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ABSTRACT

Open dumps pose significant environmental and health risks due to uncontrolled solid
waste disposal. Enhanced landfill mining (ELFM) repurposes old dumps, recovering
materials and energy while mitigating environmental impacts. This study explores the
geotechnical reuse potential of segregated legacy waste (SLW) from two major municipal
solid waste (MSW) dumps in Delhi, India. The samples aged 10 — 20 years of MLW, -30
mm (entire trommeled fraction, ETF), 30 to 6 mm (coarse fraction, CF) and -6 mm (fine
fraction, FF) generated during landfill mining (LFM) operation at the site were obtained.
The present study has meticulously designed the following experimental program to

assess the reuse potential of SLW:

a) Physico-chemical characteristics such as physical composition, moisture content
(M.C), organic content (O.C), mineralogical composition and chemical
constituents.

b) Geoenvironmental characteristics to identify the contaminants of concern (CoC)
such as pH, electrical conductivity (EC), release of colored leachate, dissolved
solids and heavy metals.

¢) Geotechnical characteristics such as grain size distribution (GSD), specific
gravity, consistency limits, unit weight, compaction characteristics and
permeability.

d) The impact of heavy metal contamination on human health has also been assessed.
Additionally, for assessing a sustainable management practice of legacy waste, life cycle
sustainability assessment (LCSA) has been carried out by suggesting four alternative
scenarios of legacy waste management. The suitability of SLW for disposal in engineered
landfills (ELF) has also been reviewed against the threshold limits prescribed in

regulatory guidelines.
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The 10-20 years old mixed legacy waste (MLW) is a heterogeneous mix of many
components, which makes it challenging to segregate and repurpose as individual usable
materials. The analysis of MLW revealed that the SLM (-20 mm fraction) constitutes
more than 60% in MLW, that indicates the potential of legacy waste for bulk reuse as the
replacement of natural soil. The SLW fraction has elevated M.C up to 30% that aligns
with the observations from the previous studies. The high M.C of SLW results adherence
of FF on the surface of the CF resulting inefficient removal of FF during trommeling of
freshly excavated legacy waste (ELW) without sufficient drying and pre-processing. The
O.C up to 12% in the SLW was found to be significantly higher than the local soil
(background level). High O.C limits the use of SLW in earthwork applications without
any control measures. While high O.C is generally not deemed a contaminant, its impact
on the structural stability and serviceability of construction projects cannot be overlooked.
The mineralogical composition revealed the major components of SLW as quartz, calcite
and feldspar which can be evident from the results of chemical constituents where major
components being Si, Ca, Fe and Al. Substantial presence of inorganic constituents was
observed by x-ray fluorescence (XRF) analysis of SLW.

The concentration of total heavy metals determined by acid digestion revealed a
significant contamination potential when compared to the background levels. The results
of toxicity characteristics leaching procedure (TCLP) concluded that the SLW fractions
do not pose hazardous to the environment and thus, can be disposed of in non-hazardous
landfills with appropriate treatment and design measures. The effect of particle size and
liquid to solid (L/S) ratio was studied by single-stage batch leaching (SBL) and up-flow
column leaching (UCL) tests. A significant effect of particle size and L/S ratio was
observed from the study. It revealed that the FF holds higher contaminant concentration

compared to the CF and ETF across all categories of contaminants. Moreover, the UCL
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test revealed gradual reduction in contaminant concentration in the water extracts of SLW
over a range of L/S ratio from 0.1 L/kg to 10.0 L/kg. Release of colored leachate, a less
studied parameter in the literature, was studied in both SBL and UCL tests. High color
intensity was observed to be leached from FF in SBL test apparently disappeared at a L/S
ratio of 10.0 L/kg in UCL test.

The contamination indices determined based on the concentration of total
available heavy metals in SLW and background levels revealed that the heavy metals do
not present any threat to the environment and human health. However, indiscriminate
dumping of SLW in open areas can affect the human health and coloration of water
sources.

The field study conducted to minimize the contaminant concentration by repeated
trommeling (RT) of CF revealed a proportionate reduction in both the M.C and O.C with
the reduction in FF from the CF. A progressive decline in overall FF removal efficiency
was observed with the advancement of RT phases during field repeated trommeling (FRT)
process. In first RT, 15-16.7% of FF removal was observed which reduced to 3.3-3.8% at
the third RT during the FRT process. The leaching parameters such as dissolved solids,
EC, color intensity, trace metals were notably influenced by both the L/S ratio and FRT
process.

The geotechnical characteristics of ETF was evaluated, and the results were
benchmarked against the properties of local soil. The test of compaction characteristics
yielded an optimum moisture content (OMC) of 12.5-15% and maximum dry density
(MDD) of 16-18 kN/m>. The permeability of ETF was observed to be in the range of
1.3x107 to 3.2x107 m/s aligns with the local soil (5.7x10”7 m/s). The analysis suggests

the potential suitability of SLW for replacing local soil in various field applications. This



assessment highlights the importance of sustainable waste management practices in
reducing the reliance on natural soil resources.

The comparative assessment of characteristics of SLW revealed that the
parameters such as O.C, color intensity, total available heavy metals (except As),
dissolved solids are multi-fold beyond the background levels and highly elevated for
unrestricted use as soil. The leachable trace metals do not constrain the unrestricted and
open reuse of SLW. However, this parameter should not be studied in isolation and
appropriate design measure should be considered to constrain the mobility of concerned
contaminants.

The LCSA of legacy waste management revealed that the current scenario of
indiscriminate dumping of SLW in unregulated areas pose severe environmental and
public health risks. In addressing the cumulative toxicity impacts, the prospective
scenario involving the implementation of an engineered cover system (ECS) to both
existing and future filling of ETF emerged as the most favourable option among the three
scenarios. While the prospective scenario involving complete containment of the fill area
may appear resource intensive and time consuming, it can serve as prudent engineering
decision, particularly in locations where the groundwater table is shallow, adjacent to the

base of the deep pits and dead mines.
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