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Abstract: Wildland fires frequently happen and develop in hard-to-reach regions, fast covering
large areas due to the presence of ignitable matters together with beneficial meteorological
circumstances. Human actions and natural events are the main reasons for the appearance of
wildland fires. Our study focusses on the idea of using natural resources, namely water assets on
the fire-affected territory. Since fire suppression is primarily done with water, the provision of
sufficient water sources in the proximity of the burning area is critical. An investigation of the
hydrological characteristics of the territory is needed, especially in the driest months, when most of
the wildfire events are expected to occur. The construction of a support point for fire water supply
in the wildland territories is also a requirement for building a network of water assets in the
wildland territories.

Keywords: Wildfire, Wildland fire suppression, Support point for fire water supply, Network of
water assets, Hydrological characteristics

1. Introduction

Wildland fires are recognised as a critical disaster for the environment and humans, as they
destroy woodlands and forests, emitting an enormous quantity of greenhouse gasses [1]. Due to
human activity and climate changes, uncontrolled wildland fires have increased over the past 30
years [2].

The forecasting of the forest fires or the early warning becomes more and more necessary [3, 4].
Several models for prediction of wildland fire danger rating have been developed and used, e.g.
McArthur Mark 5 Forest Fire Danger Meter [5], Fosberg Fire Weather Index (FFWI) [6], McArthur
Mark 4 Grassland Fire Danger Meter (GFDI4) and McArthur Mark 5 Grassland Fire Danger Meter
(GEDI5) [7]. The use of these tools could allow not only the early discovery of the occurring fires but
the prediction of the dynamics of their spread and the magnitude of the possible damage [8]. It would
give a possibility for optimised fire-fighting strategies and choice of the most appropriate measures
to be taken by the fire-fighting teams. In addition, the prediction of wildland fire danger rating can
be used for the education of target groups, like firefighters, foresters and volunteers. Numerous
scientific studies have been conducted throughout the world, both for the timely detection of
wildland fires and the modelling of processes related to the dynamics of fire and smoke spread [9-
13].

The prediction or early warning of the wildland fires, however, should be followed by
appropriate measures for the suppression of the fire. A possible solution for early suppression

The 3rd International Electronic Conference on Geosciences, 7 - 13 December 2020



45
46
47
48
49
50

51

52
53
54
55
56
57
58
59
60

61
62
63
64
65
66
67
68
69
70
71
72
73

74

75
76
77
78
79
80
81
82
83

The 3rd International Electronic Conference on Geosciences, 7 - 13 December 2020

measures for the Bulgarian territories, prone to fires, could be the construction of a network of special
water sources (reservoirs). Our paper deals with the idea of using water assets in the wildland
territory, connected in a network. The construction of a support point for fire water supply in the
wildland territories is presented. The need for an investigation of the hydrological characteristics of
the wildland areas is needed, especially in the driest months, is highlighted. A case study of the
Dzherman river, situated in Southwestern Bulgaria is presented.

2. Network of water sources

The network of water spots should assure sufficient flow rate year-round. According to [14], 2
km is the maximum distance for water transportation away from the water source to the presumed
location of the fire. Assuming a circle with a radius of 2 km, a single water spot from the network
would cover an area of 1256 ha. The required water debit of fire suppression measures, according to
[15], is 800 1/min or 13,33 I/s.

The cover area of the water spots network can be easily visualised by drawing a circle with a
radius of two kilometres around each water source in the map. The area of the uncovered
(unsecured) zone with water debit fun can be determined by:

fu=Jdf =20 ®

where f is the area of the territories with no water debit, and Afi is the elementary area.

The good organisation and creation of support posts would lead to a reduction of the wildland
forests as a number and area. The respective instructions and regulations in the country also need to
be updated. An in-depth study of the forest maps and the construction of additional water supply
reservoirs with sufficient flow rate would increase the fire resistance in the mountain areas. It is
nesesary to keep in mind the decrement of water content in nature in summer. Grass, shrubs and
trees become dryer compared to winter and spring and can quickly burn. At the same time, the
human activity in the wildland increases: there are many holiday resorts, chalets, farm buildings,
children's camps, villa areas, wood-processing enterprises in the mountain areas, which could be a
potential cause for the appearance of ignition points. From a fire-fighting point of view, these areas
need to be carefully guarded, because a large number of tourists is combined with limited water
sources, limited access to them and lack of dry pipe suction devices [16]. Besides, the mountain roads
set limits to the use of fire-fighting trucks or heavy machines in case of necessity.

3. Construction of a support point for fire water supply

The water transportation through rugged mountainous terrain is unjustifiable in the presence of
rivers, irrigation channels and underground waters. It is especially valid if closed or open channels
for hydropower stations (with a length of 10-15 m) or water catchments to them are available nearby.

In our study, we propose the construction of a support point for fire water supply using dry
pipe suction with motor pumps, electric pumps or fire trucks. The support point can be built using
ready-to-use reinforced concrete structures or on-site. It has to be set on the straight section of a river
or an inner bend, so as not to become clogged during floods. Groundwater in appropriate locations
may also be used.

The construction of the proposed support point for fire water supply is shown in Figure 1.
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Figure 1. The proposed support point for fire water supply

The pipe (3) with perforation is lowered into a hole (1) by using a drill. Drainage felt is placed
between the hole (1) and the pipe (3) to avoid clogging of the perforation. The pump (4) is lowered
into the pipe (3) about 500 mm from the bottom of the hole (1). The pipeline (5) is used for the pump
attachment.

At 0 elevation, i.e. at the upper end of the hole (1), a small concrete slab (6) is made in order to
protect the hole (1) from dirt and debris. At the upper end of the slab (6) a deviation with a T-holder
(10) is fixed via fastening plates (7). Shut-off taps (12 and 14) are mounted at the outlet ends of the T-
holder (10). A connector (13) for connecting a hose line is mounted directly on the tap (12). The
manometer (11) monitors the water pressure.

From the outlet of the tap (14), the water supply continues at the height of 2800 mm. A deviation
is made by the knee (15), where the connector (16) is mounted, and a soft connection (17) is fixed. The
pump is supplied with electricity through the cable (8).

The construction of the proposed support point for fire water supply requires a preliminary
assessment of the terrain conditions. The optimal spots should be plotted on a map. The network of
water sources shall be arranged so that water can be drawn for three hours with a minimum flow
rate of 800 1/min. The volume Vp (m?3) of the source (reservoir) is calculated using equation 2:

Vp = Qr T (2)

where Q: is the required flow rate for fire suspension, m3h and tis the time for the fire extinguishing,
h.

Forestry farms should also be involved in the construction of the proposed support point for fire
water supply. They should also tace primarily care for the fire-fighting sources near rivers, lakes,
swamps and ponds. Water sources along roads or roads that are passable for fire-fighting trucks are
particularly suitable for involvement in the network of water sources.
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If there is a danger of temporary drying, the water source is only conditionally usable. This
should be especially noted in the water source documents (maps). All natural water sources should
have at least three access points from where water can be drawn at the same time.

The proposed support point for fire water supply can also be built in the areas with pipelines
for residential buildings, industrial or agricultural enterprises. An arrangement with the water
supply services is necessary. The optimal distance between the points then would be 0.5 km.

In the high mountain forests with a lack of water sources, the support points for fire water supply
can be constructed together with artificial ponds. A standard pond must have a minimum volume of
50 m2. It should provide 50 m3 (140 1/min) of water for six hours.

4. The case study of the Dzherman river

Dzherman (Fig. 2) is a river in Southwestern Bulgaria, a left tributary of the Struma River. It
crosses the town of Dupnitsa in the East-West direction.

Dzherman originates from the Seven Rila Lakes at the foot of Mount Kalin in the Rila mountain
and, more precisely, from the last, the Lower Lake (Fig. 3). The river passes through the towns of
Sapareva Banya and Dupnitsa and flows into the Struma River near the town of Boboshevo.

The length of the Dzherman river is 47.8 km, and the average slope is 35%. The catchment area
of the river is 275 km2

Figure 2. Dzherman river landscape

In order to investigate the possibility of using the waters of the Dzherman river for fire-fighting
purposes, it is necessary to assess the river flow and how it changes during the different months of
the year. The risk of the river drying up in the summer, when the risk of wildland fires is most
significant, must be assessed. The accessibility of the river and its banks must also be evaluated.
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Figure 3. Dzherman river map and relief

For this purpose, a period of 3 years (from 2015 to 2017) was considered. Data from the
hydrological station at Dzherman river, located at an elevation of 1039 m, were analysed. The results
are shown in Figure 4.

Average runoff of Dzherman river
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Figure 4. Dzherman river runoff for the period 2015-2017

The analysis of the average monthly outflow of the Dzherman river shows that it is fed mainly
by melting snow during the spring months. The runoff regime of the river is characterised by a
pronounced spring flood (months April - June), which depends on the water supply in the snow and
the intensity of snowmelt.

The lowest value of the water runoff, calculated on the basis of the measured data during the
observed period, is 0.047 m3/s. The river’s flow rate must be at least 800 I/s or 0.01336 m3/s to be used
for fire extinguishing. Therefore, even in the months with a water minimum, the river can be applied
for fire-fighting purposes as its flow rate is many times higher than the minimum required.
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To use rivers for wildland fire suppression, it is necessary to build approaches to them, to
construct dikes, to strengthen the banks, to provide scraping of mud and several other preparatory
activities.

At an elevation of 1052 m on the Dzherman river an equalication mini-hydropower station
"Dzherman" has been built. The hydropower station meets all the requirements for being used as a
water source for wildland fire suppression. The volume of its reservoir is 5000 m3. The reservoir is
filled by the waters of the Dzherman river for 24 hours and maintains a level of 2.5 m. Three
independent roads lead to the hydropower station, each of them is 4.5 m wide. There is a bridge over
the Perushtitsa river on one of the roads, strengthened additionally to withstand load capacity of 12.5
tons.

4. Conclusions

The response to any forest fire is essential to pursue broader goals that affect both nature and
society. It is of paramount concern for the protection of human life, homes, infrastructure and
businesses against forest fires. In this article, we highlight several specific topics for fire-fighting and
engineering to be explored and promoted. They can provide a solid basis for developing guidelines
and regulations in the field of forest fires. The hydrological study of rivers and other water sources
in wildland areas, the construction of artificial reservoirs, the connection of water assets in a network,
the construction of points for access of fire trucks to water are among the presented useful and
workable measures. They can lead to appropriate targeting of fire prevention and management policy
in Bulgaria and even in the countries of Southern Europe, which annually face the problem of
wildland fires.
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