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1 . 0  INTRODUCTION 

Water and Earth Science Associates (WESA) was retained 
by Kostuch Engineering Ltd. on behalf of the Regional 
Municipality of Ottawa-Carleton to determine the suitability of 
the aquifers underlying the Village of Metcalfe for development 
of a communal water supply. 

The Village of Metcalfe is located in Osgoode Township 
in the Regional Municipality of Ottawa-Carleton (RMOC). It is 
approximately 30 km southeast of Ottawa and is reached 
by Highway 31 and Regional Road 6. Figure 1 shows the location of 
the study area. 

The population of the village is approximately 900 
persons, but the community also services the surrounding 
agricultural area. The village is presently serviced by private 
wells and sewage systems. 

A Private Services Study (WESA, 1984) indicated that 
the shallow bedrock aquifer underlying the community is widely 
contaminated with sewage from private sewage systems. This 
contamination problem, coupled with an expected large population 
growth, have necessitated the change to communal water and sewage 
systems. 

1.1  T e r m s  of R e f e r e n c e  

The section of the Terms of Reference pertaining to the 
hydrogeological component of the agreement with RMOC is included 
in Appendix A. The methodology used to conduct our investigation 
was based on the Terms of Reference and Section 5 of the RMOC 
Guidelines for the Design of Communal Water Systems (March, 
1990), also included in Appendix A. 

1.2 D e s i g n  Y i e l d  

A preliminary projected population of 5000 persons was 
used by the prime consultant to calculate the design yield for 
the village. The preliminary design yield is as follows: 

5000 persons x 450 l/day/capita x 2.0 (max day factor) 
= 4.50 x lo6 l/day 
= 52.1 1/s 

2 . 0  BACKGROUND 

A review and interpretation of all available geological 
and hydrogeological information was undertaken prior to the start 
of the test drilling program. This review included: 



surficial geology (Richard, 1974) and bedrock geology maps 
(Wilson, 1946) of the study area, 

previous studies conducted in the area by WESA, 

. and a statistical analysis of Ontario Ministry of the 
~nvironment (MOE) well records for wells within a 2 km 
radius of Metcalfe. 

Three test sites were selected based on the information 
from the preliminary hydrogeological investigation. The locations 
of these test sites are shown in Figure 1. 

Test Site 1 (TS1) is located approximately 100 m north 
of Regional Road 6 on the Ontario Hydro easement (see Figure 2). 
Test Site 2 (TS2) is located along the southern property boundary 
of the Van Berlo property, approximately 1 km north of the 
village and 300 m west of the 8th Line Road (see Figure 3). Test 
Site 3 (TS3) is located along the southern property boundary of 
the McKellar property, approximately 800 m north of the village 
and 500 west of the 8th Line Road (see Figure 3). 

A total of 52 MOE water well records were statistically 
analyzed (see Figure 4). These water well records are found in 
Appendix B. The well locations are shown in Figures 1 and 3. 

2.1 Geology 

2.1.1 Surficial Geoloav 

The surficial geology of the Metcalfe area is 
characterized by both Pre-Champlain Sea and Champlain Sea 
deposits. The thickness of these deposits is generally less than 
5 m. In 48% of the MOE well records analyzed the overburden was 
less than 5 m thick. In 94% of the MOE well records the 
overburden was less than 10 m thick (see Figure 4). 

The Pre-Champlain Sea deposits cover much of the 
Metcalfe area and consist primarily of lodgement tills deposited 
as a glacial till plain. These deposits consist of occasional to 
numerous cobbles and boulders in a sandy silt matrix. Upper 
portions are weathered and brown while at depth these deposits 
are unweathered and grey. The topography associated with these 
deposits is generally flat to hummocky. 

The Champlain Sea deposits are found in large pockets 
to the north, southwest and southeast of the village and comprise 
mainly offshore marine silts and clay. These deposits are 
characterized by massive blue-grey clay, silty clay and silt. 
Upper portions are usually weathered and mottled; however, the 
clay is unweathered and blue-grey at depth. 
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A thin veneer of till overlies the bedrock at Test Site 
1 while marine silt and clay overlie the bedrock at Test Site 2  
and Test Site 3. 

2.1.2 Bedrock Geoloqy 

The Oxford Formation limestone immediately underlies 
the overburden in the Metcalfe area. This formation is composed 
of grey limestone, magnesium-rich limestone and dolomite. The 
upper beds of this formation are highly fractured due to 
dissolution of the bedrock and glacial scouring. The Oxford 
Formation has an approximate thickness of 40 m in the Metcalfe 
area. 

The Oxford Formation is conformably underlain by the 
March Formation. The March Formation is characterized by 
interbedded calcareous sandstone and sandy, grey dolomite. It is 
transitional between the Oxford Formation dolomite above and the 
Nepean Formation sandstone below. The March Formation is an 
important regional aquifer and has an approximate thickness of 
26.5  m in the Metcalfe area. 

The March Formation is conformably underlain by the 
Nepean Formation. The Nepean Formation is composed of a coarse- 
grained, cream to grey silica sandstone. It is generally thick- 
bedded; however, portions are thinly-bedded and water-bearing. 

2.2 Regional Hydrogeology 

Of the 52 MOE water well records examined, 46 of the 
wells were constructed in the Oxford Formation, 3  wells were 
constructed in the March Formation (well numbers 26,  36 and 4 3 )  
and 3 wells were constructed in the Nepean Formation (well 
numbers 25,  5 1  and 5 2 ) .  

There are three water-bearing formations underlying the 
Metcalfe area which could be suitable for development of a 
communal water supply. These are the shallow Oxford Formation 
aquifer, the March Formation aquifer and the Nepean Formation 
aquifer. 

The depth to groundwater distribution (shown on Figure 
4)  is trimodal, representing the three aquifers underlying the 
Metcalfe area. 

There is a strong correlation in the MOE water well 
records between bedrock surface elevation and groundwater 
elevation (see Figure 4). The majority of the wells obtain their 
water from the upper fractured surface of the Oxford Formation. 
This is the most highly developed and exploited aquifer in the 
Metcalfe area. 



Regional groundwater flow in the shallow Oxford 
Formation aquifer is occurring from the west and northwest of the 
village towards the east. Thin till and local bedrock high areas 
west of the village recharge the aquifer. 

The shallow Oxford Formation aquifer is reportedly 
contaminated in many residential areas of the village by effluent 
from private sewage systems (WESA, 1984). The susceptibility of 
the aquifer to contamination is high due to the aquifer's shallow 
depth, the permeable nature of the overburden and inadequate 
grouting of older private water wells. 

3.0 METHODOLOGY 

Each of the aquifers identified above were examined 
through a program of test well drilling, hydraulic testing and 
groundwater sampling in accordance with Section 5 of the RMOC 
Guidelines for the Design of Communal Water Systems. 

3.1 Test Well Drilling and Aquifer Testing 

All of the test wells drilled during the study were 
constructed into the bedrock using the air rotary drilling 
method. After completion, each well was developed by stop-start 
compressed air surging. The construction details for each test 
well is included in the well logs found in Appendix C. The MOE 
water well record for each test well is also included in Appendix 
C. 

The aquifer testing at each test site involved the 
following three components: step discharge testing, constant 
discharge testing and recovery observation. 

Water levels in the pumping and observation wells at 
each test site were measured with electric sounding tapes during 
each component of testing. Discharges were measured using the 
orifice weir method. 

Approval to Take Water under Section 20 of the Ontario 
Water Resources Act was obtained prior to each aquifer test 
conducted for this study. These approvals may be found in 
Appendix D. 

3.1.1 Phase 1 

3.1.1.1 Test Site 1 

Two 2 0  cm diameter test wells (TW1 and TW2) were 
drilled at Test Site 1 by Olympic Drilling Co. Ltd. in January, 
1988. These wells are approximately 100 m apart (see Figure 2). 



TW1 and TW2 were drilled into the Oxford Formation 
limestone aquifer to a depth of 18.3 m. Both of these wells 
obtain their water from the shallow fractured limestone aquifer 
at a depth of approximately 10 m. A yield of 5.7 l/s was 
estimated during development of TW1. 

Due to hole instability problems, TW1 was installed 
with 15 cm diameter steel casing to 18.3 m. The annular space 
between the casing and the hole was not grouted. The last 3.7 m 
of casing was torch slotted with 1 cm slots. 

TW2 was installed with unslotted casing to 13.4 m. 
Again, hole stability problems necessitated a deeply set casing 
and prevented grouting of the annular space between the casing 
and the hole. 

Aquifer testing at TS1 was accomplished by installing a 
7.5 hp pump in T ' l  with an intake depth of 14.0 m. The aquifer 
was step discharge tested at 3.8, 5.7, 7.6 and 9.47 l/s at 3 0  min 
intervals. After the step discharge test the aquifer was allowed 
to recover. The step discharge test was followed by a 6-hour 
constant discharge test at 5.7 l/s and 2 hours of recovery 
monitoring. Water levels in TWl and TW2 were monitored during 
testing. 

Groundwater samples were collected at the completion of 
the constant discharge test and were analyzed for general 
groundwater characteristics. 

3.1.1.2 Test Site 2 

One 15 cm diameter test well (TW3) was drilled at Test 
Site 2 by Valley Drilling Inc. in September, 1990 (see Figure 3). 
6.7 m of 15 cm diameter steel casing was installed in TW3 and 
grouted in place with high early cement using the tremie method. 

TW3 was first developed into the Oxford Formation 
limestone aquifer to a depth of 30.5 m. The estimated yield of 
the well was on the order of 0.23 1,'s. This low yield was a 
result of casing and grouting through the shallow fractured 
limestone aquifer. No significant water-bearing fractures were 
encountered below a depth of 6.7 m. 

The results of drilling TW4 suggested that deepening 
TW3 would significantly increase the well yield. Therefore, TW3 
was deepened in November, 1990 through the Oxford Formation 
limestone and 10.9 m into the March Formation sandstone aquifer 
to a final depth of 53.3 m. Significant water-bearing fractures 
were intersected at 42.4 m, 50.0 m and 52.7 m. The estimated 
yield of this well was on the order of 7.58 l/s. The well is 
artesian and flows at approximately 2.0 l/s. 



A 10 hp pump was installed in TW3 with an intake depth 
of 45.0 m. The aquifer was step discharge tested at 3.8, 5.7, 
7.6, 9.47 and 11.4 l/s at 30 min intervals. After the step 
discharge test the aquifer was allowed to recover. The step 
discharge test was followed by a 6-hour constant discharge test 
at 9.47 l/s and 1 hour recovery monitoring. Water levels in TW3 
and TW4 were monitored during testing. 

Groundwater samples were collected at the completion of 
the constant discharge test and were analyzed for general 
groundwater characteristics. 

3.1.1.3 Test Site 3 

One 15 cm diameter test well (TW4) was drilled at Test 
Site 3 by Valley Drilling Inc. in September, 1990 (see Figure 3). 
6.7 m of 15 cm diameter steel casing was installed in TW4 and 
grouted in place with high early cement using the tremie method. 
TW3 and TW4 are approximately 340 m apart. 

TW4 was drilled through the Oxford Formation limestone 
and 1.5 m into the March Formation sandstone aquifer to a final 
depth of 44.2 m. A significant water-bearing fracture was 
intersected at the contact between these two formations at a 
depth of 42.7 m. The estimated yield of this well was on the 
order of 7.58 l/s. TW4 is artesian and flows at approximately 1.5 
l/s. 

3.1.2 Phase 2 

Based on the results of the Phase 1 test drilling and 
aquifer testing program, a 25 cm diameter test production well 
(PW) was drilled at TS2 by Olympic Drilling Co. Ltd. in November, 
1990 (see Figure 3). The well was constructed according to 
Section 5 of the RMOC Guidelines for the Design of Communal Water 
Systems. A stabilizer and tri-cone bit was used to ensure 
plumbness and alignment. The test production well is 13 m 
northeast of TW3. 

First a 38 cm diameter hole was drilled to 7.6 m. A 25 
cm diameter steel casing was grouted in place using the pressure 
grout method. The grout was allowed to set for 48 hours before 
drilling continued. After completion, the well was developed for 
2 hours by stop-start compressed air surging. 

PW was drilled through the Oxford Formation limestone 
and 18.3 m into the March Formation sandstone aquifer to a final 
depth of 61.0 m. Significant water-bearing fractures were 
intersected at 42.7 m, 50.3 m and 53.3 m. The estimated yield of 
this well was on the order of 11.4 l/s. PW is artesian and flows 
at approximately 3.8 l/s. 



A 40 hp pump was installed in PW with an intake depth 
of 41.5 m. The aquifer was step discharge tested at 7.58, 11.4, 
15.2 and 17.1 l/s at 30 min intervals. After the step discharge 
test the aquifer was allowed to fully recover. The step discharge 
test was followed by a 72-hour constant discharge test at 11.4 
1,'s. Water levels in PW, TW3 and TW4 were monitored during 
testing. 

Groundwater samples were collected at 1, 24 and 48 
hours into the constant discharge test and were analyzed for 
general groundwater characteristics, including hydrogen sulphide 
and bacteria. Groundwater samples were collected at the 
completion of the constant discharge test and were analyzed for 
all the parameters listed in Tables 1, lA, 2 and 3 of the MOE8s 
Ontario Drinking Water Objectives, including a complete 
bacteriological assessment (MOE, 1984). 

Data analysis suggested that deepening PW would 
significantly increase the well yield. Therefore, PW was deepened 
in December, 1990 through the March Formation sandstone and 22.2 
m into the Nepean Formation sandstone aquifer to a final depth of 
91.4 m. Major water-bearing fractures were intersected at 79.0 m 
and 80.8 m. After completion of the well, the yield of the well 
was estimated to be on the order of 75.76 l/s. 

A 15.2 cm vertical shaft turbine pump was installed in 
PW with an intake depth of 44.2 m. The aquifer was step discharge 
tested at 37.9, 56.8, 75.76, 94.70 and 106.1 l/s at 30 min 
intervals. After the step discharge test the aquifer was allowed 
to recover. The step discharge test was followed by a 72-hour 
constant discharge test at 75.76 l/s and 3 hours of recovery 
monitoring. Water levels in PW and TW3 were monitored during 
testing. Access to TW4 was denied by the property owner. 

Groundwater samples were collected at 1, 24 and 48 
hours into the constant discharge test and were analyzed for 
general groundwater characteristics, including hydrogen sulphide 
and bacteria. Groundwater samples were collected at the 
completion of the constant discharge test and were analyzed for 
all the parameters listed in Tables 1, lA, 2 and 3 of the MOE8s 
Ontario Drinking Water Objectives, including a complete 
bacteriological assessment (MOE, 1984). 

3.2 Aquifer Analysis 

3.2.1 Aauifer Hydraulics 

The drawdown and recovery data from each aquifer test 
was plotted on semi-logarithmic paper with time on the log axis. 
A best fit line was drawn through representative data points. 



The Jacob method (Cooper and Jacob, 1946) was applied 
to the time-drawdown data to calculate aquifer coefficients while 
the Theis Recovery method (Theis, 1935) was applied to the 
residual-drawdown data to calculate aquifer coefficients. All 
aquifer test data, analyses and calculations are included in 
Appendix E. 

The short term yield, safe perennial yield, long term 
yield, well interference, and expected drawdowns were calculated 
using these aquifer coefficients. 

The theoretical groundwater yields, well interference 
and expected drawdowns in the Nepean Formation aquifer were 
calculated using the most conservative transmissivity value for 
the aquifer and an average storativity value which best described 
the aquifer. To ensure well stability, a maximum available 
drawdown of 42.0 m was used. This depth corresponds to the depth 
of the first major water-bearing fracture in the March Formation. 
The theoretical groundwater yield calculations are included in 
Appendix F. 

3.2.2 Groundwater Quality 

Determining the geochemical and bacteriological 
characteristics of the groundwater in an aquifer involves 
sampling and analysis of the groundwater during the constant 
discharge component of the aquifer test. 

All groundwater samples collected during this study 
were analyzed by Accutest Laboratories Ltd. in Nepean, Ontario. 
The results of the geochemical and bacteriological analyses of 
water samples taken during the aquifer tests are given in 
Appendix G. 

The results of the geochemical and bacteriological 
analyses of the groundwater were compared to Tables 1, lA, 2 and 
3 of the Ontario Drinking Water Objectives (MOE, 1984). 

4 . 0  RESULTS 

4.1 Aquifer Analysis 

4.1.1 Aauifer Hvdraulics 

The results of the aquifer analyses on the three 
aquifers underlying the Metcalfe area are summarized in Table 1. 
The calculated theoretical groundwater yields from the Nepean 
Formation aquifer are summarized in Table 2. 



TABLE 1 - SUMMARY OF AQUIFER ANALYSIS RESULTS 

TABLE 2 - THEORETICAL GROUNDWA'IER YIELDS 
Nepean Formation Aquifer 



4.1.2 Groundwater Ouality 

The results of the geochemical and bacteriological 
analysis of the groundwater in the three aquifers underlying the 
Metcalfe area are summarized in Table 3. 

5.0 DISCUSSION OF RESULTS 

5.1 Regional Hydrogeology 

The Nepean Formation aquifer is the most suitable 
aquifer for development of a communal water supply in the 
Metcalfe area. 

The Nepean Formation aquifer is very extensive. It is 
bounded approximately 6.4 km to the north and northeast by the 
Gloucester Fault and extends for hundreds of kilometres in all 
other directions (Wilson, 1935). Outcrops of the March and Nepean 
Formations can be observed just southeast of the village of 
Leitrim. 

The actual thickness of the Nepean Formation aquifer is 
unknown; however, in the Metcalfe area it is more than 10 m 
thick. The upper portions of the formation are the most water- 
bearing, where the bedding is thin and the cementing material is 
calcareous. However, where silica forms the cementing material, 
the sandstone is hard and water-tight. 

The recharge to the aquifer is likely along the 
Gloucester fault to the north and from the overlying water- 
bearing formations. Groundwater flow in the aquifer occurs from 
the area of recharge along the Gloucester Fault and follows the 
plane of bedding to the south and southwest. 

5.2 Aquifer Analysis 

5.2.1 Aquifer Hydraulics 

The Nepean Formation aquifer responded to pumping in a 
manner consistent with the response of a confined aquifer. There 
were no negative or positive recharge boundaries encountered 
during the 72-hour constant discharge aquifer test. However, the 
flattened drawdown curve near the end of the test suggests that 
there is some leakage through the overlying aquitards. This is 
borne out by the relatively high calculated values for 
storativity and theoretical groundwater yields (see Tables 1 & 
2) * 
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Partial penetration effects were exhibited by the test 
wells at TS2. Extra head losses were observed during pumping and 
the wells were sensitive to small variations in the rate of 
discharge. Also the wells recovered very quickly after pumping 
stopped. This suggests that there are vertical flow components in 
the aquifer near the vicinity of the well. 

5.2.2 Groundwater Quality 

After 72 hours of continuous pumping, all the 
geochemical and bacteriological parameters related to health in 
the groundwater derived from the Nepean Formation aquifer met the 
Maximum Acceptable Concentrations listed in Tables 1, 1A and 3 of 
the ODWO. 

After 72 hours of continuous pumping, the groundwater 
derived from the Nepean Formation aquifer had a hydrogen sulphide 
concentration of 0.06 mg/l and a TDS concentration of 608 mg/l. 
These concentrations are only slightly above the Maximum 
Desirable Concentrations of 0.05 mg/l for hydrogen sulphide and 
500 mg/l for TDS, listed in Table 2 of the ODWO for parameters 
related to aesthetic quality. These parameters should not be 
exceeded whenever a more suitable supply or treatment process is, 
or can be made available at a reasonable cost (MOE, 1984). The 
hydrogen sulphide concentration is within the maximum 
concentration considered reasonably treatable. 

The hydrogen sulphide levels greatly improved after PW 
was deepened into the Nepean Formation aquifer and were below the 
MOE objective during the first 48 hours of the constant discharge 
aquifer test. The elevated hydrogen sulphide concentration in the 
groundwater after 72 hours of continuous pumping indicates there 
was a greater flow of water into the well from the overlying 
March Formation aquifer where hydrogen sulphide concentrations 
are greater. 

After 72 hours of continuous pumping, the groundwater 
derived from the Nepean Formation aquifer had a sodium 
concentration of 88 mg/l which exceeds the concentration of 20 
mg/l recommended by health authorities for individuals on low 
sodium diets. These levels of sodium are not harmful to the 
normal healthy individual and are common in other communal water 
supplies in the Regional Municipality of Ottawa-Carleton. In our 
1988 study "Sodium Distribution Study, Carp, Ontarioft we measured 
sodium levels in excess of 20 mg/l in water samples collected 
from other communal water supplies in the Region (WESA, 1988). 

The conductivity values measured in the lab are 
significantly higher than those measured in the field. This is 
due to further precipitation of solids as a result of 
temperature-pH changes and increased reaction time. 



The elevated TDS concentrations likely reflect the 
elevated sodium levels. 

5.3 Well Interference 

The pumping of a production well developed in the 
Nepean Formation aquifer at the 20 year design yield of 89.9 l/s 
for a period of 20 years will result in a theoretical drawdown of 
17.2 m in the aquifer at a radius of 1 km. This drawdown is not 
foreseen to be a significant problem and would only influence the 
deep drilled wells that the municipal water supply is designed to 
replace. Drawdowns of 17.2 m are a worst case scenario and 
reflect pumping conditions which are unlikely to occur over the 
life of the project. 

There is more than 1 km separating the production well 
and the nearest well developed in the Nepean Formation and more 
than 1.5 km separating the production well and the nearest well 
developed in the March Formation. 

Little influence on wells outside the serviced 
community is anticipated. If such influence does occur, 
redevelopment or deepening of these wells would be a relatively 
small cost. 

If some leakage occurs through the overlying March and 
Oxford Formations during pumping, it will not have an effect on 
wells utilizing the shallow fractured limestone aquifer in the 
vicinity of the production well. 

6.0 CONCLUSIONS 

Based on the results of this study, the following 
conclusions can be made: 

1. The Nepean Formation aquifer is the most suitable aquifer 
for development of a communal water supply in the Metcalfe 
area. The Nepean Formation aquifer has demonstrated the 
ability to yield in excess of 106.1 l/s to a 25 cm diameter 
bedrock test well. A theoretical maximum day yield of 127 
l/s and a theoretical safe perennial yield of 92.0 l/s was 
calculated for the aquifer. However, a practical maximum day 
yield of 106.1 l/s and a practical safe perennial yield of 
75.76 l/s is recommended based on proven pumping rates and 
groundwater quality. 



2. All the geochemical and bacteriological parameters related 
to health in the groundwater derived from the Nepean 
Formation aquifer meet the Maximum Acceptable Concentrations 
listed in Tables 1, 1A and 3 of the ODWO. Compared to the 
Maximum Desirable Concentrations for parameters related to 
aesthetic quality listed in Table 2 of the ODWO, the 
groundwater has a hydrogen sulphide concentration in excess 
of 0 . 0 1  mg/l and a TDS concentration in excess of 108  ngJ1. 
The hydrogen sulphide levels are well within the maximum 
concentration considered reasonably treatable. A Sodium 
concentration of 88 mg/l exceeds the concentration of 2 0  
mg/l recommended by health authorities for individuals on 
low sodium diets. These levels of sodium are not harmful to 
the normal healthy individual. 

3. The Nepean Formation is laterally very extensive and at Test 
Site 2 is more than 1 0  m thick. The area of recharge to this 
aquifer is likely along the Gloucester Fault approximately 
6.4 km to the north. 

4. At Test Site 2 the Nepean Formation aquifer is 
stratigraphically confined by approximately 77.5 m of 
thickly-bedded, slightly leaky sandstone and limestone 
followed by 2.5 m of low permeability clay and till at the 
surf ace. 

7 . 0  RECOMMENDATIONS 

7.1 well Design 

PW should be used as a standby source for the communal 
water supply system. A new 30.5 cm diameter well should be 
constructed and used as the production well. There is no minimum 
distance required between the standby well and the production 
well provided the wells are not pumped concurrently. If the wells 
are to be pumped concurrently, then a minimum distance equal to 
approximately twice the saturated aquifer thickness is 
recommended. The recommended well design should follow Section 5 
of the RMOC Guidelines for the Design of Communal Water Systems. 

Based on further testing at PW, it may be advantageous 
to case and grout the production well past the last significant 
water-bearing fracture in the March Formation at a depth of 
approximately 54.0 m. This would ensure that the well is 
supplying better quality groundwater from the Nepean Formation. 



We recommend the new 30.5 cm diameter well be 
constructed with 0.250 m diameter steel wall casing with 
centralizers and pressure grouted to a depth of 54 .0  m. It is 
also recommended that the well be developed and aquifer tested. 
This should include a step discharge aquifer test, a 24-hour 
constant discharge aquifer test and complete geochemical and 
bacteriological analyses. 

It is recommended that any tender document for the job 
be prepared by a competent water supply hydrogeologist in concert 
with the project engineers prior to circulation to the MOE and 
the contractors. Preliminary design information from the 
engineers may be incorporated into the well design and a final 
specification list and construction drawing be drafted at that 
time . 

A drawdown of approximately 34.5  m is expected in a 
30.5 cm diameter production well if the aquifer is pumped 
continuously at 106 .1  l/s for a period of 24 hours while a 
drawdown of approximately 24 .7  m is expected in a 30 .5  cm 
diameter production well if the aquifer is pumped continuously at 
75.76 1,'s for a period of 24  hours. These expected drawdowns 
should be used only as a guide when determining the pump intake 
depth. 

7.2 Well Head Protection 

At Test Site 2 the Nepean Formation aquifer is 
stratigraphically confined by approximately 77 .5  m of thickly- 
bedded, slightly leaky sandstone and limestone followed by 2.5 m 
of low permeability clay and till at the surface. Although there 
may be some leakage through these layers, they form suitable 
aquitards, thus preventing contamination of the aquifer from 
surface-borne inorganic and organic contaminants. 

The possibility of surface-borne contaminants gaining 
access to the aquifer may be reduced by insuring that all wells 
in the vicinity of the production well are sealed. 

A number of land use practices should be barred from 
the vicinity of the production well and from the areas which 
recharge the shallow Oxford Formation aquifer. These land uses 
include solid waste management schemes, hazardous waste disposal, 
fuel storage and transfer, and wet industry or activities 
producing liquid or leachable wastes. 



An update to our 1984 study "Terrain & Hydrogeological 
Analysis, Village and Hamlets of Osgoode Township" is to be 
completed in the future and will include a detailed land use 
inventory for the Village of Metcalfe and analysis to determine 
the impact of these land uses on groundwater quality. A 
groundwater management and protection program for the Village can 
then be developed using this information. 

Respectfully submitted, 

Donald B. Corbett, B.Sc. \. 
Hydrogeologist 

Roger M. Woeller, M. Sc. 
Hydrogeologist 
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TERMS OF REFERENCE 

VILLAGE OF METCALFE WATER SUPPLY 

PREAMBLE 

AS a first step in the further development Of a water 

supply and distribution system for the Village of Metcalfe 

a test drilling program is considered necessary to 

establish that a well supply system can indeed be 

constructed in the vicinity. 

Only after the test drilling program has proven to the 

satisfaction of the RMOC and the MOE that such a well 

supply system is feasible, will the planning and design 

for an Environmental Study Report (ESR) in accordance with 

the MEA Class EA for Municipal Sewage or Water Projects 

commence. 

These Terms of Reference assume that the test drilling 

program will be successful and that an ESR will have t o  be 

prepared. The ESR should follow the format of an ESR as 

outlined in the MEA Class EA for Municipal Sewage and 

Water Projects. 



A. Test Drilling Program 

a The objective of the test drilling program is 

to establish potential well Site6 which are 

capable, on a safe perennial yield basis, of 

providing sufficient water to meet the MOE and 

RMOC guidelines: 

1.b) A hydrogeologist shall review and evaluate the 

data obtained from the test drilling program 

and other sources, and prepare the Phase I 

Report. Eight copies of the hydrogeo1ogist)s 

report shall be submitted to the Project 

Supervisor for RMOC for distribution within 

RMOC and to the MOE. 

1.c) The report submitted shal include, but not be 

limited to, the followingr 

1) the geologic logs and geophysical logs of 

each test hole drilled, and the owner's. 

copy of the Ministry of the Environment's 

"Water Well Record"; 



ii) the construction details of each test 

well; 

iii) the hydrologic condi tions of the aquifer; 

iv) grain-size curves of aquifer soil samples 

collected; 

v) graphs of drawdown and recovery data of 

the pumped well(s) and all observation 

wells monitored during any test pumping; 

vi) the values of the aquifer coefficients, 

graphs of the field data used in their 

calculation and method of calculation; 

vii) the safe perennial yield of any proposed 

well(s) and a discussion of the method 

used in its calculation. The safe 

perennial yield is defined as the yield 

that can be sustained from a well on a 

continuous basis for a period of not less 

than ten years (6.7 log cycles) under the 

conditions prevailing at the time of the 

aquifer test: 

viii) the design and estimated cost of the 

proposed finished well(s) in the aquifer 

tested: 



ix) comments on the effectthat the operation 

of any proposed production well(s) will 

have upon the water levels in the aquifer 

and in any adjacent domestic wells; 

x )  a description of the water quality with 

particular reference to potential problems 

and treatment requirements: 

xi) a map showins the locations of all test 

wells and other pertinent wells, 

structures and facilities including 

precisely measured distances between 

wells and appropriate property boundaries 

or reference points (roads, streams, 

etc. ); 

xii) the results of the analyses of 

representative raw water samples collectea 

during test pumping at the individual 

site(s) for all the parameters listed in 

Tables 1, lA, 2 and 3 of the MOE'e 

"Ontario Drinking Water Ojectives": 

xiii) the results of bacteriological analyses of 

the samples collected at the individual 

sites(s) during the test pumping; 



xiv) the results will be expressed in the 

Metric System which will be the 

International System of Units (SI). 

B. Environmental Study Report 

NOTE: This part of the program should only proceed if - 
the test drilling program has established that an 

adequate supply of potable ground water is available 

and the proponent is required to prepare an 

Environmental Study Report in accordance with the 

MEA's Class EA for Municipal Sewage and Waste 

Pro jecte. 

General Requirements 

To prepare an Environmental Study Report in accordance 

with the MEA Class EA for Municipal Sewage and Water 

Projects for a communal water supply and distribution 

system for the Village of Metcalfe. 



REGIONAL MUNICIPALITY OF 
OTTAWA-CARLETON 

GUIDELINES FOR THE DESIGN OF 
COMMUNAL WATER SYSTEMS 

MARCH, 1990 



SECTION 5 - GROUND WATER SYSTEMS 

5.1 General 

The well construction and testing requirements shall be as stated in the 

following Ministry of Environment Publications: 

* Guidelines for Design of Sanitary Sewage Vorks, Storm Sewers 

(Interim). Water Distribution Systems, Water Storage Facilities 

* Servicing in Areas-Subject to Adverse Conditions 

* Water Supply for Small Residential Developments 

* Seasonally Operated Water Supplies 

With modifications and additions as herein specified; 

5.2 permit to Take Water 

An application to the Ministry of Environment for a permit to take water 

if the daily withdrawal rate exceeds 50 cubic meters per day (10,000 gal 

per day) shall be made'by the hydrogeological consultant. The RMOC shall 

be responsible for all conditions imposed by the Kinistry including 

compensation to other persons should the taking of water interfere with 

any other persons interest in the water. 

5.3 Number of Wells 

A minimum of two vells are required for a public communal water system. 

The production wells must have a combined capacity adequate to meet: the 

maximum day demand on the water system. 
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5.4 Well Desian and Construction 

The design and construction of each well shall conform with the AWWA 

"A 100-84-Standard for Water Wells" and with the Ministry of the 

Environment's Well Regulation 612/84, or subsequent amendment. 

5.5 Well Casina Pine and Well Size 

The well size and casing pipe for the production wells shall be comprised 

of new, low- carbon steel complying with ASTH Specification A-120. The 

casing pipe shall have a minim- nominal diameter of 250 mm (10 inches) 

with a minimum wall thickness of 6 mm (0.245 inches). 

A11 casing pipes installed by driving or that terminate at or into the 

bedrock shall be equipped with a commercially manufactured drive shoe. 

5.6 Well Screen 

Each well completed in the overburden shall be equipped with a 

commercially-manufactured stainless steel screen having a nominal diameter 

equivalent to the casing pipe; having slotted openings suited for the 

natural formations and/or the artificial gravel pack opposite the screened 

interval by established screen-selection procedures; and having a 

theoretical entrance velocity not exceeding 0.03 metres/second (0.1 

ft/sec) at rthe rated peak-hour yield of the production well. 

5.7 Grout Seal 

The outer casing shall be cement-grouted from the ground surface for a 

minimum depth of 7.6 metres 125 ft). A deeper grout seal may be required 

depending on the specific geological and hydrogeological conditions at the 

site. The grout seal shall have a minimum thickness of 75 mm (3 inches), 

The cement grout shall have a consistency of not more than one cubic metre 

of water for every cubic metre of cement (6 gals/cu, ft.) and shall be 

placed from the bottom of the annular space towards the ground surface. 
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5.8 Well Alixnment 

Each well shall have suitable alignment and plumbness to permit the 

installation and/or removal of a design-capacity, submersible or turbine 

pump to within 3 metres (10 feet) of the bottom of a bedrock-well or co 

the top of the well screen in an overburden well. 

For submersible pumps, the divergence from plumbness shall not exceed one- 

third of the inside diameter of the well or that part of the well being 

tested per 30 m (100 ft) of depth. For vertical turbine pumps. the 

divergence from plumbness is to be within the manufacturer's requirements. 

The alignment and roundness shall permit the free passage of a 6 m (20 fc) 

dummy (or equivalent) having an outside diameter 13 mm (0.5 inches) less 

than the inside diameter of the well. 

5.9 yell Seal 

Each well shall be equipped with a water-tight seal between the pump and 

casing; having two threaded and plugged access holes to permit direct 

measurement of the water level within the casing; and having an air vent. 

extending to the outside atmosphere - unless flowing conditions preclude 
the installation of an air vent. 

3.10 p u n ~  and Well Access 

Each well shall be accessible for subsequent rehabilitation/development 

and pump removal/maintenance within a pump house. 

Refer to Section 8 of these guidelines for further requirements with 

respect to well housings. 



5.11 Pitless Adaptors 

Any well located outside of an enclosed surface-housing shall be equipped 

with a pitless adaptor installed below the anticipated frozen-ground 

depth. 

5.12 Well Controls 

Each well shall be equipped with a low-level cutoff, to be located 3 

metres (10 ft) above the pump intake or above the main water-bearing zone, 

whichever occurs at shallower depth. 

Each well shall be equipped with a pressure control valve and a check 

valve, adjusted not to exceed the demonstrated or designed sand-free yield 

of the production well; with a digital flowmeter installed in the 

discharge header; and with a valve and piping array permitting the free, 

controlled discharge of water to waste for future tessing of the well. In 

the case of a well discharging directly into a ground level reservoir, the 

pressure control valve can be omitted. 

Refer to clause 8.4 of these guidelines for further details on low-lift 

pumping controls. 

5.13 Well Develoument 

Each well must be fully developed at time of construction to provide an 

essentially sand-free water supply - as certified by the consulting 

hydrogeologist during the well testing, and must have a turbidity content 

at or below the provincial drinking-water standard. 



5.14 ~ ~ i r \ ~  Tests 

The services of a consulting hydrogeologist shall be retained by the RMOC 

to supervise the well construction and to undertake the necessary testing 

required to establish the aquifer and well capacities. 

A controlled discharge pumping test shall be conducted on the highest 

yield production well for a minimum period ranging from 24 hours for an 

artesian aquifer to 72 hours for a water-table aquifer, according to the 

site-specific conditions defined by the consulting hydrogeologist. The 

recovery period shall be for one-third of the pumping period or may be 

terminated earlier if at least 90 percent recovery is measured in the 

well. . 

Testing of other well(s) may be conducted for similar durations, as 

determine by the consulting hydrogeologist, but shall be for at least 12 

hours, regardless of the prevailing hydraulic conditions. 

The pumped water must be directed in a manner that prevents recirculation 

to the tested aquifer, and the hydrogeologist must clearly advise (in his 

subsequent report) how this condition was satisfied throughout the pumping 

period. 

The pumping rate for each tested well shall be determined by the 

hydrogeologist from the results of prior capacity testing, which shall 

comprise at least three steps at variable pumping rates, each being a 

minimum of one-half hour duration - and preferably should be at the 

maximum-day withdrawal rate, or higher if supported by the capacity 

testing. 

If a single well is unable to deliver the maximum-day capacity, then the 

multiple-well system should be operated concurrently for the duration of 

the aquifer test. If a single well can deliver the maximum day capaciry, 

then each well shall be tested individually. Water levels shall be 

recorded in the pumped well, and in selected accessible wells within a 

distance of 300 metres (1000 fc), at intervals to be determined by rshe 



hydrogeologist that will permit evaluation of the aquifer hydraulic 

characteristics; the perennial aquifer yield; the individual production- 

well yields; and the predicted long-term interference with existing 

groundwater sources and surface-water features. 

The hydrogeologist shall obtain prior. approval, on behalf of the RMOC, 

from the Ministry of the Environment for the conductance of any pumping 

test - if the withdrawal exceeds 50 cubic metres/day (10,000 gallons/day) . 

Water samples shall be collected and suitably preserved/stored by the 

hydrogeologist after one hour, six hours, and 12 hours; and at 12 hour 

intervals thereafter for the pumping-test duration, for bacteriological 

and chemical analyses of the raw water. 

The hydrogeologist shall corament on the observed absence or presence of 

hydrogen sulphide or methane gas during the pumping test and shall 

undertake adequate testing and sampling to evaluate the gas concentration 

and volume per m3 of pumped water for subsequent determination of 

acceptable gas removal system. 

The sample collected at conclusion of each aquifer test shall be analyzed 

for the complete list of chemical and physical parameters listed in Tables 

1, lA and 2 of the Ministry of the Environment Drinking-Water Objectives, 

and for complete bacteriological determinations (Total Coliform and 

Aeromonas Organisms; Standard Plate Counts; Pseudomonas Aeruginosa; 

Staphylococcus Aureus; and the Fecal Streptococcus Group). Three other 

water samples collected at prior intervals during the test, shall b e  

analyzed for the following selected parameters. e 

Turbidity Iron Sulphate 

Total Dissolved Solids Nitrate Total Coliform Bacteria 

Colour Chloride Fecal Coliform Bacteria 



5.15 Monitoring 

The quantity and quality of the water produced by the communal water 

system will be monitored by the RMOC on a regular basis. As a minimum 

requirements, the Region will record on a daily basis water pumpage and 

water depth readings. The Region will collect water samples to be 

analyzed for iron, chloride, nitrogen cycle, sulphate, total dissolved 

solids and dissolved organic carbon at four-month intervals; and water 

samples will be collected and analyzed for bacteriological analysis at the 

frequency and intensity requested by the Ministry of the Environment. 

Copies of the monitoring-results will be provided to the Ministry of the 

Environment at the frequency requested by MOE. 

Depending on the characteristics of the aquifer and on the water quality, 

additional monitoring may be required. The actual monitoring requirements 

will normally be stated on the Permit to Take Water and on the Certificate 

of Approval (Water). 
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MOE WATER WELL RECORDS 
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CON LOT EASTING NORTHING SURfACE DRILL CS6 KIND OF UATER STATIC PUHPED TEST TEST HATER OWNER 
ELEV DATE DIA UATER FOUND LEVEL LEVEL RATE T lHE  USE GEOLOGIC LOG 

5 FR a. i d  DO CHARLIS H 
LRSN 0053 

5 FR 14 8 12 8 1100 ST DO VAHDERYDI C 
TPSL STNS 0010 ROCK 0014 

5 FR 100 5 20 10 1/00 ST DO VANDERYDT C 
CLAY HSND TPSL 0003 HPAN B L D R  
0008 LHSN 0101 

5 f R  28 0 5 18 2100 DO SCOTT A 
CLAY 0010 GRVL 0013 SNDS 0030 

5 f R  54 8 10 6 1/00 ST DO UAOOELL A 
CLAY TPSL 0016 GRVL 0018 LMSN 
0054 

5 FR 28 5 15 10 1130 DO EILLAR RCCUOUYE 
BLUE CLAY 0011 GREY HPAN 0016 
GREY SHLE 0020 GREY SNDS 0031 

5 FR 130 22 26 17 130 DO JEACLE R 
PRB6 0025 6RVL 0028 GREY LUSH 
0138 

6 FR 37 2 12 20 1/00 DO VANBERLO 6 
BRUH TPSL CLAY SNBY 0016 BRUH 
SAND GRVL 0018 BRWN STNS 0040 

6 FR 57 5 35 10 1100 DO STEVENSOW C L 
BRWW f lLL FSWD 0002 GREY CLAY 
BLDR 0024 GREY CLAY GRVL 0066 
GREY LRSN 0065 

29 7 19 2 2100 DO COOPER K 
BLUE CLAY 0020 GREY LHSN 0029 

28 10 15 151100 DO SOHERSnAREAN 
GREY CLAY 0016 BRWN SAND GRVL 
0018 EREY LHSN 0031 

51 2 30 8 1100 DO RCKELLAR A 
CLAY 0015 GRVL HSND BLDR 0023 
LHSN 0053 

57 15 55 2 1/00 DO ROB8INS U 
RSND GRVL 0009 GREY L B S N  0059 

38 10 20 15 1/00 DO PATTERSON CARBAN 
BRWN HPAU 0006 BLCK SHLE 0018 
BLCK SNDS 0040 

42 14 25 10 1/00 0 0  B GJET CONSTR CO LTD 
50 B R U ~  CLAY STNS HARD 0018 RED 

L S N  O05i 
49 9 20 15 1/00 DO flATCHETT H W 
57 BRUN CLAY ST85 BLDR 0007 GREY 
66 CLAY SILT STNS 0027 GREY L~SPI  

0070 
25 0 10 10 2100 DO STEELE P 
33 BRUN TPSL 0001 GREY CLAY 0017 
39 GREY LUSH 0040 
40 4 35 4 1/00 00 COOPER K 
53 TPSL HSND BLDR 0010 HPAN 8:DR 



CON LOT EhSTING HORTHING SURFACE DRILL CSG KIND OF WATER STATIC PUHPED TEST TEST YATER OWNER 
ELEV DATE DIA YATER FOUND LEVEL LEVEL RATE TIRE USE GEOLOGiC LOG 

0024 LHSN 0054 
UADDELL P 
STNS F i L L  0040 GREY LHSN 0061 
COLIN HUBERT 
GREY HPAN BLDR 0030 GREY ROCK 
0070 
ROB% R 
BRUN CLAY 0004 BRYN CLAY SAND 
BLDR 0012 GREY GRVL BLDR 0026 
B i i K  LHSN 0045 
UULLINS 6 
BRWN HPAN 0007 BLCK SHLE STNS 
0018 GREY SAND STHS 0040 
KEWAN U 
GREY SAND BLDR STNS 0017 SREY 
L#SN SOFT 0300 
HOPE D 
GRVL HPAH 0022 6RVL 0032 GREY 
LHSN 0080 
RAWLINGU J 
GREY HPAN 0024 BLCK SHLE SNDS 
0030 SAND STNS 0045 
REANEY E 
CLAY TPSL GRVL 0007 GREY LUSN 
0090 BLCK ROCK 0108 GREY LBSN 
0140 SNDS 0168 GREY iH5N 0205  
IIORRIS R 
GREY CLAY STNS 0020 GREY 6RVL 
0029 GREY LUSH 0064 
HIGGINS K 
BRUN HPAN 0005 GREY LRSN 0086  
LEVESRUE MARC 
BRUN TPSL 0005 GREY CLAY 0 0 1 3  
GREY HPAN 0017 GREY SHDS 0 0 3 8  
FERGUSON HUGH 
BRUN HPAN 0014 BLCK SHLE 0 0 2 1  
BAKER RAY 
BRYN SAND STNS 0007 BLCK LHSN 
0148 
BAKER A 
ROD 007: FRET LnSN 0090 
PALIlER W 
BLUR HPAN 0016 GREY iHSN 0 0 4 5  
CHARRON P 
BRWN CLAY SAND STNS 0001 GREY 
LfiSN 0055 BLCK L E N  0090 
JDHffiTON C 
TPSi flSNil BLDR 0OOb BLUE CLAY 
BLDK 0012 GREY LflSN 0055 
SCHOOL AREA 



CON LOT EASTING NORTHING SURFACE DRILL CSG KIND O f  WATER STATIC PUtlPED TEST TEST WATER OWNEfi 
ELEV DATE D IA  UATER FOUND LEVEL LEVEL RATE TIRE USE GEOLOGIC LO6 

BLDR GRVL 0006 GREY LUSN 0160 

5 :30 DO CAIN D 
HPRH BLDR 0006 BLUE Li lSN 0045 

10 2100 00 NC KENDRY ROY 
HPkN 0012 LHSN 60 

10 1130 DO GARFIELD J 
BRUN TPSL SAND 0003 GREY L R S N  
0084 BLCK SNDS 0089 

6 1/00 DO DAVID CAIN CONSTR 
BRWN CLAY BLUR 0004 GREY ;nsN 
0028 BLCK LUSN 0035 GREY LHSN 

.> .".. 0095 
v ST DO CooRaS A 

CLAY nSND STHS 0008 ROCK LHSN 
0083 

i 2idO $1 DO VANREHS L 
CLAY 0003 GREY LnSN 0160 

6 1100 DO FORD R 
BRWN CLAY SAND 0006 GREY L H S N  
0110 BLCX DLUT 0190 GREY SNDS 
0288 

12 2!00 DO DAVIS 0 
HPAN 0013 SREY L E N  0035 

2 2/00 ST DO FITZSI8f iONS J 
BRUW XSND BLDR 0034 GREY MSN 
0095 

5 Ll09 80 HOCTVLUWER X 
HPAN 0031 GREY LnSN 0050 

8 1/20 DO SCHOU G 
BRWN HPAM 0029 GREY LnSN 0056 

10 1/00 DO HIUARD GRANT 
GREY HPAN BLDR 0013 BLCK LgSN 
0060 RED SHLE 0065 

1120 ST DO JAHES A 
GREY XPAII 0017 GREY SHLE 0024 
BRYH LUSN 0042 

7 1130 DO HOUARD V J 
BRUN TPSL SAND 0002 GREY CLAY 
SAND 0008 GREY CLAY BLDR 0022 
GREY SINS 0024 i R E Y  LRSN 00L5 

4 1/00 CU ADnlRAL ENGINEERING 
GREY HPAN BLUR 0018 GREY L H S N  
0225 GREY SNDS 0248 

5 1!00 DO VALLEY STRUCTURES LTS 
%RUN SAND F I L L  0002 BLCK L B S N  
0220 GREY SNDS 0290 BLCK L R S M  
0293 
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TEST WELL LOGS AND WATER WELL RECORDS 
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APPENDIX D 

PERMITS TO TAKE WATER 



@ :;E~Y Ministere 
de 

Environment I'Environnement 

Southeastern Region du 
Region Sud-Est 

Oatano 

?da i s  Addcress 4;resse pos:d.c a> ua :r A,$e~,.e 135 aue.ldc Da'ior 
- 

Pn Rnx R7n C P 820 Knos:on 0n:ai;o Kjnaston 'On!aaol 

2 November 1990 

Donald B. Corbett, B.Sc. 
Hydrogeologist 
Water & Earth Science Associates Limited 
Box 430 
CARP, Ontario 
KOA 1LO 

Dear Sir: 

Re: Approval to Take Water Under Section 20 
of the Ontario Water Resources Act 
as Requested in Your Letter of October 29, 1990 

Metcalfe Communal Water Supply Project 
Preliminary Aquifer Test 
Lot 18, Concession 17, Township of Osgoode 

Test date: November 1990 
Rate 545 L/min 
Duration : Uv to 24 Hours 

This letter constitutes approval to take water under Section 20 
of the Ontario Water Resources Act. This approval is subject to 
the following conditions: 

1) The pumping rate and period of pumping must not exceed 
the total water withdrawal requested without the 
approval of this Ministry. 

2) All supply wells within 300 metres of the test well(s) 
shall be located and monitored for water quality and 
water levels prior to test pumping. Water level 
drawdown during pumping and recovery after pumping 
shall also be monitored. 

The well owners must be contacted and permission 
obtained to access their well at least 10 days prior to 
the test pumping. If the owner agrees, water level and 
quality sampling shall be carried out. The 
accessibility of the well is the responsibility of the 
owner. If the owner does not agree to the testing, the 
owner's refusal should be recorded. 



3) All well supply water and surface discharge problems 
associated with the testing must be reported to this 
Ministry. 

4) All water supplies adversely affected during the 
testing must be replaced with temporary water supplies 
until the testing has been completed and/or the 
affected water supplies are restored. 

5) A report of the pumping test must be submitted to this 
Ministry. 

6) When the water taken is discharged to a watercourse, 
the quality and temperature of the groundwater shall be 
substantially the same as the receiving stream to 
ensure that the stream's water quality, flora and fauna 
are not adversely affected by the discharge. If the 
rate of discharge is substantial, energy absorbing 
padding shall be used to prevent erosion. The rate of 
discharge shall be controlled to prevent downstream 
flooding and property damage. 

7) The Ministry of the Environment must be advised of any 
intent to abandon the test well(s). 

8) If the test well(s) is abandoned or not used for any 
extended period of time, it shall be properly sealed to 
prevent any groundwater contamination. 

The testing shall be carried out under these general conditions. 
The reason for the imposition of these conditions is to ensure 
that the water quality and quantity of all surface water, 
groundwater and water supplies in the area of the testing are 
protected. 

You may, by written notice served upon me and the Environmental 
Appeal Board within 15 days after receipt of this approval, 
require a hearing by the Board. Section 63 of the Ontario Water 
Resources Act, as amended in 1983, provides that the Notice 
requiring the hearing shall state the portions of each Term or 
Condition in the approval in respect of which the hearing is 
required and the grounds on which you intend to rely at the 
hearing. 



This approval is for the temporary taking only (24 hours). If 
the well(s) is put into service for an extended period of time, a 
Permit to Take Water will be required if the taking is in excess 
of 50,000 litres per day. This approval does not release you 
from any legal liability or obligation imposed by law and should 
not be construed as limiting any legal claims or rights of action 
that any person, including the Crown in Right of Ontario or any 
agency thereof, has or may have against you, your officers, 
employees ts and your contractors. /'-? 

Evaluator 
Planning 

echnical Assessment Section 
Southeastern Region 
PLS/km 



Ministry Ministere 
of the de 
Environment I'Environnement 

Octane 

21 November 1990 

Southeastern Region du 
Region Sud-Est 

""la 09 >c(sieis Ydresse acsia e ' 33  3 3 m n  Avenue '33 avenue Da3:or 
DO @ox 820 C P 820 K:lgslon Ooiaio Klngston (On!ai~ai 
Kngs;a,l 0 ~ l a r . a  Kngs!on (Onlarc! K7K 6C2 'ii'i 6C2 
K7L AX6 K7L 4X€ 613 5 4 9 ~ d 0 0 0  6'3 543~-100C 

Donald B. Corbett, B.Sc, Hydrogeologist 
Water and Earth Science Associates Limited 
Box 430 
CARP, Ontario 
KOA 1LO 

Dear Sir: 

Re: Approval to Take Water Under Section 20 of the Ontario Water 
Resources Act as Requested in Your Letter of 
November 16, 1990 

Metcalfe Communal Water Supply Project, Lot 18, 
Concession VII, Township of Osgoode 

Test date: November 1990 
Type Aquifer Test 
Rate 2.73 x lo3 litres per minute (3.93 x lo6 

litres per day) 
Duration : 7 2 Hours 

This letter constitutes approval to take water under Section 20 
of the Ontario Water Resources Act. This approval is subject to 
the following conditions: 

1) The pumping rate and period of pumping must not exceed 
the total water withdrawal requested without the 
approval of this Ministry. 

2) All supply wells within 300 metres of the test well(s) 
shall be located and monitored for water quality and 
water levels prior to test pumping. Water level 
drawdown during pumping and recovery after pumping 
shall also be monitored. 

The well owners must be contacted and permission 
obtained to access their well at least 10 days prior to 
the test pumping. If the owner agrees, water level and 
quality sampling shall be carried out. The 
accessibility of the well is the responsibility of the 
owner. If the owner does not agree to the testing, the 
owner's refusal should be recorded. 

3) All well supply water and surface discharge problems 
associated with the testing must be reported to this 
Ministry. 

4) All water supplies adversely affected during the 
testing must be replaced with temporary water supplies 
until the testing has been completed and/or the 
affected water supplies are restored. 



5) A report of the pumping test must be submitted to this 
Ministry. 

6) When the water taken is discharged to a watercourse, 
the quality and temperature of the groundwater shall be 
substantially the same as the receiving stream to 
ensure that the stream's water quality, flora and fauna 
are not adversely affected by the discharge. If the 
rate of discharge is substantial, energy absorbing 
padding shall be used to prevent erosion. The rate of 
discharge shall be controlled to prevent downstream 
flooding and property damage. 

7) The Ministry of the Environment must be advised of any 
intent to abandon the test well(s). 

8) If the test well(s) is abandoned or not used for any 
extended period of time, it shall be properly sealed to 
prevent any groundwater contamination. 

The testing shall be carried out under these general conditions. 
The reason for the imposition of these conditions is to ensure 
that the water quality and quantity of all surface water, 
groundwater and water supplies in the area of the testing are 
protected. 

You may, by written notice served upon me and the Environmental 
Appeal Board within 15 days after receipt of this approval, 
require a hearing by the Board. Section 63 of the Ontario Water 
Resources Act, as amended in 1983, provides that the Notice 
requiring the hearing shall state the portions of each Term or 
Condition in the approval in respect of which the hearing is 
required and the grounds on which you intend to rely at the 
hearing. 

This approval is for the temporary taking only (72 hours). If 
the well(s) is put into service for an extended period of time, a 
Permit to Take Water will be required if the taking is in excess 
of 50,000 litres per day. This approval dces not relsase you 
from any legal liability or obligation imposed by law and should 
not be construed as limiting any legal claims or rights of action 
that any person, including the Crown in Right of Ontario or any 
agency thereof, has or may have against you, your officers, 
employees, agents and your contractors. 

Yours truly, 

fG.1. Macey, Evaluator 
Approvals and Planning 
Technical Assessment Section 
Southeastern Region 
PLS/sh 



,- . . . Ministry Ministere 
de 

Environment I'Environnement 
,- ,.,~?, , . . 

Southeastern Region du 
Region Sud-Est 
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Donald B. Corbett, B.Sc. 
~ydrogeologist 
Water and Earth Science Associates Limited 
Box 430 
CARP, Ontario 
KOA 1LO 

Dear Sir: 

Re: Approval to Take Water Under Section 20 of the Ontario Water 
Resources Act as Requested in Your Letter of January 8, 
1991 - Metcalfe Communal Water Supply Project 
Test date: January 1991 
TYPe 72 Hour A uifer Test 
Rate 4.55 x 10 9 litres per minute (6.55 x lo6 

litres per day) 
Duration : 72 Hours 

This letter constitutes approval to take water under Section 20 
of the Ontario Water Resources Act. This approval is subject to 
the following conditions: 

1) The pumping rate and period of pumping must not exceed 
the total water withdrawal requested without the 
approval of this Ministry. 

2) All supply wells within 300 metres of the test well(s) 
shall be located and monitored for water quality and 
water levels prior to test pumping. Water level 
drawdown during pumping and recovery after pumping 
shall also be monitored. 

The well owners must be contacted and permission 
obtained to access their well at least 10 days prior to 
the test pumping. If the owner agrees, water level and 
quality sampling shall be carried out. The 
accessibility of the well is the responsibility of the 
owner. If the owner does not agree to the testing, the 
owner's refusal should be recorded. 

3) All well supply water and surface discharge problems 
associated with the testing must be reported to this 
Ministry. 

4) All water supplies adversely affected during the 
testing must be replaced with temporary water supplies 
until the testing has been completed and/or the 
affected water supplies are restored. 

5) A report of the pumping test must be submitted to this 
Ministry. 



6) When the water taken is discharged to a watercourse, 
the quality and temperature of the groundwater shall be 
substantially the same as the receiving stream to 
ensure that the stream's water quality, flora and fauna 
are not adversely affected by the discharge. If the 
rate of discharge is substantial, energy absorbing 
padding shall be used to prevent erosion. The rate of 
discharge shall be controlled to prevent downstream 
flooding and property damage. 

7) The Ministry of the Environment must be advised of any 
intent to abandon the test well(s). 

8) If the test weil(s) is abandoned or not used for any 
extended period of time, it shall be properly sealed to 
prevent any groundwater contamination. 

The testing shall be carried out under these general conditions. 
The reason for the imposition of these conditions is to ensure 
that the water quality and quantity of all surface water, 
groundwater and water supplies in the area of the testing are 
protected. 

You may, by written notice served upon me and the Environmental 
Appeal Board within 15 days after receipt of this approval, 
require a hearing by the Board. Section 63 of the Ontario Water 
Resources Act, as amended in 1983, provides that the Notice 
requiring the hearing shall state the portions of each Term or 
Condition in the approval in respect of which the hearing is 
required and the grounds on which you intend to rely at the 
hearing. 

This approval is for the temporary taking only (72 hours). If 
the well(s) is put into service for an extended period of time, a 
Permit to Take Water will be required if the taking is in excess 
of 50,000 litres per day. This approval does not release you 
from any legal liability or obligation imposed by law and should 
not be construed as limiting any legal claims or rights of action 
that any person, including the Crown in Right of Ontario or any 
agency thereof, has or may have against you, your officers, 
employees, agents and your contractors. 

V 

G.I. 

PLS/sh 

Technical Assessment Section 
Southeastern Region 



APPENDIX E 

AQUIFER TEST DATA AND ANALYSES 



IFER TEST DATA HELLI: 1650-181 

e o f  aquifer test: Step P Yell type: Production 
P Reasured: O r i f i ce  Data type: Piuping 

tance fro@ purping well :  0 r Depth well: 24.0 r 
s. point  for u. 1, 's:  T.O.C. Pump on: 22-1-88 
vation o f  Neasuring Pt.: 0.76 i Pulp o f f :  22-1-88 
t i c  Water Level: 5.34 Discharge rate: 50-125 igp8 

T i l e  Hater Level Dravdown Discharge Colaents 
(&in.) (11 (I) (i.9.p.m.) 



UlFER TEST DATA UELLI: 1650-TY1 

pe of aquifer test: Step P Yell type: Production 
u Q Ieasured: Orifice Data type: Pulping 
stance fro* pulping vell: 0 1 Depth well: 24.0 1 
as, point for v. 1,'s: T.O.C.  Pulp on: 22-1-88 
e v a t i o n o f # e a s u r i n g P t . : 0 . 7 6 l  Pulpoff: 22-1-88 
atic Water Level: 5.34 Discharge rate: 50-125 igpa 

Tiae Uater Level Drawdoun Discharge Cwents 
(#in.)  (6) (11 (i.g.p.1.) 

................................................................................................. 
62.00 11.00 3.66 
63.00 11.18 5.64 
64.00 11.25 3.91 
65.00 11.31 5.97 
66.00 11.34 6.00 
67.00 11.36 6.02 
68.00 11.38 6.04 
69.00 11.40 6.06 
70.00 11.41 6.07 
72.00 11.43 6.09 
74.00 11.44 6.10 
76.00 11.45 6.11 
78.00 11.46 6.12 
80.00 11.47 6.13 
85.00 11.49 6.15 
90.00 11.50 6.16 
90.50 12,70 7.36 125.00 
91.00 12.90 7.56 
92.00 12.96 7.62 Pulp taking air 





AQUIFER TEST DATA JOB#1650 WELL#: TW1 

Type of  a q u i f e r  test:  C:ONST.DISC:H. Well t y p e :  PUMP I NG 
Haw Q Measured :  ORIFICE WEIR Data t y p e :  PUMP I  NG 
D i s t a n c e  from pumping we1 l :<I m Depth pump: 14 rn 
Meas. p o i n t  fo r  w. 1 s :  T.O.C. Pump on: 25-01-88 08 : 53 
E l e v a t i o n  o f  Measur i tig P t  . : 6. 76 Puritp o f f :  25-01-88 14~53 
S t a t i c  Water Leve l  ( r n : ~ :  5.59 D i s c h a r g e  ra te :  75 IGPM 

Time frnri, 
s t a r t  of test  

(minute5:l  
............................. 

0.5 
1 . CI 

1.5 
2.0 
3.0 
4 . C1 

5.0 
6 . 1:) 
7 . (I) 
8 . 0 
9. 13 
10.0 
12.0 
14.0 
16.0 
18.0 
20. 15 
22. (Z) 

24. (3 
26.0 
30.0 
37.0 
40.0 
45. 0 
50.0 
55. 0 
60.13 
70. 0 
80.0 
'30. 0 
100.0 
110.0 
120.0 
1 50. 1:) 
180.0 
2 10. Cl 

240.0 
270. (3 
285.0 
300. fl 
330.0 
360 . 0 

W.L. D i s c h a r g e  
r e a d i n g  Drawdown r a t e  Conrritetit s 

( n-, :I (mj I GPM 

- 

b r o w n  
col ceur e d  

d i s c  barge 
e: 1 e a r  

d i s c h a r g e  
a d  j u s t  e d  
s l i g h t l y  



AQUIFER TEST DATA JOB# 1650 WELL#: TW2 

T y p e  o f  a q u i f e r  test :  CONST.DISCH. W e l l  t y p e :  OBSERVATION 
How @ M e a s u r e d :  ORIFICE WEIR Data t y p e :  PUMP I NG 
D i s t a n c e  frorii pumping w e l l :  1C12 m D e p t h  pump: 1 4 rit 

Meas. p o i t i t  for w. 1 , ' s :  T.O.C. Pun.8~ on: 25-01-88 08: 5Z 
E l  e v a t  i on of  Measur i n g  P t  . : 0.90 Pump o f f :  25-01-88 14:53 
S t a t i c  Water Level (m): 6.53 D i s c h a r g e  rate:  75 IGPM 

T ime  f r o m  W.L. D i s c h a r g e  
s t a r t  o f  test r e a d i n g  Drawdown ra te  Cummcnts  

< m i n u t e s )  ( ni:) (rn) IGPM 



CONSTANT DISCHARGE TEST 1650-TW1 

LOG TINE (min) 

PUNPING WDI 
5 000 

3 
+ 

Q = 7 5 . 0  igpm = 4 9 1  m /day 

I 000  - T=-$g- 
3 ++++ = 2 . 3  (491 m /dal;)+ 

4U10.44 m )  

CONSTANT DISCHARGE TEST 1650-TW2 

r .mo ~ E R Y A 1 1 0 N  WELC 

0.800 

0.mo 

0.700 

0 . W  = 0.80 m - 0.4 

0.500 

0.400 

0.200 

0.200 
= 1.8 x 10 -5 

0.100 

= 0.45 min 
0.000 

0.10 1.00 10.00 10O.Ea 10 

LOG IlME (min) 

3 m o  - 

2 m o  - 

imo - 

o mo 

m 

o - ~  days), 

= 2 0 7  m 2  /day 
t 

+ dhs = 4 . 6 0  m - 4 . 1 6  m + 
+ = 0 .44  m 

+ 
+ 

8 I I 8 I 

0 10 1 00 1000 100 m iomoo 



ACX.IIFER TEST DATA JOB#1650 WELL#: TWI 

T y p e  o f  a q u i f e r  test:  CONST. Q We1 1  t y p e :  PUMP I NG 
H o w  G! M e a s u r e d :  ORIFICE WEIR D a t a  t y p e :  RECOVERY 
D i s t a n c e  frorrt purriping w e 1  1 :O m Depth  pump: 14 m 
Meas. p o i n t  f o r  w. 1 . ' ~ :  T.O.C. Pump on:  25-01-88 08 n 53 
E l  +?vat  i o n  o f  M e a s u r i n g  P t  . : 0 .  7 6  Pump o f  f : 25-01-88 1 4 : 5 3  
S t a t i c  Water L e v e l  (m): 5.59 D i s c h a r g e  ra te :  $1). DI:I 

Time s i n c e  W. L. R e s i d u a l  
w e l l  s h u t  o f f  t / t '  r e a d i n g  d r a w d  own 

( m i  r t u t e s )  (m:l <m3 



AQUIFER TEST DATA JOB#1650 WELL#: TW2 

T y p e  o f  a q u i f e r  test:  CONST. U W e l l  t y p e :  OBSERVATION 
H o w  C2 M e a s u r e d :  ORIFICE WEIR Data t y p e :  RECOVERY 
D i s t a n c e  f r o m  purnping w e 1  1: 102 re, Dept  t i  puritp: 1 4 rii 

Meas. p o i t i t  f o r  w. 1 T.O.C. Purctp on:  . .= - 8  0s: 53 
Elt l-vat  ion o f  M e a s u r i n g  F't .  :0.'3(3 re, Purcip o f f :  25-01 -88 14 : 53 
S t a t i c  W a t e r  L e v e l  i m ) :  6.53 D i s c h a r g e  ra te :  0 . rSCt 

Time s i n c e  W. L. R e s i  d u a l  
w e l l  s h u t  ctf f  t / t '  r e a d i n g  d r a w d  own 

( r r t i  n u t e s : ~  f m j  i rif j 



RECOVERY 1 6 5 0 - T W 2  

OBSERVAT1ON WEU.  
0.400 

0 . 3 0  

0.360 

0.340 

0.320 
P, 

E 0 . 3 0  
u 

i 0.280 

0.260 ; 
K 0.240 s = 0 . 3 9  m - 0 . 0 9  m 
0 

0.220 = 0 . 3 0  m 
$ 
0 0.200 

t = 2 . 0  m i n  S = 2 . 2 5  Tt 
1 0.180 u 

0.180 

0.140 

0.120 

0.100 

0.080 

3.16 5.0f 7.84 12.50 18.85 31.81 

RECOVERY 7 6 5 0 - T W 1  

1.500 

1.400 - 
1.mo - 
1.200 - 
1.100 - 
r .mo - 
o.Bo0 - 
0.mo - 
0.700 - 
0.800 - 
0.500 - 
0.400 - 
0.300 - 
0.200 - 
0.100 - 
o.mo 

0.1 0 , 1 .OO , , / , ,  U3G 10.00 t/t' l00.m l 0 m . m  

PUMPING %ELL 

3 
Q = 7 5 . 0  igprn = 4 9 1  m /day 

T=2.39 + 
4% h s  + 

3 = 2 . 3 ( 4 9 1  m / d a y )  t 

4 K ( 0 . 4 7  m ) + 
2  + 

= 1 9 2  m /day 

4 s  = 0 . 5 7  m - 0 . 1  m 

6 



FER TEST DATA YELL): 1650-TY3 

of aquifer test: Step B Yell type: Production 
Q Ileasured: Orifice Data type: Pulping 
ance fro# pulping well: 0 a Depth pulp: 47.0 1 . point for u. 1,'s: T.O.P. Pulp on: 9h10 14-11-90 
ation of lleasuring Pt.: 0.65 r Pump o f f :  llh40 14-11-90 
ic Water Level: -2.38 Bischarge rate: 50-150 igpe 

Tile 
(@in.)  

7.00 
9.00 
12.00 
16.00 
18.50 
20.00 
25.00 
29.00 
32.00 
33.00 
34.00 
35.00 
38.50 
40.00 
42.00 
44.00 
46.00 
48.50 
50.00 
55.00 
72.00 
76.00 
78.00 
80.00 
86.00 
89.00 
93.50 
95.00 
97.00 
98.00 
100.00 
102.00 
104.00 
106.50 
108.00 
110.00 
115.00 
119.50 
122.50 
123.00 
124.00 
126.00 
127.00 

Hater Level Draudown Discharge Col~ents 
(1) 11) (i.g.p.8.) 

.------------------------------------------------------------- 
0.59 2.97 50.00 
1.96 4.34 
0.65 3.03 
2.06 4.44 
2.08 4.46 
2.12 4.50 
2.26 4.64 
2.30 4.68 g ~ncrease 
5.86 8.24 75.00 
5.87 8.25 
5.91 8.29 
5.99 8.37 
6,34 8.72 
6.36 8.74 
6.41 8.79 
6.47 8.85 
6.46 8.84 
6.49 8.87 
6.50 8.88 
6.66 9.04 R increase 
16.66 19.04 100.00 
16.99 19.37 
17.20 19.58 
17.18 19.56 
17.48 19.86 
17,65 20.03 Q increase 
25.42 27.80 125.00 
25.55 27.93 
25.88 28.26 
26.02 28.40 
26.12 28.50 
26.22 28.60 
26.16 28.54 
26.45 28.83 
26.58 28.96 
26.76 29.14 
26.95 29.33 
27.25 29.63 Q increase 
37.74 40.12 150.00 
38.05 40.43 
38.64 11.02 
39.79 42,17 
40.52 42.90 



FER TEST DATA HELL*: 1650-TU3 

of aquifer tes t :  Step % Uell type: Production 
Q fleasured: O r i f i c e  Data type: Pueping 
ance fro# punping vel l :  0 m Depth pulp: 47.0 a 
. point for u. 1, 's:  T.0.P. Pump on: 9h10 14-11-90 
ation of Reasuring Pt.:  0.65 r Pulp o f f :  llh40 14-11-90 
ic  Yater Level: -2.38 Discharge rate: 50-150 igpa 

T i le  Yater Level Dravdovn Discharge Colaents 
fa in . )  (I) (1) (i.g.p.a.) 

----*------------------------------------------------------------------------------------------ 

128.00 41.00 43.38 
129.00 41.11 43.49 
130.00 41.26 43.64 
132.00 41.68 44.06 
134.50 41.87 44.25 
136.00 42.03 44.41 
138.00 41.98 44.36 
140.00 42.17 44.55 
145.00 42.46 44.84 
149.50 42.61 44.99 stop pulping 





IFEe TEST DATA UELLI: 1650-TU3 

e of  aquifer t e s t :  Constant Q Uell type: Production 
R ileasured: Bucket Data type: Pumping 

tance froa pusping well: 0 I Depth puap: 47.0 s 
s, point f o r  v, i . ' s :  i.0.P. Pulp on: 12h00 14-11-90 
vatinn o f  Heasurinq Pt .  : 0.645 a Puwp o f f :  18h00 14-11-90 
t i ;  l a t e r  iere!: -2.38 3 , - -h  ,L arge rate:  125 igpw 

T i ~ e  Water Level Dravdoun Discharge Coeaents 
(win. 1 ( e l  (a1 ( i .g ,p .a . j  

................................................................................................ 
5.00 31.47 33.85 125 
7.00 33.63 36.01 125 Increase B 
8.00 33.84 36.22 
9.00 34.00 36.38 

10.00 34.06 36.44 
12.00 34.26 36.64 
14,011 34.3: 36-69 
16.00 34.31 36.69 
18,00 34.44 36.82 
20.0; 34.46 36.94 
25.00 34.57 36.95 
30.00 34.90 37.28 
35.00 35.02 37.39 
40.00 35.10 37.48 
45.50 35.18 37.56 
50.00 35.25 37.63 
5:,00 35.55 37.93 !25 Increase 0 
60.00 35.75 38.13 
74,00 35.96 38.36 
80.09 36.051 38.47 
90.00 36.15 38.53 

120.00 36.43 38.81 
155.00 36.47 38.85 
190.50 36.55 33.93 
210.00 36.68 39.06 
246.00 36.72 39.10 
270.00 36.73 39.11 
306.00 36.73 39.21 
330.00 36.74 39.12 
360.00 36.75 39.13 





IFER TEST DATA WELL#: 1650-TY4 

e of aquifer  t e s t :  Constant Q Well type: Observation 
% Neasured: Bucket Data type: Puaping 

tance froa pulping well: 340 a Depth ueil:  44.2 s 
s, point for u. 1, ' s :  T.O.C. Puap on: 12h00 !4-11-90 
vation of Reasurine Pt.: 0.27 a Pump of f :  12h00 14-11-30 
t i c  Water Level: -2.11 Discharge rate: 125 iqpa 

Time Uater Level Dravdown Discharge Coesents 
(g in . )  (el (a1 (i.g.p.a.1 

................................................................................................ 
68.00 -1.55 0.56 i25.00 
97.00 -1.50 0.61 

126.00 -1.45 0.66 
150.90 -1.41 0.70 
186.00 -1.36 0.76 
215.00 -1 . J L  q.7 0.79 
240.03 -1.23 0.82 
:?5.00 - 2  3.85 
3110,110 4 0.87 
336.00 - 1 . 2  p d . 3 '  ‘ a  





FER TEST DATA UELLI: 1650-TW4 

of  aquifer  t e s t :  Constant R Uell type: Observation 
Q fieasured: Bucket Data type: Recovery 
ance f r o %  pusping ue l l :  330.0 e Depth uell:  44.2 e 
, poini for  M. :.Is: T.D.C. Pusp on: 12h00 14-11-30 
at ion o f  Measuring FL,: 0.27 r Puap off:  18h00 14-11-90 
i i  Water Level: -2.11 Discharge rate: :25 igpa 

Time t i t '  Water Level Residual Coeeents 
(a in .1  a Draudown 

(11 





'ER TEST DATA WELL*: 1650-PU 

of aquifer t e s t :  Step R Well type: Production 
1 Heasured: Or i f i ce  Oata type: Pumping 
ince frog pumping well: 0 s Depth pusp: 41.5 r 

puint for u. i s ' s :  T.O.P. Puap on: 4h22 23-11-91) 
iiiun of ileasuring P:.: 0.61 r Pump o f f :  11h12 23-11-90 
c Water Level: -2.15 Discharge rate:  100-225 igpa 

- .  iiae Uater ievei Dravdovn Discharge Coeaents 
( r in .  i ( e l  i d  [i,g.p.s.) 

2.00 3.24 5.39 100.00 d i r t y  
3.00 3.25 5.40 
5.00 3.76 5.91 8 increase 
6.00 3.59 5.74 
i .00 3.70 5.85 
8.00 3.79 5.94 
2 . ~ 6  3.52 5.67 

3.64 5.79 2 increase 
3.88 6.03 

Q increase 

Q increase 
150.00 

9 increase 

8 increase 

Q increase 
200, 00 

@ increase 



E4 T E S i  D A T A  UELLt: 1650-PY 

of aqui ier t e s t :  Step R Uell type: Production 
Measured: Or i f i ce  Data type: Pusping 

nce from pumping v e l l :  0 s Depth p u l p :  41.5 @ 

point for u. 1, 's :  T.0.P. Pump on: 9h22 23-11-90 
tian o f  neasuring P t , :  0.61 r Puap o f f :  11hi2 23-li-90 
c Water i e v e i :  -2.15 Discharge rate: 100-125 igpa 

Tiae Uater Level Draudovn Discharge Goanent5 
(sin.) iri (a) ( i . g ,p , s , l  

-----------------------------------------------------------------------------------------*---- 

91.00 34.45 36.60 225.00 
92.00 35.90 38.05 
93.00 36.05 38.20 
94.00 37, i0 39.25 
95.00 38.10 40.25 
96.00 38.75 40.90 
97.00 39.2f 41.25 
98.00 39.65 il.N0 
93.00 33.80 J!,?5 

ioo.fi0 39.90 42,OS 
102.00 40.19 42.34 
105.50 40.70 42.85 cascading 
106.00 40.70 42.85 
108.00 40.50 42.75 
110.00 41.23 43.44 stop punping 





ER TEST DATA WELL#: 1650-PU 

of aquifer test: Constant Q Uell type: Product ion 
Reasured: Orifice Data type: Pumping 
nce iron puaping well: 0 ffi Depth puap: 41.5 a 
point for u. is's: T.O.P. Pump on: 12h10 24-11-90 

t!on of geasuring Pi.: 0.61 s Punp off: l2h10 27-11-90 
c Uater Levei: - 3  n1  Discharge rate: 150 igpe 

Yater Level Draudoun Discharge Coaaents 
(1) id ii.g,p.r.) 

......................................................... 
9.70 11.71 150.00 
9.99 12.00 
9.48 11.49 Q increase 
i0.30 12.31 

Q increase 

C increase 
R increase 
R increase 

R increase 

Q increase 
Q increase 

R increase 

T=llC; C~460uwh~ 
Turb. =0.69NTU 



ER TEST DATA WELL#: 1650-PW 

~f aquifer t e s t :  Constant Q Yell type: Production 
Reasured: Orifice Oata type: Pusping 

ice fro* pusping y e l l :  0 a Depth pump: 41.5 6 

point for u. 1,'s: i . 0 . f .  Puep on: 12h10 24-11-90 
tion o i  fleasuring ft.: 0.61 r Pump o i f :  12h10 27-11-90 
c Water Leve!: -2.01 Discharge rate: i50 igpa 

Water Level Draudovn Discharge Cosrents 
(I) ( 8  ( i . g . p . e . >  

15.51 17.52 
15.52 17.53 
15.55 17.56 
15.52 17.53 
15.51 17.52 
15.58 17.59 
15.53 17.54 
15.53 17.54 
,c -- 
8i.t: 17.54 
15.M 17.b5 
15.65 17.66 
15.69 17.70 
15.70 17.71 
15.70 17.71 
15.75 17.76 
15.74 17.75 
15.74 17.75 
15.74 17.75 
15.78 17.79 
15.85 17.86 
15.80 17.81 
15.84 17.05 
15.84 17.85 
15.90 17.91 
15.85 17.86 
15.84 17.85 
15.88 17.83 
15.89 17-90 
15.50 17.91 
15.90 17.91 
15.90 17.31 
15.85 17.86 Q steady 
15.60 17.61 
15.55 !7,56 T=1OC; CII; ; )~&~ 
15.54 17.55 iurb.=O, 13HTU 
15.58 17.59 Q increase 
16.60 18.61 
16.56 1'3.57 
16.53 18.54 
16.34 18.35 t? steady 
16.31 18,32 
16.24 18.25 
16-25 18.26 



'EF: TEST 9ATA WELL#: 1650-PU 

of  aquifer  t e s t :  Constant R Well type: Product ion 
! Hearured: Or i f ice  Data type: Pulping 

nce from pumping well: 0 B Depth puep: 41.5 1 
point for  u. 1, 's:  1.O.P. Pulp on: 12h10 24-11-90 

t ion u f  fieasnring Pt.: 0.61 a Purp o f f :  12h10 27-11-90 
c Uater Levei: -2.0, . r'.. J ~ ~ i h a r g e  rate: 150 igpa 

Time Uater Level Draudovn Discharge Cuseents 
(a in .  1 (B) (a)  (i.g.p.a.) 

.............................................................................................. 
3480.00 16.22 18.23 
3540.00 16.18 16.19 
3600.00 16.22 18.23 a, 

3660.00 16.22 18.23 
3720.00 16.20 18.21 
3780.00 16.16 18.17 
3843.00 16.18 18.19 
5300.00 16.20 18.21 
3560.00 1 6 . 1  i8.18 
49:0.53 16, 15 16.16 
4080.00 6 18.16 
1140.00 16.10 18.11 
4200.00 15.85 17.86 R steady 
4260.00 15.83 17.64 T=iOC; C=JBOuaho 
4320.00 15.82 17.83 Turb.=<O.O1NTU 





'ER TEST DATA UEL:$: 1650-TU3 

of aquifer test: Constant @ Yell type: Observation 
1 Neasured: Orifice Data type: Pulping 
ince frua pumping uell: 13.0 s Depth uell: 53.3 a 
point for u. I,';: T.U.C. Pusp an: l 2k10  24-11-90 

!tion of neasuring Pt.: 0.50 r Puap off: 12h10 27-11-90 
E Water ieve!: -2.09 Discharge rate: 150 igpm 

Yater Level Draudovn Discharge Colaents 
( I )  (11 (i.g.p.a.1 

-1.02 1.08 150.00 
-1.00 1.09 
-0.98 1.11 
-0.98 l.li 
-0.98 1,11 
-0.98 1.12 
-0.36 1.13 
-6.93 1.16 R increase 
-0.96 1.13 8 increase 
-6.9: 1.15 a increase 
-0.87 1.22 
-0.87 1.22 Q increase 
-0.88 1.21 
-0.88 1.22 
-0.87 1.22 
-0.84 1.25 
-0.81 1.28 
-0.72 1.37 U increase 
-0.70 1.39 R increase 
-0.71 1.39 
-0.68 1.41 Q increase 
-0.66 1.43 
-0.63 1.46 
-0.60 1.49 
-0.58 1.51 
-0.55 1.54 
-0.51 1.58 
-0.47 1.62 
-0.44 1.65 
- 4 1  1.68 
-0.39 1.70 
-0.37 1.72 
-0.35 1.74 
-0.34 1,:s 
-0.33 1.76 
-0.32 1.77 
-0.30 !.79 
-0.31 1.78 
-0.31 1.78 
-0,31 1.78 
-0.32 !.77 
-0.32 1.77 
-0.32 1 - 7 7  



.ER TEST DATA UELLI: 1650-TW3 

of aquifer t e s t :  Constant Q Yell type: Observation 
1 neasured: O r i f i c e  Data type: Pumping 
ince from purping vel!: 13.0 B Depth well: 53.3 e 

point f u r  u. !.!s: T.D.C. Pulp on: 12h10 24-11-90 
ition of Reasorin? Pt. :  0.30 a Pump o f f :  l2h10 27-l!-90 
. r  Water Level: -2.19 D!scharge ra te :  150 :g?a 

Time Water Level Dravdnvn Discharge Coseents 
(#in,! (a) a Ii.g.p.a.! 

.---------------------------------------------------------------------------------------------- 
1441.00 -0.32 1.77 f low stopped 
1501.00 -0.61 1.48 
1561.00 -0.32 1.77 
1621.00 -0.30 1.90 
1681.00 -0.29 1.80 
1741.00 -0.29 1.81 
180!,(!0 -0.27 1.82 
185;.00 -0.26 1.83 
1921.00 -0.25 1.84 
1981.0G -0.24 i ,55 
2042.00 -0.24 1.85 
2113.00 -0.25 1.84 
2161.00 -0.24 1.85 
2221.00 -9.24 1.85 
2281.00 -0.24 1.85 
2341.00 -0.24 1.85 
2401%90 -0.24 1.85 
2461.00 -0.24 1.85 
2521.00 -0.24 1.85 
2581.00 -0.24 i.05 
2641.00 -0.24 1.85 
2701.00 -0.24 1.85 
2761.00 -0.24 1.86 % steady 
2821.00 -9.23 1.86 
2881.00 -0.23 1.86 
2941.00 -0.23 1.86 
3001.00 -0.23 1.86 Q increase 
3061.00 -0.21 1.89 
3121.00 -0.21 1.88 
3161.00 -0.20 1.83 
3241.00 -0.20 1.89 Q steady 
3301.00 -0.20 1.89 
3361.00 -0.19 1.91 
34;!,#)$ -0.13 1.91 
3481 .00 -0 , A t  ? t  1.88 

3541 -00 -0.29 1.89 
3601, 00 -0.22 1.87 
3661.00 -0.21 1.88 
3721.00 -0.22 1,87 
3781.00 -0.22 1.87 
3841.011 -0.22 1.87 
3901.00 -0.22 1.87 
3961.00 -0.22 1.87 



of aquifer t e s t :  Constant R Uell type: Observation 
1 Heasured: O r i f i i e  Data type: Puaping 
inre f rna  p u ~ p i n q  ueii:  13.0 G Depth uei!: 53.3 a 

point for u. l . ' r :  1,G.C. Pulp on:  l2h10 24-!I-% 
ition of nedjuring P t t ,  0.50 r Pulip of!: i2h10 27-11-90 
c h e r  Level: -2.09 Discharge rate:  !SO igpm 

i; s e  Uater Level Dravdoun Discharge Coa~en t s  
i s i n ,  1 is)  <a)  (i.g.p.a.i 

-0.21 1.88 
-0.24 1.85 
-0 90 ,, . 1.89 
-0.25 1.85 G steady 
-0.25 1.85 
-0.25 1.84 





ER TEST DATA #ELL#: 1650-TW4 

o f  aquifer t e s t :  Constant Q Uell type: Observation 
Heasured: Orif ice  Oata type: Pumping 

nce fro* pusping well :  340 w Depth well: 45.0 B 

gnini for Y, is 's :  7 .", C, P m p  on: j?hiO :4-!1-90 
tion of Neasuring Pt.: 0.27 r Puap o f f :  12h10 27-11-30 
c Uaier Level: -1.92 Discharge rate: 150 i g p ~  

Time Water Level Dravdovn Discharge Coasents 
iain. i i s )  (11 i i .g.p.m.i 

--------.-------------------------*----------------------------------------------------------- 

96.00 -1.48 0.44 150.00 
127.00 -1.44 0.48 
157.00 -1.39 0.53 
137.00 -1.33 0.59 
? - .4t.00 -1.26 0.67 
276.00 -1.22 0.70 
30% $0 

,*a -1.19 11,74 
.363, [II) -1.12 0.80 
430, 00 -1.06 0,BE 
617.N -0,134 C.38 
731.00 -0.89 1.03 
847.00 -0.57 1.06 
968.00 -0.82 1.10 

1024.00 -0.23 1.10 
1208.00 -0.84 1.02 
1534.00 -0.83 1.10 
1633.30 -0.ai1 I.!? well acce;: d?ni?d  





.ER TEST DATA WELL#: 1650-PW 

o f  aquifer test: Step R Well type: Production 
I Neasured: Ur i f i ce  Data type: Pulping 
trice from pumping well: 0 a Depth purp: 44.2 e 

point for u, 1 . ' ~ :  T.O.P. Puep on: i 0h00  7-1-91 
~ t l o n  o f  fieasuring P t . :  0.61 a Piiap o f f :  13h00 7-1-91 
c Niter Level: -2.50 Discharge ra te :  500-1400 igp@ 

7 .  iiae Water Level Dravdovn Discharge Coaaents 
k i n . )  (ri (11 (i.g.p.e.1 

2.00 4.30 6.80 
3.00 3.80 6.30 
4.00 3.70 6.20 
5.00 3.70 6.20 
6.00 3.64 6.14 
7.00 3.75 6.25 
8,oo 3.72 6.22 
9.00 3.84 6.34 

io .00  3.93 5.33 
!:.00 3.85 6.35 
14-00  3.93 6.43 
16.0il 3.95 6.45 
18.00 3.99 6.49 
20.00 4.05 6.55 
25.00 4.12 6.62 
29.00 4.15 6.65 
31.00 5.60 11.10 7SC.00 
32.00 8.97 11.47 
33.00 3.10 11.60 
34.00 9.24 11.74 
35.00 9.25 11.75 
36.00 9.28 11,78 
37.00 9.35 11.85 
38.00 9.36 11.86 
39.00 9.38 11.88 
40.00 9.43 11.93 
42.06 9.46 11.96 
44.00 9.46 11.96 
46.00 9.50 12.00 
48-00  9.51 12.01 
50.00 9.57 12.07 
55.00 9.62 12.12 
59.00 9.63 12-13  
51.00 18.00 20.30 1000.00 
62.00 17.68 20.18 
63.00 17.75 20.25 
64.00 17.83 20-33  
65.00 17-89 20.33 
66.00 17.93 20.43 
67.00 17.85 20.35 
68,00 17.90 20.40 
69.00 l i . 9 3  20.43 
70.00 18-14  20.64 







FER TEST DATA WELL*: 1650-PU 

o f  aquifer  test: Constant R Uell type: Production 
R neasured: Or i f i ce  Data type: Pulping 
an te  f r o #  pufipino weii: 0 1 Depth pucp: 44.2 a 
. i n  o r  v. i :  i . 0 . C .  Pump oc: 3h00 9-1-91 
a t ion  o f  Heasuring P i . :  Q.57 a Pusp off:  9h00 12-1-51 
i i  Water icvel:  - .  . 50 , is.. ha rge ra te :  1000 i q p m  

Uater Level Drawdown Discharge Cements 
i d  ( a )  i i .g.p.e.i  

.------------------------------------------------------------------- 
15.60 18.10 1000.00 
16.96 13.46 
li.38 19.88 
17.80 20.30 
17.75 20.25 
17.78 20.28 
17.83 20.33 
i7.30 20.40 
18.03 20,53 
lE.04 20.54 
18.1 20.63 
16.27 20.77 
18.48 20.38 
18.50 21.00 
18.65 21.15 
18.88 21.38 Q decrease 
18.89 Z1.30 
19.00 21.50 a decrease 
19.03 21.53 
19.19 21.69 9 decrease 
18.88 21.38 O increase 
16.90 21.40 
19.05 21.55 i=lOC; C=600uaho 
!3.36 21.36 iurb.=0.?4#TU 
13.40 21.30 
19.47 2!,97 
19.88 22.38 O decrease 
20.00 22.50 
20.03 22.53 
20.17 22.67 
20.28 22.78 
20.40 22.30 
X.36 22.86 increase 
29,5$ 23.55 
20.66 23.16 
20.65 23.35 
21.00 23.50 
2i.10 23.60 
21.29 23.79 
21,30 23.80 
21.20 23.70 G increase 
21.85 24.35 
21.98 21.48 



FER TEST DATA #ELL#: 1650-PU 

of aquifer test: Constant R Weii type: Production 
R Ueasured: Orifice Oata type: Puoping 
ance f r n ~  pu~ping r e i i :  0 1 Depth puap: 44.2 r . paint for r, i . ' s :  T.O.C. fusip an: 9h00 9-1-91 
ation o f  neasuring Pt,: 3.5i e Puep oii: 9h00 12-1-91 
ic Uater Level: -:.:<! 3ischarge rate: 1000 i g p a  

Tise 
(sin.) 

............................... 
900.00 
960.00 
1020.00 
1080.00 
1140.00 
1200.00 
i260.30 
1320,00 
1380.00 
1440.00 
1500.00 
1560.00 
1520,w 

1680.00 
1740.00 
1800.00 
1860.00 
1920.00 
1980.00 
2041.00 
2112.00 
2160.00 
22?J,00 
2:'80,i;0 
2340.00 
2400.00 
2460.00 
2520.00 
2580.00 
2640.00 
2700.00 
2760.00 
2820.00 
2880.00 
2940.00 
3000.00 
3060.00 
3120.00 
3180.00 
3240.00 
3300.00 
3360.00 
3420.00 

Water Level Qravdown Discharge Coawents 
!a) (a1 (i.g.p.a.1 

21.96 24.41, 
22.02 24.52 
n, 1 24.61 
22.18 24.68 
22.25 24.75 
22.31 24.81 
22.38 24.88 
22.45 24.95 
22.48 24.96 
Ij., c ,  
i .  25.01 T=10C; C=E00umho 
22.55 25.05 Turb.=0.05KTU 
22.49 24.99 
"% 45 
L,.. 24.95 
22.50 25.00 
22.48 24.38 
22.48 24.38 
.? , ~r.52 25.02 
22.56 25.06 
22.52 25.02 
22.51 25.01 
22.73 25.23 
22.70 25.23 
22.75 25.25 
2.69 25.19 
22.73 25.23 
22.73 25.25 
22.76 25.26 
22.77 25.27 
22.77 25.27 
22.78 25.28 
22.78 25.28 
22.79 25.29 
22.80 25.30 
2 25.37 T-8r. 1 -  -=  50Ouaho 
22.11 25.41 iurb.=0.07NTU 
22.76 25.26 Q steady 
22.84 25.34 
22.80 25.30 
22.83 25.39 
22.73 25.23 
22.76 25.26 
22.88 25.38 
22.77 25.27 



of aquifer  t e s t :  Cunstant Q Well type: Production 
I neasured: Or i f i ce  Data type: Pumping 
lnce f roa  pumping well: 0 8 Depth puap: 44.2 s 
. point for u. i , ' s :  7 , O . C .  Puap on: 3h00 3-1-91 
i t i o s  of Neasuring ?t.: 0,57 r %up o f f :  9 h O O  12-1-91 
i c  Water ievei :  -2.50 Oisciiarge rate:  1000 igpe 

Ti le  Water Level Draudovn Discharge Coaaents 
(a1  !ein. 1 ( s i  ( i , g . p . a , i  

--------------------------------------------------------------*-------------------------------- 

3480.00 22.85 25.35 
3540.00 22.75 25.25 
36lM.01' *., . i i . t . 7  25.17 
3560.00 22.76 25.26 

3720.00 Y2.83 25.33 
373.1'0 22.78 25.28 
364c.30 ;;,78 e '  '&A 
940" n, - u . . J  22.76 25.28 
3960.9" 2 . 7 6  25.26 
4c.7:. it... ., ' 7  25.22 
4080.00 22.63 25.19 
4140.2ii 22.63 25.13 
4200,oi; 22.52 25.08 
4260.00 22.50 25-00  
4320.00 22.60 25.10 





:FER TEST DATA UELLt: 1650-PU 

! of aquifer test: Constant Q Uell type: Production 
P Reasured: Or i f i ce  Data type: Recovery 
ance fror pulping uell:  0 r Depth purp: 44.2 r 

i. point for u. 1 . ' ~ :  T.O.C. P o p  on: 9h00 9-1-91 
,ation of Heasuring Pt.: 0.57 a Pulp o f f :  9h00 12-1-91 
i c  Uater Level: -2.50 Bischarge rate: 1000 igpr 

Tiae t l t '  Uater Level Residual torrents 
(#in. f (11 Draudom 

(el 

4.00 1081.00 1.33 3.83 
5.00 865.00 1.23 3.73 
6.00 721.00 1.15 3.65 
7.00 618.14 1.10 3.60 
6.00 541.00 1.05 3.55 
9.00 481.00 1.00 3.50 
10.00 433.00 0.96 3.46 
12.00 361.00 0.89 3.39 
14.00 309.57 0.82 3.32 
16.00 271.00 0.77 3.27 
18.00 241.00 0.73 3.23 
20.00 217.00 0.69 3.19 
25.00 173.80 0.59 3.09 
30.00 145.00 0.50 3.00 
35.00 124.43 0.44 2.94 
40.00 109.00 0.37 2.87 
45.00 97.00 0.31 2.81 
50.00 87.40 0.26 2.76 
55.00 79.55 0.21 2.71 
60.00 73.00 0.16 2.66 
70.00 62.71 0.09 2.59 
80.00 55.00 0.02 2.52 
83.00 53.05 0.00 2.50 





FER TEST DATA WELL1: 16JO-TYJ 

of aquifer test: Constant P Ye1 I type: Observation 
R hasured: Orifice Data type: Pulping 
ante fro1 pulping uell: 13.0 I Depth uell: 53.3 I . point for u. 1 . ' ~ :  T.O.C. Pulp on: 9h00 9-1-91 
ation of Heasuring Pt.: 0.50 I Pulp o f f :  9h00 12-1-91 
ic Yater Level: -1.42 Discharge rate: 1000 i g p ~  

Yater Level Dravdom Discharge Cwlents 
(1) I (i.g.p.1.1 

.------------------------------------------------------------------ 
-0.04 1.38 
-0.01 1.41 #ell no longer flowing 
0.03 1.45 
0.05 1.47 
0.08 1.50 
0.12 1.54 
0.20 1.62 
0.27 1.69 
0.34 1.76 
0.39 1.81 
0.43 1.85 
0.50 1.92 
0.52 1.94 
0.56 1.98 
0.67 2.09 
0.70 2.12 
0.77 2.19 
0.93 2.35 
1.07 2.49 
1.18 2.60 
1.29 2.71 
1.37 2.79 
1.41 2.83 
1.54 2.96 
1.60 3.02 
1.67 3.09 
1.77 3.19 
1.85 3.27 
1.95 3.37 
I.% 3.38 
2.06 3.48 
2.12 3.54 
2.18 3.60 
2.23 3.65 
2.28 3.70 
2.30 3.72 
2.32 3.74 
2.35 3.77 
2.38 3.80 
2.40 3.82 
2.43 3.85 
2.46 3.88 
2.47 3.89 



FER TEST DATA YELLI: 1650-TN3 

of aquifer test: Constant Q Yell type: Observation 
P kasured: Orifice Data type: Pulping 
rnce fro1 pulping well: 13.0 I Depth well: 53.3 I . point for v, 1,'s: T.O.C. Pulp on: 9h00 9-1-91 
a t i ono f l l ea sur ingPt . :0 .501  Pulpof f :  9h00 12-1-91 
i c  Water Level: -1.42 Discharge rate: 1000 igpl 

Tile Hater Level Drawdm Discharge Colaents 
bin. (11 (I) (i .g.p.1.) 



:FER TEST DATA 

! of aquifer test: Constant P Yell type: Observation 
P Ileasured: Orifice Data type: Puqing 
ance froa pulping well: 13.0 a Depth well: 53.3 a 

i. point for v. I.'s: T.O.C. Puap on: 9hM) 9-1-91 
ration of lieasuring Pt.: 0.50 a Pump of f :  9h00 12-1-41 
:ic Water Level: -1.42 Discharge rate: 1MO igpa 

Tiae Uater Level Draudoun Discharge Conents 
(ain.) (a) (a) (i.g.p.a.1 





FER TEST DATA !ELL#: 1650-183 

o f  aquifer test:  Constant P Yel l  type: Observation 
P kasured: Ori f i r e  Data type: Recovery 
ance f r o 1  puaping well: 13.0 I Depth well: 53.3 I . po in t  for u. 1,'s: T.O.C. Pulp on: 9h00 9-1-91 
a t ion  o f  ileasuring Pt.: 0.50 1 Pulp of f :  9h00 12-1-91 
i c  Yater Level: -1.42 Discharge rate: 1000 igpa 

Tiae t It' Uater Level Residual Coaaents 
(nin.) I Drawdoun 

(1) 





APPENDIX F 

THEORETICAL GROUNDWATER YIELD CALCULATIONS 



Theoretical Groundwater Yield Calculations 

A. Nepean Formation Aquifer 

Assume 100% well efficiency 
during pumping. 
i.e. no entrance losses 
(bedrock well). 

1. Maximum Day Design, t = 1 day 

= 2.8 x 10'1° W(u) = 21.419 (from table of values) 

Q = 4% (446 m2/day) (42.0 m) 
21.419 

= 1.10 x lo4 m3/day 

= 127 l/s 

2. Safe Perennial Yield (10 year design), t = 3650 days 

u = (0.13 m12(3.0 x 10.') 
4 (446 m2/day) (3650 days) 

= 7.8 x lo-14 W(u) = 29.6048 (from table of values) 

= 7.95 x lo3 m3/day 

= 92.0 l/s 

3. 20 Year Design, t = 7300 days 

= 3.9 10.'~ W(u) = 30.298 (from table of values) 



B. March Formation Aquifer 

Assume 100% well efficiency 
during pumping. 
i.e. no entrance losses 
(bedrock well). 

Safe Perennial Yield (10 year design), t = 3650 days 

= 5.4 10“~ W(u) = 27.67 (from table of values) 



C. Oxford Formation Aquifer 

Assume 100% well efficiency 
during pumping. 
i.e. no entrance losses 
(bedrock well). 

Safe Perennial Yield (10 year design), t = 3650 days 

u = (0.10 m)'(1.8 x 10'~) 
4(192i2/day) (3650 days) 

= 6.4 x 10"' W(u) = 29.8027 (from table of values) 



Well Interference Calculations 

Q = 89.9 l/s 
= 7.77 x lo3 m3/day 

t = 7300 days 

1. 500 m Radius 

u = (500 m)*53.0 x loq5) 
4 (446 m /day) (7300 days) 

= 5.8 x 10'~ W(u) = 13.783 (from table of values) 

2. 1000 m Radius 

u = (1000 m)2(3.0 x lo-') 
m m 2 / d a y )  (7300 days) 

= 2.3 x W(u) = 12.4054 (from table of values) 



Predicted Drawdown Calculations 

r = 0.15 m 

t = 1 day 

= 3.8 x lo-'' W(u) = 21.1136 (from table of values) 

= 3.8 x 10"O W(u) = 21.1136 (from table of values) 



A P P E N D I X  G 

GROUNDWATER QUALITY R E S U L T S  



ACCUTEST LABORATORIESLTD. 

Report No:A8-0040 

- - 

Client: 

Vater & E a r t h  S c i e n c e  Assoc.  Date : Feb.2188 

A t t n :  C .  Ryan Project: Metcalfe-TW1 

* 

Parameter 

Fe -------------- 
Mn --- - ---------.. 
Hardness -------------.. 

---------- Alkalinity--.. 

-E!! ----------- 
Conductivity- ------------ 
F -------: -----. 
Na -------------- 
N-NO mg/L <O 10 ------3----------- ................................................................... 

mg/L <o 10 -N:NQ2 -------. --- ---------------- 2 ................................... 
<o. 10 -N:M13 -------. --%!4 -------- . . . . . . . . . . . . . . . . . . . . . . . . .  .-------------- 

SO mg/L 5 s  ---&------------ 
CL 59 -------------. --%!4 -------- ............................ -------------- --------------- 
Phenols <O. 002 -------------. --!Ell. ...................... - - - - - -  

- - - - - - - - - m ( 1  .o Turbidity ---- ........................................................ --------------- 
Colour Pt/Co Units < 2 ..................................................................................... 
Ca 64 -------------- --!!9!L ----I.I.-- --------------- 
Mg 28 -------------- --ms!L .................................................. -------- ------- 
Tannin&Ligni r  mg/L c2.0 ..................................................................................... 

-------------.----------------------------------------------------------------------- 
------------- 

146 Colonnade Rd.. Suite 202. Nepean, Ontario K2E 7Y3 (613) 727-5692 

Units 

--rnglL 

- -mg!k -------- 
--me!k-GaGQ 
--mglk-GaG!?, 

7 40 ------------------- z .................... 
867 --umhos ............................................... 
0.26 --mg!k -------------- 
13 --mg!I: -------------- 

Sample 
Tkll 

0.34 ................................. 
<0.05 -------------- ,------ 2 s ~  ------- 

------ 209 

Sample Sample Sample 
----------------------------------------------------------------------..-------------- 

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



lABREPORTN0 Cb -Le i .  

ACC UTE ST Laboratories ~ d .  
446 Colonnade Rwd. Suite 2M. Nepean, Ontono K2E 7Y3 (643) 727-5692 

BACTERIOLOGICAL ASSESSMENT ff WATER 
ASSESSMENT BACTERIOLOGIOUE DE L'EAU 

NAME NOM 

C. Kv;Afi 

5~1eb;E  * K $ < C J C ~ A T L ~  
IREEl. R R ,  BOX NO.RUt. R R .  W I E R  WSlM Cm, lo\muiylLLE 

SAMPLE INWRMATION/RENSEIGNEMENTS SUR L'ECHANTILLON 

CHECK APPROPRIATE BOXES~COCHER LA CASE APPROPRIEE 

SAMPLING INSTRUCT!ONS 
DIRECTIVES POUR LE PRELMMENT 

DRINKING WATER/EAU POTABLE 

I 0 Treoted/~pur& 0 Non-treated/Non &put6 

/ U Existing wii/FuIts enstant 
I 

4 ~ e w  we~i/mns nouvaou 

I .  Do NOT nnse sample container - it contains sodium miosuiphote preservdve. 
~ E w r i n c e r  lo bouteille car elle contient I'ogent p 6 m t e u r  sodium miosuiphote. 

NON-DRINKING WAIERjEAU NON POTABLE 

0 RiverlRMb PoolIPtscine 

0 S e ~ ~ e / b o u t  0 Loke/Loc 

0 OMerIAutre 

Specify: 
b *rim: 

2. Woter must run for 2 to 3 minutes before Collecting sample. 
Loisser couler I'eau pendant 2 ou 3 minutes awnf de rernplir la bouteille. 

3. Rii bottle to about '4 inch from the top. 
Remplir ia bouteille Iusqu'a 2 cm du bouchon. 

4 Delimr sample lo lobomtory ~mmedlatety ReMgerote it possiMe 
Rememe iBchont~ilon ~mmbo~atement au iaborotdre r6lng616 SI wsuble 

NOTE: Sornples must oe suomnled to tne laboratow vntnln 48 hours ot coikhon 
Non poloole samples MUST be mcerveo *nMln 6 nours t unretngeroted or m l n  24 hours U rehgeK~ted 

IMPORTAW: Les Bchantttlons doiwnttjhe anivesou lobomtoiredons les48 hewesop&slepr81&meni, les6chonfillonsd'eau nonpotobledoivent 
&e d6livr6s dons k s  6 heures ou, si &g&&s, dons ies 24 bums qui suknt le pt.&&ment. 

- -- .. .- I - . .. .. TEST RESULTS R~SULTAIS DE TESTS - . . - - . . COMMENTS REMARQUES 

i BACTERIAL CDUNT/NUM~RATION DES BACT~R~ES 
Eased on 4W mi voiumelsose sur un voiume de I 0 0  mi 

RESULT INTERPRETATION ON REVERSE 
interpretation des RBsultats au dos 

Tot01 colifonnj 
Total de6 colibociliet 

Faecal C o t i l ~ /  
Colibacllles FBcoux 

Faecal Shepi 
Oleptocoques Wcaux 

WckgmuW 
Tenem de Fond 



REPORT OF ANALYSES 

W E S A  
C;ieni. ~. .. ~ ~~~~~ ~ .~ - --  ~ 

........ ...... ~- -~ -- 

Attn: Mr. D. B. Corbett 
. - .. -- . ... 

9a.c September 28, 1990 

pic,sct 1650 

I SI."P'I, i ; i l G L  1 3ama,e i 1 s,3vb,- 

Parameter anits ! 
i I T W 4  i i 

ANALYST / 



ACC UTE ST LmoRAToRlEs u o .  

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

REPOFiT OF ANALYSES 

CLIENT: W E S A  LAB REPORT NO: AO-1906 

DATE: Oct.26,1990 

Attn: D. B. Corbett PROJECT: 



ACC UTE ST LABoRiwoRles LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: Fax: (613) 727-5222 

REPORT OF ANALYSES 

CLIENT: Wale: & Earth Sc. Assoc. LAB REPORT NO: A0-2205 

DATE: Dec.3,1990 

,&.tiention: D.B. Corbett PROJECT: 1650 



LAB REPORT NO.: 
Nurn6ro de rapport: 40 - 2 ~ c  

ACCUTEST Laboratories ~ d .  1 

146 Colonnade Rood, Unit 8, Nepean. Ontario K2E N1 (613) 727-5692 
0 

BACTERIOLOGICAL ASSESSMENT OF WATER 
&MUATION BACTERIOLOGIQUE DE L'EAU 

/ NAME NOM 

C O M P ~ ~ ~ S O C I E ~ E  

! 
STREET. E R .  BOX NORUE. R.R.. W i E R  POSTN CIN. T O W L L E  

CHECK APPROPRIATE BOXESICOCHER LA CASE APPROPRIEE 

DRINKING WATERIEAU POTABLE NOWDRINKING WATERiEAU NON POTABLE 

i somole iocotion'hu de pr&bment 

1 

I C fxisting weill bits existont 
I 

sample nvrnbe~N0. d'&chontiilon 

\b5~1 . i w 3  

SAMPLING INSTRUq!ONS 
DIRECTIVES POUR LE PRELMMENI 

: 5 New well/Noweou puits 

I 

1. DO N O T  rinse sample contolner - B contoins sodium thiosulphate presewW. 
NE ilfLS rincer io bouteille cor eiie contient i'agent praservateur sodium thiosulphote de sodium. 

mte comcted/l)ots de r & h m m t  

\U - i t  - oi Q 

specify. 
S&iRez: 

2. Woter must run for 2 to 3 minutes before collecting samde. 
Loisser couler I'eau pendont 2 ou 3 minutes own! de remplir lo bouteille 

3. fill bottle to obout '/2 inch horn the top. 
Re-~iir io bouteiile jusqii'b 2 cm du bouchon. 

MCB number 
~o.de*- 

L &#(be[ sample lo loooralon/ Imrned,alely Refrigerate d wssmle 
2t.7cdrier I echontllion 1mrn8oiaernent ~u foDorarolre refrig6r6 s, posslte 

NOTE: Somples must be subrnined to the laboratory within 48 hours of collection. 
Non potobie sornpies S T  be received within 6 hours if unrehigeroted or within 24 hours ii refrigerated. 

IMPORTANT: Les khontiiions doivent ornver ou ioboiotoire dons les 48 heures op&s le p&ievement; ies6chontiilonsd'eou nonpotabledoivent6tre 
ietourn8s dons ies 6 heures ou, si refngeres, dons les 24 heures qui suivent ie pr4l&vernent~ 

I 

I 
TEST RESULTS~RESULTATS DES TESTS COMMENTSiREMARQUES 

i 
1 BACTERIAL COUNTINUMERATION DES 8ACTiRlES 
1 Eased on 1 W ml volume 8ase sur un voiurne de 100 mi 

Iotoi coliform! foecol Coiilorrn Faecal Sirepl Bockground! 
i Totot des colibocilies i Colibociiks Wcoux Slreptotocwues Wcoux Ieneurs de Fond 

L i I 1 

RESULT INTERPRETATION ON RMRSE 
lnterp6totion des ~bsultots ou verso 

; , ~ 3  r 
Dote: Anaiyst: J 



LAB REPORT NO 
~ u m 6 f o  de deroppofl 4 - 2 20 r 

A CC U TE ST Laboratories ~td. 
146 Colonnode Rood, UniI 8. Nepean Ontorlo K2E NI (613) 727-5692 

0 w. ..* 
BACTERIOLOGICAL ASSESSMENT OF WATER 
~ALuATION BACT~RIOLOGIQUE DE L'EAU 

IELEPHON@LWR(ONE 
w cme1gu))rrm -1: m a n b e r / ~ :  

SAMPLE INFORMAnON/RENSEIGNEMENlS SUR L'ECHANTILLON 

c o M P A N : ~ l t I ~  

STREEi R.R.. BOX NO./RUE, RR.. W I E R  PDSTAL CIN, iOWNMU€ 

I 

CHECK APPROPRIATE BOXESICOCHER LA CASE APPROPRI~E 

SAMRING INSTRUCT!ONS 
DiRECTPiES POUR LE PRELMMENl 

I 

I DRINKING WATERfEAU POTABLE 

j 0 ireat&/bu& rl Non-treotedINon.6pur6a 

i 0 Existing weil/Puits existont 

New well/Noweou puns 

I .  Do rinse somple container - B contolns sodium thlosulphote preselvdhe. 
NE dncer lo bouteille cor elk contbnt I'ogent p6Servoteur sodium mlosuiphate de sodium. 

NOKDRiNKlNG WATERIEAU NON POTABLE 
i o RiverIRiviere Pool1 Piscine I 

~ewoge/&out LokefLoc 

GtherfAutre 1 i 
WifV 
SpBciner: 

2 Wmer must run for 2 lo 3 minutes betore co(lecting sample 
Lolsser couier I'eou pendont 2 ou 3 minutes awn1 de rempkr lo Doutellie 

3. Rll bonk to about % inch from Me top. 
Rempiir lo bouteille Jusqu'b 2 cm du bouchon. 

4 Dellmr sompk lo lobomlory ~mmedloleiy ReMwte I possible. 
Retoumer I'khanhllon lrnmedicrtemenl ou bborotolre. rtihlBMgBr6 sl possible. 

NOTE: hrnples musr be SuDmitied lo the loboraton, rnthin 48 houn 01 colktion 
Ncn potooe sornD(es MUST oe recerved vmtnln 6 houn if unrehgerotw or vmhln 24 houn $ rehgerotea 

IMPORTAW Les 6chantilions doivent orriver ou loborotoire dons les 48 heures opres le pr6bvernent; bs4chontiiions d'wu nonpotobledoivent elre 
retourn& dons les 6 heures ou, si r&iig%s, dons k s  24 heures qui suivent le pr6l+vement. 

-- .. -. ... 

- TEST RESULTS R~JLTATS DES TESTS 
.. 

COMMENTS REMARQUES 7 
/ BACTERIAL COUNTfNUMERATION DES BAC~RIES 
I BcSed on 200 mi volurnelBas6 sur un volume de $00 mi 

RESULT INTERPRETATION ON R M R S E  
inlerpr6totion des RQsultds ou veno 

Total collfonn/ 
Total des col1bocIl)es 

Analyst Y- /A< 

klecal ColUm/ 
Collbacilles Fkoux 

klecoIStrep/ 
S&ocwues Fkaux 

Bockgroundi 
Teneun de Fond 



, .. 

ACCUTEST LABORATORIES LTD. 

146 Colonnade Road, Unit 8, Nepean. Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (613) 727-5222 

CLIENT: 

REPORTOFANALYSES 

Water & Earth Sc.Assoc LAB REPORT NO: A0-2328 

DATE: Dec.13,1990 

Attention: D.B.CorSett PROJECT: 1650 

ANALYST: k' 



1AB REPORTNO.: 
Num6ro de rapport: -'2,32g 

A CC UTE ST Laboratories ~td. 
146 Colonnade Rood. Untt 8. Nepean, Ontario K2E 7Y1 (613) 727-5692 

BACTERIOLOGICAL ASSESSMENT OF WATER 
&ALUATION BACT~RIOLOGIQUE DE L'EAU 

NAMENOM 

. . ~ 

STREET. R P . BOX NO ;RUE. R R . CASIER FUSIAL ClN. TOWN/MLLE 

PUOYINCE FUSlM CWCOM FUSlAL 

IELEPHONE~~ELEPHONE 
ere0 c~e,hdlcaht Pbami ~ u m ~ e d ~ u m e i o  

-* SAMPLE INWRMATIONIRENSEIGNEMENTS SUR L'EcHANTILLON 

CHECK APPROPRIATE BOXESiCOCHER LA CASE APPROPRIB 
DRiNKlNG WATER/EAU POTABLE 

c ireoted;€pur& G Non-treotediNon4pur6e 

I I C Existing well! bits existant 

i 

NOWDRINKING WATER/EAU NON WTABLE 

D R'wer/Rivi&re Pool/ Piscine i 

, D New well/Noweou puifs 
SpBcinez: 

SAMPLING 1NSTRUCTI.ONS 
31RECTIMS POUR LE PRELMMENT 

1 Co hOT nnse sample conto~ner - It contolns sWium thlosulphate preservotrve 
h i  PAS nncer $0 00ure~lle cor elk contlenl l agent or6servoteur sodlum rnlosdlDhale ae sodlbm 

2. Water must run for 2 to 3 minutes before collecling samee. 
Loisser couler I'eou pendant 2 ou 3 minutes m n t  de remplir la bouteilie. 

3. fill bonle to obout % inch from the top. 
Pemplir to bouteille jusqu'b 2 cm du bouchon. 

4. Deliver sample to laboratory immediatety. Reftigerate W possible. 
Retourner I'khontilion immediatement au laborotoire. M8hig6r6 si possible 

NOTE: Samples must be submined to tne laboroton/ within 48 houn of collection. 
Non potable sompies @i be received within 6 houn if unrefrigerated or within 24 hours 1 reftigeroted. 

IMPORTANT: .ss ecnon! $!OIS ao ,en. c.-.er 0.. iaoorato,re oans les 48 neures apres le prehvernenf esknonr~llonsa eounonpotaoledoivent6rre 
.ercdm6s Jn,.s cs o ne-,?s o ,  s rbfng6res aons les 24 neures 41.1 s-(vent ie prelevement 

I TEST RESULTS'RESULTA~S DES TESTS COMMENIS/REMARQUES 

L I I I 

RESULT INTERPRETATION ON REVERSE 
Inter~6tation des ~Bsuitots ou verso 

I BACTERIAL COUNT( NUMERA~ION DES BACTERIES 
Based OP ?33 mi volume ~ c s 6  sur iin vo!iime de 100 m~ 

/ Toto! colifom: Faecal Collfom: Foecal Simp./ Backgmundl 

Date: 
Technologue: 

i 

/ Total des C O ~ ~ ~ O C ~ ~ I B E  Colibocilbs %oux Sieptocoques FBcaux 

0 I 
i o ! i, 

leneurs de Fond 

/ 



LAB REPORT NO; 
Numero de rapport - 3 % @ 

ACCUTEST Laboratories ~ d .  
446 Colonnade Road, Un~t 8, Nepean, Ontario K2E 7Y1 (613) 727-5692 

BACTERIOLOGICAL ASSESSMENT OF WATER 
&VALUATION BACTkRlOLOGIQUE DE L'EAU 

NAMEINOM I 

PROV~WE POST& CODE/CW( FQSlAl 

rELEPHONWbL&lONE 
me Code/lndica RBgbnal: M i m b e r / M i k  

SAMPLE INK)RMATION/RENSEIGNEMENTS SUR L'ECHANTILLON 

DRINKING WATER/EAU POTABLE 

o ~reoted/ipu&  on-treated/~on-Bpur& 

0 Existing well/ Puns existont 

New well/Noweou puits 

NON-DRINKING WATER/EAU NON POTABLE 

RiveriRiwbre J Pod/ Piscine 

Sewge/igout o Loke/Lac 

0 OtherlAutre 

Specify: 
.sn&.ia? 

SAMPLING INSTRUCTLONS 
DIRECTIVES POUR LE PRELMMENT 

I. DO NOT rinse sample container - it contains sodium thiosulphote preservotii. 
NE rincer lo bouteille car elle contiint ragent pr6servoteur sodium thiosutphote de sodium. 

!. Water must run for 2 to 3 minutes before collecting sample. 
Laisser couler I'eau pendant 2 ou 3 minutes m n t  de remplir la bouteille. 

I. Fill bome to about % inch from the top. 
Remplir io bouteille jusqu'b 2 cm du bouchon. 

. Cellmr sample lo labomtory lmmedlatety Remgerote i posslMe 
Rerobrner iknanttilon ~mmed~aternent au IaDotatolre rBmgdr6 si possible 

&Om Somples must be submitted to the laboratory wtlhin 48 houn of coliection. 
Non potable samples M U S T  be received within 6 hours if unrefrigerated or within 24 houn B refrigerated. 

UPORTAHI: Les khontillons doivent omver ou laborotoire dons les 48 heures apres ie prelevement; ies khontillons d'eou non-potobie doivent Gtre 
retournes dons ies 6 heures ou. si r6fngeks. dons ies 24 heures qui suivent le prelevement. 

. -. - -. - - 

.. . . . . . TEST RESULTS RESULTATS DES TESTS - - . - . . . . . . - -- . . . 
COMMENTS REMARQUES-, -. - - .. . . . - . . 

BACTERiAi COUNT/NUMERAT~ON DES BACTERIES 
Bused on 100 ml voiume/Bos~ Sur un volume de 100 mi 

RESULT INTERPRETATION ON R M R S E  
hterpr$tohon des Resultots au verso 

kite: 5% 

lot01 colltwm/ 
lotoi 08s coli!xc1Iles 

0 

-01 5hep.I 
Preptocaquer F&oux 

0 

Foecol ColltMm/ 
Collbocllles FBcoux 

0 

Bockgroundi 
Teneun de fond 

/ 
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,.I ' .  . .* - LABREPORTNO,: 
. . Num6ro de mpport: A 0,2349 

! r .  

AC C U f EST Laboratories Ltd. 
Q 2 : ;  

$46 Colonnade Road, Unit 8. Nowon. Onlorlo KZE Tvil (613) 727.5592 . . .. 
'' .*", 

BACTER~OLOG~CAL ASSESSMENT OF"(NATER 
~~ALuATIoN BACT~RIOLOGIQUE DE L'EAU 

I 

S4MPLING INSIRLICTIONS 
DIRECTIVES POUR LE PRhh'EMENT 

Nontreoted!Non.6pur6e 0 Rlyer/R)4Qre 0 Pod/ Rsclne 

6nsQ sample containor - It contains sodium hiosulphale pfesenalke. 
NE P& ancer b boufellle car elle cwttlent r'ogent pr&sorwvoleur sodlurn ihlosulphate de sodium. 

0 Exiitlng well/Fults existant 

,. . 
a Now wrII/Nouv00~ pu115 

- 

2. wotor must tun lor 2 lo 3 minutes be(ore cdioctlng sample, 
Lolssor coulef ?oou pandon1 2 ou 3 minuter avant de rempllr la Wutellle. 

3. RI bonlo to aboout % hch from the top. . . . . 
Rempllr ia boutollle Iusqu'b 2 cm Cu bouchon. . I ' . , :. 

4. mliver $am $ to IabofQfOW immedlotefy. RoMgerale I waslMe. 
RoIou!nCir I'&honllllon imrn6dlatemant au loberotolm, hMg6r4 si porslble. 

0 Sewa$a/tgoul 0 ~ctkeILac 

0 ~lher/~utre . . .  : .  . , . . , , . . , ' .  
Spacm/: 

L Spkler: 
I 

. 
NOIE: Somples must be rubmifled to the loboratory within 48 hours d collection, 

No0 potable samples WT be recehed wilhln 6 hours If unrewgeroled or wlthln 24 hours I rofrigeroled. ,#. . .x<wir;*m;n.. I...-.* . .  . r M m n f :  Lo; 6ch&ti~on~ d~lvGnt ~ r d k ? i o i  ioborotolre dansles A8 Muros apr&Clr pr~lbvcm'e>~&cfiont~~onscl.aou re 
retQurn6s cons res 6 heures ou, $1 r6ldgdrdr, , dons , 

l€s 22 hhuufis qUl suivent lr pr8i&cmonl. 
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ACC UTE ST UBORATORIES LTD. 

146 Colonnade Road. Unit 8, Nepean. Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (613) 727-5222 

REPORT OF ANALYSES 

CLIENT: {NESA LAB REPORT NO: AO-257: 

DATE: Dec.3: ,1990 

Attention: D.E. Cornett PROJECT: 1650 



ACC UTE ST UsoRAToRiEs L m .  

146 Colonnade Road, Unit 8. Nepan. Ontario K2E 7Y3 Tel: (613) 727-5692 Fax: (613) 727-5222 

REPORT OF ANALYSES 

CLIENT: Water & Ear~i i  Sc. AssG,:. t,4B REPORT NO: A i  -0OSC. 

DATE: Jan.27.1991 

hi!e?lion: D . 5 .  CorDir:t P!?OJECT: 1650 

ANALYST: Y 

F . . ~. : Samcii Ca,73;5 Sansie Sa,~,pi.s i Sample ] 
i ! ! I 

PkW.iitETE8 i UNITS j FVL'?n,. 1 ?W%hrr i ? 
! ! 

i 
I i I i I I 

I 
1 

! i 8 I , . .- -. . ..-*- .A-- : 1 I 
i , I I 

j $re i i i i I i mgiL G.36 i 0.05 8 

1 Mn \ mg!L 1 4 . 0 5  (0.05 I 
I I 

i 
I Hardness mglLCaC03 271 i 285 1 1 I I I I ! 
1 Alkalini!y 1 mglL CaOO3 ! I 

I 

1 
1 pi+ i I i 7.9: ' 7 , 

/ I i Conductivity urnhosicm 1 ;365 
i I I I I 

I 
I 

j F j rngii c.37 I 0.38 i 1 I i 
! 

85 1 i j Ma j rng/L 92 j 1 1 i 
I i N-NO: ! n ig i t  j <o.:o j <c.:o 1 I i 

! 
i I I i 1 FI-NO2 1 mglL I i I 

i N-NU3 I mgiL i i ! i I 
! ,..A 

1 I i .2oL 1 rn~!!. ? a .Ji. 
1 . . . . r .  i wz!L 1.1 ! ii~. , ! - 1 ! 

! I I Phenols 1 mg!L 
I ! 

j j I 
r NTG / Turbidity i i 1 8 1 

i 
i 

! PtiCo Unirs ' I ! j C O I O ~ ?  

i t i i 1 Ca i G I ~ I L .  1 i I i 
I 

I ~g 1 m ~ i i  ! i j i j 1 I 1 , Tanfi.i i ig. 1 mgiL I I 
; I I i / Total N I lmgiL i I i j 

K i  my/^ j i I I I 32s ! mg/L 1 cC.32 1 i i I I I I 
c0.02 .; 

i I j I ! ! 

1 t 1 i i 
I I ! 

1 I I , I i I i I I 

I ! i I i 
I ! I I I ! 
I i 

j 
I I I I i_ I I I -. -. 1 j PII 

I 

/Y 



lA6 REPORT NO.: 
Nurn6ro code rapport: /LI t - 0 0 G 3 

ACC UTE ST Laboratories ~td. 
146 Colonnode Rwd. Unit 8. Nepwn. Ontario K2E 7Y3 Tei.: (613) 727-5692 Fax (613) 727-5222 

9 
BACTERIOLOGICAL ASSESSMENT OF WATER 
&ALUATION BACT~RIOLOGIQUE DE L'EAU 

- b Q<L 
STREEI R R BOX NO !RUE R R CASIER FQSiAL CIN TOWNMU 

WOVINCE POSTAL COWCODf POSTAL 1 

SAMPLE INK)RMATION/RENSEIGNEMENTS SUR L'ECHANTILLON 

i 
1 DRINKING WATER/EAU POTABLE 

i 0 TreotedlEpur6e c; Non-treoted/Non-Bpur& 

i 
I U Existing well/Puits existont 

New well/Noweau puits 

Sam* iocollon Ueu L% ~iBWvemenl 

NOKDRINKING WATERIEAU NON POTABLE 

E River/Riviete Pool/ Piscine 

SewogeICgout 0 LOkelLac 

U OtherlAutre 

Spec* 
SDBci6n,. 

SAMPLING INSTRUCT!ONS 
DIRECTIVES POUR LE PRELMMENT 

CHECK APPROPRIATE BOXESICOCHER LA CASE APPROPRIEE 

Sarn~le numDerl~o dkMnhllon 

iGn;O - O b  -I MU% 

1. oo NOT rinse sample container - it contains sodium thiosulphate preselwtii. 
NE PAS rincer lo bouteille cor elle contiint I'agent prtiservateur sodium miosulphote de sodium, 

2. Woter must run for 2 to 3 minutes befors collecting wmple. 
Loisser couler I'eau pendant 2 ou 3 minutes ownt de remplir io bouteiile. 

3. fill bottle to about % inch from the top. 
Remplir lo bouteille jusqu'b 2 cm du bouchon. 

Dote c&tea/oofe de p&%me~ 

4. D e h r  sompie to laboratory immediately. Refrigerate il possible. 
Retourner I'Qchantilion immediotement au laboratoire, iehiger4 si possible. 

aesreose numbetl 
No de *wrre 

NOTE: Sompks must be submitted to the loboratory Mhin 48 hours of collection. 
Non potable samples MUST be received M i n  6 hours if unrehigerated or within 24 hours X rehigerated. 

IMPORTANT: Les echontilions doivent orriver ou laborotoire dons les 48 heures opres le prelevement; ks4chontillonsd'eou non-potabledoivent etre 
retouines dons ies 6 heures ou, sl i&fngeres, dons ies 24 heures qui suivent le prelewment. 

7--- --- - - 

. . - - - . - . - . . . -- - . - - . - - . - - . . . . . . . -. . . . -- . . . . . . . - - -. - TEST RESULTS R~SULTAIS DES TESTS COMMENTS REMARWE' 

RESULT INTERPRETATION ON R M R S E  
InterprCtotion des Resultots ou verso 

I BACTERIAL COUNT/NUMERAIiON DES BACTERIES 
Bosed on 100 ml volume/Bose sur un volume de 1W mi 

I 

Date: ,, 
/ f .  

Analyst: 

Total col l fm/ 
Total des coli~cilles 

Faecal Strep./ 
Slreptocwues Wcaux 

Klscol Colitom/ 
Colirxrcilies Wcaux 

BockgrounO/ 
Teneun de Fond 



LABREPORTNO f G Num~ro  de rappot+ -1 1 - a 3 o 

ACCUTEST Laboratories ~ d .  rn 
146 Coionnade Rwd Unit 8 Nepean Gntorio K2E N3 lei (613) 727-5692 Fax (613) 727-5222 \/ 

R4CTERIOLOGICAL ASSESSMENT OF WATER 
&ALUATION BACT~RIOLOGIBUE DE L'EAU 

I SmEEl. OR.. BOX NO./RUE, R R ,  CASlER POSIAl CIR, IOWNMLii I 
PROWNCE POSTAL COWCOM PMTAL 

TELEW~LEPHWE 
*rea c~e~ndierrm R&anal: N u m b e r l ~ :  1 

SAMPLE INK)RMATION/RENSEIGNEMENTS SUR L'ECHANTILLON 

CHECK APPROPRIATE BOXESICOCHER L4 CASE APPROPRIEE 

SAMPLING INSTRUCTIONS 
DlRECllMS POUR LE PREL'MMENT 

1 Do NOT nnse sample container - 11 conrolns sodlum fiiosulphate PresemtNe 
NE PAS nncer M Doutellie car elle content i ageni prdsemreur sodlurn mlosulphale de soalum 

DRINKING WATER/EAU POTABLE 

0 ~reated/~pul$e Non-trwted:Non-L.pur& 

D Existing weiIjPuits existant 

0 New well/NoweOU PURS 

2. Woter must run for 2 to 3 mlnutes before collecting sample. 
Laisser couler I'eou pendant 2 ou 3 minutes m n t  de rempiir la bouteille 

NOKDRINKiNG WATERIEAU NON POTABLE 

0 R'ivedfflw~re 0 Pool/ Rscine 

fi Sewage/  gout 0 LokelLac 

0 other/Autre 

-m/: 
specmez: 

3. RiI bottle to about % inch &Om the top. 
Rempfir la bouteille jusqu'6 2 cm du bouchon 

4 DeRmr sornpie to laboratw immed,ately Remgemte I wss~bie 
Retourner i knont~llon ~rnmediotement 0,. ioooraiolre r&g6r6 38 posslble 

NO= Samples must be subrnitled to the laboratory within 48 hours of collection. 
Non potable samples t&&T be m c e w  within 6 hours it unteMgeroted or within 24 hours I rehigerated. 

IMPORTANI: Les &hantillons doivent orriver ou loborotoire dons ies 48 heures op6s le pregvernent: les khontllions d'eou non-potable doiventetre 
retournes dons les 6 heures ou. si ranger&, dons les 24 heures qui suivent le prelevement. 

TEST RESULTSIR~SULTATS DES TESTS COMMENTS/REMARQUES I 

I I I 
RESULT INTERPRETATION ON REVERSE 
Inferpr6tation des R6sultats au verso 

BACTERIAL COUNT/NUMERATION DES BAC~ERIES 
Based on 1W mi voiumejBas6 sur un volume de 100 ml 

Dote: 
-8, 

Anaet: J 

Bock~oundl 
Tenem de Fond 

Iohll ca)im/ 
Total des collbacilles 

Faecal Coilfonn/ 
ColiWcilles FrScaux 

Faecol 5iieP.i 
Sreplocoques Fkoux 



ACC UTE ST ueoRAToRIEs LTD. 

146 Colonnade Road, Unit 8, Nepean, Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (613) 727-5222 

REPORT OF ANALYSES 

CLIENT: Waier & Earth Sc. Assoc. LAB REPORT NO: A1 -0068 

DATE: Jan.23.1991 

PROJECT: ? 650 

.. . . 

Sainpie Sample j Sample 1 Sample Sample 
.d 

! 

! N-NH3 



LAB REPORT NO.: 
Numbro de rapport: ,41- .~6&'  

AC C UTE ST Laboratories ~ d .  
146 Colonnade ~oad ,  unn 8, Nepeon, Ontario K2E ~1 (613) 727-5692 

BACTERIOLOGICAL ASSESSMENT OF WATER 
&ALUATION BACT~RIOLOGIQUE DE L'EAU 

STRFII. RR.. BOX NO./RUE. PR., W I E R  FQSlM CIM IOWNNLLE 

! DRINKING WATERjEAU POTABLE 

j 0 Treoted/ipur& 0 Non-treoted/Non-tSpur& 

i 
i 0 Existing well/ Fuits existorit 

NON-DRINKING WATERIEAU NON POTABLE 

RiverlRivih POOl! Piscine 

0 Sewge/&out LakeILac 

OMer/Auhw 

SAMPLING INSTRUCT!ONS 
DIRECTIVES POUR LE PRELEVEMENT 

D New well/Noweau pulls 

1. Do NOT tinse sample container - contains sodium thiosulphate presetwtive, 
NEWrincer io bouteille car ale contient I'agent pt6sewateur sodium thiosulphate de sodium. 

SPKm 
SpBciez: 

2. Water must run for 2 to 3 minutes before cdlectlng sample. 
Lalrser couler I'eau pendant 2 ou 3 minutes ovont de rempilr la boutellie 

3. Fill botte to about 'h inch from the top. 
Rempiir to bouteille jusqu'b 2 crn du bouchon. 

4. Deliver sample to lobomlory immediately. ReMge.fote Y possible. 
Retoumer I'Bchontillon lmrnediaternent ou lobarotdm, dhigBt6 si possible 

NO= Sornpies must be submitted to the laboratory within 48 hours of collection. 
Non potoble som@es MUST be received within 6 hours if unrehigented or Mhin 24 hours if refrigerated. 

IMPORTAHT: Les khontillons doivent orriver au loborotoire dons les 48 heures opds le pr6livement: ies khontiilons d 'wu nonpotable doivent6tre 
retournes dons les 6 heures ou, si r6frige&s, dons les 24 heures qui suivent ie pr6levernent. 

.... 

--- 
TEST RESULTS R~SULTATS DES TESTS . . -- -. . - . . . . . . . .  

COMMENTS REMARQUES 7 
BACTERIAL COUNT NUMERATION DES SACT~RIES 
Bcsec on *OD ml Jc&rne Bore s,, -1 volume oe 100 ml 

RESULT INTERPRETATION ON REVERSE 
Interpdtation des RtSsultots au verso 

"7 
Date: 

‘+" Technologue: 



ACC UTEST u.ort,rnR,es 'm. 

REPORT OF ANALYSES 

CLIENT: 'Zgater & Eai-th Sc, Asscc. LAB REPORT NO: A1 -0070 

DATE: Jan.24.1991 

PROJECT: 1853 



ACCUTEST UeoRrToRtEs LTD. 

146 Colonnade Road, Unit 8, Nepean. Ontario K2E 7Y3 Tel.: (61 3) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

REPORT OF ANALYSES 

Water & Ear;h Sc. Assoc. i AB  REPORT NO: A1 -0070 

DATE: Jan.24.1391 

Al!enrion: D.B. Corbett PROJECT: 1653 

i I - I Ssrnp!~ 1 Sanpis / Sampie 1 Sarnpia i Sampie ' 
i i I I 
i I I I , sAiti;f~6ETEF: 1 UNITS i PW 72kis , i I 

I i 
! I i 
!- - 1 
I 

I As mglL j <oil: 
a Ba 1 mgiL 

B j mglL 
Cd 1 mg/L 1 Cr 

I 1 mg/L 

I CN- 
1 "dl 

I 
I 
j 
! 

i I 0.03 
0.20 

<0.002 
<7.01 
<0.01 1 

I 1 pb Hg 1 i m g / ~  mglL 
1 se 1 mglt  

! 

I 
I 

<O.O01 <0.002 i 1 , I l  
<o.o: I 

I 

i 
~g I I ~ ~ I L  1 <O.OI i I i j j C" 1 m g l ~  ! COO I / 

I i 
H2S mg:: I 

O.OG I 
1 

I I 
i 

i 71)s 1 tnql!. 608 ! I ! I I 
50C tngi i  I ? I mglL 

1 rngi~ 
I ! I 

I I i 
<O.OI 

i 
I 
I I 

<O.O2 I 
I 

I 

: Radionuciides ' 1 1 I I 
I Cs 137 i BqlL I -C1 j 
! 

I i 
i I 1 1 I31 I &!i I < 1 i i i i Ra 225 BqIL <O.; i i I 

/ ;:iz:m j BqiL I 1 1 

<loo I i 
i I I I 

i 
I 

I 

i 
I 

B~IL 
I 

CI i I 

I I 
I 

i i 
I !- A i 

I 

ANALYST: 



ACCUTEST UBORATOR~E~ LTD. 

146 Colonnade Road, Unit 8, Nepean. Ontario K2E 7Y3 Tel.: (613) 727-5692 Fax: (61 3) 727-5222 

CLIENT: 

REPORT OF ANALYSES 

Waer E Earth Sc. Assoc. LAB REPORT NO: A I  -COT6 

DATE: Jan.24.1991 

Attention: D.B. Co:be!t PROJECT: 1650 

ANALYST: k' 



LAB REPORT NO.: 
Nurnbro de rapport: 

ACCUTEST Laboratories ~tci. 
146 Colonnode Rood. Unit 8, Nepean, Ontario K2E 7YI (613) 727-5692 

BACTERIOLOGICAL ASSESSMENT OF WATER 
bALUATlON BACT~RIOLOGIQUE DE L'EAU 

M M F  Y O U  I j &a u a  
COMPANY %c!€lE 

5iREEI R R SOX NO 'RUE R R W i E R  POST& ClW TOWNMUE 

I DRINKING WATERIEAU POTABLE 

i 0 1reated;Epurm 0 Non-treotediNon4purb I 
I 
j G Existing well/ Puits existant 

i II?EWONElELEWONE 
Am0 Code/l"dico% R&enoi NurnDedNudrO 

SAMPLE INK)RMATION/RENSEIGNEMENTS SUR L'ECHANTILLON 

NOKDRiNKING WAIER/EAU NON POTABLE 

Rtver/RiVr&e 0 Pool/ Piscine 

0 Sewuge/igout 0 Loke/Loc 

OtherIAutre 

5omw (ocoilon,Ueu ae pniiev%mant W r n w  numDerjNo 54chanhlon mte cd~deu!t)ote de w5!&.ement 

I Q-\-cu 
lisstence numbs/ 
Node- 

SAMPLING INSTRUq!ONS 
DIRECTIVES POUR LE PRELMMENl 

CHECK APPROPRIATE BOXES/COCHER LA CASE APPROPRIEE 

i 
0 New we~l/Nowwu puits 

1. Do NOT rinse somple container - fi contains sodium miosulphote preservative 
NE & rincer la bouteiile car eite contien1 I'ogent pr&servateur sodium miosulphote de sodium. 

Spec* 
*ifn3z: 

2. Water must run tor 2 to 3 minutes before collecting sample. 
Laisser couler I'eau pendant 2 ou 3 minutes avant de remplir la bouteille 

3. Ril bome to about '4 inch from the top. 
Remplir la bouteiile jusqu'ti 2 cm du bouchon. 

4. Deliver sample to lobomtow immediateQ. Rernrote t possible. 
Retoumer 1'5chantilion immedioternent ou laborotoire, rBMgBr6 si possible 

N07E: Sompfes must be subrnlfred to the laboratory within 48 hours of colktion. 
Non potoble samples MUST be recehsd within 6 hours if unrehigemted or within 24 hours if refrigerated. 

I M ~ ~ ~ * N T :  Les khontiiions doivent ortiver ou loborotoire dons ies 48 heures apres ie pre6vement; les khantillons d'eau non-potabte doivent etre 
retournes dons ies 6 heures ou, si r&rigeds, dons ies 24 heures qui suivent ie prelevement. 

---.- - - 

- . . - . . . TEST RESULTS RESULTATS DES TESTS -- .- - .. . . . COMMENTS REMARWES 
-7 -. .- .. . 

RESULT INTERPRETATION ON R M R S E  
lnterpmtotion des R6sultots ou verso 

' BACTERIAL COUNT~NUMERATION DES BACTERIES 
&Sed on 100 mi volume Base sur un volume de 100 mi 

Date: 
A ,  /. - 

Analyst: 

I iota1 colsfmnl 
Tot01 des colibacllles 

- 
Foecal Colitom/ 
CoiiWcllles Wcoux 

Foecai .%rep! 
Sredocosuer FBcoux 

Bockground/ 
Tenews de Fond 


