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November 5, 2007 Project No. 0739602407.100 
 
Waste Corporation of America 
625 Spencer Drive 
Ft. Walton Beach, FL 32547 
 
Attention: Mr. Nick Marotta, P.E. 
  Regional Engineer 
 
Re: Material Recovery, LLC Construction and Demolition Landfill, Permit No. 92-31 

Wake County, North Carolina 
Alternate Source Demonstration 

 
Dear Nick: 
 
On behalf of Material Recovery, LLC, a subsidiary of Waste Corporation of America (WCA), 
Golder Associates NC, Inc. (Golder) is submitting this Alternate Source Demonstration (ASD), 
which evaluates the presence of a volatile organic compound (VOC) detected in groundwater 
samples collected during the first semiannual event of 2007, conducted on June 28-29, 2007 at 
the Permit No. 92-31 Construction and Demolition (C&D) Landfill.  The results of the first 
semiannual routine monitoring event are submitted under separate cover. 
 
On June 28-29, 2007, groundwater samples from the site monitoring wells were voluntarily 
analyzed for the parameters listed in Title 15A NCAC 13B.0544 of the North Carolina Solid 
Waste Management Rules (NCSWMR).  The facility is currently subject to Title 15A NCAC 
13B.0601 under its existing approved Water Quality Monitoring Plan prepared by Joyce 
Engineering, Inc. (JEI) in 2001. Currently no groundwater corrective action for Phase 1 of the 
landfill is required under the old C&D Rules and the facility’s approved Water Quality 
Monitoring Plan, under which the facility is permitted. 
 
The results of the June 2007 sampling event indicated that TCFM is present in the groundwater 
sample collected from monitoring well MW-3 at a concentration that is greater than its Solid 
Waste Section Limit (SWSL).  Confirmation sampling for TCFM was conducted for MW-3 on 
August 9, 2007.  At that time, groundwater samples from MW-3 were also collected for analysis 
of additional water quality parameters; samples were also collected from background well MW-1 
for water quality parameters.  The re-sampling results confirmed the presence of TCFM in MW-3 
at a concentration that exceeds the SWSL.   
 
The purpose of this ASD is to determine the source of trichlorofluoromethane (TCFM) detected 
in the groundwater samples.  The two possible sources of TCFM evaluated as part of this ASD 
are landfill-derived leachate and landfill gas.  
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Using the data collected during the June and August 2007 sampling events, this ASD was 
conducted to evaluate the potential sources of the TCFM concentrations observed in groundwater 
samples collected from MW-3, which is located downgradient of Phase 1 of the landfill.  The 
following sections discuss the data evaluations that were completed as part of this ASD in 
consideration of the two sources that were identified as potential sources of the TCFM observed 
in MW-3. 

LANDFILL GAS SOURCE EVALUATION 
 
Although no site-specific data on VOC concentrations in landfill gas are available, Golder 
evaluated the highest and lowest TCFM concentrations observed in samples collected from the 
affected monitoring well to determine the landfill gas concentration of TCFM required to achieve 
the concentrations observed in the groundwater, assuming landfill gas-to-groundwater transfer of 
the TCFM (Table 1).  The evaluation was performed using the dimensionless form of the Henry’s 
Law Constant (H) for TCFM, since the dimensionless form of H is a gas-water partitioning 
coefficient. In the example below, the lowest observed TCFM concentration was used to evaluate 
the landfill gas concentration required to create the lowest dissolved phase concentrations of 
TCFM.   
 
Analytical Solution:  H = Concentration in gas / Concentration in water 

or:    
Concentration in gas = H * Concentration in water 

 
Where:   H (dimensionless) 

  Concentration in gas [parts per billion (ppb)] 
  Concentration in water [micrograms per liter (ug/L)] 

 
Observed constituent of concern concentration in groundwater: 
 
 TCFM concentration = 11.0 ug/L  

HTCFM = 3.955 
Mole conversion factor for TCFM = 1ppm:5.614 mg/m3

 
Estimated gas concentration necessary to obtain observed groundwater concentrations: 
 

3.955 11 ug 1000 L 1mg TCFMgas =  L m3 1000 ug  

TCFMgas = 43.51 mg/m3  

To express in ppm:  
43.51 mg m3

TCFMgas = m3 5.614 mg  

TCFMgas = 7.75 ppm

 
As presented, the theoretical landfill gas concentration required to produce the lowest 
concentration of TCFM reported in groundwater is approximately 43.51 milligrams per cubic 
meter (mg/m3).   Headspace samples obtained from the column of air above the groundwater table 
in MW-3 were collected on September 6, 2007, and analyzed using analytical method TO-15 for 

Golder Associates NC, Inc.  Page 2 of 7 0739602407.100 



Material Recovery, LLC, Alternate Source Demonstration November 5, 2007 
Attn:   Mr. Nick Marotta, P.E.  0739602407.100 
 
 
VOCs.  Golder made an attempt to collect a headspace sample in MW-3 on August 9, 2007; 
however, a viable sample was not obtained due to sample matrix interferences.  A groundwater 
sample was also collected from MW-3 for the analysis of TCFM on August 9, 2007.  
 
The analytical results indicated that TCFM was not detected in the headspace sample from MW-3 
at a concentration greater than the method detection limit of 0.006 (mg/m3).  Therefore, it is 
unlikely that landfill gas concentrations are sufficient to partition into the groundwater phase 
based on these results alone.  However, this conclusion assumes that the concentrations observed 
in the headspace sample collected from MW-3 are representative of landfill gas concentrations.  It 
is likely that the concentrations of landfill gas generated within the waste footprint are higher and 
therefore may contain higher concentrations of VOCs as compared to well headspace samples.  
MW-3 is located approximately 100 feet north and downgradient of the limits of waste.  

LEACHATE SOURCE EVALUATION 
 
To evaluate landfill leachate as a potential source of TCFM concentrations detected in 
groundwater samples collected from MW-3, Golder prepared a series of scatter graphs, Piper 
Diagrams, and Stiff Diagrams to illustrate the variability in the geochemistry of the water for the 
various monitoring points of interest.   
 
Golder compared the major anion and cation concentrations of groundwater samples collected 
from an upgradient and a downgradient well, and compared those concentrations through leachate 
mixing scenarios.  As this facility is unlined and does not have a leachate collection system, site-
specific leachate samples were not available for laboratory analysis.  Various literature sources 
are cited where typical leachate concentrations for C&D landfills have been compiled and are 
used in this ASD to represent a typical leachate sample (Table 2).  Comparisons to typical C&D 
leachate values have been made using standard Piper and Stiff Diagrams of the major anion and 
cation concentrations. 
 
A summary of the data used to prepare the graphs and diagrams is presented in Appendix A 
(Summary of Analytical Results) and Appendix B (Sample Summary Reports).   

Piper Diagram Analysis 
Figure 1 is a Piper Diagram illustrating the variations in the geochemical facies for the 
monitoring points sampled as part of this investigation; it also shows a typical facies for C&D 
landfill leachate.  As presented in Figure 1, the typical leachate composition exhibits a calcium-
magnesium-sodium-potassium-bicarbonate-sulfate geochemical facies.  Upgradient monitoring 
well MW-1 exhibits a sodium-potassium-chloride geochemical facies.  Downgradient monitoring 
well MW-3 exhibits a calcium-magnesium-sodium-potassium-chloride facies.  
 
Review of Figure 1 suggests that it is unlikely that a mixture of leachate and upgradient waters 
(MW-1) will yield geochemistry similar to MW-3, since MW-3 would need to plot between the 
upgradient waters and the leachate, assuming a conservative mixing scenario with no 
precipitation interference.  Note that the sample cation and anion concentrations presented in the 
Sample Summary Reports in Appendix B are well below saturation concentrations for normal 
temperature and pH conditions in most shallow groundwater environments; therefore, we would 
expect conservative mixing to occur.   
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Stiff Diagram Analysis 
Figure 2 presents a fixed-scale Stiff Diagram for the monitoring points sampled as part of this 
investigation; it also shows a typical facies for C&D landfill leachate.  As presented in Figure 2, 
the groundwater signatures are generally overwhelmed by the leachate sample on the fixed-scale 
Stiff Diagrams (set to the scale used to plot the leachate), due to the relatively low cation and 
anion concentrations in MW-1 and MW-3 relative to the leachate, making the shape signatures 
difficult to observe.   
 
Figure 3 shows sliding-scale Stiff Diagrams, which better present the shape signatures for these 
groundwater samples relative to the typical leachate composition.  As presented, groundwater 
samples from MW-1 and MW-3 do not exhibit a geochemical signature similar to that of the 
typical leachate composition.  MW-1, the upgradient well, exhibits a markedly dissimilar shape, 
with major differences in the calcium and bicarbonate area relative to the other cation-anion pairs.  
The sample collected from monitoring well MW-3 exhibits a shape signature that is more similar 
to the leachate signature for the cations; however, the bicarbonate and sulfate are depleted relative 
to the typical leachate composition.   
 
If a single source (i.e., leachate) were the source of the detected TCFM concentrations in MW-3, 
we would expect the shape for the affected monitoring well to bear some resemblance to, or a 
general morphology trending towards, the leachate shape.  Based on the morphological changes 
in the shape of the Stiff Diagrams from the upgradient well (MW-1) to the downgradient well 
(MW-3), and considering that the general groundwater flow path between MW-1 and MW-3 
transects the Northern Disposal Area, an increase in major ion concentration is apparent; 
however, this increase in major ion chemistry could be related to the accumulation of ions along 
the groundwater flow path through the dissolution of aquifer materials.    
 
One potential explanation for the increase in major cation geochemistry may have to do with the 
composition of feldspar minerals in the aquifer material.  The granitic bedrock present on site, 
which is rich in feldspar mineralogies, has been described in the Hydrogeologic Report submitted 
as part of the permit application (JEI, 2000).  Feldspar compositions are generally of two 
varieties:  alkali feldspars having a composition that comprises a solid solution series between 
potassium and sodium rich varieties; and plagioclase feldspars having a composition that 
comprises a solid solution series between calcium and sodium rich varieties.  Consequently, it is 
possible that monitoring wells MW-1 and MW3 are screened in areas rich with one or more 
sodium and calcium rich feldspar minerals, and the variation in cation concentration may be due 
to local variations related to the dissolution of the parent aquifer material.  Thus, the fact that the 
cation shape of the stiff diagram for MW-3 is somewhat similar to that for typical leachate does 
not necessarily indicate leachate impacts. 

Simulated Leachate Impacts 
In addition to analyzing the existing variations in aquifer geochemistry at the site, Golder 
modeled potential leachate impacts to the affected downgradient well at the facility using an 
analytical solution.  Two models were run.  The first model was based on simple mixing, where 
selected proportions of the leachate (1%, 2%, 3%, 4%, and 5%) and upgradient MW-1 water 
(99%, 98%, 97%, 96%, and 95%) were mixed to evaluate the potential evolution of groundwater 
that was hypothetically being impacted by leachate.  The simulated simple mixing model results 
are summarized in Table 3.   
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The data summarized in Table 3 are shown graphically on Figures 4, 5, 6, and 7 by the symbols 
representing percentages of leachate in the mixture (1%, 2%, 3%, 4%, and 5%).  These plots 
illustrate the likely trend that a downgradient well would follow as the geochemistry of the 
affected well changes due to impacts from leachate, on the basis that the geochemistry for un-
impacted downgradient wells is similar to that observed in the upgradient water.  As presented, 
with the exception of Figure 6 (Chloride vs. Na+K Scatter Plot), MW-3 does not plot within an 
acceptable range of the mixing line between MW-1 and the leachate composition.  Major ion 
concentrations increase in the downgradient direction; however, based on the typical C&D 
landfill leachate composition used in this evaluation, one would expect a downgradient 
accumulation of the anions (bicarbonate, sulfate and chloride).  
 
The second model was run using an equally weighted parameter optimization criterion based on 
the lowest achievable Euclidean distance between the calculated mixture and the specified sample 
to simulate the optimum mixing proportions of leachate and the selected upgradient groundwater 
for achieving the specified sample (i.e., each affected downgradient well).  The mixing scenario 
involved the upgradient water from MW-1 based on the August 2007 results.  The simulated 
optimized model results are summarized in Table 3, and illustrated on scatter graphs (Figures 4 
through 7). 
 
As presented in Table 3, the model results indicate that the optimum mixing proportions for 
leachate and MW-1 waters to achieve the closest approximation to MW-3 waters is 6% leachate 
and 94% MW-1 waters, based on the August 2007 data.  The results of the simulated mixing are 
presented graphically on sliding-scale Stiff Diagrams in Figure 8. 
 
As presented on Figure 8, the optimized MW-3 sample partially resembles the leachate (i.e., 
similar cation distribution); however, the lack of bicarbonate and sulfate significantly alter the 
shape of the Stiff plot for MW-3.  Based on these results, it is apparent that the geochemistry of 
MW-3 cannot be replicated by a simulated leachate release of typical C&D landfill composition 
using the facility’s upgradient groundwater chemistry as the base solution for the simulations, 
assuming that there is no precipitation of the ions of interest.   

CONCLUSIONS  
The potential sources evaluated for the TCFM concentrations detected in downgradient 
monitoring well MW-3 include potential groundwater impacts from soil gas and leachate derived 
from the waste disposal area.  An evaluation of the potential for soil gas impacts to groundwater 
was carried out by back calculating, based on Henry’s Law, the necessary soil gas concentration 
required to produce the observed dissolved concentration of TCFM in the groundwater.  The 
results indicated that a significantly high concentration of TCFM in soil gas would be required.  
Headspace analysis of accumulated vapors in affected downgradient well MW-3 indicated that 
TCFM was not present at levels greater than the detection limit of 0.006 mg/m3.   
 
However, the concentrations of VOCs are expected to be much higher in and around the waste 
footprint and the air sample collected in the headspace of MW-3 may not be representative of 
typical concentrations.  Without a source area sample from the within the waste footprint (i.e., a 
sample from a landfill gas extraction well), landfill gas impacts to groundwater cannot be ruled 
out as a potential source of the TCFM.  Methane was measured in the headspace of MW-3 at a 
concentration of 1% by volume during the June 2007 sampling event and can significantly vary 
daily based on precipitation and barometric pressure. 
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The leachate source evaluation is also inconclusive since it is based on the assumption that the 
typical leachate composition used in the evaluation is representative of the leachate that may be 
present in the subsurface at the facility.  Provided that the typical leachate composition is 
representative, then the variation in ion concentrations between the upgradient monitoring well 
MW-1 and the downgradient monitoring well MW-3 cannot be adequately explained by mixing 
the typical leachate composition with the groundwater composition observed in samples collected 
from MW-1.  This finding does not support the hypothesis that the TCFM observed in MW-3 is 
derived from leachate impacts to the groundwater system.   
 
The simplest explanation of the variation between cation concentrations in the groundwater 
samples collected from MW-1 and MW-3 may be the dissolution of the aquifer materials and the 
subsequent downgradient accumulation of dissolved ions.  In our opinion, this accumulation of 
dissolved ions leached from the aquifer matrix is the most likely explanation of the geochemical 
variation observed between samples from MW-1 and MW-3.  Figure 9 illustrates a similar 
example from a collaborative project, located in Wake County, NC, between the USGS and 
NCDENR.  Figure 9 shows Stiff diagrams between an upgradient well cluster and a downgradient 
one that illustrate an increase in ion concentrations.   
 
Crushed wallboard is a common component of the waste at this facility and has been used as part 
of the facility’s weekly cover.  Wallboard contains gypsum (calcium sulfate).  Leachate from the 
facility would therefore be expected to have a high sulfate component.  There was not a 
significant sulfate component detected in the groundwater sample from MW-3, and sulfate values 
for background well MW-1 and MW-3 are similar.  Since sulfate is expected to be a conservative 
tracer for leachate impacts in an aerobic environment, such as the conditions present below the 
water table at this facility, any groundwater impacted by leachate would be expected to contain a 
significant sulfate component.  The sulfate data further support that leachate impacts for MW-3 
are unlikely.   
 
Based on the data, analysis, interpretations, and assumptions on leachate composition presented 
in this report, the most likely sources for the TCFM detected in MW-3 are not landfill-derived 
leachate.  Soil gas impacts to groundwater may be a possible source, although not supported by 
the concentrations measured in the headspace sample for MW-3.  Also, previous land uses at the 
site in the vicinity of MW-3 include land application of wastewater treatment sludge, which may 
also be a potential source of VOCs.  Therefore, while this ASD has not verified the source of 
TCFM impacts to groundwater in the vicinity of MW-3, this evaluation has ruled out leachate as 
a likely source.   
 
Based on this finding and on behalf of WCA, Golder requests that the facility be allowed to 
continue monitoring groundwater for the parameter listed in Title 15A NCAC 13B.0544 of the 
NCSWMR.  Headspace methane concentrations will continue to be monitored with a methane 
detection meter in MW-3 during future sampling events to continue to evaluate potential landfill 
gas impacts to groundwater. Also, in an effort to minimize landfill gas impacts, WCA is 
evaluating the use of low-flow micropurge sampling techniques for future sampling events.  
Golder appreciates your review and consideration of this ASD.  If you have any questions or 
require further information, please do not hesitate to contact the undersigned. 
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