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' Attention: Mr, Don Lishman, P.Eng.

RE: HYDROGEOLOGICAL ASSESSMENT
OF THE COMMUNAL WATER SUPPLY
MOOSE CREEK

Dear Sir:
We are pleased to submit 10 copies of our final report on the hydrogeological assessment
of the communal water supply for the community of Moose Creek. ‘

The report contains the results of individual 72-hour pumping tests carried out on each of
the three wells which have been constructed as gravel packed 400 mm diameter production -
wells. The report also contains the results of a 36-hour multi-well test conducted on the
three production wells.

Based on this testing program, we have concluded that the yield from the three production
wells will exceed the average daily demand of 314 m’/day by 300% and the maximum
daily demand of 861 m%day by 12%. We have further concluded that a fourth well will
be required if additional mgmﬁcant demand is to be satisfied by the communal well
system. -
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Mr. D. Lishman
April 30, 1992
Page 2

Water quality in all wells is generally good and the concentration of all parameters meet
the Ontario Drinking Water Objectives with some minor exceptions. The minor exceptions
are H,S, Na, and phenol in TW-2 and TW-4. Mixing of water from TW-1 and
chlorination are expected to m1t1gate the exceedances. -

We trust the above information meets your present requlrements. Should you have any
questions or require additional information, please do not hesitate to contact us.

We thank you very much for this opportunity to be of assistance to you.

Yours truly,

JACQUES WHITFORD ENVIRONMENT LIMITED

Robert J. Rennie, M.Sc., P.Eng.
Project Manager
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1.0 INTRODUCTION
1.1 - Ba‘ckggound

In 1989, Jacques Whitford Environment Limited was retained by McNeely Engineering
Limited to carry out an evaluation of private wells.in the community of Moose Creek,
Ontario. The results of this investigation were submitted in our report dated December 1,
1989. The reasons for the evaluation were salt contamination of some wells and low
yields. The principal conclusion of the evaluation was that a communal well supply should
be considered for the community. -

An office hydrogeological study was then carried out by Jacques Whitford Environment
Limited to find a site for a communal well. A site was located at southeast of the
community at the corner of Valley Street and Dyer Road (Figure 1). A total of four (4)
test wells, designated TW-1, TW-2, TW-3 and TW-4, were subsequently drilled at the
selected site. The drillers’ well tests indicated that relatively high yields were possible.
As a result two (2) of these test wells (TW-2 and TW-4) were reamed, gravel packed and
pump tested for 72 hours. Jacques Whitford Environment Limited was then authorized
to ream and gravel pack a third well (TW-1) which was also pump tested for 72 hours.
Test well TW-3 was not reamed, gravel packed and tested because the drillers’ tests
indicated a potentially lower yield as compared to the other three. These three tests were
followed by a 36-hour pump test in which all three (3) gravel packed wells were pumped

s1multaneously
1.2  Purpose

The purpose of the hydrogeological assessment described in this report was-to determine

the quality and yield of the communal well system which includes the three (3) gravel
packed wells. This report contains the results of the pumping tests carried out on one well

at a time and by pumping all three (3) wells simultaneously. The results of water quality

testing are also described. ~This communal well investigation was carried out in

accordance with various letters of authorization from McNeely Engmeermg dating back

to November 1989. : «

1.3  Design Demand

It is understood that the expected average and maximum daily demands are 314 m3/day
(48.5 igpm) and 861 m*/day (133 igpm) respectively.
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2.0

3.0

3.1

SCOPE OF WORK

“To monitor construction of four test wells.

To inspect the reaming and construction of gravel packs for test wells TW-1, TW-2
and TW-4. ‘

To conduct step drawdown pumping tests on test wells TW-1, TW-2, and TW-4.

To plan and supervisé a constant discharge pumping test on test wells TW-1, TW-2

~ and TW-4 for a period of 72 hours.

To pian and supervise the simultaneous test pumpirig of TW-1, TW-2 and TW-4
for a period of 36 hours. : '

To interpret the results of the above tests and develop conclusions and

recommendations regarding yields and water quality of the communal well system.

FIELD INVESTIGATION

Siting of Test Wells

Available information on geology, hydrogeoldgy, nearby water wells, topography,
climatology and socio-economic conditions was gathered and used, along with discussions
with well drillers, local residents and McNeely Engineering to determine the optimum
location of the test wells. ' S '

Based on this information, two areas within 3 km of the community were initially
identified as candidates for further investigation. These included an area southeast of the
community, at the corner of Valley Streét and the Dyer Road, and an area west of the
~ community (Lots 25 to 30, Concession 8, Roxborough Township). After discussions with
McNeely Engineering, it was decided to begin by investigating the area southeast of the
community. After a site visit on July 25, 1990 and discussions with landowners it was

finally determined that a test well and two observation wells would be drilled on property -

belonging to Fred Scott (see Figure 2).
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3.2 Well Construction

Drilling of the first three (3) test wells started on August 18, 1990. TW-1 encountered
12.2 m of overburden which consisted of mostly clay and clay till. Dark grey to black
limestone was encountered below the limestone bedrock. Steel casing, 150 mm in
diameter, was installed to a depth of 12 m. The well was drilled to a total depth  of
30.5 m. TW-2 and TW-3 were drilled in a similar manner, with 13.1 m and 14.0 m of
overburden, and 13.0 m and 14.9 m of casing, respectively. Very good water flows, in
excess of 260 m’/day in each case were encountered with TW~2 having the highest
estimated yield and TW-3 the least.

Based on yields estimated by the driller it was decided to carry out a pumping test of TW-
2, while using the other two wells as observation wells. A three-stage step drawdown test -
was performed on TW-2 in order to determine the optlmum pumping rate for the long
term constant discharge test.

A preliminary 72 hour pump test was performed on the 150 mm diameter test well TW-2,

starting on August 20, 1990, at an average rate of 314 m*/day (48 igpm). At thisrate, the

maximum drawdown in TW-2 was 8.45 m, while maximum drawdowns in TW-1and TW-
-3 were 0.73 m and 3.18 m respectively. TW-1 and TW-3 are 170 m and 80 m from TW-

2, respectively. After the pump was turned off at the end of 72 hours, depths of rising

water levels were recorded in TW-2 for a period of 56 minutes. at which time 97%
- recovery had taken place.

Due to the promising results obtained from the pumping test on TW-2, it was decided to
~ream this well. However, this was not possible at the time because of land access
problems and it was therefore decided to drill a fourth well (TW-4) on adjacent property
belonging to E. Brisson. A pilot hole for this well was drilled on March 7, 1991 and a
high yield was indicated during well development. During the drilling of the pilot hole,
well TW-4 encountered 12.5 m of overburden which generally consisted of sand and silt.
Bedrock consisted of an upper 3.7 m thick fractured shale followed by a dark grey shale
to the end of the hole at a depth of 32 m. Original flow estimates by the driller were in
excess of 393 m’/day. - The total depth of TW-4 was 32 m. Upon completion, a
preliminary step drawdown test was conducted. Low flow rates observed during this test
were attributed to aquifer degradation within the bedrock formation. It was decided at that
time that all selected production wells would be reamed and a gravel pack constructed.
Reaming and construction of a gravel pack at TW-4 started on March 13, 1991.
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In general, the reaming and gravel pack procedure for W_ell TW-4 and subsequently for
wells TW-1 and TW-2 was as follows:

1. Drill a 500 mm diameter starter hole to a depth of 6 m.

2. Continue drilling below 6 m to bedrock with a 400 mm diameter hole and install
a 400 mm diameter casing to a depth of about 0.6 m into bedrock.

3. Continue drilling into bedrock with a bit slightly smaller than the 400 mm diameter
casing until water is encountered. Install two screens 200 mm diameter which are
separated by 200 mm diameter casing and connected to 200 mm riser casing. The

 stainless steel screens were 100 slot in TW-2 and TW-4 and 80 slot in TW-1.

4, Fill the annular space between the 200 mm diameter screen and the 400 mm
diameter hole and casing with silica gravel, 6 mm maximum size, to a level about -
3 m above the top of the uppermost screen. '

5. Grout the 400 mm casing into bedrock and the remaining annular space between
the 400 mm and 200 mm diameter casings from the surface of the silica gravel to
the ground surface.

Following the 72-hour pumping test of the reamed and gravel packed TW-4, access
problems to the adjacent property on which TW-1, 2 and 3 were drilled were resolved.
Also, it was concluded from the testing on TW-4 that at least three (3) production wells
would be required to satisfy demand. Preliminary estimates indicated that TW-3 had the
lowest potential yield of wells TW-1, TW-2 and TW-3, therefore, it was decided to ream,
gravel pack and pump test TW-2 and TW-1.

The locations of the four wells including an existing domestic well are shown in Figuré 2.
The depths of casing and the screens varied for each well. Figure 3 shows sections of the

reamed and gravel packed wells TW-1, 2 and 4 and well TW-3 which was not reamed and
gravel packed. Water well records are contained in Appendix 1. :
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3.3 Pumping Tests
3.3.1 72-Hour Pux‘nping’Tests

A step discharge test and a 72 hour constant rate pumping test were conducted on wells
TW-1, TW-2 and TW-4 after they had been reamed and gravel packed. The objective of
the step tests was to determine a constant discharge rate that would not lower the water
levels in the wells to unacceptable levels over a pumping period of 72 hours. For the step
test, each well was pumped at a minimum of three (3) discharge rates for a short duration
" to determine the maximum acceptable rate for the 72 hour tests. ‘

Water levels were monitored 'dﬁring the pumping tests in the pumping wells and the other
three wells drilled for this project. A nearby domestic well was also monitored during the
pumpmg test on TW-1. '

In test well TW-1 the water level in the pumped well was monitored during recovery for
a period of 130 minutes after which more than 95% recovery had taken place.

For well TW-2 the initial pumping rate of 360 m%day (60 igpm) was lowered to
327.5 m*/day (50 igpm) aftér 15 minutes of pumping because of the large drawdown
recorded. The water level in the pumped well was monitored during recovery for a penod
of 120 minutes after Wthh more than 95% recovery had taken place.

A step test run on Apnl 2, 1991 indicated TW 91—'4 would yield less than 327 m®/day
(50 igpm) total flow and therefore the well was re-developed. Surging and water jetting
were employed to remove fine sediments from the well screen and annulus. A second step
test was run on April 8, 1991 and the increased specific capacity indicated that the re-
development techniques had improved the transmissivity of the well and that the well could

be pumped at 327 m*/day (50 igpm) for the 72 hour test. The water level in TW-4 was
monitored during recovery for a period of 46 minutes after which more than 95% recovery - '
had taken place.
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3.3.2 36-Hour Pumping Test

* The 36-hour simultaneous test pumping of TW-1, TW-2 and TW-4  began on
November 12, 1991. Three pumps were started within the first 30 seconds of the test and
were pumping at rates slightly higher than the final intended pumping rates for the test.
Flow rates were adjusted downward over the next three hours depending on the drawdown
characteristics of each well. The final rates for TW-1, TW-2, and TW-4 were 50, 45 and
45 igpm (327, 295 and 295 m3/day) The pumps were shut down together and recovery
was recorded in the pumping and observation wells for a period of 12 hours.

3.4 Sampling

Groundwater samples were collected from the pumped discharge from TW-1 after 3 hours
and from TW-1, TW-2 and TW-4 after 72 hours of pumping and submitted to Areco
Canada Limited Laboratories in Nepean for analysis. The 3 hour sample was analyzed for
general water chemistry and bacteria and the samples taken at 72 hours were analyzed for
the full chemistry suite of "Table 4" of the Ontario Drinking Water Objective Guidelines.
This hydrochemistry testing is required by the Ministry of the Environment. (MOE) for
communal wells.

Groundwater samples were taken from each of the pumping wells at the end of the 36 hour
multi-well test and analyzed for general chemistry and bacteria.

4.0 RESULTS AND ANALYSIS

4.1 thsiogfaphy and Geology

‘Moose Creek is located on the edge of the Winchester Clay Plain, which is an area of
generally low relief with some more complex areas, lying within the drainage basin of the
South Nation River. The topography of the community of Moose Creek consists of a
drumlin ridge located north-northwest of the village from which the grade slopes
downward to the west towards Moose Creek Bog, and to the southwest toward Moose
Creek. A small portion of the community is located west of the creek, where the land
again rises to the west.
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Surface drainage follows the topography, to the north and towards Moose Creek. Moose -
Creek itself is a sluggish stream, except during the spring runoff, with a grade of about
1% except just upgradient of where it crosses under County Road 15, where the gradient
is about 2%. The creek enters the Moose Creek Bog about 4 km north of the vﬂlage
eventually joining the South Nation River at Lemieux. ‘

Bedrock in thc area consists of limestone of the Lindsay Formation, Ottawa Group.
- Depths to bedrock within the community vary from 3 mto 28 m, averagmg 13 m, as
determined from Water Well Records. :

The. surficial geology is quite variable, ranging from sand and gravel, through clay, to
glacial till. Ontario Soil Survey information indicates three soil types, Kars Gravel,
Granby Sandy Loam and Rubicon Sandy Loam. The majority of the community is located
in the Kars Gravel zone, which is a poorly sorted outwash consisting of gravelly sandy
loam with good drainage. | '

The other soil types are granular with some poor drainage. The above classifications are
agricultural and pertain mainly to the near surface soils. :

42  Hydrogeology
4.2.1 TW-1: 72-Hour Pump Test

The 72-hour test pumping of TW-1 began on November 6, 1991. Four other wells were
used for observation including TW-2, TW-3 and TW-4 and OW-1 which is a domestic
well located on the property owned by Mr. Dwayne Fusee (see Figure 2). The results
from both the pumping wells and the observation wells are given in Appendix 2.

As mentioned previously, a step-drawdown test was conducted prior to beginning the 72

* hour test in order to determine the optimum and maximum pumping rates. The well was
pumped at approximately 360 m*/day (55 igpm) because at 393 m®/day (60 1gpm) the
pumpmg level rapidly approached the pump intake.

The total drawdown in TW-1 was 14.3 m. After the pump was shut down, the water level

recovered to within 90% of the_ static level after 10 minutes and to w1th1n 95% after 2
hours. : '

10
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Two transmissivity values were calculated from the pumping well data: i) an apparent
transmissivity for the well itself, to be used in calculating safe well yield, and ii) an
aquifer transmissivity, usually represented by late drawdown and recovery data in the
pumping well. Transmissivity values also representative of the aquifer between the
pumping and observation wells were calculated from observation well data.

The transmissivity of the well averages 115 m*/day and from observation well data, the
transmissivity for the aquifer averages 155 m?/day. Storativity is low and was calculated
to be 3.66 x 10 5. All the calculations were made using the Jacob Method.

The safe well yields given below represent the maximum discharge rate that the well may
be pumped over a 20-year period without exceeding the available drawdown in the well.
- Available drawdown is depth to. top of screen less the depth to static water level.

From the data for TW-1 the theoretical safe yield of the well was calculated using Theis
formula to be 1090 m*/day (167 igpm) without exposing the well screen. This yield is
about four to five times the estimated 20-year yield obtained by extrapolating the
drawdown-log time curve over a period of 20 years. The principal reason for this
discrepancy is that the well is quite inefficient. Distance-drawdown relationships between .
TW-1-and the observation wells indicate approximately 23% efficiency (80% efficiency
is considered good). The poor efficiency results from the necessity of having to stabilize
the formation with gravel pack. In view of this, the results suggest a safe well yield of
320 m*/day (50 igpm) for TW-1.

The 23 % efficiency of TW-1 is lower than 40% efficiency for TW-4 and 55% efficiency
for TW-2 mentioned below. The wide variation in efficiencies is due less to well
construction characteristics than to differences in the transmitting capacity of the aquifer.
The well construction at each of the three wells is similar and they can transmit similar
quantities of water. TW-2 and TW-4 can transmit more of the water which the aquifer
can supply at these wells than TW-1, which can only transmit about one quarter of the
water which the aquifer can supply at that point. Low efficiencies and low pumpmg levels
can result in increased pumping costs.

The observation well data indicate that the safe yield of the aquifer is 2,146- m?>/day
(328 igpm). This was estimated on the basis of an assumed drawdown of 25 m. Safe
yields assume no boundary conditions such as recharge or impermeable boundaries.

11
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4.2.2 TW-2: 72 Hour Pump Test

The pumping test results, given in Appendix 3, were analyzed using several methods. The
drawdown and recovery data of the pumping well (TW-2) were analyzed using the Jacob
Straight-Line Method and the results are given in Table 3-3. The maximum drawdown
was 18 m and 95% recovery was observed two (2) hours after the pump was shut down.

The initial 10 to 12 minutes of pumping represents removal of water from storage in the
well (est. 2100 litres) and is therefore not suitable for calculation of well transmissivity.
The initial drawdown of 11 m in one minute, and an initial recovery of 11 to 12 m within
one minute indicate a well loss in the order of 11 m or about 55% of total drawdown.
The pumping well drew down an additional 3 m from 10 minutes of pumping to 480
minutes of pumping after which apparent steady state pumping conditions were sustained
to the end of the test.

A reasonable well transmissivity appears to be about 25 m?/day using late drawdown from

the pumping well (Table 3-3). Using an available drawdown of 19.3 m to the top of the
screen, a safe well yield of production well TW-2 is about 270 m*/day (42 igpm). The
average aquifer transmissivity from late drawdown data is 47 m*/day which generates a
safe aquifer yield of 509 m®/day (79 igpm) for an assumed drawdown of 25 m.

During the 72 hour pump testing of TW-2, maximum drawdowns of 1.70 m, 3.68 m and
2.63 m were recorded in TW-1, TW-3 and TW-4 respectively. The distances between
these wells and the pumping well were 145.5, 72.8 and 71.5 m respectively.

The configuratlon of the time drawdown curves for observation wells in Appendix 3
indicates a significant degree of recharge during the test, resulting in steady state flow
conditions. The effects of recharge were observed in the observation wells after about 2
hours of pumpmg |

The aqu1fer transmissivity values based on late observation well drawdown appear to be
too large, since late drawdown is more influenced by recharge. Aquifer transmissivity and
storativity values were therefore evaluated from the early drawdown data, as shown in
Tables 3-5, 3-7 and 3-9 (Appendix 3). The mean aquifer traﬁsmissiyity’is 55.9 m?/day,
with an associated storativity of 2.7 x 10°. This mean aquifer transmissivity is about 100
percent higher than the apparent well transmissivity (25 m*day), and is consistent with the
well losses of 55% observed at the well. The average transmissivity of the late drawdown -

- and recovery data for the pumping well is 47 m%*day, which is in line with the average
aquifer transmissivity from observation well data (55.9 m?*/day).

o
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Using the average aquifer transmissivity of 55.9 m /day, the associated safe aqulfer yield
is 582 m*/day (89 igpm) assuming 25 m of available drawdown.

4.2.3 TW-4: 72 Hour Test

The maximum drawdown in TW-4 after 72 hours of pumping at a constant rate of '
327 m’/day (50 igpm) was 24.7 m and 96% recovery was observed 45 mmutes after the

pump was shut down.

The pumping test results contained in Appendix 4 were analyzed using several methods.
The drawdown and recovery data of the pumping well (TW-4) were analyzed using the

“ Jacob straight-line method and the results are given in Table 4-3 in Appendix 4. They
indicate an average transmissivity of 22.1 m?*/day which results in a 20 year safe well yield
of 298 m*/day (46 igpm) for an available drawdown of 24.2 m. The observation well data
was analyzed using the Jacob Straight Line Method, the Theim method and the Jacob
Distance Drawdown Method. The results of these analyses are summarized in Table 4-10
in Appendix 4. The results of the various methods agree fairly well. Based on the
average aquifer transmissivity of 66.3 m?day, the calculated 20 year safe aquifer yield is
1,284 m®/day (196 igpm) for an assumed available drawdown of 25 m. This can be
considered a conservative estimate because transmissivities were determined from parts of
the curves before leakage had been encountered. Subsequent ﬂattemng of the curves
indicates aquifer leakage or recharge from some source.

4.2.4 Multi Well Pump Test

The 36 hour simultaneous test pumping of TW-1, TW-2 and TW-4 began on
November 12, 1991. OW-1 and TW-3 were used for observation and the results from
both pumping and observation wells are given in Appendix 5. The expected well
interference was calculated before the test began and it was decided that TW-2 would have
to be pumped at less than 324 m*/day (50 igpm) to avoid major exposure of well screens.
The pumping rates were set below the intended pumping rates and slowly raised at the
beginning of the test. Figure 4 shows drawdown and pumping rates. The final pumping
rates were 327.5 m3/day (50 igpm) in TW-1 and 295 m®/day (45 igpm) in both TW-2 and
TW-4. .

13
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The pumping rates could have been set higher to total approximately 972 m3/day
(150 igpm) but the primary concern was the water level in the neighbouring domestic well
OW-1 owned by Mr. Fusee (see Figure 2). - The pump intake in this well is set at 6 m
which would allow only 3.4 m drawdown. At a total pumping rate of 907 m’/day
(140 igpm) the final level in this well was within 30 cm of the intake as shown in Figure 5
which shows the drawdown of the two observation ‘wells, TW-3 and OW-1.

In a system with homogeneous distribution of transmissivity, a greater drawdown and
slope in OW-1 would be expected. However, the curves show approximately 50% more
drawdown in TW-3 and a steeper slope. OW-1 is 20 m deep and is probably connected
to TW-1 through the upper water bearing fractures which were encountered at about the
20 m depth. This information indicates a higher transmissivity in the northem portion of
the aquifer beneath the well field. ‘

The 20.year safe yield (i.e. continuous pumping) was estimated for the existing well field
by extrapolating drawdown log time curves over a period of 20 years. The result is
approximately 906 m*/day (140 igpm). Based on drawdown characteristics during the 72
hour pumping test and on the efficiencies of the wells, pumping rates of 294 m>/day

- (46 igpm), 306 m*/day (47 igpm) and 306 m*/day (47 igpm) for TW-1, TW-2, and TW-4
respectively are recommended. These rates assume that impermeable boundaries are not
present. It is noted that a minor boundary condition was detected in TW-1 data in the last
12 hours of the multi-well pumping test. If this condition continues to develop, the 8-hour

- continuous pumping rate may have to be decreased.

The 36 hour test also indicated that the field can produce 970 m3/day (150 igpm) for 8
. hours continuously although the margin -of safety will be small. Even an additional -
65 m*day (10 igpm) from the well field will likely result in excessive drawdown in one
or more of the wells. The recommended 8 hour pumping rates are 343 m>/day (53 igpm),
323 m*day (50 igpm), and 304 m*/day (47 igpm) for wells TW-1, TW-2 and TW-4
 respectively which is again based on drawdown characteristics and efficiencies calculated

from the test results.

Transmissivities were calculated using the Cooper-Jacob Method on observation well data.
This method used the weighted mean of radii from the pumping wells and the weighting
is based on the contribution to total flow which each well provides. The transmissivity
calculated from TW-3 data for the southern side of the well field was 129 m%day which

~is-in the upper range of values calculated for the earlier three 72-hour pump tests using
the Jacob Method. '
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The transmissivity of the northern side of the well field was calculated from OW-1 data
to be 215 m¥/day. This is higher than any of the previous calculations, and again indicates
higher transmissivity in the northern part of the aquifer beneath the well field.

The transmissivity values of 129 m?*/day and 215 m%day translate into theoretical 20-year
safe aquifer yields of 1,758 m*/day (268 igpm) and 2,929 m®/day (447 igpm) respectively
assuming 25 m of available drawdown. Based on the slope of the curve after the
boundary was encountered in TW-1, the 20 year safe yield for this well is not likely to be
reduced to below 292 m*/day (45 igpm). No other distinct boundary conditions other than
recharge were noted in the other wells or during any of the other pumping tests.

Recovery curves for the pumping and observation wells are shown in Figure 6. These

curves also indicate that the northern portion of the aquifer below the well field has greater
transmissivity than the southern portion. TW-1 recovers much more quickly after pumping

than either TW-2 or TW-4, and TW-2 recovers much more quickly than TW-4. It is
interesting to note that water levels in the vicinity of the well field rebound together after
100 minutes of recovery. This indicates high transmitting capacity in the aquifer but poor
storage. The area of influence of this well field is expected to be quite large.

Table 4.1 is a compilation of aquifer parameters obtained from the four pumping tests

conducted to date. Figure 7 shows the areal distribution of transmissivity over the well

field. The vectors represent transmissivity between the pumping well and the observation
- well located in the direction of the vector. The shaded circles mdlcate well transmissivity
obtained dunng each 72 hour pumping test.

Figure 7 shows a definite areal zonation of transmissivity. Transmissivity is generally a
higher in the northern and eastern portion of the aquifer beneath the well field than in the
southern part. In addition to this, the transmissivity between TW-1 and OW-1, both of
which are in the northern "zone", is considerably higher than that between TW-2 and the
wells in the southern "zone". From this information, it appears that the main water

producing zone is in the north. Based on the asymmetry of drawdown in observation

wells, both TW-2 and TW-4 obtain a proportion of water from the northern zone. The
nature and orientation of the boundary between the two zones is unknown. It may be a
small fault or a pinching out of horizontal fractures.
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Table 4.1 -ASummary of Aquifer Parameters From Pumping Test Results

Well Transmissivities Obtained From 72 Hour Pumping Tests

Welil No Pumping - Method T (avg.}) S 20 Year Safe Yield*

, . m2/day m3/day igpm

TW-1 TW-1 Jacob 116 - 1090 167
TW-2 TW-2 Jacob ’ 25 - 270 42
TW-4 TW-4 Jacob 22 - 298 ' ‘ 45

Aquifer Transmissivities Between We"s

Between Pumping ‘Method T (avg.) S 20 Year Safe Yield**

‘ m2/day m3/day . igpm
TW-1 and TW-2  TW-1 Jacob 165 7.3E-05 2285 349
TW-1 and TW-3  TW-1" Jacob 146 1.2E-05 2031 310
TW-1 and TW-4  TW-1 Jacob 132 3.6E-05 1829 279
TW-1 and OW-1  TW-1 Jacob 176 5.6E-05 2438 372
TW-2 and TW-1~  TW-2 Jacob 76 2.3E-05 1054 161
TW-2 and TW-3  TW-2 Jacob 37 1.9E-05 508 78
TW-2 and TW-4 TW-2 “Jacob 55 3.9E-04 764 117
TW-4 and TW-1 ~ TW-4 Jacob 123 3.3E05 1699 259
TW-4 and TW-2  TW-4 Jacob 80 4.8E-05 1111 170
TW-4 and TW-3  Tw-4 Jacob 75 3.6E-05 1041 159
TW-1 and TW-2  TW-4 Theim . 56 - 759 116 °
TW-1 and TW-3  TW-4 Theim 2 - 437 67
TW-2 and TW-3  Tw-4 Theim 72 - 968 148

Aquifer Parameters In Northern and Southern Portions of Aquifer

Well No qupin.g Method T (avg.)' S - 20 Year Safe Yield**

_ m2/day m3/day igpm
Southern: TW-3  TwW-1,2,4 Cooper-Jacob 129 3.2E-02 1758 189

Northern: OW-1 TwW-1,2,4 Cooper-Jacob 215 1.7E-03 2043 315

Note:

Auvailable drawdown in individual wells used in calculations.
Available drawdown assumed to be 25 m.
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If it is determined in future that a fourth well is required, it should be located in the
northern portion of the well field, just east of the property owned by Mr. Fusee. If this
property is acquired the well could be located next to the existing domestic well which
appears to have high yield. In this case, steps should be taken to remove the existing
septic tank on the site. If the property is not acquired, the domestic pump intake will have
to be lowered in order to prevent well interference from interrupting the domestic water

supply.

The results of the multi-well test also demonstrated the sensitivity of drawdown and the
relationship of well losses to pumping rate. For example, the drawdown for well TW-4
was 24.6 m and 15.5 m at pumping rates of 327.5 m*/day (50 igpm) in the 72 hour test.
(Appendix 4) and 295 m*/day (45 igpm) in the multi-well test respectively. Fora 5 igpm -
difference in pumping rate, an additional 9 m of drawdown was observed. This effect is

4 attributed to a dramatic increase in well losses at the higher pumping rate. Obviously it

~ will be desirable not to exceed a long term pumping rate of 295 m’/day in TW-4 by more
than a small amount. ‘ :

“The additional drawdown at higher pumping rates in the other two wells was not nearly
as dramatic. Indeed, if the observed drawdowns in wells TW-1 and TW-2, when pumped
at the higher rates in the 72-hour tests, are corrected for the lower rates in the multi-well
test, the corrected drawdowns are equal to or slightly less than the multi-well test
drawdowns. Therefore, the pumping rates for TW-1 and TW-2 in the multi-well test may
be adjusted upward somewhat for short term pumping without fear of an unacceptable
large drawdown. ' ~

4.3) Water Quality :

Durmg the 72-hour tests and the 36-hour mulu-well testing on wells TW - 1 TW -2 and
TW-4, sets of water samples were recovered from the pumped discharge for water quality
testing. Samples were tested for general chemistry including bacteria and for the full
suite of parameters outlined in " Table 4" of the ODWO which is required by the MOE
for communal wells. The overall testing program is summarized in Table 4.2 below.
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: TABLE 4.2
WATER QUALITY TEST PROGRAM

72 hour Test | 36 Hour Multi Well
st

Test | General | Time | Table4 | Time | Gemeral | Time
Well Chemistry | (hrs) ODWO (rs) | Chemistry | (hrs)

TW - 1 X 3 X 72 X 36
TW - 2 X 72 X 36
TW - 3 | o X 72 X 36

- The results of the analyses on samples recovered in the 72-hour pump tests are given in
Tables 6-1 to 6-2, Appendix 6. By the end of the tests there were no parameters above
the guideline limits except turbidity in TW-1 and background bacteria in TW-2. Bacteria
and turbidity were tested again in the multi-well test program and results were below
ODWO in all pumping wells. ' :

H,S was monitored in TW-1 throughout the 72-hour test. - The H,S concentration trend
-was similar to that noted in the 36 hour test which is described below.. The concentration
at the beginning of the test was above the guideline limit (0.05 mg/1) but dropped below
the limit about half way through the test. o

At the end of the 36 hour simultaneous test pumping of TW-1, TW-2, and TW-4, samples
were taken for general chemistry and bacteria from each of the pumping wells and the
results are given in Tables 6-3 to 6-5, Appendix 6. Water quality parameters monitored

_throughout the test consisted of H,S, pH, electrical conductivity (EC), temperature and
dissolved oxygen (DO) which are shown in Figures 8 through 12.
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The major ion chemical data which was gathered during the three 72-hour pump tests and
the multi well test are shown on Figure 13. Seven sets of major ion data are included
here; two each from TW-2 and TW-4 and three from TW-1. Three data sets were taken
from the "Table 4" analyses from samples taken at the end of each 72 hour test. The
"Table 4" suite of parameters does not normally include CA, Mg, Na or K but the lab .
must analyze for these in order to determine total dissolved solids (TDS) concentration.
The lab was contacted and these parameters were given to us and hence, the numbers do
not appear in the "Table 4" results contained in Appendix 6. :

Figures 8 through 13 show distinct trends and distinct differences in water chemistry
among samples. In particular, they clearly show two different groundwater sources: one
which supplies TW-1 and the other which supplies both TW-2 and TW-4.

~ The major ion chemistry for waters from TW-1 is dominated by Ca?>* and HCO,-. SO,*
is also elevated but the amount of NaCl dissolved in the water is relatively low.
Figure 13 shows the equivalence concentration of Na* to be 2.5 to 4.5 times hrgher than
that of C1- which suggests a degree of ion exchange

" The temporal water quality data gathered durmg the 36 hour test for TW 1 shows the
followmg trends:

. 'H,S ‘above the guideline limit of 0.05 mg/ 1 but dropping below detection by 18
hours (Figure 8).

- pH which is fairly constant, averaging 7.55.

. Temperature climbs from 7°C after 1 hour to >8.5°C after 36 hours (Figure 11).
This could be a result of drawing water from part of the formation where
exothermic reactions are taking place but is more likely due to drawmg water from
a deeper source. '

. EC (Figure 10) is the highest of the three wells and climbs from 482 uS/cm at one |
(1) hour to 543 uS/cm after 36 hours. This is the equivalent of an increase in TDS :
of approxrmately 25 mg/l

. Dissolved oxygen Figure 12 is generally the lowest of the three wells but the
31gmﬁcance of this is unknown.
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The major ion chemistry and temporal water quality changes in TW-2 and TW-4 show
close similarities. The major ion data indicates water which is dominated by Mg?* but,
on the whole with a smaller component of dissolved limestone and a larger component of
dissolved NaC1 than did TW-1. However, excess Na* with respect to C1- again indicates
ion exchange. :

Throughout the 36 hour test H,S, pH, EC, temperature and DO all simulta.neouvslyb
fluctuate in water from wells TW-2 and TW-4. The similarity in trends is so great that
they are dealt with below as one water type. The trends are as follows:

. H,S is very high but drops throughout the test from greater than 0.6 to around
0.1 mg/l. This is still twice the ODWO limit.

. PH is fairly high throughout the test but fluctuates within a range of about 0.5 pH
units. The mean pH of both is about 8.0 and, although they fluctuate together,
- water from TW-4 has consistently higher pH.

'« EC increases in both TW-2 and TW-4 throughout the test as it did with TW-1.

. The temperature fluctuates togethér in the two wells during pumpirig within the
’ range of 1.5°C but does not show an increasing or decreasing trend.

« DO is generally higher than in water from TW-1 but, again the significance of this
is not known. :

. In all parameters, TW-2 has intermediate values between TW-1 and TW-4,
indicating a larger component of flow from the northern zone in TW-2 than in TW-
4,

The evidence for ion exchange suggests moderately long term contact with the host

* formation shales. The Ca?* and Mg?* in water are exchanged for Na* in the rock in a
natural water softening process. The low C1- indicates a low degree of NaCl in the water,
and this coupled with the evidence for ion exchange suggests that the salt present is likely
from natural sources.

At the end of the 36 hour test pumping, the sodium was slightly above the ODWO
guideline limits in TW-4 and slightly below in TW-2. This should not be a problem in
the water supply because mixing with water from TW-1, which has lower sodium, should
result in water which is below the limit with respect to sodium. This should be confirmed
by testing following start-up of the communal supply.
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Turbidity and colour exceeded ODWO in the 72-hour test for TW-1. However, levels of
these parameters decreased with pumping time. Water samples taken at the end of the 36-
hour multi-well test showed these parameters to be below ODWO. It is commonly
observed that these parameters decrease with development time, therefore, the initial high
readings should not be a concern. ‘ :

The concentration of iron was 0.96 mg/L at the end of the 72-hour test for TW-1, which
is about three times higher than the ODWO. However, following completion of the 36-
hour multi-well test, which removed a considerable volume of water from the aquifer, the
concentration was 0.22 mg/L which is less than the ODWO of 0.3 mg/L. Since iron is
an aesthetic parameter, and based on the acceptable iron levels in the multi-well test, iron
treatment is not considered necessary.

Background bacteria was todnum_erous to count (TNTC) for the 72-hour sample recovered
from TW-2, but b_acteria counts as a whole were acceptable following the 36-hour multi-
well test. It is suspected that the TNTC result reflected a sample contaminated by
handling. : : : ‘

Phenols exceeded ODWO in samples taken from TW-2 and TW-4 following completion

of the multi-well test. This is likely an organic source commonly found in shale and -
- shaley limestone bedrock which was observed in the test wells. Sodium concentrations

higher than chloride concentrations suggest relatively long residence time of the pumped
witer. Therefore, the slightly elevated phenols are unlikely to be indicative of surface
contamination,
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5.0 CONCLUSIONS AND RECOMNIENDATIQ NS

The communal well investigation consisted of drilling four (4) test wells. Three (3) of
these wells, TW-1, 2 and 4 were reamed and gravel packed to be used as production
wells. This was followed by 72 hour pumping tests on each well and a 36 hour multi-well
pumping test of TW-1, TW-2 and TW-4 at a combined rate of 140 igpm (917 m*/day).
Water quality was analyzed in the 72-hour and 36-hour multi-well tests. In the 72-hour
pumping tests, samples were tested for general water chemistry and for "Table 4" of the
Ontario Drinking Water Objective (ODWO) Guidelines. In the multi-well test, samples
were taken at the end of the 36-hour test from each of the pumping wells and were
analyzed for general water chemistry. During the 36-hour test, the discharge from -each
well was monitored for hydrogen sulphide (H,S), electrical conductivity (EC), pH,
temperature and dissolved oxygen (DO). |

Pumping test and water quality data show clearly that there are two main "zones" in the
aquifer underlying the well field. These are referred to as the northern and southern
zones. Both zones are portions of a fractured rock aquifer and there is relatively poor
connection between them. The production wells TW-2 and TW-4 and the observation well
TW-3 are located in the southern zone. The production well TW-1 and observation well
OW-1 are located in the northern zone. The northern zone is characterized by high
transmissivity and water quality which is good with all parameters meeting ODWO
guidelines. The southern zone has lower transmissivity and distinctly different water
- chemistry. '

The pumping tests and water quahty analyses point to the following conclusions and
recommendations:

TW-1 has a well transmissivity of about 115 m¥/day but low efficiency. It is
capable of producing an individual long-term safe yield of approximately 168 igpm
(1,090 m*day). The safe yield assumes 17.1 m of available drawdown and- no
major boundary conditions.

. TW-2 and TW-4 have well transmissivities in the order of 20 to 30 m?/day.
However, aquifer transmissivities, calculated from observation well data in the 72-

hour pump tests ranged from 37 m%day to 123 m%/day in the area of TW-2, TW-3
and TW—4 ' ' ,
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The three production wells have a collective 20 year safe yield of 140 igpm
(906 m’/day). The recommended pumping rates for TW-1, TW-2 and TW-4 are
294 m*/day (46 igpm), 306 m’/day (47 igpm) and 306 m3/day (47 igpm)
respectively.

The wells will sustain a collective pumping rate of 970 m*/day (150 igpm) for 8
hours continuously although the margin of safety will be small. A minor boundary

condition was detected in the TW-1 data in the last 12 hours of the multi-well

pumping test. If this condition continues to develop without compensatmg
recharge, the 8 hour continuous pumpmg rate may have to be decreased.

Watfer quality in TW-1 is good and all parameters passed the ODWO guideline
limits at the end of multi-well test. TW-2 and TW-4 also have good water quality
with the exception of sodium and H,S. Sodium is slightly above the limit in TW-4
and slightly below in TW-2 but when mixed with water from TW-1 in the

_distribution system the result should be below the limit. H,S was high in both TW-

2 and TW-4 although it dropped throughout the test. By the end of the 36 hour test
it was still twice the ODWO limit. The water will likely have to be treated to

lower this level. Chlorination will oxidize H,S and may be sufficient to lower it .

to acceptable limits. Phenols were slightly above ODWO in TW-2 and TW-4 but

it is concluded that phenols are naturally occurring and that since this is an

aesthetic parameter no additional treatment is required.

Long term aquifer safe yield has been calculated for the northern and southern
zones in the aquifer using data from the multi-well test. The transmissivity of the
southern zone is 129 m?/day which is somewhat higher than values obtained from
the earlier test pumping of TW-2 and TW-4. The transmissivity of the northern
zone is 215 m*/day which is also higher than previously calculated from 72-hour
test data. Based on this information, at least one more well of similar yield could
be added to the well field without over-pumping the aquifer. If another well is
added, it should be put in the north-east corner of the well field, preferably on the
eastern side of the domestic well shown on Figure 2.

The high transmitting capacity of the aquifer and low storage will likely result in

a wide area of influence for the well field. Assuming an average daily demand of
50 igpm (327 m’/day) and low infiltration factor of 15% of annual precipitation,

_ the area needed to recharge the well field will be less than one square kilometre.

33




Recycled Paper

Low efficiencies were calculated for the three production wells. Efficiencies of
 23%, 40% and 55% were calculated for TW-1, TW-4 and TW-2 respectively. The

relatively higher efficiencies of TW-2 and TW-4 are due to the fact that the
aquifer, at these locations, can only deliver marginally more water than what was
being pumped. The lower efficiency of TW-1 is due to the fact that the aquifer can
deliver considerably more water than can be pumped from TW-1 because of the
necessity of having to. stabilize the formation by gravel packing. Efficiencies can
be improved significantly in these wells by lowering the pumping rate a relanvely
small amount. Low efficiencies can lead to increased pumping costs. ’

It is understood that the expected average and maximum ‘daily demands are
314 m*/day (48.5 igpm) and 861 m*/day (133 igpm) respectively. The yield from
the three production wells exceed these demands by approximately 300% and 12%
respectively. It is clear though that a fourth well will be required if additional
significant demands such as from a new residential subdivision are to be satisfied
by the communal well system.

In light of the low margin of safety in maximum pumping rates and the low well
efficiencies, it is recommended that calculations be done to determine the cost
effectiveness of drilling a fourth production well in the well field. It may be
possible to recover drilling costs in. a few years of operation because of the
decreased pumpmg costs associated with lower drawdowns and greater efficiencies.

If the neighbouring property owned by Mr. Fusee is not acquired, steps will need

~ to be taken to lower his pump intake. The existing domestic well on that property

is approximately 20 m deep but the pump intake is only 6 m from surface. During
the 36 hour multi-well test, the water level dropped to within 30 cm of the intake.
If the property is acquired, the existing septic tank should be removed.

Land use restrictions will need to be considered in the regions surrounding the well
field.

34



Ministry
of the

Environment

Ontario

T

1. PRINT ONLY IN SPACES PROVIDED
2. euzex (X comercr sox whene areLicasut

W 3

The Ontaric Water Resources Act

WATER WELL RECORD

FINAL X WATER SUPPLY [) ASANDONED, INSUFFICIENT SUPPLY
STATUS 1 OBSERVATION WELL {2 ASANDONED POOR QUALITY
TU ,grut HOLE 0 uNFiINSHED
OF WELL RECHARGE WLl O prwatteine
0O ocowestic {1 commenrciaL
] srocx 0 mumiciraL
WATER . O amcation O} sustic sureLy
USE 0 inousrmiaL Qo COOLING Of AIR CONDITIONING
O orwen Z"ESEQQ : ! ; ?G«n useo
{3 cASLE YoOL 0 somins
METHOD U ROTARY {COMVENTIONAL} 1 viamonn
OF ROTARY {REVERSE) 0 sernve
CONSTRUCTION K ROTARY (AIR) 3 omving
- AR PERCUSSION O oigema O orven

DRILLERS REMARKS

COUNTY OR DISTRICT TOWNSHIP, BORDUGH. CITY, TOWN. VILLAGE CON  BLOCK. TRACT. SURVEY €1C Lo
0R Mpu7— HoX B oRoULH PARTT /T
OWNER {SURNAME FIRST} 7 [ aponess’ GATE COMPLEIED  ©
S Co77- £ MooSkE Corek wdl o Aul P
LOG OF OVERBURDEN AND BEDROCK MATERIALS (see wstrucrions:
GENERAL COLOUR wosT & ferinres
DL CONMON MATERIAL OTHER MATERIALS GENERAL DESCRIPTION TAOM Yo
el{E;ﬁ EFINE SN D b |46
REY | L 7D - /05
o s
£ ALALST DAL :
[ =
ki
1,
)
%
I3 OF (s -3 DIAMLICR LINGTN
WATER RECORD CASING & OPEN HOLE RECORD 2 | et e’ T "
L]
WATER FOUND KINO OF WATER nsinE waLy DEFTH - FLLT Py TNCHES FLEY
AT - FEEY MATEMIAL * it
nents et bRy 10 S WATEMTAL AND TYPE eI i Tor
A rREsn Cauirnun o
6—3 T saury Cmingnars gun et
Caas SALYAMIZED
1 orresu Csuirnun l- 8“"‘";‘. 88 O NG RECORD
OPEN MOL
/0 3 0 saure O nsneaacs # Cmirsrre PLUGGING & SEALI
] { OLPIM SET AT . FLET TCLMENT GROUT
[« 02T Osuirnun 8:"";:_““ Toon o MATLRIAL AND T¥PE 0o cnen. t1c 1
O saur Quimerars gcoucnu
OFER HOLE -
1 rresw Osuirnun Ortasric \‘? B/ é \S /] /g// AA PL{
O sauy  Seoeass Osrext, /
Y 23 geuvnuun
suLenuR CONCRETE
O reess Omingaats Qoren nott
0 saury GAS Tircasric
- RPIRG TEST METHOO PURPIRG RATC OURKTION OF PuMPInG L o c AT' O N 0 F W E L L
Krowe O e o Y -
STatiC wATER Lven ATER LEVELS DURING M Q0 rumeine 1] :{AGRAM BELOW SHOW DISTANCES OF WELL FROM ROAD ANO
- LEvEL G WATER LEVEL 03 mecovinr LOWLINE  INDICATE NORTH BY ARROW.
[/, ] 1S MinuTLs 20 MinUILS A3 MINUSES O MINGIES
(11}
-
G FELY FLET FELY! 1531 — [£53] ey
z ¥ FLOWING, PUNP INTAKE SET AT WATLR AT CHD OF TE5Y
—— SIVE RATE
%‘ crn ceer 0O ciLean £ cLovoy
= | weconmtusto Fuse Trrg ALCOMMLEDKD AECOMMENDED
. runs PUNPING
O swatiow (O peee sernne reer |aavc a 5'. crm

100564

Am OF WELL TECHNITIAN

e M 240 ObHE

NAME OF WELL CONTRACTOR

AU

WELL CONTRACTOR'S
LICENCE NUMBER

370

4

Z J/Awn

LA A

]th.l. TECHNICIAN'S

AR v]

~CONTRACTOR

ey

7conTrRACOR

“ul(/s.l

SUBHISIION DATE

OFFICE USE ONLY

Ay /_9_._ 0. M‘_ vn.%.

T o mrm ot a0 PO EANORS .




DEX IS0

W 4

M' i?ri‘stry The Oniario Water Resources Act ;
vaifeonmem WAT ER WELL RECORD
Ontario .-

£, PEINT ONLY SNt SPACCS PROYISED
4. CnECE @ CORRECT SOC WHLEL APPLICARLY
TOWHAHIP, JOROUEN CITY 1OWR viLLele

M — . Roxborough

OwniN caURNANL FiRSt) At aoaacss

Jacques Whitford Ltd. Unit €20-2285 St.Laurent Blv.OTTAWA
16" X 8" GRAVEL PACK WELL { MOOSE CREEK ONT.)
LOG OF OVERBURDEN AND BEDROCK MATERIALS 1scr watavi 110431

COUNTY 08 PIFTRICY CON  BLOCK TRACY, Suvly (3¢

Con. 6

a0t
QYL COMMTICD
uv_‘.&_ noOA._... Aid 93..

Jeeuenac cocoun m-;":'m.m T otwen watemias GENLRAL DESCRIPTION . R
Black | Top Soil - I 2!
 Grey guiskQuick Fand e 2t | 41l
Black Fracture_befrock shales . 41 183
Derk Grey Shales | Lo . L.l 53' 105

WATER RECORD CASING & OPEN HOLE RECORD z [ At J“""““ J‘“‘"‘
‘o of =" wiiot | ot ) e b ‘ h&
\n‘t'!f :a"“ une of uuu :'.::':: L3 {L 2 TY :-;;:}::.:c‘u '_::" '“\‘o g uuau‘; And létlgt‘-- “.;: = 19 B
a5t | & pumo — Slstaintesscsesn [TTF 188
S |
g 1 g o g:g;;:::. 1765 gores woie 0’ 53! m.uccms & SEALING RECORD
b o LT I - 41 oeenner st suii v -
0 resen g::;::::. 3:‘,{&,““ "ﬁd: o] “"‘:':_"“ a0 et u.‘a“-‘w;qﬂ:. <
G s g 16" Gora bt 53¢ | 105!
0 easn  Quuoaus .. e - PSS S,
sy Qess
et | 82| B | iael e 24 105 T
s LA D:;?"u uunuc M I
Pvating 141 I eI MATL jweation &f Sumbind LOCATIO N OF WELL
N ruwr Q sancs 50 . J_a._m" e wa] . e
P FTTYTTYT en revees seme T sourne (N DIAGHAN RLLOW SHOW DISTANCES OF WELL FRON NOAD AND
- LeviL ot wATLR LoviL O szcovear LOT LINL - INDICATL NORIN 6Y ARNOW
3 W wreILY M siavils d #% MamAntt 48 wwsdidt
1.41m 126.19m22 .75“1_71%, 3.39m23. 78;9“{33 .89m
g m‘ NP WMTARC M1 AT WALER AT TME OF TE5T
g Q96" sl  Retear D covor
5 [cenninris Funt e "7 | saconutuecs Tarcoumience
ruur §PUMTING
bt O suariow  CXoeee w96 ‘“u,t' i 50 -~ Mcose Creek
] a 00 s uf
T T Tl |
STATUS £ rase woie 0 vnfinismo
OF WELL 0 MEcHARSE Wetn O sewaresive L
0 songse [ m';&.';l' - g‘
0 stocs O musiciraL M
WATE!‘ O ncanion O rustic surey ‘
USsE 3 ixsustaiac £] COOLINT Of Ak CORDILIONING L \A i 1 e
O oruea €3 wor usEo I
=] ] o‘o‘m Ne J -—@
METHOD a :::::v“«l:;wuuonu o enu;:n El
OF O *oTARY (REVERSTH O e 4
CONSTRUCTION X worant tammy O smiving 8 0 9 9
3 s pencossion 1 owcaing U orsga oniftees aruanss
WANE OF WILL CONTEACTOR :'.i-,“:.f"':.'u'.:f"f"’ - j
x| OLYMPIC DRILLING CO.LTO. 4608 2 L
Frot o
Glox 9180 OTTAWA, Ont. KIG 3T9 a |
é WAME OF WELL TRCHNICIAN :.tu Y:c«mc‘nu‘s = - . A T —
£ WAYNE _RENWICK Y327 ||y
o aty CWWICIAN ] COTRAC TOR SUMIEAION PATL E
73 h‘u] (SEC.) w.Z_.ZL—-oﬂL_qu ©

CONTRACT R'S OOPY

FORM HO. 0606 (11./86] FORM &




TABLE 2-1:

PUMPING TEST SUMMARY

Test Conducted By:
Pumping Began:
Pumping Ended
Recovery Began:
Recovery Ended:

Well Data
Elevation {Assumed):

Depth:
Casing Length:
Diameter:
Driller:

|Pump Type:
Pump Setting:

Casing Stickup:

-{Available Drawdown:
Recorded Drawdown:
Pumping Rate (avg.):

Lithology
Om-06m - Topsonl

Chemtcal Analyses

Observation Wells
OwW 1
T™W 2
TW 3
TW 4

TEST WELL TW 1, Moose Creek, Ontario

Jacques Whitford Environment Limited
November 6, 1991 @ 10:00 a.m.

November 8, 1991 @ 10:00 a.m. (72 hours)

November 8, 1991 @ 10:00 a.m.

L T T |

]

Static Water Level {from TOC):

70 m
145 m
218 m

169 m

84m (TOC)

30.5 m--

31.7 m

200 mm
Olympic Drilling Co. Ltd.
40 h.p. Submersible

259 m’

39T m

1.20 m

171 m

1430 m
360 m3/day

0.6m-12.2m - Grey clay with silt and. sand
12.2 m-12.7 m - Fractured Shale
12.7 m - 30.5' m - Shale and shaley limestone

General analyses and bactena at 3 hours, Table 4 (ODWQO) at 72 hours

depth
‘depth = 30.8 m
depth = 31.4m
depth = 32.0m

I

19.8 m

Novembér 8, 1991 @ 12:10 p.m. (2 hours 10 minutes)

{1.66 m drawdown)

(1.67 m drawdown)

{1.62 m drawdown)
(1.59 m drawdown)

Daeumiad Damar



TABLE 2-2: FIELD PUMP TEST INFORMATION (
Pumping TW 1 o 4
Well No: TW 1 : - Pumping Rate (avg): 360 m3/day
Well Loc.: Moose Creek Depth of Pump: ‘ 25.9 m
Date: November 6 to 8, 1991 Static Water Level: 3.91T m
Time t' W.L. Drawdown  Residual St : Discharge
(min) (m) (m) Drawdown _ . Rate
’ {m) : ‘ - (m3/day)
0 3.91 0.00 : ’ . 360
1 17.30 ~ 13.39 ‘
2 23.00" 19.09
3 20.85 16.94
4 19.13 - 15.22
5 18.38 14.47
6 18.09 14.18
7 18.02 14.11
8 17.98 14.07
10 ‘ 17.81 113.90
12 17.61 13.70
14 . : 17.49 13.58
16 - 17.53. 13.62
18 17.56 13.65
20 : 17.63 13.72
25 17.45  13.54
30 - 16.29 12.38
35 : 16.95 13.04
40 - 16.95 13.04
50 16.97 ©13.06
60 16.99 13.08
75 17.23 13.32
90 ’ 1712 13.21 .
120 17.21 13.30 ,
150 . 17.29 13.38
180 17.36 13.45
240 . - 17.39 13.48
300 17.42 13.51
360 17.48 13.567
420 17.51 13.60
480 17.45 " 13.54
540 17.53 13.62 -
600 17.55 13.64
660 - 17.60  13.69
720 ' 17.63 13.72
840 , 17.65 13.74
960 17.63 13.72

Recveled Paner




TABLE 2-2: FIELD PUMP TEST INFORMATION (con't) -

‘ Pumping TW 1
Well No: TW 1 ' Pumping Rate {avg): 360 m3/day
Well Loc.: Moose Creek Depth of Pump: ' 259 m
Date: November 6 to 8, 1991 Static Water Level: 391 m

Time t' W.L. Drawdown Residual t/t Discharge
{min) {m) {m) Drawdown Rate
{m) {m3/day)

1080 - 17.60 13.69

1200 17.58 . 13.67

1320 17.60 13.69

1440 17.70 13.79

1560 17.68 13.77

1680 17.91 14.00

1800 17.88 13.97

1920 17.80 13.89

2040 17.60 13.69

2160 17.50 13.59

2280 18.27 - 14.36

2400 - 18.23 14.32

2520 18.21 .14.30

2640 18.17 14.26

2760 18.356 14.44

2880 18.52  14.61

3000 18.45 14.54

3120 18.35 14.44

3240 18.47 14.56

3360 18.37 14.46

3480 18.44 14.53

3600 18.58 14.67

3720 18.51 14.60-

3840 18.45 14.54

3960 18.45 14.54

4080 18.45 14.54

4200 18.45 14.54

4320 ©18.25 14.34 .

B ommrniosd ey



TABLE 2-2: FIELD PUMP TEST INFORMATION (con't)

) Pumping TW 1 v '
WellNo: TW 1 Pumping Rate (avg): 360 m3/day
Well Loc.: Moose Creek . Depth of Pump: 259 m
Date: November 6 to 8, 1991 Static Water Level: 3.91.m

Time t W.L. Drawdown Residual t/t' ' Discharge
(min) {m) {m) Drawdown Rate
\ (m) {m3/day)

4321 1 11.12 7.1 4321

4322 2 8.70 4,79 2161

4323 3 7.31 3.40 1441

4324 4 6.50 2.59 - 1081

4325 5 5.96 2.05 865

4326 6 5.64 1.73 721

4327 7 5.44 . 1.53 618

4328 8 '5.36 1.45 541

4329 9 5.30 1.39 481~

4330 10 5.25 1.34 433

4332 12 5.23 1.32 361

4334 14 5.17 1.26 310

4336 16 5.14 1.23 271

4338 18 5.12 1.21 241

4340 20 5.10 1.19 217

4345 25 5.03 1.12 174

4355 35 - 5.00 1.09 124

4360 40 4.93 .1.02 109

4365 45 - 4.90 0.99 97

4370 50 4.87 0.96 87

4375 55 4.86 0.95 80

4380 60 . 1 4.83 0.92 73

4410 90 4.73 0.82 - 49

4440 120 4.66 0.75 37

4450 130 4.63 0.72 34.

Recycled Paper

ettt




TABLE 2-3: PUMP TEST ANALYSIS
Pumping TW 1

Calculation of Transmissivity from Pump Test Curves (Jacob Straight Line Method)

Pump Test Delta s o] Total  Specific T
Portion ' Drawdown Capacity

{m) (m3/day) (m) (m2/day) (m2/day)
Drawdown (early) - 360 14.67 - 24.5 -
Drawdown (late) ' 0.30 ' 360 14.67 245 - 2196
Recovery (early) ; 0.33 360 - - 199.7

Recovery (iate) 6.6 360 10.0

Calculation of Safe Yields from Transmissivities

T ‘Available 20 Year 20 Year

Drawdown Safe Yield Safe Yield
(m2/day) “{m) {m3/day}  ligpm)
Maximum T - 219.6 6.5* 792.3 - 121.2
Minimum T . 10.0 17.1 984.7 14.5
Average T 114.8 171 1089.5  166.7
6.5* = Awvailable drawdown after well loss

Recycled Paper
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Figure 2-2
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TABLE 2-4: FIELD PUMP TEST INFORMATION
Observation Well OW 1, Pumping TW 1
Well No: OW 1 ‘ Pumping Rate (avg): 360 m3/day
Well Loc.: Moose Creek Distance: 70 m
Date: November 6 to 8,-1991 Static Water Level: - 2.38 m
Time W.L. Drawdown
{min) {m) {m)
0 '2.38 ~ 0.00
70 3.256. 0.87
133 3.33 0.95
192 - 3.41 1.03
254 3.46 1.08
315 3.50 1.12
374 3.54 1.16
446 3.66 . 1.18
495 3.57 1.19
560 3.60 1.22
618 3.67 1.29
678 3.67 1.29
727 3.69 1.31
850 3.68 1.30
970 3.69 1.31
1090 3.71 1.33
1210 3.75 1.37
1338 3.75 1.37
1455 3.76 1.38
1675 3.77 1.39
1695 3.80 1.42
1815 3.80 . 1.42
1935 ©3.82 1.44
2042 .3.84 1.46
2044 3.83 1.45
‘2164 3.85 1.47
2284 3.91 1.63
2404 3.90 1.52
2524 3.90 1.62
2644 3.89 1.51
2760 3.90 1.62
2895 - 3.93 1.55
30156 3.93 1.55
3140 3.94 1.66
3243 3.97 1.69
3375 -3.97 1.59

Recycled Paper




TA_BLE 2-4: FIELD PUMP TEST INFORMAT!ON(con't)
Observation Well OW 1, Pumping TW 1 ‘
Well No: OW 1 . Pumping Rate (avg): - 360 m3/day
Well Loc.: Moose Creek » Distance: _ 70 m
Date: November 6 to 8, 1991 Static Water Level: - 2.38 m
Time W.L. ‘ Drawdown' '
(min) (m) (m)
3482 3.98 ' 1.60
3602 3.89 . 1.51
3722. 3.95 : 1.57
3842 4.01 1.63
3962 4.02 1 .64
4082 4.03 : ' 1.65
4202 4.05 1.67
4305 4.04 1.66

Raririad Paner




TABLE 2-5: PUMP TEST ANALYSIS

Observation Well OW 1, Pumping TW 1

Calculation of Transmissivity from Pump Test Curves

Pump Test Deltas Q Total - Specific T
Portion : ' Drawdown Capacity ,

{m) (m3/day) - (m) {(m2/day} (mZ2/day)
Drawdown ~0.38 | 360.00 1.66 - 17573

Calculation of Storativity from Pump Test Curves

T t0 Radius o " Storativity

 (m2/day) (days)  (meters)
. 176.73 7.03E-04  70.00 " 5.67E-05

Calculation of Safe Yields from Transmissivities k

T Available 20 Year 20 Year

Drawdown !Safe Yield Safe Yield
{m2/day} . (m) {(m3/day) {igpm)
175.73 - 25.00 2438.30 372.48

Recvcled Paper
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TABLE 2-6: FIELD PUMP TEST INFORMATION
Observation Well TW 2, Pumping TW 1
Well No: TwW2 A Pumping Rate (avg): 360 m3/day
Well Loc.: Moose Creek Distance: 145 m
Date: November 6 to 8, 1991 Static Water Level: 2.07 m
Time W.L. Drawdown
{min) (m) (m)
0 2.07 0.00
60 2.71 . . 0.33
124 3.00 0.62
183 3.07 0.69
244 3.16 0.78
305 3.25 0.87
364 3.28 0.90
435 3.27 0.89
485 3.26 0.88
546 3.30 0.92
606 3.30 0.92
670 3.37 -0.99
733 3.38 1.00
. 854 3.36 0.98
947 . 3.38 1.00
1084 - 3.39 1.01
1204 - 3.41 . 1.03
1325 3.42 1.04
1445 3.43 1.05
1565 3.44 1.06
1685 3.47 1.09
1805 3.45 1.07
1925 3.47 1.09
2055 3.48 1.10
2170 - 3.53 1.15
2293 3.58 1.20
2413 3.58 1.20
2533 3.58 1.20
- 2653 3.58 1.20
2760 3.54 1.16
2885 3.59 1.21
3005 3.60 1.22
3120 3.61 1.23
3252 3.64 1.26
3365 3.65 1.27

Recycled Paper




TABLE 2-6: FIELD PUMP TEST INFORMATlON_ (con't)
Observation Well TW 2, Pumping TW 1 ’
Well No: TwW2 Pumping Rate (avg): : 360 m3/day
Well Loc.: Moose Creek Distance: . 145 m -
Date: November 6 to 8, 1991 Static Water Level: 207 m
Time W.L. Drawdown
{min) {m) {m)
3493 3.65 1.27
3613 3.68 1.30
3733 3.68 1.30
3853 3.70 1.32
3973 3.7 a 1.33
4093 3.72 1.34
4213 3.74 , 1.36
4314 3.74 1.36

Recveled Paper




TABLE 2-7: PUMP TEST ANALYSIS
Observation Well TW 2, Pumping TW 1

Calculation of Transmissivity from Pump Test Curves

Pump Test Delta s Q Total Specific T
|Portion Drawdown Capacity

{m) ~ {m3/day) {m) - (m2/day) (m2/day)
Drawdown - 040 360.00  1.36 .- 164.72

Calculation of Storativity from Pump Test Curves -

T 10 Radius Storativity
{m2/day) {days) {meters)
164.72 4.17E-03  145.00 7.34E-05

Calculation of Safe Yields from Transmissivities

T Available 20 Year 20AY‘ear
‘ Drawdown Safe Yield Safe Yield
(m2/day) (m) (m3/day) - (igpm)

164.72 25.00 = 2285.53 349.14

Recycled Paper




Drawdown (metres)

10
12
14
16
18

20

PUMPING TEST ANALYSIS - 30066
Drawdown TW 2, Pumping TW 1

10

100
Time (minutes)

1000

10000
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TABLE 2-8: FIELD PUMP TEST INFORMATION
Observation Well TW 3, Pumping TW 1 .
Well No: TW3 Pumping Rate {avg): 360 m3/day
Well Loc.: Moose Creek 218 m
Date: November 6 to 8, 1991 Static Water Level: 0.88 m
Time W.L. Drawdown
{min) (m) {m)
0 0.88 0.00
62 1.56 0.68
126 1.72 0.84
185 1.82 0.94
246 1.87 0.99
308 1.92 1.04
‘366 1.96 1.08
437 1.99 - 1.11
487 2.00 1.12
549 2.06 1.18
610 2.06 1.18
672 2.07 1.18
675 2.09 1.21
736 2.12 1.24
856 2.13 1.25
a76 2.14 1.26
1096 2.15 1.27
1216 2.18 1.30
1327 2.20 1.32
1447 2.21 1.33
1567 2.22 1.34
1687 2.25 1.37
1807 2.26 1.38
1927 2.27 1.39
2052 2.27 1.39
2172 2.28 1.40
2292 2.30 1.42
2412 2.32 1.44
2532 2.33 1.45
2652 2.35 1.47
2760 2.36- 1.48
2887 2.38 1.50
3007 2:39 1.51
3132 2.39 1.51
3250 2.41 1.53

Recycled Paper




TABLE 2-8: FIELD PUMP TEST INFORMATION (con't)
Observation Well TW 3, Pumping TW 1
WellNo: TW 3 Pumping Rate (avg): 360 m3/day
Well Loc.: Moose Creek - Distance: ‘ 218 m
Date: November 6 to 8, 1991 Static Water Level: ~ 0.88 m
Time W.L. ’ Drawdown |
{min)} - (m) : , (m)
3367 2.42 ‘ - 1.54
3490 2.44 1.66
3610 2.45 1.67
3730 2.47 1.59
3850 247 1.59
3970 2.48 1.60
4090 2.49 1.61
4210 -2.50 1.62°
4310 2.50 1.62

Recydled Paper




TABLE 2-9: PUMP TEST ANALYSIS
Observation Well TW 3, Pumping TW. 1

Calculation of Transmissivity from Pump Test Curves

Pump Test ‘ Deitas Q Total Specific T

Portion : Drawdown Capacity
{m) {m3/day) {m) (m2/day) {m2/day)
Drawdown 0.45 360.00 1.62 - 146.38

Calculation_of Storativity from Pump Test Curves

T 10 Radius - _ Storativity
(m2/day) ~ (days) (meters)
146.38 1.73E-03  218.00 ' 1.20E-05

Calculation of Safe Yields from Transmissivities

T Available 20 Year 20 Year

Drawdown Safe Yield Safe Yield
{m2/day) {m) {m3/day) {igpm)
146.38 25.00 .2031.02 = 310.26

Recycled Paper
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TABLE 2-10: FIELD PUMP TEST INFORMATION
Observation Well TW 4, Pumping TW 1
Well No: TW 4 ‘ Pumping Rate (avg): 360 m3/day
Well Loc.: Moose Creek Distance: 169 m
Date: November 6 to 8, 1991 Static Water Level: 2.06 m
Time W.L. Drawdown
{min) {m) - (m)
0 2.06 0.00
66 2.75 0.69
129 2.87 0.81
189 2.97 0.91
250 '3.09 1.03
. 310 3.17 1.11
370 3.17 1.1
442 3.13 1.07
491 3.156 1.09
554 3.19 1.13
613 3.21 1.15
675 3.30 "1.24
677 3.32 1.26
737 3.27 1.21
857 3.28 1.22
977 3.29 1.23
1097 3.32 C1.26
1217 - 3.35 1.29
13356 3.35 1.29
1450 3.35° 1.29
1570 3.36 1.30
1690 3.38 1.32
1810 3.39 1.33
1930 3.40 1.34
2048 3.42 1.36
2169 - 3.45 - 1.39
2290 3.49 1.43
2410 3.49 1.43
2530 3.50 1.44
2650 3.50 1.44
2760 3.50 1.44
2890 3.50 1.44
3010 - 3.53 1.47
3135 3.54 ‘1.48
3247 3.55 1.49
3370 3.55 1.49

Recvcled Paper




TABLE 2-10: FIELD PUMP TEST INFORMATION (con't)
, Observation Well TW 4, Pumping TW 1 | |
Well No: TW4- . Pumping Rate (avg): : 360 m3/day
{Well Loc.: Moose Creek Distance: 169 m
Date: November 6 to 8, 1991 Static Water Level: 2.06 m
Time W.L. Drawdown
{min) {m) {m)
3485 3.57 1.51
3605 3.60 1.54
3725 3.64 1.58
3845 3.70 o 1.64
3965 3.69 © 1.63
4085 3.68 ' 1.62
4205 3.67 , 1.61
4307 3.65 ; 1.59

Ramiriard Paner



TABLE 2-11: PUMP TEST ANALYSIS
Observation Well TW 4, Pumping TW 1

Calculation of ransmissivity from Pump Test Curves -

Pump Test Delta s Q " Total  Specific T
Portion ‘ Drawdown Capacity
{m) {m3/day) (m) © {m2/day) {m2/day)
|prawdown 050  360.00 169 - 131.84

Calculation of Storativity from Pump Test Curves

T 10 Radius Storativity
{m2/day) {days) (meters) 4

131.84  3.48E-03 169.00 3.61E-05

Calculation of Safe Yields from Transmissivities

T Available 20 Year 20 Year
Drawdown Safe Yield Safe Yield

{m2/day)  (m) " {m3/day) {igpm)
131.84 25.00 1829.34 279.45

Recycled Paper
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TABLE 2-12: SUMMARY OF AQUIFER PARAMETERS
bservation Well Data, Pumping TW 1

|Transmissivity, Jacob Straight Line Method-

ow1t o T= -~ 175.7

TW 2 = 164.7
T™W3 = 146.4
™ 4 = 131.8
AvgT = 154.7 m2/day

Storativity , Jacob Straight Line Method

oW 1 ' =  5.60E-05

T™W 2 -S= , 7.34E-05
TW 3 S= 01 .20E-05‘
W4 - s= 3:61E-05
Avg S= 3.66E-05
20 Year Aquifer Safe Yield ‘ - m3/day igpm
' ow1 = 2438.3 372.3
T™W 2 = 2285.5 348.9
™ 3 = 2031.0 - 310.1
S TW 4 = 1829.3 . 279.3
Average - 21460  327.6

Recycled Paper




TABLE 3-1: PUMPING TEST SUMMARY

TEST WELL TW 2, MOOSE CREEK, ONTARIO

Test Conducted By:
Pumping Began:
Pumping Ended:
Recovery Began:
Recovery Ended:

|Well Data
Elevation:

Depth:

Casing Length:
Casing Stick-up
Diameter:

Driller:

Pump Type:

Pump Setting:
Static Water Level:

Available Drawdown: -
Recorded Drawdown:

Pumping Rate (avg.):

Lithology
0-13.1m

13.1-31.4m

Chemtcal Analyses

A ' Jacques, Whitford Limited

10:30 a.m., August 14, 1991

10:30 a.m., August 17, 1991 (72 hours)

10:30 a.m. , August 17, 1991

12:30 p.m., August 17, 1991 (>95% recovery)

83.0m
30.8 m
140 m
09 m
400 mm -
Olympic Drilling Ltd.
40 hp Submersible
26.8 m
2.6 m
19.3 m
18.0m
327.5 m3/day

s overburden

fractured hmestone bedrock.

Table 4, Ontario Drinking Water Objectwes {MOE) and bactena at 72 hours

Observatton Wells

T™W1 r=145.5 depth = 30.5 m (drawdown = 1.70 m)

jtws r=72.8 m depth = 31.4m (drawdown = 3.68 m)

TW 4 r=71.5m depth = 32.0m ~ (drawdown = 2.61 m)

Recycled Papsr




TABLE 3-2: FIELD PUMP TEST INFORMATION
‘Pumping TW 2
WellNo: TW2 _ Pumping Rate: . .327.5 m3/day
Well Loc.: Moose Creek ° Depth of Pump: ' 26.8 m
Date: August 14, 1991 Static Water Level: 2.58 m
Time t W.L. Drawdown Residual 1748 Discharge
(min) (m) {m) Drawdown Rate
: {m) {m3/day)
0 - 2.58 0.00 360
1 13.70 11.12
2 14.65 12.07
3 14.95 . 12.37
4 15.65 13.07
5 16.28 13.70
6 16.85 14.27
7 17.35 14.77
8 17.86 15.28
9 18.28 15.70
10 18.62 16.04
15 ' 19.28 - 16.70 327.5
20 19.51 16.93
25 ' - 19.72 17.14
30 ' 19.90 17.32
40 20.20 17.62
50 20.41 17.83
60 20.56 17.98
90 20.72 = 18.14
120 20.93 18.35
150 21.07 18.49
180 21.16 18.58
210 21.27 18.69
240 21.38 18.80
300 21.45 18.87
360 21.70 19.12 .
420 21.72 19.14
480 A 21.75 19.17
540 22.43 19.85
600 . 21.30 18.72
© 660 ‘ . 21.20 18.62
720 21.26 18.68
780 21.52 18.94
840 21.50 18.92 R
900 , 21.34 "18.76

ecycled Paper




TABLE 3-2: FIELD PUMP TEST INFORMATION (cont'd)
Pumping TW 2
Well No: TW'2 Pumping Rate: 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 26.8 m
Date: August 14, 1991 Static Water Level: 2.568 m
Time t' W.L. Drawdown Residual tit Discharge
{min) {m) . {m) Drawdown Rate
' {m) {m3/day)
960 21.35 18.77

1020 21.50 18.92

1080 21.40 18.82

1140 21.38 18.80

1200 21.55 18.97

1260 21.58 19.00

1320 ©21.35 18.77

1380 21.37 “18.79

1440 21.40 18.82

1500 21.35 18.77

1560 21.34 18.76

1620 21.32 18.74

1680 © 21.52 18.94

1740 21.58 .19.00

1800 21.60 19.02

1860 21.68 19.10

1920 21.70 - 19.12

1980 21.63 19.05

2040 - 21.59 19.01

2100 21.51 18.93

2160 21.54 18.96

2220 23.34 20.76

2280 19.73 17.15

2340 - 20.15 17.57

2400 - 20.40 - 17.82

2460 20.38 17.80

2520 . 20.34 17.76

2580 120.37 17.79

2640 20.40 17.82

2700 20.48 17.90

2760 20.42 17.84

2820 20.42 17.84

2880 20.43 17.85

2940 20.41 17.83

3000 © 20.42 17.84

Recycled Paper



TABLE 3-2: FIELD PUMP TEST INFORMATION {(cont'd)
’ Pumping TW 2 '
Well No: TW 2 Pumping Rate: -327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 268 m
Date: August 14, 1991 Static Water Level: 258 m
Time t' W.L. Drawdown Residual ' Discharge
(min) ~{m) (m) Drawdown- Rate
o {m) {m3/day)
3060 20.42 17.84
3120 2040  17.82
3180 20.38 - 17.80
3240 20.36 17.78
3300 20.50 17.92
3360 20.46 17.88
3420 20.55 17.97
3480 20.55 17.97
- 3540 - 20.65 18.07.
3600 20.53 17.95
3660 20.45 17.87
3720 20.43 17.85
3780 20.41 17.83
3840 20.40 17.82
3900 20.44 17.86
3960 20.47 ~ 17.89
4020 20.48 17.90
4080 20.53 17.95
- 4140 20.54 - 17.96
4200 20.68 18.10
4260 20.63 18.05
4320 20.60 18.02 )
4321 1 13.83 11.25 ~ 11.25 4321
4322 2 10.55 7.97 7.97 2161
4323 3 8.13 5.55 - 5.55 1441
4324 4 7.05 4.47 4.47 1081
4325 ) 6.28 3.70 ' 3.70 - 865
4326 6 5.70 3.12 3.12 721
4327 7 5.30 2.72 272 618
4328 8- 4.98 2.40 2.40 541
4329 9 4.75 2.17 2.17 481
4330 10 4.58 2.00 2.00 433
4332 . 12 4.41 1.83 1.83 361
4334 14 4.28 1.70 1.70 310
4336 16 4.22 1.64 1.64 271

Recycled Paper




TABLE 3-2: FIELD PUMP TEST INFORMATION {cont'd)
Pumping TW 2 '
WellNo: TW2 Pumping Rate: 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 26.8 m
Date: August 14, 1991 Static Water Level: 2.58 m
Time t W.L. Drawdown Residual t/t Discharge
(min) (m) (m) Drawdown Rate
’ {m) ‘ {m3/day)
4338 .18 4.15 1.57 1.57 241 :
4340 20 4.11 1.53 153 217
4345 25 4,02 1.44 1.44 174
4350 30 3.94 1.36 1.36 - 145
4355 35 3.88 1.30 1.30 124
4360 40 3.84 1.26 1.26 109
4365 45 3.80 1.22 1.22 -97
4370 50 3.76 1.18 1.18 87
4375 55 3.72 1.14 1.14 80
4380 - 60 - 3.70 112 1.12 73
4390 70 3.65 1.07 1.07 63
4400 80 3.59 1.01 1.01 55
4410 90 3.55 0.97 0.97 49
4420 100 3.53 0.95 - 0.95 44
4440 120 3.48 0.90 0.90 37

Recycled Paper




TABLE 3-3: PUMP TEST ANALYSIS
Pumping TW 2

Calculation of Transmissivity from Pump Test Curves (Jacob Straight Line Method)

Pump Test Delta s Q Total ' Specific AIT
Portion T Drawdown Capacity
{m) {m3/day) - {(m)  (m2/day) (m2/day)

Drawdown (early) 7.90 360.00 16.04 22.44 8.35
Drawdown (late) 2.40 327.50 18.02 18.17. 25.01
Recovery (early) 10.80 327.50 .- - 5.56
"|Recovery (late) -0.87 327.50 - - - 69.00
Representative T . o ‘ » 25.01

Calculation of Safe Yields from Transmissivities

Transmissivity T Available 20 Year 20 Year ,
: ~ Drawdown Safe Yield Safe Yield
(m2/day) = (m) (m3/day)  (igpm)

Representative 25.01  19.30 270.30  41.70
Minimum - 556  19.30  60.00  9.30

Calculation of Transmissivity and Storativity From Observation Well Data
{Jacob method,distance vs. drawdown at constant t)

" Deltas ~ Time r0 Transmissivity ‘ Storativity
{m) (days) {meters) ‘ -{m2/day)

2.7 0.063 345.00 " 44.40 5.25E-05 -

Recycled Paper
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TABLE 3-4. FlELD PUMP TEST INFORMATION
_ Observation Well TW 1, Pumping TW 2

WellNo:  TW 1 K Pumping Rate: 327.5 m3/day

Well Loc.: Moose Creek Depth of Pump: .26.8 m
Date:  August 8, 1991 Static Water Level: 3.22 m
~ Time ot W.L.  Drawdown Residual ~ t/t' Discharge
» {min) {m) {m) Drawdown Rate
' {m) . {m3/day)
0 3.22 0.00 328
15 - 3.63 0.41
33 ‘ 3.95 0.73
40 ‘ 400  0.78
75 4,12  0.90
95 . ' 4.20 0.98
135 , 4.28 1.06
176 4.34 1.12
236 K 4.40 1.18
296 4.45 1.23
356 ' 4.48 1.26
427 4,50 1.28
487 4.53 1.31
607 4.56 1.34;
727 ) 4.58 1.36
847 -  4.61 1.39
967 - 4.63 1.41
1087 - 4.65 1.43
1207 4.67 1.45
1327 4.70 1.48
1447 , 4.72 1.50
1567 4.73 1.51
1687 4.74 1.52
1807 ' 4,76 - 1.54
1927 4,77 1.565
2047 : 4.79 1.57
2167 4.80 1.58
2287 - 4.78 1.56
2407 4.80 1.58
2527 A 4.80 1.58
2647 , 4.81 . 1.59
2767 4.83 1.61
2887 4.83 1.61
3007 N 4.84 1.62
3127 : 4.85 1.63
3247 4.87 1.65
3367 . 4.87 1.65
3487 » 4.87 . 1.65

Recycied Paper




TABLE 3-4. ‘FIELD PUMP TEST INFORMATION {cont'd)
Observation Well TW 1, Pumping TW 2
WellNo: TW 1 . . Pumping Rate: 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 26.8 m
Date: August 8, 1991 Static Water Level: - 3.22 m
Time t W.L. Drawdown Residual  t/t' Discharge
“(min) {m) (m) . Drawdown =~ , Rate
(m) ‘ {m3/day)
3605 4.88 1.66 - ‘
3725 4.88 1.66
3845 4.89 1.67
3965 4.90 1.68
- 4085 © 4,90 1.68
4205 4.92 1.70
4320 4.92 1.70
4338 18 4.60 | 1.38 241
4365 - 45 4.34 1.12 .97
4370 50 4.32 1.10° 87
4420 100 4.12 : 0.90 44
4450 130 - 4,07 ‘ 0.85 34
4505 185 4.00 0.78 - 24

Recycled Paper




TABLE 3-5: ‘PUMP TEST ANALYSIS .
Observation Well TW 1, Pumping TW 2

Calculation of Transmissivity from Pump Test Curves

Pump Test ' Delta's ‘0 Total - Specific
Portion _ Drawdown Capacity
' {m) {m3/day) {m) {m2/day)
Drawdown (early) 0.79  327.50 1.70 -
Drawdown (late) 0.29 327.50 1.70 -

Calculation of Storativity from Pump Tesg Curves

T t0 Radius ~ Storativity
(m2/day) (days)  (meters)

75.99 2.786-03  145.50 2.25€-05

Calculation of Safe Yields from Transmissivities

T Available 20 Year 20 Year
‘ Drawdowrl Safe Yield Safe Yield
{m2/day) {m) =~ (m3/day)  (igpm)

75.99  25.00 1054.36  161.06

T
(m2/day)

75.99
207.00

Recycled Paper
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TABLE 3-6. FIELD PUMP TEST INFORMATION
, Observation Well TW 3, Pumping TW 2
WeliNo: TW3 Pumping Rate: 327.5 m3/day
Well Loc.: - Moose Creek Depth of Pump: 26.8 m
Date: August 8, 1991 Static Water Level: © 1.33m
Time t W.L. Drawdown Residual tt'. Discharge
(min) {m) (m) Drawdown - Rate
(m) , {m3/day)
0 1.33 0.00 328
20 3.13 1.80 : :
60 ' 3.96 2.63
85 . : 4.3 2.80
125- 4.32 2.99
182 . 446 . 3.13
242 4,56 3.23
301 4.62 - 3.29
362 4.68 3.35
422 4,73 3.40
482 ‘ 4.75 3.42
602 4.77 3.44
722 - 4.79 3.46
842 4.81 3.48
962 ' 4.82 3.49 )
1082 4.84 3.51
1202 - 4.87 3.54
1322 4.87 3.54
1442 ' 4.90 3.57
1562 4.9 3.58
1682 491 - 3.58
1802 - 4.93 4.00
1922 4.96 '3.63
2042 ‘ 4.98 "~ 3.65
2162 .4.99 '3.66
2282 4.83 3.50
2402 4.89 3.56
2522 , 4.89 3.56
2642 , : 4.90 3.57
2762 4.92 3.59
2882 . - 492 3.59 .
© 3002 4.93 -3.60
3122 ' 4.94 3.61
3242 ; ‘ 4.95 3.62
3362 A 4.96 3.63
3482 . 4.97 3.64
3602 _ 4.98 - 3.65
3722 , 497 = 3.64

Raruriad Panar




TABLE 3-6. FIELD PUMP TEST INFORMATION (cont'd)
, " Observation Well TW 3, Pumping TW 2
WellNo: TW3 ‘ Pumping Rate: 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: ' . 26.8 m
Date: August 8, 1991 Static Water Level: . 133 m
Time t' W.L. - Drawdown Residual it Discharge
{min) {m) {m)  Drawdown Rate
{m) - {m3/day)
3842 4.97 3.64 '
3962 4.98 3.65
‘4082 499 - 3.66
. 4202 5.01 . 3.68
4320 : 5.01 3.68 ,
4332 12 3.40 2.07 361
4334 14 . 3.28 1.95 310
-4350 30 2.82 1.49 145
4355 35 2.76 ' - 1.43 - 124
4390 70 2.47 1.14 : 63
4400 80 2.42 1.09 55
4445 125 2.27 0.94 36
4515 195 2.12 . 0.79 23

Daralad Bomar




TABLE 3-7: PUMP TEST ANALYSIS
Qbservation Well TW 3, Pumping TW 2

Calculation of Transmissivity from Pump Test Curves

Pump Test | Delta s a Total - Specific T
Portion , , ‘ Drawdown Capacity

{m)  {(m3/day) (m)  (m2/day) (m2/day)
Drawdown (early) 1.64 327.50 3.68 - 36.60

Drawdown (late) 0.22 327.50 3.68 - 272.87

Calculation of'Storativi;g( from Pump Test Curves

T A 10 Radius : Storaﬁvity
{m2/day) {days) {meters)

36.60 1 -25E-03 72.80 : 1.94E-05

Calculation of Safe Yields from Transmissivities

T Available 20 Year 20 Year
Drawdown Safe Yield Safe Yield
(m2/day) = (m) (m3/day) ligpm)

36.60 = 25.00 507.83 77.58

Recycled Paper
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TABLE 3-8: FIELD PUMP TEST INFORMATION
Observation Well TW 4, Pumping TW 2
WellNo: TW4 ‘Pumping Rate: 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 26.8 m
Date: August 14, 1991 Static Water Level: 23 m
Time S W.L. Drawdown Residual  t/t' Discharge
{min) {m) {m) Drawdown Rate
{m) {m3/day)
0 2.30 0.00 ' 328
1 2.40 0.10
2 2.49 0.19
3 2.57 0.27
4 2.65 0.35
5 2.73 0.43
- 6 - 2.79 - 0.49
7 .2.85 0.55
8 2.91 0.61
9 2.97 0.67
10 3.02 0.72
30 3.66 1.36
65 3.95 1.65
90 4.07 1.77
130 4.20 1.90 ¢
186 4.33 2.03
246 4.4 2.1
306 446 2.6
366 4.50 2.20
425 4.54 2.24
485 4.58 2.28
605 4.60 4.00
725 4.62 2.32
845 4.63 2.33 .
965 4.65 2.35
1085 4.67 2.37
1205 4.70 2.40
1325 4.73 2.43
1445 4.74. 2.44
1565 4.75 + 2.45
1685 4.75 2.45
1805 4.77 2.47
1925 4.79 2.49
2045 4.82 2.52
2165 4.82 2.52
2285 4.75 2.45
2405 478 2.48
2525 4.78 2.48
2645 4.79 . 2.49°

'Recyded Paper




TABLE 3-8: FIELD PUMP TEST INFORMATION (cont'd)
Observation Well TW 4, Pumping TW 2

WellNo: TW4 , Pumping Rate: - 327.5 m3/day
Well Loc.: Moose Creek _ Depth of Pump: 26.8 m
Date: August 14, 1991 Static Water Level: = 23 m
Time 1 W.L. Drawdown Residual tit Discharge
(min) (m) (m) ~ Drawdown Rate
» . {m) {m3/day)
2765 '4.82 252
2885 4.82 2.52
3005 4.82 2.52
3125 4.83 2.53
3245 4.84 2.54
3265 4.85 2.5%
3485 4.86 2.56
3605 4.86 -2.56
3725 4.86 2.56
3845 487  2.57
3965 4.88 2.58
4085 4.88 2.58
4205 4.91 2.61
© 4320 4.93 2.63"
4321 1. 4.93 : 2.63 4321
4322 2 4.89 2.59 2161
4323 3 4.83 : 2.53 1441
4324 4 4.74 2.44 1081
4325 5 4.67 . 2.37 865
© 4326 6 4.58 2.28 721
4327 -7 4.51 2.21 - 618
4328 8 4.41 211 541
4329 9 4.33 2.03 481
4330 10 4,26 ©1.96 433
4342 22 3.81 1.51 197
4380 60 3.45 1.15 73
4410 90 . 3.33 - 1.03 49
4440 120 3.24 o 0.94 37

4510

190 - 3.10 : 0.80 24

Domintad Oamar




TABLE 3-9: PUMP TEST ANALYSIS
Observation Well TW 4, Pumping TW 2

Calculation of Transmissivity from Pump Test Curves

Pump Test Deltas - Q Total Specific T
Portion ’ Drawdown - Capacity

' {m) (m3/day) (m)}  (m2/day) (m2/day)
Drawdown (early) 1.09 327.50 2.61 - 55.07
Drawdown (late) 0.32 327.50 2.61 - 187.60

Calculation of Storativity from Pump Test Curves

T .10 Radius | ‘ Storativity
{m2/day) {days) (meters)

55.07 1.60E-03 7150  3.87E-05

Calculation of Safe Yields from Transmissivities

T Available 20 Year 20 Year

Drawdown Safe Yield Safe Yield
(m2/day) (m) {m3/day)  (igpm) -

55.07 25.00 764.10 . 116.72

Recycled Paper’
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TABLE 3-10: SUMMARY OF AQUIFER PARAMETERS
Pumping TW 2

TW 1
TW3 |
"TW4

Stdrativity , Jacob Straight Line Method
TW 1

TW 2
T™W 4

20 Year Aquifer Safe Yigld
TW 1
T™W3
™ 4

' Average

Transmissivity, Jacob Straight Line Method

T= 76.0
- 36.6
T= 55.1
AvgT = 55.9 m2/day
S= 2.25E-05
S= 1.94E-05
.S= 3.87E-05
Avg S= 2.69E-05
. m3/day k igpm
1054  161.0
508 77.5
764 116.7
582

88.8

- Recycled Paper



TABLE 4-1: PUMPING TEST SUMMARY

TEST WELL TW 4, MOOSE CREEK, ONTARIO

Jacques, Whitford Limited

3:00 p.m., April 8, 1991

3:00 p.m., April 11, 1991(72 hours)

3:00 p.m., April 11, 1991

3:46 p.m., April 11, 1991 (> 95% recovery)

Test Conducted By:
Pumping Began:
Pumping Ended:
Recovery Began:
Recovery Ended:

Pumping Rate (avg.):

Well Data :

Elevation: 83.0m
Depth: 320m
Casing Length: . 16.2 m
Casing Stick-up 0.6 m
Diameter: 400 mm.
Driller: Olympic Drilling Ltd.
{Pump Type: 40 hp Submersible .
Pump Setting: 299 m
Static Water Level: 14 m
Available Drawdown: 242 m
Recorded Drawdown: 24.7 m

327.5 m3/day

" |Lithology

0-0.6 m Topsaoil

0.6 - 12.5 m Grey fluidized sand

12.5 - 16.2 m Fractured bedrock (shaly hmestone)
16.2 - 32.0 m Dark Grey shaly limestone

Chemical Analyses ' :
Table 4, Ontario Drinking Water Objectwes {MOE) and bactena at 72 hours

Observation Wells

30.5m (1.19 m drawdown)

TW 1: r = 169.5 m, depth = »
TW 2: r = 72 m, depth = 30.8 m (1.97 m drawdown)
JTW3: r = 115 m, depth = 31.4 m

{1 .82_ m drawdown)

Recycled Paper




TABLE 4-2: FIELD PUMP TEST INFORMATION
: Pumping T™W 4

Well No: TW 4 ‘ Pumping Rate: ~ - 327.5 m3/day
Well Loc.: Moose Creek ‘Depth of Pump: 299 m
Date: ~  April 8, 1991 Static Water Level: - 141 m
Time t W.L. Drawdown Residual ut Discharge
(min) (m) (m) Drawdown Rate
(m) , "~ (m3/day)
0 1.41 0.00 ' |
1.0 -7.60 6.19 » ‘ . 328
2 11.14 - 9.73 ' '
3 11.50 10.09
4 16.45 15.04
5 18.86  17.45
6 18.97 17.56
7 20.42  19.01
‘8 20.44 19.03
.10 22.31 20.90
13 22.68 21.27
14 22.75% - 21.34
16 2294 2153
18 23.06 . 21.65
20 : 23.13° . 21.72
25 : 23.24  21.83
30 23.39 21.98
35 23.50 -22.09
- 40 23.57 22.16
50 23.78 22.37
60 ~ 23.89  22.48
70 ' 23.99 22.58
80 - 24.10 22.69
.90 2417 22.76
105 24.30 22.89
120 24.38 22.97
150 24.48 23.07
180 ' 24.65 23.24
210 24.90 23.49
240 - 25.10  23.69
- 300 ' 25.29 23.88
360 ' 25.45 - 24.04
420 - 25.54 24.13
480 25.64 24.23
540 25.71 24.30
600 25.80 24.39
660 25.83 24.42

720 2585  24.44

Recydled Paper




TABLE 4-2: FIELD PUMP TEST INFORMATION(cont'd) N
Pumping TW 4
Well No: TW 4 ' Pumping Rate: 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 299 m
Date: April 8, 1991 Static Water Level: 1.41 m
Time ot W.L. Drawdown Residual t/t' Discharge
{min) {m) {m) Drawdown Rate
‘ . {m) {m3/day)
840 25.91 24.50
960 25.99 24.58 328
1080 - 26.18 24.77
1200 26.20 24.79
1320 26.25 -24.84
1440 26.28 24.87
1560 26.32 24.91
1680 26.34 24.93
1800 26.47 -25.06
1920 26.40 24.99
2040 26.38 24.97
2160 26.35 24.94 "
2280 26.33 24.92
2400 - 26.30 24.89
2520 26.18 24.77
2640 26.24 24.83
2760 26.24 - 24.83
2880 26.40 24.99
3000 26.52 25.11
3120 26.70 25.29
3240 26.87 ©25.46
3360 26.79 25.38
3480 26.70 25.29
3600 26.54 25.13
3720 26.41 25.00
3840 26.20 24.79
3960 26.10  24.69
4080 26.08 24.67
4200 26.07 24.66
4320 26.10 24.69

Recycled Paper




TABLE 4-2: FIELD PUMP TEST INFORMATION{cont'd)
‘ ‘ Pumping TW 4
WellNo: TW 4 Pumping Rate: . 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 29.9 m
Date: April 8, 1991 ~ Static Water Level: 141 m
Time t' W.L. Drawdown Residual t/t Discharge
{min) (m) (m) Drawdown _ Rate
; ‘ {m) (m3/day)
4321 0.5 19.19 8642 ‘
4321 1 15.89 4321
4322 2 10.54 2161
4323 3 5.99 = 1441
4324 4 4.54 1081
4325 5 .3.50 865
4326 6 2.82 721
4327 7 2.41 618
4328 ’ 8 2.15 541
4330 - 10 1.80 433
4332 12 1.62 361
4334 14 1.50 310
4336 16 1.41 271
© 4338 ' 18 1.34 241
4340 - 20 1.28 217
4345 - 25 ) 117 174
4350 30 1.10 145
4355 35 1.03 124
4360 40 0.97 109
4363 43 0.95 101
4366 46 - 0.90 95

Recycled Paper . -




" TABLE 4-3: PUMP TEST ANALYSIS
Pumping TW 4

Calculation of Transmissivity from Pump Test Curves {Jacob Straight Line Method)
Pump Test , ' Deltas Q Total Specific T
Portion : Drawdown Capacity

(m) (m3/day) (m) (m2/day) (m2/day)

Drawdown (early) 18.20 327.50 24.70  13.26 1 3.30

-|Drawdown (late) 1.90 32750 = 24.70 13.26 ~  31.60
Recovery (early) ‘ 16.30 327.50 - - 3.68

Recovery (late) 1.20 327.50 - - 50.03

-{Calculation of Safe Yields from Transmissivities

Transmissivity : T Available 20 Year 20 Year
. . Drawdown Safe Yield Safe Yield

{m2/day) {m) {(m3/day) (igpm)
Average 22.15  24.20 297.50  45.45

Minimum ) 3.30 24.20 44.30 6.77

Calculation of Transmissivity and Storétivig From Observation Well Data
|{Jacob method,distance vs. drawdown at constant t)

Delta s Time 0. ‘ Transmissivity » Storativity
{m) {days)  (meters) - ~ (m2/day)
1.44 0.069 640.00 83.24 3.18E-05 .

Recycled Paper
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TABLE 4-4: FIELD PUMP TEST INFORMATION
Observation Well TW 1, Pumping TW 4
WellNo: TW 1 Pumping Rate: 327.5 m3/day -
Well Loc.: Moose Creek Depth of Pump: 29.9 m
Date: April 8, 1991 - Static Water Level: 217 m
Time t W.L." Drawdown 'Residual St : " Discharge
{min) - {m) (m) - Drawdown ' -~ - Rate
' : ; (m) : (m3/day)
0 2.17 0.00 = , -
19 2.46 0.29 328
26 2.54 0.37
35 2.61 0.44
65 - 2.77 0.60
98 - 2.87 0.70
131 2.93 0.76
160 2.95 0.78
189 2.98 0.81
220 3.03 0.86
249 3.05 0.88
310 3.07 0.90 .
370 3.11 0.94
430 3.14 0.97
490 - 3.14 0.97
550 3.14 0.97
610. 3.13 0.96
670 -3.13 0.96
730 - 3.12 0.95
850 3.1 0.94
970 3.10 0.93 |
1090 - 3.09 0.92
1210 3.08 10.91
1330 3.13 0.96
1450 3.15 0.98
1570 3.17 - 1.00
1690 3.20 1.03
1810 - 3.24 1.07
1930 - 3.25 1.08
2050 3.21 1.04
2170 3.16 0.99
2290 - 3.14 0.97
2410 313.  0.96
2530 3.13 0.96
2650 3.17 1.00
12770 3.20 1.03

Recycled Paper.




TABLE 4-4: FIELD PUMP TEST INFORMATION (cont'd)
Observation Well TW.1, Pumping TW 4 ‘
WellNo: TW1 ' Pumping Rate: - - 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 299 m
Date: April 8, 1991 ' Static Water Level: 2.17 m
Time . t W.L. Drawdown Residual " Discharge
(min) (m) - (m).  Drawdown Rate
« (m) , {m3/day)
2890 3.22 1.05°
3010 , - 3.25 1.08
3130 . 3.26 1.09
3250 - 3.27 1.10
‘3370 3.29 1.12
3490 3.29 1.12
3610 3.30 1.13
3730 -3.30 - 1.13
- 3850 3.31 1.14
3970 ‘ 3.32 1.15
4090 3.35 1.18
4210 ' 3.36 1.19
4320 3.36 1.19

Recycied Paper




TABLE 4-5;: PUMP TEST ANALYSIS
Observation Well TW 1, Pumping TW 4

Calculation of Transmissivity from Pump Test Curves

Pump Test Delta s Q Total - Specific T
Portion - A Drawdown Capacity

{m) {m3/day) - {m)- {m2/day) (m2/day)
|Brawdown 049 = 327.50 119 - 122.51

Calculation of Storativity from Pump Test Curves

T t0 Radius o Storativity
(m2/day)  (days) (meters)

122.51 3.47E-03 169.50 | 3.33E-05

Calculation of Safe Yields from Transmissivities

T Available 20 Year 20 Year

~ Drawdown Safe Yield Safe Yield -
. (m2/day) (m) (m3/day) (igpm)

122.51 25.00 1699.85  259.67.

Recycled Paper
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TABLE 4-6: FIELD PUMP TEST INFORMATION
Observation Well TW 2, Pumping TW 4
Well No: TW2 Pumping Rate: . - 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 299 m
Date:  April 8, 1991 .Static Water Level: 0.94 m ,
Time t' ‘ W.L. .Drawdown Residual vt Discharge
{min) (m) (m) Drawdown ‘ Rate
{m) {m3/day)
0 - 0.94 - 0.00 '
15 - 1.63 0.69 328
21 1.76 0.82 '
29 1.88 . 0.94
37 1.97 1.03
59 2.13 1.19
68 2.18 1.24
95 2.29 1.35-
127 2.36 1.42
156 2.42 1.48
© 185 2.46 1.52
217 2.53 - 1.59
246 2.55 . 1.61
312 2.58 1.64
372 2.63 1.69
432 2.67 "1.73
492 2.67 - 1.73
552 2.67 - 1.73
612 2.66 1.72
672 2.67 1.73
732 - 2.66 - 1.72
852 2.66 1.72
972 2.66 1.72
1092 2.67 1.73
1212 2.67 1.73
1332 2.69 1.75
1452 2.70 1.76
1572 2.72 1.78
1692 2.76 1.82
1812 2.78 1.84
1932 2.80 1.86
2052 2.76 1.82
2172 2.74 1.80
2292 2.72 1.78
2412 2.69 1.75
2532 © . 2.70 1.76

Recycled Paper




TABLE 4-6: FIELD PUMP TEST INFORMATION (cont’'d)
Observation Well TW 2, Pumping TW 4
Well No: TW 2 ~ . Pumping Rate: . 327.5 m3/day - -
Well Loc.: Moose Creek Depth of Pump: » 299 m
Date: April 8, 1991 Static Water Level: 0.94 m
Time t W.L. Drawdown Residual t/t Discharge
{min) (m) {m) Drawdown Rate
' {m) {m3/day)
2652 276 1.82
2772 2.75 1.81
2892 2.78 1.84
3012 2.81 1.87
3132 2.82 1.88
3252 2.83 1.89
3372 2.84 1.90
3492 2.85 1.91
3612 2.85 1.91
3732 2.86 1.92
3852 2.87 1.93
‘3972 2.87 1.93
4092 2.89 1.95
4212 .2.91 1.97
4320 2.91 1.97

Recycled Paper




TABLE 4-7: PUMP TEST ANALYSIS -

Observation Well TW 2, Pumping TW 4

Calculation of Transmissivity from Pump Test Curves

Pump Test Delta s Q Total Specific T
Portion ’ Drawdown Capacity ‘

’ ' (m) (m3/day) (m) (m2/day) (m2/day)
Drawdown 075  327.50 197 - 180.04

Calculation of Storativity from Pump Test Curves

T 10 Radius ‘ Storativity
{m2/day) {days) {meters) '

80.04 1.39E-03 72.00 : 4.83E-05

Calculation of Safe Yields from Transmissivities

T Available - 20 Year 20 Year

) Drawdown Safe Yield Safe Yield
{m2/day) (m) {m3/day) {igpm)

80.04 25.00 1110.57  169.65

Recycled Péper'
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TABLE 4-8: FIELD PUMP TEST INFORMATION
Observation Well TW 3, Pumping TW 4 -
Well No: TW3 Pumping Rate: 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 29.9m
Date: April 8, 1991 ~ Static Water Level: : 0.31 m
Time t' W.L. Drawdown Residual e’ Discharge
{min) (m) {m) Drawdown Rate
{m) {m3/day)
0 0.31 0.00
16 0.78 0.47 328
23 0.91 0.60 :
31 1.02 0.71
39 1.12 0.81
61 1.29 0.98
93 1.43 1.12
. 123 1.62 1.21
1653 1.69 1.28
183 1.63 1.32
213 1.69: 1.38 -
243 1.73 1.42
314 1.76 1.45
374 1.83 1.52
434 1.88 1.57
494 1.88 1.57
554 1.89 1.58
614 1.88 1.57
674 1.89 1.58
734 1.88 1.57
854 1.89 1.58
974 1.90 1.59
1094 1.89 1.58
1214 1.88 1.57
1334 1.90 1.59
1454 1.92 1.61
1574 1.94 1.63
1694 1.97 1.66 -
1814 1.99 1.68
1934 2.01 1.70
2054 1.98 1.67
2174 1.95 1.64
2294 1.93 - 1.62
2414 1.92 1.61
2534 1.92 1.61
2654 1.93 1.62

Recydled Paper




TABLE 4-8: FIELD PUMP TEST INFORMATION (cont'd)
. Observation Well TW 3, Pumping TW 4
Well No: TW3 . Pumping Rate: - 327.5 m3/day
Well Loc.: Moose Creek Depth of Pump: 299 m
Date: April 8, 1991 Static Water Level: 0.31Tm
Time 1 W.L. Drawdown Residual 171 S Discharge
{min) {m) {m) Drawdown Rate
' (m) (m3/day)
2774 - 1.97 1.66 ,
2894 1.98 1.67 , 328
3014 2.20 1.89 ‘
3134 2.04 1.73
3254 2.06 1.75
3374 2,08 177
3494 2.10 1.79
3614 2.10 1.79
3734 2.11 1.80
3854 2.11 1.80 .
- 3974 2.10 1.79
4094 2.12 1.81
4214 2.13 1.82
4320 2.13 1.82
HRecycled Paper -




~ TABLE 4-9: PUMP TEST ANALYSIS
Observation Well TW 3, Pumping TW 4

Calculation of Transmissivity from Pump Test Curves

Pump Test Delta s Q Total Speéific

Portion ' ' Drawdown Capacity
(m) (m3/day) (m) (m2/day)

Drawdown 0.80  327.50 1.82 . -

Calculation of Storativity from Pump 'Tést Curves

T t0 Radius Storativity
{m2/day) (days) - {meters)

75.04 2.78E-03 115.00° 3.55E-05

Calculation of Safe Yields from Transmissivities

T Available 20 Year . 20 Year
Drawdown Safe Yield ' Safe Yield
{m2/day) {m) {m3/day) {igpm) .

75.04 25.00 1041.16  159.05

T
{m2/day)

75.04

Recvcied Paper
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* TABLE 4-10: SUMMARY OF AQUIFER PARAMETERS
Pumping TW 4 - ‘

Transmissivity, Jacob Straight Line Method _

TW 1 T= 122.5 m2/day

TW 2 T= 80.0 m2/day

TW 3 ' T= 75.0 m2/day
Average T= 92.5 m2/day

Transmissivity, Theim Method

Between:
TW1&TW?2 T= 55.7 m2/day
TW1&TWS3 T= 32.1 m2/day
TW2&TW 3 T= 71.7 m2/day

Average T= 53.2 rriZ/day

Average Transmissivity, Jacob Distance-Drawdown Method (at constant t)

Average T= o 53.2 m2/day

Storativity, Jacob Straight Line Method

TW1  S= 3.33E-05
W2 -  4.82E-05

- TW 3 S= 3.55E-05

Average S = 3.90E-05

Average Storativity, Distance Drawdown Method

Average S = 3.18E-05

66.3 m2/day

Average Aquifer Transmissivity =
Average Aquifer Storativity =  3.54E-05
Averaée Aquifer 20 Year Safe Yield = - 1283.9 m3/day

(assuming 25 m available drawdown)  196.0 igpm

Recycled Paper_




TABLE 5-1: 36 HOUR MULTIWELL TEST - TW 1

PART OF LOT 19, CONC. 6, TWP. OF ROXBOROUGH, ONTARIO

Test Conducted By: Jacques Whitford Environment Limited
Pumping Began: November 12, 1991 @ 2:30 p.m.

Pumping Ended: November 14, 1991 @ 2:30 a.m. (36 hours)
Recovery Began: November 14, 1991 @ 2:30 a.m.

Recovery Ended: November 14, 1991 @ 2:30 p.m. (12 hours)
Well Data

Elevation (Estimated):
Depth of hole:

Casing Lengths -

Annulus Diameter:

Gravel Pack Gradation:
Screen Slot Size:

Casing Diameter:

Casing Stickup

Pump Type:

Pump Setting:

Static Water Level {from TOC))
Available Drawdown:
Recorded Drawdown (final):
Pumping Rate (final):

Water Quality Parameters

Temperature, Electrical Conductivity, pH, Dnssolved Oxygen, Hydrogen Sulphide

84 m (ASL)
30.5 m
31.7 m
405 mm
1/4 x 1/8 inch
80
200 mm
1.2 m
10 h.p. Submersible
25.9 m
4.1 m
16.9 m
135 m
327.5 m3/day

General analysis and bacteria: sampled October 16, 17991 @ 36 hours

Recydled Paper



TABLE 5-2: FIELD INFORMATION - 36 HOUR MULTIWELL TEST
Pumping Well - TW 1 _ v
{Well No: TW 1 . _Pumping Rate (final): - 327.5 m3/day
Well Loc.: Moose Creek, Ont. Depth of Pump: o 259 m
Date: November 12, 1991 Static Water Level: : 4.1 m
Time t W.L. Drawdown Residual t/t : Q
{min) {m) _ (m) Drawdown {m3/day)
(m) .
o 4.10 0.00 360.0
1 8.05 3.95
2 10.98 - 6.88
3 12.82 8.72
4 13.95 9.85
6 15.22 S 1112
8 16.02 11.92
10 16.54 12.44
12 16.90 12.80
14 17.156 13.05
16 17.36 13.26
18 17.10 13.00
20 16.85 12.75 . o '
26.5 14.60 10.50 ' 327.5
30 15.60 11.50 ‘
35 15.93 ©11.83
40 - 16.05 11.95
50 16.19 12.09
60 16.32 12.22
75 16.39 12.29
105 16.53 12.43
122 16.62 12.52
150 16.72 12.62
180 16.85 12.75
240 16.78 12.68
300 16.84 12.74
360 16.92 . 12.82
420 16.94 12.84
480 16.96 12.86
540 16.97 12.87
600 17.10 13.00
660 17.17 ©13.07
720 17.19 13.09
840 17.22 13:12
960 17.23 13.13
1080 17.24 13.14
1200 ©17.25 - 13.15

» Recycled Paper ©




Recycied Paper

TABLE 5-2: FIELD INFORMATION - 36 HOUR MULTIWELL TEST (cont'd.) ;
Pumping Well - TW 1 -
Well No: TW 1 Pumping Rate {final): . . 327.5 m3/day
Well Loc.: Moose Creek, Ont. Depth of Pump: : 259 m
Date: November 12, 1991 Static Water Level: ’ ' 4.1 m
Time t W.L. Drawdown Residual t/t - Q
{min) (m) (m) Drawdown - {m3/day)
’ ) {m)
1320 _ : 17.26 13.16 . 327.5
1440 . 17.29 13.19
1560 17.35 13.25
1680 : 17.38 13.28
1800 - 17.41 13.31
1920 : - 17.48 13.38
2040 - : 17.53 13.43
2160 0O  17.58 13.48 o
2161 1 12.85 ‘ 8.75 2161
2162 2 8.75 ’ : -4.65 1081
2163 3 7.68 3.58 721
2164 4 7.27 ‘ ' 3.17 541
2165 5 6.83 : 2.73 433
2166 6 6.76 : . 2.66 361
2167 7 6.73 2.63 - 310
2168 8 6.70 ‘ . 2.60 271
2170 .10 6.64 2.54 217
2172 12 6.58 , 2.48 181
2174 14 6.53 , 2.43 155
- 2176 16 6.49 - 2.39 136"
‘2178 18 6.45 2.35 12
2180 20 ~ 6.39 2.29 109
2185 25 6.30 2.20 87
2190 ‘ 30 - 6.24 2.14 73
2195 - 35 6.19 v - 2.09 ‘ 63
2200 : 40 6.13 o 2.03 55
2205 45 6.09 " 1 .99 49
2210 50 - 6.03 1.93 A 44
2215 55 6.00 1.90 - 40
2220 60 - 5.92 1.82 A 37
2230 70 5.90 1.80 32
2250 90 5.86 1.76 , 25
2310 150 5.72 1.62 15
2370 210 5.68 1.58 . 1
2430 - 270 5.62 1.52 9
2490 330 5.52 1.42 8
2550 390 5.40 1.30 7
2610 450 ’ 5.31 1.21 6
2670 510 5.19 1.09 5
2760 600 5.05 4 0.95 5
2880 720 _ 4.95 0.85 4
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Figure 5-2
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TABLE 5-3: 36 HOUR MULTIWELL TEST - TW 2
PART OF LOT 19, CONC. 6, TWP. OF ROXBOROUGH, ONTARIO '
Test Conducted By: Jacques Whitford Environment Limited
Pumping Began: November 12, 1991 @ 2:30 p.m.
Pumping Ended: ‘November 14, 1991 @ 2:30 a.m. (36 hours)
Recovery Began: November 14, 1991 @ 2:30 a.m.
Recovery Ended: November 14, 1991 @ 2:30 p.m. (12 hours)
Well Data
Elevation (Estimated): ' 83 m (ASL)
Depth of hole: 30.8 m:
Casing Length: - 13.1Tm
Annulus Diameter: ‘ 400 mm
Gravel Pack Gradation: ' 1/4 x 1/8 inch
Screen Slot Size: ; , 80
Casing Diameter: 1200 mm
Casing Stickup ] : ' 0.9 m
|Pump Type: v 10 h.p. Submersible
Pump Setting: o : 25.9 m
Static Water Level (from TOC)): ' 2.3 m
Available Drawdown: ' 19.6 m
Recorded Drawdown (final): , 17.1m
Pumping Rate (final): : ’ 295 m3/day
Water Quality Parameters
Temperature, Electrical Conductivity, pH, Dissolved Oxygen, Hydrogen Sulphide. .
General analysis and bacteria: sampled October 16, 1991 @ 36 hours

Recycled Paper .




Recycled Paper

TABLE 5-4: FIELD INFORMATION - 36 HOUR MULTIWELL TEST
‘ ' Pumping Well - TW 2 ' B ,
Well No: TW 2 , Pumping Rate (final): ) 295 m3/day
Well Loc.: Moose Creek, Ont. Depth of Pump: : 259 m
Date: November 12, 1991 Static Water Level: : 2.27 m
Time t © WL Drawdown  Residual e Q
{min) ) {m) {m} Drawdown . v {m3/day)
{m) _ ~
0 2.27 0.00 229.0
1 5.25 .2.98 :
2 6.45 4.18
3 7.20 - 4.93
4 7.50 5.23
5 - 7.80 5.63°
6 8.08 5.81
7 8.28 6.01
8 8.48 . 6.21
9 8.63 _ 6.36 - ‘ - ,
10 8.77 : 6.50 _ - .262.0
12 10.75 8.48 ' ‘
14 12.43 10.16
16 12.15 9.88
18 12.37 10.10
20 12.58 10.31
29 12.83 10.56
35 13.10 10.83
40 13.34 11.07
- 60 13.69 11.42
61 13.80 11.53
80 13.74 11.47.
93 1371 11.44
100 13.79 11.62 , :
120 13.85 11.68 295.0
167 17.94 15.67 ‘
188 18.04 15.77
252 18.23 15.96
310 18.35 16.08
370 18.54 - 16.27
430 18.57 16.30
490 18.60 16.33
550 18.63 16.36
610 18.66 16.39
663 18.66 16.39
720 18.69 16.42
840 18.64 16.37
~ 960 18.70 . 16.43
1080 18.90 - 16.63




TABLE 5-4: FIELD INFORMATION - 36 HOUR MULTIWELL TEST (cont'd.)
‘ Pumping Well - TW 2 ' :
Well No: TW2 Pumping Rate {final): 295 m3/day
Well Loc.: Moose Creek, Ont. Depth of Pump: 25.9 m
Date: November 12, 1991 Static Water Level: , 2.27 m
Time t W.L. - Drawdown ‘Residual t/t Q-
{min) ’ {m) - {m) Drawdown ' {(m3/day)
' : , (m) :
1200 18.94 16.67 : 295
1327 ‘ 18.98 16.71 : '
1447 -~ 19.37 17.10
1567 . 19.30 17.03
1687 19.32° 17.05
1807 - 19.34 17.07
1827 19.37 17.10".
2047 19.41 - 17.14 :
2160 0 " 19.40 - 17.13 17.13 :
2161 1 10.63 ’ 8.36 - 2161
2162 2 8.35 6.08 1081
2163 .3 7.77 o 5.50 721
2164 4 7.20 4.93 541
.2165 5 6.61 , : 4,34 433
2166 6 6.28 © 4.01 361
2167 7 6.00 ’ S 3.73 . .310
2168 8 5.81 3.54 271
2169 -9 5.67 - '3.40 241
2170 10 . 5.55 3.28 217
2179 ; 19 495 , , 2.68 115
2185 25 - 4.74 - 2.47 . 87
2195 35 4.67 2.40 63
2255 .95 415 - 1.88 : 24
2314 154 o 3.91 , 1.64 15
2448 288 3.73 1.46 9
2670 510 3.40 _ 1.13 5
2760 . 600 3.21 0.94 5
4

2880 720 3.12 , 0.85

Recycled Paper
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Figure 5-4
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TABLE 5-b: 36 HOUR‘MULTIWELL TEST -TW 4

|PART OF LOT 19, CONC. 6, TWP. OF ROXBOROUGH, ONTARIO

Test Conducted By:
Pumping Began:
Pumping Ended:
Recovery Began:
Recovery Ended:

Well Data

Elevation (Estimated):
Depth of hole:
Casing Length:
Annulus Diameter:
Gravel Pack Gradation:
Screen Slot Size:
Casing Diameter:
Casing Stickup

Pump Type:

Pump Setting:

Static Water Level {from TOC)):

Available Drawdown:
Recorded Drawdown (final):
Pumping Rate {final):

Water Quality Parameters

Temperature, Electrical Conductlvnty, pH Dussolved Oxygen, Hydrogen Sulphide

Jacques Whitford Environment Limited

November 12, 1991 @ 2:30 p.m.

November 14, 1991 @ 2:30 a.m. (36 hours)
"~ November 14, 1991 @ 2:30 a.m.

November 14, 1991 @ 2:30 p.m. {12 hours)

83 m (ASL)
320 m
16.2 m
400 mm
1/4x 1/8 inch
80
200 mm
0.6 m
10 h.p. Submersible
259 m
2.2 m
23.6m
15.7 m
295 m3/day -

General analysis and bacteria: sampled October 16, 1991 @ 36 hours

Raruenlad Panar




Recycled Péper

TABLE 5-6: FIELD INFORMATION - 36 HOUR MULTIWELL TEST
, . Pumping Well - TW 4
Well No: TW 4 Pumping Rate (final): o 295 m3/day
Well Loc.: Moose Creek, Ont. Depth of Pump: v . 259 m
Date: November 12, 1991 Static Water Level: ' . 2.22 m
Time t W.L. Drawdown Residual t/t’ Q
{min) {m) © (m) Drawdown" . (m3/day)
(m}
o 2.22 - 0.00 : '
1 9.80 7.58 _ o , 295
2 14.87 12.65
3 14.96 12.74
4 13.34 1112 . :
6 13.14 - 10.92 o , ’ 360
8 15.48 13.26°
10 18.46 16.24
12 "19.73 17.51.
14 20.40 18.18 -
16 20.71 18.49
18 21.55 19.33
20 . 22.00 19.78
25 . 22.42 20.20
30 . 22.57 20.35
37 22.71 , 20.49
43 22.77 20.55
50 22.76 . 20.54 295
60 18.77 16.55 ‘
82 18.04 15.82
102 18.16 ~ 15.94
121 18.05 . 15.83
159 17.94 15.72
194 17.10 14.88
245 17.20 14.98
305 17.26 ~15.04
365 - 17.30 15.08
425 17.34 . 15.12
485 17.39. 15.17
545 17.42 15.20
605 17.48 15.26
668 17.48 . 15.26
728 17.55 - 15.33
848 - 17.53 15.31
968 ©16.67 14.45
1098 . 17.59 - 16.37
1208 17.64 15.42
1329 17.66 '15.44
1443 17.70 - 15.48




Recycled Paper

TABLE 5-6: FIELD INFORMATION - 36 HOUR MULTIWELL TEST (cont'd)
, . Pumping Well - TW 4
Well No: TW 4 ‘ Pumping Rate (final): - 295 m3/day
Well Loc.: Moose Creek, Ont. Depth of Pump: ' 259 m
Date: November 12, 1991 Static Water Level: 2.22 m
Time t W.L. Drawdown Residual 7t . Q
(min) (m) (m) Drawdown . (m3/day) .
_ (m) v ‘

1563 17.72 15.50 . 295

1683 17.73 15.51 ’

1803 ‘ 17.75 15.53

1923 B - 17.76 15.54

2043 17.79 15.57

2100 - - 17.81 15.59 ;

2160 0 17.93 15.71 15.71

2184 24 5.43 , : 3.21 91

2191 31 . 4.67 2.45 71

2261 101 437 2.15 22

2320 160 3.85 1.63 15

2356 196 3.69 ' 1.47 12

2670 510 3.65 ' 1.43 -5

2760 _ 600 3.16 _ 0.94 5

2880 720 3.01 079 4
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Recycled Paper

- TABLE 5-7: FIELD lNFORMATION 36 HOUR MULTIWELL TEST -
Observation Well - TW 3 ,
Well No: . TW3 Pumping Rate (total): 917 m3/day
Well Loc.: Moose Creek, Ont. Depth of Pump: . 259 m
Date: November 12, 1991 - Static Water Level: - 1.08 m
Time- t' w.L Drawdown  Residual Tt ‘ Q
{min) {m) {m) Drawdown ’ {m3/day) -
. (m) : '
] 1.08 - 0.00
20 3.10 2.02 -
34 - 3.51 ~2.43
42 3.74 2.66
52 - 3.99 : 2.91
60 "'4.28 - 3.20 .
101 452 © 3.44
120 4.64' - 3.56
162 5.18 4.10
200 5.3 4.27
247 5.57 . 4.49
307 - 5.68 - 4,60
367 5.80 4.72
427 591 4.83
487 '5.94 4.86
547 5.99 4.91
607 6.08 - 5.00
669 6.10 5.02
725 6.14 : 5.06
845 . 6.18 ‘5.10
- 965 6.24 5.16
1085 6.28 5.20
1205 6.31 5.23
1327 . 6.34 © 5.26
1448 6.36 5.28
1568 6.41 5.33
1688 6.42 5.34
1808 643 = 635
1928 6.46 5.38
2048 6.49 5.41
2160 0 6.51 5.43 - 5.43 ,
2196 36 4.91 ' - 3.83 61
2257 97 3.00 : 1.92 23
2336 176 2.75 . 1.67 13
2380 220 2.57 V 1.49 11
2670 510 ' 2.16 _ 1.08 5
2760 600 2.04 A 0.96 5
2880 720 1.93 ' ~ 0.85 . -4
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Residual Drawdown (meters)

Recovery of TW-3 Following 36 Hour Simultaneous
Test Pumping of TW-1, TW-2 and TW-4
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TABLE 5-8: FIELD INFORMATION - 36 HOUR MULTIWELL TEST
' Observation Well - OW -1
Well No: OW-1 _ - Pumping Rate (total): 917 m3/day
Well Loc.: Moose Creek, Ont. " Depth of Pump: : 259 m
Date: November 12, 1991 ' Static Water Level: " ) 2.58 m
Time t W.L. Drawdown - Residual t/t o Q
{min) {m) {(m) Drawdown {m3/day)
- (m) _
0 2.68 , 0.00
20 4.23 1.65
30 4.71 2.13
35 499 2.41
40 5.15 | 2.57
50 - 5.20 '2.62
155 5.40 2.82
197 5.63 2.95
242 " 5.63 - 3.06
- 302 5.69 3.1
362 5.78 3.20
602 5.98 3.40
670 6.01 13.43
730 6.04 3.46
850 6.08 . 3.50
970 6.11 - 3.53
1099 6.13 3.55
1210 6.15 3.57
1322 '6.13 3.55
1441 - 6.18 3.60
1561 " 6.20 3.62
1681 6.20 3.62
1801 6.21 ‘3.63
1921 6.24 3.66
2041 - 6.24 3.66,

2161 0 6.29 3.71 3.71 .
2265 105 4.37 ‘ 1.79 , 22
2325 165 4,16 1.58 14
2372 212 4.05 , 1.47 11
2670 510 ; 3.66 | 1.07 . - B
2760 ..600 3.53. L 0.95 5
2880 720 3.41 o 0.83 4

Rec&ded Paper
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Figure 5-12
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TABLE 5-9: SUMMARY OF AQUIFER PARAMETERS

Observation Well Data

Transmissivity, Cooper-Jacob Method-

Northern Portion of Aquifer at: OW 1 T= 215 m2/day
Southern Portion of Aquifer at: TW 3 T= . 129 m2/day

Storativity , Cooper-Jacob Method

Northern Portion of Aquifer at: OW 1 ’ S= - 1.74E-03 *

Southern Portion of Aquifer at: TW 3 S= 0.032 *
20 Year Aquifer Safe Yield " m3/day igpm
Northern Portion of Aquifer at: OW 1 = 2929 447

Southern Portion of aquiferat: TW3 = 1758 - 268

* This method may produce erroneously high storage coefficients. It will suffice to say
~ that the northern portion of the aquifer displays a h|gher storativity by about one
order of magmtude than the southern portion.

Ranveiad Paber
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Recydad Paper

TABLE 6-1: WATER QUALITY ANALYSES
72 - HOUR PUMPING TEST, COLLECTED AT 3 HOURS

ODWO

Total Coliform
Fecal Coliform
Fecal Strep.

HEALTH-RELATED

PARAMETER UNITS TW-1
HEALTH-RELATED PARAMETERS
Sodium mg/L 9.8 20
Fluoride “mg/L < 0.1 2.4
Ammonia mg/L < 0.03
Nitrite mg/L < 0.1 1
Nitrate mg/L < 0.1 10
Turbidity FTU 3.9 1
AESTHETIC PARAMETERS
Colour TCU 17 1
- Hardness mg/L 238
~ Alkalinity mg/L 203
Conductivity "~ uSlcm 510
TDS mg/L 319 500
pH , 7.32 ‘
Chloride mg/L " 6.6 250
Sulphate ..mg/L 35.7 500
Calcium mg/L 69.3
Magnesium mg/L 15.8
Potassium .mg/L 1.6
TKN mg/L 0.3
lron mg/L 0.23 0.3
Manganese mg/L < 0.005 0.05
Hydrog. Sulphide mg/L < 0.01 0.05
Phenols mg/L < 0.002 0.002
Tannin/Lignin mg/L 0.1
Silicon mg/L 6.64
TOC mg/L 2 5

BACTERIOLOGICAL PARAMETERS

/100 mL
/100 mL
/100 mL

0
0
0




TABLE 6-2: WATER QUALITY ANALYSES - "TABLE 4", ODWO
72 - HOUR PUMPING TEST . o
~ TABLE 4A
HEALTH-RELATED PARAMETERS (MAC)
PARAMETER UNIT ™1 MOE
‘ ‘ » GUIDELINE
Arsenic mg/L < 0.01 0.05
Barium - mg/l 0.17 1
Boron . “mg/L . 0.04 5
Cadmium. mg/L < 0.004 ' 0.005
* Chromium mg/L < 0.01 . 0.05
~ Cyanide mg/lL = < 0.02 0.2
Fluoride " mght . < 0:1 24
Lead mg/L < 0.04 0.05
Mercury mg/L < 0.001 0.001
Nitrate mg/L < 0.1 10
Nitrite : mg/L < 0.1 1
NTA - mg/l < 0.2 0.05
Selenium - mgl/l < 0.01 0.01
Silver . mglt < 0.01 0.05
 Turbidity FTU 1.3 1
Pesticides
Aldrin ug/L . < 0.1 0.7
Dieldrin » ug/L < 0.05 0.7
Carbaryl ug/L < 0.1 70
Chiordane ‘ ug/L’ < 0.4 7
DDT ' ug/L <0.03 - 30.
Diazinon . ugll <04 14
Endrin ug/L < 0.02 . 0.2
Heptachior . ug/L <01 3
Hep. epoxide C o ugll < 0.1 3
Lindane . ug/L < 0.01 4
Methoxychlor ug/L < 0.2 100
‘Methyl Parathion ug/L < 0.2 -7
Parathion ug/L < 0.3 35
Toxaphene ugl/L < 5
2,4-D _ ug/ll < 0.3 100
2,4,5-TP ug/L <. 0.2 10

Recycled Paper




‘Recycled Paper

TABLE 6-2: WATER QUALITY ANALYSES - "TABLE 4"(con't) .
72 - HOUR PUMPING TEST

TABLE 4A

HEALTH-RELATED PARAMETERS (MAC)

PARAMETER . UNIT ~ TW1 'MOE
GUIDELINE

Radionuclides

Tritium | beql - < 100 40000

Cobalt-60 , beg/L <1
Strontium-90 - beq/l. - - <1 10
lodine-131 beqg/L <1 : 10
Cesium-134 begk = <1
Cesium-137 : - beq/L < 1 50

Radium-226 " bea/l. < 0.1 1
Trihalomethanes

Chloroform mg/L < 0.001 0.35

Dichlorobromometha mg/L ‘< 0.001 0.35

Chlorobromomethane mg/L < 0.001 0.35 -

" Bromoform mg/L < 0.001 0.35
TABLE 4B :

HEALTH-RELATED PARAMETERS (IMAC)

PCB's | gl < 0.1 3
Uranium - ug/lL < 0.1 - 20




TABLE 6-2: | WATER QUALITY ANALYSES - "TABLE 4" (con't) -
72 - HOUR PUMPING TEST ’

" TABLE 4C .

AESTHETIC PARAMETERS (MDC

PARAMETER -~ UNIT ’ TW1 MOE »
' GUIDELINE
Chloride . mg/lL 700 250
Colour TCU <1 5
Copper mg/L < 0.01 1
Iron e " mglL . 0.96 0.3
Manganese . mg/lL 0.037 0.05
Methane " L/m3 < 0.01 3
Odour ' - . inofffensive
Organic Nitrogen mg/L 0.08 . 0.15
Phenols mg/L < 0.002 10.002
Sulphate " mg/L - 42,5 . 500 .
Sulphide mg/L <001  <0.01
Taste - C : inoffensive
TDS ~ mglL 310 500

- TOC mg/L o3 5
Zinc A mg/L - 0.13 5

TABLE 4D

HEALTH-RELATED BACTERIOLOGICAL PARAME'I:ERS

Total Coliform /100 mL 0 10

Fecal Coliform . /100 mL. 0 o

Fecal Strep. . /100 mL o

OTE: MAC = Maximum Allowable Concentration
IMAC = Interim Maximum Allowable Concentration
MDC = Maximum Desirable Concentration

Recycisd Paper




TABLE 6-3: WATER QUALITY ANALYSES - "TABLE 4", ODWO
72 - HOUR PUMPING TEST
TABLE 4A
HEALTH-RELATED PARAMETERS (MAC)
PARAMETER UNIT TW2  MOE
" GUIDELINE
Arsenic mg/L < 0.01 0.05-
Barium mg/L 0.33 1
Boron mg/L 011 . 5
Cadmium mg/L <0.004 0.005
Chromium ; mg/L < 0.01 0.05
Cyanide : . mgfl < 0.02 0.2
Fluoride ‘mg/L . < 0.1 2.4
Lead - mg/L < 0.04 0.05
Mercury mg/L < 0.001 0.001
Nitrate "~ mg/L <0.1 10
~ Nitrite ’ mg/L <041 1
NTA mg/L < 0.02 0.05
Selenium mg/lL < 0.01 0.01
Silver “mg/L < 0.01 .+ 0.05
Turbidity . FTU - <1 N
Pesticides
Aldrin - ug/L < 0.7 0.7
Dieldrin o ug/L < 0.05 0.7
Carbaryl ug/L - < 0.1 70
Chlordane ' ug/L < 0.4 7
DDT ; - ugft < 0.03 30
Diazinon ug/L < 0.4 14
Endrin ’ ug/lL < 0.02 0.2
Heptachlor ~ ug/L < 0.1 3
Hep. epoxide ug/L < 0.1 3
‘Lindane ug/L - < 0.01 4
 Methoxychlor ‘ ug/L < 0.2 100
Methyl Parathion ug/L < 0.2 7
Parathion ; ug/L < 0.3 35
Toxaphene ug/L <1 5
2,4-D ug/L < 0.3 100
2,4,5-TP ug/L < 0.2 10

Recysled Paper



Recycled Paper

TABLE 6-3: WATER QUALITY ANALYSES - "TABLE 4"(con't)
72 - HOUR PUMPING TEST

TABLE4A =
" HEALTH-RELATED PARAMETERS (MAC)

PARAMETER UNIT ~ TW2 = MOE
| GUIDELINE

Radionuclides

~ " Tritium beq/L < 100 40000
- Cobalt-60 . . beq/L <1 .
Strontium-90 beq/l. . <1 10
lodine-131 beq/l. <1 10

Cesium-134 _ beg/L < 1 _
Cesium-137 _ beq/L o<1 50

Radium-226 beq/L - < 0.1 o1
Trihalomethanes

Chloroform | m‘g/'L ‘< 0.001 - 0.35

Dichlorobromometha mg/L < 0.001 0.35

Chlorobromorethane  mg/L < 0.001 0.35

Bromoform - - mg/L < 0.001 - 0.35
TABLE 4B

HEALTH-RELATED PARAMETERS (IMAC)

PCB's ugl <01 - 3

~ Uranium ' " uwgh | <01 20




Recycied Paper

TABLE 6-3: WATER QUALITY AiNALYSES - "TABLE 4" (con't)
72 - HOUR PUMPING TEST

PARAMETER

Chloride
Colour
Copper
fron
Manganese
Methane
Odour
Organic Nitrogen
Phenols
Sulphate
Sulphide
Taste

DS

- TOC

Zinc

HEALTH-RELATED BACTERIOLOGICAL PARAMETERS|

Total Coliform-
Fecal Coliform

Fecal Strep.

TABLE 4C

AESTHETIC PARAMETERS (MDC)

UNIT

mg/L
TCU
- mg/L
mg/L
mg/L
L/m3

mg/L
mg/L
mg/L
mg/l.

mg/L

mg/L
mg/L

" /100 mL

/100 mL -

/100 mL..

W2

11.5
1
<0.01
0.1
0.008
< 0.01
Inoff.
0.09
< 0.002
39.9
< 0.001
inoff.
300
3
0.01

TABLE 4D
0

0
0

- MOE
GUIDELINE

250
5
1
0.3
0.05
3

_inoffensive

0.156
0.002
500

< 0.01

inoffensive
500
5
5

10
0

OTE:

* MAC = Maximum Allowable Concentration
IMAC = Interim Maximum, Allowable Concentration
- MDC = Maximum Desirable Concentration




TABLE 6-4: WATER QUALITY ANALYSES - "TABLE 4", ODWO
72 - HOUR PUMPING TEST
TABLE 4A . ‘
HEALTH-RELATED PARAMETERS (MAC)
PARAMETER UNIT. - TW4 MOE
- GUIDELINE
- Arsenic . mglL < 0.005 0.05
Barium mg/L 0.433 1
“Boron - mglL 0.072 5 ,
Cadmium "~ mglL < 0.004 0.005-
- Chromium © mglL < 0.005 - 0.05
Cyanide mg/L < 0.02 0.2
Fluoride " mgl/L < 0.1 2.4
Lead , mg/L < 0.03 0.05
Mercury mg/L - < 0.001 0.001
Nitrate - mg/L - <0.1 ' 10
Nitrite mg/L <0.1 1
NTA " mgll < 0.02 0.05
Selenium mg/L < 0.005 0.01
Silver » mg/L < 0.005 0.05
~ Turbidity . FTU <1 -1
Pesticides
Aldrin ug/L < 0.1 0.7
Dieldrin _ug/L .< 0.05 0.7
Carbaryl = - ug/L < 0.02 - 70
Chlordane - S ug/l <04 7
DDT - ugll < 0.03 30
Diazinon ug/L < 0.4 14
Endrin ) ug/L < 0.02 0.2
Heptachlor ug/L < 0.1 -3
Hep. epoxide ug/L < 0.1 3
Lindane ' ug/L. < 0.001 4
Methoxychlor ug/ll < 0.02 100
Methyl Parathion ug/l. < 0.2 7
Parathion | ug/l. < 0.3 35
Toxaphene - 1 ug/L <5 : 5
2,4-D ' . ug/l- < 0.3 100
2,45-TP : “ug/L < 0.2 10

Recycled Paper




Recyciad Paper

TABLE 6-4: WATER QUALITY ANALYSES - "TABLE 4"(con't)
72 - HOUR PUMPING TEST

TABLE 4A
HEALTH-RELATED PARAMETERS (MAC)

PARAMETER UNIT ™ 4 * MOE
‘ GUIDELINE

Radionuclides

Tritum beql -~ < 100 40000
Cobalt-60 beq/L <1 o
‘Strontium-90 beg/L <1 10
lodine-131 : beq/L < 1 10
Cesium-134 beg/L - <1

Cesium-137 beqg/L. <1 50

Radium-226 beq/L < 0.1 1

Trihalomethanes

Chloroform mg/L < 0.002 0.35

Dichlorobromometha mg/L = < 0.002 0.35

Chlorobromomethane mg/L < 0.002 0.35

Bromoform mg/lL. = < 0.002 0.35
TABLE 4B

HEALTH-RELATED PARAMETERS (IMAC)

PCB's ug/L ' <1 3
Uranium ug/L < 0.10 20




TABLE 6-4: WATER QUALITY ANALYSES - "TABLE 4" (con't)
* 72 - HOUR PUMPING TEST

TABLE 4C '
AESTHETIC PARAMETERS (MDC)

PARAMETER UNIT . TW4 MOE
. : GUIDELINE

Chloride mg/L 11.9 250
Colour TCU <1 5
Copper . mg/L <0.01 1
Iron mg/L ~ 006 . 03
Manganese mg/L 0.005 0.05
Methane L/m3 < 0.001 3

* Odour ‘ Inoff. inoffensive
Organic Nitrogen mg/L < 0.68 0.15
Phenols . mgl/L 0.002 - 0.002
Sulphate mg/L 329 : 500
Sulphide : mg/L < 0.01 < 0.01
Taste : ’ inoff. inoffensive
TDS mg/L 319 500
TOC N mg/L 3 5
Zinc © mgk <001 . 5

TABLE 4D

HEALTH-RELATED BACTERIOLOGICAL PARAMETERS

Total Coliform /100 mL 0 10

Fecal Coliform /100 mL 0 0]

Fecal Strep. 1100 mL 0

OTE: MAC = Maximum Allowable Concentratidn
IMAC = Interim Maximum Allowable Concentration
MDC = Maximum Desirable Concentration

Recycled Paper



- TABLE 6-5: WATER QUALITY ANALYSES
36 - HOUR MULTIWELL PUMPING TEST

Total Coliform . /100 mL. 0 0

: 0
Fecal Coliform /100 mL 0 ‘ 0 ¢}
0

Fecal Strep. - 100mL 0 ' 0

PARAMETER UNITS TW-1 TW-2. T™W-4 oDWO
HEALTH-RELATED PARAMETERS
Sodium mg/L V ‘8.0 - 191 21.7 . 20
Fluoride ‘ mg/L - < 0.1 < 0.1 < 0.1 2.4
Ammonia mg/L 004 = 0.17 0.22 ‘
Nitrite - mg/L < 0.1 < 0.1 - < 0.1 1
Nitrate mg/L < 0.1 < 0.1 < 0.1 10
Turbidity FTU 0.8 0.7 0.7 1
AESTHETIC PARAMETERS

Colour - TCU 1 <1 o< 1
Hardness mg/L 276 224 205 -

Alkalinity mg/L 206 188 205

Conductivity = uS/em 560 . 520 500

TDS - mg/L 350 . - 326 312 500
pH ' 7.10 7.25 .7.30 ’
Chioride mg/L 5.7 124 16.1 250
Sulphate mg/L 43.7 39.6 32.1 500 -
Calcium mg/L - 81.3 51.5 41.0

Magnesium " mg/L 17.8 23.2 25.0

Potassium “mg/L . 2.2 4.4 4.9

TKN mg/L 1.2 - 0.6 - 0.6

lron mg/L 0.22 0.08 0.15 0.3
Manganese = | mg/L 0.045 0.016 0.005 0.05
Hydrog. Sulphide mg/L < 0.01 < 0.01 < 0.01 0.05
Phenols mg/L 0.002 0.003 0.003 0.002
Tannin/Lignin mg/L < 0.1 < 0.1 < 0.1
1Silicon - - mg/L 8.68 8.70 - 8.61 v
TOC ~ mg/lL 4 3 3 5

HEALTH-RELATED BACTERIOLOGICAL PARAMET ERS

5
1

Recycled Paper






