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Executive Summary

This report presents the conceptual design of a groundwater mitigation system to minimize the
effect of quarrying on the local groundwater system at the proposed Nelson Quarry Extension.

The proposed quarry extension site is covered by till and lacustrine overburden. Up to 22 m of
dolostone above shale bedrock will be mined as the aggregate source. Quarry operation will
advance through 6 phases.

A draw down of about 14m at the site boundary and a seepage flux.Gfabout”3.9% 10 m¥sec per
every meter of the exposed quarry face can be expected. The gr/ound ater mitigation system has
been designed to minimize groundwater drawdown by mailﬁaining an_elevated static hydraulic
head in a series of blast fractured panels and wells in- /e\dxgc ¢ close to\Narry face. The
recharge system will raise the regional water level/and increase the seepage “inflow to about
1.1x107 m¥sec per every meter of the exposeg,quér\y face.\*me water will be}‘lfected in a
water reservoir which will constructed in the Phase 2\\an\d/3/a’reas and recycled through the
groundwater mitigation system. The proposed rehabilitation which includes providing soil
buttresses against the quarry perimeter willreduce the volumeqf water required for the mitigation
system. Once the pit is flooded to 270.5miglevation after closuré-thére;Will be no need to further
operate the mitigation system.

A pilot recharge system,/is—/prop}ed during the smof quarrying operation to verify the
/ N 3 .

performance of the proposed recharge system. \Fhe groundwater regime around the proposed
.

quarry extension will be_closely monitored. A cc}nprehensive Adaptive Management Plan is

being developed_to provide guidance-on tlTe‘imple!{entation and operation of the recharge system.

The groundwater mitigation systemn “has,been designed to limit the maximum groundwater
drawflﬁwn at the property\ boundary tg nét more than 3 to 4 m during the operation of the quarry.
The long term depression of\ ‘the watertable after quarry closure is estimated to be on the order of
4 to 6 m in the*vicinity of the quarry.

Golder Associates
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1.0 INTRODUCTION

Golder Associates Ltd (Golder) was retained by Nelson Aggregate Co. (Nelson) to carry out the
conceptual design of a groundwater impact mitigation system for the proposed Nelson Quarry
Extension located in the Regional Municipality of Halton, Ontario (Figure 1). Nelson has
proposed a quarrying plan to develop the proposed quarry extension through 6 phases (Figure 2).
The current conceptual design is in accordance with the proposed operational and rehabilitation
plan prepared by MHBC Regional and Urban Planning & Resource Development (MHBC) with
some modifications.

Golder (2004) characterized the hydrogeological and hydrolog;cal nditions of the proposed
extension and vicinity and assessed the potential 1mpacts of th proposed extension on
groundwater and surface water, It was predlcted/that\e quarrey\o eration could lower
groundwater levels in some of the adjacent water wells] to the west and east™of the development.
The proposed groundwater mitigation system is jritended to minimize groundwater difdwdown in
the neighbouring properties. A comprehensive monitoﬁn\g/,glan\will be developed to ensure

proper operation of the mitigation system.

The proposed extension covers an appr\xunat rea of 80“a“(1;000m by 800m). The
groundwater mitigation system is proposed along the north- western corner (200m long) and the
eastern perimeter {1,000m Iong) of the prop sed q@y\ xtensnon The system shall operate
continuously until the rehabihtauon plan has been completed and the long term equilibrium

condition of the groundwater reg1me>m\attamed »

It is proposed to ﬂood the mlned_.out quarry/ hrough natural inflows, surface runoff and
groundwgter;,seepdge The current rehabllltatlon plan (MHBC 2004) consists of placing
overburden against the>entire mmed out quarry face except for a section on the southern end of
the westquarry face and allowing the pll/ to flood to approximately Elevation 270.5 m. The level
of the ﬂoode}i\plt is control}ed by an’outflow channel situated near the existing creek at the mid
west section of-the-quarry as shown on Figure 2.

Golder Associates
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2.0 SITE DESCRIPTION

The Nelson Quarry is located on the Mount Nemo outlier. Existing ground surface elevations at
the proposed quarry site vary from 271 masl to 290 masl. Much of the surface water on the
Mount Nemo outlier drains to the south and south west, consistent with the regional topographic
slope.

The Mount Nemo outlier is blanketed by Halton Till with occasional outcrops of dolostone
bedrock. A surficial lacustrine (lake) deposit is indicated in the area-6f\the existing quarry and
proposed extension.

The Halton Till is underlain by dolostone of the Amabel Formation, which_is more fractured and
weathered towards the surface. The Amabel Formation,iqh% primary soure -of aggregate in the
proposed extension. The Amabel Formation is undeérlain by the Reynales Fqrmation dolostone
that in turn is underlain by shales of the Thorold arid Grimsby Formations. y

Inhabitants in proximity of the Nelson Quarry rely upon_groundwater as water supply. The

majority of the wells are completed in ‘Bedrock and obtain theirgroundwater supplies from the
Amabel Formation.

An assessment of the water wells in the vicinity, oﬁme{;ﬁldy aréa’show that majority (79 percent)
of the bedrock wells 1'9\/’@ water levels\o less than JO m below ground surface (mbgs),

while static water levels in the overlhlrden wells range between 3 mbgs and 10 mbgs.

A small wetland occupies a\%mignﬂ%outhe section of the site. This wetland is a surface
water feature-that-ig fed-by direct precipitatioin-dnd overland flow from the eastern portion of the
site. There appears to'be Timited interactign with the underlying groundwater system. Seasonal
drairiage, from this wetland contributes/intermittent flow to the east arm of the Mount Nemo
Tributary West\Branch.

Golder Associates
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3.0 PROPOSED QUARRY EXTENSION

The proposed quarry extension is situated south of the existing quarry (Figure 2). No. 2 Side
Road runs between the existing quarry and the proposed quarry extension. Residential buildings
are located on the north section of the proposed quarry extension along the No. 2 Side Road. The
majority of the site is farm land and relatively flat with the remaining areas covered by trees. The
minimum and maximum site elevations vary from about 270.5 masl to 285 masl.

The quarry operation sequence has been provided by MHBC. The $lan involves 6 phases of
quarrying as illustrated on Figure 2. The quarrying is to start/frém tht mid section of the
proposed quarry extension along No. 2 Side Road (Phase” 1) and then advance through
neighbouring phases along the west, south and east penmete to Phas 4b Phase 5 is located on
the north-west corner and Phase 6 on the north east comé\:JQh site. Th xcavation plan was
developed to delay the potential impacts to groundwater levels to the east nd west of the
property where the majority of the nearby pnvateéwatér\wel]s ardlocated.

In order to reduce the visual and acoustic impact of the“guatry and quarrying operation, visual
and acoustic berms have been proposed along the north, west ana‘east perimeter.

As quarrying operation advances through th{vrecon}nended phasesy soil buttress will be placed
along the quarry face penmeter On completl n of q@rym\g, 1ié pit will be allowed to flood to

Elevation 270.5 m. The ooded quarry overﬂo via an engifieered spillway to an existing creek
west of the property. \) )\B

Golder Associates
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4.0 SUBSURFACE CONDITIONS

The subsurface conditions at the project site were inferred from previous investigation carried out
by Golder (2004). Another geotechnical investigation in the vicinity of the site was also reviewed
to obtain the necessary geotechnical information for the conceptual design stage of the project
(Site investigation near Dundas and Canadian National Railway, Golder report No. 911-1362).

It should be noted that borehole record sheets indicate the subsurface conditions at the borehole
locations only and the soil and rock boundaries between the borehole lo&uons have been inferred
between these test locations. Figures 3 and 4 present the geo]ogn( @ngs of the study area
along with profiles and sections,

4.1 Surficial Geology

A layer of PEAT/TOPSOIL covers most of the gtudyarea. Thi layer ranges in thickness from

0. mto0.3m. \/ .)/

The general stratigraphy in the study are‘:?may be described asPEAT/TOPSOIL, over intermittent
layers of SILTY CLAY to CLAYEY SlLT\ CCAYEY TILL, SANDZAND GRAVEL, SILTY
SAND AND SILTY SAND TILL over BEDROC*K\A\thm blanket of generally fine grained
surficial deposits blanket the site, comprised of‘a gla{ﬁl\tlll\miltﬁn Till) and lacustrine materials.
The glacial till is compnsed\‘ f clayey silt to ilty clay material that contains some sand and
gravel. The tll dep%lts\are underldm by the Amabel Formation dolostone.

4.2 Bedrock Geology.

The upp@kal this )ne is the Amabel Formation dolostone, which is the

prlmary\{urce of aggregat\e It is comprised of light grey, medium-grained, porous to vuggy,
medium 0 thlckly bedded fossiliferous dolostone. The Amabel Formation varies from
approximately m to 25 m in thickness in the area of the proposed extension. The upper
portion of the Amabel Formation is typically weathered to depths of 2 m to 3 m and to a lesser
extent at depth. On gxposéd faces, the Amabel Formation is observed to exhibit horizontal and
vertical fracturing and“Vertical joints which hydraulically interconnect the rock mass. As a result,
the upper weathered bedrock (‘cap rock’) is generally more permeable in the boreholes due to
solution weathering than the underlying bedrock. The Amabel Formation forms an extensive
bedrock aquifer in the area,

Geophysical (ERI) testing conducted around the east, south and west sides of the proposed
extension showed two areas of low resistivity. The results of investigation did not indicate the
presence of significant karst at the test locations along the property boundary. However, minor
solution weathering features have been observed at the main quarry.
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The Amabel dolostone is underlain by the Reynales Formation dolostone, which is approximately
2.3 m to 2.8 m in thickness. The Reynales Formation is comprised of medium greenish grey,
fine-grained, thinly to medium bedded, dolostone with argillaceous dolostone beds and
occasional shaly bed partings. The dolostone is currently quarried by Nelson as a source for
some aggregate products and may be extracted in the proposed extension.

The Reynales Formation is underlain by the Thorold and the Grimsby Formation, which are
mainly comprised of shale and siltstone,

Golder Associates



May 2006 -6 - 021-1238

5.0 HYDROGEOLOGY

The groundwater levels and hydrogeological characteristics of the overburden and bedrock have
been reported by Golder (2004). The groundwater levels fluctuate seasonally with higher levels
during spring and fall months and in response to increased precipitation. Based on data on
groundwater level monitoring data, initially conducted by Golder twice per month from May
2003 to September 2003 and then continued by Nelson, the groundwater levels generally
fluctuate seasonally within a | m 1o 3 m range over the proposed extension

Hydraulic conductivity of the overburden and bedrock was obtamed by packer and well response
testing (Golder 2004). The average hydraulic conductivity of thc/ov\r urden and bedrock which
has been used to carry out the conceptual design is presented in (Tabl
TABLE
OVERBURDEN AND BEDROCKJ-IYDRAULI NDUCTIV[TY

Hydraullc Conductivity
K (cm/sec)

Overburden \M ™~ 5 x\l‘O_'\L‘/
Weathered Amabel Format\ic}n \ A\4x 107

Upper Amabel Formation \\ // \ } ;?110'3

Unit

Mid_dl_é’ﬁ"ﬁi‘z“lbe I\F\ormation \ < “Ix107

I_:gwc}~Amabel\\_F$rmation \\ . 4x107

Re\ymi\lbs F_ofrnélation_ )/ 1x107

~—""\’lfhor(;ld_l":‘gr_m‘qe-ffi‘dn\\:H‘_, / ix107°

\Gri\msby l\:'orr‘ﬁa;ion Ix107®
p—/

Pumping “test\results suggest that the” Amabel Formation is well interconnected hydraulically
which supports the use of an equivalent porous media approach to evaluate the effects of
quarrying and groyndwater mitigation system. However, it should be noted that the groundwater
level drawdown may var;,locally due to the local variability in the fracture interconnection and
hydraulic conductivity,of the rock mass.
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6.0 GROUNDWATER DRAWDOWN IMPACT
6.1 Seepage Model

Seepage analysis has been carried out to assist with the slope stability analysis and engineering
design of the groundwater mitigation system. The analysis assessed the potential impact of the
proposed quarry operation on local water resources and also provided an approximate estimate of
the amount of seepage into the proposed quarry extension during different phases of the
operation. The analysis results are in general agreement with the res" Its obtained from the 3-
dimensional groundwater model (Golder 2004). The three dlm nsmnal groundwater model
should be referred to for more accurate assessment of seepage’flo and regional groundwater
impacts. %

A typical east-west section on the east side of the pr posed quarry was selecte \to carry out the
seepage analysis. The seepage model was extended i)() m east\f the proposed snte t capture the
higher ground where a groundwater divide is interpreted tovxlst“\'ﬂhe quarry face” was assumed
to be about 20.0 m high with about 4.0 m of overburden.{ The seepage model included the
overburden, Amabel Formation, Reynai\Formation and the.underlying shales of Thorold and
Grimsby Formations. Each formation comprises.a model layer and7in addition, the Amabel
Formation is subdivided into 4 sublayers to\allow betterresolutiog,of water level distribution in
this unit. A narrow vertical zone of fractured*BedrofK has-been Ensidered along the quarry face,
with a hydraulic conductivity- fe ual to weathered bedro:Q This zone represents the fractured
bedrock due to quarry blastmg operatlons The hydraulic conductivities presented in Table 1

were used to s:mulate th FEId condmon

Seepage anﬁ]y/se;@complete ~for the varibus stages of quarry development, including the
active operating penod‘wnth\and wuhout it the water recharge system. Seepage analyses were also
conducte\ to simulate th groundwater response to placement of a soil buttress, as part of
rehabilitation df the quarry, a!olng the quarry face. Sensitivity of the seepage to variation of the
hydraulic condugtivity of the soil for buttress construction was also analysed.

The modetl is bounded by the shale aquitard and a hydraulic head of 276 m at the east of the
property for the fully)extracted quarry with and without the groundwater recharge system. A
head of 276 m was chosen based on results of the groundwater flow modelling (Golder 2004).
An uniform infiltration of 170mm/yr was assumed to recharge the groundwater table. The
recharge system was modelled as a constant head boundary condition.

Golder Associates
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6.2 Drawdown due to Quarrying

Seepage analysis indicated that groundwater levels would be lowered in the vicinity of the quarry
without any mitigation (Appendix A - Figures A.la and A.1b). In order to simulate the
drawdown profile, a vertical fractured zone was added to the model along the quarry face.

Results of modeling indicated that the maximum drawing down at the proximity of the property
boundary is approximately 14 m. Estimated seepage is 3.9%10™° m¥sec seepage flux per meter
of the exposed quarry face. With the assumption that the same conditidtexists for the entire east
face of the proposed quarry, the total inflow will be approximatel@ /sec (or 350m¥day)
without any mitigation system in operation, provided that the entire-eadt face is exposed.

The 3-dimensional groundwater flow model (Golder 20043}15355 ste%imulated seepage into
the existing quarry under existing conditions is 248 L/sec. After the full xtraction of the
existing and the proposed quarry extension the—gimulated %cpage of groundwate”r into the
existing quarry is 23.5 L/sec, and 12.2 Lfsec into the pr%osed extén,sion. The predicted seepage
) . I . . N .

inflow into the quarry extension is consistent with results of the_2-dimensional model.

6.3 Groundwater Response to Groundwater Recharge Mitigation System

Further modelling was conducted to asseshhe effectof_a conceptual groundwater recharge
mitigation system on groundwateievels (Appené\lix A Figurés A .2a and A.2b). The mitigation
system recharges the-groundwater, table in the bedrock by maintaining a static hydraulic head at
the selected locations arquhd the ;site perimeter. \\\szer is recharged either through a series of

groundwater wells or introduce intoﬁﬁt‘ﬁaetm’éﬁ bedrock zone.
&\ \/

Operatirig’a recharge system which_maintains a constant head of 273 m elevation at the typical
sectio’n‘reéharge location wi\l] increasc; thé seepage flux to about 1.1x10™ m¥sec per every meter
of the exposed*quarry face. The maximum amount of seepage can occur when the entire east face
of the quarry is exposed. Under this condition the total inflow for the entire east face could be
approximately around\9,500mday. It should be noted that the volume of water that has to be
recycled through the\rinitigﬁ;ion system along the east face, will be approximately equal to the
volume of water which seeps into the quarry from the same location. To minimize pumping
requirements it is proposed that the exposed quarry face be progressively rehabilitated with the
placement of a soil buttress which will act as a plug for seepage (see discussion in Section 6.4).

6.4 Groundwater Response to Perimeter Buttress
Further modelling was conducted to show the groundwater behaviour when a soil buttress is

placed along the perimeter (Appendix A - Figures A.3a and A.3b). Under the proposed
rehabilitation configuration soil buitresses will be placed over the majority of the quarry
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perimeter except in areas where little drawdown is expected (such as the south section of the west
side ).

Constructed of low permeability overburden stripping, the soil buttresses will act as a seal to
reduce groundwater inflow. The modelling results indicated that placement of a soil buttress will
decrease the water table decline locally and reduce the volume required to recharge the
groundwater in the bedrock. Sensitivity analysis showed direct relationship between hydraulic
conductivity of the soil buttress, groundwater drawdown and seepage through the quarry face
(Table 2 and Appendix A Figures A.3a and A.3b).

TABLE 2
HYDRAULIC CONDUCTIVITY OF THE SOIL BUTTRESS VS:SEEPAGE FROM THE
QUARRY FACE
Hydraulic Conductivity Seepage flux through 7
K (cm/sec) the Quarry Face (m¥sec/m)

1x10° R~ ‘2~.4Q<J \0*

5%107° \V\\ 3.0><\1~g)‘*/

1x10™ \\\ //\\3:5}01’6*
/Sx-l ({*“\ \< 39x10™°

This sensitivity analysis demonstrated the-necessityto operate the groundwater mitigation system

in case the deSired hydraulic chlttivity is-nat“achieved. Based on the amount of seepage and
the levelof drawdown; thésamount of.recharge water required for the section covered by the soil
buttgess\can be up to about l~.lx104\m3fszc per every meter of the exposed quarry face for the

|/
range of hydraulic conducti\viti\%s modélled. Use of properly sized material in construction of the

soil buttress along with appro\pfaate compaction wilt help reduce the hydraulic conductivity of the
clay buttress. g\/

It 1s assumed that the, quarrying operation will maintain a maximum exposed quarry face of
400 m long throughout the entire operation. This assumption requires the exposed quarry face to
be covered with soil buttresses as the quarrying operation advances through each phase. For an
equivalent exposed face of 400 m the estimated seepage inflow is on the order of 44 L/sec. If the
placement of soil buttresses is delayed, or the hydraulic conductivity of the fill is not low enough,
the amount of seepage inflow will be greater. The estimated seepage inflow for the entire east
perimeter is approximately in the order of 110 L/sec.
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6.5 Closure Stage

The closure stage of the proposed quarry was also analysed with the quarry flooded up to
Elevation 270.5m. The results confirmed that maintaining the water level at 270.5m within the
quarry will raise the local water table (Appendix A - Figures A.4a and A.4b) and result in a
seepage inflow rate of less than 3.2x107® m¥/sec.

The drawdown impact was assessed in the 3D regional hydrogeology model (Golder 2004). The
results of the analysis suggested that under the fully flooded quarr;'fggnﬁguration following
closure but without the soil buttresses, the predicted groundwatef drawdown would be small
(1 m drawdown within a distance of 0.6 km from the northeaSt-andssoutheast sides of the site
boundary). The 3D modelling showed that 24 water wells 4 the *east\side of the proposed
quarry extension will have water level declines of @ggr than 2 'm Trelative to existing
conditions, Of the 24 wells, all but three have 5 mfor/more of available drawdown and are not
expected to be effected by the predicted draydown: Onl%hree wells have\le§§than 5 m

NN

available drawdown, however they can be deepened to ensw\e/no'di ruption in watet supply.
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7.0 GROUNDWATER MITIGATION SYSTEM

A groundwater recharge system is recommended along the limits of the proposed Quarry to
mitigate the potential impact of Quarry dewatering on the local water table elevation. The
proposed groundwater mitigation system maintains an elevated static hydraulic head, through
water recharge into the ground, at the property boundary. Two mitigation concepts are proposed
as Type I and Type II Recharge Systems. These two systems differ in the method of
construction. The Type 1 recharge system consists of water recharge into a series blast fractured
panels in bedrock. The Type II is designed for area where blast vibratibn may be a concern for
neighbouring property and involves recharging the groundwater tzinga\t'rough a number of
closely spaced wells. Figure 3 shows profiles A-A and BSB\that represent the proposed
mitigation systems on the west and east side of the proposed quarry extension.

Water that seeps into the quarry will be collected/ifirough sumps and pumpeQ\ into a water
reservoir which will be constructed in the proposed. guarry T%qeservmr storage, wilbe used to
sustain the groundwater recharge systems. The desngn\of he re erv ir is discussed-in Section 8.

71 Recharge System Type | \\

In Recharge System Type I, groundwater is recharged thrqugh blastfmduced rock fractures. The

Type 1 Recharge System panels will be dev \I(/)ped C mr Ied blasting to create a highly
permeable and interconnected frattured zone. The fracturedfzone however, must be maintained
at distance from the/quarry extraction limit to ‘minimize water loss into the quarry face and
localized instability.

The inter}de@one is anticipated to have a hydraulic permeability of 1 cm/sec or better
and a%e'ffeclive width of between 2. and 3 m. Some fracturing is expected beyond the sides of the
trench™~The.diameter for the blast holes-will be between 75 and 100 mm. A representative blast
hole patternwould be two rowsof holes spaced at 1.5 m across and along the trench. To improve
the fracturir%po ntial between holes, extra relief holes may be required in order to provide
sufficient void space to allpw/movement of the rock. A trial blasting program will be conducted
prior construction to aﬁss the effectiveness of the blast design.

The Recharge System Type | starts from the southeast corner of the proposed extension. In order
to provide the required discharge water for the eastern groundwater perimeter mitigation system a
reservoir will be constructed in the south end of the Phase 2 area during the Phase 3 extraction.
Water will be pumped directly from the reservoir through a main feeder pipe and into the
recharge panels which can be operated independently to suit the extraction schedule. Five
recharge panels have been proposed along the eastern perimeter recharge system of the proposed
quarry extension area as shown in Figure 3. Three of these recharge panels will be developed
through drill and blast operation, i.e. Recharge System Type I. It is planned to commence the
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blasting operation at the south end of the east recharge system, furthest from the residents along
No. 2 Side Road, to best determine the safe blasting distance from existing structures. The
adjoining recharge panels are separated by a 10 m wide intact rock zone. This un-fractured zone
will allow regulation of the recharge system in each of the recharge panels.

The overburden material along the Recharge System Type [ will be excavated through a trench
prior to blasting to prevent fines migration down into the fractured bedrock zone. A header pipe
will be placed on top of the bedrock after blasting and covered with filter material to prevent fine
material from plugging the fractured recharge panels. The trench will'then be backfilled (o its
original grade where the acoustic berms will be constructed (Figure/3)’

The north end of the east perimeter recharge system is near re\ ldentlal\areas that are considered
sensitive to blasting operations. Accordingly, Recharge@s&am Type II\ha been proposed for
this area. The indicated transition zone could be elfher Type I or Type echarge System

depending on the results of blast vibration momtonn for Recharge System Type
7.2  Recharge System Type Ii \<
The Type 11 Recharge System is proposed atathe onh end of the estﬁand east boundary of the
proposed quarry extension area where blastmg may-not begltable due to concerns for vibration
and noise. The Type Il Recharge System constst}of vemcal recharge wells drilled on a north-

south alignment. With d.typical spacing of 107m, the pnmary recharge wells are terminated
approximately 5 m above the pr pa ed floor ele tlon The secondary recharge wells have an

effective depth of about h\{th\e?ﬂ ht of the quaya/c’e

The recha e,wells wrll be typlbally 150 mm in"diameter with a perforated pipe and granular filter
surround Water w1 qw to the rechar wells through a header pipe that is fed from the main

feeder pl e \\

A combmatlon a recharge pond and wells are recommended for the northwest corner of the
proposed quarry urrently/water is being pumped from the south central sump to a small creek
on the north side of the N6 2 Side Road. It then runs through a culvert to the south side of the
road where it forms the West Branch of Mount Nemo Tributary. Part of the flow could be
diverted to supply the required water for the northwest groundwater mitigation system prior to
extraction in Phase 5. In case any additional water is required, water flow can be augmented by
the water supplied from the sump in the Phase 1 quarry area or the northwest sump of the existing
quarry.

Phase 6 extraction will require the installation of recharge wells along the eastern edge of the site
at the northeast corner going south from No. 2 Side Road. Water for the recharge panels will be
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