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1. INTRODUCTION

1.1 Purpose

Charlesworth & Associates were retained by James Dick Construction Limited on January 28,
1991 to carry out an hydrogeological investigation of the West 1/2 Lots 7,8,9, Concession 7,
Oro Township. James Dick Construction Limited are applying for a license for the 125 ha site
with the intention of developing a sand and gravel pit. The property is adjacent to another
licensed property (E 1/2 Lot 8, Conc. 7) owned by the company. The proposed and licensed

pits are shown in Figure 1.

In the current application, extraction is proposed to proceed to 1.5 metres above the water table.
This report provides a hydrogeological assessment of the site and discusses the expected
hydrogeological impacts of excavation to this depth. In the future, an application may be made
for an amendment to the site plan, to permit excavation at this site to go below the water table,
A brief discussion of the expected potential impacts of excavating below the water table and an
outline of the additional hydrogeological work required to assess these expected impacts is
included in this report.

This hydrogeological assessment forms part of the documentation required, under the Aggregate
Resources Act, to apply for a Class A license for the West 1/2 Lots 7,8,9, Concession 7, Oro
Township.

1.2 Scope

To evaluate the potential hydrogeological impact of the pit, it is necessary to determine the
existing groundwater conditions. Hence, this study included collection and analysis of both field
and office data. To understand the regional setting, the area within a 2 km radius from the site
was used as the study area. For site specific discussions, the study area included the site, the

adjacent licensed property and a 300 m zone around both.

In addition to reviewing existing regional and site data, water table monitors were installed on

site to better determine the depth to the water table and its annual fluctuations. A house-to-
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house well survey was conducted in the surrounding 300 metre zone.

No assessment was made of the impact or groundwater resource requirements for washing the

aggregate product.

1.3 Aggregate Extraction QOperations

The site is located in the Bass Lake Moraine on the edge of an area designated as a granular
resource of Primary Significance by the Ministry of Natural Resources {Ontario Geological
Survey 1984). Several aggregate extraction operations either currently exist, or are proposed,
in the immediate vicinity of the site. Adjacent 10 the property is the licensed pit owned by
James Dick Construction. Alfa Aggregates is proposing to operate an aggregate pit (Roehner
Pit) on the East 1/2 of Lot 9, and south of that Seeley and Arnill's Edgar pit is located in the
East 1/2 of Lot 11. In Concession 8, to the east, Cook Construction and the Township of Oro
operate pits on the West 1/2 of Lot 7 and the West 1/2 of Lot 11, respectively. A pit (Sarjeant)
is proposed for the West 1/2 of Lot 8, Concession 8. All of the properties with proposed or

existing aggregate extraction operations are shown in Figure 1.

At the subject property, the current operations plan is to excavate to approximately 1.5 metres
above the water table or to the depth of suitable material, whichever occurs first. Activity in
the expansion property will start after development of the existing licensed property, and will
move generally from south to north. Access 10 the subject property will be from Concession

7 through the existing licensed property.
2. DATA ACQUISITION

2.1 Existing Data

A variety of existing data was compiled to assist in the impact assessment for this proposed site,
including published geological reports and maps, unpublished reports on adjacent properties and
the borehole data from the on-site aggregate exploration holes (Ingham, 1989). This information

was used with the published and unpublished Ministry of the Environment (MOE) water well
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records to determine the regional geological and hydrogeological setting. Climate data was
obtained for the nearby Midhurst station t0 determine precipitation and evapotranspiration. The
1:10000 scale aerial photographs were reviewed to examine topography and surface drainage

conditions.

2.2 Drilling and Piezometer Installation
A total of § boreholes were drilled on site from March 25 to April 5, 1991. Four boreholes
were drilled to water; the fifth borehole (DC-3) was terminated in boulders at 15.5 m.

The drilling was carried out by Longyear Canada using a CME 75 track-mounted 1ig under the
supervision of Charlesworth and Associates. Hollow stem augers were used to advance the
boreholes at all locations; 13.3 cm 1.D. augers were used at DC-1 and 10.8 cm I.D. augers wert

used at the remaining tocations.

In the first borehole, DC-1, split spoon samples were taken every 1.5 m throughout the depth
of the borehole in order 1o obtain an understanding of the geology and familiarity with
subsurface materials. In boreholes DC-2 to DC-4, the sampling interval was 3.0 m in the upper
26 metres, changing to 1.5 m as the expected water table elevation was approached. In borehole
DC-5, the interval was increased to every 4.6 m in the upper 26 m, and then decreased to 1.5

metres.

Soil samples were described in the field, re-examined in the office, and saved for possible future

examination. Descriptive borehole jogs were prepared (Appendix A).

piezometers were instalied :n 4 of the 5 boreholes and consist of a 5imm 1L.D. Sch 40 PVC riser
pipe with a 3.1 metre long, threaded, machine-slotted (10-slot) PVC well screen. A piezometer
was not installed in DC-3. Screens were installed with artificial and/or natural sand pack and
the borehole backfilled with native material to within approximately one metre of the ground
surface. Clay and cement grout were used to seal the holes 1o ground surface in order to

prevent possible surface water infiliration. Upon completion, tocking steel casings were instalied.

3
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Tnstaliation details are given in Appendix A.

Locations and elevations of the four piezometers and an existing groundwater monitor (M6;
details in Appendix B) on the adjacent licensed property were surveyed in April, 1991. The
elevations provided at that time were revised in November, 1991, by a survey to geodetic
conducted by Young and Young Surveying Inc. This report has been revised to include these

changes.

Water level data were taken on May 3 and May 13, 1991, and subsequently at approximately
two month intervals. Water level data for May to October 1991 are provided in Table 1.

A water level was taken on July 31,1891 at the domestic well (MOE #19519) located on the

licensed property. The well casing elevation was included in the November survey.

2.3 Well Survey

A well survey was conducted for homes along Concession Roads 6 and 7 from Lots 7 to 9 in
order to acquire additional information on the private wells within 300 m of the site. During
two field visits, on May 3 and 13, 1991, residents in nine of the ten homes within 300 m of the
licensed and proposed properties were contacted for details of their wells. The tenth resident

was not at home.

The well survey sheets are provided in Appendix C. All wells were matched to the MOE water
well records. Well 3268, reported in the MOE well records, was not identified in the field, and

is assumed to not be in service.
3. PHYSICAL SETTING

3.1 Physiography and Drainage
The study area is located within the Bass Lake Kame Moraine, an area of hummocky topography

and considerable local relief (Figure 1). The moraine is a noticeable feature, rising above the

4
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rolling till plains which extend to the north and south. Local relief can reach 60 metres along
the flanks of the moraine and in major valleys. The height of land created by the moraine is a
watershed divide, with the northern slope draining toward Coldwater River and the southern
slope to Hawkestone Creek,

The study property is located near the crest of the moraine, on the northwesterly facing slope.
The southern third of the site is characterized by hummocky topography, with local relief of 12
metres and numerous dry depressions. The central and northwest portions of the site are gently

rolling to sloping, with low relief. The northeast area is more rolling with moderate relief (6m).

The relatively high relief and sandy material found on-site allow rapid infiltration, and no water
courses or wetlands are found on or around the site. No surface ponding was observed during
the recent spring melt period. Intermittent streams occur to the south-southwest and the
northeast of the site, draining towards Hawkestone Creek and Coldwater River respectively.

Permanent streams to the north and south are fed by groundwater discharge along the margins

of the Moraine.

3.2 Regional Geology

The Bass Lake Kame moraine is a complex geological area, composed predominantly of sands
and is also known as the Oro sand hills. The moraine is believed to have formed as an
interJobate moraine about 15,000 years ago. This type of environment, between the ice margins
of two lobes of the continental glacier, would be an area of ice front fluctuation and major
deposition of sorted or stratified sediments by meltwaters along the ice front. Unsorted glacial
till would overlie and incorporate sorted deposits of sand, silt and gravels, and in turn be
overlain and eroded. Hence, although predominantly sandy, the moraine also contains gravels,
silts and extensive glacial till strata in a variable sequence. This complexity is apparent on the

regional cross-section in Figure 3.

The surficial deposits in the moraine are over 150 metres deep (Burwasser and Ford, 1974a,b).

Water wells in this area rarely penetrate through the sequence of till and granular deposits to the
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underlying limestone-dolostone bedrock.

Although the Bass Lake Moraine in this area is designated as a granular resource of Primary and
Secondary Significance, the 1984 Aggregate Resources Report {Ontario Geological Survey,
1984) notes that locating good quality coarse aggregate is difficult due to the variable and
unpredictable nature of the materials in the moraine. Figure 1 shows the extent of the Bass Lake
Moraine and also the location of the sand and gravel resources deemed to be of Primary
Significance and Secondary Significance by the Ministry of Natural Resources (Ontario
Geological Survey, 1984). The majority of the proposed site is located within the area defined

as being of Primary Significance.

3.3 Site Geology

On site, the surface deposits are predominantly clean fine o coarse sands with occasional thin
silty beds. These strata range in thickness from greater than 30m in the south (DC-1) to less
than 5 m in the northwest (DC-2). Beneath this, in part of the site, is a group of finer grained
strata, including silty sands, silts and/or silt tills. This zone, identified as silty deposits on the
east-west cross-section in Figure 4, was found in boreholes in the north part of the site at
approximately 350 to 335 m elevation. However, this finer grained material was not

encountered in the south of the site at DC-1,

Beneath the silty deposits, clean fine sand is generally encountered; the water table is located

in this sand strata.

4. HYDROGEOLOGY

4.1 Hydrostratigraphy

The moraine is a groundwater recharge area, with downward vertical gradients, An unconfined
aquifer occurs in the surficial granular deposits, and is underlain at depth by glacial till and other
finer grained sediments. Water bearing sands and gravels within the tills form confined aquifers

of varying extent.
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Regional cross-section A-A’ (Figure 3} is drawn from north to south along Concession Rd. 6
on the western edge of the site. The inferred regional water table, which marks the upper
boundary of the unconfined aquifer, follows the topography in the region. The unconfined
aquifer largely occurs within the variable granular deposits of the kame moraine at depths of
greater than 25 metres (see Figure 3), and is underlain by tills {¢.g. clay sand or hardpan in well
records), silts and permeable sand and gravel zones. These deeper, more permeable zones are
confined by the less permeable silts and tills, In some cases these zones appear to be reasonably
extensive, supplying several wells, For example, to the south of the site a confined sand aquifer
can be identified at an elevation of approximately 280 m elevation, (domestic wells 8728, 3269
and 11202). More precise identification of confined zones which can be correlated is difficult

due to the sparse and often unreliable hydrostratigraphic data available on 2 regional scale.

Cross-section X - X' (Figure 4) illustrates the hydrostratigraphy in the central portion of the site.
In this and the northern portion of the site, the unconfined aquifer is overlain by a zone of moist

to saturated, interlayered fine sand, silty sand, silt, and silt till.

4.2 Water Table

The water level data obtained May 13, 1991 have been used in preparation of the drawings and
are believed to adequately represent the water table elevation for purposes of discussion. Levels
measured in July and October (Table 1) show that the magnitude of fluctuation over the summer

has been about 1.2 metres or less.

Generally, the water table was encountered in the sand strata below the zone of finer grained,
moist to saturated sediments (Figure 4). Seasonally, the water table rises and, at some locations,

may encounter the base of the overlying less permeable deposits; this is observed at DC-5.

Beneath the site, the depth to water table measured in early May ranged from 26.5 to 34.3 m
(Table 1). The water table elevation would appear to range from 335.6 m at DC-1 in the
hummocky terrain of the southern part of the property to 320.3 m in DC-2 at the north end of
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the property.

However, at borehole DC-1, the water table elevation is somewhat anomalous and may represent
a local perched condition. Water was encountered at 30.8 m in sand, 0.7 m above the contact
with silty till. The borehole advanced 2.6 m into dense till and terminated. Water well log
8728 (Parke) indicated a possibie thick till strata at this elevation and since, at the time of
drilling DC-1, it was assumed that the water table had been encountered, a piezometer was
installed. However, the piezometer was still dry a week later, and the static level in DC-1,
unlike in the other piezometers, took several more weeks to reach equilibrium. This suggests
that the piezometer had not encountered the main unconfined aquifer beneath the site, but that
this saturated zone in which it is Jocated, is a perched aquifer of relatively limited extent. This

aquifer slowly drained into the borehole to finally reach the measured static Ievel.

Further in support that this static level may be perched, an exploration borehole drilled in
August 1989, approximately 900 m north of DC-1, encountered 5 metres of fine grained
material, possibly tili, at a simifar elevation (Ingham, 1989). In that borehole, the water table
was reportedly found in underlying sands at an elevation similar to the water table in DC-4 and
DC-5. (Elevations for the exploratory boreholes are estimated from the site topographic map
(Keewatin-Aski 1991).)

Hence, the water table elevation ranges between 327 and 320 m, with a perched water table

encountered at DC-1 at 335.6 m elevation.

4.3 Groundwater Flow
Inferred flow directions in the unconfined or water table aquifer are shown on Figure 5.
Accurate elevations are available from the water table monitors on site; the data plotted are for

May 13,1991, except for the static elevation at domestic well 19519, which was measured July
31,1991,

A groundwater divide appears to be present just south of or in the southern part of the proposed
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expansion site. Bencath most of the site, flow in the unconfined aquifer is northerly to
northwesterly, eventually towards Coldwater River. South of the site and possibly in the
southern portion of the site, flow is southerly towards Hawkestone Creek. The horizontal

gradient is approximately 0.01.

The precise location of the groundwater divide is not known. Assuming that the water level in
DC-1 is a perched condition, then in May there appears (o be a component of flow from DC-
4 southerly to DC-5, where the water level was slightly lower, However, in July and October,
the water level at DC-4 was lower than at DC-5 (Table 1) and flow was northerly from DC-5.
This apparent change in flow direction may be a seasonal phenomenon or simply an indication
the static level in DC-5 was not at equilibrium by May of this year. Long term monitoring will

determine if this change really occurs.

Because the majority of the water wells obtain water from confined zones at differing elevations,
it is not possible to clearly define the direction in which the groundwater is moving at depth,
below the unconfined aquifer. However, generally it appears that the overall pattern of flow is

similar to the pattern in the unconfined aquifer.

4.4 Groundwater Use

Drilled wells are now the source of water for the residences and farms around the proposed site,
though historically, many farms obtained water from cisterns because of the depth to the water
table. No water wells were identified on the expansion site dunng this study. Eleven water
wells were identified in the 300 m zone around the site and licensed properties (Table 2); of
these, five active wells and one abandoned well {18749 - insufficient supply) are located along
Concession 6 within 300 m of the site. Of the five wells reported in the MOE well records east
of the site, well 3268 could not be located and is believed to not be in use. Well 19519 is
located on the licensed James Dick property (East 1/2, Lot 8).

A summary of the water well information, extracted from Ministry of the Environment water

well Tecords for the 300 m zone and the general region, is found in Table 2. The data coliected
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The development of a pit on this site will increase the amount of groundwater recharge by
increasing the amount of precipitation that infiltrates. The increase is a result of : 1) removal
of surface vegetation and hence a reduction in evapotranspiration; 2) removal of most of the
unsaturated soil thickness, and any related perched systems; and 3} capture of any surface runoff
within the pit. This latter factor may not be significant, because currently most surface runoff
infiltrates locally after collecting in depressions.

The average total annual precipitation for 1980 - 1989 iz 950 mm at Midhurst, the nearest
representative  climate station (Environment Canada 1982). The average actual
evapotranspiration, calculated for 1980-1989, is 537 mm or approximately 55% of precipitation.
With the removal of vegetative cover, there would be more precipitation available to infiltrate
through the unsaturated zone and recharge the water table aquifer. Evaporation loss from bare

soil is considerably less than evapotranspiration loss from a vegetated surface.

The increased infiltration would, theoretically, create a slight mound or localized high point in
the water table beneath the pit and slightly raise the water table in the surrounding area. The.
actual extent, both lateral and vertical, of the effect of the increased infiltration would depend
on the increase in infiltration and the permeability of the deposits- i.e. more permeable deposits

would see a wider area influenced with a lower rise in head than less permeable deposits.

Calculations to determine the approximate expected increase in the water table elevation are
given in Appendix D. Using the Hantush method (1967), several different scenarios, using the
expansion area only and the expansion plus licensed area, are presented. Evaporation from bare
soil is assumed to be 20%, with the remaining precipitation infiltrating the soil and reaching the
water table. The estimated maximum rise in the water table beneath the centre of the expansion
site, assuming a third of the property is not vegetated for ten years, is 1.5 m (if the saturated
zone is ten metres thick) to 2.3 m (if the saturated zone is § metres thick). Corresponding
values for the combined licensed and expansjon site areas are 1.7 m and 2.9 m for the maximum

height of the mound. The increase at the site periphery ranges from 1.2 to 2.4 m.

J¢ should be noted that these are estimates, derived from simplification of the subsurface
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conditions and assumptions about the average precipitation and evapotranspiration. They do not
take into account the long term natural fluctuations in the water table. For example, since 1986,
annual precipitation has dectined from 1062 mm in 1986 to 808 mm in 1950. This natural trend

has created a 20% drop in precipitation available to recharge the aquifer.

Long-term monitoring of the on-site observation wells will provide the best data on the water

table fluctuations.

5.2 Impact on Surface Waters

No surface water was observed on site or immediately adjacent to the property during field work
and, thus, the pit development should not adversely affect local surface waters. Excavation of
the perched moist to saturated zone that underlies part of the site is not expected to have a

significant impact on surface waters.

The mounding of the water table expected beneath the site would not significantly affect the

volume of groundwater discharge to streams along the margin of the moraine.

5.3 Impact on Local Water Wells

No negative impacts are expected for the quantity of supply in local water wells. The increased
infiltration expected to occur as & result of pit development would, if anything, slightly increase
the local water supply available to users. Wells in the unconfined aquifer would have increased
saturated thickness available and, for deeper wells, the increased water table elevation would

increase the vertical gradient and, hence, the volume of recharge to the lower confined layers.

If washing is required to process the aggregate, lined ponds could be used to collect precipitation
to provide some on-site water. For greater volumes of water, a drilled well would be required.
At least part of the wash water would return to the water table, although some would be lost on
aggregate leaving the site. The requirements for washing will be determined closer to
development, when the expected granular product is defined. Additional drilling and a pumping
test will likely be required to assess the available supply of water and the impact of taking
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washing water on surrounding wells,

5.4 Impact on Water Quality

Various operations in the pit have the potential to impact on groundwater quality. The potential
for such impact increases as the overburden is removed and the path from ground surface to the
water table is reduced. Fuels, greases, and dust control materials should be handled in such a

way to minimize the risk of spills and to facilitate clean-up.

To minimize potential contamination, equipment servicing and refuelling should, where possible,
occur in an area away from the pit floor, with a contoured impermeable base (i.e. an asphalt pad
with a central drainage collection area). Procedures to prevent spills should be followed when

activities have to occur in the pit.

Dust control will be accomplished primarily by water collected on-site in lined ponds (Keewatin-
Aski 1991). Calcium chloride use is expected to be restricted to the entrance area on
Concession 7. Part of this area will be paved, which will reduce dust control chemical

requirements.

The majority of local wells obtain water from confined zones, and are somewhat protected, by

the confining layer, from changes in water quality in the unconfined aquifer .

6. IMPACT OF DEVELOPMENT - Excavation Below The Water Table

6.1 Effect on the Water Table
If the pit is extended below the water table, then a number of additional factors would affect the

water table elevation.

First, the aggregate removed from below the water table would be ‘replaced’ by water from the

unconfined aquifer. Since a typical sandy soil is about 70% by volume solid material (the rest
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being space occupied by air or water), then the volume of water that would infill the pond would
be equivalent to at least 70% of the volume of the soil excavated below the water table. This
would represent a large volume of water for the entire excavation and, if the excavation oceurred
over a short period, would drawdown the water table considerably adjacent to the pond. The
actual effect, both the amount of drawdown and the extent of the area affected away from the
property, would depend on the aquifer characteristics around the site. At this property, the
process would take place over several decades as the various phases of the pit development

reached the base grade.

Any lowering of the water table is not expected to have a significant impact on surrounding
surface vegetation, since the water table is currently more than 75 m below ground surface

throughout the site. However, the impact on adjacent W wells would need to be assessed.

With the development of a pond, there would be evaporation loss from the pond and, hence,
from the unconfined aquifer. The estimated loss of water from the pond is equivalent to 2
decline in water level in the pond of 0.45 m per year (pan gvaporation data, Lindsay-Frost and
Guelph Stations; long term normai data, Environment Canada). However, this evaporation loss
is offset by the proportion of precipitation no longer ‘lost’ by evapotranspiration but now

reaching the pond area directly.

Development of a pond in the base of the pit would cause the slope of the water table 10 flatten
in the area of the pond, slightly Jowering the water table 1mmed1ately upgradient of the pond and

slightly increasing the elevation of the water table downgradient.

Finally, with excavation below the water table, care must be taken to prevent introduction of any
contaminants into the pond and hence, the unconfined aguifer. This includes such standard
techniques as design of surface runoff controls; care with the storage and use of dust
suppressants, fuels and lubricants; and development of contingency plans to deal with accidental

contamination of the pond.
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At this time, there is not sufficient data to quantitatively assess the different effects that
excavating below the water table would have on the water table elevation and to accurately

predict the resultant pond level,

However, a preliminary design elevation of 329 m has been used for the pond level to develop
the design drawings; this was derived from some basic calculations, using many simplifying
assumptions and the earlier survey elevations. The new survey elevations would lower this
estimate by a few metres, all other factors remaining constant. However, since the design
drawings are for conceptual purposes only, and the preliminary value as initially calculated is

known to be a very general estimate, the value has not been changed.

Prior to applying for an amendment to the license to allow extraction below the water table
additional hydrogeological data will need to be acquired, using a program similar to the program

outlined in the following section.

6.2 Future Hydrogeological Investigation

A hydrogeological investigation to assess the impact of excavation below the water table would

include:

1. a series of boreholes with piezometers installed around the site perimeter, in order
to identify the saturated thickness of and the soil materials in the unconfined
aquifer.

2. hydraulic conductivity testing at selected boreholes.

3. analysis of the long-term monitoring data collected during pit development from
piezometers on site and, if available, from adjacent operations.

4, test pumping of the aquifer at selected locations; the testing would include

observations at adjacent piezometers and at off-site wells if possible.

This additional data on the unconfined aquifer characteristics, combined with data accumulated
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during pit operations, will provide the data base for assessing the impact of excavation below

the water table,
7. CONCLUSIONS

The aggregate operation proposed for the west half of lots 7,8 and 9, Concession 8, Oro
Township, Simcoe County , is located within the Bass Lake Kame Moraine. The pit is
currently planned to be developed to 1.5 metres above the water table or the depth of suitable
material, whichever is encountered first, The following are the conclusions of the
hydrogeological study of the proposed site, prepared as part of the documentation required for
a Class A license under the Aggregate Resources Act.

1. The proposed site is located in an area of groundwater recharge in the sandy deposits of
the Bass Lake Moraine. No surface water was observed on site or immediately adjacent

to the proposed site.

2. The depth to water table, measured in May, 1991 in four water table piezometers on site,
and the monitor on the licensed property, is between 26 and 35 metres; a2 perched
saturated zone occurs above the water table in parts of the site. The water table elevation
ranges between 327 m in the south and 320 m in the northwest, with groundwater
movement under most of the site in a northerly to northwesterly direction. 1If the
elevation of 335.6 metres at DC-1 does not represent a perched condition, as concluded
in this report, then the direction of flow is still northerly to northwesterly. There may

be southerly component of groundwater flow beneath a southern portion of the site.

3. Development of the pit will cause an increase in the amount of precipitation reaching the
water table within the pit area and a slight water table mound is expected to occur
beneath the site. This 1s not expected to exceed 3 metres, and may be considerably less
depending on long term precipitation, the area of bare soil, the length of time bare soil

exists, and the thickness and lateral permeability of the unconfined aguifer.
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Most water wells in the area obtain water from confined aquifers within the morzine.
The wells within the 300 m zone apparently taking water from the unconfined aquifer are

not expected to be negatively impacted.

Yields of local wells are not expected to be adversely affected by excavation of the pit
to a maximum depth of 1.5 metres above the water table, If, however, groundwater is
required for washing, an assessment of water needs will have to include impact on

adjacent wells.

Removal of the overburden will increase the sensitivity of the unconfined aquifer beneath
the pit to contamination. Hence all possible equipment refuelling, maintenance and
servicing should be located away from the pit floor. When such activities have to occur

in the pit, procedures to minimize accidental spills should be followed.

The application of calcium chloride for dust control should be kept to a minimum to

reduce the increase in chloride in the groundwater.

Preliminary calculations, based on several simplifying assumptions, suggest that the
impact of excavating below the water table will not have a significant net effect on the
water table elevation. However, a more detailed hydrogeological investigation would be

required to properly assess the impact.
. RECOMMENDATIONS

The water table on site should be monitored bi-monthly to determine an annual
fluctuation over one year. Subsequently, the water table should be measured quarterly
or as required by the MOE. The data should be reviewed by a qualified hydrogeologist.

Prior to excavation at the pit, two water sampies should be collected from the water table

monitors and analyzed for the major ground water parameters (major ions, pH,

17
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conductivity, alkalinity) and for phenols. This will provide baseline groundwater quality

at the site.

Prior to excavation starting, water levels should be taken on all accessible domestic wells
within 300 m of the proposed site, to determine the current water level in adjacent water
wells. Although no negative impact is expected, this will provide baseline approximate

static levels for adjacent wells.

Further work will be required to determine the source of and impact of obtaining

washing water once water requirements are defined.

If an amendment to the site plan to extend pit operations below the water table is
contemplated, an additional hydrogeological investigation, such as outlined in Section

6.2, will be required.
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TABLES



TABLE 1 WATER LEVEL MEASUREMENTS, ORO SITE

DC-1 DC-2 DC-4 DC-5 M6
Date Depth from Top of Pipe (metres)
May 3, 1991 32.89 34.35 29.44 26.70 29.15
May 13, 1991 31.87 34.27 29.36 26.45 29.07
July 22,1591 31.73 34.31 29.20 25.42 28.74
Oct. 1,1991 32.06 34.05 28.75 25.47 28.51

Static Level Elevation (metres above ground datum)

May 3,1991 334.56 320.22 326.22 325.94 323.81
May 13 1991 335.58 320.30 326.30 326.19 323.89
July 22,1951 335.72 320.26 326.46 327.22 324.22
October 1,1991 335.39 320.52 326.91 327.17 324.45

Water level taken in domestic well, MOE # 19519; July 31,1991
Depth to water 42,19 m
Static water elevation 321.67m



TABLE 2 SUMMARY OF MOE WATER WELL RECORD

MOE Cone Lot Ground  Owrer Water Total  Test ‘Water Static
Elev. Source Depth Rae Found Level
m m GPM mgsd masd

Wells within 300 metres of the Site and Adjacers Property

25566 B 7 ase  Dover fs 8614 4 296 a7
24979 6 8 ass  Wison 5 s578 10 304 319
18946 & 8 ass  Wagrer 1s 47.24 2 3N 348
19519 7 8 358 Alexander s 45.94 g A 6
18749 7 8 358 Garside 97.54
18750 7 8 358 Gerside 5 120.7 4 290
20959 7 3 360 Norman s 72.54 7 250 33
3268 7 ) 350 McNiven 5 45.42 1 35 320
13106 7 g 260  Roehner 5 85.95 6 275 208
8728 7 10 363 Parks 1 84.12 4 280 306
11786 8 8 357 Middieton s 45.72 4 33 N7

Wells beyond 300 metres of the Site and Adjscert Property

12854 g 7 372 Winger (] 139 30 233 299
8300 = 7 358 Ross t-rms 1021 12 279 298
12256 5 7 a72 King-Winger Dry 100.58
12643 [ 7 357 Sutheriand cs 1204 30 240 252
10960 ] B 358 Critendlan c 66.58 g 291 299
15192 & 8 363  Hitz sgc 97,64 4 30204 4
10559 B 8 363 Bolechowsky ms 79.25 3 285 300
10055 3} 11 335 Simek ms 64.01 30 274 N3
15327 & 11 323 Derks sfg 30.48 10 293 311
3282 6 11 312 Eenhorn cms 10.67 2 204 303
11202 B 12 295 Malinson fs 17.98 2 278 230
18049 ¥ 5 328 Hoimes g 87.91 5 281 . 280
13563 7 & 358 H. Artigues cs 79.25 10 287 296
25424 7 B e Gnn csi 74.68 8 252 308
7881 7 7 343 Boton fs 58.68 B 277 a3z
11628 7 g 363 Poner sg 80.9 2 3130 36
3269 7 iR 323 Nichels ms 4511 10 280 304
16872 7 i1 320 Starr cs £2.48 ac 262
B730 7 12 303  Starr <] 16.45 2 294 296
17440 B 4 250 Awood s 16.16 5 279 270
22220 8 & 32 Leach & 46.54 g 268 305
22215 B & 312 Cuthbenson g 3292 8 279 307
3302 B 7 360 Graves ms 442 g g 322
13415 B 7 3a3s  Walsh & 42.98 7 293 N2
2ezar 8 8 343  Leach s 13.72 7 33z 339
14170 8 9 330 Clime ] 55.47 3 275 292



MOE Conc

TABLE 2 SUMMARY of MOE WATER WELL RECORDS cortinued

Lot

Ground

Elzv.

m

Owner

Water
Source

Teoxal
Depth
m

Weils beyorw 300 metres of the Site srd Adjacert Property cortinued

16682
20081
7010
3303
3304
15475
16522
17438
3335
14743
7181
18047

Legend
s-gand
g-gravel
si.5ift
si-siones
c-cley

[T I T BT B o B BT T e R - e e

9
i0
10
10
11

4

4

6
10
10
11
12

1, m,edine, mechurn, coarse

335
320
320
3z
37
290
250
35
N7
326
3ze
Nz

Asmi
P.F.Group
Eeaton
Woodron
Merkus
Young
Young
Yiedman
Wilsory
erermy
Holiis
Kozsk

f-ms
cg
ms
msg
csg
5¢
ms
5
ts
2]
cs551

§3.57
41.76
42.67
41156
.39
9,32
42.67
27.43
46 63
£3.34
54,25
28.87

Test Woater Stetic

Rete

Found Level

GPM mgsd mgsd

15
18

10

10
40

15

10
12

278
277
276

252
260
309
270
275
274
290

302
06

303

277
319
299

238
300
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APPENDIX A

BOREHOLE LOGS AND INSTALLATION DETAILS
DC-1 to DC-5



Table A-1  Well Installation Details

Monitors PC1 DCzZ DC4 DCS

Top of Casing Elev.* 36745 35457 355.66 35264
mgsd

Ground Elevation* 366,70 35407 354.62 35205
mgsd

Stick Upm* 0.75 0.50 1.04 0.59

Screen Interval

Top metres 30,30 3290 2650  26.80
Bottom mstres 33.40  36.00 29.60 2990
Top mgsd 336.40 32117 32812 32525
Bottom mgsd 333,30 318.07 32502 32215

Screened Material Sand/Si Sand/Si  Sand Sand/Sand &
Sand Till Gravel

* Taken from Young and Young, November, 1991
mgsd = Elevation metres, ground surface datum



poect_Proposed Oro Pit No:.91-107 Borehole No. __DC-1
Date Oriieg March 2 to March 27%loneclongyear | Piezometers:. DC-1
Bo-enole Locaton, _oouthwest Cormer, Conc,?7. Lot G,
Driling Supervised by: K. _Henderson Sheet 1 of _2
Suing Method _CME 75, S 1/4" ID HSA
S5 Spit Spoon Sample  RX Rock Core
WA Wash Sample
Piezomeler Details AU Auger Sample Piezometer Screen
. imm ID Schedule 40 PVC {waler level eiev.
Tyze of Pipe 101 CN Conlinupus Sample m. YIM/D)
Tyoe of Screen 10 Slot PVC
e Geological Log o AR F
Scaie Do $ 5 PezometerDetails jp2|i 3| Lo
)t | qm) Description i - aofw e
Ground Surface 366,70 mgsd .
e
iL— 36;65'55 \TOpsoiZ - dark brown, rootlets, soft, moist j %% Cement 1 559
3 1 GRAVELLY SAND - fine to medium 2z Bolephug
- grey brown
3——2 - pebbles 2| ss 22
i - loose
19—3 i _c4ytomoit 31 ss (36
N - grading into SAND (fine to medium)
._,;__ a - trace to some gravel, pebbles
- - decreasing gravel and pebble content with depth 4] 55 38
157 - dry
--L_S - pecasional sift pockets Native 5 s (38
20— - some beds darker Rackfill
—7
. = 6f ss |34
25—
o
3p——9 | 3575 7| ss |30
..Jr‘_ 9.2 SILT - to very fine sand
ol 3570 "\ - grey, compact, moist f
- 7 |-
A5 97 SAND - fine to medium 8| ss 136
1 - Jight brown
- uniform
-~ - cotapact
40?12 -dr)-p 9| ss |32
- very fine sand zone at 12.3m, I5cm thick
—13
]
45-'{— 10! &5 133
i
SO‘j_w - trace very coarse sand at 15.2m . »
| 85,
Borehole Viwastan Henderson /DA, DAVID L. CHARLESWORTH & ASSOCIATES INC.
Record Prepared by Consulting Hydrogeologisis




Borahote No.: DC-1

Project: ELOpOSEd Oro Pit No. _91~-10C
Piezometers: DC-1
ion_Southwes % . £ s £
Borshole Location: t Corner, Conc. 7. 1ot 9 Sheal 2 ol
Scale [Egﬁ;g, Geological Log 65 . .
P — g 2| Piezometer Details ts EE—. EA
fy  (my = Description B - & a7 =R
1-18 12{ ss |31
55— \
17 - becoming finer at 17.3m
J jaeo | o e 13 ]ss {32
E—-—‘is 17.7 SAND - very fine to fine
&0 al - grey brown, compact, dry to moist 14]ss 137
- 4g - interbedded silt layers from 18.8-18.9m
- 19.4
+ S TR e T T T T T T T T
65 —| 5
7120 - light brown S
T - some beds darker
1o - trace coarse sand, gravel, silt Native
70— - occasional silt seams Rackfill 16| 55|38
1 o3 - compact
75 :_ 23
+ 17| ss 155
-2 - dry to moist
B9 -
O os - slightly coarser below 24.9m 18] 55150
85— 26
. 19§ ss5 |45
127
83 —+
22 20y 55153
95 —. 28 - very fine sand seams, 2.5 ¢m thick, st 29.1 and 29.5m
T - becoming finer at 30.5m
i - wet at 30.8m 211 ss]74
-3
100 — =
=3 335.20 (May 13, 1991)| X [ .
4 314 = | Adificial
- : T 1 Pack 22 100
105 —— 32 SILTY SAND TILL — s
-4 - grey E
- 33 - trace gravel and cobbles B
110 - dense =2
A 4133260 - moist to wet 23} 55150
j__ 34.1 3
| End of Borehole at 34.1m
~raho! . _ DAVID L. CHARLESWORTH & ASSOCIATES INC,
Berehos ¥:rsier Hendersen /D.A. 350¢ I
Prgzarac vy Cansulting Hydregeologisls




Proposed Qro Pit

Projec!

Dolling Supesvised by

No:. 91=107 Borehole No. ___DC-2
Daie Drteg March 28/91 to April 2/9lpe._Longvear | Piezometers: DC-2
8orehole Location: Northwest Corner, Conc. 7, Lot 7.
K, Hendersgon Sheet 1 of 3
Ouiling Meshes _CI 75, 4 1/b™ 1D HSA
85 Sgplit Spoon Sample  RX Rock Core

Piezomelar Details

T)‘QE o! PIDE 51mm ID SChEdUle LLO PVC

WA Wash Samgple
AL} Auger Sample

Pigzometer Sereen
{water level elev,

CN Continuous Sampie m, YIMID)
Tyge of Screen 10 Slot PVC
= G801 Geological Log v sl
Seale % 2| Pezomeler Detas [ Feff 2| 22
Cepth - ] izle-l 2o
) syl my Description aoe
Ground Sunace  354.07 mgsd _
N 333.34 . g Cement Iss 4
e .23 ‘\ Topsail, dark brown, rootlets, soft, moist l- Holeplug
a1 1 87
£—t 3155'8 SAND - fine to medivm 2f ss 120
= ’ - light brown, uniform, loose, moist
T 351.47|  coarse SAND & GRAVEL 3 ss 125
1p—3 2.6 \ - brown grey, trace silt, loose, moist to wet (
. SILTY SAND - very fine
- ) - grey brown
15— - uniform
5 - compact |
< - moist !
¢ 4 ss|s9 |
20*‘3’_ t
—_:_..? Native :
- Backfili |
25— |
T8 2607
— 5
= 78 r ery i 4 5iss 1146
30 ——39 - some very fine san
- - grey brown
- - dense
-0 - moist 1o wet
a5 T - dilatanl 1
= 6] ss [100
P 4!
40 “j_ - occasional pebbles 'l
. |
i ]
as— i
—14
j_ 71 ss [100 !
so— '~ 5
Berebole  [¥irg+er Henderson /D.A. DAVID L. CHARLESWORTH & ASSOCIATES INC,
Recorcd Prepaced by Consulling Hydrogeologisis |
!




) Barehols No.: DC - 2
Project: EL0posed Oro Pit No.: . 91-107 ‘
Piszomelers: DC - 2
Bcrehola Location:Northweet Corner, Conea, 7, Tot 7 Sheat 3 of _ 3
Scale | aotey Gaological Log P < el
- 5 2| Piezomoter Dotits tolzd _!_-
iy {m Dan Descriplion w - b S A -
115 -{— 35| 318.97 = 16| ss |148
n 35.1 = TR
- 318.07| SILT - grey, some clay, wet —"
1 38 36.0 - sand seams at 35,5 & 35.6 m, lom thick
120~ - occasional silly clay seams
11— 37
i End of Borehole at 36.0m
125738
- a9
130~|"
<40
135741
Tj—a2
140-|
=43
Y
145 —
|~ 45
150 28
47
185 —
|48
1801
_1—4%8
-— 50
165~
“[— 51
53
175—1-
|54
ferahete DAVID L. CHARLESWORTII & ASSOCIATES INC.
'-;',rﬁ:d |r.1 — .
res Prepared try Consulifnp Ty ilrageabnpicts




pioest_Provosed Oro Pit

Date Driled

No:. 91-107 Borehole No. DC-3
April 173th 1991 Driler: _LONEYear | Piezometers: DC-3
Boreroie Lecaton, S0Uth Central Portion of Cone.?,Ilet 8.
Henderson Sheet 1 ol 1

Dmling Supervised by K.

Duilng Metmoa _CME_26, 3 1/4" ID HSA

Piezomelet Dealails

S1mm ID Schedule 40 PVC

Tyre of Pipe

S5 Splt Spoon Sample
WA Wash Sample
Al Auger Sample

BX Rock Core

Piczometer Screen
[waler level olev,

CN Continuous Sample m. YWD,
'{.“v_ge ot Screen 10 SlOt PVC
|.'.Ei§;m Geologicai LOQ g-a L] b . " "
Scale 8 2l Pieromeler Details [T elf 2} 12
Depth - 0 IS )
Y () ) Description AT
Ground Surace  355.0 mpsd (estimated)
N 4.92 : ,
__]L.. 35 089 ] Tapsoil, dark brown, rootlets, moist I} ss )4
—_if""T SAND - fine to medium o s o
5—3— - light brown, uniflerm, foose, moist
b2 - dark bedding
]
10 _[.3 - becoming coarser with trace gravel at 3.0m 3| ss {21
._J;_
-7—4
= 380.4 | e e e ]
1575 4.6
—{_5 SAND - medium to coarse
o - grey brown
20— 6 - some gravel, pebbles and cobbles 4] ss j_%);
- - dense .
_4:_? - dry {0 moist
25—~
T8
4
-1 5| ss [105
30—7°
—1' 344.9
—10 bt A0
- 10.1
35— SILTY SAND TILL
— 11 - grey
- trace gravel and cobbles
40 =12 - moist to wet 6l ss 157
'3_ - sand seam at 11.9m, 7.5¢m thick
b3 - dense
45} - boulders from 13.7m to 15.5m
|
T 14
-
——15 7i ss (10
30— 339.3 End of Borehole at 15.5m 7
Borehote irs+en Henderson /D.A. DAVID L. CHARLESWORTH & ASSOCIATES INC.
Record Prepared by Consulting liydrogeologists




progecr _Proposed Oro Pit No.:

91-107 Borehole No. DC-4

Date Dritee _ADridl 3/91 %o April 4 /91 pritler: _Longyear
Boranole Locaton _Northwest Portion of Conc.?7. Lot 8.

Piezometers: DC-4&

Cnling Supervised by’ K. Henderson

Sheet 1 of 2

CME 75, & 1/4v 1D HSA

Drllag Method

55 Spli Spoon Sampie  ARX Rock Core

Piezometer Detaills

4w I[ Schedule 40 PVC

WA Wash Sample
AU Auger Sample

Piezomeler Screen
{waler level eigv.

Ty 'P
ype B e CN Continuous Sample m, YI'D)
Type ot Screen 10 Siot PVC
S Geological Log FRERR
Scale DeI;:n 3 g Piezomeler Details -E‘ e E’ % H 4
ty by (m Description n A
Ground Surace  354.62 mgsd
} 351'15'47 \\ Topsoil - dark brown, moist ] Cement 1iss |5
’ ' Holeplug
j- ' 1352821 SILTY SAND
5 .
i 1.8 - brown, rootlets, loose, moist
=2z
|
Hin SAND - fine to medium 2| gs 127
1g——3 - grey brown
—"I,_ - trace fine gravel
o, - compact, uniform, moist
15"j”
—5
—_ 4 . 3| ss {33
i 348.72 | - sandy silt seam at 5.7m, 2.5cm thick Native
2077 R SILT - grey, moist Backfill
—-,'_ - sand seam at 6.0m
7
|
B S A
g | 78 SANDY SILT TO SILT
e - grey 4; ss [100
- - compact
30 |-—~9 - wet
o
4
35—
-1 _
:r, - increasing silt content with depth 5| s 1143
43 __:— 12
——13
s 134092
~—-1¢113.7 | SANDY SILT TILL
j— - grey
R ——q5 - trace gravgl 6 ss 1100
50— ‘ - dense, moist e
| _
Borehcle Vircter. Henserson /DA, DAVID L. CHARLESWORTH & ASSOCIATES INC,
, Fecord Prepared by ' Consulting Hydrogeologists

L




Project:

Proposed Oro Pit

No., 91-107

DC-4

Borehole No.:

Borehola Location:

Northwest Portion of Conec.7, Lot 8

DC-4

Piezometers:

Shast 2 of _ 2

Scale IEE;";-,} Geological Log . 2 e
P — %é Prezomeler Details | S E§ i&
wy  (my = Description &5 la~| 8=
= 339.02
5] 15.6 SANDY SILT to SILT
J - grey
55 — - dense
=1 - dilatant
_—_ . - wet 7 1ss hoo
-] 4"
g0 - moist, not dilatant at 18.5m
- 15 - pebble at 18.6m
I 334,82
85— 20|75 _ 8| ss |105
__ ' SAND - fine to medium
-t - brown, darker bedding
21 - ugi
Gt tompac
1 22 - dry }:0 moist Native
i Backfill
75— 23 ,
" - prading to SAND, very fine (o fine
- - trace silt olss b115
- 2
"L
25
ES i Dg
1 .. Artificial
I e Pack 10| ss |141
93 —-
28 . : :
7} SAND - fipe to medium May 13, 1991)
i - trace coarse sand and gravel
85— 25 37472 - wet at 28.3m Natural 1| ss{ 70
4+ 29.9 Pack 3
=30 Cave
100 ~1- End of Borzhole 2t 29.9m
31
105 1~ 32
T 33
130 s
34
-
Barehc'e ) DAVID L. CHARLESWORTH & ASSOCIATES INC.
Reccrd Kirgter Henderson /D.A
Proacasse by Consuliing Hydrogeologists




o _Proposed Oro Pit

Borehole Locanon

No._91-107 | Borehole No. DC-5
oate puies ADTAl 4/91 to April 5/91 priver: LONEYEAT | Piezometers: DC-5
Southwest Corner of Cone.7. Lot 8,
¥. Henderson Sheet 1 of 2

Dnling Supervised by
Dnling Method CM= ?5, 5 1/ v TD HSA

Piezometer Details

timm ID Schedule 40 PVC

Type ol Pipe

S5 Splil Spogn Sample
WA Wash Sample
AU Auger Sample

BX Rock Core

Piezometer Screen
{waler level glev,

CN Conlinuous Sample m. YikD;
Type of Screen 10 Slot PVC
Eigv G ,
(- G50} eological Log _9;] s |0
Scale oot E 2l Fiezometer Detais ?; i3 le
(hy My | (m Description v = slarlet
Ground Surface  352.05 mgsd .
o v Cement
-+ 351.82 L\Tepsoil - dark brown, rootlets, soft, dry N & H Te:; 1] 88 |5
oleplu
1 23 SAND - very fine to fine, some silt ePHE
5—— « brown, uniform, loose, dry
=2
10— 3
e
—[7--‘. - becoming coarser, fine to medium SAND at 4.0m 2| ss (21
-1:-—:L' - pebbles and cobbles from 4.1m
pe) ]
T 3605
- 5.8
20— %
- SANDY SILT TILL Native
TY ~ grey brown Backfill
25— - trace gravel
j—S - compact to dense
- moist, 50Tne wet Zons
j_ 3| 55 |66
30 -—I'—Q 117
3“10
o
11
4
3
40 ___';— 12
|
ﬁﬂ13
- 4iss (152
45—/ " - becoming very dense
__L - pebbles and cobbles
=
“—15
50
Borehole  liv:vcoter Henderson /D.A. DAVID L. CHARLESWORTH & ASSOCIATES INC.
Record Prepared by Consulting Hydrogeologists




Project: Propesed Oro Pit No.: 31-107

Borahole No.: DC=-5

Borehole Location: Southwest Corner of Conc.7, Lot 8.

Piszometers: DC-5

Sheet 2 o 2
Elev. Geolegi
mGSe gical Log g e
Seale tnism] — i % Piezometer Details | E2 -E:;: ég
fy  (my)| Description 0 = ¢ |6
T 16} 335.85
- 16.2 . .
55— SILTY SAND - fine to medivm (Till)
17 -~ grey
-1 - trace coarse sand and gravel 5! ss {100
118 - very dense 5"
80— - moist
-+ 19 .
] Native
T Backfill
85— 20
42
70—
- 22 6 [ss 10
o - silt rich zones at 22.9 and 23.2m 6
75—t 23
12
80 —.-
2
- ) May 13, 1981 W
85— 281 325.95 ol sl 105
s 26.1 SAND - very fine to fine 1 “6—"
4 oy - grey ,,_._"- Artificial
g0 - some silt, trace coarse sand and gravel = Pack
Toog|anaas| 22::;“’ = 8| ss 100
-+ M 1 3"
+ 283 [\ gu /'
85 - 28 Natural
ag SAND (medium to coarse) and GRAVEL Pack 9 |ss 10O
] 337215 - trace (o some silt 3
=309 - grey brown
100 —+ - dense
-1 - wet
105 - 32 Borehole Ends at 29.9m
T 33
110 —d—
T 34
Borehole . . DAVID L. CHARLESWORTH & ASSOCIATES INC.
Reccic Eirsten Henderson /D.A.

Procared by

Consulting Hydrogealogists




APPENDIX B

BOREHOLE LOG AND MONITOR DETAILS

MONITOR M6



Table B-1 M6 Monitor Details

Top of Casing Elev.  352.955*

mpsd

Ground Elevation ~ 352.305*

mgsd

Stick Up 63

m

Sereen Interval

Top metres Unknown

Bottom metres 31.85(Measured by DLC-May 13/91)
Top mgsd Unknown

Bottom mpgsd 320.455(Measured by DLC-May 13/91

Qereened Material  Sand(Based on Borehole Log)

*Taken from Young and Young, November,1891
mgsd = Elevation metres, ground surface datum



I B

BOREHOLE No. 6

Section Section
Feet Feet
0 . 60.0
1.0 SO0IL PROFILE ;
SAND PFine SILT
6!0
| 6?-0

GRAVELLY SAND
Medium and fine
sand GRAYELLY SAND
Medium sand

17.0

SAND Fine | | 80.0
2z2.0

SAND Medium
25.0

TREAVEL Fi :
GRAVEL Fine SAND Medium

SILTY SAND
Grey with pebbles

102.0
LU, 0
SAND Fine
L thin silt seams SAND Fine to very
g.0 fine, medium grey
) _ uniform, compact
SAND Fine
53.0

1 1150
SANDY SILT

*hin beds of fine

sand

60.0



APPENDIX C

WATER WELL SURVEY SHEETS



Matches MOE #1310¢6

WATER WELL SURVEY FIELD SHEET
David L. Charlesworth & Asscc.

Project Title ORC Expansion Project #_ 981-107
FIELD LOCATION NUMBER O-2 DATE May 3/91

Resident Name Mr. Roshner

Address

Lot 9 Conc 7 Township Cro

Description of Wells

Number wells - active 1
inactive 1 Why?__Test Hole

Well # on Sketch 1 2

In use Y N

Depth 293¢ % 1677 %
(top of casing)

Static 173+ *

(Top of cas.)

Casing above ground =—=-—===e  sssoceoo woooo

Bedrock/OB?

Casing
Condition

Quantity

Quality

Comments * Resident Report

e e e S A e B A L T ———— T —— T —— o —— o —— e f————————————————

Qo !
.
bhggl C> %g

|



Matches MOE #1170

WATER WELL SURVEY FIELD SHEET
David L. Charlesworth & AssocC.

Project Title ORO Expansion Project # __91-107
FIELD LOCATION NUMBER__O-4% DATE May 3/91

Resident Name M Blake (renting from Sargent)

Address

Lot 8 Cone 8 Township oro

Description of Wells

Number wells - active 1
inactive Why?

Well # on Sketch 1

In use

Depth No_ Acc.

(top of casing)

Static

(Top of cas.)

Casing above ground -===+<-=  —w-ooss o TETEE

Bedrock/OB?

Casing
condition

Quantity Plenty

Quality Good

Comments

---....——.--—_-————-—-.—._—...—_..--———-..-——‘..-——.—-.-——...-.—--...-—-_——_—--—.—-—_-..—---—..—...—...—-——..—

Site Sketch




Matches MOL #19513

WATER WELL SURVEY FIELD SHEET
pDavid L. Charlesworth & AssoC.

Project Title ORO_Expangion Project #__91-107
FIELD LOCATION NUMBER__0-5 DATE May 3/¢1

Resident Name Mr. Sullivan_ ( Alexander-Former Owner )
Address

Lot 8 conc 7 Township Oro

Description of Wells

Number wells - active 1
inactive Why?

Well # on Sketch 1

In use ¥ NOTE:

Depth >4 0m* Depth to water 42.19 m July 31/81

(top of casing) i '
Static Top of Casing 363.86 m elevation

(Top of cas.) (surveyed Nov., 1941)
Casing above ground -=-=-==  "TTTTTT ————

Bedrock/OB?

Casing
Conditicn

Quantity Plenty

Quality Good

Comments Drilled well - through old dug well, enough

water for dishwasher and washing machine.

.._-.._—-.-w-—-—_..—..—_—..——--a-——-_—...——--—..-.—-__—-.-—.—-.-—.—-——.-—--——.—_—-—u—.—q—_—--—-.——-———-—-—.———

site Sketch |

N—>

Cont




Matches MOE #25565

WATER WELL SURVEY FIELD SHEET
David . Charlesworth & Assoc.

Project Title ORO Expansion Project #__91-107
FIELD LOCATION NUMBER__0-6 DATE May 3/91-May 13/21
Resident Name Mr. Dover

Address

Lot 7 conc 6 Township oro

Description of Wells

Number wells - active 1
inactive Why?

Well # on Sketch 1

In use ¥

Depth 2087 *

(top of casing)

Static

(Top of cas.)

Casing above ground -—--—===—  —ressws eSmoew

Bedrock/0OB?

Casing
Condition

guantity Adequ, 8GPM

Quality iron

Comments Drilled in 1989 by Pete Marshall, steady flow

* Resident Report

-.—.———-.——-.—-—._—-—.—-q—_-—.———._—..-—————_.-—..-—_—.—.——_—.—-—-——_—_———-*m———-#_——.—--_—-—“_—_

Site Sketch

¢ \:JoaCI S

Gnc. o N~



Matches MOE #24879

WATER WELL SURVEY FIELD SHEET
David L. Charlesworth & Assoc.

Project Title ORQ _Expansion Project #__21-107
FIELD LOCATION NUMBER__ Q-7 DATE May 3/91

Resident Name Mrs. Wilson

Address

Lot 8 conc 6 Township Oro

Description of Wells

Number wells - active i
inactive Why?

well # on Sketch 1

In use Y

Depth 150" *

(top of casing)

static

(Top of cas.)

Casing above ground =—==-=~=  —s-sese e

Bedrock/CB?

Casing
Condition

Quantity Plenty

Quality Hard

Comments 20 gapm, drilled 3 years ago,

# Resident Report

-.._—_..-—.__—_———-.——--—-«--...--—--.—_—...4-—_-—....--_—-.—4-._—----—-—--.—q-———.—_-.—..._—..-—n—_—...

Site Sketch (E%




Matches MOE #18749 and 18750

WATER WELL SURVEY FIELD SHEET
David L. charlesworth & Assoc.

Project Title ORO Expansion Project #__91-107
FIELD LOCATION NUMBER_ _O-8 DATE May_3/91

Resident Name Mrs. Garside

Address

Lot 8 conc 7 Township Qro

Description of Wells

Number wells - active 1 (#18750)
inactive 1 Why?_could not be developed

Well # on Sketch 1

In use ¥

Depth 4007 *

(top of casing)

Static Buried

(Top of cas.)

Casing above ground -----=-=  —==---=  —=-ew

Bedrock/OB?

Casing
Condition

Quantity Adegu,

Quality Fe, Mn

Comments Need water for domestic purposes inaddition to horses

and dogs, water filtered. * Resident Report

_—__--n--‘.-.—_-----————n—_....._-.—.—-o-—-———_q—-—.___—_.-..-—————--...-—.-——-._..—.—-—-—-—---——-4--—._-—--

Site Sketch




Matches MOE #189

WATER WELL SURVEY FIELD SHEET
pavid L. Charlesworth & AssocC.

Project Title ORO Expansion Project #_. 21-107
FIELD LOCATION NUMBER_0=9 DATE May 3/91

Resident Name Mrs. Wagner

Address

Lot 8 conc 6 Township Qro

Description of Wells

Number wells - active 1
inactive Why?

Wwell # on Sketch 1

In use Y

Depth 155" %

(top of casing}

static

{(Top of cas.}

Casing above ground =====-==  ===-=-"  TToTT

Bedrock/OB?

Casing
Condition

Quantity 2.5 gpm

Quality cood

Comments sufficent for livestock (sheep), drilled 8 vears ado.

* Resident Report

--...-.-——-.»-.-.———.—_—.—-»————-——.———..-——.—.u——-n-——-—-...-—--—-._—.—.-——.—...—_.—-...—.—..—....—.—-.-——-—_

Site Sketch
® [ Barn




Matches MOE #8728

WATER WELL SURVEY FIELD SHEET
David L. Charlesworth & Assoc,

Project Title ORO_Expansion Project #_91-107
FIELD LOCATION NUMBER__0O~10 DATE May 3/91
Resident Name Mrs. Parke
Address
Lot i0 Canc 7 Township oro
Description of Wells
Number wells - active 1
inactive Why?
wWell # on Sketch 1
In use ¥
Depth 2757 %
(top of casing)
Static 2307 *
(Top of cas.}
Casing above ground —-==—===—  —=ees=s Semes
Bedrock/OB?
Casing
Cendition
Quantity Plenty
Quality Hard
Comments Drilled around 1972.

* Resident Report

—.n—m———-.-——--....-———--»-.-——_—-»-——.u-—.——-—-.»—_—-..—-.-..—---.-_-——-.—.———_.——--——.—-—.—-—.-—.—-—-...-.—-—

Site Sketch Cone. b N —>




APPENDIX D

SUMMARY OF RESULTS
HANTUSH GROUNDWATER MOUNDING CALCULATIONS



Estimation of Groundwater Mounding
Resulting From Increased Infiltration
Hantush Method

The possible height of the groundwater mound was calculated using the Hantush method (1967}
and several scenarios.

Referring to the site plans, no more than 1/3 of the site will be will be bare of vegetation at one
time; the remaining area will either have original vegetation or be rehabilitated. This assu mption
is used to determine the area experiencing increased infiltration in scenarios 1 to 4. Scenarios
5 to 8 assume that all vegetation is removed and the entire proposed site or proposed site and
licensed site experience an increase in infiltration. This represents a ‘worst case’ with respect

to the possible maximum infiltration increase.

The increase in infiltration is estimated assuming 20% evaporation from the bare soil and no
evapotranspiration loss from the affected area.
Site Assumptions

1. Hydraulic conductivity of the aquifer (k) = 1 x 10 ? cm/sec.
This value was based on a geometric mean of hydraulic conductivities calculated,
using the Hazen method, from grain size curves of samples obtained near the
unconfined aquifer elevation (Ingham 1989).

2. Increased infiltration (w) of 0.001 mm/day, due to the change from evapotranspiration
from a vegetated surface to evaporation from bare soil.

3. Specific yield (e) = 0.1
4. Saturated aquifer thickness (hi) of 5 metres or 10 metres.

5. Dimensions given for the area of increased infiltration for scenarios of the licensed and
the proposed site are for a rectangle of eguivalent area.



SCENARIO 1
Exparsion Propeny - vegetation removed from 1/3 o she
Area of incressed irfitration = 500m x 750 m; assume erfire

expansion ptopefty has vegetation reriovedd.
Assume 10 m of saturated aquifer;

w k e i h b v 1
rréd mid m &5t deys
i

TiTie = 2 years

0.0m 864 0.1 1 111 1066 g11.62 730
0.001 B.64 0.1 10 109 1045 902.88 730
0.00% 8.64 o1 10 11 106 907.2 T30

Time = 10 years

£.001 864 21 10 11.4 107 924 48 3650

o.om B.64 0.1 10 11.3 1065 920,16 3650

oom B.64 a1 10 112 108 21584 3650
SCENARIO 2

Licensed + Expansion Property | vegetation cleared from 173 of property.

Dirmensions of area of increased irfitretion = 600mx 798¢ m
Assurne squier has 10 m saturated thickness.

w k e i h b v t
ryd rvel m est derys
]

Time = 2 years

efalo} 8.64 0.1 10 11.3 1065 920.16 730
0 om B.54 0. 10 11 105 007.2 720
0.001 864 0.1 10 1095 10.48 905.04 730

Time = 10 ysars

0.001 8.64 01 10 11.7 10.BS 937.44 3650
0.001 B &4 21 10 11.4 107 924.48 3650
oo 864 01 10 113 1065 92016 3650

Tirne = 100 years

0.001 §.64 a1 g 121 1166 95472 36500

250

250

250
250
250

300
300
300

250
250
250

250

260

260

300

250

375
75
are

375
375
375

385

. 398

395

375
375
37e

375

[ =]

3rs

ars

375

cale.

1112
109
10.82

11.46
11.38
117

11.33
11.03
10.98

11.66
11.42
11.35

12.05

hesdd

norease

hesd
ricrease

1.1
0.9
[1:1

1.5
1.4
1.2

1.3
1.0
1.0

17
1.4
7.3

2.0



SCENARIO 3
Expansion Propeny - vegetation removed from 1/3 of ste
Area of increased irfitration = S00m x 760 m; assurme ertire

expansion property has vegstation Temon/ed.
Assurme 5 m of saturated aguifer;

w K e 5" ] 4] v t
1] ryd m est oeys
m
Time = 2years
0.o01 8.64 01 8 67 585 605.44 T30
0.001 B.64 o1 5 53 565 48816 730
£.001 8.64 0.1 5 82 56 4B3.84 732
Time = 10 years
o0.oMm 8.64 G.1 & 7.6 B25 540 3650
©.001 B84 D1 5§ 72 84 £97.04 3850
600 B.64 01 5 71 6.05 £22.72 3650
Time = 100 years
0.00% 0.64 0.1 S 85 &£.75 583.2 36500

SCENARIC 4
Licensed + Expansion Property , vegetation cleered trom 13 of property.

Dirnensions of ares of increased infitration = £00m X 790 m
Assurne aguifer has 5 m saturated thickness,

w K e ti h b v 1
rmid rmd m est days
m

Time = 2 yeers

o0od B.84 01 5 7 ] 518.4 T30
0001 5 b4 a1 § g5 575 496.8 730
0.001 g 64 v L 6.4 5.7 452 48 738

Tme = 10 years

0 001 B.64 0.1 3 7.8 845 567.26 3650
ooot 8.64 01 5 7.4 6.2 535.58 3650
.o 8.64 01 5 73 615 531.36 3650

Trne = 100 years

0001 B.64 0.1 5 9 7 6048 35300

250
250

250
250
250

250

300
300
300

300

300

300

250

ang

are
375
ars

376
375
375

375

395
396
395

a9%
385
395

385

anrs

375

395

6.68
6.25
6.23

7.62
719
711

B.45

B.95
6.46
6.42

7.82
7.36
7.36

9.01

head
ncrease

head
Ricrease

3.7
1.2
1.2

25
22
2.1

34

20
15
1.4

29
2.4
24

40



SCENARIO 5
Expansion Property - no vegetation on ertice site

Area of ncreased nfitration = £26mx 1610 m;
Assurne 10 m of smursded aquifer;

w & e hi h b v
rd myd 1 est
m
Time = 2years
0.001 B.64 0.1 10 12 1 950.4
0.om 864 0.1 18 11.7 10E% 937.44
0.201 864 0.1 10 11.3 1065 920.16

Tine = 10years

000 B.64 0.1 10 138 1175 10162

0 oh1 B.64 0.1 10 13 118 993.6

com B.64 0.1 0 124 1.2 B67.68
SCENARIO &

Lieensed + Expansion Property ; rio vegetstion on erttire site

Dirnensions of total ares = 780mx 1800 m
Assume aguifer has 10 m satursed thickness,

w k e hi b b v
myd yd m est
m

Time = 2years

0.001 864 D1 0 124 11.2 867.68
0.001 854 01 10 118 1095 946.08
0.y 564 0.1 10 118 1075 928.8

Tirme = 10years

o.0f 8.64 o1 10 14 12 1036.8
0.001 B.64 01 10 135 11.75 10162
0.001 8.54 c.1 0 129 11.45 989.28

days

730

730

3650
3650
3650

clays

730
730
730

3650
3650
3650

N3
33
313

313
313
313

395
3e5
345

395
395
395

33

33

395

335

805
908
805

X

500
800
900

900
500
900

~

m

905

900

800

calc.

head
increase
1213 21
11.70 1.7
11.28 1.3
13.44 34
13.02 3.0
12.41 2.4
head
increase
12.47 25
11.98 20
11.63 1.5
1401 4.0
1342 3.4

12.98 3.0



SCENARIO 7
Expansion Propery - Mo vegetatior on entire site

Area of increased infitration = 626mx 1810 m;
Assume 5 m o ssurated aguier;

w K e
méd myd est
m
Time = 2 yaars
8001 864 oA 8 7.8
o.co1 B.64 0.1 5 7.2
2.001 8.64 0.1 L) &6
Time 10 Years
0.001 8.64 01 5 86
.00 5.&4 0.1 5 9.2
4.0Mm 864 0.1 5 8.4
SCENARIC 8

Licerised + Expanision Property | all vegetation removed;

Dimensions of 1otal srea = 730mx 1800 m
Assume atiter has 5 m saturated thickriess.

w k [
mvd ryd est
m
Trme = 2 years
0.001 864 01 5 83
0001 664 01 5 7.6
0 o) B.64 0.1 £ 7
Tirme 10 Years
0 001 8.64 01 £ 103
0.001 8.64 01 g 8.8
D.oo1 8.64 01 5 3

6.4
6.1
£8

7.3
7.1
8.7

6.65
6.3

7.65
7.4
7

§52.96
527.04
s0t.12

£§30.72
613.44
578.85

574.56
544,32
518.4

660,95
£33.35
604.8

730
730
730

3650
3650
3650

days

730
730
730

3650
3550
3650

I3
N3
J13

3
33
313

395
396
395

396
395
395

a3

313

396

d95

905
905
905

905
905

905

800
500
500

500
500
800

-

a]
calc.
m
4] 7.862
o] 7.30
808 £.67
¢ 8.68
0 825
205 8.44
h
cailc.
m
0 8.32
1] 7.65
900 6.97
Q 10.27
1] 9.50

900 9.08

henad
ncrease

28
23
1.7

4.7
4.3

3.4

head
ncrease

33
2.5
20

53
4.9
41



GLOSSARY



A SELECTED GLOSSARY OF HYDROGEOLOGICAL TERMS

Aquiclude

Aquifer

Aquitard

Artesian Well

Evapotranspiration

Glacial Drift

Ground Moraine

Groundwater

Hydraulic Conductivity

Hydraulic Gradient

Hydraulic Head

Ice-Contact Deposits

A layer of low permeability natural material (such as clay
or shale) through which virtually no water moves. In
reality most aquicludes are more accurately defined as
aguitards

A saturated permeable geologic unit (soil or rock) that can
transmit significant and accessible quantities of water.

A layer of low permeability natural material which can
store water but does not transmit significant and accessible
quantities of water. An aquitard acts as a confining layer
to an aquifer.

A well in a confined aquifer with a water level above the
top of the aquifer; if the water level rises above the ground
surface it is known as a flowing artesian well

That portion of the precipitation returned to the air through
direct evaporation and transpiration of vegetation

Sediment deposited by glaciers or predominantly of glacial
origin

The material deposited from a glacier on the ground
surface over which the glacier has moved

Subsurface water that occurs in soils and geologic
formations that are fully saturated (ie. below the water
table)

The constant of proportionality in the equation governing
the movement of fluid through porous matenial. The
higher the hydraulic conductivity the more readily the
water will pass through the material. It is sometimes
referred to as permeability, though the two are not strictly
the same.

The rate of change of pressure head per unit of distance, in
a given direction

The elevation of the water surface in the piezometer

Stratified sediments such as kames, deposited in contact
with melting glacier ice



Kame

Qutwash

QOverburden

Permeability

Potentiometric Head

Recharge

Surficial Deposits

Til}

Water Table

well Yield

A conical hill or short irregular ridge of gravel or sand
deposited in contact with glacier ice

Drift deposited by meltwater streams beyond active placier
ice

Commonly used to describe surficial deposits or any loose
unconsolidated material which rests upon solid rock

The permeability of a material is its capacity for
transmitting a fluid, It is often used interchangeably with
hydraulic conductivity, though the two terms are not
strictly synonymous

The same as the hydraulic head, but measured in
piezometers in confined aquifers

The entry into the saturated zone of water made available
at the water table surface, together with the associated flow
away from the water table within the saturated zone

Unconsolidated deposits, often glacial in origin, lying on
top of the bedrock surface

A non-stratified, unsorted sediment carried and deposited
by a glacier

The upper surface of the zone of saturation, which is at
atmospheric pressure (i.e. not confined by a low
permeability unit)

The maximum pumping rate that can be supplied by a well
without lowering the water level in the well below the
pump intake.
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David L. Charlesworth & Associates Inc.

James Dick Construction, August 22,1991
P.O.Box 470,

Bolton, Ontario

L7E 5T4

Attention: Mr. G. Sweetnam

RE: Addendum Report to Hydrogeological Assessment,
Proposed Oro Sand and Gravel Pit

Dear Mr. Sweetnam,

At your request, we have reviewed the hydrogeological data to consider the effects of excavating
material below the water table, as is now proposed in the application to license the James Dick
Construction property at Lots 7,8,9 (W1/2), Concession 7, Oro Township, Simcoe County. The
following report presents our analysis and conclusions with regard to excavation in both the
licensed property (East half Lot 8) and the proposed expansion property. This report forms an
addendum to our original report ‘Hydrogeological Assessment of Proposed Sand and Gravel
Pit’, June, 1991.

The development of the pit, and the removal of material below the water table has the potential
to affect the elevation of the water table and the quality of water in the unconfined aquifer. At
this site, we consider that many of the factors affecting water table elevation will counterbalance
one another, leaving a relatively minor net effect, Off-site impact will be related more to the
few nearby wells that may draw water from the unconfined aquifer, and not to surface
vegetation, However, monitoring data during excavation will be the most effective means of
determining the impact on water levels.

Exposing the unconfined aquifer, by excavating below the water table and forming a pond,
increases the potential for contaminants to enter the aquifer, and caution should be exercised in
the handling and storage of materials such as fuels.

Effective April 15th 1991 - We have relocated to Suite 101
77 Mowat Avenue, Suite 110, Toronto, Ontario, MK 3E3
Tel {416) 536-4916 Fax 536-9265



We trust that this addendum report will satisfy your requirements. If you have any questions,
please do not hesitate to contact us.

Yours sincerely,

9}.@@!/&7&

Janet Haynes MLE.Sc.
Senior Associate
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1. INTRODUCTION

The application to license the west half Lot 7,8,9, Concession 7, Oro Township initially
proposed that the excavation would remain above the water table. However, site plans have now
been modified to include excavating below the water table in the expansion area and the existing
licensed pit (E1/2 Lot 8). At this time it is proposed that the base of the pit will be excavated,
by drag-line methods, up to 12.2 m below the water table, forming a pond of approximately 90
hectares and occupying most of the base of the pit. The pond surface will be about 30 m below
original grade. The depth of the pit will depend on the thickness of granular material overlying
glacial till at greater depth. -

As presented in our June 1991 report (Hydrogeological Assessment of Proposed Sand and Gravel
Pit, Oro Township; David L. Charlesworth & Associates), there are four piezometers located
on the property undergoing application for a license and one piezometer on the licensed
property. Table 1 is an update of Table 2 from the June report, and includes water level data
from July 1991.

The purpose of this report, which forms an addendum to our June 1991 report, is to assess the

effects of the proposed excavation on the groundwater regime.
2. ANALYSIS
2.1 Unconfined Aquifer

The unconfined aquifer is not well defined beneath the site. Textures observed around the depth
of the piezometer screens, range from silt and very fine sand to sand and gravel. The borehioles
that have penetrated to the aquifer were stopped after extending a few metres into the formation,
having achieved the objective of identifying the water table. Hence the depth of saturated
granular material comprising the unconfined aquifer is not known. Well records suggest that.

the aquifer extends off-site, but since it is not widely used as a groundwater source around the



property, it is difficult to define off-site.

Some aquifer properties can be determined from the limited data available. Hydraulic
conductivity values of 10 to 10* cm/s were calculated as probably representative of the aquifer,
using the Hazen formula and grain size analysis of samples obtained from exploratory boreholes
drilled in August 1989. A step test (Appendix 1) was performed on the domestic well on the
licensed property (MOE 19519); this well is believed to be obtaining water from the unconfined
zone, The aquifer rapidly reached an equilibrium drawdown level during pumping and
recovered quickly after each step. Analysis of the data suggested that the formation at that
location may have a specific capacity of 0.7 L/s per metre of drawdown. I-Iov&ever, the
calculated hydraulic conductivities are only representative of the upper part of the aquifer; the
data produced by the step test is representative of only one location.

Variation in aquifer thickness and hydraulic conductivity are to be expected within this type of
geologic environment. It is not likely that the aquifer is present as a continuous homogenous
unit extending considerable distance all around this site. However, although potential impacts
can not be accurately quantified from the available data, they can be qualitatively assessed.

2.2 Impact on Water Table from Recharge and Evaporation

In the June 1991 report, it was concluded that the excavation of a pit above the water table
would lead to an increase in the water table beneath the site. The range of the rise in the water
table would be similar to that calculated for the adj_acent Roehner pit, (i.e. 0.02 to 3 m).
Calculations for the proposed area to be licensed indicated a possible rise in the water table,
beneath the site, of 0.1 to 0.9m using the modified Hantush method and 1.3 to 4.4 metres using
MODFLOW (a finite difference, numerical model). (See Appendix 2.)

If the site 1s excavated beneath the water table, there will be loss of water from the unconfined

aquifer as a result of evaporation from the pond surface which will tend to partiaily off-set the
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mounding described above. The estimated loss of water from the pond is equivalent to a decline
in water level in the pond of (.45 m per year (pan evaporation data, Lindsay-Frost and Guelph
Stations; long term normal data, Environment Canada). However, this loss by evaporation is
less than the long term average annual precipitation that will fall on the pond area.

The net effect of the above calculations suggests that there will probably still be some rise in the

water table as a result of the excavation.
2.3 Impact on Water Table Due to Excavation Below Water Table

Excavation below the water table will remove the granular soil, and the resulting ‘void’ will be
filled by water from the unconfined aquifer. Since a typical sandy soil is about 70% by volume
solid material (the rest being space occupied by air or water), then the volume of water that will
infill the pond will be equivalent to at least 70% of the volume of the soil excavated below the
water table. This represents a large volume of water for the entire excavation. However, the
process will take place over several decades as the various phases of the pit development reach
the base grade. In addition, the depth of granular deposits may not reach 12 m below the water

table and the depth of excavation may be much less than 12 m over parts of the site.

There will be some transient lowering of the water table adjacent to the areas excavaied below
the water table, and this will vary as the excavation progresses. Variation will result from
differences in the depth of excavation, the hydraulic conductivity of the adjacent aquifer and the
size of the adjacent pond. Given the nature and number of variables it is not possible to quantify
the impact at this time. Though, as the excavation proceeds, an appreciation of the specific

impacts will be obtained.

The lowering of the water table is not expected to have impacts on surrounding surface

vegetation, since the water table is currently in excess of 25m depth throughout the site.



2.4 Implications of the Sloping Water Table

The water table beneath the site slopes toward the north-northwest. Table 1 provides the water
level data available to date. As indicated in the June 1991 report, the water level at DC-1 is
believed to represent a perched condition (Section 4.2).

The effect of the pond on the water table will be to flatten the water table around the area of the
pond, slightly lowering the water table immediately upgradient of the pond and slightly

increasing the elevation of the water table downgradient.

Through the central part of the site, the water table is between 328 and 330 m elevation (July
1991). The water table appears to slope toward the north-northwest at DC-2, where the static
elevation is 322.38 m (July 1991). Assuming that the static elevation at DC-1 is not
representative of conditions beneath most of the site (see below), then a pond constructed into
this water table would have a water level near the midpoint elevation of 326 m, ignoring the
effects of mounding and evaporation and assuming a fairly continuous, homogenous aquifer,
This is part of the basis for deriving the suggested design water table elevation, for use in

preparing the site plans.

The static level at DC-1 appears to represent a perched condition as stated previously. There
are several reasons for arriving at this conclusion. Borehole DC-1 encountered saturated sand
at a depth of 30.8m and passed into till at 31.5m. The borehole was terminated at 34.1 m
(Appendix A, June 1991). At the time of drilling, it was assumed that the water table had been
encountered and a piezomete} was installed. However, the piezometer was still dry a week
later, and the static level in DC-1, unlike in the other piezometers, took several more weeks to
reach equilibrium. This suggested that the piezometer had not encountered the aguifer but that
the saturated zone, in which it is located, is a perched aquifer, of relatively limited extent, that
slowly drained into the borehole to finally reach the measured static. [In July, the depth of
saturated sand had increased to 1 m above the till, the increase following the similar rise in static



levels at most other piezometers on site.]

Review of the log from an exploratory borehole located east of DC-1 appears to support this.
At that location, a layer of till overlies the main aquifer at a similar elevation.

Furthermore, looking at Cross-section A-A’ (Figure A), the suggested stratigraphy also supports
the conclusion that this is a perched condition, sitting on top of a till layer or wedge that appears
to occur along this southwest perimeter of the property. An additional borehole may prove that

the unconfined aquifer underlies this location, at greater depth.

If the static water level in DC-1 represents a limited perched condition, then this static value is
not relevant to the water table beneath the site, or in the design considerations for the pond.
However, when the excavation reaches this depth, there will be some drainage of the perched
condition. The extent of this till layer and the perched water table on site will be determined
clearly at the time of excavation. At that time, the depth and design of the excavation can be

modified if necessary.
2.5 Impact on Water Quality

Excavation below the water table will remove the slight protection afforded to the unconfined
aquifer by the metre of granular soils, which would have remained under the previously
proposed plan, As a result, care must be taken to prevent introduction of any contaminants into
the pond. This will include surface runoff controls, and care with the storage and use of dust
suppressants, fuels and lubricants. A contingency plan must be developed prior to any

excavation below the water table, to deal with accidental contamination of the pond.

As recommended in the June 1991 report, two water samples should be analyzed for major
ground water quality parameters, prior to excavation to provide baseline data. In addition, water
samples should be obtained again shortly before excavation below the water table commences

on site. Subsequently, water samples should be taken periodically from the most appropriate
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monitors as excavation below the water table progresses. All analyses should be reviewed by

a hydrogeologist to determine if any adverse impacts have occurred.

In addition, the excavation should avoid removing the underlying finer grained strata that protect

the confined aquifers in this area.

2.6 Impact Off-Site

The potential changes in the water table are not expected to have an impact on the surface water
or surface vegetation in the surrounding area. However, there may be some effect on MOE
wells #18946 and #11786, which may be taking water from the unconfined aquifer. Well
#11786 1s located on a site proposed for sand and gravel development (Sargents); the well is
expected to be affected by the pit activities; it is not known if this well will remain in service.
However, the water level in well #18946 (Wager) should be monitored prior to initial excavation
and again prior to excavation below the water table commencing in the western side of the
proposed property. This will provide some baseline data for the water table fluctuations at this

well,

If changes in water quality are detected in the site monitors, water quality in well 18946 should
also be determined. This would be in addition to water quality data obtained from the well prior

to excavation.

3. CONCLUSIONS

Given the overall geological complexity of the Bass Lake moraine, and the current data base
relating to the continuity and thickness of the unconfined aquifer, it is difficult to quantitatively
predict the impact of excavating below the water table. However, a qualitative estimate suggests

that the impacts will be acceptable.

The removal of surface vegetation and most of the overlying materials will probably result in
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increased recharge and mounding of the water table in the pit area. However, the effects of
excavating below the water table will go some way towards off-setting this by tending to lower

the water table due to increased evaporation and removal of material.

As the development of the pit will extend over approximately 50 years, this will allow ample
opportunity to monitor the actual impacts of the changing excavation and to develop strategies

to mitigate any adverse effects on the unconfined aquifer.

For purposes of design, an elevation of 329 m is suggested for the water level in the pond,
However, this value is for use only in preparation of the initial site plans. The long term

monitoring data collected at the site should take precedence over this estimated value,

The changes in the water table are not expected to impact significantly on surface water
conditions. Negative impacts on the quantity of water available in adjacent wells in the
unconfined aquifer will occur only if there is a drop in the water table downgradient of the site.
Given the current gradient, this is not expected. A significant drop in the water table would be
identified during monitoring, and at that time it would be possible to determine how far this
effect extended off-site.

There is not expected to be significant negative impact on water quality from standard operating
activities, when proper material handling and storage procedures are followed. However, any
negative impact on water quality should be determined from the periodic water quality data
collected at site and if impacts approach the limits defined by the MOE Reasonable Use

Guidelines policy, it will be necessary to undertake mitigative measures at that time.

If water is required for washing purposes, the source and impact of obtaining water will have

to be determined when the water requirements are known.



4. RECOMMENDATIONS
The monitoring program outlined in the June 1991 report, should be enlarged as follows:

1. ‘Water levels should be collected quarterly in monitors adjacent to excavations below the
water table; data collection should start at least one year before the excavation goes below the
water table and continue for one year after the excavation is completed. The data should be
reviewed, with the other historical data, by a qualified hydrogeologist.

2, The water quality sampling carried out prior to excavation should be expanded to include a
sample from MOE well #18946 (Wagner). The same parameters (major ions, pH, conductivity
and alkalinity) and phenols should be obtained for all samples.

3. Periodic water samples should be collected from piezometers near the excavation, once the
water table is reached. The actual timing and frequency of these samples will have to be

determined based on the pit development.

4. All water level and quality data should be collated in a form that can be readily reviewed to

determing trends in the groundwater level or quality.



TABLES AND FIGURES



TABLE 1 Water Level Measurements,
Proposed Oro Sand and Gravel Pit

Static Elevation mgsd

Piezometer DC-1 DC-2 DC-4 DC-5 MONITOR 6
May 3/91 337.28 322.42 327.83 328.23 320.36
May 13/91 338.30 322.42 327.94 328.49 329.44

July 22/91 338.90 322.38 328.07 329.51 329.77
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APPENDIX 1

SUMMARY OF STEP TEST DATA
DOMESTIC WELL MOE 19519



SUMMARY OF STEP TEST DATA
DOMESTIC WELL MOE 19519

A step test was run on the domestic well on the Dick licensed property, identified as MOE well
# 19519, only July 31, 1991. The well was drilled in 1984, and at that time pumped at 8 gpm
for 2 hours. The recommended pump rate was 5 gpm.

TEST

After removing the domestic pump, steps were run at 5, 12, 20, and 23 gpm for one half-hour
each. The highest test rate limited by drawdown at pump intake, At least 95% recovery
occurred between steps, except for step 20 fo 23 gpm.

RESULTS

1.The step test data is plotted on Figure A-1,

2.Drawdown occurred in first 3 - 5 min, then water levels stabilized or experienced only minor
drawdown {<2cm);

2. >95% recovery in 3 minutes for drawdown 1.2 and 2.5 m (5 and 12 gpm).

3. Specific Capacity calculated as 9 - 9.3 gpm/m for steps;

4, The last step ran at a constant 23 gpm at constant head for 29 min,
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APPENDIX 2

SUMMARY OF RESULTS
HANTUSH AND MODFLOW
GROUNDWATER MOUNDING CALCULATIONS



PROFCEEL GRT PIT
OCROMLWATER MOUHDIRNG CALCULATIONS

Goooundwater nwonnding caloulations were done for ot

iz proposced Oro
aumy wdate pil glven (he following aguifler parameters:

. R - -
Hydioulic vonductivity 1 x 10™ m/sec = 1D %mls

Specific Yield 0.1
hguiter Lype uncenfined
Agvwerler Lhichoens “mand 10 m

[y
>

%oand 10 S

Rachoarge it eage
Year 1y rechorgae A13
Mit sine 425 m = 1070 m

Tour gecenarios were modelled. This included a recharue increascs
el 5% and 10 % oand an aguifer thiuvkness of 5 m and 10 m.

Twor types of wodels were used.  AlY four scenarios were modelled
usitg Modf{low-a O domenniconal finite difference groundwaler model
ruin oon oan I8 TEL . Twe of  the seenarios were run on a HPaA1-C
pregramnaliie caloulator running a programme hased on the Hantush
et Tl for cateoulating grvoundwaler mounding.

Mol Do oudl el iz included but  has been shortened to essential
detelio for Lhe seenavio of 5 % recharge increase and a 95
adlalfer Lhiloliess., The cubpubl for the othelr scenarios is  only

geounidwater lavels afler 160 vears of operation.

Aoagrid wibkh 11 rows aivd 15 columns was et up with Lthe pit placed

at yow:ss Doand O colunn 6, Row spacing was 535 m which iz lhwalf
thie pob length; columnn apacing is 25 m. The keoundairjes of the

medel wele ool oan constant head noedes as a conlrol on the model.
Mo Zoand 10 ard cclumns 2 and 14 were set  abt a spacinm of 5000
o fie Lhe vells were seob as 5000 in across). This wag to give
alogioale @pacing belween Lhe variable head nhodes which make  up
e Imlk el the grad and the constant liead nodes on the
Loundaries.,

For modelling purposoes, Ehe elevation of the water table wags met
Az 100 . Thuw, ful Lhe 10 m aguifer the Dbobtom was set  at
e avabion 90.0 m.

Jutpnt for Lwoe  scenacios was directed to a contouring programme
and bthe tesulls ate given showing Lhe extent of the mounding.



Resnlly
1 5 % Increase in Rechiarde 5 m Aguifer Thickness

The mawiwuam mound g1 owbh ds 2.35 m using Mudllow, Using Hantush
Lhe maximum JgrowWwih is 1.63 m.

2] 0 % Increasce in Recharge 10 m Agquifer Thickness

The maximaus wmwound growth dis 1.28 m using Mecdflow. With the
Hantusl: melisod, Lhe naximum mound growth is 1.04 m.

3) 10 % Inuiease in Recharge 5 m Aguifer Thickness

The mwaximan mound growth is 4.3 m using Modflow. With Lhe
Hanlush metlod, Lhe wmaximum mound growlth is 2.92 m.

4) 10 % Incirease 1n Recharge 10 m Aguifer Thickness

Me  maxdmum el growth o dg 2.59 m ouzing Modflow., The Hantush
met hod gives a maxinaas mnounic growth of 1.98 m.

Modflow cornmistently dives highey results than the modified
Hantush wmethod.  The approximabion to the Hantushh mebLthod biases
Lhe resultant mound on lhe low side because of gome simplifying
aszumpbilen necegsary for computational efficiency. Thus, the
Muodfiow resulis probably are reasconably accurate,



