
GEOSCIENCE CORF! 

12 METRO PARK RD. a 
ALBANY, NEW YORK 12205 
5181458-1313 
FAX 5181458-2472 

June 21, 1990 

Mr. Richard Brazell, PE 
New York State Department of 

Environmental Conservation 
615 Erie Blvd. West 
Syracuse, New York 13204 

Re: HDPE Compatibility Testing 

Dear Mr. Brazell: 

.. . _ .  _.,.' - Per your recent request, enclosed are laboratory reports provided to us by 
Paramount Technical Products regarding the compatibility of High Density 
Polyethylene (HDPE) with a variety of organic chemicals. Some of these chemical 
compounds are the same as those identified at the Clark Site. 

The reports provide specific information including but not limited to  the type of 
HDPE (i.e. thickness), test methods, chemicals used for testing, test results and 
conclusions. 

If you require additional information regarding this matter, please feel free to  
contact me. 

Very truly yours, 

DUNN GEOSCIENCE CORPORATION 

Thomas M. ~ o h n s d  
Associate Hydrogeologist 

cc W / O  attachment: cc W/ attachment: 

M. Palenscar 
D. Hill 
T. Tansey 
M. Shanley 
N. Levine 
A. Kryzan 

J. Stewart 

DUNN GEOSCIENCE CORPORATION 



METHOD 9090 

1.0 SCOPE AND APPLICATION 

1.1 Method 9090 is intended for use in determining the effects 
of chemicals in a surface impoundment, waste pile, or landfill on the 
physical properties of flexible membrane liner (FML) : materials 
intended to contain them. Data irom these tests will \ a s s i s t  in 
deciding whether a given liner material is acceptable for thk intended 
application. I 

2.0 SUMMARY OF METHOD 
I 

2.1 In order to estimate waste/liner compatibility, :the liner 
material is immersed in the chemical environment for minimdm periods 
of 120 days at room temperature (23 4 Z'C) and at 50 + 2'~. i In cases 
where the FML will be used in a chemical environment at: elevated 
temperatures, the immersion testing shall be run at the; elevated 
temperatures if they are expected to be higher than 50'~. j Whenever, 
possible, the use of longer exposure times is recomended. comparison 
of measurements of the menbranets physical propertiec;, taken 
periodically before and after contact with the waste fluid, is used to 
estimate the compatibility of the l i n e r  with the waste over $irne. 

3.0 INTERFERENCES (Not Applicable) 

4.0 APPARATUS AND MATERIALS 
1 

NOTE: In general, the following definitions will be useh in this 
method: I 

1, Sample --- a representative piece of the liner material 
proposed for use that is of sufficient s ibe  to 
allow for t h e  removal of a l l  necessary specimens. 

2. specimen - a piece of material, cut from a sample, 1 
appropriately shaped and prepared so that i t  is 
ready to use for a test. i 

I 
4.1 EXoasure of a s i z e  s u f f i c i e n t  t o  contain t h e  /samples, 

with provisions for supporting the samples so that they  do not touch 
the bottom or sides of the tank or each o the r ,  and for stirring the 
liquid in the tank. The tank should be compatible with the waste 
fluid and impermeable to any of the constituents they are intended to 
contain. The tank shall be equipped w i t h  a means for rna in ta$n ihg  the 
so lu t ion  a t  .room temperature (23 2 2Oc) a n d  50 ~ O C  :and for 
preventing evaporation of t h e  solution ( e . g , ,  use a cover \eqtlipped 
with a r e f l u x  condenser, or seal t h e  tank with a Teflon gasket ahd use 
an airtight cover). Both sides of the liner material shall be emosed 
to the chemical environment. The pressure inside the tank must be the 
same as that outside t h e  tank. I f  the l i n e r  has a side that (1) is 
not exposed to the waste in actual use and (2) is  not  desigrted t o  



withstand exposure to the chemical environment, then such i liner may 
be treated with only the barrier surface exposed. I 

I 
4.2  Btress-strain machine suitable for measuring +longation, 

tensile strength, tear resistance, puncture resistance. modulus of 
! elasticity, and ply adhesion. 
! 
I 

4 .3  for testing puncture resistance for use with F W  lOlC, 
Method 2065. i 

! 

4 . 4  piner sample. labels and holders made of material= known to 
be 'resistant to the specific wastes. i 

' 4 . 6  Dial micrometer.. 

4 . 7  Analytical ba lanqs  

4 . 8  F~aaratus f o r  detenninina extractable content / of liner 
materials. I 

NOTE: A m i l l i m u m  quantity of representative waste fluid [ necessary 
to conduct this test has not been specified in this method 
because the amount will vary depending upon the waste cbmposition 
and the type of 'liner material. For example, certain organic 
waste constituents, if present in the representative waete fiuid, 
can be absorbed by the liner material, thereby chapging the 
concentration of the chemicals in the waste. This change in 
waste composition may require the waste fluid to be reblaced at 
least monthly in order to maintain representative condFtions in 
the waste fluid, The amount of waste fluid necessary tq maintain 
representative waste conditions will depend on factors such as 
the volume of constituents absorbed by the specieic liner 
material and the concentration of the chemical constituents in 
the waste. I 

I 

I 

5.0 REAGENTS (Not Applicable) ! 

6.6 SAMPLE COLLECTION, PRESERVATIOlI, AND HANDLING 

6.1 For information on what constitutes a representative sample 
of the waste fluid, refer Lo the following guidance document:! 

I 
permit ~pplicants* Guidance Manual for Hazardous ~ a h e  Land 
Treatment, Storage, and Disposal Facilities: Final Draft: 
Chap. 5 ,  pp. 15-17: Chap. 6, pp. 18-21: and Chap. 8, p@. 13-16, 
May, 1984. I 

7.0 PROCEDURE ! 

7.1 Obtain a representative sample of the waste fluid. ~f a 
waste sample is received in more than one container, blend thoroughly. 
Note any signs of stratification. If stratification exists, liner 



4 

i saloples xRust be placed in each of the phases. In case6 where the 
waste f l u i d  is expected to stratify and the phases /cannot be 
separated, the number of immersed samples per exposure period can be 
increased (e-g*, if the waste fluid has  two phases, then 2 samples per 
exposure period are needed) so that test samples exposed at kach level 
of t h e  waste can be t e s t e d .  If the waste to be contained ih the land 
disposal u n i t  is in solid form, generate a synthetic ledthate (see 
Step 7.9.1). 

, 

7 . 2  Perform the following tests on u n e ~ p o s e d  samples of the 
polymeric membrane liner material at 23 + 2'~ and 50 5 2Oc tsee Steps 
7 . 9 , 2  and 7.9,3 below for additional tests suggested fod specific 
circumstances). Tests for tear resistance and tensile properties are 
to be performed according to the protocols referenced in Table 1. See 
Figure 1 for cutting patterns for nonreinforced liners, ~ i + r e  2 for 
cutting patterns for reinforced liners, and Figure 3 for cutting 
patterns for semicrystalline liners. (Table 2, at the end of this 
method, gives characteristics of various polymeric liner m a t e r i a l ) .  

I 
1. Tear resistance, machine and transverse directions, three 

specimens each direction for nonreinforced liner jmaterials 
only. See Table 1 for  appropriate test method, the 
recommended test speed, and the values to be repor$ed.. 

2 .  Puncture resistance, two specimens, FTMS 101C, ~ e t h o d  2065. 
See ~ i g u r e  1, 2, or 3, as applicable, for sample cutting. 
patterns, 

! 

3, Tensile properties, machine and transverse directiohs, three 
t e n s i l e  specimens in each direction. See Table 1 for 
appropriate test method, the recommended test speed, and the 
values to be reported. See ~igure 4 for tensilet dumbbell 
cutting pattern dimensions for nonreinforced liner kapples. 

4. Hardness, t h r e e  specimens, Duro A (Duro D if Duro A reading 
is greater than 80), ASTM D2240. The hardness : specimen 
thickness for Duro A is 1/4 in., and for Duro D it is 1/8 
in. The specimen dimensions are 1 in. by 1 in. 1 I 

5. Elongat ion a t  break. This test is to be performed only on 
membrane materials that do not have a fabric or other 
nonelastromeric support a s  part of the liner, 1 I 

I 
6 .  Modulus of elasticity, machine and transverse ditsctions, 

two ' specimens each direction for semicrystalline liner 
materials only, ASTM D882 modified Method A (see Table 1). 

7 ,  Volatiles c o n t e n t ,  sw e70, Appendix 1x1-D. i 
! 

8. Extroctables content, SW 870, ~ p p e n d i x  111-E. I 
I 

9. Specific gravity, three specimens, A S m  D792, ~ e t h o d  A.  
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Ffpure 1 . Suggested  pr t te rn  f o r  cuttlng t e s t  ~ p c c l m c n s  from 
nonrel n fo rccd  cms s l fnked or t h e m p l t s  t l c  tmersed i 
1 lner scmplcr . I 

I 

I 

D a t e  s e p t i s b e r  196$ 



Figure 2 , Suggested p a t t e r n  fo r  c u t t f n g  t e s t  rpcclmens f r a !  
f h b r i c  reinforced lm ,e rsed  l i n e r  sanples. H c t c :  10 
r v o f d  edge e f f e c t s ,  cu t  sptcfmens 118 - 1/4 fnch in , 
from edge o f  I m r s c d  sacplc.  1 

I 
I 

Revlsfon 0 j 
Date S e p t c ~ b e t  1!:?5 --- - - 



f i g u r e  9 . Suggested p c t t e r n  for  cuttfng t e s t  Spccfmcnr f r u n  i 
semlcrystalllne imerstd  1 tner  smplts. Hotr: 70 ! 
cvoid edge e f f e c t s ,  cut rp t c fmcns  1/8 - 114 i nch  
In frwn edge o f  A r m t r s t d  sample.  

Revlslon _ .  . ? . 
Date September .- 1986 
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! 

Figure 4 .  Die for tensile dumbbell (nonreinforced liners) having the folloGing 
dimensions. ! 



10. Ply adhesion, machine and t r a n s v e r s e  d i r e c t i o n s ,  two 
specimens each d i r e c t i o n  f o r  f a b r i c  r e i n f o r b e d  l i n e r  
materials only ,  ASTM D413 Machine Method, Type ! A  -- 180 
degree  peel ,  ! 

11. . H y d r o s t a t i c  r e s i s t a n c e  test, AsTM D751 m at hod A, 
Procedure 1. I 

I 

7 .3  For each test condition, cut f i v e  p i e c e s  of the l i n i n g  
m a t e r i a l  of a s i z e  t o  f i t  t h e  sample ho lde r ,  o r  a t  l e a s t  8 ;in. by 10 
i n .  The f i f t h  sample is a n  e x t r a  sample. Inspect  all sa?nples f o r  
flaws and discard u n s a t i s f a c d t o r y  ones. ~ i n e r  m a t e r i a l s  w i t h  fabric 
re inforcement  r e q u i r e  c l o s e  i n s p e c t i o n  t o  ensure  t h a t  t h r e a d s  of t h e  
samples are evenly  spaced and s t r a i g h t  a t  go0. Samples coritatning a  
f i b e r  scrim suppor t  may be f lood-coated a long t h e  exposed edges. with a 
s o l u t i o n  recommended by t h e  l i n e r  manufacturer ,  o r  ano the r  :procedure 
should  be used t o  prevent  t h e  scrim from being  directly expose8. The 
f lood-coat ing  s o l u t i o n  w i l l  t y p i c a l l y  c o n t a i n  5-15% s o l i d s  !dissolved 
i n  a s o l v e n t ,  The s o l i d s  can be t h e  l i n e r  formula o r   the base  
polymer. 

I 

Measure the following: ! 
I 
! 

1. Gauge t h i c k n e s s ,  i n .  -- average of  t h e  f o u r  corners:. 
I 

2, Mass, l b .  -- to one-hundredth of a l b .  I 
I 

3 .  Length, i n .  -- average of t h e  l e n g t h s  of  the two s i d e s  p l u s  
t h e  l e n g t h  measured through t h e  l i n e r  c e n t e r ,  I 

i 
I 

4 ,  'Width, i n .  -- average  of t h e  widths  o f  t h e  two e n d s : p l u s  t h e  
width  measured through t h e  l i n e r  center. I 

! 

NOTE: Do n o t  cu t  these liner samples i n t o  t h e  t e s t  ! specimen 
shapes shown i n  F igure  1, 2 ,  o r  3 a t  t h i s  time. T e s t  ipecimens 
will be c u t  a s  spec i f ied  i n  7 . 7 ,  a f t e r  exposure t o  t p e  waste  
f l u i d .  I 

i 
7.4 Label t h e  liner samples (e,g., notch o r  use meta l  staples t o  

i d e n t i f y  t h e  sample) and hang in t h e  waste  fluid by a wire  anger o r  
weight.  ' D i f f e r e n t  l i n e r  materials should be immersed i n  :separate 
t anks  t o  avoid  exchange of p l a s t i c i z e r s  and s o l u b l e  constituents when. 
p l a s t i c i z e d  membranes are  be ing  tested.  Expose t h e  l i n e r  sahnles to , 

t h e  s t i r r e d  waste f l u i d  held a t  room tempera ture  and a t  50 t 2 C. 

7.5 At the end of  30, 6 0 ,  9 0 ,  and 120 days of exposure[, remove 
one l i n e r  sample from each test cond i t ion  to determine t h e  membrane's , 

p h y s i c a l  properties (see Steps  7 . 6  and 7.7) . Allow the liner sample 
to c o o l  i n  t h e  waste  fluid u n t i l  t h e  waste  fluid has a s t a b l e  room 
temperature. Wipe off  as much waste as possible and r ime;  b r i e f l y  
with 'water, Place w e t  sample i n  a l a b e l e d  polyethylenei bag or 

I 



i 
aluminum f o i l  t o  prevent the sample from drying ou t .  The linkr sample 
should be tested a s  soon as poss ib l e  a f t e r  removal from &he waste 
f l u i d  a t  room temperature,  b u t  i n  no case l a t e r  than 24 hrs .  a f t e r  
removal. 

i 
1 7.6 To test t h e  immersed sample, wipe of f  any remainfng waste 

and r i n s e  with deionized water ,  Blot  sample d ry  and measure the 
following as i n  S t e p  7.3: i 

! 

I. Gauge thickness, in. 

2. Mass, Ib. 

3 .  Length, i n .  

7 .7  Perform the fol lowing t e s t s  on t h e  exposed sam$es (see 
Steps 7.9,2 and 7 . 9 . 3  below f o r  add i t i ona l  tests  sugge$ted for 
specific circumstances) . Tests for t e a r  r e s i s t a n c e  ahdi t e n s i l e  
properties are  t o  be performed according t o  t h e  protocols referenced 
i n  Table 1, ~ie-cut t e s t  specimens following suggested! c u t t i n g  
pa t t e rns ,  See .F igure  1 for cutting p a t t e r n s  f o r  nonreinforced Liners ,  
Figure 2 f o r  c u t t i n g  p a t t e r n s  for -reinforced l i n e r s ,  and Figure 3 f o r  
s emic rys t a l l i ne  Liners. ! 

! 

1. Tear r e s i s t ance ,  machine and t r ansve r se  d i r e c t i o h ~ ,  t h r e e  
specimens each d i r e c t i o n  for mate r i a l s  without f a b r i c  reinforcement.  
See Table 1 f o r  appropr ia te  t e s t  method, and recommended t e s t  ?specimen 
and speed of t e s t ,  and the values t o  be reported.  i 

1 

2 .  Puncture resistance, two specimens, FTMS 101C, ~ e t h b d  2065. 
See Figure 1, 2 ,  o r  3 ,  as appl icab le ,  for sample cutting ~ a t t e r n s .  

3 .  Tens i l e  p rope r t i e s ,  machine and t r ansve r se  directions, three 
specimens each d i r e c t i o n ,  See Table  1 f o r  appropr ia te  test! method, 
t h e  recommended t es t  specimen and speed of t e s t ,  and t h e  va lues  t o  be 
repor ted  , See Figure 4 for t e n s i l e  dumbbell c u t t i n g  1 p a t t e r n  
dimensions for nonreinforced l i n e r  samples. I 

4.  Hardness, three specimens, Duro A (Duro D i f  Duro A: reading 
is greater than  80), A S W  2240.  The hardness specimen thicbess  for 
Duro A .  is 1 / 4  i n , ,  and for Duro D is 1/8 i n .  The specimen djpensions 
are 1 i n .  by 1 i n .  ! 

I 

5 .  Elongation at break.  his test is t o  be perf omed ; only on 
membrane ma te r i a l s  t h a t  do no t  have a fabric o r  other  nonelastomeric 
support' as p a r t  of t h e  liner. ! 

6, '~odulus of e l a s t i c i t y ,  machine and transverse d i r e c t i b n s ,  two 
specimens each d i r e c t i o n  f o r  s emic rys t a l l i ne  l i n e r  m a t e r i a l s  only, 
ASTM D882 modified Method A (see Table 1). 



8. Extractables content, sw 870, Appendix 111-E. i 
I 

9. Ply adhesion, m a c h i n e  end transverse d i r e c t i d h s ,  two 
specimens each direction for fabric re inforced liner materiaFs only, 
ASTM D413'Machine Method, Type A -- 180 degree peel. I 

I 
10. Hydrostatic resistance test, ASTM D751 Method A, ~ r o d e d ~ r e  1. 

! 

7.8 Results and repor t ing:  
! 

7.8.1 P l o t  t h e  curve f o r  each property over the time period 
0 to 120 days and disp lay  t h e  spread i n  data  po in t s ,  I 

I 
7.8.2 Report a l l  raw, t abu la ted ,  and plotted data. 

Recommended methods for collecting and presenting information are 
described in the documents l i s t e d  under  Step 6.1 and id related 
agency guidance manuals. I 

i 
! 

7.8.3 Summarize t h e  raw t e s t  results as follows: j 

1, Percent change  in thickness. 

2.  Percent change in mass. 

3 .  Percent change i n  area (provide l e n g t h  atid wid th  
dimensions) . 1 I 

! 
4 .  P e r c e n t  retention of p h y s i c a l  properties. i 

I 

5. Change, in points, of hardness reading. I 
I 
I' 

6. The modulus of elasticity calculated in pouhds-force 
per square inch, i 

I 

7, Percent volatiles of unexposed and exposed liner 
mater ia l ,  

1 

8 .  Percent extractables of unexposed and expoied liner 
material, 

9. The adhesion value, determined in acco rdance  k i t h  ASTM 
D413, Sect ion 1 2 . 2  I 1 

I 

10. The pressure and time elapsed at the f i rs t  nppearance 
of water through the f l e x i b l e  membrane liner, for the 
hydrostatic resistance test. J 

I 

7,9 The following additiondl procedures are auggeated in 
specif ic  situations: 

I 

7.9.1 For the g e n e r a t i o n  of a synthetic leacdate ,  the 
----- - .  . . .  -. . . .  - . . 



I 

i 
Procedure (TCLP) that was proposed in the Federal ~ebister on 
June 13, 1986, Vol. 51, No. 114, p. 21685. 

i 
I 7 . 9 . 2  For semicrystalline membrane liners, the Agency 

suggests the determination of the potential for envi'ronmental 
stress cracking. . The test that can be used to make this 
determination is either ASTM Dl693 or the National Bureau of 
Standards Constant Tensile Load. The evaluation of the results 
should be provided by an expert in this f i e l d .  I 

7.9.3 For field seams, the . Agency sugg d sts the 
determination of seam strength in shear and peel modes. To betemine 
seam strength in peel mode, the test ASTM D413 can be use&. To 
determine seam strength in shear mode for nonreinforced FMLs, ] the test 
ASTM D3083 can be used, and for reinforced FMLs, the test A S W  D751, 
Grab Method, can be used at a speed of 12 in. per min. The evaluation 
of the results should be provided by an expert in this f i e l d . '  

I 
8.0 QUALITY CONTROL I 

8.1 Determine the mechanical properties of identical nonimmersed 
and immersed liner samples in accordance with the standard methods for 
the specific physical property test. Conduct mechanical property I tests on nonimmersed and immersed liner samples prepared from the same. i sample or lot of material in the same manner and run under dentical 
conditions. Test liner samples immediately after they are' removed 
from the room temperature test solution. 1 

I 
9.0 METHOD PERFORMANCE 

9.1 No data provided. I 
10.0 REFERENCES I 

10.0 None required. 



TABLE 2 .  POLYMERS USED IN FLEXIBLE MEMBRANE LINERS 

~ h e . r m o n l a s t i c  Materials ITP) 

cPE (Chlorinated polyethylene) a 1 
I 
1 

A family of polyners produced by a chemical reaction of chlorine 
on polyethylene. The r e s u l t i n g  thermoplastic elastomers contain 
25 to 45% chlorine by weight and 0 to 25% crystallinity;, 

I 
CSPE (Chlorosulfonated polyethylene) a 

i A family of polymers that are produced by the repction of 
polyethylene with chlorine and sulfur dioxide, usually containing 
25 to 43% chlorine and 1.0 to 1.4% sulfur. ~hlorb$ulfonated 
polyethylene is also know as hypalon. I 

ETA (Ethylene interpolymer alloy) a i 
A blend of EVA and polyvinyl chloride resultiLg in a 
thermoplastic elastomer. I 

PVC (Polyvinyl chloride) a i A synthetic thermoplastic polymer made by polymeriz ng vinyl 
chloride monomer or vinyl chloride/vinyl acetate ponomers. 
.~omnally rigid and containing 50% of plasticizers. I 

PVC-CPE (Polyvinyl chloride - ch lo r i na t ed  polyethylene alloy$ 
I 

A blend of polyvinyl chloride and chlorinated polyethylehe. 
I 

TN-WC (Thermoplastic nitrile-polyvinyl chloride) a I 
An alloy of thermoplastic unvulcanized n i t r i l e  rdber and 
polyvinyl chloride. i 

Vulcani.zed Materials IXL) I 
Butyl rubbera 

A synthetic rubber based on isobutylene and a small ainount of 
isoprene to provide sites for vulcanization, I 

I 
EDPM (Ethylene prcpylene diene monomer) 

A synthetic elastomer based on ethylene, propylene, and'a ~ r n a l l  
amount of nonconjugated diene  to provide sites for v u l c a r i i z a t i ~ n .  



CM (Cross-linked chlorinated polyethylene) 

No definition available by EPA, I 
CO, ECO (Epichlorohydrin  polymer^)^ 

Synthetic rubber, including two  epichlorohydrin-based klastomers 
that are saturated, high-molecular-weight aliphatic bolyethers 
with chloromethyl side chains. The two types include homopolymer 
(CO) and a copolymer of epichlorohydrin and ethylene okide (ECO) .  

CR (Polychloroprene) a i 
Generic name for a synthetic rubber based pridatily on 
chlorobutadiene. ' .  Polychloroprene is also known as neopkene, 

I 
I ~emicrystalline Materials (CX I  I 
I 

HDPE (High density polyethylene) I 
A 'polymer prepared by the low-pressure polymerization od ethylene 
as the principal monomer, I 

nDPE (A (High density polyethylene/rubber alloy) i 
I 

A blend of high-density polyethylene and rubber. I 
LLDPE (Liner low-density polyethylene) I 

A low-density polyethylene produced by the copolymerization of 
ethylene with various alpha olefins in the presence of suitable 
catalysts. I 

PEL (Polyester elastomer) I 
A segmented thermoplastic copolymer elastomer cbntaining 
recurring long-chain ester units derived from dicarboxylic acids 
and long-chain glycols and short-chain ester units deribed from 
dicarboxylic acids and low-molecular-weight diols. I 

PE-EP-A (Polyethylene ethylene/propylene alloy) I 

i 
\ 

An ethylene-propylene diene monomer blend resulting in a 
thermoplastic elastomer. I 

! 

T-EPDM (~hermoplastic EPDM) I 
An ethylene-propylene diene monomer blend recultin4 in a 
thermoplastic elastomer. I I 

* Also supplied reinforced with fabric. 
b 1 7  -, ,.,,,T :,;I 3 ,  =, thnnnnnl ne+ i  C -  
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LABORATORY REPORT #208 - 
JIARCH 21,1903 

$VBJECT: 

Chemical compatiblllty of HD 40 nil1 to  five water ampler. 

WASTEWATER SAMPLES CODE: 

'A' - Potlining waste - contains Ruorlde, cyanlde, caustlc PH. 

"5" - Tarrywaste - contalns phenol, fluodde, acid PH, other oromatlc, 

'C - Oily diatomaceous earth wasre - contalns 011s and grease, sllgf~Uy acM PH. 

.'DM - Waste based coating sludge waste organlcs. 

'EN - Mixture of 25% of each of "A" through *Dm. 

SUMMARY: 

HD 40 mll materhl proves to be resistant iu all sdutlons submRd.  ! 

TEST METHOD: 

ASTM D638 Type IV dumb-bells were used for tensile and dongstlon. Crosshead speed for tenslle lost wds Z'lmln. 1' x 8' 
strips were used for dlmenslonal and weight change during lmmerslon testlng for each sdutlon. Tenslle turs of the liner 
rnaterhl and welds were prepared for Immersion testing. A contrd for comparison was also prepared. Tensile tesrs were 
conducted after 7 and 30 days immwslon. Welds were tested after 30 days. Samples were placed In sdhion at 23'~. 

JEST-RESULTS: 

7-Day lrnmerslon 
h 

30-Dnv lmmerslon 
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Break Yleld 
PPI /PSI 

1 18/26%3 

i 
Break 

i 

Seam Welds) 

sheet 
shwt 
sheet 
sheet 
sheet 

sheet 

A Thickness (mils) (1) 
Welght (grams) 
Thlckness (rnlls) (2) 
Welght (grams) 

B Thickness (mlls) (1) 
Welght (grams) 
Thlckness (mlls) (2) 
Welght (grams) 

Thlckness (mils) (I) 
Welght (grams) 
Thlcknm (mlls) (2) 
Welght (grams) 

Thlckness (rnlls) (1) 
Welgl~t (grams) 
Thlckness (mlls) (2) 
Welgtit (grams) 

Thickness (~nlls) (I)  
Welght (grams) 
Thickness (mlls) (2) 
Welgtit (grans) 
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! 

CONCLUSION: 1 
I 

7he wastewater solutions did not affect the HD materbi visually, nor did t l  change the tensile properties. The small 
differences In data recorded are typlcal values for this type of hlgh density polyethylene. 

I 

Lab TechnicIan 



MATERIAL: . - . HD 40 mil 

,BATCH rY: 30- 

QUALITY CONTRQL13A_TA 

EATE: MARCH 2 J.!(983 
I 
1: 

TEST 
PARAMETER TEST RESULTS 

ASTM TEGT 
MEM* 

Tensile 
Yield PSI 
Break PSI 
9Cz Elong. Break 

Densky 

Melt Index 

Tear Reslstanca (Ibs) 

Dlrner~slunal Stablltty 

Pundure Resistance (Ibs) 

Lab Teclinlclan 



SUBJECT; 

CHEMICAL: 

I ARoJMTORY REPORT d227 - 
Chemlcal mpataMltty of . . HD 40 and 80 mil llner and m m .  

A r m t l c  waste containing Inorganh. 

TESTMFTHOD; Samples were Immersed In the solution at 23'~ and removed for tssllng at 30. @I, IO, and 120 days. 
1'x 4" strips of the liner were used for welght and dlmensbhal change, ASTM F . t y p e  IV dumb-bo 
were used for tensile, elongation and weld testing. A test speed d 2'/mIn. was used with a 2 1 /2' gri 
separation. ! 

RESULTS: See next page. 



ml 
MD thickness 

Welght 

MD thickness 

Welght 

BmJ 
TO thlcktresy 

Welght 

TD thickness 

Wel~h t  

mi 
MD thlchriess 

Welght 

MD thickriess 

Welgtrt 

BQal  

TD thickness . 

Welght 

TD thlcknoss 

Werght 

WEIQHT AND DIMENSJONAC C H A N a  

u J.ua!G .ls.&m w 

Data In 0 = % change 



% Elmgatl~n 
Break 

... 

YMd PSI 

Break PSI 

% Elongation 
Break 

.e£!d 

YMd PSI 

Broak PSI 103 89 (-14) 

% Elongation 
Break 

Data In 0 = % change 



Y M  PSI 

Break PSI 

% Elongation 
Break 

Ydd PSI 

Break PSI 

% Elongation 
Break 

M 

Brmk PPI 

w PPI 

Break BPI 

--- P bD MIL 

=AM STRENGTH (1114I) 

Data in 0 = % change 
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h b  Report R227 
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There was no slgnMwnt change In welgM a samples thlckr~33~ der 12U dab lmmerrlon. The tens1 
properties of the M1 mil liner and seams remained Intthlty the same lhroughdll the total test pedod. 
The tast results for the 40 mil thickness were m e  erratic, Never ,  were wtthln Wo usual variance of 
the tmslle test. I 

CONCL- With no slgntflcant changes occurring In the chemical r d s t a m  testlng the HD llner can be 
considered a good prospect for the contdnment of the waste product wbmltth. 

I 
I 
I 

Wmh 
lorla Garber, Lab Technician. 



IAB0PATORY REPORT #2274 

MARCH 31.1w 

i 
i%!u!a Chemical capability of HD 40 and 80 m l  llner and seam. 

-: Aromatlc waste contalnlng Inorganlcs. I 
TEST METHOD: Samples were Immersed in the dutlon at 23'~ and r m d  for tastlng after 2 10 months. 1' x 4. 

strips of the llner were used for weight and dlmertslonal change. ASTh4 tW3 IV dumbbells were 
used for tensile, elongation and weld testlng. A test spOed d 2'/mln. was used wfthlnl2 1/2" grip 
sepdratlm. I I 

TENSILE STRENGTH B ELONGATION i 
49 MIL Hm 4T 23'~ 

YIELD BREAK 
I 

BREAK 
STRENGTH [PSI) STRENGTH [PSI) ' U N Q A T I O N  1% I .  

Contrd 
2 Years, 9 1 /2 Mths 
% Change ' 

Gorrtrd 
2 Ysars, 9 1/2 Mths 
% Change 

80 MIL HPPE at 23'~ 
I 

i 

Control 
2 Years, 9 1/2 Mths 
% Change 

Contrd 
2 Years, 9 112 Mths 
% Change 

P E E L  (BREAK (PSI)) SHFAR WELD IPSI)) ' I 
Control 
2 Years, 9 1/2 FAths 
% Change 



SEAM 

Control 
2 Years, 9 1/2 Mths 
96 Change 

(BREAK (PSI11 

THICKNESS CHANGE AT 

WEIGHT CHANGE AT 2 3 ' ~  I40 MI) 

-WIGHT CHANOE AT 2- 

After almost 3 years of Immersion, no slgnlflcant change In properties has occured. 

CERTIFIED BY; 

Lab Technician 



TEST METHOD: 

mBORRTORY REPORT #667 I I 
i 

J'EBRU-ARY 19, 1985 
I 

.Chemical Re$istanae Tegts W i t h  nromatic ~ i q u o r  ] 

,:, 
. .  . HD LOO mil liner was prepared f o r  immersion t e s t i n g  i n  aromatic 

l i q u o r  at 23°C and 50°C. ASTM D638 tensile type IV dumb-bellsjand speed of 
2 ipm were used for these tests. 1" x 3" strips were used forjwelight and 
dimensional change. 

Upon completion of 7 day immersion period, all samples were wiped d r y  and 
immediately tested a f t e r  removal from t h e  t e s t  solution. I 

I 

The immersion t e s t  will be cont inued  up to 90 days with sample6 being 
removed after 30, 60 and 90 days. 1 

! 

TEST RESULTS: 

Tensile S t r e n q t h  & Elonqation 

10.0 m i l  HDPE at 23.C 

Yield Yield Break ~rreak 
MD - Strenqth (psi) ~lonqation ( %  ) S t r e n g t h  ( p s i )  ~lohsation (%I 

Control 2790 
7 Day 3 0 7 3  
% change +lo 

Cont ro l  2917 
7 Day 2991 
% Change 4-3 

Cont ro l  2790 
7 Day 2978 
% Change 4-7 

Control. 2917 
7 Day 3037 
% Change -1-4 

1 0 0  m i l  HDPE a t  5 0 m C  



rage z 

Weiqht Chanqe a t  23'. 190 mil HDPE 

Welsht Chanqe a t  $OeC, 100 mil 1 

control 7 ~ a v  LC.~&!IS& 
I 

J'hickness Chanqe a t  SO*C, Z O O  mfl @DpE 

CONCLUSION: 

Lab Technician 
V 



LABORATORY REPORT 8667-A 

. .- 
!C  MARCH 1 2 ,  1985 

chemidal ~eaistanco Tests with ~ r o r n a t i c  L6quoq 

'l'h;ST METHOD: 
I 

i 
.HD 100 mil liner was prepared for immersion testing in aromatic 

l i p o r  at 23" and 50°C. ASTM D638 tensile type IV and speed of 
2 ipm were used f o r  these tests .  l l f  x 3Ir s t r i p s  were used weight and 
dimensional change. 

Upon completion of 30 day immersion period, all samples were dip& dry and 
immediately tested after removal from the test s o l u t i o n .  i 
'l'l-je immersion test will be continued up to 90 days with sampleb being 
removed after 60 and 90 days. 1 

I 
YEST RESULTS: 

Tsnqile Gtrenqth & ~lonqation 

2 0 0 .  mil HDZE at 23.C 

- Yield y i e l d  Break 1, Break 
Iviu - 2 t r e n s t h  (psi) ~lonqation ( % I  S t r e n q t h  (w-s i )  Fl~ncra t i -on  (31 

I 
Control 2790 
30 Day 2978 
% c::hange 3.6.7 

Col~trol 2917 
30 Day 2960 
8 change i-1.5 

c01ltr01 2790 
'JO Day 2 9 4 6  
% change +6 

C o r l L r o l  2917 
30 Day 3102 

100 mil HDPE a t  5 0 . C  i 
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", : '. 
..I . :. . I .  , . . .  , 

. .f ! 
~ e i a h t  change at 23. .  100 mil XDPE I 

MD 4 . 4 2 8  4.4400 
TD 

i - 3  
4 .559 4.6057 4 1 -10 

I 
Weiqht Chanse a t  SW'C, 100 m i 1  HDPB 

i 
Cont ro l  

Thickness Chanqe a t  23.C. 100 m i l  HDPE ! 
I 

Control 30 Day 

Thickness Chanqe a t  SO'C, 100 mil HDPE 

Control. ~LQ~u 3.Aum 
I 

CONCLUSION: 

A f t e r  30 days of immersion tests, 
a£ fected. 

HD d i d  not appear to' h+ve been 

I 

Lab ~echnician 



LABORATORY REPORT # 6G7B 

APRTL 12, - , 
c _ R e s f s t a n c e T e s t s c  L ~ _ W  

TEST METHOD: I 
! 

. HD 100 mil l i n e r  was prepared  for immersion testing in the liquor 
at 23-C and 50'C. ASTM 0638 t e n s i l e  t y p e  I V  dumb-bells and sdeed of 2 ipm 
were used for these tests, 1" x 3'' s t r i p s  were used for weight and 
dimensional change. I 
Samples were removed, wiped dry, and immediately tested after 17 days (Feb. 
.15, Report #667) and 30 days (March 11, Report # 6 6 7 A )  t h i s  report deals 
with t h e  test results after 60 days of. immersion in the 1.iquori. 

The immersion test will be continued up to 90 days. 

TEST RESULTS: 

\ \ 

~ e n a l l e  B t r e n q t h  & Elonqation 
t. . \~, 

100 mil RbPE at 23.C 

Yield Yield Break 
MD S t r e n s t h  ( p s i )  E lonsa t ion  ( % I  S t r e n s t h  (psi) 

control  . 2790 
60 Day 2963 
% Change 4-6.2 

c o n t r o l  2917 15 
60 Day 2966 15 
% Change +1.7 0 

Control 2790 
60 Day 3053 
% Change + 9 . 4  

Control 2917 
60 Day 3057 
% Change e4.8  

yo0 mil HDPE a t  5 D ° C  

I I Break 
a!!2x@tion 

I 
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Page 2 . 

I 
Weiqht Chanqe at 23', 100 mil H D P E  I 

# 

C o n t r o l  - SLEU +90 

60 Day 

Thickness Chanae a t  23'C, 100 mil HDPE I 
! 

I 

Control ~ L L ~ & Y  

I 

~hicknass Chanse. at SO'C, 300  mil IIDPA 1 

Control 

CONCLUSION : I 

Some loss in break strength was detected, accompanied by a smali increase 
in yield strenqth. 

Lab Technician v 



LABORATORY REPORT # 6 6 7 C  

I 
chemical ~esistance Tes t s  With Aromatic ~ i g ~ o r  I 

i 
I 
i 

TEs-1' METHOD : 

I HD 3-00 m i l  liner was immersed in the test liquor at 213'C and 5 0 ' C .  
T e n : i i l e  p rope r t i e s  and we ight  and thickness changes were studi'ed following 
ASTM procedure. 

The samples were pulled a f t e r  90 days immersion which concludep t h i s  
testing. I 

1 ~ 1 ~ ~ ~ 1 .  RESULTS : 

Tensile B t r t n q t b  6 Elonsation 
I 

106 m i l  BDPE ut 23'C 
I 
I 

Yield 
M D  - Strensth ( p s i 2  

y i e l d  Break 
plonsation ( % I  Strenqth (psi) 

$ 0 0  mil HDPE at 5 0 ° C  

C O ~ ~ L  ~ : 'u l  2790 
90 Day 3000 
% Change t7.5 

CollLro l. 2917 
90 ~ n y  2989 
% Chanqe  +2.5 



! 
Weiqht Chanqo et 23', 100 mil HDPX I ....; . 

. . I 

mil HDPE f e i q h t  chanqe at S o e C ,  100 
- i 

Control -  LEY d a i g a  
I 

Thickness Chanqe at 23'C, I00 mi1 HDPE I 
I 
! 

Control - .%uu! 
I 

Thicknese Chanqe a t  5 0 9 C ,  100 mil HDPE i 
C o n t r o l  - - 

CONCLUSION; I I 

There seems to be a minimal effect  of t h e  liquor on t h e  HDPE. The 
significance of the proper ty  changes is questionable since there are gains 
as well as decreases i n  s t r eng th ,  and in only one case was the ch+nge much 
over 10%. 

S. sengtho$b 
Lab Technician 

I 

-flu 
Mark Cadwallader I 

Technical Deve3opmer)t ' 



UBOPAT0EU REPORT #671 I 
FEsnuARY 26. lg8 f i  I 

CHEMJCAL RESISTANCE TESTS WJTH LEACHAX AND TCE. TCA , 
TEST METHOD: I 

- HD 60 mil liner was prepared for irnmerslon testing In leachate and TCE, TCA at 23°C. ASTM b638 tenslle type IV 
dumb-bells and a speed of 2 ipm were used for these tests. 1' x 3' strips were used for weight and dimdnslbnal change. 

I 

Upon 7 dsy lmmersioll perlod, all the samples wers wiped dry and imrnedlalely tested after removal fro+ lhp test solution. 
I 

Tho Immersion test will be continued up to 90 days with samples belng removed after 30.60, and BO dab. 

TEST RESULTS: 

Tensile 8bennth b WnastIg_n 

gO mll HDPE sl23'G 

Yield Yleld Break I Break 
&D Strenuth (mi) Elonqatlorl_O Strendh (mi) i $ m m  

I 
Control 
7 Day 
% Change 

Control 3005 
7 Day 2930 
% Change -2.5 

Welght Channe el 23°C (1'x 331 i 

Thickness Change $1 23°C (1.x 3') i 

CONCLUSION: I 
! 

After 7 days linmerslon In leachate and TCE, TCA at 23% Gundllne HD did not appear to have been affecied. 

Lab Techniclan 



.LABORATQqY R E P O R T ' 6 7 B  I I 

APRIL 1, 19811 
CHEMICAL RESISTANCE TESTS WITH EACHATE AND TC_E- i: 

TEST METHOD: ! 
! 

- HD 60 mil. llner was prepared for irnrnerslon !estlhg In leachate splked with TCE, TCA at 23'C. ASJ?VI Dm0 feslle 
type IV dumb-bells'and a speed of 2 ipm were used for these test. 1" x 3' strips were used for welght 
change. 

Upon 30 day lmmerslon period, all the samples were wlped dry and irnmedlatdy tested efter removal frob tip test solution. 
\ 

The lmmetslon test wlll be continued up to 96 days wlth samples belng removed after 60 and 90 days. i 
I 

TEST RESULTS: 
A I 

Strenuth 8 Elarlna!lar, 
N mll hPPE @23@c 

YIeld Yleld Break i Break 
l o  Strencrth @S) I Ronaatlon 6) Strength fnsll 1 

Control 2902 
30 Day 2801 
% Change -3.5 

Control 3005 
30 Day 2796 
% Change -7 

CONCLUSION: 1 
After 30 days immersion at 23% in lsachate spiked with Trlchlomethane and Trlchloroeth~ene (5900 mg/l and 170 mg/l 
respectively). HD was not affected. I 
Lab Technlclan 



UBORATORY REPORT #671B 
APRIL 19.1905 

SUBJECT: I 
Chemlcal resistance tests of leachate splked with trichloroethylene (TCE) and Trlchioroethane (TCA). i 
TEST METHOD; 

HD 60 mll llnor was Immersed In TCE and TCA splked with leachate at 23°C. ASTM D638 tensile type IV dumb- 
bells and speed of 2 ipm were used for these tests. 1'x 3' strips were used for welght and dimensional cfange. 

Test results are after 59 day Immersion, The test will be continued for 90 days. 

TEST RESULTS: 1 
Jenslle Strength & Elonsarlm 

! ' Break 
m a t t o n  (96) 

I 

Yield Yleld 
MD - ,Strenath IDS!) J3onaatlon &J 

Break 
Strenath (o$J 

Control 2902 
69 Day 2650 
% Change -8.4 

Contrd 3005 
69 Day 2729 
36 Change -9.2 

Thlcknoss Chanqe B t  234C (1' x 3') 

CONCLUSION: ! 
I 

Aner 59 days of lmmerslon In the leachate, decrease In tensile strength occurred. Althought the decrease,wos unHorm, Its 
magnitude was not really signlficant i 



LABORATORY REPOST #671C 
MAY 20.198g 

SUHJECT: ! 
i 
! 

L'llcmical resistance t a l s  of PCB - Conlalning leachate spiked with trlchloroethylene (TCE) and trlchlor+thane (TCA) were 
carried out for $0 days. I. 

I 

. HD'60 mil liner was immersed in the synthetic leachate at 23OC. ASTM D638 tensile type IV durhbbolls and a 
I speed of 2 iprn were used for these tests. I' x 3" strips were used for weight and dimenslml change. , 

a p ~ ~ l n l e n s  were removed and tested at 7,30, and 60 day intervals. This report provldes data alter 90 dais of immersion, 
v;l~ich includes the test. ! 

I 

I t S I RESULTS: 

Yield Veld Break 1 Break 
A4 Q - .  Strendh Jlonua&g&J Stren- ; m n  1% 



Laboratory Report #671 C 
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Page 2 

CONCLUSION: 

No slgnlflcant change In propettles was detected. I 

Conslderlng the results from earlier Intervals, effects on the liner appear to have stablllzd after 7 days of ihrners~on. The 
trend Is toward some minor level of leachate abwrptlon and some mlnw reduction In break strength. Ho*ever, this level of 
change fs not considered slgnfflcant, 

Y-  . 

Lab ~echnlcan 

~b, 
Mark Cadwallader 
Director of Research & Technical 
Development 1 

NOTE: 

Goncentratlons of the chlorinated hydrmrbons are as follows: 

Trlcholormthylene & Trichloroethane - 95,000 ppb. 

PGB'S - 1 1,000 ppb. 



LABORATORY REPORT L;73 1 

CHEMXChL RESISTM\'CE TESTS WITH kYO?UTIC LEACHATE -" 

SUBJECT: 

Chemical Resistance Tests per E . P . A .  Kethod 9090 were r un  on a lcebhate 
c o n t a i n i n g  aromatic hydrocarbons 1 
TEST METHOD: I 

HD 60 mil l i n e r  was immersed i n  t h e  l e a c h a t e  st b o t h  23'~:and 
5O?C, The apprapriate ASTM shapes were used t o  p e r f o n  the testink 
required by Method 9090. I m e r s i o n  w i l l  c o n t i n u e  up t o  120 days v t t h  
samples being removed f o r  t e s t i n g  a r  30 day intervals .  i 
TEST RESULTS: (After 3 0  days immersion) . 

C o n t r o l  
30 Days 
Z Change 

' , TD 

C o n t r o l  
30 Days 
X Change 

Tensile S t r e n g c h  & Elongation 

60 mil WPE a t  2yD' 

Yield Y i e l d  Break 
Strength ( p s i )  E l o n g a t i o n  (2)  Strength ( p s i )  

Control  
-30 Days 
% Change 

C o n t r o l  
30 Days 
X Change 

Break 
I Elonga t ion  (%) 



06/18/90 16 : 56 
\ I  

I .  

a . Lehora t o r y  Rcport  #731 
L Kay 8 ,  1985 

3 e  2 

V e i g h t  C h e n g e  a t  23" (1" x 3") 60 m i l  NIP!. 

_Control 30 Dnvs - X Change 

K e i g h t  C h a n g e  a t  501 '~  (1" x 3") 60 m i l  HDPE 

Thickness C h a n g e  a t  2 3 O C  (1" x 3") 60 mil HDYE 

Cont ro l  _30 Days X Change 

Thickness Change a t  50°c (1" x 3") 60 mil HDPE 

C o n t r o l  (lbs) 30 Days (Ibs)  X c h o n ~ e  

60 mil HDPE a t  50°C 

I 

Zignificant proper ty  chanees f o l l o w i n g  immersion a r e  considered t o  be; - 10%. Using t h i s  cr i ter ia ,  there could be some e f f e c t  on tensile ' 
s t r e n g t h  and e l o n g a t i o n  a t  break.  Hovever, c o n s i d e r i n g t h e  res t  of t $ e  
data ,  this may be an anomaly. ! 

ZTun/< PA- 7 .  

Director-Research h Technical 
DPVP? n n m r n t  ! 



ZABOWITOl?Y REPORT 1/73] A 

MAY 2 9 ,  1985 . I i 
I 

CHDIICAL RES ISTAYCE FOR ----. 

KITH ARO!LATIC LEACHATE 
I 

i 
I 

SUBJECT; I: 
! . 

Chemical resisrance tests per E.P.A. Method 9090 were run or1 a leachatei 
containing aromatic hydrocarbons 

i 

TEST METHOD: i 
HD.60 ai l  liner was i nmersed  i n  t h e  leachate a t  both 23'C and 

SO 'C. The appropr ia te  ASTM s h a p e s  were used t o  perform the testing I 

required by Method 9090. Immersion vFll c o n t i n u e  up to 120 days with simples 
being removed f o r  t e s t i n g  a t  30 day htervals .  I 
TEST RESULTS: (A£ ter 60 Days) 

.. Tcnsile Strength & Elongation 

. . I 
Y i e l d  Y i e l d  Break Break 

MD S t r e n g t h  ( p s i )  Elongat i o n  (2) - - St reng th  ( p s l )  Elongat i o n  ( X )  
I 

.Con t to l  2824 15 ' 4868 . 865 
60 Days 2899 1 s 4910 
7: Change +3 a + 1 

TD i 
Control 2747 15 4835 890 
60 Days 2847 14 4 6 5 7  820 
Z Change +3.6 -7 . -3.7 - p 

60 m i l  HDPE a t  50'C ! - 
1- 

m 
Control 2824 
60 Days 2819 
X Change - ,2 

TD 

Control 2747 
60 Days . '3067 
2' Change . -1-11.6 

Weight m a n ~ e  - at 23'C (1" x 3") 60 m i l  )DPE 1 
I 

Cont~al GO Days Z Change ! 

-t. 03 . ND 2.6319 2.6327 
+.04 Tn +) K 1 0 1  ? A L n l  



06~18/QO.,,?6:22~~~~ l . ,JIA 

I4ay 29, 1985 
7 

b .  Page 2" . - 
Weight Change a t  S O v C  (1" x 3") 60 mil HDPE 

Cant rol $0 Days 

MD 2.6642 2,6731 - 1 . 3 3  1, 
TD 2.8435 2 -8464  +. I I 

1: 
Thickness Chttnge a t  23.C (1" x 3") 6 0  mil HDPE I 

i 

~ h i c k n e s s  Chanse a t  5O.C ( I1 '  x 3") 60 m i l  HDPE 
II 

T e a r  Resists-nce 
60 m i l  KDPE a t  23*C - . .  

60 mil HDPE a t  50'C 

COKCLUSION: I 
No s i g n i f i c a n t  change has resulted from imnersion i n  leechate for  60 d a i s .  

Director - Research 
Technical Development 



LABORATORY REPOl!'I' 11 73 1 B 

CHE-IICAL RESISTKtCE FOR - 
WITH AROMATIC LEACHATE i 

I 
j 

SUBJECT: I 
t 

Chemical resis tance t e s t s  per  E.P.A. llcthod 9090 vere r u n  on a l eachate  
c o n t a i n i n g  aromatic hydrocarbonc ! 

TEST NETHOD: I 
1 

HD 60 mil l i n e r  was immersed i n  t h e  l eachate  a t  bo th  23°C and I 
50°C. The a p p r o p r i a t e  ASTI1 shapes were used  t o  perform the t e s t i n g  
required by Hethod 9090. I m e r s i o n  will c o n t i n u e  up t o  120 d a y s  v i t h  i 
samples being removed f o r  t e s t i n g  at 30 days intervals .  ! 

8 
i 

TEST RESULTS: (After 90 Days o f  h e r s i o n )  I 
; 
I .  

Tensile S t r e n g t h  & E l o n g a t i o n  ! 
60 m i l  HDPE s t  2 3 ' ~  I 

! 

Control 2747 
90 Days 2965 
% Change 4-8 

I 
Y i e l d  Y i e l d  Break Break 

MD S t r eng th  ( p s i )  E longat ion  (Z) S t r e n g t h  ( p s i )  ~ l o n ~ d t i o n  ( X )  
I 

60 m i l  HDPE at-  5 0 ° C  

C o n t r o l  2824 15 4 8 68 
90 Days 2645 15 5121  
X Change +1 0 + 5 . 2  

Control 2824 
90 Days 3026 
2 Change 3.7.2 

8 6 6 
910 
+5 ,2  

Cont ro l  2 74 7 
90 bays 3025 
X Change 4-1 0 

I 



k ' e i & b l  Change a t  23'C (1" x 3") 60 m i l  HDPE 

Cont to1 - 90 Day8 X Change - 

) ;eight  Change a t  50'C (1" x 3") 60 m i l  HDPE 
.- 

2.6642 2,6736 4 s . 4  
2.8435 2 . 8 4 7 1  t. 1 

~hickness Change a t  23.C (1" x 3") 60 m i l  HDPE 

'Khickness Change a t  50'~ (1" x 3") 60 m i l  HDPE 

.58" .58" 0 
*58" 5 7" -2 

EiD 
TD 

Tear Resistance 

60 m i l  HDPE aE 23'C 

60 mil. HDPE a t  5 0 ° C  

Puncture 'at 2 3'C 

Puncture at 50°C 

no r e a l  significant change was defected.  

Mark Cadwallader 
Director - Research & . & . A  
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CHMlCAL RESISTAXCE TESTISG WITH I. 
! 

AROUTIC IPCDROCARBON LEACHATE ! 

i 
SUBJECT: I . . 

Chemical resistance t e s t s  per E.P.A. Method 9090 were r u n  o n  a leachage 
containing 1.27% wt. a r o m t i c  h y d r o c a r b o n s ,  p r e s e n t  as various s u b s t i  b c n z e n e s .  

TEST ME'LHOD ; I -  
.. ".;.?:/: Ki) 60 r n i l  liner was i m e r s e d  in the l eachate  a t  both 23°C a n d ' 5 0 b C .  

The appropriate ASTM shapes were used t o  perform the  t e s t ing  required y,kfethod 
9090. I m e r s i o n  was f o r  120 days which concludes the  t e s t .  

I !. 

! 

Tensile Strength 6 Elon~ation 

60 m i l  HDPE a t  23'C 

Y i e l d  Y i e l d  Break break 
S t r e n g t h  ( p s i )  Elongation (Z )  S t r e n g t h  ( p s i )  E l o n g ~ r i o n  I%) - 

I 
Contro l  
120 Days 
X Chznge 

Contro l  
120 Days 
% Change 

60 m i l .  HDPE a t  50.C 

Control 
120Days ' .  

X Change 

Control 
120 Days 
X Change 



Weight- Change a t  23.C ( I "  x 3") 60 m i l  HDPE 

Cont ro l  120 Days T Change 

Weight Change a t  5O.C ( I "  x 3") 6 0 , m i l  HDPE 

I - -. . Thickness  Change a t  23'C ( 1 "  x 3") 60 m i l  HDPE 
.. . 

. . 
' Thickness Change a t  5 0 D C  ( I "  x 3") 60 m i l  'HDPE 

Tea r  R e ~ i - s t a n c e  

60 m i l  mPE a t  23°C 

60 m i l  HDPE a t  50.C 

6 3 66 +5 

CONCLUSION: 

After 120 days of immersion no significant change was d e t e c t e d ,  

3gLqq. 
Lab Tech c i a n /  
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CHEMICAL RESISTANCE TESTXNG OF - : . HD WITH I 
CHLORINATED HYDROCARBON LEACHATE I 

Leachate conta ining 2 - 3% halogenated organic hydrocarbons (mostly 
ethylene dichloride) was used to immerse a 1 HD 100 m i l  l i n p r .  

TEST METHOD: 1 
I 

Specimens of 100 m i l  liner were cut in appropriate die shapes for the 
different physical tests. Samples were tested for control purposes, and 
then every 7 days of immersion up to 28 days. Samples were immersed a t  two 
different temperatures; 23'~ and 5 0 ' ~ .  Tests run were the follo$ing: 
Tensile Properties/Elongation - ASTM D638, Initial Tear Resistance - ASTM 
D1004C; Puncture ~esistance - FTHS l O l B  Method 2065, weight chanyje, and 
thickness chahge. Test results are tabulated below with percentichange fo r  
control noted a t  each test interval. I I 

TEST RESULTS: 

Tensile S t r e n g t h  8 E l o n g a t i o n  - 100 mil HDPE a t  23% j 

Yield 
MD S t r e n s t h  (psil 

Control 2686 
7 Days 2729 
% Change +l. 6 
14 Days 2627 
% Change - 2 . 2  
21 Days 2924 
8 Change +8.9 
28 Days 2797 
% Change +4.1 

Yield 
Elonsation I % )  

Break 
S t r e n q t h  (psi) 

I Break 
Flonaat iorj  (%L 

725 i 
775 \ 
4-7 i 

! 760 1 

t4.8 1 
730 ! 
c.7 i 

I 735 , 
4-104 ; 

I 

Control 
7 Days 
% Change 
14 D a y s  
% Change 
21 Days 
t Change 
2 8  Days 
% Change 



100 mil RDPE at ~ Q Q  

Control 2686 
7 Days 2770 
% Change +3.1 
14 Days 2582 
% Change - 3 , 9  

Y i e l d  Yield Break ~ r d a k  
St r ena th  (psi) Elonsation ( % I  s t r e n a t h  (vs i )  BLonaatinn I $ L  

I ' 

21 Days 2509  
% Change - 6 . 6  
28 Days 2819 
% Change +5 

Control 
7 Days 
% Change 
14 Days 
% Change 
21 Days 
% Change 
28  Days 
% Change 

Control 7 Days % change 14 Days % Change 21 Days % Change 28 ~ a y s  % Change 
I 

Thickness C h a m -  a t a %  

Thickness Chanqe at 50%. 
I 

MD .38" 9 8 "  !d 9 8 "  0 l 96"  - 2 . 0  .96 ' l  i -2.0 
TD .91" . .911' 0 9 0 "  -1.1 90" -1.1 .88" 1 - 3 . 3  

? 



Tear Res i s t a~~ce  at 2x2s 

Tear Resistance at s~gc 

Punc tu re  at 5 ~ %  

! 
I 

The dilute solution of chlorinated hydrocarbons d i d  not affect t h e  ; ':, . . . . . 

HD f o r  the  entire t e s t  period. A physical proper ty  change of at i l eas t  15% 
from the cont ro l  is considered a s i g n i f i c a n t  a l t e r n a t i o n  in properties.  
Weight change revealed very little absorption, 

CERTIFIED BY: 


