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Accepted 19 October 2021 The condition of porous and fibrous peat soils makes oxygen supply easily happens. The
Available online 25 November 2021 difficulty of getting to the location of the burning peatland is one of the problems to
extinguish the fire. This study aims to observe with thermal imaging study the effect of
peat permeability on smouldering behaviour of a tropical peat sample. Mechanical
compaction was applied to reduce permeability and pore value in the central of the peat
soil. Then, peat soil is ignited to create the smouldering propagation through the
compacted peat area. The combustion process that occurs on the surface is observed by
a visual camera and an Infrared FLIR Thermal Camera. The initial results showed a
reduction in the smouldering spread rate on the compacted soil region as compared to
the undisturbed peat smouldering region. Nevertheless, smouldering combustion of peat
still occurred in all regions of the reactor, once the smouldering front could penetrate the
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1. Introduction

Peat is a mixture of segmented organic matter formed in wetlands on climatic conditions and
suitable topography. Peat is formed from vegetation with chemical changes over many years [1] that
known to have a high level of compressibility and low shear stress [2]. Because of its tropical climate,
Indonesia has abundant peatlands measuring at 22.5 million hectares of peatlands [3]. However, due
to organic compounds in peat, this soil is flammable and damaged by illegal logging [4]. The problem
of forest and land fires in Indonesia is not something new for the government [5, 6]. The forest and
land fires, including peat fires, have caused significant economic loss and health problems [7]. Peat
fires are related to the opening of agricultural land so that peat becomes very dry and burning. This
fire phenomenon is caused by smoldering combustion, where the burning is moving slowly, low-
temperature, does not form a flame, supported by heat from oxygen that burns fuel [8, 9], and drying
kinetic properties of the peat [10]. Because of that, the results of burning smoldering against peat
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are very poisonous and often not detected, making it difficult to overcome the fire. There are three
ways to extinguish peatland fires; cooling, eliminate oxygen and extinguishes fire sources [11]. With
this in mind, the authors would like to visually study the effects of peat permeability on smoldering
propagation by compaction using a peat sample originated from the Palangka Raya region in Central
Kalimantan. Compaction is an attempt to rearrange the composition of the soil grains so that the soil
becomes denser [12]. Density is usually the standard parameter of construction work because there
is a direct correlation between the desired property and the soil density [13]. Compaction densifies
air, water and earth so that the air is pushed and becomes less, resulting in permeability reduction
and oxygen elimination. Compaction also increasing bulk density, where it constrained the oxygen
diffusion through the peat particles, cause a decrease in mass loss rate and spread rate of smoldering
peat [14, 15]. This experiment aims as a preliminary study before a more detailed study involving
local temperatures measurements, spread rate and emission studies.

2. Methodology
2.1 Experimental Set-Up

Figure 1 shows the experimental set-up and initial steps to start the experiment. Firstly, the
undisturbed peat sample from Palangka Raya, Central Kalimantan, was oven-dried at 100°C to 11%
moisture content. Then, the peat was poured without compaction into a 20 x 20 cm stainless steel
reactor. A fraction of the peat bed located at the center section of the reactor was then compacted
with a special compactor to study the effect of permeability on smoldering behavior. The smoldering
experiment was initiated by turning on a voltage regulator connected to the coil heater installed on
one side of the reactor. The electric coil heater provides ignition energy of 100 Watts for 1 hour or
until the smoldering propagation is self-sustained. An Infrared FLIR camera and a visual camera were
placed above the reactor to visually observe the distribution of surface temperatures and the
propagation dynamics of the smoldering peat. These cameras were connected directly to a laptop
which recorded the data at intervals of 1 minute. At the later stage, the collected data were processed
and analyzed. At the current experimental work, the temperature measurement was logged using a
thermal camera. No thermocouples (TCs) were inserted into the peat layer because the compaction
can potentially damage the TCs.
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Fig. 1. Experimental Set-Up
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2.2 Peat Compaction Area

In order to create a layer of peat bed with a denser section, the peat was compacted using a
manual compactor made of a stainless plate of 5 cm width (Figure 2). The compaction process was
carried out three times with a holding time of 30 minutes per compaction. In order to protect the
density of the side section, barrier plates were placed during the compaction process. At the end of
each compaction stage, the empty part at the top was refilled with peat until the compacted section
has the same height as the reactor tip. The barrier plates were removed before the ignition protocol
started.
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Fig. 2. Peat Compaction Area
3. Results

Figure 3 and 4 display images of the smoldering peat taken by a FLIR infrared camera (FLIR) and
a visual camera on the same timeline. The temperature on the infrared camera ranges from 50°C to
550°C by considering the maximum temperature of smoldering peat. As shown in the legend, the
brighter the color on the temperature scale, the higher the temperature recorded.

In the first hour (Figure 3(a)), the heat generated from the coil heater has started the ignition
process in the peat bed close to the electric heater. The smoldering front propagates to the right
side of the reactor. It propagates vertically and horizontally to the area where there is an oxygen
supply and fuel-rich zone. After 4 hours of the smoldering process (Figure 3(b)), the temperature has
declined, and the smoldering is obstructed in the central area. The obstruction phenomena arise
because the compacted peat succeeds in reducing the permeability and the peat pores. As a result,
the soil oxygen is decreasing and sufficient to make the smoldering is blocked.

Nevertheless, after 7 hours (Figure 3(c)), the fire began to propagate through the central area
due to the rising temperature around the compacted peat. The heat accumulates from the surface
to the bottom of the peat could achieve conditions for smoldering combustion to propagate. After
23 hours (Figure 3d), the smoldering front has spread to all parts of the reactor, showing the
increasing temperature at every point. It also shows the formation of ash and soil shrinkage due to
reduced moisture content and combustion.
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Fig. 3. Sequences of images taken by a FLIR infrared camera (above) and a visual camera (below) at (a) 1
hour, (b) 4 hours, (c) 7 hours, (d) 23 hours after initial ignition. The white dotted lines show the compacted
areas of the peat bed

Later, after 51 hours (Figure 4(a)), a decrease in temperature was observed on the surface of the
peat. Nevertheless, there is a sharp temperature rise at one point in the reactor. That point is a hole
that was previously used to check the temperature with a thermocouple. About an hour later (Figure
4(b)), smoldering combustion is reappeared. The re-ignition process happens due to the piercing of
the thermocouple makes the oxygen re-supplied, so the temperature rises sharply. Previously, the
ash formed by combustion began to cover the shrinking peat, making it difficult to gain oxygen supply
from the environment. The smoldering continues to spread, as shown in Figures 4(c) and (d).
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Fig. 4. Sequences of images taken by a FLIR infrared camera (above) and a visual camera (below) at (a) 51
hours, (b) 52 hours, (c) 54 hours, (d) 70 hours after initial ignition
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As illustrated in Figure 5, the reappearance of the smoldering front was facilitated by the ignition
of peat char that collapses and gathers with pre-heated peat on the bottom of the peat layers. Char
is a result of incomplete combustion, which could re-ignite the combustion process when contacted
with pre-heated peat.
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Fig. 5. Effect of piercing thermocouple on the re-ignition process due to the intrusion of
fresh airflow and collapse of peat layer, (a) when the thermocouple was inserted, and (b)
change in gas and heat exchange after thermocouple was removed, adapted from [16]

After 70 hours, the smoldering process ceased. The end of the smoldering process was confirmed
by the surface temperature below 100°C, no unburnt soil, a lot of formed ash, and a constant
decrease in soil temperatures. After long observation, there was no increase in temperature, and the
temperature reduction phenomenon remains unchanged; thus, the smoldering combustion is
stopped completely.

4. Conclusions

From this study, it can be concluded that decreasing soil permeability using the compaction
method can obstruct the rate of smoldering on peat. However, this method cannot directly prevent
peat fires because compacting occurs on the peat surface, and smoldering will still propagate. The
experiments are also less than optimal because of the short time duration of the compaction
pressure, so the soil has not reached 100% plastic condition. Calculating the pressure during
compaction and increasing the duration when maintaining the compaction pressure could maximize
its effects. The smoldering rate slows down temporarily due to the lack of oxygen supply when ashes
cover the surface. However, peat char gathers with pre-heating peat may raise the temperature and
continue the smoldering process due to peat collapse phenomena.
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