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Introduction 

Measuring rate of fire spread is an important component of wildfire and prescribed burn operations.  Because 
there is often little time to install instrumentation ahead of a wildfire (e.g., burying temperature dataloggers), rate 
of spread is frequently measured by observing fire passage through points of known distance. There is time to 
install instrumentation when conducting prescribed burns, but current dataloggers have limited operating time and 
may need to be reset if the burn is delayed or postponed. To overcome the limitations of existing instruments, 
Alberta Sustainable Resource Development and FPInnovations – Feric Division’s Wildland Fire Operation 
Research Group asked the Mechanical Engineering Department at the University of Alberta (U of A) to develop a 
new temperature datalogger with the following attributes: 

� Inexpensive 

� Memory and power capability to operate at least two days 

� Easy to activate and deploy (potentially from a helicopter) 

� Simple data download and file conversion processes 

� Standard commonly-available batteries 

In addition, the U of A’s Industrial Design Department and Mechanical Engineering Department were tasked with 
developing an in-fire canister to house and protect a datalogger from the inflamed heat of a fire. The canister was 
designed to be placed on the ground or dropped from a helicopter ahead of the fire front.  

After completing the development, U of A supplied Feric with 10 dataloggers and 6 in-fire canisters for 
evaluation. Feric researchers tested these new dataloggers and canisters in three experimental fires at the NWT 
Community Protection Project site in June 2007. 

Objectives 

The objectives of the test were to: 

� Evaluate the U of A dataloggers under crown fire conditions.  

� Evaluate the durability of the in-fire canisters under crown fire conditions.  

� Gain experience with the standard operating procedure for datalogger deployment.   

Equipment and supplies 

Deployment 

� Low Cost Autonomous Wildfire Temperature Loggers 

� In-fire canisters   

� AA batteries  
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� Small Phillips screwdriver (for changing dataloggers’ batteries) 

� K-type thermocouples (for sensing temperature) 

� Plastic zippable bags (to prevent moisture damage to dataloggers when buried) 

� Masking tape (to label dataloggers) 

� Marker pen  

� Pins (to mark burial locations) 

� Flagging tape (to mark burial locations) 

� Shovel  

� Work gloves  

Data transfer 

� Laptop PC with Windows XP and a USB port (to download data from dataloggers) 

� Datalogger software (to download data from dataloggers) 

� Datalogger driver (to communicate between PC and dataloggers) 

� USB cable (to connect dataloggers to PC) 

Study method 

These dataloggers (Figure 1) collect data from a thermocouple wire and have a simple on/off switch. Once 
switched on, the dataloggers automatically began collecting temperature data at a user-controlled interval (1 to 
255 seconds, set at 10 seconds in these trials) until a preset temperature was reached (50°C in these trials). Once 
the ambient temperature reached 50°C, the dataloggers began recording temperature at one second intervals. The 
data was downloaded using a laptop, a USB cable, the datalogger interface software, and the datalogger USB-to-
serial-port driver.  

 

 

Figure 1. U of A’s Rate-of-Spread Datalogger. 
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Two types of the in-fire canister were tested: aluminium skinned and galvanized steel skinned. Both versions 
(Figure 2 and Figure 3) had a fire resistant material as a second layer and a standard thermos was inside the fire 
resistant material. The inside of the thermos was lined with waxed corrugated cardboard to act as an energy-
absorbing layer. Each datalogger was placed within the waxed paper lining and the thermocouple wire was 
extended through a hole drilled in the lid of the thermos and the canister.   

 

 

Figure 2. In-fire canister developed by U of A. 

 

 

Figure 3. In-fire canister design schematic (provided by Mark Ackerman, University of Alberta). 
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The research plots 

The U of A dataloggers were tested in three experimental fires at three different plots (1, I4 and I2) in the research 
area. At two of the plots, the U of A dataloggers were buried with at least 3 cm of soil on top (Figure 4) and the 
in-fire canisters were used at the third. The buried U of A dataloggers were placed in plastic zipped bags to 
prevent moisture damage (Figure 5). The thermocouple extended out of the ground approximately 15 cm and was 
tied to a marker pin with flagging (Figure 6). 

In Plot 1 and Plot I4, commercial dataloggers (HOBO U12 J,K,S,T Thermocouple Data Logger) were buried 
alongside new dataloggers to verify the performance of the new dataloggers. 

 

 

Figure 4. Burying the datalogger. 
 

 

Figure 5. U of A’s Rate-of-Spread Datalogger in a plastic zipped bag. 
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Figure 6. A buried datalogger with its thermocouple tied to marker pin. 

 

Plot 1 was an untreated jack pine test-fire plot. The plot was used to determine fire conditions at the research site. 
The dataloggers were set-up as shown in Figure 7.  

Plot I4 was a treated experimental plot with two cabins (Figure 8). The treated zone was thinned to 3 m crown 
spacing. Because fire behaviour in this treated zone was expected to be of low intensity and slow rate of spread, 
the dataloggers were set-up in the untreated zone where a crown fire, and a good test of the dataloggers, were 
expected. 

 
Figure 7. Rate-of-spread datalogger set-up in the NWT Plot 1. 
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Plot I2 was a treated experimental plot with one larger cabin (Figure 9). The dataloggers were set-up within the 
treated zone and extended into the untreated zone. The treated zone consisted of a 20 m ring of 3 m crown 
spacing. Woody fuels were removed 10 years ago within 10 m radius around the cabin. Since then, grass and 
shrubs have grown in. The in-fire canisters were used for the dataloggers in this experiment and were placed on 
the ground. 

 
Figure 8. Rate-of-spread datalogger set up at the NWT Plot I4. 

 

Figure 9. Rate–of-spread datalogger set up at the NWT Plot I2. 
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Battery and memory testing 

Three dataloggers were set up to test battery life and memory limitation for three different stand-by recording 
intervals. One datalogger recorded temperature every 5 seconds, the second recorded temperature every 10 
seconds, and the third recorded temperature every 60 seconds. The test was conducted within the Hinton Training 
Centre office at an ambient temperature of 21oC. The test began December 11th, 2007 and ended January 15, 
2008.   

Results and discussion 

There was a total of 24 deployments of U of A dataloggers on the three experimental fires and 20 valid data sets 
were obtained during three fires. In each experiment, a crown fire with flame heights up to 20 m burned over the 
dataloggers (Figure 10). To calculate rate of spread, we used the highest temperature on the first peak from the 
records collected by each datalogger. The buried dataloggers all survived the fires and all but one provided valid 
data sets. Of the 6 dataloggers placed in the in-fire canisters, one was burned to destruction (Figure 11) and two 
had corrupted data. The failed canister in Figure 11 was made with aluminium skin; all canisters made with the 
galvanized steel skin survived.  

The temperatures recorded by the new U of A dataloggers matched those recorded by the commercial HOBO 
dataloggers on Plot 1 (Table 4) and Plot I4 (Table 5) and were comparable to recorded temperatures of past 
experimental crown fires conducted by Feric and the Canadian Forest Service in the NWT.  

 

 

Figure 10. Fire intensity in NWT Plot 1. 
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Figure 11. Burned aluminum in-fire canister and datalogger. 

Table 1. Rate of spread results for NWT Plot 1. 

Logger 
U of A Max. 
Temperature 

(
o
C) 

Hobo Max. 
Temperature 

(
o
C) 

U of A  
Rate of spread 

(m/min) 

Hobo 
Rate of spread 

(m/min) 

1-1 883 885   

1-2 1023 1027 25.2 21.4 

1-3 564 550 11.4 10.5 

     

2-1 740 718   

2-2 1015 1026 16.2 21.4 

2-3 654 702 13.8 14.6 

     

3-1 974 913   

3-2 834 805 12.0 12.0 

3-3 950 967 10.8 10.2 

Table 2. Rate of spread results for NWT Plot I4. 

Logger 
U of A Max. 
Temperature 

(
o
C) 

Hobo Max. 
Temperature 

(
o
C) 

U of A 
Rate of spread 

(m/min) 

Hobo  
Rate of spread 

(m/min) 

1-3 1023 1048   

1-2 1023 1079 42.6 33.6 

1-1 1013 1003 42.6 48.0 

     

2-3 1023 1055   

2-2 1023 1189 37.8 27.6 

2-1 1023 1117 42.6 85.8 

     

3-3 n/a
1
 889   

3-2 1023 1113  22.2 

3-1 1008 1110 40.2 35.4 
1
data not valid for unknown reasons 
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Table 3. Data collected from U of A dataloggers housed in the in-fire canisters  
and rate of spread results for NWT Plot I2. 

Logger 
U of A 

Temperature 
(
o
C) 

Rate of spread 
(m/min) 

1-3 n/a2  

1-2 916  

1-1 715 22.8 

   

2-3 n/a
1
  

2-2 n/a2  

2-1 916  
1
canister and datalogger burned 

2
data corrupted due to high temperatures in the canister 

 

The datalogger interface software was easy to use. It produced a standard comma delimited text file with time and 
temperature data that could easily be imported into a spreadsheet or a database. The dataloggers used standard AA 
batteries, which are the same type used in handheld fire-line radios used by provincial fire agencies. Changing 
batteries was not difficult, but the tiny screws made it cumbersome and time consuming.  

When running Windows 2000, the USB-to-serial-port driver required the laptop to restart every time we 
connected a new datalogger. This problem did not occur when running Windows XP. 

The dataloggers were not waterproof. Consequently, zippable plastic bags were required to prevent moisture and 
soil damage. 

The datalogger battery life and memory limitation test conducted indicated that 2 AA batteries were capable of 
powering a unit for up to five weeks. The dataloggers with 5-second and 10-second recording intervals reached 
the end of the units’ memory before the battery power was depleted, 17 and 33 days respectively (Table 6). These 
two dataloggers each returned 333,354 temperature records. The datalogger with the 60-second recording interval 
returned 57,459 records and was still recording at January 15.  

Table 6. Battery life and memory limitation test results. 

Recording 
Interval 

First Record Last Record Record Period 
Number of 
Records 

Battery power 

5 seconds 
12/11/2007 
16:28:14 

12/28/2007 
22:11:46 

17 days 5:43:32 333,371 Still good 

10 seconds 
12/11/2007 
16:12:34 

1/14/2008 
14:47:28 

33 days 22:34:54 333,371 Still good 

60 seconds 
12/11/2007 
16:40:06 

1/15/2008 
14:26:40 

34 days 21:46:34 57,859 Still good 

 

To estimate the datalogger’s maximum stand-by recording time for recording intervals, we used 333,354 records 
as its memory limit. Based on Table 6, we assumed battery life not to be a factor. If 600 records will be used to 
record the passage of a fire front (recording once per second for approximately 10 minutes), 332,754 records are 
available for stand-by recording. Table 7 shows estimated maximum stand-by recording time at eight recording 
intervals.  
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Table 7. Estimated maximum stand-by recording limitations. 

Stand-by Recording  
Interval (s) 

Estimated Maximum Stand-by Recording Time 

3 11 days 13 hours 17 minutes 42 seconds 

5 19 days 6 hours 9 minutes 30 seconds 

10 38 days 12 hours 19 minutes 0 seconds 

20 77 days 0 hours 38 minutes 0 seconds 

30 115 days 12 hours 57 minutes 0 seconds 

40 154 days 1 hour 16 minutes 0 seconds 

50 192 days 13 hours 35 minutes 0 seconds 

60 231 days 1 hours 54 minutes 0 second 

 

The actual stand-by limitations are shorter than estimated (Tables 6 and 7). This is because the actual stand-by 
recording interval is a half second faster than the setup interval (Tables 8 and 9). This may be a programming bug 
and U of A is looking into it now. It doesn’t affect the performance of the dataloggers but the user needs to be 
aware. 

Table 8. Actual sample of 5 second interval stand-by recording. 

DD HH MM SS TEMP Interval 

11 16 28 14 0021  

11 16 28 19 0021 5 

11 16 28 23 0022 4 

11 16 28 28 0021 5 

11 16 28 32 0021 4 

11 16 28 37 0021 5 

11 16 28 41 0021 4 

11 16 28 45 0021 4 

11 16 28 50 0021 5 

11 16 28 54 0021 4 

11 16 28 59 0021 5 

11 16 29 03 0021 4 

11 16 29 08 0022 6 

11 16 29 12 0021 4 

 

Table 9. Sample of 10 second interval stand-by recording. 

DD HH MM SS TEMP Interval 

11 16 12 34 0023  

11 16 12 43 0023 9 

11 16 12 52 0023 9 

11 16 13 01 0024 9 

11 16 13 09 0023 8 

11 16 13 18 0021 9 

11 16 13 27 0021 9 

11 16 13 36 0022 9 

11 16 13 45 0022 9 

11 16 13 53 0021 8 

11 16 14 02 0021 9 

11 16 14 11 0021 9 

11 16 14 20 0021 9 

 
The data logger only records to a maximum temperature of 1023°C because of limitations of the integrated circuit 
used to measure the thermocouple. 
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Conclusions 

The U of A Rate-of-Spread Datalogger met all the criteria as determined by Feric and Alberta Sustainable 
Resource Development:  

� Cost was $200 to $250 per unit depending on quantity of order.  

� The stand-by mode allows the datalogger to be deployed for up to 30 days in the 10 second stand-by 
recording interval mode without filling up the internal memory or exhausting battery life.  

� The easy on/off switch eliminated the need for a PC to activate the datalogger. 

� Downloading data required only one command from the software. 

� Output is a standard text file, which is easily imported into a spreadsheet or a database.  

� The unit uses standard AA batteries.  

The aluminum in-fire canister did not withstand high temperature and therefore requires re-design. In the interim, 
the new datalogger would have to be buried to withstand over-heating, or to prevent destruction from fire. When 
dataloggers are to be buried, a weather-tight case (e.g. Pelican Case) in addition to a plastic zippable bag would be 
a better choice to protect them from moisture and soil.  

Recommendations 

� Redesign the in-fire canister to withstand higher temperatures and drops from the air; this would 
eliminate the need to bury dataloggers and would significantly reduce deployment time. 

� Change the battery replacement design to eliminate the need for a screwdriver.  

� Develop a standard checklist and method for deployment. 

� Although the tests were considered successful at the NWT research site, the dataloggers should still be 
reliability-tested in the lab to predict accuracy, fail rate and the maximum temperature threshold before 
memory/data is corrupted. 
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