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The durabilitq of HDPE geomembranes 

xcellent papecs have been vvncten on El be durability of high density 
poiyethylene (HDPE) geomeadxanes. 
siaçe the subject5s Yery coma, bw- 
Wer, many of these papers canbe uddes- 
s m d  oniyby polymer scientjsrs. ïbxiuse 
Înfodon on the durabiliry of HDPE 
geommbranes i s  very ;mportant, such 
informarioa needs to be presenteà to dx 
wide range of gcome-e users. 

in this article, aspects of mareriais' 
durabiliry ùiat rebe to the composition 
andor smmwe of the materid used in 
thRgeomanbrariewislbediscussed Me 

kg, and aspects &ed to the diuabiliry 
of the geomembrane seams will wt be 
addtirssed 

chanical &OIS, h~ l~d iûg  sws w k -  

From b w  to hlgbi derrsity 

Polyeihylcne i s  a polynm. A poIymer 
is a molecule b t  has many unifs (fiom 
rhe Greek. pofy, which rraean~ -y, and 
meros, which means pan). In c m ~ ~  a 
monomer is a single unit (hm Che oreelc 
mnos, which means singie). Polymers 
are ma& h m  monomas through a re- 

For e m p l e .  a potyethyïene polymer 
results h r n  the poiymenzation reaction 
of the eulylene monomer (Seymour and 
cbnaher, 1981). 

Production of polyethylene &an in 
the mid-193oS from a proces usinp high 

1982), ln the nld 19%. new reaction 
conditions were introduced in which 
poiyzrtrylenz was produced at b e r  p- 
sms and lwer te- than before. 

As a resulr, a new vafiety of polyerhy- 
kne was made Whad a hi$iersokcning 
poiar. s higher dmsity and more ngidiy 
Lhm e3rlier types. 

Ti'&. new Vanety of polyethykne was 
appropriarely named high density 
polyeihyiene, whiie the! narne iow demity 

action called p l ~ o n .  

pressure~~temperanye@rydson.  

polyethyiene (LDPE) became used to 
designate rhe type of polyethylene pro- 
d d  wîih the eariy proces. 

fiom HDPE oniy. Thcy dso contain ad- 
ditives, such as W n  black and anciox- 
iàan~1[2aeresulliagmarehalisonedthe 
HDPE-d d i t  CQblBîPs W X -  

Anatmnyof1Ha)pE - irnately 97 percent HDF'E, 2.5 percent 
cmbn bmk. and 0.5 percent a n i h G  

The high density of HDPE results danrs. Note bat HDE'E georneranes 
from the presence of many cxystais of do na contain pxasricizers. 
polyethylene moieculer within its m c -  
~ecSystatsaretegionsinwhichmatter Cheroùcaireacü~~~~ 
is orde& and densely packed. 
The uystailine regions are comected HDPE i s  chemidly resistant for two 

by less organized, or amOfPhOUS region$, reasons. First. as al1 rnembers of the 
heace the teminoiogy r;emicrysralline polyerhykpe family, EDPE is essentüilly 
structure- 'Ihe amount of cryaalline re- inert. Second, as discusseà exlier, be- 
&ons in a merhi iç typîdly expresset3 caiife of iB hi@ density, HDPE has a îow 
es cxy&ty, a ratio rhar varies between permeabiity; tkefm, it resists penetr;l- 

and 100 percent for a t o d y  crystaGne tions. however. HDPE can react wirh 

ferentiaI scamïng Calimûy, is the ratio a material and 8 chernical occuts when 
of the energy rquüed to melt a given the chemicai modifies the shuctlire of rhe 
HDfE to the energ required to mdt a te molecules riraking up üx materiai. 
rally crystailine HDPE. Reaction of HDPE with chemicais i s  

Because rhey are ccunpeà of @xsdy generaily iimited to oxidizing agents, 
packd m, aysmls are essenWly im- such as ni& acid and oxygen. Xn orher 
permeable b Iiquids and chcmicds. words, oxidation is the predominant 
clearly, a relationship exists berween the mechanism of chernical reaction of 
niinber of crystals, the density of IIDPE. Oxidayon is a srepwke proces.. 
polyethylene and the impermeabiity of poiymer nrSt absorbs energy, pm- 
the geomernbrane. v&ii by Wt. UV radiation d o r  fi&- 

~ P E W t ~ p z o d i m c e  g w i s  energy radiation ( r a û ï b ~ ~ ) .  TIUS aLr 
ma&notdyhmuhylench&& sorpuon excites &polyrner moWes, 
~ w m O r a a m e r ( a m c n i 0 m e r h ~ t o  w u s i n g h c m t o b r e a k f ~ h i ~ y r e  
ethyleneataproportionofapp~y 1 active fragments refemed to as ndicais. 
p g c e n t t o 3 ~ ) , s u d 1 a s ~ , h e x g n e  23ismechmiSmiscaUedchainscissio~~ 
or octene. Cornonomers result in more The radicals then react with oxygee, 
branching on the pdyahykne mckcuksof f o d n g  even more radicds. 
~P&whichusuay lbnprows~a ia -  Astheprccessproceeds, anistcreask 
teriais' flacibiliry and en-- smss number of radicals are formeci. Thr: pro- - - @ourgeojs & B k k  CISS is terminafa3 only when the =dicals 
1990). eiher react wirh antioxidanrs or recom- 

As more branching slightly increases bine, or when mer@ is no longer s~g 
rhc distance between paralle1 bng-chain plied (Bsydson, 1982: Rodnguet. 1970 
molecuks. however. it increases HDPE and Seymour and Carraher. 1981). Ifox- 
matend perrneabbility and reduces its idatlon occurs, i t  causes rhe nlol~culw 
chernical resiswe, but by amounts thar wei& of m l ~ u l e s  to deaease. making 
are geneiaIly considerd insignificanl. the HDPE material sofieti and enibrittlc.. 

HDPE gcomernbranes are Dot made ther&y becomhg subjzcr zo s w s  cnck- 
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OpercedcfaatoralIyamosphoiismX&l t h ~  by ckmicals. undflc&condi- 

maLenal. C~yStallinity, measured by dif- chernicalS. A chRmiCal reactiOn b@-% 



ing. Oxidation oc- only if M O  COndL- 
tions s e  presenr 

Yhc fim co4pdifion îs anij$tconcentra- 
Q ~ r r  of the oxidizing agem Tbe sccofid 
cOnditiollisthar~matpJrial~receive 
a sufficiedI supply of energy to amivate 
rhe reaction. 

When the conditions are not pre- 
senl-which is ofm IIX CaSe-HpPE is 
not arracked. This is confirmed by re- 
p o d c a s e s o f m A 9 0 9 0 ~ ~  
to evahme the chernical cmpribility be- 
nveen~PEgeomembmesandmunic- 
ipal waste or hatardous waste leachaies 
f~om mudem waste disposal facilities. 
w h i & m d i o t E e n o ~ ~  
of the properties of HDPE geomem- 
bsanes(Ojeshinaeral., 1984;andrÀldZik 
and Tiùnger- 1990). 

Physkai hteractîom 

Asother potential mechanisrn of 
HDPE degradation is physid interac- 
tion. Phys;Cai interaction of ZiDPE with 
a chemicai occm when EDE, Wirhour 
eqwîencïng change m rhe smmm of its 
mokies ,  afmrbs the. t-dwmbl usually 
ocgmic. Organic chmücals can inrerirct 
wich HRPE, becauçe N e  HDPE rhey are 
nonpolar, and rherefoIe, bave simik in- 
temolecular forces (cohesive forces) 
hokiingadjacentmlezdestogcrk.Th0 
most mical mechahm of physical in- 
teraction hvohjng HDPE is solvation. 

W & n  Solvanan is a physical pro- 
ces  by which solvent mlmles are ab- 
sorbed inm a mawiai. Solvation causes 
a polymaic mareaïai to swell (wkch in- 
CI- its pemneability) and to soften. a 

Alimited degree of swelling and soften- 
Ïrtg is, IO some extent, revmible: ’ X k  ge- 
ornernbrane more or less retrieves its 
orighd dimensions and propenïes if the 
soivent is remved by evaporation. The 
ulrimate àegree of soivation is disoh- 
fion, w k  the mkcules of rhe iniWy 
sdid marenalare clispased inthe solvetu 
Of course, this mechanism is not re- 
versible. 

Typical soivents fhat may cause solva- 
tiion of HDE aro& solven~, such 
as benzene, tooluene, xylene a d  haio- 
geenared solveuts. such as chioroform. 
merhykchboride apd txichioroethylene. 
~ s o l v e n t s c a ~ s o m e ~ o f s o l -  
vaûart of HDPE ac ordjnary tempemure. 
Dissolurion of HDPE by üiese solvents, 

process o h  r e f d  to as p~ticizxion. 

A US€PA ad hoc 
cornrniftee haci 
concluded that 

polymeric landfill tining 
rnateriak shoU\d - 

mainfain their integrity 
in waste diposat 

environments in ‘“terms 
of hundred. of yearç.” 

however, will noi occur at mbient wrn- 
per;itiire. 
h~ncrknorn~~Avemolveiascaodissolve 

HDRE ar rmm tempemure. Typicd 
waste disposai faciliry temperatures 
should no1 e x e d  50 C. which is signîf- 
icantly below 80 C, rhe temperature itt 
which some solvents may @in to dk- 
solve HDPE. These soivenu should, 
therefore, not cause cornpiete dissoIutïon 
of HDPE geomernbranes under waste 
disposal faciiity conditions. 

MORO=, the solvents must be present 
at very high concentration to affect 
HûPE, a condition thar is not observed 
in waue disposal fxilities. 

l5mcdon Eixtncücaisauatmhn 
of physical interaction between poly- 
nbenc cornpoumis and c h i & .  It is a 
process by which chemicais and hear 
cause additives, such as plasticimrs and 
anntioxidants, to leach Out of the poly- 
me& compmds. 
HDPEcornpoundsuseùtoproducege 

omembtanes do nor contain piast;cizers; 
however, iheir antioxidmts can be ex- 
îracted, Such an extracfion typidiy re- 
qsks a very hgh concBnvaxion of ckm- 
iml, a condition typicaiiy not present in 
a wask disposal faciliry. Momver, mou 
modem mtioxidants have a hi& molec- 
ular weight and are physicàly enmglexi 
amoiig Che polyethylene moIecuk Such 
ahysicai enmglemni greaùy raiuces ttae 
ability of chemicals to extract antioxi- 
hts.  As a resulr, HDPE g m s m  
do not unckrgo significant im of antiox- 
idanis by extraction. 

Energy and environment 

In J I  ihe potentiai mechanisms of 
degradation described above, energy 
piays a crucial role. in geomembrane ap 

ergy are hea and ulrravioler (UV) d i -  

....a ........ .-.-... I ................,._..-..... ... .....-- --..- .......... - 

plicatiow. the mOSt typid sources of en- 

ition; both conditions often O C C U ~  
Ihrougti direa- [O sunlight Also, 
:xposure to highenergy radiation (ra- 
d i ~ v i t y ) c a n ~ r e x r i c R l O f H D P E  
witho~dizhgagents.~*eneigyradi- 
ation ais0 may cause WE’E CO crossliuk 
chat is, to fonn ckmicai bonds berween 
adjacent poiyeihykne moleules As a R- 

tle. Again, for this to happen, HDPE 
would have to be exposed to me doses 
of high-energy radiation (Whyatt and 
Famswoe 1990). 

In the absence of tither oxygen or en- 
ergg, oKidation, the predoninant mech- 
anism of chernical. reacrion of HDRE, 
canna occur- Tmid w w e  disposal fa- 
ciiity emironmncs are a~erobic, elim- 

dation of HDPE geoniembranes once 
they are boried (Haxo and Haxo, 1989)- 
In addition, the supply of energy is 

iiiced, because there is no üghr and be- 
cause geomembranes are usiially pro- 
wced by a iayer of mil, which insulares 
them fmm kat  generated’ by decornp 
sition of waste. 
Sorne oxiàation of HDPE geomem- 

branes can occul as the resulr of Mit ex- 
p u r e :  ro sun during insïaüauon. Such 
oxidanon is limited and superficial, how- 
eV&, L>ecause carbon bla& which is an 
additive used in mosf HRPE geomem- 
bianes, absorbs sunlight. preventing it 
from penemting the geomembrane 
ww, 1988). 

Funhermoe, the effects of oxidation 
shouid be limited. because HDPE ge- 
omembnnes contain antioxidants, addi- 
t ive rhat stabilhe dicals generared by 
HDPEs absorption of energy. Informa- 
tion on the durabiiiry of HDPE ge- 
omembranes that a e  permanently ex- 
posed can te obtained from expenence, 
gained in observing rhe perfomarice of 
exisring facilhies. 

, Sf mot attackeà, muid m P E  
simply age? 

Aging refers to changes rhat OCCur in 
materiais when they are subjected to the 
type of rempernre conditions in which a 
human couid survive (but would 
age)-no contact wirh hquid chernicals, 
d e m e  ambient tempetatae, no exp-  
sure IO UV radiation or rid~oxtivity, no 
supply of oxygen beyond that naWwlly 
present in air. etc. Studies have indicaced 

sdt,  HDPE IIUY harden and becomc bnt- 

. 

i n a ~ g ~ ~ ï ~ f o r 0 x i d a r i v e ~ -  
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thar the effecr of such conditions on 
RIXE marerials is veq slow. 
For example, testresdts obmîned from 

poiyethyiene füms stored in a ventilated 
box exposcd to desen temperate and 
tropid environmm for 15 years, have 
shown negiîgibIe changes in crysaïhÏry 
and minimal evidence of oxcidation 
(Moakes, 1976). 

Rcsïstance to agïng is best evduated 
by observations of actual performance in 
service. Polyethylene has a long track 
record of succe-ssful uses. Polyethylene 
was fmK synthesized h 1933, and be- 
came commercidiy wrlùlable in 1937. 

ï h c  use of polyefiylene for cable 
sheaîiing began in 1942 (Gilroy. 1985). 
Since &en, polyethylene has been the 
mamiai of choice for the promtion of 
lxamadantic &les. 

’zhe kr HDPE geonaembmes were 
used in 1973 in Europe (Knipschild. 
1984) and in 1974 in rhe United States. 
To date, €iûFE -have been 
use4 exposed or burïed, for 20 years. 

b r e v e r  they have k n  properiy pr+ 
wed against mechanical failUres (!in- 
cluàing shpss cracloag), HDPE geomem- 
branes have Pesfomiea satisfactoriIy. The 
performance of HDPE geomembraaes 

formance of WPE in othr outdoor a p  
piicarions, such as cable SheathiEg and 
M e d  pipes. for more than 40 yeaxs. 

for20 yesrs confirns the suecessful- 

How long will 
geontembranes ha? 

--.,-...............................a ._..--.--.-n, ,..... _L __,..... 
A question frequently asked about 

geosyntheticsandgeornernbmesinpar- 
tihilar is. “Flow long wiU rhey iast?” To 
answer ùits question, sonae clear conclu- 
sions can be àrawn from the facts pte- 
sented e a r k  

Experience h a  s h m  b t  exposed 
HDPE marerials, inciudirrg geamern- 
branes, can perform satïsfactorily for 
decades if they are promted fiom me 
chanical aggressions. 
In wasre disposal faciiity ewiron- 

mens, once HDPE gcomembranes are 
buried. ody M e  eneqy shcnild be acting 
on them. and in addition, the wpply of 
oxygen m s t  likely k vesy iow. 
I n t ù e a b s e n œ o f a n ~ v e e w i r o n -  
merir, rherefore, HDPE geomembranes 
h u l d  iast for a very Long tinie in -te 
disposal fafities. 

A U. S. Enviroumentai Protecrion 
Agenq (USEPA) ad hoc cornmittee on. 
t h e ~ i l i i c y o f ~ ~ c E a n d n u ~ g  
materials h s  concluded that the p l y -  
mehc knàfïil h i n g  mateiials shodd 
maintainùieirinhtgntyinWi3Stedispûsal 
faciiity enwoaadats in ‘terms of hun- 
dreds of yeats” (Haxo and h o  1988). 
This conclusion i s  consistent with dura- 
bicy evaluations ma& using the Arrhe- 

. nius mode1 (Koemr et al.. 1990). Che 
cari wnclude, then, that in properiy de- 
sign& and constmctexl faciIities. HDPE 
geosnembmnes çhauid be able to p t e i  
giamü watei from ic!achak for hunàreds 
of which is 10ng afrer leachare gm- 
eration bas stoppeù. 
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Halt Waterfront Soi1 Erosion with 
H e a v y  Duty FABRIFORM" AB Mats 

m 5  Key West, Fiorda bndfiiî (Stock Island) sscenüy had a durable articulating block 
(AB) FABRIfORIVP revetrnent installed which is proteCCion, plus two thousard (2ooo) fineal 
feet of sboreline, against highwinds and waters duflng tropicai storms. FABRîMRW 
revetment meets the challenge with its nyion fabricericôsed cabfe-ninforceâ sîaggmâ 
pattern of 40 inch (1 O00 mm) m v m e  by 24 inch (600 min) slow by 8 inch (200 mm: 
mick articutatinq concrete blocks. 

mg&1reme&, lud esll col#muctln Technïgum - tne only nant8 yau Mue fn CbmumOBr 
tor any woyen Indisml atm- 

for a fyps or wdgttraîlon 41 FABRIFORM. to fiandlu yaur comfs ianning 

Wriie or Call 

ïhe Nonh Amerïcan Geosynthetics Society (NAGS) iS a professional. saciery 
3edicared to ztre develo ment and advancement of geotexriles. geomembmes 
mi reiatai prMucfs a J  their appiications. ~ember~hip is open to indiMduais 
Who* activities 02 interesCs tue relareo to geosyntbetics. 
As a NAGS membcr you: 

? Are enfirled 10 redwed regiwathn fees at conferences and seminas 

6 Receive a free subscription to the Geotechnid Fabrïcs Repm 

* bjoy üïxoulus OR al1 NAOS publications 
8 Ioin other geosynrhetic designers. manufacnirers and users in the 

exchauge of new ideas and information. 

qmized or spomored by NAGS 

magarine 

As a NAGS member you a n  meet wkh &ex North Amerkm mernbers '10 discuss 
and deveiop specific aeas of inmest- NAGS naembers wock togetkr ;O comhte  
to Che advancernent of the science uid prchnology of geoSynthcW. Enaily. NAGS 
offers y. the means to ceach out CO designers, enginetrs and orhers involveà in W 
intanonal  deveiopmnt of ga65yntherics. 

JOIN TODAY 
For an application or more information contact: 

NORTH Ah4ERICA.N GEOSYNT-CS SOCIETY 
M5 C&ar Sr., Suite 800, St. Paul. MN 55101, USA 

6 I 21222-250a - 
CRiCUE REAPER SERWCE W 3  

8 

... 
I 
1 




