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Dear Mr. Di Gregorio  
 
Re: Hydrogeological Assessment and Water Balance Study – Proposed Mixed Use 

Commercial and Residential Building and Parking Lot at 76 Bryne Drive,  Barrie, 

Ontario  

Project #: 2004502 

 
Palmer Environmental Consulting Group Inc. (Palmer) is pleased to submit the attached draft report 
describing the results of our Hydrogeological Assessment for the proposed mixed use commercial and 
residential development at 76 Bryne Drive, Barrie, Ontario.  
 
This report summarizes the results of the hydrogeological assessment, including a characterization of site 
geology and hydrostratigraphy, groundwater conditions, Source Water Protection constraints, and 
provides a pre-and-post development water balance with recommendations for mitigation strategies. An 
effects assessment was completed based on the site conditions and dewatering assessment is provided. 
 
We trust that this report will be satisfactory for your current needs. If you have any questions or require 
further information, please contact our office at your convenience. This report is subject to the Statement 
of Limitations provided at the end of this Report.  
 
Yours truly, 

 

 

 

 

  
Jason Cole, M. Sc., P.Geo. 
Principal, Senior Hydrogeologist  
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1. Introduction  

Palmer was retained by M-J-J-J Developments Inc. to complete a Hydrogeological Assessment for a 
proposed mixed use commercial and residential building along with 1-level of underground parking at 76 
Bryne Drive, Barrie, Ontario. (the ñsiteò or ñstudy areaò) (Figure 1). Details of the proposed development 
can be found in Appendix  A. Currently, the site is unoccupied and undeveloped with grasses, small 
trees, and shrubs. The site is adjacent to a hotel to the north west, forest along the west and south site 
boundary, and commercial businesses to the east. The site covers an area of approximately 0.79 
hectares (ha).   
 
This preliminary hydrogeological investigation is focused on characterizing hydrogeological conditions at 
the site to estimate dewatering and permitting requirements, as well as potential impacts to existing 
groundwater users (i.e., private and municipal wells) and the natural environment. Dewatering rates 
exceeding 50,000 L/day require registration on the Environmental Activity and Sector Registry (EASR), 
and rates exceeding 400,000 L/day require a Permit to Take Water (PTTW) with the Ministry of the 
Environment, Conservation and Parks (MECP). 
 
Based on a pre-consultation meeting with Lake Simcoe and Region Conservation Authority (LSRCA) and 
a review of Source Water Protection mapping, the site is located within a Recharge Management Area 
(WHPA-Q2). This policy require that the pre-to-post development water budget is maintained, to the best 
extent practical. Information on groundwater table elevation and soil permeability to promote infiltration 
will be provided to support the Stormwater (SWM) engineering and design. The pre-to-post develop water 
balance will be completed by using the Thornthwaite and Mather method. 

1.1 Scope of Work  

Palmerôs scope of work for the Hydrogeological Investigation included the following main tasks: 
 

• Obtain and review applicable background information including surficial geology, bedrock 
geology, physiography mapping, and previous reporting; 

• Review the 2020 Davroc geotechnical investigation for 76 Bryne Drive including three (3) 
monitoring wells; 

• Develop each of the three (3) monitoring wells  to ensure a good hydraulic connection with the 
subsurface materials; 

• Collect groundwater level measurements on three (3) occasions to establish groundwater table 
elevations; 

• Determine the hydraulic conductivity of the aquifer materials through completing single well 
response tests (i.e., slug tests); 

• Collect one (1) groundwater sample to analyze groundwater quality for discharge to City of Barrie 
Storm and Sanitary Sewer discharge criteria; 

• Estimate the construction dewatering rates and provide recommendations for a PTTW or EASR 
submission to MECP for construction dewatering;  

• Provide a site-wide pre-development to post-development to balance the water runoff and 
infiltration; and 

• Produce a Hydrogeological Assessment Report to support a submission to the City and 
Conservation Authority as part of site development approvals. 
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2. Hydrogeological Conditions  

2.1 Regional Conditions  

2.1.1 Physiography, Geology, and Hydrogeology 

The site is located within the Peterborough Drumlin Field physiographic region (Chapman and Putman, 
1984), and is located immediately south of the Simcoe Lowlands.  
 
A review of available online surficial geology mapping by the Ontario Geological Survey (OGS) was used 
to identify the overburden materials of the site (Figure 2). The surficial geology at the site is characterized 
by glaciofluvially derived ice-contact stratified deposits-contact stratified deposits of sand and gravel with 
minor silt, clay and till formed by glacial meltwater. These deposits overlie the Newmarket Till, that is 
described as a dense, stoney, sandy silt till.   
 
The surficial glaciofluvial deposits are expected to act as a surficial, unconfined aquifer, although itôs 
significance may be limited at the site based on the thickness of the unit along the margin of the Simcoe 
Lowlands. The Newmarket Till acts as an aquitard unit restricting groundwater flow and protecting deeper, 
confined aquifers.  
 
The bedrock at the site is the Lindsay Formation which is part of the Simcoe Group. It is a middle 
Ordovician limestone formation rich in organics (Armstrong and Dodge, 2007). The depth of the bedrock 
in the area is expected to between 15 to 50 metres below ground surface (mbgs), and will not be 
encountered during this investigation.  

2.1.2 Drainage  

The site is located within the Lake Simcoe watershed and the Barrie Creeks subwatershed. The Barrie 
Creeks subwatersheds can be subdivided into nine areas including three sub-catchment areas. The 
Barrie Creeks subwatersheds is made up of the Wiskey Creeks watershed, Hotchkiss Creek watershed, 
Dyments Creek Watershed, Bunkers Creek Watershed, Kidds Creek Watershed, and Sophia Creek 
Watershed.  
 
The site is located within the Hotchkiss Creek sub-watershed and drains into the Hotchkiss Creek which 
drains into Kempenfelt Bay in Lake Simcoe. The creek drains in a north-easterly direction towards the 
lake. The Hotchkiss watershed is primarily all located within the municipality of Barrie. 
 
The site is located less than 2.5 km south west of Lake Simcoe and is on higher elevation that appears to 
slope toward the lake. The elevation near at the site is around 290 metres above sea level (masl), the 
elevation decreases to around 217 masl at Lake level.  
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2.2 Water Wells 

Based on MECP water well records, there are 31 well records within 500 m of the site (Table 1 and 
Figure 3). As the area is developed and serviced with municipal water, no active potable water wells are 
expected near the site.  
 

Table 1. MECP Water Well Records 

Well ID Date Complete Depth Static Water 

Level (mbgs) 

Recommended Pumping 

Rate (gal/min) 

Use 

5701526 1955-04-30 53.9 42.1 5 Domestic 
5701527 1955-06-09 28 22.6 2.5 Domestic 
5701529 1960-01-15 20.7 12.8 6 Domestic 
5701530 1960-06-23 12.2 0 - - 
5701531 1964-02-28 16.8 9.1 10 Stock/Domestic 
5701534 1959-09-23 33.8 25.9 10 Irrigation 
5701535 1959-10-05 43.6 18.3 40 Irrigation 
5701536 1960-06-01 44.5 18.3 60 +  Service Centre  
5701541 1965-03-22 45.7 25.9 24 Service Center 
5708282 1971-05-25 38.4 23.8 10 Domestic 
5713884 1976-10-22 74.7 43.9 8 Commercial / Domestic 
5714928 - 7.6 4 - Domestic 
5726151 1989-12-05 15.8 9.8 2 Domestic 
5727766 1989-09-30 55.8 48.2 6 Domestic 
5737939 2003-05-05 33.2 2.1 20 Domestic 
7126861 2009-05-12 26 23 - Test Hole / Monitoring 
7126861 2009-05-12 0 20 - Test Hole / Monitoring 
7140009 2009-10-19 25.9 23.5 - Test Hole / Monitoring 
7140009 2009-10-21 - 20.4 - Test Hole / Monitoring 
7140009 2009-10-22 - 22.6 - Test Hole / Monitoring 
7140009 2009-10-23 - 23.2 - Test Hole / Monitoring 
7140009 2009-10-26 - 23.5 - Test Hole / Monitoring 
7140009 2009-10-27 - 23.2 - Test Hole / Monitoring 
7140009 2009-10-27 - 23.5 - Test Hole / Monitoring 
7145492 2010-02-23 13.7 0 - Test Hole / Monitoring 
7164835 2011-03-22 - 0 - - 
7172012 2011-06-14 - 0 - - 
7207030 2013-07-22 - 0 - Monitoring 
7207033 2013-07-22 - 0 - Monitoring 
7234662 2014-12-16 24.4 0 - Monitoring 
7234663 2014-12-15 24.4 0 - Monitoring 
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2.3 Source Water Protection Plan  

The Source Water Protection Plan identifies three main regulatory factors under the Clean Water Act 

(2006) relating to local hydrogeology to consider for site development: Significant Groundwater Recharge 
Areas (SGRAs), Highly Vulnerable Aquifers (HVAs), and Wellhead Protection Areas (WHPAs). A WHPA-
Q is associated with an area that has a water quantity threat (i.e., changes to groundwater recharge). A 
SGRA is an area identified through Source Water Protection as having at least 1.5 times the average 
recharge rates for the watershed and is therefore an important source of infiltration to aquifers. An HVA is 
an area identified as having a higher risk of contamination due to permeable soils or fractured rock at 
surface. 

Based on the Source Protection Information mapping shown on Figure 4, the site is located within a 
Recharge Management Area (WHPA-Q2). These policies require that the pre-to-post development water 
budget is maintained to the best extent practical. The site is also located in an SGRA with a vulnerability 
score of 4 (low risk). No restrictions to land use are required from being in an SGRA. 
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3. Hydrogeological Investigation  

3.1 Borehole Drilling and Monitoring Well Installation  

On July 2, 2020 Davrock Testing Laboratories (Davrock) conducted a borehole drilling and groundwater 
monitoring well installation program at the site. Five (5) boreholes were drilled (BH 1, BH 2, BH 3, BH 4 
and BH 5) (Figure 1) to a maximum depth of between 10.80 to 11.10 mbgs. All boreholes were drilled 
using hollow stem auger methods. Field observations were made regarding the physical characteristics of 
the soil, depth of soil sample collection, and total depth of the boreholes and were summarized in 
borehole logs (Error! Reference source not found.). Representative soil samples were retried from the 
boreholes continuously using split spoon samplers.  
 
Following drilling, three (3) of the boreholes were completed as monitoring wells in accordance with 
Ontario regulation 903. The monitoring wells are made of 50 mm (2 inch) diameter schedule 40 polyvinyl 
chloride (PVC) pipe, with a 1.5 m (4.9 ft) long. Each monitoring well was completed with a stick-up casing. 
Details of the monitoring well instillations are provided in Table 2. 
 
Three (3) additional Ĳ inch PVC surface pipes (SP) were found on the site and were utilized as part of the 
hydrogeological investigation (Figure 1). The depth of these SPs ranged from 4.34 to 5.12 mbgs. As no 
screen information was available, they were not used for hydraulic testing.  
 
 

Table 2. Borehole and Monitoring Well Installation Details 

Borehole Stick-Up 
Depth Top of Screen 

Bottom of 

Screen 
Screened 

Geology 
mbgs mbgs mbgs 

BH 1 - 10.80 - - - 
BH 2 0.86 11.10 9.1 10.6 Sand 
BH 3 0.75 10.80 7.6 9.1 Sand 
BH 4 - 10.80 - - - 
BH 5 0.90 11.00 9.10 10.6 Sand 
SP1 0.77 5.12 - - - 
SP2 0.80 4.34 - - - 
SP3 0.95 4.45 - - - 

 
 

3.2 Site Specific Hydrostratigrpahy 

The results of the Davroc drilling investigation were generally consistent with the regional OGS surficial 
geology mapping Figure 2. The stratigraphy of the site as encountered during the investigation drilling is 
described below. The two units encountered in the boreholes were the glaciofluvial ice-contact stratified 
deposits-contact stratified and the Newmarket Till.  
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Ice-contact stratified deposits-contact stratified deposits were identified in Ontario Geological Survey 
(OGS) surficial geology mapping as well as within the borehole logs as being present over much of the 
site. This unit is the part of the ORM and this unit is comprised primarily of coarse textured soils: fine sand 
and silt and sand. It is found in all five (5) boreholes and extends to depths ranging from 3.1 to 9.1 mbgs. 
This unit has a thickness ranging from 2.3 to 8.3 m. This unit likely has a high permeability that is 
estimated to range from 10-6 to 10-4 m/s, and therefore forms a  surficial unconfined aquifer that allows 
horizontal groundwater flow and recharge.  

The Newmarket Till at the site consists of both a clayey silt till and a sandy silt till to silty sand till that acts 
as an aquitard unit restricting groundwater flow. The clayey silt till aquitard can be found underlying the 
surficial ice-contact stratified deposits-contact stratified deposits, the clayey silt till is found in BH 1, BH 2, 
BH 3, BH 4 and BH 5 and extend to a depth ranging from 10.7 mbgs. Sandy silt till to silty sand till 
aquitard materials can be found underlying the surficial ice-contact stratified deposits-contact stratified 
According to the borehole logs, this unit is found in BH 1, BH 2, BH 3, and BH 5 and extend to a depth 
ranging from 7.6 mbgs.. This unit contains some silty sand and sand layers, allowing groundwater to flow 
through. The hydraulic conductivity of the Newmarket Till is estimated to range from 10-8 to 10-6 m/s, and 
forms a major regional aquitard in the study area. 

3.3 Groundwater Levels and Flow  

Well depth and stabilized groundwater levels were measured by Palmer personal on three occasions and 
are presented below in Table 3. Water levels were measured using a water level tape and recorded to the 
nearest centimetre.  For the surface pipes (SP) the water levels ranged from 3.57 to 4.25 mbgs. For the 
monitoring wells (BH), the measured water levels ranged from 9.02 mbgs to dry at 10.76 mbgs. It is 
important to note that the groundwater levels change seasonally, with the highest ground water levels 
usually being found within the spring months. As the spring months were not captured during Palmerôs 
hydrogeological investigation, an additional 1 m should be applied to account for seasonal variation.  
 
The inferred groundwater flow was determined to be in the north/north east direction as presented in 
Figure 2. Shallow groundwater measured in SP1, SP2 and SP3 is interpreted to be perched where layers 
of clayey silt to silt are found in the subsurface at approximately 4.6 mbgs.  The true water table is 
represented by the water levels measured at BH2, BH3 and BH5 and is found at approximately 9.02 to 
10.64 mbgs. 
 
Based on the large water level difference between the shallow SP wells and the deeper monitoring wells, 
there appears to be a strong downwards vertical gradient at the site. This observation, along with the 
presence of glaciofluvial soils at surface, indicates that the site acts as a recharge area. 
 

Table 3. Groundwater Levels 

Well Stick up Well Depth 
July 10, 

2020 
July 17, 

2020 
August 20, 2020 

Units m mbgs mbgs mbgs mbgs 
BH2 0.86 10.67 Dry @ 10.67 Dry @ 10.67 10.64 
BH3 0.75 9.28 9.02 Dry @ 9.28 9.23 
BH5 0.90 10.58 10.5 10.54 10.54 
SP1 0.77 5.12 3.92 4.00 4.04 
SP2 0.80 4.34 3.57 3.62 3.80 
SP3 0.95 4.45 4.25 4.31 Dry @ 4.45 
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3.4 Hydraulic Conductivity  

There was insufficient water column in the monitoring wells to complete single well response tests (i.e., 
slug tests) to measure the hydraulic conductivity of the soils. As such, the hydraulic conductivity of the 
overburden soils was calculated using empirical relationships derived by Hazen (1911), which utilizes the 
D10 and A coefficient of soil samples for aquifers. Three soil samples from the ice-contact stratified 
deposits-contact stratified deposits were collected and analysed for grain size in BH 1, BH 3, and BH 5. 
The completed grain size distribution curves are provided in Appendix C, and the results of the empirical 
analysis are provided in Table 4. The estimated K-values ranged between 7.32 x 10-7 m/s and 2.88 x 10-4 
m/s with a geometric mean K value of 2.72 x 10-5 m/s. 
 
An estimation of the percolation rate of the soils within the study area was produced empirically using the 
method developed by TRCA and Credit Valley Conservation (CVC) (2010) and the results of the grain 
size analysis for the glaciofluvial deposits. Based on the hydraulic conductivity values calculated for the 
site, the percolation rate is expected to range between 42 mm/hr to >100 mm/hr. Using a safety factor of 
2.5x, the design percolation rate is estimated between 16.8 and >40 mm/hr. The sandy soils in the upper 
1 to 3 m of the subsurface soils are expected to be on the higher range of the estimated percolation rates.  
 

Table 4. Estimated Empirical Hydraulic Conductivity 

Borehole ID 

Sample 

Depth 

(mbgs) 

Geology 
Method of 

Analysis 
D10 A K (m/s) 

K (geomean) 

(m/s) 

BH 1 7.60-8.00 
Sand, some 
gravel, trace 

silt 
Hazen 
Method 

0.142 1.0 2.88 x 10-4 

2.72 x 10-5 
BH 3 6.10-6.60 

Sandy silt, 
trace clay 

0.009 0.8 7.32 x 10-7 

BH 5 1.60-2.00 
Sand, trace 

silt 
0.078 1.1 9.56 x 10-5 

 

3.5 Groundwater Chemistry  

One (1) groundwater chemistry sample was collected on July 17, 2020 as a composite of two (2) of the 
surface pipes since none of the monitoring wells had sufficient water to collect a sample from a single 
well. To collect a sample from the shallow subsurface over the area potentially to be dewatered, surface 
pipes SP 1 and SP 2 were sampled as part of the composite sample. A summary table of the ground 
water criteria for Barrie storm and sanitary sewage discharge is presented in Table 5, and the Certificate 
of Analysis is provided in Appendix D. Values are compared to the Barrie Storm and Sanitary Discharge 
Criteria.  
 
The sample exceeded the storm sewer discharge criteria for Total Suspended Solids (TSS). The 
maximum concentration limit is 15 mg/L and the sample concentration was 293 mg/L; however, it does 
not exceed the sanitary sewer guidelines. 
 



Hydrogeological Assessment ï Building and Parking Lot 
Development at 76 Bryne Drive, Barrie, Ontario  
 

November 12, 2020 
Palmer_2004502 76 Bryne Dr  Hydrogeology And Water Balance Study (Nov 12, 2020) 12  

Table 5. Groundwater Sample Analyses with Criteria 

Parameter 
Detection Limit 

(DL) 

Maximum 

Concentration Limit 
Units 

Sample 

Concentration Storm 
Sewer  

Sanitary 
Sewer 

Physical Tests 
Colour, Apparent   2.0 - - CU 68.7 

Conductivity  3.0 - - umhos/cm 473 
pH 0.10 6.0 ï 9.5 6.0-9.5 pH Units 7.54 

Total Suspended Solids (TSS) 20 15 350 mg/L 293 

Turbidity  >4000 - - NTU 0.10 
Anions and Nutrients (Water) 

Alkalinity, Soluble (as CaCO3) 10 - - mg/L 218 
Ammonia Total (as N) 0.010 - - mg/L 0.147 

Bromide (Br) 0.10 - - mg/L <0.10 
Chloride 0.50 - 1500 mg/L 9.17 

Computed Conductivity - - - uS/cm 408 
Conductivity % Difference - - - % -15 

Fluoride (F) 0.020 10 - mg/L 0.059 
Hardness (as CaCO3) - - - mg/L 228 

Ion Balance - - - % 118 
Langelier Index - - - - 0 

Nitrate and Nitrite as N 0.022 - - mg/L 2.028 
Nitrate (as N) 0.020 - - mg/L 1.74 
Nitrite (as N) 0.010 - - mg/L 0.288 
Saturation pH - - - pH 7.17 

Orthophosphate-Dissolved (as P) 0.0030 - - mg/L <0.0030 
TDS (calculated) - - - mg/L 250 

Sulfate (SO4) 0.30 - 1500 mg/L 5.68 
Anion Sum - - - me/L 4.11 
Cation Sum - - - me/L 4.86 

Cation ï Anion Balance - - - % 8 
Organic/Inorganic Carbon (Water) 

Dissolved Carbon Filtration Location  - - - - LAB 
Dissolved Organic Carbon 0.50 - - mg/L 8.93 

Inorganic Parameters (Water) 

Silica 0.11 - - mg/L 9.22 
Dissolved Metals (Water) 

Dissolved Metals Filtration Location - - - - Lab 
Aluminum (Al) ï Dissolved  0.0050 - 50 mg/L 50 
Antimony (Sb) ï Dissolved  0.00010 - 5.0 mg/L 0.00022 
Arsenic (As) ï Dissolved  0.00010 - 1.0 mg/L 0.00029 
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Parameter 
Detection Limit 

(DL) 

Maximum 

Concentration Limit 
Units 

Sample 

Concentration Storm 
Sewer  

Sanitary 
Sewer 

Barium (Ba) ï Dissolved  0.00010 - 5.0 mg/L 0.0232 
Beryllium (Be) ï Dissolved  0.00010 - 0.01 mg/L <0.00010 
Bismuth (Bi) ï Dissolved  0.000050 - 5.0 mg/L <0.000050 

Boron (B) ï Dissolved  0.010 - - mg/L <0.010 
Cadmium (Cd) ï Dissolved  0.000010 0.001 0.7 mg/L <0.000010 
Calcium (Ca) ï Dissolved  0.050   mg/L 80.3 

Chromium (Cr) ï Dissolved  0.00050 0.08 2.0 mg/L 0.00062 
Cobalt (Co) ï Dissolved  0.00010 - 5.0 mg/L 0.00024 
Copper (Cu) ï Dissolved  0.00020 0.01 2.0 mg/L 0.00832 

Iron (Fe) ï Dissolved   0.010 - 50.0 mg/L <0.010 
Lead (Pb) ï Dissolved  0.000050 0.05 0.7 mg/L <0.000050 

Manganese (Mg) ï Dissolved  0.050   mg/L  
Manganese (Mn) ï Dissolved  0.00050 - 5.0 mg/L 0.00593 
Molybdenum (Mo) ï Dissolved  0.000050 - 5.0 mg/L 0.000343 

Nickel (Ni) ï Dissolved  0.00050 0.05 2.0 mg/L <0.050 
Phosphorus (P) ï Dissolved  0.050 - 10.0 mg/L <0.050 
Potassium (K) ï Dissolved  0.050 - - mg/L 2.88 
Selenium (Se) ï Dissolved  0.000050 - 1.0 mg/L 0.000155 

Silicon (Si) ï Dissolved  0.050 - - mg/L 4.31 
Silver (Ag) ï Dissolved  0.000050 - 0.4 mg/L <0.000050 

Sodium (Na) ï Dissolved  0.50 - - mg/L 5.21 
Strontium (Sr) ï Dissolved  0.0010 - - mg/L 0.171 

Sulfur (S) Dissolved  5.0 - - mg/L <5.0 
Thallium (Tl) ï Dissolved  0.000010 - - mg/L <0.000012 

Tin (Sn) ï Dissolved  0.00010 - 5.0 mg/L 0.00209 
Titanium (Ti) ï Dissolved  0.00030 - - mg/L <0.00030 
Tungsten (W) ï Dissolved  0.00010 - - mg/L <0.00010 
Uranium (U) ï Dissolved  0.000010 - - mg/L 0.000163 

Vanadium (V) ï Dissolved  0.00050 - 5.0 mg/L <0.00050 
Zinc (Zn) ï Dissolved  0.0010 0.04 2.0 mg/L <0.0010 

Zirconium (Zr) ï Dissolved  0.00030 - - mg/L <0.00030 
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4. Water Balance  

4.1 Pre-Development Water Balance 

A pre-development water budget was calculated over the site area using a monthly soil-moisture balance 
approach as described in Thornthwaite and Mather (1957). The water balance calculation estimates 
average annual evapotranspiration (evaporation and plant transpiration) using factors such as monthly 
precipitation, temperature and latitude. Long term climate data were obtained from the nearest 
meteorological station to the study area with long term data, the Shanty Bay meteorological station which 
is approximately 10 km from the study area, over the 30-year duration from 1981 to 2010.  

The average available water surplus, which is the water available for infiltration and runoff, was calculated 
by subtracting the average annual evapotranspiration from the average annual precipitation. A soil 
moisture retention value of 150 mm was utilized to represent the sandy silt and mixed vegetative land 
cover (mixed grass, shrubs and trees) at the site, as described by Thornthwaite and Mather (1957).  

The resulting annual water surplus was then partitioned using infiltration (0.65) and runoff (0.35) 
coefficients calculated using site topography, surficial geology and vegetation cover (Table 6). The total 
average annual infiltration over pervious areas was then calculated by multiplying the applicable water 
surplus value by the infiltration factor. A summary of the surplus values calculated for each soil moisture 
retention over the site is provided in Table 7. 

 
Table 6. Summary of Infiltration and Runoff Coefficients 

Infiltration and Runoff Factors over Pervious Surfaces 

Factor Coefficient 
Surficial Geology - Ice-Contact stratified Deposits 0.40 

Vegetation Factor - MEM 0.15 

Slope (0.5%) 0.10 
Infiltration Factor 0.65 

Runoff Factor 0.35 
 
The calculated actual evapotranspiration (AET) based on the Thornthwaite and Mather monthly water 
balance model is approximately 0.56 m/year, or approximately 58% of the total annual precipitation 
(Table 7). The AET is calculated based on a potential evapotranspiration (PET) and soil-moisture storage 
withdrawal. Monthly PET is estimated using monthly temperature data and is defined as a water loss from 
a homogeneous vegetation covered area that never lacks water (Thornthwaite, 1948; Mather, 1978). The 
calculated PET for the study area is 0.59 m/year or about 61% of the total precipitation  

The estimated pre-development water surplus was calculated using the soil moisture retention value for 
agricultural land cover and sand is approximately 0.41 m/year (Table 7). The water surplus has two 
components: a runoff component which occurs when the soil moisture capacity is exceeded leading to 
overland flow, and an infiltration component. Based on the above analysis, it is estimated that 
approximately 35% (0.14 m/year or 14.7% of total annual precipitation) of the surplus runs off, and the 
remaining 67% (0.26 m/year or 27.3% of total annual precipitation) infiltrates (Table 7). Over the full site 
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area of 0.79 ha, this represents approximately 2,081.74 m3/year of infiltration and 1,120.94 m3/year of 
runoff.  

4.2 Post-Development Water Balance  

A post-development water budget for the site was completed using a soil-moisture balance approach 
(Thornthwaite and Mather, 1957) combined with the provided site plan by Fausto Cortese Architects 
(2020) (Appendix  A). The percent of imperviousness cover within each drainage area was estimated 
using the proposed land use plan, which consists of a residential and commercial building, parking and 
paved areas, and landscaped areas.  

As impervious surfaces lack vegetation and prevent infiltration, the transpiration component of 
evapotranspiration is removed from the water balance. The available water for infiltration and runoff is 
therefore considered to be Precipitation minus Evaporation (P-E), whereas over pervious vegetated 
surfaces itôs considered to be Precipitation minus Evapotranspiration (P-ET). Evaporation is 
approximately 10% of annual precipitation, such that the water surplus available over impervious surfaces 
is equal to 90% of annual precipitation. Over pervious surfaces, the water surplus calculated in the pre-
development water balance was utilized. 

Each proposed land use was assigned an impervious factor based on the percentage of impervious 
cover. In remaining areas, the surplus was partitioned using the calculated site-specific infiltration and 
runoff factors. Infiltration and runoff estimates for the pervious surfaces were then calculated by 
multiplying the water surplus value by the factors.  

4.2.1.1 Unmitigated Post-Development Water Balance 

Based on the proposed land use plan (Fausto Cortese Architects, 2020) the total infiltration and runoff 
volumes within the property (0.79 ha) following development are estimated to be 628.65 m3/year and 
10,050.13 m3/year, respectively. The results of the calculations are provided in Table 8. This represents a 
decrease in infiltration by approximately 69.8% from the pre-development scenario (1,452.48 m3/year) 
and an increase in runoff by 796.9% from pre-development (8,929.52 m3/year). The decrease in 
infiltration assumes no mitigation strategies are in place, and therefore represents a ñworst caseò 
scenario.  
 
A summary of the pre- to post-development change in the water balance are provided in Table 9. 
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Table 7. Monthly Pre-Development Water Budget 

 January February March April May June July August September October November December YEAR 

Precipitation (P) (m) 0.089 0.070 0.064 0.065 0.080 0.089 0.073 0.086 0.092 0.078 0.098 0.084 0.968 
Temperature (T) (*C) -7.7 -6.5 -1.9 5.7 12.1 17.4 20.1 19.2 15.2 8.7 2.6 -3.6 6.775 

Potential Evapotranspiration (PET) (m) 0.000 0.000 0.000 0.030 0.076 0.112 0.133 0.117 0.079 0.040 0.009 0.000 0.594 
Change in Soil Moisture Storage (m) 0.000 0.000 0.000 0.000 0.000 -0.022 -0.043 -0.015 0.080 0.000 0.000 0.000 0.000 

Soil Moisture Storage (mm) 150 150 150 150 150 128 85 70 150 150 150 150 - 
Actual Evapotranspiration (AET) (m) 0.000 0.000 0.000 0.030 0.076 0.111 0.116 0.101 0.079 0.040 0.009 0.000 0.561 

Soil Moisture Deficit (m) 0.000 0.000 0.000 0.000 0.000 0.001 0.016 0.016 0.000 0.000 0.000 0.000 0.033 
Surplus (P-AET) (m) 0.089 0.070 0.064 0.035 0.004 -0.022 -0.043 -0.015 0.013 0.039 0.089 0.084 0.407 

Impervious Surface Area (m2)  0 
Water Surplus on Impermeable Surfaces 

(m/yr) 
0.080 0.063 0.057 0.031 0.004 -0.020 -0.039 -0.014 0.012 0.035 0.080 0.076 0.366 

Run off from Impervious Area (m3/yr) 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pervious Surface Area (m2) 7, 869 

Water Surplus on Vegetated Pervious Areas 
(m/yr) 

0.089 0.070 0.064 0.035 0.004 -0.022 -0.043 -0.015 0.013 0.039 0.089 0.084 0.407 

Runoff Volume From Pervious Area (m3/yr) 245 192 176 96 12 -61 -118 -41 37 107 244 232 1121 
Infiltration Volume from Pervious Area (m3/yr) 454 357 326 179 22 -113 -220 -77 69 198 454 431 2081 

Total Runoff Volume (m3/yr) 245 192 176 96 12 -61 -118 -41 37 107 244 232 1,121 

Total Infiltration Volume (m3/yr) 454 357 326 179 22 -113 -220 -77 69 198 454 431 2,081 

 

Table 8. Post-Development Water Budget (No Mitigation) 

Proposed Land 
Use 

Soil Vegetation Area (m2) Surplus (m/yr) Infiltration 
Coefficient Runoff Coefficient Infiltration Total 

(m/yr) 
Runoff Total 

(m/yr) 
Infiltration Total 
Volume (m3/yr) 

Total Runoff 
Volume (m3/yr) 

Landscape 

Ice-contact 
stratified 

deposits-contact 
stratified deposits 

Landscaped 2,377 0.407 0.65 0.35 0.26 0.142 628.65 338.50 

Parking / Roads 

Ice-contact 
stratified 

deposits-contact 
stratified deposits 

None 3,581 0.871 0 1 0 0.871 0 3,119.77 

Building 

Ice-contact 
stratified 

deposits-contact 
stratified deposits 

None 1,911 0.871 0 1 0 0.871 0 1,664.86 

Total - - 7,869 - - - - - 628.65 10,050.13 
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Table 9. Pre- to Post-Development Water Budget Change (No Mitigation) 

  Units Runoff Infiltration 

Pre-Development m3/year 1,120.61 2,081.13 

Post-Development (no 
Mitigation) m3/year 10,050.13 628.65 

Pre-to-Post 
Development Change 

% Change +796.85% -69.79% 
Difference 
(m3/year) 8,929.52 -1,452.48 
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5. Development Considerations and Potential 

Effects 

5.1 Source Water Assessment  

The City of Barrie Requires a Section 59 Permit under the Clean Water Act (2006) when a proposed land 
development or change in activity is within a designated vulnerable area. The Section 59 permit 
designates whether the development or change in activity is prohibited by the Source Water Protection 
Plan or whether additional risk management plans are required. According to the cityôs maps, the site is 
not in a vulnerable area and therefore does not require a Section 59 Permit.  

5.2 Dewatering  

5.2.1 Construction Dewatering 

The proposed site development consists of a five-storey building with one (1) level of basement, founded 
at approximately 3.35 mbgs (Appendix A). As the water table is found between approximately 9.02 mbgs 
and 10.67 mbgs and groundwater is not expected to be encountered during construction. However, it is 
important to note that a perched water table was identified as shallow as 3.57 mbgs in July 2020.  It is 
expected that that water table may be at least 1 m higher in the spring, so a perched water table of 
around 2.5 mbgs should be considered.   

Dewatering estimates assume a 47 m by 18 m excavation for the one (1) underground level. Dewatering 
calculations assume a perched water table of 3.57 masl, plus 1 m to account for seasonal variability. The 
geometric mean hydraulic conductivity value of 2.72x10-5 m/s was used.  
 
Dewatering rate estimates (Q) for the proposed building was calculated using the following equation from 
Powers et. al (2007) for an unconfined aquifer: 
 

𝑄 =  
𝜋𝐾(𝐻2 − ℎ2)

ln (
𝑅0 + 𝑟𝑒

𝑟𝑒
)

+ 2 [
𝑥𝐾(𝐻2 − ℎ2)

2𝐿
]        𝑚3/𝑠 

 

Where K = hydraulic conductivity (m/s) - 2.72x10-5 m/s 
H = saturated thickness (m) ï 2.03 m 

 h = saturated thickness after dewatering (m) ï 0.25 m 
 R0 = radius of influence estimated using the Sichardt equation: 

R0 = 3000 * (H-h)*√𝐾 (m) ï 27.9 m 
re  = equivalent radius estimated by: 

re = √
𝑎∗𝑎

𝜋
 (m) ï 16.4 m 

Where a = trench width (m) 
x = excavation length ï 47 m 

L = line source distance (m) which is the greater of R0/2 or 10 m ï 13.9 m 
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Based on the above equation, it is estimated that up to 88,839 L/day would be required in the short term 
to remove the perched groundwater from the excavation. This volume is expected to be drained in 
relatively quickly, as the true water table is found below the base of the exaction. Dewatering is expected 
to be managed effectively through the use of sump pumps at the base of the exaction.   

As construction dewatering is expected to be between 50,000 and 400,000 L/day, a registration on the 
Environmental and Sector Registry (EASR) with the MECP will be required. If water will be directed to the 
City of Barrie storm or sanitary sewer, a discharge permit with the City will also be required,  

Due to the limited dewatering estimated from the perched water table, no groundwater monitoring is 
recommended. The radius of influence is small (27.9 m) with the radius to 1 m (which is a better predictor 
of potential ground settlement) estimated to be approximately 10 m based on the Hooghoudt drainage 
equation.  

5.2.2 Long-Term Drainage 

Due to the presence of the perched water table, some long-term seepage into the building foundation 
should be expected. Based on a more typical perched water level, long-term seepage is estimated to be 
up to approximately 17,000 L/day. As this rate is less than 50,000 L/day, a long-term PTTW will not be 
required. 
 

5.3 LID considerations  

As the site is located within a WHPA-Q (recharge management), the use of Low Impact Development 
(LID) measures to maintain the pre-to-post development groundwater recharge rates, to the best extent 
practical, is recommended.   
 
For sites with deep water table conditions and high permeability soils, LID practices can significantly 
improve infiltration and groundwater recharge to maintain the groundwater characteristics of the 
underlying aquifer.  
 
76 Bryne Drive site is underlain by moderate to high permeability ice-contact stratified deposits soils and 
a water table at approximately 9.02 mbgs.  However, there is a perched water table at 3.35 mbgs that will 
be the limiting factor in the infiltration of stormwater. With an infiltration rate with a 2.5x safety factor 
calculated to range from 16.8 to >40 mm/hr, a wide range of on-site stormwater management measures 
could be considered for this site, including: 
 

• Bioretention swales at the ends of the parking lots or other open areas; 
• Increased topsoil depth on landscaped areas; 
• Permeable pavement on the parking lot; and/ or  
• Underground storage (granular trenches or chambers) for infiltration and peak flow control. 

 
Based on the hydrogeological conditions, LID measures should be limited to approximately 2.35 m below 
existing ground to be 1 m below the perched water table.   
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6. Summary and Conclusions  

Based on the results of our Hydrogeological Investigation for a proposed building and parking lot at 76 
Bryne Drive, Barrie, Ontario the following summary of conclusions and recommendations are presented.  
 

• The 76 Bryne Dr site development is a proposed five (5) storey building with one (1) level of 
basement.  

 
• The site lies within the Peterborough Drumlin Field physiographic region, with the surficial 

geology characterized by glaciofluvial ice-contract stratified deposit-contact stratified deposits. 
The glaciofluvial soils are underlain by Newmarket Till.  
 

• Five (5) boreholes were drilled on July 2nd 2020 by Davrock Engineering. Three (3) of the 
boreholes where turned into monitoring wells. Three (3) existing surface piezometer pipes were 
also found on site. Water levels were investigated on 3 occasions at both the monitoring wells 
and the surface pipes.  
 

• The water table for the monitoring wells ranged from 9.02 to 10.67 mbgs and for the surface 
pipes, the water table ranged from 3.35 to 4.45 mbgs. Groundwater was inferred to flow in the 
north/north-east direction towards Lake Simcoe.  
 

• The geology of the site consisted of topsoil and/or fill followed by a fine sand and a clayey silt to 
silt layer at 4.6 mbgs. Below the clayey silt to silt layer, sand and silt are present to the depth of 
the boreholes.  This stratigraphy represents a surficial aquifer, aquitard, and lower aquifer 
system.  
 

• The water table for the monitoring wells ranged from 9.02 to 10.67 mbgs and for the surface 
pipes, the water table ranged from 3.37 to 4.45 mbgs. The site was found to host a deep water 
table with a shallow perched water table at 3.35 mbs, perched above a layer of clayey silt to silt at 
4.6 m. The perched groundwater table is the primary hydrogeological feature on the site that will 
interact with the proposed development.  

 
• Based on the grainsize analysis received in the geotechnical report, the Hazen method was used 

to empirically calculate the conductivity of the sandy units. The calculated hydraulic conductivity 
ranged from 7.32 x 10-7 and 2.88 x 10-4 m/s. The geometric mean K value was calculated to be 
2.72 x 10-5 m/s.  
 

• The percolation rate for infiltration is expected to range between 42 mm/hr to >100 mm/hr. Using 
a safety factor of 2.5x, the design percolation rate is estimated between 16.8 and >40 mm/hr. 
 

• A groundwater chemistry sample was collected on July 17, 2020 and compared to the City of 
Barrieôs Storm and Sanitary Sewer criteria. Total suspended solids exceeded sewer criteria. All 
other parmeters met both storm and sanitary sewer discharge criteria. 
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• Based on Source Water Proection information, the site lies within a WHPA-Q2 (recharge 
management) and a SGRA. As the site is considered to be low Vulnerability, a Section 59 Permit 
from the City of Barrie will note be required. 
 
A site wide pre- to post-development water balance was calculated. Pre-development infiltration 
and runoff volumes were estimated to be 2,081.13 m3/year and 1,120.61 m3/year, respectively. 
Post-development it is expected that infiltration volumes will decrease to 628.65 m3/year and 
runoff volumes will increase to 10,050.13 m3/year. 
 

• As the site is located within a WHPA-Q2 (recharge management), the pre-development water 
balance should be maintained to the extent that is practical. Based on the site conditions, a wide 
variety of infiltration based LIDs could be considered including vegetated swales, infiltration 
trenches and infiltration chambers. The depth of infiltration based LIDs will be limited by the 
perched water table on site, and should be installed at a depth of less than 2.35 mbgs. 
 

• Removal of perched groundwater is expected to be required to maintain a dry excavation. It is 
estimated that up to 88,839 L/day could be required from the perched water table. As this volume 
is between 50,000 and 400,000 L/day, an EASR with the MECP is required for the project. 
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Statement of Limitations  

The extent of this study was limited to the specific scope of work for which we were retained and that is 
described in this report. Palmer has assumed that the information provided by the client or any secondary 
sources of information are factual and accurate. Palmer accepts no responsibility for any deficiency, 
misstatement or inaccuracy contained in this report as a result of omissions, misinterpretations or 
negligent acts from relied upon data. Judgment has been used by Palmer in the interpretation of the 
information provided but subsurface physical and chemical characteristics may differ from regional scale 
geology mapping and vary between or beyond well/borehole locations given the inherent variability in 
geological conditions.   

Palmer is not a guarantor of the geological or groundwater conditions at the subject site, but warrants only 
that its work was undertaken and its report prepared in a manner consistent with the level of skill and 
diligence normally exercised by competent geoscience professionals practicing in the Province of Ontario.  
Our findings, conclusions and recommendations should be evaluated in light of the limited scope of our 
work.  

The information and opinions expressed in the Report are for the sole benefit of the Client. NO OTHER 
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT 
PALMERôS WRITTEN CONSENT AND SUCH USE SHALL BE ON SUCH TERMS AND CONDITIONS 
AS PALMER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents of the Report 
belongs to Palmer. Any use which a third party makes of the Report is the sole responsibility of such third 
party. Palmer accepts no responsibility whatsoever for damages suffered by any third party resulting from 
use of the Report without Palmerôs express written permission. Should the project design change 
following issuance of the Report, Palmer must be provided the opportunity to review and revise the 
Report in light of such alteration or variation. 
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7. Certification 

This report was prepared and reviewed by the undersigned: 
 
 
 
 
Prepared By:  

Adrian Lo, B.Sc., G.I.T. 
Environmental Scientist (Hydrogeology)  

 
 
 
Reviewed By:  

Jason Cole, M.Sc., P.Geo 
Principal, Senior Hydrogeologist 
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Appendix  A 
Site Drawings (Fausto  

Cortese Architects, 2020) 
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Appendix  B 
Borehole Logs (Davroc Testing 

Laboratories Inc., 2020, Central Earth 

Engineering, 2020) 
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Appendix  C 
Grain Size Analysis (Davroc Testing 

Laboratories, 2020) 
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of

2004502

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
5

L2476882-1 79 BRYNE DR COMPOSITE
RD on 17-JUL-20 @ 10:00Sampled By:
WATERMatrix:

Physical Tests

Anions and Nutrients

Organic / Inorganic Carbon

Inorganic Parameters

Dissolved Metals

Colour, Apparent

Conductivity

pH

Total Dissolved Solids

Turbidity

Alkalinity, Soluble (as CaCO3)

Ammonia, Total (as N)

Bromide (Br)

Chloride (Cl)

Computed Conductivity

Conductivity % Difference

Fluoride (F)

Hardness (as CaCO3)

Ion Balance

Langelier Index

Nitrate and Nitrite as N

Nitrate (as N)

Nitrite (as N)

Saturation pH

Orthophosphate-Dissolved (as P)

TDS (Calculated)

Sulfate (SO4)

Anion Sum

Cation Sum

Cation - Anion Balance

Dissolved Carbon Filtration Location

Dissolved Organic Carbon

Silica

Dissolved Metals Filtration Location

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

CU

umhos/cm

pH units

mg/L

NTU

mg/L

mg/L

mg/L

mg/L

uS/cm

%

mg/L

mg/L

%

mg/L

mg/L

mg/L

pH

mg/L

mg/L

mg/L

me/L

me/L

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

20-JUL-20

21-JUL-20

21-JUL-20

23-JUL-20

21-JUL-20

24-JUL-20

24-JUL-20

23-JUL-20

23-JUL-20

28-JUL-20

28-JUL-20

23-JUL-20

28-JUL-20

28-JUL-20

28-JUL-20

24-JUL-20

23-JUL-20

23-JUL-20

28-JUL-20

22-JUL-20

28-JUL-20

23-JUL-20

28-JUL-20

28-JUL-20

28-JUL-20

21-JUL-20

27-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

68.7

473

7.54

293

>4000

218

0.147

<0.10

9.17

408

-15

0.059

228

118

0

2.028

1.74

0.288

7.17

<0.0030

250

5.68

4.11

4.86

8

LAB

8.93

9.22

LAB

0.0061

0.00022

0.00029

0.0232

<0.00010

<0.000050

<0.010

<0.000010

80.3

2.0

3.0

0.10

20

0.10

10

0.010

0.10

0.50

0.020

0.022

0.020

0.010

0.0030

0.30

0.50

0.11

0.0050

0.00010

0.00010

0.00010

0.00010

0.000050

0.010

0.000010

0.050

PEHR

DLDS

PEHR

PEHT

R5159354

R5163660

R5163660

R5166371

R5159516

R5167488

R5169382

R5166673

R5166673

R5166673

R5166673

R5166673

R5161396

R5166673

R5159924

R5168120

R5159411

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of

2004502

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
5

L2476882-1 79 BRYNE DR COMPOSITE
RD on 17-JUL-20 @ 10:00Sampled By:
WATERMatrix:

Dissolved Metals
Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Tungsten (W)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

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

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

0.00062

0.00024

0.00832

<0.010

<0.000050

6.77

0.00593

0.000343

0.00378

<0.050

2.88

0.000155

4.31

<0.000050

5.21

0.171

<5.0

0.000012

0.00209

<0.00030

<0.00010

0.000163

<0.00050

<0.0010

<0.00030

0.00050

0.00010

0.00020

0.010

0.000050

0.050

0.00050

0.000050

0.00050

0.050

0.050

0.000050

0.050

0.000050

0.50

0.0010

5.0

0.000010

0.00010

0.00030

0.00010

0.000010

0.00050

0.0010

0.00030

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932

R5159932
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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.

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).

Apparent Colour is measured spectrophotometrically by comparison to platinum-cobalt standards using the single wavelength method after sample 
decanting.  Colour measurements can be highly pH dependent, and apply to the pH of the sample as received (at time of testing), without pH 
adjustment.  Concurrent measurement of sample pH is recommended.

Sample is filtered through a 0.45um filter, then injected into a heated reaction chamber which is packed with an oxidative catalyst. The water is 
vaporized and the organic carbon is oxidized to carbon dioxide. The carbon dioxide is transported in a carrier gas and is measured by a non-dispersive 
infrared detector.

Qualitative analysis of conductivity where required during preparation of other tests - e.g. TDS, metals, etc.

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

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

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.

ALS Test Code Test Description

DLDS

DLHC

MS-B

PEHR

PEHT

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

Detection Limit Raised: Dilution required due to high concentration of test analyte(s).

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

Parameter Exceeded Recommended Holding Time On Receipt: Proceed With Analysis As Requested.

Parameter Exceeded Recommended Holding Time Prior to Analysis

Sample Parameter Qualifier key listed:

Method Reference**

Description Qualifier    

Matrix 

Applies to Sample Number(s)Parameter Qualifier

L2476882-1
L2476882-1
L2476882-1
L2476882-1
L2476882-1

Calcium (Ca)-Dissolved
Magnesium (Mg)-Dissolved
Silicon (Si)-Dissolved
Strontium (Sr)-Dissolved
Nitrate (as N)

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

QC Type Description

Test Method References:            

Version:  FINAL   

ALK-SOLUBLE-WT

BR-IC-N-WT

CL-IC-N-WT

COLOUR-APPARENT-WT

DOC-WT

EC-SCREEN-WT

EC-WT

ETL-N2N3-WT

ETL-SILICA-CALC-WT

F-IC-N-WT

IONBALANCE-OP03-WT

MET-D-CCMS-WT

Alkalinity, total (as CaCO3)

Bromide in Water by IC

Chloride by IC

Colour

Dissolved Organic Carbon

Conductivity Screen (Internal Use 
Only)

Conductivity

Calculate from NO2 + NO3

Calculate from SI-TOT-WT

Fluoride in Water by IC

Detailed Ion Balance Calculation

Dissolved Metals in Water by CRC 
ICPMS

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

EPA 310.2

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 2120

APHA 5310B

APHA 2510

APHA 2510 B

APHA 4110 B

EPA 200.8

EPA 300.1 (mod)

APHA 1030E, 2330B, 2510A

APHA 3030B/6020A (mod)
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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).

This analysis is carried out, on sulfuric acid preserved samples, using procedures modified from J. Environ. Monit., 2005, 7, 37 - 42, The Royal Society 
of Chemistry, "Flow-injection analysis with fluorescence detection for the determination of trace levels of ammonium in seawater", Roslyn J. Waston et 
al.

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.

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). Holdtime for samples under this regulation is 28 days

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Dissolved Orthophosphate is determined 
colourimetrically on a sample that has been lab or field filtered through a 0.45 micron membrane filter.

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

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Dissolved Solids 
(TDS) are determined by filtering a sample through a glass fibre filter, TDS is determined by evaporating the filtrate to dryness at 180 degrees celsius.

Sample result is based on a comparison of the intensity of the light scattered by the sample under defined conditions with the intensity of light scattered 
by a standard reference suspension under the same conditions. Sample readings are obtained from a Nephelometer.

** 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
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
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 weight of sample
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
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:

17-800189

Version:  FINAL   

NH3-F-WT

NO2-IC-WT

NO3-IC-WT

PH-WT

PO4-DO-COL-WT

SO4-IC-N-WT

SOLIDS-TDS-WT

TURBIDITY-WT

Ammonia in Water by Fluorescence

Nitrite in Water by IC

Nitrate in Water by IC

pH

Diss. Orthophosphate in Water by 
Colour

Sulfate in Water by IC

Total Dissolved Solids

Turbidity

Water

Water

Water

Water

Water

Water

Water

Water

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500 H-Electrode

APHA 4500-P PHOSPHORUS

EPA 300.1 (mod)

APHA 2540C

APHA 2130 B

5



Quality Control Report
Page 1 of

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak

Report Date: 29-JUL-20Workorder: L2476882

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

ALK-SOLUBLE-WT

BR-IC-N-WT

CL-IC-N-WT

COLOUR-APPARENT-WT

DOC-WT

Water

Water

Water

Water

Water

R5167488

R5166673

R5166673

R5159354

Batch

Batch

Batch

Batch

DUP

LCS

MB

DUP

LCS

MB

MS

DUP

LCS

MB

MS

DUP

LCS

MB

WG3370988-3

WG3370988-2

WG3370988-1

WG3369306-4

WG3369306-2

WG3369306-1

WG3369306-5

WG3369306-4

WG3369306-2

WG3369306-1

WG3369306-5

WG3366522-3

WG3366522-2

WG3366522-1

L2476882-1

WG3369306-3

WG3369306-3

WG3369306-3

WG3369306-3

L2476611-1

Alkalinity, Soluble (as CaCO3)

Alkalinity, Soluble (as CaCO3)

Alkalinity, Soluble (as CaCO3)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Bromide (Br)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Colour, Apparent

Colour, Apparent

Colour, Apparent

215

103.6

<10

<0.10

101.0

<0.10

98.5

57.5

102.5

<0.50

102.8

32.3

100.3

<2.0

24-JUL-20

24-JUL-20

24-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

20-JUL-20

20-JUL-20

20-JUL-20

1.4

N/A

0.1

0.2

25

20

20

20

70-130

85-115

75-125

90-110

75-125

85-115

mg/L

%

mg/L

mg/L

%

mg/L

%

mg/L

%

mg/L

%

CU

%

CU

218

<0.10

57.6

32.3

10

0.1

0.5

2

RPD-NA

10



Quality Control Report
Page 2 of

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak

Report Date: 29-JUL-20Workorder: L2476882

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

DOC-WT

EC-WT

F-IC-N-WT

MET-D-CCMS-WT

Water

Water

Water

Water

R5168120

R5163660

R5166673

R5159932

Batch

Batch

Batch

Batch

DUP

LCS

MB

MS

DUP

LCS

MB

DUP

LCS

MB

MS

DUP

WG3367234-3

WG3367234-2

WG3367234-1

WG3367234-4

WG3366794-4

WG3366794-2

WG3366794-1

WG3369306-4

WG3369306-2

WG3369306-1

WG3369306-5

WG3366604-4

L2472463-4

L2472463-4

WG3366794-3

WG3369306-3

WG3369306-3

WG3366604-3

Dissolved Organic Carbon

Dissolved Organic Carbon

Dissolved Organic Carbon

Dissolved Organic Carbon

Conductivity

Conductivity

Conductivity

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

3.53

107.2

<0.50

105.0

1300

101.1

<3.0

0.071

105.4

<0.020

100.6

0.0203

<0.00010

0.00020

0.00419

<0.00010

<0.000050

<0.010

27-JUL-20

27-JUL-20

27-JUL-20

27-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

2.6

1.2

0.4

0.0071

N/A

3.5

1.1

N/A

N/A

N/A

20

10

20

0.01

20

20

20

20

20

20

80-120

70-130

90-110

90-110

75-125

mg/L

%

mg/L

%

umhos/cm

%

umhos/cm

mg/L

%

mg/L

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

3.43

1280

0.071

0.0132

<0.00010

0.00019

0.00415

<0.00010

<0.000050

<0.010

0.5

3

0.02

J

RPD-NA

RPD-NA

RPD-NA

RPD-NA
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Quality Control Report
Page 3 of

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak

Report Date: 29-JUL-20Workorder: L2476882

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT Water

R5159932Batch
DUP

LCS

WG3366604-4

WG3366604-2

WG3366604-3
Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-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

<0.0000050

30.4

<0.00050

<0.00010

0.00046

<0.010

<0.000050

4.60

<0.00050

<0.000050

<0.00050

<0.050

0.409

<0.000050

3.76

<0.000050

1.41

0.0321

<0.50

<0.000010

0.00020

0.00045

<0.00010

0.000056

0.00069

<0.0010

<0.00020

102.6

99.6

99.2

100.0

89.3

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

N/A

1.3

N/A

N/A

11

N/A

N/A

2.4

N/A

N/A

N/A

N/A

0.8

N/A

2.4

N/A

1.2

0.6

N/A

N/A

1.7

N/A

N/A

2.9

2.1

N/A

N/A

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

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

%

%

%

%

%

<0.0000050

30.0

<0.00050

<0.00010

0.00041

<0.010

<0.000050

4.71

<0.00050

<0.000050

<0.00050

<0.050

0.406

<0.000050

3.67

<0.000050

1.43

0.0319

<0.50

<0.000010

0.00019

<0.00030

<0.00010

0.000055

0.00070

<0.0010

<0.00020

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA
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Quality Control Report
Page 4 of

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak

Report Date: 29-JUL-20Workorder: L2476882

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT Water

R5159932Batch
LCS

MB

WG3366604-2

WG3366604-1

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-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

98.4

89.9

98.1

96.1

97.2

95.1

94.3

95.8

100.6

99.9

98.9

97.6

94.4

100.1

97.1

100.3

97.3

99.3

98.1

102.5

96.5

103.2

98.2

96.7

103.6

107.3

98.0

97.1

93.9

<0.0050

<0.00010

<0.00010

<0.00010

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

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

60-140

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

0.005

0.0001

0.0001

0.0001
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Quality Control Report
Page 5 of

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak

Report Date: 29-JUL-20Workorder: L2476882

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT Water

R5159932Batch
MB

MS

WG3366604-1

WG3366604-5 WG3366604-6

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-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

<0.00010

<0.000050

<0.010

<0.0000050

<0.050

<0.00050

<0.00010

<0.00020

<0.010

<0.000050

<0.0050

<0.00050

<0.000050

<0.00050

<0.050

<0.050

<0.000050

<0.050

<0.000050

<0.050

<0.0010

<0.50

<0.000010

<0.00010

<0.00030

<0.00010

<0.000010

<0.00050

<0.0010

<0.00020

105.3

95.2

101.2

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

70-130

70-130

70-130

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

%

%

%

0.0001

0.00005

0.01

0.000005

0.05

0.0005

0.0001

0.0002

0.01

0.00005

0.005

0.0005

0.00005

0.0005

0.05

0.05

0.00005

0.05

0.00005

0.05

0.001

0.5

0.00001

0.0001

0.0003

0.0001

0.00001

0.0005

0.001

0.0002
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Quality Control Report
Page 6 of

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak

Report Date: 29-JUL-20Workorder: L2476882

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-WT

NH3-F-WT

Water

Water

R5159932Batch
MSWG3366604-5 WG3366604-6

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Phosphorus (P)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Tungsten (W)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

101.5

92.2

94.2

91.6

98.7

N/A

94.5

91.5

91.4

100.4

99.7

N/A

97.5

95.8

90.5

104.9

95.7

107.4

N/A

94.6

91.4

N/A

96.7

101.1

94.3

98.4

100.1

101.3

96.2

98.2

92.4

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

70-130

70-130

70-130

70-130

70-130

-

70-130

70-130

70-130

70-130

70-130

-

70-130

70-130

70-130

70-130

70-130

70-130

-

70-130

70-130

-

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

MS-B

MS-B

MS-B

MS-B
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Quality Control Report
Page 7 of

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak

Report Date: 29-JUL-20Workorder: L2476882

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NH3-F-WT

NO2-IC-WT

NO3-IC-WT

PH-WT

PO4-DO-COL-WT

Water

Water

Water

Water

Water

R5169382

R5166673

R5166673

R5163660

Batch

Batch

Batch

Batch

DUP

LCS

MB

MS

DUP

LCS

MB

MS

DUP

LCS

MB

MS

DUP

LCS

WG3366545-3

WG3366545-2

WG3366545-1

WG3366545-4

WG3369306-4

WG3369306-2

WG3369306-1

WG3369306-5

WG3369306-4

WG3369306-2

WG3369306-1

WG3369306-5

WG3366794-4

WG3366794-2

L2476611-2

L2476611-2

WG3369306-3

WG3369306-3

WG3369306-3

WG3369306-3

WG3366794-3

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

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

pH

<0.010

91.7

<0.010

95.5

<0.010

102.8

<0.010

103.7

2.74

101.8

<0.020

N/A

7.84

7.01

24-JUL-20

24-JUL-20

24-JUL-20

24-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

21-JUL-20

21-JUL-20

N/A

N/A

0.0

0.04

20

20

20

0.2

85-115

75-125

90-110

75-125

90-110

-

6.9-7.1

mg/L

%

mg/L

%

mg/L

%

mg/L

%

mg/L

%

mg/L

%

pH units

pH units

MS-B

<0.010

<0.010

2.73

7.80

0.01

0.01

0.02

RPD-NA

RPD-NA

J
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Quality Control Report
Page 8 of

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak

Report Date: 29-JUL-20Workorder: L2476882

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PO4-DO-COL-WT

SO4-IC-N-WT

SOLIDS-TDS-WT

TURBIDITY-WT

Water

Water

Water

Water

R5161396

R5166673

R5166371

R5159516

Batch

Batch

Batch

Batch

DUP

LCS

MB

MS

DUP

LCS

MB

MS

DUP

LCS

MB

DUP

LCS

MB

WG3367529-7

WG3367529-6

WG3367529-5

WG3367529-8

WG3369306-4

WG3369306-2

WG3369306-1

WG3369306-5

WG3368608-3

WG3368608-2

WG3368608-1

WG3366705-3

WG3366705-2

WG3366705-1

L2477564-1

L2477564-1

WG3369306-3

WG3369306-3

L2476230-1

L2476597-1

Orthophosphate-Dissolved (as P)

Orthophosphate-Dissolved (as P)

Orthophosphate-Dissolved (as P)

Orthophosphate-Dissolved (as P)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Dissolved Solids

Turbidity

Turbidity

Turbidity

<0.0030

103.9

<0.0030

96.5

61.0

103.8

<0.30

105.5

168

101.9

<10

0.76

103.5

<0.10

22-JUL-20

22-JUL-20

22-JUL-20

22-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

23-JUL-20

21-JUL-20

21-JUL-20

21-JUL-20

N/A

0.0

0.6

6.1

20

20

20

15

80-120

70-130

90-110

75-125

85-115

85-115

mg/L

%

mg/L

%

mg/L

%

mg/L

%

mg/L

%

mg/L

NTU

%

NTU

<0.0030

61.0

167

0.72

0.003

0.3

10

0.1

RPD-NA

10



Quality Control Report

Page 9 of

Report Date: 29-JUL-20Workorder: L2476882

Sample Parameter Qualifier Definitions:

Description Qualifier      

J

MS-B

PEHR

RPD-NA

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

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

Parameter Exceeded Recommended Holding Time On Receipt: Proceed With Analysis As Requested.

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:

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak
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Quality Control Report

Page 10 of

Report Date: 29-JUL-20Workorder: L2476882

ALS Product Description   
Sample  

ID   Sampling Date   Date Processed   Rec. HT Actual HT

Physical Tests

Organic / Inorganic Carbon

1

1

1

17-JUL-20 10:00

17-JUL-20 10:00

17-JUL-20 10:00

20-JUL-20 21:00

21-JUL-20 00:00

21-JUL-20 16:00

48

48

3

83

86

4

Colour

Turbidity

Dissolved Organic Carbon

EHTR

EHTR

EHTL

Qualifier   

Legend & Qualifier Definitions:

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:

Units 

hours

hours

days

EHTR-FM:  
EHTR:        
EHTL:         
EHT:         
Rec. HT:   

Exceeded ALS recommended hold time prior to sample receipt.  Field Measurement recommended.
Exceeded ALS recommended hold time prior to sample receipt.
Exceeded ALS recommended hold time prior to analysis.  Sample was received less than 24 hours prior to expiry.
Exceeded ALS recommended hold time prior to analysis.
ALS recommended hold time (see units).

Notes*:
Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is
used for calculation purposes.  Samples for L2476882 were received on 20-JUL-20 09:20.

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.

Client:

Contact:

PALMER ENVIRONMENTAL CONSULTING GROUP INC. (Richmond Hill)
74 Berkeley Street 
Toronto  ON  M5V 1E3
Sarah Sipak
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