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Micropermeation mechanism of PVC-P geomembranes by low-field
NMR technology
ZHANG Xianlei, YIN Chunjie, MA Zhongyang, GU Xiaoyu
(North China University of Water Resources and Electric Power, Zhengzhou 450045, China)
Abstract: The impermeability of PVC-P geomembranes is of significant importance to the safe operation of a project. To avoid

the drawbacks of adopting the permeability coefficient to characterize permeability traditionally, a mathematical model for

geomembranes.

porosity and seepage discharge is proposed based on the results of the vertical permeability tests and the porosity obtained from
proportions of the micropores, mesopores and macropores and the shrinkage and development of the pore radii are primarily

the low-field NMR tests, and the applicability of porosity to evaluate the permeability is explored. The results show that the

low-field NMR technology with 1H atoms as the probe can accurately measure the distribution of pores and pore radiis. The
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responsible for the variation of the porosity. The porosity is closely correlated with the seepage discharge, and the proposed

model can accurately predict the seepage discharge. Furthermore, the porosity can evaluate the impermeability of PVC-P
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Table 1 Main parameters of PVC-P geomembranes
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Fig. 1 Schematic diagram of geomembrane vertical penetrator
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Fig. 2 Schematic diagram of low-field NMR tests
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Table 2 Simulated results of mathematical model for permeability
0.50F _o_p 16
048+ "4 g\ F,%l 4 flow-porosity
At ! BIBRERETA o v
046 AS i BEARREE  maswm mxsme
o4 FER i {10 = =
£ 02 ,}”:\ d \‘ ':,. . = A (15 § =32.28 0.929
= PN £y l £ X (16 A =38.55, m=3.971 0.992
0401 f SN R 6 =
Y SN/ w5, ®x (D x=10.97, C=0.862 0.980
0.36%' L ZAIA (15) ~ (17 ARG AT IA AT,
ol A SHE L RE12, FTRAEHR (16) BAHE
04 06 08 1.0 12 14 1.6 1.8 2.0 o . . ”
P/MPa . AR (16) MR AL R IR IR L8 24 70 #r

1 FLEREMSEREN S HiEE
Fig. 11 Distribution of porosity and seepage discharge under
different pressures
B RS MRHRFLRR B ALBREE L MR AN A
BRI EAH K R L IEENE Rk e e, A
FIEI IR AT, WEE RS LB A R
AR 3T FLRG B ik B RECT UMEIE:

3

k —a—"—k , 12
ek (12)
nm

n 4
ka_}/[C(l—n)j k o (14)

ek, ABIERRBER (cm/d); a, By N
=N REL Wﬁ@ﬁEQTﬁwﬁﬁﬁ

_ anAPA4 n’
ol
:ﬁnAPA n" -4 n" ., (6
pgh (=m0 (a=n)
_ ynAPA n 4_ n !
YT [ca—n)j _Z(ca—n)j °
(17)

A ¢ A4,y ARMEREBERESE (mL/d)
m, CAMERE, TLEN.

60 ., ,
(]
14+ ,j:}i ’
3. 971 ,
12t q=3s.55(1-n)(—) y
R?=0.992 ./
P

10} J

A

L y=32.28 1 P
R A Y2

8

6

4 n

of i "‘10'97(0.862(1-,1))
F R2=0.980

0

0

g/(mL-d™")

1 1 1 1 1 1 1 J
.34 0.36 0.38 0.40 0.42 0.44 0.46 0.48 0.50
nl%

12 BIERE ¢ SHLRE n X &R
Fig. 12 Relationship between seepage discharge ¢ and porosity n

132U AL R L n RAL AR T PVC-PE T 2%
i

4 &

2 FRIH R R BRI IB 1B S F1 Nl
PVC-P+ T Py 3R FL BRI FLBR PN LA & B Bh 548 1k
B S fir e B N FLISUK S AN, M T LB 58
TR EBCAAER, S5A 7R B0 AU Ik SRR
TPVC-PLTJEBENH, FEMEFILITN4L558.

(1) MATPVC-P - T To 4 A 3 L A XU
?E, Fr VN A2 B AR Ay TR A R S 7 o DA —

KM mE LS ENARTE 501, HIENPVC-P
iiﬂ%W%Lﬁ? P EBEKPEREFES, E5RERR
H K& &, g e N S FLBRIFLE A 5.

(2) PVC-PA T FLER AT R N ALBR . AL
BRI R FLIR3ZE, 0.4~2.0 MPai%i% i /776 B N FLIR 2
AN, FERINT LIRS KL Z 1L,
LR B BUR B A FLIR B A AR A 5 A

(3) PVC-PE TP H HK 7 & & FLER> K AL
B FUALRR, K S ARERILBRE R/, FLBR AN
BB ERIZIEE A S B RER I e .

(4) 1% TPVC-PL T B & & fLIRE R
PR, ] 25 BARIH A% W = T ) FLRR B SR PVC-PE T
i B

AR SCHRAL T —Fhig FHILBR FE RS S R AR bR AN
WATPVC-Pt T3 B y8E M RE I R A 057, Wl

NETREBTETERE PP O S S B S 4.
SE -

[1] R—mg, o[ KK+ TR 2 TAERE R (1], /KFIK
R HERE, 2015, 35(5): 20-26. (SHU Yiming, Progress in
geomembrane barriers for seepage prevention in reservoirs
and dams in China[J]. Advances in Science and Technology
of Water Resources, 2015, 35(5): 20-26. (in Chinese))

[2] CEN W J, WANG H, SUN Y J, et al. Monotonic and cyclic

interface[J].

shear behaviour of geomembrane-sand



% 4 3]

KT, 55 FETRIGZHIREOR PVC-P + T RS BN BT TE 889

Geosynthetics International, 2018, 25(4): 369-377.

[3] TOUZE N. Healing the world: a geosynthetics solution[J].
Geosynthetics International, 2021, 28(1): 1-31.

[4] 7 95, WIEE, EEA BEMEA I LIRS EAR
[7]. /K J1k L, 2016, 42(5): 62-67, 105. (NING Yu, YU
Jianqing, CUI Liujie. Anti-seepage of geomembrane for high
soft rock filling dam[J]. Water Power, 2016, 42(5): 62-67,
105. (in Chinese))

[5] KOERNER R M, WILKES J A. (2012). 2010 ICOLD bulletin
on geomembrane sealing systems for dams[J]. Geosynthetics,
30(2): 34-36, 38, 40, 42-43.

[6] CAZZUFFI D, GIOFFRE D. Lifetime assessment of exposed
PVC-P geomembranes dams[J].
Geotextiles and Geomembranes, 2020, 48(2): 130-136.

[7] TOUZE-FOLTZ N, FARCAS F. Long-term performance and

installed on Italian

binder chemical structure evolution of elastomeric bituminous
geomembranes[J]. Geotextiles and Geomembranes, 2017,
45(2): 121-130.

[8] KOERNER R M, HSUAN Y G, KOERNER G R. Lifetime
predictions of exposed geotextiles and geomembranes[J].
Geosynthetics International, 2017, 24(2): 198-212.

[9] OzZSU E, ACAR Y B. Liquid conduction tests for
geomembranes[J]. Geotextiles and Geomembranes, 1992,
11(3): 291-318.

[10] ELOY-GIORNI C, PELTE T, PIERSON P, et al. Water
diffusion through geomembranes under hydraulic pressure[J].
Geosynthetics International, 1996, 3(6): 741-769.

[11] AMINABHAVI T M, NAIK H G. Chemical compatibility

diffusion,

Geotextiles and

testing of geomembranes-sorption/desorption,
permeation and swelling phenomenal[J].
Geomembranes, 1998, 16(6): 333-354.

[12] LAMBERT S, TOUZE-FOLTZ N. A test for measuring
permeability of geomembranes[C]// Proceedings Eurogeo,
Bologna, 2000: 15-18.

(13] WAFISC, BREAES. L T BMEs R BHLER 4T (0], A+
2%, 2002, 23(6): 702-705. (HU Liwen, CHEN Jiaou. Analysis
of damage for microstructure of geomembrane[J]. Rock and
Soil Mechanics, 2002, 23(6): 702-705. (in Chinese))

[14] 5ko6fH, skigoC, B M. &L LEZE MR8
[0]. 7K SCHb R AR, 2011, 38(5): 58-62. (ZHANG
Guangwei, ZHANG Huyuan, YANG Bo. Experimental
investigation of the permeability of composite
geomembrane[J]. Hydrogeology and Engineering Geology,
2011, 38(5): 58-62. (in Chinese))

[15] MARCONE M F, WANG S, ALBABISH W, et al. Diverse

food-based applications of nuclear magnetic resonance (NMR)

technology[J]. Food Research International, 2013, 51(2):
729-747.

[16] CAI K, MARKLEY J L. NMR as a tool to investigate the
processes of mitochondrial and cytosolic iron-sulfur cluster
biosynthesis[J]. Molecules, 2018, 23(9): 23092213.

[177 L 1Y, JIANG G LI X, et al. Quantitative investigation of
water sensitivity and water locking damages on a low-
permeability reservoir using the core flooding experiment and
NMR test[J]. ACS omega, 2022, 7(5): 4444-4456.

[18] ADAMS A, KWAMEN R, WOLDT B, et al. Nondestructive
quantification of local plasticizer concentration in PVC by
(1)H NMR relaxometry[J]. Macromol Rapid Commun, 2015,
36(24): 2171-2175.

[19] DU Yong-giang, ZHENG Jian, YU Gui-bo, %%. Transverse
relaxation characteristic and stress relaxation model

considering molecular chains of HTPB coating based on

pre-strained thermal aging[J]. Bf 45 ¥ A, 2021, 17(3):

821-828. (DU Y Q, ZHENG J, YU G B, et al. Transverse

relaxation characteristic and stress relaxation model
considering molecular chains of HTPB coating based on
pre-strained thermal aging[J]. Defence Technology, 2021,
17(3): 821-828. (in Chinese))

[20] WEI L, CHAI S, XUE M, et al. Structural damage and shear
performance degradation of fiber-lime-soil under freeze-thaw
cycling[J]. Geotextiles and Geomembranes, 2022, 50(5):
845-857.

[21] WhfRME, W B, SRR GOBn #o BUE b A FLER K )
SEWA )] R OR SR E AR (E R B AR, 2022, 53(6):
2176-2185. (YAO Junhui, TAO Ming, GUO Chenxiang.
Effect of microwave heating on pore water in tight
sandstone[J]. Journal of Central South University (Science
and Technology), 2022, 53(6): 2176-2185. (in Chinese))

[22] Standard Test Method for Measuring the Nominal Thickness
of Geosynthetics: ASTM D5199-12[S]. West Conshohocken,
PA, ASTM International, 2019.

[23] Standard Test Method for Measuring Mass per Unit Area of
Geotextiles: ASTM D5261—10[S]. West Conshohocken, PA,
ASTM International, 2018.

[24] Standard Test Method for Determining Tensile Properties of
Nonreinforced Polyethylene and Nonreinforced Flexible
Polypropylene Geomembranes: ASTM D6693/D6693M-04[S].
West Conshohocken, PA, ASTM International, 2015.

[25] ZHANG P, LU S, L1 J, et al. Petrophysical characterization of
oil-bearing shales by low-field nuclear magnetic resonance
(NMR)[J]. Marine and Petroleum Geology, 2018, 89:

775-785.





