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INTRODUCTION 
 
Coal combustion residual (CCR) landfill leachate is often treated at on-site CCR surface 
impoundments, but federal and state regulations are driving owners to close these 
impoundments, therefore requiring alternative, more costly treatment methods. The 
quantity of leachate for treatment influences the cost, so accurate leachate generation 
estimates are essential for developing a useful cost-benefit analysis of alternative 
treatment options. Landfill design engineers often use the Hydrologic Evaluation of 
Landfill Performance (HELP)1 model to estimate generation rates and design leachate 
collection and removal systems (LCRS). The HELP model typically overestimates 
generation3, which leads to conservative LCRS designs but potentially inappropriate 
leachate treatment options. Measured leachate and leakage generation rates at a 
double-lined landfill facility in the United States southeast was reviewed and compared 
to historical rainfall events, landfill operations practices, and predicted leachate 
generation rates. 
 
BACKGROUND 
 
The landfill facility consists of a double-lined landfill that is permitted to receive CCR 
wastes.  The landfill is partially located over an inactive ash basin.  Proposed landfill 
development will occur in five phases.  Phase 1, Cells 1 and 2 encompassing an area of 
7.9 hectares (19.5 acres) were constructed in 2009 and began operations in 2011. 
 
The landfill was constructed with a leachate collection system (LCS), leakage detection 
system (LDS), and double liner system.  The double liner system consists of the 
following (from bottom to top): 
 

• Compacted subgrade; 
• 46 cm (18-in) soil liner with a maximum hydraulic conductivity of 1x10-5 cm/s; 
• Geosynthetic clay liner; 
• Secondary geomembrane (60-mil textured HDPE geomembrane); 
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• LDS geocomposite drainage layer; 
• Primary geomembrane (60-mil textured HDPE geomembrane); 
• LCS geocomposite drainage layer; and 
• 61-cm (24-in) protective cover. 

 
Landfill Cells 1 and 2 are adjacent, contiguously lined, and separated by an intercell 
berm.  Each cell has the following pump system: 
 

• Low-flow LCS pump (151 liters/minute; 40 gallons/minute); 
• High-flow LCS pump (1,457 liters/minute; 385 gallons/minute); and 
• LDS pump (151 liters/minute; 40 gallons/minute). 

 
The Cell 1 and Cell 2 sump pumps (six total) discharge into a common force main pipe 
which discharges to an ash basin.  The landfill also incorporates chimney drains that 
convey contact water at the top area of the landfill to the leachate collection system.  A 
typical chimney drain is shown in Figure 1. 
 

 
Figure 1 – Typical chimney drain 
 
The Permit to Operate for Cells 1 and 2 was received on March 7, 2011.  Based on 
annual waste placement records between July 2011 and June 2015, waste placement 
began in July 2011 and occurred intermittently until March 2014.  No waste was placed 
in the landfill between March 2014 and June 2015.  A history of waste placement over 
time is shown in Chart 1. 
 



 
 
MEASURED LCS AND LDS FLOW VOLUMES 
 
Cumulative LCS and LDS flow quantities were automatically electronically recorded 
from flowmeter readings at a frequency of numerous times per day for the following 
systems: 
 

• Cell 1 low-flow LCS pump; 
• Cell 1 high-flow LCS pump; 
• Cell 1 LDS pump; 
• Cell 2 low-flow LCS pump; 
• Cell 2 high-flow LCS pump; and 
• Cell 2 LDS pump. 

 
The LCS and LDS quantity readings were initially greater than zero and were 
intermittently reset due to power surges, maintenance, or other factors.  Data 
processing initially consisted of summarizing the cumulative leachate and leakage 
quantities on a daily basis, zeroing the initial quantity, reconciling readings following 
power surges or maintenance, and interpolating daily leachate readings for sections of 
missing data.  The cumulative daily LCS and LDS data by cell and pump was then 
consolidated into monthly values of LCS and LDS collected for the landfill facility (Cells 
1 and 2).  Cumulative measured LCS and LDS volume vs. time are shown in Charts 2A 
and 2B, respectively. 
 



 
 

 
 
MEASURED RAINFALL 
 
Daily rainfall was recorded from an on-site rain gauge.  Daily rainfall data was 
consolidated into monthly values of cumulative rainfall similar to the leachate and 
leakage data.  Cumulative rainfall vs. time is shown in Chart 3.   
 



 
 
ESTIMATED LCS FLOW, RUNOFF, AND LDS FLOW RATES 
 
The HELP model1 was used to estimate LCS flow, runoff, and LDS flow rates for a 25-
year timespan for three assumed waste heights as shown in Table 1.   
 

Average Annual 
LCS Drainage

(mm/yr)

Average Annual 
LCS Drainage

(cm/s)

Average Annual 
Runoff

(mm/yr)

Average Annual 
Runoff
(cm/s)

Average Annual 
Leakage
(mm/yr)

Average Annual 
Leakage
(cm/s)

Case 1 0 0 402.388 1.28E-06 19.977 6.33E-08 15.076 4.78E-08
Case 2 10 3 94.580 3.00E-07 251.417 7.97E-07 42.515 1.35E-07
Case 3 80 24 37.893 1.20E-07 251.417 7.97E-07 23.280 7.38E-08

Table 1 - HELP Model Results

Waste 
Depth

(ft)

LCS Flow LDS Flow
Waste 
Depth

(m)
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The estimated LCS flow consists of the infiltration through the waste mass that is 
collected by the lateral drainage layer.  Estimated infiltration vs. waste height from this 
data is shown in Chart 4. 
 



 
 
 
As shown above, the relationship between estimated infiltration and waste height can 
be approximated as the average of logarithmic and power best-fit curves. 
 
The HELP model also estimates runoff generated.  The landfill utilizes chimney drains; 
therefore, the majority of the runoff will be conveyed to the sump and managed as 
leachate.  Estimated runoff vs. waste height is shown in Chart 5. 
 

 
 



As shown above, the relationship between estimated runoff and waste height is 
constant above a certain height of waste.   
 
The estimated LDS flow consists of the estimated leakage through the primary 
geomembrane that is collected by the leak detection layer.  The estimated LDS flow vs. 
waste height is shown in Chart 6. 
 

 
 
The relationship between LDS flow and waste height was assumed to have a linear 
relationship based on estimated LDS flow rates above a waste height of 3 meters. 
 
ESTIMATED LANDFILL PROPERTIES 
 
The HELP model outputs described above were used to estimate relationships between 
LCS flow, runoff, and LDS flow and waste height.  The waste height over time was 
estimated using a stepwise process described as follows: 
 

1. Obtain the length and width of the landfill base by approximating the landfill 
footprint as a square; 

2. Estimate the relationship between landfill height and surface area by making 
appropriate reductions based on sideslope; 

3. Estimate the relationship between cumulative airspace volume and landfill height 
by using the average area method; 

4. Estimate the relationship between waste capacity (mass) and landfill height by 
using the airspace utilization factor; 

5. Utilize annual landfill waste reports to estimate cumulative mass of landfilled 
material; and 



6. Convert from cumulative waste mass per time to landfill height per time by using 
the relationship estimated in Step 4. 

 
Step 1:  Landfill Cells 1 and 2 have areas of 4.0 hectares (9.9 acres) and 3.9 hectares 
(9.6 acres) respectively, for a cumulative area of 7.9 hectares (19.5 acres).  Assuming a 
square footprint, the equivalent landfill base width is 281 meters x 281 meters (921 ft x 
921 ft). 
 
Step 2:  The landfill will have 3H:1V sideslopes and will utilize tack-on benches and 
downdrains for stormwater drainage.  Graded benches are not proposed.  The 
relationship between landfill height and surface area was estimated by reducing the 
equivalent base length by two times the sideslope times the height in question.  For 
example, the surface area at a waste height of 3 meters would be (281 m – 2 x 3 x 3 
meters) = (263 m)2 = 69,169 m2 = 6.92 hectare (17.10 ac).   
 
Step 3:  The cumulative airspace volume at various waste heights was estimated by 
using the average area method.  For example, the cumulative airspace at a waste 
height of 3 meters would be 3 m x (69,169 m2 + 79,000 m2)/2 = 222,254 m3 (294,786 
cy). 
 
Step 4:  The airspace utilization factor (AUF) is the ratio of mass of waste placed 
divided by volume of airspace utilized including waste and cover volumes.  The AUF is 
1,076 kg/m3 (1,814 lbs/cy) based on a previous study.  The cumulative waste capacity 
(mass) at various waste heights was estimated by multiplying the AUF by the 
cumulative airspace volume (Step 3) at various waste heights.  For example, the 
cumulative waste capacity at a waste height of 3 meters would be 222,254 m3 x 1,076 
kg/m3 = 239,145,304 kg (267,371 tons).  The relationship between estimated waste 
height and landfill capacity is shown in Chart 7. 
 



 
 
Step 5:  The mass of material placed in the landfill is recorded on a monthly basis and 
reported annually to the state regulatory agency.  The cumulative mass of waste placed 
per month was calculated from the incremental mass of waste placed per month which 
was obtained from the annual reports. 
 
Step 6:  The height of the landfill for a given month was estimated by using the equation 
derived in Step 4 as shown in Chart 8. 
 

 
 
ESTIMATED LCS AND LDS FLOW VOLUMES 



 
Estimated LCS flow volumes over time were calculated based on the estimated landfill 
height at a point in time (Chart 8) to calculate the area of the active face of the landfill.  
The contribution of LCS flow from infiltration was assumed to occur over the entire 
landfill footprint (7.9 hectares); the contribution of LCS flow from runoff was assumed to 
occur over the active face of the landfill (less than 7.9 hectares for landfill heights 
greater than 0 m).  LDS flow was assumed to occur over the entire landfill footprint.  
Cumulative estimated LCS and LDS volume over time are shown in Charts 9A and 9B, 
respectively. 
 

 
 

 



 
COMPARING MEASURED AND ESTIMATED LCS AND LDS VOLUME 
 
Measured and estimated LCS and LDS volume over time are shown in Charts 10A and 
10B, respectively. 
 

 
 

 
 
The estimated LCS volume was surprisingly close to the measured LCS volume.  The 
estimated LDS volume was significantly higher than the measured LDS volume. 
 



RELATIONSHIP BETWEEN MEASURED LCS AND LDS FLOWS, AND RAINFALL 
 
Measured and estimated cumulative LCS and LDS volume and cumulative rainfall vs. 
time are shown in Charts 11A and 11 B, respectively. 
 

 
 

 
 
The graphs indicate a correlation between cumulative rainfall and LCS flow, there 
appears to be less correlation between cumulative rainfall and LDS flow. 
 



Measured and estimated incremental (monthly) LCS and LDS volume and incremental 
(monthly) rainfall over time are shown in Charts 12A and 12B, respectively. 
 

 
 

 
 
The graphs indicate a correlation between incremental rainfall and LCS flow, there 
appears to be less correlation between incremental rainfall and LDS flow. 
 
Unit LCS and LDS flows per centimeter of rainfall vs. time are shown in Charts 13A and 
13B, respectively. 
 



 
 

 
 
No waste was placed in the landfill between March 2014 and June 2015.  The graphs 
indicated that LCS flow per centimeter of rainfall was relatively consistent over this time 
period.  LDS flow per centimeter of rainfall decreased asymptotically over the same time 
period. 
 
CONCLUSIONS 
 
The HELP model generally overestimates the contribution of leachate from percolation3.  
However, the combined HELP model predictions of infiltration and runoff accurately 



predicted LCS flows at the subject facility over the time period reviewed.  We note that 
the HELP model annual precipitation was estimated to be 108 cm (42 inches) per year 
and the average actual measured rainfall at the site was 117 cm (46 inches). 
 
The contribution of flow from surface water runoff (i.e. chimney drains) exceeded 
infiltration flows.  A study performed by Baucom and Ruhl2 concluded that the use of 
chimney drains is an appropriate way to account for the surface runoff from build-out 
landfill grades and will increase the LCS flows coming from the landfill. 
 
The data indicate a strong correlation between LCS flow and rainfall.  LCS flows 
generally increase during months of increased rainfall as shown in Chart 12A, and the 
LCS flow per centimeter of rainfall was relatively consistent during periods of landfill 
inactivity (Chart 13A).  There does not appear to be a similar correlation between LDS 
flows and rainfall or LDS flow per centimeter of rainfall (Charts 12B and 13B, 
respectively). 
 
Similar studies should be performed on other landfills in other geographic areas and at 
different stages in the landfill lifecycle process to determine whether the conclusions 
described in this paper are applicable for other facilities or are only applicable to the 
facility studied. 
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