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Abstract; In order to study the effect of biochar on the hydraulic characteristics of northeast meadow
black soil, establish the model suitable for the soil with addition of biochar, and the ratio (0, 2% , 4% ,
6% and 8% ) biochar was applied to soil, and the soil hydraulic parameters were tested and numerically
analyzed. The results showed that the increase of soil water holding capacity was due to the high ability of
water holding capacity of biochar greater than 2 200 ¢m suction range, and the improvement of hydraulic
conductivity was due to the hydraulic conductivity of biochar at low suction range that lower than
35.82 cm. Compared saturated hydraulic conductivity test data with theoretical estimate value, it was
showed that the actual measurement values were closed to layered distribution, the max difference was
about 8.9% , added biochar soil should be considered as layered distribution. The difference between
experimental data and theoretical values was due to the increase of gap in soil by biochar. The water
distribution of the soil after infiltrated 24 h was simulated by capillary model. The saturation of simulation
was 11% lower than actual measured value, which showed that the unsaturated hydraulic conductivity of
soil with addition of biochar was fit in capillary model. According to the results of capillary model, the
hydraulic conductivity of soil that added biochar was mainly due to the characteristics of biochar, it
mainly changed the hydraulic conductivity of soil under low suction. The results showed that application
of biochar can improve the hydraulic conductivity of northeast meadow black soil of China, the higher

content of biochar added was, the higher hydraulic conductivity was increased. The results also showed
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that the number of different aperture of capillary was not evenly distributed in biochar, the smaller the

aperture was, the more number of capillary was. The capillary model was simple and effective, when the

volume ratio of biochar in soil was less than 8% |,

the numerical analysis results were in good agreement

with those obtained with the test data of soil, and it was showed that the model can provide accurate

method for numerical calculation. The results can provide a method and guarantee for the study of soil

hydrodynamic characteristics under certain biochar application, different areas, different terrains and

different permeation times.

Key words: meadow black soil; biochar; capillary model; unsaturated hydraulic conductivity; effective

saturation ; finite element analysis
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Tab. 1

Calculated unsaturated hydraulic conductivity by using capillary model

N ) j R K(6, -jA0) 1

LHEKR, EpgakE, [ : ]

(om®em=?) By /om (om? »om 2 TR M K,

(em®-em ™) a=1 a=0.92 a=0.96 a=0.98 a=0

0. 375 17.50 0.471 0.079 0.628 636  0.739290  0.727626  0.710446  0.752799
0. 350 35.82 0.234 0. 237 0.410231  0.283353  0.304913  0.331026  0.252202
0.325 70. 57 0.207 0.027 0.283642  0.185413  0.202979  0.223593  0.158 616
0. 300 130.91 0.181 0.026 0.210963  0.120014  0.138463  0.158288  0.085 195
0.275 200. 00 0. 174 0. 007 0.152706  0.086479  0.099957  0.114404  0.060 766
0. 250 321.13 0. 165 0. 009 0.109946  0.057967  0.069205  0.080687  0.031207
0.225 502. 89 0.162 0.003 0.074824  0.038381  0.046391  0.054462  0.015905
0. 200 873.37 0.161 0.001 0.048932  0.025092  0.030193  0.035446  0.010 351
0.175 1590. 00 0. 160 0.001 0.029668  0.015192  0.017870  0.020979  0.006 127

®2 TEEMSAKEHUEETMGIHE

Tab.2 Tested and estimated values of soil saturated

hydraulic conductivity mm/h

s CK Cl c2 C3 c4
SEBRIIEE 22,068 10152 1.1952 1.2492 1.2996 1.3716
FRANHA 1.5696 1.9872 2.4178 2.8253
JZRAGTHE 1.1736 1.1988 1.2240 1.2492

H1# 2 W LIA Y, C1 . C2 . C3 [ C4 i Fl 3 K R K
S B I A AR, S )2 MR 20 A AR 2 A B Al TR
6], (H AR 1238 TR AR A, 55 2R A A FE Y Rk
257 8.9% o o3 Hr B IA, wl g Je 24 4 4 i AR
Py 5t 0 5 L S R LR AR W ROk T i R R
BT AR VIR IR 53 40 R B = 1 i
Ay e 1 S K 0 Bl , 22 SR oK AR AR R L AR
ZIE S BRI s o TR AR A B A T A 5 &
AW R AR B ER S B S A R S I 2 B
(19 7K 73 T 2l 2 00 40 0 S oK 3R 57 AR R DAL T 5 B
P 00 2 9 4R A0 S AR L JZ ARG TR

4 FmEMRIFESKIENBESN

4.1 HMEWRBH T EER

ST AR [ 35 B 8] J5 AN [8) A= 4 0 7R n o
FE K 353 A, 1 58 RS i AR 0 e i) b M E AT
BERA . TS8R 0 2 2P 3 B LT 41
KM BRI A ) 5 %) 1 SR Bk S B 9 XN
AR X, TEREED, XA X B A A IR RS
I FNWI UG 7K 3 FRAE .

A o 2 BB BIL 23 A A -3, SR ] Python
TS IR g IO . B AR W ok B AL AR
et 2R AN DR AL 3 (1 NP G0 E Va2 o M we= J i1}
BUR IR o i AR 5 A, 2 1 5 R B 5 B 2
R, FEOF A R KAMERL ST, B, T
FUAEIC 10 mm x 157 mm, U a2 4 #F A P g

9B, A W e 1 A BR00E a9 A B gk 0 B 8 ok
BeXF o AW ZE B AE Y AR B R 2% |
4% 6% 8% . 45 WS 0 b ) A0 g8 T A 1 ok
()7 YR AR 25 M A ) e 1 A B (AR ) e R AR i T
1.5~2.5mm,Hh 2 mm B 122 5 60% L I, ik
B2 mm) o BEBL A AW B LR AL Y TR O AR
b, (B AR 2 A ) e o AR B 2 A A B AE BC, i 2R
AL BR S TR 7R A AR B, e A AR
JIT A A ) e R SR T AR A% SRS N 1Y L 49 R S B
BB RS e B R AR IR R X
FAEY X AR K3 iadh S5, K4 s
TG H) BE HL S 0 A= ) o 1 A S AR A

| o @ @ =} - o |
(a) C1EIH
& oRe - o, B i 2
o o Yoo g 7 o
(b) C2fIm
T o EEE e e e T e e
L 2 - o s I ° Lo o9 o
() C4fm

4 AL A A 9 e A0 1Y - S 80T
Fig.4 Profiles of biochar particles distributed randomly in soil
4.2 BRITXKAHEE
K FH 38 T A R IC 43 7 B Abaqus #E17 $0(l
T8 X T B3 R BT I BT
W5 SR I AE B AR R AN AR R R B
B ER 45 A, R & R K 2R AE S K
¥ Abaqus 2% ] BROOKS 27" $1L it (1) 15 15 & BUR
TFIEE M ZR . U B3R Rr AR Ze 25 1 iy 3 4
S, B - S RS A R EE D R A B RS 4y
i f6hr A, BI85 R BRES A FE R C RN (R
SCHR B R B B A RO R )
K, ((u, —u,)<(u,-u,),)
K=
{Kﬁ‘f ((u, ~u,) >(u, ~u,),)
_0-0,

(22)

+

s,




5§54 TR A 2R WO R b B B K A B W B T 5 283
K S, ——H %0 o
0.9359
S— 400 H R I3 §§§§§ ok
(u, =, ) — IR ) L
-u ), — = 63047
e ) A Bt .
. oAb +BqgAby, a) CK
A (20) b (Y ————lig—ﬂf/ e

i=j+1 h;

" aAd + )
; A6 h?qum
1) 1L RS
4.3 IHRIFESEMAEERIFNHETE

RWFFEAS ] - AF 28 2ok A [R)32 325 B 8] J5 /97K 43 43
A BB ER 73 B G TE S U A ) ok S AR A
R, YR T IR 45 1 B A A8 B T A 5 R A
TR RIS Ik A S B RN B, W) 46 45 E 1) T R R
JIHEAH TR

24 DX 0 R R AR (CKO) B I o= 1, 2R AT Y
W 3 6T IO e AR R BE G 1 TR, LR IR SR
A B BRI AR A K
MRk 2 KR R 30 00 A A9 A 1. 152 mm/h, 341
SRRy 22 3 TR W ) S F SRR K, HoAth i
R FE o AT DI 0 b W T R R EE 43 )
37200 em 0. 152 7, 3% BF[A] 5 000 s, 3445 4 CK 1
0 R i 57 B ) o0 A RN BT Sa B R o

X C4 B XN Kl 4e Bros SR8 )
AR MR 1 PR, BHEXH a =1, Y KRKX N
o =0, JEF A W) I 1) A0 R S K R4 00 Dy 1. 152
22.068 mm/h, 3 FAAFAN R 22 i R IR W T S %
8 1 490 8 W% 7 R AN R 200 em 0. 152 7, 4 #)
IR B 1 W 3 AR EE Sy Dy 200 ¢m (0. 060 7, ¥ i
HFIE] 5000 s, 7155 10 C4 (1% 160 12 Bl A3 5 1) 0 A
HUAE A 5b Frs .

IR C4 BB BARL C47 I, R 1)
W ) AR RN FE AN 1 B 7R o RS K 288 A 1 g ) 15
(1 1. 371 6 mm/h, 3 5 5 AFATS hy 26 30 00 G W g
%, C4™ WIhE W 7 FARL AN EE 2 200 ¢m 0. 086 5,38 i
BF[E] 5000 s, THEfS C4 ™ A 46 0 B2 Bl A5 1Y) 4 A B
AN Sc iR, B 5 R, BAEBIRAR LS b 4 iR
AN AR ) B A AR RN R B AL 1 S AR

T Y CK L C4 Hr ) - 58 C4 () A= ) o LA
e G4 [ 1 B Bl A B8 1) 43 A KA AN 18] 6a BT o

H [ 6a AT LLE I, C4 ™ (40 F0BE 43 A1 TE 2L T
C4 v A=y e (A AT R 23 A B 20, 302 1 7ok B 4
BRI (21)) ML R, B TEY RS EH
B EIEZ T 15, 5 L3, BB I
R 22 1 7K 43, PR 6 A 9 0 A R R R TR K
KU H g HkE T C47 1 F A & IE AR

) e AT BB

]
nEo

~J
S0
GG

Pk

oS
[Ny
10N

~J
~J
~

CLLCOOO0OCO00—
1=}
12
o

o B O 50 00
(SIS} L
T2

oo

(b) C4

=

Nt

58
% Pk

CLLCO00O0CO0— S
OV BN OD

(c) BAIEHAC
E5 %35 5000 s 5 1 5000 0 4 76

Fig.5 Soil saturation distribution diagrams after

infiltration of 5 000 s
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