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Introduction

Management of leachate is one of the major challenges facing 
landfill operators in the UK.

Waste Management Licensing Regulations mandate a 30 year post 
closure aftercare period; therefore, revenue generated during the 
life cycle of a landfill must be allocated to accommodate the 
aftercare term.

The Integrated Pollution Prevention and Control (IPPC) Regulation 
is requiring that all new leachate treatment systems be permitted by 
2005.
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Millennium Science and Engineering, in conjunction with it’s 
UK associate, MSE, Ltd. conducted a feasibility study on 
behalf of Viridor Waste Management company to

Determine site specific leachate quantities and quality

Review and assess feasible pretreatment options including 
preliminary cost estimates

Commission a Pilot Plant of the selected treatment option with an 
experimental trial to determine the extent and success of a 
pretreatment program

Background
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The Hydrologic Evaluation of Landfill Practices (HELP™) 
model was originally used to assist hazardous waste landfill 
designers and regulators evaluate hydrologic performance of 
proposed landfills 

It can model particular profiles for different phases of landfill 
operation (i.e. active use, closure, etc.).

The model accepts various input parameters such as weather, 
soil characteristics, runoff, vegetative growth, subsurface 
drainage, infiltration, etc.

HELP™
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MSE used the HELP™ model to develop a water balance for 
the landfill.

From the water balance, an appropriate hydraulic loading was 
extracted to be used as the design basis for the pilot-scale 
plant.

HELP™ (continued)
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The pilot plant was set-up at the 
Calne Landfill, Calne, UK

The facility receives a high 
percentage of industrial and 
commercial solid waste relative 
to household waste.

The landfill has two storm water 
lagoons that can be used for 
equalization/storage from peak 
events. 

Site Description

One of the Stormwater Lagoons
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The key pilot plant influent characteristics of the leachate used 
as feed are listed below

The parameters of most concern with respect to effluent 
quality are COD, NH3-N, NO2

-, and NO3
-.

Leachate Quality

Parameter Min. Max Mean 95TH Percentile 

pH 3.6 14.1 8.5 13.7 
Temperature (oC) 7.1 8.3 7.9 8.2 
TCOD (mg/l) 272 1529 575 1366 
FCOD (mg/l) 272 1336 551 1293 
NH3-N (mg/l) filtered 188 640 338 638 
Alkalinity as mg/l CaCO3 1030 2940 1606 2895 
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Based on the projected leachate quality, a moving bed 
biological reactor (MBBR) was chosen as the most suitable 
method for treating the leachate before discharge to a local TP.

As a fixed film pretreatment technology it can retain a higher 
concentration of biological solids for treatment.

The higher biomass concentration allows for a higher specific 
loading rate which impacts the overall system footprint.

The smaller footprint, less overall process equipment, and 
simpler operation make it a more attractive option for the 30 
year aftercare period.

Treatment Technology
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The MBBR was set up as three reactors in series housed in trailer

Treatment Technology
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Treatment Technology

The MBBR’s three vessels were filled up to ~60% with carrier 
elements.
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Phase I was conducted from 12/24/03 – 1/16/04
Leachate was extracted from the lagoon and diluted such that the
influent NH3-N concentration was ~350 mg/L.
The leachate was metered to the MBBRs such that the HRT was ~4.75 
days.

Phase II was conducted from 1/17/04 – 2/20/04.
Leachate was again amended so that the NH3-N was reduced to 200 
mg/L.

In Phase III ended on 3/5/04.
The dilution of the leachate was gradually decreased until the influent 
was full strength (i.e. undiluted) leachate.

Experimental Phases
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Analytical Plan

In all three phases of the pilot-study, the extent of treatment was 
assessed by the measuring the following parameters in each 
reactor: 

soluble COD, 
NH3-N, 

NO2
-, 

NO3
-,

D.O., 

temperature, 

and pH.

Alkalinity was measured in MBBR vessels 2 & 3:

PO4
3- was measured in vessel three only
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Results (Ammonia)

During Phase I, the intention was to establish the bacterial 
community, particularly the nitrifiers. 

The nitrifying population was trying to grow and establish itself therefore 
there was limited conversion of ammonia.
There was some foaming in the reactor vessels, and an antifoaming 
agent was added to help reduce foaming.

During Phase II, the nitrifiers were further stimulated
The influent NH3-N was reduced.

The NH3-N in reactors 2 & 3 approached nondetect.

Phase III tested the “capacity” of the nitrifying community
The influent ammonia concentration was gradually increased.

Ammonia oxidation increased over previous phases. 

Due to funding the projected terminated before the pilot unit 
demonstrated complete nitrification.
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Results (Ammonia) 
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Results (COD)

Filtered (soluble) COD actually increased during Phase I.

The reduction of soluble COD in the during Phase II was minimal

The greatest reduction in COD occurred in Phase III
~41% of the soluble COD was removed
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Results (COD)
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NO2
- was measured to determine the extent that nitrification 

may have been occurring.

The concentrations remained very low until the ammonia 
concentration was reduced to 200 mg/L NH3-N during Phase II

NO2
- concentrations reached as high as 125 mg/L NO2-N 

toward the end of Phase II. 

Results (Nitrite)
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Results (Nitrite)
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NO3
- was measured to determine how much of the influent 

NH3-N was being nitrified.

The conversion of NO2
- to NO3

- was only substantial in Phase 
III.

The concentrations in all three reactors reached, in excess, of 350 
mg/L NO3-N

The increase corresponds with an influent NH3 decrease of 74%.

Similarly the NO2
- concentrations were low in Phase III

Results (Nitrate)
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Results (Nitrate)
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The D.O. in each reactor ranged from 8.2 – 12 mg/L 
throughout the study.
The alkalinity of the leachate was extremely high relative to 
typical municipal wastewaters.
There was a noticeable effect on the alkalinity concentration as
nitrification occurred. It remained fairly constant during the 
initial phases of the study and began being consumed when 
nitrification was observed. 
During startup, the effect of the influent ammonia concentration
and high alkalinity could be seen on the pH (~9 SUs) in the 
reactors. 
The influent temperature ranged from 4°C – 14°C

Results (Continued)
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Analysis of the historical data coupled with projections from 
HELP™ indicate a need for additional leachate storage 
capacity during rainy months.

After overcoming some of the difficulties during the initial 
setup, the culture in the MBBR was able to nitrify consistently.

Nitrification in Phase III corresponds with the greatest soluble
COD removal; however, on average, the soluble COD removal 
was only 29%. 

Discussion and Observations



Environmental Science and Engineering Solutions for the 21st Century 23

Some of the COD in the influent was believed to be refractory 
within the retention time of the system (a subsequent 
laboratory test supported that finding).

Influent temperature, pH, and possibly the ammonia 
concentration could have inhibited nitrification rates during the 
first two phases of the study.

The MBBR appears to be a suitable option for pretreatment of 
this leachate provided the variability of the influent COD and 
NH3-N concentrations can be stabilized.

Discussion and Observations
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Questions?

For More Information Contact:

Dr. John Henry Looney
jhlooney@mse-environmental.co.uk


