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Abstract: With the fast increasing of installations of geothermal heat pumps, the demand of 
accurate design of the system is growing.  In situ thermal response test (TRT) provides a 
necessary method to accurately evaluate site-specific geothermal properties in the design of 
heat pump systems.  Results of 31 in situ thermal response tests, carried out in closed loop 
boreholes in the Greater Toronto Area (GTA) have been analyzed.  Derived samples of 
geothermal conductivity yield a median of 2.07 W/(mK), with 25% and 75% percentiles of 
1.84 and 2.19 (W/m/K), respectively.  The lowest value, 1.61 W/(mK) was derived from the 
area of northern part of downtown Toronto, where a thicker overburden of clayey silt till, 
Halton formation, was reached to 72 meters in depth.  Test borehole was drilled to 154 
meters, from ground surface, and no free water was encountered.  The highest value of 
geothermal conductivity is tested from the east part of GTA in the town of Uxbridge, where 
artisan water was encountered during test borehole preparation.  Advective heat transfer with 
groundwater flow is believed to have led to an elevated apparent conductivity.  Borehole 
thermal resistance exhibits, 25%-ile, median and 75%-ile magnitude, of 0.066, 0.073 and 
0.084 (Km/W).  Undisturbed ground temperatures, measured by TRT in GTA, varied from 
8.91 to 11.41 oC, and about 55% of samples were within the range from 10.2 to 10.4 oC.   
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1 INTRODUCTION 
 
A proper design of borehole heat exchanger (BHE) system for thermal energy storage and 
as an energy source for heat pumps or as a sink for air conditioning requires better 
understanding of encountered geothermal properties, heat transfer conditions and the 
efficiency of the proposed BHE.  Thermal Response Test (TRT) has become a worldwide 
recognized method to define geothermal properties and the heat transfer efficiency of BHE 
system (Reub et al., 2009).  
 
Thirty-one (31) in situ TRTs were carried out in “closed loop” boreholes in the Greater 
Toronto Area (GTA), Ontario, Canada.  GTA is located in the area between Lake Simcoe and 
Lake Ontario, and consists of the City of Toronto and four regional municipalities of Durham, 
Halton, Peel and York Region, in a total area of 7,125 km2  (Sharpe et al., 1997). 
 
Geographically, locations of the 31 in situ tests were well spread to the entire GTA, from the 
south of the City of Toronto to the north of the Town of Georgina, and from east of the region 
of Durham to west of the City of Burlington.   
 
The in situ test boreholes were explored to depth ranged from 61 to 164 m.  The median of 
depth was 122 m and diameter of the boreholes was advanced as 150 mm.  Subsurface 
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soils were sampled at two meter intervals.  Soil samples were placed in clean plastic bags in 
the field and were transported back to our laboratory where they were examined further for 
soil characterization and rock classification.   
 
High density plastics, 42 mm diameter single U-loop, consisting of plastic pipes, was installed 
in thirty (30) boreholes and a coaxial heat exchanger, Thermacouple Earth Energy System 
(TEES) was constructed by Kelix heat transfer systems on May 7th, 2009 (Xia, R. 2010a).   
 
U-loops and the coaxial well of TEES were installed right after completion of borehole drilling 
to prevent caving from over burdens.  Boreholes were backfilled, around the heat exchanger 
pipes, using designed grouting material.  The fill material, normally, consists of thermally 
enhanced grout comprising a sand-rich mix of quarts sand and bentonite.  BHE was initially 
pressure tested before installation and retested on completion of grouting to ensure no 
damage was encountered during installation.  
 
 
2 GEOLOGICAL FORMATION 
 
Geological formation of overburden material in the GTA is complex due to the history of 
glacier’s advancing and retreating.  Region-wide layers of sand and gravel were deposited by 
melting ice during extended periods of warm weather.  The sandy soil was subsequently 
covered by layers of clayey soil (till) when ice sheets spread over the area during cooler 
intervals (Barnett and Gwyn, 1997). 
 
Based on the soil conditions encountered in the locations of BHE, the formation of glacial 
deposit comprises predominantly Newmarket Till, which is underlying Oak ridges moraine 
(ORM) or Halton sediments.  The formation of Newmarket till mainly consists of silty sand to 
sandy silt till with trace to some of gravels.  Underlying Newmarket till is Lower drift deposits 
comprise thick, complex, sediments resting on bedrock.  Sediments of Lower deposits are 
mainly sand, silt and clay (Sharpe et al., 1999).   
 
Simcoe Group of limestone dominated the east and north parts of the GTA.  Shale bedrock 
of Georgian Bay Formation (GBF) and Meaford-Dundas Formation (MDF) mainly is in the 
centre part of the GTA.  The soft and red shale of Queenston Formation is located at the 
west part of GTA in Burlington area.  Cataract Group of shale bedrock, sandstone; dolomite 
is locally formed in area of Niagara Escarpment (Sanford and Baer, 1981).  Geological 
formations encountered at the locations of BHE are summarized in Table 1. 
 

Table 1:  Geological Conditions of the in situ TRT in GTA 
 
 Depth of 

Overburden 
(m) 

Depth in 
Bedrock 

(m) 

Total Depth
of Borehole

(m) 

Percentage of 
Overburden 

(%) 

Percentage of
Bedrock 

(%) 
Mean 47.4 75.7 123 41.08 58.92 
Median 41.1 72.0 122 36.28 63.72 
25%-ile 19.2 46.3 116 18.13 42.26 
75%-ile 71.0 100.3 126 57.74 81.87 
Minimum 3.5 0.0 61 2.13 0.00 
Maximum 122.0 160.0 164 100.00 97.87 

 
The ORM consists of four major wedges of stratified sediment forming plains, hummocks, 
kettles, narrow beads, and gaps. Rhythmically inter-bedded fine sands, gravel and silts are 
the dominant near surface sediments (Sharpe et al., 1999).  Halton till and related sediments 
occur as thin surface tills and inter-bedded lake sediments.  The Halton sediment complex 
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covers 150 – 200 km2 as predominantly clayey silt to silt till with inter-bedded sand, silt and 
clay material. 
 
Surface of bedrock formation has a regional southward slope from the mapped Paleozoic 
outcrop (Brennand et al, 1998), north of the GTA, to Lake Ontario.  Topography of bedrock 
formation also sloped from east to west and from west to east towards the bedrock valley of 
Laurentian Channel. 
 
 
3 THERMAL RESPONSE TEST 
 
In situ thermal response tests (TRT) were conducted using a portable thermal response test 
unit (PTRTU).  The PTRTU was constructed in a thermal insulate fridge box and housed in a 
trailer.  The depths of the tested BHE ranged from 61 m to 150 m with median depth of 122 
m.  Tests were normally carried out one week after the borehole/U-loop was completed, to 
provide sufficient time for temperature of the grout and U-loop water to be stabilized to 
ambient earth temperature. 
 
The PTRTU, placed as close as possible to the test borehole, was connected to the loop 
pipes with fittings and clamps.  All connected pipes were filled with water and purged to air 
free.  All exposed parts, between the borehole and the PTRTU, were well insulated to 
alleviate energy dissipation during the test (Xia et al., 2010). 
 
A three-phase generator, Wacker G25, was used for a power source to ensure reliable, 
constant power supply throughout the test.  A circulation pump of 1.75 kW was selected to 
circulate the heat carrier fluid through BHE pipes installed in the test borehole.  Water flow in 
BHE was kept in the range of 1250 to 1550 l/h.  An electrical heater with adjustable power 
rate, in the range of 3 – 12 kW, was employed to supply heat for water circulation.  Duration 
of TRT was ranged from 24.9 to 79 hours with mean of 54.7 hours.   
 
Fluid’s temperatures were measured by thermistors installed inside the PTRTU inlet/outlet of 
the U-loop.  Fluid temperatures, ambient air temperatures, inside and outside of test unit, and 
power rate applied for heating were collected every 5 seconds and recorded for average of 
every 10 seconds by data logger.  Data were automatically transferred to office through 
wireless communication system (WCS).  The data/characteristics of TRT carried out in GTA 
are listed in Table 2. 
 
 

Table 2:  Properties of the 31 in situ TRT in GTA, Ontario, Canada 
 
 Total Energy 

Input (kW) 
Distributed 

Energy (W/m)
Flow rate 
(L/hour) 

Heating 
Time (hour) 

Depth of 
BHE (m) 

Mean 7.28 61.17 1390 54.7 123 
Median 7.80 62.21 1396 53.8 122 
25%-ile 6.00 50.50 1367 45.1 116 
75%-ile 8.50 71.48 1432 67.4 126 
Minimum 3.00 19.74 670 24.9 61 
Maximum 9.00 98.35 1814 79.0 164 

 
 
4 TEST RESULTS 
 
Results of in situ TRT are undisturbed ground temperature, geothermal conductivity, 
volumetric heat capacity, geothermal diffusivity and thermal resistance between the fluid in 
the pipes and the wall of BHE. 
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4.1 Undisturbed Ground Temperature  
 
Prior to each test, the average undisturbed ground temperature (UGT) along the length of the 
test borehole was obtained by circulating heat carrier through BHE, and measuring the flow 
temperature at short time intervals (every 5 seconds), prior to heater switches on.  Duration 
of the measurement was about half hour and the first 1000 seconds were used in the 
analysis of undisturbed ground temperature.   
 
Friction heat, caused by pumping, was gradually added to the fluid after 16 to 17 minutes 
(960 to 1020 seconds).  To eliminate friction heat effects, the measured mean fluid 
temperature within the first 15 minutes (900 seconds) was estimated as the undisturbed 
ground temperature (Gehlin and Spitler 2002).  The frequency distribution of measured 
undisturbed ground temperature was shown in Figure 1.  
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Figure 1:  Undisturbed ground temperature 

 
Ground temperatures varied from site to site.  Majority samples of undisturbed ground 
temperatures precisely determined during in situ TRT in GTA are fell in the range from 9.4 to 
10.8 oC.  The highest value of 11.41 oC was measured from a deep borehole at Wellington 
Street, St. Thomas, Ontario, Canada.  The Town of St. Thomas is located at the southwest 
part of GTA.   
 
The lowest value 8.91 oC of undisturbed ground temperature was detected at our research 
centre located at north area of GTA, in the Town of East Caledon, Ontario.  The borehole 
was explored on top of an esker, which is a long, winding ridge of stratified sand and gravel, 
deposited by a stream flowing in or under a decaying glacial ice sheet. 
 
 
4.2 Geothermal Conductivity  
 
The methodology of define geothermal conductivity (GTC) by in-situ TRT, has been well 
documented (Gehlin S. & Spitler, J. D. 2002, Mogensen, P., 1983).  The process of heat 
transfer in drilled borehole was simplified as line source heat conduction.   
 
Theoretically, temperature field, as a function of time and radius around a line source, with 
constant rate of heat injection can be described as: 
 

                             obf TqR
r
tqtT ++−= ])4[ln(

4
)( 2 γα

πλ
                (1)                                      
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Where Tf  is fluid temperature measured during test  (oC);  q is heat flow applied for the test  
(W/m);  λ  is geothermal conductivity  (W/m/K);  α  is coefficient of diffusivity  (m2/s);  t  is time 
countered by minutes (s);  r is radius  (m);  γ is Euler’s constant  = 0.5772;  Rb is borehole 
thermal resistance (Km/W) and To  is undisturbed ground temperature  (oC). 
 
Figure 2 shows the frequency distributions of measured geothermal conductivity by in situ 
TRT in GTA, Ontario, Canada.  The bulk of thermal conductivities fall in the range from 1.8 to 
2.4 W/m/K, with the lowest value of 1.61 W/m/K derived from 8 Chichester Place, Toronto, 
Ontario, Canada.  The test borehole was 150 mm in diameter and drilled to a depth of about 
154 m.  About 72 m overburden consisted of clayey silt till, Halton formation, with some sand 
and gravel was encountered at the test borehole location (Xia 2010b). 
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Figure 2:   Geothermal Conductivity 

         
Three (3) relatively high values of geothermal conductivity 2.58, 2.60 and 2.64 W/m/K were 
derived from the south west part of GTA and Hamilton Wentworth area.  Glacial deposit 
consisted of sandy silt till with some gravel was encountered.  Over burden was brown, moist 
to wet, and extended to depths ranged from 5 to 8 m at borehole locations.  Grey and hard 
shale bedrock was detected below the glacial deposit and extended to the maximum depth of 
drilling of about 122 m. 
 

 
 

Figure 3:  Artisan groundwater flowing out at the site of  
4 Victoria Drive, Uxbridge, Ontario, Canada. 

 
One anomalously high value of 4.03 W/m/K was generated from the site of 4 Victoria Drive, 
in the Town of Uxbridge, Ontario, Canada (Xia, R., 2010 c).  Test borehole was 150 mm in 
diameter and drilled to depth of about 122 m.  Glacial deposit, consisting of clayey to sandy 
silt till with some gravel, was encountered during borehole exploration.  Overburden was 
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brown to grey, moist to wet, and extended to depth of about 91.4 m at borehole location (Xia 
2010c).  Artisan groundwater was encountered during borehole preparation and U-loop 
installation – see Figure 3.  Groundwater seeping out, at the nearby area of the project site, 
was observed during in situ TRT, from April 27 to 30, 2010.  Advective heat transport with 
groundwater flow is believed to have led to an elevated apparent geothermal conductivity.       
 
4.3 Volumetric Heat Capacity  
 
Volumetric heat capacity (VHC) of soil describes the ability of a given volume of soil to store 
internal energy while undergoing a given temperature change, without a phase change.  A 
weighted mean value along borehole depth was approximated as the magnitude of VHC: 
 

 ∑∑
==

⋅=
n

i
i

n

i
iviv hhcc

11
/         (2) 

 
Where ci is volumetric heat capacity for individual soils; hi is the length for each 
corresponding soil component distributed along borehole depth profile.  Typical occurring 
ranges of values of soil/rock thermal properties are listed in Table 3. 

 
Table 3:  Typical Values of Soil Volumetric Heat Capacity 

(after Chiasson et al., 2000) 
 

Soil Classification Porosity Heat Capacity (MJ/m3-K)
Gravel (dry) 0.24 – 0.38 1.4 
Coarse sand  (dry) 0.31 – 0.46 1.4 
Fine sand  (dry) 0.26 – 0.53 1.4 
Silt 0.34 – 0.61 2.4 – 3.3 
Clay 0.34 – 0.60 3.1 – 3.6 
Limestone 0.34 – 0.60 2.13 – 5.5 
Karst limestone 0.05 – 0.50 2.13 – 5.5 
Sandstone 0.05 – 0.30 2.13 – 5 
Shale 0 – 0.10 2.38 – 5.5 
Fractured igneous and metamorphic rock 0 – 0.10 2.2 
Unfractured igneous and metamorphic rock 0 – 0.05 2.2 

 
Depth of each soil type was defined by borehole drilling/sampling and further testing results 
in soil laboratory.  Information was recorded on borehole log sheets.  VHC was computed 
according to borehole log data.  The frequency distribution of obtained VHC during in situ 
TRT in GTA are presented in Figure 4.   
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Figure 4:  Volumetric Heat Capacity 

- 6 -

10thIEA Heat Pump Conference 2011 
 

 



Article 13/Session 4                                                   - 7  
 

  

10thIEA Heat Pump Conference 2011, 16 - 19 May 2011, Tokyo, Japan 
 

The magnitude of VHC detected within GTA varied from 1.49 to 4.06 MJ/m3 with 3.18 MJ/m3 
in average.  The bulk of VHC fell in the range of 2.6 to 3.8 MJ/m3.  The lowest value of 1.49 
MJ/m3 was obtained from the site of 15 Bernard Avenue, Richmond Hill, Ontario, where 
overburden was reached to depth of about 117 m and no bedrock was encountered.  
 
The highest value of 4.06 MJ/m3 was defined at the site of North Wentworth Arena, Hamilton, 
Ontario.  Test borehole was advanced to depth of about 122 m, and about 117 m, in 
thickness, of bedrock was encountered. 
 
4.4 Coefficient of Thermal Diffusivity   
 
Coefficient of thermal diffusivity (CTD) is defined as the ratio of thermal conductivity to 
volumetric heat capacity, and obtained as: 
 

  
pcρ

λα =               (3) 

 
Where  λ  is thermal conductivity  (w/m-K);  ρ is density of soils  (kg/m3) and cp is specific 
heat capacity  (J/kg-K).  The denominator of the thermal diffusivity expression, ρcp can be 
identified as the volumetric heat capacity with SI units of J/m3-K. 
 
The high thermal diffusivity soil rapidly adjusts temperature to that of the surroundings, 
because it conducts heat quickly, in comparison to their volumetric heat capacity or ‘thermal 
bulk’ of soil.  The thermal diffusivity is higher the heat conducted is quicker.  
 
The computed CTD varied from 0.0395 to 0.1274 m2/day, with a mean value of 0.0611 
m2/day.  About 85% of sample data was populated in the range from 0.05 to 0.08 m2/day.  
Frequently high number of CTD obtained was consequently associated with high GTC and 
low VHC value.  Figure 5 shows the frequency distribution of the coefficient of thermal 
diffusion obtained in area of GTA.  
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Figure 5:  Coefficient of Thermal Diffusion 

 
The lowest number, 0.0395 m2/day, of computed CTD was from the site of 8 Chichester 
Place in the City of Toronto, where the lowest GTC of  1.61 W/m/K was tested (Xia, R., 2010 
b).  The highest CTD record of 0.127 m2/day was tested from the site of 15 Bernard Avenue, 
Richmond Hill, Ontario, where the lowest magnitude of VHC (1.49 MJ/m3/K) was 
encountered. 
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4.5 Borehole Thermal Resistance (BTR)   
 
Borehole thermal resistance (BTR), between the heat carrier fluid in the borehole flow 
channels and the borehole wall, for a certain specific heat transfer rate, was defined by in 
situ TRT.   Analytical model of line source theory was adopted in BTR computation: 
 

  ⎥
⎦

⎤
⎢
⎣

⎡
−+−−= γα

πλ
)4ln()ln(

4
1)(1

2
0

0 r
tTT

q
R fb     (4) 

 
Where  rb  is borehole radius (m);  Tf   represents the arithmetic mean of the inlet fluid 
temperature (Tfin) and outlet fluid temperature (Tfout) of the closed loop BHE at time t, and is 
defined as  2/)( foutfinf TTT += . 
 
The temperature difference between the heat carrier fluid and the borehole wall is 
proportional to the heat injection rate of TRT and depends on the construction type and the 
formations of sediment depositions and bedrock geology.  Grouting material and 
groundwater positions also have significant effect on heat transfer of a designed BHE system.  
Results of tested BTR, in GTA, varied from 0.053 to 0.110 m.K/W with 0.0752 m.K/W in 
average.  The frequency distribution of BTR is shown in Figure 6.  Majority records, about 
87%, of BTR determined by in situ TRT were populated in the range of 0.06 to 0.09 m.K/W. 
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Figure 6:  The Frequency distribution of BTR 

 
The lowest BTR was derived from the thermocouple earth energy system (TEES), a coaxial 
type BHE installed at the site in Town of Caledon East, Ontario (Xia, R., 2010a).  Project site 
is located on top of an esker consisted of sand and gravel.  Borehole was explored to depth 
of about 80 m and 64 m of overburden was encountered.  Plenty of groundwater was 
encountered during test borehole preparation and BTE installation.   
 
The highest magnitude of 0.110 mK/W was tested at the site of 430 Wyecroft Road, Oakville, 
Ontario.  Borehole was constructed 150 mm in diameter and was drilled to 152 m deep.  
About 4.6 m overburden was encountered and underlain grey, hard shale bedrock was 
extended to the bottom of the test borehole.  Water circulation is about 1374 l/hr and test was 
continued about 52 hours with energy injection of about 3 kW of total.  It is believed that the 
less amount of heat injection, about 19.7 W/m, is the main reason to lift up the apparent 
quantity of BTR.  
 
Again, grouting material and fluid flow rates are important factors of BTR and borehole 
efficiency performance.  Poor grouting may cause detrimental effects to borehole 

- 8 -

10thIEA Heat Pump Conference 2011 
 

 



Article 13/Session 4                                                   - 9  
 

  

10thIEA Heat Pump Conference 2011, 16 - 19 May 2011, Tokyo, Japan 
 

performance.  Low or not fully turbulent fluid flow rates, in U-loop pipe, could be associated 
with high borehole thermal resistance (Banks et al. 2009). 
 
Borehole thermal resistance varies with power load was observed during the thirty one in situ 
thermal response tests in GTA, Ontario, Canada.  Higher thermal resistance is always to be 
expected with a lower heat injection rate.  A recommendation is therefore to run the response 
test with a power load similar to the designed/expected operational load to obtain an 
accurate estimation of the thermal resistance.  
 
Figure 7 shows the distribution of tested BTR plotted against GTC.   The records of test 
results were concentrated in the centre area defined by 0.05 to 0.11 Km/W of BTR and by 
1.6 to 2.6 W/m/K of GTC.   
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Figure 7:  Borehole thermal resistance vs geothermal conductivity 

 
 
5 TEST RESULT VERIFICATION 
 
Results of TRT were verified by back calculations of borehole temperatures, using Equation 
1, and computed data/parameters of GTC, VHC, CTD, BTR and UGT.  The back calculated 
borehole temperatures were compared with the arithmetic mean of the inlet and outlet fluid 
temperatures of the BHE, measured during in situ TRT.  Results of the verification were 
reached in a close range.      
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Figure 8:  Mean fluid temperatures of measured and back calculated 
 

Figure 8 shows the results of verifications for the project conducted at our research centre, 
Caledon East, Ontario, Canada, in the year of 2009.  The In situ measured mean fluid 
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temperatures and the back calculated borehole temperatures were plotted versus same time 
series of the in situ TRT.  
 
The reproduced borehole temperature was compared with the in situ measured temperature 
and evaluated by the method of variance analysis.  Root-mean Square (RMS) was utilized in 
the accuracy calculation of simulated data versus collected data during in situ test: 
 

   5.02

1

1 ])([ i

N

i
i OPNRMS −= ∑

=

−       (5) 

 
Where N   is the number of values or record of data used in verification;  Pi  is the ith 
simulated value of borehole temperature and Oi  is the ith observed value of the mean 
borehole temperature.  
 
About 1831 sets of data were verified and the calculated error of RMS is less than 0.26 oC, 
which is well within the required testing norm.  It has to be noted that by using Eq. 1 to carry 
out a back calculation for borehole temperature development with testing time increasing, the 

initial time t has to be greater than Rre πλαγ 4)/4ln( 2 −− .    
 
A comparison of back calculated borehole temperature and measured mean fluid 
temperature of the circulating fluid is shown in Figure 9.     
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Figure 9.  Comparison of calculated temperature with in situ measurements 
 
 
6 CONCLUSION AND DISCUSSION 
 
6.1 Test Results 
 
Thirty-one (31) in situ TRTs were performed, from the years of 2008 to 2010, in closed loop 
boreholes, by McClymont & Rak Engineers and collaborated by Groundheat System 
International in Greater Toronto Area, Ontario, Canada.  Data were analyzed by using line 
source theory in an Excel spreadsheet environment.  Tested results were verified by back 
calculation of borehole temperature with Eq. 1 and the recorded temperature data during in 
situ test.  The in situ tested data/parameters including GTC, VHC, CTD, BTR and UGT were 
utilized in the back calculation of borehole temperature.   
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Results of the thirty-one in situ tests were summarized in Table 4.  Data and parameters, 
acquired from In situ tests, were successfully supplied to design and installation of BHE 
system.  Meanwhile, Information obtained from TRTs was also applied to the evaluation of 
grouting material, selection of heat exchangers and quantification of groundwater effects. 
 

Table 4:  Summary results of TRT in GTA, Ontario, Canada 
 

 Ground 
Temperature 

(oC) 

Thermal 
Conductivity

(W/mK) 

Heat 
Capacity
(MJ/m3K)

Diffusion 
Coefficient 

(m2/day) 

Thermal 
Resistance 

(mK/W) 
Mean 10.33 2.13 3.18 0.0611 0.0752 
Median 10.25 2.07 3.50 0.0555 0.0734 
25%-ile 10.08 1.89 2.71 0.0494 0.0662 
75%-ile 10.80 2.17 3.71 0.0689 0.0836 
Minimum 8.91 1.61 1.49 0.0395 0.0534 
Maximum 11.41 4.03 4.06 0.1274 0.1100 

 
 
6.2 In Situ Thermal Response Test 
 
TRT is a useful tool/technique to examine thermal properties of the underground and to 
obtain reliable information / data / parameters for the design of borehole thermal exchange 
and storage system.  It may also be applied for the performance evaluation of the borehole 
energy exchange/storage system. 
 
Borehole preparation, stable power supply, suitable discharge of fluid circulation and proper 
duration of test are important factors of in situ TRT.  Better understanding of geological 
formations and groundwater conditions will help to increase the accuracy of thermal 
response test and improve the quality design of geothermal heating/cooling system.  It may 
also provide useful information for thermal performance of different types of borehole heat 
exchangers, grouting materials and the arrangement of flow channels. 
 
6.3 Geothermal Properties 
 
It has to be noted that thermal properties of the underground are site specific and strongly 
governed by soil variations, bedrock constituents and groundwater conditions (Xia et al., 
2010).  Geothermal properties change with geographical locations and geo-hydrological 
conditions.  
 
Groundwater impacts on geothermal properties were observed during in situ tests.  Coupling 
geotechnical investigation with in situ TRT is an effective way to better understand ground 
water influence.  Data of water well record acquired from the Ministry of Environment (MOE) 
supplied necessary information of phreatic surface for the testing site.      
 
Heat transfer from borehole wall to the fluid inside the pipes is controlled by borehole 
diameter, pipe size and configuration, pipe material and the grout filling inside the annulus.  
Proper selection of borehole diameter and depth, improving thermal conductivity of pipe and 
grouting material are subject to efforts of increasing the efficiency of BHE system.  
  
 
7 ACKNOWLEDGEMENT 
 
The study was funded by the project of PTRTU research and development.  We wish to 
express our appreciations to Ms. Christine Ermarkaryan of BDC and Dr. J. Parslow of 

- 11 -

10thIEA Heat Pump Conference 2011 
 

 



Article 13/Session 4                                                   - 12  
 

  

10thIEA Heat Pump Conference 2011, 16 - 19 May 2011, Tokyo, Japan 
 

McClymont & Rak Engineers, Inc., for the support provided to the research team.  We thank 
Mr. Salim Esmail for his help and we acknowledge the field assistance of Frank Fan. 
 
 
8 REFERENCES 
 
Banks, D., J. Withers and R. Freeborn, 2009.  “An Overview of the results of in situ thermal 
response testing in the UK”.   Proceedings of International Conference on Thermal Energy 
Storage for Efficiency and Sustainability,  Effstock 2009. 
 
Barnett, P.J. & O.H. Gwyn, 1997.  “Surficial geology of the Newmarket area, NTS 31, D/3, 
southern Ontario”;  Geological Survey of Canada, Open File 3329,  scale 1 ; 50,000. 
 
Brennand, T.A., A. Moore, C. Logan, F.M. Kenny, H.A.J. Russell, D.R. Sharpe and P.J.  
Barnett, 1998.  “Bedrock Topography of the Greater Toronto and Oak Ridges Moraine areas, 
southern Ontario”.  Geological survey of Canada, Open File 3419, scale 1: 200,000.  
 
Gehlin S. & J. D. Spitler, 2002.  “Thermal Response Test – State of the Art 2001”, Report IEA 
ECES Annex 13. 
 
Mogensen, P., 1983, “Fluid to duct wall heat transfer in duct system heat storages”. 
Proceedings of International Conference on Subsurface Heat Storage in Theory and Practice.   
Stockholm, Sweden, June 6 – 8, 1983. 
 
Reub, M., M. Proell and B. Nordell, 2009.  “IEA ECES – ANNEX 21 – Thermal response test”.  
Proceedings of International Conference on Thermal Energy Storage for Efficiency and 
Sustainability,  Effstock 2009. 
 
Sanford, B.V. & A.J. Baer, 1981.  “Geological map of southjern Ontario”; Geological Survey 
of  Canada, southern Ontario sheet 30 S, 1335A, 1:1,000,000 scale. 
 
Sharpe, D. R., P.J. Barnett, T.A. Brennand, D. Finley, G. Gorrell, H.A.J. Russel and P. 
Stacey, 1997.  “Surficial geology of the Greater Toronto and Oak Ridges Moraine areas”, 
compilation map sheet; Geological Survey of Canada, Open file 3062, scale 1:200 000.   
 
Sharpe, D.R., P.J. Barnett, H.A.J. Russell, T.A. Brennand and G. Gorrell,  1999, “ Regional 
geological mapping of the Oak Ridges Moraine, Greater Toronto Area, southern Ontario; in 
Current Research 1999-E”,  Geological Survey of Canada, p. 123-136. 
 
Xia, R., 2010a, “Geothermal investigation of Ecofarm at Glen Lockton”.  McClymont & Rak 
Engineers, Inc.  Report prepared for Ecofarm at Glen Lockton.  
 
Xia, R., 2010b, “Geothermal investigation of a proposed residential development at 8 
Chichester Place, Toronto, Ontario, Canada”.  McClymont & Rak Engineers, Inc. Report 
prepared for Groundheat International. 
 
Xia, R., 2010c, “Geothermal investigation of a proposed borehole energy exchange system 
at 4 Victoria Drive, Uxbridge, Ontario, Canada”.  McClymont & Rak Engineers, Inc. Report 
prepared for Groundheat International. 
 
Xia, R., R. Mancini and G. D. Rezze, 2010.  “Effects of geological formation on geothermal 
properties”.  Geologically Active, pp. 2597-2604.  Taylor & Francis Group, London, ISBN 
978-0-415-60034-7.   

- 12 -

10thIEA Heat Pump Conference 2011 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


