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December 16, 2009 Project No. 08-1132-116-0-R02 

Municipality of Lambton Shores 
9575 Port Franks Road 
R.R. #1 
Thedford, Ontario 
N0M 2N0 

 
Attention:   Ms. Peggy Van Mierlo-West, Director of Community Services 

 
SUMMARY REPORT ON 
GROUNDWATER MONITORING WELLS 
COMMUNITY OF GRAND BEND 
MUNICIPALITY OF LAMBTON SHORES, ONTARIO 

Dear Ms. Van Mierlo-West: 

This report presents a summary of the results of a groundwater and surface water monitoring program carried 

out in the areas to the south of Grand Bend, Ontario.  The location of the site is shown on the Key Plan, Figure 

1. 

The borehole drilling and monitoring well installation was conducted between October 14 and 20, 2008 and on 

November 17, 2008.  Two additional wells were installed on July 16, 2009.  The groundwater and surface water 

sampling program began in November 2008 and was completed in December 2009.  Generally, the sampling 

was conducted on an approximately monthly basis and the results were forwarded to the Municipality of 

Lambton Shores after each sampling event.   

Golder Associates Ltd.'s (Golder's) proposed work plan and cost estimate for the proposed work was provided to 

the Municipality of Lambton Shores on September 22, 2008.  Authorization to proceed with the installations and 

monitoring program was provided by the Municipality of Lambton Shores. 

Important information on the limitations of this report is attached. 

 

1.0 INTRODUCTION 
 

Golder was retained by the Municipality of Lambton Shores to install a series of groundwater monitoring wells 

and to carry out a groundwater and surface water monitoring program in the area south of the Community of 

Grand Bend.  The work program consisted of installing two lines of three wells in the Southcott Pines area, one 

line of three wells in the Huron Woods area and two wells in the Merrywoods area.  Two additional wells were 

later installed to the southwest on Klondyke Road and Cold Storage Road. 

Initially, two wells were proposed to be installed in the northern portion of the Pinery Provincial Park (Pinery).  

However, Golder obtained access to a monitoring well located in the northern portion of the Pinery that was 

previously installed by others (hereinafter referred to as MW-13).  Since this monitoring well was suitable for the 
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groundwater monitoring program, no additional monitoring wells were installed in the Pinery.  The locations of all 

of the monitoring wells are shown on the Location Plan, Figure 1. 

 

2.0 PROCEDURE 
 

2.1 Borehole Drilling Program 
 

The intrusive field work was carried out between October 14 and 20, 2008 and November 17, 2008 at which time 

12 boreholes were drilled at the approximate locations shown on the Location Plan, Figure 1. Two additional 

boreholes (BH-14 and BH-15) were drilled on July 16, 2009.  The boreholes were drilled using a truck mounted 

power auger supplied and operated by a specialist drilling contractor.  The soil stratigraphy and groundwater 

conditions encountered in the boreholes are shown in detail on the attached Record of Borehole sheets.   

Standard penetration testing and sampling was carried out at regular intervals of depth in each of the boreholes 

using 35 millimetre inside diameter split spoon sampling equipment.  All of the samples obtained during the 

investigation were brought to our laboratory for further examination and testing.  The results of the field and 

laboratory testing are shown on the Record of Borehole sheets and on Figures 2 and 3. 

The boreholes were located in the field by members of our staff who also obtained underground service locates, 

supervised the drilling and monitoring well installation, logged the boreholes and cared for the samples obtained.  

The ground surface elevations were determined by Farncomb, Kirkpatrick and Sterling Land Surveyors and are 

understood to be referenced to geodetic datum. 

 

2.2 Groundwater Monitor Installation 
 

The boreholes were completed as monitoring wells, designated MW-1 through MW-15.  The monitoring wells 

consisted of 50-millimetre diameter, Schedule 40, flush-threaded, polyvinyl chloride (PVC) pipe and screens.  

The well screens were machine-slotted with a slot size of 0.25 millimetres and a length of 3.0 metres in MW-1 to 

MW-12 and 1.5 metres in MW-14 and MW-15.   The pipe and screen for the monitoring wells were delivered to 

the site sealed in the packaging supplied by the manufacturer. Each well was finished using concrete to secure 

an above-ground lockable steel protective casing.  Additional details of the monitoring well installations are 

provided on the Record of Borehole sheets. 

To comply with Ontario Regulation (O.Reg.) 903, as amended, Golder only utilizes licensed well drilling 

contractors employing licensed well technicians. 
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2.3 Groundwater Monitoring 
 

The initial groundwater sampling event was conducted on November 27, 2008 and generally continued on an 

approximately monthly basis thereafter.   

Prior to sampling, the static water level in each monitoring well was measured using an electronic water level 

meter equipped with a stainless steel probe.  The stainless steel probe of the water level meter was rinsed with a 

bleach solution followed by distilled water between well measurements in order to minimize potential cross-

contamination. 

For each sampling event prior to July 2009, the monitoring wells were initially purged of standing groundwater 

using dedicated Waterra Model D-25 inertial pumps and lengths of 13-millimetre (0.5-inch) inside-diameter, low-

density polyethylene tubing.  Each of the monitoring wells was purged until a volume equivalent to approximately 

three standing well volumes had been evacuated.  The volume of water purged was recorded and the collected 

purge water was discharged onto the ground at some distance from the monitoring well. 

After purging, groundwater samples were collected into the appropriate laboratory supplied containers and 

filtered in the field, as appropriate for the analytical parameters.  Cooling of the samples was initiated 

immediately upon collection and continued until they were submitted, under chain-of-custody procedures, to ALS 

Laboratory Group (ALS) in London, Ontario. Electrical conductivity, pH and temperature were measured in the 

field at the time of sampling using a separate 100-millilitre aliquot of water collected from each monitoring well. 

In July 2009, based on discussions with the Municipality of Lambton Shores, the groundwater sampling program 

was modified to include additional analytical parameters and field measurements.  As such, a low flow sampling 

technique was used on July 22, 2009 and all sampling events thereafter.  A peristaltic pump was used to purge 

groundwater from each monitoring well and a multi-parameter probe equipped with a flow-through cell was used 

to continuously monitor the electrical conductivity, pH, temperature, oxidation-reduction potential and the 

dissolved oxygen concentration of the purged groundwater.  New silicone pump tubing was used for each 

monitoring well to minimize potential cross-contamination.  Groundwater was purged from each well until the 

monitored parameters had stabilized, indicating fresh groundwater was being evacuated from the well.  After 

purging, the peristaltic pump was used to collect the samples, which were handled and submitted to ALS for 

analysis as described above. 

 

2.4 Surface Water Monitoring 
 

Surface water level monitoring and sampling was conducted in conjunction with the groundwater sampling 

events.  Surface water levels and samples were obtained from Lake Huron, the Old Ausable Channel and 

Parkhill Creek at the locations shown on the Location Plan, Figure 1. Based on discussions with the Municipality 

of Lambton Shores, two additional sampling locations on Lake Huron and three additional sampling locations in 

Parkhill Creek were added to the monitoring program in July 2009.   
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Surface water samples were collected into the appropriate laboratory supplied containers and filtered in the field, 

as appropriate for the analytical parameters.  Cooling of the samples was initiated immediately upon collection 

and continued until they were submitted, under chain-of-custody procedures, to ALS Laboratory Group (ALS) in 

London, Ontario.  Measurements of field parameters were taken at the time of sample collection. 

 

3.0 FINDINGS 
 

3.1 Soil Conditions 
 

The subsurface conditions encountered in the boreholes are shown in detail on the Record of Borehole sheets.  

The following discussion has been simplified in terms of major soil strata.  The soil boundaries indicated are 

inferred from non-continuous samples and observations of drilling resistance and may represent a transition 

from one soil type to another and should not necessarily be interpreted to represent exact planes of geological 

change.  Further, subsurface conditions may vary between and beyond the borehole locations. 

The boreholes drilled at the site generally encountered a thin layer of surficial topsoil overlying loose to dense 

sands over compact to very dense sand and gravel.   The boreholes that were not terminated in the sand and 

gravel layers encountered layers of sand, silt, clayey silt or silty clay till.  

The results of grain size testing on two samples of sand and a sample of sand and gravel recovered from the 

standard penetration testing are presented on Figures 2 and 3, respectively. 

 

3.2 Groundwater and Surface Water Elevations 
 

The groundwater levels encountered in the boreholes during drilling are shown on the Record of Borehole 

sheets. Groundwater and surface water level elevations measured during the monitoring program are 

summarized in Table I. 

Groundwater was encountered in all of the boreholes during drilling at depths of 1.7 to 7.2 metres below the 

ground surface or from elevation 177.2 to 181.1 metres.  Groundwater elevations subsequently measured in the 

monitoring wells ranged from 176.49 to 181.45 metres.  Seasonal variation in the measured groundwater 

elevations at each monitoring well location ranged from 0.37 to 1.49 metres, with the highest groundwater levels 

generally observed in the spring months, and the lowest groundwater levels generally observed in the late 

autumn. 

 Groundwater and surface water elevations, as measured in April and November 2009, representative of spring 

and fall conditions, respectively, are presented on Figure 4 and inferred cross-sections are shown on Figures 5 

and 6.  The water level elevations shown are representative of the seasonal variation observed during the 

monitoring program.  The water level measurements indicate that the primary groundwater flow direction is to 
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 where x1 = initial sample results 

  x2 = duplicate sample results 

 xm = mean of x1, x2  

RPD values were calculated for those parameters in which the reported concentrations were greater than 2.5 

times the method detection limit.  RPD values greater than 25 per cent are normally considered to be estimated 

quantities only and would be qualified as such.  Unacceptable RPD values were noted for the manganese 

concentration in MW-7 for November 2008, for the total suspended solids and total phosphorus concentrations 

in MW-15 for August 2009, for total suspended soils and total phosphorus concentration in Lake 3 for October 

2009, and for the total phosphorus concentration in Lake 2 for November 2009. Analytical results with 

unacceptable RPD values are noted as approximate values in Tables II and III.  All other parameters for the 

duplicate samples had acceptable RPD values. 

 

4.0 SUMMARY 
 

The results of the monitoring program indicate that the groundwater flow direction is predominantly to the 

northwest, towards Lake Huron.  The concentrations of nitrate measured in groundwater monitoring wells 

located in residential areas are elevated relative to background nitrate concentrations measured in the 

monitoring well located in the Pinery Provincial Park.  The elevated nitrate concentrations are considered to be 

related to the use of residential septic systems. 

If no additional monitoring is required, the wells on municipal property should be properly abandoned in 

accordance with the current Ontario Ministry of the Environment Regulations. 
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5.0 CLOSURE 
 

We trust that this report provides all of the information that you presently require.  If any point requires further 

clarification, or if we may be of additional assistance, please contact this office.   

 

GOLDER ASSOCIATES LTD.  

 

 

 

David J. Mitchell Philip R. Bedell, P.Eng. 
 Senior Consultant 

 

ST/DJM/PRB/cr 

Attachments: 

 

 Limitations 

 Tables I to III 

 List of Abbreviations 

 List of Symbols 

 Records of Boreholes 

 Figures 1 to 7 

 

 

n:\active\2008\1132 - geotechnical\1132-100-0\08-1132-116-0  lambton shores - gw wells - grand bend\reports\0811321160-r02\0811321160-r02 dec 16 09 - summary rpt - gwtr monit - 

grand bend.docx 
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IMPORTANT INFORMATION AND LIMITATIONS 

OF THIS REPORT 

Standard of Care:  Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with 
that level of care and skill ordinarily exercised by members of the engineering and science professions 
currently practising under similar conditions in the jurisdiction in which the services are provided, subject 
to the time limits and physical constraints applicable to this report.  No other warranty, expressed or 
implied is made. 

Basis and Use of the Report:  This report has been prepared for the specific site, design objective, 
development and purpose described to Golder by the Client.  The factual data, interpretations and 
recommendations pertain to a specific project as described in this report and are not applicable to any other 
project or site location.  Any change of site conditions, purpose, development plans or if the project is not 
initiated within eighteen months of the date of the report may alter the validity of the report.  Golder can 
not be responsible for use of this report, or portions thereof, unless Golder is requested to review and, if 
necessary, revise the report. 

The information, recommendations and opinions expressed in this report are for the sole benefit of the 
Client.  No other party may use or rely on this report or any portion thereof without Golder’s express 
written consent.  If the report was prepared to be included for a specific permit application process, then 
upon the reasonable request of the client, Golder may authorize in writing the use of this report by the 
regulatory agency as an Approved User for the specific and identified purpose of the applicable permit 
review process.  Any other use of this report by others is prohibited and is without responsibility to Golder.  
The report, all plans, data, drawings and other documents as well as all electronic media prepared by 
Golder are considered its professional work product and shall remain the copyright property of Golder, who 
authorizes only the Client and Approved Users to make copies of the report, but only in such quantities as 
are reasonably necessary for the use of the report by those parties.  The Client and Approved Users may not 
give, lend, sell, or otherwise make available the report or any portion thereof to any other party without the 
express written permission of Golder.  The Client acknowledges that electronic media is susceptible to 
unauthorized modification, deterioration and incompatibility and therefore the Client can not rely upon the 
electronic media versions of Golder’s report or other work products. 

The report is of a summary nature and is not intended to stand alone without reference to the instructions 
given to Golder by the Client, communications between Golder and the Client, and to any other reports 
prepared by Golder for the Client relative to the specific site described in the report.  In order to properly 
understand the suggestions, recommendations and opinions expressed in this report, reference must be 
made to the whole of the report.  Golder can not be responsible for use of portions of the report without 
reference to the entire report.   

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended 
only for the guidance of the Client in the design of the specific project.  The extent and detail of 
investigations, including the number of test holes, necessary to determine all of the relevant conditions 
which may affect construction costs would normally be greater than has been carried out for design 
purposes.  Contractors bidding on, or undertaking the work, should rely on their own investigations, as well 
as their own interpretations of the factual data presented in the report, as to how subsurface conditions may 
affect their work, including but not limited to proposed construction techniques, schedule, safety and 
equipment capabilities. 

Soil, Rock and Groundwater Conditions:  Classification and identification of soils, rocks, and 
geologic units have been based on commonly accepted methods employed in the practice of geotechnical 
engineering and related disciplines.  Classification and identification of the type and condition of these 
materials or units involves judgment, and boundaries between different soil, rock or geologic types or units 
may be transitional rather than abrupt.  Accordingly, Golder does not warrant or guarantee the exactness of 
the descriptions. 
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IMPORTANT INFORMATION AND LIMITATIONS 
OF THIS REPORT (cont’d) 

Special risks occur whenever engineering or related disciplines are applied to identify subsurface 
conditions and even a comprehensive investigation, sampling and testing program may fail to detect all or 
certain subsurface conditions.  The environmental, geologic, geotechnical, geochemical and hydrogeologic 
conditions that Golder interprets to exist between and beyond sampling points may differ from those that 
actually exist.  In addition to soil variability, fill of variable physical and chemical composition can be 
present over portions of the site or on adjacent properties.  The professional services retained for this 
project include only the geotechnical aspects of the subsurface conditions at the site, unless otherwise 
specifically stated and identified in the report. The presence or implication(s) of possible surface and/or 
subsurface contamination resulting from previous activities or uses of the site and/or resulting from the 
introduction onto the site of materials from off-site sources are outside the terms of reference for this 
project and have not been investigated or addressed. 

Soil and groundwater conditions shown in the factual data and described in the report are the observed 
conditions at the time of their determination or measurement.  Unless otherwise noted, those conditions 
form the basis of the recommendations in the report.  Groundwater conditions may vary between and 
beyond reported locations and can be affected by annual, seasonal and meteorological conditions.  The 
condition of the soil, rock and groundwater may be significantly altered by construction activities (traffic, 
excavation, groundwater level lowering, pile driving, blasting, etc.) on the site or on adjacent sites.  
Excavation may expose the soils to changes due to wetting, drying or frost.  Unless otherwise indicated the 
soil must be protected from these changes during construction.  

Sample Disposal:  Golder will dispose of all uncontaminated soil and/or rock samples 90 days following 
issue of this report or, upon written request of the Client, will store uncontaminated samples and materials 
at the Client’s expense.   In the event that actual contaminated soils, fills or groundwater are encountered or 
are inferred to be present, all contaminated samples shall remain the property and responsibility of the 
Client for proper disposal. 

Follow-Up and Construction Services:  All details of the design were not known at the time of 
submission of Golder’s report.  Golder should be retained to review the final design, project plans and 
documents prior to construction, to confirm that they are consistent with the intent of Golder’s report.   

During construction, Golder should be retained to perform sufficient and timely observations of 
encountered conditions to confirm and document that the subsurface conditions do not materially differ 
from those interpreted conditions considered in the preparation of Golder’s report and to confirm and 
document that construction activities do not adversely affect the suggestions, recommendations and 
opinions contained in Golder’s report.  Adequate field review, observation and testing during construction 
are necessary for Golder to be able to provide letters of assurance, in accordance with the requirements of 
many regulatory authorities.  In cases where this recommendation is not followed, Golder’s responsibility 
is limited to interpreting accurately the information encountered at the borehole locations, at the time of 
their initial determination or measurement during the preparation of the Report. 
 
Changed Conditions and Drainage:  Where conditions encountered at the site differ significantly 
from those anticipated in this report, either due to natural variability of subsurface conditions or 
construction activities, it is a condition of this report that Golder be notified of any changes and be provided 
with an opportunity to review or revise the recommendations within this report.  Recognition of changed 
soil and rock conditions requires experience and it is recommended that Golder be employed to visit the 
site with sufficient frequency to detect if conditions have changed significantly. 
 
Drainage of subsurface water is commonly required either for temporary or permanent installations for the 
project.  Improper design or construction of drainage or dewatering can have serious consequences.  Golder 
takes no responsibility for the effects of drainage unless specifically involved in the detailed design and 
construction monitoring of the system. 
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MONITORING GROUND SURFACE
WELL ELEVATION¹  

(m) Nov. 27/08 Feb. 4/09 Mar. 3/09 Apr. 2/09 May 6/09 June 2/09 July 22/09 Aug 26/09
               

1 187.27 180.90 180.80 180.96 180.97 180.93 180.76 180.50 180.30
2 183.79 178.21 178.16 178.22 178.34 178.26 178.20 178.06 177.97
3 184.66 178.33 178.13 178.21 178.36 178.21 178.16 178.03 177.93
4 182.79 178.21 178.50 178.59 178.76 178.68 178.58 178.25 178.02
5 181.72 178.04 178.29 178.38 178.53 178.45 178.37 178.07 177.84
6 183.94 178.65 178.63 178.70 178.80 178.72 178.59 178.47 178.33
7 183.69 177.23 178.56 178.63 178.72 178.64 178.53 178.26 178.07
8 182.96 176.49 177.63 177.71 177.76 177.67 177.62 177.43 177.26
9 181.60 176.54 177.66 177.76 177.80 177.75 177.71 177.48 177.31
10 184.24 177.12 178.39 178.48 178.51 178.44 178.35 178.13 177.93
11 184.47 177.76 178.84 178.93 178.94 178.91 178.82 178.64 178.46
12 182.94 180.76 180.93 181.45 181.29 181.30 180.95 180.73 180.53

13 (Pinery Well) 181.56 - 178.71 178.74 178.94 178.85 178.77 178.49 178.29
14 181.57 - - - - - - 179.39 179.22
15 180.15 - - - - - - 178.73 178.53

SURFACE WATER     LOCATION2   

Nov 27/08 Feb. 4/09 Mar. 3/09 Apr. 2/09 May 6/09 June 2/09 July 22/09 Aug 26/09
(m) 

Old Ausable Channel Pinetree Drive 177.94 178.08 177.97 178.12 177.93 177.95 177.92 177.87
Old Ausable Channel Lakeview Avenue 178.38 178.22 178.26 178.43 178.38 178.37 178.32 178.33
Old Ausable Channel Lake Road 178.39 178.39 frozen 178.47 178.41 178.39 178.35 178.36

Parkhill Creek 10142 Merrywood Drive 176.28 frozen 176.83 176.16 176.28 176.34 176.36 176.47
Lake Huron End of Lake Road 176.11 frozen frozen 176.12 176.27 176.34 176.39 176.53

Community of Grand Bend
Municipality of Lambton Shores, Ontario

SURFACE WATER ELEVATION²   

    GROUNDWATER ELEVATION¹ (m)  

TABLE I

SUMMARY OF GROUNDWATER AND SURFACE WATER ELEVATIONS

Groundwater  Monitoring
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MONITORING GROUND SURFACE
WELL ELEVATION¹  

(m) Oct. 7/09 Nov. 4/09 Dec. 2/09
               

1 187.27 180.10 180.01 179.93
2 183.79 178.20 178.23 178.16
3 184.66 178.17 178.19 178.15
4 182.79 177.85 177.79 177.74
5 181.72 177.63 177.55 177.49
6 183.94 178.36 178.28 178.30
7 183.69 177.89 177.86 177.81
8 182.96 177.11 177.05 177.00
9 181.60 177.15 177.07 177.04
10 184.24 177.72 177.65 177.61
11 184.47 178.35 178.34 178.37
12 182.94 180.40 180.37 180.36

13 (Pinery Well) 181.56 178.22 178.16 178.10
14 181.57 179.07 179.01 178.97
15 180.15 178.33 178.27 178.23

SURFACE WATER     LOCATION2   

Oct. 7/09 Nov. 4/09 Dec. 2/09

Old Ausable Channel Pinetree Drive 178.22 178.27 178.20
Old Ausable Channel Lakeview Avenue 178.58 178.54 178.60
Old Ausable Channel Lake Road 178.60 178.58 178.62

Parkhill Creek 10142 Merrywood Drive 176.71 176.27 176.18
Lake Huron End of Lake Road 176.574 176.26 176.23

NOTES:  1.  Elevations are referenced to geodetic datum.
                2.  For locations of groundwater and surface water monitors, see Location Plan, Figure 1.
                3. "-" Indicates measurement not taken or unavailable.
                4.  Water elevation is approximate due to high waves.
                5.  Table to be read in conjunction with accompanying text.

SUMMARY OF GROUNDWATER AND SURFACE WATER ELEVATIONS

Groundwater  Monitoring
Community of Grand Bend

Municipality of Lambton Shores, Ontario

SURFACE WATER ELEVATION²   

    GROUNDWATER ELEVATION¹ (m)  

Prepared by: DLM
Checked by:  ST



December 2009 08-1132-116-0-R02
Page 1 of 8

Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 7.2 6.7 7.4 7.2 7.0 7.0 6.5 7.0 7.0 7.0 6.7
Conductivity µS/cm 1190 1260 1400 1450 1440 1540 1248 1115 1111 1073 1036
Temperature °C 10.4 3.2 3.0 10.9 11.0 10.9 11.0 11.8 11.1 10.9 10.7
Dissolved Oxygen mg/L - - - - - - 4.3 3.7 5.9 5.0 4.5
Oxidation-Reduction Potential mV - - - - - - 120.1 188.8 104.2 116.1 95.5

General
Total Dissolved Solids mg/L 730 820 820 770 830 826 824 698 662 664 620
Total Suspended Solids mg/L - - - - - - <3.0 <3.0 <3.0 <3.0 3.2
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.07 0.06 0.06 0.09 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L 3.1 3.7 3.5 4.0 4.3 4.0 4.4 4.1 4.4 3.4 3.0

Organic Indicator
Dissolved Organic Carbon mg/L 4 2 2 8 4 2 2 2 2 2 3

Anions
Chloride mg/L 175 202 206 206 216 241 - - - - -
Sulphate mg/L 50 38 39 37 36 34 - - - - -
Phosphate (P - ortho) mg/L 0.0040 0.0040 0.0030 0.0035 0.0032 0.0046 0.0036 <0.0030 0.0038 0.0036 0.0032
Total Phosphorus mg/L - - - - - - 0.0038 0.0043 0.0039 <0.0030 0.0038

Cations
Calcium (Ca) mg/L 131 146 118 117 119 131 - - - - -
Manganese (Mn) mg/L 0.0090 0.0150 <0.001 0.0012 <0.0010 <0.0010 - - - - -
Potassium (K) mg/L 3 3 2 2 2 3 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

TABLE II

WATER QUALITY SAMPLE RESULTS
GROUNDWATER MONITORING WELLS

Groundwater Monitoring
Community of Grand Bend

Municipality of Lambton Shores, Ontario

MW-1
SAMPLE DATE

MW-2
SAMPLE DATE

Golder Associates

Parameter Units Nov 27/08 Feb 4/09 (3) Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 7.8 6.7 7.0 7.6 7.5 7.5 7.3 7.5 7.4 7.3 7.0
Conductivity µS/cm 600 520 520 640 500 490 430 452 471 493 540
Temperature °C 8.8 6.7 5.3 12.5 11.2 10.7 10.3 10.6 10.4 9.9 9.9
Dissolved Oxygen mg/L - - - - - - 9.7 8.1 9.9 8.4 9.1
Oxidation-Reduction Potential mV - - - - - - 103.0 218.8 119.8 110.2 74.4

General
Total Dissolved Solids mg/L 350 350 340 356 302 272 300 276 290 324 294
Total Suspended Solids mg/L - - - - - - <3.0 <3.0 5.6 <3.0 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.10 <0.05 0.06 0.09 <0.05 0.08 0.05 0.08 <0.05 <0.05 <0.05
Nitrate (N) mg/L 1.1 2.4 2.8 1.5 1.9 2.7 4.3 3.3 4.3 4.3 4.9

Organic Indicator
Dissolved Organic Carbon mg/L 3 3 1 5 4 3 3 3 3 <1 4

Anions
Chloride mg/L 14 15 13 56 13 10 - - - - -
Sulphate mg/L 8 13 12 8 10 10 - - - - -
Phosphate (P - ortho) mg/L <0.0030 0.0030 <0.0030 <0.0030 <0.0030 0.0044 <0.0030 <0.0030 <0.0030 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0075 0.0034 <0.0030 <0.0030 <0.0030

Cations
Calcium (Ca) mg/L 83 73 70 80 67 75 - - - - -
Manganese (Mn) mg/L 0.0730 <0.001 0.0020 0.0014 <0.001 0.0024 - - - - -
Potassium (K) mg/L 3 2 2 2 1 1 - - - - -
Iron (Fe) mg/L 0.59 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

SAMPLE DATE

Golder Associates
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Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 27/09 Oct 7/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 7.4 7.1 7.1 7.7 7.4 6.5 7.1 7.2 7.3 7.2 6.8
Conductivity µS/cm 2000 1220 1120 1090 930 900 800 1193 1157 967 911
Temperature °C 9.7 8.2 7.5 13.1 11.7 11.2 10.3 10.2 10.5 10.1 10.1
Dissolved Oxygen mg/L - - - - - - 8.6 9.6 10.5 9.1 9.1
Oxidation-Reduction Potential mV - - - - - - 115.9 190.7 120.1 109.2 65.0

General
Total Dissolved Solids mg/L 1160 740 670 562 528 480 498 750 678 594 496
Total Suspended Solids mg/L - - - - - - <3.0 <3.0 4.8 3.2 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.09 <0.05 0.06 0.08 <0.05 <0.05 0.31 0.08 <0.05 <0.05 <0.05
Nitrate (N) mg/L 0.8 1.0 1.0 0.9 0.8 0.6 0.6 0.8 0.8 0.5 0.4

Organic Indicator
Dissolved Organic Carbon mg/L 2 2 <1 4 2 2 2 2 3 3 3

Anions
Chloride mg/L 459 185 173 155 116 112 - - - - -
Sulphate mg/L 17 13 13 13 12 11 - - - - -
Phosphate (P - ortho) mg/L <0.0030 0.0030 <0.0030 2.3000 <0.0030 0.0034 <0.003 <0.0030 <0.0030 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0065 0.0052 <0.0030 <0.0030 <0.0030

Cations
Calcium (Ca) mg/L 149 92 82 90 85 90 - - - - -
Manganese (Mn) mg/L 0.0520 0.0020 0.0010 <0.001 0.0045 0.0024 - - - - -
Potassium (K) mg/L 4 2 2 2 2 2 - - - - -
Iron (Fe) mg/L 0.17 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 27/09 Oct 7/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 7.6 7.3 7.2 7.6 7.4 7.2 7.0 7.2 7.3 7.2 6.9
Conductivity µS/cm 800 840 730 680 640 630 507 567 563 662 689
T t °C 10 5 7 5 7 8 13 2 11 4 11 0 10 5 10 8 11 3 11 0 10 8

WATER QUALITY SAMPLE RESULTS
GROUNDWATER MONITORING WELLS

MW-3
SAMPLE DATE

MW-4
SAMPLE DATE

Golder Associates

Temperature °C 10.5 7.5 7.8 13.2 11.4 11.0 10.5 10.8 11.3 11.0 10.8
Dissolved Oxygen mg/L - - - - - - 8.4 8.2 9.3 8.3 8.7
Oxidation-Reduction Potential mV - - - - - - 119.5 190.9 123.5 108.4 64.4

General
Total Dissolved Solids mg/L 450 540 460 376 382 342 342 350 332 406 378
Total Suspended Solids mg/L - - - - - - <3.0 81.1 <3.0 <3.0 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.16 0.05 0.06 0.21 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L 1.5 1.1 1.5 1.2 3.1 2.8 3.5 3.3 3.5 2.3 1.3

Organic Indicator
Dissolved Organic Carbon mg/L 2 2 3 4 4 2 3 3 2 3 3

Anions
Chloride mg/L 87 122 90 59 39 53 - - - - -
Sulphate mg/L 15 12 16 14 17 17 - - - - -
Phosphate (P - ortho) mg/L <0.0030 0.0030 <0.0030 1.8000 <0.0030 0.0035 0.0030 <0.0030 <0.0030 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0035 0.0253 <0.0030 <0.0030 <0.0030

Cations
Calcium (Ca) mg/L 86 91 73 77 79 86 - - - - -
Manganese (Mn) mg/L 0.0040 <0.001 <0.001 <0.001 <0.001 <0.001 - - - - -
Potassium (K) mg/L 2 2 2 2 1 2 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Golder Associates
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Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 27/09 Oct 7/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 7.7 7.5 7.0 7.6 7.4 6.4 7.1 7.3 7.4 7.3 6.9
Conductivity µS/cm 600 550 550 570 590 520 473 477 521 520 536
Temperature °C 9.4 7.3 6.6 14.2 11.5 10.0 10.4 10.4 10.6 10.2 10.1
Dissolved Oxygen mg/L - - - - - - 8.1 7.4 7.9 8.0 8.2
Oxidation-Reduction Potential mV - - - - - - 119.4 191.3 123.9 108.2 61.0

General
Total Dissolved Solids mg/L 360 370 370 306 330 294 308 318 310 338 292
Total Suspended Solids mg/L - - - - - - <3.0 4.8 3.2 <3.0 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.07 <0.05 0.06 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L 2.2 2.0 2.1 2.5 2.6 2.2 2.4 2.3 2.1 2.8 2.7

Organic Indicator
Dissolved Organic Carbon mg/L 2 2 3 5 4 2 3 3 2 3 2

Anions
Chloride mg/L 39 35 45 28 27 24 - - - - -
Sulphate mg/L 16 17 17 16 15 15 - - - - -
Phosphate (P - ortho) mg/L <0.0030 0.0030 <0.0030 1.9000 <0.0030 0.0039 0.0031 <0.0030 <0.0030 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0036 0.0052 0.0077 0.0066 <0.0030

Cations
Calcium (Ca) mg/L 74 82 72 70 67 76 - - - - -
Manganese (Mn) mg/L 0.0100 <0.001 <0.001 <0.001 <0.001 0.0025 - - - - -
Potassium (K) mg/L 2 2 2 2 2 2 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 (3) May 6/09 Jun 2/09 Jul 22/09 (3) Aug 27/09 Oct 8/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 7.6 7.4 7.0 7.5 7.6 7.5 7.0 7.2 7.7 7.2 7.3
Conductivity µS/cm 760 700 680 800 810 660 632 696 667 684 677
T t °C 9 1 7 2 7 2 17 2 11 3 9 6 10 1 10 2 10 4 10 1 10 2

WATER QUALITY SAMPLE RESULTS
GROUNDWATER MONITORING WELLS

MW-5
SAMPLE DATE

MW-6
SAMPLE DATE

Golder Associates

Temperature °C 9.1 7.2 7.2 17.2 11.3 9.6 10.1 10.2 10.4 10.1 10.2
Dissolved Oxygen mg/L - - - - - - 8.0 7.6 10.2 8.3 8.7
Oxidation-Reduction Potential mV - - - - - - 120.9 197.6 147.9 106.2 63.2

General
Total Dissolved Solids mg/L 450 470 470 424 426 386 406 414 432 418 378
Total Suspended Solids mg/L - - - - - - 5.2 <3.0 4.0 <3.0 6.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.09 <0.05 0.06 0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L 1.9 1.7 2.1 1.8 1.7 1.4 1.1 1.2 0.6 0.7 0.6

Organic Indicator
Dissolved Organic Carbon mg/L 2 1 <1 3 2 2 2 2 1 1 2

Anions
Chloride mg/L 79 76 95 90 89 78 - - - - -
Sulphate mg/L 18 18 21 20 20 20 - - - - -
Phosphate (P - ortho) mg/L 0.0030 0.0030 <0.0030 0.0072 <0.0030 0.0037 <0.003 <0.0030 0.0032 <0.0030 0.0034
Total Phosphorus mg/L - - - - - - 0.0033 0.0035 0.0046 <0.0030 0.0096

Cations
Calcium (Ca) mg/L 85 89 83 84 73 86 - - - - -
Manganese (Mn) mg/L 0.0170 <0.001 <0.001 <0.001 <0.001 0.0028 - - - - -
Potassium (K) mg/L 3 2 3 2 2 2 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Golder Associates
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Parameter Units Nov 27/08 (3) Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 (3) Jun 2/09 (3) Jul 23/09 Aug 27/09 Oct 8/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 7.5 7.8 7.0 7.4 7.4 7.4 7.0 7.2 7.2 7.2 7.3
Conductivity µS/cm 1200 980 1020 980 1010 900 862 948 936 982 949
Temperature °C 7.8 2.9 7.3 15.3 12.2 10.1 10.1 10.3 10.5 10.1 10.0
Dissolved Oxygen mg/L - - - - - - 9.1 8.6 9.7 8.8 8.5
Oxidation-Reduction Potential mV - - - - - - 102.5 202.0 147.0 104.8 60.1

General
Total Dissolved Solids mg/L 690 680 600 500 558 504 466 540 576 586 538
Total Suspended Solids mg/L - - - - - - <3.0 7.2 3.2 3.6 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.07 0.06 0.06 0.08 <0.05 <0.05 <0.05 0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L 1.9 1.9 1.9 1.3 1.4 1.1 0.8 0.9 1.0 1.2 1.3

Organic Indicator
Dissolved Organic Carbon mg/L 2 2 1 4 3 3 3 2 2 2 2

Anions
Chloride mg/L 209 183 157 130 129 126 - - - - -
Sulphate mg/L 16 17 16 14 14 13 - - - - -
Phosphate (P - ortho) mg/L <0.0030 0.0030 <0.0030 <0.0030 <0.0030 0.0037 <0.0030 <0.0030 0.0032 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - <0.0030 0.0041 0.0042 <0.0030 0.0074

Cations
Calcium (Ca) mg/L 97 108 92 96 80 93 - - - - -
Manganese (Mn) mg/L 0.003 (4) <0.001 <0.001 0.0053 <0.001 0.0066 - - - - -
Potassium (K) mg/L 3 3 3 3 2 3 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 (3) Apr 2/09 May 6/09 Jun 2/09 Jul 23/09 Aug 27/09 Oct 8/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 7.6 7.8 7.6 7.5 7.3 7.5 6.9 7.1 7.1 7.2 7.3
Conductivity µS/cm 1007 770 820 810 830 780 725 800 737 762 783

WATER QUALITY SAMPLE RESULTS
GROUNDWATER MONITORING WELLS

MW-7
SAMPLE DATE

MW-8
SAMPLE DATE

Golder Associates

y µ
Temperature °C 8.4 2.5 1.7 14.4 11.2 10.1 10.8 10.4 10.6 10.0 10.0
Dissolved Oxygen mg/L - - - - - - 6.4 6.1 7.9 6.5 6.8
Oxidation-Reduction Potential mV - - - - - - 108.9 201.7 130.3 103.6 100.1

General
Total Dissolved Solids mg/L 570 500 480 426 426 414 388 464 472 462 412
Total Suspended Solids mg/L - - - - - - 16.0 <3.0 <3.0 <3.0 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.06 0.06 0.05 0.08 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L 2.5 2.4 2.5 2.4 2.6 2.3 2.4 2.6 2.7 3.3 3.2

Organic Indicator
Dissolved Organic Carbon mg/L 2 2 <1 4 3 2 3 3 2 3 2

Anions
Chloride mg/L 146 103 101 87 86 81 - - - - -
Sulphate mg/L 19 19 18 16 16 15 - - - - -
Phosphate (P - ortho) mg/L 0.0580 0.0040 0.0050 0.0045 0.0058 0.0071 0.0064 0.0058 0.0077 0.0060 0.0059
Total Phosphorus mg/L - - - - - - 0.0150 0.0073 0.0083 0.0080 0.0066

Cations
Calcium (Ca) mg/L 97 87 81 85 88 86 - - - - -
Manganese (Mn) mg/L 0.0110 <0.001 <0.001 <0.001 0.0071 <0.001 - - - - -
Potassium (K) mg/L 3 3 2 3 2 2 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Golder Associates
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Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 23/09 Aug 27/09 Oct 8/09 Nov 5/09 Dec 3/09

Field Measurements
pH - 7.3 7.6 7.5 7.3 7.3 6.8 6.9 7.1 7.1 7.1 7.3
Conductivity µS/cm 863 780 830 890 930 850 786 826 780 781 797
Temperature °C 8.8 2.8 3.6 15.1 11.4 10.5 11.1 11.9 12.0 11.3 10.9
Dissolved Oxygen mg/L - - - - - - 7.1 6.7 7.9 8.5 8.4
Oxidation-Reduction Potential mV - - - - - - 109.5 206.8 122.9 129.5 105.9

General
Total Dissolved Solids mg/L 500 530 520 476 494 476 416 496 498 492 458
Total Suspended Solids mg/L - - - - - - <3.0 <3.0 <3.0 <3.0 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.23 0.08 0.06 0.08 <0.05 <0.05 <0.05 0.06 <0.05 <0.05 <0.05
Nitrate (N) mg/L 6.5 5.6 6.2 5.5 5.7 4.7 4.8 4.7 4.8 5.9 5.0

Organic Indicator
Dissolved Organic Carbon mg/L 2 2 1 3 3 3 3 2 3 3 2

Anions
Chloride mg/L 83 88 87 96 97 93 - - - - -
Sulphate mg/L 21 22 23 20 19 18 - - - - -
Phosphate (P - ortho) mg/L 0.081 0.089 0.100 0.119 0.123 0.125 0.129 0.120 0.110 0.118 0.110
Total Phosphorus mg/L - - - - - - 0.133 0.127 0.116 0.120 0.114

Cations
Calcium (Ca) mg/L 97 111 97 96 94 99 - - - - -
Manganese (Mn) mg/L 0.0050 0.0070 0.0020 <0.001 0.0067 0.0017 - - - - -
Potassium (K) mg/L 4 4 4 4 3 4 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 23/09 Aug 27/09 Oct 8/09 Nov 5/09 Dec 3/09 (3)

Field Measurements
pH - 7.6 7.6 7.5 7.4 7.3 7.4 6.9 7.1 7.1 7.0 7.2
Conductivity µS/cm 887 750 810 870 870 800 686 705 711 712 697
T t °C 8 1 2 5 5 0 12 7 12 1 11 9 10 9 11 4 11 6 10 8 10 5

MW-9
SAMPLE DATE

MW-10
SAMPLE DATE

WATER QUALITY SAMPLE RESULTS
GROUNDWATER MONITORING WELLS

Golder Associates

Temperature °C 8.1 2.5 5.0 12.7 12.1 11.9 10.9 11.4 11.6 10.8 10.5
Dissolved Oxygen mg/L - - - - - - 7.1 7.3 8.4 8.5 9.3
Oxidation-Reduction Potential mV - - - - - - 116.3 209.8 113.0 118.1 101.9

General
Total Dissolved Solids mg/L 520 520 510 464 466 434 380 458 472 452 414
Total Suspended Solids mg/L - - - - - - 4.0 <3.0 <3.0 <3.0 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.10 <0.05 0.06 0.08 0.09 <0.05 <0.05 <0.05 0.11 <0.05 <0.05
Nitrate (N) mg/L 5.8 5.3 4.8 4.7 4.8 3.7 4.0 4.3 4.5 5.2 4.9

Organic Indicator
Dissolved Organic Carbon mg/L 1 2 1 4 5 2 2 2 2 3 1

Anions
Chloride mg/L 94 76 77 74 72 75 - - - - -
Sulphate mg/L 25 22 21 20 20 19 - - - - -
Phosphate (P - ortho) mg/L <0.0030 <0.0030 0.0030 0.0039 <0.0030 0.0038 <0.0030 <0.0030 0.0032 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - <0.0030 0.0039 0.0152 <0.0030 <0.0030

Cations
Calcium (Ca) mg/L 95 121 100 96 93 95 - - - - -
Manganese (Mn) mg/L 0.0270 <0.001 <0.001 <0.001 <0.001 <0.001 - - - - -
Potassium (K) mg/L 4 3 3 3 3 4 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Golder Associates
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Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 23/09 Aug 27/09 Oct 8/09 Nov 5/09 Dec 3/09

Field Measurements
pH - 7.5 7.8 7.6 7.4 7.2 7.4 7.0 7.1 7.1 7.1 7.3
Conductivity µS/cm 1173 950 910 950 980 910 713 750 772 885 852
Temperature °C 7.9 1.7 1.4 11.6 10.7 10.9 10.6 11.1 11.3 10.4 10.0
Dissolved Oxygen mg/L - - - - - - 6.5 4.7 6.4 6.3 6.7
Oxidation-Reduction Potential mV - - - - - - 110.1 474.4 106.8 114.3 90.8

General
Total Dissolved Solids mg/L 680 610 560 522 528 482 390 464 510 520 474
Total Suspended Solids mg/L - - - - - - <3.0 <3.0 <3.0 <3.0 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.14 0.39 0.05 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L 2.3 2.8 2.7 2.5 2.6 2.1 2.1 1.9 1.5 1.7 1.6

Organic Indicator
Dissolved Organic Carbon mg/L 2 1 2 2 3 2 2 2 2 3 2

Anions
Chloride mg/L 195 144 119 120 109 101 - - - - -
Sulphate mg/L 24 26 24 24 23 22 - - - - -
Phosphate (P - ortho) mg/L 0.0040 0.0030 0.0030 3.9000 0.0038 0.0044 0.0043 0.0036 0.0037 0.0040 0.0038
Total Phosphorus mg/L - - - - - - 0.0098 0.0062 0.0037 <0.0030 0.0056

Cations
Calcium (Ca) mg/L 107 108 90 100 93 101 - - - - -
Manganese (Mn) mg/L 0.0400 0.0070 0.0010 0.0038 0.0016 0.0026 - - - - -
Potassium (K) mg/L 5 4 3 4 3 3 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.050 <0.050 <0.05 - - - - -

Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 3/09

Field Measurements
pH - 6.9 7.3 7.2 7.0 6.8 6.9 6.6 6.9 6.9 6.4 6.7
Conductivity µS/cm 1690 1740 1730 1850 1870 1590 1170 1151 1339 1319 1297
Temperature °C 9 0 0 0 1 9 10 2 10 1 11 1 13 1 14 5 13 8 12 5 11 1

MW-11
SAMPLE DATE

MW-12
SAMPLE DATE

WATER QUALITY SAMPLE RESULTS
GROUNDWATER MONITORING WELLS

Golder Associates

Temperature °C 9.0 0.0 1.9 10.2 10.1 11.1 13.1 14.5 13.8 12.5 11.1
Dissolved Oxygen mg/L - - - - - - 0.0 0.0 0.0 0.0 0.0
Oxidation-Reduction Potential mV - - - - - - 111.3 89.4 52.9 100.3 86.5

General
Total Dissolved Solids mg/L 950 1140 1020 1020 998 888 776 728 770 786 702
Total Suspended Solids mg/L - - - - - - <3.0 <3.0 <3.0 <3.0 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L 0.18 0.07 0.07 0.09 0.07 <0.05 0.06 <0.05 0.05 <0.05 <0.05
Nitrate (N) mg/L 7.8 4.2 1.0 2.4 2.1 1.2 0.5 0.7 0.6 0.7 0.7

Organic Indicator
Dissolved Organic Carbon mg/L 4 2 1 5 4 3 2 4 3 1 2

Anions
Chloride mg/L 238 328 162 277 274 228 - - - - -
Sulphate mg/L 60 60 30 53 43 37 - - - - -
Phosphate (P - ortho) mg/L <0.0030 <0.0030 <0.0030 <0.0030 <0.0030 0.0039 <0.0030 <0.0030 <0.0030 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0060 0.0044 0.0037 <0.0030 <0.0030

Cations
Calcium (Ca) mg/L 158 202 151 151 158 160 - - - - -
Manganese (Mn) mg/L 0.3920 0.1160 0.0840 0.0762 0.0515 0.0191 - - - - -
Potassium (K) mg/L 2 1 <1 <1 <1 1 - - - - -
Iron (Fe) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Golder Associates
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Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 2/09

Field Measurements
pH - - 7.5 7.5 7.7 7.6 7.0 6.9 7.4 7.2 6.8 7.1
Conductivity µS/cm - 450 490 400 350 450 320 332 403 410 364
Temperature °C - 0.7 6.7 10.7 10.7 11.3 10.6 11.2 10.9 10.8 10.5
Dissolved Oxygen mg/L - - - - - - 5.1 2.4 0.0 0.5 7.2
Oxidation-Reduction Potential mV - - - - - - 121.7 144.9 -155.8 41.1 52.9

General
Total Dissolved Solids mg/L - 290 260 200 218 186 196 202 226 248 164
Total Suspended Solids mg/L - - - - - - <3.0 <3.0 <3.0 4.4 <3.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L - <0.05 0.06 0.08 <0.05 0.06 <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L - <0.5 0.3 0.1 <0.1 0.2 <0.10 0.2 0.2 <0.10 <0.10

Organic Indicator
Dissolved Organic Carbon mg/L - 2 1 4 3 3 3 3 3 2 2

Anions
Chloride mg/L - <10 11 <2.0 <2.0 12 - - - - -
Sulphate mg/L - 13 12 11 10 8 - - - - -
Phosphate (P - ortho) mg/L - 0.0030 <0.0030 <0.0030 0.0030 0.0054 <0.0030 <0.0030 <0.0030 <0.0030 0.0032
Total Phosphorus mg/L - - - - - 0.0062 <0.0030 0.0037 <0.0030 0.0052

Cations
Calcium (Ca) mg/L - 81 66 57 55 60 - - - - -
Manganese (Mn) mg/L - 0.0580 0.0070 0.0101 0.0032 0.0191 - - - - -
Potassium (K) mg/L - 1 <1 <1 <1 <1 - - - - -
Iron (Fe) mg/L - <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 23/09 Aug 27/09 Oct 8/09 Nov 5/09 Dec 3/09

Field Measurements
pH - - - - - - - 7.1 7.3 7.3 7.3 7.5
Conductivity µS/cm - - - - - - 353 375 348 347 319
Temperature °C 12 5 14 1 14 1 12 4 11 4

WATER QUALITY SAMPLE RESULTS
GROUNDWATER MONITORING WELLS

PINERY (MW-13)
SAMPLE DATE

 MW-14
SAMPLE DATE

Golder Associates

Temperature °C - - - - - - 12.5 14.1 14.1 12.4 11.4
Dissolved Oxygen mg/L - - - - - - 5.0 5.1 5.7 7.6 9.3
Oxidation-Reduction Potential mV - - - - - - 119.2 186.7 30.7 115.6 84.9

General
Total Dissolved Solids mg/L - - - - - - 186 228 238 228 166
Total Suspended Solids mg/L - - - - - - 36.8 3.2 440 4.8 11.2
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L - - - - - - <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L - - - - - - 1.4 1.5 1.3 2.0 2.0

Organic Indicator
Dissolved Organic Carbon mg/L - - - - - - 3 2 2 3 2

Anions
Chloride mg/L - - - - - - - - - - -
Sulphate mg/L - - - - - - - - - - -
Phosphate (P - ortho) mg/L - - - - - - 0.0030 0.0034 0.0047 0.0052 0.0049
Total Phosphorus mg/L - - - - - - 0.0814 0.0094 0.1390 0.0066 0.0073

Golder Associates
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Parameter Units Nov 27/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 23/09 Aug 27/09 (3) Oct 8/09 Nov 5/09 Dec 3/09

Field Measurements
pH - - - - - - - 7.1 7.1 7.1 7.1 7.3
Conductivity µS/cm - - - - - - 720 863 795 810 854
Temperature °C - - - - - - 14.9 16.2 15.4 13.0 11.5
Dissolved Oxygen mg/L - - - - - - 0.0 0.0 0.0 0.0 0.0
Oxidation-Reduction Potential mV - - - - - - 111.8 240.6 74.9 114.4 61.9

General
Total Dissolved Solids mg/L - - - - - - 430 570 546 536 476
Total Suspended Solids mg/L - - - - - - 12.0 22.4 (4) 806 5.6 26.0
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 0 0 0 0

Nitrogen
Ammonia as N mg/L - - - - - - <0.05 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L - - - - - - 4.5 5.0 4.5 4.9 3.9

Organic Indicator
Dissolved Organic Carbon mg/L - - - - - - 3 3 2 3 2

Anions
Chloride mg/L - - - - - - - - - - -
Sulphate mg/L - - - - - - - - - - -
Phosphate (P - ortho) mg/L - - - - - - <0.0030 <0.0030 <0.0030 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0116 0.0141 (4) 0.0712 <0.0030 0.0049

NOTES: 1.  Table to be read in conjunction with accompanying text.
2.  "-" indicates no applicable criterion, or no sample collected for analysis, as applicable.
3.  A duplicate sample was collected during noted monitoring event at this location and submitted for quality control purposes.
4.  Value considered approximate since calculated Relative Percent Difference (RPD) using duplicate value is greater than 25%.
5.  For sample locations  see Location Plan, Figure 1.

WATER QUALITY SAMPLE RESULTS
GROUNDWATER MONITORING WELLS

 MW-15
SAMPLE DATE

Prepared by: DLM
Checked by:  ST

Golder AssociatesGolder Associates
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Parameter Units Nov 28/08 Feb 4/09 (2) Mar 3/09 (2) Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 2/09

Field Measurements
pH - 8.5 - - 8.5 8.5 8.1 8.4 8.3 8.2 7.7 8.2
Conductivity µS/cm 330 - - 280 260 350 132 193 198 201 241
Temperature °C 3.4 - - 12.1 14.2 15.6 21.2 21.9 13.3 8.7 6.5
Dissolved Oxygen mg/L - - - - - 8.0 8.2 10.2 11.1 11.6
Oxidation-Reduction Potential mV - - - - - 96.7 142.3 105.9 89.5 18.9

General
Total Dissolved Solids mg/L 190 - - 162 152 208 48 114 108 132 90
Total Suspended Solids mg/L - - - - - - 188.0 44.8 49.6 34.0 15.6
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - 160 70 20 20 <10

Nitrogen
Ammonia as N mg/L 0.07 - - 0.09 <0.05 <0.05 0.06 0.05 0.05 <0.05 <0.05
Nitrate (N) mg/L 1.6 - - 1.1 1.2 1.8 0.4 0.4 0.2 0.3 0.4

Organic Indicator
Dissolved Organic Carbon mg/L 3 - - 4 4 4 3 3 2 3 3

Anions
Chloride mg/L 10 - - 13 9 24 - - - - -
Sulphate mg/L 16 - - 17 17 18 - - - - -
Phosphate (P - ortho) mg/L 0.0140 - - 0.0048 <0.0030 0.0045 0.0276 <0.0030 <0.0030 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0629 0.0181 0.0377 0.1130 0.0113

Cations
Calcium (Ca) mg/L 40 - - 38 34 47 - - - - -
Manganese (Mn) mg/L 0.0030 - - <0.001 <0.001 0.0024 - - - - -
Potassium (K) mg/L 2 - - 1 1 2 - - - - -
Iron (Fe) mg/L <0.05 - - <0.05 <0.05 <0.05 - - - - -

Parameter Units Nov 28/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 (3) Dec 2/09

Field Measurements
pH - - - - - - - 8.2 8.4 8.3 7.7 7.8
Conductivity µS/cm - - - - - - 165 184 193 219 251
Temperature °C - - - - - - 20.6 22.0 13.4 8.6 6.4
Dissolved Oxygen mg/L - - - - - - 8.5 8.3 10.2 11.0 11.8
Oxidation-Reduction Potential mV - - - - - - 110.5 210.3 103.2 96.8 39.0

General
Total Dissolved Solids mg/L - - - - - - 64 112 104 128 118
Total Suspended Solids mg/L - - - - - - 29.2 84.4 188 29.6 18.4
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - 40 270 <10 10 <10

Nitrogen
Ammonia as N mg/L - - - - - - 0.09 <0.05 0.09 <0.05 <0.05
Nitrate (N) mg/L - - - - - - 0.4 0.4 0.2 0.4 0.4

Organic Indicator
Dissolved Organic Carbon mg/L - - - - - - 3 3 2 4 2

Anions
Chloride mg/L - - - - - - - - - - -
Sulphate mg/L - - - - - - - - - - -
Phosphate (P - ortho) mg/L - - - - - - 0.0038 <0.0030 <0.0030 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0217 0.0178 0.0744 0.0140 (4) 0.0096

LAKE HURON (Lake 2)
SAMPLE DATE

LAKE HURON (Lake 1)
SAMPLE DATE

TABLE III

WATER QUALITY SAMPLE RESULTS
SURFACE WATER MONITORING

Groundwater Monitoring
Community of Grand Bend

Municipality of Lambton Shores, Ontario
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Parameter Units Nov 28/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 (3) Nov 4/09 Dec 2/09

Field Measurements
pH - - - - - - - 8.3 8.4 8.2 7.7 7.9
Conductivity µS/cm - - - - - - 207 193 172 222 214
Temperature °C - - - - - - 20.9 21.9 13.5 8.5 6.7
Dissolved Oxygen mg/L - - - - - - 8.4 8.2 10.1 10.9 10.9
Oxidation-Reduction Potential mV - - - - - - 95.8 185.0 88.2 86.1 14.9

General
Total Dissolved Solids mg/L - - - - - - 128 106 106 138 114
Total Suspended Solids mg/L - - - - - - 14.4 173 34 (4) 37.6 21.2
BOD mg/L - - - - - - <2.0 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - 110 70 <10 <10 <10

Nitrogen
Ammonia as N mg/L - - - - - - 0.07 <0.05 <0.05 <0.05 <0.05
Nitrate (N) mg/L - - - - - - 0.4 0.4 0.2 0.4 0.4

Organic Indicator
Dissolved Organic Carbon mg/L - - - - - - 3 3 2 5 2

Anions
Chloride mg/L - - - - - - - - - - -
Sulphate mg/L - - - - - - - - - - -
Phosphate (P - ortho) mg/L - - - - - - <0.0030 <0.0030 0.0064 <0.0030 <0.0030
Total Phosphorus mg/L - - - - - - 0.0193 0.0157 0.0102 (4) 0.0143 0.0101

Parameter Units Nov 28/08 Feb 4/09 (2) Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 2/09

Field Measurements
pH - 7.3 - 7.9 8.1 8.2 7.5 7.9 8.0 7.8 7.2 7.8
Conductivity µS/cm 660 - 460 580 580 550 476 457 380 518 693
Temperature °C 3.3 - 2.0 8.2 13.8 13.9 20.4 21.5 12.4 8.3 4.2
Dissolved Oxygen mg/L - - - - - - 7.6 5.5 6.8 2.8 12.3
Oxidation-Reduction Potential mV - - - - - - 140.2 96.8 137.3 135.5 145.6

General
Total Dissolved Solids mg/L 350 - 330 304 312 324 330 268 266 350 380
Total Suspended Solids mg/L - - - - - - 30.0 14.0 68.4 5.6 18.0
BOD mg/L - - - - - - 3.8 <2.0 <2.0 <2.0 6.5
E.Coli CFU/100mL - - - - - - 40 110 50 30 70

Nitrogen
Ammonia as N mg/L 0.12 - 0.26 0.14 <0.05 0.08 0.07 0.11 0.06 <0.05 <0.05
Nitrate (N) mg/L 5.3 - 3.4 3.4 4.7 <0.10 1.0 1.2 0.4 0.3 0.7

Organic Indicator
Dissolved Organic Carbon mg/L 5 - 5 8 9 7 9 8 7 9 12

Anions
Chloride mg/L 17 - 27 22 16 89 - - - - -
Sulphate mg/L 20 - 20 25 20 16 - - - - -
Phosphate (P - ortho) mg/L 0.0770 - 0.0810 0.0230 <0.0030 0.0172 <0.0030 0.0130 0.0109 0.0085 0.0034
Total Phosphorus mg/L - - - - - - 0.0955 0.0794 0.0613 0.0309 0.0519

Cations
Calcium (Ca) mg/L 88 - 58 71 74 74 - - - - -
Manganese (Mn) mg/L 0.0230 - 0.0120 0.0197 0.0152 0.0132 - - - - -
Potassium (K) mg/L 4 - 3 3 2 3 - - - - -
Iron (Fe) mg/L <0.05 - <0.05 <0.05 <0.05 <0.05 - - - - -

PARKHILL CREEK (Creek 1)
SAMPLE DATE

WATER QUALITY SAMPLE RESULTS
SURFACE WATER MONITORING

LAKE HURON (Lake 3)
SAMPLE DATE
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Parameter Units Nov 28/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 2/09

Field Measurements
pH - - - - - - - - 7.9 7.8 7.4 8.1
Conductivity µS/cm - - - - - - - 314 470 566 721
Temperature °C - - - - - - - 22.1 12.4 7.4 4.5
Dissolved Oxygen mg/L - - - - - - - 6.2 6.7 6.8 12.1
Oxidation-Reduction Potential mV - - - - - - - 75.3 122.7 145.6 97.2

General
Total Dissolved Solids mg/L - - - - - - - 266 304 368 394
Total Suspended Solids mg/L - - - - - - - 65.0 18.8 10.0 24.0
BOD mg/L - - - - - - - 3.3 2.0 2.7 4.8
E.Coli CFU/100mL - - - - - - - 80 130 20 210

Nitrogen
Ammonia as N mg/L - - - - - - - 0.07 <0.05 <0.05 <0.05
Nitrate (N) mg/L - - - - - - - 1.3 0.5 0.5 1.1

Organic Indicator
Dissolved Organic Carbon mg/L - - - - - - - 8 7 10 12

Anions
Chloride mg/L - - - - - - - - - - -
Sulphate mg/L - - - - - - - - - - -
Phosphate (P - ortho) mg/L - - - - - - - 0.0071 0.0142 0.0051 0.0036
Total Phosphorus mg/L - - - - - - - 0.1270 0.0605 0.0352 0.0555

Parameter Units Nov 28/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 2/09

Field Measurements
pH - - - - - - - - 7.7 8.0 7.4 7.7
Conductivity µS/cm - - - - - - - 224 390 484 722
Temperature °C - - - - - - - 21.4 11.5 7.5 5.8
Dissolved Oxygen mg/L - - - - - - - 4.2 7.3 6.9 11.8
Oxidation-Reduction Potential mV - - - - - - - -6.1 118.8 131.9 -34.3

General
Total Dissolved Solids mg/L - - - - - - - 258 292 342 412
Total Suspended Solids mg/L - - - - - - - 32.4 21.2 7.6 12.8
BOD mg/L - - - - - - - 2.2 <2.0 2.1 2.4
E.Coli CFU/100mL - - - - - - - 80 160 20 320

Nitrogen
Ammonia as N mg/L - - - - - - - 0.09 0.08 0.10 <0.05
Nitrate (N) mg/L - - - - - - - 1.8 0.9 0.4 1.7

Organic Indicator
Dissolved Organic Carbon mg/L - - - - - - - 8 7 11 7

Anions
Chloride mg/L - - - - - - - - - - -
Sulphate mg/L - - - - - - - - - - -
Phosphate (P - ortho) mg/L - - - - - - - 0.0112 0.0221 0.0120 0.0055
Total Phosphorus mg/L - - - - - - - 0.1050 0.0576 0.0520 0.0374

PARKHILL CREEK (Creek 3)
SAMPLE DATE

WATER QUALITY SAMPLE RESULTS
SURFACE WATER MONITORING

PARKHILL CREEK (Creek 2)
SAMPLE DATE
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Parameter Units Nov 28/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 2/09

Field Measurements
pH - - - - - - - - 7.8 7.9 7.2 7.7
Conductivity µS/cm - - - - - - - 442 491 548 746
Temperature °C - - - - - - - 21.1 11.6 7.2 4.7
Dissolved Oxygen mg/L - - - - - - - 5.2 7.1 4.1 9.9
Oxidation-Reduction Potential mV - - - - - - - 82.0 122.8 131.1 46.2

General
Total Dissolved Solids mg/L - - - - - - - 248 228 344 416
Total Suspended Solids mg/L - - - - - - - 113.0 22.0 9.2 12.0
BOD mg/L - - - - - - - 2.9 <2.0 2.4 <2.0
E.Coli CFU/100mL - - - - - - - 5100 60 <10 90

Nitrogen
Ammonia as N mg/L - - - - - - - 0.10 0.07 0.07 <0.05
Nitrate (N) mg/L - - - - - - - 1.9 1.3 0.3 2.0

Organic Indicator
Dissolved Organic Carbon mg/L - - - - - - - 8 6 11 7

Anions
Chloride mg/L - - - - - - - - - - -
Sulphate mg/L - - - - - - - - - - -
Phosphate (P - ortho) mg/L - - - - - - - 0.0129 0.0190 0.0193 0.0060
Total Phosphorus mg/L - - - - - - - 0.1120 0.0565 0.0474 0.0347

Parameter Units Nov 28/08 Feb 4/09 Mar 3/09 Apr 2/09 May 6/09 Jun 2/09 Jul 22/09 Aug 26/09 Oct 7/09 Nov 4/09 Dec 2/09

Field Measurements
pH - 7.5 6.2 6.60 8.4 7.9 7.7 7.1 7.2 7.5 7.0 7.2
Conductivity µS/cm 680 800 830 700 780 700 622 657 299 706 619
Temperature °C 2.2 3.4 4.0 12.3 17.8 18.6 19.4 20.0 12.3 8.3 4.9
Dissolved Oxygen mg/L - - - - - - 0.4 0.0 4.8 3.1 7.8
Oxidation-Reduction Potential mV - - - - - - 103.2 11.6 32.6 76.4 28.6

General
Total Dissolved Solids mg/L 390 450 490 374 422 398 304 378 340 426 366
Total Suspended Solids mg/L - - - - - - <3.0 <3.0 4.0 <3.0 <3.0
BOD mg/L - - - - - - 2.4 <2.0 <2.0 <2.0 <2.0
E.Coli CFU/100mL - - - - - - <10 10 10 <10 <10

Nitrogen
Ammonia as N mg/L 0.08 0.19 0.16 0.10 0.05 0.07 0.11 <0.05 0.06 <0.05 <0.05
Nitrate (N) mg/L 0.5 0.8 0.9 <0.10 0.3 3.9 <0.10 0.1 0.2 <0.10 <0.10

Organic Indicator
Dissolved Organic Carbon mg/L 4 3 2 6 6 4 6 6 4 6 5

Anions
Chloride mg/L 87 100 90 76 94 19 - - - - -
Sulphate mg/L 13 20 20 19 17 19 - - - - -
Phosphate (P - ortho) mg/L <0.0030 0.0090 0.0080 <0.0030 <0.0030 0.0036 <0.0030 <0.0030 0.0049 0.0046 <0.0030
Total Phosphorus mg/L - - - - - - 0.0268 0.0117 0.0171 0.0113 0.0124

Cations
Calcium (Ca) mg/L 65 94 83 72 68 62 - - - - -
Manganese (Mn) mg/L 0.0560 0.1350 0.0290 0.0202 0.0220 0.0169 - - - - -
Potassium (K) mg/L 2 0 2 2 2 2 - - - - -
Iron (Fe) mg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - - - -

NOTES:  1.  Table to be read in conjunction with accompanying text.
2.  No sample collected due to ice cover.
3.  A duplicate sample was collected during noted monitoring event at this location and submitted for quality control purposes.
4.  Value considered approximate since calculated Relative Percent Difference (RPD) using duplicate value is greater than 25%.
5.  "-" indicates no applicable criterion, or no sample collected for analysis, as applicable.
6.  For sample locations  see Location Plan, Figure 1.

OLD AUSABLE RIVER CHANNEL
SAMPLE DATE

WATER QUALITY SAMPLE RESULTS
SURFACE WATER MONITORING

PARKHILL CREEK(Creek 4)
SAMPLE DATE

Prepared by: DLM
Checked by: ST



LIST OF ABBREVIATIONS 
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The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows: 
 
I. SAMPLE TYPE III. SOIL DESCRIPTION 
   
AS Auger sample  (a) Cohesionless Soils 
BS Block sample   
CS Chunk sample Density Index N 
SS Split-spoon (Relative Density) Blows/300 mm or Blows/ft. 
DS Denison type sample   
FS Foil sample Very loose  0 to 4 
RC Rock core Loose  4 to 10 
SC Soil core Compact  10 to 30 
ST Slotted tube Dense  30 to 50 
TO Thin-walled, open Very dense  over  50 
TP Thin-walled, piston   
WS Wash sample   
 
  (b) Cohesive Soils 
II. PENETRATION RESISTANCE Consistency   
  cu,su 
Standard Penetration Resistance (SPT), N:  kPa psf 

The number of blows by a 63.5 kg. (140 lb.) 
hammer dropped 760 mm (30 in.) required to drive 
a 50 mm (2 in.) split spoon sampler for a distance 
of 300 mm (12 in.) 

Very soft 
Soft 
Firm 
Stiff 
Very stiff 
Hard 

 0 to 12 
 12 to 25 
 25 to 50 
 50 to 100 
 100 to 200 
 over  200 
 

 0 to 250 
 250 to 500 
 500 to 1,000 
 1,000 to 2,000 
 2,000 to 4,000 
 over  4,000 
 

 
Dynamic Cone Penetration Resistance; Nd: IV. SOIL TESTS 

The number of blows by a 63.5 kg (140 lb.) 
hammer dropped 760 mm (30 in.) to drive uncased 
a 50 mm (2 in.) diameter, 60º cone attached to “A” 
size drill rods for a distance of 300 mm (12 in.). 

w 
wp 
wl 
C 

water content 
plastic limit 
liquid limit 
consolidation (oedometer) test 

 CHEM chemical analysis (refer to text) 
PH: Sampler advanced by hydraulic pressure CID consolidated isotropically drained triaxial test1  
PM: Sampler advanced by manual pressure 
WH: Sampler advanced by static weight of hammer 

CIU consolidated isotropically undrained triaxial test 
with porewater pressure measurement1  

WR: Sampler advanced by weight of sampler and rod DR  relative density (specific gravity, Gs) 
 DS direct shear test 
Piezo-Cone Penetration Test (CPT) M sieve analysis for particle size 

A electronic cone penetrometer with a 60° conical 
tip and a project end area of 10 cm2 pushed through 
ground at a penetration rate of 2 cm/s. 
Measurements of tip resistance (Qt), porewater 
pressure (PWP) and friction along a sleeve are 
recorded electronically at 25 mm penetration 
intervals. 

MH 
MPC 
SPC 
OC 
SO4 
UC 
UU 

combined sieve and hydrometer (H) analysis 
Modified Proctor compaction test 
Standard Proctor compaction test 
organic content test 
concentration of water-soluble sulphates 
unconfined compression test 
unconsolidated undrained triaxial test 

 V field vane (LV-laboratory vane test) 
 γ unit weight 
   
 Note: 1 Tests which are anisotropically consolidated prior to 

shear are shown as CAD, CAU. 
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Unless otherwise stated, the symbols employed in the report are as follows: 
 
I. General   (a) Index Properties (continued) 
     
π 3.1416  w water content 
ln x, natural logarithm of x  w1  liquid limit 
log10 x or log x, logarithm of x to base 10  wp  plastic limit 
g acceleration due to gravity  lp  plasticity index = (w1 – wp) 
t time  ws  shrinkage limit 
F factor of safety  IL  liquidity index = (w – wp)/Ip  
V volume  IC  consistency index = (w1 – w) /Ip  
W weight  emax  void ratio in loosest state 
   emin  void ratio in densest state 
II. STRESS AND STRAIN  ID  density index = (emax – e) / (emax - emin) 

(formerly relative density) 
     
γ shear strain   (b) Hydraulic Properties 
∆ change in, e.g. in stress: ∆ σ  h hydraulic head or potential 
ε linear strain  q rate of flow 
εv volumetric strain  v velocity of flow 
η coefficient of viscosity  i hydraulic gradient 
v poisson’s ratio  k hydraulic conductivity (coefficient of permeability) 
σ total stress  j seepage force per unit volume 
σ′ effective stress (σ′ = σ-u)    
σ′vo initial effective overburden stress   (c) Consolidation (one-dimensional) 
σ1, σ2, σ3 principal stress (major, intermediate, minor)    
σoct mean stress or octahedral stress 

= (σ1+σ2+σ3)/3 
 Cc  

Cr 
compression index (normally consolidated range) 
recompression index (over-consolidated range) 

τ shear stress  Cs  swelling index 
u porewater pressure  Ca  coefficient of secondary consolidation 
E modulus of deformation  mv  coefficient of volume change 
G shear modulus of deformation  cv  coefficient of consolidation 
K bulk modulus of compressibility  Tv  time factor (vertical direction) 
   U degree of consolidation 
III. SOIL PROPERTIES  σ′p  pre-consolidation pressure 
   OCR over-consolidation ratio = σ′p/σ′vo  

(a) Index Properties    
    (d) Shear Strength 
ρ(γ) bulk density (bulk unit weight*)   
ρd(γd) dry density (dry unit weight)  τp, τr  peak and residual shear strength 
ρw(γw) density (unit weight) of water  φ′ effective angle of internal friction 
ρs(γs) density (unit weight) of solid particles  δ angle of interface friction 
γ′ unit weight of submerged soil (γ′ = γ- γw))  µ coefficient of friction = tan δ 
DR  relative density (specific gravity) of solid 

particles (DR = ρs/ ρw) (formerly Gs) 
 c′ 

cu,su 
effective cohesion 
undrained shear strength (φ = 0 analysis) 

e void ratio  p mean total stress (σ1 + σ3)/2 
n 
S 

porosity 
degree of saturation 

 p′ 
q 
qu  

mean effective stress (σ′1 + σ′3)/2 
(σ1 + σ3)/2 or (σ′1 + σ′3)/2 
compressive strength (σ1 + σ3) 

   St  sensitivity 
     
  Notes: 1 τ = c′ + σ′ tan φ′ 
   2 shear strength = (compressive strength)/2 
   * density symbol is ρ. Unit weight symbol is γ where 

γ = ρg (i.e. mass density x acceleration due 
to gravity) 
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