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Abstract— Thermal resistivity or conductivity is a measure of the ability of soil material to conduct or dissipate heat from the source to the 

environment. Different soil types are characterized with their diverse thermal resistivity and conductivity values, which also indicate its ability 

to dissipate heat generated by a pipeline or electrical cable. The ranges of thermal resistivity values are so close that, slight change in 

temperature with the conventional method of computational could cause the result to differ appreciably, which could lead to wrong 

interpretation. Hence, this research work is aimed at developing a new computational approach that will improve thermal resistivity result 

accuracy and repeatability. The method employed in data acquisition involves measuring temperature changes due to heat source as a function 

of time. The new computational approach results revealed wide differences that exist between range of thermal resistivities determined through 

stepwise technique, of which if any of these individual value is adopted as the actual thermal resistivity result, as it is always the case in 

conventional approach, it could lead to erroneous result. The result also exposed the fact that the thermal resistivity and conductivity results 

determined with modified computational approach showed a high level of consistency and accuracy that was conveniently tied to the soil 

lithological composition at that depth. The conventional method of computation registered a high level of disparity and inconsistency in values, 

that could not be tied to any lithological composition, or effectively be used to for soil classification, for safety purpose. The first two digits in 

thermal resistivity values, by which thermal resistivity is mainly reported, showed a high level of uniformity at both survey points, which are 

clear indication of high repeatability in the thermal resistivity results. The statistical analysis carried out on the thermal resistivity results 

determined with modified computational approach had the least standard deviation from the mean compared to the conventional techniques. It 

is a clearly evident that the modified computational approach is a better and effective technique for obtaining more accurate and reliable 

thermal resistivity results with high level of repeatability. 
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I. INTRODUCTION  

One of the major reasons that necessitated the modification of 
the conventional computational technique is gross variation of 
the thermal resistivity values determined at the same point, 
same depth, and with same instrument. Part of the reason 
could be attributed with ambient soil temperature when the 
thermal resistivity is determined at the near surface [5] or 
variation of soil water content [4]. However, this research is 
geared toward mitigating the effect of these factors and 
enhances the repeatability and accuracy of the determined 
thermal resistivity in the face of changing ambient soil 
temperature and soil water content. Thermal resistivity or 
conductivity is a measure of the ability of soil material to 
resist or dissipate heat from a heat source to the environment.  
Thermal Resistivity σ, is mathematically expressed as: 

             (1) 

Where 

 

 

 

 
The unit , represent “Kelvin, meter per Watt”. 

The inverse of thermal resistivity is referred to as thermal 

conductivity , mathematical express as: 

                                                                     (2) 

Where 

 
All the parameters in equation 2 retain their usual meaning. 

The range of thermal resistivity values for quartz and soil 

materials is between 0.1 
o
Cm/W to 0.4 oCm/W, and 1.7 

o
Cm/W to 40 

o
Cm/W for organic material, water and air, and 

the optimum safety standard for buried pipelines and cables is 

0.9 
o
Cm/W, after [12]. This show that the range of thermal 

resistivity which is inverse of conductivity for earth material 

are so close that any slight change in temperature with time at 

the coordinate points where the slope of thermal resistivity is 

determined could result in a drastic change in the thermal 

resistivity value, that could lead to wrong interpretation and 

recommendation which could ultimately result in severe 

damage in infrastructure, when using conventional method of 

computation. In a bid to improve on the result accuracy and 

repeatability, a modified computational approach that is more 

robust and accurate was developed. The method took into 

cognizance the possibility of making use of average multiple 

slopes, compared to the previous single slope computational 

techniques, with obvious discrepancies at the boundaries of 

the coordinate points. Considering previous research, [10] 

stated that “Soils containing a high percentage of quartz will 

have a lower thermal resistivity than those containing a high 
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percentage of mica, all other things being equal”. Areas of hot 

weather shall be given special attention as drying of 

subsurface soils can cause the resistance to heat transfer to 

increase [9]. 

II. GEOLOGY OF THE AREA  

The Formation of the present Niger Delta started during 

Early Paleocene as a result of the built up of fine grained 

sediments eroded and transported to the area by the River 

Niger and its tributaries. The regional geology of the Niger 

Delta consists of three lithostratigraphic units; Akata, Agbada 

and Benin Formations, overlain by various types of 

Quaternary Deposits [8], [7], [1]. These Quaternary 

Sediments, according to [11] are largely alluvial and 

hydromorphic soils and lacustrine sediments of Pleistocene 

age. 

III. LOCATION OF STUDY AREA 

The study area is located at Yenagoa, Bayelsa State, 

Nigeria, with an average elevation of 15 m, above sea level, 

after [3]. The imagery map indicating the two sampled points 

with latitude 4°55'31.16"N, longitude 6°17'56.57"E, and 

latitude 4°55'30.77"N, longitude 6°17'56.83"E are shown in 

figure 1. 

 
Fig. 1. Imagery map of the area under investigation showing the two sampled 

points 

IV. DATA ACQUISITION  

The data acquisition started with identification of two 

survey points, where repeated profiles of thermal resistivity 

data were acquired. The process of data acquisition was 

carried out at each sampled point by excavating out the top 

soil majorly composed of humus organic material. The soil 

was dug up to a depth of 0.5 m with a shovel, followed by 

drilling of a hole of about 0.1 m deep. The probe made up of 

the thermocouple digital thermometer and heating element 

was inserted into the hole, and good contact between the hole 

and the probe was ensured. The current flowing in the circuit 

and voltage of the battery was measured and recorded with the 

help of the Digital Multimeter. The ambient temperature of the 

soil was recorded when the reading on the digital thermometer 

was steady. The circuit was completed by connecting the 

terminals of the heating element to the battery, at the same 

time the stop watch was started simultaneously. The readings 

on the digital thermometer after 0 s which is the ambient 

temperature of the soil, 5, 10, 15, 30, 45 and 60 s were noted 

and recorded; subsequently readings were taken every 30 s up 

to 35 minutes. Three independent thermal resistivity profiles 

data were acquired at each survey point, with an interval of 4 

hours between each profile reading at each survey point. 

V. DATA PROCESSING 

The Data processing of thermal resistivity and conductivity 

started by entering the recorded data of temperature increase 

with time on a spread sheet, that was used to plot a graph of 

temperature in Kelvin versus time in seconds. The Measured 

voltage of the battery and the current flowing in the circuit 

were used to calculate the heat input, which in turn was used 

to calculate the thermal resistivity and thermal conductivity of 

the earth material making used of corresponding temperature 

values recorded between 720 s (12 minutes) and 2,100 s (35 

minutes). The temperature recorded between these time 

interval falls within the steady state of the recorded thermal 

resistivity graph, which is generally known to be between 720 

s (12 minutes) to 2700 s (45 minutes). The coordinates of the 

first slope that were used in determining the thermal resistivity 

of the soil material is between the temperature value recorded 

between 720 s (12 minutes) and 1560 s (26 minutes), after 

which, the slope coordinates were incremented to the next 

temperature and time value of 780 s (13 minutes) and 1620 s 

(27 minutes), to determine the next thermal resistivity value 

using the same heat input. A stepwise incremental process of 

thermal resistivity determination using the same heat input 

was continued until the coordinates of the final temperature 

recorded at 1260 s (21minutes) and 2,100 s (35 minutes) were 

used. The Stepwise generalized formulas for the modified 

computational approach to thermal resistivity determination 

are shown in equation 3 and 4. The average value of the 

determined thermal resistivity from the various slopes was 

found using equation 4, and these computed mean values were 

adopted as the true thermal resistivity of the soil material. The 

conventional thermal resistivity calculation as recommended 

by [6] and [2], usually carried out with just a single slope 

coordinate of say 12 minutes and 26 minutes, with their 

corresponding recorded temperature between these time 

intervals, was determined and noted for the purpose of 

comparison with the new modified computational method. 

Thermal conductivity was calculated by taking the inverse of 

the determined thermal resistivity. The results were subjected 

to statistical analysis to ascertain their level of accuracy and 

repeatability. 

                (3) 

Where 

 is total thermal resistivity  

 is the upper limit 

 is temperature at time  

 temperature at time  

 is Heat input in   



 International Journal of Scientific Engineering and Science 
Volume 4, Issue 9, pp. 60-66, 2020. ISSN (Online): 2456-7361 

 

 

62 

http://ijses.com/ 

All rights reserved 

                                                                     (4) 

 is the true thermal resistivity of the soil material 

. 

VI. RESULTS AND DICUSSION 

The outcome of the six thermal resistivity and conductivity 

data generated at the two survey points to ascertaining their 

repeatability and accuracy are shown in table 1 to 12 and Fig. 

1 to 13. Both graphs of thermal resistivity and the semi log log 

graphs depict a general increase of temperature with time. 

Both graphs portray the initial heat up phase of the heating 

element and the steady state phase. Note that the acronym 

“TR” stand for Thermal Resistivity. 

 
Table 1: Data Acquisition Parameters for Survey Point 1, TR1 

 

Table 2: Measured temperature increase with time for Survey Point 1, TR1 

 
 

 
Fig. 2. Graph of Temperature in Kelvin (K) versus Time (s) at Survey Point 1, 

TR1 

 
Fig. 3. Semi Log-Log graph of Measure Temperature increase with Time at 

Survey Point 1, TR1 
 

Table 3: Data Acquisition Parameters for Survey Point 1, TR2 

 
 

Table 4: Measured temperature increase with time for Survey Point 1, TR2 

 
 

 
Fig. 4. Graph of Temperature in Kelvin (K) versus Time (s) at Survey Point 1, 

TR2 
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Fig. 5. Semi Log-Log graph of Measure Temperature increase with Time at 

Survey Point 1, TR2 
 

Table 5: Data Acquisition Parameters for Survey Point 1, TR3 

 
 

Table 6: Measured temperature increase with time for Survey Point 1, TR3 

 
 

 
Fig. 6. Graph of Temperature in Kelvin (K) versus Time (s) at Survey Point 1, 

TR3 

 

Fig. 7. Semi Log-Log graph of Measure Temperature increase with Time at 
Survey Point 1, TR3 

Table 7: Data Acquisition Parameters for Survey Point 2, TR4 

 
 

Table 8: Measured temperature increase with time for Survey Point 2, TR4 

 
 

 
Fig. 8. Graph of Temperature in Kelvin (K) versus Time (s) at Survey Point 2, 

TR4 
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Fig. 9. Semi Log-Log graph of Measure Temperature increase with Time at 

Survey Point 2, TR4 

Table 9: Data Acquisition Parameters for Survey Point 2, TR5 

 
 

Table 10: Measured temperature increase with time for Survey Point 2, TR5 

 
 

 
Fig. 10. Graph of Temperature in Kelvin (K) versus Time (s) at Survey Point 

2, TR5 

 
Fig. 11. Semi Log-Log graph of Measure Temperature increase with Time at 

Survey Point 2, TR5 

Table 11: Data Acquisition Parameters for Survey Point 2, TR6 

 
 

Table 12: Measured temperature increase with time for Survey Point 2, TR6 

 
 

 
Fig. 12. Graph of Temperature in Kelvin (K) versus Time (s) at Survey Point 

2, TR6 
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Fig. 13. Semi Log-Log graph of Measure Temperature increase with Time at 

Survey Point 2, TR6 

 

The stepwise determined thermal resistivity values using 

the new modified computational approach for the two surveys 

points are shown in table 13. The range of thermal resistivity 

values determined at survey point 1 is between 0.079894397 

Km/W to 0.282473725 Km/W, with a difference of 

 0.202579328  Km W between these extreme values, and the 

range of thermal resistivity determined at survey point   is 

between  .          Km W to  .          Km W, with a 

difference of  0.183153466  Km/W. From the observed 

differences between range of the determined thermal 

resistivities values, if each value were to be independently 

adopted as the measured thermal resistivity value, using 

conventional method of a single slope approach, the result 

would have been grossly misleading. To get a pictorial view of 

this analogy, a graph of the determined stepwise thermal 

resistivity values was plotted against time. This graph also 

depicted the wide range and variation among thermal 

resistivity values determined at the same point and depth. The 

graph also revealed that, in most cases the graph start from a 

higher thermal resistivity value, goes down to a low thermal 

resistivity value, and then return back to a higher value. 

The data in table 13 was subjected to simple statistical 

analysis by finding the average of all the stepwise determined 

thermal resistivity in each six columns in table 13 and also 

determining their standard deviation from the mean, of the 

resultant averages from each survey point (Table 14 to 16). 

Each of these average values represents the true values of 

thermal resistivities italicized and painted in green for survey 

point 1 and purple for survey point 2 in Table 13. This was 

compared with the first thermal resistivity values determined 

in each column of table 13, italicized and painted in red for 

survey point 1 and blue for survey point 2, which represent the 

data determined through conventional method that make use 

of a single slope. 

The true thermal resistivities values and their final mean 

value, determined using modified computational approach in 

table 13 and 14 showed a high level of consistency and 

accuracy. The first two digits, by which most thermal 

resistivity values are reported, showed high level of 

repeatability at the two survey points. At survey point 1, the 

thermal resistivity values, registered a consistent value of 0.1 

Km/W which is attributed to the thermal resistivity of sand 

rich in quartz present at that depth. At survey point 2, the true 

thermal resistivity registered a high consistence value of 0.3 

Km/W, which could attributed to the presence of clay material 

at that depth. This goes a long way to justify the accuracy and 

high level of repeatability that could be achieved using 

modified computational approach. The thermal resistivity 

values determined through the conventional method making 

use of single slope (Table 13 and 14), registered a high level 

of disparity and inconsistency in values, that could not be tied 

to any lithological composition, or effectively used to classify 

the soil for thermal safety purpose. To confirm these results 

the standard deviation from the mean of the conventional 

method and modified computational approach were carried out 

as shown in table 15 and 16, and it was discovered for both 

thermal resistivity and conductivity that the standard deviation 

from the mean was least for the true thermal resistivities 

determined with modified computational approach, and 

highest for thermal resistivities values determined with the 

conventional method. 

 
Table 13: The determined stepwise thermal resistivity (Km/W) values at the 

two survey points. 

 
 

 
Fig. 14. Stepwise thermal resistivity values at Survey Point 1 

 
Fig. 13. Stepwise thermal resistivity values at Survey Point 2 
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Table 14: Statistical analysis of the average values of conventional method 
and new computational Approach in thermal resistivity 

 
 

Table 15: Statistical analysis of the Standard deviation from the mean for 

conventional method and new computational Approach in thermal resistivity 

 
 

Table 16: Statistical analysis of the Standard deviation from the mean, for 

conventional method and new computational Approach in thermal 

conductivity 

 

VII. CONCLUSION  

The individual thermal resistivity and conductivity 

determined through the new modified computational stepwise 

techniques revealed a very wide range in thermal resistivity, 

that if any of these values were to be adopted as the actual 

thermal resistivity, as it is usually obtainable in conventional 

approach making use of single slope, the result could be very 

misleading. The final results has shown that the result 

obtained with modified computational approach showed high 

level of accuracy and  consistency that could be tied to the 

existing lithological composition at both survey points. The 

thermal resistivity and conductivity determined through the 

conventional approach registered high level of disparity and 

inconsistency in values that are inaccurate and of very low 

repeatability that could not be tied to the existing lithology at 

that depth. This research work therefore has shown that the 

modified computational approach to thermal resistivity 

determination, is a more effective and accurate method than 

the conventional approach.  
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