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1.0 INTRODUCTION 

A program of test drilling and mine water pump testing was 

carried out in August 1987 at the site of the abandoned 

Springhill coal mine workings in springhill, Nova Scotia. 

This Geothermal Demonstration project was carried out under 

the direction of the Town of Springhill Geothermal Committee, 

with technical assistance provided by Jacques Whitford and 

Associates Lt~. Precision thermal logging services were 

provided by Mr. J. Leslie. 

1.1 Background 

The Town of Springhill Nova.Scotia plans to investigate the 

feasibility of utilizing the anomalously warm groundwater (up 

to 21°C) in abandoned coal mine workings underlying the Town 

as a source of low cost geothermal heat for industrial or 

institutional applications located over the workings. The 

development of a source of low cost thermal energy would 

improve the economic aspects of existing industries in the 

area and would attract new industry to.this area which would 

in turn provide increased employment in the Town. 

Interest in the utilization of geothermal heat has been on­

going since November of 1984 when Mr. Ralph Ross, Supervisor 

of All Saints Hospital. in Springhill, presented a brief to 

council on the possible uses·of mine water for space heating. 

- The Springhill Town Council approved funding to investigate 

this idea, and appointed a committee to oversee the project 

and to visit a site using similar technology in Wilkes Barre, 

Pennsylvania. 

A conceptual engineering study 

Resources Canada was completed by 

1 

funded by Energy Mines and 

J. Booth Engineering Ltd. 
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in 1986. This report concluded that the concept was tech­

nically sound, identified 24 facilities which could benefit 

from the project, and recommended that a test program be 

implemented to evaluate the geothermal resources underlying 

the Town for detailed design of the demonstration project. 

The Town Council has subsequently obtained funding from 

Energy Mines and Resources Canada to carry out a test 

drilling program and hydrogeological evaluation of two sites: 

one at the Industrial Park adjacent to the Can Am Containers 

Plant, and the other at the NSPC offices located west of the 

bowling alley (Figure 1). 
' 

1.2 Previous Studies of Mine Water Heat Pump Applications 

A review of the available heat pump studies and reports 

indicates that to date there has been little investigation of 

the use of abandoned mine workings, and specifically coal 

mine workings, as a potential source of low grade geothermal 

energy. Two mine water heat pump systems in operation in the 

Wyoming Valley, Pennsylvania, were described by Schubert.and 

McDaniel, 1982. These systems pump 5.6 to 5.7 L/s (75 to 80 

igpm) at a temperature of 13 °C from shallow mine workings 

located 56 meters below ground surface. Both h~ating and 

cooling modes are used. These systems are operating well with 

no significant problems due to the elevated iron, sulfate and 

.dissolved solids concentrations. The United States Dept. of 

the Environment has funded a geothermal demonstration project 

in the Wilkes-Barre area to assess heat pump applications for 

an industrial site, university buildings and a housing 

project (Schubert & McDaniel, 1982). 

In Nova Scotia there has recently been interest by various 

groups in the utilization of the large groundwater reservoirs 

associated with the abandoned coal mines in the province, 
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specifically in Springhill, which has the deepest coal mines 
in North America, in the Stellarton area of Pictou County and 

the extensive mines in Cape Breton, which underlie the second 
largest city in the province. A water supply well (71 m) 

constructed for Can Am Containers Ltd. in 1976 was reported 
to produce 4.54 L/s (60 igpm) with a water temperature in the 

order of 18 to 20°c. This well, which probably intersected 
coal seams or abandoned mine· workings (38 m depth), were 

abandoned due to poor, (cloudy) water quality. 

-The £easibility of developing groundwater resources from the 

abandoned mine workings in Stellarton have been addressed by 
' Meyboom (1961, Cross and Woodlock· (1975), Novacorp, 1986 and 

CBCL (1987). It was concluded that this water is unsuitable 

for potable uses due to the poor chemical 'quality of the mine 

waters which typically exhibits elevated iron, manganese, TDS' 
___ in the range of 2000 mg/L, sulphate, chloride and ammonia, 

but may have a number of industrial applications, including 
heating (CBCL,1987). Methane extraction studies by Novacorp 

in the early 1980's indicated that the mine water quality in 

the Foord, Allen and Stair pits ranged from a sodium 

bicarbonate to a calcium sulphate water increasing in 

hardness, sodium and chloride with depth. Mine water 
temperature ranged from 7.5° C in the shallow workings to 

14.5° C for the deeper zones. (Nova Corp water quality 
monitoring, CBCL, 1987) 

1.3 Study Objectives 

The intent of this study is to demonstrate the use of 

geothermal heat 

of heat pump 

industrial and 

from abandoned mine workings through· the use 

technology to produce low-cost heat for 

institutional consumers in the Springhill 

area. An assessment of the yield, thermal regime and 
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geochemical conditions of the shallow mine reservoir is 

required to evaluate long term heat recovery potential and 
equipment design. 

The study is organized into two phases: Phase 1 of the 

project will conduct an investigation of the Springhill geo­

thermal resource sufficient to select a demonstration 

site(s), and provide baseline data on groundwater tempera­
ture, chemistry and hydrogeology for the optimum desi·gn of 

equipment materials and configuration, and development of 

accurate cost estimates by the design engineers. 

Phase 2 will involve the design, construction and operation 

of a geothermal heat demonstration project at two locations 

in Springhill. A program of monitoring will be in operation 

throughout the Phase 2 demonstration project to obtain data 

on system performance 

the results of Phase 

Project. 

1.4 Project Rationale 

and efficiency. This report presents 

1 of the Geothermal Demonstration 

The physical nature of groundwater makes it an excellent 

potential energy source in temperate climates. The specific 

heat capacity of water (4.18 J•g- 1 •K- 1
) in general is higher 

than that of air (approx. 1.0 J•g- 1 •K- 1
), and in the case 

with groundwater flow systems, the heat retention capacity of 

the groundwater is augmented by that of the host aquifer, in 

this case coal-bearing sandstone and shale. In general, the 
seasonal variation in groundwater temperature is small, and 

is a function of depth and distance from the area of 
recharge. Furthermore, the average annual groundwater 
temperature is generally slightly higher than the mean annual 

air temperature of a given region, and as such, will be 
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warmer than ambient in winter, and cooler than ambient in 

summer. In Nova Sc.otia, the average temperature of 

groundwater is around 7 degrees celsius, ranging from 3.8 to 

10 degrees (NSDOE Records) which reflects the mean annual air 

temperature of 5.6 degrees celsius estimated for the 

Springhill area by Vaughan & Somers, (1980). Background 

groundwater temperatures in the Leamington area south of the 

study site is in the range of 8 to 10 °c· for deep (150 m) 

test wells, (JWA, 1986). In the Springhill case, extensive 

deep mine workings provide an added bonus of 1300 metres of 

geothermal gradient and a large reservoir for heat storage. 

A number of issues which could affect the performance of the 

geothermal system include: 

0 

0 

0 

0 

0 

0 

Long term safe yield of the mine reservoir 

Effects of shallow groundwater flow on the thermal 

regime, (e.g. aquifers above the workings) which could 

reduce the amount of heat available for recovery. 

Groundwater chemistry impacts on 

as scaling in cooling mode, 

heat exchangers such 

corrosion, iron 

precipitation, or explosion hazard (methane). 

Changes caused by temperature change or oxidation of 

the feed waters. 

Quality of mine waters for discharge to surface waters 

or re-injection into the mine workings (e.g. TDS, Fe, 

heavy metals, acid drainage) 

Seasonal transient groundwater temperature 

fluctuations, especially in the near surface areas. 

Bio-fouling of pump intakes, exchangers, and return 

well. 

The pump testing program was designed to address the above, 

and to provide factual information regarding the temporal and 
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temperatures in and around 

groundwater flow in the 

and the geochemistry of 

spatial variation in groundwater 

the mine workings, the volumes of 

strata overlying the mine voids, 

waters within the abandoned mines. The test drilling program 

was designed to obtain maximum information on temperature 
distribution, groundwater quality, and hydrogeology so that 

the mechanical equipment may be designed respecting possible 
water quality constraints, and the demonstration projects can 

be initiated using the test holes. 
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2.0 FIELD PROGRAM 

2.1 TEST DRILLING 

Three geothermal test wells (GTW) totalling 146 meters of 
drilling were constructed by R. White Well Drilling Ltd. on 
July 9, 10, and 14, 1987. The drilling sites were located 
near the Can· Am Container plant and the community rink by Mr. 
John Calder of Nbva Scotia Department of Mines and Energy, 
utilizing that agencies'·s mapping and resource_ drilling data 
pertinent to the old mine workings (Figure 1). Well drilling 
supervision and was provided by hydrogeologists from Jacques 
Whitford & Associates Ltd. (GTW 2 and GTW 3) and Mr. John 
Leslie of J. Leslie & Associates Ltd. (GTW 1). 

Samples of rock cuttings were collected at 1.5 m intervals 
for interpretation at the· JWA lab. Geologic logs were 
interpreted by JWA hydrogeologists with particular emphasis 
on the lithology and hydrogeology of the strata overlying the 
mine workings. 

throughout the 

discharge. 

Estimates of well yield were determined 

drilling by observation of air lift well 

After completion of drilling, each test well was logged 
thermally and for dissolved oxygen by JWA personnel. Several 
profiles of temperature were taken by J. Leslie over the next 
few days after completion of drilling. Samples of ground-

-water were collected from both the overlying aquifer and from 
the coal zones after penetration (at GTW. 1 and GTW 2). A 
water·sample representative of stored water quality in the 
mine opening encountered in GTW 3 was collected with a double 
valve stainless steel bailer to characterize the geochemical 
regime prior to its disruption by pump testing. The results 
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of these preliminary analysis (Table 1) were used to select 
key indicator parameters for monitoring during the pump test. 

Geothermal Test Well 3 was reamed to 203 mm diameter to 
accommodate a 25 HP submersible pump. The well was cased to 
8.22 meters into competent be.drock, and the remainder of the 
hole cleaned to the bottom of the mine opening. Full casing 
of the hole was not required due to the low yield and good 
structural integrity of the overlying formations. 

The borehole logs are presented in Appendix 1, and include a 
summary of cumulative well yield determined from blow tests. 
Chemical analysis of bailed water samples are presented on 
Table 1. 

2.2 Pump Testing Program 

A seven day pump test was initiated on August 7, 1987 at a 
continuous discharge rate of 16.9 L/s (223 igpm). This rate 
was selected to simulate a major heat pump operation and to 
remove enough mine water to assess chemical changes. A 25 hp 
electric submersible pump was installed in the well to a 
depth of 42.2 m, approximately 1.0 m above the bottom of the 
workings. A 32 mm diameter PVC tube was attached to the pump 
column to a depth of 41.6 m to facilitate monitoring of the 
static. water level in the workings during the test, and also 
allow thermal profiling of the water column after the test. 
The discharge was directed to a field about 75 meters north 
of the well, via a 100 mm fire hose. Discharge rate was 
monitored throughout 

and controlled with a 

pump test set up. 

the test with a series of flow meters, 
gate valve. Figure 2 illustrates the 

8 
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Temperature of the discharge water was monitored throughout 

the test with a· thermometer installed on the well head, hand 

held thermometers and the various instruments used to monitor 

temperature, conductance, and pH in a flow through cell 

(Figure 2). Close agreement was observed between the various 

techniques. 

A flow through cell apparatus was installed on the discharge 

line to facilitate the collection of geochemical samples and 

to monitor sensitive parameters such as pH, dissolved oxygen, 

conductance and temperature without contact with the 

atmosphere. Three mine water samples were collected for 

complete general analysis. Sub-samples were filtered to 0.45 

micron size and preserved with nitric acid for metal scans. 

In addition, 23 filtered and preserved samples taken at 6 

hour intervals were analyzed for iron, sulfate and ammonia 

concentration. Appropriately preserved samples were collected 

at the beginning and termination of the test for analysis of 

hydrogen sulphide, methane gas, mercury and tritium. Samples 

were collected at 6 hour intervals throughout the test for 

analysis of key indicator parameters (sulphate, iron, 

ammonia) to assess chemical changes during pumping. All 

samples were submitted to the Environmental Chemistry 

Laboratory at the Victoria 'General Hospital, Halifax for 

analysis. Results are presented on Tables 1 and 2. 
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Table 1. Springhill Geothermal Demonstration Project. Chemical Analysis Results. 

Well ID GTWl GTWl GTWl GTW2 GTW2 GTW2 GTW3 GTW3 GTW3 GTW3 
Date Jul 10/87 Jul 10/87 Jul 9/87 Jul 14/87 Jul 10/87 Jul 14/87 Jul 21/87 Aug 7/87 Aug 10/87 Aug 14/87 
Depth 270' 112 I 205' 165 146' 76' 142' 146' 146' 146' 
Est Yield 30 30 30 30 100 120 400+ 225 225 225 
Sampled bailed bailed airlift bailed airlift bailed bailed 1 h 72 h 168 h 

-

Sodium 90.00 53.00 37.00 22.00 22.00 37. 00 - 64.00 56.00 600.00 580.00 
Potassium 10.50 14.50 10.50 14.00 14.00 13.00 18.30 14.00 26.00 27.00 
Calcium 130.00 200.00 220.00 220.00 230.00 210.00 176.00 165.00 364.00 364.00 
Magnesium 38.00 63.00 76.00 120.00 100.00 120.00 54.00 47.00 149.00 147.00 
Hardness 481.00 739.00 862.00 -. 1043.00 986.00 1018.00 662.00 606.00 1522.00 1514.00 
Alkalinity 290.00 320.00 530.00 555.00 580.00 650.00 679.00 670.00 
Sulphate 243.Q0 370.00 440.00 510.00 503.00. 445.00 14.00 32.30 1540.00 1680.00 
Chloride 47.00 67.00 45.00 46.00 58.00 55.00 480.00 450.00 
Fluoride 0.40 0.20 <0.1 <0.1 0.20 0.20 0.30 0.20 0.30 0.20 
Silica 10.00 11. 00 4.30 21. 00 22.00 16.00 16.00 
O-Phosphorus <0.01 <0.01 <0.01 <0.01 0.24 <0.01 <0.01 
Nitrate <0.05 <0.05 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Ammonia 0.17 0.28 0.16 0.10 1. 60 1. 30 1. 70 1.70 
Arsenic <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0,005 <0.005 <0.005 
Iron 2.90 3.40 5.30 5.50 4.80 0.90 8.70 0.06 22.00 22.00 
Manganese 0.53 0,82 1.10 2.00 0.73 1.10 0.81 1.10 1.10 
Lead 0.006 0,014 <0.002 <0.002 <0,002 0.007 0.003 0.852 <0.002 
Copper <0,01 0.01 <0.01 0.02 <0.01 0.03 0.01 0.10 <0.01 
Zinc 0.03 0.06 0.20 0.10 <0.01 0.07 0.07 0.10 0 .12 •, 
Tot. Sol. 1117 1268 1453 1450 1333 993 781 3546 3734 
S. Sol. 362 202 239 44 203 3 46 27 
TDS 755 1066 1211 1290 790 778 3500 3707 ____ Color 15 50 100 125 18 275 18 25 70 
Turbidity 115 105 65 130 27 110 2 125 125 
Conductance 1083 1360 1590 1460 1670 1207 1244 4350 4420 
pH 7.50 7.40 7.50 7.00 7.40 7.00 7.10 7.00 6.80 6.80 
Langlier Index 0.65 0.77 0.61 0.61 0.68 0.60 0.66 0.65 
Diss. Oxygen 0.20 0.15 
Temp (C) 12.00 9.30 13.80 13.00 
Aluminum 3.30 <0.05 <:0.05 <0.05 
Boron 0.04 0.07 0.19 0.19 
Barium 0.03 0,26 0.05 0.04 
Chromium 0.04 0.01 0.05 0.04 
BOD <2 
COD <0.05 

All parameters in mg/L, except color (TCU), Turbidity (JTU), Conductance (mmhos/cm), pH 

-= ,-- - --- ,, ..... -~ ~--~-- ""'---'--""""'~~---~---~ ... '.!'-_- ·--- ... ,.,,..,,:,-.•:,.,J 



Table 2. Summary of Groundwater Monitoring Data For 7 Day Pumping Test. 

Town of Springhill Geotnermal Demonstration Project, August 7 to 14, 1987. 

Date Time Drawdown Temp. Conductance Diss. 02 
hours (metres) (C) (mmhos/cm) (ppm) 

Aug. 7/87 0.1 0.01 14.2 820 0.75 
1 0.11 13 .8 1244 0.40 
6 0.34 13.8 1000 0.20 

Aug. 8/87 12 0.55 14.0 1290 
18 0.63 14.5 1690 
24 0.75 15.7 2290 
30 0.81 15.5 2350 

Aug. 9/87 36 0.88 15. 6 · 2400 
42 0.95 16.2 3250 
48 1.03 17.4 3610 
54 1.07 17.2 3690 

Aug. 10/87 60 1.13 17.2 3700 
66 1.16 17.2 3750 
72 1.25 17.8 3890 
78 1.27 17.7 3820 

Aug. 11/87 84 1.31 17.7 3830 
91 1.37 17.5 3910 
96 1.4 17.9 3990 

Aug. 12/87 114 1.52 17.9 4000 
Aug. 12/87 120 1. 56 18.0 3990 

126 1. 61 17.9 3910 
Aug 13/87 132 1.64 18.0 3880 

138 1. 69 17.8 3950 
144 1.75 18.1 3990 
152 1.79 17.8 3910 0.24 

Aug. 14/87 165 1.83 17.9 3790 0.35 
168 1. 84 18.0 4010 0.18 

l 

Iron Sulfate Ammonia pH 
(mg/L) (mg/L) (mg/L) 

7.07 
0.1 32.3 1. 3 6.94 
4.1 59 1.4 6.87 
7.7 122 1. 5 7.03 

10.4 323 1. 7 7.41 
18.7 790 1.8 6.82 
22.5 880 1.9 6.98 
23.8 920 1.8 6.74 
19.8 1290 1.8 
15.0 1380 1.7 6.81 
15.4 1540 1.7 6.73 
15.0 1540 1.8 
14.7 1450 1. 7 
22.0 1540 1. 7 6.80 
15.9 1600 1.8 
15.9 1580 1.8 
17.5 1540 1.7 
17.2 1500 1.7 
17.7 1450 1.8 
18.9 1540 1.9 
14.2 1580 1.8 
14.0 1580 1.7 
17.4 1540 1.7 
16.0 1540 1. 7 
16.9 1640 1.7 
19.4 1680 1.7 6.83 
22.0 1680 1. 7 6.84 



3.0 DISCUSSION 

3.1 Geologic Setting 

The area of investigation is overlain by from 6.7 to 14.6 m 
of yellow brown silty gravel glacial till, increasing in 
thickness from GTW 1 northwards to GTW 2. Bedrock forms a 
topographical trough pl ungin\1 towards the northwest. Bedrock 
encountered during the test drilling is described as 
predominantly grayish-green, carbonaceous and siderotic 
siltstone, shale, mudstone and minor fine-grained sandstone, 
which conforms to the description of the upper coal-bearing 
distal floodplain member of the lower fine facies of the 
Pennsylvanian-aged Cumberland group (Calder, 1980, Norwest, 
1981). The fine grained materials tend.to dominate in these 
areas, and no significant coarse sandstone units were 
encountered. 

N.S. Dept. of Mines records indicate a mine slope dip of 
about 32 degrees to the northwest, which is consistent with 
the elevations of the observed coal encounters. 

Figure 3 illustrates relationship between the three test 
wells, coal occurrences and the static water table. Several 
coal horizons were encountered in all holes. Major coal 
zones corresponding to the No. 1 and 2 slopes were identified 
by NSDME personnel. Abandoned ·water-filled mine workings 

- were encountered in GTW 3 at 40.25 m depth, which were open 
to about 44 m depth. 

Preliminary analysis of the test drilling results suggests 
that No. 2 slope was encountered in GTW 3 at 40.25 m depth, 
and possibly in GTW 2 at 50.6 m. Although no open mine 
workings were found in GTW 1, it is possible that the seam 
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pinches out in this area (e.g. 
32 m depth in GTW 1,) or that 

horizons were 

a small coal seam reported at 
a fault may be present. Two 

logged from 39.6 m to 53.3 m significant coal 

depth in GTW 1. The abandoned Can Am well, located 60 m 
southwest of GTW 3, may have encountered coal measures at 
35.6 to 38 in depth; static water levels are reported at 
30,.5 m, which is similar to GTW 1 and GTW 3. 

In GTW 2 near the bowling alley, a small seam at 21.3 m may 
correlate with No. 1 seam (J. Calder, pers. corn.) outcropping 
at the surface at GTW 3 where coal fragments were reported at 
the overburden-bedrock interface. The presence of wood 
fragments associated with the coal zone at the bottom of GTW 
2 suggests that this well is likely immediately adjacent to 
workings. This is supported by the increase in well yield 
reported at this depth. 

3.2 Groundwater Conditions 

Hydrogeological logging of the test holes (Appendix. 1) 
indicated very small groundwater inflows overlying the 
inferred mine workings at GTW 1 and GTW 3 at the Can Am 
Containers site, but substantial flows were observed at GTW 2 
near the Bowling Alley. A maximum yield of 0.25 Lisee (2 to 
3 igpm) was estimated above the coal zones at GTW 1 and GTW 
3, and 7.6 Lis (100 igpm) was estimated by air lift blow 
testing at GTW 2 above the coal horizon. Total yield 

- increased by about 1.5 to 2.3 Lis in the coal horizons in GTW 
1 and GTW 2. 

The combination of deep static water table (23.8 to 34.1 m 
below ground surface), direction of groundwater flow, and the 
increase in yield at the coal horizons at GTW 1 (2.3 Lisee 
(30 igpm) and GTW 2 (additional 1.5 Lisee (20 igpm) suggests 
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that local groundwater flow is controlled by bedrock struc­

ture and the mine workings which appear to de-water the 

overlying beds at GTW 1 and 3. Groundwater flows towards the 

center of the northwesterly 

extensive bedrock fracturing 

trending 

above the 

depression where 

mine workings may 

provide good aquifer storage and more permeable conditions. 

The mine waters are confined within the shallow workings. In 

GTW 3, static.water level rose 8.22 m (27 ft) ab9ve the top 

of the mine. The consistent water levels across the site in 

the three wel·ls (Figure 3) suggests hydraulic connection 

between the wells, likely due to the mine workings and 

consequent fracturing of the surrounding host rock. 

Estimated bailed well yields for the three test wells were 30 

igpm (GTW 1), 120 igpm (GTW 2) and in excess of 400 igpm from 

the mine workings in GTW 3. 

During the pump testing it· was apparent that the three 

geothermal test wells were in hydraulic connection, recording 

total drawdowns of 1.86 m, 1.28 m and 1.36 m for GTW-3, 1 and 

2 respectively after 7 days of continuous pumping at a rate 

of 17 Lisee. 

3.3 Pump Test Results 

During the test, static water level was monitored in the 

pumping well (GTW-3) and two observation wells (GTW-1 and 

GTW-2). At the end of the. test, a total of 10,308 m3 (2.27 x 

10 6 imp. gal.) or the equivalent of 771 m of mine shaft 3.65 

m square was removed from Number 2 seam. After 7 days of 

pumping, total drawdown in the shaft was 1.87 m, with 1.28 m 

and 1.36 m of drawdown recorded at GTW-1 and GTW-2 

respectively (Figure¼). 
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Figure 4 illustrates the drawdown behavior of the three wells 

during the 7 day test. After 220 minutes of pumping, the two 

observation wells began to respond, and conductivity values 

began to rise. The observed decrease in temperature at the 

time that the observation wells began to respond indicates 

movement of cooler groundwater towards the pumping well from 

distant areas. After 1000 minutes of pumping, a steady 

drawdown rate of 0.2 meters per day was observed in the 

production well, and 0.16 m/day in the two observation wells. 

Electricai conductance and temperature both rose steadily 

with increasing drawdown throughout the remainder of the test 

(Figure 4). The test clearly shows that the three wells are 

in hydraulic connection. 

A decrease in the rate of drawdown between 1000 and 3000 

minutes into the 

temperature and 

test, with associated 

conductance (1550-2100 min, 

decreases in 

and 3000-3600 

min) suggests recharge from an outside source of cooler 

groundwater. Iron concentration increased dramatically over 

the same time period. Iron species are more soluble at lower 

temperatures. The delay in response of observation well GTW-

2 until this time (1000 min) suggests that the source is the 

100 igpm flow of groundwater encountered in the aquifer 

overlying the coal at GTW-2. This suggests hydraulic 

connection between the coal units and the aquifer identified 

north of the test site. Production wells-located in this area 

will therefore need to be cased through the aquifer to the 

mine workings to prevent "thermal contamination" of the 

water. 

During the test, 10 to 15 mm of rain from 93 to 101 hours 

into the test indicated only a negligible effect on drawdown, 

temperature and conductance (Figure 4). Although no decline 

was observed, a flattening of the rate of change was noted 
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(Figure 4). It is therefore possible that sustained periods 

of heavy rainfall may affect the thermal variation of the 

shallow system. During the Phase 2 workr careful monitoring 

of temperature during the spring and fall rain events should 

be implemented. 

An accurate prediction of the long term sustainable yield of 

GTW 3 is not possible due to the large storage effect caused 

by many kilometers of mine workings. An estimate can be mader 

howeverr based_on the rate of drawdown (0.17 m/day) over the 

final 4 days of the test. The well could be drawn down to the 

top of the shaft after 50 days of continuous pumping at 17 

Llsr unless ~echarge boundaries are encountered. The data 

(Figure 4) infer an apparent system transmissivity of 180 

m2 /day (12r000 igpd/ft. which suggests a 3 month continuous 

safe yield of 230 igpm) and a 20 year continuous yield of 18 

-L/s (175 igpm). This estimated safe yield is ~onsidered 

reasonable due to mine dewatering reports of 23 to 30 L/s. 

However it should be noted that this reported yield was for 

the entire miner not just the shallow zones. The test does 

indicate that careful attention must be given to long term 

continuous flow rates in the shallow workings . 

Drawdown should not be allowed to drop below the top of the 

mine workings. This would cause oxidation of the mine water 

and possible undesirable chemical quality changer such as 

iron precipitation, turbidity and explosion risk. 

The recovery rate was very slow after termination of the pump 

test. After 4.5 hours of recovery measurements, the 

production well recovered 0.19 metresr with no observable 

recovery in the two observation wells. This reflects the slow 

drawdown response during the pumping test. 
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3.4 Water Temperature 

Groundwater temperatures of up to 21°C (70°F) have been 

reported from exploration holes in the area (Can Am 

Containers Ltd.). It is suspected that much of this heat is 

due to deep geothermal gradients and possibly also exothermic 

reactions within the mine, which at 1310 meters (4300 feet) 

deep is one of the deepest coal mines in North America· The 

degree of input of heat from the coal burn areas to the 

shallower reaches of the mine by groundwater recharge is at 

present unknown, however the present work suggests that the 

majority of the warm water is from depth. 

Another concern is the mixing of cooler groundwaters and rain 

recharge from the overlying bedrock formations with the warm 

mine waters, thus reducing the efficiency and C.O.P. of the 

heat pumps. The amount of yield.of the test well. above the 

mine openings will greatly affect the total cost of the 

demonstration well. Hydraulic response testing during the 

test drilling and the pumping test on GTW-3 suggests that the 

high yield encountered at GTW-2 will affect the performance 

of a geothermal well at that location, and indicates that the 

well must be cased the entire depth to the mine shaft,or 

packers can be used. At GTW-3 no casing or packers are needed 

for the demonstration. 

Preliminary logging of the test wells•with a YSI Model 33 SCT 

meter, a YSI Model 57 Dissolved Oxygen meter and a precision 

thermistor indicated consistent temperatures well above the 

provincial norm which ranges 3.8° to 10° celsius. Groundwater 

temperatures measured by JWA in the three wells prior to the 

pumping tests averaged: 
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GTW 1 

GTW 2 

GTW 3 

11.5° C 

9° C 

13.8° C 

(52.7° F) 

(48.2. F) 

(56.8° F) 

A sample bailed by JWA from the bottom of the workings in GTW 

3 recorded a temperature of 15.2°C or 59.9°F. 

Thermal logging of the holes by J.· Leslie prior to pumping 

and after the drilling are presented in Appendix 2. GTW 1 

exhibited a slight decrease in temperature with depth on July 

10, after drilling (Appendix 2) however, a profile of GTW 1 

on July 21, 11 days after drilling by JWA, showed a slight 

temperature increase from 11.2°c at 35 m depth (1 m below 

water level) to l2°C at 52 m to the bottom of the hole. 

Logging of GTW 2 forty hours after drilling, indicated the 

lowest temperatures (9.3 °c) likely caused by the effects of 

the high flow rates (100 igpm) of shallow groundwater above 

the coal zone. This log suggests that this shallow 

groundwater has an average temperature of 9 °C. The profile 

for GTW 3, one hour after drilling indicated a consistent 

temperature of 13.35° C. Under pumping conditions over a 

period of seven days, the water temperature in this hole rose 

to 18° c. 

Comparison of the JWA logging 

precision thermal logger used 

correlation of about 3 percent. 

probe results with the high 

by J. Leslie shows a close 

As discussed in section 3.3, 

affect the thermal variation 

the shallow aquifer zones do 

of the shallow mine workings. 

Based on the pump test (Figure 4) this could be of concern at 

lower pumping rates which would require longer time to 

displace the cooler waters from the system, than at high 

pumping rates (225 igpm or more). 
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Based on the above, it is concluded that groundwater in the 
vicinity of the mine workings has a temperature in excess of 
regional means. Furthermore, it is possible that temperature 
could inc~ease with depth and duration of pumping. For the 
purposes of this study, background groundwater temperature 
can be considered to be about 9.5°C (GTW 2 and other test 
wells in the Springhill' area). The shallow mine workings 
exhibit temperatures in the order of l4°C at a depth of only 
8.2 m below the water table, rising to at least 18° C under 
sustained pumping conditions. 

3.5 Mine Water Chemistry 

3.5.1 Test Well Water Quality 

__ Chemically, the groundwater overlying the mine workings is 
similar to the moderately hard, alkaline, sodium to calcium 
bicarbonate water produced by the Town wells at Princess and 
Mechanic Streets to the east. These wells draw from shallow 
flow regimes in sandstone and shale units stratigraphically 
above the coal horizons. 

Water quality data from blow test and bailed samples are 
presented on Table 1. Samples from GTW 1 and GTW 2 indicate 
a very hard calcium sulphate to calcium bicarbonate water 
associated with the coal zones. Calcium sulphate water with 

-elevated sodium concentration (220 mg/L) was observed in a 
blow test sample from GTW 2 at the rink. A sample bail~d 
from the top of the water table in this well showed a calcium 
bicarbonate water mixed with the sulphate waters, indicating 
the effect of the high yield of shallow groundwater on the 
chemistry of this well. Iron concentrations can be expected 
to be high, based on the oxidized blow test samples. The 
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sample bailed from the workings after the completion of GTW-3 
indicates a hard and alkaline (580 mg/L}, calcium bicarbonate 
water elevated in iron (8.7 mg/L), manganese (1.1 mg/L), 
total solids (993 mg/L), Total Organic Carbon (i05 mg/L), 
humic acids (33 mg/L) and ammonia (1.6 mg/L). The ph is near 
neutrality. Elevated suspended solids, colour and turbidity 
may be partially a result of the drilling process. Sulphate 
in this sample.is low, but may indicate sulphate reduction to 
H2 S gas in this reducing environment. Dissolved oxygen 
levels were typically low, decreasing from 7 ppm at the water 
table, to less than 0.4 ppm in the mine. 

3.5.2 Redox Conditions and Dissolved Gasses 

Several profiles of dissolved oxygen were made on each well 
with the temperature logs. Immediately after completion of 
_drilling, these logs showed a substantial decline with depth 
in concentration of dissolved oxygen, from near saturation at 
the water table to negligible concentration deeper in the 
hole, and rising again to supersaturated conditions at the 
bottom of the hole. This phenomenon is believed to be caused 
by air driven into the bedrock aquifer during drilling. 
Subsequent profiles taken 7 days later showed substantial 
decrease in D.O., which reached background levels of less 
than 0.05 mg/L after 11 days. Similar results were seen in 
GTW 3; however, no residual oxygen plume was left in the 
bottom of the well due to the presence of extensive voids 

·(blow testing was carried out above the workings in the 
borehole). 

During the 

measured in 

Pump testing, 

the flow cell 

dissolved oxygen concentration 

was in the range of 0.18 to 0.32 
ppm. At the start of pumping, D.O. declined from 0.75 ppm to 
0.20 ppm over the first 6 hours. It is expected that some 
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oxygen uptake may have occurred between the well head and 

flow through cell. This very low concentration suggests that 

the mine waters are in a reducing geochemical environment as 

would be expected, due primarily to the uptake of oxygen 

during various redox reactions and organic (coal) 

decomposition. This condition is substantiated by the 

observed clear water quality upon release from the mine 

system, which quickly precipitates substantial quantities of 

iron as it contacts the air at the discharge pipe. Only minor 

H2S was discerned during the test, and analysis indicated 

0.10 mg/L or less of H2 S and 1.8 mg/L of ammonia in this 

water. Mine water pH levels ranged from 7.1 at the beginning 

of the test to a consistent average value of 6.8 throughout 

th~ test (Table 2). Ammonia rose from 1.3 mg/Lat the start 

of the test, to a' consistent value of 1.7 throughout the 

test. 

At this time, the determination of-the dissolve gasses in the 

.mine water is not yet complete. Dissolved gasses observed in 

the mine water were not extremely high in quantity, however 

the presence certain gasses such as methane or hydrogen 

sulphide would provide the potential for a safety hazard. It 

is not likely that there is substantial dissolved H2S. as 

determination of aqueous phase H2 S showed insignificant 

amounts. This is fortunate, as H2S is very toxic as well as 

corrosive and an explosion hazard. The dissolved gasses are 

more likely - to be methane, CH 4 , also an explosive gas. The 

- observed degassing rate and quantities did not suggest that 

this will be a major consideration, however it must be 

considered. 

3.5.3 Dissolved Solids and Physical Characteristics 

Electrical conductance is -an indicator of TDS in groundwater. 
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Electrical conductance increased from 1000 microsiemens at 

the beginning of the test to 4420 microsiemens at the end of 

pumping (Figure 4). This observed increase in conductance is 

likely due to the dewatering of the low permeability zones 

above the mine workings. Electrical conductance values for 

the exploration boreholes ranged from 1029 to 1590 depending 

on depth. The higher conductivities later in the test reflect 

the higher TDS typical of coal mine waters. The TDS of the 

mine water is typically 3500 Mg/L under pumping conditions 

and about 1250 mg/Lat static conditions. 

Suspended solids and turbidity are moderate, at 27 to 47 mg/L 

and 125 JTU respectively (Table 1). This turbidity level 

should be considered in the design of the heat exchanger 

system. Color is typically high, ranging from 18 to 70 TCU 

over the 7 day period. The color is likely due to the 

elevated concentrations of iron and manganese in the water, 

and humic acids (33 mg/L) and TOC (105 mg/L). At the point of 

discharge, the effluent is very clear, but quickly shifts to 

a red-orange color upon exposure to the atmosphere. 

3.5.4 Major Ion Chemistry 

The major ion chemistry is shown in the Durov trilinear plot 

in Fig. 8, and a Piper Plot in Figure 9. Analysis results are 

presented on Table 1. Figure 8 plots the water samples in a 

two dimensional field based upon the relative predominance of 

- the major ions. It can be seen that the local groundwaters 

are predominantly of a calcium-bicarbonate water type, 

(predominant cations and anions respectively). This sort of 

groundwater is indicative of fresh recharge water in a 

hydrogeological setting where calciu..~ carbonate is the 

mineral of the greatest solubility encountered by the 

groundwater. The location of the study area, at the subcrop 
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of the dipping strata overlain by sandy overburden, would 
tend ·to suggest that the area should be a recharge zone. As 
the groundwaters 'age' and travel down the flow path there is 
a tendency for the calcium to be replaced by sodium by cation 
exchange as the water flows through clay-rich shale units, 
changing to a sodium bicarbonate type. This is illustrated 
on the durov diagram by the plot of the groundwater chemistry 
of test well #8, (JWA,1987) from the leamington district to 
the south of the study area. 

The mine waters are significantly different in terms of their 
major ion chemistry. They are of a sodium sulphate chemical 
type, indicative of the dissolution of gypsum, and of cation 
exchange. Various other samples from geothermal test wells 
No.1 and 2, and from the Town of Springhill Princess street 
well, when plotted on the durov diagram fall approximately on 
a line in between the local recharging groundwaters and the 
mine waters indicating the possible mixing of the two water 
types (Figure 8). The mixing of warm mine water with local 
groundwater could have an influence on long term thermal 
regime of the shallow mine workings. 

The distribution of temperature drawdown, sulfate, iron and 
ammonia with pumping time are presented on figures 4 to 7. 
These parameters were selected from the test well chemistries 
as indicator 

quality. A 

- (Figure 4), 

parameters most 

steady increase 

Sulfate (Figure 

representative of mine water 

in temperature, conductivity 

5), Iron (Figure 6) and to a 
lesser extent, Ammonia (Figure 7) was monitored throughout 
the test. Total iron and ammonia rose rapidly early in the 
test, peaking at 1.9 mg/Land 24 mg/L respectively 32 to 35 
hours into the test. Maximum sulfate (1680 rog/L), 
conductivity (3700 mmhos/cm), and temperature occurred_ at 
about 50 to 55 hours. This suggests that after 50 hours of 
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pumping the majority of the discharge water was 
deep mine waters. 

derived from 

Concentrations of sodium and chloride rose from background 
values of 56 to 64 mg/L sodium and 55 mg/L chloride, to 600 
mg/L sodium and 450 mg/L chloride at the end of the pumping 
test (Table 1). This reflects the increasing conductivity, 
temperature, iron and sulfate values and suggests a deeper 
water· source. Sodium chloride waters have been reported from 
deep (152 m) test wells in the Leamington area of Springhill 
( JWA, _ 19 8 6 ) • 

3.5.5 'Trace Metal Chemistry 

With the exception of iron (16 to 24 mg/L) and M~nganese (1.1 
mg/L), trace metal concentrations in the mine water are 
relatively low. Parameters above the analytical detection 
limits include: boron (0.02 to 0.19 mg/L), barium (0.03 to 
0.26 mg/L), chromium (0.01 to 0.05 mg/1), lead (<0.002 to 
0.85 mg/L), copper (<0.01 to 0.03 mg/L), and zinc (<0.01 to 
0.20 mg/L). These are not likely to be in environmentally 
deleterious quantities. Lead concentration exceeded 
recommended drinking water limits in one sample. All other 
major metals were found to be below respective detection 
limits. 

No mercury was found in samples field pres~rved with chromic 
-acid. Significant quantities were not expected to be 
associated with the coals of the Springhill area, but mercury 
has been found to be associated with Carboniferous aged coals 
in the eastern part of north america, (principally in 
Pennsylvania coals). 
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3.5.6 Corrosion/Scaling Potential 

The mine waters are not expected to be corrosive. The pH is 
near neutral, (6.8 to 7.4 range). There was little hydrogen 
sulphide found in the mine waters, (0.1 mg/Land less). The 
Langlier Calcite saturation Index is a measure of the degree 
of carbonate saturation of the groundwater and hence is 
commonly used to assess scale or corrosion tendency. The 
Springhill mine water averages + 0.65 at 20 °c, and would be 
in the order of +0.25 at groundwater temperatures of 5 to 7 
°C at the discharge end of a heat pump system in heating 
mode, and +1.2 at 50 °C £or a system in cooling mode. The 
thermodynamic equilibrium calculations using Wateq-F 
(Appendix 3) indicate that the ·mine waters are slightly 
oversaturated with respect to most carbonate and silicate 
species, and slight)y undersaturated with respect to gypsum 
and anhydrite. · The system is super-saturated with respect to 
most iron compounds. 

This mine water has a low scale formation tendency, and 
should not pose any significant problems during heating mode. 
Only minor amounts of gypsum would be expected to come out of 
solution by decreasing the temperature to 6° Cina closed 
system. Most other minerals, including calcite, generally 
become more soluble at lower temperatures and should not 
cause increased scaling. In the cooling mode, where 
groundwater temperatures are increased to say 50 °C, there 
may be a tendency for precipitation of iron, carbonate, 
sulfate and silica compounds on the heat exchanger. If the 
system is to be used for cooling purposes, the use of 
Cupronickel in the exchanger design materials is recommended. 
This material tends to inhibit scale build-up due to its 
tendency to expand and contract during heat exchange. 
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3.5.7 Implications 0£ Temperature Change and Aeration on 
Water Quality 

To evaluate the effect of temperature change and 
oxidation/aeration on the chemistry of the mine water, a 
thermodynamic speciation model was utilized. Three runs were 
made (wateq F) for: the in-site mine water at l8°C and 
reduc·ing conditions, the same water at 6 ° C under reducing 
conditions, and two runs simulating ·contact with the 
atmosphere at 6°c (heating mode) and 25°c (cooling mode). 

The in-situ mine water is supersaturated with respect to iron 
species, slightly over-saturated with carbonate and-silicate 
species, and slightly undersaturated with respect to sulfate 
species. These species are most likely to be involved in 
scale formation at the head exchanger. 

In general, cooling the water to 6°C under closed system 
conditions (ie. no oxygen) should cause little scale problem. 
Gypsum solubility will decrease with lower temperature, and 
could cause minor scale. Heating the feed water on the other 
hand (ie. air conditioning· mode) will tend to precipitate 
iron, carbonate and silicate at the exchanger. 

Contact with the air must be avoided in all cases. At l8°C 
iron becocies supersaturated and precipites from solution. 
Calcite and·dolomite solubility drops slightly, and gypsum 
remains the same. At 6°C, slightly less iron precipitation 
is expected and silicate may be deposited. At 25°C or 
higher, simulations indicate that all iron and carbonate 
minerals become more oversaturated, 
precipitate. 
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The most important aspects of the chemical makeup of the mine 

waters, from the practical perspective of the operation of 

the system and the re-injection of the water will be 

associated with iron. Iron exists in the mine water in 

quantities analyzed 

Fe. A computer 

at approximately 

program used to 

22 mg/L, total iron as 

determine chemical 

speciation and equilibrium predicts the iron species present 

to be predominantly Fe 2 +<aq> (16.1 mg/L) and FeS0 4 °<aq> (15.7 

mg/L). Calculations of potential iron precipitation under 

various thermodynamic conditions suggest that if exposed to 

the· atmosphere, likely all of the sulphate-complexed iron 

will precipitate in the form of iron oxide, due to 

turbulence, pressure drop and temperature changes upon 

exposure to the atmosphere. As well, a substantial portion 

of the dissolved iron as Fe 2 + may precipitate in the presence 

of oxygen. The amounts will depend on the temperature at 

which oxygen equilibrium is attained. 

Under closed conditions, where the feed water is not allowed 

to contact the air, the precipitation of iron should be less 

of a problem. At higher temperatures, a larger iron 

precipitation problem will occur, due to reduced solubility 

of iron species. Therefore it is suggested that the design 

of the system include provision for the precipitation by the 

pumped waters, of approximately 40 mg/L of iron oxide, 

sulphate and carbonate scale. 

The minimum expected iron scaling would be approximately 16 

mg/L. The maximum iron scaling, if the water was used for 

air conditioning, heated to 25C and oxidized in a turbulent 

state, precipitating all Fe (III) iron as hematite would be 

approximately 40 mg/L. At the pumping rate used in the test, 

this corresponds to approximately 60 kg/day discharge to the 

environment. The iron scale will likely form mainly within 
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the heat 

piping. 

exchangers, and at constrictions etc. in the 

Calcium carbonate scaling should not be as great a problem. 

Although total calcium/magnesium hardness, 

approximately 1500 mg/L, calcium and magnesium species are 

not as substantially oversaturated as are those of iron. It 

is likely, however that some CaCO3 scaling will occur 

especially in the cooling mode. 

The above considerations suggest that there could be 

significant problems with re-injection of the mine water to 

wells if the stream• becomes oxidized prior to injection. 

Clogging of the aquifer or injection well will likely occur. 

Also, discharge of the effluent to surface water courses will 

result in discoloration and loading of up to 60 Kg per day or 

iron compounds. 
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7 
4.0 CONCLUSIONS 

1. The abandoned mine workings underlying the Town of 

Springhill are suitable for the development of low grade 

geothermal heat using conventional heat pump technology. 

2. The shallow (40 m below ground surface) mine water is 

capable of at least 17 to 18° Celsius water temperatures 

under pumping conditions. Mine water temperatures during 

the test reached l8°C, which 1.s twice the regional 

average groundwater temperature, and show indications of 

further increases. 

3. The groundwater chemical regime associated with the mine 

workings will be predominantly a sodium-sulfate type of 

groundwater; reducing in nature, with dissolved oxygen 

and ammonia concentrations in the order of 0.1-0.2 ppm 

and 1.8 mg/L respectively; exhibit high hardness (1520 

mg/L), Sulfate (1550 to 1650 mg/L), and total dissolved 

solids (3500 mg/L); a pH 1.n the range of 6.8, and 

temperature 1.n the range of 17.5 to 18 °c. There is a 

possibility of iron precipitation, and associated color 

in this water if it contacts the air, due to elevated 

concentrations of iron (16 to 24 mg/L) and manganese (1.1 

mg/L typical), TOC (105 mg/L) and humic acid (33 mg/L). 

Suspended solids are in the range of 27 to 47 mg/L. 

· 4. The key chemical concerns are the elevated iron, 

hardness, and sulfate which could precipitate at the heat 

exchanger or return well, and suspended solids (40 to 80 

kg/day, predominantly iron) which could cause fouling of 

intakes if oxidation takes place. 
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5. The mine waters have a small scale forming tendency, 

based on laboratory analysis and computer simulations. 

Under closed conditions, the water should not cause 

significant problems when the heat pumps are in heating 

mode, but could deposit scale (iron, carbonate, sulfate, 

and silicate) under cooling mode operation which raises 

the temperature of the feed water. 

6. Thermodynamic calculations indicate a potential for iron 

precipitation and clogging of re-injection wells or heat 

exchangers if the source water is allowed to become 

oxidized by exposure to the atmosphere. The water is 

supersaturated with respect to iron species, slightly 

oversaturated in carbonate and silicate, and slightly 

undersaturated with respect to gypsum and sulfur species. 

7. The source of the high temperature water appears to be 

from depth i•n the mine, rather than from surface sources. 
This is supported by increasing conductance, iron, 

sulphate, salt and TDS and low dissolved oxygen with time 

of pumping. With the exception of a minor response in 

the No. 1 museum seam (0.12 m), during the test, no 

direct evidence was seen suggesting a direct connection 

with the burned waste dumps. 

8. The shallow mine workings Penetrated by the three test 

9. 

wells are hydraulically interconnected. Drawdown 

response was observed in all wells and the mine shaft at 

the museum. 

The high yield of groundwater (7.6 L/s) encountered over 

test well GTW-2 at the NSPC site lS cooler (9.0°C) than 
the mine water, appears to be in hydraulic connection 
with the workings (1.34 m of response during pump 
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testing), and could reduce the overall thermal efficiency 

of a heat pump well in this area unless the well is cased 

into the workings. 

10. A negligible change in temperature and chemistry were 

observed during a 5 hour rainfall event during the test. 

It is possible that rainfall events will influence the 

thermal regime of shallow (<100 m) mine workings, however 

the influence is expected to be small, and to decrease 

with depth. 

11. Pumping test data suggest a recommended safe pumping rate 

175 igpm continuous and 200-300 igpm short term, to 

prevent drawdown below .the top of the mine workings. 

Regardless of the rate, continuous monitoring of drawdown 

must be implemented to prevent dewatering. 
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5.0 RECOM!wf..ENDATIONS 

1. The heat pump system and exchanger methodology should be 

designed respecting the chemical characteristics of the 

mine water discussed herein. 

2. It is recommended that a closed loop system be used, such 

that the mine water does not come in direct contact with 

the ~xchanger coils. 

3. If the system is to be used for both heating and cooling 

purposes, the exchanger should be constructed of a 

cupronickel alloy that resists scale build-up due to its 

tendency to expand and contract with heating and cooling. 

4. The water from the mine must be kept under pressure and 

isolated from the atmosphere prior to 

through tbe heat exchanger, 

precipitation. 

and during passage 

to prevent iron 

4. The reject water should be re-introduced back into the 

mine workings at some distance down gradient from the 

source. Ideally, the mine water should flow through the 

heat exchanger under pressure and under ambient, non­

oxidized conditions, directly to a subsurface return well 

where the water is re-injected back into the mine or 

another mine void below the water table such that 

oxidation does not occur. A significant likelihood 

exists of mineral precipitation, (calcium, sulfate, iron, 

silicate at injection wells under cooling mode operation 

if atmospheric conditions are encountered. 

5. Once th~ demonstration heat pump system has been 

installed, and during the first year of operation, a 
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program of monitoring of such factors as temperature 

variation, hydraulic head fluctuation, water chemistry, 

power consumption and system performance should be 

implemented. This should include provision for 

temperature monitoring and collection of water samples 

for chemical analysis of key indicators (iron, sulfate, 

TOC, pH, conductivity, chloride, calcium). 

6. Test wells in the vicinity of the NSPC office should be 

cased through the overlying aquifer to prevent thermal 

contamination of the source water by cool~r aquifer water 

overlying the mine. 

7. Drawdown should never be allowed to reach the top of the 

mine opening. The resultant oxidation of the water could 

adversely affect the heat pump system. Long term safe 

abstraction rates must be less than the yield of the 

mine. Pump test data suggest a continuous 20 year yield 

in the order 135 igpm, and a short term (2 month) yield 

of 230 igpm. Pumping equipment should include water 

level sensors and· pump cut-out electrodes to prevent 

dewatering under high pumping rates. 

8. The geothermal demonstration program should include a 

shallow monitoring well between the test site and the old 

waste dump to assess whether any recharge to the shallow 

mine workings originates from this source. 
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__, ___________________________ ...;... _______________ ___, 

"' ' ,... 

TEST WELL 
PROJECT No. 4215 
DATE July 9, 1987 · 
DRILLER R. White Well Drillino 
ELEVATION 140 mi ,(Approx.) 
U.T. M. 2GT-172552 

::i::: 
l­a.. 
w 
0 

LITHOLOGIC DESCRIPTION -

WELL No. G1 
DEPTH 82.3 m 
CASING LENGTH 8.8 m 
ESTIMATED YIELD 2. 3 L/S 
STATIC WATER LEVEL 34. 1 m 

..J 
w 
> w 
..J 

CUMULATIVE WELL YIELD 
(BLOW TEST) 

a: 
w 

L/S, DEPTH IN METRES 

~ 0..+-------------------------+,:.--h-r-r-r.,...+--+-----------r-1 
5 

~ 

10 

20 · 

25 

30 

35 

Overburden 

Medium to fine light grey sandstone 
(some silt~tone) 

Mediu~ grey siltstone 

Medium grey siltstone and f1ne light to 
medium grey sandstone, (some dark grey· 
sandstone) coal seen at 32 m 

Dark grey siltstone, some brownish grey 
siltstone and fine sandstone 

.40 . __ . Grey siltstone.., shale __ _ 
Coal 

45 _ Li g~~-~Tey ~~ l!_~t?~~---a-~~- ~~a_l e 
Coal 

50 · oark gre_y sha 1 e, some f i rie 1 i ght grey sandstone & 
t----1 -=:_ Coal or coal shale· whiJ~-~~artzite 

55 · Medium grey siltstone and fine 
-Jight grey fine and medium sandstone 

60 - -- Light grey fine and medium saridsfone 

70 

75 

80 

Dark grey shale, coal and some light grey siltston 
Dark and medium grey 
siltstone with some light grey fine sandstone, 
becomes sandier with depth 

..... 

. -=-- ......_. 

-:___._ _:_ 

....._ :-- _.!.. 

...:.....---...._ 

•..!---.-,. . ._ .. _ 

0.076 L/S 

0.23 - 0.30 L/S 

0.53 - 0.61 L/S 

2.3 L/S 



CD 

' ,._ 

TEST WELL 
PROJECT No. 4215 WELL No. G2 
DATE July 10, 1987 DEPTH 50.6 m 
DRILLER R. White We 11 Ori 11 ing CASING LENGTH 21.3 m 
ELEVATION 20T - 169555 ESTIMATED YIELD 9. 1 L/5 
U.T.M. STATIC WATER LEVEL 23 .8 m 

(m) 
::i::: 
l­
o.. 
llJ 
Cl 

'10 

J5 

LITHOLOGIC DESCRIPTION·. 

Overburden 

Medium grey fine sandstone and siltstone 

Coal lense at 21.3 m . 
~etfiu~~{\ff-iy'°§arfds;ton_g . 
_Soft'-'gre/:sh §J e·~--~-
Medium and dark grey sandstone 

and siltstone 

Coal or coal shale 
Grey and brown platy siltstone 
Fine and medium grey sandstone, brown -

··- --­----------·-··· 

sandstone and grey siltstone __ -________ ........ _______ _ 
Grey and brown sandstone 

•. . 

Coal to 50.4 m, then into grey sandstone 
·' 

... ...___:, __ 

CUMULATIVE WELL YIELD 
(BLOW TEST) 

L/S, DEPTH IN METRES 

0.15-0.23 L/S 

3.0-3.8 L/S 

7.6 L/S 

9.1 L/S 

T = 11-12°C 
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PROJECT No. 4215 
DATE July 21, 1987 
DRILLER R. White Well Drilling 
ELEVATION 137 m (Approx) 
U.T.M. 20T-170552 

(m) 
::i:: 
1-. a.. 
w 
C) 

.LITHOLOGIC DESCRIPTION.· 

TEST ELL 
WELL No. G3 
DEPTH 43.3 m 
CASING LENGTH 8. 8 m 
ESTIMATED YIELD 0.2 L/S 
STATIC WATER LEVEL 32 .0 m 

_J 
w 
> 

~ :j 
. ~ . a:: 

I- w 
en I-

CUMULATIVE WELL YIELD 
( BLOW TEST) 

L/S, DEPTH IN METRES 

~ 04------------------------~+-r,..,..,...,...,i..;-+-----------,.-4 

5 

15 

20 

25 

30 

45 

Overburden (coal shale at 
@"4.6 to 6.1 £!1) 

-~Sciff-~udstone/sha1e--
-Grey fine grairiey_saridstone 

Medium to dark grey siltstone 

Grey ·fine to medium sandstone . 
Hard red and grey mottled siltsto"ne, 

some shale and sandstone 

_____ Fine medium grey sandstone ... 
.··Grey siltstone, minor 
· sandstone and shale 

Coal 
Mine opening' coal and sandstori"e- fragmentsToxld·Ized) 0.20 L/S@ 43 m 

T = 16°C 



APPENDIX 2. TEST WELL THERMAL LOGS 

(J. Les:lie & As:s;oc:iates. Ltd.) 

TEMPERATURE LOG - SPRINGHILL MINE WATER PROJECT 

Hole No.: 1 

Location: can-Am Building 

Total Depth: 82.1 m 

Logged Depth: 82.1 m 

Date: July 10, 1987, 15 hours after -drilling. 

Depth ( m} Temperature 

0.0 16.180 
5.0 14.185 

10.0 14.829 
15~0 10.642 
20.0 10.765 
25.0 10.875 
30.0 11.070 
35.0 11.210 
40.0 11.351 
45.0 11.479 
50.0 11.593 

55.0 11.651 
60.0 11.708 
65.0 11.780 
70.0 11.694 
75.0 11.593 
80.0 11.522 
82.1 11.465 

( C) Litholoqy / Remarks 

O 8.8 m: casing 

O - 7.6 m: fill, overburden and 
weathered rock. 

7.6 - 82.1 m: mainly siltstone with 
minor interbeds of 
mudstone. Coal (approx. 
1 m) at 32.0 and 39.6 m. 
Coaly material at 45.7, 
53.4 and 67.1 m. 

Water at 30. O m. 

End of hole, end of log. 
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TEMPERATURE LOG - SPRINGHILL MINE WATER PROJECT 

Hole No.: 1 

Location: Can-Am Building 

Total Depth: 82.1 m 

Logged Depth: 82.1 m 

Date: August 15, 1987, 24 hours after No. 3 hole pump test. 

Deoth (m) Temoerature ( C) Litholoqy / Remarks 

0.0 0 8.8 m: casing 
5.0 20.901 

10.0 19.358 0 - 7.6 m: fill, overburden and 
15.0 18.854 weathered rock. 
20.0 17.256 
25.0 16.727 7.6 - 82.1 m: mainly siltstone with 
30.0 16.538 minor interbeds of 
35.0 11.031 mudstone. Coal (approx. 
40.0 11.320 1 m) at 32.0 and 39.6 m. 
45.0 11.439 Coaly material at 45.7, 
50.0 11.571 53.4 and 67.1 m. 

55.0 11.641 Water between 30.0 and 35.0 m. 
60.0 11.705 
65.0 11.752 
70.0 11.734 
75.0 11.648 
80.0 11.582 
82.1 11.487 End of hole, end of log. 
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TEMPERATURE LOG - SPRINGHILL MINE WATER PROJECT 

Hole No. : 2 

Location: Rink 

Total Depth: 50.0 m 

Logged Depth: 50.0 m 

Date: July 12, 1987, 40 hours after ~rilling. 

Depth ( m) Temperature 

o.o 23.456 
2.5 20.575 
5.0 18.449 
7.5 17.270 

10.0 15.970 
12.5 15.084 
15.0 15.592 
17.5 14.037 
20.0 12.953 
22.5 12.570 

25.0 8:877 
27.5 8.888 
30.0 8.921 
32.5 8.946 
35.0 8.961 
37.5 8.986 
40.0 8.999 
42.5 8.994 
45.0 9.006 
47.5 9.189 
50.0 9.296 

( C) Lithology/ Remarks 

O 21.0 m: casing. 

O - 20.4 m: fill, overburden and 
weathered rock. 

20.4 - 48.5 m: mainly siltstone with 
.minor mudstone. Coal 
fragments at 20.4 m. 

48.5 - 50.0 m: coal. 

Water at 25.0 m. 

End of hole, end of log. 



TEMPERATURE LOG - SPRINGHILL MINE WATER PROJECT 

Hole No.: 2 

Location: Rink 

Total Depth: 50.0 m 

Logged Depth: 50.0 m 

Da_te: August .15, 1987,. 24 hours after No. 3 hole pump test. 

Depth ( m) 

o.o 
2.5 
5.0 
7.5 

10.0 
12.5 
15.0 
17.5 
20.0 
22.5 

25.0 
27.5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 

Temoerature ( C) 

17.958 
17.042 
15.187 
14.368 
13.346 
13.280 
12.818 
12.558 
12.376 
12.172 

9.017 
8.905 
8.933 
8.943 
8.953 
8.974 
8.986 
8.999 
9.029 
9.131 
9.369 

Litholoqy / Remarks 

0 - 21.0 m: casing. 

0 - 20.4 m: fill, overburden and 
weathered rock. 

20.4 - 48.5 m: mainly siltstone with 
minor mudstone. coal 
fragments at 20.4 m. 

48.5 - 50.0 m: coal. 

Water at 25. 0 m. 

End of hole, end of log. 



TEMPERATURE LOG - SPRINGHILL MINE WATER PROJECT 

Hole No. : 3 

Location: No. 2 Slope 

Total Depth: 44.2 m 

Logged Depth: 41.8 m 

Date: July 21, 1987, 1 hour after diilling. 

Deoth (m) Temoerature (C) Lithology/ Remarks 

0.0 0 8.3 m: casing. 
2.5 22.462 
5.0 21.735 0 - 6.7 m: fill, overburden and 
7.5 21.045 weathered rock. Coaly 

10.0 20.112 at 6.7 m. 
12.5 19.537 
15.0 18.964 6.7 - 40.9 m: mainly mudstone, minor 
17.5 18.633 interbeds of siltstone 
20.0 18.087 and fine grained 

sandstone. 

22.5 17.676 40.9 - 44.2 m: mine workings. 
25.0 17.462 
27.5 16.787 water at 32.5 metres. 
30.0 16.270 
32.5 13.360 
35.0 13.354 
37.5 13.354 
40.0 13.354 
41.8 13.345 End of log. 
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SUMMARY Of ANALYTICAL EXPRESSIONS OF THE FORM 

\ 
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A B t 

13 CALCITE -171.9055 -:077992998 2839.3191 .:OOOOE+OO :OOOOOOE+OO 7:1595001E+01 

2E: "KH3BQ3 

VU·-::t·::::: 
-·~- r-.1:.;:,..s_.:_:~ 

30 KHSJ4 

143 STRQNT 
144 CELEST 

153 KW 
170 KSRCJ3 

155,0305 
1:-:i .. 1~ ~r1 
! :.J.1""?'~1,.P.: 

,0000 ,OOOOE+OO .OOOOOOE+OO :OOOOOOOE+OO 
1 Springhill 82oth2rm~l Test Well No, 31 ·r=18Ci after 7 days 

INITIAL SOLUTION 

ANALYTICAL EPNCAT = 57:058 ANALYTICAL EPMAN = 58.1668 
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*** TOTAL CGNC:ENTRAT!ONS GF" INPUT SPECIES !ft 

SFECI~S 

-1 

2 

Springhill 

:.i,TtT 

Ai~rlL. 

EPrC:A-T 57 = 10 
. - . -

:-: :!:-!:': 

~i- ~!T~ ~nv_ r ~I.I. 

; :.... 1.,:i":; :_• f..ff..:i:-

TOTAL 
MOLALITY 

~ :··.=::C:Jt:C'_tt=: 
~: V·..J--i_::.:l.. ·,.:-..: 

2rJ5t:76E-Ot: 

.1.. ~ .. -.::I'"--:, t:= 
;. ':' :,-:-~-.:.:.:-:_:~ 

LOS TOTAL 
~,U1l Af TT'V 
ii:_::.,.n:....l ii• 

,-,. '-.-• .z -.5, ~:Tjl 

_ ,r :JC:7:J 
.;. "'.:._:: J 

r- .-.--~~ 
-.::, bi..J / 

TOTAL 
NG/LITF.'.E 

3i54000E+02 

2:70000E701 

S4-PTDT 55-CLTOT 

***¼DESCRIPTION OF SOLUTION flff 

r·r:¥.::, 
:_.:,..:~U I 

l1 ·""iz:' 
""'j §I::,._: 

ACTIVITY H20 = :9985 

LQG PCD2 = -1,1398 

PCH4 = .000000~+00 

DE\SITY = -! :·: ~-~ ~·: _.•, 
~ : -._E ~.: ~-- :_, 



I SPECIES 

1 f:A 

44 NASD4 
43 NAHCJ3 

95 KCL 
E3 HS04 

PPM 

DISTRIBUTION\OF SPECIES 
j 

-----------------------

MOLALITY ACTIVITY LOG ACT GAMMA 

~ _.;.~'C.-f~ :·:"'7 
. .i.:-:,-::.:-::... ·.•: 

1,00SSE-02 

.-. _...,.:.-
-f_, J/t 
_•:: /-ft: 

~;a ii:.: 

_-1- ·!Ot: 
•.J.i:..:.wv 

-4.031 

8,0400E-01 
7:8SJ4E-01 

Bs0351E-01 
1.0157E-rOO 
8Jf0=351E-01 

0 1.1393E-29 1:9573E-34 ls9899E-34 -33.701 1.0167E+OO 

-1 7:4087E-03 
5:2535E-36 5~3410E-3S -35s272 · 1.0157E+OO 
7.6627E-08 C ~ ·Ji::~C' _f":::i 

:..; • .i.~.i~i.. v:..: -7.213 
24 H4SIU4AQ 0 --: =: =: 7 C C' .:.Jii 

.Ls -.J:..:i i.;:-; VJ. 2:S71SE-G4 
25 h3SI04 
25 H2SI04 
14 H2S AQ 
57 RS 
S8 S 

S FE 

;" :-~ t:::, ·: ., 
Ji r:.~.~G.:£. 
~t-:. -- :.-."!". ;!'-

/ :j ';' :. :. :..::-u j 

-2 2,0024E-07 2~13S4E-12 9,1744E-13 -12s037 
6 4,4051E-02 1.2977E-06 1.3153E-06 -5:880 

-1 .3:488GE-02 1.0590E-06 · 8.3450E-07 -5:079 

.. -~ ::::(, 7~ _:·,·:: . 

.:. ; -:~-.:;:... : .... 

7~'?410£-01 

1.0157E+OO 
7i8798E-01 
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15 FECL 
28 FECL2. 4.2896E-11 3.3977E-16 2.7363E~1 -151563 8.0535E-01 
33 FECL3 0 4.3197E-1.4 .2~672tE-·19 2.7182E-19 -!8:566 1a0167E+OO 

102 MN 3 3.2810E-23 5.9557E-28 1s252CE-28 -27.902 2.0882E-01 
10& MNOH .1 .. 6.5224E-05 9,2535E-10 7.4526E-10 -9.128 8,0535E-01 

_=: ':;=::.-·: 
-:_.-: ---~::_.-

Q r--~r::~C _(: i 
Wa~•-..,:i.,;i.;i.. VJ. 

1.01S7E+OG 

A~iALYTICAL MDLALITY COMPUTED MDLALITY LDG ACTIVITY RATIOS 

:·•: n; !-. 
:_.L/ r;:tt 

C:L/K = 1.8282E+01 

r-~ :r:c 
1_.~,: f J_ 

CL/S04 = 
C:L/HC:03 = 

': r:='"'!'"'!! ! .. , i 
j ._,;.._._:_: ;"r.,-:}i 

1.1566E+OO 

CL/K 
CL/AL 
CL/FE 

LOG NA/H1 = 
LOG K/H1 = 

= 1~2743E+28 20ir 52(H) 
LUG FE/H2 = S:7859 

1a0058E+OD ir1338 
1, 2307£+00 1 ll 5712 

Springhill Geothermal T2;t Well No. 3r T=18C1 after 7 days 

PHASE LOB lA? LOG KT IAP/KT ·toG IAP/KT 
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_.,.; ~ :.·_.i.. 
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.:. : ,: ·._::..:_ ~!.: 
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18~ MtiCL2i!W 5:558E-1C 4=451E~05 
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