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Preferential Flow Characteristics in Layered Porous Media
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(1 School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114,
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University of Science & Technology, Changsha 410114, China; 3 Key Laboratory of Water-sediment Sciences and Water
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Abstract: This study investigated water distribution patterns and preferential flow characteristics in six porous media with
different profile structures (i.e. homogeneous fine media, homogeneous coarse media, fine media overlying coarse media, coarse
media overlying fine media, fine media containing horizontal coarse layer, and coarse media containing horizontal fine layer)
using dye tracing technique. The results showed that when water infiltrated from coarse to fine media, the hydraulic barrier effect
inhibited the formation and development of preferential flow. In contrast, when water infiltrated from fine to coarse media, the
capillary barrier effect promoted the formation and development of preferential flow. Both hydraulic and capillary barrier effects
reduced the infiltration depth of water in the layered media profiles, leading to a distinct discontinuous distribution of moisture
along the infiltration direction in the layered porous media profile. The preferential flow heterogeneity was the highest in the
homogeneous fine media profile, the lowest in the coarse media overlying fine media profile, and higher in the media profile
containing horizontal layered profile than in the media profile containing two different layers.
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Table 1 Physical and hydrodynamic properties of soil tested

KiAE oA (g/kg) BE fLBUZ T AR 145 5
>0.05 mm 0.002 ~ 0.05 mm <0.002 mm (g/em’) (em’/em’) (cm/s)
114.78 636.30 248.92 1.42 0.396 1.08x10°*
F2 RRAMKNMEERREKSNSE
Table 2 Physical and hydrodynamic properties of sands tested
kit i (g/ke) BE fLBAEZ T AR 4% 5 2
>05mm  025~05mm  0.0~025mm  <0.1 mm (g/em) (em’/em’) (cm/s)
9.74 800.75 166.19 23.32 1.50 0.435 5.79x10°?

1.2 Rt

FHTEA DB ABHET N TIE SRR 2 LA i
P CAPLBERAE N . 98, mRST43518 30, 30,
50 cm, HESATE SN 45 cm, T 5 cm SEER
TEE KA F DA Sk s IO HE ) IR K A B AS , 43
SFF R T 7KV )23 3 J2 (.4 240 T b 7 s L5 b R A
o 3 7 i 00 o 5 T 2354 ) R 25 7K J2 (R 4 o
R BT b 7K Y- J2 R JBT b B 4 Jo K - e 2 T 45
F)2 2t 4 ORI S3 2 Z AL Bl a5 A v i S

1B ERHEAESY s [RIESE, X o 4t Jo b A 5 oA o b )
S5 P P Se i shRr b I e T, FUME R
X FEGRES , ARHE IS AR AE, #2 5 em — 2
PR BbE SRR . fEELE L — 2 T,
Sl T JZIEFEA B ARSI B 5 RS, A&
SERIIITRE 2 AR, AR bR S5 i
WARMRZE . AR R HAR SR BN 3 s,
R R AN AL T 2548 S5 08 T B DL S TR S5 A R AE
FARI IR FIHEK TR E & 20 mm(& 1.8 L), N
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Table 3  Test condition settings for porous media with different profile structures
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Fig.l1 Soil moistures distributions with infiltration depth for
stratified two-layer profile and homogeneous profile structures
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Table 4 Statistical results of soil moistures for stratified two-layer profile and homogeneous profile structures

ABHE (cm) 4 [ 40 5 ¥ B 24 [ e AL T HEL I i 751 2 200 i b
0~5 0.241+0.016 aB 0.061 + 0.008 aC 0.276 £0.074 aB 0.290 + 0.064 aA
5~ Zinax 0.234+0.017 aA 0.084 +0.015 aB 0.090 + 0.023 bB 0.220 +0.028 bA

T RBAE O E AR ISR RINE 555 2R ] — LS T G544 S [A) A8 % B 18] A4 7E 1. 35 22 591 (P<0.05), AT R RIRE
bk 2R [R)AS TR AN ) L 39 80 T 45 449 () 47 7 Wk 25 22 57 (P<0.05)5 T Il

W2 B8 00 2 0 AR, 57K AU NS TRIEETT ) 25y
Ay s KP4 2 73 J2= (R0 455 40 T it 7 i Rl MR
b T A O B A5 A T, BER A IR B3 KR
A BTR Z AR B3 25 5 (P<0.05), HEKE
TR T AN ESE M o X — R AT G TR IR LB K R
TE5Y 2 R AR I AB A JE— 2553 HT 4 Rl
[T N 5 (T ST € N ) = =g NI
ey B 2 A K AR ] S e T R T 5 A A [
JEE S PRI A4 5 7K A3 U R 5 = ot 5 3% o IR 2454
FHIFTRE (0 ~ 5 cm) 54t AH 3 IR (R4 i 48 it el 751 v 4%
FARIPREL o 3t B2 5t 2 oM 151 T 25 #4070 ~ 5 e IR, A
S Y4 TR o b 1) T 2954 5 240 5 e 7 o REL B ) T 45

PR 0 ~ 5 cm W), )20 S KRN BEKTY
o) T 5 R R TR R B AR 1 13 7K R (P<0.05), T 7 5 )2
AT R 3 Bl ) B 7K 236 5 359 i ) T 45 40 A [ %
FEL (A 5 4 TR ) A 5 UK 3% 22 fa) 20 0% 6 W 3% 25 5%
(P>0.05). %5 R FRW, 1EAEBIR ST EH L5 T,
TS5 2P T Ko i 5 2 sl A B KT 2
WEEEEZ P,

2.1.2 fRACTSSH 205 25 R Tk AR b
7 5 20 I DL R 34y o A4 o M RT A SOREL B M 4 A T
ST, PR ERIERABIE N R KAB T
B ORETRREE . e B mE AL | e
I MR B R A AN ER 5 PR .

x5 KFRESRFIESEESHREIESE RN REFERER

Table 5 Preferential flow indices for stratified two-layer profile and homogeneous profile structures

H w254 BRABEE (cm)  BEFREIEE (cm) HESE I L (%) Y A (%) M de i a2 i R 2
47 5 240 5 b 20.0 4.47 58.72 49.65 3.37
39 IR I 37.5 19.11 38.68 76.68 2.15
2 J57 b 7 25 R 5 32.5 11.47 46.35 61.25 2.96
HEL IS b B3 55 40 5 b 10.0 5.50 14.90 85.09 1.05

B1 RIS 5 o, S5 50H0 T ) 45 R4 K I
RARABWEAEZIRRY N 37.5 em)k, 4
o b 7 i REL S b ) T 45 ) ) 7K e R A B TR (P
FE RIS 30.0 1 32.5 cm) R 22 ; R o 7 o5
248 [ b ) T 5 R R K TR R A B R e/ DA
K435 7.5 F1 10.0 cm), FoZE B RN T X B 40
b ) T 45 R 18 K e KA R B (W R B 35 Oy
20.0 em), DA S5, RIS A0 5 k7 A T
T T 58 ) e LR M 7 5 400 5 ) T 45 4 , Y RE A
FEARTE LK (0 e R ABIRIE , RV HAWBEN . 1
rF R b 7 55 A5 b ) 5 A P U I SR R A
(R RABIHEEREILT 50.0%, 1405 H 75 55 6L 5 H
A T 25 ) R Ko 49 SRR b 5 o 235 40 ) e K A B TR
FEARAN R 13.3%).  Fh T 200 5 1t 78 Lo b 5] T 25440
PR ZLIRB R, A% IS5 H T A B K 3=
SR P TEML BT 55 2 b, O 0 T A 3 Al
ZER((P<0.05, [ 1 F13R 4 FIoR), &5 2RI S5 H 1)

e AU AR 552 TP R T 80%(FE i IX
& 5) ML E 0(10 cm ).

L N7 b = NS 8 LR CEN 120 AN /v T B
M 23 NS HISERY, 4 F5IAEH T B AB KR
SR R A HE SR B RRE, B 3 NS EUT
RN 4 FhE ST P SEiE sh AR A1 RIE R
A BT — SO < YT AN T k) v 25 A T AR S s
Sl AR SRR A i, RS M 7 5 A0 b ) T 4 )
DRIz BN AR SA 5 F8 BE eI 5 240 5 iy 7 i KL o b R g
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AT UL PR S5 A Z 8], Hoh R i e iis
ARSI REEEAART T =GR 5). Ak, TEXIRRSS
i — )2 5 ) ST 4 R B (AN 4 o 254 1 7 s —
AL b SR . FERLT 25 4 7 5 — 2 AN T g
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2250 AT 254 T 55— 2 M T L 25 A B

http://soils.issas.ac.cn



5 4 19

R )R Z AL BRI T L e i AE SRR 923

R 1t 78 5 J22 10 T 6 R N T R AN T AR S i
& S AR SRR 5 RS M 2540 7 25 — 2 40 i
SEFgRT, 41T S R RN T SRR R, ATIHE K
TSR E AR SRR
22 BKFEREHNELEHPIIKRIZS
220 FUKERAMA 20 JTHD S R T KT J2E
REL T 1t 5 241 5 b 7 - 3 J2 DA e 359 15 40 I e A0 349 J5 kL
it 4 R EZ5AE N, e R ERRIA R B G 1) 3
PR 5 7K R B A B VR 1) 73 A AN 2 BT 7R o 7 LAl
b AT AT 0~5.5~ 10 cm Al 10 ~ Zay
FIR OB T AR N Es A i Rk
JERNI)Z LT MK e R AB IR ETE B 21 &
KERS, ZRINE 6 Pin,

F Il 2 FNE% 6 AT, 45 M R b K P e 2 1
THT 445 R4 (1) 25 7K SR B A A8 TR BE (R 15 i 222 3 B I 1
Se 2RI NG 2RISR RS v N AR A, JF HL
FOKFAE S om(40 5T HbEE AL 5 b 1 22 FLTED) AT 10
e (KL ST b 5% oAy 441 I b 119 38 55 T ) PR Ak A I 38 5 T Ak
KA ERZEAS; K EEAEH)ZO0 ~ 5 cm)BEK
R 3 I 359 IO 240 J5 ) T 5 A A [ R ) KR
(P<0.05), HHAVHFTHBICZ(S ~ 10 cm)fy & KRR AL
83 R T X oKL b ) T 45 R R TR R B 1 A K R
(P<0.05), HLFH I )2 LT Bk ABRELH (10 ~
Zomax) 1 F5 7K 3R A B S5 A 349 J5 40 J5 b 4] 17 445 49 A [+
TR 0 35 7K 36 RT3 240 50 b /K ST 92 J 25 T 45 44 1)
FKFBERE A VR 38 0 30 B Y Sl R
PN RN N ANER T2 N N R T <R NP I E R ¥ 2
5 emCHL T b A% Ay 41 o b 1Y) 32 ST AT 10 em (40 5 5%
Sk REL T b P 2 SR TET ) PR AR A S AC B T Ak e A B A 1 9

A5 H EEHBHZEO ~ 5 ecm) S KRR ERTY
JOREL I b 5] T 235 44 R R R B2 1) 25 7K 8(P<0.05), ]
LIRS ~ 10 em)AY & /KR ARE B & KT
240 55 A 51 T 235 A AT TR TR 1445 /K R (P<0.05), 40 B Ml
FJZUT BIRRABIREN (10 ~ Zna) 0K FAD
38 2 R 34 SR S5 b 0 T 45 AR A TR I B 1 A K R
(P<0.05). LI L&5FRFEM, 2L BRI AT B A K
SEEAB .

2.2.2  RIETREE 200 I 5 KL 5 b K T 2 2
FIUAEL J5 b 25 440 J550 b 7K T 3 22 DA K% 359 I 440 5 b AN 2
JEALT 4 FhEIHAEA T, RORERERAB
JER R R A BIRE . MR E . R, &
Yo (o, 1 B G RO S 0 38 T A AR R B 4 SR
=TI

FKFR (em’/em’)

0.4

10}
g
:L? 20+
IS —=— YJiTHb1 —o— 42
—o— MMl —o— b2
30 —a— A LB KO- )2 1
—n T ML MK 3 S22
—o— HHL b & A0 T K- J2 1
aol —o— HLJT b 75 40 K )22
E2 BKkITREIEEMEHRIEEWNSKERS

EREEL
Fig.2 Soil moisture distributions with infiltration depth for profile
structure containing horizontal interlayer and homogeneous profile
structure
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Table 6 Statistical results of soil moistures for profile structure containing horizontal interlayer and homogeneous profile structure

ABHE (cm) Sappitbie:i) ¥ B 240 5 Hb 5 L B AP e LI Ml 55 40 5 K 1 J2
0~5 0.241 +0.016 aB 0.061 + 0.008 aD 0.296 + 0.026 aA 0.188 +0.014 bC
5~10 0.251+0.013 aB 0.066 + 0.008 aD 0.108 + 0.024 cC 0.327 +0.027 aA
10 ~ Zinax 0.226 £0.011 aA 0.087 +0.011 aC 0.246 + 0.040 bA 0.104+0.012 cB

R7T BKEXRERESHRAIE R RIFIERE

Table 7 Preferential flow indices for profile structure containing horizontal interlayer and homogeneous profile structure

W IRABRE (em)  ERREE (em) ARG SR AEA(%) RN E D i R
47 [ 440 o b 20.0 4.47 58.72 49.65 3.37
39 BORL T 37.5 19.11 38.68 76.68 2.15
4 I b 5 R T b KT 2 15.0 9.00 17.79 85.24 1.61
LS b 25 20 B K P e 2 17.5 5.69 45.43 63.74 3.27
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