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1. My name is Denis St. Peter, and I make this affidavit based on my
personal knowledge, experience, and belief, |

2. I have over 20 years of civil and environmental experience, including
substanfiéi experience involving the design, operation and closure of landfilis within the
State of Maine,

3. Currently, I am President of CES, Inc., a 60-person envirenmental,
engineering and consulting firm founded in 1978. We offer a wide range of services and
routinely provide services to municipal, State, industrial, cormmmercial, and institutional
ciient:”; throughout the State. CES personnel includes Licensed Professional Engineers,
Professional Land Surveyors, a Certified Geologist, soils and wetlands scientists,
plénners, environrmental scientists, GIS specialists, and designers.

4, I received my undergraduate degree from the University of Maine with a
Rachelor of Science in Civil Engineering.

5. I performed an evaluation of the Solid Waste Order Minor Revision #5-

020700-WD-W-M (“Order”) issued by the Department of Environmental Protection.
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6. In reviewing the Order, | attempted to evaluate the technical justification
fér increasing the amount of municipal solid waste (MSW) bypass to be used as the “soft
tayer” in Cell 6 at Juniper Ridge Landfill (JRL) and al! future cells. |

7. JRL is owned by the State of Maine. In 2003, the Legislature directed the
State Planning Office to acquire the landfill. The private operator of JRL is New England
Waste Services of Maine, LLC, a subsidiary of Caselia Waste Systems, Inc. JRL is sited
on a 780 acre parcel, 68-acres of which are permitted for a secure landfill. According to
its 2009 Annual Report, J RL accepted 528,622 tons of waste last year.

8. The 2009 Annual Report also estimated that JRL’s remaiﬁing capacity is .
7,114,614 cubic yards. Potential impacts to JRL’s current and future cell liners are
therefore significant, and make technical review of soft layer materials very important.

9. ~According to the Order, a four to five foot-}ayer of “MSW byﬁass” will be
used as the initial protective layer (referred as “soft layer” in the Order) on top of the
liner/leachate collection system (LCS) in Cell 6 to satisfy the Solid Waste Management
Regulations (i.e., 06-096 CMR 401.2.D(4)(a)(vii)).

10.  This section of the regulétions specifically states that: “A protective
system must-be provided for the primary liner and the ieachate collection system.
Protective syste.ms must consider freeze/thaw effects from liner and leachate collection
system exposure to climatic effects, erosion, and puncture during repairs or waste
placement. Protective systems during operations may consist of select waste such as
- paper mill shudge and tire chips, provided the select waste is permitted for acceptance at

the landfill.”
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1. Basedon my understanding of secure MSW landfills in the State of
Maine, an initial 10 to 12~inch thick layer of tire chips or wood/bark chips has commonly
been used for this layer. These materials provide a consistent, predicable material with
k_nown frost protection, erosion contr'ol, and puncture resisténcc properties. As stated
above, 06-096 CMR 401,2.D(4)(a)(vii) specifically mentions the use of tire chips as an
appfopriate material for the select layer.

12. Based on discﬁssions with Amanda Wade of the DEP, tire chips or
woaod/bark chips will not be used at Juniper Ridge Landfili (JRL) for Celi 6 and other
future cells, and instead, straight “MSW bypass” will be used.

13. [ have concerns about the potential for puncture or other damage to the
underlying liner and LCS depending upon their configuration unléss there is a provision
for significant construction quality assurance (CQA) to ensure that the waste items that
are within the considerable amounts of MSW are consistent with its use as a seiéct tayer.
I am also concerned that used aion'e, MSW ag select layer may not provide the neceésary
frost protection characteristics unless there is a provision for significant CQA to make
sure the varying waste materials provide the required insulation valﬁes.

14, I know of no other landfill in the state where only MSW is used as the
select layer material.

“15.  CES, Inc. is the Engineer of Record for the design and operation of the
Presque Isle Secure Landfill (PSL). The design at PSL utilized tire chips and typical
household MSW as the select layer directly above the LCS. The tire chips are placed

first, in a 10-inch layer, directly on top of the LCS, foiiowc'd by the MSW. The tire chip
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layer functions primarily as a frost protection layer, but also provides other benefits such
as vertical leachate drainage and puncture/damage resistance.

16.  Typically, the MSW component of the Select Layer is place_ci in a five foot
lift. Select waste is considéred “typical residential” MSW if the waste is from MSW
packer trucks and has less likelithood of containing bulky, eldngated, or sharp objects. No
construction debris, inert fill, or bulky wastes are used within the select layer.

17.  Inaddition to the type of waste, placement methodology is an important
function of the select layer. Compaction equipment must take care to maintain
appropriate thickness to reduce loads transferred by equipment. Visual inspection is
ongoing at PSL to verify no unacceptable waste are placed within the select layer and
risks associated with puncturing the liner system or damaging the LCS are n;inimized.

{8, Iam aware of at least ‘threé other secure landfilis that CES staff have
worked on, including Town of Hartland Landfill, Tri-Community Landfill (TCL) and
Norridgewock Landfill and that use other materials besides MSW only for the seiect
layer. For example, tire chips and MSW are used as select layer for TCL and
Norridgewock Landfill. Wood chips and sludge are used as the select layer at the Town
of Hartland Landfill.

19, Although MSW is used as a select layer material, it is typically used in
combination with other materials. Tire chips are commonly placed as a first protective
layer, usually 10-12 iﬁches deep, prior to the placement of MSW on top of the tire chips.

20.  Inmy professional opinion, I believe the applicant and the DEP should
conduct a review of (1) JRL’s liner and LCS design to evaluate its ability to provide

puncture/damage protection; (2) the CQA Plan to evaluate its effectiveness to identify '
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objects during placement that may damage the liner and/or LCS; and (3) the frost
protection (“R value™), erosion control, and puncture resistance pmpcrties of MSW as
select layer.

21.  The Order contains insufficient technical support to find that as a technical
matter MSW is the most appropriate material, or an appropriate substitute for, tire chips
and/or other materials that are traditionally uséd for the select layer.

22.  The Order at Page 6, Section 3, states that the “applicant has used other
licensed wastes including front-end process residual from the incinerators, ash,
contaminated soil, and bark for the soft layer.” The Order also states, “that it is possible
these waste will cause problems with the leachate collection system” by hindering
leachate movement into the LCS.

23.  The Order does not reference any technical support or justification for this
finding. Therefore, I asked DEP what rﬁatcrial, if any, they have to support such a_
conclusion. Amanda Wade with thé DEP informed me that report(s) summarizing
previous investigations were not prepared by the DEP and only visual observations (with
photographic documentation) were used to make these conclusions,

| 24.  Based on her description, the evidence clearly showed “cementing” or
other physical barriers to leachate migration. However, without physical testing of the
Jayers in question, the reason(s) for the potential lcachate migration barrier(s) cannot be
determined. The photos provided to CES from Amanda Wade show a brown layer of
material (which Amanda identified as “straight FEPR”) and a geosynthetic material
resembling a geotextile, Observations cannot determine which material (the FEPR or the

geosynthetic) may be contributing to the barrier. An investigation that includes field



observations and testing (e.g., hydraulic conductivity, permittivity, grain size analysis,
etc.) are necessafy to determine which material or processes are causing the clogging.

25. In addition, it is not clear which waste materials (i.e., FEPR, ash,
contaminated soil, bark, or geotextile) or which.blend(s) were causing the leachate
biockage.

26.  Material directly above the LCS should be at least as permeable as thé
waste within the landfill and not act as a physical or chemical barrier to vertical leachate
migration; however, we recommend the applicant or DEP expiore which waste
material(s) -- or blend(s) of waste materials -- were providing the leachate migration
barrier so that we are not precluding the use of potentially effective waste materials that
may be more consistent with the State’s Solid Waste Management Hierarchy (Title 38,
M.R.S.A. §2101).

27.  Forexample, if DEP believes that FEPR or ash should not be used as
select iaj.,/er because of perceived leachate clogging, it is worth studying whether such
perceived clogging is eliminated by mixir{g them with other waste materials, It is
necessary to conduct technical analysis prior to ruling oﬁt particular waste materials.

28.  Moreover, the DEP photographs appear to show a landfill’s leachate
collection sump mechanism. Sumps are locations in landfills where leachate is collected,
and are typically less than five percent of the footprint of a landfill cell.‘ It is not
surprising that ash or FEPR could become cemented in this particular location due to the
collected moisture. However, before concluding that FEPR is inappropriate for select

layer purposes entirely, it is important to determine whether FEPR and ash has affected

AL
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downward movement of liquids elsewhere in landfills (and not simply near sump
locations).

29.  After October 13, 2010, [ received a report by Sevee and Maher
Engineers, Inc. entitled Clogging Investigation Report Sump Area, Phase 1 Landfill
Expansion Leachate Collection System, ecoMaine Landfill, September 2010.
(Attachment A). This investigation involved both field observations and testing in order
to evaluate the clogging issues. The testing was conducted on various landfill materials
(ash, tre chips, lsand) and the geotextiles separating the select waste (e.g., tire chips) and
LCS and within the LCS. The tests involved hydréulic conductivity, grain size,
permittivity, and other tests to deterrﬁine which layer(s) énd/or processes (1.e., physical,
chemical, or biological) may be contributing to the clogging issues. Based on this
investigation, the report concludes that the physical clogging of the geotextile was the
primary reason for the clogging problems. The permittivity of the geotextile decreased
from 0.9 sec” to 0.0073 sec™,

30. ] then reviewed a Project Summary by the United States Environmental
Protection Agency entitled “Leachate Clogging Assessment of Geotextile and Soil
Landfill Filters” by Robert M. Koerner and George R. Koerner (September 1995),
{Attachment B). The Summary provides performance, design, testing, and
recommendations for filters used for leachate collection drainage systems at the base of
landfills and other solid waste facilities. Three out of the four landfills that were studied
had geotextile filters that were “excessively clogged.”

31.  Based upon my review of the statements in the Order and the record, I

have concluded that there is insufficient data and information to support a technical
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finding that “MSW bypass™ by itself is the best material, or even an appropriate material,
for the select layer at the JRL tandfill.
32.  Thave further concluded that available technical evidence conflicts with

DEP’s conclusion that FEPR is unsuitable for use in the select layer.
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IN WITNESS WHEREOF, this is my true and correct statement made in the

matter of the Appeal of the Department of Environmental Protection’s Solid Waste Order
for Minor Revision for Juniper Ridge Landfill #8-020700-WD-W-M, based upon my

personal knowledge and professional experience.

DATED:  2/21/11 —_

Denis St. Peter

STATE OF MAINE
CUMBERLAND, ss.

Personally appeared before me the above-named Denis St. Peter, known to me,
and gave oath that the foregoing is true and based upon his personal knowledge,

information and belief.
Aoy . et

Notary Pubhc/

Print Name and Title
My Commission Expires:

@ Kay A. Allcroft
A NOTARY PUBLIC
. State of Maine
e & ﬁ, My Commission Expires
Aprii 7, 2016
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CLOGGING INVESTIGATION REPORT
SUMP AREA

'PHASE | LANDFILL EXPANSION
LEACHATE COLLECTION SYSTEM

ecomaine Landfill
South Portland and Scarborough, Maine

- September 2010

ff{ VIE

Sevee & Maher Engineers, Inc, e o
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EXECUTIVE SUMMARY

An investigation of the clogged sump area at ecomaine's Phase | Landfill Expanision was
compiet’.ed‘. The Phase | sump was constructed using tire chips as the porous media o store
stormwater runoff within the south east corner of the Iah,df;ll cell untit it could infiltrate into the
leachate collection system for remaval via pumping. Excavation of the tire chips in the:sump
area showed the underlying geolextile compaonents of the leachate co%lecii.oh system to be
clogged. In particiilar, the outer most layer of geotextile for the leachate collection éys:t_em' was
ghiserved to be seu}e‘f;eiy clogged.” The principie cause of clogging was determinad to be the soil
component of the tire chip layer. Apparently, the tirg chips used for the sumb construction
containgd a considerable aniount of fine grained material (silt and clay). The somewhat open
void space within the tire chip layer allowsd the fine materials to sift downward during periods of
infiltration and rising/falling leachate levels within the sump area. The fine grained materials
were retained on the geotextile fayers (especially the outer most layer) thereby limiting the
drainage capacity of the overail leachate collection system in the sump area. Minim;él physical
clogging of‘the sand and stone components of the leachate was detected as part of
investigation, further supporting that the scil fraction of the tire chips was the principle cause of
clogging.

Chemicai clogging of the leachate colection system geotextife components from the sump area

. was investigated by way of analyzing the leachate chemisiry (i.e. ionic balancing of chemical

constituents for potential precipitate formation), and scanning electyon microscope with-x-ray
spectrographic examination for soil particles and crystal precipitates-within samples of the
various geotextile components recovered from the sump area. The evaluation showed limited
chemical clogging as compared to the physical clogging.

Limited evaluation of piezometric conditions within the landfilled waste showed that little or no
nydraulic mounding above the leachate collection system is occurring in spite of poténtial
clogging of the jeachate collection system’s geotekliie components. The principie reason for the
fack of mounding appears to be that the in-place ash is acting to absorb infiliration rather than
transmit it to the leachate drainage layer. ecomaine has aiso observed that considerable runoff

occurs from the landfill operating surface during precipitation events regardless of the relatively

1
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high hydrautic conductivity of the ash. Apparently, the vehicle traffic on the.ash surface (-and
possibly sorme weak cementation) is sufficient to partially seal the ash surface to infiltration.
implizations of the clogging-as re!ated to Phase 1relates mainly to: the sump: area: and
managemment of stormwater runoff inthat afea. At this. time, ecomaine has removed & portion. of
the tire chips from the sump. area and installed a temparary tanhole and collection piping to
manage the cqlle.ct-ed\runoﬁ.‘ The ie.aeh-a;te:cpﬂectuon piping, the:sump volume and the
associated leachate pump sizes have not been evaluated interms of their cornbined capability
to handle the appropriate design storms-and intermediate covering scenatiosffunoff for Phaset.
itis recomimended that such-a hydraulic evaluation be undertaker prior fo Spnng freshet
conditions. To that erd, consideration for long-tertn sump and pump performance alsc rieeds to
be givertin teris maintaining effective leachate levels in the sump. Finally, itis tecommenided
that future landfill expansion designs:consiter use. of graded soil filters; _\meeﬂ-;c}'@sﬁte‘aé-ﬁies::fcr

filtering and amplé line cleaning opportunities for the leachate collection systerm.

"
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4.0 INTRODUCTION -

This report summarizes the findings of an investigation into the cbserved hydraulic clogging of
the portion of the leachate collection system located in the eastern corner of the Phase | Landfil
expansion at the egcomaine Landfill in South Portland and Scamorough, Maine. The
investigation was prompted by past.observed flooding of runcfffieachate in the eastern corner of

the tdndfill where the jeachate sump and associated pumps/piping are located. The

investigation included both physical and chemicat testing of the various drainage layer -
components cotiécted from the sump-area. This report sum-mzirizés‘ Sevee & Maher Engineers,
Ihe.'s {SME) ‘apgla_roach, methods, and conclusions.relative to irvestigating the cause of the
hydraulic cl-'o@gzinge: Based on the findings, recommendations.are. provided for corrective
actions.,: as weil as, future considerations of leachata coltection system design.

2.0 FIELD INVESTIGATIONS

June 24, 2010

On June 24, Matt Muzzy, P.E., and John Sevee, P.E. metwith gcomaing representatives to
excavate into the leachate collection tayer in the sump area located in the eastern corner of
Phase | of the landfill expangion. Al the time of SME's arrival, the excavation had been

completed to the top of the upper geotextile layer. Figure 1 shows the leachate.coliection

- system bu'iid-u.p for Phase | based on Detail AE from the landfili expansion construction
drawings. For purposes of clarity, the detail has been edited to shew the location of the upper

gectexile {ayer relative to other geotextile layers used in the leabhate collection system.
Observation of the excavation showed the upper gectextile to be overiain by approximately four
to five fest of tire chips (i.e., the protective cover layer on Detall AE). The tire chips contained a

significant amount of sand, silt, and clay. There were also plentiful void spaces observed in the

_exposed tire chip layer. Upon visual inspection, the topside, of upstream side of the upper

geotextile layer was found {0 be encrusted with up to a ¥ inch of sand, silt, and clay. 1h some
areas, a crust of reddish cementation was observed atop the soil crust. In other areas, the
upper geotextile and soil were black with what appeared to be bacterial stains. There was a
distinct putrescible odor to the upper geotextile and it effervesced when subjected to a solution
of 10 percent hydrochloric acid. Visual inspection of the bottom side of the gectextile indicated

that #t was not encrusted with soil, but was covered with rusty- and black-colored staining,

3
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similar to the top surface. 'Hand-excavation below the upper geotextile showed that directly
benesth the geotextile was a fayer of 1 sinch-minus stone which had very little silt or sand '
fraction. The storie was stained rusty in some areas and black in others. However, the pare
spaces were open and no cementation of the stones was obhserved. The stone layer was
approximately 1-foot thick and surrounded a drainage pipe. The stone wés enveloped by
another (i.e., second) layer of the same type of geotextile. Approximately one. foot lateral of ifie
pipe, the stone was replaced by drainage sand, the second layer of geotextile separated the
stone and sand. This second or middle layer of gectextile was covered with rusty and black-

. colered staining in most areas, but only had a smatl amount of 'soil on its top side; the bottom’
side appeared free of sediment. There was no obvious encrustation, chemical precipitate, or
bic-filin on the second layer of fabiic, other than the stained areas which coated most of the
geotextie surface.

During the excavation of the drainage layers, leachate was continually running out of the tire
chips and anto the upper geotextile. The upper geotextile had lost enough infiltration capacity.
such that the several gallons per minute of leachate fiowing out of the tire chips could not drain
fhrou-gh the upper geotextile layer but, instead, ran across the geotextite’s crusted surface to the
temporary sump manhote placed earlier by ecomaine. Once the upper layer of geotextile was
removed, the leachate fiowing from the tire chips entered the stdne. The stone readily accepted
the several galions minute of flow and did not appear to exhibit a loss in hydraufic capacity. 1t
should be noted that the stone daylighted approximately 10 feet downstream at the temporary
sump manhole. On exposure of the second geotextile layer at the base of the stone, the
leachale running out of the tire chips ran across that surface as well, showing fitile sign of
. drainage through the geciextile. The stone was in contact with a geotextile "sock” wrapped, 8-

inch diameter, perforated feachate drainage pipe. The sock was constructed of the same
geotextile as the upper two fabric iayers. The sock layer did not appear {o have any soil
encrusted into its top or bottom surfaces, but some soil particles could be observed on the

| upper surface. The sock geotextile effervesced when subjected to a few drops of 10 percent
hydrochioric acid solution. .

4
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FIGURE 1

LEACHATE COLLECTION SYSTEM BUILD-UP

PROTECTIE G0VER: LATER
. Thy

At locations where ihé stone layer was not present, a medium to coarse sand was found to
underlie the second layer of geotextile. This sand layer was approximately 12 inches thick and
had .a blackish color. When subjected to a 10 percent hydrochloric acid solution, the second
fayer of geotextile as weli as the sand, both effervesced. The blackish color was easily washed
from the sand with the acid solufion, feaving a brownish sand with some blackish staining. On
exposure to the atmosphere, the sand layer began to develop a reddish brown color: The sand
particles were not cemented together and the sand appeared to readily accept water and drain
when piled cutside of the excavation. ‘

Thé geotextile comprising the upper, middle, and sock layers, according to construction
documentation provided by ecomaine, consisted bf a 10-ounce non-woven polyethylene fabric
that was manufactured by Skaps Industries. The various drainage layers exposed by the '
excavation appeared to be in general agreement with the fandfill design dfawing {Figure 1) as
provided by ecomaine. It should be noted that all excavation'done within the limits of the

leachate collection system was carefully performed using hand methods.

5
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July 1, 2010

On July 1, Matt Muzzy revisited the sump area to observe vacuum removal of the'sand and
stone around a portion of the leachate qolIE'ction line in the sufnp area. The purpose of the
removal was to give a clearer view of the leachate coiiebtio-n systen buiid-up; without risking
damage of the underlying finer and expose a sufficient lehgth of pipe such that an opening could
be cut into the pipe to aliow insertion of a closed-circuit television camera. Ted Berry Co.
provided the vacuum and cameraing services. The Appendix. 1 BVD presents the images'
recorded for the inside leachate collection pipe that paraliéls thie eastern boundary of Phase L.
The DVD contains two files, Film 2010-07-01-0660 shows approximately the first 100 feetof
leachate pipe starting at the westend of Phase | and moving east. Th%sr section of line appears:
to have a nearnew condltion in that the eastern portion of Phase | has a temporary cover over it
and is not yet currently receiving waste. Note that the perforatiens in the pipe are eaéiiy |
discernibie. Fiim 2010-07-01-0682 shows approximately 100 feet of leachate pipe starting at the
east side of Phase [ (i.e., at the sump), and moving west. This pertion of the pipe is active and
contains leachate. Note that the first part of the film shows water entering through a perforation
in the pipe; however, as the camera advances into the pipe, little or no water is observed
entering through the pipe perforations. in general, the portion of pipe viewed appeared free of
sediment with no obstructions. Some clumps of floating bacteria-like substances were observed

in the pipeline possibly suggesting that fiew velocity in the pipe is low.

September 1, 2010

O September 1, Matt Muzzy observed excavation of a test pit and installation of a standpipe
piezometer in that test pit in the Phase { Landfill expansion. The tes! pit was excavated to a.
depth of approximately 18 feet-and was located approximately due souih of existing slops
inclinometer. The purpose of the test pit was to observe landfilled ash with respect to depth,
collect representative samples for water content testing and install a piezometer with its boltom
at the top of the leachate collection sand. The following vertical distribution of waste and

|eachate collection sand was observed in the test pit.

+]
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. TEST PIT DATA
Depth Waste ‘ ' Water

(it} Description Coritent

0 Gray ash and metal fragments, ]

2 Slightly daris, =887

4 . N

8 " Slightly cemented al 6 feet?: 62290

8. i

19 Betoming sliahtly.miere damp at @ feel: 9= 41.7

12 More meta] at 11 feel. '
14, ‘Trash layer 12:0 16 feel, ' '
g Screensd ash at 16l 17-1/i2feet, . 17' = 36.4

A& Top ofsand.at 17-1/2 feet. 18' = 16.4:

holes; .
Bottom of test pit &t 18 fest in sand.
No.seepage observed.

The test pit excavation was terminated at the top of the leachate coifec{ioh sand. Water

contents of the materials encountered were measured as follows:
No water was observed in the piezometer 10 days after installation.

3.0 PHYSICAL TESTING

Samples of the thres encountered geotextite iayers, thatis, the top layer, fhe second or middle
iayer, and the pipesock, were collected and returned fo SME's soils laboratory for testing. A

clean sample of the same geotextile that was found along the outer edge of the landfill cell was

. alsc collected: based on the appearance and odor of that sample, it was considered that the
sample had not been previously submerged in leachate. The clean geotextile, however, did

contain some windblown ash dust fram the landfill and effervesced when subjected {0 a 10
percent hydrochloric acid solution. A sample of the drainage sand was also returned to SME's
sdils laboratory-for gra‘i'n size and permeability testing. The drainage stone (beside the leachate
collection pipe) was nof sampled'becauée its permeability appeared to be intact and there was
no apparent hydraulic clogging. Leachate that was ﬂowin'g in the leachate collection pipe was
sampled for chemical analysis. A sample of the tire chips was collected for grain size and
permeability testing. A sample of landiilled ash was collected for permeability and grain size
{esting, and chemical assay.

Grain size distribution curves for the sand, tire ¢hips, and the ash are shown in Figure 2. The

grain size distribution for the ash shows that ittends to be a relatively coarse gravelly sand to

7
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sandy gravelihat contains approximately 50 perbent {by weight) grave! size particies based on
the Unified Soif Classification System. Because of the somewhat ga_;:rgréded nature of the ash,
the gravel-sized particles “float” in the silty sand matrix; that is to say, the finer material wil
control the ash’s physical behavior. Literature and experience with the ash suggests it may
have some pozzolanic characteristic and, as such, the ash grain size distribution may be more
granular due to some previous cementing. The drainage sand is a reiatively silt- and clay-free,
medium to coarse sand that appears to be consistent with the desired deslgn requirements.
The fire chips show an 'ap;ﬁrokimately 5 percent combined sand, silt, and ciay content when
analyzed as a single sample. Figure 2 also shows the grain size distribution for the minus-No., 4
sieve fraction of fhe tire chip sample. That grain size distribution shows.thie sail partion of the
tire chips-to be considerably more fine-grained with- approximately. 25 percent of the particles
being smaller than the No. 200 sieve size. '

FIGURE 2
GRAIN SIZE DISTRIBUTIONS \
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Hydraulic conductivity testing of these various teachate collection system companents showed
the sand to exhibit a hydraulic conductivity of 1.7x10* cmisec, which is generally conéistent with
its grain size and the project requirements. Other than a slight blackish to brown discoicration,
there did not appear to be any cementation of the sand, and the sand appéared to be free-
flowing when being samplad and tested. The tire chips had a hydraulic conductivity of at least

| 28 cmfsec. Due to the tire chip coarseness, void spaces, and scale effects, it was difficult to get
an accurate hydrautic coﬁduct%vity of tire chips, but it was significantly more permeable than tEe
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sand layer. Even observations of the tire chips in the field and labara‘tory_showed thai even
though there is a sand, silt, and clay cmmpenent to the tife chips, there:is not en ' ‘ou to fill
all the void spacs, and consequently there are- significant void throughout the %tre chuss around

the fire chips-in situ. The veid spaces allow the sand, sitt, and clay to be mabile when
submerged and sift through the fire-chip layer to accumulale at the base of that fayer,

i_aboratery teét}'r_ng of the ash using medium compaction resulted in a measured hydraulic.
conductivity of approximately 3'x 10 cm/sec. The.end of test water content of ;hg_:aghw,a's--
measured fo be 46 percent; suggesting t‘h'e in-place ash has considerabis moiéture holding,
capacity as compared to the ash water contents measured in the test pit installed in Phase | on
Septeriber 1, 2010. No hydraulic conductivity of the stone layer was conducted, but ba‘sed on
the field observations and it is fikely at least on the same order of magnituds s the tire chips.

The various retrieved geotextile samples 'w.ere. also anatyzed for relative water permittivity
between samples and physical clogging by soil particles. Relative permittivity was calctilated
ffom a constant-head permeability test of the geotextile specimen and assuming a unit |
geotextile thickness, Na appredable normal load was applied to the geotextile during testing S0
as to allow as mueh through-flow as possible. Table 1 summarizes the results of the physical
testing of the geotextile materials. The relatively clean fabric taken from the outer edge of the
sump showed a permi{twity very ciose to that indicated by the manufacturer’s iiterature as
snhown in Table 1. Each of the geotextite specimens were tested as if oriented in situ, with water
flowing from the top side to bottom side of the geotextite as positioned in the leachate coliection
system,

fn addition to testing the geotextile samples as-received, the sampies‘we_.re tested after scraping
off the surficial sediments from the surface of the various Speciméns end/or disturbing the upper
geotexiile surface to loosen any sediment particles on it. This showed the permittivity of the
various samples to noticeably increase. Photagraphs of the geotextile samples, fire chips, and -
soll drainage materials are shown in Figure 3. The underside of the uppermost 'g,eotextiie iay@r
can ba seen in the lower right-hand cerner of Figure 3c, and condrasts dramatically with the top

of the same fabric in Figure 3b. Similarly, the bottom of the middle geatextile layer can be seen

-in the upper right-hand corner of Figure 3e. The top of the same geotextile is shown in

Figure 3d, with its soll, rust-colered-staining and black stains. The tire chip layer in Figure 3a

shows the degree of soil mixed into the chips.

9 ‘
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FIGURE 3

1
]
i

B - e) Sand layer f) "Sock" geotextile being held away from
perforated PVG drainage pipe
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* The weight per unit area of the geotextile specimens was measured. This was done by cutting
out a circular piece of geotextile of known diameter and drying it in an oven at appfoximately
60° Centigrade and then weighing the sample. Samples were weighed both with any surficial
sed%mca“ni"ih=place as well as after scraping the surficial sedirmients away. Removal of the upper
surficial-sediments allowed an estimate of the: a.mount'-;ei—sedimfan% trapped on the surface of
the vatious geotextile layers (see Table 1). In addition, the: porosities of the gediextils layers
were gstimated based onan initiat fabric porosity cai'cﬂ-lateé from anufacturer’s data. Itcan |
be seen from the weigh-t per unit area and porosity resulis that sediment 'partic[es are present
within the geotextile at progressively smaller amounts starting with the upper geotextile and
ending with the sock geotextile. Samples of the geotextile layers were also tested for ash
content. For these té-st‘-s, specimens of the various geotextile layers were brushed free of
surface sediment and then burned free of organic compoenents (i.e., the geotextile). The results
of the ash testing are included in Table 1 and-show a clear difference when compared to the
clean geotextile. ’

in addition to the permittivity testing, the geotextile samples were subject to water funning
across their surfaces. This was done by creating a sloped, concave, trough-lke surface using
the upper and middle geotextile samples, then 'pouréng water into the trough and observing the
results. Figure 4 shows the resulfs for the top and middle geotextile layer sampling, as well as
a sample of the clean geotextile. It is observed that water runs acrossthe suifaces of the
upper and sock gectextils layers with essentially no infiltration. Qn the otherharid, a similar
amount of water paured onfo the-clean geotextile, readily infiltrates the geotextile without
running along the surface of the specimen, From the perfrittivity testing, as well as the test of
flowlng water across the geotextife surface, it is clear that the upper geotextile layer is
hydrautically clogged by sediment accumuiating on the surfage. This sediment is believed to
be primarily the result of washing or erosion of sand, silt, and clay particles from within the
overlying tire chip layer onto the surface of the upper geotextile. The middle geotextile layeris
also hydraulically clogged possibly from entrapment of sediment that washed off the stone or _
from sediment that migrated through the u‘pper geotextile. Finally, the sock geotextile, though.
observed to exhibit little sediment on its surface as compared to the upper and middie |
geotextiles, also too appears to be clogged. The extent to which there may be biochemical

effects, the most likely cause of the geotextite clogging appears 1o be as result of the downward
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FIGURE 4

B | LABORATORY GEOTEXTILE INFILTRATION TEST

: . a) Uppet geotextile
‘ b} Sock gevtextiie
;. €) “Clean” geotextiie
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sifting of fines from the overlying tire chip layer. The physical clogging on the upper geotexttie‘
is enough to have created ponding of runoff in the sump area of the landfill. Even without any
bicchemical cﬁlogg‘ing, the armount of sediment {up {o %-inch) on the sufface of the upper
geotextile, is encugh to restrict water from readily entering the leachate-collection fayer by way
of the upper gectextile layer as intended by design. CHEMICAL PROPERTIES

A sample-of leachate was' collected from the leachate pipeline entering the sump manhale
d'ur‘i'ng. the récovery of the geotextile samples. Care wastaken to minimize the potential for
entrainment of airinto the leachats sample, During sém*pie collection, dissolved oxygsn,
specific conductance, temperature, and redox potential of the leachate were also measured. -

The suite of paran{ete,rs selacted for the ieachate analysis represented those paramelers that
are charagteristic of municipal solid waste (MSW) incihierator ash and anticipated to-play-a role
in the development of precipitates or chemical encrustation of geotextite. The parameters '
included silicon, calcium, magnesium, potassium, sodium, iron, manganese, chloride, alkalinity,
sulfate, and sulfide. Total organic carbon (TOC) and total dissolved solids (TDS) were also
measured. The results for the leachate testing are presented in Table 2. Total dissolved solids
as calculated from the combined concentration weights of the test parameters checked within &
percent of the measured total dissolved solids; thereby, indicating thal the parameler selection
incEQded most of the dominant constituents of the ash. The chemicat resulls were also placed
into Visual MINTEQ chemical équilibrium software o examine ionic balancing as well as the
équilibrium saturation indices of select inorganic compounds that may precipltate out of the
leachate’s chemical environmént. The anions and cations balanced within 7 percent of each

. other. The saturation indices (S) for some common precipitates of landiili leachate ars shown
in Table 2. it is noteworthy that, within the accuracy of the data, aragonite (CaCQy) in the
leachaté is in equilibrium with respect 1o a solid-phase. lron oxyhydroxides were super-
saturated, which is not uncommon, and may in fact have to do with suspended iren complexes
(i.e., colloids) or turbidity of the sample. The analysis also suggests that there is a potential for
ferrihydrite (Fe{OH)}, geothite (FeQUH) and siderite (FeCO,) to precipitate as well as the
aragonite. Gypsum and iron pyrite were below saturation. Quariz {Si0,) is at saturation (within
the accuracy of the data), which may be due to the ash pH where quartz is more soluble.

14
Wiservericfsiecomaine\Leachate Sump\Docs\RW2010 ecomaine clogging inv rpt.doc
Sevee & Maher Engineers, inc,
September 22, 2010




i s et

<453

A sample of ash was collected and chemically assayed. The results are summarized in

Table 3 along with typical ranges of cherical consfituent concentrations. fo‘f incirerator ashes
as presented in other studies. The assay shows the presence of both organic and inorganic
carbon as weli as calcium, sulfur, iron, and silica and supports the leachate chemical analyses.
The ash effervesces.tpon freatment with hydrochioric acid.

Samples of the three geotektile layers were submitted to the Geoiogy Department at the
University of Maine in Grario for scanning electron microscope (SEM) and-x:ray‘speﬁ:tography
examination. The SEM provides high resolutien photomicrographs so that the geotextile
surfaces can be enfarged and visuaﬂg} examined. The-SEM also provides the ,opp.orﬁ}n‘iiy for
energy dispersive spectrographic (EDS) examination of particles and precipitates trapped
within the geotextile.mesh as.well as the chemical coatings on the geotextile fiers. The x-ray
spectrographic analysis provides information to infer the mineratogy of the primary consiituents
found on the geotextile surfaces.

TABLE 2

LEACHATE CHEMIGCAL ANALYSIS

Parameter Cancentration
oH (5L} X : 5.4
Spedific conduttance {uSfem) 8.980
Temperahire (°C) 18.8
Eu {m¥) +63
Dissolived oxygen {mafl} ) 2.0
Total dissolved solids (mia/L) ) 8,940
Total organic carbon{mgi) 238
Dissolved sitica (S105) 6.32
CalGim {hai) ] 1456
Mdndanese (mally . 271
Sodivin {rog/t) 969
Fotasslufm (ma/Ly . 536
_Jron ffgl) 29
Magnesium {mall), 181
Alkalinity {mgCalodl) : ) 410
Chloride {mia/L) 5,460
Sulfate (magll) . i 34
Sulfide (ma/L) 2.7
Carhon digxide (atrn) : 0,131
t_Skaore : +0.222
Slacai +0.074
Shupsum 2,374
Shugsan__ -43, 884
Sgiu@e +1.056
S1 Jorthydrite .
[ —— : +3.178
Shuam, +0.108
15
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TABLE 3

ASH CHEMICAL ASSAY

ecomaine T gcomaire Typ:cal
Sampie Restlls Approximate Values
{mafkgh Percentage™
Sélfca 25,252 2.5 3-13
Calditim . 188,000 ) 18.6: 12 -32
Manpanese 1 432 004 001 — 1
Sodium . L. 899 08 2 3.¢
-Potassiim | -7+ Y __or
Meom. . I 20,408 20
Magneslum ‘ ) 12,828~ =
: ' 59900 _.60
20.080 '2.{_3'
i 8800 1.0 -
" raanic “Carbon 11,300 ] 1.1 | .

Notes:

1. After Lam, C.H.K, AWM. Ip, J.B Barford, and G, Mc¥ay, 2010, Use of Incinerator MSW
Ash: ARewew Susta nabildy Journal, vel 2, pp.1 1043-1968.

2. Dry-weight Basis.

SEM photomi'cm'graphs of the top surface of th-e'uppe.r-géotexti!e layer is illustrated in

Figure 5.'* in this photomicrograph the elongated biack areas represent finers of the geolextile -
material (i.e., polyethylene). it can be seen thal particies completely fill the void spaces
between the fipers. The x-ray spectrographic analysis work shows that the larger-size particles
consist of quartz grains as labeled in Figure 5a. There are some rhomboidal crystals that are
smaller than the guartz that consist primarily of galclum sulfate (i.e., gypsum). Thisis iliustrated
by thie crystal fabeled Point 2-1in Figure 5a. THe water chiemistry of the leachate suggests that
gypsum is under-saturated. Therefore, the crystals of gypsum detected in the geotextile may
nave been transported from the ash or may have precipitated out at an garlier fime when the
leachate chemistry was different, The more amorp‘ho-ué or undifferentiated portions of the filler
between the fibers corsistof pnmanly iron oxyhydroxides as illustrated by Points 2- 2and 23
on Figure 5a. Visual examination of the geotexiile and other dramage media in the sump area

show what appears to be iron {rusty) stalnlng of the gectexiile ‘surface, which is consistent with

! Eor additionat viewing, enlarged versions of each photomicrograph presented in this section are
inciuded as Appendix 2.

2 g will maintain the raw spectrographic and other supporiing faboratory data on file and are availabie
for review upon request.

16

i servericis\ecomaineiLeachale Sump\Docs\R2010 ecomaine clogging inv tpt.doc

Sevee & Maher Engineers, Inc.

Seplember 22, 2010




L .
| 455

i .

P ' FIGURE &

. UPPER GEQTEXTILE LAYER

{

a) Top surface

i

Lo

i
L
: ‘ 'na'u{mmn:nmr;nu ; . SUadAID B

{_

i
o ~

| b) Bottem surface
b
| |
Lo
;;
: : ¢} Bottom surface detail
|
; i
i i

e_ WV AT VeGSO
\:&:;5::7:3:\ g:e(sﬁ!ﬂ: LTR0C e @h{A]NE
. 17
\WNservericfsiecomaina\Leachate Surng\Docs\R2010 ecomaine clogging inv rpt.doc
. Savee & Maher Engineers, Inc.
P September 22, 2010
L



AG0

the photemicrd_g,raphs. The iron oxyhydroxides, based onthe MINTEQ analysis, appear to be
over-safurated and may suggest active pfecipi-tation. There are elements identified in the
spectrographs that include calcium, suffur, silicon, aluminum, and carbon (e.g., carbonate)

" through the matrix. ‘

A photomrcrograph of the bottorri side of the upper geotextile layer is iustrated in Figure 5b:
The photcmlcmgraph shows some fibers of the geotextile, as well as quartz pamcies ahd finer
silt or clay particies. The x-ray spectrégraphic analysis shows that sames particles such as on
Point 2-1in Figure Sb consist primarily of iron oxyhydroxsdes while ofhers such as Point 2-2,
are prifarily calczum sulfate, A significant amount of caleium suifate crystals are also present
as shown in Figure 5b. There is also a matrix of silt and clay particles surrounding the larger
crystals and soil grains, as shown in both Figures 5a and 5b. This undifferentiated mixture of
other p’a-rt‘tcleé appears to be coated with a precipitate in some areas ds.shown in Figure 5c. "

A detall of the amorphous background is magnified in Figure 5c (see Figure:5b for location of

detail). The detail shows calcium sulfate crystals (e.g., Point'3-1). Paint 3-2 in Figure 5c

shaows calcium sulfate, iron okyh‘ydroxides, and carbonates, possibly CaCO, (e.g., aragenite,

calcite, or monchydrocalcite}. Individual crystals can be seen, but they appear grown together
" or cemented. No obvious bacteria (typical size in the order of 1 um} aré readily appar"e_nt iy

Figure bc.

The top surface of the second geotextile layer is iHustrated by photemicrographs shownin =
F[gure 6. Figure Ba shows numerous quartz pariicies, but alse shows thormboidal calcium
sulfate crystals. The elongated fibrous features inthe background of Flgure 8 represent the
individual polyethylene fibers of the geotextile. There is an amorphous of undifferentiated
mixture of finer-grainad soil-and clay particles amongst the guariz and geotextlie fibers.
Gypsum crystals appear to have grown atop this amorphous matrix. Figure 6b shows
elongated calcium suifate crystals thatappear to have grown in-place. By comparison, the
gypsum crystals found in the upper geotextile fabric appear to have been formed elsewhere
and then transporied into the geotextile with the soil particles {see Figure 6b). Based on the x-
ray spectfograph c analysis, the finer matrix around the gypsum crystals consists of a mixture

of iron oxyhydromdes carbonates (probably calcium carbonates), sitica, and aluminum. Some
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of the finar matnx may also be ash patticles and!or some particles may répresent ardgo ite or

‘

istry
-1in -Flgure &b is not uniike: that of Point 3-2 in Figure 6e. There appears. fo be a

calcite, based onifie saturation indices obtained during the MINTEQ analysis, The che
of Point2
costing. of the particlesin Point 2-1 in Figure 8b, as with the. geetextne fi bers in {fe sama figure.

: Figure 6a appears to suggest both a physical (soil) and chemical (crystal) clogging, aithough

‘the relative importance of each in decreasing the permittivity of the geotextiles cannot be
determined from this study.

B : ' FIGURE 6

N - SECOND GEOTEXTILELAYER

i
H
i
L
[

SEMRY: 206KV T W 16,83 mm

{ View feld 37 min Dot BSE : \mwmié 10Umé el 886 200 jin Fhciicerin vt
i SEM KAG 731 Daialt/ory): OT/20(10 - SEM MAG: ZH 1 Dave{midlyy DZOIG . AINE
i ¢) Bottom surface d} Boltorm surface detat
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The bottom side.of the middle geotextile layer, appears to contain less seil patticles, but the
finers: are coated {see Figure 6c). Thisis Qansistént with visual ebservation of this geotextie
tayer'in the field. The detailed area of Figure 6¢ (see Figure:6d) shows quartz soil partictes and
gypsur crystal growth. The géotextile fibers in Figure 6b are- coated and that coating appears
to be cracked. The coating may e clay particles that separated after diying. '

The top of the sock geotextile layer shows & simitar coliection of quartz particles with a finer sil
particle mixture amongst the geotextile fibers (see Figure 7a). Thie x-ray spectrographs sho{w
calcium sulfate (Point 2-1) and iron oxyhydroxides (Point 2- 2} on Figure 7b. More fiber
presence is cbvious in this material compared to the upper and middle geotextiles, mdicaﬂng

less physical clogging of the sock geotextite. This is consistent with the field cbservations and

“|aboratory permittivity testing. The detail of the sock in Figure 7¢ shows many individual

patches with a crystal of iron oxyhydroxides (Foint3-1}. It appears that some bacteria may be -
present in the geotextile as represented by the circular gray “blobs™ about 1 um in diameter.
Though no attempt has been made to confirm this interpretation, heavy bacterial growth

appears unlikely in Figure: 7¢.

Photomicrographs of the clean geotextile sample shows a precipitate on only small portions of
the geotextile fibers, with no pore clogging (see Figure 8a). X-ray spectroscopy of the
geotextile fibers suggests they are predominantly carbon which would be consistent with
polyethylene plastic. The lighter areas, however, as shown in Point 2-2 of detail Figure 8b,
consist primarity of calcium carbonate and silica,
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4.0 DISCUSSION

Based oh the fisld investigation-.and the taboratory examinations, & is concluded that the upper
layer of the geotextile found in the sump area of Phase | was physicalty'c]o‘gged‘ with soll fines
that had been migrated downward from .ther overlying tire chip layer. The tire chips contain
sand, silt, and ¢lay parlicles, and the open Qoid.space's within the tire chip layer allow for this
material to erode through the tire chips as resuit ofinfiltration and riéing!fa‘iling leachate levels
in the sump. The upper g-e“otextiie acted to stop the buik ofthis downward movement of fine-
grained material, fercmg the fine-grained matenals to aceumulate on the top surface of the
upper geotextile. The permtthwty testing of the geotestile sampies recovered from the sump
area-demonstrated a progressive ldss of hydraulic capacity between the geotextie layers, with
the upper geotéxtﬂe having the lowest hydraulic capacity. The photomicrographs as well as the
physical testing show that some of the soll particles entered into the upper and middle
geo%éxt%!es; thus, reducing their perrﬁittivity. '

The photomicrographs and the x-ray spectroscepy indicate that some chemical precipitation of
iron and calcium is oceurring. The quartz particles shown on the photomicrographs are
believed to represent soil grains trapped in the geotextie fibers as they migrate ftom the base
of the tire chip layer info the geotéxt‘tes- The precipitation of gypsum in the geotextiles clearly
has occurred. Tha crystais appear to have grown in-place, as well as possibly fransperted into
the geotextile by way of leachate fiow. Overall, the photomicrographs confirm thaf the
geotextiles contain soils and chemical precipitates. However, it appears that the predominant
impact on the permittivity of the upper geotextile layer was from physical=—c§-0ggfings--by soll
particles migrating from the overlying chip tire layer. The role and importance of chermical
precipitation of calcium and iron compounds could not be defined within the scope of this

investigation. Bacteria growth and its impact with respect clegging was also difficult to assess.

In regards to mitigating the sump area of Phase |, itis concluded, based onthe findings
presentéd herein, that the tire chips are the cause of he clogging and that infiltrafion int¢ the
leachate collection system by way of clogged geotextiles in the sump area is not critical. Even

if the in-place leachate collection system in the sump area were functioning properly, it would
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likely nothave sufficient capacity to handle stormwater collected in the sump area given the
lack of water storage space in the tire chips. Developing a‘better means of transporting the
stormiwater funoff into the sump manhgle or cellecting the runoff before it is allowed to

surcharge the sumparea is the more appropriate selution. To that end, it s recommended that

‘measures be investigated to enhance the drainage of runoff into the leachate collection piping

and re-evaluate the su‘"mp pumping capacity/capability. This may be dong by way of inlets
positioned along the trunk line at the edges of the waste cell, andfor by enhanging ditches that
would flow to the sump area with a more permanent collection manhole and leachate pumps
designéd to accept high infiows. Consideration should alse be give to removing mare of the
tire chip layerthat.has not be covered with waste and replacing that material with a coarge

grained material with open void space for temiporary leachate storage. Whatever approach is

.. selected, it must be properly designed for hydrauiics, which may require changes (o existing

infrastruscture (e.g:, manhole andlor pump sizes}. Also, any changes to the existing system
should be designed to be periodically cleaned, as it is reasonable that the smailer ash sizes will
migrate to the sump area as result of rungft 'relatedjerosién.

It should be kept in mind that the investigation described herein and the above
conclusion/recommendations relates mainly to the conditions encountered in the leachate
collection system located in the sump area. It is unclear as to how the leachate collection
system in the other portions of Phase | are functicning overall. However the test pit piezometer
instatied in Phase 1, along with the ash-water content testing suggests that the fandfilled ash
may be well below its maisture holding capacity and until that water content is met fitile
infittration will reach the leachate coliection system. The test pit piezometer suggests that
hydrauiic motrnding in the leachate coliection is likely not accurring, thereby irdicating that

‘hydraulic gradients on the base liner system are minimal.

Based on our findings, we suggest that for future construction, design modifications be made to
the leachate collection system to anticipate migration of soil andfor ash particles into the
leachate collection system. Our preliminary recommendation would be fo eliminate use of the
non-woven geotextile in the leachate collection system, and where geotextile is necessary use
a woven product. Use of sock geotextiles around piping for feachate colection should be also

avoided. Alternatively, it may be more appropriate to use coarser filters constructed from sand
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and gravel adjacent to leachate collection piping. Future use of tire chips containing solf should

also be avoided. Had the tire chips used in Phase | beenfree of soil, the amount of clogging

that was observed of the upper gectextite layer of the sump area, would have fikely been
substantlaiiy less. The ash material tends to be a gravelly silty sand type material. The finer
matrix of the ash is representative of a very silty'sand. This particular aspect of the ash needs
to be considered also when designing future leachate collection system(s). A graded filter, if
used, can be designed around the finer portion, that is, the minus:=Ne. 4 sieve fraction of the -
ash. Finally, itis recommended that future systems be sized and izid out for easy periodic

cleaning.

The ash and/or MSW chemistry ean be further evaluated, aiong with the biclogical aspects of
ioss in drainage system capacity. As other studies have shown (see lis of references
attached), biochemical clogging aleng with physicél clogging is an ongoing preblem at many
landfitls. The one common conclusion is to design the leachate collectsan system so as to

aliow for the clogging and reutme cleaning over the active filling life ef the landfilt,

5.0 (MPUCATIONS OF CLOGGED SUMP

From the testing results and discussion presented in the previous sections, it is clear that
physical plugging of the upper filter fabric occurred primarily from the scil contained within the
void spaces of the tire chips. A similar plugging was observed on the second filter fabric below
the drainage stone layer, but to a lesser extent. In the second case, sand and silt-believed to
he attached to the dreinage stone at the time of construction was eroded into the lower filter
fabric. These findings suggest that for future cells any stone that is used within the leachate
collection system, or other drainage features of the. landfil, should be thoroughly washed to
remove sitt and sand before ingiallation. Furthermore, materials such as the tire chips that
contain a significant amount of soii that can readily be mobilized by water seepage should net
be placed in contact with the leachate collection system, nor be used in conjunction with other

drainage features, unless properly filtered.
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One test pit piezometer installed in Phase | suggests that no hydrautic mounding is occurfing in
the ash. Water content measurements and observations with respect to depth in the test pit
excavated on September 1, "20“20 in Phase |, show unsaturated ash-conditions. The water
content and observations further support that mounding ts not oecurting in the waste. Provided
no hydraulic mounding of leachate is- occurring elsewhere in Phase |, no- corrective action to the
overall leachate collecticn system appears to be necessary. On the other hand, if the leachate
levels atop the liner are excessive, then an approach for either draining the waste or eliminating
infiltration might be considered to limit hydraulic gradients on the base liner system. itis our
opinion, based on the information collected a'n-d the observations described, that there is-é
likelihood that littie or ne significant mounding oh the liner is occurring: This likelihood is due to
the relatively high moisture: holding capacity of the ash and ecomaine's observation that
significant runoff that occurs from the ashes surface into the cell's per imeter ditches during

rainfali evants. This runoff characteristic.has led to the problem of fi cading in the sump area.
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Project Summary

Leachate Clogging Assessment
of Geotextile and Soil Landfill

Filters

Rabert M, Koerner and George R. Koerner

This project focused on the perfor-
mance, design, testing, and recommen-
dations for filters used for leachate
collection drainage systems at the base
of landfilis, waste piles, and other solid

waste facilities. The emphasis of the

project was on geotextiles because of
their manufactured uniformity, ease of
placement, and- savings in landfilt vol-
ume; natural sand soil filters were also
evalyated. Fisld exhuming of four sites
indicated that problems existed at three
of them. These three sites employed
“sacked pipe,” where a geotextile was
wrapped around perforated pipe., The
testing and subsequent design showed
that socked pipe designs should not
be used in landfills nor should permit-
ting agencies allow them this applica-
tion. At the fourth site where the
geotextile was moved away from the
pipe, in a trench-wrap configuration
performance was acceptable, Even fur-
ther, the faboratory testing portion of
the study indicated that an open
geotextile over the entire base of the
tandfill (the footprint} is the proper de-
sign strategy and, thus, is recom-
mended for general use. The
introduction of a term called the “drain-
age correction factor” {DCF), in the
standard design equation was recom-
mended, This DCF was used 1o assess
the various design opfions, and the re-
sults corroborated findings at the ex-
humed field sites. Other related
investigations included the “no-filter"
design strategy {which can be used
only with exireme caution and when
accompanied by long-term testing) and

the use of biocides (which is not rec-
ommended).

This Project Summary was developed
by EPA’s Nationaf Risk Management
Research Laboratory, Cineinnat, O,
to announce key findings of the re-
search profect that is fully documented
in a separate report of the same title
{see Profect Report ordering informa-
tion at back).

introduction

The proper collection, transmission, and
removal of leashate from the base of solid
waste landfills is at the heart of a proper
liguids managsment strategy. Although
many design issues are involved, exces-
sive system clogging is an often-raised
cancern. Since most leachate collection
and removal systems consist of a filter, a
drainage material, and a perforated pipe
system, focusing on the material with the
emallest vold spaces, ie., the filter, is
logical.

Historcally, teachate collection and re-
moval system filters have been granular
soils, primarily sands. These have recently
been replaced in large measure by
geolexlites because of the guality control
of manufactured geotexiiles, their ease of
placement, and the subsequent savings
in landfill volume. This project focused
primarily on geotexille fiters insofar as
the polential for excessive clogging by
leachais was concerned. Sand fitters were
alss evaluated for comparative purposes.
The project consisted of a number of sepa-
rate tasks brought fogether in a recom-
mended design methodology  for
determining a factor-of-safety value for a

@ Primted on Recycled Faper
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specilic candidate fiter and a set of site
spacific conditions.

Task 1 - Exhuming of Field
Sites

The flrst task was arguably the most
difieull snd also the most rewarding of
the entire project. Field sites-of-opportu-
nity wers soficited for the purpose of ex-
huming thelr respective leachate collection
and removal systems. Obviously, the over-
lying solid waste had to be removed be-
{ore the collection system could be
Investigated. Although only four sites were
obtained, they were very significant. Table
{ glvas some of the physical detells and
obsarvations of the sites, and Table 2
gives the leachate characteristics at the

Hime of exhuming. Note that the leachate’

removal system at Sites 1, 3, and 4 ware
not functioning because their filers were
sxcessively clogged. Site 2 was still func-
tioning; hawever, flow rates were less than
the deslgnerfoperator had anticipated.
Gomments and conclusions about these
axhumad sites include:

o All sitas had relatively harsh leachates

high In total sofids (T8} end/o bio-

chemical oxygen demand (BOD L
« The exhumed siles that were exces-
sively clogged had geotextiles
wrapped directly around perforated
drainage pipes (socked pipes).
Obvlously, this practice of socked pipe
sheuld not be used for lsachate col-
lectlon systems.
in the stifl-functioning site, a geotextile
was wrapped around gravef that in
turn, contained a periorated drainage
pipe.
» Thase observations led to the sug-
gested optimum design: using a filter
over the landfills's foetprint and as far

2

away from the leachate removai pipe
network as passible. ) .
« This suggested design had 1o be cor-
roborated by laboratory tests, ana-
lytic modeling, and apptopriate design
modeling. The remainder of the project
focused on those specific tasks,

Task 2 - Laboratory
Investigations

To determine the long-term aflowable
permeability {(Kyp.) of a particular filter
{gectextile or sand), an new test method
was proposed, carried through the necas-
sary committees, and gventuaily adopted
by the American Sodiety of Testing and
Materals. lts designation is ASTM D1987,
and it is specifically intended to determine
the teachate permeability of geotextile and
soil landfill fillers. In the course of ihis
project, 144 permeameters {Figure 1} wers
sonstructed and used for periods of 120
to 300 days. The experimental variations
congisted of:

= 12 fiters (10 geotextile and 2 sands)

« 4 permeants (water and 3 teachates)

e 3 flow rates (all significantly greater

than typlca! figld fow rates)

The use of flow rates greater than field
flow rates constituled accelerated testing
with respect to the amount of leachate
passing through the filters. A typical re-
spanse curve fot a single flow rate is
shown in Figure 2. When the equitibrium
value was determined, it was used with
the same type of fiter at diffarent flow
rates to establish a trend. Results of ac-
celerated tests at all three flow rates were
plotted and can be back-extrapolated to
field anticipated flow rates. These trends
for the 12 evaluated fillers are given in
Figure 3. These curves represent a set of

rable 1. Overview of Exhumed Leachate Collaction Systerns

Site Wasle Age Liquid Patformance Critical
No Typa Exhuming Managemant Exhurning Element it
Scheme Drainage System

i Domastic and 10 Leachate Excessively Geotextile filter
Hoht Industrial racyciing dlagged

2 Domastic and ) Leachale farginally Cirain location
Hoht Industrial racyciing clogged

3. Indusiral solids 0.5 { gachate Excessively Gaotaxiile filler

and studge withdrawal clogged :
4. Domastic and rural 6 Leachate recycling Excessively Geotextile fiiter

clogged

master curves of commercially available
filler materials for which k,,, can be taken
at a partioular site specific value of field

anticipated flow rate.

Task 3 - Analytic Modeling

To counterpoint the allowable perme-
ability of & given filter (as just descrived)
10 a required permeability, & suitable ana-
lytic model is needed. This model must be
site specific for hydrology, waste type, ge-
ometiy, material properties, ete. For this
purpose, the EPA-sponscred mode! en-
titlect Hydrologic Evaluation of Landfill Per-
formance (HELP) is regularly used in the
United States and its use is becoming
common throtghout the world. The HELP
model is a liguids balance medel that
iracks the moisture in the waste and aug-
mends it with the site-specific rainfall and
snowmelt. This totat amount is then part-
Honed via a number of subroutines into
runoff, Interception, transpiration, evapo-
ration,. and infiitration. The infiltration is
then tracked. through the various layers
uniil it maetsthe. leachate collection and
removal system at tHe base of the landfil.

“The value of requifed permeabtlity (K i)
was obtained by sequentially varying a
series of trial permeabifiies from 1.0 to 1
% 10°* gryjsec while tracking the peak daily
diecharge output of the modet. A site spe-
eific value for K, was then defined as
the point at which the peak daify discharge
was negatively influenced by changes in
the rial permeabliity of the filter. In effect,
when the permeabllity of the trlal filter
began to significantly decrease the amount
of leachate discharged, the value of Ky,
was reached. Version 3 of the HELP model
was used to develop the Keg, vaiues of
Table 3, which were hased on the charac-
teristics of the four sites,

Task 4 Design Method and
Substaritiation

Having values of Ky fOr 8 parficutar
filter and the HELP-generated "k’ value
far a particular landfilt site allows for the
formulation of a facior-of-safety (FS)
againet excessivé filter clogging. A direct
camparisen was not possible, however,
because of observations made at the field
exhumed sites.. For a fitter with only a
small drainage area direclly beneath it, as
in the cdse of socked pipe, the classical
£S eguation had to be modified. This was
dane by using a “drainage correction fac-
tor (DCS) in the denominator of the con-
ventionat FS equation, The DCF is defined
as the ratio of the landfill area divided by
the available drainage flow arza immedi-
ately downstream of the filter. {In the case
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Table 2. Summary of the Leachate Charactaristics of the Extiumed Fleld Sites

Site Landfill oH coD T8 BOD,
No. Type {mgA) (mg/} {mg)
1. Municipal 10 31,000 28,000 27,000
2 runicipal & 10,000 3,000 7,500
3. Muricipal 0.5 3,000 12,000 1,000
4, Municipa! [ 24,600 &,000 11,000
Inflow
Upper
End Cap
Il soil L~—Upper Tube
100 mm  §1(Optonal)
[~ f : ’la..ﬁ,.h Geotextile Spécimen
l § PP Containment
T Ring
| -
100 mm Lower Tube

Lower
End Cap ‘
Cutflow
100 mm

Figure 1. ASTM D19387 lype permear.‘:.leters‘
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Figure 2. Typical parmeability lest resulls for a particular geotextila filter.

of socked pipe, its vaiue is Qery larga).
The resulling formulation was as fol
lows:

FS= Katow
k, reqd x DOF
whavre:
FE8 = facior—or’»safsfy {against
excessive fifter clogging)
Katow allowable filter permeabiiity

Kege = required filter permeabiiity
OOF = drainage correction facior

With the use of kg, valus for the
geolextiie exhumed at each of the four
field sites, the K. value for each of
the field sites from the HELP model,
and the caloulated site specific DCF,
we gbtained the data of Table 4. Hero
it can be seon that the three sites with
excessively clogged geotextiles could
easily have been predicted as failures
based on their extremely low FS vak
ves,

Possibie Less Expensive
Alternative

Because the suggested laboratory
work and design medeling are both time
cansuming and expensive, we explored
conditions in which a “default” geotaxtite
could be used as the filter. We con-
cluded that if the lsachate was rela-
ivily mild, Le., TS < 2500 my/L and
BOD; < 2500 mgfi., geotextiles with the
properiies shown in Table 6 could be
used with a reasonable degree of con-
fidence. The proviso, however, is that
the geotextile must cover the full fool-
print of the landfill or celt under consid-
eration. In the context of this study, this

- type of design Is defined as an aetial

filter with a drainage correction facior
of ong, i.e.,, DCF = 1.0.

Additional aspects of the study in-
vestigated the use of biocides {which
were not particularly encouraging) and
the "no filter” design scenarlo (which
places emphasis on potential clogging
of the downstream dreinage stonel.
Both of these design strategies oan be
evaluated by the laboratory test meth-
ods and design formulation develaped
in this study.

If the ieachate has higher values than
2500 mg/L. for TS and for BOD,, the
procedure and details given for Tasks
1 through 4 should be followed. The
laboratory test data and the requisite
design may permit less conservative
filters than those described in Table 8.
Properly designed they are acceptable.
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The values of strength listed in the
abave 1able are required Class 2 and Class 1
vaiues per the propased AASHTO M288
spacification for transportation facilities in
the high and very high survivability rat-
ings, respectively {15},

moval systems, resulted in a design meth-
adology io predict the anlicipated FS
against excessive filter clogging. It svalu-
ated laboratory and analytic models, along
with making observations from fleld-ex-
humed sites, The use of the design model

sive clogging at the base of solid wasle
landfilis, waste piles, and other solid waste
facilities.

The full report was submitted in fulfill-
ment of CR-818371 by Drexst University
under the sponsorship of the U.S. Envi-

Conclusions
This preject, which focused on the -
tars of landfill leachate collection and re-

nicely substantiated the field findings. Use
of the modified FS equation is recom-
mended for design of leachate collection
filters to mssess the possibility of exces-

ronmerital Protection Agency.
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Flgure 3, Mester curve of 12 fillers for *k,,,” determination at Slte specific fiow raie.

Tebla 3. Input Data of Exhumed Sltes for Use in HELP Modlel to Obfain Required Filter Permeability

Cait Area

No. fha}

Base Siope
{acre)

Pipe Spacing K

(0%) mm?r:ﬁ?m {cm/sec) {ern/sec)

7

7
2.8
13.8

&1 0.07
61 . 6.3
&1 0.3
ai 0.3

ix10% -
1 x10%
5Ex10%
1x10°

Table 4. Comoboration of the Modifigd Factor-of-Safety Equation as Applisd to Four Exhumed Field Sites

Obsarvad
Peiformance

Sita

kallow
{omf's)

kraqd
{omi/s)

Value of
DCF

Calculated
FS Value

Pradicted
Parformance

1. Tarrible
2 Good
3. Tamibla
4. Poor

Gx 104
fx10?
gx10°
gx10°

ix10%
1x16%
1x10*
ix10%

24,000
140
290

1,700

0.0003
7.1
0.18
0.53

Faifure
Acceptabie
Failtire
Failure

Tha variable term that greatly decreased tha FS valugs was the DICF (Table 4). As seen in Table 5, for & number of design scenarios, the value of DCF

can be enormous.
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Table 5. Selected Vaiues of Drainage Carrection Factors for Use in Calculating the Factor-o-Salely of a Leachata Collection Filter*

. Prain Drain Drain Hole Number Drain
Configuration Spacing Size Size of Holes Corraction
Factor
{m) (ft} (i} {in.} {mm) {in.) {perm) {per ft}
Areal coverage nfa+ n/a na n/a na n/a ] na 1
Geotextila 15 50 450x300 18x12 n/a n/a na na 10
wrapped around 30 100 450x300 18x12 n/a n/a n/a n/a 26
gravel {i.e., socked 45 150 450x300 18x12 n/a n/a n/a n/a 30
tranch wrap) 60 206 450%300 18x12 n/a n/a n/a n/a 40
Geotextile around 15 50 150 6.0 nia n/a na na 60
corrugated pipe (i.a., 30 100 150 8.0 n/a n/a n/a na 130
socked 45 150 150 6.0 nva n/Aa. na na 180
piped) 60 200 150 6.0 n/a nfa na na 260
Geotextile around 15 50 150 6.0 12 0.5 1.8 & 7.500
smaooth wass 30 100 150 6.0 12 a.5 1.8 ) 12,000
" pipe fl.e., sucked 45 160 150 8.0 iz 0.5 1.8 & 18,000
pipe) 60 200 150 6.0 12 0.5 18 & 24,000

+n/a = Not applicable.

*All calculations are based on a 0.4 (1 acrs) cell,

Table 6. Recommended Geotextile Fiiters for Use with Relatively Mild Landfill t eachates (Those Having TSS and BOD, Values < 2500 mg/h.)

Type of Sand Protection Selsct Waste

Geotextile Layer Qver Filter Placed Dirsctly on Fifter
Woven Monofiamant 170 5.0 200 (6.0}
Mass per unit area, .
g/sq. M (oz/sq ya)
Fercent open area, % - 10 — 10 o000
Grab tensile strength, N (ib})” 1100 (250} 1400 {300)
Trapezoidal tear strength, N {Ib} 400 {80} 480 {110}
Puncture strength, N (i) 400 (80} ; 490 {110}
Burst strength, kPa (ib/sq in.) 1800 (400) 2200 (500}
Nonwoven Needle Punched ' 270 (8.0} 460 (12.0}
Mass per unit area, g/sq. M (oz/sq ya)
Apparent opaning size, mm (sieve sizg) 0.212 #70) 0.212 (#70)
Grab tensife strength, N (1b) 1100 {(254) 1400 (310}
Trapezoidal tear strength,N (1B} 400 {6Q) 480 {114)
Puncture stranglth, N (ib) 400 o)) 480 {110)
Burst strength, kPa (lb/sq in.} 1800. (400} _2200 (500)

‘N=Newton
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