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Water-storage capacity of capillary barrier cover in semi-humid areas and
design parameters of anti-seepage

MO Jiacheng', JIAO Weiguo' 2, ZHAO Qing', TUO Bin®, LUO Yu*, ZHANG Song’
(1. College of Civil Engineering, Guizhou University, Guiyang 550025, China; 2. Guizhou Institute of Technology, Guiyang 550003, China;

3. Guizhou Zhongjian Architectural Research and Design Institute Co., Ltd., Guiyang 550006, China; 4. Qianxinan Prefecture Urban
Construction Investment (Group) Co., Ltd., Xingyi 562400, China)

Abstract: To investigate the service behavior and water-storage capacity of capillary barrier cover systems in semi-humid areas
of northwest region of China, a full-scale cover system is constructed in Xi’an, and the rainfall and long-term serviceability
monitoring tests are conducted. The results show that: (1) Under lush vegetation growth in summer, the water release rate with
vegetation is significantly higher than that without vegetation, with the former (45.80 mm) being 1.73 times greater than the
latter (26.55 mm). (2) Under light to moderate rainfall conditions in the northwest region, the measured water-storage capacity
is approximately 93% of the theoretical one. The soil cracks and other preferential flow pathways have the minimal impact on
the impermeability performance, with leakage primarily occurring when the actual water-storage capacity exceeds the
theoretical value. During short bursts of heavy rainfall, the measured water-storage capacity is approximately 73% to 84% of
the theoretical one. The soil cracks preferentially infiltrating are a common and frequent induction mechanism for leakage in
the soil cover layer. This may result in the inadequate utilization of water-storage capacity of soil. It is suggested that a safety
margin coefficient of 1.1 to 1.3 should be considered to enhance impermeability.
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Fig. 1 Capillary barrier cover in field tests
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Fig. 3 Soil-water characteristic curves
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Table 2 Water distribution during monitoring period
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8 H 162.80 0 165.10 307.43 0.60
9 H 262.88 3.71 184.00 340.80 41.80
10 A 75.65 0 128.30 288.15 0
11 H 205.40 0.15 100.70 345.83 37.04
Bt 1173.50 11.43 969.20 345.83 88.84
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Fig. 7 Comparison of water release of cover with and without

vegetation
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Table 4 Climate and water release from Aug. 18 to 28 with

vegetation HA7: mm
qm DWW RiEm  HER RITER

” #/mm #/mm #/mm #/mm
08-18 0 0 4.50 4.50
08-19 0 0 4.73 9.23
08-20 0.1 0.1 2.00 11.23
08-21 0 0.1 5.70 16.93
08-22 0 0.1 5.05 22.43
08-23 0.4 0.5 0.28 22.71
08-24 0 0.5 6.22 28.93
08-25 0 0.5 5.65 34.58
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08-28 0.1 1.7 5.05 45.80
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Fig. 8 Water storage and percolation events during monitoring

period

HEWNE:  WE-HABAH BAHENESDR

BidE  WEBRRESRRNL KhKEEN

ks BREMKRAZRE SHBER
\ \‘/ \

23

B
2
30|
E i
i 60 &
e 2
= 90 1
WA WA R -A R WA
FKFE FKE HME SR A % RS
120 E W GokREE  pcKEm
0 10 20 30 40 50

HEBUE K%

B9 SoigmEBEHFESEINMEKESERIEKENL
Fig. 9 Analysis of measured water storage by field hygroscopic

SWCC in S¢

br Se IR SHEAL, Bl 8 ) So M Sy F AT, B
INf S K B I HEIR AT S K & SC, S bRt K &35
LB IR K E T 90% LA o PR, WA
TR E N TS, REIREWERE, RELAEZ
TEWE Y, TR DU IR AE ASE0E . EIR 3R] So,
SuBIRFAER Se FiF, BIRMRIRA R, PRI
RN KR L e ki, LR
KRB EA LM G RE . FEVEACRIE B R %
FAF N E SRR, — e S A K 55
MY SEAE CONEIRRE), —J7 HXE ORI AR, 51—
TR FRERST 59, KRB LAATT RN GG K LR

e . MBS SeEE X st RN, +
JEEIKEE TR 785 KA, LBk EIR B (Bl
HOSE R BIRIEZE N F RS TR ] R A %
R, ooy L2 B K BE A 2 BRI
i

HE 8 11 S7, SsiBlmdft, /=S MfEfEK
BT HER S K E SCo WRTFTIA, A SCEYH
FH7 78 55 2 V2 T 20 318 2 i /K & SC oA 400.40 mm,
Sy HAFSIE N 335.25 mm, ZINFSEI 84%; Ss
FAFSIE AN 293.18 mm, ZNFRBAEIT 73%. tHE]
X IKBIREG, B ENAREZRREKE0,
IKRESIARBET 0 K AE (SURIE T 70%~80% ) 3BTl
T, Sy SsHEMHMHKRAETEZT AM 8 AYl. 1%k
BEGE VO ER, KL, HhEE
JFE ™, FAETEEL) 2~6 mm. I AR R E
NER N, s LR RN, R E 2 AL,
REBIEEAIGI AT 3~30 cm. B 2550 I 504 N 7 o5
JEIE T R BT AR K (BRI AR, X e 4237 v] R
Bamid LR REETEE R TR SRR AT
BHBIRE PR, S7 (1.1 mm), Sg (0.6 mm) 1
/N T S6(8.3 mm), So(41.18 mm) F1 S;;1(37.04 mm).
— S F R AER N E . RESINTAEREET
RS, B 2RI E . 55— T
B ZNERBEEAR, KA AR E ML AR
1, Iz EmBEs, HlES T LRI T iBEE

SCHR[2 1R EURE ARG X 2 ANAS A7 B IR s
WA T ASCE 52 VIR NSRRI ENEE (]
10) o A5 A5 FE R W AR R 7 30k P A e 55 22 5
FEATIE NS T 2 A A% S X 7 55 2 I T s K BN
BE, RV 0~4 h, HEVIHENBR 4X107~
6X10 " m/s, fHEFITR 1.44~2.16 mm/h, Fr5L 24 h 1§
2] 34.56~51.84 mm/d (J& KBNFEFN). FMHZERIXT
VG b2 v X BB IR T VG 22 1) B R B KR IE AT T 48
The Gl I 50 a LR, V0% 2 H F/KIEB(A
MAE N2, FEKEMBFEKEESLL 15 000~
20 : 00 B BONRMEX . E 2005 £ LK, BT 2.00
mmvh [FREET B R OB 3 %2, ARSI E] 45 Ik, I
rh 2 22 B K SR E KT 20 mm/h F5 I 58 A R A

Pa b B AR SR E 2 15 1 00~20 1 00
WPE, A, BRIERMEL, TR 2™ E,
AR I b R AR K B R W S B K R R A K&
WIMAER, B (BK HERERL B Xk
SEUE S EMEKRE DA RE R o R T AT S e .
Je BUE AR LB R IR HTE 7o, B Rii%E
RE ks B BRF M, SR 2 1B 40 i 7 25 B 5 1
i, WHEERWmAR L AR, SEERE



551

SR, S5 2 X B PH I 7 o 2 SE PRt K BE 70 5 B it S8 gt 975

8K e ST R FEFRE ZAE 80%~90% MBI . B IZIX
T AETE 55 AR KR A ik E 1.1~1.3 (1/0.9~
1/0.8) MBI E & ZRE.

1.0x10°
7| A WK
8.0x10 . STtR2
5 6.0x10~7
E
g 4.0x10°7
< 1.86x1077

2.0x1077 | A
° L /S
A . . A 1.82><|10'7 . .
0 10 20 30 40 50 60
B /8] /h

10 PABERA LIRS L

Fig. 10 Infiltration curve of loess in cover by field tests!]

4 & P

EPTAL 0 X P R T BB i 26 2 R
R, 852 Lk,

(1) o G b0 X B0 L 26 JR I 0 4 T
ST, MBS LA AT AR IE .
W 78 3 R K A B GRUE BBk TR, i
HoK5 BRI R H I 1.73 15

(2 v G b e Y A XK 55 I 10 4%
t, WUNFIR, BN SRR, Sk
B AR 93%., )2 ZAAS S S w2
BB PRSI, ISRV R 5 IR R S bR K
S A o LT R R 00 4 R B A U M B K
FIRT, BRI SR R 2N R KR 1 73%~
84%. HETIARF (BRBUK) it B2 Fis
BEBELZ RN, LEBRE RN, DS,
B WER KIS A R 11~13 R E R R
.

SE -

[1] BONAPARTE R, GROSS B A, DANIEL D E, et al. Draft
Technical Guidance for RCRA/CERCLA Final Covers[S].
2004.

[2] STAMATOPOULOS A C, KOTZIAS P C. Earth slide on
geomembrane[J]. Journal of Geotechnical Engineering, 1996,
122(5): 408-411.

3] FWERE, 2 8, £ I & BUMHNE SR KEE A
AT FI RIS, & 5 TR, 2022, 41(7):
1501-1511. (LI Xiaokang, LI Xu, WANG Fei, et al

Experimental study on water storage capacity and

breakthrough time of capillary barrier cover[J]. Chinese
Journal of Rock Mechanics and Engineering, 2022, 41(7):
1501-1511. (in Chinese))

(4] FKICAS, Bk W BRI T A B B e T AR AL
PR AT D). A RS, 2016, 38(3): 454-459.
(ZHANG Wenjie, GENG Xiao. Performance and mechanism
of capillary-barrier evaportranspiration cover of landfills[J].
Chinese Journal of Geotechnical Engineering, 2016, 38(3):
454-459. (in Chinese))

(5] P, AR, B, & R X BN o=
KIIFHBERE IO 5 B TGS T [0]. BRI AR,
2023, 56(10): 118-126. (JIAO Weiguo, LIN Changsong, TUO
Bin, et al. Evaluation of long-term anti-seepage performance
of capillary barrier cover in semi-humid area and analysis on
meteorological mechanism of percolation[J]. China Civil
Engineering Journal, 2023, 56(10): 118-126. (in Chinese))

[6] BENSON C H, ALBRIGHT W H, ROESLER A C, et al.
Evaluation of final cover performance: field data from the
alternative cover assessment program (ACAP)[J]. Proc Waste
Management, 2002, 2: 1-15.

[7] BENSON C H. Final covers for waste containment systems: A
North American perspective[C]// XVII Conference of
Geotechnics of Torino "Control and Management of Subsoil
Pollutants". Torino: Associazione Geotecnica Italiana, 1999.

[8] TAMI D, RAHARDJO H, LEONG E C, et al. Design and
laboratory verification of a physical model of sloping
capillary barrier[J]. Canadian Geotechnical Journal, 2004,
41(5): 814-830.

[9] LEE M, KOO C H, CHONG S Y, et al. Laboratory and
numerical studies of rainfall infiltration into residual soil
slope improved by biomediated soil cover[J]. Water, 2022,
14(5): 744.

[10] NG C W W, LIU J, CHEN R, et al. Numerical parametric
study of an alternative three-layer capillary barrier cover
system[J]. Environmental Earth Sciences, 2015, 74(5):
4419-4429.

(1] £ FE AR Ak BT R 2 B A AR 58 2
ZHARWIFLD]. dbat: LA A, 2017. (WANG Fei.
Development of Unsaturated Soil Column Test Device and
Experimental Study on Parameters of Capillary Blocking
Impervious Layer[D]. Beijing: Beijing Jiaotong University,
2017. (in Chinese))

(12] FEHaan. 25 & a0 B RN A AEE AN 14—k RFAE 26
WD) dbxat: stz KA, 2020. (WANG Yanru. Study



976 Hs O+

2 2025 4F

on Soil-Water Characteristic Curve of Unsaturated Soil
Considering Dynamic Capillary Effect[D]. Beijing: Beijing
Jiaotong University, 2020. (in Chinese))

[13]ZHAN LT, LIG Y, JIAO W G, et al. Field measurements of
water storage capacity in a loess-gravel capillary barrier
cover using rainfall simulation tests[J]. Canadian
Geotechnical Journal, 2017, 54(11): 1523-1536.

[14] MELCHIOR S, SOKOLLEK V, BERGER K, et al. Results
from 18 years of in situ performance testing of landfill cover
systems in Germany[J]. Journal of Environmental
Engineering, 2010, 136(8): 815-823.

[15] NG C W W, CHEN R, COO J L, et al. A novel vegetated
three-layer landfill cover system using recycled construction
wastes without geomembrane[J]. Canadian Geotechnical
Journal, 2019, 56(12): 1863-1875.

[16] NIJ J, LEUNG A K, NG CW W, et al. Investigation of plant
growth and transpiration-induced matric suction under mixed
grass-tree conditions[J]. Canadian Geotechnical Journal,
2017, 54(4): 561-573.

[177HAUSER V L, WEAND B L, GILL M D. Natural covers for
landfills and buried waste[J]. Journal of Environmental
Engineering, 2001, 127(9): 768-775.

(18] £ &, 1 o, XIZ5, 5. GMERY X H30K R
fIE RHZ A RS KBTI, BERFIAHOR, 2020, 48(4):
169-177. (WANG Xin, XIAO Wu, LIU Huifang, et al. Soil

moisture characteristic curve and prediction of available

[19]

[20]

[21]

[22]

water content of overburden in Xilinhot Mining Area[J]. Coal
Science and Technology, 2020, 48(4): 169-177. (in Chinese))

WBAR, ¥ 1R, AR THAbb X R AR S R AR AR
BZBOWFEEITFE[T]. A% SIERTFL, 2004, 9(1):
54-64. (YANG Zhongdong, YANG Hu, GU Songyan.
Operational retrieval of the land ecosystem vegetation status
parameters from remote sensing data in Northwest China[J].
Climatic and Environmental Research, 2004, 9(1): 54-64. (in
Chinese))

FEPHE, ARIE, FAH, & BT LE & )ZKE
o FOAF At 5 i AR B FE 0], 5 L LR 244, 2020, 42(7):
1268-1275. (JIAO Weiguo, ZHAN Liangtong, JI Yongxin, et
al. Experimental study on effects of vegetation on water
transport and storage in soil cover[J]. Chinese Journal of
Geotechnical Engineering, 2020, 42(7): 1268-1275. (in
Chinese))

FELE. V5L /R o 2 K o A il — R LR K 5
B J7VE[D] B Wi oK 2%, 2015, (JTAO Weiguo.
Water Storage and Release of Loess/Gravel Cover and
Seepage Prevention Design Method in Northwest of
China[D]. Hanzhou: Zhejiang University, 2015. (in Chinese))
e, BB, T, S PR FROKE H AR
AERFFE[T). vk, 2013, 35(5): 1176-1182. (SUN Xian,
WEI Na, WANG Shigong, et al. Study of the Daily Variation
of Summer Precipitation in Xi 'an[J]. Journal of Glaciology

and Geocryology, 2013, 35(5): 1176-1182. (in Chinese))



