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In 2018, the Bill Hinkley Center for Solid and Hazardous Waste Management funded a followup study to 
continue work on leachate clogging control technologies and understanding of leachate clogging 
mechanisms. Clogging of leachate collection systems can cause potentially catastrophic failures in landfill 
operation. The primary cause of clogging is calcium carbonate precipitation, which forms inside the pipe 
around a nucleus of silt, sand, microbial colonies, or other particles, although the trigger mechanism is not 
well understood. Over the past 4 years, FAU Laboratories for Engineered Environmental Solutions 
(Lab.EES) has teamed up with University of Florida and the Solid Waste Authority of Palm Beach County 
to conduct scientific studies on possible strategic solutions to combat biogeochemical rocking in the 
leachate collection system (LCS) including dilution, acid addition, and carbon dioxide offgassing. This 
research is needed to identify the best preventative measures and removal techniques to keep leachate 
collection systems clear of clogging.  

Several ideas for dealing with preventative maintenance in the LCS have been proposed. These include 1) 
leachate dilution with ambient groundwater from the interceptor well system or other sources of fresh water, 
2) acid addition, 3) disinfection, and 4) air stripping technologies. As landfills continue to expand, new cells 
and LCS components will be installed. It may be helpful to consider design changes for future cells that 
would allow for more comprehensive scale control measures such as the ability to introduce acid, dilution 
water, pressurized jets, or antiscalants directly into the laterals near the center of the landfill, where leachate 
first collects. Other engineering modifications could include utilizing shorter distances between manholes 
and steeper slopes for the LCS laterals or pressurizing the collection system at each header rather than 
relying on the use of gravity.  

The objective of this study will be to determine the impacts of varying the flow regime in leachate collection 
pipes, applying disinfection to eliminate biofilms, and adjusting the pH to mobilize mineral deposits to 
determine if any of these preventative measures will negatively impact downstream disposal. 
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Methodology/Scientific Approach  

TASK 1. Determine impacts of flow regime. Table 1 summarizes the updated average water quality data 
for all sampling events to date. MH 13, MH 11, and MH 9 water quality and saturation indices were updated 
in July 2019. However, when averaged with historical water quality sampling from this study, the 
precipitation potential did not change noticeably. 

Table 1. Average water quality data based on 2018-2019 sampling 

Sample 
 Location 

pH 
Field 
Cond. 

(mS/cm) 

TDS 
(mg/L)

Alkalinity 
(mg/L as 
CaCO3) 

Ca 
Hardness 
(mg/L as 
CaCO3) 

Field 
TDS 

(mg/L)

Temp. 
(ºC) 

pHs LSI RI 

MH 5 6.97 53.56 28,220 3,800 3,500 31,700 30.34 4.88 2.09 2.79
MH 6 6.96 45.86 27,200 7,400 900 26,450 32.30 5.13 1.83 3.30
MH 8 6.87 39.46 20,670 2,300 1,875 23,080 30.39 5.22 1.65 3.58
MH 9 7.50 57.55 30,100 4,500 3,400 32,900 32.25 4.83 2.67 2.15

MH 11 7.06 58.35 34,800 4,400 4,075 33,940 31.15 4.86 2.20 2.66
MH 13 6.72 48.35 28,300 2,950 3,800 26,700 32.55 4.92 1.80 3.13
PS/A 6.89 6.60 4,770 500 1,260 4,220 25.40 6.31 0.58 5.73
PS/B 6.75 6.87 3,860 900 900 4,160 28.90 6.12 0.63 5.49
DIW 7.15 1.17 670 284 404 720 27.44 6.73 0.42 6.32

NEFCO 5.28 7.52 2,445 238 1,500 4,070 35.54 6.32 -1.04 7.35
Wetwell 7.47 9.74 6,360 1,425 1,075 6,240 25.82 5.96 1.51 4.45

Note: LSI>0.4: Supersaturated; LSI<0.0: undersaturated, and 0<LSI<0.4: Neutral 

TASK 2. Determine impacts of biological activity trigger mechanisms. In summary, it was evident from 
the results of trial 1 and trial 2 (Progress report 2, April 2019) that the sterilization process reduces the rate 
of adherent precipitation (which is more difficult to remove). However, further investigation is necessary 
to better understand the phenomenon. 

A further test was developed to understand the importance of aerobic and anaerobic conditions in the 
formation of adherent precipitation. As we have observed earlier, pH increases as high as almost two units 
during the sterilization (autoclave) process due to high temperatures and pressures as well as degasification 
of carbon dioxide from the leachate. During the aerobic incubation process, the pH stabilizes towards 
neutrality with time. During anaerobic incubation, the pH stabilization process is hindered due to the lack 
of contact with air. Therefore, leachate remains at a higher pH for a longer period and results in a higher 
amount of adherent precipitate. 



Two 100 mL samples were incubated aerobically and two were incubated anaerobically. The result of this 
experiment is summarized and presented in Figure 1. The adherent precipitation with anaerobic incubation 
was almost three times larger than the samples incubated aerobically. 

 

Figure 1. Precipitation rate of sterilized sample with aerobic and anaerobic incubation 

In this experiment, the incubation period was fixed to 7 days at 35ºC. An experiment was conducted for 
both raw and sterilized leachate with varying incubation periods from 1 to 7 days at 35ºC. Results of the 
experiment are presented in Figure 2.  



 

Figure 2. Precipitation rate of raw and sterilized leachate with different incubation period at 35ºC 
 

In general, larger amounts of precipitation were observed with longer incubation times as expected, 
However, a clear trend was not observed. It is also evident that 2 days of incubation may be sufficient to 
record measurable precipitation for further tests. Furthermore, the precipitation rate of sterilized leachate 
was always lower than that of raw leachate, which is consistent with previous results. 

In addition, it was hypothesized that the alternating dry and submerged conditions in the leachate 
collection system enhances the clog formation and by accelerating attachment to the pipe surface. To test 
this supposition, the following procedure was conducted, as depicted in Figure 3: 
 

 Five (5) 100-mL samples were poured into glass beakers and the mass was recorded 
 Beakers were placed in incubation at 35ºC for 21 days 
 Sample mass was measured on days 1, 3, 5, 7, 12, 19, and 21 
 Samples were refilled with room temperature leachate to match initial sample weight after each 

measurement 
 Final precipitate mass was measured after decanting any remaining leachate and then drying the 

beaker and contents at 105ºC for one hour. 
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Figure 3. Test method to test alternate dry and submerge condition 
 
Table 2 summarizes the amounts of added leachate required to adjust for the loss during incubation at 
different days. Sample 1, which was only adjusted until day 3, corresponds to a two-cycle condition 
whereas Sample 5 was adjusted until the 19th day (six dry and submerge cycle). It was expected that 
sample 5 will have higher precipitation compared to that of sample 1. 
 
Table 2. Summary of leachate addition to adjust for the loss due to evapotranspiration  
Sample  

ID 
Day 0 Day 1 Day 3 Day 5 Day 7 Day 12 Day 19

1 226.377 4.199 10.838 - - - -

2 225.733 5.515 10.872 9.634 - - -

3 227.155 6.639 11.970 11.505 12.578 - -

4 226.749 4.753 13.008 12.187 12.358 32.423 -

5 223.980 5.864 12.110 10.979 10.497 62.416 44.978

 
Initial results of this experiment were not conclusive and did not follow any trends. Some of the beakers 
were completely dry and left visible amounts of salt precipitation at the bottom, which was one of the 
experimental limitations. A further test will be conducted with a similar setup but with 200 mL of 
leachate sample in each beaker. 
 
TASK 3. Determine impacts of pH adjustment for precipitation control. A pH adjustment test was 
developed to understand how the calcium and alkalinity changes with pH. Acid (0.1-1.0 M) and base (0.5 
M) were added to 500 mL raw leachate to adjust the pH between 2 and 13 respectively. Alkalinity and 
calcium were measured at each pH unit and plotted in Figure 4. Alkalinity and calcium units were converted 
to g-moles/L to calculate pAlk and pCa. Where, pY is the negative logarithm of variable Y. 



 
Figure 4. Alkalinity and calcium concentration changes with pH 
 
The difference of pH and the pHs (saturation pH with respect to CaCO3) is the Langelier Saturation Index 
(LSI), a measure of CaCO3 precipitation. Calcium concentration and alkalinity are the two major 
influencers in calculating pHs. pCa and pAlk are the two additive terms that control the pHs and 
subsequently the LSI considering everything else remains constant. Higher the addition of these two 
terms, higher the pHs and it results in a lower LSI value. It is evident from Figure 4 that, at a pH lower or 
equal to 5.0, pHs is higher and vice versa at a pH higher than 5.0. Therefore, changes in pH from 7.0 to 
5.0 results a pHs almost 1 unit lower than that of at pH 7.0 and moves the saturation index towards 
neutrality (0≤LSI≤0.4). 
 
TASK 4. Determine downstream impacts to leachate disposal. Using the data developed in Tasks 1-3, 
an assessment will be conducted to evaluate the impacts to ultimate disposal of leachate. FAU monitored 
each flow stream at the wet well prior to final discharge to the deep injection well.  

Table 3. Summary of the mass balance based on individual waste streams going to the injection well 

Water 
Source 

AVG 
monthly Q 
2018-2019 
MG/month 

Min 
monthly Q 
2018-2019 
MG/month 

MAX 
monthly Q 
2018-2019 
MG/month 

pH 
TDS 
mg/l 

Alk 
mg/l as 
CaCO3 

Ca 
mg/l as 
CaCO3 

Cond 
mS/cm 

Temp 
ºC 

pHs LSI RI 

P/S A 3.8 5.3 6.5 7.0 17,400 1,574 3,330 24.2 28.7 5.5 1.6 3.9 
P/S B 3.6 5.5 6.6 6.9 6,670 3,058 630 12.0 34.2 5.8 1.1 4.7 
P/S C 1.2 1.5 2.2 7.6 3,561 1,750 775 7.4 31.1 5.9 1.8 4.1 
P/S D 0.7 1.0 1.4 7.0 3,608 2,100 600 8.5 30.0 5.9 1.1 4.8 
DYER 0.7 1.5 3.0 7.1 2,303 1,618 565 3.6 28.4 6.0 1.1 4.9 
CISW 0.2 0.8 1.1 7.0 1,015 371 404 1.3 29.0 6.6 0.3 6.3 
ISW 1.3 2.6 4.8 7.0 1,015 371 404 1.3 29.0 6.6 0.3 6.3 
Plant water 6.9 8.2 9.2 7.2 3,644 155 1,364 4.6 32.5 6.6 0.5 6.1 
NEFCO 5.4 6.0 6.7 5.4 1,153 400 300 4.4 37.5 6.7 -1.3 7.9 
AVG 23.8   7.2 5,522 1,071 1,189 8.8 32.8 5.9 1.3 4.7 
MIN  32.3  7.3 5,585 1,147 1,172 8.8 32.4 5.9 1.3 4.6 
MAX   41.5 7.3 5,401 1,165 1,132 8.5 32.0 5.9 1.4 4.5 
DEEPWELL    7.5 6,360 1,425 1,075 9.7 25.8 6.0 1.5 4.5 
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TASK 5. Develop final recommendations and prepare publication materials. Interim and final 
reports will be developed and submitted. A plan will be developed for follow-up work based on 
comments from reviews. Furthermore, the following scholarly works were published in conference 
proceedings and peer-reviewed journals: 

Shaha, B.N. and Meeroff, D.E. (2019). Impacts of pH on leachate chemistry, CaCO3 precipitation, and 
scaling potential (Oral presentation). In World Environmental and Water Resources Congress, May 
2019, Pittsburgh, PA. 

Shaha, B. N., Meeroff, D. E., Kohn, K., Townsend, T. G., Schert, J. D., Mayer, N., ... & Telson, J. (2019). 
Effect of Electronic Water Treatment System on Calcium Carbonate Scale Formation in Landfill 
Leachate Collection Piping. Journal of Environmental Engineering, 145(9), 04019052. 

 
Upcoming Research Tasks 

 
TASK 1. Determine impacts of flow regime. FAU will continue to collect and monitor the water quality 
parameters of leachate to identify any changes in the leachate and the impacts on calcium carbonate 
precipitation and clogging in the gravity collection system. In addition, FAU will also continue exploring 
the alternative sources of dilution water and provide recommendations to the SWA of Palm Beach County. 

TASK 2. Determine impacts of biological activity trigger mechanisms. FAU will continue to investigate 
the impacts of microbes in clogging using heat sterilization (autoclave). One of the major issues with 
autoclaving leachate is the drastic increase of pH during the autoclaving process due to the degasification 
of dissolved carbon dioxide as well as the changes in chemistry due to high pressure and temperature. 
Literature review suggests that the addition of acid prior to the autoclaving process may help to keep the 
pH under control. However, if the pH is still high, the addition of acid is recommended to lower the pH to 
its initial level. FAU will continue the experiments with pH balancing. 

TASK 3. Determine impacts of pH adjustment for precipitation control. FAU will conduct laboratory 
experiments with varying pH by different means (acid, base, turbulence, and aeration) and estimate the 
differences in precipitation rate as well as the characteristics of the precipitates.  

TASK 4. Determine downstream impacts to leachate disposal. Using the data developed in Tasks 1-3, 
FAU will keep updating the database and evaluate the impacts to ultimate disposal of leachate. 
 
TASK 5. Develop final recommendations and prepare publication materials. Interim and final 
reports will be developed and submitted.
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The operations personnel at SWA receive regular reports of our experimental results to inform their 
ongoing efforts to keep leachate collection system clogging under control. 
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