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FOREWORD 

Today's rapidly developing and changing technologies and industrial products and 

practices frequency carry with them the increased generatlon of matertals that, if improperly 

dealt wtth, can threaten both public health and the envtronment. The U. S. Environmental 

Protection Agency Is charged by Congress wtth protecting the Nation's land. a.tr. and water 

resources. Under a mandate of national envtronmental laws. the agency strives to formulate 

and implement actions leading to a compatible balance between human activities and the 

ability of natural systems to support and nurture life. These laws direct the EPA to perform 

research to define our environmental problems. measure the Impacts, and search for 

solutions. 

The Risk Reduction Engineertng Laboratory iS responsible for planning. implementing, 

and managing research. development. and demonstration programs to provide an 

authoritative. defensible engineering bas1s in support of the policies, programs, and 

regulations of the EPA with respect to drtnking water, wastewater. pesticides, toxic substances. 

solid and hazardous wastes. and Superfund-related activities. 

This publ1catlon Is one of the products of that research and provides a vital 

communtcatton link between the researcher and the user community. This document focuses 

on the generation of simulated field test data relevant to the design, construction and 

performance of landfill leachate collection systems. The data provided influences design and 

performance of all such systems which rely upon leachate collection and removal. 

E. Timothy Oppelt. Director 
Risk Reduction Engineertng Laboratory 
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ABSTRACT 

The primary leachate collection system of most solid waste landfills contains a filter 

layer which has typically been a granular soil. Recently. however. various types of geotextile 

filters have been used to replace the natural soll filter. Natural soil filters are designed using 

conventional geotechnical engineering practice and these techniques have been modified and 

adapted for the design of geotextile filters. A project ustng six dilTerent landfill leachates and 

aimed at invest:1gatlng the functioning of these filters ls the focus of this 36 month long study. 

The 1n1Ual 12 months. referred to as Phase I. investigated flow rates in geotextile filters 

under aerobic conditions at six different landfill sites using the site-speciflc leachates. The 

study inadvertently found that the overlying granular soil clogged as much as the geotextile 

filter that was located downstream. The effects of d.1.fferent types and styles of geotextiles was 

generally masked by the upstream sou clogging. A separate anaerobic incubation task under 

no-flow conditions showed cloggtng to be present but to a stgnificantly lesser extent than With 

the aerobic flow tests. This clogging was felt to be completely blologtcal in nature rather than a 

combination of sediment and biological processes. An important finding in this task was that 

blodegradation of the geotextlles was not evidenced and was concluded to be a non-issue. 

The subsequent 24 months of study. referred to as Phase II. led to the development of a 

vastly improved flow rate monJtortng deV1ce which has recently become an ASTM Standard 

Test Method. l.e .. 01987-91, available May l. 1991. Using these new flow columns, which are 

made from PVC fittings locally available at hardware stores and are very tnexpenslve, a Wide 

range of variables were evaluated: 

• four dilTerent styles of geotextiles 

• geote.xUle alone versus sand/geotextile filters 

• anaerobic versus aerobic conditions 

• six (very diff erentl landfill leachates 

The above 96 columns (4 x 2x 2x 6) were evaluated for their flow rate behaV1or over time and 

found to essentially replicate the ftrst year's aerobic test results. Varying degrees of dogging by 

sediment (particulates) and micro-organisms did occur for the vartous geotextile and natural 

soil filters which were evaluated. 

After establishing this point. a series of remediation attempts were evaluated. The flow 

rate condltlons showed measurable improvement. Water backflushing was the most effective. 

leachate backflushtng and nitrogen gas backflushing were intermediate. and vacuum 

extraction was least effective. lf remediation ts attempted. the pertodtclty of remediation 

should probably be on a six month cycle. 
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In a separate third task. biocide treated geosynthetics were utilized at the two sites wtth 

the most aggressive lcachatcs. While the biocides may have been effective in killing micro­

organisms. the remnants were as troublesome as the Viable bacteria in creating subsequent 

dogging. 

As final recommendations regarding geotextile and soil filters placed over different 

types of leachate drains tt ts felt that: 

(a) 	 Under the continuous flow of landfill leachate a gradually decreasing flow rate will 

occur for all types of filters (sotl or geotextlle) eventually reaching a tenn!nal value. 

(b) 	The terminal value of flow rate will vary according to the type of filter. the type of 

leachate and the hydraulic gradient. 

(c) 	 The terminal flow rate for any gtven filter system must be compared to the design 

required flow rate to ultimately assess the adequacy of the filter's design. 

(dl 	 Design criteria should be developed which considers the amount. size and type of 

microorganJsms and sediment present in the leachate along with conventional issues 

such as hydraulic gradient and type of filter. 

!el 	 Leachate collection systems at landfills which are decommissioned. or exhumed for 

other reasons. should be tnvesugated in lJght of the above recommendations. 

(f) 	 This particular project should be followed by another effort aimed at a larger variety 

of geotex:Ule filters along with destgn guidance and field performance of existing 

systems. 

v 
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INTRODUCTION AND SCOPE 

The management of liquids within a landfill represents a key eJement in their proper 

functioning and overall design concept. The liquid ltself comes from moiSture Within the 

waste as it is received and placed in the facility. plus any precipitation that falls on the site 

durtng its working llfeUme. This total liquid is referred to as ·1eachate• since it leaches 

various constituents from the waste itself. Leachate varies greatly both in quality and in 

quantity. 

Regarding the gyality of leachate, it ts directly related to the nature of the solid waste 

placed in the facility. One would naturalJy expect that hazardous waste leachate would be 

different from non-hazardous. or domestic. waste leachate: but there is even tremendous 

difference within each of these categories. Chian and De WalleU) published data on the nature 

of domestic landfill leachates illustrating how leachates vary tremendously in their quallty. 

see Table 1. Recently EPA(2) and Haxo!3) have reviewed landfill leachate collected ln the l 980's 

and found numerous changes in the chemical composllion. However these studies were 

directed at the chemical resistance of the liner system. The focus of this study is on filter 

clogging (rather than liner degradation) in which the precipitates and micro-organisms are of 

prtrnary interest. Regarding the auantlty of leachate. both the waste Itself and the geographic 

location of the facility are important. For example. sewage sludge is often intemungled with 

munJcipal solid waste resulting in a much higher liquid content than a landfill accepting 

constructton demolition debris. Perhaps more Importantly, as far as leachate quantity ts 

concerned.is the geographic location of the landfill vis-a-vis the local amount of precipitation. 

Identical land.fills sited in the Seattle. Philadelphia and Las Vegas areas will have quantities of 

leachate directly reflectJng their local precipitation. 1.e.. a greater quantity would be generated 

in Seattle than In Philadelphia. which in turn will be greater than Las Vegas. The HELP 

computer model is a valuable tool in estimating leachate quantlties. see Schroeder. et al. (4) 

Whatever the quality and quantity of leachate. it will move gravitationally 

downgradlent through the waste material to the base of the landfill where It encounters the 

prtmaJy leachate collection and removal system. Here the leachate is accepted lnto a dratnage 

layer (generally gravel. but also other high permeab111ty matertal like geonets and 

geocomposltes). where It travels to a perforated pipe system. Within the perforated pipe. tts 

velocity Is greatly increased as lt travels to a sump area at the low elevation end of the facility. 

A submersible pump ls then used which lJfts the collected leachate out of the sump into a 

manhole or large diameter pipe. where it ts transported for proper treatment and subsequent 

1 
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Table l - Charactertstics of Leachates Generated 1n a Landfill by Solid Waste Matertals, 
after Chlan and DeWallcU l 

Property Measured Value (mg/L)* 

Chemical oxygen demand (COD) 40- 89,520 
Biological oxygen demand (BOD) 81- 33.360 
Total organic carbon (TOC) 256- 28,000 

pH 3.7 ­ 8.5 

Total solids ffS) 0- 59.200 
Total dissoJved soltds (TDS) 584- 44,900 
Total suspended solids rrss) 10- 700 

Speci!lc conductance 2810 ­ 16.800 
Alkalinity (CaC03l 0- 20.800 
Hardness (CaC03) 0- 22.800 

Total phosphorus (Pl 0­ 130 
Ortho-phosphorus (Pl 6.5- 85 

l"H4- N 0­ 1106 

N03+N02-N 0.2­ 10.29 

Calcium (Ca2+J 60- 7200 

Chlorine (Cr) 4.7- 2467 

Sodium (Na•) 0- 7700 

Sulfate (-S03J2+ 1­ 1558 
Manganese {Mn) 0.09­ 125 
Magnesium (Mg) 17 ­ 15,600 
Iron (Fe) 0- 2,820 
Zlnc (Zn) 0- 370 
Copper(Cu) 0- 9.9 
Cadm.lum (Cal 0.03­ 17 
Lead (Pb) ~.10 - 2.0 

'"All values in milligrams per liter. except specific conductance. which is 1n m1crose1Smens per 
centimeter. and pH. which Is 1n pH units. 

2 



disposal. Ftgure 1 shows two d1flerent concepts of the general scheme just described. One 

concept has entirely natural soil materials .and the other ls a hybrid between natural and 

geosynthetic materials. 

One important ttem not mentioned prevtously, but 1S illustrated in both profiles In 

Figure 1. 1S the filter material located between the waste and drainage material. In Figure I (a) 

1t 1S depicted as a sand, while in Figure Ubl it ls shown as a geotextile. Thts ftlter layer is the 

complete focus of this project 

The loglc of a fllter layer placed upstream of a drainage layer in a landfill is the same as 

that of a filter placed in an earth dam, behind a retaining wall. adjacent to a highway, etc .. i.e., 

tts funcUon 1S that of rutrauon. Three mechanisms are required for the success of such filter 

materials: 

•They must be sufficiently permeable to pass liquid while mJnim!zing upstream pore 

water pressure. 

•They must be sufficiently tight to prevent excessive loss of upstream soil. 

•They must not comoletelyclog, or shutoff flow. during their service llfeurne. 

There 1S a long. and quite successful, history pertaJnJng to the use of natural sou filters in 

geotechnical engineering and transportation engineering practice. Vartous theoretical and 

empirical rules have been established to the point where a relatively high degree of confidence 

exists. These concepts are taught regularly in colleges and universities in a number of 

engineering and science courses. 

The advent of geotextlle filters ls a relatively recent event. Their use versus natural soil 

filters ls very provocative. They use Jess space. are easier to transport, are easter to place and 

invartably are less expensive. 'While there is an ever growing list of successful geotextlle filters 

(the earliest dating back to 1968, see BarrettC5lJ, their use with landfill leachate instead of 

water is much less establtshed. Thus. the initlal focus of this project was toward an 

investigation of geotextile filters in the landfill environment. However. as the project 

developed, It was recognized that the soil filters had to be re-examined in light of their leachate 

filtration. Thus it will become evident that both geotextile filters .amt natural soil filters have 

drawn our attention and Will be equally examined in th1s study. 

The report covers the entirety of this three-year project which was performed in three 

separate phases. The first phase (which lasted 12 months) turned out to be somewhat 

exploratory. It resulted in the development of a testing program whlch was successful in its 

general findings but proved to be inadequate in proVlding speclflc detail. mainly due to an 
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Figure 1 - Generalized cross sections of prunary leachate collection systems for solid waste 
landfills 

4 



inadequate test setup methodology. It, however, 'Will be presented in its entirety since Its 

qualltattve findings are relevant. The second phase (lasting 24 months). greatly improved on 

the measurement methodology. This improvement ultimately led to a test setup and a set of 

procedures which has recently been adapted by AS1M as a Standard Test Method. It provtded 

quite extensive and detailed quantitative information. Within this second phase a number of 

biological related clogging remedlatlon techniques were investigated. 

A third effort was directed toward the study of bioc1de treated geonets and geotextlles. It 

was performed over a 14 month period coincident with the Phase II study. This study is 

induded in this Report as Appendix ·A-. Collecuvely, results of these different Phases have 

supplied the background information leading toward our final conclusions and 

recommendations. 

5 



GEOTEXTll.ES AND SOILS USED IN THIS STIJDY 

Various cross sections of different materials, all of which attempt to simulate the 

profiles shown In Figure 1, were utiliZCd. The first phase of the study used a 

sand/geotextlle/geonet cross section, as was illustrated in Figure l(b) and ts often located on 

the sidewalls of a landfill. These tests were aerobic• and involved percolaung leachate rnov:tng 

vertlcally through the sand and geotextile, fallowed by horizontal flow within the geonet. 

There also were parallel studies conducted on the vartous geotextlles which were constantly 

submerged in leachate, thus anaerobic• conditions. The stx different geotcxtlJes are listed in 

Table 2(a), with their relevant physical and mechanical properties gtven tn Table 2(b). The 

sand used in the aerobic tests was a subrounded uniform stze, Ottawa sand With a 0.42 mm (No. 

40 sieve) average particle size. Its hydraulic conductMty ts approx:1mately 0.02 cm/sec (0.04 

ft/min). Since the hydraulic conductMty of the sand Is high. it was felt that clogging could 

develop 1n either It or in the geotextile. As will be seen later. usually the sand clogged before the 

geotextile. 

The second phase of the study used sand/geote.xtile/gravel and geotextlle/gravel cross 

sections to simulate the sketches of Figures l(b) and l(a). respectively. They were constantly 

counterpointed against one another to see lf either the sand or the geotextiles were more 

susceptible to clogging. The geote.xtiles evaluated are given in Table 3(a), along with their 

physical and mechanical properties which are included in Table 3(b). The sand used above the 

geotextiles (when it was used) was again a subrounded. uniform size. Ottawa sand with a 0.42 

mm (:-\o. 40 sieve) average particle size. Its hydraulic conductMty is approXlmately 0.02 

cm/sec (0.04 ft/min}. It was the same type of sand used in the tests of the first phase described 

earlier. The gravel located beneath the geotextlle was 1.0 to 1.5 inch in diameter and was used 

as a support when placing soil above the geote.xtile. Its openings are so large that flow was 

considered to be un1rnpeded when passing through thlS layer. Subsequent Visual examination 

after the testing was complete confirmed this assumption. Both aerobic and anaerobic 

conditions were evaluated. The actual test devtce was vastly improved in contrast to the setup 

used in the phase one tests. 

*Aerobic. referring to alternately wet and dry conditions. and anaerobic, referring to 
constantly saturated. will be used throughout thts report. While the aerobic description ts 
accurate, 1t ts recognized that keeping a system saturated does not guarantee ~complete" 
anaerobic conditions. It does, however, describe how the samples were maintained and 
subsequently tested. 
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Table 2 - Description of Geotextlles Used In Phase One of This Study 

(a) Description of Geotexllles 

Type of Fabric Polymer Fiiament Designation and Used at Site Number 
Construction Type Type Polymer Type I 2 3 4 5 6 

woven monofllament polypropylene continuous W(C)-PP ..J ..J ..J ..J 
(calendered) 

woven monofllament polypropylene continuous W (N)-PP ..J ..J 
(non-calendered) " nonwoven needled polypropylene continuous NW (N)-PPl ..J 

nonwoven needled polyester continuous NW (N)-PET " " "" " " nonwoven needled polypropylene staple NW (N)-PP2 "" " " " nonwoven needled polyethylene continuous NW (N)-PE " " 
­

nonwoven heat bonded polypropylene continuous NW (HS)-PP ..J "" " " " 
...... (b) Physical and Mechanical Properties of Geotexttles 

HydrauHc 
Designation and ThlcknessOJ• Mass per UnJt Area POA(2J Aosl3J Permfttlv1ty{4) ConducUvJty 

Polymer Type (mU) (mm) (oz/yd2) (g/m2l (%) Og5(nun) (Sieve No.) (sec-I) (cm/sec) (fl/min) 

W (C)-PP 14 0.36 5.9 200 4 0.21-0.15 70- 100 0.14 0.005 0.010 
W (N)-PP 20 0.51 6.5 220 10 0.42-0.21 40-70 2.3 0.12 0.24 
NW (N)-PPl 87 2.2 8.3 280 n/a 0.21-0.15 70- 100 2.1 0.46 0.92 
NW (N)-PET 75 1.9 7.1 240 n/a 0.21-0.15 70- 100 2.0 0.38 0.76 
NW (N)-PP2 10'2 2.6 7.7 260 n/a 0.21-0.15 70- 100 1.8 0.47 0.94 
NW (N)-PE llO 2.8 13.3 450 n/a 0.21-0.15 70- 100 0.96 0.27 0.54 
NW (HB)-PP 17 0.43 4.1 140 n/a .=.0.15 .=.100 0.65 0.0'28 0.056 

• (1) Under 43 Jb!fi2 (2.0 kPa) normal pressure 
(2) Percent open area 
(3) Apparent opening size 
(4) Constant head test at 2.0 In. (50 mm) head 

http:0.21-0.15
http:0.21-0.15
http:0.21-0.15
http:0.21-0.15
http:0.42-0.21
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Table 3 - Description of Geotextlles Used In Phase Two of This Study 

(a) Physical Descrtpllon of Geotextlles 

Type of Fabric Polymer Filament Designation Used at Site Number 
Construction Type Type 1 2 3 4 5 6 

woven monofllament polypropylene continuous WM (NC) ~ ~ ~ ~ ~ ~ 
(non-calendered) 

nonwoven heat bonded polypropylene continuous NW(HB) " " " " / " " nonwoven needled polyester continuous NW (N) 16 "" " " " " nonwoven needled polyester continuous NW(N) 8 " " " " " " 
(b) Physical and MechanJcal Properties of Geotextlles 

00 

Hydraulic 
Designation ThlcknessOl• Mass per Unit Area POA(2) AOS(J) Perrnttttvttyt4l Conductivity 

(mil) (mm) (oz/yd2) (glm2) (%) Og5 (mm) (Steve No.) (sec-I) (cm/sec) (ft/min) 

WM (NC) 24 0.61 7.0 240 6.0 0.21 70 1.2 0.073 0.14 

NW(HB) 16 0.41 4.0 140 n/a 0.21-0.15 70-100 0.6 0.025 0.049 

NW(N) 16 195 4.9 16.0 540 n/a 0.21 70 0.7 0.35 0.69 

NW(N) 8 93 2.4 8.0 270 n/a 0.15 100 1.4 0.33 0.65 

• (I) Under 43 lb/ft2 (2.0 kPa) normal pressure 
(2) Percent open area 
(3) Apparent openJng size 
(4) Constant head test at 2.0 In. (50 mm) head 

http:0.21-0.15


The blocide study mimicked the second phase of testing, With the excepUon that the 

geotextiles (or geonetsl were manufactured with the inclusion of varying amounts of biocide. 

The geotextiles and sand that were used, along with the results. are included in Appendix ·A·. 
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LANDFILL SITE AND LEACHATE CHARACTERISTICS 

Upon obtaining proper authorization and permission from the respective facility 

owners. six landfills located \\ithin 200 miles of Philadelphia, Pennsylvania were utilized for 

this study•. All six sites were used for the entire duration of this three year study. All were 

municipal (i.e .. domestic) landfills, however. some were 1ntenningled with industrtal waste of 

vartous types and amounts. The amount of waste placed at each site vaned tremendously; from 

100 to 8,000 tons per day. Perhaps more miportantly, the leachate management scheme, along 

wtth the age of the facilities varted; thus. the quality of the leachate varied greatly. Table 4 

gives what we feel are the most important leachate characteriStics for the purpose of filter 

assessment. Le.. the pH. COD. TS and BOD 5 values. Table 4(a) gives the values at the time of the 

project's start-up. and Table 4(b) gives the comparable values at the projecfs completion some 

three years later. 

To be noted from the COD, TS and BOD5 values listed 1n Table 4 ts that each set of data 

appears related to a particular landf1ll's leachate. In essence, when the COD lS htgh, so are the 

TS and BOD5 values; similarly when one ls low. the others are also low. (There is no clear 

relationship to the pH values.I An ordering of the leachate strengths at the begtnning of the 

study ranging from "strongest· to "weakesr can be established as follows: 

NJ4 strongest leachate 

DE3 i 

NY2 

PAI to 

PA6 J. 
MD5 weakest leachate 

Furthermore, there are addltlonal clearly dlstlnct differences between the NJ4 and DE3 

leachates. both of which are very strong. and the NY2. PAI, PA6 and MD5 Jeachates, all of 

whJch are relatively weak. It was anticipated that thlS general trend ln leachate quality should 

have some relationship With the long term flow trends to be established in the actual testing. 

Two values 1n thts table are particularly significant. the total solids (TS) and the biochemical 

oxygen demand (BODI. It stands to reason that the higher the TS value. the more sediment and 

particulate material is in the leachate; and the filter (either. natural soil or geotextlle) must 

cope with this fine material. It Js important to note that filters are designed on the basts of 

their upstream soil particles and ru21 on the sediment or turbidity of the liquid passing through 

them. In a similar marmer, the higher the BOD values, the more m1Cro-organtsms (various 

•All sites will remain anonymous in this Report. We sincerely thank the owners of these 
facilities for giving us access to their sites and extend special appreciation to the field 
personnel for their excelJent cooperation. 
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Table 4 - Details of Municipal Landfill Leachates Evaluated In this Study and Approximate Leachate Characteristics 

(a) Characteristics at the Start-Up Date for Each Sile 

Site Start-Up Leachate Management Approximate Leachate Characteristics at Start-Up 
Designation Dale Scheme 

pH COD(mg/U• TS (mg/L) BOD5 (mg/U 

PA-I Nov. 18, 1987 Continuously Removed 8.0 15.000 8,000 2,000 

NY-2 Dec. 10, 1987 Recycled through Landfill 5.5 20,000 8,000 5.000 
and Conllnuously Removed 

DE-3 Jan.25. 1988 Recycled through Landfill 5.8 40,000 17,000 24,000 

NJ-4 Aprtl 5, 1988 Continuously Removed 7.4 45.000 16,000 25.000 
MD-5 June6, 1988 Continuously Removed 6.8 1,000 100 150 
PA-6 June 28, 1988 Continuously Removed 6.5 10,000 5.000 2,500 

...... 

...... 

(b) Characteristics at the TenntnaUon of the Project for Each Site 

Site Dale of Leachate Management Approximate Leachate Characteristics at Completion 
Designation Final Readings Scheme 

pH COD (mg/L) TS (mg/L) BOD5 (mg/U 

PA-1 Oct. 29, 1990 Continuously Removed 8.0 10,500 5,000 3,000 
NY-2 Oct. 30, 1990 Continuously Removed 6.3 13.000 7,000 5.000 
DE-3 Oct. 31, 1990 Recycled through Landfill 6.5 25,000 15,000 15.000 
NJ-4 Oct. 30. 1990 Continuously Removed 7.0 30,000 17,000 17,000 
MD-5 Oct.31. 1990 Continuously Removed 7.1 17,000 20,000 7,000 
PA-6 Oct. 29, 1990 Continuously Removed 6.3 7,000 18,000 2,500 

-COO =chemical oxygen demand 

TS =total solids content 

BOD5 = biochemical oxygen demand at five days 



forms of bacteria) that are present in the leachate. Here agaln. the filter must cope with these 

micro-organisms with the hope that they will pass through the filter and be removed with the 

leachate from within the downgradtent sump area. An indication of the size of the sediment 

amJ. mtcro-organisms in the six different leachates ts given in Figure 2. Both types of 

particulates fall in a relatively tight size range almost entirely within the silt-size 

classlftcation. For comparison purposes, the particle size of the Ottawa sand used above the 

geotextlles 1S also shown. 

Jn addition to the high BOD5 values shown in Table 4(a). a further indication of the 

bacteria present in the leachates at the six selected landfill sites ts gtven in Figure 3. Figure 3(a) 

presents the number of biological cells per milliliter of leachate established by total direct 

count. Note that the vertical scale ts logartthmlc and the values range between 1oB and 1Q9 

cells per ml. The values were obtained microscopically in a separate study which 1S given in 

detail in Rios and Gealt16l. Within this total count. the number of living cells. called the 

~viable titer· Is given in Figure 3(b). Whtle considerable scatter exists. the numbers are still 

huge. 1.e.. between 106 and 107 Hutng biological cells exist per ml of leachate. This represents 

35 to 600Ai of the total count. Other details as to likely type of bacteria. techniques for counting, 

etc.. are given in the reference cited. As anticipated. biological activity exiSts in muntctpal 

waste landfill leachates on a massive scale. 

Lastly. the possibility of a clogging synerg1Sm between sediment in the leachate coupled 

with high micro-organism content cannot be dtscounted. Indeed there are references available 

suggesting the possibility of landfill dralnage system clogging. Bassf7l presented several case 

histoiies of sedimentation. biological growth and chemical precipitation clogging of leachate 

collection systems. He states. ·u would be difficult to rule out biological clogging as a fallure 

mechanism based on first principles·. Ramke!Sl states in his report on German landfill 

expertences. ·the most frequent cause for failure 1s formation of deposits in the seepage water 

collectors or In the filter layer". 

Thus, the realization that some clogging of collection systems might occur should be 

acknowledged. What remains at issue is what is the degree of clogging: and. if felt to be 

excess1ve, what techniques are available to remediate the situation. This research effort, 

presented in separate phases. attempts to answer these questions. Phase One 1S for 12 months 

duration and Phase Two (with improved monitoring devices and a series of remediation 

attempts) is for 24 months duration. They will be presented sequentially in the next two 

Chapters. Phase Three. on bloclde treated geotcxUles and geonets is included as an Appendix. 
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PHASE I· FIRST YEAR SnJDY 

This phase of the project. which lasted for 12 months. was focused toward direct 

sunulation of soll/geotextile/geonet cross sections under aerobic cond!tions and of immersed 

geotextl1es in Isolation under anaercbic conditions. 

AcrQblc Flow Tests and Results 

The inJtlal portion of primary leachate flow in a landfill during its filling operations ts 

clearly aerobic. Furthermore. the collection area around the primary leachate removal sump 

and manhole may also be funcuorung under aerobic conditions. In order to model these 

situations, flow boxes of the type shown in Figure 4 were constructed. They were made to 

simulate the bottom of a landfill With the geotextile as the filter over a drain; in thls case a 

geonet drain. Whether the drain 1S a geonet. gravel or perforated pipe, however, Is of little direct 

consequence since biological and precipitate clogging ts more apt to occur in the small spaces 

of the filter rather than the significantly larger volds of the drain, whatever its type. The use of 

the open graded Ottawa sand above the geotextl1e filters was done so that better flow control 

could be maintained during the 12 month long tests. The use of sand over the geotcxtile was 

meant to simulate a soU working blanket which ls often placed above the prtmary leachate 

collection system before solid waste filling begins. 

The wooden boxes used for these aerobic flow tests were 24 in. high With a cross section 

measuring 12 in. by 12 in. They were made leakproof by silicon caulking and were then 

painted with epoxy paint. The bottom portion of the boxes are flanged such that various 

geotextiles can be incorporated in them. For all of these tests. a geonet ls located beneath the 

different geotextiles being tnvestigated. A wooden base plate ls directly beneath the gconet and 

it IS bolted to the upper box flanges and caulked on three sides. The fourth side (i.e .. the front of 

the box) ts open which permits conveyance of the leachate out of the geonct drain after It passes 

through the soil/geotextile system. see the lower right side photograph of Figure 4. Ottawa sand 

(poorly graded, rounded particles, retained on a No. 40 size sieve) ts placed on the geotextilc to a 

depth of 6 in. leaVing the upper 18 in. of the box avaJlable for falling head leachate tests. 

Sets of at least four boxes (and sometimes as many as stx if the landfill owners wished to 

evaluate their specific materials and cross secUons) are setup at the landfUJ site near the 

reseivoir or underground storage tanks where the leachate ts temporarily stored. Usually the 

boxes are housed 1n a small shed or maintenance building with no temperature nor humidity 

control. Thus. ambient conditions prevaJJ. e.g.. during the winter months the boxes 

undoubtedly experienced freezing condttlons numerous times. 
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The leachate from a particular landfill site is pumped to the experimental flow system 

either directly from the landfill sump area or from storage tanks located either above or below 

ground. Leachate dousing ts performed on a periodic basts. which is either once or twice a 

month. Otherwise, the boxes and thetr contents are either moist or nearly dry. Thus aerobic 

conditions are assured. On monthly intervals, flow rate tests of a falling head nature are 

conducted. The time of .flJght for the head to fall from 24 to 18 in.: from 18 to 12 In. and from 12 

to 6 in. (Le., to the top of the sand) ls measured. The resulting value obtained ls the flow rate per 

unit area, or "flux". It 1s measured In units of gallons per minute per square foot of surface area, 

1.e. gal/min-ft2. The results of these tests for the seven geotextlles at the six landflll sites over 

the 12-month test period are given as Figures 5 through 10. The actual data 1S gtven in 

Reference 9. They are coded according to the geotextile types listed in Table 2 and the landfill 

designations listed in Table 4. The following observations are made on the basis of the trends 

that are established in these figures. 

(a) 	 Flow rates measured after the initial startup always decreased over time. Usually 

the ln1tial decrease was quite sharp. 

(b) 	For most cases. the decrease then continued with either a linear. slightly 

exponential or sharply exponential trend. 

Cd 	 In some cases the flow rate decreased to a level that was not measurable, at least 

within the Umlts of our experimental system. 

(d) 	 There was some undulation of the flow rate trends which might be related to 

temperature effects, Le.. low viscosity (hence high flow rates) durtng summer 

months and/or high Viscosity and perhaps frozen zones (hence low flow rates) 

during winter months. 

(el 	 Regarding landfUJ site PA-1, the W(C)-PP geotextlle clogged below detection limits 

within 4.5 months. ThiS woven geotextlle has a 4% open area and when exhumed 

was seen to be embedded with particulates to a high degree. Figure 11 shows 

photographs of this box as 1t was disassembled and the resulting condition of the. 

geotextile. The lower photograph shows the open geotextlle around the edges which 

was under the flanged portions of the box and not exposed to leachate flow. Also 

noted was a color d11Terence (lt was rust colored) in the sand above the geote.x:tile. 

This appears to indicate the occurrence of biological clogging vta iron and/or 

manganese precipitation. This particular box was replaced by the W(NJ-PP 

geotextUe with a 10% open area and Its performance over the subsequent 6.5 
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months was reasonable, Le.• the greater open area was effective in limiting the 

amount of clogging. The three needle punched nonwoven geotextiles (NW(N)-PPl, 

NW(N)-PET and NW(N)-PP2) performed quite similarly to one another. all gradually 

decreasing tn flow rate over time but reaching apparent equilibrium flow 

conditions. 

(0 	 Regarding landfill site 1'.'Y-2. the W(Cl-PP geotextile (with the 4% open areal agaJn 

clogged severe1y, but now took the entire 12-month period to do so. The three 

needle-punched nonwoven geotextiles [NW(Xl-PPI. NW(N)-PET and !\'W'INl-PP2) 

performed much better, and roughly equivalent to one another. 

(g) 	 Regarding landfill site DE-3 (which has a very strong Jeachate. recall Tab1e 4), the 

now rate decreases were quite substantial. AgaJn. the W(Cl-PP geotextile with 4% 

open area clogged to a degree where flow rates wUh our system could not be 

measured. After seven months the flow rates were barely readable and after 12 

months they were not readable. The three needle punched nonwovens (NW(N)-PPI, 

NW(::\')-PET. and NW(N)-PEI also showed flow rate decreases but appear to have 

stabilized after six months. Note that slight increases occurred between the 8th and 

10th months and can on1y be explained as a "weaker" leachate at that particular 

time. Note also the addition of l\'W(N)-PE (which ts a polyethylene geotextile) and it 

performs quite similarly to' the polypropylene (PP) and po1yester (PE11 types. Thus. 

the type of polymer from which the geotextile ts manufactured appears to have 

negl1gtble stgrufkance. 

(h) 	Regarding landfill site NJ-4. which has the "strongest" leachate. large flow rate 

decreases are seen for all geotextiles. As With the preceding three landfill sttes. the 

W(C)-PP geotextlle with 4% open area again clogged below detection limlts. this time 

within eight months. The three needle punched nonwovens INWINJ-PP. ~WINI-PET 

and 1\1"\V(NJ-PE) also had significant decreases. They behaved similarly to one 

another and at the end of the 12 month period appeared to have stabilized at the 

equillbrium values indicated. 

(1) 	 Regarding landfill site MD-5. which has the "weakest" leachate of all sites. the flow 

rate trends decrease but now only marginally. The W(NJ-PP woven geotcxtile has a 

10% open area and behaves s1gnillcant1y better than the W(C}-PP with Jower percent 

open area used at the previous four landfill sites. Clearly. the greater opening area 

(from 4% to 10%) has a significant positive influence. The three needle punched 

nonwovens INW(N)-PPl. NW(N)-PET and NWINJ-PEJ perform s.tmilar to one another. 
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again irrespective of polymer type. Added to this set of four geotextlles Is a fifth box 

containing a heat-bonded nonwoven geotext11e ?lw'W(HBJ-PP. Its performance is 

sllghtJy poorer than the needle punched geotcxtile types. but only nominally so. 

Important is that all the geotextlles in this leachate reach equilibrium values before 

the termlnaUon of the tests. 

Ol 	 Regarding landf111 site PA·6, flow rates decrease but not stgnilkantly. The leachate 

at this slte is not very strong so the behavtor ls understandable in llght of the other 

test results and their respective leachates. Clearly, the leachate type and 

characteristics are seen to be of paramount importance In the geotcxtile clogging 

issue. Of the five geotextlles used at this site, the low percent open area woven 

W(N)-PP and heat bonded nonwoven f'..-W(HB)-PP dropped in flow rate from their 

ortgtnal values at a slightly greater rate than the three needle punched nonwovens 

ll\-W(N)-PPl, NW(N)-PET and NW(NJ-PEJ. All. however. reached a relatively high 

equilibrium value. 

The flow rate decreases presented in this section vary according to the type of leachate 

and the type of geotextile filter. This begs the question as to the mecharusm(s) involved. 

Shown 1n Table 4 was that aJI of the leachates contain very high solids content (as evtdenced by 

the TS values) and tremendously large amounts of bacteria (as evidenced by the BOD 5 values). 

Thus. one could expect some amount of flow reduction as a response to the influence of two 

sources: sediment (particulate) matter and/or biologically oriented matter. Furthermore, the 

two phenomena could be interacting With one another as is well established in the literature. 

In order to Visually examine the cross sections of the flow boxes after the 12-month flow 

testing was complete. they were sampled with a 2.0 in. diameter thin-walled steel tube. This 

tube was driven completely through the sand. geotextile. geonet and wooden base plate. The 

sampling tube was then cut off even with the top of the sand. turned upside down. and the 

wooden box base plate was removed thereby exposing the bottom of the geonet. A low vtscoslty 

epoxy was then poured into the geonet, thereby flowing lnto the geotextile and then into the 

sand. After hardening, the entire tube (with lts sand, geotextlle and geonet contents) was cut 

along Its diameter into two halves. Upon opening the two halves. the cross-sections appeared 

as shown in the photographs of Figure 12. 

The upper photograph of Flgure 12 shows the cross section of the needle punched 

nonwoven polyester geotextlle INW(N)·PET) at all six landfUJ sites after 12-months of leachate 

flow testing. In the two cross sections of DE-3 and NJ-4. a very clear color change midway 

through the sand layer can be noticed (see the lower photographs for some of this detall). The 
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Figure 12 - Samples of the NW(N}-PET geotextiles and the overlying 6~ of Ottawa sand soil from 
the vartous landfill sites after twelve months of aerobic flow testing 
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upper rust color ts clearly indicative of iron deposits typical of bactertal actMty under aerobic 

conditions. Note that these two sites with the major color changes had the strongest leachates 

of all six sites. The other four cross sections of PA-1, NY-2, MD-5 and PA-6 also show residual 

bo.cterta bonding within the sand, but without abrupt color changes. Clearly the influence of 

strong leachates. such as DE-3 and NJ-4. are very much in evidence through examination of 

these cross sections. Under high magnification. biological activity was seen to be present in all 

samples throughout the six inches of Ottawa sand and into the geotextUe filters. The 

photographs are felt to be particularly sign{ftcant tn that btological actiuity occurs tn sand 

filters equally as much as it does tn geotextile filters. Furthermore. this sand .filter has the 

hydraulic conductivtty (permeability) of some drainaae layers, let alone most of the natural 

soUs used as..fillil layers. 

In summarizing these aerobic flow rate tests we find that flow reduction has occurred at 

all six landfill sites. The relative amount, and the amount between different geotextiles varted 

considerably. In order to view the total data set for comparative purposes. Table 5 has been 

prepared. Here. the flow rate reductions are reported on the basis of their initial flow rate 

values compared to the final 12-month values Le.. the percent flow rate retained. Some 

observations concerning the aerobic flow rate results reported in thts table follow: 

{a) 	 The woven geotextiles IW(C)-PP) with 4% open area had the largest flow rate 

decreases, in three cases below experimental detection lunlts. This type of tightly 

woven geotextlle should be questioned for use as a geotextlle fllter for landfill 

leachate With respect to the design required value. 

(b) 	Using a similar type of woven fabric [W(N)-PP) but now with a 10% open area 

produces reasonable and, in fact. quite good results. 

(c) 	 The trends and nominal differences between the four needle-punched nonwoven 

fabrics ll\i'W(N)-PPl. t\'W(N)-PET. J\'W(N)-PP2 and NW(N)-PEJ all behaved similarly 

and quite independently of polymer type. Thus polypropylene. polyester and 

polyethylene all are candidate polymers used to manufacture geotexttle filters in 

leachate collection systems as far as flow rate beha\10r ls concerned. 

(d) 	 Furthermore. all of the needle punched nonwoven geotextiles responded to the 

various leachates in approximate relationship to the severity of leachate quality. 

Le. DE-3 and NJ-4 leachate. the harshest of all six landfill sites. produced the 

largest- flow rate reductions. The other four landfill sites PA·l, NY-2, MD-5 and 

PA-6 with weaker leachates. resulted in lower flow rate reductions in approximate 

proportion to their leachate strength. 
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Table 5- Resulls of Aerobic Flow Rate Tests After 12 Months of Evaluatlon tn Phase I Study 
(Percentages Given are Flow Rates Retained Compared to the lnJtlal or As-Received 
Values) 

Site Tlme Aerobic Flow Rate Trendslll 

Destgna­
lion Startup W(C)-PP W(N)-PP NW(N)-PPl NW(N)-PET NW(N)-PP2 NW(N)-PE NW(HB)-PP 

PA-1 11/18/87 0%13.4) 80% 85% 85% 85% 

N NY-2 12/10/87 10% 80% 80% 80%121
"' 

DE-3 1/25/00 0%131 200Ai 20% 25% 

NJ-4 4/5/00 0% 20% 20% 10% 

MD-5 6/6/00 90% 85% 85% 80% 75% 

PA-6 6/28/00 90% 85% 85% 80% 70% 

Notes: 

I11 flow rate tests within box (average of 24-18; 18-12; 12-6 In. falling head tests) 

121 the second PP geotextile was changed at Site #3 to PE 

131 test clogged beyond detection llnuts and was restarted with higher POA fabric 

141 retested 




(c) 	 The heat-bonded nonwoven fabric [NW(HB)-PP) used at landfill sites MD-5 and PA-6 

showed similar flow rate reductions as the needle punched nonwoven types. 

(fl 	 The sand overlying the above mentioned geotext1les was greatly affected by the 

leachate. Sand clogging was conttibuung. to some unknown degree. throughout the 

tests. This important issue will be evaluated 1n the Phase II study, and will be 

presented in the conclusion portion of this report. 

Anaerobic Flow and Strentth Tests and Retulta 

Soon after a landfill begins accepting appreciable quantities of solid waste. the available 

oxygen is depleted and the situation at the bottom of the landfill becomes anaerobic. At the 

level of the leachate collection system. this absence of aJr mtght even occur shortly after 

placement of several lifts of waste. A clear indication of anaerobic conditions ts the presence 

of methane gas. which occurs vta anaerobic microorganisms interacting with the waste. This 

portion of the study presents our stmulation of this condition and the results of the subsequent 

testing program. 

To evaluate the anaerobic leachate effects on vanous geotexttle filters a completely 

different strategy from the previous tests was taken. In thls portion of the study it was decided 

to immerse 14 tn. wide by 12 in. long geotextlle samples in 55 gallon drums filled with 

leachate. The geotextile test samples were placed on statnless steel racks within the drums in 

sets of twelve for each of the four geotextlles evaluated at each site. Thus, the total anaerobic 

test program consisted of 288 samples. See Figure 13 for a schematic diagram and photograph 

of typical incubation setup. 

The leachate used for the incubation was taken from the landfill reservoir or storage 

tank at the start-up dates listed in Table 4(aJ. Leachate charactertstics are those listed in thls 

table and dld not change durtng the course of the incubation. The drum lids were lightly sealed 

at all times with the exception of once per month when the samples were removed from each 

drum at each .landfill slte. These samples were sealed in plastic bags and brought to our GRI 

laboratory for immediate testing and evaluation. For each geotextile sample the fo11owtng 

tests were conducted. 

• three permittMty tests! l Ol 
• three radial transmJssMty testsll l) 

• three Mullen burst testsU 21 
• four 1.0 inch wide strip tenslle tests!l3) 

The flow tests were performed on the retrieved samples in two different directions. I.e. 

flow in the cross-plane direction {or permittlvlty) and. flow in the in-plane direction (or 

30 



55 gal Drum 55 gal Drum 
II !• I 

u 
; Leachate "" .. Leachate 

( .. "2.~r '" "M ' 

11 I I I I I 

... 3' I1~' 1; .. 4 t 
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transmJssMty). These tests were done on the samples in their as-retrie,red leachate saturated 

condition. however flow testing was performed with water. 

The penn1tti\1ty tests were done as stipulated in ASTM D-4491 \\1th the exception of the 

2 tn. (50 mm) constant head. Our concern was that this value was too high and would 

excessively wash the biological growth out of the geotextile. Therefore we decided on use of a 

0.5 in. (12 mm) constant head value. Three tests were done on each sample and the average 

values were obtained. The data ls given In Reference 9 since it consists of numerous sets of 

information. 

The transm1Sslv1ty tests were of the radial variety because this type of test requires 

significantly less matertal than the planar test currently recommended by ASTM. The test Is. 

however. well behaved and is established in the llterature. The radial transmtssMty test ls 

performed under a constant head where llquld flows into a load bonnet and meets the inner 

circumference of the donut-shaped test specimen. It then flows radially in the plane of the 

geotextlle to the outer circumference where it 1s collected and measured. Calculations then 

permit determination of the transmisstvity value. The tests performed in this study were all 

done under a normal seating load of 43 lb/ft2 (2.0 kPa) and a constant head of 0.5 in. (12 mm). 

As wlth the permittivity tests. the tabulated results are included in Reference 9. 

A complete photo-documentation of the anaerobic clogging of the geotexttles at each site 

was compiled using a scanning electron microscope (SEM). This entire record 1s also presented 

in Reference 9. The biological growth took very different fonns at each of the di.!Terent sites. 

Also seen was that the biological colonies easi1y were detached from the fibers themselves. l.e. 

a chemical bonding did not appear to have occurred. see Figure 14. 

The 	averages of the permittivity and transmisslvlty tests just described were further 

averaged with one another and are given in Table 6 following. Each landfl.11 1s llsted separately 

along with the specific geotextiles that were incubated in that particular geotextlle. From this 

table it 1s seen that: 

(al 	 The original flow rates decreased approximately 5% to 20% for all test specimens. 

(b) 	 The stronger leachates at landfill sites DE-3 and NJ-4 were associated with the 

higher range of now rate decreases. 

(c) 	 There was no particular sensltMty to geotextile type nor to polymer type. 

(d) 	 These flow rate decreases are significantly less than the aerobic test results and are 

lower than we suspected from viewing the exhumed geotextiles. note the condition 

of geotextiles removed from Site NJ-4 after 6 months incubation in Figure 14. 
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Table 6 - Results ofAnaerobic Flow Rate Tests (Percentages Given are Flow Rates Retained Compared to the Initial or 
As-Received Values; N/C tOOrntfs "m~') 

Site Startup W(C)PP W(N)PP NW(N)-PPI NW(N)-PET NW(N)-PP2 NW(N)-PE NW(HB)-PP 

Date 

PA-I 11/18/87 90% 95% 95% 95% 

NY-2 12/10/87 85% 90% 90% 90% 


w DE-3 1/25/88 80% 90% 90% 85%w 
NJ-4 4/5/88 80% 90% 90% 85% 

MD-5 6/6/88 N/C N/C N/C N/C N/C 

PA-6 6/28/88 N/C N/C N/C 95% 95% 


Note: 

All tests are the average of 3 pennJttMty and 3 transmlssMty tests 




Figure 14 - Condition of geotextiles after six months of anaerobic incubation at site NJ-4. 
Lower photographs are scanrung electron micrographs of sediment and growth on 
selected fibers: Left ts woven fabrtc at 30 magnification. 
Right ts nonwoven fabric at 400 magniftcaUon. 
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(e) 	 It iS quite possible that the flow testing (With water) actually flushed some of the 

biologlcal growth and fJne sediments out of the geotextlle. ThiS situation was not 

possible for the aerobic tests discussed pre\1ously. 

(0 	 In comparing these flow rate reductions with the aerobic test results described 

earJier it must be remembered that sand was not present in these tests; thus. flow 

rate reductions should be sl.gn!Jkantly lower. and they were. 

The issue of biological degradati.On. or loss of strength. of geotextlles ls often expressed 

by various groups. e.g .. regulators. owners and designers. Em1sioned are mJcroorgan1sms 

which chemically attach themselves to the geotextlle's fibers and find molecular chain 

endings from which degradation can occur. If such a mechanism occurs, 1t should be 

evidenced by a loss of strength and/or a loss of elongation. Since numerous leachate 

incubated geotextiles were available. it was decided to perform two types of strength tests; 

burst and strip tensile tests. The resulting information from these tests conducted on 

monthly exhumed geotextiles from each site are given in Reference 9. The geotextile samples 

brought from the sites were cut into test specimens and. for these strength tests. were air dried 

before testing. These results were compared to the as-received. and noruncubated. geotextlles 

In the same type of tests. The results are summartzed 1n Table 7 which follows. 

Table 7 Indicates that loss of strength from the vartous geotexttles at the six landf111 sites 

due to leachate incubation up to 12 months is a non-issue except for the nonwoven heat-bonded 

polypropylene fabrics at siles MD-5 and PA-6. In regard to this strength loss, it ls felt that 

incubation within the leachate led to weakening of thermally fused fiber junctions. Thus the 

strength loss in this particular fabric is felt to be the result of a physical effect rather than 

being biologically motivated. With this exception. 1t appears that (within the accuracy of our 

testing and observations on the photomicrographs of Reference 9) neither geotextlle strength 

nor elongation suffered from the leachate exposure. 
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Table 7 - Results of Anaerobic Strength Tests (Percentages Given are Strengths Retained Compared to the Initial, 
or As-Received Values: N/C Indicates ·no changeft) 

Site Startup W(C)PP W(N)PP NW(N)-PPI NW(N)-PET NW(N)-PP2 NW(N)-PE NW(HB)-PP 

PA-I 11/18/87 N/C N/C N/C N/C 
NY-2 12/10/87 N/C N/C N/C N/C 
DE-3 1/25/88 N/C N/C N/C N/C 
NJ-4 4/5/88 N/C N/C N/C N/C 

w MD-5 6/6/88 N/C N/C N/C N/C 70%
°' PA-6 6/28/88 N/C N/C N/C N/C 70% 

Note: 

All data Is the average of 4-1 Inch wide tensl1e tests and 3 Mullen burst tests 




summarv of Phase I Study 

The results of the Phase I (first year's) study has shown that municipal landfill leachates 

have tremendous numbers of biological micro-organisms present. For the six landftll 

1eachates evaluated. the bacterial content ranged from loS to 109 cells per milliliter with 35 to 

60% viability. 1.e. live cells. This. in tum. is reflected by BODs levels varytng from 1000 to 

20.000 mg/l. Additionally. lt was seen that a hJgh total solids (TS) content (varying from 100 to 

17.000 mg/l) always accompanied a high BOD content. The size of the sediment and micro­

organisms in the leachate vartes from 2 to 100 microns, I.e., the particulates all fall within the 

silt soil size range. It should be menUoned that all of the landfills evaluated in this study were 

cod1sposed \vith industrtal waste. but the nature and degree is unknown to the authors. 

With this insight as to the nature and type of the particulates in the leachates. it was 

decided to evaluate clogging under both aerobic and anaerobic conditions. 

The aerobic portion of the study used 12 in. x 12 in. flow boxes. 24 in. high. The boxes 

were all constructed using a wooden base plate, a geonet drain, a geotextile filter and 6 in. of 

free draining sand. The remaining 18 in. of the boxes were empty so that falling head 

permeability tests could be conducted . Leachate passed through the sand and geotextile, then 

flowed Within the geonet which was open at one end only. The time of flight for given 

quantities of leachate to pass through the system was measured. Each of the six sites had at 

least four boxes. the only diiTerence being the type of geotextile filter. Both woven and 

nonwoven geotextiles were evaluated. They consisted of various polymer types and 

manufacturing styles. 

Based on the flow rate behavior over the 12-month evaluation period at each site. the 

following conclusions are reached. 

(a) 	 F1ow rate decreases from ortginal values vary considerably. They range from full 

reduction (Within the Umits of our detection system) to 100!0 reduction. with many 

values being in the 800-i> to 2()0,.b reduction range. 

(b) 	The relatively tight woven geotextlle filter. With a 4% open area. performed the 

poorest. In each of the four dJfferent sites in which tt was used, it clogged beyond our 

detection l1mit. The Ume periods were from 4-1/2 to 12 months. 

(c) 	 Opening up the void space of the same type of woven geotexUle to a 10% open area 

helped consJderably. Flow rates stlll decreased but were more in line With the 

needle punched nonwoven geotextlle types. 
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(d) 	 The needle punched nonwoven geotexttles performed equivalently. They were ~ 

constructed sJ.milar to one another but were of different polymer types. Results 

indicate that polypropylene, polyester and polyethylene fibers do not appear to be 

slgnJflcantly different in their flow rate response behavior. 

(e) 	 A heat-bonded nonwoven gcotcxtile was used at two sites. Its response was 

somewhat poorer than the needle punched nonwovens but better than the woven 

geotextile wtth 4% open area. 

(!) 	 The Phase I study indicates that use of open woven geotextiles and each of the 

needle-punched nonwoven geotextiles results in steady state flow conditions after 

as llttle as 6 months, and almost always after 12 months. The flow rate reductions 

vaned from as low as 200.t& of the original values (at four sites) to as large as 80016 (at 

two sites). These reductions appeared to be related to the strength of the leachate 

insofar as their total solids (TS) and micro-organism content (BODsJ ts concerned. 

In the worst cases, flow rates are usually above 1.0 gal/min-ft2. This is equivalent 

to 6.2 x 107 gal/acre-day which probably far exceeds most design requirements for 

leachate collection system filters. 

(gJ The cause of the flow reductions created somewhat of a dilemma. By cross 

sectioning of the boxes at the end of the 12-month period, it was clearly evident that 

the 6 in. of sand over the geotextile was a major source of the flow reduction. 

Clearly. the experiments showed that soil clogging ts every bit as serious as 

geotexlile clogging. Furthermore, the soil which was used was a very open graded. 

rounded sand (actually It was Ottawa sand) having a permeab1llty coefficient 

approximately 0.02 cm/sec (0.04 ft/mJnl. Thus. it actually meets (and exceeds) the 

EPA criterion for a drainage soil. let alone a filter soil. 

(h) 	 Microscopic e.xaminaUon of the cross sectioned soil/geotextile systems showed 

heavy particulate clogging in the upper half of the soil layer. Thereafter the clogging 

was either fibrous or consisted of very small clusters. Although not conclusively 

proven. we feel that the upper portion of the soil column filtered the suspended 

solids out of the leachate and thereafter biological activity spread throughout the 

remaining portion of the soil column and into the underlying geotextlle. This 

biological activity took numerous forms including the deposfUon of solid 

precipitates in the soil and geotextile voids. Thus different geotextiles (all other 

things equal) responded differently to the same site's leachate. 
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(1) 	 The relative amounts of flow rate reduction between leachate sediment. blologlcal 

precipitates and blologtcal growth could not be distinguished in these tests. 

The anaerobic portion of the study was performed under completely submerged 

conditions in 55 gal. drums. Twelve samples of each type of geotextlle were suspended on 

stainless steel racks and placed in the site's leachate. One sample of each type was removed for 

testing each month. Four geotextile types were evaluated for each of the slX landfill sues. After 

removal of the samples they were brought to our laboratory and were tested for their retained 

flow capability and possible strength reduction. The general concluSions are as follows: 

(a) 	 Relatt.vely mtnor flow reductions occurred tn all ty-pes of geotexttles evaluated.. The 

reduction values varied from 10% to 20%. Note. that these amounts are distinctly 

less than occurred in most of the aerobic tests. The reason for this is that sediment 

clogging was not ln.ttlated since flow was not occurring durtng the incubation 

periods. Furthermore. the absence of a soil column had a dramatic (but 

quantitatively unlmown) effect in improving the flow rates. 

(b) 	All of the exhumed geotextlles had heavy biological growth which could be easily 

seen and felt. 

(c) 	 Scann.tng electron mlcrographs at various times of incubation (e.g .. I. 3. 6 and 12 

months). were compared to the as-received geotexUles. and were very 

lnformative.l9l Here complete growth around the individual fibers, or growth in 

clusters. could be seen. While d.lfikult to quantify. the amount of growth was clearly 

related to the time of lmmersion. 

Id) 	 The mJcrographs also revealed that the biological growth was easily removed from 

the fiber's surfaces. There appeared to be no fixity or attachment to the fibers. 

(e) 	 The above observation was corroborated by various strength tests performed on the 

geote.xtiles after immersion. Within the limits of our testing, there was no strength 

reduction over the 12-month period. This suggests to us thatfor these leachates. 

biDlogtcal degradatiDn of geotextiles ts a nonproblem. Phase II studies will not 

dwe1J upon the polymer degradation tssue. 
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l'JIME D ·SECOND/THIRD YEAR STUDY 

Building upon the results of Phase I activities. Phase ll of the project was aimed at 

eliminating the objectionable features of the first phase and toward providing an opportunity 

of remediatlng the filtration systems by various types of backflushmg. Furthennore, the focus 

shifted from complete geotcxtJle filter clogging to a balance between geotextile and soUfilter 

clogging. The new expertmental test setups for this second phase were intended to meet the 

followtng criteria. 

(a) 	 Sand filter clogging should be distinguishable from geotcxti1e filter clogging. 

(b) 	 Sediment clogging should be distinguishable from biological clogging. 

(c) 	 Aerobic conditions should be distinguishable from anaerobic conditions. 

(d) 	 Identical geotcxtiles and soils should be used at every site. 

(e) 	 The flow columns should be capable of accommodating continuous or periodic flow 

testing. 

(0 	 The flow columns should use the leachate at the time of testing and not be stored for 

any length of time lest 1t change in tts composition and not represent site conditions. 

(g) 	 Constant head or variable head conditions should be capable of being 

accommodated. 

Chi 	 The flow columns should be capable of being backflushed with liquids or gases and 

the results assessed. 

(1) The test setup should be adaptable to include various bioctde remediation attempts. 

Ul Freezing of the test setups should be avoided. 

(k) 	 The flow columns should be sufficiently portable to evaluate in the sump. at the 

Jeachate storage facility or 1n an enclosed space. 

(1) 	 The flow columns should be inexpensive so that a large number can be constructed to 

test a Wide variety of filtration schemes. 

Incubation Columns and Testlna' Proceduret 

In order to meet the experimental test device criteria just described. incubation and flow 

columns as shown in Figure 15 have been developed and are used throughout the Phase n study 

and the btoctde study which is included as Appendix ·N. 

The flow columns of Figure 15 are constructed from 4.0 tn. diameter PVC pipe and related 

fittings. Most large hardware stores and sw:t.mmJng pool accessory supply shops have these 

items 1n stock. The containment rtng is actually a pipe coupllng which has a raised inner ·up· 

upon which the geotcxtile ls placed and sealed. A non-water soluble adhesive is used to bond 

the geotextile to the Hp so as to prevent edge leakage. The upper and lower tubes are both 4.0 
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Figure 15 - Cross section of individual flow column and storage rack used to contain the now 
columns when not tn use at the landfill sJtes 
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inch long sections of PVC pipe. They are contained by end caps which have pre-drilled 1.0 inch 

holes in them that are threaded. Support gravel of 1 to 1.5 inch diameter. fs placed below the 

geotextlle prior to positlontng and gluing of the lower end cap. Similarly, if soil is to be placed 

above the geotexUJe it must be done before the upper end cap is fitted to the assembly. Cap 

adaptors are then threaded into the end caps and fitted With 1.0 inch diameter flexible tubing 

(for constant head tests) or rtgld clear tubing (for variable head tests). These two options are 

shovm in Figures 16 and 17, respectively. along with photographs of the completed devices. 

The experimental testlng program for this second phase of study was as follows: 

1. 	 Four dilTerent geotextlles were used at each of the four landfill sites and under each set 

of test conditions: they are as follows: 

(a) woven monofilament geotextlle of 0.21 mm average opening size and 6% open area 

(b) 	nonwoven heat bonded geotcxtilc of 0.21 to 0.15 mm average opening siz.c 

(c) lightweight nonwoven needle punched geotcxtile of 0.21 mm average opening siz.c 

Id) heavy.veight nonwoven needle punched geotextile of 0.15 mm average opening size 

Complete details regarding these geotcxtiles were given previously 1n Table 3. 

2. Soil (uniformly graded Ottawa sand of 0.42 mm average size, see Figure 2) was placed 

above one set of the geotexttles, while nothing was placed above another set. 

3. One set of the above mentioned columns were allowed to drain between readings (thus 

providing aerobic condttlons), while another set was constantly immersed in 

leachate (thus provtding anaerobic conditions). 

4. 	All of the above variations were done at each of the six land.fill sites. thus 96 (4 x 2 x 2 

x 6) flow columns of the type sho'WTl in Figure 15 are included in this study. 

5. 	 Between landfill readings (which occurred at least on monthly intervals). the test 

columns were stored at GRI as shown in the lower photograph of Figure 15. 

Since all of the tests during the fl.rSt year were performed on a monthly basis, and the 

distinction between fine particulate clogging versus blologtcal clogging was never settled, a set 

of continuous flow tests were performed. Here the flow columns were set up in a variable head 

mode. as shown in Figure 17, and leachate was continuously supplied directly from a leachate 

sump and passed through the system. The geotcxtile/so11 configuration was used so that flow 

times were long enough to be accurately measured. The results of this testing at the two sites 

With the harshest leachates. DE-3 and NJ-4, are shown in Figure 18. After an 1n1tlal decrease 

which was probably a tuntng of the soll/geotextlle system to the flow regune and the formation 

of a stable flow network. the permeability of each leachate leveled off to essentially constant 

values. Thus, it was felt that any sediment within the leachate does not continue to bulld up so 
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as to stop, or even substantl.a.lly decrease. the system·s flow. This suggests that the short term 

filtration charactenstlcs of both the soil and the geotc.x:tile are adequate to handle the 

indicated flow rates. It furthermore. provides a reference plane to which the long-term flow 

rates can be compared. Such long-term flow tests are the focus of the next section. 

Flow Rates and Remediation .Attempts 

Long term intermittent flow rate evaluation of the columns using all Six landfill 

lcachates were undertaken. Vartable head tests of the siXteen variations at each site were 

performed from whJch a •system permeability· could be calculated. The first test on each 

column established the base line value called •ongtnal permeability• ill units of ·cm/sec·. 

From this point, flow tests were conducted on at least a monthly basis. 1'he data to be reported 

was an average of at least three individual measurements per flow column. 

Assuming that the flow rates would decrease as they did in Phase I testing, various 

remediation schemes were undertaken after the initial six months of flow rate testing. These 

included the following: 

• leachate backflushing 

• water backilushing 

• nitrogen gas backflushJng 

• vacuum extraction 

The strategy was to take flow rate readings untll near·equllibrtum conditions were attained. or 

until substantial clogging was evident. and then remediate the system by one of the above 

techniques. The results are gtven 1n Tables B through 16. These tables give flow rates in the 

form of system permeability (and percent reductions from the ortgmaJ value) for aJJ 96 flow 

colurrms at the following stages in thiS Phase n portion of the project. 

Table 8 - Flow rates durtng the initial six (6) months of evaluation 


Table 9 - Flow rates after leachate backflush 


Table 10 - Flow rates dur1ng the subsequent four (4) months of evaluation 


Table 11 - Flow rates after water bacldlush 


Table 12 - Flow rates during the subsequent five (5) months of evaluation 


Table 13 - Flow rates after nitrogen gas backflush 


Table 14 - FJow rates dunng the subsequent three (3) months of evaluation 


Table 15 - Flow rates after vacuum cxtractlon 


Table 16 - Flow rates dunng the subsequent two (2) months of evaluatJon 


The data included Jn these eight tables 1S plotted Jn the form of 96 separate graphs and 1S 

included as Appendix ·s·. These curves generally take a similar form to one another in that 



Table 8 - Aow Rate Behavior and Percent Retained in Aow Rate Due to Biological Oogging During lnilialSiX_(fil_Mnnlhs oLEvatua1io_n 

Geo1cx1ile Condirion Orig. Perm. PA-1 NY-2 DE-3 NJ-4 MD-5 PA-6 
Type & Cover (cm/sec) cm/sec. % Rel. cm/sec %Rel cm/sec %Rel cm/soc %Ret. cm/sec %Rel cm/soc %Rel 

WM(NC) ANIS 0.64 0.10 16 0.14 22 0.12 19 0.10 16 0.23 36 0.18 28 
WM(NC) A/S 0.64 0.16 25 0.18 28 0.088 14 0.13 20 0.18 28 0.20 31 
WM(NC) AN/W 1.3 1.3 100 0.63 48 0.63 48 0.098 8 0.25 19 0.64 49 
WM(NC) A/W 1.3 0.63 48 1.3 100 0.25 19 0,018 1 0.42 32 0.13 10 

NW(HB) ANIS 0.64 0.12 19 0.15 23 0.11 17 0.082 13 0.17 23 0.16 25 
NW(HB) AJS 0.64 0.073 11 0.17 27 0.062 10 0.013 2 0.043 1 0.20 31 
NW(HD) AN/W 1.3 0.32 25 0.016 1 0.012 1 0.0053 0 0.036 3 0.0099 I 
NW(HB) A/W 1.3 0.0016 0 0.0028 0 0.0015 0 0.0021 0 0.012 1 0.0047 0 

NW (N) 16 ANIS 0.64 0.16 25 0.15 23 0.13 20 0.065 10 0.20 31 0.23 36 
NW (N) 16 AJS 0.64 0.18 28 0.18 28 0.12 19 0.13 20 0.21 33 0.21 33 
NW (N) 16 AN/W 13 0.84 65 1.3 100 0.32 25 0.21 16 0.42 32 0.42 32 
NW (N) 16 A/W 1.3 0.84 65 1.3 100 0.045 3 0.25 19 0.64 49 0.11 8 

,co. NW(N) 8 0.64 0.13 20 0.18 28 0.13 20 0.098 IS 0.21 33 0.16 10...... ANIS 
NW(N)8 A/S 0.64 0.20 31 0.21 33 0.12 19 0.14 22 0.21 33 0.20 31 
NW(N)8 AN/W 1.3 0.84 65 1.3 100 0.42 32 0.64 49 0.64 49 0.64 49 
NW(N) 8 A/W 1.3 0.84 65 1.3 100 0.066 s 0.075 6 0.64 49 0.64 49 

SummarvL.mru1 

WM = woven mononlamcnt • 6 columns (6%) have 100 to 76% now retained 
• 4 columns(4%)have7StoS1%nowretainedNW = nonwoven 
• 38 columns (40%) have SO to 26% now retained NC = non-calendered 

HB = heat bonded • 34 columns (35%) have 25 to 6% now retained 

N =needled • M columns Ui2'R) have 5 to 0% now retained 

AN = anaerobic 96 100% 


A =aerobic 

s = sand over geotextile 

w = without sand, i.e. geotextile alone 




Table 9 - Aow Rate Behavior and Percent Retained in Flow Rates from Biological Clogging after First Treatment at Six (6) Months Duration 

(Bi!kk011sh Wi!S :wilb Sil~ s~kifi~ Lca~h!!lt) 

Geotextile Condition Orig. Penn. PA-I NY-2 DE-3 NJ-4 MD-5 PA-6 
Type & Cover (cm/sec) cm/SAX %Rel. cm/sec %Ret. cm/sec %Rel cm/s~ %Rel cm/sec %Rel cm/sec. %Rel 

WM(NC) ANIS 0.64 0.15 23 0.20 31 0.17 27 0.17 27 0.25 59 0.25 59 
WM(NC) A/S 0.64 0.21 33 0.21 33 0.15 23 0.18 28 0.21 33 0.23 36 
WM(NC) AN/W 1.3 1.3 100 1.3 100 1.3 100 0.42 33 0.64 49 1.3 100 
WM(NC) A/W 1.3 1.3 . 100 1.3 JOO 1.3 100 0.64 49 0.64 49 1.3 JOO 

NW(HB) ANIS 0.64 0.13 20 0.23 36 0.18 28 0.13 20 0.21 33 0.21 33 
NW(HB) A/S 0.64 0.11 17 0.21 33 0.13 20 0.032 s 0.085 23 0.25 16 
NW{HB) AN/W 1.3 1.3 100 0.064 2 0.045 2 0.42 32 0.064 4 0.040 3 
NW(HB) A/W 1.3 0.004 1 0.0039 1 0.0059 1 0.0092 1 0.030 2 0.051 4 

NW(N) 16 ANIS 0.64 0.18 28 0.21 33 0.15 23 0.15 ' 23 0.20 31 0.28 44 
NW(N) 16 A/S 0.64 0.21 33 0.20 31 0.16 25 0.18 28 0.23 36 0.23 36 
NW(N) 16 AN/W 1.3 1.3 100 1.3 100 0.64 49 1.3 100 0.64 49 0.64 49 

.t- NW(N) 16 A/W 1.3 1.3 100 1.3 100 0.32 25 0.64 49 0.64 49 1.3 100 
00 

NW(N)8 ANIS 0.64 0.17 27 0.25 39 0.16 25 0.14 22 0.13 20 0.21 33 
NW(N)8 A/S 0.64 0.21 32 0.23 36 0.17 27 0.16 25 0.12 19 0.25 39 
NW(N)8 AN/W 1.3 1.3 100 1.3 100 1.3 100 1.3 100 0.64 49 1.3 100 
NW(N)8 A/W 1.3 1.3 100 1.3 100 0.21 16 0.11 8 0.64 49 1.3 100 

SummarvLwnd 

WM = woven monorilament • 23 columns (24%) have 100 to 76% flow relained 
NW = nonwoven • 2 columns (2%) have 75 to S1 % now retained 
NC = non-calendered • 45 columns (47%) have 50 to 26% now retained 
HB = heat bonded • 16 columns (17%) have 25 to 6% now retained 

N =needled • 10 columns Wl2&) have 5 to 0% now retained 
AN = onaerobic 96 100% 

A =aerobic 
s =sand over geotextile 
w =without sand, i.e. geotextile alone 



Table 10 - Aow Rate Behavior and Percent Retained in Aow Rate from Biological Clogging Due to Four Months of Evaluation 
Following First Treatment (fen Months Total Exposure) 

Geotextile Condition Orig. Penn. PA-I NY-2 DE-3 NJ-4 MD-5 PA-6 
Type &Cover (cm/sec) cm/sec % Rct. cm/sec %Ret. cm/su %Rel cm/sec %Rel cm/sec %Rel cm/sec %Rel 

WM(NC) ANIS 0.64 0.15 23 0.088 14 0.029 5 0.067 IO 0.15 23 0.14 22 
WM(NC) AJS 0.64 0.17 27 0.12 19 O.Q38 6 0.12 19 0.031 5 0.13 20 
WM(NC) AN/W 1.3 0.64 49 0.42 32 0.36 28 0.64 49 0.079 6 0.64 49 
WM(NC) A/W 1.3 . 0.64 49 0.64 49 0.0043 0 0.034 3 0.25 19 0.42 32 

NW(HB) ANIS 0.64 0.17 27 0.077 12 0.065 10 0.082 13 0.14 22 0.12 19 
NW(HB) A/S 0.64 0.18 28 0.064 10 0.060 9 0.11 17 0.0049 1 0.11 17 
NW(HB) AN/W 1.3 0.64 49 0.067 5 0.0059 0 0.32 25 0.0052 0 0.0091 1 
NW(HB) A/W 1.3 0.002 0 0.002 0 0.0044 0 0.013 l 0.0072 1 0.0037 l 

NW(N) 16 ANIS 0.64 0.13 20 0.094 IS 0.059 9 0.13 20 0.13 20 0.13 20 
NW(N) 16 A/S 0.64 0.17 27 0.11 17 0.069 II 0.094 15 0.12 19 0.13 20 
NW(N) 16 AN/W 1.3 0.64 49 0.42 32 0.0097 I 0.64 49 036 28 0.32 25 

,,,.. NW(N) 16 A/W 1.3 0.32 25 0.098 8 0.0029 0 0.0059 0 0.0065 1 0.42 32 
\0 

NW(N) 8 ANIS 0.64 0.12 19 0.12 19 0.069 II 0.026 4 0.11 17 0.12 19 
NW(N)8 AJS 0.64 0.32 so 0.11 17 0.079 12 0.067 IO 0.14 22 0.12 19 
NW(N)8 AN/W 1.3 0.84 65 0.32 25 0.014 1 0.32 25 0.42 32 0.42 32 
NW(N)8 A/W 1.3 0.64 49 0.42 32 0.010 I 0.005 0 0.0065 0 0.18 14 

SummarvWmd 

WM = woven monofilament • 0 columns (0%) have 100 to 76% flow retained 
NW = nonwoven • 2 columns (2%) have 75 to 51% now retained 
NC = non-calendered • 27 columns (28%) have 50 to 26% flow retained 
HD = heat bonded • 46 columns (48%) have 25 to 6% flow retained 
N =needled • 21 columns ~ have 5 to 0% flow retained 
AN = anaerobic 96 100% 
A =aerobic 
s = sand over gcotextile 
w =without sand, i.e. gcotcxtile alone 



Table 11 - Aow Rate Behavior and Percent Retained in Flow Rare from Biological Clogging after Second Treatment at Ten (10) Months Dura1ion 
(Ba!,;kOu~b was wi1b Ian Wi!l!~r) 

Geotexlile 
Type 

Condition 
cl Cover 

Orig. Penn. 
(cm/sec) 

PA-I 
cm/sec % Rel. 

NY-2 
cm/sec % Rel. 

DE-3 
cm/sec %Rel 

NJ-4 
cm/soc %Rel 

MD-5 
cm/sec %Rel 

PA-6 
cm/sec %Rel 

WM(NC) 
WM(NC) 
WM(NC) 
WM(NC) . 

ANIS 
AJS 
AN/W 
A/W 

0.64 
0.64 
1.3 

~ 1.3 

0.36 
0.42 
1.3 
1.3 

56 
66 

100 
100 

0.36 
0.36 
1.3 
13 

56 
56 

100 
100 

0.18 
0.21 
1.3 
0.51 

28 
33 

100 
39 

0.20 
0.23 
1.3 
0.64 

31 
36 

100 
49 

0.25 
0.10 
0.64 
l.3 

39 
16 
49 

100 

0.28 
0.36 
1.3 

. 1.3 

44 
56 

100 
100 

NW(HB) 
NW (HB) 
NW(HB) 
NW(HB) 

ANIS 
AJS 
AN/W 
A/W 

0.64 
0.64 
1.3 
l.3 

0.32 
0.36 
l.3 
l.3 

50 
56 

100 
100 

0.28 
0.21 
0.64 
0.11 

44 
33 
49 
8 

0.15 
0.12 
0.85 
0.0003 

23 
19 
65 
0 

0.21 
0.23 
0.85 
0.18 

33 
36 
65 
14 

0.17 
0.0075 
0.079 
0.32 

27 
l 
6 

25 

0.28 
0.32 
l.3 
0.42 

44 
50 

100 
66 

IJ1 
0 

NW (N) J6 
NW (N) J6 
NW (N) 16 
NW (N) 16 

NW(N)8 
NW(N)8 
NW(N)8 
NW (N)8 

ANIS 
A/S 
AN/W 
A/W 

ANIS 
A/S 
AN/W 
A/W 

0.64 
0.64 
l.3 
1.3 

0.64 
0.64 
1.3 
l.3 

0.32 
0.25 
1.3 
1.3 

0.25 
0.36 
l.3 
1.3 

50 
39 

100 
100 

39 
56 

JOO 
JOO 

0.32 
0.25 
l.3 
1.3 

0.28 
0.32 
l.3 
0.84 

50 
39 

JOO 
JOO 

44 
50 

100 
65 

0.21 
O.J7 
0.64 
0.36 

0.21 
0.13 
1.3 
0.32 

33 
27 
49 
28 

33 
20 

100 
25 

0.25 
0.21 
0.85 
0.047 

0.085 
0.085 
l.3 
0.21 

39 
33 
65 

7 

13 
13 

100 
16 

0.20 
0.5J 
0.85 
0.079 

0.18 
0.11 
l.3 
0.64 

31 
80 
65 
12 

28 
17 

JOO 
49 

0.32 
0.28 
0.85 
0.85 

0.32 
0.25 
1.3 
0.85 

50 
44 
65 
65 

50 
78 

100 
65 

~ Summnrv 

WM .. woven monofilament 
NW .. nonwovcn 
NC = non-<:alcndered 
HB = heat bonded 
N =needled 
AN =anaerobic 
A =aerobic 
s =sand over geotextile 
w =without sand, i.e. geolextile alone 

• 25 
• 23 
• 33 
• 13 
• _2 

96 

columM (26%) have 100 lO 76% flow retained 
columns (24%) have 75 lO 51 % flow retained 
columns (34%) have 50 to 26% flow retained 
columns (14%) have 25 to 6% flow retained 
columM l12lz) have 5 lO 0% flow retained 

JOO% 

·'""'-'·­ " 



Table 12 - Aow Rate Behavior and Percent Retained in Flow Rate from Biological Clogging Due to Five C5l Months of Evalualion Following Second 
Treatmenl (15 Months Total) 

Gcotextile 
Type 

Condition 
&. Cover 

Orig. Penn. 
(cm/sec) 

PA-I 
cm/sec % Rel. 

NY-2 
cm/sec. % Rel. 

DE-3 
cm/sec %Ret 

NJ-4 
cm/sec %Ret 

MD-5 
cm/sec %Rel 

PA-6 
cm/sec %Rel 

WM(NQ 
WM(NQ 
WM(NQ 
WM(Nq 

ANIS 
NS 
AN/W 
A/W 

0.64 
0.64 
1.3 
1.3 

.14 

.09 

.43 
..66 

22 
14 
33 
51 

.12 

.16 

.87 

.44 

19 
25 
67 
34 

.095 

.061 

.077 

.001 

15 
10 
6 
0 

.12 

.14 

.87 

.001 

19 
22 
67 

0 

.050 

.080 

.22 

.069 

8 
13 
17 
5 

.10 

.11 

.44 

.012 

16 
17 
34 

1 

NW(HB) 
NW(HB) 
NW(HB) 
NW(HB) 

ANIS 
NS 
AN/W 
A/W 

0.64 
0.64 
1.3 
1.3 

.11 

.It 

.069 

.001 

17 
17 
5 
0 

.11 

.08 

.001 

.001 

17 
13 
0 
0 

.042 

.037 

.001 

.001 

7 
6 
0 
0 

.061 

.015 

.001 

.001 

10 
12 
0 
0 

.016 

.001 

.001 

.001 

3 
0 
0 
0 

.078 

.11 

.008 

.002 

12 
17 
I 
0 

l.n ..... 

NW(N) 16 
NW (N) 16 
NW(N) 16 
NW (N) 16 

NW(N) 8 
NW(N)8 
NW(N)8 
NW(N)8 

ANIS 
NS 
AN/W 
A/W 

ANIS 
A/S 
AN/W 
A/W 

0.64 
0.64 
1.3 
1.3 

0.64 
0.64 
1.3 
1.3 

.13 

.14 

.001 

.001 

.15 

.18 

.43 

.015 

20 
22 

0 
0 

23 
28 
33 

1 

.05 

.06 

.001 

.001 

.095 

.091 

.13 

.001 

8 
9 
0 
0 

15 
14 
10 
0 

.052 

.038 

.001 

.001 

.073 

.066 

.001 

.001 

8 
6 
0 
0 

II 
10 
0 
0 

.091 

.II 
.001 
.001 

.085 

.098 

.44 

.001 

14 
17 
0 
0 

13 
15 
34 
0 

.028 

.091 

.001 

.001 

.057 

.11 

.001 

.001 

4 
14 
0 
0 

9 
17 
0 
0 

.095 

.13 

.014 

.003 

.08 

.14 

.01 

.011 

15 
20 

I 
0 

13 
23 

1 
l 

l&G!!d Summarv 

WM = woven monofilament 
NW =nonwoven 
NC = non-calendered 
HB = heat bonded 
N =needled 
AN = anaerobic 
A =aerobic 
s = sand over geotextile 
w = without sand, i.e. geotextile alone 

. 0 
• 3 
• 7 
• 48 
• lft 

96 

columns (0%) have 100 to 76% flow retained 
columns (3%) have 75 to 51 % flow retained 
columns (7%) have 50 to 26% flow retained 
columns (50%) have 25 to 6% flow retained 
columns ~ have 5 to 0% flow retained 

100% 



Table 13 - Aow Rate Behavior and Percent Retained in Flow Rate from Biological Oogging After Third Treatment at Fifteen (15) Months Duration 
<Ni!rQg~n Q~s Bi)~knusb) 

Geotextile Condition Orig. Penn. PA-l NY-2 DE-3 NJ-4 MD-~ PA-6 
Type &. Cover (cm/sec) cm/sec % Ret. cm/sec % Ret. cm/sec %Rel cm/sei; %Rel cm/sec %Rel cm/sec %Rel 

WM(NC) ANIS .64 .32 50 .23 36 .23 36 .21 33 .20 31 .26 16 
WM(NC) A!S .64 .21 33 .26 41 .21 33 .20 31 .20 31 .23 14 . 
WM(NC) AN/W l.3 l.3 100 l.3 100 l.3 100 .87 67 Ji6 51 .87 67 
WM(NC) A/W . l.3 l .3 100 .66 51 .087 7 .08 6 .13 IO .33 25 

NW(HB) ANIS .64 .28 44 .23 36 .18 28 .20 31 .18 28 .18 28 
NW(HB) A!S .64 .20 31 .21 33 .13 20 .16 2S .087 14 .23 36 
NW(HB) AN/W 1.3 .87 67 .001 0 .087 67 .07 s .001 0 .001 0 
NW(HB) A/W l.3 .004 0 .001 0 .001 0 .001 0 .001 0 .001 0 

NW (N) 16 ANIS .64 .21 33 .26 4t .20 3t .2t 33 .23 36 .23 36 
NW(N) t6 NS .64 .21 33 .23 3S .18 28 .20 31 .21 33 .2S 39 
NW(N) 16 AN/W J.3 l.31 100 .87 67 .87 6 .87 67 .oot 0 .001 0 
NW(N) 16 A/W 1.3 .08 6 .87 67 .066 s .OS 4 .001 0 .011 0 

\JI 
N 

NW (N)8 ANIS .64 .21 33 .23 36 .20 31 .20 31 .2t 33 .23 36 
NW (N)8 A/S .64 .23 36 .23 36 .18 28 .17 27 .21 33 .2t 33 
NW(N)8 AN/W l.3 .87 67 .66 St .87 67 .66 St .001 too .04 3 
NW(N)8 A/W J.3 .66 St .oot 0 .oot 0 .03 3 .001 100 .03 3 

SummarYLmrul 

WM = woven monofilament • 1 columns (7%) havelOO to 76% now retained 
NW =nonwoven • 16 columns (t 7%) have 75 to 51 % now retained 
NC =non-calendered • 44 columns (46%) have 50 to 26% flow retained 
HB = heat bonded • 10 columns (10%) have 25 to 6% flow retained 
N =needled • 12 columns (1Q2&) have 5 to 0% now retained 
AN = anaerobic 96 100% 
A =aerobic 
s = sand over geotextile 
w =without sand, i.e. geotextile alone 



Table14 - Flow Rate Behavior and Percent Retained in Flow Rate from Biological Clogging Due to Three (3) Months of Evaluation Following 
Nitrogen Gas Backflush (18 Months Total) 

Geo1ex1ile Condition Orig. Penn. PA-I NY-2 DE-J NJ-4 MD-5 PA-6 
Type cl Cover {cm/sec) cm/sec % Rel. cm/six % Ret. cm/sec %Rel cm/s~ %Rel cm/sec %Rel cm/s~ %Rel 

WM{NC) ANIS 0.64 0.11 17 0.13 20 O.o75 12 0.16 25 O.ot5 2 0.073 II 
WM{NC) NS 0.64 0.09 14 0.15 23 0.061 10 0.069 II 0.023 4 0.083 13 
WM{NC) AN/W 1.3 0.63 48 0.63 48 0.18 14 0.63 48 0.032 2 0.42 32 
WM{NC) A/W 1.3 0.42 32 0.31 24 0.001 0 0.001 0 0.001 0 0.037 3 

NW(HB) ANIS 0.64 0.10 16 O.o7 II 0.051 8 0.060 9 0.014 2 0.064 IO 
NW(HB) NS 0.64 0.09 14 0.12 19 0.001 0 0.050 8 0.001 0 0.069 II 
NW{HB) AN/W 1.3 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 
NW(HB) A/W 1.3 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 

NW{N) 16 AN/S 0.64 0.10 16 0.06 9 0.095 15 0.082 13 0.013 2 0.080 13 
NW{N) 16 NS 0.64 0.11 17 0.13 20 0.055 9 0.o75 12 0.001 0 0.057 9 
NW {N) 16 AN/W 1.3 0.42 32 0.001 0 O.Ot6 1 0.63 48 0.001 0 0.001 0 
NW {N) 16 A/W 1.3 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 

l/1 
w 

NW(N)8 ANIS 0.64 0.09 14 0.09 14 0.12 19 0.10 16 0.032 s 0.086 13 
NW{N)8 A/S 0.64 0.12 19 0.14 22 0.044 7 0.088 14 0.023 4 0.071 11 
NW(N)8 AN/W 1.3 1.26 97 0.001 0 0.()01 0 0.63 48 0.001 0 0.025 2 
NW{N)8 A/W 1.3 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 

SummarvWmd 

WM = woven monofilament . I columns (I%) have 100 10 76% flow retained 
NW = nonwoven . 1 columns ( 1 % ) have75 10 51 % flow retained 
NC = non-calendered . 9 columns (9%) have 40 to 26% flow retained 
HB = heat bonded • 39 columns (41 % ) have 25 to 6% flow retained 
N =needled • !6 columns <18..22) have 5 to 0% flow retained 
AN = anaerobic 96 100% 
A =aerobic 
s = sand over geo1ex1ile 
w = without sand, i.e. geolextile alone 

• 




Table 15 - Flow Rate Behavior and Percent Retained in Flow Rate from Biological Clogging After Founh Treatment at Eighteen (18) 
Months Duration 

Ya~11um Extrn~liQD 

Gcotextile 
Type 

Condition 
& Cover 

Orig. Perm. 
(cm/sec) 

PA-I 
cm/sec % Rel. 

NY-2 
cm/sec % Ret. 

DE-3 
cm/sec %Ret 

NJ-4 
cm/sec %Rel 

MD-5 
cm/sec %Rel 

PA-6 
cm/sec %Rel 

WM(NC) 
WM(NC) 
WM(NC) 
WM(NC) 

ANIS 
AJS 
AN/W 
AJW 

0.64 
0.64 
1.3 
1.3 

0.21 
0.001 
0.63 
0.21 

33 
0 

48 
16 

0.16 
0.13 
0.84 
0.31 

25 
20 
65 
24 

0.16 
0.086 
0.84 
0.001 

25 
13 
65 
0 

0.16 
0.11 
0.84 
0.032 

25 
17 
65 

2 

0.064 
0.050 
0.31 
0.090 

10 
8 

24 
7 

0.095 
0.14 
0.42 
0.25 

15 
22 
32 
19 

NW(HB) 
NW(HB) 
NW(HB) 
NW(HB) 

ANIS 
AJS 
AN/W 
AJW 

0.64 
0.64 
1.3 
1.3 

0.15 
0.001 
0.04 
0.001 

23 
0 
3 
0 

0.12 
0.14 
0.001 
0.001 

19 
22 
0 
0 

0.12 
0.042 
0.001 
0.001 

19 
7 
0 
0 

0.14 
0.057 
0.001 
0.001 

22 
9 
0 
0 

0.037 
0.001 
0.001 
0.001 

6 
0 
0 
0 

0.071 
0.12 
0.001 
0.001 

II 
19 
0 
0 

VI 
z,.. 

NW(N) 16 
NW(N) 16 
NW(N) 16 
NW(N) 16 

NW(N)8 
NW(N)8 
NW(N)8 
NW (N)8 

ANIS 
AJS 
AN/W 
AJW 

ANIS 
AJS 
AN/W 
AJW 

0.64 
0.64 
1.3 
1.3 

0.64 
0.64 
1.3 
1.3 

0.13 
O.t 1 
0.63 
0.001 

0.15 
0.12 
0.63 
0.001 

20 
17 
48 
0 

23 
19 
48 
0 

0.16 
0.12 
0.001 
0.001 

O.IS 
0.14 
0.001 
0.001 

25 
19 
0 
0 

23 
22 
0 
0 

0.13 
0.064 
0.36 
0.001 

0.18 
0.071 
0.001 
0.001 

20 
10 
28 
0 

28 
11 
0 
0 

0.17 
0.12 
0.84 
0.001 

0.14 
0.078 
0.84 
0.001 

26 
19 
65 
0 

22 
12 
65 
0 

0.001 
0.045 
0.001 
0.001 

0.035 
0.069 
0.001 
0.001 

0 
7 
0 
0 

s 
11 
0 
0 

0.036 
0.048 
0.001 
0.001 

0.061 
0.073 
0.066 
0.001 

6 
8 
0 
0 

10 
II 
s 
0 

W"1d Summnrv 

WM = woven monorilament 
NW = nonwoven 
NC =non-calendered 
HB c:r heat bonded 
N •needled 
AN = anaerobic 
A =aerobic 
s =sand over geotcxtile 
w = without sand, I.e. gcotextile alone 

. 0 
• 5 
• 12 
• 43 
• J6 

96 

columns (0%) have 100 to 76% flow retained 
columns (5%) have 75 to 51 %flow retained 
columns (13%) have SO to 26% flow retained 
columns (45%) have 25 to 6% flow retained 
columns Cll2fU have 5 to 0% flow retained 

100% 



Table 16 - Aow Rate Behavior and Percent Retained in Flow Rate from Biological Clogging Due to Two(2) Momhs of Evaluation Following Fourth 
Treatment (20 Months Total) 

Geotextile Condition Orig. Penn. PA-I NY-2 DE-3 NJ-4 MD-5 PA-6 
Type & Cover (cm/sec) cm/sec % Rel. cm/sec % Rel. cm/sec %Rel cm/sec %Rel cm/sec %Rel cm/sec %Rct 

WM(NC) ANIS 0.64 0.14 22 0.12 19 0.091 14 0.11 17 0.005 l 0.082 13 
WM(NC) A/S 0.64 0.067 10 0.13 20 0.046 7 0.058 9 0.012 2 O.o75 12 
WM(NC) AN/W 1.3 0.33 25 0.33 25 0.43 33 0.33 25 0.093 7 0.008 I 
WM(NC) A/W 1.3 0.059 5 0.19 IS 0.001 0 0.001 0 0.001 0 0.068 5 

NW(HB) ANIS 0.64 0.12 19 0.066 10 0.053 8 0.048 8 0.005 l 0.054 8 
NW(HB) NS 0.64 0.10 16 0.054 8 0.005 l 0.005 1 0.005 l 0.o78 12 
NW(HB) AN/W 1.3 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 
NW(HB) A/W 1.3 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 

NW(N) 16 ANIS 0.64 0.13 20 0.080 13 0.058 9 0.069 1 0.005 1 0.005 l 
NW(N) 16 A/S 0.64 0.12 19 0.083 13 0.013 2 0.046 7 0.005 l 0.005 1 
NW (N) 16 AN/W 1.3 0.11 8 0.001 0 0.001 0 0.33 25 0.001 0 0.001 0 

\.J'I NW (N) 16 A/W 1.3 0.001 0 0.05 4 0.001 0 0.001 0 0.001 0 0.001 0'-" 

NW(N)8 ANIS 0.64 0.15 23 0.071 II 0.11 17 0.066 10 0.013 2 0.045 7 
NW(N)8 A/S 0.64 0.11 17 0.098 IS 0.035 5 0.075 12 0.019 3 0.040 6 
NW(N)8 AN/W 1.3 0.43 33 0.11 8 0.001 0 0.076 6 0.001 0 0.001 0 
NW(N)8 A/W 1.3 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 0.001 0 

Summarv~ 

WM =woven monofilament • 0 columns (0%) have 100 to 76% now retained 
NW = nonwoven • 0 columns (0%) have 75 to 51 % flow retained 
NC .. non-calendered . I columns (I%) have 50 to 26% flow retained 
HB =heat bonded • 44 columns (46%) have 2S to 6% now retained 
N =needled • ll columns ~ have Sto 0% now retained 
AN = anaerobic 96 100% 

A =aerobic 

s = sand over geotextile 

w = without sand, I.e. geotextile alone 


' 



1low rates decrease until a remediation 1S attempted. This remediation ln.CrcaScs the flow rate 

(to varying degrees). but subsequent testing over t1mC causes the flOlll' rate to decrease tending 

toward the original. and Wlinterrupted bchaviOr. 

Some comments as to the remediation attempts are 1D order before dJscussing the trends 

appear1ng Jn Tables 8 through 16 and the corresponding graphs ofAppendix "B'". 

Re~ardtn~ leachate bacJdlysh1ng: our thoughts were that additional lJquJd would not be 

added to the total quantity of leachate generated at the site for an owner/operator to handle 

and subsequently treat. Bacldlushing With leachate was accomplished by reversing the flow in 

a constant head setup, recall Figure 16. The downstream gradient reservoir inlets leachate at 

the bottom of the flow column and outlets the leachate into the upstream reservoir. A pump 

wtth a controller 1S required to maintain a constant head in the downstream gradient 

reservoir and a draJn connects the upstream reservoir to the sump. 

The backflushing was pcrf onned at a constant head of three feet. Due to the ~erse mode 

of flow. a geotextlle and porous stone retainer was placed above the flow column to prevent the 

sand from Uquefytng and flushing into the outlet reservoir. It is intcrcsttng to note that thiS 

geotextlle porous stone trap needed to be washed out or replaced after each backflushing, as it 

always collected sediment and bloslJ:me after each five minutes of backfiushJ:ng. 

Regarding backflushtng y.r1th water; this technique was also accomplished by reversing 

the flow on the test columns. The technique was peiformed in the laboratory for all ninety six 

columns. The base of the flow column was attached to an inlet hose. The columns conta.intng 

sand were backflushed at 10 lb/sq. in. usmg a 100 gal/hr flow rate for a duratlon of one minute. 

The columns contatn.1ng geotextJJcs alone were bacJdlushed at 2 lb/sq. in. using a 100 gal/hr 

flow rate for a duration of one minute. Di.ffercnt pressures were uUliZed to ensure that I 

excessive pressure would not dislodge those columns w:ith the geotexUle alone. Due to the 

reve~e mode of flow, a geotcxtile and porous stone retainer were placed above the flow column 

to prevent the sand from liquefying and 1lushtng into the outlet reservoir. Instead of an in-line 

restraint, however, the geotcxtlle porous stone trap was hand held above the column during the 

bacJdlushtng process. 

Re2ardJn£ bacJdlushtni W1th n1troien 2as; the thought was not to add any liquid to the 

system. Nitrogen was used so as not to destroy anaerobic condJtlons in those test columns 

which were constantly saturated. Backflushing With nitrogen was accomplished by reverslng 

the flow 1n the columns. The technique was performed 1n the laboratory for all ninety six 

columns. The test column was attached to an 1nlet hose. The columns were first saturated With 

leachate for 24 hours. The columns were then hooked up to the nitrogen tank and pressunzed 
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1n a reverse mode. All of the columns were backflushed at 30 lb/1n2 usmg a 100 gal/hr flow 

rate for a duration of one minute. Backflushtng with a gas produced a very d1!ferent response 

from that of bacldlushing with a liquid. In this case. no geotext.1le nor porous stone retainer 

was needed because only bubbles and leachate emerged from the top of the columns. Only 

minor amounts of solids were t:ra.Dsported 1n the froth wh.k:h was emitted from the top of each 

column. 

Rtiardtnu vacuum extra,ctton: our thoughts wc:rc that we could relieve the clogging by 

sucking the bioslJme and sediment down-gradient in.Stead oftiymg to force 1t up-gradient as in 

the other three remediation attempts. This method, like backflushJng with n1trogen, would 

not generate any additlonal liquid and might be relatively easy to implement in the field. 

Vacuum extraction was performed 1n the laboratory for all ninety six columns. The 

permeametcr base was attached to an tnlct hose. The columns were !lrst saturated With 

leachate for 240hours. The columns were then attached to the vacuum system and 500 ml of 

leachate was drawn through each column. The vacuum was maintained at 10 inches of 

mercury dur1ng this time. Due to the different degrees of clogging some columns relinquished 

this quanUty of fluid quickly while others needed considerable time. 

As mentioned preViously. Tables 9, 11, 13 and 15 arc the results of the leachate 

backflush. water bacldlush. nitrogen backflush and vacuum c:x:tractloo.. respecttvely. Tables 8. 

10, 12, 14 and 16 represent the flow rate behaVior preceding and followtng each of these 

remediatlon schemes. 
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summvv ofPhase two Studr 

The flow rate trends observed 1n Phase I were again nouced 1n this Phase II study. We feel 

that the Phase n data. however. Js much more authoritative due to the greatly improved test 

devices. AppendiX ·c· gives details of the AS1'M Test Method which has been modeled and 

developed on the basis of this test..ing program. It will be available as ASTM 01987-91. as of 

May l, 1991. Also 1t was noted that both the sand/geotextile combined systems and the 

geotextile by ttsclf are candidates for clogging. Regard.Ing tll£ jtrst stx months of.flow testing. 

Le., before the first remedi.atfon, the folIDwtng comments apply. 

• The 	columns wtth sand above the geotextlles clogged considerably more than those 

wtth the geotextile alone: 1.e., 23% flow was retained for sand/geotcxtlles vs. 34% flow 

retained for geotextlles alone. Note that, if the heat-bonded nonwoven fabrics are 

eltmtnated from the geotext.Ue group, the flow rate retained by the geotextlle group Js 

45%, suggesting that geotextlles can certa1nly clog less than natural soil filters. 

• 	 Of the four geotcxtiles evaluated, the highest retained flow was With the lightweight 

needled nonwoven (38.0%). wtth the heavyweight needled nonwoven (34.2%) and 

woven monofilament (31.9%) slightly behind. The nonwoven heat-bonded fabric had 

the lowest retained flow of only 10.0% after 6 months of evaluatlOil. 

• Of the various landfill leachates. the lowest retained flow rate was ustng the NJ-4 

(14%) and DE-3 (17%) leachates. Recall from Table 4 that these are the leachates With 

the highest TS and BOD 5 concentratJons. The other four landfill leachates and their 

percentages of flow retained after Six months of testing were PA-6 (26%). MD-5 {29%). 

PA-1 (38%) and NY-2 (41%). 

In order to assess the overall performance of the remediation attempts. and their 

relative perjorrrumce tn contrast to one another, the data of Tables 9, 11, 13 and 15 were 

analyzed with respect to their percent of flow rate improvement. These values were actually 

scaled directly from the 96 cwves of Appendix -a·. The results for percent recovery, or 

removal efi'1ciency, are gtven in Table 17. The data 1nd.lcates the following trends: 

• Backflusht.ng 	of geotcxUles by themselves Js more efficient than backflushing of 

geotextile/sand systems. The average recovery e1J1c1cnc1cs are 29% and 13%. 

respectively. 

• With 	sand overlying a geotextlle there 1s no measurable d.ifference from one type of 

geotextlle to another. 

• 	With the geotcxtile acting alone, remedlatlon ls most effective with the woven 

monofilament geotextlles (38% recovery cfikicncy). slightly less effective with the 

58 


http:Backflusht.ng
http:geotext.Ue


Table 17 - Flow Rate Recovery with Respect to Various Remediation Attempts 

(a) Flow Columns with Sand Overlytng Geotextile 

GeotcxtJle 
Type 

Condition Recovery Efficiency (%) 
Leachate water Nitrogen Vacuum 

Averages 

woven, 
monofilament 

anaerobic 
aerobic 

15 
7 

26 
27 

17 

14 

8 
7 

17} 15 
14 

nonwoven. 
heat-bonded 

nonwoven, 
needled-light 

anaerobic 
aerobic 

anaerobic 
aerobic 

8 
9 

11 

6 

20 
18 

20 
19 

21 
16 

19 
14 

7 

s 

6 
2 

14} 13 
12 

14 ] 12 
11 

13% 

nonwoven, 
needled-heavy 

anaerobic 
aerobic 

6 
5 

25 
25 

24 
19 

8 
3 

16 } 14 
13 

Average 8 23 18 6 

(b) Flow Columns with Geotcxt.ile Alone 

Geo textile 
Type 

Condition Recovery Efficiency (%) 
Leachate Water Nitrogen Vacuum 

Averages 

woven. 
monofilament 

anaerobic 
aerobic 

45 
58 

60 

56 

45 

20 

18 

7 
42] 38 
35 

nonwoven, 
heat-bonded 

nonwoven, 
needled-light 

anaerobic 
aerobic 

anaerobic 
aerobic 

19 

2 

44 

20 

51 

35 

74 

38 

23 
0 

45 
19 

l 

0 

12 

0 

23 } 16 
9 

44 } 31 
19 

29% 

nonwoven. 
needled-heavy 

anaerobic 
aerobic 

35 
35 

44 

42 
51 
29 

10 

0 
35} 30 
26 

Average 32 50 29 6 
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nonwoven needled lightweight (31%) and heavyweight (30%) geotcxtJles. and relatively 

tne1fective with the nonwoven heat bonded geotcxtiles (16%). 

• 	 For the cases where sand 1s placed over the geotextile, there 1s no difi'erence between 

anaerobic and aerobic remediation schemes. 

• 	 For the geotextile acting by itself, rcmcdJa.Uon was slightly better under anaerobic 

condluons than with aerobic conditions. 

• 	For the cases where sand is placed over the geotcxtJle, the rcmedJaUon recovery 

e.fDdency ranktngs were: 


water > nitrogen > leachate > vacuum 


• 	For the cases where the geotcxtile 1s acting alone. the remediaUon recovery efficiency 

rankings were: 


water > leachate > nitrogen > vacuum 
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CONCLUSIONS I 
J 

Recognition of past research concem.tng biological clogging of landfill drainage systems 

has led to a simulated field oriented project focused on geotcx:tlle filter clogging uslDg a number 

of domestic landflll leachates. 'Ibe filter was stngled out (versus the geonet drain, drainage 

stone or perforated pipe) since 1t has the smallest openiDgs and 1s likely to become clogged 

before other components. Geotext.1les were emphasized because they are relatively new 

materials for this particular application. 

Phase I of the study, which lasted for 12 months. caused a reorientation of our 1n1tial 

goa1s since the granular soils covertng the filters were clogging before the geotcxt1les. 

Furthermore, sediments. and/or particulates. were a major factor 1n the flow reductions which 

appeared to be synergtstlc With the biological clogging. Clearly. partial filter clogging was 

occurring with a gradual reduction of flow rate over time. These trends were common to all six 

(6) landfills that were under observation. All of the landfills were domestic (Subtitle ·o·) 
facilftles: but were very different in their waste stream, volume of waste deposited and liquid 

management schemes. It was recognized early in this Phase I actlvity that remediation 

attempts would be a necessary part of the overall study, but the experimental setup could not 

accommodate such activities. New, and difI'erent, test devices would be necessary 1f such 

attempts were to be made. What was concluded, however, from Phase I activities were the 

folloWing: 

• Filter clogging (as indicated by flow rate reductions) over the 12-month test period 

varied Widely. The range was between 10% and 100% (Le., to the I.Im.it of our 

capabilitY).. 

• A geotextile filter must be relatively open in its pore structure 1f tt 1s to limit the.I 

amount of clogging, I.e .. the geotextlle must be capable of passing the sediment. or 

particulates, along with the associated micro-orgaru~s into the down-gradient 

drainage system. 

• The polymer type (polypropylene, polyester or polyethylene) compr1Stng the geotextile · 

fibers appears to be a non-issue. 

• Both anaerobic and acrob1C conditions promote clogging. the relative amounts, 

however. were not capable of be..b:lg identlfted because of dJffertng test setups. 

• The strength of the gcotatiles was not adversely efi'ected by the 12-month exposure to 

the various leachates. This finding. coupled With numerous mtcrographs whJch 

showed no chemical attachment of bacteria to the fibers. leads us to conclude that 

biDlogica.l degradation Qfpolymeric based geotextiles does not occur. . 
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Phase II of the study. which lasted for 24 months. saw the development of a new, and 

vastly .improved. test device for flow rate evaluation. The four inch diameter flow columns 

which were developed during this project have the following capabilities: 

• 	All types of cross secUons can be evaluated: gcotcxtiles by themselves. soil/geotextile 

systems, soil/geotextile/geonet systems. or soll/geotextlle/gravel systems. 

• Anaerobic, or aerobic, conditions can be mamtamed. 

• Flow rates can be evaluated ustng a fa.ll1ng head or a constant head measurement 

approach. 

• The devices 	are relatively small and quite portable. Therefore. they can be stored 

indoors and taken to a site for evaluation. or stored at the site. or even within the 

leachate storage tank or sump. 

• Va.rtous types of remediation of clogged systems can be evaluated. 

• The test devices and their measurement protocol have recently been adopted as an 

ASTM Test Method, see Appendix ·c·. The test method designation is Dl987-91 and 

will be available May I, 199 I. 

• The test devices. and their contents. can be epoxy-set and cut in half to viSually observe 

the conditiOns ext.sting within the cross section. 

• Since all parts of the device consist of PVC plumbing and swtmm1ng pool accessories. 

they are readily available. easily sealed by chemical wipes. and low in cost. Current 

cost for all components necessary to build one flow column is approxtmately $30. 

Ninety-six (96) of the above described test columns were constructed and used for the 

duration of this Phase II study. There were four geotextlles. With and Without soil above them. 

anaerobic and aerobic conditions. and all were used at s1x landfills (4 x 2 x 2x 6 = 96). They 

were evaluated for an initial sbc months: from whlch 1low reductions were seen to replicate the 

results of the Phase I study. Thus, the first remediation. a leachate backtlush. was attempted. 

It resulted in an 1lnproved flow rate but to varying amounts between the 96 different columns. 

After four months of continued flow testing the flow rates decreased allowing for a second 

rcmcd1at1on. nus remediation used a water bacldlush. Again flow rates were increased but 

over the next ilve months they again decreased. The third remediation was a nitrogen gas 

backflush. It Unproved flow rates, but three months later they were once again reduced. The 

fourth. and last. remediation was vacuum extraction which only nominally improved flow 

rates when 1t was performed. Thereafter. the flow rate again decreased. The overall average 

behavior of the 96 columns is shown in Figure 19. It vtsually describes the decreasing flow rate 

trends between remediations and the rapid increase in flow rates immediately followtng 
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remediation. The tndiv1dual curves for each of the 96 test columns are given in Appendix ·B~. 

The conclusions reached from this Phase II study are as follows: 

• 	 Flow rate reductions were similar to the Phase I results and the conclusions drawn 

earlier have been substantiated. 

• 	 If geotextile and/or soil filters are to be used in 1eachate collection systems they must 

have suflkiently open voids to pass the sediment. or particulates, along with the 

mlcro-organJsms contained tn the leachate into the downstream drainage system. 

• The Jtmittng. or equ1l1brium. flow rate retained must be compared to the site specific 

design requirement to see if it is adequate, or not. If flow rates over time are not 

adequate, remediation iS necessary. It was found that the water backflush technique 

gave the best results (35% improvement). nitrogen gas backflush (23%) and leachate 

backflush (17%1 methods were next. and the vacuum extraction gave only nominal 

improvement (2%), 1.e.. it was the least effective. 

• 	The periodicity of backflushlng to open up a clogged. or semi-clogged. filter system 

appears to be approX!mately six (6) months. 

Early In the overall study It was suggested that the Incorporation of btoctdes Into the 

geotextile (or geonetl polymer structure mJght be effective tn keeping the flow system open. The 

concept was to add various amounts of a time-released biocide into the polymer compound as 

the product iS manufactured, which would essentially dilfuse to the surface of the fibers during 

its service life. Upon contact. 1t would subsequently kill the viable micro-organisms in the 

leachate. In the tests that were conducted on 16 separately built flow columns there was some 

experimental evidence that 2% and 4% blocide was partially effective. However. the remains of 

the dead bacteria must be permJtted to pass through the system. This apparently could not 

happen for our particular tests setups. Thus, the Idea of a very open filter system was further 

refnforced. This btoctde study 1s presented in tts entirety as Appendix ·A·. 
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RECOMMENDATIONS 

As far as recommendations are concerned: 1t is very clear to us that landfill filters are 

not. and cannot. be designed identically as soil filters tn geotechnical applications. Leachate 

ts 	 a turbid. mtcro-organtsm laden liquid whtch behaves uery d([ferently than water. 

Recognizing this feature leads us to our recommendations concerning JandfiJl 

dratnage/filtration systems. 

• 	 The focus of attention should be placed on the filter with respect to long-term flow rate 

capability. Note that the drainage component (gravel. geonet or pipe) can then be 

designed based on the long-term flow rate capability of the filter. 

• 	 The filter, either geotextile or natural sol.I, must be sufficiently open so as to pass the 

majority of the sediment and micro-organisms contained tn the leachate into the 

downstream drain in a steady-state (i.e .. equillbrtum) manner. 

• 	 The required quantity of leachate flowing through the ruter ls a site-specific design 

consideration which has not been considered in this project. 

• 	 The drain beneath the filter must be capable of accepting this flow rate (along with the 

associated sediment and micro-organisms) and of transmitting it to the downgradient 

sump for collection, removal and proper treatment. 

These comments underscore the importance of the deslgn-by-function concept of 

engineering design. For a landfill filter. this involves comparing an allowable flow rate with a 

required flow rate for a design value of factor-of-safety. This project gave tnsight as to 

allowable flow rates for a variety of possible geotexUle and natural soil filter conditions. The 

required flow rate must come from a site-specific design. In this regard additional research 

should be considered. 

An additional project. with a focus on design considerations. 1S recommended. Clearly. 

the HELP model 14) would be involved in such an effort. but other water balance methods might 

also be considered. In fact. the entire liquids management strategy of landfilling should 

probably be investigated in lJght of current practice. e.g., current trends toward leachate 

recirculation practices. In such a proposed effort. field cxhuming of abandoned landfills, or 

exhuming sttes-of-oportunity which have open leachate collection systems. should be 

carefully examtned for their beha\1or and perfonnance. By so doing. feed-back Into either the 

allowable flow rates or the required flow rates can be re·evaluated and appropriately modified. 
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APPEl\"'DIX "A" 


BEHAVIOR OF BIOCIDE TREATED GEOSTh"THETICS 


A-1 Inrr00ycrion 

In light of the relatively large flow rate decreases that were observed in the course of this 

study, an attempt at using biocides in the flow system was undenaken. This was done under the 

assumption that the biocide would kill the micro-organisms that came into contact with it and that 

the non-viable (i.e., dead) matter would pass through the system in much the same way that fine 

particles or sediment moves through any other drainage system. Furthermore, the introduction of 

the biocide was felt to be best achieved when delivered on a long-term basis rather than as one bulk 

dosage. Thus, biocide was added to the polymer compound during fabrication of the respective 

geonets or geotextiles. The reasoning for this approach was that the biocide would time release, 

via molecular diffusion, through the polymer structure and migrate to the surface of the ribs or 

fibers over a long period of time. If the approach is seen to be of value, calculations can then be 

made as to the long-tenn time release behavior. This Appendix to the repon describes our attempts 

at increasing flow rates of landfill leachate filters and drainage systems using biocide treated 

geosynthetics. 
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A-2 Type of Bjocide 

The biocide used in this study is Vinyzene® SB-1 PR manufactured by Morton Thiokol, 

Inc. of Danvers, Massachusetts. Vinyzene SB-1 PR is a concentrate of 10, 10' ­

oxybisphenoxarsine (OBPA) in a polypropylene resin carrier. The product, is supplied as a 

homogeneous solid in pelletized form measuring approximately 3.5 mm by 2.5 mm. It is 

recommended for use in polyolefins and other polymeric compositions requiring preservation 

against fungal and bacterial deterioration. The manufacturer states that "low levels of Vinyzene 

SB-1 EEA (a similar product but in an ethylene acrylic acid copolymer resin carrier) will provide 

long term preservation against fungal and bacterial attack and will help prevent surface growth, 

permanent staining, embrittlernent and premature product failure." Vmyzene can be incorporated 

into the polymer compound at any convenient stage of the manufacturing process. The product can 

be fed into an extrusion operation in much the same way as pelletized color concentrates. 

In 1976, EPA placed OBPA on its list of suspect pesticides that might be hazardous to 

human health. EPA's review of animal and other studies on OBPA, however, indicated that it is 

not as hazardous as originally suspected. On May 4, 1979 the U.S. Environmental Protection 

Agency decided that the pesticide, OBPA, which is used in a wide variety of plastic consumer 

products to prorect them from fungal and bacterial damage, does not pose a threat to human health 

or the environment if used in accordance with label instructions. This decision means thar OBPA 

has been restored to its former place on EPA's list of currently registered pesticides. 

Materials containing OBPA include swimming pool liners, wall coating, vinyl roofs on cars, 

marine upholstery, awnings, industrial fabric, and caulking for tubs, sinks, weathersaipping and 

gutter repair. The EPA registration number for Vinyzene® is 2829-115 and Morton Thiokol's 

patent number is 4,086,297. 

Some selected physical and chemical properties of 10, 10'-oxybisphenoxarsine (OBPA) are 

as follows. 
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Molecular Formula: 


Molecular Weight 


Structural Formula: 


Specific Gravity: 1.40 - 1.42 

Appearance: White to off-white crystalline solid 

Melting Point: 185 - l86°C. 

Vapor Pressure: < io-6 torr@ 21 ·c 

< 1o-6 torr@ 1oo·c 

LO x 10-3 torr@ I50°C 

3.0 x 10-3 torr@ 2oo·c 

8.5 x 10-3 mrr@ 25o·c 

Thernial Decomposition Range: 300 - 380°C 

Solubility 5 ppm in H20 
2.75 grn/100 gm of 95% ethanol 

2.30 grn/100 gm of isopropanol 
2.78 gm/100 gm of xylene 
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A-3 Jncozyorarion of the Biocide into Different Geosynthetics 

The biocide was shipped to the respective geosynthetic fabrication facility for its inclusion 

into the candidate geonet or geotextile. After the dosage was decide.d upon (it varied from 1 to 8% 

by weight), it was added to the standard compound, suitably mixed and extruded into ribs (for 

geonets) or fibers (for geotextiles). 

In the first series of tests, either 1, 2 or 4% biocide was introduced into the compound to 

produce a 250 mil thick, high density polyethylene (HDPE) geonet. For control purposes, the 

same type of geonet was produced without the addition of any biocide. The cross section of the 

columns for these tests consisted (from the top down) of sand/geotextile./geonet/gravel and they 

were coded as Series "A", see Table A-1. Tests were conducte.d both saturated at all times (labeled 

anaerobic) and allowed to air dry between readings (thus aerobic). All tests in this series were run 

for 444 days duration. 

The next series of tests, i.e. Series "B", utilized the biocide in the geotextile and did not use 

a geonet. The cross section consisted of sand/geotextile/gravel. The geotextile was of the 

nonwoven, needle-punched polypropylene variety and it contained either 2% or 4% biocide. The 

biocide was introduced at the fabrication facility along with the manufacturers standard compound 

of resin, carbon black (or other antidegradant) and processing package. As seen in Table A-1, 

there were also geotextiles included with no biocide so as to act as the control columns. Tests were 

conducted under both constantly saturated conditions (labeled anaerobic) and intermittently 

saturated, then air dried condition (thus aerobic). All tests in this series were performed for 444 

days. 

Test Series "C" consisted of biocide treated geotextiles and no geonets; but unlike the 

previous series, three different types of geotextiles were evaluated. The geotextiles were 

nonwoven needle punched (as before) and also two types of woven monofilament fabrics with 

differenr opening sizes, see Table A-1. The tests were also different in that gravel was used above 

the geotextile instead of sand. Thus the flow column consisted of graveVgeotextile/gravel, with the 

geotextiles treated with 2, 4 or 8% biocide. Again, the biocide was introduced at the 

manufacturing facility. In this series, which lasted 121 days, all tests were kept saturated, thus 

anaerobic. 
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Table A-1 - Conditions Within Flow Columns for Biocide Study 

Coding (I) Soil (2) 
Above 

Geotextile (3) 
Type 

Geotexrile 
Size AOS 
(mm) Sieve 

Geotextile 
Amt. Biocide 

Geonet (4) 
Amt. Biocide 

Soil (5) 
Below 

Condition 

AO-AN 
AO-A 
Al-AN 
Al-A 
A2-AN 
Al-A 
A4-AN 
A4-A 

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

JOO 
100 
JOO 
100 
100 
100 
JOO 
JOO 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
1 
1 
2 
2 
4 
4 

Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 

Anaerobic 
Aerobic 

Anaerobic 
Aerobic 

Anaerobic 
Aerobic 

Anaerobic 
Aerobic 

...... .... BO-ANt 
BO-AN2 
BO-At 
BO-A2 
B2-AN 
82-A 
B4-AN 
B4-A 

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

100 
100 
100 
100 
JOO 
100 
JOO 
JOO 

0 
0 
0 
0 
2 
2 
4 
4 

-
-
-
-
-
-
-
-

Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 

Anaerobic 
Anaerobic 

Aerobic 
Aerobic 

Anaerobic 
Aerobic 

Anaerobic 
Aerobic 

Notes 

(I) Test Series "A" and "B" lasted 444 days; Test Series "C" lasted 121 days. 
(2) Sand is a #40 Sieve Subrounded Ottawa Sand in a 4.0 inch thick layer above the geotextile 
(3) N-N-PP = nonwoven needle punched polypropylene 

W-M-PPl =woven monofilament polypropylene AOS = 70 
W-M-PP2 =woven monofilament polypropylene AOS = 40 

(4) Geonet is a 250 mil HOPE 
(5) Gravel is a l" to 1.5'' Subrounded Gravel 

.,.__ , 



Table A-1 - Continued 

Coding (1) Soil (2) 
Above 

Geotextile (3) 
Type 

Gcotcxtile 
Size AOS 

(mm) Sieve 

Geotextile 
Amt. Biocide 

Geonet (4) 
Amt. Biocide 

Soil (5) 
Below 

Condition 

CJ-0-AN J 
CJ-O-AN2 
Cl-2-ANl 
Cl-2-AN2 
CJ-4-ANl 
Cl-4-AN2 
Cl-8-ANl 
Cl-8-AN2 

Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 

N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 

0. 15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

100 
JOO 
100 
100 
100 
100 
100 
100 

0 
0 
2 
2 
4 
4 
8 
8 

-
-
-
-
-
-

Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 

Anaerobic 
Anaerobic 
Anaerobic 
Anaerobic 
Anaerobic 
Anaerobic 
Anaerobic 
Anaerobic 

...... 
N 

C2-0-AN1 
C2-0-AN2 
C2-2-AN 
C2-4-AN 

Gravel 
Gravel 
Gravel 
Gravel 

N-N-PP 
N-N-PP 
N-N-PP 
N-N-PP 

0.15 
0.15 
0.15 
0.15 

100 
100 
100 
100 

0 
0 
2 
4 

-
-
-
-

Gravel 
Gravel 
Gravel 
Gravel 

Anaerobic 
Anaerobic 
Anaerobic 
Anaerobic 

C3-2-AN 
C3-4-AN 

Gravel 
Gravel 

W-M-PP-1 
W-M-PP-1 

0.21 
0.21 

70 
70 

2 
4 

-
-

Gravel 
Gravel 

Anaerobic 
Anaerobic 

C4-2-AN 
C4-4-AN 

Gravel 
Gravel 

W-M-PP-2 
W-M-PP-2 

0.42 
0.42 

40 
40 

2 
4 

-
-

Gravel 
Gravel 

Anaerobic 
Anaerobic 



A-4 Field Testinfi and Evaluation Procedures 

Flow rate testing for each of the columns with biocide treated geosynthetics were placed 

within the four inch diameter incubation and test columns depicted in Figure A-1. As indicated in 

Table A-1 there were 8 columns in Series "A", 8 columns in Series "B" and 16columns in Series 

"C". Series "A" and "B" were evaluated over a 444 day duration and Series "C" was evaluated for 

121 days duration. 

All of the tests in this biocide study used leachate from landfill site DE-3. This particular 

leachate has the highest concentration of COD, TS and BOD5 of the six landfill leachates which 

were e.valuated during the course of the project. The approximate properties of the leachate are as 

follows: 

• pH= 5.8 

• COD = 40,000 mg/l 

• TS= 17,000 mg/l 

• BOD5 =24,000 mg/l 

Fresh leachate was used for each test since it was taken directly out of the sump at the low 

elevation of the landfill or from the nearest underground storage tank. 

The tests were of the falling head variety which measures the time of flight for a high head of 

leachate to reach a lower value. The protocol for the test itself is included as Appendix "B" to this 

repon. Calculations allow for the determination of a "system" hydraulic conductivity, or 

permeability coefficient which is in the units of cm/sec. This unit is the conventional one used in 

EPA reports and manuals. Note, however, that the pcnneabiliy being measured is the permeability 

of the composite system including each component which may retard flow. In this Appendix, the 

"penneability" value will be used on a comparative basis, with the original value being the highest 

that the system can possibly achieve. 
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Figure A-1 - Photograph of Field Incubation and Tesr Column 
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A-5 Results of Test Series "A" 

As indicated in Table A-1, this test series consisted of a sand/geotextile/geonet/gravel cross 

section with the biocide having been introduced into the geonet. The biocide levels were at 0, 1, 2 

and 4 % and tests were conducted under both anaerobic and aerobic conditions. 

The system hydraulic conductivity, or simply "penneability", results for test Series "A" are 

shown in Figures A-2 and A-3 representing anaerobic and aerobic conditions, respectively. 

Separate curves arc for the control and each biocide level in the geonet. Comparison of these two 

figures indicates that there is essentially no difference in the flow characteristics from the anaerobic 

to the aerobic state. Within the curves of each figure a nominal improvement in permeability from 

1Jsing 2 or 4% biocide in the geonet was evidenced at the conclusion of the test pericr' rf -"'44 days. 

:i.fowever, because the improvement in flow is nominal at the end of testing and no... !1r:v·0vement 

is not evidenced throughout the entire testing period, statistical variation in the data may influence 

the behavioral trends. One general feeling is that using biocide in the geonet is simply not logical 

since the flow rate in the geonet is relatively high. Thus the biocide probably did not have adequate 

residence time to be effective. 
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I 
A-6 Results of Test Series "B" ~ 

As indicated in Table A-1, this test series consisted of a sand/geotextile/gravel cross section 

with the biocide having been introduced into the geotextile. The biocide levels were at 0, 2, and 

4% and tests were conducted under anaerobic and aerobic conditions. The rational for this change 

from the previous test series is that flow in the geotextile would be much lower than in the geonet 

due to its much smaller void spaces. The greatly decreased flow rate in the geotextile would 

possibly allow for the biocide to have a greater contact time with the micro-organisms in the 

leachate and hence be more effective. 

Figures A·4 and A-5 provide a comparison of anaerobic and aerobic conditions. A replicate 

for the geotextile wi~h 0% biocide was provided for each condition and the data was averaged for 

plotting. A comparison of these figures reveals little difference in flow characteristics from 

anaerobic to aerobic conditions. This same trend was seen previously with the geonet tests. 

Generally, the geotextile with 4% biocide provided slightly higher flow rates with the exception of 

the anaerobic state in which the geotextile clogged severely beyond 400 days. As with Series "A" 

tests, statistical variation is bound to play a significant role. Two test specimens in Series "B", BO­

A~l and B4-A, were resin set and dissected to visually determine the extent of clogging. In each 

specimen, as shown in Figure A-6, it appears as though the Ottawa sand has clogged within the 

upper 1 to 2 inches of the specimen. Note the closeup phocograph of Column B4-A where the 

upper layer of soil was completely bonded together while the soil above the geotextile was loose. 

The biofilm apparently did not reach the level of the geotextile indicating that either the biocide is 

too far from the biofilm itself or that the grain size distribution of the sand is sufficiently small to 

create its own clogged layer. 
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Figure A -6 - Photographs of Resin Set Columns of Test Series "B" Split in Half at the End 
of 444 Days of Testing 
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A-7 Results of Test Series "C" 

After evaluating the flow columns of Test Series "A" and "B" for 323 days, it was apparent 

that a clearly defined flow improvement resulting from biocide activity was not being observed. It 

was considered likely that the biofilm layer was occurring in the upper portion of the sand, hence 

che biocide in the geonet (Series "A") or in the geotextile (Series "B") was too far away from the 

clogged layer to be effective. Thus, it become necessary to assemble an additional series of 16 

columns without sand. which is the thrust of Series "C". 

Series "C" columns consist of a cross section of gravellgeotextile/gravel. The gravel is 1.0 

to 1.5 inch size and does little insofar as retarding flow is concerned. The geotextiles are treated 

with varying amounts of biocide, from 0 to 8% (recall Table A-1) and all columns were evaluated 

in the anaerobic condition. This latter decision was made since there was little difference in the 

anaerobic and aerobic flow rates in the previous tests and anaerobic conditions are felt to better 

simulate landfill leachate conditions. The geotextiles in this series varied considerably. Those used 

were the following. 

• non woven need.Jc-punched with an opening size of 0.15 mm 

• woven monofilament with a opening size of 0.21 mm 

• woven monofilament with an opening size of 0.42 mm 

The first pan of Series "C" tests consists of the non woven needle punched polypropylene 

geotextile with 0, 2, 4 and 8% biocide within the fabric. A replicate set was constructed so that the 

values used in graphing are averages of the two data sets. An evaluation of varying biocide 

contents is displayed in Figure A-7. There appears to be little difference in flow at the onset of 

testing, however there is an improvement in flow with 8% biocide at the completion of testing 121 

days lacer. The use of 8% biocide, however, may affect the strength characteristics of the fabric 

and currently the EPA has restricted biocide content of this type in other media to 4%. As with the 

other test series, statistical scatter is significant. 

In the second pan of Series "C" testing, a different manufacturers non woven needle punched 

polypropylene geotextile with 0, 2 and 4% biocide was used. A replicate was constructed for the 

control, i.e., 0% biocide, and graphs were plotted using the average of data sets. To compare the 

two different products, Figure A-8 was plotted. In the first month of testing, there is little 

difference in flow rates. As the test progresses, the 2 and 4% biocide geotextiles tend to give better 
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flow rates v.:ith a large improvement in flow at 121 days. Statistical scattering of the data and the ~ 

short duration of the testing are concerns with respect to the significance of the data. 

Two woven monofilament polypropylene geotextiles were used for the third part of the 

Series "C" tests. The apparent opening sizes and other relevant test conditions are provided in 

Table A-1. Each fabric was tested with 2 and 4% biocide content. A control with 0% biocide, was 

not constructed for this test set. To compare the effects of opening size on clogging Figure A-9 

was prepared. From the graph it is seen that the larger opening size geotextile provides a 

measurable increase in flow rate with the 4% biocide content giving better results in general. The 

smaller opening size fabric with 4% biocide clogged severely two months into the test. The four 

samples in this series were then epoxy resin set and dissected in the same manner as the Series B 

specimens. Photographs are given as Figure A-10. While difficult to see on the photographs, it 

was obvious that the larger opening size (0.42 mm) allowed more epoxy to flow through the 

geotextile indicating that it was indeed providjng better flow than the 0.21 mm opening size 

geotextile. 
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Figure A-10 -Photographs of Resin Set Columns of Test Series "C" Split in Half at the End 
of 121 Days of Testing 
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A-8 Conclusions of Biocide Studv 

From the results of the Series "A" tests (biocide in geonets) and Series "B" tests (biocide in 

geotextiles) it was concluded that the location of the biocide vis-a-vis the initial formation of a 

biofilm layer is critical. This conclusion was tentatively reached after 323 days of conducting these 

tests. It was confirmed at the termination of the 444 day tests after setting the test columns with 

epoxy and cutting them apart. Clearly the biofilm layer was occurring at the top of the sand 

column some 2 to 3 inches above the biocide treated geosynthetics, recall Figure A-6. While there 

may have been some flow rate improvement due to high concentrations of biocide, it was very 

subtile (at best) and was masked by the inherent scatter in the test data. There was essentially no 

difference between flow rates in anaerobic versus aerobic conditions. 

These findings led to Series "C'' tests which contained no sand above the biocide treated 

geosynthetic and forced the leachate to interface directJy with the biocide. Rather than use a single 

type of geotextile, three different types of geotextiles were utilized. They had opening sizes 

varying from 0.15 mm (the nonwoven needle-punched styles used in test Series "B"), to 0.21 mm 

(a woven monofilament), to 0.42 mm (another woven monofilament). Quite clearly, the flow rates 

through the largest opening size geotextiles, i.e. the 0.42 mrn, were the highest. This suggests to 

us that micro-organisms (dead or alive) must be able to pass through the system. Whenever these 

micro-organisms reside on, or within, the small pores of a filter (either natural soil or a geotexrile) 

there is a possibility of panial, or even complete, clogging. 
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Appendix ..B" 

INDIVIDUAL TEST COLUMN RESULTS 

OF PHASE D STUDY 


(All 96 Columns in Phase n are Included in this Appendix along with 
Each of the Four Remedlation Attempts) 
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Figure 14 - System Permeability Reta1ned and Various Remediation Attempts ror 
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Figure 21 - System Permeability Reta1ned and Various Remedlat1on Attempts ror 

Land~111 NY-2 and Flow Test Column NW (HS) ANIS 
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Figure 22 - Sys~em Permeability Retained and various Remediation Attempts ror 
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Land~111 De-3 and Flow Test Column NW CHS> AN/W 
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F1gure 40 - System Permeab11Hy Retained and Various Remediation Attempts ror 
Landfill DE-3 a'"ld Flow Test Column NW CHS) A/W 
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FlgJre 42 - System Permeability Retained and Various Remediation Attempts ror 
Landfill DE-3 a'ld Flow Test Column NW C16) A/S 
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Figure 45 - SysteM Permeability Retained aM Various Remediation Attempts for 
Landfill DE-3 and Flow Test Column NW (8) ANIS 
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Figure 46 - System Permeab11lty Retained and Various Remediation Attempts for 
Landfill :>E-3 and Flow Test Column NW (6) A/S 
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F1gure 47 - System Permeab111ty Reta1!"\ed and Various Remed1atlon Attempts ror 
Land'lll DE-3 and Flow Test Column NW (8) AN/W 
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~lgure 48 - System Permeab1llty Retained and Var1ous Remedla~lon Attempts ror 
Lanaflll DE-3 and Flow Test Column NW (8) A/W 
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F1gure 49 - System PerMeabll1ty Reta1ned a"ld Various Remediation Attempts ror 
Landfill NJ-4 and Flow Test Column WM (NC) ANIS 
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Figure 50 - System Permeabll1ty Retained and Va<1ous Remedtatto~ Attempts for 
Landfill NJ-4 and Flow Test Column WH (NC) AIS 
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Figure 51 - System Permeab1llty Reta1ned and Various Remediation Attempts for 
Landrlll NJ-4 and Flow Test Column WM (NC) AN/W 
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Figure 52 - System Permeability Retained and Various Remed1atlon Attempts for 
Landfill NJ-4 and Flow Test Column WM CNC> A/W 
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F1g~re 53 - System Permeability Retained and various Remedlat1on Attempts for 
Landf111 NJ-4 and Flow Test Column NW (HS) ANIS 
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Figure 54 - System Permeab111ty Retained a!"ld various Remediation Attempts ror 
Landf111 NJ-4 and Flow Test Column NW (HS> A/S 
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Figure 61 - System Permeability Retained and various Remediation Attempts for 
Landf111 NJ-4 and Flow Test Column NW (8) ANIS 
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Figure 63' - System Permeab111~y Retained ana Various Remed1at1on Attempts for 
Landf111 NJ-4 and Flow Test Column NW (8) AN/W 
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Figure 64 - System Permeab111W Retained and var1o:;s Remed1atlon Attempts ror 
Landfill NJ-4 and Flow Test Column NW CB) A/W 
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Flgure 65 - System Permeabl llty ~eta1ned and Various Remediation Attempts ror 
LancHlll MD-5 a:-id Flow Test Column WM CNC) ANIS 
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Figure 78 - System Permea!l111ty Reta1:1ed and Various Remed1at1on Atterr.pts for 
Landfill M0-5 and Flow Test Column NW (8) A/S 
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Figure 82 - System Permea01llty Retained and Various Remediation Attempts ror 
Landfill PA-6 and Flow Test Column WM CNC) AIS 
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F1gure 65 - System Permeab111ty Retained and Various Remedlat1on Attempts ror 
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F1gure 87 - System Permeability Reta1ned and Various Rerr.edlatton Attempts for 
Landrlll PA-6 and Flow Test Column NW (HS) AN/W 

\ 
\ \ 
\ 

! \ 
\ \ 

' r--. 
\ ' 

"\..! '\ 
1'. I .._ 
' ..... '\ 

2 4 6 8 10 12 14 16 16 2C 22 24 

TIME (MONTHS) 

:-1gure 88 - System Perrneab1llty Retained and Various Remediation Attempts ror 
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F1gure 90 - System Permeab1Jlty ~eta1ned and various Remed1at1on Attem;:>ts for 
Landf111 PA-6 and Flow Test Column NW ( 16) A/S 
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F1gure 94 - System Permeability Retained and Var1ous Remediation Attempts for 
Landfill PA-6 and Flow Test Column NW (8) AIS 
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Append!% "C'" 

TEST DEVICE AND METHOD 

TO ASSESS FILTER CLOGGJNG• 


-Tills test method has been a Geosynthetlc Research Institute Standard under the designation 
of GRI-GT'2. As of March 1. 1991 lt became anASTM Standard under the designation ofD1987­
91. Hard copy should be available by May l, 1991. At that time the GRI Standard will be 
elimJ.nated from any further distribution. 



GEOSYNTHETIC RESEARCH INSTITUTE 
Drexel University 
West Wing· Rush Bldg. #10 
Philadelphia, PA 19104 Drexel 

University 

revised June 28. 1990 

Standard Test Method for 

Bjolo~ical Cloi;:~im: of Geotextjle or Soil/Geotextile Filters 


1 . Scope 

1.1 This test method is used to determine the potential for, and relative degree of, biological 
growth which can accumulate on geotextile or geotextile/soil filters. 

1.2 The mcthcxI uses the measurement of flow rates over an extended period of time to 
determine the amount of clogging. 

1.3 The method can be adapted for nonsaturated as well as saturated conditions. 

1.4 The method can use constant head or falling head measurement techniques. 

1.5 The method can also be used to give an indication as to the possibility of back.flushing 
and/or biocide treatment for remediation purposes if biological clogging does occur. 

1.6 The values in SI units are to be regarded as the standard. The values provided in 
inch-pound uni:s are for information only. 

1.7 This standard may involve hazardous materials, operations, and equipment. This 
standard does not purport to address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish appropriate safety and health 
practices and determine the applicability of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards 

D123 Terminology Relating to Textiles 

Dl776 Conditioning Textiles for Testing 

D4439 Tenninology for Geotextiles 

D·H54 Practice for Sampling of Geotextile for Tes[ing 

D4491 Water Permeability .of Geotextiles by Permittivity 

G22 Determining Resistance of Plastics to Bacteria 
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3. Terminology 

3.1 gemexrile, n - a permeable geosynthetic comprised solely of textiles. 

3.2 permeability, n - the rate of flow of a liquid under a differential pressure through a 
material. 


Discussjon - In 1:eotextiles, permeability refers to hydraulic conductivity 


3.3 pennjttivjty, ('I') (t- 1), n - of ~eotexriles, the volumetric flow rate of water per unit, in a 
cross sectional area head under laminar flow conditions. 

3.4 aerobic, n - a condition in which a measurable volume of air is present in the incubation 
chamber or system. 

D~scussion -. In georextiles, this condition can potentially contribute to the growth of 
m1cro-orgam sms. 

3.5 anaerobic, n - a condition in which no measurable volume of air is present in the 
incubation chamber or system. 

Discussion - Jn geotexriles, this condition cannot conrribute to the growth of micro­
organisms. 

3.6 back flushin~. n - a process by which liquid is forced in the reverse direction to the flow 
direction. 

Discussion - Jn other drainage application areas, this process is conunonly used to free 
clogged drainage systems of materials that impede the intended direction of flow. 

3.7 biocide, n - a chemical used to kill bacteria and other microorganisms. 

4. Summary of Test Method 

4.1 A geotextile filter specimen or geotextile/soil filter composite specimen is positioned in a 
flow column so that a designated liquid flows through it under either constant or falling head 
conditions. 

4.1. l The designa:ed liquid might contain micro-organisms from which biological 
growth can occur. 

4.2 Flow rate is measured over time, convened to either permittivity or permeability, and 
reponed according. 

4.2. l Between readings, the test specimen can be allowed to be in either nonsaturated 
or saturated conditions. 

4.2.2 Back flushing can be introduced from the direction opposite to the intended flow 
direction and evaluated accordingly. 

4.2.3 Biocide can be introduced with the back flushing liquid, or introduced within the 
test specimen, and evaluated accordingly. 
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5 . Significance and Use 

5.1 This test method is performance oriented for determining if, and to what degree, 
different liquids create biological activity on geotextile filters thereby reducing their flow 
capability. The use of the method is primarily oriented toward landfill leachates but can be 
performed with any liquid coming from a panicular site or synthesized from a predetermined 
mixture of biological microorganisms. 

5.2 The test can be used to compare the flow capability of different types of geotextiles or 
soil/geotextile combinations. 

5.3 This test will usually take considerable time, e.g., up to 1,000 hours, for the biological 
activity to initiate, grow, and reach an equilibrium condition. The curves resulting from the 
test are intended to indicate the in situ behavior of a geotextile or soil/geotextile filter. 

5.4 The test specimen can be incubated under non-saturated drained conditions between 
readings, or kept saturated at all times. The first case allows for air penetration into the flow 
column and thus aerobic conditions. The second case can result in the absence of air, thus it 
may simulate anaerobic conditions. 

5.5 The flow rate can be determined using either a constant head test procedure or on the 
basis of a falling head test procedure. In either case the flow column containing the geotextile 
or soil/geotexrile is the same, only the head control devices change. 

1'ote 1-It has been found that once biological clogging initiates, constant head tests 
often pass inadequate quantities of liquid to accurately measure. It thus 
becomes necessary to use falling head tests which can be measured on the 
basis of time of movement of a relatively small quantity of liquid between two 
designated points on a clear plastic standpipe. 

5.6 If the establishment of an unacceptably high degree of clogging is seen in the flow rate 
curves, the device allows for backflushing with water or with water containing a biocide. 

5.7 The resulting flow rate curves are intended for use in the design of full scale geotextile or 
soil/geotextile filtration systems and possible remediation schemes in the case of landfill leachate 
collec:ion and removal systems. 

6. Apparatus 

6.1 The flow column and specimen moum consists of a 100 mm (4.0 in.) inside diameter 
containment ring for placement of the geotextile specimen along with upper and lower flow 
tubes to allow for uniform flow trajectories (see Figure 1). The flow tubes are each sealed 
with end caps which have entry and exit tubing connections (see Figure 1 ). The upper tube 
can be made sufficiently long so as to provide for a soil column to be placed above the 
geotextile. When this type of combined soil/geotextile cross section is used, however, it is 
difficult to distinguish which material is clogging i.e., the soil or the geotextile. It does 
however simulate many existing filtration systems. In such cases, a separate test setup with 
the geotcxtile by itself will be required as a control test and the difference in behavior between 
the two tests will give an indication as to the contribution of soil clogging to the flow 
reduction. 
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6.2 Hydraulic head control devices are required at both the inlet and outlet ends of the flow 
column. Figure 2 shows the complete setup based on constant hydraulic head monitoring 
where concenaic plastic cylinders are used with the inner cylinders being at the elevation 
from which head is measured. The elevation difference between the inner cylinder at the inlet 
end and the inner cylinder at the outlet end is the total head across the geotextile test specimen 
(or soil/geotextile test specimen in the case of a combined test column). Note that the 
elevation of the outlet must be above the elevation of the geotextile. 

6.3 A hydraulic head standpipe above the flow column is required for falling hydraulic head 
monitoring. Figure 3 shows this type of test configuration in which a clear plastic standpipe 
is placed above the flow column. Liquid movement is monitored for the time of flight 
between two marks on the standpipe. Note that the elevation of the outlet must be above the 
elevation of the geotextile. 

6.4 The overall test system dimensions are sufficiently small so that either of the above 
mentioned units can be used at a field site if desirable. They can either be kept stationary in 
the laboratory or in the field, or they can be transponed from the laboratory to the field site 
when required. 

6.5 The permeating liquid is generally site specific and often comprises landfill leachate. 
Other liquids for which biological clogging is of concern can also be evaluated. The liquid 
can be synthesized on an as-required basis. 

Note 2 -A synthesized liquid which has been used in determining the resistance of 
plastics to bacteria is Pseudomonas aeruginosa ATCC 13388 (available from 
American Type Culture Collection, 12301 Parl<lawn Drive, Rockville, MD 
20852) or MYCO B 1468 (available from Mycological Services, P. 0. Box 
126, Amherst, MA 01002). Specific details must be agreed upon by the 
panies involved. 

7. Sampling 

7.1 Lot Sample - Divide the product into lots and take the lot sample as directed in Practice 
04354. 

7.2 Laboratory Sample - For the laboratory sample, take a swatch extending the full width 
of the geotextile of sufficient length along the selvage from each sample roll so that the 
requirements of the following section can be met. Take a sample that will exclude material 
from the outer wrap and inner wrap around the core unless the sample is taken at the 
production site, then inner and outer wrap material may be used. 

7.3 Test Specimens - From the laboratory sample select the number of specimens as per the 
number of flow columns to be evaluated. Space the specimens along a diagonal on the unit 
of the laboratory sample. Take no specimens nearer the selvage or edge of the laboratory 
sample than 10% of the width of the laboratory sample. The minimum specimen diameter 
should be 100 mm (4.0 in.) so that full fixity can be achieved around the inside of the flow 
column. 

8. Conditioning 

8.1 There is no conditioning of the geotextile test specimen, per sc, since this test method is 
a hydraulic one and the conditions of the permeating fluid will be the controlling factor. 
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8.2 The relative humidity should be 100% except during times of air drying between non­
saturated test readings. For saturated conditions the relative humidity should always be 
100%. 

8.3 The temperature of the test over its entire duration is important. It is desirable to track 
temperature continuously. If nor possible, frequent readings at regular intervals are required. 

9 . Procedure "A" • Constant Head Test 

9.1 Select and properly prepare the geotextile test specimen. Trim the specimen to the exact 
and full diameter of the inside of the flow column. 

9.2 Fix the geotextile test specimen to the inside of the containment ring. If a water 
insoluable glue is used be sure that any excess does not extend into the flow area of the 
geotextile. 

9.3 Caulk the upper surface of the geotextile to the inside of the containment ring using a 
silicon based caulk and allow it to completely cure. The caulk must be carefully placed so as 
not to resrrict flow through the geotextile. 

9.4 Insen the upper and lower tubes into the containment ring and create a seal. If polyvinyl 
chloride (PVC) tubing and fittings are being used, first a cleaner and then a solvent wipe is 
used to make the bond. 

9.5 If a screen or gravel of approximately 50 mm (2 in.) size is necessary to suppon the 
geotexrile it must be placed with the device in an invened position. 

9.6 Place the lower end cap on the device and make its seal. 

9.7 If soil is to be placed over the geotextile, place it at this time. Place the soil at its targeted 
moisture content and density taking care not to dislodge or damage the geotextile beneath. 

9.8 Place the upper end cap on the device and make a permanently seal. 

9.9 Connect flexible plastic tubing from the flow column's top and boctom to the head 
control devices. At this point the system should appear as shown in the photogTaph of 
Figure 2. 

9.10 Adjust the total head lost to 50 mm (2.0 in.) and initiate flow via the introduction of the 
permeating fluid to the system. When using leachate, proper safety and health precautions 
must be maintained depending upon the nature of the leachate itself. 

Note 3 -It is suggested to use 50 mm (2 in.) total head difference since this is the 
prescribed value used in the permittivity test of ASTM 04491. Other values of 
head or hydraulic gradient, as mutually decided upon by the parties involved, 
could also be used. 

9.11 Convert the liquid collected from the discharge tube to flow rate (liters/min or 
gal./rnin.) and repeat the measurement three times. Report the average of this value. 

9.12 Incrc:ase the lOtal head lost if desired. Heads of 100 mm (4.0 in.), 200 mm (8.0 in.). 
and 300 mm (12.0 in.) might be considered. These relatively high values of total head may 
be required if the geotextile begins to clog. 
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9.13 Af1er readings are completed, disconnect the head control devices. If non-saturated 
(aerobic) conditions are desired, the bottom end cap outlet is allowed to vent to the 
atmosphere. If saturated conditions are desired, the flexible plastic tubing from the bottom 
end cap must remain in position and be brought higher than the elevation of the geotextile or 
soil within the test column. This will maintain saturated conditions between readings. 

9.14 Use fresh liquid for each set of measurements since changes, either biological or 
particulate in nature. may influence the test results. 

10. Procedure "B" - Falling Head Test 

10.1 Select and properly prepare the geotexrile test specimen. Trim the specimen to the exact 
and full diameter of the inside of the flow column. 

10.2 Fix the geotextile test specimen to the inside of the containment ring. If a water 
insoluable glue is used be sure that an excess amount does not extend into the flow area of 
the geotextile. 

10.3 Caulk the upper surface of the geotextile to the inside of the containment ring using a 
silicon based caulk and allow it to completely cure. The caulk must be carefully placed so as 
not to restrict flow through the geotextile. 

I 0.4 lnsen the upper and lower tubes into the containment ring and create a permanent seal. 
If polyvinyl chloride (PVC) tubing and fittings are being used, first a cleaner and then a 
solvent wipe is used to make the bond. 

10.5 If a screen or a gravel of approximately 50 cm (2 in.} size is necessary to suppon the 
geotextile it must be placed with the device in an inverted position. 

10.6 Place the lower end cap on the device and make its seal. 

10.7 If soil is to be placed over the geotextile, place it at this time. The soil should be placed 
at its targeted moisture content and density taking care not to dislodge or damage the 
geotextile beneath. 

10.8 Place the upper end cap on the device and make a seal. 

10.9 Attach a clear, rigid plastic standpipe to the upper end cap. The standpipe should have 
clearly visible markings at regular intervals to monitor the movement of liquid. At this point 
the system should appear as shown in the photograph of Figure 3. 

10.10 Fill the standpipe to a level above its upper mark. 

10.11 Allow for flow through the system until the liquid level reaches the upper mark and 
then start a stopwatch. 

10.12 Allow flow to continue unimpeded until the liquid level reaches the lower standpipe 
mark and immediately stop the stopwatch so as to record the elapsed time. 

10.13 Repeat this measurement procedure three times. The average of this value is to be 
reponed. 
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10.14 After readings are completed, disconnect the head control devices. If nonsaturated 
conditions are desired, the bottom end cap outlet is allowed to vent to the atmosphere. If 
saturated conditions are desired, the flexible plastic tubing from the bottom end cap must 
remain in position and be brought higher than the elevation of the geotextile or soil within the 
test column. This will maintain saturated conditions between readings. 

10.15 t;se fresh liquid for each set of measurements since changes, either biological or 
particulate in nature, may influence the test results. 

11 . Calculations for Procedure "A" - Constant Head Test 

11. l Flow Rate per Unit Area is calculated on the basis of the average flow rate measured 
during conducting of the test. This value is then divided by the cross sectional area of the 

geotextile for the flow rate per unit area, or ''flux". The units are liters/min-cm2 or gaJ/min­
ft2. 

11.2 Permittivity can be calculated using Darcy's formula for a constant head flow test. 

q = kiA 
q = ki
A 

= k~ 
I 

q k 
A(llh) = 

k
and- = v = 

1 

where 

q = flow rate (L3fD 

A = cross sectional area (L2) 

k = coefficient of penneability (Uf) 


;:; geotextile thickness (L) 


= hydraulic gradient (L/L) 

~ = change in total head (L) 


'ti = pennittivity (1" 1) 

11.3 Plotting of the results is very descriptive of the process as it is ongoing. Figure 4 
presents a number of possible trends in the resulting behavior. 

12. Calculation for Procedure "B" - Falling Head Test 

12.1 Permittivity is calculated when using the geotextile by itself with no soil. It is based on 
Darcy's formula which is integrated over the head lost during the arbitrary time interval llt 
and results in the following equa:ion. 
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"k ;;;; coefficient of permeability (L/f) 

y 

::: 

= 

thickness (L) 

permittivity (11) 

' 

• 
a = area of liquid supply standpipe (L2) 

A ::: area of test specimen (L2) 
t:,.T ::: time change between h0 and hf (T) 

ho = head at beginning of test (L) 

hf = head at end of test (L) 

12.2 The permeability coefficient is calculated when using soil and geotextile together. It 
uses the exact formulation as above in the following form. 

at ho 
k = 2.3 A t:,.T log!O hf 

12.3 Plotting of the results is very descriptive of the process as it is ongoing. Figure 4 
presents a number of possible trends in the resulting behavior. 

13. Report 

13.1 State that the specimens were treated as directed in this Test Method or state what 
modifications were made. 

13.2 Repon on the following information: 
13.2.1 The method of holding the test specimen in the containment ring. 
13.2.2 The use or non use of soil above the geotextile. 
13.2.3 The type, style and description of the geotextile test specimen 
13.2.4 The type of permeating liquid. 
13.2.5 Whether nonsaturated or saturated test conditions. 

13.3 Report on trends in the results: 
13.3. l The behavior of the curves (see Figure 4 for possible trends). 
13.3.2 The reasons for terminating the tests. 
13.3.3 The temperature of the liquid used in the tests. 
13.3.4 Possible remediation schemes if clogging occurred. 

13.4 Identify the microorganisms which caused the clogging if it occurred (optional). 

I 4. Precision and Bias 

14. l Precision - The precision of the procedure in this rest method for measuring the 
biological clogging of geotextiles is being established. · 

14.2 Bias - The procedure in this test method for measuring the biological clogging of 
geo1extiles has no bias because the value of that propeny can be defined only in terms of a 
rest method. · 
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