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ABSTRACT 

Bottom ash is a major component of landfill waste in Japan. Bottom ash has low organic matter content, but chemical oxygen demand (COD) in its leachate is significant enough to require treatment. Methods of promoting waste stabilization are required. This study focuses on washout of the remaining organic matter from bottom ash in closed system disposal facilities (CSDFs) that have a barrier, such as a roof, to prevent rainfall infiltrating into the waste layers. The objective of this study is to propose an artificial watering method. Intensity, period and frequency of watering, which are important factors in determining the size of leachate treatment facility required were examined. A washout model presenting the elution behavior of total organic carbon (TOC), from bottom ash, as an alternative measurement to COD, was developed in our past study. The model's parameters were estimated from conducting one-dimensional column experiments. To promote TOC elution from bottom ash layers, the following points are important: 1) use not too long intervals between watering events (in this study, daily watering was best); 2) avoiding excessively long watering periods as these cause the generation of large amounts of leachate; and 4) too shallow a bottom ash layer results in a large amount of organic matter remaining, even if leachate TOC concentration was low.
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INTRODUCTION

Waste stabilization in a landfill consists mainly of a biodegradation process and a washing out process. Both processes need water.　It is important to control the supply of water to promote waste stabilization.

In Japan, where rainfall is relatively high, water infiltrates naturally into waste layers. The rainfall provides good conditions for microorganisms and also washes out pollutants. However, at times of heavy rainfall, the amount of leachate generated may be greater than the capacity of the leachate treatment facility. In this event, the leachate has to be stored temporarily within waste layers, which may cause environmental pollution, such as groundwater pollution. Moreover, most leachate treatment facilities at landfill sites in Japan have difficulty in meeting effluent standards over their long period of operation. Consequently, methods of promoting waste stabilization are required. 

In Europe rainfall is relatively low, and infiltration of rainfall into waste layers is limited by capping in the post closure period. Water content within waste layers tends to be low, and water within waste layers is not replaced frequency. As a result, insufficient water content or a high concentration of inhibitors such as ammonium ions hinders microbial activity (e.g., Hupe et al., 2003). Watering, or recirculation of leachate, has been studied previously, especially for promoting methane gas production. This has led to strategies for waste stabilization changing from passive control (water infiltrating into waste layers naturally) to active control (artificial watering into waste layers).

Community and controllable closed system disposal facilities (CSDFs) have been proposed in Japan (Hanashima, 1990). CSDFs have a barrier, such as a roof or an artificial foundation, which can prevent rainfall from infiltrating into waste layers during the operation of the CSDF and during the post closure period. Consequently, generation of leachate is limited, thus preventing environmental pollution, including groundwater pollution, odor generation, and scattering wastes. CSDF construction has increased in recent years. One of the essential functions of CSDFs is to provide proper conditions for waste stabilization, especially the control of the amount of water required. 

Municipal solid waste bottom ash is one of the main landfill wastes. Although organic carbon content in bottom ash is very low, chemical oxygen demand (COD) in its leachate is significant and has to be treated. In addition, the leachate contains considerable quantities of inorganic matter such as salts. 

In our past study, a washout model was proposed presenting the elution behavior of total organic carbon (TOC). The model's parameters were determined using one-dimensional experimental data (Ishii et al., 2003 and 2004).

In this study, watering methods for bottom ash layers in CSDFs were investigated based on the model's parameters and on sensitivity analysis. In particular, the intensity, period and the frequency (or interval) of watering, as well as the depth of the bottom ash layer were examined.

WATERING IN CSDFs
What is a CSDF?
The concepts of a CSDF are “control” and “community”. Control means that landfill wastes are stored safely and that their characteristics are monitored so that the wastes are converted to a product of optimal quality for land use and recycling. CSDFs control the quality of landfill waste in a closed environment, as shown in Figure 1, without generating environmental pollution. As mentioned above, CSDFs can prevent rainfall from infiltrating into waste layers and reduce the potential for groundwater pollution, thus leading to improved safety of landfill sites.

Community, in the broad sense, means harmony with the local social setting through communication with residents, which can maintain reliance on landfill sites.

Objective of watering

Although CSDFs can reduce the potential for environmental pollution because rainfall is prevented from infiltrating into the waste, water is still needed for waste stabilization through leaching of pollutants and promotion of microbial activity. 

Incinerated residue in Japan accounts for about 50% of the total amount of landfill waste. The incinerated residue has a low concentration of organic matter that can be degraded by microorganisms, but the COD level in its leachate is significant and has to be treated. A long-term leaching of COD causes a long period of operation of leachate treatment facilities, even in post closure care.

Therefore, water needs to be supplied artificially to (1) reduce the risk of environmental pollution, (2) reduce the length and cost of post closure care and (3) control dust and temperature for the safety of workers. In this study, we focused on (1) and (2), especially on washing out pollutants from bottom ash layers.
PARAMETERS IN THE WASHOUT MODEL

Experimental conditions 
Table 1 shows the period and intensity of watering. In cases 1 to 3, the total amount of water was constant and corresponded to the average amount of annual precipitation in Japan. The intensity of watering was increased from 2 to 10 mm/h. In cases 4 to 6, we investigated the effect of the frequency of watering.
CONCLUSIONS

Based on the experiments reported here, the estimated model parameters and the sensitivity analysis, we propose that the following watering conditions to promote TOC elution from bottom ash layers.
1) The intensity of watering should be large. The optimum intensity is probably related to the maximum rate at which water infiltrates the bottom ash layers.

2) If the interval between watering is too long, the effectiveness of TOC elution decreases, because of changes in the characteristics of the bottom ash layer. This study recommends watering once per day.

3) Applying too much water at once leads to a decrease in TOC concentration, and to a decrease in the total amount of TOC eluted.
4) A bottom ash layer that is too shallow might retain a considerable amount of TOC even though the TOC concentration in the leachate is sufficiently low.
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Figure 1 Schematic diagrams of CSDFs
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Table 1 Experimental condition









