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1.0 Introduc on
The Upham East Gypsum Quarry Project (the Project) is being developed by Hammond River Holdings
Limited (Hammond River Holdings). The Project, located in the community of Upham, Kings County, New
Brunswick (Figure 1), includes the development and operation of an open pit quarry for the extraction of
gypsum for use as a raw material in the production of gypsum wallboard. It has been identified through
an exploration program conducted in 2018 that the Upham East property (the property) holds a reserve
of approximately 2.5 million metric tonnes of suitable quality gypsum rock located near ground surface
that could reasonably be extracted in an open pit configuration for subsequent processing and sale to
customers.

The Project is an “undertaking” under item (a) of Schedule A of the New Brunswick Environmental
Impact Assessment Regulation – Clean Environment Act (EIA Regulation) [“(a) all commercial extraction
or processing of a mineral as defined in the Mining Act”].  As such, the Project was registered under
Section 5(1) of the EIA Regulation on November 2, 2018 (Dillon 2018). Following a detailed review of the
environmental impact assessment (EIA) registration document, and subsequent to providing responses
to the questions and comments of the technical review committee (TRC), the Minister of the New
Brunswick Department of Environment and Local Government (NBDELG) issued an EIA certificate of
determination (File Number: 4561-3-1508) and related conditions of determination to Hammond River
Holdings on October 15, 2019.  This plan was developed to satisfy Condition’s 13 and 14 of the
determination, which is presented below:

13. The proponent must submit to the Director of DELG’s EIA Branch for review and approval the
locations of the proposed nested monitoring wells and the proposed well construction details.
The proposed monitoring wells must be installed, and baseline samples collected prior to the
commencement of blasting activities or Phase 2 construction activities.

14. The proponent must submit a groundwater monitoring plan for review and receive approval
from the Director of DELG’s EIA Branch prior to the commencement of blasting activities or
Phase 2 construction activities.

This Groundwater Monitoring Plan is also intended to provide supplemental information for the EPP for
Operation. Best Management Practices (BMPs), mitigation, and protective measures outlined herein are
based upon requirements contained in legislation, standards and guidelines, and site-specific and impact
specific response requirements at the time of this submission.
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Figure 1: Project Loca on and Property Boundaries
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1.1 Project Overview
The property is shown in a conceptual site layout plan in Figure 2.  The property has an area of
approximately 61.81 hectares (ha), and is located (at geographic centre) at coordinates N 7386822
(Northing) and E 2567772 (Easting) and referred to as parcel identifier (PID) No. 00146013, as
referenced by Service New Brunswick.

The property and the Project are accessible via the existing provincial highway network via Route 111 to
the southeast of the Project site (where the current site access road is located).

. . Project Components and Phases

The following provides a high-level description of the Project and presents the major scope and
footprint of the Project Development Area (PDA).  For further details of the major Project components,
facilities, and activities, refer to the EIA Registration document (Dillon 2018).  Key infrastructure to be
constructed and subsequently operated as part of the Project will consist of the following components:

• An open pit (quarry), for extracting approximately 250,000 metric tonnes per year (t/yr) of
gypsum rock;

• Use of explosives, for blasting the open pit to extract gypsum rock;
• Portable crushing equipment, for primary crushing of extracted gypsum rock to a diameter

of approximately 15-20 cm (6-8 inches);
• Heavy mobile equipment (e.g., front end loader, excavators, bulldozer, dump trucks) for

moving gypsum rock, topsoil and overburden on-site, and for loading gypsum into trucks for
transportation to customers;

• A gypsum storage area, for temporary storage of crushed gypsum while awaiting
transportation;

• Possible conveying and/or stacking equipment at the storage area, to stockpile crushed
gypsum;

• Laydown storage areas for overburden and topsoil, for use in later site reclamation;
• Facilities for pit dewatering and runoff management, consisting of a sump at the bottom of

the open pit, water management ponds (settling ponds), and associated perimeter and
drainage channels, for collecting and storing contact water from the site (including from pit
dewatering) to allow for settling of suspended sediments prior to release to the natural
environment;

• An optional truck scale, for weighing trucks entering and leaving the PDA;
• A security gate for controlling access to the site;
• An optional portable trailer to serve as a site office/lunch room; and
• An existing access road from the provincial Route 111 to the site and internal roads between

various components of the Project.

The specific locations of the various Project facilities are shown in the conceptual site layout plan as
Figure 2.
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Figure 2: Conceptual Site Layout Plan
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The key phases of the Project include:
• Construction of the infrastructure and associated facilities;
• Operation of the quarry and the associated facilities; and
• Reclamation and closure of the quarry and associated facilities.

Once overburden materials are removed and stockpiled, gypsum rock will be blasted and/or excavated
in the open pit. Blasting will be conducted by a licensed explosives contractor who will either bring the
required amount of explosives to the site, or store them in an on-site explosives magazine (managed by
the contractor). Extracted gypsum rock will be crushed to a manageable size for transport using portable
crushing equipment on-site, then temporarily stored on-site in a designated storage area pending
transportation. Transport trucks will be used to transport gypsum to customers for use in the production
of gypsum wallboard.

1.2 Purpose of this Document
This document provides details on rationale and methods for groundwater monitoring during the
operation, reclamation, and closure phases of the project. A copy of this document will remain on the
Project site throughout the duration of the Project.

2.0 Groundwater Monitoring Plan
The proposed groundwater monitoring plan for the Project is presented in this section.

2.1 Overview of Proposed Approach to Groundwater Monitoring
The following groundwater monitoring work has already been completed during the initial stages of the
project:

• Leveloggers were installed to continuously monitor water levels in three privately owned
wells (with well owner permission) located within 600 m of the Project property, to the
north;

• A nested pair of groundwater monitoring wells have been installed along the perimeter of
the project within the southern portion of the Site; and

• Baseline groundwater quality sampling and analysis was completed for property owners
who granted permission for wells within 600m or the project.

The locations of the leveloggers and monitoring well nest are presented on Figure 3.  The logs for the
onsite monitoring wells are attached in Appendix A. Further work is proposed to collect additional
groundwater information.   This additional work includes:

• Drilling three additional nests each consisting of a shallow and deep monitoring well.  The
wells will be located near the Project site perimeter as depicted on Figure 3. The location of
the wells may be adjusted to accommodate property owner requests;



2.0 Groundwater Monitoring Plan 6

Hammond River Holdings Limited
Groundwater Monitoring Plan - Upham East Gypsum Quarry Project, Upham, New Brunswick
January 2020 – 18-8346

• Installing leveloggers to continuously monitor water levels within the eight (8) perimeter
monitoring wells;

• Collecting and groundwater quality samples from all eight (8) monitoring wells for
laboratory analysis once to establish a baseline.  Sampling will continue on a quarterly basis
to for monitor potential changes in water quality over time;

• Ongoing annual groundwater water quality sampling and analysis during the life of the
Project, of all existing domestic potable water wells within 600 m of the Project property for
which the well owners have provided permission to collect groundwater samples; and

• Subject to property owner permission, conduct baseline groundwater quality sampling and
analysis of existing domestic potable water wells within 2 km of the Project.

Further information is provided in the subsections below.

2.2 Installa on of Monitoring Wells on Adjacent Proper es
Three nested pairs of shallow/deep monitoring wells will be installed around the perimeter of the
Upham East property (Figure 3).  These wells are in addition to an existing nested well pair located in the
southern portion of the subject property. Each property owner with a proposed well nest will be
consulted to site the wells. Written permission will be obtained from each property owner prior to
installing a well nest on their property.

. . Construc on Details

Each nested monitoring well pair will be installed with approximately 5 metres of separation. At this
time, the wells have not been drilled and therefore, the specific construction details are not known.
Each nested pair will consist of one (1) deep and one (1) shallow well will be drilled to approximately 45
and 20 m metres below the ground surface (m bgs) respectively. The wells will be installed either with a
geotechnical and/or water well drill rig.

Some property owners have requested that the deeper monitoring well be constructed in a manner that
it can later be converted to a potable water well after the quarry is closed and reclaimed.   In these
instances the work will be completed by a licensed New Brunswick Water Well Contractor and licensed
well driller in accordance with the “Clean Water Act”.

2.3 Installa on of Leveloggers 
For the life of the Project, water levels will be measured from domestic wells and monitoring wells
installed on the Upham East property and on the surrounding properties (Figure 3). Water levels will be
measured and recorded using Solinst Leveloggers or comparable equipment. Leveloggers use a pressure
sensor to measure water pressure above the levelogger. Water pressure readings are then converted to
water level equivalent measurements (Solinst 2019).

Three leveloggers were installed in domestic wells located north of the Upham East property.
Permission was obtained from the well owners prior to proceeding. The leveloggers in the domestic
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Figure 3: Proposed Monitoring Well Loca ons



2.0 Groundwater Monitoring Plan 8

Hammond River Holdings Limited
Groundwater Monitoring Plan - Upham East Gypsum Quarry Project, Upham, New Brunswick
January 2020 – 18-8346

wells were installed using a direct read cable with a connection point at surface to enable non-intrusive
data acquisition without the requirement of a licensed well driller. Additional leveloggers will also be
installed in nested monitoring wells to continuously collect the water level information.

The data will be downloaded from each levelogger on a monthly basis. Time series plots will be
constructed to observe changes in water level over time, should they occur. It is noted that changes in
groundwater elevations may occur depending on the time of year, on the amount of precipitation, and
other conditions at any given time, as well as on the amount of usage the well receives on a daily basis;
as such, the monitoring will indicate changes in water levels over time, without necessarily identifying
the cause of the changes unless it can be clearly identified. As required, an annual report will be
submitted to the NBDELG, or at a frequency that may be defined in the Approval to Operate. Significant
decreases in water levels below background (i.e., below water levels prior to operation of the quarry)
will be communicated to NBDELG immediately upon detection. A drop in water level deemed
“significant” will be determined in consultation with NBDELG and following a review of background or
seasonal water level data and seasonal trends.

2.4 Domes c Water Wells 
Sampling of selected privately owned domestic water wells where landowner permission has been
obtained will be carried out, as described herein.

. . Sampling Procedure

Water samples will be collected from a tap, either outside or inside the residence. If inside the
residence, the sample will be taken prior to any water quality treatment (i.e., water softener). The tap
will be cleaned with Simple Green all-purpose cleaner. The tap will be flushed for a minimum of ten
minutes to ensure the water sample will be directly from the aquifer. Samples will be collected in
laboratory-supplied containers, preserved as directed by the laboratory, and submitted to an accredited
analytical laboratory for analysis.

The analytical program for both in-situ water quality measurements and laboratory analysis of collected
water samples is discussed in Section 2.6 below.

. . Monitoring Schedule

Baseline domestic water samples from 12 residences within 600 m of the Project were collected during
the winter/spring of 2019 with permission from the homeowners.  Samples will continue to be collected
from residences within 600 m on an annual basis, every spring.  One quality assurance sample will also
be collected, for a total of 13 samples (Table 1).
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Table 1: Proposed Domes c Well Sampling Schedule within 600 m of the Project

Notes: 1 .“QA/QC” refers to one field duplicate. Laboratory duplicates and standards are also completed as part
of their in-house QA/QA to verify their analytical accuracy and precision.

Additionally, baseline sampling will be collected from residences within 2 km of the Project on a one-
time basis prior to extraction of gypsum. A letter will be dropped off to each residence notifying the
homeowners that they are within 2 km of the Project and will be provided the opportunity to have their
water sampled. If the homeowners are not home when the letter is dropped off, the homeowners will
be able to contact Dillon to arrange an appointment. If the homeowner does not contact Dillon within
ten business days, one more attempt will be made to reach the homeowner. If the homeowner cannot
be reached, a baseline water sample will not be collected from that residence.

2.5 Perimeter and On-site Monitoring Wells

. . Sampling Procedure

Prior to the first round of sampling, the monitoring wells will be purged for a minimum of three well
volumes, or until the well goes dry three times, to ensure the water sample is coming from the aquifer
rather than water that has been stagnate in the monitoring well. Samples will not be collected for a
minimum of one week after this initial purge to ensure the well has fully developed. Each subsequent
sampling event, samples will be collected immediately after the well has been purged.

At the beginning of each sampling event, the depth to groundwater from surface will be verified using
an electronic interface probe. Low flow sampling will be completed with a peristaltic pump or similar
device utilizing 6 mm diameter low-density polyethylene and silicone tubing. The sampling tubing
intakes will be placed approximately half way between the surface of the water and the bottom of the
well. The groundwater will be pumped at approximately 1 litre per minute and monitored with a flow-
through cell for collecting data on field-measured parameters (i.e., pH, conductivity, temperature, and
dissolved oxygen) at five minute intervals until stable for at least three consecutive readings (as per
ASTM 2002). Turbidity measurements will also be recorded at this time using a LaMottoe 2020we
portable turbidity meter.

The flow-through cell will then be removed and water samples will be collected in laboratory-supplied
sampling containers, preserved as directed by the laboratory, and submitted to an accredited analytical
laboratory for analysis.

. . Monitoring Schedule

Baseline sampling will begin approximately one week after the monitoring wells are installed. Samples
will continue to be collected once a season (i.e., quarterly), until the monitoring wells are removed
during reclamation (refer to the Mine and Reclamation Plan). A recommended sampling schedule

Frequency Residences QA/QC Total

Annual (spring) 12 1 13
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(Table 2) includes one sample from each deep and shallow well plus one field duplicate from one deep
and from one shallow well, collected in March, June, September, and December, for a total of 56 annual
samples. All parameters will be analyzed for every sample collected (Section 2.7).

Seasonal sampling will provide a complete analysis of groundwater conditions throughout the year.
Since the Project will proceed progressively, including clearing of overburden, blasting, and extracting of
gypsum, this annual sampling plan of all wells is expected to continue for the life of the project, so as to
capture potential impacts.

Table 2: Proposed Groundwater Sampling Schedule

Month
Number of Samples

Deep Wells QA/QC1 Shallow Wells QA/QC1 Total
March 7 1 5 1 14
June 7 1 5 1 14
September 7 1 5 1 14
December 7 1 5 1 14
Notes: 1. “QA/QC” refers to one field duplicate. Laboratory duplicates and standards are also completed as
part of their in-house QA/QA to verify their analytical accuracy and precision.

2.6 Analy cal Program
The collected groundwater samples will be submitted to and independent third party laboratory. The
laboratory will be accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for
each of the analytical methods utilized, and has in-house QA/QC programs to govern sample analysis
and analytical data quality assurance.

Analytical parameters that will be analyzed in each shallow and deep monitoring well are presented in
Table 3. Although the main constituent of concern is total suspended solids (TSS), analyzing all the
parameters listed below will provide a complete picture of quality of the groundwater.

Table 3: Proposed Analy cal Parameters for Groundwater Quality Samples
General Chemistry

Alkalinity (as
CaCO3)

Bicarbonate (as
CaCO3)

Calcium Carbonate (as
CaCO3)

Chloride

Conductivity Hardness Hydroxide (as
CaCO3)

Magnesium pH

Potassium r-Silica (as SiO2) Sodium Sulphate Total dissolved solids
Total Organic
Carbon

Total suspended
solids

Turbidity

Field Parameters
Conductivity pH Temperature Turbidity
Nutrients
Ammonia (as N) Nitrate Nitrite o-Phosphate (as P) Total Kjeldahl Nitrogen
Total Nitrogen Total Phosphorus
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General Chemistry

Metals and metalloids
Aluminum Antimony Arsenic Barium Beryllium
Bismuth Bromide Boron Cadmium Chromium
Cobalt Copper Fluoride Iron Lead
Lithium Manganese Mercury Molybdenum Nickel

Rubidium Selenium Silver Strontium Tellurium
Thallium Tin Uranium Vanadium Zinc
* The parameters listed in Table 3 are included in a typical General Chemistry and Metal analytical packages for most laboratories.  Not all of
the parameters are Constituents of Potential Concern for this project.

A Quality Assurance/Quality Control (QA/QC) program will be implemented to evaluate if the data
collected were of suitable quality to characterize the groundwater conditions, and to compare
groundwater chemistry data to the appropriate environmental quality criteria. To this end, validation
criteria (or data quality objectives) were established that required the field-collected data to have an
acceptable level of precision, accuracy, representativeness, comparability, and completeness (i.e., the
“PARCC” criteria). A summary of how each PARCC criteria were evaluated follows:

Precision: Precision (often referred to as reproducibility) is a measure of how tightly grouped a series of
repeat measurements are about one central value. Data precision was evaluated by calculating the
Relative Percent Difference (RPD) between the soil and groundwater sample results and their field
duplicate results (where collected). Dillon established an RPD acceptance criterion of <30% for
groundwater analytical results.

Accuracy: Accuracy is a measure of how close a measure or group of measures is/are to the true value.
The accuracy of the analytical results is completed by the laboratory by completing surrogate recoveries
and analyzing spike samples to determine whether the results are within the acceptance criteria
established by the laboratory.

Representativeness: The representativeness of the data is assessed by reviewing several factors,
including the following:

• Field procedures and laboratory methods follow industry accepted practices (i.e. sample
collection methods, laboratory analytical methods, sample containers, preservative(s),
holding times, and chain of custody documentation);

• Sampling program design is adequate to characterize unit or area of interest;
• Analytical results are consistent with visual and olfactory observations; and
• The number of samples analyzed and parameters for which analyses were performed are

sufficient.

Comparability: Data comparability assesses how well the sample result collected at one location or
point in time can be compared to other sample results or criteria.

Completeness: Completeness is determined by confirming analytical results were obtained for all the
samples submitted and all the analytical parameters requested, the supporting laboratory



3.0 Closure 12

Hammond River Holdings Limited
Groundwater Monitoring Plan - Upham East Gypsum Quarry Project, Upham, New Brunswick
January 2020 – 18-8346

documentation has been received (i.e., chain of custody), the number of samples collected and
analyzed, and the frequency of inclusion of quality control samples (approximately 10%) is sufficient.

2.7 Repor ng
Hammond River Holdings will compile the analytical results and water levels for the residential and
monitoring wells. As required, results will be reported annually to the NBDELG, or as specified in the
facility’s Approval to Operate. Reporting will include an analysis of how parameters compare to baseline
samples, QA/QC comparison, and interpretation of changes in constituents, if required.

3.0 Closure
This report was prepared by Dillon Consulting Limited (Dillon) on behalf of Hammond River Holdings
Limited. Dillon has used the degree of care and skill ordinarily exercised under similar circumstances at
the time the work was performed by reputable members of the environmental consulting profession
practicing in Canada. Dillon assumes no responsibility for conditions which were beyond its scope of
work. There is no warranty expressed or implied by Dillon.

The material in the report reflects Dillon's best judgment in light of the information available to Dillon at
the time of preparation. Any use which a third party makes of this report, or any reliance on or decisions
made based on it, are the responsibilities of such third parties. Dillon accepts no responsibility for
damages, if any, suffered by any third party as a result of decisions made or actions based on this report.

Respectfully submitted,
DILLON CONSULTING LIMITED

Geoff Allaby, M.Sc., P.Geo.
Project Manager



A – 1

Appendix A

Hammond River Holdings Limited
Groundwater Monitoring Plan
January 2020 – 18-8346

A Onsite Monitoring Well Construc on Details
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