
   

 

 

HARDEN ENVIRONMENTAL SERVICES LIMITED 
 
 
 
 

Hydrogeological Evaluation for PTTW 
Application 

 
Waverley Pit No. 2 

 
Tiny Township 

 
 
 
 
 
Prepared For: 

     
The Sarjeant Company 
 
 
 

April 1, 2021 
REF. No. 2018 



   

Waverley Pit No. 2  Page 1 
Tiny Township 
 

 
 

Table of Contents 

1 Introduction and Summary ............................................................................................. 3 

1.1 Background ...................................................................................................................... 4 

2 Scope of Field Study ........................................................................................................ 5 
3 Site Characterization ....................................................................................................... 5 

3.1 Physiography and Drainage ............................................................................................. 5 
3.2 Geology ............................................................................................................................ 6 
3.3 Regional Hydrogeology .................................................................................................... 6 
3.4 Private Wells .................................................................................................................... 7 
3.5 Surface Water Features ................................................................................................... 9 

4 On-Site Hydrogeological Investigations .......................................................................... 9 

4.1 Drilling and groundwater monitoring well installation ................................................... 9 
4.2 Test Pits ......................................................................................................................... 10 
4.3 Hydraulic Testing ........................................................................................................... 12 

5 Site Hydrogeology ......................................................................................................... 12 
6 Site Hydrology ............................................................................................................... 14 

6.1 Precipitation .................................................................................................................. 14 
6.2 Evapotranspiration ........................................................................................................ 14 
6.3 Evaporation ................................................................................................................... 15 
6.4 Surplus Water ................................................................................................................ 15 
6.5 Water Balance ............................................................................................................... 15 
6.6 Water Balance Changes During Operations .................................................................. 17 

7 Proposed Water Taking ................................................................................................. 19 

7.1 Area of Influence of Water Taking ................................................................................ 19 
7.2 Modified Equilibrium Equation Analysis ....................................................................... 22 

8 Discussion ...................................................................................................................... 23 

8.1 Summary of Potential Impacts from Water Taking ....................................................... 23 
8.2 Cumulative Impact ........................................................................................................ 24 
8.3 Chemical Water Quality................................................................................................. 25 
8.4 Physical Water Quality .................................................................................................. 25 

9 Ongoing Groundwater Monitoring Program ................................................................. 26 
10 Conclusions .................................................................................................................... 28 
11 Recommendations ......................................................................................................... 29 
12 Closure ........................................................................................................................... 30 

 



   

Waverley Pit No. 2  Page 2 
Tiny Township 
 

List of Figures (Following text) 

1 Site Location 
2 Surrounding Land Use 
3 Licensed aggregate sites  
4 Physiography  
5 Topography and Drainage  
6 Environmental Features 
7 Quaternary Geology  
8 Bedrock Geology 
9 Source water protection  
10 Permits To Take Water  
11 Local Water Well Records  
12 Monitoring well locations   
13 Groundwater Elevations and Flow Direction 
14 Hydrographs  
15 Geological Cross section 
16 Pre-development drainage areas 
17 Post development drainage areas 
18 Water Circulation Schematic 
19 Source Pond Locations and Area of Influence 

 
List of Tables 
 
Table 1  Local Permits to Take Water 
Table 2  Summary of Residential Well Survey 
Table 3  Measured Groundwater Elevations  
Table 4  Hydraulic Conductivity Summary 
Table 5  Micro Drainage Areas 
Table 6  Pre-Development Water Balance for Entire Site 
Table 7  Active Development Water Balance for Entire Site 
Table 8 Water Balance Change between Pre and Active Development for Entire Site 
Table 9 Summary of Assumptions for Dupuit Equation Calculation 
Table 10 Sensitivity Analysis 
Table 11   Summary of Drawdown with Distance From Theoretical Well  
Table 12  Water Taking from Source Pond Summary 
Table 13  Existing and Proposed Groundwater Monitoring Program 
 
List of Appendices 
 
Appendix A Background Reports  
Appendix B Local Water Well records 
Appendix C Borehole Logs 
Appendix D Hydraulic Testing Results 
Appendix E  Hydrographs 
Appendix F Water Balance 
Appendix G Dewatering Analysis 

 

 



   

Waverley Pit No. 2  Page 3 
Tiny Township 
 

1 Introduction and Summary 

Harden Environmental Services Ltd. was retained by The Sarjeant Company Limited (Sarjeant) to 
conduct a hydrogeological study and prepare a report to support a Category 3 Permit to Take 
Water (PTTW) application for proposed source ponds at their Waverley Pit No. 2 site in Tiny 
Township.  Waverley Pit No. 2 is a licensed pit with approval to extract aggregate from below the 
water table.   The study was supervised by a Qualified Professional, specifically, a professional 
engineer licensed in the Province of Ontario. 
 
Pit activities include aggregate extraction, sorting and screening which is facilitated by passing 
water and aggregate through a series of screens and agitators. Sarjeant proposes to dig two ponds 
(“Source Ponds A and B”) into the water table at the site and extract shallow groundwater for use 
in the sorting and screening plant.   A PTTW is required to pump water from these Source ponds.  
The Source Ponds will be used for the initial filling and topping up of a series of sedimentation 
ponds used in the aggregate sorting and screening process.  The lined sedimentation ponds are 
physically and hydraulically separate from the Source ponds and from the water table aquifer but 
are themselves connected by gravity flow allowing any fine-grained sediment from the wash plant 
water to settle out of the effluent.  The sediment-free water in the last sedimentation pond will 
be used again in the process.  This recycling of water on-site minimizes water taking from the 
Source ponds.    
 
In addition to increased evaporation from the Source ponds, it is estimated that the aggregate 
washing process consumes approximately 89 liters of water per tonne (Golder, 2006) of processed 
aggregate via evaporation and entrainment in the shipped aggregate. Therefore, it is anticipated 
that regular transfer of water from the Source ponds to the sedimentation ponds will be necessary 
on a weekly basis.  Any loss of water from the washing operation is more than compensated by 
the capture of runoff and decreased evapotranspiration occurring in the pit. 
 
The maximum drawdown in the Source Ponds is expected to be in the order of two metres with 
an influence on water levels not extending beyond 160 metres of the source ponds.   There are 
residences that rely on groundwater for their domestic and agricultural water supply however, 
these residences are distant from the source ponds and private wells will not be affected.    
 
Aggregate processing does not use chemicals; therefore, no chemical quality changes are 
expected to occur.  Silt and clay sized particles will be separated from the aggregate and stored in 
the sedimentation ponds.  The well graded nature of the aggregate and in the aquifer (including 
silt and fine sand layers) and the presence of silt/clay aquitards between the sedimentation ponds 
and the aquifer supplying local wells ensures that there will be no off-site migration of silt or clay.  
 
We are recommending that a PTTW be issued to allow for water taking from the two proposed 
Source ponds at a maximum rate of 1,140 liters per minute (1,641,600 liters per day).   Only once 
Source Pond will be used at a time.  The permitted water will be used immediately in the 
processing of aggregate and is not reserved for future potential uses. 
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1.1 Background  

 
Waverley Pit No. 2 is located on Part Lot 78, 79 Concession 1 WPR1 and Part Lot 79 Concession 2, 
WPR2 in Tiny Township, County of Simcoe (Figure 1).  The site has a licensed area of 40.08 hectares 
with 27.32 ha to be excavated for sand and gravel. The site is divided into an east and west section 
by an unopened road allowance between Concessions 1 and 2.   
 
The land use in the area is primarily agricultural or rural residential.  Serjeant operates Waverley 
Pit No. 1 adjacent to this site and Dufferin Aggregates has a licensed aggregate site north and east 
of the site.  To the south of the site, smaller licenses are held by St. Mary’s Cement and Elmvale 
Sand and Gravel and others (Figure 2 and Figure 3). 
 
Several reports have been prepared for this site in the past, which were used as background for 
this report.   

 

- Letter report dated August 14, 2006. Waterloo Geoscience Consultants Ltd. 
- Level 2 Hydrogeological Investigation, Waterloo Geoscience Consultants Ltd., December 

5, 2006 
- Letter report dated June 6, 2007, Waterloo Geoscience Consultants Ltd.  
- Letter report dated November 4, 2020, Harden Environmental Services Ltd.  

 

The original water well survey conducted by Waterloo Geoscience Consultants Ltd. is included in 
Appendix A. 
 
The reports prepared for the expansion of the Teedon Pit and the renewal of the Permit to Take 
Water for the Teedon Pit have been reviewed.   The maximum area of influence of the water 
taking from PW1-09 at the Teedon Pit is approximately 300 metres.  The peer reviewers for 
Simcoe County and the Ministry of the Environment, Conservation and Parks (MECP) conclude 
that there will be no significant interference (quality or quantity) with private wells as a result of 
the water taking.  The main conclusions from the review of the Teedon Pit Permit To Take Water 
application (Environmental Registry of Ontario, 013-2282) include; 
 

• The ministry's review has determined that the taking is sustainable and will not result in 
sinkholes.  
 

• A concern was expressed on the impact of the washing operations on the aquifer and the 
introduction of dirty water into the aquifer. Teedon Pit will only use water with no 
additives in their washing process. The silt and sand contained in the used wash water 
settles to the bottom of the settling ponds. Any water that infiltrates into the ground at 
the bottom of the ponds is filtered, much like rainwater. Therefore, the ministry is 
satisfied that the operation is unlikely to adversely impact the groundwater quality. 
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• Stakeholders are concerned about the impact of the water taking and aggregate washing 
on the local aquifers and the Alliston Aquifer. The ministry's review has determined that 
monitoring undertaken by past and current permit holders demonstrates that that there 
is no long-term impact on groundwater levels in the production well, the monitoring 
wells, or the monitored domestic wells. The amount of water used in aggregate washing 
has no visible impact on groundwater levels. 
 

• A concern was expressed regarding the impact of the operations on local wells. As 
explained above, the ministry's review has concluded that the water taking does not have 
adverse impact on local wells. 
 
 

• Stakeholders have requested a cumulative impact study be completed to determine the 
short- and long-term impacts of the overall pit operations. Based on the ministry's review 
of the data acquired to date and the analysis completed during the review of this 
application, the water taking at Teedon Pit is unlikely to have any measurable impact on 
the aquifer outside of the 350 m radius around the Production Well. 

2 Scope of Field Study 

 
The following scope of field work was undertaken; 
 

• Drilling supervision and monitor well installation supervision for OW1R, OW2R, OW6R, 
OW10 and OW11 

• Hydraulic testing of OW1R, OW2R, OW6R, OW10 and OW11 

• Installation of data loggers in wells and manual water level measurements 

• Supervision of test pit excavation 

• Distribution of water well survey to residents within 500 metres 

• Evaluation of potential area of influence of the water taking on local wells, streams, ponds 
and wetlands 

• Preparation of a water balance 

3 Site Characterization 

3.1 Physiography and Drainage 

 
The site is located in the Simcoe Uplands physiographic region (Figure 4).  This region is 
characterized by rolling till plains.  The rolling upland topography is in many locations encircled by 
shoreline deposits indicating that some of the higher lands were islands within the former glacial 
Lake Algonquin.  The sand and gravel deposits that are targeted for excavation at the site are 
glacial shoreline deposits.   
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The topography of the site changes dramatically from a height of land of about 286 m above mean 
sea level (amsl) on the parcel east of the road allowance to an elevation of about 248 m amsl at 
the bottom of the scarp which was a glacial shoreline.  West of the road allowance the site slopes 
gently to the west from a maximum elevation of 246 metres to approximately 230 m amsl at the 
northwest corner of the site (Figure 5).   
 
The site is located in the Wye River watershed. The watershed has an approximate area of 217 
km2.  Regional drainage near the site is ultimately to the west toward a tributary of the Wye River 
which flows north towards Georgian Bay.  Figure 6 shows the site within the Wye River drainage 
area.  This Figure also shows the location of an unevaluated wetland that is present along the 
bottom of the scarp that is present at the site.  This wetland extends both north and south of the 
site along the base of the scarp.  A Provincially Significant Wetland is located approximately three 
kilometers south of the site.   
 

3.2 Geology  

Figure 7 shows the local quaternary geology in the vicinity of the site.  The site is located on an 
outwash sand and gravel deposit, the scarp that divides the site comprises beach ridges and near 
shore barrier bars from various glacial lake stages.  Ongoing erosion of these deposits has 
produced boulder lags at the surface in some areas.  The dynamic depositional environment in 
the vicinity of the site has resulted in a complex interbedding of tills and sand and gravel deposits.      
 
The portion of the site on top of the scarp is capped by a sandy silt till and underlain by thick sand 
and gravel deposits.  The land below the scarp has more limited sand and gravel resources.   In 
some areas the sand and gravel is also overlain by a silt till, similar to the deposits on top of the 
scarp.   
 
The bedrock below the site is a minimum of 129 metres below ground surface as indicated by one 
local water well.  No local wells reach bedrock or obtain water from the bedrock.   The bedrock is 
the Shadow Lake Formation (Figure 8). 
 

3.3 Regional Hydrogeology 

 
The interbedding of tills and sand and gravel deposits overlie and may be in direct hydraulic 
connection with part of the Alliston Aquifer Complex.   Singer (2003) identifies this area as being 
underlain by the Alliston Aquifer Complex at an elevation range between 120 and 160 m AMSL.  
The site is located in the upland area of the Wye River watershed and as such is an area of 
groundwater recharge.  The watershed divide occurs just east of the site.  Groundwater beneath 
the site flows in a north-westerly direction towards the Wye River.   There are no areas of surface 
water/groundwater interaction on-site.  The nearest location of local groundwater discharge 
occurs north of Carpenter Road at a distance of approximately one kilometer. 
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Figure 9 shows that the site is not located within a wellhead protection area for quality or 
quantity.  Local water supply, however, is entirely provided by domestic water supply wells as 
discussed in Section 2.4.  
 
MECP Permits to take Water (PTTW) within five kilometers of the site are shown on Figure 10 with 
details shown on Table 1.   
 
Table 1: Local Permits to Take Water 
 

Permit 
number 

Owner Volume permitted 
(m3 per day) 

Water Use 

6576-B9TKLS Orr Lake Golf Limited (2 separate 
permits) 

3,339 total Irrigation 

2868-94XNJ5 Ken Truax Construction Ltd.  283 Commercial 

5631-9YLP6S The Corporation of the Township of 
Tiny (5 separate permits) 

2,682 total Municipal 

4646-8EZJLN The Corporation of the Township of 
Springwater (2 separate permits) 

4,546 total Municipal 

6258-
BRDJ2M 

CRH Canada Group 5,237 (Wash Pond) 
1,368(Well) 

Industrial 

3.4 Private Wells 

All of the residents in the vicinity of the site are serviced by private water wells.  The Ontario 
Water Well Record database was utilized to highlight wells within 500 metres from the site (Figure 
11). All the private wells in the database are drilled wells and the records show that the sandy 
geological units yielding the water supply are located below a minimum of six metres of clay rich 
geologic deposits and most with twenty or more metres of clay.  The presence of the thick clay 
rich deposits between the water supply zone and the ground surface minimizes or eliminates the 
potential for an impact from activities at the surface or within the shallow water table aquifer.  
The water well record database and the monitoring wells on site also show that the lower sandy 
geological unit that is used for water supply is artesian, meaning that the overlying clay rich 
materials confine water in the sand unit.  When this unit is accessed by a water well, the water 
level rises in the well in the order of tens of metres above the water bearing zone.   In some cases, 
as occurs on Site at monitoring well OW9, the wells are flowing artesian which means that water 
will flow freely from the well.  Table 2 summarizes the local water supply wells.  
 
The private well survey conducted by Waterloo Geoscience in 2004 as part of the licensing 
application was utilized in our examination of local private wells.  At that time survey forms were 
delivered to all residents within 500 metre of the site and in person interviews were undertaken 
to identify wells that may not be recorded in the Ontario Water Well Record database.  We also 
conducted a recent search of the Water Well database and found that there are no new wells 
within 500 metres of the site. 
 
Three dug wells were identified during the door-to-door survey.   One used by  
at the time is immediately west of the site and is now owned by Sarjeant.   
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3.5 Surface Water Features 

 
No provincially significant wetlands, evaluated wetlands or surface water features are located 
within 500 metres of the site.   There are no private ponds within 500 metres of the proposed 
source ponds.   

4 On-Site Hydrogeological Investigations 

As part of compliance monitoring for the aggregate site and for this permit application, additional 
hydrogeological investigations were made. 

4.1 Drilling and groundwater monitoring well installation 

 
Between October 5, 2020 and October 7, 2020, Harden Environmental supervised Walker Drilling 
Ltd. during the drilling and installation of replacement monitors designated OW1R, OW2R and 
OW6R. Borehole logs and monitor installation details are compiled in Appendix C along with 
borehole logs from previous investigations.    On March 22, 2021, Harden supervised the 
excavation of four test pits and installed two drive point piezometers designated as OW10 and 
OW11.   
 
Pre-existing and new borehole locations are shown on Figure 12.  Monitors OW3 and OW4 no 
longer exist and have not been replaced.  OW1, OW2 and OW6 were replaced and are part of the 
long-term groundwater monitoring program for the site.  We found the following general 
geological conditions during the drilling. 

 
OW1R 
0 m to 5.4 m sandy silt till with cobbles, boulders and clay 
5.4 m 16.74 m Sand and Gravel 
 
OW2R 
0 to 5.3 m sandy silt till with cobbles, boulders and clay 
5.3 m to 17.8 m Sand and Gravel 
 
OW6R 
0 to 6.7 m Sand and Gravel 
6.7 to 7.75 Silt Till  
 
The groundwater levels were measured as summarized in Table 3. 
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Table 3: Measured Groundwater Elevations  

 
Note:  The flowing well (OW9) is controlled with a packer sealed below ground level. 

 
In order to provide continuous measurement of water levels in the site monitoring wells data 
loggers were installed in all wells between October 6 and November 3, 2020.  Manual 
measurements were taken on September 22, October 7, November 3 and December 22 as a 
comparison to the electronic readings.   The individual hydrographs are found in Appendix D and 
combined hydrographs are shown on Figure 13. 

4.2 Test Pits 

Twelve test pits were dug on the site in November 2020 and March 2021 to confirm the geology 
on site and to confirm the presence of shallow water table in the northwest area of the site.  The 
test pit locations are shown on Figure 12. The geological conditions encountered are summarized 
below: 
 
TP1 
0 to 1.68 m  silty sand with gravel 
1.68 to 4.27 m  gray bouldery sandy till, water perched on top of till, limited ingress of water from 
till  
 
TP2 
0 to 4.57 m brown silty sand with gravel.  Water flowing into testpit moderately, no distinct seams 
of coarse material but steady inflow. 
 
TP3 
0 to 1.2 m medium grained, brown sand, layered  

Water Level 

(mAMSL)

Water Level 

(mAMSL)

Water Level 

(mAMSL)

Water Level 

(mAMSL)

Water Level 

(mAMSL)

Water Level 

(mAMSL)

05-Oct-20 06-Oct-20 07-Oct-20 03-Nov-20 22-Dec-20 22-Mar-21

OW1R 250.970 234.67 234.41 234.39 234.44 234.53

OW2R 251.750 235.52 235.50 235.54 235.59

OW5 249.850 246.81 247.11 247.25

OW6R 232.853 228.56 228.65 229.16 229.36

OW7 232.455 231.53 231.46 231.52 231.58

OW8 241.548 239.92 240.58 240.49

OW9 232.088

OW10 233.485 231.49

OW11 234.625 232.54

Farm 228.430 224.74 223.90 224.17 223.91

Monitor

Top of Well 

Pipe 

Elevation 

(m AMSL)
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1.2 to 1.8 m silty sand with cobbles, test pit walls incompetent 
1.8 to 4.3 m silty sand with cobbles, slow water ingress  
 
TP4 
0 to 0.6 m saturated sand  
0.6 to 2.4 m brown cobbly silty sand with rounded gravel, competent walls 
2.4 to 3.0 m medium sand with gravel, water flowing into testpit. 
3.0 to 4.3 silty sand with rounded gravel, water flowing into testpit. 
 
 
TP5 
0 to 4.6 m silty sand with rounded gravel, some distinct sand layers, test pit walls not competent, 
slow seepage of water from pit walls 
 
TP6 
0 to 4.6 m silty sand with rounded gravel 
 
TP7 
0 to 2.4 m layered medium grained sand  
2.4 to 4.6 m brown silty sand with rounded gravel 
 
TP8 
0 to 4.6 m silty sand and gravel with cobbles, no water at 4 m, competent pit walls, very slow 
seepage of water noted at 4.3 m 
 
TP9 
0m to 2.4 m, coarse sand,  
2.4 m to 2.9 m, sand and gravel,  
2.9 to 3.65 medium sand,  
3.65 grey silty sand till,  
high inflow of water, unstable pit walls. 
 
TP10 
0 to 2m - fine sand,  
2 m to 3.35 m  - silty sand with stones,  
3.35 m to 4.57 m grey fine sand,  
water ingress from fine sand 
 
TP11 
 
0 to 4.57 m – silty sand with cobbles,  
limited water ingress 
 
TP12 
 
0 to 1.5 m, well sorted fine sand,  
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1.5 to 3.65 m, medium to coarse sand with gravel,  
3.65 m – grey silty sand  matrix with rounded cobbles,  
high volume of water ingress from coarse sand and gravel 
 
 

4.3 Hydraulic Testing 

 
Monitoring wells were purged with a Waterra™ inertial pumping system prior to conducting the 
field tests.  Falling head tests were conducted in groundwater monitors BH1R, BH2R ,BH6R, OW10 
and OW11 in order to determine an estimate of hydraulic conductivity of the sand and gravel 
formation.  The tests are conducted by adding a known volume of water to the monitor and 
measuring the rate of decline of the water level in the monitoring well.  An estimate of the 
hydraulic conductivity is determined using the following method (Hvorslev, 1951); 
 
K = r2 ln(L/R) / 2LTo 
 
Where 
 
k = hydraulic conductivity (m/s) 
r = radius of the well (m) 
L – length of screen (m) 
R – radius of borehole (m) 
To – lag time obtained from graph (s) 
 
Falling head test results are summarized in Table 4.  Comprehensive results of the testing are 
provided in Appendix E. 
 
TABLE 4:  FALLING HEAD TEST RESULTS 

Monitor Hydraulic Conductivity (m/s) 

BH1R 2.7 x 10-5 

BH2R 5.7 x 10-7 

BH6R 9.4 x 10-6 

MW10 3.1 x 10-5 

MW11 1.3 x 10-4 

 

5 Site Hydrogeology 

Groundwater elevations and contours (Figure 14) show that groundwater flows from the 

southeast to the northwest beneath the site.  Groundwater elevations range from approximately 

235 m AMSL in the eastern part of the western parcel at OW2R, to 230 metres at the western part 

of the western parcel at OW6R.  This groundwater flow direction is consistent with the upland 

area south and east of the site, the orientation of the old shoreline scarp and the Wye River 
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Tributary to the north and west.  This groundwater flow direction is also consistent with 

groundwater discharge areas located north of Carpenter Road. 

 

Neither of the existing dug wells at R7 indicated on Figure 11 are downgradient from the site and 

therefore will not be affected by operations at the site.  These wells are located approximately 

500 metres from the licensed boundary.  Analysis of the area of impact from the ponds and 

therefore the water taking (Section 5.5) indicate that impacts from the water taking will be 

confined to a maximum of 160 metres from the pond and therefore will not affect any local wells.   

 

Figure 13 shows hydrographs of the existing monitoring network.  Previously recorded high-water 

levels of 246 m AMSL at OW5 were confirmed as shown in the hydrographs.  This is considered a 

perched groundwater condition as this level is well above the phreatic surface measured in OW1R, 

OW2R and OW6R.  Higher water levels recorded OW9 represent confined sand layers within the 

silty sand till that underlies the western portion of the site.   

Drilling and groundwater monitoring at the site has determined that the complex depositional 

environment resulted in three different hydrostratigraphic units.  The interfingering of glacial tills 

and sand and gravel deposits results in: a) Perched groundwater condition in the vicinity of OW5, 

b) phreatic surface in the sand and gravel deposit, and c) artesian conditions within the underlying 

silty sand till.  These are described below: 

 

Upper Perched Groundwater Condition 

 

This hydrostratigraphic unit is identified as a fine-grained unit containing silt and clay in boreholes 

drilled for OW1R, OW2R  and OW5.  The monitoring well at OW5 records the perched water level 

condition between 246 and 248 m AMSL.  This unit does not appear throughout the site and will 

be removed as part of the mining operation. Sedimentation ponds may be constructed in this unit 

as it effectively limits infiltration.    

 

Phreatic Surface in Sand and Gravel 

 

The phreatic surface occurs in the sand and gravel deposit.  The phreatic surface is found at a 

depth of approximately 16 m at the North/South road allowance (OW1R and OW2R) and at 

approximately 3 metres in depth at the west edge of the licensed area (OW6R).  The two source 

ponds will be constructed in this unit.   
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Artesian Condition   

 

Artesian conditions are recognized at OW8 and OW9 with water levels rising 20 metres above the 

monitoring well screen.  At OW9, flowing artesian conditions are observed.  The proposed ponds 

will not penetrate this unit.   

 

The cross section on Figure 15 is inferred from the geological data obtained from on-site wells 

and water well records.  The inset map shows the orientation and location of the cross section.  

The Waverley Pit No. 2 is underlain by layers of fine grained geological sediments classified as 

aquitards and coarser grained geological sediments shown as aquifers.  Even within the aquitards 

and aquifers we have observed facies changes resulting in changing permeability properties of 

these units both vertically and horizontally.   This interpretation of the geological observations 

explains that the deeper aquifer suppling water to water well 5719240 is connected to the 

screened area of OW8 and OW9.  The upland area where 5719240 is providing the hydraulic 

potential observed in OW8 and OW9.  The lower hydraulic potential observed in OW1R and OW2R 

is interpreted to be as a result of permeable conditions extending from the pit northwesterly 

towards Baseline Road.   

 

The proposed sedimentation ponds and clear water pond are not in direct contact with either the 

phreatic aquifer or confined aquifer.  Water leaking from the sedimentation ponds will have to 

travel through unsaturated silt, sand and gravel before entering the phreatic aquifer.   

6 Site Hydrology 

We have prepared a water balance to analyze the overall potential change in the quantity of water 

contributed to the unconfined sand and gravel aquifer at the site.  The components of the water 

balance are as follows. 

6.1 Precipitation 

According to the Environment Canada station in Midland, the average annual precipitation is 1040 

mm/year (1973-2010).  Neither the development of the pit, nor the taking of water from the 

pumping well will affect the rate of precipitation. 

6.2 Evapotranspiration 

The estimated evapotranspiration is 55% of precipitation or 572 mm/year.  This applies to the 

original natural state of the site.  Evapotranspiration will be reduced by at least 50% in the 

disturbed area due to a reduction of transpiration in the root zone.  This is due to the lack of 
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uptake by vegetation and relatively rapid infiltration through the inorganic soil since the A and B 

Horizon of the soil will have been removed.   

6.3 Evaporation 

The estimate of evaporation 652 mm/year.  This value is applied to the source ponds, clearwater 

pond and sedimentation ponds.  The source ponds, clear water pond and sedimentation ponds 

are proposed to have a total area of 13 ha.     

6.4 Surplus Water 

Surplus water can either run off of the site or infiltrate.  The amount of infiltration at the site was 

estimated using the MOEE Hydrogeological Technical Information Requirements for Land 

Development Applications (1995).  The portion of surplus water that becomes infiltration or 

runoff is estimated using an infiltration factor.  The infiltration factor is based on topography, soil 

type and vegetation and for this site is determined to vary from 0.5 to 0.7 (Table 5).   

 

At the Waverley Pit No. 2 it is assumed that as the site is developed and post development, all of 

the surplus water in the disturbed area is captured on site.  We base this on observations of 

topography of the disturbed area and on original ground contours shown on various mapping 

products.   

6.5 Water Balance 

The water balance for the site prior to the proposed development have been determined using 

the basic formula of  

P = E + R + I 

Where; 

P – precipitation (mm/year) 

E - evapotranspiration (mm/year) 

R – runoff (mm/year) 

I – infiltration (mm/year) 

There are five micro drainage areas on the Waverley Pit No. 2 site as shown on Figure 16.  Table 

5 summarizes the hydrology of each of the drainage areas.  The volume of infiltration within each 

micro-drainage area was estimated using the MECP guideline for infiltration found in the 

document titled “Hydrogeological Technical Information Requirements for Land Development 

Applications”.  The partition of surplus water into infiltration and runoff is estimated using an 

infiltration factor.  The infiltration factor is based on topography, soil type and vegetation and for 
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Table 6:  Pre-Extraction Water Balance for Entire Site 

 
Note: Drainage Area D1 includes 0.7 ha area of future Pond A 

 

The water balance shows that a main hydrological function of this site is groundwater recharge 

(infiltration).  Full summary of water balances are found in Appendix F. 

6.6 Water Balance Changes During Operations 

The proposed aggregate extraction will alter the topography of the site including the catchment 

areas.  Much of the licensed area will be at a lower elevation than the surrounding lands and 

therefore will be internally draining so that water that is not lost to evapotranspiration or 

evaporation will infiltrate onsite.  There will be a significant decrease in evapotranspiration due 

to the stripping of vegetation during active extraction.  We have assumed that there will be ten 

hectares of disturbed land and the evapotranspiration will decrease by 50%. 

 

Figure 17 depicts the two drainage areas on the site during active extraction and post-extraction.  

Drainage area 1 (PE1) is land that will drain overland to either the Pit Pond (Source B) or the Farm 

Pond (Source A). A swale will be constructed on west of the licensed area to capture any runoff 

and direct it into the Farm Pond.  Drainage area PE2 is the extraction area east of the road 

allowance and will be lower than the surrounding land and will drain internally.  All surplus water 

is considered to infiltrate.   

 

The consumption of water by the wash plant will occur as water is entrained with the outgoing 

aggregate products and water evaporates from the washing system.  A study by Golder Associates 

found that approximately 89L of water are ‘consumed’ for every tonne of aggregate processed.  

The license allows for a maximum of 1,000,000 tonnes of aggregate to be shipped from the site 

every year, however realistically only 400,000 tonnes will be processed annually resulting in an 

estimated consumption of 35,600 m3 of water per year.  Water will be pumped from the source 

ponds and directed to the “clear water” pond, the final pond in a series of sedimentation ponds.  

Pre Extraction Water Balance

Area Precipitation Evapotranspirat Runoff Infiltration

(hectare) (m3/year) (m3/year) (m3/year) (m3/year)

Pre Development

Drainage Area D1 11.60                  120,598              66,329                16,281         37,988                

Drainage Area D2 8.98                     93,371                51,354                12,605         29,412                

Drainage Area D3 6.49                     67,486                37,117                9,111            21,258                

Drainage Area D4 10.28                  106,954              58,824                24,065         24,065                

Drainage Area D5 1.24                     12,844                7,064                  2,890            2,890                  

Pre Development Summary 38.58                  401,253              220,689             64,951         115,613              
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Water will be pumped from this pond for use in aggregate processing.  The aggregate plant 

effluent water will be returned to the series of sedimentation ponds, flowing between ponds until 

reaching the “clear water” pond from which it will be removed again for use in aggregate 

processing (Figure 18).   The clear water pond and the sedimentation ponds will not be 

constructed below the water table and therefore a permit will not be required to operate the 

pump for the plant. 

 

The Active Phase of pit development water balance for the site is summarized in Table 7. 

 

Table 7:  Active Extraction Water Balance for Entire Site 

 

 
Note:  The Disturbed Land Benefit arises from the removal of vegetation and subsequent decrease in 

evapotranspiration. 

 

The differences between pre and active development in water balance is summarized in Table 8. 

 

Table 8:  Water Balance Change between Pre and Active Development for Entire Site 

 

 
 

This table shows that 83,631 more cubic metres of water will infiltrate on the site during active 

site development because the site will be almost completely internally draining, no water will be 

lost to runoff and there is less evapotranspiration. This increase in infiltration exceeds the 

consumptive use of water for aggregate washing operations of 35,600 m3 resulting in a net 

increase in infiltration of 48,031 m3/year.   

 

Area Precipitation

Evapotranspira

tion or 

Evaporation Runoff Infiltration

Active Development (hectare) (m3/year) (m3/year) (m3/year) (m3/year)

PE1 14.67                  152,526              83,889                -                68,636                

PE2 11.52                  119,793              65,886                -                53,907                

Disturbed Land Benefit 10.00                  28,600-                28,600                

 Pond A 0.700 7,280                  4,564                  2,716                  

 Pond B 11.697 121,650              76,265                45,385                

Active Development Summary 38.58                  401,248              202,004             -                199,244              

Area Precipitation Evapotranspiration Runoff Infiltration

(hectare) (m3/year) (m3/year) (m3/year) (m3/year)

Pre Development Summary 38.58                                401,253                          220,689                         64,951                   115,613               

Active Development Summary 38.58                                401,248                          202,004                         -                            199,244               

Difference 0.00-                                   4.53-                                   18,684.82-                     64,951-                   83,631                  

Consumption from Wash operations 35,600.00                     M3 Difference 48,031                  
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Once wash operations have ceased and the site is revegetated (except for the open ponds), there 

will be a net increase in infiltration of 55,031 m3/year.   
 

7 Proposed Water Taking 

 
The wash plant will be operated from water recirculated through a series of ponds containing 

water.    The ponds will be lined with silt or clay and will be perched above the phreatic water 

surface (water table).   As such, no permit to take water is required to operate the wash plant.  

The estimated dimensions (length, width, depth) of these ponds are as follows; 

 
Sedimentation Pond 1 – 24 m x 40 m x 3 m  
Sedimentation Pond 2 -  25 m x 40 m x 3 m  
Clear Water Pond - 40 m x 40 m x 3 m 
 
There is a total potential storage of 10,800 m3 of water in these ponds.  
 
Water taking from Source A and Source B (Figure 19) will require a Permit to Take Water as these 

ponds will be constructed below the water table.   Water will be taken from Pond A or Pond B to 

fill the sedimentation ponds and clear water pond.  A submersible pump or surface pump will be 

used to take water from the pond(s) and pump into the clear water pond.  We are recommending 

a maximum pumping rate of  1,140 l/minute for 24 hours a day to allow for filling of the 

recirculation pond system.   This filling operation will take less than one week if ponds are entirely 

empty.   Once the ponds are filled, water taking from the Source Ponds will only be required 

periodically (2-3 times per week).  The Source ponds have significant storage volumes and to fill 

the sedimentation ponds and clear water ponds a drawdown of less than 0.7 m is required. 

 

There will be no off-site discharge of water as a result of this water taking.  The only removal of 

water will occur as a result of evaporation and entrainment in the shipped aggregate products. 

7.1 Area of Influence of Water Taking 

 
Local wells are the only significant receptors that need consideration during the removal of water 

for filling the recirculation system.  The nearest private well, R5, is approximately 400 metres west 

of Pond A and R1 is located 400 metres north of Pond B.  We provide the following analysis to 

confirm that the area of influence of the drawdown in the Source Ponds is significantly less than 

the distance to the nearest well. 
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The estimate of the area of influence of the Source Ponds and the estimated volume of 

groundwater recharge to the Source Ponds are related as shown by the Dupuit-Forchheimer 

discharge formula (Bear, 1979); 

 

Q = k (H2 – h2)  / 0.733 Log (R/Re) 

Where 

Q – groundwater inflow into the Source pond ( m3/s) 
k – hydraulic conductivity ( m/s) 
H – initial thickness of saturated soils above impermeable datum (m) 
h – dewatered thickness of saturated soils above impermeable datum (m) 
R – estimated radius of influence (m) 
Re – equivalent radius of excavation 
 

Estimate of Dewatered Thickness of Saturated Soils 
 
The maximum drawdown in Source A or Source B will be two metres for this evaluation. 
 
 
Estimate of Hydraulic Conductivity (m/s) 
 
The estimate of hydraulic conductivity at Source A is from OW6R with a value of 9.4 x 10-6 m/s. 
The estimate of hydraulic conductivity at Source B is from OW1R with a value of 2.7 x 10-5 m/s.   

 
Estimate of Radius of Influence from Edge of Excavation  

The radius of influence is estimated using the Siechardt empirical formula of  

Rx = 3000 h √𝑘. 

 

Source Pond Dimensions 

The source ponds have the following dimensions for these calculations.  Pond A is 140 m long by 

50 m wide and Pond B is 360 m long by 65 m wide.  Ultimately, Pond B will be larger and the 

impact will be less than estimated in this analysis. 

 

Equivalent Radius of Excavation 

Groundwater Flow into the Source Pond using Equation (1) is radial and since the Source Ponds 

are rectangular, an equivalent circle of the same area of excavation is required.  This is determined 

using; 

 

Re = √𝐿 𝑥 𝑊/𝜋 

 

For the purpose of the estimate, we assumed that horizontal flow prevails.  
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7.2 Modified Equilibrium Equation Analysis 

 

Another way of estimating the area of influence is by using the modified equilibrium equation 

(Driscoll, 1986).  By estimating the theoretical drawdown from a single well with a two-metre 

drawdown using the unconfined aquifer characteristics one can estimate the maximum distance 

from the source pond.  Using the theory of superposition, multiple wells along the edge of the 

Source pond will make the area of influence larger in size, but the maximum distance from the 

pond will not increase.   The modified equilibrium equation is;  

 

s  =  0.183Q / T log(2.25 Tt/r2S)  

 

where 

s = drawdown at a distance r from the well (m) 

Q = pumping rate m3/day 

T = transmissivity m2/day 

r  = distance from well (m) 

t = time (days) 

S = storativity (unitless) 
 

The following assumptions are made for this calculation. 

 

T = kb where k = 6.4 x 10-5 m/s and b = 3.5 metres resulting in a T of 19.4 m2/day 

t= 30 days of continuous pumping 

Q – determined by trial and error to achieve a drawdown of 2 metres in the well (r = 0.076 m) 

S – storativity of 0.05 (unitless) reflective of unconfined conditions 

 

The drawdown(s) at a range of distances from the well (r) are summarized in Table 11. 

 

Table 11  Summary of Drawdown with Distance From Theoretical Well  

 

Distance (m) 0.076 50 100 160 

Drawdown (m) 2 0.31 0.13 0 

 

5.00E-05 64 296 525  

1.00E-05 28 112 210  

5.00E-06 20 76 144  
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The drawdown decreases exponentially with distance from the pond edge.  This method confirms 

that the maximum extent of drawdown from the ponds will be less than 160 metres (Figure 19). 

8 Discussion 

Sarjeant will pump water from Source A or Source B at a rate of 1,140 l/min for a maximum of 24 

hours per day.  Pumping for several days continuously will only be necessary during the initial 

startup period each year and after that regular top up the ponds in the recirculation system.  The 

wash plant could operate between March 1 and December 31. 

 

8.1 Summary of Potential Impacts from Water Taking 

The intention of the site owner is to dig a pond into the water table at the location identified as 

Pond A, on Figure 17.  Aggregate extraction will commence at the southeast corner of the western 

portion of the pit as shown on the site plans in Figure 16.  Water will be removed from Source A 

and pumped into the clear water pond in  the processing area on the site.  As the excavation 

progresses from east to west, the pit floor will become closer to the water table and Pond B will 

be dug on the southeastern corner of western portion of the pit where groundwater will be more 

accessible to processing area. Aggregate extraction will commence on the higher, eastern side of 

the road allowance after the development of Pond B and water will be pumped from Pond B to 

processing areas on the eastern portion of the Pit or the gravel will be transferred to an existing 

processing area west of the road allowance.   

 

The measured water table varies from 235.5 m amsl at the east part of the site to 228 metres at 

the west part of the site.  The source ponds will be excavated approximately three metres into 

the water table to allow the shallow groundwater to be taken for aggregate processing.   

Groundwater flows from the high land at the east portion of the site, to the northwest corner as 

indicated by groundwater elevations.  Water removed from the pond will be directed to a “clear 

water recirculation pond” from which the processing plant will draw water.   The recirculation 

pond will be the final pond in a series of sedimentation ponds that will allow the water to be 

reused after aggregate washing.  Approximately 35,600 m3 per year of water will be “consumed” 

from the water extracted from the pond for site operations.  This water deficit during site 

operations will be offset by increased infiltration due to capture of run off in the pit, stripping of 

vegetation in preparation for extraction and changes in grading.   

 

Analysis indicates that the drawdown effect of the water taking from either Source Pond A or B is 

at most 160 metres.  There are no water supply wells within this distance of the pond areas.   
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8.3 Chemical Water Quality 

Chemicals are not used in the sorting/processing of aggregate, therefore, there will be no 
chemical change to the water as it is used.   
 

8.4 Physical Water Quality 

 
The ponds used for recirculation will not be in contact with the aquifer and will be lined with clay 
or silt.   Fine sand, silt and clay particles contained in the wash plant effluent will settle out or be 
trapped in the settling ponds.  Some water leakage from the sedimentation ponds can be 
expected to occur initially, and then decrease as a layer of fine-grained sediment covers the pond 
bottom.  The aggregate processing does not create any smaller particles than already occur in the 
aquifer.    To address concerns with respect to the movement of washed sediment into the aquifer  
and being carried by groundwater, we provide the following discussion. 
 
Suffusion is the flow and movement of particles within the interstitial pores of an unconsolidated 

deposit.  Suffusion is important to the design of structures such as dams where the erosion of 

native soils behind a filter material could result in instability of the structure.  Conversely if all 

small particles of the native soil (in the case of a dam) clog up the filter material then exceedingly 

high gradients could develop and again compromise the structural integrity of the structure.   In 

regard to suffusion at the Waverley site, suffusion is expected to occur at the bottom of the 

sedimentation ponds resulting in the clogging of pores and thereby result in the retention of water 

within the ponds.  Any migration of fine-grained material into the unsaturated material beneath 

the sedimentation ponds resulting in clogging of pores is not of concern as this does not affect 

the structural integrity of the ponds, but is a benefit by limiting the movement of fine-grained 

material into the aquifer. 

The transport of fine particles though the unsaturated zone beneath the sedimentation ponds 

and in the underlying phreatic aquifer, requires sufficient pore space in the coarser grained 

material to allow the finer grains to pass through.    Grain size distribution curves have been used 

to characterize both the filtering material and the potentially transported material by estimating 

the size of the transported grains relative to the estimated pore sizes of the “filtering” porous 

media.  Grain size distribution curves plot the mass of certain size particles compared to the total 

mass of the sample so give a percentage of the mass of a sample that is smaller than a particular 

size or conversely the size of a particle that a certain percentage of the sample that has passed 

through a certain size sieve (Dx, where D is the size and x is the percentage passing or smaller).   

Terzaghi is credited with the “Terzaghi Rule” that was designed to compare the grain size 

distribution of a filtering soil and a potentially eroding soil.  This rule says that if the  

D15/d85 < 4 then the fine grained material will not travel through the filter material                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
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• where D15 is the particle size for which 15% of the mass of the filter material is smaller  

• d85 is the particle size for which 85% of mass of the potentially eroded sediment is smaller 

and may be transported through the filtering soil.   

Grain size distribution analyses were conducted as part of the logging of BH8 and BH9 at the 

Waverley Pit 2 site.  The shallow silty sand material was used in this analysis to represent the 

materials that will underlie the sedimentation ponds (Sample 1, BH8 and Sample 1 BH9).  In 

conducting Terzaghi’s analysis using BH8 Sample 1 as the filter material and the finer grained silt 

and clay from deeper in the same borehole as the fines that could potentially move through the 

filter material, we get a D15/d85 of 1.33.  Therefore, suffusion will not occur, according to Terzaghi’s 

Rule. 

Kezdi (1979) proposed that within a soil, the coarser fraction will act as a filter to the finer fraction 

if within that soil the D15 of the coarse fraction is less than 4 times the d85 of the finer fraction.  

This is an appropriate analysis for the Waverly site since the material to be released in the 

sediment pond will be the fines washed from the in-situ soils.  Assuming that the granular material 

will be washed through a 0.15 mm sieve (for concrete sand or coarser) the fine material will 

resemble the fine part of the grain size distribution curve for Sample 1 in BH8.  The underlying 

material will be similar to the entire gradation of Sample 1, therefore the ratio of D15 to d85 would 

be 0.91.   Using a coarser underlying material like a typical “Granular A” material where the 

coarser envelope has a D15 of 0.4 mm (instead of 0.02 as in BH8, Sample 1) to be conservative, the 

material would still provide an effective filter for the fines in Sample 1 (D15/d85 = 3.6).   

The subsurface materials at the Waverley Pit 2 are well graded meaning that although the soils 

have predominantly sand size particles, a full range of particle sizes are present.  Lafleur et al. 

showed that soils that are generally susceptible to suffusion are those that are either gap graded 

indicating that the soil is composed of discrete particle sizes without a full range or soils that are 

characterized by a poorly graded coarse fraction and a well graded fine fraction.  Soils with grain 

size distribution curves such as those in BH8 and BH9 are considered stable to suffusion (Marot 

et al.) 

Our observation of the aquifer material, our evaluation of the depositional environment creating 
the aquifers (and aquitards) and our review of geological reports and water well records allow us 
to conclude that there will be no off-site migration of clay, silt or fine sand in the shallow 
groundwater system.   
 

9 Ongoing Groundwater Monitoring Program 

We have reviewed the existing monitoring program and recommended a long-term monitoring 

program to the Sarjeant Company. This program has been accepted by Sarjeant and changes in 
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10 Conclusions 

1) The Sarjeant Company has a licenced sand and gravel extraction area at the Waverley Pit 

No. 2 of approximately 40.08 hectares with 27.32 ha being disturbed for aggregate 

extraction.  In addition to this 27.32 ha, an additional 0.7 ha will be disturbed in an area 

outside of the aggregate licensed area to create a water source pond.  A second pond will 

be developed within the extraction area as extraction progresses below the water table.   

 

2) The Sarjeant Company intends to operate an aggregate washing plant to process an 

estimated 400,000 tonnes of sand and gravel per year. The water losses associated with 

the wash plant are estimated to be 89 litres per tonne of aggregate processed due to 

evaporation and entrainment in the shipped aggregate products.  The processing of 

400,000 tonnes of aggregate will result in an estimated consumption of 35,600 m3 of 

water per year.  

3) Water will be taken from one of two source pond excavated into the water table, used 

for aggregate processing then returned to a series of sedimentation ponds for reuse.   

 

4) During active aggregate mining, changes to the site grading and vegetation removal will 

result in an increase in the onsite water surplus which will result in an estimated 

infiltration increase of 75,186 m3 of water per year.  After accounting for the consumptive 

loss of 35,600  m3 per year, there will be an estimated increase in infiltration of 39,586 m3 

of water per year.  

  

5) Post extraction the site will be revegetated which will result in a decrease in infiltration 

compared to during site operation, there will also be increased evaporation from the 

ponds and increased capture of runoff relative to the predevelopment scenario, however 

water will no longer be consumed by aggregate operations.  Overall, the long-term 

increase in infiltration is estimated to be 55,031 m3/year.   

 

6) Local drilled water supply wells range from 11 to 130 metres in depth.  All records indicate 

the presence of a predominantly clay unit overlying a water bearing unit generally 

described as a medium or coarse sand.  Static water levels on completion of drilling 

indicate water levels above the elevation of the water bearing unit, in some cases, 30 

metres above. Therefore, the overlying clay rich deposit provides an effective separation 

between the water supply zone and the surficial deposits.  As the sand and gravel 

extraction will remove material from above this clay rich unit, there should be no impacts 

to local drilled water supply wells.  There are two dug wells which do not have well records 

located southwest of the site.  These wells are 500 metres from the licenced area and are 
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not downgradient of the site and therefore are not expected to be impacted by the water 

taking.   

 

7) The analysis of the area of influence of the water extraction from the ponds shows an 

area of influence of less than 160 metres from the ponds.   This means that there will be 

no change in water level beyond 160 metres of the edge of either Source Pond.   This will 

not result in an impact to any local water supply wells.   

 

8) No sensitive surface water features are located within 500 metres of the licenced area.   

 

9) Harden Environmental concludes that using on site water table ponds as a source for the 

washing operations at  the Waverley Pit No. 2 operations will not impact local water 

resources.   

10) Fine-grained particles removed from the sand and gravel during processing will be 

retained in sedimentation ponds.   The silt and clay lining of the sedimentation ponds 

combined with the well graded natural soils on the site will prevent migration of washed 

particles into the aquifer at the site.  All local water supply wells downgradient are found 

to be separate from the phreatic aquifer by a silt or clay aquitard.  There will be no change 

in chemical or physical property of the groundwater used by the private wells. 

11 Recommendations 

We recommend that The Sarjeant Company Limited apply to the Ministry of the Environment for 

a permit to take water as described in Table 12. 
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APPENDIX B – PRIVATE WELL INVENTORIES 



































 

 

 

Appendix B: Well Records 























 

 

 

Appendix C: Borehole Logs 



































 

 

 

Appendix D: Hydraulic Test Results 













 

 

 

Appendix E: Hydrographs 





















 

 

 

Appendix F: Water Balance 



Waverly Pit #2 Pre Development Water Balance

Value Units

Precipitation 1040 mm/year

Evapotranspiration 572 mm/year

Evapotranspiration Disturbed 286

Evaporation 652 mm/year

Total Extraction Area 38.5820 hectare Infiltration Factor

Drainage Area D1 11.60 hectare 0.7

Drainage Area D2 8.98 hectare 0.7

Drainage Area D3 6.49 hectare 0.7

Drainage Area D4 10.28 hectare 0.5

Drainage Area D5 1.24 hectare 0.5

Wetland Area 0.00 hectare 1

Pond A Area 0.70 1

Pond B Area 11.70 1

Annual Tonnage Processed 400,000.00        tonnes

Water Consumed 35,600.00           M3

Pre Extraction Water Balance

Area Precipitation Evapotranspiration Runoff Infiltration

(hectare) (m3/year) (m3/year) (m3/year) (m3/year)

Pre Development

Drainage Area D1 11.60                  120,598              66,329                    16,281          37,988         

Drainage Area D2 8.98                     93,371                51,354                    12,605          29,412         

Drainage Area D3 6.49                     67,486                37,117                    9,111            21,258         

Drainage Area D4 10.28                  106,954              58,824                    24,065          24,065         

Drainage Area D5 1.24                     12,844                7,064                       2,890            2,890           

Pre Development Summary 38.58                  401,253              220,689                  64,951          115,613       



Active Development Units

Evapotranspiration 572 mm/year

Evaporation 652 mm/year

Evapotranspiration Disturbed 286 mm/year

Total Extraction Area 50.28 hectare Infiltration Factor

Post PE1 26.36 hectare 1

Post PE2 11.52 hectare 1

Post Pond A 0.700 hectare 1 12                  

Post Pond B 11.697 hectare 1

Area Precipitation

Evapotranspiration 

or Evaporation Runoff Infiltration

Active Development (hectare) (m3/year) (m3/year) (m3/year) (m3/year)

PE1 14.67                  152,526              83,889                    -                68,636         

PE2 11.52                  119,793              65,886                    -                53,907         

Disturbed Land Benefit -                       -                           -                

 Pond A 0.700 7,280                  4,564                       2,716           

 Pond B 11.697 121,650              76,265                    45,385         

Active Development Summary 38.58                  401,248              230,604                  -                170,644       



 

 

 

Appendix G: Dewatering Analysis 





Project: Source B Waverley Pit

Location: Springwater Township

Date: 18-Dec-20

Project #: 2018

ESTIMATE OF GROUNDWATER INFLOW TO WASH POND AND AREA OF INFLUENCE

PARAMETERS Units

Initial Water Level 235.5 metres above datum

Lowest Water Level during Dewatering 233.5 metres above datum

Aquifer Bottom Elevation 230.5 metres above datum

Initial Head above datum (H) 5 metres

Dewatering head above datum (h) 3 metres

Hydraulic Conductivity (k) 2.70E-05 m/s

2.333 m/day

Length of Site (L) 360 metres  

Width of Site (W) 60 metres

Equivelent Radius re  (Equation 1) 82.9 metres

Estimated Radius of Influence from Edge of Source Pond  (Rx) (Equation 2) 31.18 metres

Radius of Influence from Center of Source Pond( R ) 114.12 metres

Estimated Volume of Inflow to Wash Pond(Equation 3) 367.43 m3/day

255.16 L/min

56.20 Imp. Gall/min

Equation 1

Equation 2

Equation 3 Q= k(H2−h2)
.733 Log (R/re)

Rx = 3000 h  𝑘 

Re =  𝐿 𝑥 𝑊/π 
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Water Quality Analysis 
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· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.

21T725562AGAT WORK ORDER:

ATTENTION TO: Allan Rodie

PROJECT: 2018

Laboratories (V1) Page 1 of 10

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in his report may not necessarily be included in 
the scope of accredita ion. Measurement Uncertainty is not taken into consideration when sta ing 
conformity with a specified requirement.
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OW10SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2021-03-24
10:45

DATE SAMPLED:

2259812G / S RDLUnitParameter

2.29Total Kjeldahl Nitrogen 0.10mg/L

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2021-03-24

Certificate of Analysis

ATTENTION TO: Allan RodieCLIENT NAME: HARDEN ENVIRONMENTAL SERVICES LTD.

AGAT WORK ORDER: 21T725562

DATE REPORTED: 2021-03-29

PROJECT: 2018

(Water) TKN

SAMPLED BY:ARSAMPLING SITE:Waverly

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122

http://www.aga labs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 10



OW10SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2021-03-24
10:45

DATE SAMPLED:

2259812G / S: A RDLUnit G / S: BParameter

456Electrical Conductivity 2µS/cm

7.67pH NA6.5-8.5pH Units

7.09Saturation pH (Calculated)

0.582Langelier Index (Calculated)

226Hardness (as CaCO3) (Calculated) 0.580-100mg/L

264[<A]Total Dissolved Solids 20500mg/L

244Alkalinity (as CaCO3) 530-500mg/L

244Bicarbonate (as CaCO3) 5mg/L

<5Carbonate (as CaCO3) 5mg/L

<5Hydroxide (as CaCO3) 5mg/L

<0.05Fluoride 0.05mg/L 1.5

2.99[<A]Chloride 0.10250mg/L

3.90[<B]Nitrate as N 0.05mg/L 10.0

<0.05Nitrite as N 0.05mg/L 1.0

<0.05Bromide 0.05mg/L

8.66[<A]Sulphate 0.10500mg/L

<0.10Ortho Phosphate as P 0.10mg/L

8.14Reactive Silica 0.05mg/L

<0.02Ammonia as N 0.02mg/L

1.54Total Phosphorus 0.02mg/L

15.4Total Organic Carbon 0.5mg/L

<5True Colour 55TCU

2250[>A]Turbidity 0.55NTU

69.9Dissolved Calcium 0.05mg/L

12.5Dissolved Magnesium 0.05mg/L

1.34Dissolved Potassium 0.05mg/L

2.71[<B]Dissolved Sodium 0.05mg/L 20

0.054Dissolved Aluminum 0.004mg/L

<0.001Dissolved Antimony 0.001mg/L 0.006

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2021-03-24

Certificate of Analysis

ATTENTION TO: Allan RodieCLIENT NAME: HARDEN ENVIRONMENTAL SERVICES LTD.

AGAT WORK ORDER: 21T725562

DATE REPORTED: 2021-03-29

PROJECT: 2018

Water Quality Assessment (mg/L) Groundwater (Excl. Hg)

SAMPLED BY:ARSAMPLING SITE:Waverly

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122

http://www.aga labs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 10



OW10SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

2021-03-24
10:45

DATE SAMPLED:

2259812G / S: A RDLUnit G / S: BParameter

<0.001Dissolved Arsenic 0.001mg/L 0.01

0.047[<B]Dissolved Barium 0.002mg/L 1.0

<0.0005Dissolved Beryllium 0.0005mg/L

<0.010Dissolved Boron 0.010mg/L 5.0

<0.0001Dissolved Cadmium 0.0001mg/L 0.005

<0.002Dissolved Chromium 0.002mg/L 0.05

<0.0005Dissolved Cobalt 0.0005mg/L

<0.001Dissolved Copper 0.001mg/L

0.027Dissolved Iron 0.010mg/L

<0.0005Dissolved Lead 0.0005mg/L 0.010

0.010Dissolved Manganese 0.002mg/L

<0.002Dissolved Molybdenum 0.002mg/L

<0.003Dissolved Nickel 0.003mg/L

0.019[<B]Dissolved Selenium 0.001mg/L 0.05

<0.0001Dissolved Silver 0.0001mg/L

0.241Dissolved Strontium 0.005mg/L

<0.0003Dissolved Thallium 0.0003mg/L

<0.002Dissolved Tin 0.002mg/L

<0.002Dissolved Titanium 0.002mg/L

<0.010Dissolved Tungsten 0.010mg/L

0.0006[<B]Dissolved Uranium 0.0005mg/L 0.02

<0.002Dissolved Vanadium 0.002mg/L

1.89Dissolved Zinc 0.005mg/L

<0.004Dissolved Zirconium 0.004mg/L

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: A Refers to O. Reg 169/03 - Ontario Drinking Water Quality Standards - Aesthetic Objectives and Operational Guidelines, B Refers to O. 
Reg 169/03 - Ontario Drinking Water Quality Standards. Na value derived from O. Reg 248
Guideline values are for general reference only. The guidelines provided may or may not be relevant for the intended use. Refer directly to the applicable standard for regulatory interpretation.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2021-03-24

Certificate of Analysis

ATTENTION TO: Allan RodieCLIENT NAME: HARDEN ENVIRONMENTAL SERVICES LTD.

AGAT WORK ORDER: 21T725562

DATE REPORTED: 2021-03-29

PROJECT: 2018

Water Quality Assessment (mg/L) Groundwater (Excl. Hg)

SAMPLED BY:ARSAMPLING SITE:Waverly

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122

http://www.aga labs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 4 of 10





Water Quality Assessment (mg/L) Groundwater (Excl. Hg)

Electrical Conductivity 2254587 528 530 0.4% < 2 98% 90% 110%

pH 2254587 7.63 7.65 0.3% NA 100% 90% 110%

Total Dissolved Solids 2259812 2259812 264 276 4.4% < 20 102% 80% 120%

Alkalinity (as CaCO3) 2254587 92 104 12.2% < 5 104% 80% 120%

Bicarbonate (as CaCO3)
 

2254587 92 104 12.2% < 5 NA

Carbonate (as CaCO3) 2254587 <5 <5 NA < 5 NA

Hydroxide (as CaCO3) 2254587 <5 <5 NA < 5 NA

Fluoride 2257297 <0.05 <0.05 NA < 0.05 97% 90% 110% 97% 90% 110% 97% 85% 115%

Chloride 2257297 109 110 0.9% < 0.10 91% 70% 130% 103% 80% 120% 107% 70% 130%

Nitrate as N
 

2257297 10.2 10.1 1.0% < 0.05 98% 70% 130% 104% 80% 120% 106% 70% 130%

Nitrite as N 2257297 <0.25 <0.25 NA < 0.05 96% 70% 130% 96% 80% 120% 104% 70% 130%

Bromide 2257297 <0.25 <0.25 NA < 0.05 106% 90% 110% 104% 90% 110% 103% 85% 115%

Sulphate 2257297 83.2 83.5 0.4% < 0.10 98% 70% 130% 102% 80% 120% 103% 70% 130%

Ortho Phosphate as P 2257297 <0.50 <0.50 NA < 0.10 97% 70% 130% 95% 80% 120% 96% 70% 130%

Reactive Silica
 

2259812 2259812 8.14 8.34 2.4% < 0.05 100% 90% 110% 107% 90% 110% NA 80% 120%

Ammonia as N 2259812 2259812 <0.02 <0.02 NA < 0.02 103% 70% 130% 103% 80% 120% 99% 70% 130%

Total Phosphorus 2259812 2259812 1.54 1.56 1.3% < 0.02 102% 70% 130% 105% 80% 120% 96% 70% 130%

Total Organic Carbon 2254700 10.0 10.2 2.0% < 0.5 96% 90% 110% 97% 90% 110% 87% 80% 120%

True Colour 2240988 <5 <5 NA < 5 101% 90% 110%

Turbidity
 

2259812 2259812 2250 2240 0.4% < 0.5 100% 80% 120%

Dissolved Calcium 2259812 2259812 69.9 69.1 1.2% < 0.05 100% 70% 130% 99% 80% 120% 94% 70% 130%

Dissolved Magnesium 2259812 2259812 12.5 12.4 0.8% < 0.05 104% 70% 130% 103% 80% 120% 97% 70% 130%

Dissolved Potassium 2259812 2259812 1.34 1.33 NA < 0.50 104% 70% 130% 103% 80% 120% 99% 70% 130%

Dissolved Sodium 2259812 2259812 2.71 2.70 0.4% < 0.05 104% 70% 130% 103% 80% 120% 98% 70% 130%

Dissolved Aluminum
 

2241049 0.012 0.013 NA < 0.004 88% 70% 130% 98% 80% 120% 94% 70% 130%

Dissolved Antimony 2241049 <0.001 <0.001 NA < 0.001 99% 70% 130% 96% 80% 120% 100% 70% 130%

Dissolved Arsenic 2241049 <0.001 <0.001 NA < 0.001 91% 70% 130% 100% 80% 120% 98% 70% 130%

Dissolved Barium 2241049 0.083 0.082 1.2% < 0.002 96% 70% 130% 88% 80% 120% 93% 70% 130%

Dissolved Beryllium 2241049 <0.0005 <0.0005 NA < 0.0005 99% 70% 130% 107% 80% 120% 112% 70% 130%

Dissolved Boron
 

2241049 0.043 0.043 NA < 0.010 102% 70% 130% 106% 80% 120% 110% 70% 130%

Dissolved Cadmium 2241049 <0.0001 <0.0001 NA < 0.0001 100% 70% 130% 99% 80% 120% 101% 70% 130%

Dissolved Chromium 2241049 <0.002 <0.002 NA < 0.002 100% 70% 130% 92% 80% 120% 96% 70% 130%

Dissolved Cobalt 2241049 <0.0005 <0.0005 NA < 0.0005 95% 70% 130% 98% 80% 120% 100% 70% 130%

Dissolved Copper 2241049 <0.001 0.001 NA < 0.001 93% 70% 130% 91% 80% 120% 94% 70% 130%

Dissolved Iron
 

2241049 <0.010 <0.010 NA < 0.010 99% 70% 130% 105% 80% 120% 102% 70% 130%

Dissolved Lead 2241049 <0.0005 <0.0005 NA < 0.0005 96% 70% 130% 96% 80% 120% 95% 70% 130%

Dissolved Manganese 2241049 0.027 0.023 16.0% < 0.002 97% 70% 130% 93% 80% 120% 101% 70% 130%

Dissolved Molybdenum 2241049 0.003 0.002 NA < 0.002 100% 70% 130% 101% 80% 120% 105% 70% 130%

Dissolved Nickel 2241049 <0.003 0.003 NA < 0.003 91% 70% 130% 93% 80% 120% 91% 70% 130%

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE:Waverly SAMPLED BY:AR

AGAT WORK ORDER: 21T725562

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Allan Rodie

CLIENT NAME: HARDEN ENVIRONMENTAL SERVICES LTD.

PROJECT: 2018

Water Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Mar 29, 2021 REFERENCE MATERIAL

Method
Blank

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 6 of 10

AGAT Laboratories is accredited to ISO/IEC 17025 by he Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are loca ion and parameter specific. A complete lis ing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in his report may 
not necessarily be included in he scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Dissolved Selenium
 

2241049 <0.001 0.003 NA < 0.001 100% 70% 130% 107% 80% 120% 101% 70% 130%

Dissolved Silver 2241049 <0.0001 <0.0001 NA < 0.0001 101% 70% 130% 98% 80% 120% 97% 70% 130%

Dissolved Strontium 2241049 0.400 0.381 4.9% < 0.005 91% 70% 130% 89% 80% 120% 78% 70% 130%

Dissolved Thallium 2241049 <0.0003 <0.0003 NA < 0.0003 93% 70% 130% 92% 80% 120% 92% 70% 130%

Dissolved Tin 2241049 <0.002 <0.002 NA < 0.002 93% 70% 130% 92% 80% 120% 95% 70% 130%

Dissolved Titanium
 

2241049 0.006 <0.002 NA < 0.002 110% 70% 130% 89% 80% 120% 90% 70% 130%

Dissolved Tungsten 2241049 <0.010 <0.010 NA < 0.010 97% 70% 130% 100% 80% 120% 106% 70% 130%

Dissolved Uranium 2241049 0.0155 0.0154 0.6% < 0.0005 99% 70% 130% 96% 80% 120% 100% 70% 130%

Dissolved Vanadium 2241049 <0.002 <0.002 NA < 0.002 95% 70% 130% 92% 80% 120% 97% 70% 130%

Dissolved Zinc 2241049 <0.005 0.008 NA < 0.005 97% 70% 130% 90% 80% 120% 93% 70% 130%

Dissolved Zirconium
 

2241049 <0.004 <0.004 NA < 0.004 99% 70% 130% 95% 80% 120% 103% 70% 130%

(Water) TKN

Total Kjeldahl Nitrogen 2259812 2259812 2.29 2.39 4.3% < 0.10 98% 70% 130% 107% 80% 120% 102% 70% 130%

 
Comments: NA signifies Not Applicable.
If the RPD value is NA, the results of the duplicates are under 5X the RDL and will not be calculated.
Matrix spike: Spike level < native concentration. Matrix spike acceptance limits do not apply.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE:Waverly SAMPLED BY:AR

AGAT WORK ORDER: 21T725562

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Allan Rodie

CLIENT NAME: HARDEN ENVIRONMENTAL SERVICES LTD.

PROJECT: 2018

Water Analysis (Continued)

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Mar 29, 2021 REFERENCE MATERIAL

Method
Blank
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Water Analysis

Total Kjeldahl Nitrogen INOR-93-6048
modified from EPA 351.2 and SM 
4500-NORG D

LACHAT FIA

Electrical Conductivity INOR-93-6000 modified from SM 2510 B PC TITRATE

pH INOR-93-6000 modified from SM 4500-H+ B PC TITRATE

Saturation pH (Calculated) SM 2320 B CALCULATION

Langelier Index (Calculated) SM 2330B CALCULATION

Hardness (as CaCO3) (Calculated) MET-93-6105
modified from EPA SW-846 6010C & 
200.7 & SM 2340 B

CALCULATION

Total Dissolved Solids INOR-93-6028
modified from EPA 1684,ON MOECC 
E3139,SM 2540C,D

BALANCE

A kalinity (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Bicarbonate (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Carbonate (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Hydroxide (as CaCO3) INOR-93-6000 SM 2320 B PC TITRATE

Fluoride INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Chloride INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Nitrate as N INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Nitrite as N INOR-93-6004 SM 4110 B ION CHROMATOGRAPH

Bromide INOR-93-6004 SM 4110 B ION CHROMATOGRAPH

Sulphate INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Ortho Phosphate as P INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Reactive Silica INOR-93-6070
QuickChem 10-114-27-1-A & SM 4500 
Si-F 

LACHAT FIA

Ammonia as N INOR-93-6059 modified from SM 4500-NH3 H LACHAT FIA

Total Phosphorus INOR-93-6057 modified from LACHAT 10-115-01-3A LACHAT FIA

Total Organic Carbon INOR-93-6049 modified from SM 5310 B SHIMADZU CARBON ANALYZER

True Colour INOR-93-6046 SM 2120 B SPECTROPHOTOMETER

Turbidity INOR-93-6044 modified from SM 2130 B NEPHELOMETER

Dissolved Calcium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Magnesium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Potassium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Sodium MET-93-6105 modified from EPA 6010D ICP/OES

Dissolved Aluminum MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Antimony MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Arsenic MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Barium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Beryllium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Boron MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Cadmium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Chromium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Cobalt MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Copper MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE:Waverly SAMPLED BY:AR

AGAT WORK ORDER: 21T725562

Method Summary

ATTENTION TO: Allan Rodie

CLIENT NAME: HARDEN ENVIRONMENTAL SERVICES LTD.

PROJECT: 2018

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
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http://www.agatlabs.com
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Dissolved Iron MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Lead MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Manganese MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Molybdenum MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Nickel MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Selenium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Silver MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Strontium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Thallium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Tin MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Titanium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Tungsten MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Uranium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Vanadium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Zinc MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Dissolved Zirconium MET-93-6103
modified from EPA 200.8 and EPA 
3005A

ICP-MS

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE:Waverly SAMPLED BY:AR

AGAT WORK ORDER: 21T725562

Method Summary

ATTENTION TO: Allan Rodie

CLIENT NAME: HARDEN ENVIRONMENTAL SERVICES LTD.

PROJECT: 2018

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122

http://www.agatlabs.com
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