
Energy and Environmental Engineering 2(2): 55-66, 2014 http://www.hrpub.org 
DOI: 10.13189/eee.2014.020203 

Investigation of the Migration of Selected Volatile Organic 
Compounds in Groundwater Under an Unlined Landfill 

Elizabeth A. Martinez, Lubo Liu* 

Department of Civil and Geomatics Engineering, Lyles College of Engineering, California State University Fresno, Fresno, CA 93740 
*Corresponding Author: llubo@csufresno.edu 

Copyright © 2014 Horizon Research Publishing All rights reserved. 

Abstract  Historical data over an 18-year-period were 
examined in this study in order to determine the significance 
and impact of an unlined landfill on groundwater. A series of 
constituents historically and currently detected at an unlined 
landfill were selected for this investigation. The data indicate 
that there have been a substantial decrease in the 
concentration of VOCs after the implementation and 
operation of a pump and treat system that was required by 
governing state agencies in a site remediation effort. The 
results and findings of this research indicate that the pump 
and treat method and the landfill gas extraction system at the 
Chestnut Avenue Landfill properly contained the 
contamination plume. All constituents detected at the site 
have not been detected since 2005, except that of 
Trichloroethene, which has been detected until recently at 
low concentrations. It is suggested that a different form of 
remediation be proposed, as the pump and treat system has 
been as effective as possible and further remediation of the 
one remaining constituent may be infeasible.  

Keywords  Landfill, Pump And Treat System, Volatile 
Organic Compounds 

 

1. Introduction 
Landfills are an important part of a community. Allowing 

waste to be disposed of anywhere would create high levels of 
contamination and it would be impossible to properly 
monitor these random piles of waste, not to mention it would 
pose a devastating threat to water quality and human health. 
Landfills promote a safer and cleaner environment by 
allowing all designated waste to be properly disposed of in a 
certain location, where it can be monitored appropriately. 
Many communities have at least one landfill, if not several, 
to serve the surrounding population and industries. Landfills 
pose a significant threat to groundwater quality, especially 
if they are unlined, because water that has come into contact 
with waste can migrate under the landfill and contaminate 
groundwater. Relevant articles to this topic and/or the 
methods used were gathered and evaluated. 

Leachate is formed within the landfill through biological, 
chemical, and physical processes that promote the 
degradation of wastes (Worrell & Vesilind, 2011). Leachate 
is extremely variable in its characteristics and depends on the 
level of composition of the solid waste, precipitation rates, 
site hydrology, compaction, cover design, waste age, 
sampling procedures, leachate interaction with the 
environment, and landfill design and operation (Worrell & 
Vesilind, 2011). Some factors that may affect leachate 
composition include the degree of compaction; composition 
of the waste, climate, site hydrogeology, season; and age of 
the landfill. Leachate typically contains a large mixture of 
organic and inorganic compounds at relatively low 
concentrations that can be of concern if groundwater and 
surface water contamination occurs. The focus of this 
investigation is on the organic compounds (VOCs). VOCs 
are usually constituents of gasoline and fuel oils (aromatic 
hydrocarbons such as benzene, xylene, and toluene), plant 
degradation by-products (phenolic compounds), chlorinated 
solvents (such as used in dry cleaning), and pesticides 
(Worrell & Vesilind, 2011). The impact of landfill on the 
groundwater quality involves numerous factors including 
landfill thickness, moisture content, landfill temperature, 
waste density, water composition, and so on (Lee et al., 
1993). The groundwater quality problem caused by landfill 
leachate has been extensively studied using the methods of 
field sampling and lab experiment with data analysis, and 
mathematic modeling. Some research investigated how the 
migration of pollutants released from solid waste migrates 
and undergoes not only dynamic physiochemical processes 
such as dissolution, dilution, oxidation and reduction, and 
adsorption/desorption, but also biological processes such as 
microbial degradation (Lee et al., 1993). Some researchers 
(Lopez et al., 2008) applied traditional methods of chemical 
analysis of groundwater, hydrological descriptions, and 
geophysical studies by using vertical electrical sounding 
and ground penetrating radar for identification and 
delineation of the contaminant plume. Some researchers 
have focused on certain specific contaminants, such as 
organic compounds, nutrients, mineral compounds, heavy 
metals, and BTEX by collecting leachate and performing 
statistical analyses (Kulikowska et al., 2008). In the 

 



56  Investigation of the Migration of Selected Volatile Organic Compounds in Groundwater Under an Unlined Landfill   
 

literature of the landfill leachate study, the data were 
typically collected by using monitoring wells and data 
logging probes to monitor hydrologic behavior (Quinn and 
Johnson, 2005).Techniques such as solid phase extraction 
have been used to determine qualitative and quantitative 
data of newly occurring compounds in leachate (Eggen et 
al., 2010). Another complex method involved installing 
extraction wells perpendicular to the regional groundwater 
flow in order to improve the capture zone and minimize 
drawdown (Christ & Goltz, 2004).The use of 
microorganisms to effectively remove organic pollutants 
from leachate has been studied in some instances(Ding et al., 
2001). Simulation-based models have been used by some to 
investigate the efficiency of monitoring systems and other 
parameters in monitoring network designs (Yenigul et al., 
2005). Mathematical modeling has also been widely used to 
simulate the contaminant fate and transport due to the 
leachate from landfill (Dong et al., 2009). 

In this research, the effect of leachate on groundwater 
quality in groundwater under the Chestnut Avenue Landfill 
located in Fresno, California was investigated. The Chestnut 
Avenue Landfill was selected for this investigation because 
it is a closed landfill that has no liner. Furthermore, there was 
ample data for this unlined landfill, especially 
groundwater-monitoring data, which could be analyzed since 
the time in which the landfill was closed. An unlined landfill 
lacks a barrier between the waste that is disposed in it and the 
surrounding groundwater. The mechanism of groundwater 
contamination at this landfill occurs through the percolation 
of precipitation through waste deposited in the landfill. Once 
the water has contacted waste, the percolating water 
becomes contaminated with present constituents in the 
landfill and it then flows out of the waste, thus becoming 
leachate. 

Since the Landfill’s closure in 1993 (currently 18 years 
ago), there have been VOC detections at varying 
concentrations. A pump and treat system was installed in 
1993 following closure of the landfill in order to reduce the 
detected concentrations; however detections have remained 
at low levels in the past 5 years. This is a concern because 
the landfill currently has a pump and treat system that may 
need to be altered or replaced by a different remediation 
method in order to continue decreasing residual amounts of 
VOCs detected in groundwater at the site. The purpose of 
this investigation is to determine the behavior of VOCs in 
groundwater at the landfill and to examine how the pump 
and treat system is remediating the contamination plume. 
By analyzing groundwater data available it will be possible 
to determine whether or not the pump and treat system 
should be discontinued and whether or not it is creating 
negative effects on groundwater. This research also intends 
to provide valuable insight on how certain volatile organic 
compounds migrate in groundwater at this particular site, 
and what trends can be seen with the implementation and 
installation of the pump and treat system. 

In summary, the objectives of this research were to (a) 
examine which volatile organic compounds (VOCs) have 

been most prevalent in recent years, (b) determine typical 
VOC concentrations and the extent of concentration by 
using monitoring well data, (c) examine trends in VOC 
concentrations, and (d) determine if the current pump and 
treat system installed to detain the contamination plume is 
adequately remediating the site and if there are any negative 
aspects to continuing this method of remediation. The 
landfill selected for this investigation is the Chestnut 
Avenue Landfill, located in Fresno, California. 

2. Description of Study Site 
The Chestnut Avenue Landfill is a closed Class III landfill 

that is located northwest of the intersection of South 
Chestnut Avenue and Mountain View Avenue, 
approximately 15 miles south of the city of Fresno (Figure 1). 
The site is adjacent to the Atchison, Topeka, and Santa Fe 
Railroad on the east side; agricultural land is on the west, and 
on the north side there are some agricultural waste ponds 
owned by Vie-Del Winery on the north (Essary, 2001). The 
Chestnut Avenue Landfill is underlain by Holocene alluvial 
fan deposits emanating from the Sierra Nevada Mountain 
Range (PRA Group, 1992b). These materials consists of 
interbedded, light brown to tan, micaceous silty sands (SM) 
and sandy silts (ML) to a depth of approximately 150 feet. 
The principal water-bearing stratum in the Fresno area lies 
within the upper unconsolidated, medium to coarse-grained 
alluvial complex and generally lies within 60 to 70 feet of the 
ground surface. This complex of sediments forms a generally 
unconfined aquifer system, extending approximately 400 
feet to 1,000 feet in depth. The regional groundwater 
gradient in the Fresno area is to the southwest (PRA Group, 
1992b). 

The Chestnut Avenue Landfill consists of an unlined 
waste management unit comprising approximately 32 acres 
of the 38-acre facility that began operations in the early 
1960s. The landfill became inactive when it ceased accepting 
solid waste on 30 September 1993. The final cover system 
was constructed in July 1995 and consisted of, in descending 
order: one-foot thick, fine-grained protective soil layer with 
surface vegetation, a 40-mil thick high-density polyethylene 
(HDPE) geomembrane barrier layer, and a two-foot thick 
foundation layer. Land surrounding the landfill is used for 
farming, winery waste disposal, railroad easement, and a 
private residence (Essary, 2001). During the time the landfill 
was in operation the landfill was classified as a Class III 
Municipal Solid Waste Landfill and accepted non-hazardous 
waste only, typically municipal solid waste including food 
wastes, yard wastes, containers and product packaging, and 
other miscellaneous inorganic wastes from residential, 
commercial, institutional, and industrial sources, etc.  

The first encountered groundwater beneath the landfill is 
unconfined at a depth of about 60 to 90 feet below the ground 
surface, and at an elevation of approximately 205 to 175 feet 
above mean sea level. Groundwater flow at the site is 
generally towards the northwest at a gradient of 0.0039 to 
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0.0217 feet per foot (Herst & Associates, 2011b). Seasonal 
fluctuations in groundwater flow directions may be a result 
of the recharge of standing water from the consolidated 
irrigation district recharge basins located northwest of the 
site (RMC Geoscience, 1999b). The hydraulic conductivity 
for the saturated zone in the Fresno area range from 
approximately 10 to 70 feet per day. The porosity has not 
been determined quantitatively at the site, although based on 
site lithology, it is reasonable to assume a value of 0.30 
(Herst & Associates, 2011b). Groundwater velocity below 
and adjacent to the site ranges from about 0.13 feet per day to 
about 0.91 feet per day (RMC Geoscience, 1999b).  

 

Figure 1.  Map of Study Area 

3. Groundwater Monitoring and Data 
Acquisition 

The Chestnut Avenue Landfill has a series of groundwater 
monitoring wells that have detected varying concentrations 
of VOCs on and off the premises of the landfill for the past 
18 years. The landfill contains a groundwater monitoring 
system, a vadose zone monitoring system, and a gas 
monitoring and collection system. Figure 2, below, shows 
the facility layout with all current monitoring wells at the 
site.  

The groundwater corrective action monitoring program 
network consists of 12 groundwater monitoring wells: 
W-1SA (Background), W-8D, W-10D, W-12D, W-14D, 
W-16D, W-17D, W-19S, W-20S, GM-2, GM-3, and GM-5 
(Upgradient). Other monitoring wells/piezometers include 
GM-1, GM-4, W-1D, W-14S, W-17S, W-18S, W-18D, 

OBS-1, OBS-2, and OBS-3 (GeoLogic Associates, 2008b). 
Currently, the landfill has the following groundwater 
monitoring wells in operation: GM-1,2,3,4,5; and W-1SA, 
1D, 8D, 10D, 12D, 14S, 14D, 16D, 17S, 17D, 18S, 18D, 19S, 
20S; and OBS-1D, 2S; and 2D (Herst & Associates, 2011b). 
The vadose zone detection-monitoring network consists of 
one background suction lysimeter (L-5), one upgradient 
lysimeter (L-1), and downgradient lysimeters L-2R L-3R, 
and L-4 (Essary, 2001). The depths of the groundwater 
monitoring wells and piezometers range from 71 to 150 feet 
below ground surface (GeoLogic Associates, 2008b).  

Each monitoring location consists of a pair, one is a 
shallow monitoring well and the other is a deep monitoring 
well. The shallow monitoring wells were installed to a total 
depth of approximately 70 feet below the ground surface, 
and the deep monitoring wells were installed to a total depth 
of approximately 100 feet below the ground surface. The 
well screen in the shallow monitoring wells was placed in the 
lower 45 feet of the well, and the deep monitoring wells with 
the lower 20 feet screened. The monitoring wells were 
installed using the Air Rotary Casing Hammer method. The 
slot size on each of the monitoring wells is 0.01-inch and No. 
30 Monterey Sand was used for the screen annulus. A 
bentonite seal was placed above the sand and 
cement-bentonite grout above the bentonite seal and grout 
was placed until it reached the ground surface. Monitoring 
wells were constructed of a 4-inch Schedule 40 PVC pipe; a 
protective casing was placed over the top of the wells at the 
ground surface (PRA Group, 1992b). 

Among all the monitoring wells, seven monitoring wells 
were selected to be investigated: MW-8D, MW-12D, 
MW-16D, MW-19S, MW-20S, GM-2, and GM-3. The 
landfill site has many more groundwater monitoring wells 
as can be seen in Figure 2. These monitoring wells have 
been consistently detecting concentrations of all the 
constituents that are introduced later in this paper. Four 
constituents, 1,1-Dichloroethane, Cis-1,2-Dichloroethene, 
Dichlorodifluoromethane, and Trichloroethene, were 
selected for this investigation because they have been 
detected on a consistent basis when compared to other 
constituents, within the last 18 years even though there is a 
pump and treat system in operation at this landfill, which 
was needed to be assessed. This research focuses on those 
problematic constituents that have been detected up until the 
last 10 years. 

Data for all constituents detected and groundwater 
monitoring wells present since the landfill closed to date 
were initially collected; however, many of the constituents 
detected immediately after closure of the landfill were not 
being consistently detected thereafter. Therefore, during the 
preliminary analysis of the data, it was determined that those 
constituents that were being detected at high concentrations 
immediately after closure, and were still being detected at 
low concentrations in recent monitoring events were of 
importance. Groundwater measurements were taken at each 
of the monitoring wells in order to determine groundwater 
flow patterns, water-level fluctuations, and the volume of 
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water in a well for the calculation of purge volumes prior to 
sampling. Groundwater level measurements were measured 
with electronic water-level sounding equipment. The 
electrical sounding tape has an attached probe that is lowered 
into the well, once the probe is in contact with the water 
surface an electrical current occurs in which a signal is 

produced. The tape was then held to the surveyed measuring 
point and a steel tape is held adjacent in order to read the 
measuring point. The water-level elevation was calculated 
by subtracting the depth to water from the elevation at the 
measuring point (Geraghty & Miller, 1993a). 

 

Figure 2.  Facility layout with monitoring wells selected for this investigation identified with an oval, and the extraction wells identified with a square. 
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Once the measurements were taken, the monitoring wells 
were purged to remove stagnant and stratified water, thus 
allowing a representative sample of the formation water. To 
maintain consistency between monitoring events, between 3 
to 5 casing volumes were purged from a monitoring well 
before sampling occurred. Prior to taking measurements, the 
field instrumentation was properly calibrated according to 
reference standards and manufacturers’ recommendations 
and procedures. After the well was purged, a water sample 
was collected to obtain measurements of pH, temperature, 
and specific conductivity. When sampling for VOCs, the 
flow rate was adjusted to provide a flow of 0.1 liters per 
minute. Once those samples were taken, higher flow rates 
were used. Once all the samples were collected, they were 
prepared and preserved in accordance with USEPA 
procedures. Special caution was taken with sample 
containers containing preservatives. (Geraghty & Miller, 
1993a). The prepared samples were taken to the appropriate 
laboratory for analysis. The laboratory analyzed the samples 
using EPA Method 8260B – Volatile Organic Compounds 
by Gas Chromatography/Mass Spectrometry (GC/MS) to 
determine which volatile organic compounds were present 
and at what concentrations. 

4. Results and Discussion  
In referring to Figure 2, the facility layout presents the 

monitoring wells that have been most impacted by a release 
from the landfill (Highlighted by ovals). The majority of the 
monitoring wells most impacted are those immediately along 
the waste management unit, monitoring wells MW-8D, 
MW-12D, and MW-16D. Monitoring wells MW-16D, GM-2, 
and GM-3 are downgradient of MW-8D and MW-12D. 
There are two monitoring wells offsite, which include 
MW-19S, and 20S, which are downgradient of MW-16D, 
GM-2, and GM-3. Wells EW-01, 02, and 03 are extraction 
wells for the pump and treatment system. They are used to 
pump out not only groundwater that is contaminated but also 
any groundwater that is present in the capture zone. Once the 
groundwater is pumped, it is then processed through the 
system that treats the groundwater to remove the VOCs. The 
treated groundwater is then discharged to a percolation basin 
after being treated.  

 

Figure 3a.  1995 third quarter Groundwater elevations contour(elevation, 
feet) 

 

Figure 3b.  1996 third quarter Groundwater elevations contour(elevation, 
feet) 

 

Figure 3c.  1997 third quarter Groundwater elevations contour(elevation, 
feet) 

 

Figure 3d.  2000 summer/fall Groundwater elevations contour(elevation, 
feet) 

 

Figure 3e.  2005 summer/fall Groundwater elevations contour(elevation, 
feet) 

 

Figure 3f.  2010 summer/fall Groundwater elevations contour(elevation, 
feet) 
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Groundwater elevation contour maps have been 
developed for each of the monitoring events within the last 
18 years. The contouring maps created using Surfer depict 
the historical groundwater elevation changes at the site over 
time. Examples of these contouring maps are shown in 
Figures 3a through 3f for different time periods between 
1995 and 2010 in the investigation area. Groundwater flow is 
generally towards the southwest, with the elevation highest 
in upgradient monitoring wells MW-8, MW-12D, and 
MW-16D.  

 

Figure 4a.  1995 Third Quarter Dichlorodifluoromethane Concentration 
Map(concentrations, µg/L) 

 

Figure 4b.  1996 Third Quarter Dichlorodifluoromethane Concentration 
Map (concentrations, µg/L) 

Trichloroethene is a commonly used compound, and is 
the main constituent detected at the landfill. Three 
constituents,1,1,1-Dichloroethane, Cis-1,2-Dichloroethene, 
and Dichlorodifluoromethane are the breakdown products 

of Trichloroethene. The monitoring data indicates that the 
selected monitoring wells have all been impacted by a 
release of constituents from the landfill and the constituents 
detected are traveling in the direction of groundwater flow. 
The concentrations were primarily detected in monitoring 
wells MW-8D and MW-12D, since these monitoring wells 
are located immediately downgradient of the landfill. The 
historical data showed that the concentrations are typically 
detected upgradient and then later these same constituents 
are detected in downgradient monitoring wells. It is 
important to note also that the trends and patterns in Figures 
4a through 5b and Figures 6 through 9 correlate to the 
operation of the pump and treat system. In most cases, the 
fluctuations can be accounted for by the start and stop of the 
pump and treat system. 

 

Figure 5a.  1995 Third Quarter Trichloroethene Concentration Map 
(concentrations, µg/L) 

 

Figure 5b.  1996 Third Quarter Trichloroethene Concentration Map 
(concentrations, µg/L) 
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Figure 6.  1,1-Dichloroethane concentration varies with time 

 

Figure 7.  Cis-1,2-Dichloroethene concentration varies with time 
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Figure 8.  Dichlorodifluoromethane concentration varies with time 

 

Figure 9.  Trichloroethene concentration varies with time 
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4.1. 1,1-Dichloroethane 

The following groundwater monitoring wells have had 
detected concentrations of this constituent in the past 18 
years: MW-8D, 12D, 16D, 19S, GM-2, and GM-3. 

The graph presented in Figure 6 shows all the monitoring 
wells that have had concentrations of 1,1-Dichloroethane 
detected in them over a period of 18 years. The diagram 
indicates that MW-8D reached the largest peak during the 
fourth quarter of the 1993 monitoring event and then 
dropped down. This sudden change may reflect the fact that 
right after the landfill was closed in 1993, detections of 
1,1-Dichloroethane were high and over time slowly 
decreased when a pump and treat system was installed 
thereafter. The pump and treat system began operation 
during the first monitoring event in 1995. Figure 6 shows 
that MW-12D went through a period of increases and 
decreases, finally leveling off during the first quarter of 1997. 
The reason behind these inconsistent fluctuations is that the 
pump and treat system began operating during the first 
monitoring event of 1995; however, shortly after that in 
February of that same year, the pump and treat system was 
shut down because water was not infiltrating into the 
percolation basin at a compatible rate. In Figure 6, it is clear 
that after this incident, the following monitoring event shows 
a significant decrease in concentrations detected for 
1,1-Dichloroethane. Monitoring wells 16D and 19S both 
appear to have received sporadic detected concentrations. 
Sporadic detections means that there could be no history of 
this constituent but suddenly, during one or two of the 
monitoring events a concentration of the constituent may be 
detected, and then it disappears and does not re-appear. 
Monitoring well GM-2 appears to have detected sporadic 
detections, which was the case with monitoring well 16D. 
The constituent 1,1-Dichloroethane was detected only during 
two instances, during the 2001 summer/fall and 2002 
winter/spring monitoring events. Monitoring well GM-3 
depicts a valid pattern that correlates the decrease in 
concentrations detected to the time in which the pump and 
treat system began operation. The data from MW-8D and 
MW-12D strongly indicate that there was a release of this 
constituent into groundwater for the first 4 years after the 
landfill closed. These two wells are directly at the foot of the 
waste management unit (Figure 2). It could be assumed that 
by the time these constituents traveled in groundwater to 
MW-16D (downgradient of MW-12D), the amount of 
concentrations of this constituent had the potential to 
decrease because of the dilution process. Removal of 
extraction well EW-01 from operation in 1998 did not 
impact any of the detected concentrations by any means. 
Overall, historical trends show that MW-12D had received 
many of the concentrations that were detected; however, the 
last detection in this monitoring well was during the first 
quarter of 1997. The last overall concentration of 
1,1-Dichloroethane detected was in MW-8D, during the 
2004 winter/spring monitoring event. 

Examples of 1,1-Dichloroethane concentration contour 

maps can be found in Figures 10a and 10b. These 
concentration contour maps show the contours for the 
concentrations of 1,1-Dichloroethane for each of the 
monitoring events in which groundwater data were available. 
Figures 10a and 10b show an increase in concentrations of 
1,1-Dichloroethane detected, as the monitoring wells are 
located downgradient. The concentration contour shows that 
GM-3 received the highest detected concentration during this 
monitoring event. The extraction well, EW-02, is located 
very close to GM-3, thus when in operation it is attracting 
more groundwater and higher concentrations of 
1,1-Dichloroethane. 

 

Figure 10a.  1995 Third Quarter 1,1-Dichloroethane Concentration Map 
(concentrations, µg/L) 

 

Figure 10b.  1996 Third Quarter 1,1-Dichloroethane Concentration Map 
(concentrations, µg/L) 

4.2. Cis-1,2-Dichloroethene 

Cis-1,2-Dichloroethene was monitored in the wells 
MW-8D, 12D, 16D, 19S, GM-2, and GM-3 over a 18-year 
period. Figure 7 shows all the monitoring wells that have had 
detected concentrations of Cis-1,2-Dichloroethene in the 
past 18 years. There have been consistent detections of this 
constituent in groundwater from 1994 until 2005. MW-8D 
started at 6.20 ug/L and then decreased by almost half by the 
next monitoring event, rose again during the third quarter of 
1995, and then decreased again and continued to increase 
and decrease until it was no longer detected after the 
summer/fall 2005 monitoring event. These increasing and 
decreasing trends can be attributed to the status of the pump 
and treat system. The pump and treat system began operation 
during the first monitoring event in 1995, this is where the 
highest peak of Cis-1,2-Dichloroethene was measured in 
MW-8D. During the 1997 third quarter monitoring event 
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there was an unexpected peak in MW-8D after having had 
previously detected low levels and nothing prior for three 
monitoring events. This peak could be due to the removal of 
EW-01 from service. The last detected concentration of 
Cis-1,2-Dichloroethene in MW-8D occurred in June of 2005, 
at a concentration of 0.51 ug/L and has not been detected to 
date in any of the selected monitoring wells. MW-12 has 
acted similarly to that of MW-8D; the detections are very 
unstable. 

 

Figure 11a.  1995 Third Quarter Cis-1,2-Dichloroethene Concentration 
Map (concentrations, µg/L) 

 

Figure 11b.  1996 Third Quarter Cis-1,2-Dichloroethene Concentration 
Map (concentrations, µg/L) 

During the fourth quarter 1994 monitoring event, a 
Cis-1,2-Dichloroethene concentration of 5.00 ug/L was 
detected in MW-12D. The concentration was not detected 
for the following monitoring event, but then was detected in 
the second quarter 1995 monitoring event, at a value of 3.20 
ug/L. The concentration increased over the next two 
monitoring events and then decreased a small amount until it 
reached a peak value of 9.20 ug/L. There is a direct 
correlation that can be made between the operation of the 
pump and treat system and the spiked increase that occurred 
during the 1996 second quarter monitoring event. The pump 
and treat system had been inactive, thus concentrations 
detected increased significantly when it was shut off. Shortly 
after it was shut off, it was put into operation again and that is 
the reason why the concentrations detected thereafter 
significantly decreased. After this occurrence, the 
concentrations decreased for the next two monitoring periods 
and then increased a bit for the final detected concentration 
during the 1997 first quarter monitoring event 

During the fourth quarter 1996 monitoring event, MW-8D 
detected a concentration of 0.22 ug/L; MW-12D a value of 

4.40 ug/L; and MW-16D, which is located next to EW-02, a 
value of 0.71 ug/L. According to the data, it appears that 
MW-16D received most of its detections from MW-8D and 
because of the location of EW-02 near MW-16D, EW-02 
was able to decrease most of the concentrations detected in 
MW-16D. In the first quarter of 1997, MW-8D detected a 
concentration of 0.72 ug/L and 4.70 ug/L in MW-12D. The 
data analysis also demonstrates that the releases by the 
landfill have been immediately detected in both of these 
monitoring wells because they are located exactly at the foot 
of the landfill. During the third quarter of 1997, MW-8D 
detected a concentration of 2.40 ug/l and MW-16D a value of 
1.10 ug/L. This scenario broke that pattern of detections that 
occurred in both MW-8D and MW-16D. 

The example of concentration contour maps can be found 
in Figure 11a and 11b. During the 1996 third quarter 
monitoring event (Figure 11b) the concentration contour 
map depicts a decreasing trend of concentrations detected in 
downgradient monitoring wells.  

4.3. Dichlorodifluoromethane 

The concentrations for Dichlorodifluoromethane were 
detected in the following groundwater monitoring wells: 
MW-8D, 12D, 16D, 19S, 20S, GM-2, and GM-3.  

A graphical representation of the concentrations detected 
in the monitoring wells presented earlier for this constituent 
can be found in Figure 8. Immediately following the 
landfill’s closure in 1993, MW-8D did not detect any 
concentrations of Dichlorodifluoromethane until the fourth 
quarter of 1994. After the increase of 
Dichlorodifluoromethane detected during the first quarter of 
1995 monitoring event, detected concentrations were 
significantly decreasing in monitoring events thereafter. 
Monitoring well 12D had a detected concentration of 4.50 
ug/L during the 1993 first quarter monitoring event, and 
decreased in concentrations over time, with a slight increase 
during the time when the pump and treat system was put into 
operation. Overall, the trend of concentrations of 
Dichlorodifluoromethane detected indicates that the pump 
and treat system was operating effectively in reducing 
concentrations. As of the third quarter, 1997, there have been 
no further detections of Dichlorodifluoromethane in 
MW-12D.  

Both downgradient and offsite monitoring wells 19S and 
20S received substantially lower concentrations of this 
constituent. In general, the extraction wells work by 
pumping out any water nearby, be it contaminated or 
non-contaminated. When this process occurs, concentrations 
of VOCs are detected near the monitoring wells in that area 
because they share the same groundwater.  

4.4. Trichloroethene 

Trichloroethene is the main constituent that has been 
detected consistently in the past 18 years at this site, the other 
products that have been recently detected, such as 
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1,1-Dichloroethane, Cis-1,2-Dichloroethene, and 
Dichlorodifluoromethane are all breakdown byproducts of 
Trichloroethene. The Primary MCL for Trichloroethene is 5 
ug/L. Trichloroethene has consistently been detected in the 
following monitoring wells since the landfill closed: 8D, 
12D, 16D, 19S, 20S, GM-2, and GM-3.  

Overall, there has been a general decrease in the amounts 
of concentrations detected in MW-8D, 12D, 19S, 20S, GM-2, 
and GM-3; however, MW-16D seems to still be detecting 
low levels of Trichloroethene. Figure 9 shows the detections 
for Trichloroethene over a period of 18 years. According to 
data, something noticeable is occurring with this particular 
constituent. As previously evaluated, all other constituents 
investigated were detected for some time but eventually were 
no longer detected at recordable concentrations. However, 
this constituent continues to be detected even though the 
levels are not detrimental to human health. Figure 9 shows 
that as concentrations of Trichloroethene rose in MW-8D, so 
did concentrations detected in MW-12D and MW-16D 
during the same fourth quarter 1993 monitoring event. This 
trend makes sense since these two wells are near and 
downgradient of MW-8D. When MW-16D did not yield any 
detected concentrations on two occasions, MW-20S and 
GM-3 did detect Trichloroethene. The monitoring data for 
the past 18 years indicate that the concentrations of 
Trichloroethene have been decreasing. Historical 
concentrations indicate that concentrations detected for 
Trichloroethene have once exceeded MCLs and are now well 
below those levels. Monitoring wells 8D and 12D tend to 
have received detections consistently because they are 
located directly downgradient of the landfill, thus any release 
from the landfill will encounter those two monitoring wells 
first. Monitoring well 16D has also consistently detected 
concentrations of Trichloroethene, even currently at low 
levels. Overall, the data in Figure 9 correlate to the activities 
occurring with the pump and treat system. When the pump 
and treat system began operation, the concentrations of 
Trichloroethene decreased. When the pump and treat system 
was shut down and then reopened, there was a slight 
fluctuation and increase in the concentrations of 
Trichloroethene detected.  

Concentrations detected of Trichloroethene have 
substantially decreased in the past 18 years. The pump and 
treat system appears to have effectively been removing much 
of the contamination at the site. While there are still low 
levels of Trichloroethene being detected at the landfill site, 
these low levels do not exceed, nor come close to the MCL (5 
ug/L). 

In summary, 1,1-Dichloroethane, Cis-1,2-Dichloroethene, 
Dichlorodifluoromethane, and Trichloroethene have all had 
substantial and significant decreases in the concentrations 
detected as a result of the implementation of the pump and 
treat system. 1,1-Dichloroethane has not been detected in 
groundwater at the site since 2005. Cis-1,2-Dichloroethene 
has not been detected since 2006 and 
Dichlorodifluoromethane has not been detected since 2006. 
In general, this indicates that, essentially, constituents have 

been removed from groundwater or are at non-detectable 
concentrations. Trichloroethene is the only constituent still 
being detected in groundwater at relatively low 
concentrations. 

5. Conclusions 
Trichloroethene is the main constituent deriving from the 

waste at the landfill and that the other 
constituents, 1-Dichloroethane, Cis-1,2-Dichloroethene,
Dichlorodifluoromethane are breakdown byproducts of 
Trichloroethene. Concentrations of Trichloroethene and its 
byproducts were decreased significantly or had no detected 
concentration at all. The results and findings of this research 
indicate that the pump and treat method and the landfill gas 
extraction system at the Chestnut Avenue Landfill properly 
contained the contamination plume. All constituents detected 
at the site have not been detected since 2005, except that of 
Trichloroethene, which has been detected until recently at 
low concentrations. Background groundwater data indicate 
that the site has no history of VOC contamination prior to 
landfill activities. Because it was determined that the 
constituent Trichloroethene has still been detected at low 
concentrations, it would not be feasible for the entire pump 
and treat system to operate to remove just Trichloroethene 
from groundwater. The data analysis also suggested that 
another form of remediation be proposed, like Monitored 
Natural Attenuation. Monitored Natural Attenuation uses 
natural processes such as the tiny bugs in the soil that 
consume the chemicals in groundwater and convert them 
into harmless gases after digestion.  
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