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Overview

The British Columbia Transmission Corporation (BCTC) is interested in determining the maximum
pile height that can be burned under its transmission lines. When burning these debris piles the
maximum temperatures must not exceed 90°C two metres below the line, which is the upper
temperature limit presented in a report produced for the BCTC in 2005.' BCTC asked the Feric
Division of FPInnovations to develop a methodology to capture a temperature profile and then collect
temperature profiles above burning piles of various heights. Feric set up a cable between two 10-m-
high towers spaced 8 m apart. Six thermocouples were installed on a 5-m-long aluminum tube at 1-m
intervals, and the tube was suspended vertically from the cable 3 m above the ground. This arrangement
provided temperature data at 1-m intervals from 3 to 8 m above the ground. The thermocouple apparatus
proved successful and eight piles of various heights were built and burned directly under this apparatus.

Methodology

A cable was set between two 10-m-high towers spaced 8 m apart. A 5-m-long aluminum pole was
fitted with six type K thermocouples spaced at 1-m intervals. The pole was suspended vertically from
the cable so that the bottom of the pole was 3 m above the ground. Very high temperature type K
thermocouple wire overbraided with stainless steel was used to withstand the temperatures expected to
occur over the piles. Piles ranging in height from 0.7 m to 2.0 m were constructed under the suspended
pole.

Fires were generally ignited in the morning when winds were lighter. The fires were videotaped and
photographed. Temperature data were collected from the time of ignition to the point at which the fire
was essentially out. Weather data were collected from an automatic weather station located in an open
area 400 m from the burn site. Weather data provided mean values on the half hour.

Piles were constructed of debris cut in the previous years and averaged 7.5 cm in diameter across the
butts (i.e., the cut ends). Branches were also included in the piles. Pile height, width, and length data
were collected for each pile. Figure 1 illustrates a typical experiment where a pile was lit and allowed
to burn until all fuel had been consumed.

A Fourier Systems DagPRO data logger was used to collect the temperature data which were
subsequently downloaded to an Excel spreadsheet for analysis.?

! Dinh, T. 2005. Right-of-way fuel load buffer zone. Internal report prepared for BCTC. 50 p.
2 DagPRO is a trademark of Fourier Systems Ltd. Excel is a registered trademark of Microsoft Corp.
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Figure 1. A one-metre pile burning under the structure constructed to collect
temperature data above a burning pile. The pole suspended directly above the
flame has thermocouples attached at every metre to collect the data.

Results

Eight piles of varying heights were burned and temperature data were collected at 1-m intervals from
3 to 8 m above the piles (six readings). Maximum temperatures at each height for each burn were
plotted onto a graph (Figure 2).

Seven of the eight piles produced lines of similar shape where a maximum temperature at 3 m was
followed by a steep decline at 4 m and then by a gradual decline in temperatures up to 8 m. Individual
curves were fitted using Excel and all piles except the 2 m one had very strong relationships (R? values
above 0.90).

Individual graphs were produced for each burn. The line graphs showed the temperature profile for
each thermocouple for the length of the burn (Figure 3). From this data, the length of time that a
temperature exceeded the 90°C threshold was determined.
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Figure 2. A summary of the temperature profiles for each burn. Each line relates to a pile of a specific
height. The piles ranged in height from 0.7 to 2.0 m as seen in the legend on the right.

Temperature (0C)

600

500

400

300

200

100

09:45:48"

09:50:18"
09:54:48"
09:59:18"
10:03:48"
10:08:18"
10:12:48"
10:17:18"
10:21:48"
10:26:18"
10:30:48"
10:35:18"
10:39:48"
10:44:18"

10:48:48"

Figure 3. The temperature profile for a pile 1.5 m in height. Temperatures were high for
roughly 15 minutes. Maximum temperature was approximately 575°C at 3 m. The temperature
at 8 m exceeded 100°C just before 10:09 a.m. Temperatures exceeded 90°C for a total of
11 seconds over the course of the burn at 8 m.
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Using the data from Figure 3, a graph was produced showing the maximum temperatures recorded at
each height above the pile. Figure 4 reveals a strong relationship of maximum temperature and height
(R? of 0.98) for the 1.5 m tall pile. The figures for all burns are presented in the Appendix.
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Figure 4. Maximum temperatures recorded at each height with a power function
fitted to the points for the 1.5 m tall pile. This line can be extrapolated to estimate
the height where temperatures are below 90°C.

Each burn showed a strong relationship between temperature and height. This suggests guidelines may
be developed using these relationships. The data can be extrapolated to show at what height
temperatures will be below the 90°C threshold used by BCTC.

The data were analysed in several ways:

The mean maximum temperature at each height was calculated and then plotted.

The first point (3-m temperature) was dropped for each burn resulting in relatively straight
lines (which were fitted) for each pile.

Data were averaged for large (higher than 1.1 m) and small (lower than 1.1 m) piles.

Wind speed at the time of burning was also compared for each pile and was found to have an influence
on the temperature profiles. Wind data were collected at two locations in the study area. One weather
station was located in an open area 400 m from the burning piles and the other weather station was
located within the forest. The data from the open station were used to compare with the temperature
profile data. Figure 5 shows the relationship between wind speed and the temperatures collected at 8 m.
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Figure 5. The relationship between wind speed and temperatures recorded at 8 m. Temperatures
did not exceed the 90°C threshold when wind speeds were more than about 5 km/h.

How does heat rise above a fire?

Assuming a fixed rate of energy release, the heated combustion products rise. Air moves into the
plume from the sides and cools the mean temperature of the plume. If there is no wind, more air
enters the plume as it grows higher and cools it at a constant temperature. If there is wind, the
wind decreases the vertical rise of the plume and increases the rate at which ambient air is mixed
in with the plume, thereby lowering the mean temperature of the plume. Wind also acts to move a
plume back and forth while it is rising. Collecting temperatures then becomes difficult as the centre
of the plume may not rise straight up.

Discussion

The methodology used to collect temperature profile data worked well and provided the data required
to investigate the relationship between pile height and the temperatures produced above a burning pile,
including some possible pile size thresholds. Using 90°C as the limit of temperatures allowed to occur
near the transmission lines, eight piles of various heights were burned and the data show that piles over
1.5 m require attention when burning, especially in very light winds. Temperatures for the 2.0 and 1.5
m piles exceeded the 90°C threshold at the 8 m height. Piles 1.25 m and shorter did not produce
temperatures near 90°C at the 8 m height. Most transmission lines range from 10 to 14 m above ground
level. The relationships calculated could be extrapolated to estimate temperatures that may occur with
the larger piles. Research is required on the length of time that transmission lines are able to survive
when temperatures exceed 90°C.

Some general outcomes also resulted from studying the relationship between wind speed and
maximum temperatures at the top of the tower (8 m above ground). When winds were below 5 km/h,
temperatures were high at the top, whereas when they were above 5 km/h, the temperatures were below
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the 90°C threshold. This relationship requires further study. If the wind is over 5 km/h, the flames tend
to bend over and the maximum temperatures do not get very high (however, this may cause horizontal
spread of the fire and give rise to other concerns). There may be a wind speed threshold we can
determine that accounts for both of these. As well, fuel-free zones around piles should be explored if
burning takes place in winds greater than 5 km/h.

Generally, when wind is below a certain value, the plume is dominated by buoyancy. When wind
exceeds a certain value, the plume is dominated by wind. Presuming that the wind does not
significantly influence the actual consumption rate of the fuels, the energy release with time should be
the same for each test. The question is where does the hot gas go and how much has the gas cooled by
the time it gets a set distance from the source.

This was the first year of this study. More pile burns are planned in summer 2008 in the Northwest
Territories along with other work on transmission line susceptibility to fire. Further research is required
to determine the wind threshold and more burns with larger piles are also required (and windrows of
debris). The data collected this year provided a good start to this project and some general rules of
thumb can be derived from the work for the short term. Presently, piles greater than 1.5 m should not
be burned in calm conditions when transmission lines are below 10 m above ground level. Another
general rule of thumb is that when steady winds are greater than 5 km/h, larger piles may be burned
under higher lines (i.e., higher than 12 m which is higher than any fire where 90°C was recorded or
extrapolated) to ensure line safety when calm periods occur.

Conclusion and implementation

Pile height and wind speed influence the temperature profile produced above a burning debris pile.
Most transmission lines are 10-14 m above ground level. The collected data can be extrapolated to
these heights to estimate temperatures above 8 m.

Only eight piles were burned for our data collection during the first year, but some relationships were
noticed. More piles need to be burned to collect additional data for both temperature profiles and the
influence of wind on these profiles.

Some general rules of thumb can be applied at this time for burning piles under power lines:
Piles greater than 1.5 m should not be burned in calm conditions when transmission lines are
below 10 m above ground level.

When steady winds are greater than 5 km/h, larger piles may be burned under higher lines
(i.e., higher than 12 m) to ensure line safety when calm periods occur.

Piles under 1.25 m can be burned under lines that are 11+ m above ground level.

Two-metre piles should not be burned under lines.
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Appendix

Temperature data for each pile burned. Includes pile height and maximum temperature recorded at each
height above the pile from 3 to 8 m. The Y-axis scale varies on these figures for ease of viewing. The
figures are presented in the order the burns took place.
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