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Abstract: The composition of material excavated from the Burlington County landfill in New Jersey was determined, and the major
reclaimed fractions characterized. Based on a waste age map, 98 séfptgseach collected from 13 gas extraction well borings were
handsorted into 14 fractions and fings2.54 cnj that fell through the screen were collected. At least 50%, by weight, of the material was
fines. The most abundant oversize materialers fractions, by weight, were miscellaneous items, wood, other pldsiatgpolyethylene
terephthalate or high density polyethylene contaiheaed paper. Less paper was found in the old@fi—11.5 yeanssection of the

landfill (P<0.10, most likely due to microbial degradation. Several of the characteristics of the materials excavated from the landfill,
such as temperature, particle size, bulk density, volatile solids, and contamination were correlated with the age of the deposits made. Hig
levels of adherent soil will likely prove to be an insurmountable obstacle to recycling most excavated waste fractions other than fines
unless further processing is pursued.
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Introduction viously landfilled wastes for recovery of selected recyclable, re-
usable, or combustible fractions, site remediation, and/or the re-
In 2000, the United States generated 232 million metric t of mu- duction of postclosure costs. Knowledge of the composition and
nicipal solid wastdMSW); of this 55% was landfilled, 30% was  characteristics of the excavated material is needed to determine
recovered for recyc”ng or Composting, and 15% was combustedthe technical and economical feaS|b|I|ty of landfill reclamation.
(USEPA 2002. However, the 1991 amendment of the Subtite D While there have been several landfill mining projects conducted
landfill regulations of the Resource Conservation and Reco\/eryin the United States, formal waste characterization studies of re-
Act has forced many landfills to clogérom ~8,000 in 1988 to claimed materials are scarce and a statistical analysis of the data
~2,150 in 2000 (Goldstein and Madtes 20R1Public opposition IS even more infrequeriKrogmann et al. 2003 The objective of
has also made siting of new landfills a complex issue, forcing this study was to determine the composition of excavated waste
many states and municipalities to face difficult decisions on how from Landfill Number 1 at the Burlington County Resource Re-
to dispose of their MSW. As a result, MSW is in some cases covery Complex(BCRRQ in New Jersey, which was operated
transported long distances to mega landfills in less populatedfrom 1989 until 1999, and to characterize major reclaimed frac-
areas. Furthermore, finding ways to maximize existing landfill tions. The focus of the waste characterization was on parameters
space, such as leachate recirculation to increase the degradatiowhich would give an indication of the environmental conditions
of organic matter in the landfill and/or landfill reclamation, has in the landfill, the degree of degradation, and the qualities of the
become a high priority for some landfill owners, landfill opera- reclaimed fractions that are important for the selection and design
tors, and municipalities. This is especially true in the northeastern Of reuse, recycling, treatment, and disposal options. The effect of
United States, where the population density is considerably higherage of the excavated material was evaluated, since it was ex-
than in most of the rest of the country. pected that over the lifetime of the landfill both increasing recy-
Landfill reclamation is the excavation and processing of pre- cling rates(decreased glass, ferrous metals, and nonferrous metals
in more recently landfilled wasteand degradatior{decreased
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Table 1. Number of Handsorted and Screened Samples

Number of samples at age

Sample
Sample mass A B C
type (kg) (February 1989-March 1993  (April 1993—March 199y (April 1997—-November 1999 Unknown Total
Handsorted 80 18 24 50 6 98
Screened 1,400 3 8 7 0 18

from February 1989 to November 1999. During data analysis, the textiles/rubber/leather, wood, stone/brick/concrete, miscellaneous
landfill age was divided in three periods: Age A, February 1989— items, and hazardous items. In addition, fines that fell through the
March 1993; Age B, April 1993—March 1997; and Age C, April screen were collected.

1997-November 1999. During the active phase of the landfill, Two scales(Ohaus Corp., Florham Park, N.J.; capacities
over 3.8 million metric t of waste were landfille@5% residen- 30+0.02 kg and 100+0.005 kgvere used for weighing contain-
tial, 25% mixed loads, 16% construction and demolition, 10% ers and sorted fractions. Waste fractions stored for further analysis
other, 8% commercial/institutional, and 5% dry indusjriallifts were transferred to dry containers, which were kept tightly sealed.
(=3.7 m) separated by 15 cm layers of compacted cover soil. The  The selection of borings and depths to collect the larger
cover soil consisted of a fine drainage sahgdraulic conductiv- samples(whole 3.05 m increment equaling approximately 8-9

ity: 1073 cm/9 from 1989 to the spring of 1995, a mixture of fine buckets; average mass of 1,400 lgtempted, as the samples for
drainage sand and wood chips from the spring of 1995 until July handsorting, to best represent all ages of waste in the landfill. A
1999, and a mixture of fine drainage sand, wood chips, and total of 18 large samples were screened from eight borihgkle
crushed glass from July 1999 until landfill closure. The average 1). After collection, the samples were stockpiled on the landfill
density of materialMSW plus cover so)lwithin the landfill was and covered with polyethylene tarps to reduce moisture loss. In
approximately 1,150 kg/fnat the time of excavation based on October 2000, the stockpiled samples were screened with a vi-
mass of incoming waste and cover soil and landfill volume deter- brating deck screeril.8 mx 4.9 m, Construction & Industrial
mined by topographic surveys. Equipment Co., Lodi, N.J. Both the fines(<2.54 cm passing
through the screen openings and the overs were weighed at the

Composition of Excavated Waste landfill's truck scale.

To determine the composition of the excavated material, represen-Physica/ and Chemical Characteristics of Excavated
tative sampleqabout 80 kg were handsorted into major frac- Waste

tions. Also, larger sampled,400 kg were screened into a fines
and an overs fractiofi>2.54 cm to confirm the amount of fines  Every 3.05 m in all 26 gas extraction well borings, the drilling

determined during handsorting. crew measured the temperature in the excavated material imme-
For the handsorting, samples were taken during the installationdiately after bringing the waste to the surface.
of 24 gas extraction wells in the uncapped portion of the landfill After handsorting, subsamples of the separated fractions were

and two replacement gas extraction wells in the capped portion oftaken from 8 of the 13 sampled borings to determine selected
the landfill. Gas extraction wells were drilled by a 0.91 m diam- physical and chemical characteristics of the excavated waste frac-
eter bucket auger. Based on a waste age map of the landfill, 13tions. The handsorted waste samples were stored for up to
borings were selected for sampling in an attempt to best representlO days in sealed containers on-site. For large quantity fractions
all ages of waste deposited in the landfill. From these borings, 49 (paper, other plastics, textiles/rubber/leather, wood, miscellaneous
samples were takefone sample every 6.1 m, except for the two items, and fines a total of approximately 25 samples from dif-
borings in the capped portion of the landfill, where a sample was ferent aged sections and different depths were analyzed, while for
taken every 3.05 m The content of an entire bucket was col- the small quantity fractions, such as PETE and HDPE containers,
lected as a sample to prevent sampling bias associated withglass, aluminum, and other nonferrous metals, the sample number
worker avoidance of a particular object based on hazard, size, ordepended on the availability of sampling material.
unknown classification. The samples were immediately wrapped The handsorted subsamples were placed on a dry polyethylene
in a polyethylene tarp and transported to the covered sorting areatarp, mixed thoroughly, coned, and then divided into five portions
Handsorting of samples was conducted from August 21 to of approximately equal volume. Portions were assigned to a par-
September 1, 2000, using two sorting tab(2st m long, 1.2 m ticular analysis on a random basgts/o for duplicate particle size
wide, 0.3 m deep a screen with openings of 2.54 cm acted as the analysis, two for duplicate bulk density analysis, one for further
work surface. Age of the waste was estimated by newspaper datesaboratory analysis such as moisture conteDuplicates for par-
and dated mail. Each of the 49 samples was split into two sub- ticle size and bulk density could not be taken for all samples,
samples before handsorting to increase the sample nuf@aeh especially for small quantity fractions. The samples for further
subsample approximately 80 kdpuring the statistical analysis of  analysis were taken to the laboratory at the end of each working
the data, the two subsamples were treated as replicates withirday and stored at 4°C until further analyzed.
each of the 49 samples. Thus, a total of 98 samples were hand- Particle size of the handsorted overs fractions was determined
sorted(Table ). Each sample was sorted into 14 fractions: paper, on-site by screening each subsample in a handheld stack of
cardboard, food and yard waste, polyethylene terephthalatescreens(0.76 mx0.76 mx0.15 m screen with 15, 10, and
(PETB and high density polyethylen@giDPE) containers, other ~ 2.54 cm openings and a bottom tray for collection of fin&lk
plastics, glass, ferrous metals, aluminum, other nonferrous metalsdensity of the handsorted overs fractions and the fines fraction
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Table 2. Fines in Handsorted and Screened Samffledy Weight, Wet Basis

Age
A B C
Sample type (February 1989-March 1993 (April 1993-March 199y (April 1997—November 1999
Screened 52a 52a 50a
Sorted 58 a 50a 52a

Note: Means within columns followed by the same letter are not significantly difféRert0.05

was determined on-site using a modified method of that describedsamples were mixed and duplicate samples were sent to PSC
by Stessel(1996. A tared, 38-1 Nalgene® container holding a Analytical Services to be analyzed for 109 parameters listed
subsample was lifted five times, 0.3 m above the floor, and under the New Jersey Department of Environmental Protection’s
dropped on a concrete floor. Mass and volume were recorded. (NJDEP Residential Direct Contact Soil Cleanup Criteria

Grain size analysis of the fines fraction was conducted in the (RDCSCQ. The following chemical analyses were conducted on
laboratory using a modified version of ASTM Stand&r@22-63 fines samples according to United States Environmental Protec-
(ASTM 1999d. A 1.0 kg dry sample was placed in a mechanical tion Agency (USEPA SW-846 methods for evaluating solid
shaker(W.S. Tyler Inc., Gastonia, N.C.Two screen size$2.0 waste: volatiles (82608, semivolatiles (8270Q, pesticides/
and 0.075 mmwere selected based on New Jersey’s regulatory polychlorinated biphenyls(PCB9 (8081/8082, total cyanide
requirementgN.J.A.C. 7:26-2A.8(b)18 Additional screen sizes  (9012M), phenolic9065, inorganic trace elements, except chro-
were chosen on the premise of having them evenly distributed in mium and mercury(6010, hexavalent chromiuni3060/7161,

a log-scale grain size distribution. Nonsoil materials such as plas-and mercury(7471) (USEPA 1994.
tic and paper flakes and broken glass generally did not pass the
2 mm sieve. The analysis was conducted in duplicate.

Moisture content of the handsorted overs fraction and the fines
fraction was determined in triplicate using a modified version of Due to the heterogeneity of solid waste, composition data are not
ASTM StandardD 2216-98(ASTM 19999. Each samplgap- normally distributed and tend to be positively skew@hrruth
proximately 0.5—1.0 kgwas placed in a forced-air drying oven at and Klee 1969; Tchobanoglous et al. 199Bherefore, the com-
105+ 3°Cuntil constant mass was achieved. To determine vola- position data were transformed by the following arcsine transfor-
tile solids, nongrindable fractions were removetktals, plastics, mation which stabilizes the variance and improves the symmetry
glass, textiles/rubber/leather, and stone/brick/congra&tee non- of the data(Carruth and Klee 1969
grindable fraction(dry weighy accounted for about 15% of the _ T
paper, cardboard, and wood fractions, about 7% of the food and y=2arcsiné)
yard waste fraction, and 20% of the fines fraction. Then, 3 g where x=measured waste composition fraction ang

Statistical Analysis

dried, ground(<0.25 mm, Retsch, Inc. SM-100 hammer mill, =transformed value of.
Haan, Del) samples were placed in a muffle furnace set at 550°C  Transformed data outside a range of the mean +3 SD were
for a period of 4 h. This analysis was conducted in triplicate. identified as potential extreme outliefiitchens 1998 Six ex-

For subsamples of the paper, cardboard, food and yard wastetreme outliers were found. However, since these values might be
wood, and other plastics fractions carbon, hydrogen, nitréGen  correct values, only two values were excluded as extreme outliers
5291, ASTM 1999b, sulfur (D-4239 ASTM 1999¢, and ash  from the determination of the waste composition. These samples
(E-83Q0 ASTM 1999a were determined by PSC Analytical Ser- contained an unrepresentatitarge amount of stones, and were
vices(Reading, Pa. The percent oxygen was determined by cal- the only extreme outliers that considerably changed the composi-
culation. Nongrindable materials were removed from the biode- tion of the excavated material. Transformed waste composition
gradable fractions. The results were used to determine the highedata were analyzed using the analysis of variance methods of
heating value(HHV) using the modified Dulong formula de-  Statistical Analysis System softwa(€AS Institute, Cary, N.G.
scribed by Tchobanoglous et &1.993. and Tukey’s honestly significantly differeidSD) test was used

To determine the degree of contamination of waste fractions for age separationP<0.10).
by adhering particles, a contamination analysis was conducted. Descriptive statistics of the selected physical and chemical
After moisture analysis of the degradable fractions such as paperwaste characteristics include median, interquartile range, and
cardboard, and wood, solid contaminants were removed from therange. In cases where the data were normally distributed the mean
sample by hand, weighed, and then returned to the sample prior toyas also provided. Selected characteristics were analyzed using
further analysis. Nondegradable fractions, such as glass, plasticanalysis of variancet-test, and single linear correlation proce-
and aluminum were washed to remove adhering soil and food dures. For these analyses, bulk density data were log transformed
particles. After washing, samples were oven dried at<I35C to and particle size data arcsine transformed to normalize the data.
constant weight.

Immediately after screening the 18 larger samjlesble 1),

24 grab samples of findeach~1.36 kg were taken from stock- Results and Discussion

piles of Age A fines, Age B fines, and Age C fines. The screening
was conducted about eight weeks after the drilling of the gas
extraction wells. Therefore, some changes of the samples might
have occurred. However, it was assumed that a storage period offhe fines fraction was the largest fraction of the excavated mate-
screened material is typical for an excavation operation, and sam-rial in all three age categorig3able 2. Both handsorting of the
pling at this point was still valid. For each age section, the grab 80 kg samples and screening of the 1,400 kg samples resulted in

Composition of Excavated Waste
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Table 3. Mean Composition of Over&o by Weight, Wet Basis

Landfill Number 1, Burlington County, N2J.

Age A Age B Age C Sandtown, Edinburg,

Fraction (February 1989-March 1993 (April 1993—-March 199y (April 1997—November 1999 Del? N.Y.°
Paper 11.3b 14.3b 20.8 a

Cardboard 53a 6.5a 53 a 436 194
Food and yard waste 24 a 29a 26a —d 0.0
Polyethylene terephthalate and 04 a 05a 0.7 a

high density polyethylene containers 13.3 20.0
Other plastics 182 a 18.0a 152 a

Glass 10a 040b 0.6ab 0.4 8.4
Ferrous metals 6.8 a 7.2 a 55a 16.1
Aluminum 05b 0.6ab 0.9 a 7.8 ’
Other nonferrous metals 0.4 a 0.1a 0.4 a —d
Textiles/Rubber/Leather 6.4 a 10.6 a 8.4 a 7.6 13.5
Wood 17.5b 26.7 a 17.3b 8.3 4.5
Stone/Brick/Concrete 43 a 24 a 38a 9.0
Hazardous items 0.1a 0.3 a 0.2 a 19.0 —d
Miscellaneous items 255a 95b 18.3ab 9.0

Statistical significance was tested using an arcsine transformation but reported means are of untransformed data. Means within rows follcaved by the s
letter are not significantly differer<0.10.

bAverage for Sandtown, Del., bioreactor landfill; 2—10 year old waste; 2.54 cm screen op@viligset al. 1991.

°Edinburg, N.Y.; 11-13 year old waste; 1.27 cm screen openings, oversized(item$% of total excavated materiaxcluded(Salerni 1992

INot determined.

at least 50% fines, by weight. Similar amounts of fines have beenaluminum, PETE and HDPE containgis the younger excavated
found in other U.S. landfill reclamation projects: Sandtown, Del.. waste was only found for glass. A significantly greater proportion
45.9%, bioreactor landfill, 2—10 year old waste, 2.54 cm screen of glass was determined from Age A excavated waste as com-
openings(Miller et al. 1992; Lancaster Co., Pa.: 41%, 1-5 year pared to Age B excavated wade<0.10. This finding is sup-
old waste, 2.54 cm openings, no final covEorster 199% Col- ported by Burlington County’s historical recycling dataobert
lier Co., Fla.: 59.1%, 10-15 year old waste, 1.91 cm openings, Simkins, personal communication January 25, 200&hich
no final cover(von Stein et al. 1993 shows that the amount of glass recycled increased approximately
The largest fractions of the overs found during this study were 50% from 1989 to 1992. A significantly greater percentage of
miscellaneous items, wood, other plastics, and p#pable 3. aluminum was found in Age C excavated waste than in Age A
All fractions except wood were found within the range of values excavated wastéP <0.10. This is contrary to Burlington Coun-
determined in other U.S. landfill reclamation projects, where ty’s historical recycling datdRobert Simkins, personal commu-
handsorting studies were conductd@ble 3. The elevated pro-  nication January 25, 2002hat indicate that the tonnage of alu-
portion of wood in the overs of Ages B and C can be at least minum cans recycled increased by over 100% between 1989 and
partially attributed to the use of wood chips in the daily cover 1999. However, during the sorting study it was observed that
from the spring of 1995 until landfill closure. However, there aluminum cans from older parts of the landfill were physically
must have been more wood deposited in the studied landfill thanbroken down into smaller flaky objects. These cans were very
in other landfills because Age A excavated waste, where no wooddifficult to identify and it is likely that a greater percentage of the
chips were used, also contained more wood than found in otheraluminum fraction from the older sections of the landfill fell
landfills. Furthermore, the amount of wood in this study is com- through the screen as fines.
parable to the percentage of wood in raw MSW found in New The significantly higher amount of the Age A miscellaneous
Jersey as discussed below. fraction compared to the Age B fraction is mostly due to the
Generally in landfills, the food and yard waste, cardboard, and nature of the material excavated from the oldest sections of the
paper fractions are considered biodegradatiiteazer et al. landfill (P<0.10. These samples were visually more degraded,
1997. The only significant differences over time for these biode- and thus harder to identify as belonging to other categories, than
gradable fractions was found for pap@<0.10, Table 3 Dif- samples from more recently filled sections.
ferences between the proportion of the paper fraction from Ages  Another way to evaluate if degradation occurred in the landfill
C and A are most likely due to the gradual degradation of paper inis to compare the composition of the excavated waste with the
the landfill. composition of the waste deposited in the landfill. However, to
The difference in the wood percentage between Ages B and Ccompare the composition of excavated material with raw MSW,
can be partially attributed to the greater degree of degradation ofthe “as excavated” data need to be adjusted to account for mois-
paper(P<0.10, Table 3 However, this cannot explain the de- ture and contamination from solids, including attached soil and
gree of difference between Ages B and C excavated waste. Theranis-sorted items. Mis-sorting of waste fractions was only a con-
were two samples with higher percentages of wood in Age B siderable source of error for the paper and cardboard fractions due
excavated waste that are mainly responsible for this difference. to the similarities in color and texture between kraft paper, box-
A decreased percentage of recyclablgiss, ferrous metal, board, and cardboard.
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Table 4. Mean Composition of Excavated Overs, Adjusted for Moisture and Solid Contamir(&idiy Weigh}.
Reclaimed MSW

Landfill Number 1, Burlington County, N2J. Raw MSW
Age A Age B Age C Averages  Marion Co.,
Fraction February 1989—-March 1993 April 1993—-March 1997  April 1997-November 1999 for N.JP Flaf
Paper 6.9 9.8 13.7 2223.6 24.5
Cardboard 1.6 3.1 3.6 44.2) 9.1
Food and yard waste 4.1 5.8 4.3 18.8.0 14.8
PETE and HDPE containers 0.3 0.6 0.9 1.3 2.1
Other plastics 13.2 11.1 13.3 85 10.7
Glass 1.8 0.7 0.9 2(8.6) 4.7
Ferrous metals 8.3 11.4 7.5 R®M) 5.4
Aluminum 0.2 0.3 0.7 0@.5 0.7
Other nonferrous metals 0.5 0.1 0.4 (¥ 0.5
Textiles/Rubber/Leather 5.2 11.3 9.1 L 5.4
Wood 13.7 26.5 15.5 13(52.9 7.1
Stone/Brick/Concrete 7.2 4.6 6.1 B50) 3.1
Hazardous items 0.1 0.5 0.3 g 0.8
Miscellaneous items 37.0 14.3 23.9 2207 11.2

Note: MSW = municipal solid waste; PETE polyethylene terephthalate; and HDREhigh density polyethylene.

*These data were adjusted for moisture and solid contaminéén“Materials and Methods” sectjorSince no moisture content of the hazardous items

could be determined, a moisture content of 10% was assumed for the adjustment of the data. Due to the high inherent moisture content of the food ar
yard waste fraction, moisture was not considered contamination for this fraction. Since the miscellaneous items fraction was comprised cfya wide arr
of objects and materials, no solid contamination was assumed. Assumptions for solid contamination for which actual values were not deternmined: 5% fo
the food and yard waste and stone/brick/concrete fractions; 10% for the hazardous items fractions.

PEstimates based on data from all 21 N.J. cour&¥DEP 1993 adjusted for moisture and solid contamination based on data determined by Sfeir et al.
(1999. Data in parentheses are the unadjusted data. Note that adjusted and unadjusted data differ by no more than 1.6%.

“Average for Marion Co., Fla(Sfeir et al. 1999 adjusted for moisture and solid contamination.

INot determined.

Compared to raw MSWafter recycling, less paper, card-  Physical and Chemical Characteristics
board, and food and yard waste were found in the excavated overs . . _
fraction (Table 4. Although small amounts of paper, cardboard, There are numerous phyS|caI.and chemical chargcterlsncs of the
and food and yard waste were found in the fines fraction, it is €Xcavated waste that are of interest for the design of a landfill
likely that the reduction of these fractions can be attributed to "€clamation project. Due to time and financial constraints, the
degradation in the landfill. Nonbiodegradable fractions, such asnumber of characteristics and the number of samples analyzed
textiles/rubber/leather, ferrous metals, and other plastics, hadhad to be limited. The selected characteristics include those that
slightly greater percentage values in the excavated waste fromd\Ve an indication of Fhe environmental cond|t|on.s in the landfill
this study than those given in selected raw MSW compositional (témperature and moisturdhe degree of degradation in the land-
studies. A likely reason is that as the relative proportions of fill (volatile solids, and the quality of fines and overs, which is
readily degradable organid¢such as paper, cardboard, and food mportant for the.cor'13|derat|on of reuse, recyclmg, treatment, find
and yard wastedeclined due to degradation, the proportion of dllspo'sal(contamlnatlon of overs, bulkldensny, particle size dis-
nonbiodegradable fractions relative to the overall composition of tribution of overs, HHV, grain size of fines, and metals and syn-
the waste increased. Wood was slightly more abun@aatept for thetic organics in fings
Age B, where it was much more abundant, mainly due to two
samples with higher percentages of wood as discussed jplmove —Temperature
the excavated material in this study, as compared to raw MSW Temperatures in active landfills are usually higher than ambient
(Table 4. This is most likely due to reasons similar to those given temperatures due to the heat generated by biological degradation
above for the nonbiodegradable fractions. Materials with a high of solid waste and the relatively low heat loss because of the
lignin content, such as wood and newsprint, have been shown toinsulating properties of the waste, cover materials, and subsoil.
degrade very slowly under anaerobic conditions due to the physi-Most physical, chemical, and microbial processes taking place in
cal association between lignin and cellulose, which extensively the landfill are affected by temperature, such as solubility of
limits the amount of cellulose available to microbial degradation waste materials and metabolites, emissions of volatile substances,
(Cummings and Stewart 1994; Stinson and Ham 1995; Clarksonand pressure conditions in the landfill.
and Xiao 2000. Lastly, more miscellaneous items were found in The temperature of the excavated waste in this study varied
waste excavated during this study as compared to raw MSW. Thisfrom 22.2°C for a sample at a depth of 3.1 m to 68.3°C for a
was expected, since compaction and expansion of solid wastesample at a depth of 27.4 m. The temperatures increased approxi-
components, solids contamination, and degradation make excamately 1°C/m of depth(Fig. 1), and are of the same order of
vated material more difficult to sort and characterize than fresh magnitude as values found in the literatu/stal et al. 1992;
MSW. Gurijala and Sulfita 1993; Zornberg et al. 199%he waste exca-
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Fig. 1. Temperatures in landfill depending on depth Fig. 2. Temperatures in landfill at Ages B and C

vations in this study did not reach a depth in the landfill where the ~ The mean moisture content of the excavated waste in this
heat loss to the subsoil decreased the temperatures, as found bgtudy was 28.3%, by weight, with moisture contents of individual
Zanetti et al.(1997 and Attal et al.(1992, and as modeled by  excavated samples ranging from 18.8 to 41.6%. The mean mois-

El-Fadel(1997). ture content of excavated waste determined in this project is simi-
Age B excavated waste had a higher mean temperature tharar to values previously reported in the literature for excavated
Age C excavated waste over all depth intervals investigégag waste of similar age for nonbioreactor landfills: 35.3Ptam et

2). This finding may be due to the fact that Age C excavated al. 1993, 23.9% (Zanetti et al. 199y 21.9% (Zornberg et al.
waste was more recently landfilled and as a result may not havel999, 24% (Baumler et al. 20011
reached the same level of overall degradation, and thus heat gen- As expected, waste fractions that can absorb moisture such as
eration, as Age B excavated waste. There were not enough datgaper, cardboard, food and yard waste, wood, textiles, and fines
points to evaluate the effect of age for Age A excavated waste. had much higher moisture contents than the fractions that cannot
absorb wate(Table 5. Except for the food and yard waste frac-
Moisture Content tion, the mean moisture content of individual excavated waste
Moisture content is an important characteristic that determines thefractions was considerably higher than those presented by
environmental conditions in the landfill and also plays a role Tchobanoglous et al1993 for MSW components prior to dis-
when considering further processing of the excavated waste, suctposal. This suggests that most landfilled materials absorbed sub-
as biological or thermal treatment. Moisture content in landfills stantial quantities of water from precipitation and from materials,
depends on several interrelated factors, including waste composisuch as food and yard wastes, which tend to have a higher mois-
tion, waste type, waste properties, local climatic conditions, land- ture content at the time of disposal than found after excavation.
fill operation procedures, gas and leachate collection, and water For optimum biological activity in the landfill, moisture con-
generation and consumption due to biological proce&Q&m et tents of 40—70% are recommend@&arlaz et al. 1990 The mois-
al. 2002. ture content of the biodegradable fractigiable 5 indicates that

Table 5. Moisture Content of Sorted Fractio® by Weight, Wet Basis

Number of Interquartile Raw
Fraction samples Mean Median Range range municipal solid waste
Paper 23 44.9 46.2 30.8-53.7 40.7-48.2 6
Cardboard 22 42.8 44.0 26.9-53.4 37.8-47.1 5
Food and yard waste 20 41.7 44.1 18.2-65.4 37.7-48.5 70
Polyethylene terephtalate and 16 9.6 11.2 1.3-21.4 2.0-13.2 L
high density polyethylene content
Other plastics 22 21.8 20.8 8.6-36.7 17.2-29.5 2
Glass 18 0.4 0.2 0.0-15 0.2-0.5 2
Ferrous metals 20 4.4 2.0 1.0-15.7 1.6-4.4 3
Aluminum 17 14.0 15.2 3.9-31.2 7.9-17.1 2
Text./Rubber/Leather 22 29.9 294 9.6-51.7 23.1-35.1 2-10°
Wood 23 39.6 414 21.3-515 35.0-46.8 20
Stone/Brick/Concrete 19 3.8 2.6 1.1-8.2 14-45 ¢ —
Miscellaneous items 23 24.7 23.4 13.6-42.2 19.3-28.6 ¢ —
Fines 24 27.2 25.8 16.0-43.0 22.2-32.9 ¢ —

*Typical value for residential MSW, adapted from Tchobanoglous &t18P3.
PTextiles, leather: 10%, rubber: 2%.
°Not determined.
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Fig. 3. Relationship between moisture content of fines fraction and

total sample . . . I
P Organic matter is one of the waste properties that might influ-

ence the field capacitfto hold wate) of waste(Zornberg et al.

1999 and therefore higher moisture contents would be expected
they were at the lower end of this optimum range. The effect of with an increase in organic matter. In this study, no correlation
capping the landfill on the moisture content of various fractions was found between moisture content and organic matter measured
was evaluated, but none was found. as VS except for the fines fractidiR?=0.50.

The moisture content of the excavated waste samples in this  Over the lifetime of a landfill, due to degradation of organic
study could be predicted by the moisture content of the fines matter(measured as volatile soligglry mass of waste deposited
fraction (Fig. 3. The moisture content of the fines and the mois- in a landfill is reduced. For Landfill Number 1, dry mass of waste
ture content of samples containing all fractions were almost decreases from Age C to Age B and Age A. To determine this
equal. Considering the heterogeneity of the excavated waste, theeduction, the mass of VS was calculated for 100 kg of dry mass
R? of 76% indicates a good correlation. Since representative finesat Age C based on the composition, moisture, and VS data of this
samples are easier to collect than representative waste samplestudy. Then, the mass of volatile solids of these 100 kg of dry
containing all fractions, fines samples might in the future be used mass at Age C were calculated at Age B and Age A based on the
to predict the moisture content in samples containing all fractions. composition, moisture, and VS data for waste at Age B and A.

There is conflicting information in the literature concerning The calculation was made with the assumption that only the fines,
the correlation between moisture content and de@hbr and food and yard waste, cardboard, paper, and wood fractions con-
Valero 1995, Zornberg et al. 1999n this study, when all data  tributed to the volatile solids mass and that only these fractions
were included no correlation between moisture content and depthdegraded over timéther material masses were consejvathis
in the landfill was found. However, if wastes from individual gas assumption is on the conservative side since the differences
extraction well borings were considered, the moisture content in would be even larger if the remaining fractions would also be
samples from some gas extraction wells increased with depthreduced.

while from others it did not. This calculation showed that the initial mass of volatile solids
in all fractions decreased over time, although to various degrees
Volatile Solids (Fig. 4). While the 100 kg sample contained 33.1 kg volatile sol-

The volatile solids(VS) content of the cardboard and food and ids at Age C, only 19.2 kg volatile solids were left in the sample
yard waste fractions decreased with the age of the wédte at Age A. This indicates that 13.9 kg of volatile solids in the
<0.10, Table & These differences can most likely be attributed 100 kg sample degraded over the time from Age C to A. The
to increased amounts of adherent soil in the older excavatedpercentage of the volatile solids reduction from Age C to A was
wastes. Although statistically not significant, a similar trend was 35% for fines, 53% for food and yard waste, 42% for cardboard,
found for the paper, wood, and fines fractions. For the fines, this 68% for paper, and 34% for wood. However, possibly part of the
trend likely represents biodegradation of the orgdmeasured as  calculated degradation can be attributed to a higher contamination
volatile solidg fraction. level of the older waste, and therefore more organic matter being

Table 6. Volatile Solids Content of Selected Excavated Waste Fraciigmby Weight, Dry Basis

Age
Fraction A: February 1989-March 1993 B: April 1993—-March 1997 C: April 1997—November 1999
Paper 68.5a 67.8a 80.9a
Cardboard 64.2a 83.1b 85.8b
Food and yard waste 42.8a 71.3b 71.5b
Wood 76.9a 85.5a 81.3a
Fines 24.4a 30.8a 35.0a

Note: Statistical significance was tested using an arcsine transformation but reported means are means of untransformed data. Means wihiedows foll
by the same letter are not significantly differé®<0.10).
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Table 7. Contamination(Adhering Solids, Mis-Sorted Items, and Moistu Excavated Overg% by Weight, Wet Basis

Age

Fraction A B C Sfeir et al.(1999
Paper 67.4 a 66.8 a 62.5a 16.5
Cardboard 84.1a 76.6ab 62.0b 10.5
Polyethylene terephtalate and 57.3 a 46.8b 30.9b 12.8
high density polyethylene containers

Other plastics 60.8b 70.3 a 50.2b 22.7
Glass 8.1a 194 a 10.6a 2.7
Ferrous metals 33.7a 239a 22.2a 9.7
Aluminum 76.3 a 80.3 a 57.4b 10.6
Textiles/Rubber/Leather 559 a 48.9 a 38.5a 19.2
Wood 578 a 522 a 49.0a 4.0

Note: Means within rows followed by the same letter are not significantly diffefernt0.10.

attached to the other waste fractions. This is supported by theglass fraction, whose bulk density was approximately 2.9 times
finding of increasing contamination levels with a@ee below greater in this study than determined for excavated waste from the
Volatile solids determination, although not a measure of avail- Town of Moriah landfill, and about 3.4 times greater than found
able organic matter, is a relatively simple and inexpensive way to in raw MSW (Tchobanoglous et al. 1983A possible explanation
assess the potential degradability of waste excavated from a landis that in this study mainly very small glass shards were found.
fill. However, in future studies, it would be desirable to determine  The bulk density of the fines fraction in this study ranged
another parameter that better characterizes the degradable portiopetween 370 and 1,206 kgPfrwith a median of 742 kg/f This
in the excavated waste. No parameter of this sort has gained univalue is considerably lower than the range of values determined
versal acceptance, but various methods including biochemicalin previous landfill reclamation studi¢Borster 1994; Reis 1995
(Stinson and Ham 1995; Fricke et al. 200gravimetric(Mller Possible explanations for this discrepancy include the method of
et al. 1998, chemolytic(Pichler and Kégel-Knabner 2090and separation of fines and overs, the method of determining bulk
solid-state 13C nuclear magnetic resonance spectroscopic methgensity, and the original cover soil composition. The waste char-
ods(Pichler et al. 2000; Baumler et al. 200dre in use and/orin  acterization results of this study were based on analyses of hand-

development. sorted samples, as compared to other cited studies, which ana-
o lyzed screened excavated material. Thus, a greater proportion of
Contamination of Overs low-density materials was probably present in the fines fraction of

If moisture, adhering solids, and mis-sorted items are taken into s study because of the increased contact time with the screen.
account, considerably less materials are recovered from the excagach of the other cited studies measured the bulk density of fines
vated waste than the composition of the excavated w@stele by weighing “filled” rolloff containers of known volume where a

3) indicates. The level of contamination of the ovémsoisture, higher compaction can be expected. Lastly, cover soil in this

adhering solids, and mis-sorted itemaiso helps to determine g4y contained wood chips starting in 1995, which might have
their recycling potential, since contamination affects the degree t0 5,54 resulted in a lower bulk density of the fines fraction.

which the recyclables can be marketed. The highest contamina-  geayeral fractions showed increasing bulk density with age

tion levels, over 60-80%, were found for the paper, cardboard, (rapje §. Most likely this can be attributed to increased contami-

oth_er plastics, and aIu_mln_um fractions. These levels of gontaml- nation of older materia(Table 7 as well as increased degradation
nation exceed contamination levels found for raw M$S¥eir et

al. 1999. However, it should be noted that in this study a consid-

erable portion of the contamination of the paper and cardboard

fractions was caused by mis-sorted items. About 5% of the paper

and about 15% of the cardboard fraction in this study was due to Taple 8. Bulk Density of Selected Fractiortgg/m?)

the inclusion of kraft paper in the cardboard samples and card-

board in the paper samples. Age Moriah
There was also increasing contamination found for the card- g action A B c NY2

board, PETE and HDPE containers, other plastics, and aluminum

fractions with time in the landfil[Table 7. This may be due to ~ PaPer 424 320ab 29 305
the fact that many older excavated materials were more degraded-ardboard 40%  225b  21% —
and/or deteriorated, making separation more difficult. Other plastics 177a 153ab 7% 159
Textiles/Rubber/Leather 293 275ab 2020 392
Bulk Density Wood 324a 344 a 266a 303
Bulk density of excavated waste is important for the design of Fines 893 776ab 651b >

systems for its transportation, treatment, recycling, reuse, and dis-Note: Means within rows followed by the same letter are not significantly
posal. There is very limited information available in the literature different(P<0.10. Analysis of variance was performed with log trans-
concerning the bulk density of materials excavated from landfills, formed data, and back transformed means are reported.

but the results from this studg¢Table § are similar for most ®Reis (1995. Moriah data given for other plastics is for plastic films
fractions to values found for excavated waste from the Town of fraction; overs are considered screening rejects greater than 3.81 cm.
Moriah landfill in New York (Reis 199%. An exception is the ®Not determined.
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Table 9. Particle Size of Selected Fractiof¥% Less than Stated Screen Size in Each Aged Section, Wet)Basis

Screen size
2.54 cm 10.2 cm 15.2 cm
Age Age Age
Fraction A B C A B C A B C
Paper 14.4a 11.&b 6.8 70.4a 60.1a 61l.4a 89.5a 79.8a 86.1a
Cardboard 14.%9 7.6ab 4.6b 60.7a 34.3a 425a 94.3a 61.5b 68.8b
Other plastics 19.5 16.8 a 10.% 64.9a 6l.2a 57.1a 80.7a 77.7a 76.6a
Ferrous metals 12.6a 11.0ab 5.5 77.6a 52.4a 62.5a 92.9a 62.5a 86.0a
Textiles/Rubber 6.6a 6.8 a 5.4a 33.8a 31.7a 20.7a 47.4a 59.3a 44.7a
Wood 11.22 11.7 a 8.5a 62.7a 68.4a 63.2a 93.7a 92.5a 87.3a

Note: Statistical significance was tested using an arcsine transformation but reported means are of untransformed data. Means within a siizgle screen
within a row followed by the same letter are not significantly differét0.10.

and deterioration. For the fines, this trend likely represents bio- Higher Heating Value

degradation of the organi¥/S) fraction and the absence of wood  The HHvs calculated for the paper, cardboard, plastics, and wood
chips in the excavated waste of Age A. fractions(as excavatedwere considerably lowefTable 10 than
Particle Size Distribution of Overs values repprted for raw MSV(Neis_sen 1977; Tchobanoglous et
The particle size distribution of excavated overs is an important al. 1993. Ll_kely rgasons are the h|gher _m0|sture content and the
parameter in the design of landfill reclamation process operations,0Wer volatile solids contentéadhering finep of the excavated
particularly for the sizing of mechanical separation and grinding fractions. The HHV of food and yard waste was approximately
equipment such as trommel screens, magnetic separators, anéiqual to the HHV of food and yard waste in raw MSW. This was
hammer mills. In this study, some excavated waste might have probably caused by the lower moisture content of food and yard
been cut or broken by the auger. Nonetheless, the presented datwaste when excavated from the landfill compared to raw waste.
(Table 9 and Fig. pmight be useful for a feasibility study or There were four paper samples that showed unusually high
preliminary design of a mining operation because of the limited Hvs. The carbon-to-oxygen ratio of these samples indicates that
data available in the literature. they consisted mainly of material other than cellulose, the main
Age can affect the partlclt_e size distributigfable 9. Several constituent of paper. Possibly, the paper was contaminated with
of the excavated waste fractions of the older w&sige A) have . .
hydrocarbons, which is supported by the carbon-to-oxygen ratio

greater proportions of material less than 2.54(&w<0.10. The : )
differences within the paper, cardboard, and ferrous fractions can@"d the gasoline smell that was detected when processing these

be attributed to increased contamination of older matéfiable samples.

7) as well as increased degradation and deterioration. Differences The change of proportions of various fractions in the exca-
for the other plastics fraction were most likely due to increased vated waste compared to raw MSW, with an increase of the
contamination of the older material. higher caloric fractions such as plastic and decrease of lower

100

—o— Paper

—— Candboard
——Food & Yard
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Fig. 5. Particle size of selected fractions
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Table 10. High Heating Value of Selected Fractiofisl/kg, as Excavatgd

Number of Interquartile Residential raw
Fraction samples Mean Median Range range MSW®
Papef 15 8,000 7,700 6,200-10,200 7,400-8,700 11,600-18,600

(29 (10,600 (8,300 (6,200-23,50D (7,400-10,20D

Cardboard 3 8,200 8,100 7,400-9,100 a_ 14,000-17,400
Food and yard waste 2 5700 - 4,600-6,900 < 2,300-18,600
Other plastics 14 16,600 15,600 3,000-32,000 12,300-20,200 28,000-37,200
Wood 15 8,900 8,600 6600-12,100 7,900-10,000 17,400-19,800
MSW —d —4 —4 —4 — 9,300-14,000

Note: MSW=municipal solid waste.

®Four samples were excluded because the carbon-to-oxygen ratio indicated that these samples consisted mainly of materials other than cellulos

Contamination with hydrocarbons was suspected. Data in parentheses include these four data points.
PExcluding fractions now recycled. Adapted from Tchobanoglous €t1a83.

°For MSW including commercial waste a value of 10,700 kJ/kg is given in Tchobanoglous(£998.

INot determined.

caloric fractions such as food and yard waste, is expected to result/mplications
in a HHV of the overs closer to the HHV of raw MSW. This is

supported by findings from Saler(i997). Effect of Age

Age differences were found for the waste composition, for the
Grain Size of Fines temperature, and for the particle size distribution and bulk density
No age effect was observed for the grain size of the fifés 6). of several biodegradable fractions, suggesting that degradation

This can be attributed to the fact that some fines samples con-had indeed been occurring within the landfill. The effect on par-
sisted mainly of cover soil, while others were mainly waste or a ticle size and bulk density is not only an effect of biodegradation

mixture of soil and waste. This factor far outweighed any effect of but also of the constant chemical and physical impacts on the
age, including the presence of wood chips in the daily cover start- materials within the landfill.

ing in the spring of 1995 or smaller grain size due to decompo- Increasing recycling rates seemed to have had only a limited

sition of degradable waste components. age effect on the composition of the excavated materials. The
only effect was found for glass. One reason for the limited effect

Chemical Analyses of Fines was that only a small portion of the waste fractidns., alumi-

Results of the chemical analyses of the six samples tested for thenum and glagsdeposited in 1989 was diverted by additional re-
109 parameters of NJDEP RDCSCC showed that all criteria were cycling in 1999.

met, except for two samples that showed elevated concentrations  Contamination, mainly from adherent soil, showed an increas-
of PCBs and two samples that had elevated concentrations of bisng trend with age in the landfill. This was also found by Steg-
(2-ethylhexy) phthalate. However, the excavation, screening, and

transport processes prior to sampling and the six week storage

after excavation, undoubtedly reduced the concentrations of vola-

tile and semivolatile compounds in the excavated material, and

thus additional parameters may have exceeded the NJDEPTable 11. Selected Trace Metal Concentrations in Excavated Himes,
RDCSCC. Detailed results are reported elsewligregmann et Dry Basig

al. 2003. Even though trace metals did not exceed the current

Rutgers

NJDEP RDCSCC, some elements exceeded New Jersey soil Mean Cooperative
background levels and the Rutgers Cooperative Extension recom- (median Background Extension
mended levels when applying sewage biosolids to agricultural concentration concentration suggested
land (Table 12. Trace in excavated in N.J. soil NJDEP
metal fines soild limits® RDCSCC
Arsenic 9.1(8.6) 453 1-20 20
3 ® rd Cadmium  1.2(1.2) 0.25 2 39
80 +—{ Sieve No. Sieve Openings (mm) . C
1ol W 190 pA Chromium  26(24) 11.0 — 240(120,000
2 ol 4 a7s / Mercury — 0.4(0.4) 0.18 1 14
ol ¥ 0500 / ——rryy Lead 55(46) 63.2 150 400
full % 0150 // ——AgeB zinc 487 (406) 69.0 130-200 1,500
% B iﬁ §§ 7 —AgeC Note: NJDER-New Jersey Department of Environmental Protection; and
s %0 = RDCSCGC=Residential Direct Contact Soil Cleanup criteria.
§ j: —'% ®N.J. data, sample size=72; 19 urban, 18 suburban, 35 rural soil samples,
. arithmetic mear(Fields et al. 199p
001 0.10 100 10.00 100.00 PLimits are suggested when land applying sewage biosolids to agricul-
Size of Sieve Openings (mm) tural land, not for sandy soild)RCE 2000.
“Hexvalent Cr for inhalation pathway. Value in parentheses is for trivalent

Fig. 6. Grain size distribution of fines cr.
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mann and Heyer(1995. Not surprisingly, given this finding, Combustibility of Selected Excavated Waste
volatile solids content for biodegradable fractions showed a de- Fractions

creasing trend with age in the landfill.
Treatment processes to reduce the volume of excavated overs to

be relandfilled include, but are not limited to, incineration. As

Potential End Uses discussed, the HHVs of most individual waste fractions from the
) excavated MSW of Landfill Number 1 were lower than from raw
Reuse of Fines waste due to elevated moisture and contamination. However, the

Potential end uses for fines excavated from the landfill include overall HHV of reclaimed overs is expected to be closer to that of
landfill cover material on site or off site or as clean fill off site. If raw MSW due to the increased proportion of high energy content
the excavated fines are to be reused as daily cover in New Jerseyfractions, such as plastics and wood, in the excavated MSW.
certain state standards concerning size and organic matter content Incineration of excavated material in a MSW incinerator as a
must be met. The NJDEP requires all landfill cover to meet four part of a fuel mixture with fresh MSW has been successfully
standards(N.J.A.C. 7:26-2A.8(b)1)8 These standards were de- €mployed on a full-scale basis in Lancaster County, (Parster
signed to ensure daily cover materials have the necessary propert994. A test burn performed by Saleri1997) determined the
ties to serve as a fire bredktandard 1: VS 12%), to minimize energy content for a 50/50 mixture of composted reclaimed waste
seepage of leachate from the side slopes of the larfgfdhdard ~ and raw waste to be approximately 13,100 kJ/kg, which closely
2: less than 20% 0.075 mm), to allow even gradingstandard 3: approximated 24 h averages for 100% fresh waste. .A more in-
more than 40%<2 mm), and to impede vectors from entering depth study performed by Forstér994 showed that a mixture of

the waste and to control malodorous emissigegandard 4: W waste componentMSW, fire chips, wood chips, and se-
100%< 15.2 cm. lected residual wastgand reclaimed waste in a 4:1 ratio reached

approximately the energy content of raw MSW. However, equip-
jnent wear, ash generation, and hydrogen chloride emissions were
higher when processing a mixture of raw and reclaimed waste.
Composting was suggested to dry the excavated waste before
thermal processing, which would improve the screening effi-
ciency for the removal of the fines, as well as reduce adhering
solids and therefore reduce the ash generation during thermal pro-
cessing(Collins et al. 2001

All fines samples met standards 2 and 4. Twenty of the 23
samples of excavated fines exceeded the maximum concentratio
for volatile solids of 12%(Standard L However, stones were
excluded before grinding the fines samples for the volatile solids
analysis. Assuming that 20% stones were removed before grind-
ing, the mean volatile solids would be 19.4% at Age A, 24.6% at
Age B, and 28.0% at Age C. Even though this reduces the volatile
solids content in the fines, Standard 1 still would not be met. Five
of 37 fines samples met Standard 3. If the screen openings were
reduced to 1.27 cm, 18 of 37 samples analyzed would meet thisLandfill Volume for Relandfilling Excavated Waste
criterion. Other excavation projects did not mention any limita-

tions of excavated fines for use as landfill cover. for German landfill mining projects related to site remediation

If off-site uses other thgn daily covefor road sides, for ex- where excavated MSW was relandfilled without recycling or
ample were pursued, the fines would have to meet state standards g se of the excavated fractiot@ollins et al. 200L The extent

for certain chemicgls. AIthough the number of §amples analyzed ot the reduction depends on the degree of degradation of the
for the 109 chemical contaminants currently listed under New p;qqeqgradable fraction and the compaction of the landfill prior to
Jersey's RDCSCC is not sufficient to allow for the excavated eycavation. Using data from Landfill Numbefdverage in-place
fines to be used off site, they do offer insight into what com- density of 1,150 kg/fat time of excavatior{see site descrip-
pounds and concentrations, for pesticides, PCBs, and metals, caggp), average moisture content of 28.3&#nd an equation devel-

Reductions of 8-30% in required landfill volume were reported

be expected in the fines fraction. oped by Collins et al(2001) based on pilot-scale experiments, a
The fines were aesthetically unpleasing due to contaminantsyolume reduction of 22% is estimated. According to Collins et al.
such as plastic and glass, as also found by RE®95. If all (2001), recompacting waste excavated from a landfill results in a
visual contaminants are to be removed, a screen with 2 mm open-substantial volume reduction due to reduction of pore spaces and
ings is needed and the fines mass will be reduced by 70%. voids caused by biodegradation. Volume reductions caused by
recompacting excavated waste should be further investigated. Ad-
Recycling of Selected Excavated Waste Fractions ditional volume reductions are expected if certain fractions such

High levels of physical contamination have proven to be an in- as fines are reused or recycled.
surmountable obstacle to the recycling of most of the materials

excavated in other landfill reclamation projedidiller et al.

1991; Salerni 1992; von Stein et al. 1993; Reis 19%=®rrous Summary and Conclusions
metals, however, were in a marketable condition for recycling in

the reclamation project in Sandtown, DéMiller et al. 1993. In this study, representative samples of different age materials
From the contamination data and visual observations, it has beenyere collected from Landfill Number 1 at the Burlington County
concluded that most of the excavated overs fractions could not beResource Recovery Complex in New Jersey, which was operated
recycled without drying and additional processing. Further infor- from 1989 until 1999. Based on these samples, the composition of
mation regarding additional processing can be gained from thethe materials and selected characteristics were determined and
experience with MSW composting and mechanical-biological re- statistically analyzed. Such a statistical analysis could not be

sidual waste processing currently practiced in Eur@yéller et found in the literature.

al. 1998; Heering et al. 1999; Fricke et al. 200®/hile techno- The fines fraction, representing about 50% of the mass, was
logically feasible, currently costs might be prohibitive under U.S. the largest fraction of excavated material. Main fractions of the
conditions. overs, which represented the remaining 50%, were miscellaneous
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items, wood, other plastianot PETE or HDPE containersand E830-87 West Conshohocken, Pa.

paper. Less paper was found in the older waste most likely indi- American Society for Testing and MateridbSTM). (19998. “Standard
cating that microbial degradation had occurred in the landfill. The ~ test methods for instrumental determination of carbon, hydrogen, and
moisture content of the excavated waste samples in this study Nitrogen in petroleum products and lubricani®3291-96 West Con-

could be predicted by the moisture content of the fines fraction. Sh_OhOCIS(en_' 'tjaf Testing and MaterigsSTM). (19990, “Standard
Since representative fines samples are easier to collect than rep- merican Society for Testing an a_ena(_l% )- ( ; 0. “Standar
test method for laboratory determination of watsristure content

resentative waste samples containing all fractions, fines samples ' o000 by mass.D2216-98 West Conshohocken, Pa.

might in the f‘%“_”e be “599' to predict the moisture Con_te_m N American Society for Testing and MateridiSSTM). (19994d. “Standard
samples containing all fractions. Several of the characteristics of (et method for particle-size analysis of soil©422-63 West Con-
the materials excavated from the landfill, such as temperature, ghohocken, Pa.

particle size, bulk density, volatile solids, and contamination, American Society for Testing and Materid&sSTM). (19998. “Standard
were correlated with the age of the deposits made. While the fines  test methods for sulfur in the analysis sample of coal and coke using
fraction can be reused at least as daily cover in landfills, other  high temperature tube furnace combustion methddg239-97 West
fractions except ferrous metals were of low quality and could be ~ Conshohocken, Pa.

recycled only after intensive processing, if at all. The HHVs of Attal, A., Akunna, J., Camacho, P., Salmon, P., and Pari$1992.

the paper, cardboard, plastics, and wood fracti@ssexcavated ‘_‘I_Anﬁercl)bi;:ad;igrza:%atizosr;of municipal wastes in landfiWater Sci.
were considerably lower than values reported for raw MSW. echno, » £457ED3. .

However, the overall HHV of reclaimed overs is expected to be Baraz M. A, Ham, R. K., and Schaefer, D. M990. “Methane pro-
closer to that of raw MSW due to the increased proportion of high g;(;t_'%'; 4fr°m municipal refuse Crit Rev. Environ. Control 196),
energy content fractions, such as plastics and wood, in the €XCag mier. R.. Lindel. S., Knicker, H.. and Kogel-Knabnel(2009). “Sta-
vated MSW. , . _ bility of organic matter in an old landfill site-A case study in northern

. The me_thod_ology to determine the reclaimed Wast_e composi- Bavaria(Germany.” Proc., 8th Int. Landfill Symp.S. Margherita di
tion qsed |n. this study can be recommended for StUd_'es at other Pula, ltaly, Environmental Sanitary Engineering Centre, Cagliari,
landfills. Using whole bucket samples avoided sampling bias. In 1)y 457 464.

future studies, it might be advisable to determine another param-carruth, D. E., and Klee, A. 11969. “Analysis of solid waste compo-
eter (besides volatile solidsthat better characterizes the degrad- sition, statistical technique to determine sample size, SW-19ts.”
able portion in the excavated waste. In addition, the methodology  United States Department of Health, Education, and Welfare, Public
to determine bulk density should be modified taking the exerted  Health Service, Washington, D.C.

pressure into account to better reflect bulk densities at variousClarkson, W. W., and Xiao, W2000. “Bench-scale anaerobic biocon-
process stagg®.g., loose on conveyor, loose in truck, compacted ‘égfsli%f(‘) of newsprint and office papeiWater Sci. Technal.41(3),

in truck). S o

Whether a formal waste characterization study, as performed ©0!ins. H--J., Brammer, F., and Harms-Krekeler, (2009). “Riickbau
here, is needed for other landfills considering landfill reclamation ~ Von Siedlungsabfall-DeponienMll-Handbuch G. Hosel, B. Bi-
depends on the required precision of the waste composition and litewski, W. Sphenkel,_and H. 'S_Chnurer, eds., Kennzahl 4670, Liefer-
characteristics information and the objectives of the landfill rec- _ Und 3/01, Erich Schmidt, Berlitin German.
lamation. For example, regarding composition it was found that Cummings, S. P, and Stewatrt, C. (3994. "Newspaper as a substrate

) . ! LS . for cellulolytic landfill bacteria.”J. Appl. Bacteriol. 76(2), 196—202.
the order of njagnltude. was S|mllgr to other prolects. 'However, Eleazer, W. E., Odle, W. S. Ill, Wang, Y.-S., and Barlaz, M.(4997).
the wood portion was higher than in other projects, which would  gjodegradability of municipal solid waste components in laboratory-
be important, if energy recovery was planned. scale landfills.”"Environ. Sci. Technql.31(3), 911-917.

Even though no costs were determined in this study, the low El-Fadel, M.(1991). “Modeling gas and heat generation and transport in
recyclability suggests that landfill reclamation is currently only an sanitary landfills.” PhD thesis, Stanford Univ., Palo Alto, Calif.
economic option under specific circumstances. This is also theFields, T. W., McNevin, T. F., and Harkov, R. £1992. “A summary of
case in central Europe. Reasons for landfill reclamation in central ~ selected soil constituents and contaminants at background locations in
Europe include: availability of special cleanup funds for contami- ~ New Jersey.” New Jersey Department of Environmental Protection,
nated sites; cheaper or more accepitedthe publid remediation Trenton, N.J. - , _
option for landfills contaminating drinking water: cleanup of sites ~OrSter, G{1994. "Assessment of landfill reclamation and the effects of
for housing development, especially in densely populated, high age on the combustion of recovered municipal solid waste.” Lancaster

ized ) bii h . f - | S County Solid Waste Management Authority, Lancaster County, Pa.
prized areas; enabling the operation of regional MSW incinerators Fricke, K., Maller, W., Santen, H.. Wallmann, R., and Ziehmann, G.

at full capacity; providing fuel for the cement industry; reuse of (2002. “Stabilitatskriterien fur biologisch behandelten Restmiill,

already available landfill infrastructure, simplification of the per- Konsequenzen fir den Bau und Betrieb von MBA-Anlagen und De-

mitting process; and gaining of landfill space if the landfill was  ponien.” Miill-Handbuch G. Hésel, B. Bilitewski, W. Schenkel, and

only moderately compacted. H. Schnurer, eds., Kennzahl 5614, Lieferung 11/02, Erich Schmidt,
Berlin (in German.
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