GEMTEC Consulting Engineers and Scientists Limited
191 Doak Road
Fredericton, NB, Canada
E3C 2E6

September 20, 2019

tel: 506.453.1025
fax: 506.453.9470
fredericton@gemtec.ca
www.gemtec.ca

File: 9042.27-L01

Fundy Regional Service Commission
10 Crane Mountain Road
Saint John, New Brunswick
E2M 7T8

Attention: Mr. Marc MacLeod, Executive Director
Re:
1.0

Discussion of Potential Effects to Water Quality and Quantiy, Proposed Crane
Mountain Landfill Clay Source Development, Saint John, New Brunswick
INTRODUCTION

The following document is intended to support the information presented in the Environmental
Impact Assessment (“Regulator Draft Report, Environmental Impact Assessment Registration
Document, Crane Mountain Landfill Clay Source Development, Saint John, New Brunswick”,
GEMTEC Project, 9042-27-R01, dated February 1, 2019) prepared for the Fundy Regional
Service Commission and submitted to the New Brunswick Department of the Environment and
Local Government (NBDELG), and is meant to be read in conjunction with and supplement the
EIA Registration document.
This document is a desktop review of readily available literature and information; the documents
and scientific studies reviewed during the preparation of this document are listed in the references
section. It is important to note, no field testing or intrusive work was completed in support of this
assessment.
2.0

OBJECTIVE

As part of the public engagement portion of the EIA, a number of questions/concerns were raised
regarding water wells (groundwater quantity/quality) and impacts to surface water resources from
Project activities. The objective of this letter report is to provide additional information on these
topics, in an attempt to address these questions/concerns.
3.0

BACKGROUND

3.1

High-Level Summary of Project Activities

A detailed description of the proposed Project is presented in the EIA Registration document
(GEMTEC, 2019), a summary is presented below as it relates to the objective of this document.
The main Project activities include:

experience

•

knowledge

•

integrity

1. Clay Extraction in the Clay PDA
Extraction of clay material from a portion of a mapped regulated wetland (which is a forested
swamp complex) (Figure 1 in Attachments). An open pit method is proposed and any water that
seeps into the clay pit or accumulates from snow melt and precipitation, will be pumped into a
sedimentation pond, allowed to settle and eventually discharged to Mill Creek (once total
suspended solids measurements are no more than 25 milligrams per litre above the baseline and
at a volume that does not overwhelm the capacity of the receiving watercourse).
The overall size of the regulated wetland in the Project area is 10.2 hectares (ha), of which only
7.8 ha is present within the Project Development Area (PDA). Approximately 4.8 ha of the total
regulated wetland will be altered/destroyed during clay extraction activities. The remaining portion
of the regulated wetland (the open water portion of Wetland 1) will not be altered. It is currently
proposed that clay will be extracted from the wetland sequentially, with an area of only
approximately 0.5 ha disturbed at each extraction event. Following each clay extraction event
within each 0.5 ha area, the wetland will be restored prior to moving to clay extraction within the
next 0.5 ha area. It is estimated that clay extraction/wetland alteration events will only occur every
two to three years during the operational phase of the project (2020-2048). In addition to the
restoration of the wetland as the Project progresses, additional compensation efforts will be
undertaken to account for the overall 2:1 compensation ratio.
Realignment of the unnamed tributary of Delaney’s Lake (referred to as the Outlet in the EIA
Registration document) that travels through Wetland 1 in the Clay PDA was originally proposed
in the scope of work for the Project; however, this is no longer part of the project scope at this
time.
2. Aggregate Extraction in the Quarry PDA
Extraction of aggregate material from the area of the existing quarry, which will extend eastward
during its development. Aggregate material will be extracted from the Quarry PDA through “quarry
face” operations by leveling an existing hill area (Figure 1 in Attachments). The aggregate will be
extracted by advancing the existing northwest-face quarry wall. The bottom depth of the
aggregate quarry is not anticipated to change from the existing conditions and quarrying activities
will remain above the water table. As indicated in the EIA Registration document, blasting events
are expected to be infrequent and on an as-needed basis for construction projects at the Crane
Mountain Landfill. It is expected that during the operational phase of the Project (2020-2048), up
to five annual blasting events may occur within the Quarry PDA, during peak landfill construction
periods every two to three years. During periods of little or no construction at the landfill, blasting
events will be intermittent and there will likely be periods of several years where no quarry
activities occur in the PDA.
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3. Other Project Activities
Other activities that will be completed as part of the Project include enhancement of the existing
site assess road (Old Quarry Road or Yellow Gate Road).
3.2

Summary of Potential Effects

As presented in the EIA Registration document, aggregate and clay extraction activities could
have the following potential effects on groundwater and/or surface water quantity and quality:


The potential lowering of the water table in the vicinity of the clay pit due to seepage of
groundwater into the excavation area and resulting dewatering activities could potentially
cause a reduction in well yields and surface water levels due to a localized lowering of the
water table.



The potential for temporary increases in turbidity in nearby wells due to blasting and heavy
machinery operation in the PDA.



The potential for deterioration of water quality downstream of the Clay PDA and Quarry
PDA and in the groundwater aquifer due to either the use of heavy equipment containing
petroleum hydrocarbons and blasting chemicals (if used) or, increased sedimentation
during clay extraction or accidental overtopping of the sedimentation pond.



Changes in local topography from blasting and excavating activities may affect the
quantity and frequency of water and nutrient inputs into Mill Creek, the Outlet and the
Pond (described below in Section 4.0).



Indirect loss of wetland habitat/function downgradient of the PDA due to the re-alignment
of the tributary channel. The loss of wetland habitat and function in the Clay PDA may
change the hydrological regime and surface water quality and quality in the downgradient
aquatic environment. As re-alignment of the tributary channel is no longer proposed,
these effects are no longer relevant and are not discussed further herein.

The potential for these overall effects will be related to the quantity of water removed via
dewatering in the clay pit (note, dewatering is not proposed for the aggregate quarry); the direction
of groundwater flow; the frequency and strength of blasting; private potable well constructions;
distances to the private potable wells; properties of the groundwater aquifer; and properties of the
surface water flow system.
Additional information is provided below regarding these potential effects to support the
information and conclusions presented in the EIA Registration document.
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4.0

DISCUSSION OF POTENTIAL EFFECTS TO GROUNDWATER/SURFACE WATER
QUALITY AND QUANITY IN THE PROJECT AREA

4.1

Potential effects to groundwater and surface water quality from dewatering in the
Clay PDA, accidental spills and potential increased sedimentation

Groundwater and surface water are often closely related; however, their interaction is dependent
on both the physiographic characteristics of the environment as well as climate. Under natural
conditions, groundwater moves from areas of recharge (e.g., upland areas) to areas of discharge
(e.g., wetlands and streams). Wetlands that are consistently wet or are open water wetlands and
watercourses that have a steady flow of water, typically rely on a consistent discharge of
groundwater.
Most groundwater systems receive diffusive recharge, which is the result of precipitation moving
towards the water table occurring over large areas; and localized recharge, which is the
movement of water from surface water bodies to groundwater systems. Localized recharge is
much more spatially variable than diffuse recharge. As diffusive recharge occurs over a large
area, even small amounts of recharge can result in large amounts of inflow to a groundwater
system. The amount of water resulting from precipitation that becomes recharge is dependent on
a number of factors including weather (i.e., temperature, amount of rainfall), surface soil
properties (e.g., permeability), vegetative cover/type, topography, and the depth below ground
surface to the water table. Is it important to note that the water table will naturally fluctuate both
seasonally and from year to year; typically the water table will be higher in wet seasons (spring
and fall) and lower in drier seasons (summer and winter). It is commonly considered that in
general, the water table represents a subdued replica of the topography at the land surface.
During drier seasons (between heavy rainfall events (storm conditions) and snowmelt conditions),
groundwater discharge to surface water features (e.g., watercourses and wetlands), will often
sustain streamflow; this is referred to as “baseflow”. However, streams or other surface water
features such as wetlands can either receive groundwater (these are referred to as gaining
streams) or lose water to groundwater (these are referred to as losing streams); and it is not
uncommon for streams/wetlands to be both gaining and losing streams in different reaches. Water
is then lost from the surfaces of these surface water features and vegetation via
evapotranspiration or transpiration, respectively.
The overall PDA, as specified in the EIA Registration document, is located in the Mill Creek Valley
with bordering upland areas to the northwest, southwest, and southeast. Within the PDA, Mill
Creek flows along the Mill Creek Valley, along with an unnamed outlet of Delaney Lake (referred
to in the EIA as the “Tributary”, and a man-made impoundment (created during historical clay
extraction in the area) referred to as the “Pond” in the EIA Registration document and its
associated drainage channels and roadside ditching, which discharge into Mill Creek in the project
area.
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Locally, groundwater is expected to flow from the upland areas towards the Mill Creek Valley and
hence toward the PDA. Regionally, groundwater flow is anticipated to be to the northeast towards
the Saint John River (at South Bay) (Figure 2 in attachments).
The closest residential neighbourhoods to the PDA, with private groundwater supplies, include
(Figure 2 in Attachments):


The residential development located approximately 900 metres southeast of the Site along
Acamac Backland Road (herein referred to as “Residential Development Area 1”).



The residential development located approximately 400 metres southwest of the Site
along Old Quarry Road (herein referred to as “Residential Development Area 2”).



The residential development off Westfield Road, which is located approximately
1.3 kilometres to the northeast of the Site (herein referred to as “Residential Development
Area 3”).

Residential Development Area 1 is located down-gradient of the PDA with respect to regional
groundwater flow, but given its location along the crest of the southern ridge that bounds the Mill
Creek Valley, and as such, its groundwater supply source is considered to be local recharge within
the footprint of the residential development areas as well as from upland areas along the ridge to
the southwest. Therefore, it is not expected that groundwater underlying the PDA contributes to
groundwater supply in this area.
Residential Development Area 2 is located up-gradient of the PDA, and as such it is not expected
that groundwater underlying the Project area contributes to groundwater supply in this area.
Residential Development Area 3 is located in a separate drainage catchment area as compared
to the PDA, and is separated from the Site by a number of intervening topographic and hydraulic
drainage divides. As such, it is not expected that groundwater underlying the PDA contributes to
groundwater supply in this area.
Based on the significant separation distance (i.e., minimum 400 m) and their hydrogeological
location with respect to the Site, the groundwater supplies in the three neighbouring residential
development areas are not expected to be affected by potential changes in groundwater quality
or quantity underlying the Project area. Therefore, the potential localized lowering of the water
table in the area of the Clay PDA, from dewatering activities is not expected to affect groundwater
quantity in the nearby residential areas; and potential accidental spills and increased
sedimentation are not expected to affect groundwater quality in the nearby residential areas.
Further as the aggregate extraction in the Quarry PDA will remain above the water table, effects
to groundwater quantity or quality related to the removal of aggregate (note, blasting is discussed
in the following section) is not expected.
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With respect to surface water quantity, since water removed from the clay pit during extraction
activities will be placed into a sedimentation pond when turbidity could be an issue and
re-released to Mill Creek, significant changes to the water level in Mill Creek are not anticipated.
In addition, sequential removal and restoration efforts are expected to minimize any changes in
water levels in Mill Creek and its tributaries located within the PDA. Additionally, the nature of the
soils (low permeability) in the Clay PDA is anticipated to mitigate potential draining of the outlet.
Further, by implementing the mitigation measures identified in the EIA Registration document,
potential effects to surface water quality downstream of the Clay and Quarry PDAs due to Project
activities (i.e., use of heavy equipment containing petroleum hydrocarbons and blasting chemicals
(if used), clay extraction and accidental overtopping of the sedimentation pond) will be reduced
and are not expected to be significant.
While the local topography will be changed in the PDA due to rock or clay removal over time,
overall the drainage patterns are not expected to change and will continue to move from the
upland areas to the Mill Creek Valley. Therefore, significant changes in the quantity and frequency
of water and nutrient inputs into Mill Creek, and its tributaries within the PDA are not expected.
4.2

Potential Effects to Groundwater Quantity and Quality from Blasting

Most often the effects from blasting operations (e.g., quarries) are related to ground vibrations
and air concussions, and physical damage to wells and impacts on groundwater quantity and
quality are rare (Pennsylvania Department of Environmental Protection (PDEP), undated).
Blasting at aggregate quarries is intended to fracture or break up the rock within the area of the
quarry only. According to the PDEP, there have been instances where well water nearby a quarry
has become cloudy (or turbid) and the well has experienced a slight drop in the water level;
however, these effects were temporary with no permanent physical damage to the well.
Ground vibrations from blasting will decrease with increased distance from the blast and the
decrease is often based on the properties of the deposits (soil) at the Site and in the general area,
and the overall topography. In a study of four quarry sites completed in 1980 (Philip R. Berger &
Associates Inc., 1980), in which wells (shallow and deep wells, 30 metres and 50 metres deep,
respectively) were located approximately 300 metres from each of the quarries, and maximum
ground vibrations were recorded in the range of 21 mm/s to 138 mm/s resultant particle velocity,
no direct evidence of significant changes in well performance or water quality were noted as a
result of blasting. The study concluded that a peak particle velocity of 51 mm/s is not sufficient to
cause damage to a well. This study also suggested that there are no measureable effects at water
wells further than 200 metres from a quarry. Within the area of measureable effects, the most
common effect that was noted was a temporary increase in turbidity or water discoloration.
However, it is noted in the study that the cause of increased turbidity was difficult to determine as
turbidity can increase due to normal intermittent sloughing of the sidewall of a well borehole and
the effects were no more significant than turbidity changes due to normal sloughing. Additionally
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the effects were more pronounced in wells in which water was obtained from shallow fractures. It
was also determined that induced ground vibrations from blasting less than 25 mm/s maximum
resultant particle velocity could result in temporary responses (water levels) in nearby water wells
of 3 to 6 centimetres (up or down), with the specific capacity remaining unchanged and no adverse
effects on the wells.
The minimum setback from a residential lot/home for the rezoning application required for the
quarry operations for the Project is 200 metres (Plan SJ, undated). This Project setback distance
is equivalent to the distance indicated in the above study in which no measureable effects on
water wells are anticipated. As the actual separation distances between the Project and the
neighbouring residential areas are expected to exceed this distance, no measureable effects on
the water wells in the nearby residential areas are anticipated.
Furthermore, blasting will be completed in accordance with the New Brunswick Regulation 89108 under the Municipalities Act (O.C. 89-606) and will not exceed the peak velocity limit of 12.5
mm/s. This allowable maximum particle velocity is half the amount indicated in the 1980 study
(Philip R. Berger & Associated Ltd.) in which no significant effects are noted at any distance away
from a blast, hence adverse effects (to water quantity or quality) from blasting are not anticipated.
A preliminary pre-blast survey and blast monitoring plan has been developed and submitted to
the NBDELG under separate cover.
4.3

Potential Effects to Groundwater Quantity and Quality due to Climate Change

An important consideration for groundwater and surface water (and the overall water cycle) are
the potential effects of climate change. Climate change can affect the water cycle in a number of
ways, including but not limited to:


Changes in precipitation.



Changes in temperature.



Sea-level rise and changes in the location/position of the freshwater/saltwater interface in
coastal environments.

Decreases in precipitation can cause: reduced recharge to an aquifer and a potential reduction in
groundwater water levels and supply, and reduced baseflow to surface water features. In contrast,
increases in precipitation can result in: potential increases in recharge to an aquifer and increased
water supply, and potential increases in baseflow to surface water features (e.g. wetlands and
watercourses).
Increases in temperature can affect the amount and type of precipitation (rainfall versus snowfall)
and increased rates of transpiration and evapotranspiration. Decreases in temperature would be
expected to have the opposite effect.
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Changes in temperature, recharge, frequency and severity of storm events and coastal erosion
can affect the location/position of the freshwater/saltwater interface in coastal environments.
According to OURANOS (2016), climate projections for New Brunswick including the Saint John
area, show an increase in mean temperature over all seasons for the time horizons that were
assessed as part of the study (2020, 2050 and 2080). Increases in temperature are expected to
vary seasonally and be greater in the winter months. For Saint John, the number of hot days
projected for 2080 is anticipated to increase by five to 20 days (+5 to +20), which is less than that
predicted for the other regions of New Brunswick assessed in the study. Predictions for
precipitation were found to be less reliable than temperature based on the data assessed;
however, precipitation is expected to increase over time, with increased accumulation of rain and
snow in the winter and spring. An increase in precipitation was also predicted by the model used
by OURANOS for summer and fall; however, the model consensus was weaker. In a study
completed in 2015 (Lemieux et al., 2015), the authors modelled the worse-case scenario using
decreases in groundwater recharge over time (from 220 mm/yr in 2013 to 151 mm/yr in 2040)
and found that the decrease in recharge did not have a significant impact on the position/depth of
the water table or the position of the salt-water interface (discussed below).
In another climate change study (R.J. Daigle Enviro, 2017), sea-level rise was assessed for New
Brunswick. Based on a projected increase of global sea levels by 1.65 metre by 2100, the authors
concluded that the winter sea ice season in the Gulf of Saint Lawrence will shorten, and by 20402050, winter ice will no longer develop in this region. The author suggests that by losing the
buffering capacity of the sea ice from ocean waves during storm events, coastal erosion rates will
increase and there will be more extensive damage to coastal wetlands and other coastal
ecosystems. In Lemieux et al., 2015, with regard to the advancement of the seawater-freshwater
interface landward, the most important factors were found to be (in order of importance): sealevel rise, decreases in groundwater recharge and coastal erosion.
Based on the model predictions for Saint John, recharge rates would be expected to increase
over time, resulting in potential increases in groundwater levels and supply. However, as
temperatures increase, so will rates of transpiration and evapotranspiration, which would result in
additional water lost to the atmosphere, before it can reach the water table. Nonetheless, based
on the conclusions of the Lemieux et al., 2015 study in which the worst-case conditions were
accessed (reduced recharge) and it was found that groundwater levels did not change, with the
New Brunswick model predicting increases in recharge, the net effect is expected to be a positive
effect or at least a null effect.
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5.0

CONCLUSIONS

Based on the following, the likelihood of quarry-related impacts discussed above to potable
groundwater supplies in the neighbouring residential development, as well as local surface water
resources is considered to be low:


Based on the significant separation distance (i.e., minimum 400 m) and their
hydrogeological location with respect to the Site, the groundwater supplies in the three
neighbouring residential development area are not expected to be affected by potential
changes in groundwater quality or quantity underlying the Project area.



As water removed from the clay pit will be placed into a sedimentation pond during
extraction events as required and re-released to Mill Creek after settlement or treatment,
significant changes to the water level in Mill Creek are not anticipated. In addition,
sequential removal and restoration efforts are expected to minimize any changes in
localized levels and/or water level changes in Mill Creek.



By implementing the mitigation measures identified in the EIA Registration document,
potential effects to surface water quality downstream of the Clay PDA and Quarry PDA
due to Project activities (i.e., use of heavy equipment containing petroleum hydrocarbons
and blasting chemicals (if used), clay extraction and accidental overtopping of the
sedimentation pond) will be reduced and are not expected to be significant.



A pre-blast survey and blast monitoring plan will be implemented.



As the overall drainage patterns are not expected to change and will continue to flow from
the upland areas to the Mill Creek Valley, significant changes in the quantity and frequency
of water and nutrient inputs into Mill Creek, and its tributaries are not expected.



Adverse effects (to water quantity or quality) from blasting are not anticipated based on
the distance to the nearby residential wells and the peak velocity allowed in New
Brunswick Regulation 89-108.



With the New Brunswick climate model predicting increases in recharge, the net effect to
groundwater levels and supply is expected to be either positive effect or at least a null
effect.
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6.0

A significant residual effect is defined as a permanent, uncompensated loss of the
regulated wetland as a result of the project. Although the Project will result in a direct loss
of wetland habitat within the Clay PDA, it will be compensated at a 2:1 ratio, therefore, a
significant residual effect is not expected.
RECOMMENDATIONS

Groundwater monitoring wells should be installed in-between the proposed quarry and clay pit
development areas and the nearby potable wells. Measurement of water levels and groundwater
chemistry should be completed prior to the start of quarrying activities and completed periodically
throughout the completion of the Project/during operation of the quarry. Additionally, water levels,
flow and water quality within Mill Creek, should be measured before, during and after blasting
events.
A residential well survey is also recommended to be completed prior to the commencement of
intrusive Project activities (i.e., prior to starting clay removal or quarrying activities) to establish
baseline conditions. The residential well survey should involve measurement of water levels and
water quality in residential wells west of the clay pit area (i.e., Residential Area 2 near Old Quarry
Road) and in Residential Area 1 along Acamac Backland Road. Sampling/water level monitoring
should also be completed in the residential wells periodically during operation of the quarry and
clay pit. These along with other measures area detailed in the preliminary pre-blast survey and
blast monitoring plan.
Additionally, measurement of water levels, flows and surface water chemistry should be
completed prior to the start of quarrying activities in the Quarry PDA and completed periodically
throughout the completion of the Project (particularly before, during and after blasting events)
within Mill Creek and its tributaries within the PDA. Also water levels within the wetland area and
surface water features in the Clay PDA should be measured prior to commencing clay removal.
This can be completed by installing monitoring wells and piezometers within and/or immediately
adjacent to the wetland area. On-going measurements of stream flows and water quality should
be completed during clay extraction and between clay extraction events over the operational
period.
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7.0

CLOSURE

GEMTEC trusts that this letter report meets your needs at this time. The report was written by
Abigail Garnett, M.Sc.Eng., P.Eng. and reviewed by Carolyn Anstey Moore, M.Sc., P.Geo.
If you have comments or questions regarding the contents of this desktop assessment, please do
not hesitate to contact the undersigned.

________________________________

________________________________

Abigail Garnett, M.Sc.Eng., P.Eng.
Senior Environmental Engineer/Hydrogeologist
AJG/CAM

Carolyn Anstey Moore, M.Sc., P.Geo.
Senior Environmental Scientist

\\223.254.254.4\saint john\files\9000\9042.27\environmental impact assessment (eia)\hydrogeological desktop assessment\9042.27 - desktop assessment - discussion of effects
to groundwater and surface water quantity and quality_draft.docx
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ATTACHMENTS
Figure 1 – Project Development Area
Figure 2 – Local and Regional Groundwater Flow
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