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EXECUTIVE SUMMARY 
 
To understand and assess the area’s unique natural heritage character a three (3) year monitoring 
program (2016-2018) was developed as part of the Comprehensive Environmental Impact Study 
(CEIS).  The monitoring program is being conducted to supplement the available data from 
existing studies and reports and instrumentation.  
 
The surface water monitoring program was initiated in mid-July 2016 and ended in late November 
2016. The monitoring included a rainfall gauge at the Guelph Building Supply on the roof of the 
Guelph Home Building Supply, located at 500 Maltby Road East (ref. Figure 7).  Continuous 
surface water levels Stations 9A – Kilkenny Place and 9B – Serena Lane) were tested in July of 
2016 to monitor the discharge from the Hanlon Creek Subwatershed, draining to the north, with 
no flow recorded. Continuous surface water levels in Halls Pond (Station 7) and in the Puslinch 
Channel (Station 14) have been recorded (ref. Figure 7).  The Halls Pond water levels receded in 
September resulting in no water levels being recorded. The Puslinch Channel is groundwater fed, 
as such it had continual flow throughout the 2016 monitoring year. 
 
The continuous surface water level loggers have been used to record water quality (temperature) 
for Halls Pond and the Puslinch Channel, although due to water levels in Halls Pond receding, 
temperatures were not recorded for the fall months. The Puslinch Channel water temperature was 
always below 25oC, which is within the coldwater fishery temperature range.  Grab water quality 
sampling for one (1) dry event and three (3) wet evens was also conducted at Station 7 (Hanlon 
Creek) and Station 14. PWQO Guidelines were exceeded for Total Phosphorous, Ammonia and 
Iron at both stations, while Station 14 also had exceedances for Zinc. 
 
A comprehensive groundwater monitoring program was initiated in 2016, including: 
 
► Downhole Geophysical Logging ► Guelph Permeameter Testing 
► Drive Point Mini Piezometer Installations ► Surface Water Spot Flow Measurements 
► Groundwater Level Monitoring ► Pond Bathymetry Surveys 
► Groundwater Quality Sampling ► Seeps and Springs Observations 
► Borehole Drilling and Monitoring Well 

Installations 
► Single Well Hydraulic Response Testing 

 
In total, 17 boreholes at 9 locations were advanced and all boreholes were completed as 
monitoring wells. A total of 18 drive point mini piezometers were installed at 14 locations identified 
as areas of potential groundwater – surface water interaction (Figure 3). Groundwater quality 
sampling has been conducted at all monitoring wells.  
 
The Year 1, 2016 field assessments have provided insight into the study area characterization 
and have provided the understanding required for any of the proposed monitoring modifications 
for Year 2, 2017 for the various disciplines. The Year 2 (2017) program will include revised 
surface water monitoring locations and the bulk of the natural heritage monitoring. 
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1.0 INTRODUCTION  

The City of Guelph is undertaking the Clair-Maltby Master Environmental Servicing Plan 
(MESP) and Clair-Maltby Secondary Plan (CMSP) Study to plan on a comprehensive 
basis the last unplanned greenfield area in the City - the Clair-Maltby Secondary Planning 
Area. The MESP is intended to satisfy and fulfill the requirements of the Environmental 
Assessment Act and the Planning Act.  A key part of the Clair-Maltby MESP and Secondary Plan 
process is the Comprehensive Environmental Impact Study (CEIS) and MESP technical studies 
being conducted by Amec Foster Wheeler with support from Matrix and Beacon. 
 
Protection of the Paris Moraine, its associated functions, and the unique area natural heritage 
character, presents unique challenges and opportunities.  To understand and assess the area’s 
unique natural heritage character a three (3) year monitoring program (2016-2018) was 
developed as part of the CIES.  The monitoring program is being conducted to supplement the 
available data from existing studies and reports and instrumentation.  
 
As part of the monitoring program a range of field assessments commenced as of June 2016 in 
accordance with the “preliminary” CEIS Work Plan.  Preliminary field assessments and monitoring 
have been undertaken over the summer and fall of 2016 in order to inform the selection and 
refinement of monitoring locations, and to start data collection for ground and surface water as 
soon as possible so that three year of water-based monitoring data could be assessed.  The 2016 
field assessments are described in conjunction with the proposed monitoring for 2017 and 2018 
for the various disciplines. As discussed with City staff in the context of the updates to the CEIS 
Work Plan, minor refinements to the field assessments initiated in 2016 will be made in 2017. 
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2.0 DEFINING THE STUDY AREAS 

Three scales of study area (ref. Figure 1) have been identified for the CEIS, as per the following: 
 

i. The Secondary Plan Area (SPA): The SPA is the area within which land use change will 
occur in accordance with an approved Secondary Plan.  The SPA includes the lands south 
of Clair Road East, north of Maltby Road East, west of Victoria Road South, and 
approximately 1 km east of the Hanlon Expressway in the City of Guelph. 

ii. The Primary Study Area (PSA): The PSA includes the SPA plus a 500 m zone beyond this 
boundary, allowing for assessment of ecological features and animal movements to and 
from the SPA. 

iii. The Secondary Study Area (SSA): The SSA includes the PSA plus the receiving systems 
beyond the Clair-Maltby SPA. This area has been defined based on the area’s hydrology 
and hydrogeology, as well as natural heritage features and functions in the adjacent lands, 
to ensure that landscape scale connectivity is considered from both a terrestrial and 
aquatic perspective.  The SSA is based on appropriate groundwater and surface water 
model boundaries, which inherently consider subwatershed boundaries (Mill Creek, 
Hanlon Creek, Torrance Creek, Irish Creek and Lower Speed River), as well as 
groundwater flow divides. 

 
Notably, in the fall of 2016 the SPA (and consequently the PSA) were expanded slightly from the 
SPA in the original Terms of Reference to include the two large ponds / wetlands and associated 
lands located just south of Clair Road and west of Gordon Street.  
 
  



Clair-Maltby Comprehensive Environmental Impact Study Amec Foster Wheeler 
Year 1 Monitoring Report Environment & Infrastructure 
City of Guelph 
March, 2017 

Our File:  TPB168050 Page 3 

3.0 PROPERTY ACCESS 

The landowner contact process was initiated in May 2016 with a landowner’s information session 
(held Thursday May 26, 2016) and a subsequent mailout of requests for permission for property 
access to each of the landowners in the Secondary Plan Area. Permission forms provided options 
with respect to both the type(s) of filed work that may be permitted, as well as the type(s) of follow-
up contact required by the landowner. 
 
To date, different types of access have been provided by a limited number of landowners, as 
shown in Figure 2. Most of the access that has been provided is for undertaking groundwater 
monitoring. A few landowners have granted access for surface water and ecological monitoring.  
 
The level of access provided for undertaking surface water and groundwater monitoring (ref. 
Figures 3, 4 and 7) is considered adequate in terms of both the numbers of stations and their 
representation across the PSA, to obtain a good understanding of the surface and groundwater 
dynamics at a level that is appropriate to support an MESP and Secondary Plan.  
 
More limited access has, to date, been provided for various types of ecological monitoring. To 
compensate for this limited access: (a) more effort is being placed desktop analyses and on 
integration of data from site-specific studies in the PSA completed over the past decade 
(ref. Figure 8), as well as other available background, and (b) monitoring stations have been 
shifted as needed to suitable locations on public lands (including roadside stations) or lands where 
access has been granted (see Figures 8 and 9). Given the scale of the SPA, and the fact that a 
Natural Heritage System for the PSA has already been identified based on field work done as 
part of the City’s Natural Heritage Strategy, this approach is considered adequate to inform an 
MESP and Secondary Plan.  
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4.0 MONITORING SUMMARY (Include maps) 

4.1 Surface Water / Rainfall  

The Clair Maltby Secondary Plan Area lies within the headwaters of the Hanlon, Torrance and 
Mill Creeks.  This unique setting, along with the permeable nature of area soils and subsoils, and 
the predominant hummocky landscape has given rise to a distinct lack of open flowing 
watercourses.  While some depressional features exist, including those associated with roadway 
infrastructure (i.e. ditches), these tend to be dry with only occasional flowing water conditions.  
Furthermore, the hummocky topography creates an abundance of inward draining topographic 
features which have closed drainage resulting in no offsite drainage contributions, while serving 
to locally recharge the groundwater system, particularly in areas of permeable soils which 
generally exist across the Secondary Plan area.  As such within the SSA there is a lack of open 
water features and a lack of formal drainage outlets due to the hummocky topography.    
 
The surface water three (3) year monitoring program has been developed with consideration to 
the lack of surface water features within the SSA. GRCA recommended that a spotflow program 
for the groundwater field assessment be utilized given the headwater conditions (i.e., small 
intermittent systems). Based on the need for a full seasonal understanding of the local flow 
regime, continuous water level monitoring has been conducted to supplement spotflow 
measurements, coupled with rainfall monitoring.   

4.1.1 Rainfall 

The City of Guelph and GRCA both have rainfall gauges within their jurisdiction; notwithstanding 
(ref. Figure 7), an additional rain gauge has been installed for the three (3) year monitoring period 
in the PSA.  The rainfall gauge has been installed (July 14, 2016) on the roof of the Guelph Home 
Building Supply, located at 500 Maltby Road East (ref. Figure 5).  The rain gauge has been 
installed concurrent with the streamflow monitoring (July 2016 to June 2019). Rainfall data have 
been downloaded on a monthly basis.   
 
Monthly precipitation (rainfall) data from the Clair-Maltby gauge for the months of August to 
November 2016 have been summarized in Table 4.1.1 and compared to the monthly totals from 
Environment Canada’s (EC) Elora gauge. The rainfall gauges are approximately 30 km apart 
which explains the difference in monthly rainfall amounts. 
 
Monthly Rainfall totals for both the Clair-Maltby gauge and the Elora gauge for the months of 
August to November are 276.4 mm and 371.1 mm, with the 1981-2010 climate normal for the 
same period being 326.2 mm. As such the Clair-Maltby August to November rainfall total was 
approximately 15% below normal. It is worth noting that the months of April to June were also 
considered below normal based on the Elora gauge monthly amounts compared to the monthly 
climate normal.  
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Table 4.1.1:  Monthly Precipitation Totals for 2016 and Climate Normals (mm) 

Month 2016 Total2. 1981-2010 Climate 
Normal1. 

Percent 
Difference2. 

April 57.8 (NA) 74.5 -22.42% (NA) 
May 57.3 (NA) 82.3 -30.38% (NA) 
June 53.0 (NA) 82.4 -35.68% (NA) 
July 102.4 (NA) 98.6 +3.85% (NA) 

August 152.6 (134.4) 83.9 +81.88% (+60.19%)
September 77.1 (58.2) 87.8 -12.19% (-33.71%) 

October 85.8 (43.8) 67.4 +27.30% (-35.01%) 
November 55.6 (40) 87.1 -36.17% (-54.08%) 
December 90.1 (NA) 71.2 +26.54% (NA) 

TOTAL 731.7 (NA) 735.2 -0.48% (NA) 
1 From Environment Canada Waterloo Wellington Airport 
2 First value is based on Environment Canada’s Elora RCS gauge, value in brackets is 

based on Clair Maltby Project gauge 
 
In addition to the monthly data presented in Table 4.1.1, daily rainfall totals for days with major 
storm events and high recorded water levels have been summarized in Table 4.1.2 for all data 
sources (ref. Figure 7) (EC Elora, Clair-Maltby and City of Guelph’s Clair Road rainfall gauges). 
Where storm systems have lasted multiple days, values have been summed. Daily rainfall 
amounts between the three (3) gauges for most storm events demonstrate fairly consistent rainfall 
recordings. The City and the Amec Foster Wheeler rainfall gauges recorded storm event totals 
that are considered reliable, as there is limited deviation in the rainfall amounts, apart for the July 
14-15, 2017 event.  
 
Three (3) storm events are above 25 mm and are considered significant. The August 20th event 
had a duration of 1 hour and 58.6 mm rainfall total, as such it is considered almost a 100 year 
storm event based on a 1 hour rainfall total of 59.7 mm at the Guelph Turfgrass Institute (Intensity 
Duration Frequency (IDF) relationship for 1954 to 2003).  Using the same IDF relationship the 
August 25th (1 hour duration) and September 7th (8.5 hours duration) storm events would be a 5 
year storm event and just less than a 2 year event respectively.  
 

Table 4.1.2:  Summary of Daily Rainfall Totals for Major Rainfall Events of 2016 (mm) 

Day (M/D/Y) 

Environment 
Canada 

Elora RCS 
Gauge Total 

Amec Foster 
Wheeler Clair 
Maltby Project 
Gauge Total 

City of Guelph 
Clair Road 
Emergency 

Services Gauge 
Total 

07/14/17 - 07/15/17 20.4 13.0 34.0 
07/25/17 36.0 20.0 17.4 
08/05/17 1.0 10.0 7.0 
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Table 4.1.2:  Summary of Daily Rainfall Totals for Major Rainfall Events of 2016 (mm) 

Day (M/D/Y) 

Environment 
Canada 

Elora RCS 
Gauge Total 

Amec Foster 
Wheeler Clair 
Maltby Project 
Gauge Total 

City of Guelph 
Clair Road 
Emergency 

Services Gauge 
Total 

08/11/17 - 08/13/17 59.6 21.0 17.2 
08/16/17 24.4 10.6 14.2 

08/19/17 - 08/21/17 25.6 58.6 59.2 
08/25/17 – 08/26/17 30.3 31.8 33.6 
09/07/17 – 09/08/17 41.8 33.6 27.0 
09/17/17 - 09/18/17 10.8 8.8 9.6 

09/26/17 8.6 6.2 7.2 
09/29/17 - 09/30/17 0 7.4 9.6 

10/08/17 3.3 8.0 5.2 
10/20/17 – 10/21/17 19.4 16.2 16.4 
11/02/17 – 11/03/17 NA 8.6 NA 

11/19/17 11.5 9.6 NA 
11/24/17 – 11/26/17 10.0 10.4 NA 
11/28/17 – 11/30/17 12.5 9.0 NA 

 “NA” indicates that data is not available. 

4.1.2 Surface Water 

The surface water monitoring consists of both water level and quality monitoring as per the 
following.  

4.1.2.1 Quantity 

The location of the surface water monitoring locations are depicted in Figure 7.  The location for 
one (1) gauge to monitor the Mill Creek Subwatershed has been established near the south-east 
limit of the PSA (Station 14). Two (2) gauge locations (Stations 9A – Kilkenny Place and 9B – 
Serena Lane) were tested in July of 2016 to monitor the discharge from the Hanlon Creek 
Subwatershed, draining to the north.  Some minor flow responses were observed at the Serena 
Lane monitoring location for storms on August 20, August 25, and September 7 (ref. plots in in 
Appendix A).  However, the responses were minimal, and not considered to be significant enough 
to continue the monitoring at this location in 2017.  A new location outside the PSA in the Hanlon 
Creek Subwatershed is being sought in consultation with the City and GRCA for surface water 
monitoring during 2017. 
 
In the absence of a station with flow in the Hanlon Creek Subwatershed in 2016, one surface 
water level logger and quality station was established in the southern extent of the large pond 
within Hall’s Pond Provincially Significant Wetland (Station 7) in July 2016, with surface water 
level and quality data collected over the summer and fall of 2016.   
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Summary plots showing the observed water levels at Halls Pond for 2016 have been included in 
Appendix A. Key statistics from the observed data are presented in Table 4.1.3. 
 

Table 4.1.3:   Estimated Peak Flows for Major Storm Events Based on 2016 Rating 
Curves (m3/s) 

Date (M/D/Y) Puslinch Channel (Station 14) 

Minimum Water Level 0 (dry) 
Maximum Water Level 0.33 

 
Continuous water level monitoring was conducted for an open watercourse south of the study 
limits, within the municipality of Puslinch.  The site is located on a private property at the end of 
Hammersely Road (Station 14).  The site had a continuously observed flow at all times during the 
monitoring period, suggesting a potential groundwater flow contribution.  Velocity metering was 
conducted at this site over the course of 2016, which has been used to develop a preliminary 
rating curve for the site.  The rating curve fit has been completed using a simplified HEC-RAS 
hydraulic model, based on topographic survey data completed by Matrix Solutions on 
November 4, 2016. 
 
Plots of the developed rating curve, and the resulting recorded flow series at the Hammersley 
Road site have been included in Appendix A.  Peak flows for the major recorded storm events of 
2015 are presented in Table 4.1.4. 
 

Table 4.1.4:   Estimated Peak Flows at Monitoring Station 14 (Hammersley Road)  
for Major Storm Events Based on 2016 Rating Curves 

Date (M/D/Y) Observed Rainfall (mm) Observed Peak Flow 
(m3/s) 

7/25/2016 19.2 0.02 

8/20/2016 52.0 0.10 
8/25/2016 24.0 0.06 
9/7/2016 33.6 0.02 

11/2/2016 4.2 0.02 

4.1.2.2 Quality and Temperature 

The water level gauges include temperature sensors which provide a continuous scan of water 
temperature over the monitoring period.  Although the gauges were not installed until July, 2016, 
in the following two years (2017-2018) the gauges will be installed from post-freshet (i.e., late 
March or early April) to freeze-up (typically late November to early December). Tables 4.1.5 
and 4.1.6 summarize the temperature monitoring results for the Puslinch Channel (Station 14) 
and Halls Pond respectively.  
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Table 4.1.5: Observed 2016 Water Temperatures – Puslinch Channel (Station 14) 

Month 
Monthly Extremes Monthly Averages 

Daily Minimum Daily Maximum Daily 
Minimum 

Daily 
Average 

Daily 
Maximum

July 9.26 16.06 10.77 12.28 14.33 
August 9.80 18.78 11.22 12.86 14.92 

September 7.90 17.20 10.09 11.38 12.91 
October 4.06 15.05 7.99 9.24 10.47 

November 1.95 11.35 5.28 6.45 7.61 
December 1.55 7.46 3.69 4.30 4.85 

 

Table 4.1.6: Observed 2016 Water Temperatures – Halls Pond 

Month 
Monthly Extremes Monthly Averages 

Daily Minimum Daily Maximum Daily 
Minimum 

Daily 
Average 

Daily 
Maximum

July 18.05 28.37 20.74 23.10 25.94 
August 16.14 36.61 19.24 23.76 31.34 

September N/A N/A N/A N/A N/A 
October N/A N/A N/A N/A N/A 

November N/A N/A N/A N/A N/A 
December N/A N/A N/A N/A N/A 

 
The daily minimum and maximum temperature values for Station 14 surface water monitoring 
station are all below 19oC, which is within the colder water fishery temperature range of < 19 oC. 
The temperatures within Halls Pond have been above 30 oC which is considered to be a 
warmwater fishery (>25 oC).  In September the temperature gauges became exposed to air due 
to the water level within the Halls Pond dropping and water temperatures were not recorded until 
the gauges were removed for the winter.  Water temperature graphs have been provided in 
Appendix A. 
 
In addition to water temperature, the CEIS Work Plan requires water quality sampling as part of 
the surface water monitoring effort.  The water quality parameters recommended by GRCA (ref. 
Table 4.1.7) have been supplemented by metal and pesticides as agreed to by the City.  Grab 
samples are being collected in both dry and wet periods in the spring, summer and fall at each of 
the two (2) water gauge locations over the three (3) year monitoring plan (2016-2018).   Due to 
the substantial expense of testing for pesticides, the Consulting Team recommended more 
targeted testing (i.e., single samples at up to six locations across the PSA in the fall of 2017, 
rather than three samples annually – spring, summer and fall – at all stations over two years), 
which has been agreed to by the City.. 
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Water quality sampling has been undertaken in 2016 at Station 7 (in the Hanlon Creek 
Subwatershed) and Station 14 (in the Mill Creek Subwatershed) over the summer and fall, and 
an additional station with flows in the Hanlon Creek Subwatershed remains to be established in 
2017. In 2017 and 2018, these samples will be collected in conjunction with wetland water quality 
sample collection (ref. Figure 7).   

 

Table 4.1.7:   Water Quality Parameters Agreed to in the Original Work Plan 

Water Quality Parameter Mechanism of Analysis Comments 

► Total Suspended Solids 
(TSS) 

► Total Dissolved Solids (TDS)
► Orthophosphate (P) 
► Total Phosphorus (TP) 
► Dissolved Sulphate (SO4) 
► Dissolved Chloride (Cl) 
► Total Kjeldahl Nitrogen 

(TKN) 
► Nitrite (NO2) 
► Nitrate (NO3) 
► Ammonia (NH3) 

 
 
 
 
 
To be analyzed from grab 
samples sent to a 
laboratory 

Parameters suggested by 
GRCA in their comments 
on the Draft Clair-Maltby 
MESP Secondary Plan 
TOR (City of Guelph, 
2015a). 

► water temperature To be measured 
continuously by the data 
logger and verified in situ 
three times over the 
season by field staff (with 
a water quality meter) 

Parameter suggested by 
GRCA in their comments 
on the Draft Clair-Maltby 
MESP Secondary Plan 
TOR (City of Guelph, 
2015a). 

► pH 
► conductivity, and  
► dissolved oxygen (DO) 

 
To be measured in situ by 
field staff  
(with a water quality 
meter) 

Parameters suggested by 
GRCA in their comments 
on the Draft Clair-Maltby 
MESP Secondary Plan 
TOR (City of Guelph, 
2015a). 

► Metals 
► Pesticides* 

To be analyzed from grab 
samples sent to a 
laboratory 

Additional parameters 
suggested by the 
Consulting Team and 
agreed to by City. 

 
Table 4.1.8 summarizes the water quality sampling events of 2016.  Water quality sampling did 
not occur during the spring season due to the July 2016 commencement of the surface water 
monitoring program.  The rainfall amounts for the wet weather water quality events are considered 
to be on the low side (i.e. <15 mm), that said, there were only six (6) rainfall events of 15 mm or 
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greater during the 2016 monitoring term. For the 2017 monitoring program, an effort should be 
made to sample wet weather events of greater magnitude.   
 

Table 4.1.8: Summary of 2016 Water Quality Sampling Events 

Date Sites Sampled Type of Event Inter-Event Period 
(days)1 

24-Hour Rainfall 
Total (mm)2. 

August 4, 2016 
Station 7, 
Station 14 

Dry 10 0 

August 17, 2016 
Station 7, 
Station 14 

Wet 5 10.6 

September 22, 
2016 

Station 7, 
Station 14 

Wet 6 6.0 

October 20, 
2016 

Station 7, 
Station 14 

Wet 12 7.0 

“NA” indicates not applicable (dry weather samples) 
1. Between sampling time and end of last event exceeding 5 mm 
2. Rainfall depth for 24-hour period prior to sampling 
3. Rainfall statistics based on project rainfall gauge 

 
Key water quality parameter concentrations have been provided within Table 4.1.9. Exceedances 
of the Provincial Water Quality Objectives (PWQO) have been highlighted in yellow. Based on 
the results in Table 4.1.9, there are limited exceedances (6) of the key water quality parameters 
for Station 14. Exceedances occur primarily for Ammonia and Zinc, resulting from the 
groundwater that discharges to the watercourse.  Station 7 (Halls Pond) has PWQO exceedances 
in Total Phosphorous, Ammonia, Aluminium, Iron and Lead, but not Zinc. The wetland feature 
water levels receded during the months of August to October, which may have contributed to 
contaminant concentrations increasing over time.   
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Table 4.1.9:   Comparison of Measured Concentrations for Key Water Quality Parameters 

Date 
Location 

Contaminant Concentration (mg/L) 
TSS TKN Total P Ammonia Chloride Aluminum Copper Iron Lead Zinc 

PWQO 
Guidelines n/a n/a 0.03 0.021 n/a 0.075 0.0052 0.3 0.0012 0.02 

August 4, 2016 
Station 7 6.8 1.41 0.054 0.028 9.92 0.027 <0.0010 0.371 0.00038 0.0043 

Station 14 <2.0 0.26 0.0056 <0.02 38.0 <0.010 <0.0010 <0.050 <0.0001 0.0890 

August 17, 2016 
Station 7 10.7 1.65 0.0742 <0.02 10.1 0.027 <0.0010 0.457 0.00053 0.0032 

Station 14 2.5 <0.15 0.0094 0.043 33.5 <0.010 <0.0010 <0.050 <0.0001 0.0760 

Sept. 22, 2016 
Station 7 79.4 2.3 0.173 0.025 12.3 0.263 <0.0010 0.491 0.00207 0.0100 

Station 14 <2.0 0.21 0.0069 0.032 36.7 <0.010 <0.0010 <0.050 <0.0001 0.0759 

October 20, 2016 
Station 7 15.8 1.68 0.0743 0.082 12.7 <0.010 <0.0010 <0.050 <0.0001 <0.0030 

Station 14 4.0 0.31 0.0075 0.074 33.6 <0.010 <0.0010 <0.050 <0.0001 <0.0030 
1. PWQO is for un-ionized Ammonia  
2. PWQO varies with hardness as CaCO3, value presented is most stringent limit (lead) or based on initial PWQO (copper) 

 
Table 4.1.10 summarizes field measured water quality parameters. Station 14 water temperatures are always below temperatures at Station 7 due to Station 14 being a groundwater fed.  The same premise is used to 
explain that all over parameters in Table 4.1.10 are higher for Station 14 than Station 7.   
 
The number of PWQO exceedances for wall water quality parameters at Station 7 is significantly more than recorded at Station 14 in Table 4.1.11 due to the groundwater fed system at Station 14.  
 

Table 4.1.10:   Comparison of Field Measured Parameters 

Date Air Temperature 
(deg C) Location Field Water Temperature 

(deg C) 
Field Conductivity 

(mS/cm) 
Laboratory Total 

Dissolved Solids (mg/L) 
Field Dissolved Oxygen 

(mg/L) Field pH 

August 4, 2016 29.9 
Station 7 23.01 0.214 178 4.44 7.12 

Station 14 10.97 0.441 388 13.51 7.52 

August 17, 2016 25.4 
Station 7 23.20 NA 170 2.97 8.13 

Station 14 12.30 NA 362 10.04 8.71 

Sept. 22, 2016 27.6 
Station 7 19.19 0.272 149 0.95 5.79 

Station 14 12.53 0.474 379 13.30 7.11 

October 20, 2016 11.5 
Station 7 13.394 NA 153 9.42 6.70 

Station 14 10.211 NA 350 9.59 7.46 
Na. Not available 
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Table 4.1.11:   Summary of PWQO Exceedances for the 2016 Monitoring Program 

Date Total Number of PWQO Exceedances by Location 
Station 7 Station 14 

August 4, 2016 4 1 
August 17, 2016 3 2 
Sept. 22, 2016 5 2 

October 20, 2016 2 1 

4.2 Ground Water 

The groundwater field program was designed to support refinements to the existing 
hydrogeological characterization and establish baseline conditions within the SPA and PSA. An 
understanding of the three dimensional and time-varying (e.g., seasonal) characteristics of the 
integrated surface water and groundwater flow systems will be required to support the 
establishment of Community Structure plans for the SPA. In addition, the field program will 
contribute to a water balance evaluation of groundwater function, identify constraints and 
opportunities, and provide monitoring locations that will form part of the long-term monitoring 
network.  
The groundwater field work was coordinated with the work being completed by the other 
disciplines in recognition of the inter-relationship between the hydrogeological and hydrologic 
systems, other users of water for anthropogenic needs, and the local ecosystem. 
 
This section provides the methodology used by Matrix Solutions Inc. (Matrix) to complete the 2016 
hydrogeological field program. Preliminary results are also provided. Specifically, this field 
program included:  
 

► Borehole Drilling and Monitoring Well Installations 
► Downhole Geophysical Logging 
► Drive Point Mini Piezometer Installations 
► Groundwater Level Monitoring 
► Groundwater Quality Sampling 
► Single Well Hydraulic Response Testing 
► Guelph Permeameter Testing 
► Surface Water Spot Flow Measurements 
► Pond Bathymetry Surveys 
► Seeps and Springs Observations 

4.2.1 Borehole Drilling and Monitoring Well Installation 

A drilling and well installation program was supervised by Matrix staff between July 25 and 
August 24, 2016. The installation of monitoring wells was intended to understand the function of 
the upper aquifer(s), vertical gradients, groundwater flow directions, and to collect water quality 
samples. Drilling was carried out using a truck-mounted, dual rotary, drill rig operated by Highland 
Water Well Drilling Inc. (Highland). Ontario One Call was contacted before the start of drilling and 
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registered utility owners in the area were notified of the upcoming work. Matrix personnel 
completed a pre-drilling site visit at all proposed drilling locations to meet with landowners (where 
available) and to look for visual onsite indications of non-registered buried infrastructure. On one 
agricultural property, two well nests (MW05-S/D and MW06-S/D) were installed near the edge of 
the field under cultivation. With the agreement of the farmer, crop damage was estimated by 
measuring the area trampled by drilling equipment during site access and drilling activities. The 
farmer was compensated for the damaged crop based on the measured area, average yield and 
market price of the crop. 
 
In total, 17 boreholes at 9 locations were advanced and all boreholes were completed as 
monitoring wells. The borehole locations were strategically positioned across the study area in a 
series of three transects trending northwest to southeast with each transect crossing a 
topographic low through the centre of the transect (Figure 3). At each location, one shallow and 
one deep 152 mm borehole was drilled side by side and completed as an overburden monitoring 
well nest; except at MW07, where only one well was completed due to the availability of existing 
shallow monitoring wells in the area. The target depth for each deep borehole was just above the 
top of bedrock, which was guided by the City’s Tier Three Water Budget Study. At each deep 
borehole, soil samples were collected from the cuttings cyclone of the drill rig approximately every 
1.5 m. Matrix personnel were onsite to record observations on the geologic logs including 
lithology, texture, colour, moisture and monitoring well completion details. Geologic logs indicating 
borehole lithology and monitoring well installation details are provided in Appendix B1.  
 
Each monitoring well was completed using a 52 mm diameter slotted (010) screen and solid 
Schedule 40 PVC pipe. Each monitoring well was completed with a 1.52 m section of screened 
interval. The annular space between the PVC pipe and the wall of the borehole was backfilled 
with a sand filter pack to approximately 0.10 to 0.30 m above the top of the screened section and 
a bentonite based granular and/or grout seal was installed in the remaining annulus to ground 
surface to prevent downward surface water migration. The monitoring wells were installed with 
riser pipes extending approximately 0.7 m above ground surface and were covered with a 
protective 152 mm steel surface casing, well cap and lock. Highland developed each well by 
airlifting using the air compressor of the drill rig.  
 
Matrix personnel were onsite to monitor the turbidity of the produced water and the overall 
development of the each well. The ground and top of casing elevations of the newly installed 
monitoring wells were geodetically surveyed using an RTK rover and total station following 
installation by Beacon Environmental Ltd. (Beacon). Well marker warning flags were installed at 
MW02-S, MW02-D, MW09-S, and MW09-D due to their proximity to the road within the right of 
way (ROW) to protect from potential damage from snow plows. Monitoring well completion data 
are summarized in Table B1. 
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Matrix monitoring wells were installed in the following stratigraphic layers: 
 

► MW01-S, MW02-S, MW02-D, MW03-S, MW03-D, MW05-S, MW05-D, MW06-S, 
MW06-D, MW07-D, MW08-S, MW08-D and MW09-S were completed in primarily 
sand/gravel to silty sand 

► MW01-D, MW04-S, MW04-D, and MW09-D were completed in clayey to sandy silt 

4.2.2 Downhole Geophysical Logging 

On September 3, 2016, Lotowater Technical Services Inc. (Lotowater) completed downhole 
gamma logging to help distinguish between clay-rich soils from clay-poor soils and to improve the 
local stratigraphic interpretation across the transitional ice margin deposits of the Paris Moraine 
within the study area. The logging was conducted in three monitoring wells to test its utility: 
MW01-D, MW02-D and MW03-D (Figure 3). The geophysical logs are provided in Appendix B2.  
 
Due to the coarse-grained nature of the soils encountered and the relative lack of clay, the results 
did not support completing downhole survey in the other six monitoring well locations.  

4.2.3 Drive Point Mini Piezometer Installations 

In August and September 2016, a total of 18 drive point mini piezometers were installed by Matrix 
personnel at 14 locations identified as areas of potential groundwater – surface water interaction 
and where property access was granted (Figure 3). These locations were also coordinated with 
the wetland surface water quantity and quality stations, as well as flow stations where possible 
(Figure 7). At four of the locations, pairs of shallow and deep mini piezometers were installed to 
more closely examine vertical hydraulic gradients. The mini piezometers were constructed using 
0.3 m x 20 mm stainless steel drive point tips with steel pipe extensions up to approximately 1.0 
m above ground surface. The depth of each piezometer ranged from 0.86 to 2.42 m bgs. 
Installation details and observed vertical hydraulic gradients are presented in Table B2. The 
ground and top of casing elevations of the mini piezometers were geodetically surveyed by 
Beacon following installation. 

4.2.4 Groundwater Level Monitoring 

Groundwater levels are being monitored at all installed monitoring wells and mini piezometers, as 
well as three additional, pre-existing wells (MW1-11, MW2-11, and MW3-11) located at 132 Clair 
Road with the landowner’s permission (Figure 3). All wells and piezometers are being monitored 
using manual measurements every three months and, with the exception of MW1-11 and MW2-
11, are all equipped with a Solinst™ Levelogger Model 3001 non-vented pressure transducer 
automatically recording every 60 minutes. The pressure transducers were removed from the mini 
piezometers on December 13, 2016 to protect them from freezing and will be re-installed as early 
as possible following the spring melt. Data from a Solinst™ Barologger recording atmospheric 
pressure at MW02-S is used to correct the water level pressure recordings to gauge pressure. 
The manual water level is measured at each well and piezometer relative to the top of the 
PVC/steel pipe using a Solinst™ electronic water level tape.  
 
Groundwater elevations at each station were calculated by subtracting measured depths to water 
from the surveyed top of casing/pipe elevations. Manual groundwater levels obtained from the 
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monitoring wells and mini piezometers since their installation are presented in Tables B1 and B2, 
respectively. Hydrographs showing automatically recorded seasonal groundwater fluctuations in 
each monitoring well and mini piezometer outfitted with a pressure transducer are presented in 
Appendix B3. Hydrographs also display precipitation data from two stations. One station was 
installed by AMEC Foster-Wheeler as a part of the CEIS, while the second is a Government of 
Canada climate station located at the Region of Waterloo International Airport (YKF). No 
hydrographs are available for MP01-S and MP02 as these locations were dry during all site visits 
in 2016.  

4.2.5 Groundwater Quality Sampling 

On October 19 to 21, 2016, Matrix personnel conducted groundwater quality sampling at all Matrix 
monitoring wells. The wells were purged prior to groundwater sampling to obtain samples that 
represent the water quality in the formation. Matrix personnel purged three casing volumes as per 
the CCME (1994) method or until dry before collecting groundwater samples using dedicated 
inertial lift Waterra™ sampling pumps or dedicated Waterra™ bailers. 
 
Field-measured parameters including pH, EC, temperature, dissolved oxygen and turbidity were 
conducted on groundwater samples collected from the wells once purging was complete. The 
instruments were checked for calibration and corrected where necessary prior to measuring the 
field parameters. 
 
Groundwater samples from each Matrix monitoring well were collected into the appropriate, 
laboratory supplied, pre-labeled sample bottles. Each groundwater sample collected for dissolved 
metals analysis was field-filtered using disposable 0.45 micron filters. 
 
Samples collected in 2016 were analyzed for the following parameters: 
 

► general and inorganic parameters, including pH, EC, calcium (Ca), magnesium (Mg), 
sodium (Na), potassium (K), iron (Fe), manganese (Mn), chloride (Cl), carbonate (as 
CaCO3), bicarbonate (as CaCO3), hydroxide (as CaCO3), sulphate (SO4), nitrite-nitrogen 
(NO2-N), nitrate-nitrogen (NO3-N), total Kjeldahl nitrogen (TKN), total dissolved solids 
(TDS), total hardness (as CaCO3) and total alkalinity (as CaCO3). 

► dissolved metals including silver (Ag), aluminum (Al), arsenic (As), boron (B), barium (Ba), 
beryllium (Be), bismuth (Bi), cadmium (Cd), cesium (Cs), cobalt (Co), chromium (Cr), 
copper (Cu), lithium (Li), molybdenum (Mo), nickel (Ni), phosphorus (P), lead (Pb), 
rubidium (Rb), sulfur (S), antimony (Sb), selenium (Se), silicon (Si), tin (Sn), strontium (Sr), 
tellurium (Te), thorium (Th), titanium (Ti), thallium (Tl), uranium (U), vanadium (V), 
tungsten (W), zinc (Zn), and zirconium (Zr) 

 
Collected samples were stored in ice-chilled coolers and transported to ALS Laboratory Group in 
Waterloo, Ontario for analysis. A chain-of-custody form indicating sample numbers was submitted 
to and signed at the laboratory. Copies of the signed forms were placed in the project files and 
are available upon request. Laboratory results were downloaded into Matrix’s database 
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management system and are presented in Tables B3 (Field and Routine Parameters) and B4 
(Dissolved Metals). Copies of the laboratory Certificates of Analysis are provided in Appendix B4. 
 
All samples meet the criteria outlined in the Ontario Drinking Water Quality Standards (MOE, 
2006) with the exception of the following: 
 

► Samples collected from MW02-S/D and MW05-S/D exceeded the OWDS aesthetic 
objective for iron. In these wells, iron levels ranged between 0.346 mg/L and 2.25 mg/L 
compared to the ODWS aesthetic objective of 0.3 mg/L. 

► Samples collected from MW02-S/D, MW04-S, MW05-S/D and MW07-D exceeded the 
OWDS aesthetic objective for manganese. In these wells, manganese levels ranged 
between 0.0575 mg/L and 0.459 mg/L compared to the ODWS aesthetic objective of 0.05 
mg/L. 

► Samples collected from MW01-S and MW08-D exceeded the OWDS aesthetic objective 
for total dissolved solids. In these wells, total dissolved solids concentrations ranged 
between 550 mg/L and 639 mg/L compared to the ODWS aesthetic objective of 500 mg/L. 

► Samples collected from all monitoring wells exceeded the OWDS operational guidelines 
for total hardness. In these wells, total hardness levels ranged between 131 mg/L and 410 
mg/L compared to the ODWS operational guidelines of 80 to 100 mg/L. 

► Field samples collected from MW01-S/D, MW02-S/d, MW03-D, MW05-S/D, MW06-S/D, 
MW07-D and MW08-S/D exceeded the OWDS aesthetic objective for turbidity. In these 
wells, field turbidity levels ranged between 122.6 NTU and >1100 NTU compared to the 
ODWS aesthetic objective of 5 NTU (MOE 2006) 

► A sample collected from MW05-S exceeded the ODWS maximum acceptable 
concentration for uranium where the concentration was reported as 0.024 mg/L compared 
to the ODWS maximum acceptable concentration of 0.02 mg/L. 

4.2.6 Enriched Tritium Analyses 

Matrix personnel collected samples for enriched tritium analysis on October 28, 2016 from four 
monitoring wells (MW05-S, MW05-D, MW03-S, and MW07; Figure 3). Tritium levels provide 
insights on the age of groundwater, which may help the understanding of the recharge function 
of the Paris Moraine and surrounding area. The samples were placed in laboratory-supplied 
containers and transported to Isotope Tracer Technologies in Waterloo, Ontario for analysis. A 
chain-of-custody form indicating sample numbers was submitted to and signed at the laboratory. 
The results are provided in Table B5, where tritium is summarized to range from 6.4 TU to 13.1 
TU. 

4.2.7 Single Well Hydraulic Response Testing 

Hydraulic response tests for all Matrix monitoring wells were completed on September 23, 28 and 
30, 2016 in order to estimate the horizontal hydraulic conductivity of the hydrostratigraphic units 
being tested. This data will help refine the parameterization of the groundwater system in the 
numerical model. Tests consisted of displacing a known volume of groundwater in the well by 
rapidly inserting a plastic slug or a known volume of deionized water and then monitoring the rate 
at which the water level returned to equilibrium. The water level recoveries were measured using 
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the dedicated Solinst Leveloggers that were calibrated to manual water level readings collected 
at regular timed intervals until the water level returned to at least 80% of the initial static level. 
 
The hydraulic response test data were interpreted using AQTESOLV™ software (HydroSOLVE 
2007). The Bouwer-Rice (1976), Hyder et al. (KGS; 1994) and Springer-Gelhar (1991) methods 
for partially penetrating wells were selected to estimate the hydraulic conductivity values. The 
results are summarized in Table B1 and the analytical solution curves are provided in Appendix 
B5. Results show that the hydraulic conductivity values ranged from 7E-08 m/s to 2E-03 m/s for 
materials ranging from silt to sandy gravel. One result (MW03-S) is considered suspect and has 
not been presented.  

4.2.8 Guelph Permeameter Testing 

In-situ soil hydraulic conductivity testing using a Guelph Permeameter was conducted on 
November 1 and 2, 2016 at testing locations adjacent to the nine monitoring wells (Figure 3). The 
Guelph Permeameter uses the constant head principle to determine the field saturated hydraulic 
conductivity of near surface soils. The testing was conducted using both single head and double 
head methods in shallow hand augered holes ranging from 0.19 m to 0.41 m deep. For either 
method, the drop in reservoir water level was recorded until a constant rate of water infiltration 
was achieved. The field saturated hydraulic conductivity results are summarized in Table B6, 
where values range from 4E-08 m/s to 1E-05 m/s.  

4.2.9 Surface Water Spot Flow Measurements 

In 2016, surface water spot flow measurements were collected during summer 
(August/September) and fall (November) field events to observe the seasonal variability in base 
flow and spatial variability along watercourses. Spot flow locations were initially selected at 
watercourse crossings near the SPA and PSA and were also guided by preliminary particle 
tracking from the City’s Tier Three Water Budget model. Initial locations included measurements 
within the Hanlon Creek, Mill Creek and Lower Speed River subwatersheds (Figure 4). Since the 
initial spot flow event, locations were refined with the addition of three locations in the Torrance 
Creek Subwatershed and an additional location in the Mill Creek Subwatershed for a total of 27 
locations (Figure 4). To ensure representative baseflow values were obtained, field 
measurements were not collected until total cumulative precipitation was less than 5 mm in the 
three days preceding the monitoring event. 
 
Spot flow measurements were completed by securing a measuring tape across the banks of the 
stream and dividing the cross section of the stream into approximately 10 panels of equal width. 
A Son-Tek FlowTracker Acoustic Doppler Velocimeter (ADV) was used to record the width, water 
depth and flow velocity in each panel to produce a final discharge value for the stream at each 
monitoring location. Surface water temperature was also collected at each location where the 
ADV was used. The surface water spot flow measurement results collected to date are 
summarized in Table 7 and shown spatially on Figure 4. Stream discharge ranged across the 
regional study area from 0 L/s in headwater areas to 187 L/s (November 2016) at the most 
downstream station along Mill Creek.  
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4.2.10 Pond Bathymetry Surveys 

On November 14, 2016, Groundwater Science Corp. completed bathymetry surveys of Halligan’s 
Pond, located in the southeast ROW at Victoria Road South and Maltby Road East; Neumann’s 
Pond A, located at 132 Clair Road; and, at an unnamed pond located in the east portion of 950 
Southgate Drive (Figure 5).  
 
Halligan’s Pond and Neumann’s Pond were both surveyed using a remote controlled boat 
equipped with a GPS, Sonar and mapping software capable of recording the depth to the pond 
bottom while the boat was driven in numerous transects across each pond (Figure 5). Because 
of shallow conditions, the unnamed pond at 950 Southgate Drive was surveyed by Groundwater 
Science Corp. along two transects assumed to be the deepest portions of the pond using a 
pressure transducer/datalogger (In Situ model RT100) and measuring tape. The datalogger was 
attached to the measuring tape and was pulled across the pond in regular increments with a 
pause at each increment for the logger to record pond depth. The data was downloaded and the 
water depth (compensated pressure reading) for each increment of distance was obtained. The 
depth profiles of each transect is shown on Figure 6. The approximate location of each transect 
is also shown on Figure 5. This method of measurement assumes that the datalogger travels in 
a straight line from start to end and that the distance pulled is equal to the horizontal distance 
(i.e., there is very little vertical movement). 
 
The data from these surveys will be used to modify the topography of the wetland/pond areas in 
the integrated groundwater / surface water model. The modelled topography represents the true 
land surface and not the water surface as would normally be the case in a numerical model.   

4.2.11 Seeps and Springs Observations 

No seeps or springs were observed by Matrix field staff during the 2016 program; however, a 
spring was noted by a resident on his property at 63 Brock Road in the Mill Creek Subwatershed. 
More springs / seeps associated with this approximate ground surface elevation are anticipated 
in the Mill Creek, Hanlon Creek and Speed River subwatersheds. Two groundwater seeps were 
also noted previously at 132 Clair Rd., south of Neumann’s Pond A (Aquafor Beech 2012). Matrix 
will continue to look for these features during subsequent monitoring events. 

4.3 Wetlands  

The purpose of the wetland water level and quality monitoring is to (a) provide study-area wide 
baseline information of the pre-development condition of these features, and (b) help inform the 
understanding of surface and groundwater interactions in the PSA.  
 
Sampling locations (ref. Figure 7) were identified based on the objective of including samples: 
 

a. From a representative selection of wetlands located within the PSA, as well as falling 
within both the Hanlon and Mill Creek Subwatersheds; 

b. From wetlands expected to be protected for the long-term, therefore within confirmed 
Provincially Significant Wetlands (PSWs); 

c. From wetlands expected to have standing water in them all year round, even in dry years; 
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d. From a representative selection of wetlands within different land use contexts (e.g., 
agricultural, natural, near roads); and 

e. In proximity to proposed groundwater stations to allow for integration and comparison of 
the surface water and groundwater data from the same wetlands. 
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5.0 OVERVIEW OF PROPOSED 2017 MONITORING 

The following provides an overview of the proposed 2017 monitoring program. 

5.1 Surface Water 

The 2017 surface water field assessments will commence in early spring, with the same locations 
and monitoring equipment as the 2016 field program with the exception Station 9 (Serena Lane) 
being relocated to Station 15 (Hanlon Creek, Dog Walking Park). As such the surface water 
monitoring program will include: 
 

► Rainfall monitoring at Guelph Home Building Supply  
► Continuous water level and temperature monitoring at Stations 7 (Halls Pond), Station 14 

(Puslinch Channel) and Station 15 (Hanlon Creek). 
► Establishment of a flow rating curve at Station 15 
► Grab water quality sampling at Stations 7, 14 and 15 for dry weather and wet weather 

events throughout spring, summer, and fall of 2017. 

5.2 Groundwater) 

The 2016 groundwater field program included the establishment of hydrogeological monitoring 
locations and the installation of monitoring equipment. In 2017, Matrix will continue regular 
monitoring of these monitoring locations. This monitoring will include: 

► Quarterly water level monitoring of monitoring wells (manual water levels and transducer 
downloads) 

► Quarterly water level monitoring of mini-piezometers (manual water levels and transducer 
downloads). Transducers will be re-installed into the mini-piezometers in the spring.  

► Water quality sampling in the spring and fall at all Matrix-installed monitoring wells. 
Samples will be analyzed for general and inorganic parameters and dissolved metals.  

► Spot baseflow measurements at the 2016 locations in the spring, summer and fall. 
► Ongoing recording of observations of seeps and / or springs. 

5.3 Natural Heritage 

The bulk of the natural heritage monitoring and assessments will take place over 2017. These will 
include: 
 

► A scoped headwater drainage feature assessment based on primarily desktop information 
supplemented with some targeted field assessments; 

► Ecological Land Classification (ELC) refinements and wetland updates within the SPA 
based on primarily desktop information (ref. Figure 8) supplemented with some field 
assessments and scoped botanical surveys where access has been provided 
(ref. Figure 2); 

► One to two rounds of winter wildlife surveys along identified transects, with the option to 
undertake an additional round in 2018 if two cannot be accommodated in 2017 due to lack 
of snow (ref. Figure 9); 

► Calling amphibian (i.e., frogs and toads) surveys at 22 wetland stations (ref. Figure 9); 
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► Amphibian movement surveys (salamanders and anurans)  along seven transects located 
on Maltby Road, Victoria Road and Gordon Street in locations where these species have 
previously been documented or would be anticipated to be moving between suitable 
habitats; 

► Turtle basking surveys at seven ponds / wetlands (ref. Figure 9); 
► Breeding bird surveys at 15 point count stations (ref. Figure 9); and 
► Incidental observations of snakes and other wildlife, as well as of potential wildlife habitats 

such as seepage areas, during the course of other surveys. 

5.3.1 Wetland Water Monitoring 

Wetland water monitoring was not initiated in 2016, with the exception of preliminary sampling at 
Station 7. The focus of the 2016 was in confirming the locations of monitoring stations meeting 
the criteria above, and securing access to them. 
 
The complete wetland water monitoring program will begin in April 2017 and extend until October 
or November of 2018: 
 

► Wetland water levels and surface temperatures will be measured continuously with data 
loggers [Solnist brand, (model 3001) at 12 locations (see Figure 7) within the PSA. Quality 
will be assessed by collecting grab samples at these same locations. Loggers will record 
water levels in each wetland at 15 minute intervals from April to October over 2017 and 
2018. Data from these loggers will be downloaded during the water quality sampling 
events (see below) or at least twice a year in July and October. Manual water depth 
measurements will be taken during the logger downloads for reference.   

► The Team will collect water quality data from each of the 12 stations three times a year 
(i.e. once in spring, summer and fall) over two years (i.e., 2017 and 2018). Water quality 
parameters to be measured will be those listed in Table 1 (ref. CEIS).  

 
Pesticides will be sampled at a subset of these stations once in the fall of 2017. Locations have 
been selected adjacent to land uses where pesticides would be expected (see Figure 7). Sample 
collection in the fall will maximize the chances of detecting pesticides that have been used over 
the course of the season.  
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Station 7 WQ 2016 Summary 4-Aug-2016 17-Aug-2016 22-Sep-2016 20-Oct-2016

216002 - Clair/Maltby 11:00 11:40 14:55 13:55

Parameter
   Lowest
Detection 

Limit
Units

PWQO Surface 
Water Parameter 

Limits

8/4/2016 
(11:00)

8/17/2016 
(11:40)

9/22/2016 
(14:55)

10/20/2016 
(13:55)

    

  

Total Suspended Solids 2.0 mg/L 6.8 10.7 79.4 15.8

Total Dissolved Solids 20 mg/L 178 170 149 153

      

    

Ammonia, Total (as N) 0.020 mg/L 0.02 0.028 <0.020 0.025 0.082

Bromide (Br) 0.10 mg/L <0.10 <0.10 <0.10 <0.10

Chloride (Cl) 0.50 mg/L 9.92 10.1 12.3 12.7

Fluoride (F) 0.020 mg/L 0.042 0.043 0.067 0.044

Nitrate (as N) 0.020 mg/L <0.020 <0.020 <0.020 <0.020

Nitrite (as N) 0.010 mg/L <0.010 <0.010 <0.010 <0.010

Total Kjeldahl Nitrogen 0.15 mg/L 1.41 1.65 2.30 1.68

Orthophosphate-Dissolved (as P) 0.0030 mg/L <0.0030 <0.0030 <0.0030 <0.0030

Phosphorus, Total 0.0030 mg/L 0.03 0.0540 0.0742 0.173 0.0743

Sulfate (SO4) 0.30 mg/L <0.30 <0.30 <0.30 <0.30

      

    

Aluminum (Al)-Total 0.010 mg/L 0.075 0.027 0.027 0.263 <0.010

Antimony (Sb)-Total 0.00010 mg/L 0.02 <0.00010 0.00012 <0.00010 0.00018

Arsenic (As)-Total 0.00010 mg/L 0.1 0.00064 0.00079 0.00062 0.00049

Barium (Ba)-Total 0.00020 mg/L 0.0502 0.0130 0.0123 0.0084

Beryllium (Be)-Total 0.00010 mg/L 0.011 <0.00010 <0.00010 <0.00010 <0.00010

Bismuth (Bi)-Total 0.000050 mg/L <0.000050 <0.000050 <0.000050 <0.000050

Boron (B)-Total 0.010 mg/L 0.2 0.013 0.014 0.015 0.011

Cadmium (Cd)-Total 0.000010 mg/L 0.0002 <0.000010 <0.000010 0.000022 <0.000010

Calcium (Ca)-Total 0.50 mg/L 32.7 30.9 24.4 30.6

Cesium (Cs)-Total 0.000010 mg/L <0.000010 <0.000010 0.000026 <0.000010

Chromium (Cr)-Total 0.00050 mg/L <0.00050 <0.00050 <0.00050 <0.00050

Cobalt (Co)-Total 0.00010 mg/L 0.0009 <0.00010 <0.00010 0.00015 <0.00010

Copper (Cu)-Total 0.0010 mg/L 0.005 <0.0010 <0.0010 <0.0010 <0.0010

Iron (Fe)-Total 0.050 mg/L 0.3 0.371 0.457 0.491 <0.050

Lead (Pb)-Total 0.00010 mg/L 0.001 0.00038 0.00053 0.00207 <0.00010

Magnesium (Mg)-Total 0.050 mg/L 8.72 7.55 7.65 6.98

Manganese (Mn)-Total 0.00050 mg/L 0.111 0.0780 0.0317 0.0150

Molybdenum (Mo)-Total 0.000050 mg/L 0.04 <0.000050 <0.000050 0.000069 <0.000050

Nickel (Ni)-Total 0.00050 mg/L 0.025 <0.00050 <0.00050 <0.00050 <0.00050

Potassium (K)-Total 0.050 mg/L 1.37 1.80 1.26 2.02

Rubidium (Rb)-Total 0.00020 mg/L 0.00045 0.00073 0.00088 0.00105

Selenium (Se)-Total 0.000050 mg/L 0.1 0.000062 0.000068 0.000082 <0.000050

Silicon (Si)-Total 0.050 mg/L 0.685 1.13 1.42 0.72

Silver (Ag)-Total 0.000050 mg/L 0.0001 <0.000050 <0.000050 <0.000050 <0.000050

Physical Tests (Water)

Anions and Nutrients (Water)

Total Metals (Water)



Strontium (Sr)-Total 0.0010 mg/L 0.0650 0.0368 0.0340 0.0412

Sulfur (S)-Total 0.50 mg/L 0.52 <0.50 <0.50 <0.50

Tellurium (Te)-Total 0.00020 mg/L <0.00020 <0.00020 <0.00020 <0.00020

Thallium (Tl)-Total 0.000010 mg/L 0.0003 <0.000010 <0.000010 <0.000010 <0.000010

Thorium (Th)-Total 0.00010 mg/L <0.00010 <0.00010 <0.00010 <0.00010

Tin (Sn)-Total 0.00010 mg/L 0.00010 <0.00010 <0.00010 <0.00010

Titanium (Ti)-Total 0.00030 mg/L 0.00051 0.00078 0.00690 <0.00030

Tungsten (W)-Total 0.00010 mg/L 0.03 <0.00010 <0.00010 <0.00010 <0.00010

Uranium (U)-Total 0.000010 mg/L 0.005 <0.000010 <0.000010 0.000016 <0.000010

Vanadium (V)-Total 0.00050 mg/L 0.006 <0.00050 <0.00050 0.00083 <0.00050

Zinc (Zn)-Total 0.0030 mg/L 0.02 0.0043 0.0032 0.0100 <0.0030

Zirconium (Zr)-Total 0.00030 mg/L 0.004 <0.00030 <0.00030 <0.00030 <0.00030



Station 14 WQ 2016 Summary 4-Aug-2016 17-Aug-2016 22-Sep-2016 20-Oct-2016

216002- Clair/Maltby 10:12 10:55 14:17 13:55

Parameter
   Lowest
Detection 

Limit
Units

PWQO Surface 
Water Parameter 

Limits

8/4/2016 
(10:12)

8/17/2016 
(10:55)

9/22/2016 
(14:17)

10/20/2016 
(13:55)

    

  

Total Suspended Solids 2.0 mg/L <2.0 2.5 <2.0 4.0

Total Dissolved Solids 20 mg/L 388 362 379 350

       

     

Ammonia, Total (as N) 0.020 mg/L 0.02 <0.020 0.043 0.032 0.074

Bromide (Br) 0.10 mg/L <0.10 <0.10 <0.10 <0.10

Chloride (Cl) 0.50 mg/L 38.0 33.5 36.7 33.6

Fluoride (F) 0.020 mg/L 0.050 0.051 0.064 0.042

Nitrate (as N) 0.020 mg/L 0.741 0.610 0.704 0.497

Nitrite (as N) 0.010 mg/L <0.010 <0.010 <0.010 <0.010

Total Kjeldahl Nitrogen 0.15 mg/L 0.26 <0.15 0.21 0.31

Orthophosphate-Dissolved (as P) 0.0030 mg/L 0.0046 0.0097 0.0050 <0.0030

Phosphorus, Total 0.0030 mg/L 0.03 0.0056 0.0094 0.0069 0.0075

Sulfate (SO4) 0.30 mg/L 20.0 17.2 18.9 18.1

      

    

Aluminum (Al)-Total 0.010 mg/L 0.075 <0.010 <0.010 <0.010 <0.010

Antimony (Sb)-Total 0.00010 mg/L 0.02 <0.00010 0.00011 <0.00010 0.00018

Arsenic (As)-Total 0.00010 mg/L 0.1 0.00017 0.00020 0.00017 0.00049

Barium (Ba)-Total 0.00020 mg/L 0.0609 0.0519 0.0586 0.00840

Beryllium (Be)-Total 0.00010 mg/L 0.011 <0.00010 <0.00010 <0.00010 <0.00010

Bismuth (Bi)-Total 0.000050 mg/L <0.000050 <0.000050 <0.000050 <0.000050

Boron (B)-Total 0.010 mg/L 0.2 0.010 0.011 0.011 0.011

Cadmium (Cd)-Total 0.000010 mg/L 0.0002 0.000050 0.000052 0.000042 <0.000010

Calcium (Ca)-Total 0.50 mg/L 83.0 74.8 80.2 30.6

Cesium (Cs)-Total 0.000010 mg/L <0.000010 <0.000010 <0.000010 <0.000010

Chromium (Cr)-Total 0.00050 mg/L <0.00050 <0.00050 <0.00050 <0.00050

Cobalt (Co)-Total 0.00010 mg/L 0.0009 <0.00010 <0.00010 <0.00010 <0.00010

Copper (Cu)-Total 0.0010 mg/L 0.005 <0.0010 <0.0010 <0.0010 <0.0010

Iron (Fe)-Total 0.050 mg/L 0.3 <0.050 <0.050 <0.050 <0.050

Lead (Pb)-Total 0.00010 mg/L 0.001 <0.00010 <0.00010 <0.00010 <0.00010

Magnesium (Mg)-Total 0.050 mg/L 28.0 24.8 24.8 6.98

Manganese (Mn)-Total 0.00050 mg/L 0.0103 0.0145 0.0101 0.0150

Molybdenum (Mo)-Total 0.000050 mg/L 0.04 0.000432 0.000412 0.000419 <0.000050

Nickel (Ni)-Total 0.00050 mg/L 0.025 <0.00050 <0.00050 0.00053 <0.00050

Potassium (K)-Total 0.050 mg/L 1.24 1.11 1.15 2.02

Rubidium (Rb)-Total 0.00020 mg/L 0.00135 0.00122 0.00127 0.00105

Selenium (Se)-Total 0.000050 mg/L 0.1 0.000154 0.000160 0.000145 <0.000050

Silicon (Si)-Total 0.050 mg/L 5.24 4.89 4.84 0.716

Silver (Ag)-Total 0.000050 mg/L 0.0001 <0.000050 <0.000050 <0.000050 <0.000050

Physical Tests (Water)

Anions and Nutrients (Water)

Total Metals (Water)



Strontium (Sr)-Total 0.0010 mg/L 0.107 0.107 0.109 0.0412

Sulfur (S)-Total 0.50 mg/L 7.40 6.42 6.59 <0.50

Tellurium (Te)-Total 0.00020 mg/L <0.00020 <0.00020 <0.00020 <0.00020

Thallium (Tl)-Total 0.000010 mg/L 0.0003 0.000017 0.000013 0.000012 <0.000010

Thorium (Th)-Total 0.00010 mg/L <0.00010 <0.00010 <0.00010 <0.00010

Tin (Sn)-Total 0.00010 mg/L <0.00010 <0.00010 <0.00010 <0.00010

Titanium (Ti)-Total 0.00030 mg/L <0.00030 <0.00030 <0.00030 <0.00030

Tungsten (W)-Total 0.00010 mg/L 0.03 <0.00010 <0.00010 <0.00010 <0.00010

Uranium (U)-Total 0.000010 mg/L 0.005 0.000577 0.000501 0.000538 <0.000010

Vanadium (V)-Total 0.00050 mg/L 0.006 <0.00050 <0.00050 <0.00050 <0.00050

Zinc (Zn)-Total 0.0030 mg/L 0.02 0.0890 0.0760 0.0759 <0.0030

Zirconium (Zr)-Total 0.00030 mg/L 0.004 <0.00030 <0.00030 <0.00030 <0.00030
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11.89 - 13.41 mClair - Maltby

MW1-S

4817762.85

J. Melchin

Clair - Maltby Subwatershed Study

0.42 m

NAD83 17T

52.5 mm PVC Sched. 40

10.87 - 13.41 m152 mmHighland Water Well Drilling Inc

337.198 masl

0.00 to 7.62 m bgs logged from MW1-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

Water Level =
334.51 masl
(August 24,
2016)

52.5 mm Sched.
40

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

Backfill

NA

NA

NA

NA

NA

NA

NA

NA

NA

CS

CS

CS

CS

CS

CS

CS

CS

CS
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CLAYEY SILT, trace fine to coarse sand, brown, dry

SANDY GRAVEL, coarse sand, fine to very coarse
gravel, brown, poorly sorted, angular to subrounded,
dry

@ 9.14 m bgs: drill producing water

END OF BOREHOLE @ 13.72 m bgs

0 /
337.20

1.52 /
335.67

13.72 /
323.48

NA

NA

NA

NA

NA

NA

NA

NA

NA



Project Area: Screened Interval:

Slot Size: Easting:Project No.(MSI): Total Depth:

Casing Diameter:

Northing:

Details

Drill Rig:

Client:

m
 a
s
l

m
 b
g
s

Screen Type:

DRILLING LOG

Date:

Field Staff:

Completion

L
it
h
o
lo
g
y

Stick Up:

Datum/Zone:

Sand Pack:Boring Diameter:Driller:

%
 R
e
c
o
v
e
ry

(N Value)

Blow Counts

T
y
p
e

S
a
m
p
le

S
a
m
p
le
 I
D

E
le
v
. 
(m
 a
s
l)

D
e
p
th
 (
m
 b
g
s
)/

Stratigraphic Description

Ground Elevation:

NOTES:

Page 1 of 1

335

334

333

332

331

330

329

328

327

326

325

324

323

322

321

320

319

318

317

316

315

314

313

312

311

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

52.5 mm

0.01" 566680.8323089

August 3, 2016

23.16 m

Foremost DR-12

City of Guelph

19.20 - 20.73 mClair - Maltby

MW2-D

4817418.83

S. Miller/J. Melchin

Clair - Maltby Subwatershed Study

0.83 m

NAD83 17T

52.5 mm PVC Sched. 40

17.37 - 23.16 m152 mmHighland Water Well Drilling Inc

335.294 masl

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Water Level =
331.36 masl
(August 24,
2016)

Bentonite Grout

52.5 mm Sched.
40

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No.3 Sand

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

CS

CS

CS

CS

CS

CS

CS
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55

60

65

70

75

SANDY GRAVEL, fine to coarse sand, medium to fine
gravel fining downwards, brown, poorly sorted, angular
to subrounded, dry

@4.57 m bgs: moist

@ 6.10 m bgs: drill producing water

GRAVELLY SAND, fine to coarse sand, fine to medium
gravel, grey, poorly sorted, angular to sub rounded,
saturated

fine to very fine SAND, fining downwards, grey, well
sorted, saturated

SILTY fine SAND, grey, moderately well sorted,
saturated

GRAVELY SAND, medium to coarse sand, fine to
medium gravel, poorly sorted, subangular to
subrounded, saturated

END OF BOREHOLE @ 23.16 m bgs

0 /
335.29

9.14 /
326.15

10.67 /
324.63

15.85 /
319.44

18.29 /
317.01

23.16 /
312.13

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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52.5 mm

0.01" 566681.6723089

August 4, 2016

9.14 m

Foremost DR-12

City of Guelph

6.71 - 8.23 mClair - Maltby

MW2-S

4817425.33

S. Miller/J. Melchin

Clair - Maltby Subwatershed Study

0.91 m

NAD83 17T

52.5 mm PVC Sched. 40

5.79 - 9.14 m152 mmHighland Water Well Drilling Inc

335.402 masl

0.00 to 6.10 m bgs logged from MW2-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Chips

Water Level =
331.78 masl
(August 24,
2016)

52.5 mm Sched.
40

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No.3 Sand

NA

NA

NA

NA

NA

NA

CS

CS

CS

CS

CS

CS

5

10

15

20

25

30

SANDY GRAVEL, fine to coarse sand, medium to fine
gravel fining downwards, brown, poorly sorted, angular
to subrounded, dry

@ 4.57 m bgs: moist

@ 6.10 m bgs: drill producing water

END OF BOREHOLE @ 9.14 m bgs

0 /
335.40

9.14 /
326.26

NA

NA

NA

NA

NA

NA
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52.5 mm

0.01" 568080.2323089

July 25, 2016

35.66 m

Foremost DR-12

City of Guelph

32.61 - 34.14 mClair - Maltby

MW3-D

4816950.32

S. Miller

Clair - Maltby Subwatershed Study

0.70 m

NAD83 17T

52.5 mm PVC Sched. 40

30.78 - 35.05 m152 mmHighland Water Well Drilling Inc

350.052 masl

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
331.44 masl
(August 24,
2016)

No. 3 Sand

Coated
Bentonite Chips

No. 3 Sand

0.01" Screen

No.3 Sand

Coated
Bentonite Chips

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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fine to medium SAND, some fine to coarse gravel,
brown, poorly sorted, subangular to subrounded
gravel, dry

@18.90 m bgs: moist

medium SAND, brown, well sorted, wet, loose

fine to coarse GRAVEL, some coarse sand, poorly
sorted, angular to subrounded, wet

SILTY fine to coarse SAND, trace fine to coarse gravel,
grey, poorly sorted, wet

PROBABLE BEDROCK

END OF BOREHOLE @ 35.66 m bgs

0 /
350.05

24.38 /
325.67
25.91 /
324.14

33.53 /
316.52

35.36 /
314.70

35.66 /
314.39

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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Stratigraphic Description
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52.5 mm

0.01" 568083.1623089

July 26, 2016

23.16 m

Foremost DR-12

City of Guelph

21.64 - 23.16 mClair - Maltby

MW3-S

4816948.56

S. Miller

Clair - Maltby Subwatershed Study

0.68 m

NAD83 17T

52.5 mm PVC Sched. 40

19.51 - 23.16 m152 mmHighland Water Well Drilling Inc

349.947 masl

0.00 to 19.81 m bgs logged from MW3-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
331.76 masl
(August 24,
2016)

Coated
Bentonite Chips

No. 3 Sand

0.01" Screen

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

CS

CS

CS

CS

CS

CS

CS
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CS
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fine to medium SAND, some fine to coarse gravel,
brown, poorly sorted, subangular to subrounded
gravel, dry

@18.90 m bgs: moist

END OF BOREHOLE @ 23.16 m bgs

0 /
349.95

23.16 /
326.78

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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Stratigraphic Description
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52.5 mm

0.01" 566169.1723089

August 22, 2016

29.87 m

Foremost DR-12

City of Guelph

26.82 - 28.35 mClair - Maltby

MW4-D

4816485.40

D. Martin

Clair - Maltby Subwatershed Study

0.76 m

NAD83 17T

52.5 mm PVC Sched. 40

26.00 - 29.08  m152 mmHighland Water Well Drilling Inc

349.598 masl

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
336.83 masl
(August 24,
2016)

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No.3 Sand

Coated
Bentonite Chips

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
NA
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SILTY fine to coarse SAND, some fine to medium
gravel, grey, poorly sorted, angular, damp (TILL)

@6.10 m bgs: cleaner SILTY SAND lense, trace fine
gravel

fine to coarse SAND, some fine gravel, trace silt, grey,
poorly sorted, subrounded, damp

fine to course SANDY SILT to SILTY SAND, occasional
layers of fine to medium gravel, grey, very poorly
sorted, angular (possible TILL)
@13.72 m bgs: saturated

@ 16.76  m bgs: lense of increased SILT content

@ 22.86 m bgs: layer of fine GRAVELY coarse SAND,
trace silt, poorly sorted

@ 27.43 m bgs: layer of fine GRAVELY coarse SAND,
trace silt, poorly sorted
@ 28.96 m bgs: layer of fine GRAVELY coarse SAND,
trace silt, poorly sorted

PROBABLE BEDROCK

END OF BOREHOLE @ 29.87 m bgs

0 /
349.60

9.91 /
339.69

11.43 /
338.17

29.57 /
320.03
29.87 /
319.73

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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Stratigraphic Description

Ground Elevation:

NOTES:
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52.5 mm

0.01" 566170.8323089

August 22 - 23, 2016

21.34 m

Foremost DR-12

City of Guelph

19.40 - 20.93 mClair - Maltby

MW4-S

4816488.20

D. Martin

Clair - Maltby Subwatershed Study

0.81 m

NAD83 17T

52.5 mm PVC Sched. 40

18.36 - 21.34  m152 mmHighland Water Well Drilling Inc

349.633 masl

0.00 to 16.76 m bgs logged from MW4-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
339.34 masl
(August 24,
2016)

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No.3 Sand

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS
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SILTY fine to coarse SAND, some fine to medium
gravel, grey, poorly sorted, angular, damp (TILL)

@6.10 m bgs: cleaner SILTY SAND lense, trace fine
gravel

fine to coarse SAND, some fine gravel, trace silt, grey,
poorly sorted, subrounded, damp

fine to course SANDY SILT to SILTY SAND, occasional
layers of fine to medium gravel, grey, very poorly
sorted, angular, damp (possible TILL)

@13.72 m bgs: saturated

@ 16.76  m bgs: lense of increased SILT content

END OF BOREHOLE @ 21.34 m bgs

0 /
349.63

9.91 /
339.73

11.43 /
338.20

21.34 /
328.30

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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52.5 mm

0.01" 567001.0323089

August 10 - 11, 2016

25.30 m

Foremost DR-12

City of Guelph

22.56 - 24.08 mClair - Maltby

MW5-D

4816336.75

D. Martin

Clair - Maltby Subwatershed Study

0.71 m

NAD83 17T

52.5 mm PVC Sched. 40

21.79 - 24.69 m152 mmHighland Water Well Drilling Inc

340.167 masl

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Water Level =
338.93 masl
(August 24,
2016)

Bentonite Grout

52.5 mm Sched.
40

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No. 1 Sand

Coated
Bentonite Chips

NA

NA

NA
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NA

NA

NA

NA

NA

NA
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83

fine clean GRAVEL, well sorted, angular to sub
rounded, dry

medium to coarse SAND and fine to medium GRAVEL,
brown, moderately well sorted, well rounded, dry

SILTY GRAVELY fine to coarse SAND, fine gravel,
brown, poorly sorted, angular to subangular, saturated
(TILL)

coarse SAND and fine GRAVEL, brown, moderately
well sorted, well rounded, saturated

SILTY very coarse SAND, some fine gravel, grey,
poorly sorted, angular, saturated

fine to very coarse GRAVEL up to COBBLES, some
coarse sand, poorly sorted, subrounded

coarse SAND fining downwards to fine SAND, grey,
well sorted, sub rounded, saturated

@22.86 m bgs: very trace SILT

PROBABLE BEDROCK

END OF BOREHOLE @ 25.30 m bgs

0 /
340.17

1.52 /
338.64

3.05 /
337.12

8.38 /
331.79

11.43 /
328.74

14.48 /
325.69

16.76 /
323.40

24.38 /
315.78

25.30 /
314.87

NA

NA

NA

NA

NA

NA

NA

NA

NA
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NA

NA

NA

NA

NA

NA

NA
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52.5 mm

0.01" 566998.5623089

August 11, 2016

17.07 m

Foremost DR-12

City of Guelph

15.24 - 16.76 mClair - Maltby

MW5-S

4816334.91

D. Martin

Clair - Maltby Subwatershed Study

0.76 m

NAD83 17T

52.5 mm PVC Sched. 40

13.72 - 16.76 m152 mmHighland Water Well Drilling Inc

340.163 masl

0.00 to 10.67 m bgs logged from MW5-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Water Level =
339.39 masl
(August 24,
2016)

Bentonite Grout

52.5 mm Sched.
40

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

5

10

15

20

25

30

35

40

45

50

55

fine GRAVEL, well sorted, angular to sub rounded, dry

medium to coarse SAND and fine to medium GRAVEL,
brown, moderately well sorted, well rounded, dry

SILTY GRAVELY fine to coarse SAND, fine gravel,
brown, poorly sorted, angular to subangular, saturated
(TILL)

coarse SAND and fine GRAVEL, brown, moderately
well sorted, well rounded, saturated

SILTY very coarse SAND, some fine gravel, grey,
poorly sorted, angular, saturated

fine to very coarse GRAVEL up to COBBLES, some
coarse sand, fine to very coarse gravel, poorly sorted,
subrounded

END OF BOREHOLE @ 17.07 m bgs

0 /
340.16

1.52 /
338.64

3.05 /
337.12

8.38 /
331.78

11.43 /
328.73

14.48 /
325.69

17.07 /
323.09
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NA

NA

NA
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Stratigraphic Description
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52.5 mm

0.01" 567400.4223089

August 15, 2016

38.10 m

Foremost DR-12

City of Guelph

35.05 - 36.58 mClair - Maltby

MW6-D

4816249.90

D. Martin

Clair - Maltby Subwatershed Study

0.79 m

NAD83 17T

52.5 mm PVC Sched. 40

34.32 - 36.88 m152 mmHighland Water Well Drilling Inc

352.380 masl

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
333.88 masl
(August 24,
2016)

Natural Slough

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No. 1 Sand

Natural Slough

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS
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95
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105
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115

120

124

GRAVELY SAND, fine to coarse sand, fine to medium
gravel, brown, poorly sorted, subangular to
subrounded, dry to damp

@ 9.91 to 12.95 m bgs: GRAVEL, some fine to coarse
SAND

fine to very coarse SANDY SILT to SILTY SAND, brown,
poorly sorted, angular to subangular, damp

fine to medium SAND coarsening downwards to a
GRAVELY SAND, angular to subrounded, damp
@18.29 m bgs: saturated

SILT, trace clay, trace coarse sand, grey, poorly sorted,
saturated

SILTY fine to medium SAND, fining downwards, brown,
poorly sorted, saturated, very loose

GRAVELY SAND (fine to medium gravel, fine to coarse
sand), trace silt, grey, poorly sorted, saturated

SILTY CLAY, some fine GRAVEL, grey, poorly sorted,
angular to subangular, saturated (TILL)

END OF BOREHOLE @ 37.80 m bgs

0 /
352.38

14.48 /
337.90
16.00 /
336.38

22.10 /
330.28
23.62 /
328.76

35.81 /
316.57
37.19 /
315.19

37.80 /
314.58
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Stratigraphic Description

Ground Elevation:

NOTES:
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52.5 mm

0.01" 567401.0723089

August 16-17, 2016

23.17 m

Foremost DR-12

City of Guelph

21.39 - 22.91 mClair - Maltby

MW6-S

4816246.66

D. Martin

Clair - Maltby Subwatershed Study

0.79 m

NAD83 17T

52.5 mm PVC Sched. 40

20.27 - 23.16 m152 mmHighland Water Well Drilling Inc

352.406 masl

0.00 to 15.24 m bgs logged from MW6-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
334.07 masl
(August 24,
2016)

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No. 1 Sand

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

GRAVELY SAND, fine to coarse sand, fine to medium
gravel, brown, poorly sorted, subangular to
subrounded, dry to damp

@ 9.91 to 12.95 m bgs: GRAVEL, some fine to coarse
SAND

fine to very coarse SANDY SILT to SILTY SAND, brown,
poorly sorted, angular to subangular, damp

fine to medium SAND coarsening downwards to a
poorly sorted GRAVELY SAND, angular to subrounded,
damp

@18.29 m bgs: saturated

SILT, trace clay, trace coarse sand, grey, poorly sorted,
saturated

END OF BOREHOLE @ 22.86 m bgs

0 /
352.41

14.48 /
337.93

16.00 /
336.40

22.10 /
330.31
22.86 /
329.55
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Stratigraphic Description

Ground Elevation:

NOTES:
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52.5 mm

0.01" 565478.7223089

August 23, 2016

35.46 m

Foremost DR-12

City of Guelph

33.07 - 34.59 mClair - Maltby

MW7-D

4815512.35

D. Martin

Clair - Maltby Subwatershed Study

0.76 m

NAD83 17T

52.5 mm PVC Sched. 40

32.16 - 34.82 m152 mmHighland Water Well Drilling Inc

347.035 masl

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
331.94 masl
(August 24,
2016)

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No.3 Sand

Coated
Bentontite
Chips

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS
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GRAVELY SAND (fine to medium gravel, medium to
coarse sand), brown, poorly sorted, subrounded, dry

SILT, trace clay coarsening downwards to SANDY SILT,
trace fine gravel, brown, angular, dry

SANDY GRAVEL, medium to coarse sand, fine to
medium gravel, brown, poorly sorted, angular to
subangular, moist

medium to coarse SAND fining downwards, grey, well
sorted, saturated

SANDY SILT to SILTY SAND fining downwards to SILT,
grey, well sorted, saturated

CLAYEY SILT, grey, moderately well sorted, saturated

SANDY GRAVEL, fine gravel, fine to coarse sand, grey,
poorly sorted, angular to subangular, saturated

END OF BOREHOLE @ 35.36 m bgs

0 /
347.04

5.33 /
341.70

11.43 /
335.61

20.57 /
326.46

26.67 /
320.37

31.24 /
315.79

32.77 /
314.27

35.36 /
311.68
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Stratigraphic Description

Ground Elevation:

NOTES:
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52.5 mm

0.01" 566248.1123089

August 9, 2016

27.74 m

Foremost DR-12

City of Guelph

17.68 - 19.20 mClair - Maltby

MW8-D

4815489.34

D. Martin/J. Melchin

Clair - Maltby Subwatershed Study

0.87 m

NAD83 17T

52.5 mm PVC Sched. 40

16.15 - 19.81 m152 mmHighland Water Well Drilling Inc.

338.477 masl

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Water Level =
333.96 masl
(August 24,
2016)

Bentonite Grout

52.5 mm Sched.
40

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

No. 1 Sand

Natural Sand
and Gravel

Coated
Bentontite
Chips

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

5
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55

60

65

70

75

80

85

90

fine to coarse SAND and fine to medium GRAVEL, trace
silt, brown, poorly sorted, angular to sub-rounded,
damp to moist

@4.57 m bgs: saturated

very coarse SAND and fine GRAVEL, slight coarsening
downwards to medium coarse gravel, grey, moderately
well sorted, saturated

SILTY CLAY, some fine to coarse sand, some fine to
medium gravel, grey, very poorly sorted, angular,
saturated (TILL)

SAND and fine GRAVEL, poorly sorted, subrounded

PROBABLE BEDROCK

END OF BOREHOLE @ 27.74 m bgs

0 /
338.48

12.95 /
325.52

23.62 /
314.86

27.13 /
311.35

27.43 /
311.05

27.74 /
310.74
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Stratigraphic Description

Ground Elevation:

NOTES:
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52.5 mm

0.01" 566250.1123089

August 10, 2016

7.62 m

Foremost DR-12

City of Guelph

6.10 - 7.62 mClair - Maltby

MW8-S

4815493.95

D. Martin

Clair - Maltby Subwatershed Study

0.84 m

NAD83 17T

52.5 mm PVC Sched. 40

5.18 - 7.62 m152 mmHighland Water Well Drilling Inc

338.481 masl

0.00 to 6.10 m bgs logged from MW8-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
336.17 masl
(August 24,
2016)

Coated
Bentonite Chips

No. 1 Sand

0.01" Screen

CS

CS

CS

CS

CS

5

10

15

20

25

fine to coarse SAND and fine to medium GRAVEL, trace
silt, brown, poorly sorted, angular to sub-rounded,
damp to moist

@4.57 m bgs: saturated

END OF BOREHOLE @ 7.62 m bgs

0 /
338.48

7.62 /
330.86
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Stratigraphic Description

Ground Elevation:

NOTES:
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52.5 mm

0.01" 566970.1623089

August 4, 2016

37.03 m

Foremost DR-12

City of Guelph

32.00 - 33.53 mClair - Maltby

MW9-D

4815294.75

S. Miller/J. Melchin

Clair - Maltby Subwatershed Study

0.55 m

NAD83 17T

52.5 mm PVC Sched. 40

29.26 - 36.58 m152 mmHighland Water Well Drilling Inc

350.505 masl

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

152 mm Steel
Casing

Bentonite Chips

52.5 mm Sched.
40

Water Level =
333.51 masl
(August 24,
2016)

152 mm Casing
Shoe

Natural Sand
and Gravel

0.01" Screen

Natural Sand
and Gravel

Coated
Bentontite
Chips

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS
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120

GRAVELY SAND (fine gravel, medium to coarse sand)
coarsening with depth, brown, moderately well sorted,
subrounded to rounded, dry
@1.52 m bgs: some silt, trace clay

@ 15.24 m bgs: trace silt

fine to medium SAND, brown, moderately well sorted,
dry

medium to coarse SAND and fine GRAVEL, brown,
moderately well sorted, subrounded to rounded,
saturated

medium to very coarse SAND, trace fine gravel, fining
slightly with depth, brown, subrounded, saturated

very fine SANDY SILT, fining downwards to silt, grey,
well sorted, saturated

fine to medium GRAVEL, trace to some coarse sand,
grey, subangular to subrounded, saturated

PROBABLE BEDROCK

END OF BOREHOLE @ 37.03 m bgs

0 /
350.51

16.00 /
334.50
17.53 /
332.98

23.62 /
326.88

28.19 /
322.31

31.24 /
319.26

36.58 /
313.93

37.03 /
313.47
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Stratigraphic Description

Ground Elevation:

NOTES:
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52.5 mm

0.01" 566972.1523089

August 8, 2016

23.16 m

Foremost DR-12

City of Guelph

21.64 - 23.16 mClair - Maltby

MW9-S

4815292.49

S.Miller/J. Melchin

Clair - Maltby Subwatershed Study

0.46 m

NAD83 17T

52.5 mm PVC Sched. 40

20.42 - 23.16 m152 mmHighland Water Well Drilling Inc

350.456 masl

0.00 to 18.29 m bgs logged from MW9-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

Bentonite Grout

52.5 mm Sched.
40

Water Level =
333.45 masl
(August 24,
2016)

Bentonite Chips

No. 1 Sand

0.01" Screen

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS
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10

15
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40

45

50

55

60

65

70

75

GRAVELY SAND, fine gravel, medium to coarse sand
coarsening with depth, brown, subrounded to rounded,
dry
@1.52 m bgs: some silt, trace clay

@ 15.24 m bgs: trace silt

fine to medium SAND, brown, moderately well sorted,
dry

medium to coarse SAND and fine GRAVEL, brown,
subrounded to rounded, saturated

END OF BOREHOLE @ 23.16 m bgs

0 /
350.46

16.00 /
334.45

17.53 /
332.93

23.16 /
327.29



 

 

Appendix B2 
Geophysical Logs 

  



Client:
Well Name:

Measuring Point:

Location:
Measuring Point Elev:

Project No: Logging Date:
Logged By:

033-188 September 23, 2016
1 Kilkenny Guelph
MW1-D

Ground SurfaceMatrix Solutions
N/A
J. Dion

Depth

1m:100m

Gamma Run 1

0 150cps

Gamma Run 2

0 150cps
 0

 5

10

15

20



Client:
Well Name:

Measuring Point:

Location:
Measuring Point Elev:

Project No: Logging Date:
Logged By:

033-188 September 23, 2016
12 Kilkenny Pl. Guelph
MW2-D

Ground SurfaceMatrix Solutions Inc
N/A
J. Dion

Depth

1m:110m

Gamma Run 1

0 150cps

Gamma Run 2

0 150cps

 0

 5

10

15

20



Client:
Well Name:

Measuring Point:

Location:
Measuring Point Elev:

Project No: Logging Date:
Logged By:

033-188 September 23, 2015
500 Maltby Guelph
MW3-D

Ground SurfaceMatrix Solutions
N/A
J. Dion

Depth

1m:170m

Gamma Run 1

0 150cps

Gamma Run 2

0 150cps
 0

 5

10

15

20

25

30



 

 

Appendix B3 
Monitoring Well Hydrographs 

  







































































 

 

Appendix B4 
Laboratory Certificates of Analysis 

  



[This report shall not be reproduced except in full without the written authority of the Laboratory.]

19-OCT-16

Lab Work Order #: L1845890

Date Received:MATRIX SOLUTIONS INC.

31 Beacon Point Court
Breslau  ON  N0B 1M0

ATTN: Scott Miller
FINAL
27-OCT-16 09:12 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

Gayle Braun
Senior Account Manager

ADDRESS: 309 Exeter Road Unit #29, London, ON  N6L 1C1 Canada | Phone: +1 519 652 6044 | Fax: +1 519 652 0671

Client Phone: 519-772-3777

23089-528Job Reference: 
CLAIRE-MALTBYProject P.O. #: 

81837C of C Numbers:
Legal Site Desc: 



27-OCT-16 09:12 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1845890 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

7

WATER

WATER WATER WATER WATER WATER

19-OCT-16 19-OCT-16 19-OCT-16 19-OCT-16 19-OCT-16

23089161019001
MW7

23089161019002
MW8D

23089161019003
MW8S

23089161019004
MW6D

23089161019005
MW6S

L1845890-1 L1845890-2 L1845890-3 L1845890-4 L1845890-5

10:30 12:30 12:50 15:30 15:55

Conductivity (umhos/cm)

pH (pH units)

Total Dissolved Solids (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Computed Conductivity (uS/cm)

Conductivity % Difference (%)

Hardness (as CaCO3) (mg/L)

Ion Balance (%)

Langelier Index

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Total Kjeldahl Nitrogen (mg/L)

Saturation pH (pH)

TDS (Calculated) (mg/L)

Sulfate (SO4) (mg/L)

Anion Sum (me/L)

Cation Sum (me/L)

Cation - Anion Balance (%)

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Cesium (Cs)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

696 1180 569 460 602

7.44 7.23 7.25 7.64 7.53

386 639 295 259 351

276 336 288 229 282

<10 <10 <10 <10 <10

<10 <10 <10 <10 <10

276 336 288 229 282

39.6 189 14.4 4.32 9.21

630 1060 493 416 561

-9.8 -10.7 -14.3 -10.0 -7.1

325 388 288 213 295

109 101 112 112 108

0.3 0.3 0.2 0.3 0.4

0.318 1.49 1.04 <0.020 <0.020

0.028 <0.050 <0.010 <0.010 <0.010

<0.15 0.51 0.76 0.19 0.28

7.11 6.95 7.08 7.35 7.16

383 656 303 254 348

47.4 32.0 4.79 24.7 55.6

6.67 11.6 5.31 4.40 6.05

7.27 11.7 5.96 4.94 6.52

4.3 0.3 5.8 5.7 3.8

FIELD FIELD FIELD FIELD FIELD

<0.0050 <0.0050 <0.0050 <0.0050 <0.0050

0.00017 0.00012 0.00036 <0.00010 0.00030

0.00037 <0.00010 0.00028 0.00166 0.00104

0.127 0.144 0.0167 0.121 0.124

<0.00010 <0.00010 <0.00010 <0.00010 <0.00010

<0.000050 <0.000050 <0.000050 <0.000050 <0.000050

<0.010 0.013 0.011 0.012 0.014

0.000015 0.000067 0.000043 <0.000010 <0.000010

79.3 105 77.7 50.9 69.2

<0.000010 <0.000010 <0.000010 <0.000010 <0.000010

<0.00050 <0.00050 <0.00050 <0.00050 <0.00050

0.00062 0.00085 0.00018 0.00013 0.00020

0.00103 0.00201 0.00158 0.00037 0.00046

0.024 <0.010 <0.010 0.067 0.012

Physical Tests

Anions and 
Nutrients

Dissolved Metals

DLDS DLDS DLDS DLDS DLDS

DLDS

DLDS

DLDS

DLDS



27-OCT-16 09:12 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1845890 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

7

WATER

WATER WATER

19-OCT-16 19-OCT-16

23089161019006
MW5S

23089161019007
MW5D

L1845890-6 L1845890-7

17:15 17:30

Conductivity (umhos/cm)

pH (pH units)

Total Dissolved Solids (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Computed Conductivity (uS/cm)

Conductivity % Difference (%)

Hardness (as CaCO3) (mg/L)

Ion Balance (%)

Langelier Index

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Total Kjeldahl Nitrogen (mg/L)

Saturation pH (pH)

TDS (Calculated) (mg/L)

Sulfate (SO4) (mg/L)

Anion Sum (me/L)

Cation Sum (me/L)

Cation - Anion Balance (%)

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Cesium (Cs)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

750 663

7.17 7.17

430 396

327 366

<10 <10

<10 <10

327 366

10.0 11.9

712 617

-5.3 -7.2

410 347

112 101

0.2 0.3

0.429 <0.020

0.056 <0.010

0.62 4.1

6.94 6.92

446 394

89.4 36.0

7.54 7.09

8.48 7.16

5.9 0.4

FIELD FIELD

<0.0050 <0.0050

0.00041 <0.00010

0.00333 0.00080

0.126 0.145

<0.00010 <0.00010

<0.000050 <0.000050

<0.010 <0.010

0.000019 <0.000010

105 94.3

<0.000010 0.000011

<0.00050 <0.00050

0.00092 0.00011

0.00046 <0.00020

0.346 2.25

Physical Tests

Anions and 
Nutrients

Dissolved Metals

DLDS DLDS

DLM



27-OCT-16 09:12 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1845890 CONTD....
4PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

7

WATER

WATER WATER WATER WATER WATER

19-OCT-16 19-OCT-16 19-OCT-16 19-OCT-16 19-OCT-16

23089161019001
MW7

23089161019002
MW8D

23089161019003
MW8S

23089161019004
MW6D

23089161019005
MW6S

L1845890-1 L1845890-2 L1845890-3 L1845890-4 L1845890-5

10:30 12:30 12:50 15:30 15:55

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Rubidium (Rb)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Sulfur (S)-Dissolved (mg/L)

Tellurium (Te)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Thorium (Th)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Tungsten (W)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

Zirconium (Zr)-Dissolved (mg/L)

0.000155 0.000614 0.000051 <0.000050 <0.000050

0.0032 0.0034 <0.0010 0.0027 0.0017

30.7 30.5 22.8 20.8 29.7

0.0787 0.0434 0.00707 0.0154 0.0453

0.00118 0.000662 0.000655 0.00230 0.00323

0.00174 0.00310 0.00945 <0.00050 <0.00050

<0.050 <0.050 <0.050 <0.050 <0.050

1.55 3.18 1.29 1.28 2.20

0.00127 0.00225 0.00069 0.00075 0.00159

0.000098 0.000251 0.000132 <0.000050 0.000053

6.12 5.51 3.66 6.43 4.20

<0.000050 <0.000050 <0.000050 <0.000050 <0.000050

17.1 88.3 4.17 15.1 13.0

0.114 0.180 0.115 0.123 0.256

15.5 10.9 1.48 8.63 18.1

<0.00020 <0.00020 <0.00020 <0.00020 <0.00020

0.000018 0.000048 <0.000010 <0.000010 <0.000010

<0.00010 <0.00010 <0.00010 <0.00010 <0.00010

0.00055 <0.00010 0.00123 0.00016 0.00061

<0.00030 <0.00030 <0.00030 <0.00030 <0.00030

<0.00010 <0.00010 <0.00010 <0.00010 <0.00010

0.00148 0.000649 0.000231 0.00202 0.00545

<0.00050 <0.00050 <0.00050 <0.00050 <0.00050

0.0149 0.192 0.0101 0.0038 0.0509

<0.00030 <0.00030 <0.00030 <0.00030 <0.00030

Dissolved Metals



27-OCT-16 09:12 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1845890 CONTD....
5PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

7

WATER

WATER WATER

19-OCT-16 19-OCT-16

23089161019006
MW5S

23089161019007
MW5D

L1845890-6 L1845890-7

17:15 17:30

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Rubidium (Rb)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Sulfur (S)-Dissolved (mg/L)

Tellurium (Te)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Thorium (Th)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Tungsten (W)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

Zirconium (Zr)-Dissolved (mg/L)

0.000154 <0.000050

0.0043 0.0018

35.8 27.0

0.159 0.0829

0.0235 0.000176

0.00372 0.00090

<0.050 <0.050

1.63 0.837

0.00240 0.00075

0.000167 <0.000050

4.01 9.08

<0.000050 <0.000050

5.53 4.71

0.143 0.135

31.0 11.6

<0.00020 <0.00020

0.000020 <0.000010

<0.00010 <0.00010

<0.00010 <0.00010

<0.00030 0.00038

<0.00010 <0.00010

0.0240 0.000113

<0.00050 0.00062

0.0276 0.0019

<0.00030 0.00051

Dissolved Metals



Reference Information

DLDS

DLM

MS-B

Detection Limit Raised: Dilution required due to high Dissolved Solids / Electrical Conductivity.

Detection Limit Adjusted due to sample matrix effects (e.g. chemical interference, colour, turbidity).

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:
DescriptionQualifier

27-OCT-16 09:12 (MT)

L1845890 CONTD....
6PAGE of

ALK-SPEC-WT
CL-IC-WT

EC-WT

IONBALANCE-OP03-WT
MET-D-CCMS-WT

NO2-IC-WT

NO3-IC-WT

PH-ALK-WT

SO4-IC-N-WT

SOLIDS-TDS-WT

TKN-WT

Speciated Alkalinity

Chloride by IC

Conductivity

Detailed Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Nitrite in Water by IC

Nitrate in Water by IC

pH

Sulfate in Water by IC

Total Dissolved Solids

Total Kjeldahl Nitrogen

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

Water samples can be measured directly by immersing the conductivity cell into the sample.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are analyzed directly by a calibrated pH meter.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

A well-mixed sample is filtered though glass fibres filter.  A known volume of the filtrate is evaporated and dried at 105–5�C overnight and then 
180–10�C for 1hr.

Sample is digested to convert the TKN to ammonium sulphate. The ammonia ions are heated to produce a colour complex. The absorbance 
measured by the instrument is proportional to the concentration of ammonium sulphate in the sample and is reported as TKN.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

EPA 310.2

EPA 300.1 (mod)

APHA 2510 B

APHA 1030E, 2330B, 2510A

APHA 3030B/6020A (mod)

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500 H-Electrode

EPA 300.1 (mod)

APHA 2540C

APHA 4500-N

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix
Test Method References:

Version: FINAL

Applies to Sample Number(s)Parameter Qualifier

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

L1845890-1, -2, -3, -4, -5, -6, -7

Barium (Ba)-Dissolved

Calcium (Ca)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Silicon (Si)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Uranium (U)-Dissolved

Sulfate (SO4)

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

QC Samples with Qualifiers & Comments:

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

QC Type Description

7
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The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

WT ALS ENVIRONMENTAL - WATERLOO, ONTARIO, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

81837

Version: FINAL

7



Quality Control Report
Page 1 of

Client:

Contact:

MATRIX SOLUTIONS INC.

31 Beacon Point Court 

Breslau  ON  N0B 1M0

Scott Miller

Report Date: 27-OCT-16Workorder: L1845890

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ALK-SPEC-WT

CL-IC-WT

EC-WT

MET-D-CCMS-WT

Water

Water

Water

Water

R3576806

R3579307

R3575583

R3576471

Batch

Batch

Batch

Batch

CRM

LCS

MB

LCS

LCS

MB

MB

LCS

MB

LCS

WG2415367-3

WG2415367-2

WG2415367-1

WG2415943-12

WG2415943-7

WG2415943-11

WG2415943-6

WG2414036-14

WG2414036-13

WG2415171-2

WT-ALK-CRM
Alkalinity, Total (as CaCO3)

Alkalinity, Total (as CaCO3)

Alkalinity, Total (as CaCO3)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Conductivity

Conductivity

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Cesium (Cs)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

102.8

102.5

<10

100.7

101.0

<0.50

<0.50

102.1

<3.0

97.1

97.4

96.9

101.5

95.4

101.0

93.5

95.4

97.3

97.2

95.8

96.3

20-OCT-16

20-OCT-16

20-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

80-120

85-115

70-130

70-130

90-110

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

mg/L

%

%

mg/L

mg/L

%

umhos/cm

%

%

%

%

%

%

%

%

%

%

%

%

10

0.5

0.5

3

6



Quality Control Report
Page 2 ofReport Date: 27-OCT-16Workorder: L1845890

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT Water

R3576471Batch
LCS

MB

WG2415171-2

WG2415171-1

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Rubidium (Rb)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Tellurium (Te)-Dissolved

Thallium (Tl)-Dissolved

Thorium (Th)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Tungsten (W)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

96.5

93.5

97.6

93.9

96.9

97.5

94.4

96.2

92.5

97.0

101.7

95.6

101.3

100.8

97.5

99.8

96.0

96.3

96.0

94.6

94.1

95.9

97.5

99.2

97.5

91.7

91.4

<0.0050

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

21-OCT-16

20-OCT-16

21-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.005

0.0001

0.0001

0.0001

0.0001

0.00005

6



Quality Control Report
Page 3 ofReport Date: 27-OCT-16Workorder: L1845890

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT

NO2-IC-WT

Water

Water

R3576471Batch
MBWG2415171-1

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Cesium (Cs)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Rubidium (Rb)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Tellurium (Te)-Dissolved

Thallium (Tl)-Dissolved

Thorium (Th)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Tungsten (W)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

<0.010

<0.000010

<0.050

<0.000010

<0.00050

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.050

<0.00050

<0.000050

<0.00050

<0.050

<0.050

<0.00020

<0.000050

<0.050

<0.000050

<0.50

<0.0010

<0.50

<0.00020

<0.000010

<0.00010

<0.00010

<0.00030

<0.00010

<0.000010

<0.00050

<0.0010

<0.00030

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

21-OCT-16

20-OCT-16

21-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

20-OCT-16

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.01

0.00001

0.05

0.00001

0.0005

0.0001

0.0002

0.01

0.00005

0.001

0.05

0.0005

0.00005

0.0005

0.05

0.05

0.0002

0.00005

0.05

0.00005

0.5

0.001

0.5

0.0002

0.00001

0.0001

0.0001

0.0003

0.0001

0.00001

0.0005

0.001

0.0003
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Quality Control Report
Page 4 ofReport Date: 27-OCT-16Workorder: L1845890

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NO2-IC-WT

NO3-IC-WT

PH-ALK-WT

SO4-IC-N-WT

SOLIDS-TDS-WT

Water

Water

Water

Water

Water

R3579307

R3579307

R3575575

R3579307

R3580302

Batch

Batch

Batch

Batch

Batch

LCS

LCS

MB

MB

LCS

LCS

MB

MB

LCS

LCS

LCS

MB

MB

LCS

MB

WG2415943-12

WG2415943-7

WG2415943-11

WG2415943-6

WG2415943-12

WG2415943-7

WG2415943-11

WG2415943-6

WG2414537-10

WG2415943-12

WG2415943-7

WG2415943-11

WG2415943-6

WG2418394-2

WG2418394-1

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

pH

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

103.5

104.0

<0.010

<0.010

100.2

100.5

<0.020

<0.020

6.97

100.8

100.6

<0.30

<0.30

95.4

23-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

20-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

23-OCT-16

25-OCT-16

70-130

70-130

70-130

70-130

6.9-7.1

90-110

90-110

85-115

%

%

mg/L

mg/L

%

%

mg/L

mg/L

pH units

%

%

mg/L

mg/L

%

0.01

0.01

0.02

0.02

0.3

0.3

6



Quality Control Report
Page 5 ofReport Date: 27-OCT-16Workorder: L1845890

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SOLIDS-TDS-WT

TKN-WT

Water

Water

R3580302

R3577223

Batch

Batch

MB

LCS

MB

WG2418394-1

WG2415564-2

WG2415564-1

Total Dissolved Solids

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

<10

98.3

<0.15

25-OCT-16

21-OCT-16

21-OCT-16

75-125

mg/L

%

mg/L

10

0.15

6



Quality Control Report
Page 6 ofReport Date: 27-OCT-16Workorder: L1845890

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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28-OCT-16 14:49 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1846629 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

7

WATER

WATER WATER WATER WATER WATER

20-OCT-16 20-OCT-16 20-OCT-16 20-OCT-16 20-OCT-16

23089161020001-
MW25

23089161020002-
MW2D

23089161020003-
MW1D

23089161020004-
MW1S

23089161020005-
MW3D

L1846629-1 L1846629-2 L1846629-3 L1846629-4 L1846629-5

11:30 11:40 12:05 12:15 14:30

Conductivity (umhos/cm)

pH (pH units)

Total Dissolved Solids (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Computed Conductivity (uS/cm)

Conductivity % Difference (%)

Hardness (as CaCO3) (mg/L)

Ion Balance (%)

Langelier Index

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Total Kjeldahl Nitrogen (mg/L)

Saturation pH (pH)

TDS (Calculated) (mg/L)

Sulfate (SO4) (mg/L)

Anion Sum (me/L)

Cation Sum (me/L)

Cation - Anion Balance (%)

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Cesium (Cs)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

862 723 411 947 517

6.85 7.15 7.96 7.20 7.54

495 416 246 550 293

375 354 188 291 248

<10 <10 <10 <10 <10

<10 <10 <10 <10 <10

375 354 188 291 248

61.3 18.4 13.2 106 12.6

732 631 365 822 457

-16.3 -13.5 -11.8 -14.2 -12.2

349 352 131 339 249

101 106 104 100 103

0.0 0.2 0.2 0.1 0.3

<0.020 <0.020 <0.10 2.12 <0.020

<0.010 <0.010 <0.050 <0.010 <0.010

0.48 0.44 0.67 0.43 0.23

6.90 6.92 7.81 7.07 7.27

464 399 223 507 278

20.2 34.9 23.4 49.3 27.7

8.30 7.05 3.96 8.95 5.02

8.42 7.45 4.10 8.95 5.19

0.7 2.7 1.7 0.0 1.7

FIELD FIELD FIELD FIELD FIELD

0.0064 <0.0050 0.0070 <0.0050 <0.0050

0.00049 0.00046 0.00024 <0.00010 <0.00010

0.0230 0.0104 0.00763 0.00012 0.00238

0.0647 0.0901 0.0345 0.0573 0.0806

<0.00010 <0.00010 <0.00010 <0.00010 <0.00010

<0.000050 <0.000050 <0.000050 <0.000050 <0.000050

0.028 0.015 0.078 0.021 <0.010

<0.000010 <0.000010 <0.000010 0.000195 <0.000010

98.3 97.0 20.7 87.8 57.9

<0.000010 <0.000010 <0.000010 <0.000010 <0.000010

<0.00050 <0.00050 <0.00050 <0.00050 <0.00050

0.00300 0.00137 0.00022 <0.00010 0.00013

0.00056 0.00056 0.00059 0.00129 0.00032

1.27 0.452 <0.010 <0.010 0.222

Physical Tests

Anions and 
Nutrients

Dissolved Metals

DLDS DLDS DLDS DLDS DLDS

DLDS

DLDS

DLDS

DLDS



28-OCT-16 14:49 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1846629 CONTD....
3PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

7

WATER

WATER WATER WATER

20-OCT-16 20-OCT-16 20-OCT-16

23089161020006-
MW3S

23089161020007-
MW4S

23089161020008-
MW4D

L1846629-6 L1846629-7 L1846629-8

14:45 16:45 16:55

Conductivity (umhos/cm)

pH (pH units)

Total Dissolved Solids (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Computed Conductivity (uS/cm)

Conductivity % Difference (%)

Hardness (as CaCO3) (mg/L)

Ion Balance (%)

Langelier Index

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Total Kjeldahl Nitrogen (mg/L)

Saturation pH (pH)

TDS (Calculated) (mg/L)

Sulfate (SO4) (mg/L)

Anion Sum (me/L)

Cation Sum (me/L)

Cation - Anion Balance (%)

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Cesium (Cs)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

680 568 484

7.38 7.66 7.76

385 323 278

317 227 239

<10 <10 <10

<10 <10 <10

317 227 239

28.6 26.8 9.95

595 513 430

-13.4 -10.2 -11.8

316 237 214

106 102 103

0.3 0.3 0.3

1.65 <0.020 <0.020

<0.010 0.028 <0.010

<1.5 5.0 0.18

7.04 7.35 7.42

370 312 263

20.4 48.8 25.7

6.56 5.51 4.76

6.96 5.62 4.91

3.0 1.0 1.6

FIELD FIELD FIELD

<0.0050 <0.0050 <0.0050

<0.00010 0.00040 <0.00010

0.00019 0.00030 0.00812

0.0832 0.0793 0.0637

<0.00010 <0.00010 <0.00010

<0.000050 <0.000050 <0.000050

0.011 0.018 0.015

0.000064 <0.000010 <0.000010

80.5 53.2 41.9

<0.000010 <0.000010 <0.000010

<0.00050 <0.00050 <0.00050

<0.00010 0.00023 <0.00010

0.00081 0.00037 0.00033

<0.010 <0.010 0.288

Physical Tests

Anions and 
Nutrients

Dissolved Metals

DLDS DLDS DLDS

DLM DLM



28-OCT-16 14:49 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1846629 CONTD....
4PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

7

WATER

WATER WATER WATER WATER WATER

20-OCT-16 20-OCT-16 20-OCT-16 20-OCT-16 20-OCT-16

23089161020001-
MW25

23089161020002-
MW2D

23089161020003-
MW1D

23089161020004-
MW1S

23089161020005-
MW3D

L1846629-1 L1846629-2 L1846629-3 L1846629-4 L1846629-5

11:30 11:40 12:05 12:15 14:30

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Rubidium (Rb)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Sulfur (S)-Dissolved (mg/L)

Tellurium (Te)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Thorium (Th)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Tungsten (W)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

Zirconium (Zr)-Dissolved (mg/L)

0.000266 0.000163 <0.000050 0.000180 <0.000050

0.0014 0.0017 0.0016 0.0016 0.0023

25.1 26.7 19.3 29.0 25.4

0.459 0.157 0.0157 0.00157 0.0174

0.00192 0.00136 0.00453 0.000284 0.000905

0.0126 0.00619 0.00152 0.00082 <0.00050

<0.050 <0.050 <0.050 <0.050 <0.050

0.868 1.01 0.798 1.65 0.986

0.00182 0.00129 0.00082 0.00260 0.00056

0.000151 <0.000050 <0.000050 0.000229 <0.000050

3.84 5.60 4.60 4.00 6.41

<0.000050 <0.000050 <0.000050 <0.000050 <0.000050

32.8 8.90 33.7 49.0 4.38

0.144 0.142 0.314 0.326 0.109

6.40 11.2 7.99 16.5 8.95

<0.00020 <0.00020 <0.00020 <0.00020 <0.00020

<0.000010 <0.000010 <0.000010 0.000021 <0.000010

<0.00010 <0.00010 <0.00010 <0.00010 <0.00010

<0.00010 <0.00010 0.00014 <0.00010 0.00012

<0.00040 <0.00030 <0.00030 <0.00030 <0.00030

<0.00010 <0.00010 <0.00010 <0.00010 <0.00010

0.00961 0.00489 0.00232 0.000809 0.00149

0.00128 <0.00050 0.00100 <0.00050 <0.00050

0.183 0.0404 0.0042 0.111 0.0053

0.00053 <0.00030 <0.00030 <0.00030 <0.00030

Dissolved Metals

DLUI



28-OCT-16 14:49 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1846629 CONTD....
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* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

7

WATER

WATER WATER WATER

20-OCT-16 20-OCT-16 20-OCT-16

23089161020006-
MW3S

23089161020007-
MW4S

23089161020008-
MW4D

L1846629-6 L1846629-7 L1846629-8

14:45 16:45 16:55

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Rubidium (Rb)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Sulfur (S)-Dissolved (mg/L)

Tellurium (Te)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Thorium (Th)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Tungsten (W)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

Zirconium (Zr)-Dissolved (mg/L)

0.000158 <0.000050 <0.000050

<0.0010 <0.0010 0.0029

28.0 25.4 26.6

0.0130 0.0575 0.0135

0.000447 0.00660 0.00315

0.00083 0.00647 <0.00050

<0.050 <0.050 <0.050

1.62 2.80 1.48

0.00205 0.00208 0.00062

0.000258 0.000206 <0.000050

5.02 5.85 8.69

<0.000050 <0.000050 <0.000050

13.7 18.5 13.5

0.110 0.256 0.158

6.67 15.5 8.32

<0.00020 <0.00020 <0.00020

0.000024 0.000014 <0.000010

<0.00010 <0.00010 <0.00010

<0.00010 0.00070 0.00013

<0.00030 <0.00030 <0.00030

<0.00010 <0.00010 <0.00010

0.00102 0.00248 0.00112

<0.00050 <0.00050 <0.00050

0.0648 0.0039 0.0272

<0.00030 <0.00030 <0.00030

Dissolved Metals



Reference Information

DLDS

DLM

DLUI

MS-B

Detection Limit Raised: Dilution required due to high Dissolved Solids / Electrical Conductivity.

Detection Limit Adjusted due to sample matrix effects (e.g. chemical interference, colour, turbidity).

Detection Limit Raised: Unknown Interference generated an apparent false positive test result.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:
DescriptionQualifier

28-OCT-16 14:49 (MT)

L1846629 CONTD....
6PAGE of

ALK-SPEC-WT
CL-IC-WT

EC-WT

IONBALANCE-OP03-WT
MET-D-CCMS-WT

NO2-IC-WT

NO3-IC-WT

PH-ALK-WT

SO4-IC-N-WT

SOLIDS-TDS-WT

TKN-WT

Speciated Alkalinity

Chloride by IC

Conductivity

Detailed Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Nitrite in Water by IC

Nitrate in Water by IC

pH

Sulfate in Water by IC

Total Dissolved Solids

Total Kjeldahl Nitrogen

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

Water samples can be measured directly by immersing the conductivity cell into the sample.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are analyzed directly by a calibrated pH meter.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

A well-mixed sample is filtered though glass fibres filter.  A known volume of the filtrate is evaporated and dried at 105–5�C overnight and then 
180–10�C for 1hr.

Sample is digested to convert the TKN to ammonium sulphate. The ammonia ions are heated to produce a colour complex. The absorbance 
measured by the instrument is proportional to the concentration of ammonium sulphate in the sample and is reported as TKN.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

EPA 310.2

EPA 300.1 (mod)

APHA 2510 B

APHA 1030E, 2330B, 2510A

APHA 3030B/6020A (mod)

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500 H-Electrode

EPA 300.1 (mod)

APHA 2540C

APHA 4500-N

Method Reference** Matrix
Test Method References:

Version: FINAL

Applies to Sample Number(s)Parameter Qualifier

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

L1846629-1, -2, -3, -4, -5, -6, -7, -8

Barium (Ba)-Dissolved

Calcium (Ca)-Dissolved

Iron (Fe)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Silicon (Si)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Uranium (U)-Dissolved

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

QC Samples with Qualifiers & Comments:

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

QC Type Description

7
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** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

WT ALS ENVIRONMENTAL - WATERLOO, ONTARIO, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

Version: FINAL
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Quality Control Report
Page 1 of

Client:

Contact:

MATRIX SOLUTIONS INC.

31 Beacon Point Court 

Breslau  ON  N0B 1M0

Scott Miller

Report Date: 28-OCT-16Workorder: L1846629

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ALK-SPEC-WT

CL-IC-WT

EC-WT

MET-D-CCMS-WT

Water

Water

Water

Water

R3577280

R3580587

R3577079

R3582038

Batch

Batch

Batch

Batch

CRM

DUP

LCS

MB

DUP

LCS

MB

MS

DUP

LCS

LCS

MB

MB

DUP

LCS

MB

WG2416369-3

WG2416369-4

WG2416369-2

WG2416369-1

WG2418167-9

WG2418167-7

WG2418167-6

WG2418167-10

WG2416125-8

WG2416125-2

WG2416125-6

WG2416125-1

WG2416125-5

WG2420644-4

WG2420644-2

WG2420644-1

WT-ALK-CRM

L1846629-1

L1846629-2

L1846629-2

L1846629-1

L1846629-3

Alkalinity, Total (as CaCO3)

Alkalinity, Total (as CaCO3)

Alkalinity, Total (as CaCO3)

Alkalinity, Total (as CaCO3)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

98.9

373

100.2

<10

18.4

100.9

<0.50

101.4

866

99.5

100.0

<3.0

<3.0

416

99.9

<3.0

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

22-OCT-16

22-OCT-16

22-OCT-16

22-OCT-16

22-OCT-16

28-OCT-16

28-OCT-16

28-OCT-16

0.5

0.2

0.1

0.0

20

25

10

10

80-120

85-115

70-130

70-130

90-110

90-110

90-110

%

mg/L

%

mg/L

mg/L

%

mg/L

%

umhos/cm

%

%

umhos/cm

umhos/cm

umhos/cm

%

umhos/cm

10

0.5

3

3

3

375

18.4

862

411
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Quality Control Report
Page 2 ofReport Date: 28-OCT-16Workorder: L1846629

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT Water

R3578737Batch
LCSWG2416020-2

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Cesium (Cs)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Rubidium (Rb)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Tellurium (Te)-Dissolved

Thallium (Tl)-Dissolved

Thorium (Th)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

91.6

100.8

93.6

93.9

85.4

98.1

88.0

95.5

89.8

97.0

93.0

93.4

95.1

93.7

97.0

85.6

93.1

92.8

92.4

94.4

96.3

93.3

93.1

96.8

97.2

93.1

93.3

96.6

91.4

92.1

95.0

94.2

95.4

88.9

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 3 ofReport Date: 28-OCT-16Workorder: L1846629

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT Water

R3578737Batch
LCS

MB

WG2416020-2

WG2416020-1

Tungsten (W)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Cesium (Cs)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Rubidium (Rb)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

96.0

100.5

94.2

91.6

88.4

<0.0050

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.000010

<0.050

<0.000010

<0.00050

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.050

<0.00050

<0.000050

<0.00050

<0.050

<0.050

<0.00020

<0.000050

<0.050

<0.000050

<0.50

<0.0010

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.005

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.00001

0.05

0.00001

0.0005

0.0001

0.0002

0.01

0.00005

0.001

0.05

0.0005

0.00005

0.0005

0.05

0.05

0.0002

0.00005

0.05

0.00005

0.5

0.001
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Quality Control Report
Page 4 ofReport Date: 28-OCT-16Workorder: L1846629

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT

NO2-IC-WT

NO3-IC-WT

PH-ALK-WT

Water

Water

Water

Water

R3578737

R3580587

R3580587

R3576742

Batch

Batch

Batch

Batch

MB

DUP

LCS

MB

MS

DUP

LCS

MB

MS

LCS

WG2416020-1

WG2418167-9

WG2418167-7

WG2418167-6

WG2418167-10

WG2418167-9

WG2418167-7

WG2418167-6

WG2418167-10

WG2415568-10

L1846629-2

L1846629-2

L1846629-2

L1846629-2

Sulfur (S)-Dissolved

Tellurium (Te)-Dissolved

Thallium (Tl)-Dissolved

Thorium (Th)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Tungsten (W)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

pH

<0.50

<0.00020

<0.000010

<0.00010

<0.00010

<0.00030

<0.00010

<0.000010

<0.00050

<0.0010

<0.00030

<0.010

104.0

<0.010

101.0

<0.020

99.9

<0.020

100.1

6.99

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

21-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

21-OCT-16

N/A

N/A

25

25

70-130

70-130

70-130

70-130

6.9-7.1

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

mg/L

%

mg/L

%

pH units

0.5

0.0002

0.00001

0.0001

0.0001

0.0003

0.0001

0.00001

0.0005

0.001

0.0003

0.01

0.02

RPD-NA

RPD-NA

<0.010

<0.020
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Quality Control Report
Page 5 ofReport Date: 28-OCT-16Workorder: L1846629

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SO4-IC-N-WT

SOLIDS-TDS-WT

TKN-WT

Water

Water

Water

R3580587

R3580302

R3579625

R3580613

Batch

Batch

Batch

Batch

DUP

LCS

MB

MS

LCS

MB

DUP

LCS

LCS

MB

MB

MS

LCS

MB

WG2418167-9

WG2418167-7

WG2418167-6

WG2418167-10

WG2418394-2

WG2418394-1

WG2417137-3

WG2417133-2

WG2417137-2

WG2417133-1

WG2417137-1

WG2417137-4

WG2417995-2

WG2417995-1

L1846629-2

L1846629-2

L1846629-2

L1846629-2

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

34.9

100.8

<0.30

98.3

95.4

<10

0.39

93.5

97.8

<0.15

<0.15

112.8

112.2

<0.15

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

26-OCT-16

26-OCT-16

0.1

10

20

20

90-110

75-125

85-115

75-125

75-125

70-130

75-125

mg/L

%

mg/L

%

%

mg/L

mg/L

%

%

mg/L

mg/L

%

%

mg/L

0.3

10

0.15

0.15

0.15

34.9

0.44
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Quality Control Report
Page 6 ofReport Date: 28-OCT-16Workorder: L1846629

Sample Parameter Qualifier Definitions:

DescriptionQualifier

RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT
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* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL

5

WATER

WATER WATER

21-OCT-16 21-OCT-16

23089161021001
MW9D

23089161021002
MW95

L1847231-1 L1847231-2

11:30 11:45

Conductivity (umhos/cm)

pH (pH units)

Total Dissolved Solids (mg/L)

Alkalinity, Bicarbonate (as CaCO3) (mg/L)

Alkalinity, Carbonate (as CaCO3) (mg/L)

Alkalinity, Hydroxide (as CaCO3) (mg/L)

Alkalinity, Total (as CaCO3) (mg/L)

Chloride (Cl) (mg/L)

Computed Conductivity (uS/cm)

Conductivity % Difference (%)

Hardness (as CaCO3) (mg/L)

Ion Balance (%)

Langelier Index

Nitrate (as N) (mg/L)

Nitrite (as N) (mg/L)

Total Kjeldahl Nitrogen (mg/L)

Saturation pH (pH)

TDS (Calculated) (mg/L)

Sulfate (SO4) (mg/L)

Anion Sum (me/L)

Cation Sum (me/L)

Cation - Anion Balance (%)

Dissolved Metals Filtration Location

Aluminum (Al)-Dissolved (mg/L)

Antimony (Sb)-Dissolved (mg/L)

Arsenic (As)-Dissolved (mg/L)

Barium (Ba)-Dissolved (mg/L)

Beryllium (Be)-Dissolved (mg/L)

Bismuth (Bi)-Dissolved (mg/L)

Boron (B)-Dissolved (mg/L)

Cadmium (Cd)-Dissolved (mg/L)

Calcium (Ca)-Dissolved (mg/L)

Cesium (Cs)-Dissolved (mg/L)

Chromium (Cr)-Dissolved (mg/L)

Cobalt (Co)-Dissolved (mg/L)

Copper (Cu)-Dissolved (mg/L)

Iron (Fe)-Dissolved (mg/L)

445 583

7.56 7.28

272 346

237 260

<10 <10

<10 <10

237 260

2.79 14.1

404 547

-9.6 -6.4

228 319

123 121

0.3 0.2

<0.020 7.00

<0.010 <0.010

0.48 1.91

7.30 7.08

243 339

7.88 16.9

4.15 5.51

5.11 6.67

10.4 9.5

FIELD FIELD

<0.0050 <0.0050

0.00013 <0.00010

0.00390 0.00012

0.0908 0.0869

<0.00010 <0.00010

<0.000050 <0.000050

0.017 0.012

0.000019 0.000036

54.4 89.3

<0.000010 <0.000010

<0.00050 <0.00050

0.00023 <0.00010

0.00054 0.00112

0.024 <0.010

Physical Tests

Anions and 
Nutrients

Dissolved Metals

DLDS DLDS
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time
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Version: FINAL

5

WATER

WATER WATER

21-OCT-16 21-OCT-16

23089161021001
MW9D

23089161021002
MW95

L1847231-1 L1847231-2

11:30 11:45

Lead (Pb)-Dissolved (mg/L)

Lithium (Li)-Dissolved (mg/L)

Magnesium (Mg)-Dissolved (mg/L)

Manganese (Mn)-Dissolved (mg/L)

Molybdenum (Mo)-Dissolved (mg/L)

Nickel (Ni)-Dissolved (mg/L)

Phosphorus (P)-Dissolved (mg/L)

Potassium (K)-Dissolved (mg/L)

Rubidium (Rb)-Dissolved (mg/L)

Selenium (Se)-Dissolved (mg/L)

Silicon (Si)-Dissolved (mg/L)

Silver (Ag)-Dissolved (mg/L)

Sodium (Na)-Dissolved (mg/L)

Strontium (Sr)-Dissolved (mg/L)

Sulfur (S)-Dissolved (mg/L)

Tellurium (Te)-Dissolved (mg/L)

Thallium (Tl)-Dissolved (mg/L)

Thorium (Th)-Dissolved (mg/L)

Tin (Sn)-Dissolved (mg/L)

Titanium (Ti)-Dissolved (mg/L)

Tungsten (W)-Dissolved (mg/L)

Uranium (U)-Dissolved (mg/L)

Vanadium (V)-Dissolved (mg/L)

Zinc (Zn)-Dissolved (mg/L)

Zirconium (Zr)-Dissolved (mg/L)

0.000113 0.000060

0.0027 <0.0010

22.3 23.4

0.0367 0.00469

0.00634 0.000203

0.00068 <0.00050

<0.050 <0.050

1.08 3.34

0.00167 0.00047

<0.000050 0.000314

7.26 4.43

<0.000050 <0.000050

12.1 4.69

0.166 0.0948

2.24 5.60

<0.00020 <0.00020

0.000020 <0.000010

<0.00010 <0.00010

0.00027 0.00027

<0.00030 <0.00030

<0.00010 <0.00010

0.00104 0.000262

<0.00050 <0.00050

0.0146 0.0604

<0.00030 <0.00030

Dissolved Metals



Reference Information

DLDS

MS-B

Detection Limit Raised: Dilution required due to high Dissolved Solids / Electrical Conductivity.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Qualifiers for Individual Parameters Listed:
DescriptionQualifier

01-NOV-16 08:17 (MT)

L1847231 CONTD....
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ALK-SPEC-WT
CL-IC-WT

EC-WT

IONBALANCE-OP03-WT
MET-D-CCMS-WT

NO2-IC-WT

NO3-IC-WT

PH-ALK-WT

SO4-IC-N-WT

SOLIDS-TDS-WT

TKN-WT

Speciated Alkalinity

Chloride by IC

Conductivity

Detailed Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Nitrite in Water by IC

Nitrate in Water by IC

pH

Sulfate in Water by IC

Total Dissolved Solids

Total Kjeldahl Nitrogen

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

Water samples can be measured directly by immersing the conductivity cell into the sample.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are analyzed directly by a calibrated pH meter.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

A well-mixed sample is filtered though glass fibres filter.  A known volume of the filtrate is evaporated and dried at 105–5�C overnight and then 
180–10�C for 1hr.

Sample is digested to convert the TKN to ammonium sulphate. The ammonia ions are heated to produce a colour complex. The absorbance 
measured by the instrument is proportional to the concentration of ammonium sulphate in the sample and is reported as TKN.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

EPA 310.2

EPA 300.1 (mod)

APHA 2510 B

APHA 1030E, 2330B, 2510A

APHA 3030B/6020A (mod)

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500 H-Electrode

EPA 300.1 (mod)

APHA 2540C

APHA 4500-N

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

Test Method References:

Version: FINAL

Applies to Sample Number(s)Parameter Qualifier

L1847231-1, -2

L1847231-1, -2

L1847231-1, -2

L1847231-1, -2

L1847231-1, -2

L1847231-1, -2

L1847231-1, -2

L1847231-1, -2

L1847231-1, -2

Barium (Ba)-Dissolved

Calcium (Ca)-Dissolved

Magnesium (Mg)-Dissolved

Potassium (K)-Dissolved

Silicon (Si)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Uranium (U)-Dissolved

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

MS-B

QC Samples with Qualifiers & Comments:

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

Matrix Spike

QC Type Description

5
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WT ALS ENVIRONMENTAL - WATERLOO, ONTARIO, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

81839

Version: FINAL

5



Quality Control Report
Page 1 of

Client:

Contact:

MATRIX SOLUTIONS INC.

31 Beacon Point Court 

Breslau  ON  N0B 1M0

Scott Miller

Report Date: 01-NOV-16Workorder: L1847231

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ALK-SPEC-WT

CL-IC-WT

EC-WT

MET-D-CCMS-WT

Water

Water

Water

Water

R3579263

R3581637

R3579021

R3579149

Batch

Batch

Batch

Batch

CRM

LCS

MB

LCS

MB

LCS

MB

LCS

WG2417846-3

WG2417846-2

WG2417846-1

WG2420201-12

WG2420201-11

WG2416673-2

WG2416673-1

WG2417038-2

WT-ALK-CRM
Alkalinity, Total (as CaCO3)

Alkalinity, Total (as CaCO3)

Alkalinity, Total (as CaCO3)

Chloride (Cl)

Chloride (Cl)

Conductivity

Conductivity

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Cesium (Cs)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

96.8

104.4

<10

100.5

<0.50

97.8

<3.0

104.3

98.1

95.9

97.3

101.8

98.7

100.6

93.1

99.9

98.7

94.2

93.6

91.7

84.7

95.2

24-OCT-16

24-OCT-16

24-OCT-16

27-OCT-16

27-OCT-16

22-OCT-16

22-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

80-120

85-115

70-130

90-110

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

mg/L

%

mg/L

%

umhos/cm

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

10

0.5

3

6



Quality Control Report
Page 2 ofReport Date: 01-NOV-16Workorder: L1847231

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT Water

R3579149Batch
LCS

MB

WG2417038-2

WG2417038-1

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Rubidium (Rb)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Tellurium (Te)-Dissolved

Thallium (Tl)-Dissolved

Thorium (Th)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Tungsten (W)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

106.8

99.0

96.8

93.4

93.1

101.3

95.6

99.8

87.2

106.1

94.1

96.8

98.7

100.4

94.0

96.7

92.1

95.0

94.7

93.5

93.2

96.7

89.5

93.7

<0.0050

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.000010

<0.050

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.005

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.00001

0.05
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Quality Control Report
Page 3 ofReport Date: 01-NOV-16Workorder: L1847231

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT

NO2-IC-WT

Water

Water

R3579149Batch
MBWG2417038-1

Cesium (Cs)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Rubidium (Rb)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Tellurium (Te)-Dissolved

Thallium (Tl)-Dissolved

Thorium (Th)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Tungsten (W)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

<0.000010

<0.00050

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.050

<0.00050

<0.000050

<0.00050

<0.050

<0.050

<0.00020

<0.000050

<0.050

<0.000050

<0.50

<0.0010

<0.50

<0.00020

<0.000010

<0.00010

<0.00010

<0.00030

<0.00010

<0.000010

<0.00050

<0.0010

<0.00030

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

25-OCT-16

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.00001

0.0005

0.0001

0.0002

0.01

0.00005

0.001

0.05

0.0005

0.00005

0.0005

0.05

0.05

0.0002

0.00005

0.05

0.00005

0.5

0.001

0.5

0.0002

0.00001

0.0001

0.0001

0.0003

0.0001

0.00001

0.0005

0.001

0.0003
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Quality Control Report
Page 4 ofReport Date: 01-NOV-16Workorder: L1847231

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NO2-IC-WT

NO3-IC-WT

PH-ALK-WT

SO4-IC-N-WT

SOLIDS-TDS-WT

TKN-WT

Water

Water

Water

Water

Water

Water

R3581637

R3581637

R3577157

R3581637

R3583278

R3584321

Batch

Batch

Batch

Batch

Batch

Batch

LCS

MB

LCS

MB

DUP

LCS

LCS

LCS

MB

DUP

LCS

MB

LCS

MB

WG2420201-12

WG2420201-11

WG2420201-12

WG2420201-11

WG2416472-9

WG2416472-4

WG2416472-7

WG2420201-12

WG2420201-11

WG2419582-3

WG2419582-2

WG2419582-1

WG2418960-2

WG2418960-1

L1847231-2

L1847231-1

Nitrite (as N)

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

pH

pH

pH

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Dissolved Solids

Total Kjeldahl Nitrogen

102.9

<0.010

100.3

<0.020

7.32

6.96

6.94

100.3

<0.30

270

96.4

<10

91.0

27-OCT-16

27-OCT-16

27-OCT-16

27-OCT-16

22-OCT-16

22-OCT-16

22-OCT-16

27-OCT-16

27-OCT-16

26-OCT-16

26-OCT-16

26-OCT-16

31-OCT-16

0.04

0.9

0.2

20

70-130

70-130

6.9-7.1

6.9-7.1

90-110

85-115

75-125

%

mg/L

%

mg/L

pH units

pH units

pH units

%

mg/L

mg/L

%

mg/L

%

0.01

0.02

0.3

10

J7.28

272
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Quality Control Report
Page 5 ofReport Date: 01-NOV-16Workorder: L1847231

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

TKN-WT Water

R3584321Batch
MBWG2418960-1

Total Kjeldahl Nitrogen <0.15 31-OCT-16mg/L 0.15
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Quality Control Report
Page 6 ofReport Date: 01-NOV-16Workorder: L1847231

Sample Parameter Qualifier Definitions:

DescriptionQualifier

J Duplicate results and limits are expressed in terms of absolute difference.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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Approved by:

  Orfan Shouakar-Stash, PhD  
  Director  
  Isotope Tracer Technologies Inc. 

    695 Rupert St. Unit B, Waterloo, ON,  N2V 1Z5 
Tel: 519-886-5555 | Fax: 519-886-5575  
Email: orfan@it2isotopes.com   
Website: www.it2isotopes.com  

Isotope Analyses for:

IT2 FILE #
160
2016- 2-  

Approved by:



1/1 2016-12-22

Client: Matrix Solutions Inc
31 Beacon Point Ct
Breslau, ON
N0B 1M0

Tel: 519-772-3777
Attn.: Jeff Melchin/Scott Miller

E-mail: jmelchin@matrix-solutions.com
E-mail: smiller@matrix-solutions.com

File Number: 160319
Project Number: 23089-528
Project Name: Clair-Maltby

# Sample ID Sample Name Sample # E3H Result ± 1σ Repeat ± 1σ
Date Time

1 23089161028001 MW5S October 28, 2016 14:30 40284 X 10.9 1.0
2 23089161028002 MW5D October 28, 2016 14:45 40285 X 10.1 1.0
3 23089161028003 MW3S October 28, 2016 15:45 40286 X 13.1 1.4
4 23089161028004 MW7 October 28, 2016 17:00 40287 X 6.4 1.1 6.8 1.1

Tritium is reported in Tritium Units.
1TU = 3.221 Picocurries/L per IAEA, 2000 Report.
1TU = 0.11919 Becquerels/L per IAEA, 2000 Report.

Approved by:

Orfan Shouakar-Stash, PhD 
Director 
Isotope Tracer Technologies Inc.
695 Rupert St. Unit B, Waterloo, ON,  N2V 1Z5
Tel: 519-886-5555 | Fax: 519-886-5575 
Email: orfan@it2isotopes.com  
Website: www.it2isotopes.com 
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Appendix B5 
Hydraulic Conductivity Test Results 

  



































 

 

Appendix B-Tables 
Tables B1-B7 
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