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1.0 INTRODUCTION  

Morrison Environmental Limited (MEL) were requested by Finley McEwen on behalf of 

Mansfield Ski Club (MSC) to conduct a Hydrogeologic Investigation in the vicinity of the Ski 

Club.   

The attached FIGURE 1 is a topographic location map of the study area.  The attached 

FIGURE 2 is an airphoto map of the area.  FIGURE 3 is a slightly more zoomed in Airphoto 

that also shows the area and the location of the two test wells and an observation well. 

The purpose of the investigation was to determine the Geology of the overburden and bedrock in 

the vicinity of the club and the Hydrogeology of the overburden and the bedrock.  A test drilling 

program was conducted to determine aquifer coefficients.  All of this was to assess the potential 

for expanding the existing water supply for the club and also to assess the potential to supply 

additional water for the expansion to the club, while not interfering with other groundwater 

users. 

In the report we will discuss the local and regional geology and hydrogeology.  We will then 

discuss local domestic water supplies.  We will then discuss the details of a two well drilling and 

testing program we conducted at the site, the well and aquifer testing program  and the well and 

aquifer yield.  We will then discuss an iterative groundwater modelling program and our water 

quality testing program before drawing conclusions and making recommendations. 

 

2.0 GEOLOGY 

 

 2.1 Regional Geology 

The Mansfield Ski Club is located on the east facing slope of the Niagara Escarpment.  The crest 

of the escarpment is characterized by a limestone/dolostone cap (Anabel Formation) on the 

escarpment underlain by siltstones and shales predominantly of Silurian aged rocks (+350 

million years).  These shales extend out easterly under the overburden plain. The bedrock beds 

dip gently to the southwest at about 20 feet per mile.  Below the limestone/dolostone cap the 
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shale has weathered and there is a talus slope.  Subsequent to the Paleozoic bedrock the area has 

been glaciated by glacial ice advances in the past 60,000 years.  The glacial ice advancement out 

from the centroid of the ice lobe (in the Lake Simcoe area) was in a southerly and southwesterly 

direction.  Glacial till was laid down at the base of glacial ice and smeared on the bedrock 

through the freeze/melt cycle at the base of the advancing glacier.  This glacial till appears to 

overlie the bedrock throughout the area. 

Below the escarpment a thick sand layer outcrops at surface.  This appears to be an outwash or 

lacustrine sand that was deposited in front of the glacier during the waning stages of the last 

glaciation.  On top of the escarpment and to the south along Airport Road ice contact stratified 

drift has been mapped (kame and outwash).  The attached FIGURE 4 shows the interpreted 

geology in the vicinity of MSC. 

Near the Pine River (which is a tributary of the Nottawasaga River) the more recent alluvium has 

been mapped and is also shown on FIGURE 4. 

 

 2.2 Local Geology  

On the MSC site, bedrock outcrops or subcrops close to surface near the top of the escarpment.  

Although a talus slope exists on the escarpment it appears to have been veneered by glacial till.  

Farther down the escarpment the outwash lacustrine sands outcrop above the glacial till and 

extensively cover the map area of FIGURE 4.  The alluvium of the Pine River floodplain is 

mapped across the area. 

 

3.0 HYDROGEOLOGY 

 

Hydrogeology deals with the movement of groundwater through the overburden and bedrock 

sediments of the area. 
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 3.1 Regional Hydrogeology 

On top of the escarpment the water in the overburden and bedrock flows to the west, away from 

the escarpment.  Below the escarpment, groundwater also flows away from the escarpment but in 

an easterly direction.  Below the escarpment the groundwater flows towards and discharges into 

the Pine River. 

The groundwater in the outwash/lacustrine sands and the alluvium all flows naturally to the Pine 

River.  This surface sand aquifer is a water table aquifer; that is recharged by rainfall, snow melt 

and runoff, all of which, moves through the pore spaces in the sand.  Recharge to the sand 

aquifer far exceeds any existing or envisioned water takings. 

The bedrock is another aquifer used in the area.  The groundwater moves under the MSC site in 

the bedrock in an easterly direction.  Groundwater in the bedrock moves westerly from near the 

crest of the escarpment. 

Generally water in the shallow overburden is good quality water with low hardness, low 

chlorides and low sulphates.  Groundwater in the bedrock generally has higher hardness, 

chlorides and sulphates and often contains hydrogen sulfide gas. 

 

 3.2 Local Hydrogeology 

Water supplies captured by deep drilled bedrock wells such as the main club well is low yielding 

and is highly mineralized.  The well is located just east of the main parking lot.  The wells’ yield 

is about 6 igpm (27.3L/min). 

The MSC also have a shallow bored well, which is located on Chalet Run between the main 

facilities and the base of the escarpment.  This well has better quality water but has a low yield 1-

2 igpm (4.5-9 L/min). 
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4.0 LOCAL GROUNDWATER SUPPLIES 

 

All of the local residents in Mulmur Township rely on groundwater for their domestic supplies.  

The attached FIGURE A-1 in APPENDIX A shows the water well records on file with the 

Ministry of the Environment and Climate Change (MOECC) within the  shaded target area (1000 

m radius) shown on the Airphoto.  Each well symbol with an associated 7 digit identification 

code represents a well.  The attached TABLE A-1 in APPENDIX A shows the Well 

Identification number, the date the well was completed, the depth of the well, the depth to 

bedrock (if the well ends in bedrock) and the static water level (level below ground surface) that 

the water surface sits at.  

The attached FIGURE A-2 is an airphoto base showing a selection of wells from the original 

database.  On this plan wells drilled and bored into the overburden are distinguished from wells 

drilled into the bedrock.  The attached TABLE A-2 shows the well identification, where the well 

was completed, the depth, the top of screen (overburden well) or the top of the bedrock.  The 

static water level recorded by the water well contractor is also shown. 

The attached APPENDIX A-1 provides the drilling contractors actual water well records for 

these selected wells. 

In general, wells drilled into the bedrock have relatively low yields and the groundwater is 

mineralized.  In general, the overburden wells are not so highly mineralized and the yields are 

larger.  Drilled wells are generally more productive then bored wells. 

 

5.0 TEST DRILLING PROGRAM 

Following the evaluation of Geology and Hydrogeology in the area we conducted an onsite Test 

Drilling Program.  The evaluation of regional conditions guided us away from bedrock wells in 

vicinity of the MSC facilities and away from the crest of the escarpment.  The shallow outwash 

aquifer, off the escarpment looked the most promising.  We selected the two test wells locations 
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on the northeast side of the site.  The first location was on the east side of the road/parking area 

in the racing school area. 

We retained the services of a Water Well Contractor with the prerequisite experience and 

equipment to drill and sample for potential higher capacity wells. 

The area tested was interpreted to be in an outwash sand aquifer. 

 

 5.1 Drilling, Design and Construction of PW1 

On May 11, 2016 a 6 inch (150 mm) diameter test well was drilled at the location of PW1 shown 

on FIGURE 3.  The well was drilled by the mud rotary method of using clean water.  The 

attached FIGURE B-1 in APPENDIX B is a sketch showing the construction of PW1.  The 

sketch shows the Driller’s Log of the formations encountered and the construction details of the 

well. 

 

The attached FIGURE B-2 in APPENDIX B is the contractor’s Water Well Record for the well 

PW1.  Representative samples of the material encountered were collected, bagged and analyzed 

for grain size distribution.  This arithmetic grain size distribution graph is used specifically for 

the design of well screens.  The specific grain size distribution curves are presented on 

FIGURES B-3, TO B-8 in APPENDIX B. 

 

Based on those analyses a well screen was designed for the well.  Eleven feet of 8 slot, 6 inch 

diameter telescoping stainless steel wire wound well screen was designed and installed in PW1 

from 26 to 37 feet (7.9 – 11.3 m).  The well was equipped with a 3ft (0.91 m) long sump, below 

the screen and a 3 ft (0.91 m) long header pipe with a figure K packer above the screen.  The 

static level was 5.45 ft (1.6 m) below ground surface (bgs). 

 

The bottom of the formation was 37 ft (11.3 m) while the bottom of the test hole was 43 ft (13.1 

m). 
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The well was developed by air lift pumping and over pumping until clear, colourless, sand free 

water was produced. 

 

 5.2 Drilling, Design and Construction of PW2 

On May 16, 2016 a 6 inch (150 mm) diameter test well was drilled at the location of PW2 as 

shown on FIGURE 3.  This well was located 175 ft (53.4 m) south of PW1.  Again the well was 

drilled by the mud rotary method using clean water.  The attached FIGURE C-1 in APPENDIX 

C is a sketch showing the construction of the well.  The sketch shows the Driller’s Log of the 

formation encountered and the construction details of the well. 

 

The attached FIGURE C-2 in APPENDIX C is the contractor’s Water Well Record of well 

PW2.  Again representative samples of the material encountered were collected, bagged and 

analyzed for grain size distribution.  The specific grain size distribution curves are presented in 

FIGURES C3 to C7 in APPENDIX C.  

 

Based on these analyses a well screen was designed for the well.  Here ten feet of 8 slot, 6 inch 

diameter telescoping stainless steel wire would well screen was designed and installed in PW2 

form 26 to 36 ft (7.9 – 11 m).  The well was also equipped with a 3 ft (0.91 m) long sump below 

the screen and a 3 ft (0.91 m) long header pipe with a figure K packer above the screen.  The 

static water level was 5.26 ft (1.61 m) below ground surface.  The bottom of the formation was at 

37 feet (11.3 m) while the bottom of the test hole was at 43 ft (13.1 m). 

 

The well was developed by air lift pumping and over pumping until clear, colourless, sand free 

water was produced. 
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6.0 WELL AND AQUIFER TESTING  

A pumping test run on a well at a constant rate allows us to test the aquifer and determine the 

important aquifer coefficients of Transmissivity and Storativity.  Knowing these parameters 

allows us to model the aquifer using various pumping rates and scenarios. 

A series of tests run on a well at varying controlled pumping rates allows us to evaluate the 

specific well by determining well losses, formation losses, and well efficiency. 

 

 6.1 Step Drawdown Testing of PW1 

On May 31, 2016 a three step, Mogg Type, Step Drawdown Test was conducted on PW1.  Each 

step was 15 minutes in duration and at a controlled rate.  The well was allowed to recover for 

about 15 minutes between each step.  A semi-logarithmic plot of drawdown vs time for the step 

test is included in APPENDIX D as FIGURE D-1.  The steps were run at 5.7, 8.8 and 12.3 

igpm (25.9, 40.1 and 56.0 L/m). 

The attached FIGURE D-2 in APPENDIX D shows the drawdown recorded at 15 minutes of 

each step recorded on an arithmetic plot of drawdown vs pumping rate.  The efficiency of the 

well drops off with each increase in pumping rate. 

 

 6.2 Step Drawdown Testing of PW2 

On May 31, 2016 a 3 step Mogg type Step Drawdown Teste was conducted on PW2.  Each step 

was 15 minutes in duration at a controlled rate.  During the test the well was allowed to recover 

for around 15 minutes before starting the next sept.  The test data was plotted on a semi-

logarithmic plot of drawdown vs time.  The graph is included as FIGURE D-3 in APPENDIX 

D.  The Steps for this test were conducted at rates of 5.7, 8.2 and 12.1 igpm (25.9, 37.4 and 55.0 

L/m). 
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The attached FIGURE D-4 in APPENDIX D shows the drawdown measured at 15 minutes of 

each step and is recorded on an arithmetic plot of drawdown vs pumping rate.  The efficiency of 

PW2 drops off with each increase in the pumping rates.  PW2 is considerably more efficient that 

PW1. 

 

 6.3 Aquifer Performance Testing on PW2 

On May 25, 2016 we started a 69 hour aquifer performance test on PW2.  The pumping rate was 

5.7 igpm (6.9 usgpm) or [32.9 L/min] or 47,300 L/day. 

The pumping rate was chosen to be below the 50,000 L/day requirement for a Permit To Take 

Water (PTTW).  The rate was controlled using a constant flow Dole valve. 

The pumping well PW2 was equipped with a data logger that recorded water levels every 

minute.  Well PW1 was located 175 ft (53.4 m) north of PW2 and was also equipped with a data 

logger and used as an observation well during the test.  Also a private dug well on the neighbours 

property to the east was also equipped with a data logger.  That well was about 850 ft (260 m) to 

the east.  This well is in service.  It is located east of the Pine River. 

The attached FIGURE D-5 in APPENDIX D is a semi-logarithmic plot of drawdown vs time 

for the pumped well PW2 data.  The drawdown and recovery data is shown on the figure.  The 

water levels rose slightly during day one of the test, stayed steady during day two and part of day 

three before declining to the end of the test.  Subsequent analysis of barometric pressure 

indicated that there was a corresponding change in the barometric pressure that occurred during 

this period of the test.  See FIGURE D-9 in APPENDIX D.  The barometric pressure gradually 

decreased over the first 24 hours of the test and then decreased more rapidly, followed by a 

gradual increase in barometric pressure during the latter hours of the test.  The barometric 

pressure declined during the recovery period.  See also FIGURE D-10 in APPENDIX D for an 

arithmetic plot of barometric pressure. 

From the recovery data we have interpreted a Transmissivity for the aquifer of 19,000 igpd/ft 

(280 m2/d).  The clean sand aquifer therefore has a high Transmissivity. 
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The attached FIGURE D-7 in APPENDIX D is a semi-logarithmic plot of drawdown vs time of 

the Observation well (OW1).  This is the domestic bored well for Alex Kolodziejski the neighbor 

located to the east of the pumping wells.  The barometric changes are evident of this domestic 

well. 

No interference was experienced during the pumping test at the Kolodziejski well.  The changes 

in water level on the plot were do to domestic usage. 

The attached FIGURE D-8 is a semi-logarithmic plot of drawdown vs distance of the pumping 

test data.  Interpreting this graph, the small drawdown observed of PW1 and the Transmissivity 

previously determined of 19,000 igpd/ft (280m2/d) clearly applies across the site.  The Storativity 

was calculated to be 1x10-2 (unitless). 

This graph also indicates the radius of influence at the end of the 69 hour aquifer test was about 

350 ft (107 m). 

It is clear from the test data that the expanding drawdown cone did not reach the Kolodziejski 

well.  The cone of influence did not reach the Pine River either.  If the MSC wells are put into 

service the expanding cone of influence will not extend beyond the Pine River as it is a Recharge 

boundary. 

 

7.0 MODELLING OF GROUDNWATER AVIALABILITY 

 

Having successfully drilled and tested the two production wells, we have established that the 

Transmissivity of the aquifer is about 19,000 igpd/ft (280 m2/day) and the Storativity of the 

aquifer is interpreted to be about 1x10-2 (unitless).  Applying these aquifer coefficients we used a 

spreadsheet model to estimate the combined yield of the two wells PW1 and PW2. 

 

Through the iterative process there were several runs of the model to determine the maximum 

capacity of the two wells.  The attached FIGURE E-1 in APPENDIX E indicates that total 
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pumping from the two wells of about 40 igpm (182 L/min) is available.  The lower efficiency of 

PW1 may limit its maximum yield. 

 

At this stage it is reasonable to assume that higher groundwater yields can be archived by drilling 

additional wells in this area along the north east limit of the property.  Modeling to determine 

maximum yields has not yet been performed. 

 

 

8.0 WATER QUALITY TESTING OF PW2 

 

During the 69 hour aquifer performance test on PW2 we collected water quality samples and 

submitted them to Agat Laboratories for basic Ionic Balance Analyses.  The results of the 

analyses and the associated Quality Assurance Tests are included in APPENDIX F. 

 

The water had a normal pH of 7.91, a hardness of 311mg/L which is slightly hard but normal for 

this area.  The Total Dissolved Solids (TDS) was low 324 mg/L indicating low mineralization.  

Chlorides are low at 11 mg/L.  Nitrates are low at <0.25 mg/L. Sulphates are also low at 40.2 

mg/L. 

 

The only parameter that exceeds the guidelines is Manganese at 0.057 mg/L where the guideline 

is 0.05 mg/L.  This is an aesthetic parameter not a health parameter. 

 

It is cautioned that these analyses were selected to “Finger Print” the water quality at his early 

stage.  More complete analyses will be performed before any water is consumed. 

 

 

9.0 SUMMARY AND CONCLUSIONS 

 

Based on the Geologic and Hydrogeologic conditions interpreted around the MSC site and the 

drilling and testing program performed on the site it is summarized and concluded that:  
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1. The shale bedrock and the talus sediments are poorly productive water bearing zones, 

 

2. The outwash sands are the most highly productive water bearing zones at the site, 

 

3. Groundwater in the limestone and shale bedrock flows westward from the top of the 

escarpment, 

 

4. Groundwater in the shale bedrock beneath the ski slopes and the plain to the east flows to 

the east generally discharging into the granular sediments and the Pine River, 

 

5. Recharge due to high infiltration assures the Water Balance far exceeds foreseeable 

withdrawals, 

 

6. Local residents rely on wells ending in the bedrock and the overburden for their water 

supply, 

 

7. Test drilling into the outwash lacustrine sand aquifer in the northeast sector of the site 

produced relatively high yields of good quality water, 

 

8. The pumping of the test wells did not and will not create interference problems with the 

local area well supplies, 

 

9. Significant recharge to the outwash aquifer occurs through the infiltration of precipitation 

and runoff from the slopes, 

 

10. The existing two test wells can supply about 40 igpm (182 L/m) on a perennial basis 

established by the interpretation of the aquifer tests and a groundwater model, 

 

11. The water quality indicates that the two test wells yield good quality water, with low 

chlorides and sulphates and slightly elevated hardness. 
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10.0 RECOMMENDATIONS 

 

Based on the above summary and conclusions we recommend that: 

1. MSC consider using this new source of supply for their existing facilities 

 

2. MSC consider this new tested supply and a possible extension of this supply for their 

proposed expansion.  
 

 

 

 

Respectfully submitted, 

MORRISON ENVIRONMENTAL LIMITED 
 
 
 

 
 
William D. Morrison, P.Eng. 
President 



Hydrogeology and Test Drilling Report  June 13, 2016 
Mansfield Ski Club 
Mulmur Township, Ontario 
 

 
 
File:  510-161 Figures 

 

 

 

 

 

 

 

 

 

 

 

FIGURES 

 
 

 
 
 
 
 
 
 
 
 
 
 
 



300

280295 290

325

285

275

340

345

350

355

265

270

370 260

385

335

375

320

365

315
39

0

305

360

380

330

310

265

315

300

320

305

355

285

360

285

275295

280

385

320

295

310

380

265

29
5

280
310

335

28
5

365

280
285

290

315300

315
305

295

29
0

305

385

305

310

30
5

315

310

310

270

280
305

380

265

275

310

330

285

32
5

31
0

28
5

290

300
32

5

29
0

300

30
0

265

29
5

285 275

370

305
290

325
375

285

350
390

295 305

310

FIGURE 1

Do
cu

me
nt 

Pa
th:

 S:
\Pr

oje
cts

\51
0-1

61
 - M

an
sfi

eld
 Sk

i C
lub

\G
rap

hic
s\D

ata
\A

rcG
IS\

51
0-1

61
-Fi

g1
-To

po
-Ju

ne
-1-

20
16

.m
xd

0 400 800200
Meters

1:10,000 TOPOGRAPHICAL LOCATION MAP
Hydrogeology and Test Drilling Report

Mansfield Ski Club
Mulmur Township, Ontario

PROJECT: 510-161

DATE: June 1, 2016

Service Layer Credits: Sources: Esri, HERE, DeLorme, USGS, Intermap, increment P Corp., NRCAN, Esri Japan, METI, Esri China (Hong Kong), Esri (Thailand), MapmyIndia, © OpenStreetMap contributors, and the GIS

Legend
Mansfield Ski Club Property
OBM 5 m Contour



AERIAL SITE PHOTOGRAPH
FIGURE 2

Do
cu

me
nt 

Pa
th:

 S:
\Pr

oje
cts

\51
0-1

61
 - M

an
sfi

eld
 Sk

i C
lub

\G
rap

hic
s\D

ata
\A

rcG
IS\

51
0-1

61
-Fi

g2
-A

eri
al-

Jun
e-1

-20
16

.m
xd

0 290 580145
Meters

Hydrogeology and Test Drilling Report
Mansfield Ski Club

Mulmur Township, Ontario

PROJECT: 510-161

DATE: June 1, 2016

Service Layer Credits: Sources: Esri, HERE, DeLorme, USGS, Intermap, increment P Corp., NRCAN, Esri Japan, METI, Esri China (Hong Kong), Esri (Thailand), MapmyIndia, © OpenStreetMap contributors, and the GIS

Legend
Mansfield Ski Club Property
Pine River

15th Sideroad

Airport Road

Mansfield Ski Club



AERIAL SITE PHOTOGRAPH

A

A

@A

OW-1
PW2

PW1

FIGURE 3

Do
cu

me
nt 

Pa
th:

 S:
\Pr

oje
cts

\51
0-1

61
 - M

an
sfi

eld
 Sk

i C
lub

\G
rap

hic
s\D

ata
\A

rcG
IS\

51
0-1

61
-Fi

g3
-Si

teP
lan

-Ju
ne

-1-
20

16
(Ve

rsi
on

2).
mx

d

0 200 400100
Meters

Hydrogeology and Test Drilling Report
Mansfield Ski Club

Mulmur Township, Ontario

PROJECT: 510-161

DATE: June 1, 2016

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Legend
@A

Observation Well (House)
A Test Well (MEL, 2016)

Property Boundary
Pine River

15th Sideroad

17th Sideroad



QUATERNARY GEOLOGY MAP

PW2
PW1

FIGURE 4

Do
cu
me
nt 
Pa
th:
 S:
\Pr
oje
cts
\51
0-1
61
 - M
an
sfi
eld
 Sk
i C
lub
\G
rap
hic
s\D
ata
\A
rcG
IS\
51
0-1
61
-Fi
g4
-G
eol
og
y-J
un
e-1
-20
16
.m
xd

0 500 1,000250
Meters

Hydrogeology and Test Drilling Report
Mansfield Ski Club

Mulmur Township, Ontario

PROJECT: 510-161

DATE: June 1, 2016

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX , Getm apping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Com m un ity
On tario Geological Survey 2010. Surficial geology of southern  On tario; On tario Geological Survey, Miscellaneous Release—
Data 128 – Revised.

Legend
3: Paleozoic bedrock
5b: Stone-poor, carbonate-derived silty to sandy till
6: Ice-contact stratified deposits
7a: Sandy deposits
12: Older alluvial deposits
19: Modern alluvial deposits

A Test Well (MEL, 2016)
Mansfield Ski Club
Pine River

Airport Rd

15th Sideroad



Hydrogeology and Test Drilling Report  June 13, 2016 
Mansfield Ski Club 
Mulmur Township, Ontario 
 

 
 
File:  510-161 App A 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

Well Location Map 

Table of Water Well Records 

 
 

 
 
 
 
 
 
 
 
 
 
 
 



&(

&(

&( &(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&( &(

&(
&(

&( &(

&(

&(

&(
&(
&(

&(

&(

&(

&(

&(

&( &(

&(

&(

&(

&(

&(

&(

&(

&( &(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&(
&(&(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&(&(

&(

&(

&(

&(

&(
&(

&(

&(

&(&(

&(

&(

&(

&( &(

&(

&(

&(

&(&(&(&(&(&(&(

&(

&(&(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&(

&(

@A

@A

7167280

7170305
7152603

7128852

1705767

1701368

1701141

7048525

1706649

1706323

1706010

1706009
1706283

1705951

1705697
1705696

1705695

7156446

1702492

1704820

17025901703518

1704170

1704168

1704153

1705220
1705219

1705218

170521717052021705201
1705200

1704775

1703616

1703763

1704850
1704720

1703554
1702961

1705267

1701004

1703307

1704264

1704263

1704262

1701202

1701041

1701040

1701022
1701021

1701006

1701005

1700984

1703884

1704056

1701332

1704582

1704570

1700755

1700754
1700753

1700751
1700748

1700747

1701262
1701261

1701886

1703237

1701690

1705199
17051981705197

1700887

1700886

17008841700876

1701126

1701724

1704498

1704489

1703151

7158547

7158543

PW2

PW1

FIGURE A-1

Do
cu

me
nt 

Pa
th:

 S:
\Pr

oje
cts

\51
0-1

61
 - M

an
sfi

eld
 Sk

i C
lub

\G
rap

hic
s\D

ata
\A

rcG
IS\

51
0-1

61
-Fi

gA
1-W

W
RJ

un
e-1

-20
16

.m
xd

0 200 400 600 800 1,000100
Meters

MOECC WATER WELL RECORD MAP
Groundwater Exploration Program

Mansfield Ski Club
Mansfield, Ontario

PROJECT: 510-161

DATE: June 2, 2016

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Legend
@A Test Wells (MEL, 2016)

Mansfield Ski Club
&( <1000 m MOECC Water Well Records

Pine River
Buffer - 1000 m

SCALE:



@A

@A

&(
&(

&(

&(

&(

&(
&(

&(

&(

&)

&)

&)

&)

&)

(

(

((

15th Sideroad

17th Sideroad

Airport Road

17051981705199

1706649

1705200

1705218
1701690 1705197

1703167

1704168

1706010

7158547

1701020

1700748
1701141

1703884

1704342

17041531704170

PW1
PW2

A'

A

FIGURE A-2

Do
cu

me
nt 

Pa
th:

 S:
\Pr

oje
cts

\51
0-1

61
 - M

an
sfi

eld
 Sk

i C
lub

\G
rap

hic
s\D

ata
\A

rcG
IS\

51
0-1

61
-Fi

gA
2-W

WR
Jun

e-1
-20

16
.m

xd

0 200 400 600 800 1,000100
Meters

MOECC SELECTED WELL RECORD MAP
Groundwater Exploration Program

Mansfield Ski Club
Mansfield, Ontario

PROJECT: 510-161

DATE: June 2, 2016

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Legend
A-A' Cross Section

( WWR, Drilled, Overburden
&) WWR, Bored, Overburden
&( WWR, Drilled, Bedrock

@A Test Wells (MEL, 2016)
Mansfield Ski Club
Pine River
Buffer - 1000 m

SCALE:



Table A-1: MOECC Water Well Records

Well ID

Date 

Completed

Depth 

(m)

Depth to 

Bedrock 

(m)

Static 

Water 

Level (m)

1705198 9/10/1998 19.80 4.90 12.20

1704775 9/19/1994 30.50 24.40 11.60

7170305 18.30 0.00 8.20

1700879 7/4/1968 4.60 0.00 2.40

1705199 9/10/1998 16.80 5.20 9.10

1701202 5/14/1971 3.70 0.00 1.20

1704720 11/10/1993 18.30 0.00 9.10

1700749 6/20/1966 9.40 0.00 3.70

1705219 10/18/1998 21.30 4.30 13.70

1706649 4/29/2006 84.00 24.10 41.00

1701142 9/30/1970 9.10 0.00 6.10

1704425 8/20/1991 17.40 0.00 6.10

1701261 10/30/1971 8.50 0.00 5.50

1700751 9/2/1967 12.50 0.00 0.60

1704264 12/12/1990 16.80 0.00 9.10

1705767 12/17/2001 67.10 13.40 16.80

1701341 6/27/1972 8.50 0.00 6.10

1701040 12/12/1969 6.70 0.00 3.70

1701041 12/10/1969 7.60 0.00 5.50

1703518 9/14/1987 15.80 0.00 6.10

1706283 9/15/2004 45.70 93.00 0.00

1700752 9/14/1967 4.60 0.00 2.40

1701020 9/8/1969 7.90 0.00 3.70

1703554 11/30/1987 19.20 0.00 9.10

1703616 6/6/1988 6.10 3.70 2.70

1705695 7/26/2001 33.50 3.40 12.20

1706323 1/25/2005 18.30 0.00 16.80

1704498 2/10/1992 15.50 0.00 6.10

1700755 11/8/1967 7.60 0.00 7.30

1704262 33.20 21.30 9.40

1705200 9/10/1998 29.00 3.00 15.20

1705220 10/15/1998 26.50 5.20 11.60

1704820 10/20/1994 11.00 0.00 3.00

7156446 11/8/2010 9.90 0.00 2.60

1705692 6/21/2001 8.50 4.60 0.90

7152603 41.80 0.00 11.60

1703894 5/4/1989 24.70 17.70 9.10

7048525 7/13/2007 11.00 0.00 4.30

1701141 9/28/1970 6.40 0.00 2.70

1703237 11/24/1985 18.30 0.00 12.80

1705951 1/9/2003 46.90 0.00 0.00

1706009 1/20/2003 10.10 0.00 4.60



Table A-1: MOECC Water Well Records

Well ID

Date 

Completed

Depth 

(m)

Depth to 

Bedrock 

(m)

Static 

Water 

Level (m)

1701093 5/29/1970 5.50 0.00 2.10

1700876 9/25/1968 4.00 2.40 1.80

1700984 5/21/1969 6.70 0.00 3.40

1703159 8/8/1985 13.10 0.00 4.60

1701724 8/9/1974 26.20 0.00 11.60

1701094 5/23/1970 7.60 0.00 4.60

1705218 10/20/1998 27.40 4.90 12.20

1705693 6/27/2001 6.70 4.00 0.90

1705694 7/6/2001 30.50 4.60 0.00

1701690 6/3/1974 35.70 0.30 8.50

7158547 12/10/2010 10.40 0.00 0.00

1701092 6/3/1970 12.80 0.00 9.10

1700878 7/3/1968 7.90 0.00 3.70

1704342 4/30/1991 29.60 0.00 12.20

1701006 9/4/1969 11.60 11.00 8.50

1703763 2/17/1989 13.40 0.00 4.60

1705691 6/25/2001 11.00 10.40 0.90

1706010 1/19/2003 7.60 0.00 3.00

7158543 12/17/2010 15.20 0.00 0.00

1700747 12/15/1964 9.10 8.20 4.60

1700748 6/18/1966 7.90 0.00 3.00

1706005 12/16/2002 53.60 33.20 32.60

1705202 9/10/1998 23.20 3.40 14.60

7128852 11/1/2007 17.10 0.00 5.20

1701022 9/12/1969 6.10 0.00 2.40

1705899 8/8/2002 18.90 18.30 6.10

1703167 10/15/1985 19.80 12.20 4.60

1701332 6/12/1972 5.50 0.00 3.00

1700754 9/25/1967 8.50 0.00 0.00

1702961 6/10/1983 11.90 0.00 4.60

1700881 6/29/1968 8.20 0.00 3.70

1700884 4/19/1969 6.10 0.00 1.20

1705267 10/15/1998 9.10 0.00 1.80

1704170 4/4/1990 25.60 4.60 0.00

1701262 11/1/1971 6.70 0.00 4.30

1701021 9/9/1969 5.50 0.00 2.40

1701691 5/16/1974 42.70 0.00 9.10

1701886 4/22/1975 78.60 60.00 48.80

1704570 2/1/1992 18.30 0.00 0.00

1703884 2/28/1989 21.00 0.00 6.10

1701005 9/6/1969 6.10 0.00 4.00

1703307 1/13/1987 42.70 1.80 9.80



Table A-1: MOECC Water Well Records

Well ID

Date 

Completed

Depth 

(m)

Depth to 

Bedrock 

(m)

Static 

Water 

Level (m)

1702492 9/12/1978 7.00 0.00 0.00

1704489 7/10/1992 15.50 0.00 9.80

1705201 9/10/1998 27.40 3.40 15.20

1705696 7/26/2001 36.00 3.00 15.20

1705697 7/26/2001 30.50 3.40 12.20

1700886 6/1/1968 19.80 6.10 0.00

1704056 2/13/1990 33.50 0.00 10.70

1701004 9/5/1969 5.50 0.00 2.10

1704722 9/20/1993 9.10 6.10 3.00

1704153 3/2/1990 24.40 0.00 9.10

7167280 8/12/2011 15.50 0.00 0.00

1700753 9/21/1967 4.60 2.70 2.10

1701368 10/21/1972 3.70 0.00 1.50

1704168 4/6/1990 12.20 6.70 4.60

1703151 7/15/1985 42.70 19.80 0.00

1705197 9/10/1998 22.60 4.60 10.70

1701124 7/9/1970 4.60 0.00 2.10

1700887 5/27/1968 18.30 6.10 0.00

1701250 11/16/1971 10.70 0.00 5.50

1700746 12/10/1964 14.00 0.00 6.10

1704850 5/20/1993 25.90 0.00 11.00

1704055 2/7/1990 29.90 25.90 10.70

1701126 8/14/1970 6.10 0.00 1.80

1704582 9/10/1992 16.20 0.00 9.10

1704263 10/24/1990 9.40 0.00 3.00

1705217 10/13/1998 21.00 3.70 12.20

1702590 9/8/1979 13.10 0.00 10.10

1702590 9/8/1979 13.10 0.00 10.10

1702590 9/8/1979 13.10 0.00 10.10

1702590 9/8/1979 13.10 0.00 10.10

1702590 9/8/1979 13.10 0.00 10.10

1702590 9/8/1979 13.10 0.00 10.10



Table A-2: Selected Water Well Records - Detail

Well ID Completion Depth (m)

Top of 

Screen/Open 

Hole (m)

Static 

Water 

Level (m)

PW1 Overburden, Drilled 13.1 7.9 2.18

PW2 Overburden, Drilled 13.1 7.9 1.55

1703884 Overburden, Drilled 21.03 18.9 6.09

1704342 Overburden, Drilled 29.57 27.43 12.19

1704170 Unfinished, Drilled 25.61

1704153 Overburden, Drilled 24.4 22.56 9.15

7158547 Overburden, Bored 10.36 N/A 4.57

1706010 Overburden, Bored 7.62 N/A 3.05

1701020 Overburden, Bored 7.92 N/A 3.66

1700748 Overburden, Bored 7.92 N/A 3.05

1701141 Overburden, Bored 6.4 N/A 2.95

1704168 Bedrock, Drilled 12.19 8.53 4.57

1703167 Bedrock, Drilled 19.81 12.19 4.57

1705218 Bedrock, Drilled 27.44 6.09 12.19

1701690 Bedrock, Drilled 35.67 5.18 8.54

1705197 Bedrock, Drilled 22.56 6.1 10.67

1705198 Bedrock, Drilled 19.81 6.1 12.19

1705199 Bedrock, Drilled 16.77 6.1 9.15

1705200 Bedrock, Drilled 28.96 6.1 15.24

1706649 Bedrock, Drilled 25.61 7.93 12.5
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FIGURE B-2
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FIGURE C-2

WATER WELL RECORD PW2
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GRAIN SIZE DISTRIBUTION
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 11-May-16

Hole No.: PW1 Sample No.: 82 Depth: 13-18 ft
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 11-May-16

Hole No.: PW1 Sample No.: 83 Depth: 18-23 ft
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 11-May-16

Hole No.: PW1 Sample No.: 84 Depth: 23-28 ft
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 11-May-16

Hole No.: PW1 Sample No.: 85 Depth: 28-33 ft
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 11-May-16

Hole No.: PW1 Sample No.: 86 Depth: 33-37 ft
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As Constructed PW2 

Water Well Record 

Grain Size Curves 

 
 

 
 
 
 
 
 
 
 
 
 
 





Groundwater Consultants

FIGURE C-2

WATER WELL RECORD PW2
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 16-May-16

Hole No.: PW2 Sample No.: 87 Depth: 13-18 ft
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 16-May-16

Hole No.: PW2 Sample No.: 88 Depth: 18-23 ft

3/8" 0.375
4 0.187

10 0.079
20 0.033 3.2
40 0.017 7.9
60 0.010 25.4 Figure C-4 
100 0.006 58.7
200 0.003 82.5
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 16-May-16

Hole No.: PW2 Sample No.: 89 Depth: 23-28 ft

3/8" 0.375
4 0.187

10 0.079
20 0.033
40 0.017 8.5
60 0.010 55 Figure C-5 
100 0.006 76.3
200 0.003 93.2
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 16-May-16

Hole No.: PW2 Sample No.: 90 Depth: 28-33 ft

3/8" 0.375
4 0.187

10 0.079
20 0.033
40 0.017 4.2
60 0.010 20.8 Figure C-6 
100 0.006 64.6
200 0.003 93.8
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GRAIN SIZE DISTRIBUTION

Project No.: Date: 16-May-16

Hole No.: PW2 Sample No.: 91 Depth: 33-38 ft

3/8" 0.375
4 0.187

10 0.079 3.8
20 0.033 9.6
40 0.017 17.3
60 0.010 36.5 Figure C-7 
100 0.006 69.2
200 0.003 92.3

Pan 100
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510-161 Mansfield 
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APPENDIX D 

Step Drawdown Test on PW1 

Step Drawdown Test on PW2 

Aquifer Performance Test on PW2 

 
 

 
 
 
 
 
 
 
 
 
 
 



FIGURE D-1

Project No.:

Date:

Mulmur Township, Ontario

PW1 STEP DRAWDOWN TEST 
Mansfield Ski Club

Drawdown vs. Time
5/31/2016

510-161
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PW1 STEP TEST, DRAWDOWN VS TIME    

STEP1 @ 25.9 L/min,  5.7 IGPM

STEP2 @ 40.1 L/min,  8.83 IGPM

STEP3 @ 56.0 L/min,   12.3 IGPM

PUMPING WELL: PW1 - Overburden Completion 
Static Water Level: 1.71 m (5.60 ft) below measuring point 
Pumping Duration: 15 min  step tests 
Test Date:  May 30, 2016 



FIGURE D-2

Project No.:

Date:

Mulmur, Ontario May 31,2016

PW1 STEP DRAWDOWN TEST 
Mansfield Ski Club 510-161

Drawdown vs. Pumping Rate
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PW1: STEP TEST, DRAWDOWN VS PUMPING RATE 

STEP1 @ 25.9 L/min,  5.7 IGPM

STEP2 @ 40.1 L/min,  8.83 IGPM

STEP3 @ 56.0 L/min,   12.3 IGPM

Step 1: Q/s = .36 
[l/sec]/m  
(1.45 igpm/ft) 

Step 2: Q/s =  0.35 
[l/sec]/m  
(1.39 igpm/ft) 

Step 3: Q/s = 0.28 
[l/sec]/m  
(1.14 igpm/ft) 



FIGURE D-3

Project No.:

Date:

Mulmur, Ontario

PW2 STEP DRAWDOWN TEST 
Mansfield Ski Club

Drawdown vs. Time
5/31/2016

510-161
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PW2 STEP TEST, DRAWDOWN VS TIME    

STEP1 @ 25.9 L/min,  5.7 IGPM

STEP2 @  37.4 L/min,  8.24 IGPM

STEP3 @ 55.0 L/min,   12.1 IGPM

PUMPING WELL: PW2 - Overburden Completion 
Static Water Level: 2.34 m below measuring point 
Pumping Duration: 15 min  step tests 
Test Date:  May 25, 2016 



FIGURE D-4

Project No.:

Date:

Mulmur, Ontario May 31,2016

PW2 STEP DRAWDOWN TEST 
Mansfield Ski Club 510-161

Drawdown vs. Pumping Rate
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PW2: STEP TEST, DRAWDOWN VS PUMPING RATE 

STEP1 @ 25.9 L/min,  5.7 IGPM

STEP2 @  37.4 L/min,  8.24 IGPM

STEP3 @ 55.0 L/min,   12.1 IGPM

Theoretical line of zero 
well and formation loss 

Step 1: Q/s = .67 
[l/sec]/m  
(2.7 igpm/ft) 

Step 2: Q/s =  0.62 
[l/sec]/m  
(2.50 igpm/ft) 

Step 3: Q/s = 0.63 
[l/sec]/m  
(2.54 igpm/ft) 



FIGURE D-5

Project No.:

510-161

Date:

Mulmur, Ontario

PW2 PUMPING TEST- 69 hr
Mansfield Ski Club

Drawdown/Recovery vs. Time

31-May-16
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PW2:  AQUIFER TEST, DRAWDOWN/RECOVERY VS TIME 

PW2 Drawdown

PW2 Recovery

T = 19,000 igpd/ft 
  = 280 m2/d 

Δs = 0.02 m/cycle 
     =  0.066 ft/cycle 

NOTE: Vertical Scale change to 
show slight variations in data. 
Smaller scale compared to step 
drawdown plots. 

PUMPING WELL: PW2 - Overburden Completion 
Static Water Level:  2.34 m (7.68 ft) at Measuring Point 
Pumping Rate: Q =  30 L/min ( 5.7 Igpm) =  37.3 m³/d 
Pumping Duration: 69 hour 
Test Date: May 25, 2016 - May 29, 2016 



FIGURE D-6

Project No.:

510-161

Date:

PW2 PUMPING TEST - (PW1 Obs. Well)
Mansfield Ski Club

Drawdown/Recovery vs. Time (Observation Well PW1)

Mulmur, Ontario 31-May-16
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PW2: 69 hr-PUMPING TEST, DRAWDOWN/RECOVERY VS TIME in OBSERVATION WELL PW1 

PW1 Drawdown

PW1 Recovery

T = 19,000 igpd/ft 
  = 280 m2/d 

OBSERVATION WELL: PW1 - Overburden Completion 
Static Water Level:  2.33 m (7.64 ft) at Measuring Point 
Pumping Rate: Q =  21.6 L/min (4.75 Igpm) = 31.1  m³/d 
Pumping Duration: 69 hour 
Distance: 53.3 m (175 ft) 

NOTE: Vertical Scale change to 
show slight variations in data. 
Smaller scale compared to step 



FIGURE D-7

Project No.:

510-161

Date:

Mulmur, Ontario

PW2 PUMPING TEST - (OW1 Obs. Well)
Mansfield Ski Club

Drawdown/Recovery vs. Time (Observation Well PW1)

31-May-16
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PW2: 69 hr-PUMPING TEST, DRAWDOWN/RECOVERY VS TIME in OBSERVATION WELL OW1 

OW1 Drawdown

OW1 Recovery

T = 19,000 igpd/ft 
  = 280 m2/d 

OBSERVATION WELL: OW1 - Overburden Completion 
Static Water Level:  1.69 m (5.55 ft) at Measuring Point 
Pumping Rate: Q =  21.6 L/min (4.75 Igpm) = 31.1  m³/d 
Pumping Duration: 69 hour 
Distance: 260 m (853 ft) 

NOTE: Vertical Scale change to 
show slight variations in data. 
Smaller scale compared to step 



FIGURE D-8

Project No.:

Date:

510-161

31-May-16Mulmur, Ontario

PW2 - 69 HOUR PUMPING TEST 
Mansfield Ski Club

Drawdown vs. Distance
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PW2: 69 HOUR PUMPING TEST, DRAWDOWN VS DISTANCE 

PW2

PW1

OW1

PUMPING WELL: PW2 - Overburden Completion 
Static Water Level: 2.34 m (7.68 ft) at Measuring Point 
Pumping Rate: Q = 30 L/min ( 5.7 Igpm) =  37.3 m³/d 
Pumping Duration: 69 hour 
Test Date:  May 25, 2016 - May 29, 2016 

S = 1.0x10-2 

T = 19,000 igpd/ft 
   = 280 m2/d 

NOTE: Vertical Scale change to 
show slight variations in data. 
Smaller scale compared to step 



FIGURE D-9

Project No.:

510-161

Date:

PW2 PUMPING TEST BAROMETRIC PRESSURE
Mansfield Ski Club

Barometric Pressure

Mulmur, Ontario 31-May-16
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PW2:  BAROMETRIC PRESSURE VS TIME 

NOTE: Vertical Scale change to 
show slight variations in data. 
Smaller scale compared to step 
drawdown plots. 



FIGURE D-10

Project No.:

510-161

Date:

PW2 PUMPING TEST BAROMETRIC PRESSURE
Mansfield Ski Club

Barometric Pressure

Mulmur, Ontario 31-May-16
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PW2:  CHANGE IN BAROMETRIC PRESSURE VS TIME 

PUMPING RECOVERY 
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APPENDIX E 

Modelling of Groundwater Availability 

 
 

 
 
 
 
 
 
 
 
 
 
 



Drawdown and Interference at Pumping Well Locations

PW1 PW2 OW1

2.78 1.39 0.62

1.39 2.78 0.62

4.17 4.17 1.24

1.27 1.27 0.38

Well QS (IGPM) Units

PW1-PW2 40.000 S 1.0.E-02

t 14 day(s)

T 19,000 igpd/ft

Notes: In Rows - Drawdown in feet at each location due to pumping of well in that row FIGURE E-1

In Columns - Drawdown in feet in each column due to interference from pumping indicated well W/L elevation at each location is shown in bottom of row of matrix.

Estimated Drawdown Matrix For Total Pumping Rate of 40 igpm Project No.: 505-161

Date: 7-Jun-16

Groundwater Supply

Mansfield Ski Club

Mulmur, Ontario
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each location 

(ft)

Total 

Drawdown at 

each location 

(m)

D
ra

w
d

o
w

n
 i

n
 a

 w
e
ll

 f
ro

m
 p

u
m

p
in

g
 

a
n

d
 i

n
te

rf
e
re

n
c

e
 f

ro
m

 a
ll

 o
th

e
r PW1

PW2



Hydrogeology and Test Drilling Report  June 13, 2016 
Mansfield Ski Club 
Mulmur Township, Ontario 
 

 
 
File:  510-161 App F 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX F 

Water Quality 

 
 

 
 
 
 
 
 
 
 
 
 
 



CLIENT NAME: MORRISON ENVIRONMENTAL LIMTED
1087 MEYERSIDE DRIVE UNIT 1
MISSISSAUGA, ON   L5T1M5    
(905) 564-8944

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122

http://www.agatlabs.com

Amanjot Bhela, Inorganic CoordinatorWATER ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 9

Jun 01, 2016

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (905) 712-5100

16T098529AGAT WORK ORDER:

ATTENTION TO: Don Hsu

PROJECT: 510-161

Laboratories (V1) Page 1 of 9

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

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 this report may not necessarily be included in 
the scope of accreditation.

Association of Professional Engineers, Geologists and Geophysicists 
of Alberta (APEGGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

*NOTES

Results relate only to the items tested and to all the items tested
All reportable information as specified by ISO 17025:2005 is available from AGAT Laboratories upon request



PW2SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

5/25/2016DATE SAMPLED:

7584232G / S RDLUnitParameter

574Electrical Conductivity 2uS/cm

7.91pH NA(6.5-8.5)pH Units

6.93Saturation pH

0.98Langelier Index

311Total Hardness (as CaCO3) 0.5(80-100)mg/L

324Total Dissolved Solids 20500mg/L

277Alkalinity (as CaCO3) 5(30-500)mg/L

277Bicarbonate (as CaCO3) 5mg/L

<5Carbonate (as CaCO3) 5mg/L

<5Hydroxide (as CaCO3) 5mg/L

<0.25Fluoride 0.251.5mg/L

11.0Chloride 0.50250mg/L

<0.25Nitrate as N 0.2510.0mg/L

<0.25Nitrite as N 0.251.0mg/L

<0.25Bromide 0.25mg/L

40.2Sulphate 0.50500mg/L

<0.50Ortho Phosphate as P 0.50mg/L

11.2Reactive Silica 0.05mg/L

<0.02Ammonia as N 0.02mg/L

<0.05Total Phosphorus 0.05mg/L

1.8Total Organic Carbon 0.5mg/L

<5Colour 55TCU

1.6Turbidity 0.55NTU

88.3Calcium 0.05mg/L

21.9Magnesium 0.05mg/L

6.00Sodium 0.0520 (200)mg/L

3.19Potassium 0.05mg/L

0.006Aluminum 0.0040.1mg/L

<0.003Antimony 0.0030.006mg/L

<0.003Arsenic 0.0030.025mg/L

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-05-26

Certificate of Analysis

ATTENTION TO: Don HsuCLIENT NAME: MORRISON ENVIRONMENTAL LIMTED

AGAT WORK ORDER: 16T098529

DATE REPORTED: 2016-06-01

PROJECT: 510-161

Water Quality Assessment (mg/L)

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 9



PW2SAMPLE DESCRIPTION:

WaterSAMPLE TYPE:

5/25/2016DATE SAMPLED:

7584232G / S RDLUnitParameter

0.065Barium 0.0021mg/L

<0.001Beryllium 0.001mg/L

0.035Boron 0.0105mg/L

<0.001Cadmium 0.0010.005mg/L

<0.003Chromium 0.0030.05mg/L

<0.001Cobalt 0.001mg/L

<0.003Copper 0.0031mg/L

0.138Iron 0.0100.3mg/L

<0.002Lead 0.0020.01mg/L

0.057Manganese 0.0020.05mg/L

<0.0001Mercury 0.00010.001mg/L

<0.002Molybdenum 0.002mg/L

<0.003Nickel 0.003mg/L

<0.004Selenium 0.0040.01mg/L

<0.002Silver 0.002mg/L

0.380Strontium 0.005mg/L

<0.006Thallium 0.006mg/L

<0.002Tin 0.002mg/L

<0.002Titanium 0.002mg/L

<0.010Tungsten 0.010mg/L

<0.002Uranium 0.0020.02mg/L

<0.002Vanadium 0.002mg/L

<0.005Zinc 0.0055mg/L

<0.004Zirconium 0.004mg/L

1.02% Difference/ Ion Balance NA%

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard: Refers to O.Reg.169/03(mg/L)

7584232 Elevated RDL indicates  the degree of  sample dilution prior to the analysis  in order to keep analyte within the calibration range of the instrument and to reduce matrix interference.

Results relate only to the items tested and to all the items tested

DATE RECEIVED: 2016-05-26

Certificate of Analysis

ATTENTION TO: Don HsuCLIENT NAME: MORRISON ENVIRONMENTAL LIMTED

AGAT WORK ORDER: 16T098529

DATE REPORTED: 2016-06-01

PROJECT: 510-161

Water Quality Assessment (mg/L)

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE

MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2

TEL (905)712-5100

FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 9



7584232 O.Reg.169/03(mg/L) Water Quality Assessment (mg/L) Manganese 0.05 0.057PW2

7584232 O.Reg.169/03(mg/L) Water Quality Assessment (mg/L) Total Hardness (as CaCO3) (80-100) 311PW2

Results relate only to the items tested and to all the items tested

Guideline Violation

ATTENTION TO: Don HsuCLIENT NAME: MORRISON ENVIRONMENTAL LIMTED
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Water Quality Assessment (mg/L)

Electrical Conductivity 7578341 1760 1780 1.1% < 2 96% 80% 120% NA NA

pH 7578341 7.80 7.90 1.3% NA 98% 90% 110% NA NA

Total Dissolved Solids 7584321 528 548 3.7% < 20 96% 80% 120% NA NA

Alkalinity (as CaCO3) 7578341 306 312 1.9% < 5 100% 80% 120% NA NA

Bicarbonate (as CaCO3)
 

7578341 306 312 1.9% < 5 NA NA NA

Carbonate (as CaCO3) 7578341 <5 <5 NA < 5 NA NA NA

Hydroxide (as CaCO3) 7578341 <5 <5 NA < 5 NA NA NA

Fluoride 7584232 7584232 <0.25 <0.25 NA < 0.05 98% 90% 110% 97% 90% 110% 107% 80% 120%

Chloride 7584232 7584232 11.0 11.4 3.6% < 0.10 108% 90% 110% 103% 90% 110% 107% 80% 120%

Nitrate as N
 

7584232 7584232 <0.25 <0.25 NA < 0.05 91% 90% 110% 100% 90% 110% 107% 80% 120%

Nitrite as N 7584232 7584232 <0.25 <0.25 NA < 0.05 NA 90% 110% 108% 90% 110% 97% 80% 120%

Bromide 7584232 7584232 <0.25 <0.25 NA < 0.05 109% 90% 110% 108% 90% 110% 106% 80% 120%

Sulphate 7584232 7584232 40.2 39.8 1.0% < 0.10 101% 90% 110% 105% 90% 110% 105% 80% 120%

Ortho Phosphate as P 7584232 7584232 <0.50 <0.50 NA < 0.10 104% 90% 110% 102% 90% 110% 106% 80% 120%

Reactive Silica
 

7584232 7584232 11.2 10.8 3.6% < 0.05 99% 90% 110% 101% 90% 110% 99% 80% 120%

Ammonia as N 7581556 0.07 0.06 NA < 0.02 90% 90% 110% 90% 90% 110% 95% 80% 120%

Total Phosphorus 7580403 0.18 0.17 NA < 0.05 99% 80% 120% 100% 90% 110% 98% 70% 130%

Total Organic Carbon 7584321 3.2 3.5 9.0% < 0.5 102% 90% 110% 103% 90% 110% 104% 80% 120%

Colour 7584321 <5 <5 NA < 5 101% 90% 110% NA NA

Turbidity
 

7584023 0.6 0.6 NA < 0.5 105% 90% 110% NA NA

Calcium 7584232 7584232 88.3 86.9 1.6% < 0.05 101% 90% 110% 100% 90% 110% 100% 70% 130%

Magnesium 7584232 7584232 21.9 21.9 0.0% < 0.05 101% 90% 110% 100% 90% 110% 105% 70% 130%

Sodium 7584232 7584232 6.00 6.07 1.2% < 0.05 107% 90% 110% 107% 90% 110% 107% 70% 130%

Potassium 7584232 7584232 3.19 3.17 0.6% < 0.05 106% 90% 110% 106% 90% 110% 108% 70% 130%

Aluminum
 

7583208 0.018 0.008 NA < 0.004 91% 90% 110% 101% 90% 110% 98% 70% 130%

Antimony 7583208 <0.003 <0.003 NA < 0.003 97% 90% 110% 97% 90% 110% 101% 70% 130%

Arsenic 7583208 <0.003 <0.003 NA < 0.003 96% 90% 110% 99% 90% 110% 101% 70% 130%

Barium 7583208 0.013 0.013 0.0% < 0.002 92% 90% 110% 99% 90% 110% 100% 70% 130%

Beryllium 7583208 <0.001 <0.001 NA < 0.001 90% 90% 110% 99% 90% 110% 100% 70% 130%

Boron
 

7583208 <0.010 <0.010 NA < 0.010 100% 90% 110% 100% 90% 110% 90% 70% 130%

Cadmium 7583208 <0.001 <0.001 NA < 0.001 92% 90% 110% 96% 90% 110% 103% 70% 130%

Chromium 7583208 <0.003 <0.003 NA < 0.003 93% 90% 110% 100% 90% 110% 101% 70% 130%

Cobalt 7583208 <0.001 <0.001 NA < 0.001 93% 90% 110% 100% 90% 110% 100% 70% 130%

Copper 7583208 <0.003 <0.003 NA < 0.003 95% 90% 110% 102% 90% 110% 100% 70% 130%

Iron
 

7583208 <0.010 <0.010 NA < 0.010 90% 90% 110% 96% 90% 110% 105% 70% 130%

Lead 7583208 <0.002 <0.002 NA < 0.002 94% 90% 110% 101% 90% 110% 102% 70% 130%

Manganese 7583208 <0.002 <0.002 NA < 0.002 92% 90% 110% 99% 90% 110% 100% 70% 130%

Mercury 7581167 <0.0001 <0.0001 NA < 0.0001 103% 90% 110% 105% 90% 110% 98% 80% 120%

Molybdenum 7583208 <0.002 <0.002 NA < 0.002 100% 90% 110% 99% 90% 110% 102% 70% 130%

Results relate only to the items tested and to all the items tested
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Nickel
 

7583208 <0.003 <0.003 NA < 0.003 92% 90% 110% 99% 90% 110% 97% 70% 130%

Selenium 7583208 <0.004 <0.004 NA < 0.004 95% 90% 110% 100% 90% 110% 103% 70% 130%

Silver 7583208 <0.002 <0.002 NA < 0.002 90% 90% 110% 101% 90% 110% 100% 70% 130%

Strontium 7583208 0.066 0.068 3.0% < 0.005 99% 90% 110% 105% 90% 110% 102% 70% 130%

Thallium 7583208 <0.006 <0.006 NA < 0.006 93% 90% 110% 97% 90% 110% 99% 70% 130%

Tin
 

7583208 <0.002 <0.002 NA < 0.002 98% 90% 110% 98% 90% 110% 102% 70% 130%

Titanium 7583208 <0.002 <0.002 NA < 0.002 96% 90% 110% 93% 90% 110% 98% 70% 130%

Tungsten 7583208 <0.010 <0.010 NA < 0.010 99% 90% 110% 95% 90% 110% 97% 70% 130%

Uranium 7583208 <0.002 <0.002 NA < 0.002 97% 90% 110% 100% 90% 110% 101% 70% 130%

Vanadium 7583208 <0.002 <0.002 NA < 0.002 91% 90% 110% 96% 90% 110% 99% 70% 130%

Zinc
 

7583208 0.006 0.005 NA < 0.005 96% 90% 110% 102% 90% 110% 100% 70% 130%

Zirconium 7583208 <0.004 <0.004 NA < 0.004 97% 90% 110% 95% 90% 110% 96% 70% 130%

 
Comments: NA signifies Not Applicable.
Duplicate Qualifier: As the measured result approaches the RL, the uncertainty associated with the value increases dramatically, thus duplicate acceptance limits apply only 
where the average of the two duplicates is greater than five times the RL.
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Water Analysis

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

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

Saturation pH SM 2320 B CALCULATION

Langelier Index SM 2330B CALCULATION

Total Hardness (as CaCO3) MET-93-6105 EPA SW-846 6010C & 200.7 ICP/OES

Total Dissolved Solids INOR-93-6028 SM 2540 C BALANCE

Alkalinity (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 SM 4110 B ION CHROMATOGRAPH

Chloride INOR-93-6004 SM 4110 B ION CHROMATOGRAPH

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

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

Reactive Silica INOR-93-6047 AQ2 EPA-122A & SM 4500 SiO2 D AQ2 DISCRETE ANALYSER

Ammonia as N INOR-93-6059
QuikChem 10-107-06-1-J & SM 4500 
NH3-F

LACHAT FIA

Total Phosphorus INOR-93-6057
QuikChem 10-115-01-3-A & SM 
4500-P I

LACHAT FIA

Total Organic Carbon INOR-93-6049 EPA 415.1 & SM 5310 SHIMADZU CARBON ANALYZER

Colour INOR-93-6046 SM 2120 B SPECTROPHOTOMETER

Turbidity INOR-93-6044 SM 2130 B NEPHELOMETER

Calcium MET-93-6105 EPA SW-846 6010C & 200.7 ICP/OES

Magnesium MET-93-6105 EPA SW-846 6010C & 200.7 ICP/OES

Sodium MET-93-6105 EPA SW-846 6010C & 200.7 ICP/OES

Potassium MET-93-6105 EPA SW-846 6010C & 200.7 ICP/OES

Aluminum MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Antimony MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Arsenic MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Barium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Beryllium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Boron MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Cadmium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Chromium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Cobalt MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Copper MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Iron MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Lead MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Manganese MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Mercury MET-93-6100 EPA SW 846 7470 & 245.1 CVAAS

Molybdenum MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Nickel MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Selenium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Silver MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Strontium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Thallium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Results relate only to the items tested and to all the items tested
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Tin MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Titanium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Tungsten MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Uranium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Vanadium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Zinc MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

Zirconium MET-93-6103 EPA SW-846 6020A & 200.8 ICP-MS

% Difference/ Ion Balance SM 1030 E CALCULATION

Results relate only to the items tested and to all the items tested
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