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Impermeability: The Myth and a Rational Approach 

Impermeability is a legitimate goal at a time when 
conservation of resources and prevention of pollution are 
a priority. This goal is diff i cult to achieve because all 
liner materials are permeable . The first part At the 
paper provides practical inf o rmation on geomemb rane 
permeability and leakage evaluation . The secorod part of 
the paper shows how appropriate design can lead to almost 
zero leakage through the use of double or triple liners. 

"D ear Henry: Thank you for your very pertinent letter 
on the use of the adjective impermeableH a I agree ... tha t 
the adjective "impermeable" should be give n a relative 
value, not an absolute one •.. I am well aware of the dam­
ages caused by misunderstanding of the word impermeable. 
I am presently i nvo lved in the repair of a reservoir, 
"gua ranteed impermea ble" by the installer, where leakage 
tr igg e r ed approximat e ly one mil l ion dollars in damage." 
This excerpt of a letter by this paper's author responded 
to a letter from H~ Haxo, Jre, of which excerpts follm ..... 

"Dear Jean-Pierre: have received a copy of 
Bulletin No. 1 annou ncing the International Conference on 
Geomembranes _ •• I feel that the use ..• of the word "imper­
meable" in describing polymeric membranes is perpetuating 
a ba sic and serious misconception regarding these lining 
materials. No membrane , polymeric or otherwise, is 
completely im permeable or impervious to all gases, 
vapors, and liquids . All polymeric compositions are 
permeable in different degrees to different fluids - to 
gases, vapors, or liquids. The question is how much of a 
given waste constituent is transmitted through a specific 
membrane under the conditions of test or service exposure 
and in whic h direction. Even though membranes are not 
impermeable , because of their low permeability to many 
permeants they can be used effectively to control pollu­
tant migratio n •.• The concept that membranes are imperm­
eable is already causing considerable misunderstanding 
in the liner industry and among regulatory personnel, 
engineers, designers, users , and owners of waste impound­
ments ••. I als o suggest that the International Conference 
on Geomembranes would be an appropriate forum at which to 
clarify this misconception and place this property of 
membranes and o ther liners in its proper perspective. II 
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This exchange of correspondence, in May of 1983, 
insp i r ed the following paper which is intended to 
illus trate a key sentence written by H. Haxo, Jr.: "Even 
though membranes are not impermeable, .•. they can be used 
effectively to control pol lutant migration. II 
Acc ordingly, the paper has two parts: in the first part 
it i s shown that .3ll materials are permeable, and in the 
second part it is shown that appropriate design using 
geomembranes can ensure a certain level of 
II impermea hi Ii ty II. 

PERMEABILITY OF MATERIALS 

All materials used as liners are 
(l iquids and gases ) and a certain 
should be expected through liners. 
results from defects suell as cracks, 
seams _ 

permeab le to fluids 
amount of leakage 
Additional l eakage 

holes and faulty 

The first part of this paper is intended to provide 
designers with practical information regarding evaluation 
of permeability and leakage. 

1.1 Darcy's Equation 

The permeability of soils is evaluated using Darcy's 
equation: 

v ~ ki ( 1) 

where: v ~ fluid velocity (m/s): k ~ conductivity (also 
called coefficient of permeability) (m/s): and i ~ hiT ~ 

hydrau l i c gradient (dimensionless); h = hydraulic head 
(m): and T ~ geomembrane thickness (m). 

The conductivity k depends on the fluid (and its 
temperature) and an the soil. When the fluid is water, k 
is t he hydrauli c transmissivity. The following 
relationship exists between conductivities related to two 
different fluids at dif fe rent temperatures flowing in a 
same so i l: 

( 2) 

where: P, and ll, ~ density (kg/m 3 ) and dynamic viscosity 
(kg/(ms) of fluid I at temperature 1:P2 and 1'12 ~ density 
(kg/m 3) and dynamic viscosity (kg/(ms» of fluid at 
temperature 2. 

Darcy's equation is often called Darcy's law, which 
is improper. In mechanics of continuous media, a law is 
a re lationship between stresses and strains, derived 
from test s . Examples of laws are: (i) Hooke's law which 
is a linear relationship between stresses and strains, 
describing the linear elastic behavior of a solid: (i1) 
Newton's law which is a linear relationship between shear 
stress and rate of strain, describing the linear viscous 
behavior of a liquid. 
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I ntegration of a law fo r given boundary cond itions 
leads to an equat i on. Examp l es are: ( i) i n t eg ration of 
Hooke's law in a loaded semi-inf ini te s oil mass leads t o 
Boussinesq' s equation giving a relationship be t ween load 
and settlement of t he so i l , depending on t he ela s t ic 
modulus of the soil; (i i) in tegration of New t on 's l aw in 
a pipe leads to Poiseuil le ' s equation giving a 
r e lationsh ip between discharge of liquid and geometry o f 
t he pipe, de pending on viscosi t y of t he liquid . 

Darcy's equation i s a s pecial case of Poi seu il le's 
equo t i on f or a porous med i um wh ich is a s pec ia l cas e of a 
t ortuous pipe . As Po i s euillels equation, Darcy' s 
equation (as well as Eq . 2 a bove) is val id onl y f or 
l aminar fl ow. 

The mechanisms by wh i ch flu ids flow through 
geomembranes and so ils are di ff erent . Darcy' s equat ion 
can be used for geomembranes on l y if it is made clea r 
that the coe f f icient of permeabil ity us ed for t he 
geomembrane de pend s on the f l ow conditions, hydrauli c 
gradient or hyd ra ulic head. Simi larly, t he relationships 
pre sented hereafter a re applicabl e only within the regime 
o f lami na r f l ow a s well as other l i mits of valid it y of 
Da rcy's equat ion . 

1 .2 Evaluation of Permeability 

Users of geomembranes are confused by the var i e t y of 
t erms used to evalua te permeabili t y . A r ev iew of t he se 
terms is pres e nted bel ow. 

Conduc tivity ( or Coef f icient of Permeab ili ty ),~ . 
Volume, V, o f fluid pass ing pe r un i t a rea, A, of 
geomembrane, per unit hydr au l ic gradient, i, pe r un i t 
period of time, t. 

k V/ (Ait) 0) 

Dimension: LT- 1. Units: m/s ; em/ s; pe rm-inch; 
perm-mil; "metric" perm-em. Relationships be twe e n un i ts: 

I perm-inch = 
I perm-mil = 

"me tr ic" perm-em 

I cm/s = 0 .0 1 m/ s 
1 .67 "met ric" perm-em 

10-3 pe rm- inch 
0. 598 perm- i nch 
8.51 x 1O- 1 ' m/s 

1. 42 
1.42 
598 

X 10- 11 m/ s 
x 10- '4 m/ s 
perm-mil 

Permit t iv ity, 'l' . Volume, V, of fluid passing per 
unit a rea, A, o f ge omembrane , per un i t hyd raulic head, h , 
per unit period o f time , t. 

'l' = V/ (Aht ) ( 4 ) 

Dimen s i on : T- ' . Un it: s-l. 

Imped ance, I. Time t necessary f o r a un i t volume, 
V, of f l uid t o pas s t h r ough a unit area, A, of 
geomembrane, per uni t hyd raulic head, h. 

= Aht/V (5) 

Dimens ion: T. Uni t: s. Wh i le o the r t e rms 
presented in t hi s sect ion are proportional to t he 
quant i ty of flow, impedance is invers e ly propor t ional t o 
the quantity of flow and can be used as a measure of the 
re lative " i mpe rmeabili ty". 

Permeance , w . Mass, M, of fluid passing per uni t 
area, A, of geomembrane, per unit pressure, p, pe r unit 
period of time, t. 

w = M/( Ap t ) (6) 
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Dime ns ion : TL- ' • Units : kg / (mz.Pa.s); perm = 
grain/(ft ' . inch Hg. hou r) ; "metric" perm = g/(m ' .rnmHg. 
24 hours ) . Re lationships be t ween units: 

pe rm 
pe rm 

"metric ll perm 

5 . 7 2 x ICTllkg /(m' . Pa. 5) 
0. 659 "metric" pe rm 
1. 51 7 perm 

Water Va por Transmission Rate, WVT. Mass, M of 
water vapor passing per uni t area, A, of geomembrane, per 
uni t period of t ime ( under a spec if ied pressure wh i ch may 
vary from one t e s t to ano t her) . 

WT = M/( At) ( 7) 

Dimems ion: Me' T'l. 
h OU 1"S ); grain/eft ' . hour). 

Uni ts: kg/e m' .s); g/ (m' . 24 
RelR tions hips betwee n units: 

Ikg/ (m ' .s) 
Ig /(m ' . ~4h) 
Ikg/ (m .s) 

8.64 x 107g/( m' .24h) 
0 .0 598 gra i n/( ft ' .hou r) 
5. 17 x 10 ' grain/(ft ' .hour) 

Relations hi ps Between Various Terms . When Darcy's 
e qua t ion is applicable , the f ollowing relati onships exist 
between the terms defined a bove: 

whe re : 
(9.8 1 

T 
m/s' ) ; 

k = 'l' T 
I = I /'!' =T / k 
w = 'l' /g 

WT = P w = p 'l' / g 

geomembrane 
p vapor 

thicknes s ; 
pre s s u re 

t ra nsmiss iv ity te st. 

g 
in 

(8) 
(9 ) 

(1 0 ) 
(! I) 

gra vity 
the vapor 

The re l a t i onsh ip between condu c tivi t y on one ha nd , 
and pe rmit t i vity and i mpedance on the other hand, depends 
on the t hickne ss of the geomembrane. If two ge omembranes 
a r e made f r om t he same polymeric compound, they have the 
s ame conduc t ivity , k. Their impedances are proport iona l 
to their t hickness; and their pe rmittivities are 
i nve rsel y propor t i onal t o the ir thickness (provided 
Darcy ' s equation is applicabl e ). 

Since g raV ity has a fixed value, relationships can 
be establi shed be t ween the units o f permeance and 
permitt i v ity, us ing Eq . 10: 

kg/ (m ' . Pa.s ) 
I perm 

"me t ric perm" 

g 8- 1 = 9.8 1 s" 
9. 8 1 x 5.72 x Icr"s "1 
5.61 X 10""',;-1 
8.51 x 10'1°5 -1 

Eq. I I depends on t he pressure wh ich may va ry f r om 
one t est to anothe r. Therefore it is i mpossible to 
es t ablish a r e lat ionsh ip between units of WT, on one 
hand, and pe rmitt i vi ty and permeance, on the other hand. 

To de duce the permittivity or the permeance of a 
s ample f rom a WVT measurement, i t is necess a ry to know 
t he va por pres sure in the WVT te st. Sometimes, only the 
tempera t ure and the re lat i ve humidity of the vapor are 
given. The vapor pressure can then be deduced using the 
following formula: 

whe re: p s = 
temperature 
t ables ); and H 

p = H x ps 

pressure of saturated vapor 
(which can be found 

relative humidity. 

at 
in 

(12 ) 

a given 
physics 

Example . A WT of 15 .6 g/(m ' .24h) has been measured 
at a temperature of 24°C and a relative hum i dity of 55%. 
According to physics t ables: 
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Ps = 22 .3 77 mmHg 22 . 377 x 133.3 2983 Pa 

The vap o r pressure is: 

p 2983 x 0 .5 5 = 1641 Pa 

The permeance of t he sampl e i s : 

w = (1 5.6 /8 .64 x 10 7 )/ 164 1 = 1.1 x 10 -10 kg/(m ' . Pa . s ) 

1.3 Permeability of Ge omembranes 

Tests were conducted 1973 t o 1977 und e r t he res pons i­
bility of the author at t he Uni ve r s ity of Gr enoble, 
France , to evalua t e t he pe r mea bil ity of geomembr a nes . 

The te st s 
wi t h deaired wa ter su b jected t o pressure s 
to 1000 kPa. Res ult s are presented in 

were conduct ed 
r ang i ng f rom 50 
Fig . I . Al s o 

pres ente d in F i g . 1 are valu es of c onduc t ivi t y 
geomembranes de ri ved usi ng Eqs. 8 and 11 f rom va l ues 

of 
of 

wate r va po r trans mis s ion found in 
manua l s and manu f a c t ure r ' s brochu re s . 
usua lly measured accord ing t o AS TM 
pressures typi cal l y l e ss tha n 10 kPa. 

vari ous chemi st r y 
These values we r e 
E- 96 , i. e . with 
Va l ue s obta i ne d 

f. 
(m/S) 

.J' 

.~5 

Fig. I 

I I I i 
t 

, 

i I 

I 
• 
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I 
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o SOD 
PRESS URE 

1000 

kPa. 
Coefficient of permea bil ity to wa t e r ( hydraul ic 
conductivity ) of vari ou s ge omembrane s . Va lue s 
shown o n the vert i ca l axis have be en deduced f rom 
water vapor transmiss i on tests. Ot he r va lues were 
obtained with deai red wa t er. Legend: . Buty l 
rubber; 0 EPDM; A CSPE (Hypalon) ; CI Polye thylene 
(value of dens ity is indicated ); . PV C; • and 
~ aspha l t ic geomembr a nes. 
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wi th wa t e r a nd values obta ined with vapor are o f the same 
order of ma gnitude , and t he ranking of Hypalon, PVC and 
Buty l r ubbe r is the s ame . 

Res ult s of t e s ts ob ta i ned with wa ter show that t he 
coe ff i cien t of pe rmeability of Buty l r ubber exhib i ts a 
peak for a pr essu r e of 250 kPa and then decrea ses wi th 
inc r easing pressures . Al l o the r ge omembranes t es t ed , 
polyme r i c and asphalt ic , have a coeffi c ient of 
pe rmeability dec reasing wi t h i nc rea s ing pressure. If 
Darcy ' s eq uation were applicable t o ge omembranes, 
c oef f i cie n t s of permeabi li ty would be indepe nden t of 
pressu r e . Nonetheles s, Darc y' s e quat ion can be us e d with 
c er tain p r e caution s a s explained i n section 1.4. 

I nf l uenc e o f Geomembra ne Elongation. Tests wer e 
conduc t ed with dea i red wa t e r on Butyl rubber s amples 
subjec t ed t o the fol l ow i ng e longations in both 
direc ti ons : 0% , 4.9%, 9. 5% and 22 . 5% resulting in area 
inc rease of 0% , 10% , 20% and 50%, re s pectively. Test 
re su l t s a r e prese nted i n Fig. 2 . It appears that the 
e longa ti on, although it a f fects the shape of the curve s, 
does no t s i gnif icant l y af fec t the order of mag nitude of 
the coefficient o f permeabil i ty. Addit i ona l l y , a few 
test s were conduc ted wi th an 80% a r ea increase . Resul ts 
of t hese t ests we re not s i gni fica ntly di fferent f r om the 
50% a rea increase results . 
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Fig . 2 Coefficient of permea bi l i t y of a Buty l rubber 
ge omembra ne subject ed to e longa t i on . 
(Pe r cen t a ge s are i ncreases i n a r ea o f the Buty l 
rubbe r ge omemb rane) 

1. 4 Le akage Evaluat i on 

Leakage i s due t o pe rmeab i l i ty of t he geomemb r ane 
and hole s through the geomembrane . 

Leakage due to pe r meab i l ity can be evaluated 
a pproximate ly using Da r cy 's equat ion (see s ection 1.1) if 
the c oe f ficien t o f permeab i l i t y ha s been measu r ed on a 
ge omembrane sample of the same t hicknes s which has been 
sub jected to t he s ame f l uid pres sure as the cons i dered 
geomembra ne . 
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To evaluate leakage due to holes, two ca se s should 
be considered: pinho les and large holes. Pinholes can 
be defined as holes hav ing a dimension ( e. g. , diameter if 
circular) significantly sma lle r than geomembrane 
thickness. For leakage calculat ion purpose, such a hole 
can be considered as a pipe and Poiseuille's equation can 
be used. Large holes are holes having a dimension (e.g., 
diameter if circular) significantly larger than 
geomembrane thickness. The classical Bernouilli's 
equation for flow through an aperture can therefore be 
used. In conclusion, the f ollowing three eq uati on s are 
usebl for leakage evaluation: 

· Darcy's equation ( geomemb rane permeability): 

Q/A = k (ziT) (J 3) 

· Poiseuille's equation (pinholes): 

(14 ) 

· Bernouilli', equation (large holes): 

Q = Ca '{"2g; (15 ) 

wh e re: Q d i scharge (m'/s); Q/ A = d ischarge per uni t 
are~ (m l s); z = depth below wa ter l evel (m); k and T 
coefficient of permeability (m/ s) and thickness (m) of 
the geomembrane; d = pinhole diamete r (m) ; a hole 
surface area (m') ; p and n = de nsity (kg/m') and dynami c 
viscosity (kg/m.s) of water; and g = gravity (9 .81 m/s' ). 
C is a dimensionless coeff ic ient, valid for any Newt onian 
f l uid, related to the shape of the edge s of the ape rture; 
for sharp edges, C = 0 . 6. 

By integration along bottom and slope of a 
geomembrane-lined rese rvoir, Egs. 13, 14 and 15 l ead to 
the following equat ion giving leakage fro m t he ent ire 
rese rvoir: 

Q = (HIT) [k + TI P gd 4 n (128 ,,» ) (S + S'/2) 
+ 0.85 a N-ygH (S + 2S'/3) (1 6) 

where : H = height of liquid in reservoir ( m) ; n = number 
of pinholes per unit area (m" ); N ~ number of ho les per 
unit area (m- 2 ); S = reservoir bot tom surfa ce area; and 
S' = reservoir slope surface area . 

Integrations leading to Eq. 16 have be en mad e with 
the assumption that slopes are rectangles which i s true 
only for reservoirs with vertical slo pes and for canals. 
Howeve r, Eq. 16 is an excel lent approximation when bot tom 
area is equal to or large r than slope areas. 

An example of the use of Eq. 16 is present ed in 
(i). This example shows tha t leakage due to geomembrane 
permeability is negligible compared to leakage through 
holes. Leakage du e to pinholes is also neglig i ble, 
unless there is an unusually large number of pinhole s. 

The last term of Eq. 16, which is r elated to leakage 
through holes, is valid only if t he me d ium loca ted 
underneath th e geomembrane is free dra i ning. The 
discharge th rough holes would be much smaller if the 
medium locate d under the geomembrane became satura ted 
with the leak i ng liquid . This case is discussed in (~ , 

~, 1)· 

Leakage through a geomembrane with a hole is 
drastically reduced if the geomembrane is placed on a low 
permeability soil such as clay. Composite liners made of 
a geomembrane placed on a layer of compacted clay are 
sometimes used to decrease the risk of leakage. Such 
composite liners are effective only if geomembrane and 
clay are i n close contact over the ir entire s ur face. 
This requirement is difficult t o fulfill due to 
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geomembrane wrinkles and clay surface irregularities and 
c racks. As a result, a leak in the geomembrane, instead 
of being stopped by the clay, may travel a long way 
between the two l i ners, toward the lowest spot of the 
lined facility, usually the sump area, where a water 
content increa se softening the clay is less than 
desirable~ In conclusi on , th e use of composite liners 
can be detrimental as wel l as be neficial. 

Also, a typical mistake with composite geomembrane -
clay liners consists of placing a geotextile under the 
geomembrane as a protection aga ins t punc turing by stones. 
Such a geotextile would facilitate flow of liquid between 
the two l iners. 

A composite geomembrane-ciay liner is by no me ans a 
double liner. As d i s cussed in th e next section, a double 
liner includes a drainage layer. 

2 IMPERMEABILITY THROUGH DESIGN 

2. 1 Parameters Governing Leakage 

The test results presen ted in section 1.3 show that 
all geomembrane s are permeable. In addit ion, experience 
shows that there are always holes in geomembranes cause d 
by accidents or improper i nsta lla tion. However, leakage 
mus t be prevented i n al l cas es where leaking liqu ids 
wou l d pollute ground water, dete riorate th e ground 
supporting the line r (thus provoking a major fa i lure of 
the l iner), o r cause unacceptable economic loss (2). 

As shown in the previous section, leakage potential 
is mostly through holes in the geomembrane. Egs. 15 and 
16 show that the tw o paramete rs governing leakage through 
hole s are number and siz e of holes, and head of liquid 
over the geomembrane. Therefore , to minimize leakage , the 
number and the size of holes should be minimi zed a nd the 
head of liquid on t he geomembrane should be as small as 
possible . 

The number and size o f holes can be minimized by 
appropriate quality contro l of geomembrane installation 
and by minimizing stresses likely to damage the 
geomembrane t hrough careful design. The head of l iq uid 
on the geomembra ne can be kept small as a result of 
adequate c onceptual design as discussed in the following 
two sec tions, i.e., the head can be minimized through the 
use of double o r triple line rs. 

2.2 Doubl e Liner 

Des cription . The double liner concept ha s bee n 
pr es ented in an earlier pa pe r (~). A double liner 
c ons ists of t wo liners wi t h an intermediate drainage 
l aye r connec t ed to a sump from where the collected 
leakage is elimina ted by gravity or, more generally, by 
pumping. If the dra inage system is proper ly de signed for 
t he amount of liqu id seeping through the upper liner, t he 
head of liquid on the lower liner should be small at any 
time and leakage through the secondary liner should be 
small, unless the lower liner has many holes. In 
addi tion t o leakage prevent ion , another function 
perf o r med by a double liner is leakage detection. 

No portion of the lower liner of a double liner 
system should be horizontal. A slope is necessary to 
prevent accumu l a tion on the lowe r liner of liquid leaking 
through the upper l i ner. Theoretically, the lower liner 
of a double liner does not need to be waterproof. 
Elements of geomembranes overlapped as shingles on a roof 
should be sufficient. In fact,it is recommended to seam 
the lower liner as carefully as the upper liner: (i) to 
prevent or, at least, minimize leakage through the lower 
liner if the drainage layer oecomes saturated; and ( ii) 
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Fig. 3 

liner 

!1a.nho}e a...nd (b) 
.) /ea.c.ha.te. o"tld J 

w~ste. 

Examples of double l iners: 
or igi nal drawing published 
solid waste disposal facility 

~ 

(a) reservoir 
in 1973 (!); (b) 

also because even in t he case of free flow , the head is 
never zero. 

It s hou ld be emphasized that "double liner" does 
not mean merely putting two line rs together . Leakage 
control through the use of double liners results from the 
combination of waterproofing and drainage. 

Examples of Double Liners. Double liners are used 
in all types of liquid containments (reservoirs also 
called "liquid impoundments", dams and canals) and in 
solid waste disposal facilities (also called landfills) 
(Fig. 3). A double liner cas e history is presented in 
(~) . 

The upper liner in a solid waste disposal facility 
functions like the lower liner in a double liner system. 
If the drainage layer placed on the liner to collect 
leachate is properly designed and if the sump and the 
pump are properly operated, leachate should not 
accumulate on the liner and l eakage should be small. 
Maximum head in drainage l a yers mentioned in USEPA (U.S. 
Environmental Protect i on Agency) recommendations is 0.3 
m (1 ft .). However, cases where large quantities of 
leachate have accumulated in the bottom of landfills are 
not rare. Therefore, the upper liner of a landfill's 
double liner should be designed as if it were the upp e r 
l iner of a liquid impoundment. 

Problems with Double Liners. Ideally, a slope of the 
order of 5% should be selected at the bottom of a 
reservoir to ensure effectiveness of drainage between the 
two liners. Such a slope would sign ificantly decrease 
the capacity of a reservoir or a landfill, and slopes of 
the order of 2% are usually selected. Such s lopes 
require a large amount of ca re during earthwork. Often 
the slope is significantly less than 2% and ponding of 
liquid may occur in the drainage layer. 
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Geomembrane wrinkles, especially in the case of 
st if f geomemb ranes, may constitute a significant obstacle 
to drainage (7). The use of sti ff wrinkle-prone geomem­
branes s hould be avoided for liners located under 
dra inage layers . If for some reason a stiff wrinkle-prone 
geomembrane is used, precautions should be taken to 
minimize the development of wrinkles during and after 
ins tallation. 

A delicate part of the lower liners is their 
connection with sumps or other outlet structures. An 
example of the complexity of such structures is given in 

(~) . 
Conclusions on Double Liners. The principle of a 

doubl e liner is to place a drainage layer on the 
geomembrane through which leakage is to be prevented. 
Drainage design should be such t hat the head on the liner 
is as small as possible. However , the he ad is never zero 
in a drain, so therefore a doubl e liner minimiz es but 
does not prevent leakage . 

2.3 Triple Liner 

As discussed above, a double liner does not offer a 
total guarantee of leakage prevention. When a higher 
level of impermeability is required, a triple liner can 
be used. Two cases can be considered. 

Liquid Impoundment. A trip le liner designed to 
prevent loss of liquid is shown in Fig. 4a. Such a 
triple line r was contemplated for the Proton Decay 
Experiment (4) once it was realized that a double l iner 
did not offer a total guarantee. The triple liner 
solution was not selected when it was determined that 
liqu id loss was not absolutely critical. 

-
(a) 

Wa.ter 
(b) 

Fig. 4 Triple liner: (a) for liquid impoundment; (b) for 
solid waste landfill. 
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The princip l e is a s follows. The s pa ce between the 
upper liner and the in termediate line r i s f il l e d wit h a 
porous medium containing the same liquid as in the u pper 
l i ner, or a liqu id having the same density . Leakage 
through the upper liner is almost zero bec ause the pres­
sure difference between both sides o f th is liner i s kept 
very small. Leakage is expected to occur throug h t he 
intermediary liner and then be c o llected by the d ra inage 
layer placed over the lower liner. Collected l iquid s can 
be recycled as s hown in F i g. 4a. A r ef inement would 
consist of adjusting the compressibility of t he po rous 
me dium located between the upper liner and t h e i n t e rm e­
d i a ry liner so t ha t if the liquid level t ends to mo ve 
down in this medium, t he effective stress increase com­
presses this med i um which raises the liqu i d leve l . 

A secondary feature of t h is t ype of tri ple li ne r i s 
that the upper geomembrane i s subjected to very smal l 
s tresses which minimiz e s the risk of damage to the 
geomembrane but facilitat e s movements o f the geomembrane. 
Therefore ballasting is necessary at the bottom , and s ome 
de vice to restrain movements may be us eful on the sides. 

Solid Waste Dispos al Faci l i t y. A tr iple line r 
designed to prevent leakage of a hazardou s liqu i d f r om a 
landfill s ump i s presented i n Fig. 4b . The same sys tem s 
could be us ed fo r the who le landf i ll. 

The princ i p le is as fo l lows. Wa t e r i s mai nta ined 
around the sump a t a highe r pres su re t han t he haza rdous 
liquid. If lea kage is governed only by p r essure 
difference t he haz a rd ous liqui d ca nnot leak ou t of t he 
sump. In addition, in mos t c ircumstance s , osmo t .i c 
g radient should be from the wate r to the haza r dous 
liquid. However, fu rt he r studi e s should be don e to 
evaluate if osmo tic pressure ma y cause s ome c omp one nts of 
t he hazardous l i quid to permeate t h r ough t he geomembrane . 
Such a phenomenon would be de tect ed by chemical ana lysi s 
of t he water, and if necessary, the water could be pumped 
out and re placed be f ore s ignific an t leakage occurs 
th rough the lower l ine r . 

The sump must be fi lled with heavy por ous ma te rial 
such as gravel or must have st ructural resis t ance no t to 
be uplifted by water pressure . 

Conclusion on Triple Liners. Triple liners ha ve not 
been used in ac tual pro jects to t he au thor 's k nowledge. 
It is suggested that research be undertaken t o assess the 
a pplicability of th is concept. The feasibility of prefa b­
ricated triple l i ner sumps shou l d al so be inve stigated. 

CONCLUSION 

Impermeab il i t y is both a my th and a l egi timat e goa l. 

Impermeabi li ty is a myth because all liner materials 
are permeable. Thi s myth is propagated by those who 
take advantage of the lack of i nformation of many users 
a nd designe rs. This my th is al so pr opaga t e d by of fi cial 
bodies using the te rm impermea b~. e to designa te commi t t ee s 
and conferences. 

Impermeability i s a legitimate goal a t a time when 
c onservation of re sources and prevention of pollut ion are 
a priority. Although l i ner ma t erials are not abso l utely 
impermeable, impermeable c ontainment or, more accurately 
!l zero leakage II conta inment can be achieved wi th 
appropriate de s ign. In fa ct , des i gn o f liquid or so lid 
containments should always be done with the assumption 
that some leakage will oc cur through liner materials, 
because even if a liner is i mpermeab l e at t he compl e t i on 
of installation, it may leak after s ome time. 
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The c ombination of adequate design and proper 
se lec tion of mat e rials is the only way to ensure 
impermeability. I n fact , everyday life teaches uS not to 
rely solely on mater i al properties. Flying is a 
convenient way to travel. If we relied only on material 
properties to fly, we would be inclined to use balloons 
becaus e their flying capability is based essentially on 
materia l property, ( that is, their density is less than 
that o f air). The fact is, however, that we use 
airplanes which fly primarily as a result of design. Of 
course, material selection is important in airplane 
cons truction. The materials used should have appropriate 
mechanical properties and be as light as possible, just 
as g eomembranes should have appropriate mechanical 
properties and be as impermeable as possible. 

It is tempting t o pursue the comparison between 
geomembranes and airplane s . The remarkable reliability 
of the airline industry results essentially from the 
amount of care involved in the detailed design of 
airplanes, and the quality control of construction, 
maintenance and operation of airplanes. The liner 
indus t ry faces t oday a challenge similar to the challenge 
fa c ed years ag o by the airline industry when it was 
plagued by an unacceptable number of acc idents. 

Ad equate conceptual des ign, proper selection of 
materia ls, carefu l detailed design and quality control 
during cons truct i on, maintenance and operation of 
geomembrane-lined f ac ilities: these are the necessary 
s t e ps t oward s i mpermeab i lity . 
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