073 0.9961
7 0.0751 1.0403 0.9917
9 0.0808 1.0444 0.9951
3 0.0546 1.0661 0.9951
1:6 5 0.0601 1.0687 0.9961
7 0.0756 1.0075 0.9906
9 0.0804 1.0154 0.9942
3 0.0544 1.0045 0.9908
- 5 0.0572 1.0173 0.9867
7 0.0639 0.9942 0.9881
9 0.0644 1.0045 0.9908
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Table 4 Comparative evaluation index of calculated and

measured values of wetting front migration distance

D/cm NSE RMSE PBIAS MAE
3 0.9992 0.0281 -0.2376 0.3196
5 0.9996 0.0010 0.0087 0.4667
7 0.9763 0.1264 -0.2235 0.6611

FEEIRARLEAT PR S0 (P 10) o AR SECH T8
RIS R ST e br in 3 4 TR, B3 NSE =
0.9763 ~ 0.9996 . RMSE = 0.0010 ~ 0. 1264 . PBIAS =
~0.2235~0.0087 . MAE = 0.3196 ~ 0.6611 , 3 B 141 1
AIEEE KA, o] LR F0000 AN ) A b VA O - g
TAllEkE Sy s AN
2.5 BRNETERRANZSERNEILSEMN
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Table 5 Determination coefficient of wetting front and elliptic curve

Tiri];l/E?nin BoDsHio TiriiLE?nin BioDst
7 0.9566 20 0.9926
26 0.9891 74 0.9890
54 0.9950 158 0.9961
90 0.9919 264 0.9880
140 0.9961 416 0.9900
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Table 6 Comparative evaluation index of cumulative

infiltration calculated value and measured value

EERI T
Ratio of NSE RMSE PBIAS MAE
biogas slurry
By 0.9990 0.5913 0.0673 1.3087
B;.g 0.9817 0.2293 -0.0262 1.3894
B .6 0.9993 0.8626 0.0982 1.3816
B, ., 0.9997 0.8825 -0.1482 2.6522
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