
Projet dagrandiksement du lieu d'enfwbement 
sanitaire de Sainte-Sophie 

Individuals for SP NCTL Exposed (hours) 
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Unexposed (hours) 

116.172.385.406.418 
142, 261. 243. 552.487 
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/after 20 years of service 

lndivldual Specimens 
for OIT (minuter) 
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I Testing reveals that most physical properties o f  20-year-old pond 
liner pass today's requirements. 

Exposed Unexposed 
High Pressure Low Pressure High Pressure Low Pressure 

313 27 283 27 

276 49 293 47 

137 36 151 39 

269 33 232 33 
257 38 265 37 

The following is a study of high-density 
polycthylcnc (HLX'E) gxmrcmbmnc lin- 
ing material t h x  was instdlld in Colordo, 
Unitcd States. Specifically, the geomem- 
Imnc is a ICQ-mil (2.5-mm) HDPE smixxh 
gc:cun,cmhr,lnc. This gwiiicmhctnc Wxs pro- 
duced using a nun-continuous indexing 
roller manufacturing process. The contin- 
L I ~ N I S  cxtrwion prciccss wiJu ly  wxiI;~hlc 
tuday was not in  widrspread u x  at rlre rime 
the initerial was inmufactured. T h e  mate- 
rid was instollcil b y  SLT North America 
Inc., now GSE Lining Technulogy. 

This inaterial WdS used to lint eight con- 
lnininent ponds at z i  steam elcctric gener- 
;,ring st.itiwr on tlic nurthc;istcrn plains of 
Colurallo, elevation 4,300 ft. (1,3 11 in). 
Currcnrly plans are hcing dcvclopcd to re- 

furbish these ponds. Testing was performed 
to ilctcrmiirc thc cffccr of 20 ymrs nf scr- 
vice life. Rcmnarkably, the testing showcd 
that with very few exceptions such as Ox- 
iciative Iiidnction Time (OIT) and wine in- 
d i v i h l  NCTL spcciiwns, all {rthcr phya- 
i d  properties pass today's requirements. 

Background 
An HDPE gsunemhlane was chosen to line 
each of eight containment ponds at a 500 
MW sc6;im clcccric gcncnting station. Two 
of these ponds contain high quality water 
fir  recycling Lwzk into the plant systems. 
They are 2 I fr. (6.4 in) deep and relatively 
sinsll (0.75 ;ind 1.5 acres). Tlrrcc o f  the 
ponds are intermediate quality (la) ponds 
tlwt cont.iin ccxrling towcr hlmv-dim wxtcr. 

One of these ponds is 21 ft. (6.4 rn) deep 
wirh to~Jimcnsiunei~f430x3ROft. (131.1 
x 115.8 m) with 3:l sirlc s l o p .  Water lcvel 
in this pond Yaries from 5 to 18 ft. (1.5 to 
5.5 m). The .\vater has a pH of8". Total dis- 
a l l v ~ t l  wliA iirc i h i i i t  25.000 ini~J i in i l  arc 

comprised ofsudiuiii (5020 indl), chlorides 
(1,ooO mgll), calcium (700 mdl) and sul- 
htrc?; ( I  5,000 mdl) ;imtmg other clcmcnrs. 
This is the pod  thnt was samplcJ for thc 
study. The other ouo p o d  are used for bot- 
toiri i d 1  recovery. The first of these inmils 
is 1015'~ 877 ft. (309.4 x 267.3 in) with a 
depth of 23 fc. (7 111). The scconnJ of thcse 
ponds is 410 x I00  ft. (125 x 30.5 m) with 
;t Jq>il> 01. I2 il. (3.6 in). Sitinplc iiiiitcriiil 

was removed at the acra of a weld in each of 
three different Icacions. By removing the 

Table I: Physical property comparison of current GRI-GM13 requirements vs. aged samples. 



material at the site of a weld, one can test 
prnprtics of hoth the expasd and the tin- 
exposed geumcmhrane, is . ,  thc material 
that comprises the overlap fnr the bottom 
of the weld has not k e n  exposed to UV n- 
diatiun. Material was sampled from the side 
slopes and labeled as follows: 

1Q-1E- Eastabove water level 
IQ-2E - East intermittent water covenge 
1Q-lW - West above water level 
The other three ponds are evaporation 

ponJs. Thcse ponds take all wasre from the 
pl+nt, mustli brine waste froin the brine 
concentmtops. As expcted, dissolved solids 
itrc vcry hich in these ponds. Two of these 
are 14-acre (5.67-ha) ponds and the other 
is 10 acres (4 ha) (the one thst was sam- 
plell). The 10-acre (4-ha) pond and one of 
the 14-ncre (5.67-ha) ponds are 10 ft. (3 
m) deep f rom the bottom of the liner to the 
tIlp c > f  rhc Jikc. They havc 1 ft. (0.3 in) of 
s m d  ,111 the Ixirt'iin thiir wiis placed when 
the liner was installed. Both nnw have 4 ft. 
(1.2 m) oFs:ilt slu~lpc in them. kiisinr the 
sillcc (>f  rhc I~LXKI recently vxp:indcd rhc 
third pond by 6 ft. (1.8 in). Samples were 
taken as from the 10-acre (4-ha) evapora- 
tion poml 'C' and 'lal,elcd as follows: - EP-Cl - Southsille a h v e  water level 

EP-C2 - West side above water level 

Performance 
The geoniemhrane wnsinanufactitred in 
19SO. At that time, thefidlowing testswere 
perfs mwd: 

Density - ASTM D 192 
Tensile strength - ASTM D 638, Type 

IV, 2 ipni (51 ~niidiiiin.) 
Tensile clonfiitiun - ASTM 0 63S, 

Type IV 
Carbon black content- ASTM D 1603 

terial have heen 
km t I ~ N U ~ l i ~ n l t  the 
years so the origi- 
nal 1960 test data 
are not included in 
the tables. Addi- 
tionnl testin,, 0 not 
yet part of routine 
QA/QC testing 
some 20 yean ago 
was a h  performed 
nq this Reomem- 
hnmr. This resting 
includes: 

Oxidativv in- 
duction time - 
ASTM D 3895 
(low pressure) 
* Oxidative in- 
duction time - 
ASTM D 5S85 
(hirh prcnsuic) 

NCTL - ASTM 
D 5397 

Puncture resis- 
tance - ASTM 
D 4833 

Tear resistance 
- ASTM D 1004 

Table 1 c o n -  
riiins the a c r w l  
test v31ues fcx cx- 

posed material, 
unexposed mate- 
rial :,nil t h e  cur -  

Photo I: Three of the eight lined containment 
ponds: An evaporation pond is  pictured on the l e f t  
side of the photo, while two intermediate quality 
ponds are visible on the right. 

Photo2 Desiccated soil can be seen beneath a liner 
sample taken above the water line (an exposed sample). 

rent GRI-GM 13 reqiiirements f o r  the 
ahove tests. For each of thc specimens 
mentioned pccviously, siiinplcls wcrc t w r d  
f rom nvu arcas fur cach d tlie 5 specimens. 
These samples were taken at.the site of a 
fusion weld, includinr abour 1 f t ,  of ex- 
Ipc)sul in;ucri:tl :m<I :!I 11.:wi 6 in .  qd tmvx.  

posed material. As part of rtiutinc twim 
wcldin: for this project. rhc genmrmhranc 
WIS cwAippccl iir Ic:w 6 in. The f l : i p  i l i i it 
is on burtom as the two pieces arc over- 
I:iin ;inJ welJcd is not c s ~ i ~ ~ s c d  to either 
the solution in rhc pond o r  r,) UV mIi;i. 
t i c " )  I~.LIIII i Iw s u n  T h c  ll:q> i l l i t i  is t ) n  I ~ I ~  

as the pieces are welder1 is cxpnscd to huth 
the pond solution and U V  radiation 
( ~ I I C I I  r l w  w i w r  IcvcI is &wn). T h e w  

c r - 
rr > c 

An a lysis 
Dcniry  I. 

Y 

There is no apparent chance in density. 
Tliu ctiltwcd h s i r y  of 0,9454,947 d c c  i3 

3: 



HDPE geomembrane  after 20 years of service I 
, 
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Carbon Mark c m t  
Again, thcsc values 

are likely the same 
as when the material 

Photo 3: A sample taken from an area with inter- 
mediate water coverage. The soil i s  more supple 
(not desiccated) as can be seen by the footprints. 

~ ~~ 

was first produced. 
Carbon black cannot 
leach out  of polyethyl- 
ene over time. 

Cnrhm black dispersion 
All specimens had 

very g o d  (A1 classifi- 
ciitiun) rlispc Y%il,,ll. . ' 

Oaidutiw induction time 
Both high- and low- 

pressure ~ixidativc in- 
duction tests were per- 
formed on the exposed 
and the i inexpod ma- 
terial The average 01T 
values are contained in 
Table 1. The 01T val- 
ues seem to be indepen- 
dent of the type of pond 

Photo 4: One of the intermediate quality ponds, 
drained in preparation for cleaning and sampling. 

what would I*. cxixxtcil for HDPE gcomcm- 
branes in production a t  the time this ma- 
terial was produced and installed. 

Tensib wfwr 
The specimens that were received for 

testing contained surface scratches. Thesc 
abnsions likely reduced the tensile propcr- 
ties somrwhat. Even with this being con- 
siJcred, all remiIc proprties are ~ ~ J V C  wliat 
is commonly specified for this indutig tday. 
This is to be expectcd because the georneni- 
bralie was not suhjected to any chemicals 
that could hc absorbed, affecting tcnsilc 
propirtics. Likewise, rhe individual ponds 
h;ld simil:ir tcnsilc prupertics within ponJ 
type--no one pond performed especially 
well or especially poorly. 

or whether the material 
was expmed or not. The 
one exception to this, as 
can be seen from the in- 
dividual data below, is 
IQ 2E. The only appar- 
ent difference between 
IQ 2E and thc  other 
ponds is intermittent 
water coverage. 

The current requirc- 
ment for OIT is 103 and 
400 minutes for low- 
pressure and high-pres- 

sure OIT, rcsplctively. Howcvcr, [hue nuin-  
bers are the result of 20 years of 
improvements in antioxidants and re sins.^ 
At the time of the manufaccure of this mi- 
terial, the typical low-pressure OIT values 
that could be expected were 50 minutcs. 
Taking this into consideration, it is obvi- 
ous that the stabilizers are still present and 
are still doing their job. 

SP NCTL 
This test was not even conceived when 

this niaterial ivas produced. This is currently 
thought to be one of the best indicators of 
long-term performance. The average values 
nchiavcd by this 20-year-old material arc 
still above the common industry require- 
ment of 200 hours. o f the  26 specimens that 

were tested, only three 6diled (1 1.5%) the 
current industry spccificlrion <If  203 hours. 
While wmc individuiil spxiniens broke bc- 
fore 200 hours. others wcfe rcniovcd at 667 
hours without failure. The variahiliry is wider 
than would bc expectd in currcnt-day pro. 
duction. However, surface effects such as ox- 
idation and scratches likely contributed to 
dic vxiahiliry c D f  the Gtilurc rimcs. The iw- 

era&* of the fivc spxinicns includcs the time 
at which the specimens were removed. 

One  intcrcnting thinr: rtl niite ahout 
NCTL ~ r t i i n i ~ u i c u  is ih;tt Iwdi tlic avcmgc 
and individual readings indicate better 
NCTL performance for the exposed speci- 
incns r l i m  for ilic \Iiicxpc>scd spcciiiwiis. 
While many of the unexposed specimens 
were tw sniall to perfnnn SP NCTL, the 
twu spccimcns for which a compnrisoii is 
wiiil:il>lc, 1Q IW iincl IQ IE, inliciitc this. 
Furthermore, of the exposed specimens, the 
material in the evaporation ponds demon- 
Strdted superior NCTL pcrfurinancc to the 
material in the intenndiate quality pnds.  
Three of the five evaporation pond speci- 
mem did not fail after 667 hours. 

Summary 
Rigorous modem day testing was performed 
on 100-mil HDPE exp&d for 20 years to 
wastewater from a steam electric generat- 
ing station i n  Colorado. No significant rc- 
duction in the primary physical properties 
was observed (tensile, tear, puncture, car- 
hin black o r  density). nleonly resting that 
indicates some reduction in originnl prop- 
erties is0lT testing. Ccmi&kring how much 
lower these values were at the time of man- 
ufacriirc a s  cump:irccl rci  i i icdcrn d;iy 
geomembranes, it is obvious that  low 
amounts of antioxidant are still present in 
this geomcinhrdnr. While nut at the lcvcls 
required by current-day standards to ensure 
protection, they arc still at more than half 
the likely lcvcl at the time of manufacturc. 

This study demonstrates that after 20 
years, a geomembrme, depending on the 
conditions to which it  is exposed, can still 
perform its desired function. Because 
today's resins, resin stabilizers and manu- 
facturing techniques have improved sig- 
nificantly ovcr  the last 20 years, logic 
nould dictate that today's geomeinbranes 
will last even longcr. WI 

Narhrrii I* is the gcornanhme tnonagr for 
GSE Lining Technoha Inc. 
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