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1.0 Introduction 

Pre-construction monitoring for the Hanlon Creek Business Park (HCBP) began in 2006 and 

occurred annually for four consecutive years to establish baseline conditions.  Some additional 

groundwater monitoring began in 1999.  Limited construction activity occurred in 2009 

associated with service installation under the Hanlon Expressway and borrow-pit operations.  In 

2010, more substantial grading and servicing construction activities began, marking the 

beginning of the construction-phase monitoring period that has continued annually from 2010 to 

2020.  The monitoring includes groundwater, surface water, aquatic biology, terrestrial biology, 

and construction inspection, all of which are summarized and discussed in this consolidated 

monitoring report. 

The monitoring program associated with the HCBP is an integration of a series of monitoring 

requirements arising from recommendations made in the Consolidated Environmental Impact 

Study (NRSI 2004), the Draft Plan Conditions (OMB 2006), and review comments from 

agencies during the various stages of the planning process.  A consolidation of the monitoring 

on the HCBP Lands was required as a condition of approval of the HCBP Environmental 

Implementation Report 2009 (EIR) prepared by Natural Resource Solutions Inc. (NRSI 2009).  

The City of Guelph Environmental Advisory Committee (EAC) recommended approval of the 

EIR, with a list of conditions that should be met prior to registration of the plans for Phases 1 

and 2.  Condition 8 states: 

That a comprehensive and consolidated monitoring program, which specifies 
frequency, location, protocols, timing, thresholds, and specific contingency measures 
be submitted and approved by the City of Guelph and the GRCA [Grand River 
Conservation Authority]. 
 

To meet the above condition, a document titled Hanlon Creek Business Park Consolidated 

Monitoring Program (NRSI 2010) was created as a reference document containing the 

standards that are to be followed in carrying out the Consolidated Monitoring Program.  Refer to 

that document for detailed information on the framework of the monitoring program and the 

Standard Operating Procedures for each monitoring component.  The Standard Operating 

Procedures provide detailed methodologies such that the performance monitoring can be 

carried out consistently over the years of monitoring.  Although monitoring has continued 

annually through 2020 some components of the program have been adjusted following 

discussion with City of Guelph.  In 2016 the decision was made to adjust the aquatic and 



Natural Resource Solutions Inc. 7 
Hanlon Creek Business Park Consolidated Monitoring Report (2019 and 2020)  

terrestrial monitoring components to occur biennially rather than annually, with monitoring 

occurring in 2018 and then again in 2020.  Additionally, the terrestrial monitoring component 

included wildlife movement monitoring along Laird Road in 2018 and again in 2021.  The Laird 

Road wildlife movement monitoring was originally planned to occur in 2020 but was delayed one 

year due to the COVID-19 pandemic as discussed and agreed upon with the City.  The 2021 

monitoring has been incorporated into the consolidated monitoring report.  The remaining 

monitoring components continued to be completed annually, including surface water monitoring, 

and groundwater monitoring.  Additionally, the consolidated monitoring report schedule was 

adjusted to occur biennially as well.  In 2019, the surface water monitoring program was 

completed through a condensed field schedule that began in August and continued through to 

the end of the year.  This occurred due to a delay in approval for the work.   

In 2020, the Hanlon Monitoring Program was impacted but the onset of the COVID-19 

pandemic.  In March of 2020, the Ontario Government initiated the first of many stay-at-home 

mandates that delayed much of the initial preparatory work prior to the onset of the 2020 

monitoring season.  As a result of the mandate, many companies and governing bodies within 

Ontario, including the City of Guelph, NRSI, AECOM, and Banks Groundwater Engineering, 

were left unsure of the ramifications on existing programs.  Given that a significant portion of 

preparatory work would normally commence in March/April, many portions of the project 

experienced delays despite the eventual clarification that the Hanlon Monitoring Program was 

considered "essential work".  For the surface water monitoring program, this resulted in the 

expiration of four instream telemetry station cellular plans, which rendered these stations 

obsolete, but also facilitated an upgrade of the overall telemetry program, which was approved 

in November of 2020.  This is further discussed in Section 2.3. 

This report integrates the information from all monitoring components for the 2019 and 2020 

calendar years and the 2021 Laird Road monitoring.  Monitoring during 2019, 2020 and 2021 

occurred at specific times of the year according to seasonal requirements, with the exception of 

continuous groundwater and surface water monitoring that occurs year-round.  Separate 

reporting for each discipline occurs following the end of the calendar year, and this consolidated 

report is prepared based on those reports.   

Individual reports from each discipline are appended, and the results are summarized in Section 

2.0.  Natural Resource Solutions Inc. (NRSI) has prepared this consolidated report each year 

since 2009 with support from Banks Groundwater Engineering Limited (hydrogeology), and 

AECOM (surface water). 
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A Rapid Assessment and Action Protocol (RAAP) is in place to address immediate monitoring 

concerns, with a focus on surface water temperature and turbidity, and this consolidated report 

also summarizes the RAAP activity. 

1.1 Study Area 
The Hanlon Creek Business Park comprises the lands between Downey Road and the Hanlon 

Expressway, and between Forestell Road and the south end of the Kortright subdivision along 

Teal Drive (Map 1).  Prior to development, lands within Phases 1 and 2 were a mix of 

agricultural fields, meadow, woodland, forest and Provincially Significant Wetlands (PSW) 

consisting of swamp, marsh and thicket.  Phase 3 is still undeveloped and is primarily 

agricultural field and cultural meadow, with small wetlands.  The core area of natural features 

was designated as natural heritage lands to be retained in their pre-development state.  The 

agricultural fields and associated hedgerows, and small isolated habitats were designated for 

roads and development blocks. 

The creek, wetlands and forested uplands in the HCBP are part of the much larger Hanlon 

Creek watershed.  The central wetlands in the HCBP are part of the Hanlon Swamp Wetland 

Complex and therefore are considered provincially significant (NDMNRF 2019).  In addition, a 

small wetland in the southwestern portion of the HCBP, next to Downey Road, is part of the 

provincially significant Speed River Wetland Complex. 

This area encompasses a headwater tributary of Hanlon Creek.  The tributary within the HCBP 

was designated as Tributary A in the Hanlon Creek Watershed Study (Marshall Macklin 

Monaghan Limited 1993).  All of Hanlon Creek is designated as a cold-water stream to be 

managed for Brook Trout (Salvelinus fontinalis) (GRCA and MNR 1998). 

1.1.1 Construction Activity 

Construction within Phases 1 and 2 of the Business Park commenced in late 2009 and has 

continued each year to the present.  Construction activity in 2019 and 2020 within Phases 1 and 

2 is outlined below and highlighted on Map 2.  No construction activity occurred within Phase 3 

in either 2019 or 2020.  Recent development has occurred in Phase 1 Stage 2, where additional 

office buildings are now occupied near the intersection of Hanlon Creek Boulevard and Downey 

Road.  In the southeast corner of Phase 2, several additional warehouse buildings were 

occupied or under construction in 2020.  Throughout the summer of 2021, site grading had 

commenced in Phase 1, Stage 3, to the east of Hanlon Creek, on the south side of Hanlon 

Creek Boulevard.  The Laird Road overpass has been open since 2014.   
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1.2 Monitoring Requirements and Components 
The City of Guelph, as the developer representative, is responsible for the monitoring.  The 

duration of the responsibility to monitor has been defined for each of Phases 1 and 2 as the time 

when 75% of the area of the individual phase is built, plus an additional two years (NRSI 2010).  

It is anticipated that this timeframe will also apply to Phase 3. 

A total of seven discrete monitoring requirements were identified during the planning process for 

the HCBP.  The requirements are each rooted in one or more of the various stages of the 

process, including the Consolidated EIS (NRSI 2004), the Draft Plan Conditions (OMB 2006), 

the Environmental Implementation Report (NRSI 2010), and review comments from agencies 

pertaining to the design, mitigation and restoration of features in the Business Park. 

The seven discrete monitoring requirements are as follows: 

1. Performance of Stormwater Management Systems:  Monitoring of hydrogeology, 
creek flows and temperatures, aquatic biota and wetlands, arising from the Draft Plan 
Condition #12 to provide baseline information on interactions and as input to the design 
of stormwater management facilities that discharge to Tributary A, as well as post 
construction monitoring of performance of the ponds (especially thermal impacts). 

2. Groundwater and Wetlands for the HCBP:  Monitoring arising from the Draft Plan 
Condition #12 of hydrogeology and wetlands at strategic locations to provide baseline 
information on spatial distribution and interactions of groundwater/wetlands such that 
block-level infiltration targets can be assessed. 

3. Groundwater and Wetlands for the Mast-Snyder Gravel Pit:  Monitoring of 
hydrogeology and wetlands in the western portion of lands south of Laird Road (Speed 
River PSW) to monitor changes in groundwater and wetlands stemming from concerns 
over potential impacts of the proposed neighbouring Mast-Snyder Gravel Pit. 

4. Permit Conditions and EIR Recommendations:  Monitoring arising as conditions from 
permit applications/review as well as impact predictions specifically arising from 
recommendations out of the EIR process. 

5. Success and Naturalization of Restoration Areas:  Monitoring of success and 
naturalization processes of restoration areas within buffers, swales and stormwater 
management areas, arising from agency comments and restoration planting warranty. 

6. Wildlife Movement:  Monitoring of wildlife movement throughout the Business Park, 
with a focus on movement and mortality associated with Laird Road and Hanlon Creek 
Boulevard (Road ‘A’). 
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7. Construction Monitoring:  Monitoring arising from the Draft Plan Condition #10, which 
states that an environmental inspector is to carry out the construction monitoring during 
grading, servicing, and building construction. 

 

There are nine performance monitoring components and two construction monitoring 

components that occur on the HCBP property, and they are each being conducted to serve one 

or more of the requirements listed above. 

1.2.1 Performance Monitoring 

The performance monitoring components are indicated as follows, with the past years of 

monitoring indicated in parentheses. 

• Groundwater (most years from 1999 to 2018 quarterly from 2006 to 2020) 

• Stream Temperature and Flow (annually from 2006 to 2020) 

• Fish (annually from 2006 to 2016; biennially following 2016 through 2020) 

• Benthic Invertebrates (annually from 2006 to 2016; biennially following 2016 through 

2020) 

• Vegetation (annually from 2006 to 2016; biennially following 2016 through 2020) 

• Breeding Birds (annually from 2006 to 2016; biennially following 2016 through 2020) 

• Amphibians (annually from 2006 to 2016; biennially following 2016 through 2020) 

• Salamanders (2009 and 2010 only) 

• Laird Road Wildlife Movement Monitoring (baseline: 2009 and 2010; effectiveness: 

2011, 2013, 2018 and 2021) 

 

1.2.2 Construction Monitoring 

Construction monitoring is tied to the specific undertaking within the Business Park.  Generally, 

construction monitoring must occur to ensure compliance with the conditions of various permits, 

including permit(s) from the Grand River Conservation Authority (GRCA) under Ontario 

Regulation 150/06 and the Letter of Advice from GRCA that constitutes approval under Section 

35 of the Fisheries Act.  Construction monitoring also serves as a means to avoid contravention 

of other regulations, such as Section 36 of the federal Fisheries Act pertaining to deleterious 

substances.  In the specific case of the HCBP, the need for construction monitoring also stems 

from Condition 10 from the Ontario Municipal Board (OMB) hearing for the HCBP Draft Plan 

(June 2006).  The condition states that an environmental inspector is to carry out the 

construction monitoring during grading, servicing, and building construction. 
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While construction of various blocks was being undertaken throughout the 2019 and 2020 

monitoring years, the project team was not retained by any of the private developers to 

undertake construction monitoring.   
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1.3 Annual Schedule of Activities 
Table 1 provides the general annual timeline of performance monitoring activities, which approximates the schedule of the 2019 and 

2020 monitoring.  The specific dates of monitoring activities for these monitoring years are provided in the appended individual 

reports.  Each colour represents an individual monitoring component (Groundwater Monitoring – dark blue, Surface Water Monitoring 

– light blue, Aquatic Monitoring – yellow (2020 only), Terrestrial and Wetland Monitoring – green (2020 only).  The timeline for 

Reporting is represented by red, which was extended in 2021 to incorporate results from the 2021 wildlife movement survey. 

Table 1.  General Annual Schedule of Performance Monitoring Activities 

 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Groundwater Monitoring
Level Loggers
Temperature Loggers
Level Sampling & data downloads
Water Quality Grab Samples
Surface Water Monitoring
Flow Loggers
Temperature Loggers
Water Quality Grab Samples
Aquatic Monitoring
Fish Sampling
Brook Trout Spawning Survey
Benthic Sampling
Terrestrial and Wetland Monitoring
Vegetation and Soils
Breeding Birds
Amphibians
Laird Road Wildlife Movement Surveys
Reporting
Individual Draft Reports
Individual Final Reports
Consolidated Report
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2.0 Monitoring Results 

2.1 Climate Data 

Climate data provided by the Waterloo International Airport Station (WMO ID 71368) has 

historically been utilized for groundwater monitoring up to and including 2018.  This 

station was used due to its proximity to the HCBP site and availability of total daily 

precipitation and maximum daily air temperature data.  However, beginning in 2019, the 

total daily precipitation was derived from the rain gauge operating at the City of Guelph 

Clair Road Emergency Services Centre, located at 160 Clair Road West, which is 

approximately 1.5km northeast of the HCBP.  

In 2015, at the request of the City of Guelph, a tipping bucket rain gauge (model TB3) 

was installed by AECOM on the roof of the Clair Road Emergency Services Centre near 

the HCBP.  This rain gauge was in place up to and including 2020 and data was used in 

the interpretation of results for 2019 and 2020.  The precipitation is important for 

reporting and interpreting both the groundwater and surface water monitoring results.  

This includes trends preceding the monitoring year, and patterns during the monitoring 

year.   

From 2003 to 2020, excluding an increase from July 2013 to January 2015, there has 

generally been lower-than-normal precipitation resulting in a cumulative negative 

departure from monthly normals   This does not necessarily translate into analogous 

reductions in groundwater or streamflow.  Instead, groundwater levels are strongly 

correlated with precipitation during the previous 18 months.  During the same period, 

cumulative departure from the average of the preceding 18 months illustrates periods of 

decrease and increase in precipitation.  The year 2007 stands out as a year of 

substantial decrease in precipitation, followed by an increase in precipitation from mid-

2008 to early 2010.  Smaller fluctuations have occurred since that time followed by a 

significant rise from July 2013 to January 2015.  From 2015 and continuing through early 

2019 the trend had been downward due to a less-than-normal amount of precipitation.  

However, this trend reversed in March 2019 and a steady increase in the cumulative 

departure was observed through December 2020. 

Precipitation recorded using the Hanlon rain gauge in 2019 and 2020 was 978.6 and 

851.6mm, respectively.  Precipitation in 2019 was slightly above the Canadian Climate 
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Normal (1971-2000) of 923.3 mm at the Guelph Arboretum, while 2020 levels were 

slightly below the 'Normal".  Prior to the installation of the Hanlon rain gauge in 2016 

precipitation levels were recorded at the Elora Research Station, beginning in 2008. 

Substantial variation in monthly precipitation occurred throughout the 2019 and 2020 

monitoring years.  Combined snow and rainfall from February through June in 2019 

exceeded the normal amounts for the period.  Following this, monthly precipitation 

amounts remained below the normal amounts from July through December with the 

exception of October, which saw precipitation levels more than double that of the 

Canadian Climate Normal.  In 2020 the total monthly precipitation was slightly below the 

normal due to below-normal precipitation for seven out of the 12 months.  Monthly 

precipitation totals were variable but in general the site was noted to experience a 

relatively dry spring, summer and fall.  August and November were two months that 

experienced precipitation higher than the norm, although these were largely fueled by 

singular major rainfall events. 

The air temperatures from May to September were noted to be typical during the spring 

and warm during the summer months in both 2019 and 2020 with 2020 being warmer 

than 2019 in general.  For 2019, the average air temperatures in May and June were 

slightly below or at the Canadian Climate Normals from 1971 to 2000 at the Guelph 

Arboretum at 11.2 and 17.1°C, respectively.  In July, August and September the average 

air temperatures were noted to be above the climate normals by roughly 2 degrees in 

July and 1.5 degrees in September while the August air temperature was only slightly 

above the climate normals but generally in line with the averages observed since 2007.  

The average temperatures in July were among the highest average air temperatures 

documented for those months during the monitoring period since 2007 while the average 

September temperature was lower than what had been observed between 2015 and 

2018 but higher than the averages between 2008 and 2014.  For 2020, the average air 

temperature in May was approximately 1 degree below the Canadian Climate Normals 

from 1971 to 2000 at the Guelph Arboretum at 11.3°C, similar to what was observed in 

2019.  However, following this the average temperatures were noted to be above the 

climate normals between June and September.  The June average of 18.6°C was 

roughly 2 degrees higher than the climate normals and the highest that has been 

observed at the site, along with the 2012 monthly average for June.  The July average of 

22.5°C was nearly 3 degrees higher than the climate normals and the highest that has 
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been observed at the site over the course of monitoring that began in 2007.  The August 

average of 19°C was roughly 1 degree higher than the climate normals while the 

September average was only slightly higher than the normals by 0.5 degree. 

2.2 Groundwater Level and Flow 

Throughout the 2019 and 2020 monitoring years there were 37 functioning monitoring 

wells and 19 mini-piezometers located across the HCBP site.  Two of the mini-

piezometers (13D and 14D) were installed along Hanlon Creek Tributary A immediately 

downstream of stormwater management (SWM) Pond 4 in June 2013.  These were 

required to provide additional monitoring data related to the effects of SWM Pond 4 on 

Tributary A, and they have remained in place through 2020.  To evaluate the response 

to spring thaw and precipitation at selected groundwater monitors, data loggers were 

installed to record groundwater levels on a more frequent basis, with installation at some 

stations beginning in 2007.  Groundwater elevations were recorded using data loggers in 

36 of the 56 groundwater monitoring stations with groundwater temperature recorded in 

38 stations in 2019.  Data loggers were installed in late-November 2019 in 10 remaining 

monitoring wells that had not previously been equipped.  During 2020, groundwater 

elevations and temperature results included these additional loggers with data recorded 

at a total of 46 and 48 monitoring stations, respectively.  Table 2 in both the 2019 and 

2020 groundwater technical memoranda, prepared by Banks Groundwater Engineering 

Limited (Appendix I and II), lists the monitoring wells and mini-piezometers where the 

data loggers were in operation for all or part of 2019 and 2020, including the new 

additions for 2020.  In addition, groundwater quality samples were collected from a total 

of 18 monitoring wells in 2020 with three wells analyzed for general chemistry and the 

remaining 15 analyzed for Sodium and Chloride.  No groundwater quality monitoring was 

conducted in 2019.  Due to the limited changes in groundwater quality through 2016, the 

scope of the sampling and analysis program was reduced beginning in 2017, which has 

carried through to 2020.  The locations of the groundwater monitoring stations are 

shown on Map 3 (of the consolidated report) including new, existing, proposed, and 

abandoned stations as of December 2013. 

The resulting groundwater level monitoring data is tabulated and plotted on graphs in the 

appendices of the groundwater technical memoranda prepared by Banks Groundwater 

Engineering Limited (Appendix I and II).  Those results are summarized and discussed 

below. 
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Long-Term and Medium-Term Observations of Groundwater Levels 

Groundwater levels are interpreted to have been elevated in the early to mid-1990s, 

followed by a decline from 1997 to 2007.  These trends are based on climate data 

beginning in 1971.  On-site groundwater monitoring began in 2003, and since that time 

precipitation has varied on an annual basis.   

In 2007, the effects of below-average precipitation were expressed in groundwater levels 

in July and November, when total precipitation was well below average, and also the 

lowest observed from 1971 to 2020. 

In late 2010 and early 2011, groundwater levels declined and approached the low levels 

observed in 2007.  This is attributable to below-average annual precipitation in late 2009, 

through most of 2010, and into February 2011.  Then in 2012, groundwater levels at 

many monitored locations on-site during the summer and fall were the lowest recorded 

since monitoring began in 2003.   

The total precipitation in 2019 was 979 mm, which was 105 mm above the 49-year 

average and was attributed to above-normal precipitation during six of the months in 

2019.  In 2020, total precipitation was 852 mm, which was 22 mm below the average, 

similar to the measured annual precipitation levels for 2012 and 2014 through 2018.  In 

spite of the low precipitation in 2020, groundwater levels at many monitoring locations 

during the summer and fall remained above the low levels recorded in the summer and 

fall of 2012.  This was a result of above-normal precipitation that occurred during four 

months in 2020, which offset the other eight months with below-normal amounts. 

The periods of low groundwater levels are contrasted by higher levels during the 

intervening periods.  Annual precipitation in 2003, 2006, 2008, 2011, 2013 and 2019 was 

above average.  This appears to have influenced groundwater levels in the spring of 

2004 and 2007, the spring and fall of 2008, in the last five months of 2011, from spring to 

fall in 2013, the summer and fall of 2014 and 2015, the spring of 2016, the winter of 

2016/2017 through the spring of 2017, the spring and fall of 2019, and into the early 

months of 2020. 

General Observations in 2019 and 2020 

In 2019 and 2020, groundwater levels are easily explained by the weather including the 

patterns of precipitation throughout the year.  In 2019, the highest groundwater levels 

observed in monitors equipped with data loggers occurred during April and May at most 
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locations.  The high levels during this time were in direct response to above-average 

precipitation throughout the months of March, April and May.  The lowest groundwater 

levels occurred in September following lower-than-normal precipitation levels through 

July, August, and September.  In 2020, the highest groundwater levels occurred during 

early-January.  The high levels during this time were in response to periods of above-

freezing air temperatures and significant rainfall events that occurred between January 

10 and 13 as well as January 23 and 26.  The lowest groundwater levels occurred in 

July and/or September following lower-than-normal precipitation between April and July 

and then again through September and October.   

The periods of low groundwater levels that were observed in 2019 and 2020 were 

considered normal, as groundwater elevations at all monitoring stations remained within 

the normal ranges as indicated by the respective graphs for each of the monitoring 

stations. 

Site-Wide Patterns in 2019 and 2020 

The groundwater elevation data from the groundwater monitoring stations throughout 

2019 and 2020 continued to exhibit the downward hydraulic gradients (i.e., groundwater 

recharge conditions) in the upland portions of the site, and upward hydraulic gradients in 

the vicinity of, and within, the core wetland complex (i.e., groundwater discharge 

conditions).  Groundwater discharge conditions have also been confirmed at the Downey 

Road PSW.   

The greatest range in groundwater elevations occurred around the perimeter locations of 

the site where groundwater recharge to the medium- to coarse-grained deposits is most 

significant.  The smallest fluctuations occurred in and adjacent to the core wetland and 

Hanlon Creek Tributary ‘A’.  Shallow depths to groundwater and the occurrence of 

groundwater discharge to these surface water features naturally limit the range of 

groundwater elevations in these areas. 

Graphs illustrating hydraulic gradients and groundwater elevations are included in the 

groundwater technical memoranda prepared by Banks Groundwater Engineering Limited 

(Appendix I and II). 

2019 and 2020 Monitoring of Groundwater Levels in the Core PSW 

Groundwater levels in 2019 and 2020 continued to be monitored at 14 monitoring wells 

and 10 mini-piezometer stations within or near the Core PSW (Table 2, Map 3).   
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Table 2.  Monitoring Wells and Mini-Piezometers Within or Near the Core PSW 
Monitoring Wells Mini-Piezometers 

MW103 MW119A PZ-1 PZ-12 
MW104 MW121A PZ-2 PZ-13 
MW105 MW122A PZ-4 PZ-14 
MW111 MW127 PZ-7  

MW116A MW129 PZ-8  
MW117A MW130A PZ-10  
MW118A MW131 PZ-11  

 

Between 2019 and 2020 the observed groundwater levels and temperatures in the 

monitoring wells and mini-piezometers responded to precipitation and maximum daily air 

temperatures.  This confirms the inherent relationship of the wetlands to the shallow 

groundwater system.  The hourly recording of groundwater levels at mini-piezometer 

locations also indicates subtle fluctuations during each 24-hour period, likely associated 

with diurnal cycles of evapotranspiration in the wetland.  While responsiveness is 

apparent, the range of groundwater levels in mini-piezometers is more subdued than in 

those at other locations on the HCBP site.  This reflects the relatively constant 

groundwater elevations in the wetland area, usually with only minor perturbations 

observed relative to precipitation and/or temperature changes. 

During the months of January through April in 2019 groundwater levels increased in 

response to warmer temperatures and rainfall events.  Following the peak in April, levels 

steadily declined through to the end of September.  Between October and December, 

levels fluctuated, with short-term rises in response to rainfall events, but generally 

exhibited a gradual decline.  Groundwater levels ended the year in many Core PSW 

locations at an elevation that was close to the levels observed in early-January of 2019.  

Similar to the late-winter and spring of 2019, groundwater levels in 2020 increased 

during the months of January through March in response to warmer temperatures and 

rainfall events.  Groundwater levels peaked in early-January and then again in March 

followed by a steady decline through to early-August.  Levels then rose in the second 

week of August and then again in late-November through December in response to 

precipitation events, finally ending the year at an elevation that was close to the levels 

observed in early-January of 2020.  The graphs of each of the Core PSW groundwater 

monitors listed in Table 2, above (see Appendix II for graphs) show the fluctuating 

groundwater levels over the 2019 and 2020 monitoring periods, which are generally 

noted to be within the normal range that has been observed in previous years of 
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monitoring.  As expected, groundwater levels are shown to increase during the spring 

and fall months and decline during the summer months.  Levels were generally lower 

during the summer of 2019 compared to 2020 due to the lower-than-normal precipitation 

amounts in July, August, and September, but still remained above the low levels 

observed during the drought in the summer of 2012 and were still in line with previous 

lows observed during other monitoring years.  The graphs also depict the spike in 

groundwater levels at many of the monitoring stations in January of 2020, which was 

noted to exceed the previous high levels observed at most of the Core PSW stations. 

Groundwater levels in the three mini-piezometer monitoring locations (i.e., from north to 

south; PZ-4D, PZ-2D, and PZ-1D) that are located in the Core PSW, were below the 

normal range for most of 2012.  During 2013 through 2020, groundwater levels were 

within the range of prior years.  The recorded groundwater elevations for PZ-4D, PZ-2D, 

and PZ-1D are presented in Graphs G13, G20, and G22 within the appendices of the 

2020 groundwater technical memorandum prepared by Banks Groundwater Engineering 

Limited (Appendix II).  

Similarly, groundwater levels recorded in streambed mini-piezometers (i.e., from north to 

south; PZ-10D, PZ-8D, PZ-11D, PZ-7D) were below the level of the creek and the 

streambed for part, if not most, of 2012.  Groundwater levels during 2013 through 2020 

were within the range observed in prior years, where data is available (Appendix II). 

Altogether, climate had the greatest influence on groundwater levels within the Core 

PSW in both 2019 and 2020, with one exception discussed in the paragraph below.  

There were no apparent short-term and/or longer-term changes in groundwater levels 

that could be attributed to development or construction activities during 2019 or 2020 

within the HCBP (i.e., there were no abnormal changes in groundwater elevations that 

would have suggested otherwise).  As of the end of 2020, it is estimated that 14 lots in 

Phase 1 had been developed, including 16 buildings, and another five lots were at 

various stages of development.  The remainder of the graded portion of the site 

consisted of paved roadways, vegetated stormwater management swales and ponds, 

gravel-surfaced trails, and barren soils across most vacant lots.  Based on the observed 

responses of groundwater levels to rainfall events and above-normal total monthly 

precipitation during March, August and late-December, it is evident that infiltration was 

occurring across the site. 
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The groundwater level monitoring data for bedrock monitor MW111 showed dramatic 

fluctuations in the level during the period from November 2019 through October 2020 

(refer to Graph G19, Appendix G within Appendix II).  This change is attributed to the 

drilling, installation, development, and sampling of a new monitoring well nest, located 

adjacent to MW111.  It is understood that during the initial installation period, the 

bedrock borehole remained open through the entire interval allowing for groundwater to 

flow down the borehole from the Guelph Formation to the lower Gasport Formation.  

This caused a drawdown effect in the Guelph Formation.  This monitoring well nest was 

installed for researchers at the University of Guelph in advance of a pumping test that 

was conducted in the south end of the HCBP by the City of Guelph Water Services 

during the summer of 2020. 

2019 and 2020 Monitoring of Groundwater Levels in the Downey Road PSW 

Groundwater levels in 2019 and 2020 were monitored at two stations at the Downey 

Road PSW.  These include monitoring well MW003, which is located on the north edge 

of the PSW, and mini-piezometer nest PZ-9, which is located in the centre of the PSW 

(Map 3). 

During the first four months of 2019 groundwater levels rose sharply in response to 

warmer temperatures and rainfall events.  Combined snow and rainfall through January 

and February were about 184mm, of which 142mm was recorded as rainfall.  

Groundwater reached its highest level in mid-April and then declined through to the end 

of September.  Levels peaked again in late-October before gradually declining through 

November and December due to lower-than-normal monthly precipitation amounts.  In 

2020 groundwater levels rose sharply in early-January in response to warmer 

temperatures and a significant rainfall event.  Combined snow and rainfall through 

January and February were about 137mm, of which 119mm was recorded as rainfall.  

Groundwater levels declined in February, rose again in March, and then declined again 

from the end of March through to the first week in August.  A significant rain event 

caused levels to rise again in early-August before declining again until late-November.  

Rain events through November and December caused levels to rise again through to the 

end of 2020. 

The responses to precipitation events and spring thaw, or lack thereof, observed in this 

monitor during the period 2007 to 2020, have demonstrated the local sensitivity of the 
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shallow groundwater system, which is associated with the coarse-grained nature of the 

overburden deposits within and above the uppermost aquifer.   

As noted above, two mini-piezometers were installed in the Downey Road PSW.  PZ-9S 

was installed to a depth of about 0.5m and PZ-9D to a depth of about 1.0m below 

ground level.  Groundwater levels for this pair of shallow and deeper mini-piezometers 

have illustrated the upward hydraulic gradient that exists in this PSW. 

It is noted that responses to precipitation and temperature are apparent in PZ-9D, similar 

to MW003, confirming the infiltrative capacity of the medium- to coarse-grained deposits 

on this site and the inherent relationship of the wetlands to the shallow groundwater 

system.  Each year, groundwater levels decline to an elevation that is below ground level 

in the wetland, typically during June or July.   

A small upward hydraulic gradient is also evident at various times when groundwater 

levels in MW003 are higher when compared with levels in the adjacent PZ-9D. 

2019 and 2020 Monitoring at Perimeter Locations 

Groundwater levels in 2019 and 2020 were monitored at nine monitoring wells around 

the perimeter of the site.  These included stations MW125, MW126, MW128, MW124, 

MW107, MW132, MW135, MW133, and MW134 (Map 3). 

Groundwater elevations vary more widely over the year at perimeter locations in 

comparison to the Core PSW locations.  The perimeter groundwater monitoring stations 

responded to spring thaw and the above-normal precipitation between January and 

April, 2019, but most reached peak levels in late-April and early-May before declining 

through to the end of September.  Levels were again noted to increase in early-October, 

November, and December, albeit to a lesser extent than what was observed throughout 

the Core PSW.  At many perimeter location levels ended the year similar to, or slightly 

higher than, those observed in January of 2019.  In 2020, most perimeter monitoring 

stations reached peak levels in January and/or March, again in response to spring thaw 

and above-normal precipitation events.  Levels then declined through to late-November 

with increases noted from late-November through December in response to rainfall 

events.  Perimeter wells in the northern half of the HCBP site ended the year at an 

elevation higher than what was observed in January, 2020 while perimeter wells in the 

southern half of the site ended the year below January levels.  There were no apparent 

short-term and/or long-term changes in groundwater levels at perimeter monitoring 
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stations that could be attributed to development or HCBP construction activities in 2019 

or 2020. 

Similar to monitor MW111, the groundwater level monitoring data for overburden 

monitoring well pair MW115A and MW115, and the bedrock monitor MW112, showed 

dramatic fluctuations in groundwater levels between November 2019 and October 2020 

(refer to Graphs H5, H6, and H14, respectively in Appendix H of Appendix II).  It is 

apparent that the drawdown was also caused by the installation of the new monitoring 

well nest for the researchers at the University of Guelph. 

2.3 Surface Water Levels and Flow 

Due to delays in the 2020 field program as a result of stay-at-home orders from the 

Ontario Government, cellular plans for several telemetry stations could not be renewed 

for four telemetry stations, rendering the 10-year-old stations obsolete.  However, this 

facilitated an upgrade to the overall telemetry program, which was approved in 

November, 2020.  Unfortunately, as the approval date coincided with the end of the field 

monitoring season, upgraded telemetric data could not be collected in 2020.  Despite 

this, depth loggers were deployed as a stop gap measure for the provision of water level 

data in the absence of telemetric water level data.  The interim depth loggers provided 

temperature and depth readings, but did not have the turbidity and live alarm capabilities 

of the telemetric platforms.  As a result of the need for additional loggers in the place of 

telemetry stations, available equipment was over-allocated, resulting in some notable 

data gaps for 2020. 

As part of the surface water monitoring programs in 2019 and 2020, water depth (level) 

was measured at eight stations on Tributary A and Tributary A1.  The station names are 

HC-A: 03, 04, 06, 10, 11, 12, 13 and 14.  In addition, one station (SR-01) was located on 

an unnamed tributary on the west side of Downey Road across from the Downey Road 

PSW.  In addition to the continuous level monitoring, baseflow, dry weather, and high 

flow measurements were taken.  In 2019, one baseflow, two dry weather, and two high 

flow measurements were taken at each station between October 2 and November 4.  In 

2020, three baseflow, one dry weather, and three high flow measurements were taken 

between June 17 and November 15.  Rating curves were developed using these data as 

a means to convert continuous level to flow data. The resulting surface water data is 
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presented in the tables and figures in the surface water monitoring report prepared by 

AECOM (Appendix III and IV).  Those results are summarized and discussed below. 

As per GRCA requirements, monitoring was also completed at each of the stormwater 

management facilities, which included SWM Ponds 1, 2, and 4.  Monitoring of these 

locations included three components: inflow and discharge flow rates, water 

temperature, and water quality sampling.  Inflow and discharge are discussed below 

while water temperature and water quality are discussed in Sections 2.4 and 2.5, 

respectively.  Discharge flow rates were computed based on water level loggers placed 

in each facility’s outlet structures and the rating curves established for each location.  

Originally, all three SWM included in-pond temperature monitoring, as well as water 

temperature and/or level loggers at the pond inlet(s), outlet and the cooling trench outlet 

(where applicable).  After five years of thermal data collection a preliminary 

understanding of the overall thermal regimes had been established for the ponds.  As 

such, inlet loggers and in-pond loggers were removed from the program for both Pond 1 

and Pond 2 locations as well as the inlet logger for Pond 4.  The remaining locations of 

loggers within each SWM Pond are provided in Table 3.  Refer to Map 4 for all 

monitoring station locations.   
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Table 3.  Stormwater Management Pond Monitoring Stations 
SWM Station Data Collected Year Installed Year Removed Location 

Po
nd

 1
 

HC-P1(01) Temperature  2011 2018 In pond close to bottom 

HC-P1(02) Temperature  2011 2018 In pond near mid-depth 

HC-P1(03) Temperature  2011 2018 In pond at surface 

HC-P1(04) Temperature, Depth 2011 2018 Inlet 

HC-P1(05) Temperature, Depth 2011 2018 Inlet 

HC-P1(06) Temperature, Depth 2011 - Outlet 

HC-P1(07) Temperature  2011 - Cooling trench outlet 

HC-P1(08) Temperature  2011 - Cooling trench outlet 

Po
nd

 2
 

HC-P2(01) Temperature  2011 2018 In pond close to bottom 

HC-P2(02) Temperature  2011 2018 In pond near mid-depth 

HC-P2(03) Temperature  2011 2018 In pond at surface 

HC-P2(04) Temperature, Depth 2011 2018 Inlet 

HC-P2(05) Temperature, Depth 2012 2018 Inlet 

HC-P2(06) Temperature, Depth 2011 2018 Inlet 

HC-P2(07) Temperature, Depth 2011 - Outlet 

Po
nd

 4
 

HC-P4(01) Temperature  2011 - In pond close to bottom 

HC-P4(02) Temperature  2011 - In pond near mid-depth 

HC-P4(03) Temperature  2011 - In pond at surface 

HC-P4(04) Temperature, Depth 2012 2018 Inlet 

HC-P4(05) Temperature, Depth 2011 - Outlet 

HC-P4(06) Temperature  2011 - Cooling trench outlet 

 

  



Natural Resource Solutions Inc. 25 
Hanlon Creek Business Park Consolidated Monitoring Report (2019 and 2020)  

Operational issues were experienced in 2019 and 2020 at several surface water 

monitoring stations.  Despite the delayed start to the 2019 field monitoring season and 

concerns regarding long-term logger integrity, most loggers continued logging without 

issue over the eight months between the end of the 2018 season (December) and 

commencement of the 2019 season (August).  Only two loggers were lost (SR1-1 and 

HC-P2(07)) due to presumed tampering/vandalism, and data from HC-P4(01) was 

partially lost due to a faulty sensor.  The logger at station SR1-1 went missing again in 

2020 and was, therefore, permanently removed.  Equipment theft, logger malfunctions, 

and program delays due to the COVID-19 pandemic produced data gaps in the 

continuous monitoring data at eight stations throughout the 2019 and 2020 monitoring 

years.  The resulting data gaps in logger files are given in detail in the surface water 

monitoring reports prepared by AECOM (Appendix III and IV). 

Average baseflows in Tributary A in 2019 were substantially higher than in previous 

years of monitoring and the highest that have been observed since 2008 at all stations 

where data is available, except for HC-A(03).  The second highest baseflows were 

observed in 2011, but these elevated levels were attributed to construction activities.  

When considering the high baseflows in 2019, one important consideration to note is 

that, due to the late start to the 2019 monitoring season and coincidental high rainfall 

totals in the month of October (153.4 mm compared to the Canadian Climate Normal 

(Guelph Arboretum) of 67.4 mm), flow results shown for 2019 are somewhat inflated 

compared to the averages from previous years, which is also due, in part, to the smaller 

observation window.  Baseflows returned to levels more typical of previous years in 

2020, although, low precipitation and warmer temperatures during the summer months 

resulted in generally drier conditions.   

The discharge from SWM Pond 4 was observed to be near continuous again through 

2019 and 2020 causing elevated baseflow levels at HC-A(04), which is located a short 

distance downstream of SWM Pond 4.  The pond interacts with groundwater flowing in a 

northwesterly direction, and provides a more direct pathway for discharge to Tributary A.  

It remains the understanding that groundwater is the predominant source of the pond’s 

continuous discharge.  The continuous discharge has resulted in the observed elevated 

baseflows in Tributary A, and has also affected summer water temperatures in Tributary 

A.  The effect on water temperatures is discussed in Section 2.4. 
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Prior to construction of SWM Pond 4 in 2011, average baseflows from 2008 to 2010 

ranged from 1.6 to 7.8 L/s at HC-A(04).  Since 2014, average baseflows have 

consistently been at or above these levels (Table 4), reflecting the increase in baseflow 

that is attributed to continuous discharge of water from Pond 4.  For 2019 and 2020, the 

average baseflows were again above pre-construction flows, measuring 36.5 and 14.0 

L/s, respectively.  

The continuous discharge from Pond 4 has occurred since the construction of its outlet 

in late 2011.  The average baseflows during the years 2011 and 2012 did not reflect the 

continuous discharge from Pond 4, for a different reason in each of those years.  The 

SWM Pond 4 outlet was constructed in late 2011.  Prior to the outlet construction, the 

average baseflows at HC-A(04) were already elevated throughout most of 2011 due to 

dewatering for the construction of the outlet and cooling trench for Pond 4, which was a 

unique condition for that year.  In 2012 there were drought conditions, causing the 

average baseflows at HC-A(04) to be consistent with pre-2011 baseflows in spite of the 

continuous discharge that occurred that year.  Without the continuous discharge, the 

baseflows in 2012 would have been much lower.   

Farther downstream, the reach between HC-A(09) and HC-A(10) receives input from a 

small groundwater-fed tributary (Tributary A1) that flows through a White Cedar-

Hardwood mixed swamp which helped it remain a gaining reach.  HC-A(10) and HC-

A(11) have historically been groundwater discharge areas and this was the case for 

2019 and 2020.  HC-A(12), HC-A(13) and HC-A(14) were all areas of groundwater 

recharge or losing reaches again through 2019 and 2020. 
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Table 4.  Hanlon Creek Baseflow Monitoring – 2008 to 2020 Summary (L/s)  

Station HC-
A(03) 

HC-
A(04) 

HC-
A(06) 

HC-A(08) 
Tributary 

HC-
A(09) 

HC-
A(10) 

HC-
A(11) 

HC-
A(12) 

HC-
A(13) 

HC-
A(14) 

2008 Min n/a 3.5 2.7 2.1 3.8 7.7 n/a n/a n/a 0.9 
2009 Min n/a 3.9 1.2 3.0 4.2 5.0 n/a n/a n/a 1.8 
2010 Min n/a 0.4 0.4 -7.3 1.1 0.8 n/a n/a n/a 0.9 
2011 Min2 2.8 5.5 0.8 1.5 n/a 2.4 4.6 5.0 2.8 1.5 
2012 Min 0.1 3.2 3.1 0.5 n/a 1.3 0.7 1.71 0.61 0.71 
2013 Min 1.2 8.2 5.5 n/a n/a 6.4 2.7 12.5 3.4 3.4 
2014 Min 1.6 9.5 10.1 n/a n/a 10.8 14.8 15.7 12.7 9.3 
2015 Min 1.4 4.1 4.2 n/a n/a 7.0 9.5 6.8 8.1 5.6 
2016 Min 0.6 2.8 3.4 n/a n/a 3.7 4.7 2.8 1.6 1.3 
2017 Min 2.0 6.0 7.0 n/a n/a 9.7 10.5 9.5 6.0 7.0 
2018 Min 0.6 3.2 3.7 n/a n/a 5.1 4.4 5.1 3.0 3.6 
2019 Min 3.4 14.3 9.8 n/a n/a 13.2 15.4 14.4 13.9 13.3 
2020 Min 0.7 4.6 2.5 n/a n/a 3.2 6.1 0.2 4.0 3.7 
2008 Max n/a 11.3 10.7 10.0 9.4 16.8 n/a n/a n/a 12.1 
2009 Max n/a 14.9 25.6 22.1 18.7 56.3 n/a n/a n/a 53.8 
2010 Max n/a 2.9 4.9 12.3 6.7 22.2 n/a n/a n/a 1.2 
2011 Max2 47.4 56.6 50.0 5.9 n/a 31.5 46.0 31.9 18.2 48.0 
2012 Max 2.5 10.5 14.6 7.4 n/a 13.2 45.6 17.6 36.6 20.7 
2013 Max 4.4 16.8 10.3 n/a n/a 16.9 16.0 21.7 15.8 15.7 
2014 Max 3.6 15.4 16.9 n/a n/a 27.7 27.3 33.1 30.0 28.2 
2015 Max 4.2 11.9 11.9 n/a n/a 17.4 18.9 18.6 17.2 19.7 
2016 Max 3.1 13.3 15.7 n/a n/a 16.4 24.6 35.8 14.7 16.1 
2017 Max 6.5 36.8 21.9 n/a n/a 21.9 46.1 39.3 20.9 19.9 
2018 Max 7.0 15.9 19.0 n/a n/a 26.3 31.1 34.5 37.4 34.6 
2019 Max 16.9 71.1 73.6 n/a n/a 122.2 117.8 64.1 145.8 130.4 
2020 Max 3.0 49.7 29.4 n/a n/a 49.3 34.6 41.1 42.5 30.9 

2008 Average n/a 6.0 9.3 9.0 8.5 20.5 n/a n/a n/a 15.8 
2009 Average n/a 7.8 10.7 9.3 10.6 21.3 n/a n/a n/a 19.7 
2010 Average n/a 1.6 2.0 2.4 3.6 7.1 n/a n/a n/a 5.0 
2011 Average2 14.6 21.7 20.2 2.7 n/a 19.3 20.6 18.0 20.5 17.2 
2012 Average 1.1 6.1 7.5 3.1 n/a 8.0 14.4 10.6 10.9 9.1 
2013 Average 2.7 11.2 7.9 n/a n/a 10.4 10.4 16.1 8.0 9.9 
2014 Average 2.6 12.3 14.0 n/a n/a 19.3 21.1 26.1 21.0 17.2 
2015 Average 2.2 9.0 8.7 n/a n/a 12.6 14.9 14.4 12.9 14.5 
2016 Average 1.8 6.5 8.2 n/a n/a 8.7 10.7 12.2 7.4 8.0 
2017 Average 3.7 17.5 13.9 n/a n/a 14.7 24.0 20.3 13.2 13.1 
2018 Average 2.9 7.8 10.3 n/a n/a 12.7 14.1 16.5 15.3 14.3 
2019 Average 8.5 36.5 41.2 n/a n/a 52.6 49.8 34.0 56.4 56.8 
2020 Average 1.6 14.0 8.7 n/a n/a 15.0 14.4 14.5 15.9 13.6 
 

2.4 Water Temperature 
2.4.1 Groundwater Temperature 

Groundwater temperatures were recorded using data loggers in 38 groundwater 

monitoring stations across the HCBP during 2019 and in 48 stations in 2020.  

Temperature monitoring has been conducted since 2007 at four PSW monitoring 
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locations (MW003, PZ-9D, PZ-2D, and PZ-7D), all of which are representative of shallow 

groundwater conditions within the site.  The groundwater temperature results are given 

in the 2019 and 2020 technical memoranda prepared by Banks Groundwater 

Engineering (Appendix I and II) and discussed as follows. 

Temperature ranges for each of the four PSW locations were as follows: 

• MW003 – ranged from a low of 4.2°C in mid-March to a high of 11.4°C in late-

October for 2019 and from a low of 6.0°C in late-March to a high of 11.1°C in 

October for 2020. 

• PZ-9D – ranged from a low of -0.1°C in mid-March to a high of 11.4°C in late-

August for 2019 and from a low of 1.1°C in early-March to a high of 12.1°C in 

late-August and early-September for 2020. 

• PZ-2D – ranged from a low of 0.6°C in mid-April to a high of 10.2°C in late-

August for 2019 and from a low of 0.4°C in late-March to a high of 9.6°C in 

late-August and early-September for 2020. 

• PZ-7D – ranged from a low of 3.8°C in late-March through early-April to a high 

of 8.6°C in late-August for 2019 and from a low of 3.3°C in late-February and 

early-March to a high of 8.6°C in late-August and early-September for 2020. 

The temperature range of groundwater at greater depths in this general area tends to 

fluctuate in a narrower range, typically between 5 and 10°C.  It is therefore apparent that 

the temperatures in the shallower groundwater regime in the vicinity of these four 

monitors are influenced by seasonal variations in air temperature and solar radiation.  

These data are interpreted to be representative of the temperature of groundwater 

discharging to the wetlands and creeks in these locations.  

Monitoring well MW119A is located adjacent to and down-gradient from SWM Pond 4.  

Groundwater temperatures recorded in monitoring well MW119A during 2019 ranged 

from a low of 5.4°C in early-April to a high of 14.0°C in early-September.  In 2020, 

temperatures were similar to 2019 with a low of 5.5°C in early-March to a high of 14.8°C 

in early-September.  This is also comparable to the ranges observed from 2008 to 2010, 

prior to the construction of SWM Pond 4 in late 2010.  The high temperature of 15.7°C in 

2016 was below the highest temperature recorded, which was 17.5°C on September 5, 

2012.  Prior to construction of SWM Pond 4 in late 2010, the highest groundwater 
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temperature at this monitor was 15.0°C in early-September 2010.  Prior to that, the years 

2008 and 2009 had reached a maximum of approximately 13.0°C in September. 

The bottom of SWM Pond 4 is below the shallow groundwater surface and as a result 

the un-lined pond is in direct contact with the local groundwater system.  A portion of the 

water in the pond is interpreted to discharge from the pond as groundwater in a north-

westerly direction, flowing into the ground adjacent to the pond.  Therefore, water in the 

pond warmed by solar radiation during the summer months in both 2019 and 2020 

appears to have increased the late-summer groundwater temperature by as much as 

3.0°C in the area down-gradient (north-west) of the pond.  This was evident at monitor 

MW119A, which had late-summer temperatures that were approximately 4.0°C warmer 

than concurrent temperatures up-gradient of Pond 4 at MW131. 

Additional monitoring of groundwater temperatures down-gradient of SWM Pond 4 was 

initiated in June 2013 to better understand the interactions between the groundwater 

system, Tributary A and Pond 4.  A pair of shallow mini-piezometers (PZ-13D and PZ-

14D) were installed on the east and west banks of Tributary 'A', respectively, and 

equipped with data loggers.  The piezometers were located a short distance down-

stream from surface water monitoring station HC-A(04).  In 2019 the groundwater 

temperatures at PZ-13D and PZ-14D reached maximums of just less than 13.8 and 

14.4°C, respectively in late-August with PZ-14D slightly higher than PZ-13D.  

Groundwater temperatures were slightly higher in 2020, reaching a maximum of 14.6°C 

PZ-13D and 15.0°C at PZ-14D.  Based on this, it is likely that these monitors were 

influenced by the warmer shallow groundwater flow affected by SWM Pond 4.  

Graph 31a (Appendix II) shows that temperatures in PZ-13D and PZ-14D returned to 

below those recorded in MW131 (up-gradient of Pond 4) by late-October each year, 

indicating that these two piezometers are reacting in response to solar heating of the 

pond and subsequent warming of the groundwater.  In contrast, MW131 is not 

influenced by the warmed groundwater from SWM Pond 4 and therefore, exhibits cooler 

summer temperatures and less variability overall as a result of the more consistent 

groundwater temperatures.  This issue is discussed further in Section 4.1.2. 

2.4.2 Surface Water Temperature 

Surface water temperatures were measured in Tributary A and Tributary A1 using data 

loggers at 13 stream stations and in numerous locations within SWM Ponds 1, 2 and 4.  
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The results are given in the 2019 and 2020 surface water monitoring reports prepared by 

AECOM (Appendix III and IV), and are summarized and discussed as follows. 

In previous years, during the winter months (January to March), water temperatures at 

all stations are at or around freezing (0°C) for most of the winter indicating that a large 

portion of Tributary A periodically experienced frozen conditions.   

Stations HC-A(08), HC-A(03), HC-A(04), and HC-A(06) have historically shown trends of 

consistent temperatures above 0° during sub 0° air temperature conditions.  This 

indicates these stations are likely most influenced by groundwater input.  Conversely 

stations HC-A(14) and HC-A(09) record the coldest temperatures and are the least 

influenced by groundwater inputs.  These trends are consistent with over-winter 

observations made since the implementation of the monitoring program before the 

construction of the SWM ponds. 

During summer months, stations HC-A(04) and HC-A(06), located downstream of the 

SWM Pond 4 outlet, recorded high average temperatures and little daily fluctuation due 

to the influence of SWM Pond 4’s continuous discharge compared to HC-A(03), which is 

not impacted by pond discharge.  Downstream stations which are more exposed, such 

as HC-A(10), HC-A(12), HC-A(13) and HC-A(14); and those with a wider flow channel 

and shallower depths (HC-A(09)), show the highest daily variation in temperature as 

there is greater opportunity for solar radiation impact.  Station HC-A(08) shows the 

lowest temperatures and daily temperature variation during the summer, indicating the 

presence of groundwater inputs in Tributary A1 where this station is located. 

The surface water temperatures through 2019 were, on average, lower than what was 

observed in 2018 due largely to an overall drop in the ambient temperatures compared 

to the previous year.  Average summer temperatures in 2019 were noted to be 17.45°C 

compared to 18.12°C in 2018.  In 2020, average summer in-stream temperatures were 

slightly higher than both 2018 and 2019, increasing to 18.79°C.  This is also evidenced 

by the thermal regime classifications for Tributaries A and A1, and the analysis of 

temperature suitability for Brook Trout, each discussed below.  For 2020, the higher than 

average air temperatures and lower rainfall totals may have contributed to the increase 

in stream temperatures.  In addition, the continuous discharge from SWM Pond 4 

continues to increase the water temperatures, particularly at Stations HC-A(04) and HC-

A(06).  Table 5 shows the thermal regime classifications for Tributaries A and A1 from 
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2006 to 2020 using the methods developed by Stoneman and Jones (1996) and revised 

by Chu (2009).  The 2019 classifications show similar conditions to those in 2013, 2016, 

and 2017 while 2020 classifications are more consistent with those observed in 2015 

and 2018.   
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Table 5.  Temperature Classification Summary 

Station 
Based on C. Chu et al. (2009) Based on Stoneman and Jones (1996) Overall Change in  

Thermal Regime 2020 2019 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006 

HC-A(03) Cool Cool-Cold Cool Cold Cool-Cold Cool Cool-Cold Cool-Cold Cool Cool n/a n/a n/a n/a n/a Cool-Cold to Cool 

HC-A(04) Cool-Warm Cool n/a Cool Cool-Warm Cool-Warm Cool Cool-Warm Warm Cool Cool Cool-Cold Cool-Cold Cold Cold Cool to Cool-Warm 

HC-A(04A)1 n/a Cool-Warm n/a Cool-Warm Cool-Warm n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a No Trend1 

HC-A(04B) Cool Cool-Warm n/a Cool-Warm Cool-Warm n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Cool-Warm to Cool 

HC-A(06) Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Warm Cool Cool Cool-Cold Cool-Cold Cool Cool No Trend 

HC-A(08) Cold Cold Cold Cold Cold Cold Cold Cold Cool-Cold Cold Cold Cold Cold Cold Cold No Trend 

HC-A(09)2 Warm Cool-Warm Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Warm Cool-Warm Cool-Warm n/a Cool Cold Cool Cool-Warm to 
Warm2 

HC-A(10)3 Cool Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Cold n/a Cool-Cold Cool Cool Cool-Warm to 
Cool3 

HC-A(11) Cool Cool-Warm Cool-Warm Cool Cool Cool Cool Cool Cool-Warm Cool Cool Cool-Warm Cool Warm Warm Cool-Warm to Cool 

HC-A(12) Cool Cool Cool Cool-Warm Cool Cool Cool Cool Warm Cool-Warm n/a n/a n/a n/a n/a No Trend 

HC-A(13) Cool-Warm Cool Cool-Warm Cool Cool-Warm Cool Cool-Warm Cool Warm Cool-Warm n/a n/a n/a n/a n/a Cool to Cool-Warm 

HC-A(14)1 n/a Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Cool-Warm Warm Cool-Warm Cool-Warm Cool Cool n/a n/a No Trend1 

1 Dataset not available due to logger failure 

2 Thermal trendline for HC-A(09) fell directly on the boundary between warm and cool-warmwater.  Classification was rounded up. 
3 Thermal trendline for HC-A(10) fell directly on the boundary between cool-warmwater and coolwater.  Classification was rounded down to cool. 



Natural Resource Solutions Inc. 33 
Hanlon Creek Business Park Consolidated Monitoring Report (2019 and 2020)  

Comparing 2019 and 2020 results to pre-construction years (2006 to 2010), it is evident 

that there is some warming that is likely attributable to the effects of SMW Pond 4.  

Stations HC-A(04), HC-A(06), HC-A(09) and HC-A(10) were warmer again in both 2019 

and 2020.   

Stations HC-A(04A) and HC-A(04B) were installed in 2016 and have experienced very 

little change in classification up to and including 2020, although the classification for 

2020 was slightly cooler at HC-A(04B) in 2020 compared to previous years. Station HC-

A(04A) is located approximately 100m downstream from HC-A(04) and 50m upstream 

from Laird Road while HC-A(04B) is located directly downstream from the Laird Road 

culvert.  Further downstream, station HC-A(11) was generally cooler in both 2019 and 

2020 compared to pre-construction conditions, which may reflect the cooling effect of the 

removal of the online pond in conjunction with building the Hanlon Creek Blvd crossing 

of Tributary A in 2009.  Station HC-A(14) was one category warmer in 2019 compared to 

pre-construction conditions (i.e. cool-warm in 2019 as opposed to cool in 2008 and 

2009) but could not be classified in 2020 due to logger failure.  Stations HC-A(12) and 

HC-A(13) did not exist prior to construction.  Beginning in 2011, the results for those 

stations suggest that the only influence has been the warmer climate conditions in 2012.  

Altogether, the majority of the stations with warmer thermal regimes occur in the section 

of Tributary A that is most likely to be influenced by SWM Pond 4.   

Suitability of Temperature for Brook Trout 

Studies suggest that the upper temperature tolerance limits for Brook Trout are in the 

range of 22.3°C (Eaton et al 1995) to 25.4°C (Wehrly et al 2007).  Optimum water 

temperature for growth during the summer is suggested to be in the range of 10 to 19°C 

(Hokanson et al 1973).  Water temperatures observed throughout the summer months in 

2019 and 2020 were above the preferred temperatures documented for Brook Trout in 

the Hanlon Creek Business Park Stream Temperature Impact Report Continuous 

Modeling with HSP-F (AECOM 2009).  Water temperatures were noted to exceed 19°C 

and threshold exceedances of 22 and 24°C were also observed between May and 

September in both years, albeit to a much lesser extent in 2019 compared to 2020.  

Temperature exceedances of 19°C and up to 24°C may limit Brook Trout presence 

within certain areas of the creek during the summer months where water temperatures 

are elevated above their preferred range.  However, these exceedances are not likely to 

eliminate the potential presence of Brook Trout altogether since fish are mobile and will 
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move upstream or downstream in search of cooler water temperatures to use as refugia 

(Power 1980).  Further, although no Brook Trout have been captured at the HCBP fish 

monitoring stations, the presence of other coolwater and coldwater species such as 

White Sucker (Catostomus commersonii) and Mottled Sculpin (Cottus bairdii) indicate 

that species preferring those thermal regimes are able to persist.   

As indicated above, stream temperatures in 2019 and 2020 exceeded the preferred 

summer temperature range for Brook Trout of 10 to 19°C, albeit to a much lesser extent 

in 2019 compared to 2020.  Tables 6 and 7 summarize summer water temperatures 

(July-August) for 2019 and 2020, respectively, including details on threshold 

exceedances of 19°C, 22°C, and 24°C.  For 2019, Table 6 shows that all stations, with 

the exception of HC-A(03) and HC-A(08), had periods of time when temperatures were 

above 19°C in July and August.  Stations HC-A(04), HC-A(04A), HC-A(04B) and HC-

A(06) were influenced by the continuous outflow from SWM Pond 4, and for the majority 

of the time in July and August had temperatures above 19°C.  In contrast, station HC-

A(03) is located immediately upstream of the SWM Pond 4 outflow, and experienced no 

exceedances of 19°C.  Station HC-A(09) also had substantial time when the temperature 

was above 19°C.  Station HC-A(08) is located on Tributary A1 which is typically colder, 

and its temperature never went above 19°C.  Downstream of the confluence of Tributary 

A and Tributary A1 at HC-A(10) and HC-A(11), the combined flows had some time 

above 19°C, but the results were clearly influenced by the colder water from Tributary 

A1.  Moving downstream through stations HC-A(12), HC-A(13) and HC-A(14), the time 

above 19°C increased, reflecting the loss of water to the ground known to occur in this 

reach, and exposure to the sun that occurs early in the summer before the herbaceous 

vegetation is fully grown in this area.  In 2020, similar trends in exceedances were 

observed across the site.  However, all stations exhibited substantially more time above 

19°C throughout July and August compared to 2019, with the exception of HC-A(08), 

which did not experience any exceedances. 

Through 2019 and 2020, nearly every monitoring station along Tributary A experienced 

at least some time when temperatures were above the preferred summer temperature 

range for Brook Trout.  Only two stations, HC-A(03) and HC-A(08) experienced values, 

specifically hours and percent of time over 19°C, that were within the modeled values. 

Autumn temperatures are also important to Brook Trout as they relate to spawning, 

which typically occurs between the middle of October and the end of November in 
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southern Ontario.  Witzel and MacCrimmon (1983) observed that stream temperatures 

were most commonly between 6 and 8°C while Brook Trout were spawning in the fall in 

southern Ontario streams.  During the spawning period, water temperatures were within 

the 6 to 8°C preferred range at the HCBP, indicating that water temperatures were 

suitable for Brook Trout spawning. 
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Table 6.  Summer (July to August) 2019 Temperature Summary  
Station Modeled 

Values1 
HC-

A(03) 
HC-

A(04) 
HC-

A(04A) 
HC-

A(04B) 
HC-

A(06) 
HC-

A(08)2 
HC-

A(09) 
HC-

A(10) 
HC-

A(11) 
HC-

A(12) 
HC-

A(13) 
HC-

A(14) 

Summer (July-August) average 
maximum (ºC) 14.5 - 19.9 18.3 21.6 23.6 23.9 23.6 14.7 26.7 24.4 24.2 23.3 22.2 24.6 

Summer (July-August) average (ºC) 12.5 - 14.5 13.1 19.4 20.6 19.8 20.1 11.7 20.2 18.4 18.4 18.2 18.4 18.6 

Summer (July-August) average minimum 
(ºC) 9.0 - 12.0 9.0 16.9 16.8 12.9 15.7 9.1 13.5 12.3 12.6 17.6 13.9 11.9 

Maximum 3-day mean (ºC) 14.0 - 19.0 14.3 20.9 22.5 21.9 22.2 12.8 22.8 20.9 20.9 20.7 20.7 21.4 

Maximum 7-day mean (ºC) 13.0 - 17.0 14.0 20.4 22.1 21.6 21.8 12.5 22.1 20.3 20.3 20.0 20.0 20.7 

Maximum 7-day mean of daily 
maximums (ºC) 15.0 - 23.5 17.0 21.0 22.9 22.6 22.7 13.9 24.5 22.6 22.5 21.5 21.0 22.7 

  Temperature Exceedance over 19°C for July and August 

Hours over 19°C 0 - 130 0 957 1320 1066 1133 0 1007 611 605 497 544 675 

Percent of Time over 19°C 0 - 9% 0% 64% 89% 72% 76% 0% 68% 41% 41% 33% 37% 45% 

Frequency of Exceedance over 19°C 
(Days) 0 - 27 0 41 57 45 51 0 50 19 19 15 17 22 

Average Duration of Event Over 19°C (h) 3 - 6 0.0 53.1 94.3 71.1 55.5 0 30.8 21.3 21.4 24.6 26.4 21.7 

Maximum duration of event over 19oC (h) <<130 0.0 191.0 284.5 281.0 208.5 0 163.5 133.0 133.0 132.5 138.0 133.5 

  Temperature Exceedance over 22°C for July and August 

Hours over 22°C  0 0 244 130 137 0 351 55 46 9 6 85 

Percent of Time over 22°C  0% 0% 16% 9% 9% 0% 24% 4% 3% 1% 0% 6% 
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Station Modeled 
Values1 

HC-
A(03) 

HC-
A(04) 

HC-
A(04A) 

HC-
A(04B) 

HC-
A(06) 

HC-
A(08)2 

HC-
A(09) 

HC-
A(10) 

HC-
A(11) 

HC-
A(12) 

HC-
A(13) 

HC-
A(14) 

Frequency of Exceedance over 22°C 
(Days)  0 0 8 3 4 0 6 0 0 0 0 1 

Average Duration of Event Over 22°C (h)  0.0 0.0 12.7 3.9 5.1 0.0 4.7 2.5 2.5 4.5 3.0 3.1 

Maximum duration of event over 22oC (h) <<130 0.0 0.0 60.5 16.5 18.0 0.0 18.5 9.0 8.5 8.5 5.5 11.5 

  Temperature Exceedance over 24°C for July and August 

Hours over 24°C 0 -3.2 0 0 0 0 0 0 51 2 2 0 0 5 

Percent of Time over 24°C 0 - 0.21% 0% 0% 0% 0% 0% 0% 3% 0% 0% 0% 0% 0% 

Frequency of 24°C Exceedance (Days)  0 0 0 0 0 0 0 0 0 0 0 0 

Average Duration of Event Over 24°C (h)  0.0 0.0 0.0 0.0 0.0 0 2.2 2.0 1.5 0 0.0 5.0 

Maximum duration of event over 24oC (h) <3.2 0.0 0.0 0.0 0.0 0.0 0 9.0 2.0 1.5 0 0.0 5.0 

1 Modeled range referes to the results of the Hanlon Creek Business Park Stream Temperate Impact Report Continuous Modeling with HSP-F (AECOM, 2009) 
Note: Red text denotes exceedances of the modeled range 
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Table 7.  Summer (July to August) 2020 Temperature Summary  
Station Modeled 

Values1 
HC-

A(03) 
HC-

A(04) 
HC-

A(04A) 
HC-

A(04B) 
HC-

A(06) 
HC-

A(08)2 
HC-

A(09) 
HC-

A(10) 
HC-

A(11) 
HC-

A(12) 
HC-

A(13) 
HC-

A(14) 

Summer (July-August) average maximum 
(ºC) 14.5 - 19.9 22.2 25.6 N/A 25.4 25.9 17.4 27.0 23.1 22.5 24.1 26.4 N/A 

Summer (July-August) average (ºC) 12.5 - 14.5 15.9 21.6 N/A 21.4 21.2 12.5 20.9 18.3 18.3 18.5 19.3 N/A 

Summer (July-August) average minimum 
(ºC) 9.0 - 12.0 10.4 18.4 N/A 15.8 16.0 9.6 13.8 12.2 12.6 13.8 12.6 N/A 

Maximum 3-day mean (ºC) 14.0 - 19.0 17.9 23.4 N/A 23.2 22.9 14.7 23.6 20.2 20.1 20.9 22.9 N/A 

Maximum 7-day mean (ºC) 13.0 - 17.0 17.3 23.2 N/A 23.0 22.7 13.4 22.8 19.8 19.7 20.2 21.6 N/A 

Maximum 7-day mean of daily maximums 
(ºC) 15.0 - 23.5 20.5 24.4 N/A 24.1 24.7 15.2 26.1 22.4 21.9 23.0 24.9 N/A 

  Temperature Exceedance over 19°C for July and August 

Hours over 19°C 0 - 130 329 2939 N/A 2779 2728 0 2368 1086 1054 1085 1549 N/A 

Percent of Time over 19°C 0 - 9% 11% 99% N/A 93% 92% 0% 80% 36% 35% 36% 52% N/A 

Frequency of Exceedance over 19°C 
(Days) 0 - 27 1 62 N/A 58 59 0 54 21 18 25 38 N/A 

Average Duration of Event Over 19°C  (h) 3 - 6 6.8 
1022.

3 N/A 1128.9 260.8 0.0 92.5 22.8 23.2 25.8 33.1 N/A 

Maximum duration of event over 19oC (h) <<130 21.5 
2404.

5 N/A 2498.0 809.0 0.0 424.5 131.0 130.0 122.5 136.0 N/A 

  Temperature Exceedance over 22°C for July and August 

Hours over 22°C  4 1042 N/A 1002 970 0 986 119 61 109 294 N/A 

Percent of Time over 22°C  0% 35% N/A 34% 33% 0% 33% 4% 2% 4% 10% N/A 
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Station Modeled 
Values1 

HC-
A(03) 

HC-
A(04) 

HC-
A(04A) 

HC-
A(04B) 

HC-
A(06) 

HC-
A(08)2 

HC-
A(09) 

HC-
A(10) 

HC-
A(11) 

HC-
A(12) 

HC-
A(13) 

HC-
A(14) 

Frequency of Exceedance over 22°C 
(Days)  0 21 N/A 17 15 0 14 0 0 0 3 N/A 

Average Duration of Event Over 22°C  (h)  2.3 34.1 N/A 27.8 22.2 0.0 14.2 4.9 3.8 6.4 10.4 N/A 

Maximum duration of event over 22oC (h) <<130 4.0 124.5 N/A 121.5 116.0 0.0 72.5 12.5 9.5 17.0 28.5 N/A 

  Temperature Exceedance over 24°C for July and August 

Hours over 24°C 0 -3.2 0 180 N/A 150 147 0 269 0 0 1 78 N/A 

Percent of Time over 24°C 0 - 0.21% 0% 6% N/A 5% 5% 0% 9% 0% 0% 0% 3% N/A 

Frequency of 24°C Exceedance (Days)  0 3 N/A 1 1 0 0 0 0 0 0 N/A 

Average Duration of Event Over 24°C  (h)  0.0 20.6 N/A 13.9 8.0 0.0 7.1 0.0 0.0 0.5 8.9 N/A 

Maximum duration of event over 24oC (h) <3.2 0.0 56.5 N/A 38.5 25.5 0.0 22.0 0.0 0.0 0.5 21.0 N/A 

1 Modeled range referees to the results of the Hanlon Creek Business Park Stream Temperate Impact Report Continuous Modeling with HSP-F (AECOM, 2009) 
Note: Red text denotes exceedances of the modeled range 
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Maximum temperatures were also reviewed and provide further evidence that the 

temperatures in 2019 and 2020 were not suitable for Brook Trout.  The HCBP 

Consolidated Monitoring Plan established two thresholds for Brook Trout; the first is a 

single temperature exceedance of 22.0°C, and the second is any single temperature 

exceedance of 24.0°C.  The highest number of exceedances of these thresholds since 

monitoring began occurred in the year 2012.  Comparatively fewer exceedance events 

occurred in both 2019 and 2020, yet exceedances of both thresholds were still observed 

(Tables 6 and 7). 

Temperatures in excess of 22°C are not suitable for Brook Trout.  In 2019, a total of nine 

stations exceeded 22°C for at least some of the time in July and August at the HCBP.  

The stations with the highest numbers of hours exceeding 22°C were located at two 

locations: downstream of SWM Pond 4, and just upstream from the confluence of 

Tributary A and Tributary A1.  Downstream from SWM Pond 4, the highest durations of 

the 22°C exceedance were observed at HC-A(04A) and HC-A(04B), which exceeded the 

threshold for 244 and 131 hours, respectively, or 16 and 9% of the July and August time 

period (Table 6).  Station HC-A(06), located downstream from these stations and further 

from SWM Pond 4, exceeded 22°C for 137 hours, or 9% of the time.  HC-A(09), which is 

located farther downstream from these monitoring stations exceeded the 22°C threshold 

for 351 hours, or 34% of the time.  In 2020, the total hours and percent of time 

exceeding 22°C were much higher than in 2019 (Table 7).  Exceedances of 22°C were 

observed at all stations where data were available, except for HC-A(08), which did not 

exceed the threshold.  The highest exceedance duration was observed at HC-A(04), 

which was 1,042 hours, or 35% of the July and August time period.  Similarly high 

exceedance durations were also noted at HC-A(04B) and HC-A(06), which exceeded the 

threshold for 1,002 and 970 hours, respectively, or 34 and 33% of the July and August 

time period.  HC-A(09), exceeded the 22°C threshold for 986 hours, or 33% of the time. 

Station HC-A(09) has generally exhibited the largest exceedances, resulting from the 

wide channel and shallow water depths that characterize the site.  Overall, stations HC-

A(09), HC-A(06), HC-A(04), HC-A(04A), and HC-A(04B) have had greater number of 

hours above 22°C since the construction of SWM Pond 4, and these stations continued 

to demonstrate a substantial number of hours above 22°C in 2020.  Improving the 

thermal conditions of the upstream areas of Tributary A (by addressing the SWM Pond 4 
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issues) will likely result in a reduction in water temperature at these downstream 

stations.   

At the other stations, HC-A(03), located just upstream of the outflow from SWM Pond 4, 

did not experience any exceedance of 22°C in 2019 and only exceeded the threshold 

briefly in 2020.  This station has only experienced minor exceedances in previous years 

due to climatic factors, and this was again the case in 2019 and 2020.  Station HC-A(14) 

exceeded 22°C for a total of 85 hours (6% of the time period) in 2019 and 294 hours 

(10%) in 2020.  HC-A(14) is the most downstream stations at the HCBP and it has been 

typical for it to exceed both thresholds of 22°C  and 24°C because of naturally occurring 

loss of water and exposure to the sun in this part of Tributary A.  Other stations on 

Tributary A had fewer periods of time above 22°C in July and August.  While the 

resulting time periods for those stations are a modest proportion of July and August, 

temperatures above 22°C are not suitable for Brook Trout, and adverse effects can 

occur even if the temperatures are not lethal.  Only Station HC-A(08) had water 

temperatures that remained below 22°C in both 2019 and 2020.   

Temperatures above 24°C can be lethal for Brook Trout.  Only four stations exhibited 

this exceedance in 2019 including HC-A(09), HC-A(10), HC-A(11) and HC-A(14).  The 

highest number of exceedances were observed at Station HC-A(09), which exceeded 

24°C a total of 51 hours, or 3% of the time (Table 6).  The remaining three stations only 

exceeded 24°C between 2 and 5 hours through July and August, or less than 1%.  In 

2020, a higher number of stations were noted to exceed 24°C and for longer durations 

(Table 7).  Exceedances were observed at HC-A(04), HC-A(04B), HC-A(06), HC-A(09), 

HC-A(12), and HC-A(13).  Downstream from Pond 4 stations HC-A(04), HC-A(04B), and 

HC-A(06) exceeded 24°C between 150 and 180 hours, approximately 5 to 6% of the 

summer time period.  Further downstream, HC-A(09) exceeded 24°C for 269 hours, 

approximately 9%, which was the highest among all stations in 2020.  It should be noted 

that no data was available for HC-A(04A) and HC-A(14) in 2020.  However, due to their 

proximity to other stations that experienced exceedances of 24°C and based on results 

from previous years, it is likely that water temperatures would have exceeded at these 

stations as well.   
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Stormwater Management Pond Temperature 

In addition to the monitoring of stream temperatures, monitoring was conducted at the 

constructed stormwater management facilities in 2019 and 2020, which included SWM 

Pond 1, SWM Pond 2, and SWM Pond 4 (Map 4).  Water temperatures were measured 

at each pond's cooling trench outlet, outflow structure, and mid-pond (Pond 4 only) as a 

pond stratification monitoring cluster.  Inlet structures were not measured in 2019 or 

2020 as inflows are well characterized through historical data that has been collected to 

date. 

SWM Pond 1 and Pond 2 

No discharge was recorded at the outlets of Pond 1 and Pond 2 in 2019 or 2020 due to 

low water levels that persisted throughout each of the monitoring seasons.  Therefore, 

conclusions regarding the function of these pond's cooling trenches could not be 

determined for the monitoring periods.  However, in previous years (e.g., 2014) the 

cooling trenches have demonstrated steady to declining temperatures through storm 

events with cooling trench 1 generally maintaining lower temperatures than cooling 

trench 2 at Pond 1. 

SWM Pond 4 

As discussed in Section 2.3, SWM Pond 4 continued to discharge continuously, 

augmenting flow in Tributary A through 2019 and 2020. 

It is evident that through the 2019 and 2020 monitoring seasons the water temperatures 

within Pond 4 were stratified during the summer, with bottom temperatures that had 

much less temperature fluctuation than surface temperatures.  The bottom temperatures 

and mid-level temperatures remained similar in August with bottom temperatures 

elevating slightly above mid-level temperatures daily.  The resulting water temperatures 

downstream in Tributary A at station HC-A(04) are strongly influenced by the pond’s 

discharge through the cooling trench.  During the summer, the maximum daily 

temperatures recorded at HC-A(04) were typically several degrees cooler than 

temperatures recorded at the pond’s outlet.  This demonstrates that the cooling trench is 

generally functioning as intended, although the continuous discharge is nevertheless 

increasing stream temperatures in Tributary A.  
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It appears that during dry periods the cooling trench was receiving water as outflows 

from the pond (outflow) combined with direct reception of groundwater.  This explains 

why, during a dry period, the cooling trench water temperatures were midway between 

the pond outflow temperature and the upstream Tributary A temperatures at station HC-

A(03).  The upstream temperatures in Tributary A appear to have been strongly 

influenced by groundwater.  The daily minimum temperatures were generally consistent 

with groundwater temperatures at up-gradient monitoring wells MW 131 and MW 122A 

in the summers of 2019 and 2020.  The diurnal fluctuation in stream temperatures is 

interpreted to represent solar radiation and warm air temperatures that increased stream 

temperatures above groundwater temperatures during daylight hours.  The pond outflow 

temperatures were considerably higher than the stream and groundwater temperatures.  

The fact that the cooling trench temperatures were in between suggests that they were a 

result of a mixture of pond outflow water and groundwater. 

Cooling trench performance during a storm event further demonstrates how the mixing 

of SWM Pond 4 outflow (the water entering the cooling trench from the pond) and 

groundwater occurs.  In response to a storm, the cooling trench temperatures were 

closer to pond outflow temperatures.  This can be attributed to the greater volume of 

pond outflow, which has the greater influence on cooling trench temperature.  Following 

the storm event, the cooling trench temperature gradually returned to a more balanced 

blend of groundwater and pond outflow, trending in a manner consistent with the pond 

outflow volumes. 

With the possible exception of a few hours after a storm, it appears that the cooling 

trench performed largely as a mixing chamber, with the rock doing only a little to absorb 

heat from the outflow water.  The cooling trench temperature responded very quickly to 

the inundation of outflow.  It appears that while the cooling trench at SWM Pond 4 did 

have a generally cooling effect on the continuous flow discharged to Hanlon Creek 

Tributary A, it had a limited ability to mitigate outflow temperatures during storm events. 

In September 2012, aquatic vegetation was planted around the perimeter of the pond, 

trees and shrubs were planted along the upland areas surrounding the pond and the 

outlet weir was raised to reduce the constant discharge from SWM Pond 4.  Raising the 

weir height did not stop SWM Pond 4 from continuously discharging from 2013 to 2020.  

Plantings of vines and other flora was completed at the end of 2012 on the cooling 

trench in an attempt to shade the exposed rock.  The plants did not mature sufficiently 
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from 2013 to 2020 to cover the cooling trench.  Minor improvement in the amount of 

vegetation taking root along the cooling trench has been noted, although the affect 

remains minor.  The aquatic vegetation was intended to increase vegetative cover 

throughout portions of the pond in an attempt to shade the water.  A majority of the 

aquatic vegetation that was planted and broadcast into the pond was unfortunately 

browsed by the plentiful goose and duck population.  The trees and shrubs incorporated 

around the pond were planted as a long-term strategy to increase shading to the pond. 

Some of the plantings are establishing well and may provide some shade opportunity; 

however, not likely for many years.  NRSI has discussed a plan to replace the trees that 

are not thriving or have died with the City, as well as additional planting strategies to be 

considered for longer term solutions.  These design features may provide additional 

cooling to the ponds discharge in future summer seasons.  However, it will be necessary 

to implement other measures to further mitigate the effects on stream temperatures.  

Options for other mitigation measures are being discussed with the City and the GRCA. 

2.5 Water Quality 
2.5.1 Groundwater Quality 

The groundwater quality results are provided in Appendix J of the 2020 technical 

memorandum prepared by Banks Groundwater Engineering (Appendix II) and discussed 

as follows.   

Water samples were taken from 18 monitoring wells in 2020 with three wells analyzed 

for general chemistry and the remaining 15 analyzed for sodium and chloride, only.  

Since 2003, the concentrations of the parameters analyzed have generally been below 

the applicable Ontario Drinking Water Quality Standards (ODWQS) criteria with limited 

changes, which resulted in the reduced scope for sampling, beginning in 2017.   

For 2020, the results showed sodium levels that exceeded the ODWQS guideline of 20 

mg/L in the majority of the wells sampled (14 of 18) while the levels of chloride exceeded 

the ODWQS guideline of 250 mg/L in half of the wells sampled (9 of 18).  Generally 

speaking, the levels of sodium and chloride have increased over time across the HCBP 

with a few wells (i.e., 115A and 125) experiencing increases up to 2017 and then 

decreases through 2020.  Monitoring well 135 experienced an exceedance of chloride 

for the first time in 2020, with a concentration of 310 mg/L, and monitoring well 130 

experienced a second consecutive exceedance (417 mg/L).  Other wells that exceeded 

in 2020 were noted to have experienced exceedances previously.   
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Monitoring wells 115A and 125 showed levels of chlorine that dropped below the 

exceedance levels in 2018 and again in 2020 following several consecutive years of 

exceedances.  This would suggest improving water quality at these stations as sodium 

levels were also noted to decrease, although they were still above the ODWQS 

guideline.  Monitoring well 115A is located to the northeast of the intersection of Downey 

Road and Laird Road West while monitoring well 125 is located along the east side of 

Downey Road, just south of Teal Drive. 

The three general chemical analyses showed little change from previous years in the 

monitoring wells where full analysis was completed.  Hardness concentrations 

consistently continued to exceed the 100 mg/L threshold due to the naturally occurring 

hard water that flows through the Hanlon Creek watershed. 

2.5.2 Surface Water Quality 

In-Stream Water Quality 

During each field visit an YSI multi-parameter probe (556R) was used to collect 

dissolved oxygen, pH, and specific conductivity conditions at each site.  Most of the sites 

were within the acceptable ranges of the Provincial Water Quality Objectives (PWQO) in 

2019 while all sites were within the ranges for 2020. 

During one of the baseflow monitoring events in 2019, dissolved oxygen (DO) was found 

to be below PWQO guidelines.  This occurred at station HC-A(11) on October 2.  Lower 

DO levels observed on this date could be attributed to below average flow rates, high 

temperatures and below average precipitation.  The average annual dissolved oxygen 

levels show DO levels have been relatively stable since 2010, with the exception of 2012 

which was noted to be a particularly warm summer. 

There is no PWQO for conductivity; however, conductivity is related to the concentration 

of ions, such as chloride.  Station-specific trends noted in previous years continued to be 

observed through 2019 and 2020 with upstream reaches (e.g. HC-A(03)) recording 

relatively lower conductivity readings and downstream reaches (e.g. HC-A(12) and HC-

A(13)) recording relatively higher conductivity readings.  It appears that Hanlon Creek 

Boulevard is an important driver causing increased conductivity readings despite being 

upstream of the Hanlon Creek Boulevard crossing, therefore it is currently assumed that 

the secondary tributary (where HC-A(08) is located) may be contributing increased 
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chloride loads to the watercourse via development which is occurring to the 

east/southeast. 

In 2019, four turbidity monitoring stations were reinstated along Hanlon Creek at stations 

HC-A(03), HC-A(06), HC-A(11) and HC-A(14).  Due to flow inputs from Pond 4, turbidity 

readings typically increased by an average of 7 NTUs moving downstream from HC-

A(03) to HC-A(06).  Readings generally decreased at HC-A(14), likely due to the 

decreased turbulence associated with the increased depth and slower current at HC-

A(14) as well as possible sediment retention in the upstream wetland complex.  

Some issues were encountered with the turbidity data in 2019.  It appears that the logger 

at HC-A(11) was buried under sediment between site visits causing the sensor to record 

erroneous turbidity readings and therefore, no conclusions can be made regarding 

turbidity conditions at this location.  During site visits turbidity sensors were checked and 

cleaned however sediment buildup in between visits occurred. There is also potential 

that biofouling and vegetation growth in the stream interfered with the sensor readings at 

HC-A(11).  It is also suspected that biofouling and vegetation growth caused profile 

irregularities at HC-A(03) and HC-A(14), in addition to faulty/aging sensors.  Particularly 

at HC-A(14), this station saw extensive vegetation growth within the channel during 

2019.  Station HC-A(06) recorded a turbidity profile with fewer irregularities than the 

other turbidity stations, possibly due to the rock-lined channel at HC-A(06). 

The PWQO for turbidity is based on Secchi depth readings not decreasing more than 

10% due to the addition of suspended matter.  Based on the CCME Guidelines for the 

Protection of Aquatic Life, it allows for a maximum increase of 8 NTUs from background 

levels for a short-term exposure and of 2 NTUs for long-term exposure.  It appears that 

none of the stations experienced a dramatic increase from their respective baseflow 

(background) turbidity levels.  The four telemetry stations were not reinstated for 2020, 

as discussed previously, but will be reinstalled in 2021 as part of the new FTS LT1 Cell 

telemetry stations. 

Grab Samples for Water Quality Analysis 

To establish the performance efficiency of the SWM facilities and to satisfy the MOECC 

Certificate of Approval, the water quality sampling program consists of grab samples 

collected from Hanlon Creek upstream and downstream of each pond outfall.  Sampling 

locations include HC-A(03), HC-A(04), HC-A(12), HC-A(13), and HC-A(14).  Pond water 



Natural Resource Solutions Inc. 47 
Hanlon Creek Business Park Consolidated Monitoring Report (2019 and 2020)  

quality chemistry was not monitored in 2019 or 2020 following recommendations made 

within the 2017 monitoring report.  Parameters that were analyzed for grab samples 

collected in 2019 and 2020 included: 

• CBOD5 
• Total Suspended Solids 
• Total Phosphorus   
• Dissolved Phosphorus  
• Metals (total and dissolved, lead, zinc and copper) 
• Escherichia coli  
• Nitrate as N 
• Chlorides 

 

The Consolidated Monitoring Program included the following water quality sampling 

requirements: 

• One sample per season (Winter and Fall) within one hour commencement of a 
storm event;  

• Five wet weather samples collected during summer months (June-September); 
• One sample collected during the snowmelt freshets (Spring); 
• Three dry samples taken 72 hours after a wet weather event 

 

Due to the delayed starts in both 2019 and 2020, sampling efforts proceeded with the 

intention of collecting as many of the above sampling events as possible given the 

shortened sampling window.  A specific focus was placed on retaining monthly 

baseflow/dry samples and any applicable wet weather samples. 

Additionally, while sampling using the parameters noted above began in 2019, the list 

was eventually shortened given the extensive historical data availability.  These changes 

were carried through 2020 as well.  Specific changes to the parameter list included: 

• Only total lead, zinc, and copper metals are to be sampled/reported (no dissolved 
oxygen) 

 

Given the shortened field season in 2019, only three wet weather samples were 

collected between September and November.  Due to the relative frequency of rainfall 

events during the condensed schedule, only one dry weather sample was collected on 

November 4, 2019.  Similarly, due to the delayed start in 2020, only three wet weather 

samples and two dry weather samples were collected over the course of the 2020 
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monitoring season.  Water quality sampling results for 2019 and 2020 are presented as 

the number of exceedances compared to the PWQOs in Table 8. 

Chloride concentrations exceeded the longer-term duration exposure target of 120 mg/L 

(CCME 2011) for most events at all locations in both 2019 and 2020, with the exception 

of HC-A(03), which did not exhibit exceedances for either wet or dry events.  All samples 

were below the short-term exposure target of 640 mg/L.   

Total phosphorus levels exceeded the PWQO during both wet and dry events in 2019 

and 2020.  However, this is not uncommon for streams in the Grand River watershed 

(GRCA 2012).  Total copper and lead also exceeded their respective PWQO.  

E.coli concentration exceeded the recommended PWQO for recreational use in both 

2019 and 2020.  In 2019, exceedances were only observed for four wet samples.  

Exceedances were noted to be more frequent in 2020 with 17 of 25 samples (11 wet and 

6 dry) above the recommended PWQO. 

TSS concentrations were variable in 2019.  Both the wet and dry samples collected in 

early October (October 2 and 10, 2019, respectively) saw large TSS concentration 

spikes at HC-A(14) compared to the upstream station of HC-A(13).  Considerably lower 

suspended solids totals were witnessed for all sites during the two subsequent events.  

A notable spike in TSS was also observed at HC-A(04) on October 10, 2019, which is 

likely explained by the remobilization of accumulated sediment that had been retained 

upstream of the station following a prolonged dry period.  Further, vegetation growth 

throughout Hanlon Creek would act to retain sediment that could be flushed following 

precipitation events, which would increase TSS concentrations.  Pruning of excessive 

vegetation at select stations in future years may be undertaken to reduce biofouling of 

loggers and attempt to reduce TSS concentrations within Hanlon Creek. 

Overall, TSS concentrations from grab samples collected in 2020 were relatively low and 

generally exhibited a decrease trend as the year progressed with one exception.  

Relatively high TSS concentrations were measured at HC-A(03), with a notable increase 

detected during a dry sampling event on November 18, 2020.  It is suspected that this 

was a result of a combination of low water levels and rainfall events that suspended 

sediment within the channel. 



Natural Resource Solutions Inc. 49 
Hanlon Creek Business Park Consolidated Monitoring Report (2019 and 2020)  

 

Table 8.  Number of Guideline Exceedances per Water Quality Sampling Location 

Parameter Unit Guideline 
Number of Exceedances for Wet Weather Sampling 

Events (out of 10) 
Number of Exceedances for Dry Weather Sampling 

Events (out of 3) Total 
HC-

A(03) 
HC-

A(04) 
HC-

A(12) 
HC-

A(13) 
HC-

A(14) 
HC-

A(03) 
HC-

A(04) 
HC-

A(12) 
HC-

A(13) 
HC-

A(14) 
2019 

Dissolved Oxygen 
(DO) mg/L 5 0 0 0 0 0 0 0 0 0 0 0 

pH pH units 6.5-8.5 1 0 0 0 0 2 2 2 1 1 9 

Chloride mg/L 120-640 0 2 2 2 2 0 1 2 2 2 15 
Total Suspended 

Solids mg/L 25+ 0 0 0 0 1 0 1 0 0 1 3 

Total Phosphorus mg/L 0.03 1 1 1 1 1 1 1 0 0 1 8 

E. Coli CFU/100mL 100 1 0 1 1 1 0 0 0 0 0 4 

Copper (Cu)-Total mg/L 0.001 2 2 2 2 2 2 2 2 2 2 20 

Lead (Pb)-Total mg/L 0.001 0 1 1 1 1 0 2 0 0 1 7 

Zinc (Zn)-Total mg/L 0.02 0 1 1 1 1 0 1 0 0 1 6 

2020 
Dissolved Oxygen 

(DO) mg/L 5 0 0 0 0 0 0 0 0 0 0 0 

pH pH units 6.5-8.5 0 0 0 0 0 0 0 0 0 0 0 

Chloride mg/L 120-640 0 3 3 3 3 0 2 2 2 2 20 
Total Suspended 

Solids mg/L 25+ 2 1 0 0 0 2 0 0 0 0 5 

Total Phosphorus mg/L 0.03 2 1 1 1 3 2 0 0 0 0 10 

E. Coli CFU/100mL 100 3 2 2 2 2 2 1 1 1 1 17 

Copper (Cu)-Total mg/L 0.001 3 1 1 1 3 2 1 1 1 2 16 

Lead (Pb)-Total mg/L 0.001 2 1 0 0 1 2 1 0 0 2 7 

Zinc (Zn)-Total mg/L 0.02 1 1 0 0 0 2 1 0 0 0 5 
Notes: 
- Exceedances based upon the PWQO limits, Chloride exceedances were based upon the CCME short term level.  TSS based on exceedance from the upstream station. 
* Objectives for total phosphorus/metals 
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2.6 Aquatic Habitat and Biota 
Aquatic monitoring was conducted for the benthic invertebrate and fish community within 

Tributary A and Tributary A1 of Hanlon Creek.  Monitoring in 2020 was conducted at five 

different sites, each with a benthic invertebrate sampling station and a quantitative fish 

sampling station.  Aquatic habitat information was collected at each station.  Brook Trout 

spawning surveys were conducted on three separate occasions in fall 2020 along 

sections of Tributary A and Tributary A1.  Locations of the ten sampling stations are 

shown on Map 5, along with the Brook Trout spawning search area. 

To assess the benthic invertebrate community, several indices were calculated to 

provide a characterization of the community at each station and to allow for comparisons 

across years.  The indices calculated for 2020 include the Percent Model Affinity (PMA) 

index, which generates Percent Similar Community (PSC) values.  Values that are 

higher than the critical PSC value indicate no impact, while values that are lower than 

the critical PSC value indicate impact at that station.  Other indices were taxonomic 

richness, Ephemeroptera, Plecoptera and Trichoptera (EPT) richness, and percent 

dominant taxon.   

To assess the fish community, multi-pass electrofishing surveys were conducted.  This 

involved isolating a section of stream using nets and electrofishing that section multiple 

times until there was a decline in the number of fish captured in subsequent passes with 

the electrofisher.  Following the identification and enumeration of the catches, population 

estimates were calculated for the five monitoring stations using a maximum likelihood 

constant P method (Schnute 1983).     

Detailed results from the aquatic monitoring program are provided in the 2020 aquatic 

monitoring report prepared by NRSI (Appendix V) and are summarized and discussed in 

Sections 2.6.1 and Section 2.6.2 below. 

2.6.1 Benthic Community 

The benthic invertebrate index results are shown on Figures 1 (taxa richness), 2 (EPT 

Taxa Richness) and 3 (Proportion of dominant taxon), and in Table 9 (PMA analysis). 
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Figure 1.  Benthic Invertebrate Taxonomic Richness for the Years 2006 to 2020 
 

 

Figure 2.  Benthic Invertebrate EPT Taxa Richness for the Years 2006 to 2020 
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Figure 3.  Benthic Invertebrate Proportion of Dominant Taxa for the Years 2006 to 
2020 
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Table 9.  Percent Similar Community Values and Impact Determination 

Station 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2018 
2020   

Critical 
PSC 

2020    
Sample 

PSC 
2020 

Result 

BTH – 001 NI NI NI NI NI NI NI NI NI I NI NI 42.12 66.58 NI 
BTH – 002 I NI I I NI I I I I I I NI 50.7 51.44 NI 
BTH – 003 NI NI NI NI NI NI I I NI NI NI NI 42.12 61.68 NI 
BTH – 004 - - - NI NI NI I I I NI NI NI 42.12 61.10 NI 
BTH – 005 - - - NI NI NI NI NI I I NI NI 42.12 55.90 NI 

NI – No Impact I – Impact 
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Station BTH-001 

Taxonomic richness at station BTH-001 has varied from 25 to 48 over the 13 monitoring 

years.  Between 2006 and 2012 the taxa richness at this station remained fairly 

consistent with an increase observed in 2010.  The highest taxa richness occurred in 

2012 with a high of 48 (Figure 16).  In 2013 and 2014, taxonomic richness was 25 for 

each of those years.  These values were lower due to a sub-family level of identification 

of the family Chironomidae in 2013 and 2014, compared to genus-level identification for 

all other years.  Between 2015 and 2020, taxa richness remained relatively low for 

station BTH-001, with a slight increasing trend in spite of the genus-level identification of 

all specimens. 

The EPT richness at BTH-001 has been highly variable during both the pre-construction 

and construction phases with a minimum of 4 EPT taxa in 2015, a maximum of 12 taxa 

in 2012, and an average of 7 taxa across all monitoring years (Figure 2).  The proportion 

of the benthic invertebrate community represented by EPT taxa (%EPT) has also varied 

greatly between 2006 and 2020.  Pre-construction values ranged from a low of 21.3% in 

2006 to a high of 41.8% in 2008.  Following 2008 the EPT richness declined to below 

10% with the lowest proportion of EPT taxa (3.9%) occurring in 2014.  The proportion of 

EPT taxa has since increased consistently up to and including 2020, but overall remains 

lower than what had been observed during pre-construction monitoring. 

The dominant taxon in 2020 was the same dominant taxon observed in 2016 and 2018; 

the genus Chironomus, belonging to the family Chironomidae (midges) and sub-family 

Chironominae of the order Diptera (true flies).  Species belonging to this sub-family may 

be associated with a variety of habitats but can generally be found in the littoral and 

profundal areas of lentic systems as well as the depositional areas of lotic systems 

(Merritt et al. 2008), typically associated with finer substrates including silt and sand.  

The conditions at station BTH-001 are consistent with this generalized habitat 

description providing silt, sand and gravel substrates, as well as moderately abundant 

detritus and woody debris.  Chironomus can occur in systems with poor water quality 

and severe organic pollution (Mandaville 2002).  This species represented 9.30% of the 

total number of individuals within the sample in 2020 (Figure 3).  Species of Dipterans 

(true flies) have also previously comprised large proportions of the samples at BTH-001, 

and did again in 2020 with approximately 61.7% of the sample contributed to Dipteran 

species.  Dipteran species previously dominated the samples in 2006, 2007, 2013, 2014, 
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2016, and 2018.  Previously observed dominant taxa have also included a species of 

caddisfly (Trichopteran) of the family Hydropsychidae in 2008 and 2009.  Families that 

have also historically been found at BTH-001 include Amphipods (Gammarus 

pseudolimnaeus), Isopods (Caecidotea intermedius), and Coleopterans (Optioservus 

fastiditus).  These species have all historically comprised a large proportion of the 

samples at this station and have dominated the samples during different years from 

2010 to 2012.  A species of Megalopteran of the family Sialidae dominated the sample in 

2015. 

The PMA index showed ‘no impact’ in 2020 as the calculated PSC value of 66.58 was 

higher than the critical PSC value of 42.12 (Table 9).  The PMA index has consistently 

shown ‘no impact at BTH-001 with the exception of 2015, which was the first year the 

results have shown an ‘impact’ determination.  A decrease in EPT species at this site 

between 2012 and 2014 indicated a potential change in conditions, and continued low 

EPT richness combined with the PMA impact determination in 2015 suggests that 

conditions may have changed.  However, the general increasing trend in the proportion 

of EPT between 2014 and 2020 suggests improvement in the overall water quality at 

BTH-001 over the course of construction following the initial decrease.       

Station BTH-002 

Taxonomic richness at station BTH-002 was 41 in 2020 (Figure 1).  Results show a 

continued trend of increasing taxonomic richness following two consecutive years of 

decreasing taxa richness in 2013 and 2014.  In 2013 and 2014, taxonomic richness was 

23 and 19, respectively for each of those years.  These values were lower than previous 

years due to sub-family level of identification of the family Chironomidae in 2013 and 

2014, compared to genus-level identification for all other years, including 2015 through 

2020.  An increasing trend in taxa richness has been observed between 2015 and 2020 

with the 2020 taxa richness exceeding the level observed during 2008 and 2009 pre-

construction monitoring.  Generally, it appears that taxonomic richness has been 

relatively consistent between pre-construction and construction-phase monitoring at 

BTH-002. 

The EPT richness at BTH-002 has been highly variable during both the pre-construction 

and construction phases with a minimum of 7 taxa (2016) and a maximum of 17 taxa 

(2006 and 2010) (Figure 2).  In 2020, a total of 9 EPT taxa were identified, slightly lower 
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than what was observed in 2018.  Low EPT taxa richness values have been observed 

throughout the years, including during pre-construction monitoring in 2007, but in 

general taxa richness has remained below 10 during construction-phase monitoring.  

The proportion of the invertebrate community EPT (%EPT) was 20.4 % in 2020, a slight 

decrease from the proportions observed in 2016 and 2018 and generally similar to what 

has been observed since 2012 with EPT proportions between 20 and 30%.  The 

proportion of EPT had frequently been high (above 40%) prior to 2010, but has remained 

below 32% during the construction-phase, with the exception of 2011.  Large declines 

have been noted in 2007 (16.4%), 2010 (29.6%), and in 2012 but the site has never 

experienced declining trends in richness values over consecutive years.  The lowest 

levels in EPT richness at BTH-002 were seen during a pre-construction year in 2007 

suggesting that the observed declines in EPT taxa are within the natural variations of the 

station.  Station BTH-002 has consistently shown the highest EPT richness values of the 

five monitoring stations since substrates are primarily cobble and gravel.  The site has 

experienced a slight change in condition due to a large tree branch falling across the 

channel part way through the site.  This has created a slight backwater effect, which has 

resulted in some additional siltation within the site that appears to have limited the EPT 

population at BTH-002 over the past several years, although not construction-related. 

The dominant taxa at station BTH-002 in 2020 was consistent with the 2018 dominant 

taxa G. pseudolimnaeus, of the family Gammaridae of the order Amphipoda.  Species 

belonging to this family have historically been seen as the dominant taxa prior to 2015.  

High proportions of the G. pseudolimnaeus are often indicative of very good water 

quality (Mandaville 2002).  Previous dominant taxa within BTH-002 (Sialidae in 2016) 

are also considered to be indicative of very good water quality suggesting a stable 

aquatic habitat (Mandaville 2002) at this monitoring station.  This species represented 

11.5% of the benthic community within BTH-002 (Figure 3) and has also dominated the 

sample in 2012, 2014, and 2018.  Species belonging to the family Sialidae from the 

order Megaloptera dominated the sample in 2016 and 2018 and represented a large 

portion of the sample again in 2020.  The result for % dominant taxon has generally 

been lower at this station over the years of monitoring with 2007, 2012 and 2014 being 

relatively high (32.0%, 31.2% and 30.0%, respectively).  The dominant taxonomic group 

has changed several times at BTH-002 including Micropsectra sp. (Diptera) in 2007 and 

2008, Cheumatopsyche spp. (Trichoptera) in 2009, and Leuctra spp. (Plecoptera) in 

2010 and 2011.  In 2013, two species dominated the sample including G. 
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pseudolimnaeus and Diplectrona modesta, a species of Trichoptera.  Prior to 2015, 

Gammarus pseudolimnaeus had been the dominant taxa at this station between 2012 

and 2014.  EPT species, and specifically Trichopteran species, have typically been well 

represented within the sample at BTH-002 over the years and were again in 2020 

including species of Hydropsychidae and Philopotamidae.  The site characteristics 

associated with BTH-002 are well suited for EPT taxa and include gravel and cobble 

riffles.  A large branch was observed to have fallen across the channel which created a 

slight backwater effect.  This may affect the proportion of EPT species over time.   

The PMA index in 2020 showed ‘no impact’ as the calculated PSC value of 51.45 was 

higher than the critical PSC value of 50.7 (Table 9).  The PMA index has consistently 

shown ‘impact’ at BTH-002 including six consecutive years between 2011 and 2016 

suggesting a slight improvement in water quality.  Results since pre-construction 

monitoring began in 2006 have been inconsistent up until 2011 with results showing no 

reliable trend of ‘impact’ or ‘no impact’.  Since 2011 results have consistently indicated 

‘impact’, which has been the most common result, with ‘no impact’ observed only four 

out of thirteen years of monitoring (2007, 2010, 2018, and 2020) (Table 9).  Taxonomic 

richness, EPT richness and % EPT are somewhat lower in recent years, corroborating 

the PMA results.  Monitoring using the PMA analysis should continue with the intention 

of determining whether or not a ‘no impact’ determination is observed again.  The other 

metrics must also be considered along with the results of the PMA analysis. 

Lastly, the predominance of the ‘impact’ result should not be construed to mean that 

station BTH-002 is in poorer condition than the other stations.  Station BTH-002 is the 

only station that uses the cobble/gravel model community for PMA index, and it was 

chosen based on the habitat characteristics of the station.  Because of this difference, 

comparisons among the other four stations using the PMA index are not valid.  The 

monitoring program is intended to provide temporal comparison within stations.   

Station BTH-003 

Taxonomic richness at station BTH-003 was 36 in 2020.  This minor increase builds on 

the trend of increasing taxa richness seen between 2015 and 2018 (Figure 1).  Taxa 

richness has experienced a general decrease that began in 2011, which followed an 

exceptionally high year in 2010 where the richness was 42.  The lowest result occurred 

in 2014 with a value of 13.  In 2013 and 2014, taxonomic richness values were lower 
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than previous years due to sub-family level of identification of the family Chironomidae, 

compared to genus-level identification for all other years.  Over the 5 years of monitoring 

prior to 2011 species richness had increased steadily by 50%, beginning in 2006 with a 

measure of 21 and increasing to 42 in 2010.  The results observed in 2011 and 2012 

appeared to be a return to the degree of taxonomic richness that was observed during 

pre-construction monitoring.  Although, between 2016 and 2020 taxa richness was noted 

to increase year-over-year to levels consistent with the high pre-construction monitoring 

values in 2009 and 2010.  

The EPT richness at BTH-003 has been highly variable during both the pre-construction 

and construction phases of the project.  A low of one taxa was observed in 2014 

followed by a steady increase in EPT richness to eight taxa in 2018 and seven taxa in 

2020, levels which are similar to, and slightly higher than, pre-construction values.  The 

highest EPT richness was observed in 2010 and 2012 when 10 EPT taxa were collected 

(Figure 2).  The proportion EPT was 14.9% in 2020, an increase from what was 

observed in 2018 and comparable to preconstruction years (2007 and 2010).  Results 

have varied throughout the years with a decreasing trend between 2008 and 2014 and 

increasing trends between 2006 and 2008, and then again between 2014 and 2020.  

The proportion EPT values seen during construction-phase monitoring between 2011 

and 2015 generally show levels that were lower than the results from pre-construction 

monitoring but the increasing trend over the previous four monitoring years shows a 

return to pre-construction levels.   

The dominant taxon in 2020 was the genus Polypedilum sp. subfamily Chironominae of 

family Chironomidae of the order Diptera (true flies), which comprised 9.2% of the total 

sample and is similar to 2018 (Figure 3).  This is a marked change from the five 

consecutive years of dominance by the genus G. pseudolimnaeus which had comprised 

between 37.8% and 68.4% of the samples since 2012.  Species belonging to the sub-

family Chironominae can be associated with a variety of habitats but are generally found 

in the littoral and profundal areas of lentic systems as well as the depositional areas of 

lotic systems (Merritt et al. 2008), typically associated with finer substrates including silt 

and sand.  The preference of this species for depositional areas explains its abundance 

at station BTH-003, which occurs in a slow-flowing, groundwater-fed headwater tributary 

with abundant detritus and underlying substrates dominated by silt and sand.  Prior to 

2012, the dominant taxon was Micropsectra spp., a Dipteran species that had previously 
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been the dominant taxon throughout all six years of pre-construction monitoring.  In 2015 

a variety of Chironomid species comprised the majority of the subdominant groups 

including several species belonging to the Prodiamesinae and Orthocladiinae 

subfamilies.  The 2020 dominant taxa value marks the lowest that has been observed 

since sampling began, continuing a trend in decreasing proportion of the dominant taxa 

observed at BTH-003 between 2011 and 2020.  This indicates that the species found at 

station BTH-003 were more evenly distributed in 2020 when compared to previous 

years, which includes an increasing proportion of EPT taxa, as described above.   

The PMA index showed ‘no impact’ in 2020 as the calculated PSC value of 61.68 was 

higher than the critical PSC value of 42.12 (Table 9).  The result of ‘no impact’ is 

consistent with the results between 2014 and 2020.  This is a change from 2012 and 

2013, both of which showed ‘impact’.  Prior to 2011 the results suggested that habitat 

and/or water quality conditions at station BTH-003 were generally improving as 

evidenced by a consistent increase in species diversity (taxonomic richness) and a 

similarly consistent result of ‘no impact’.  Results in 2011 and 2012, however, suggested 

a change in the habitat conditions at this site leading to results that are similar to those 

observed in 2006.  This was demonstrated through a decrease in taxonomic richness 

and EPT taxa richness, and a large increase in the proportion of the dominant taxon, 

Micropsectra spp in 2011, and G. pseudolimnaeus in 2012 and 2013.  However, since 

this change was consistent with pre-construction monitoring results in 2006, it was 

attributed to natural variation.  Results between 2015 and 2020 show an increase in taxa 

richness and EPT richness, which suggest an improvement in overall water quality.  

Habitat conditions have generally remained consistent from year to year. 

Station BTH-004 

Taxonomic richness at Station BTH-004 was 31 in 2020, continuing the trend of 

increasing taxa richness that began in 2014 (Figure 1).  The highest taxa richness at 

BTH-004 was 43 in 2010 and results in 2009 and 2011 were similarly high.  A decrease 

in taxa richness at BTH-004 began in 2010 and continued to 2014.  However, in 2013 

and 2014, taxonomic richness values were lower than previous years due to sub-family 

level of identification of the family Chironomidae, compared to genus-level identification 

for all other years.  Between 2014 and 2016 taxa richness has remained relatively low 

overall, but increased substantially in 2018, which continued in 2020. 



Natural Resource Solutions Inc. 60 
Hanlon Creek Business Park Consolidated Monitoring Report (2019 and 2020)  

The EPT richness at BTH-004 has been highly variable during both the pre-construction 

and construction phases with a minimum of 1 taxa observed in 2014, a maximum of 11 

taxa in 2010, and an average of 5.5 EPT taxa across all monitoring years (Figure 2).  

EPT richness values have experienced substantial variation between years but although 

there appears to be a decreasing trend over time there has never been a decrease over 

consecutive years of sampling.  The proportion of EPT was 10.0% in 2020, a substantial 

increase from 2018 results and similar to the levels previously observed in 2009 and 

2010.  The highest proportion of EPT taxa (12.5%) occurred in 2009 while the lowest 

occurred in 2012 with a value of 0.78%.  In general, the proportion of EPT taxa has been 

relatively low at BTH-004, remaining at or below 10% for most monitoring years. 

The dominant taxon at BTH-004 in 2020 was Chironomus sp. consistent with the results 

of 2018 monitoring, a species of Diptera belonging to the sub-family Chironominae 

representing the second consecutive year of the dominant taxon being represented by 

members of the highly tolerant family Chironomidae.  Species belonging to this family 

are generally associated with the erosional and depositional areas of lotic systems 

(Merritt et al. 2008).  The conditions at station BTH-004 are consistent with this 

generalized habitat preference providing silt and sand substrates, as well as moderately 

abundant detritus and woody debris.  This species represented 11.2% of the total 

number of individuals within the sample in 2020 (Figure 3).  Gammarus pseudolimnaeus 

was previously the dominant taxa at this site for four consecutive years between 2012 

and 2015, although its proportion within the sample had decreased by over 35.0% since 

2013.  Prior to 2012, the dominant taxa was identified as Caecidotea intermedius, a 

species of aquatic sowbug, which dominated the sample in 2010 and 2011.  Both C. 

intermedius and G. pseudolimnaeus inhabit shallow waters where detritus is present and 

are likely to coexist in such habitat.  Several other members of the family Chironomidae 

also comprised large proportions of the sample at BTH-004 in 2020 including 

Microtendipes sp. and Tribelos sp., both taxa belonging to the subfamily Chironominae.  

EPT taxa have consistently represented low proportions of the samples at BTH-004, 

generally less than 10% and have never been the dominant taxa. 

The PMA index showed ‘no impact’ in 2020 as the calculated PSC value of 61.09 was 

higher than the critical PSC value of 42.12 (Table 9).  This is the fourth consecutive year 

of a ‘no impact’ determination following three consecutive years of ‘impact’ (2012, 2013, 

and 2014) which resulted in two years of threshold exceedances at this station.  Prior to 
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2012 the PMA analysis had shown ‘no impact’, which is the most consistent 

determination for BTH-004.  The return to a “no impact” determination since 2015 

indicates that conditions at BTH-004 are generally good, and are being maintained as 

such or improving, as evidenced by the increasing proportion of EPT taxa. 

Station BTH-005 

Taxonomic richness at Station BTH-005 was 35 in 2020, continuing an increasing trend 

that began in 2015.  Taxonomic richness appears to be increasing to the high levels 

observed during pre-construction monitoring between 2009 and 2012 (Figure 1).  Similar 

to other monitoring stations, taxa richness values experienced a sharp decline in 2013 

due to sub-family level of identification of the family Chironomidae, compared to genus-

level identification for all other years. 

In 2020, the EPT richness at BTH-005 reached its highest level observed since 2009, 

with 8 taxa.  This high EPT richness is reflected by similar increases and high richness 

values observed at other monitoring stations in 2020 (Figure 2).  The proportion of EPT 

has been highly variable since 2009 with a low of 1.4% in 2014 and a high on 29.1% in 

2015.  Results indicate that the proportion of EPT taxa experience a spike every third 

year, followed by two years of lower levels.  This trend continued in 2020 with another 

spike in the proportion of EPT at BTH-005 to a level higher than what had been 

observed during pre-construction monitoring.    

The dominant taxon at BTH-005 in 2020 continued to be represented by Chironomus 

sp., a species of Diptera belonging to the sub-family Chironominae of the highly tolerant 

family Chironomidae.  This is consistent with 2018 results.  Species belonging to this 

family are generally associated with the erosional and depositional areas of lotic systems 

(Merritt et al. 2008).  The conditions at station BTH-005 are consistent with this 

generalized habitat preference providing primarily sand substrates with some silt and 

occasional gravel.  Detritus and woody debris are also moderately abundant.  This 

species represented 16.2% of the total number of individuals within the sample in 2020 

(Figure 3).  This is a marked change from 2014 through 2016 monitoring where the 

dominant taxon was represented by G. pseudolimnaeus which represented the 

subdominant taxon during 2018 monitoring.  Prior to 2014 the dominant taxa had been 

Caecidotea sp., which includes a variety of sowbug species (Asellidae spp.).  In 2014 

and 2015 this species continued to comprise a large proportion of the sample.  In 2015 
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the subdominant species was a species of Trichoptera (caddisfly) belonging to the family 

Hydropsychidae.  This is reflected in the unusually high proportion of EPT seen in 2015. 

The PMA index showed ‘no impact’ in 2020 as the calculated PSC value of 55.90 was 

higher than the critical PSC value of 42.12 (Table 9), representing the third consecutive 

year of ‘no impact’ at BTH-005.  Results from 2014 and 2015 showed ‘impact’ for two 

consecutive years, which resulted in a threshold exceedance in 2015.  Between 2009 

and 2013 results had consistently shown ‘no impact’, which was again seen in 2016, 

2018, and 2020.  Overall, the results between 2016 and 2020 suggest an improvement 

in the conditions at BTH-005 compared to 2014 and 2015. 

2.6.2 Fish Community 

During 2020 construction-phase aquatic monitoring, a total of 545 fish were captured 

across the five monitoring stations.  The catch was represented by eight different 

species:  

• Blacknose Dace (Rhinichthys obtusus),  

• Brook Stickleback (Culaea inconstans),  

• Central Mudminnow (Umbra limi),  

• Creek Chub (Semotilus atromaculatus),  

• Fathead Minnow (Pimephales promelas),  

• Mottled Sculpin (Cottus bairdii),  

• Pumpkinseed (Lepomis gibbosus), and  

• White Sucker (Catostomus commersonii).   

The total catch in 2020 represents a slight decrease from the total catch in 2018 but still 

maintains a relatively high level compared to previous years of monitoring, with the 

exception of 2013, which exhibited an uncharacteristically high catch of 735 fish.  Prior to 

2013, the total catches were relatively low in comparison, including during pre-

construction monitoring years, ranging from 92 in 2006 (three stations) to 260 in 2012 

(five stations).  In spite of the two stations added in 2009 (EMS-004 and EMS-005), it 

generally appears that fish numbers have increased since sampling began.  All nine 

species have been captured during previous monitoring years.  Although, pre-

construction monitoring between 2006 and 2011 typically saw four to six species.  Prior 

to 2009 only three stations were sampled.  The addition of EMS-004 and EMS-005 in 

2009 would be expected to increase the total catch numbers, but monitoring between 
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2009 and 2020 is expected to be comparable.  The majority of the species exhibit a cool-

water thermal regime with Fathead Minnow and Pumpkinseed exhibiting a warmwater 

thermal regime and Mottled Sculpin exhibiting a coldwater thermal regime (Eakins 

2021).  Population estimates are provided in Figure 4, and results are discussed below.  

Similar to previous years, no Brook Trout were captured during 2020 fish community 

sampling. 

 

Figure 4.  Population Estimates at Electrofishing Stations for the Years 2006 to 
2020 

 

Station EMS-001 

Electrofishing in 2020 resulted in the capture of seven species; Blacknose Dace, Brook 

Stickleback, Central Mudminnow, Creek Chub, Fathead Minnow, Pumpkinseed, and 

White Sucker.  In total, 126 fish were captured over the course of three successive 

passes.  This combined catch total represents a slight increase from the total numbers 

observed between 2015 and 2018.  All species have been captured previously at EMS-

001 with Blacknose Dace being the only species captured every year since sampling 

began in 2006.  This site has consistently seen between three and five species during 

any given monitoring year with 2020 being the first year that seven species have been 

0

50

100

150

200

250

300

EMS-001 EMS-002 EMS-003 EMS-004 EMS-005

Po
pu

la
tio

n 
Es

tim
at

e

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2018

2020



Natural Resource Solutions Inc. 64 
Hanlon Creek Business Park Consolidated Monitoring Report (2019 and 2020)  

captured.  The fish species that have been consistently captured at EMS-001 are 

coolwater species.  Warmwater species are also occasionally captured, which include 

Fathead Minnow in 2011 and Pumpkinseed in 2018 and 2020.   

Fish population estimates at this station have varied greatly between 2006 and 2020, 

and have generally been higher during construction-phase monitoring, which began in 

2010, than they were during pre-construction monitoring.  The lowest population 

estimates have been observed during pre-construction monitoring years 2006 and 2010 

where estimates were approximately nine and five, respectively.  The highest population 

estimate was 184, which was observed in 2013.  This was the third consecutive year of 

increasing population estimates that began in 2011 following a very low estimate in 

2010.  The high estimate in 2013 was attributed to increased baseflows at EMS-001 

following a year of above-average precipitation.  In addition, continuous discharge from 

SWM Pond 4 has increased water levels and slightly elevated water temperatures at 

EMS-001, which has increased habitat availability at this station.  Following 2013 the 

population estimates have remained relatively high between 100 and 125 and appear to 

be relatively stable.  

Station EMS-002 

Electrofishing in 2020 resulted in the capture of seven fish species and combined for a 

total of 195 fish over three successive passes.  The species captured were Blacknose 

Dace, Brook Stickleback, Central Mudminnow, Creek Chub, Fathead Minnow, Mottled 

Sculpin, and White Sucker.  Blacknose Dace and Brook Stickleback have been captured 

at this station every year, while Creek Chub have been captured sporadically prior to 

2012 and has been observed every year since.  Pumpkinseed and Northern Redbelly 

Dace have also been previously captured throughout the years at this station but were 

not observed during 2020 monitoring.  Mottled Sculpin (Cottus bairdii), a coldwater 

species has also been captured at this site in 2011, 2016, and 2018.  Pumpkinseed, a 

warmwater fish species, has previously been captured at this station but was not 

observed during 2020 monitoring.  Prior to 2013, this station had typically seen between 

three or four species with five species being captured in 2013.  Species richness has 

increased slightly since 2013 with six species captured in 2014 and 2018, and seven 

species captured in 2016 and 2020. 
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The estimated fish population at EMS-002 has exhibited no consistent increasing or 

decreasing trend since sampling began in 2006 with contrasting years of high estimates 

followed by years of low estimates.  The estimated numbers have experienced a great 

deal of variation with the lowest estimate occurring in 2009 (approximately 40) and the 

highest estimate of approximately 241 occurring in 2013.  The estimate calculated in 

2020 is similar to the high estimates that were seen in 2013 and 2014 and is a slight 

increase from the estimate in 2018.  Although no consistent increases or decreases 

have been observed, a general increasing trend has been observed over the years. 

Station EMS-003 

Electrofishing in 2020 resulted in the capture of one fish species and a combined total of 

five fish over two successive passes.  A third pass could not be completed due to 

equipment issues.  The species captured was Blacknose Dace.  Electrofishing results at 

this station have maintained a low species diversity relative to the other stations over the 

years and this was again evident in 2020.  One or two species have been captured 

consistently since monitoring began with three species captured on only two occasions; 

in 2006 and 2016.  In total, three fish species have been captured at EMS-003 over the 

course of monitoring, consisting exclusively of coolwater species.  Brook Stickleback has 

also been captured regularly at this station with Creek Chub also being captured 

occasionally.  Station EMS-003 is located along a headwater feature, which maintains 

cool water temperatures throughout the year and between years but also provides less 

available habitat compared to the other monitoring stations (i.e., more narrow and 

relatively shallow). 

Population estimates at EMS-003 have been consistently low relative to the other 

stations within the HCBP study area.  The estimate calculated in 2020 shows a decrease 

from 2018, but is consistent with other years of monitoring, including 2010 and 2011.  In 

addition, a third electrofishing pass was not able to be completed in 2020, which could 

artificially lower the estimate.  Overall, the pre-construction population estimates have 

been generally higher than during-construction; however, results from 2013 and 2018 

are similar to what was observed during pre-construction years. 

Station EMS-004 

Electrofishing took place at this site for the first time in 2009 and it has been sampled 

every year since.  Electrofishing in 2020 resulted in the capture of five fish species and a 
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combined total of 119 fish over three successive passes.  The species captured included 

Blacknose Dace, Brook Stickleback, Central Mudminnow, Creek Chub, and Mottled 

Sculpin.  These five species were also captured in 2018 and have been consistently 

captured over the previous years of monitoring.  Mottled sculpin, a coldwater fish 

species, was captured at EMS-004 for the first time in 2018.  White sucker has also 

been captured at this station in previous years.  This site has typically seen three or four 

species with five species being captured in 2013, 2018 and 2020. 

Fish population estimates had remained relatively consistent at EMS-004 between 2009 

and 2014, with the exception of 2013, which saw the population estimate increase 

substantially to 266, the highest estimate that has been recorded at any of the five 

monitoring stations since sampling began in 2006.  Estimates increased in 2015 and 

have generally remained consistent up to and including 2020.  However, overall, the 

population estimates at EMS-004 have exhibited an increasing trend. 

Station EMS-005 

Electrofishing took place at this site for the first time in 2009 and has been sampled 

every year since.  Electrofishing in 2020 resulted in the capture of five fish species and a 

combined total of 100 fish over three successive passes.  The species captured included 

Blacknose Dace, Central Mudminnow, Creek Chub, Fathead Minnow, and White Sucker.  

Between 2009 and 2013 this station had typically contained between two and three 

species.  In 2013, seven species were captured here including Brook Stickleback and 

Northern Redbelly Dace.  Blacknose Dace is the only species that has been captured 

during every year of sampling at this station while Brook Stickleback, Central 

Mudminnow and Creek Chub have also been captured regularly.   

The population estimate at station EMS-005 in 2020 was 115, a substantial decrease 

from the 2018 monitoring.  However, this follows a year (2016) that saw the highest 

population estimate that had been recorded at the station to date.  This estimate is also 

below what had been observed between 2013 and 2015 but is still above the relatively 

low estimates calculated for the monitoring years between 2009 and 2012.  Similar to 

EMS-001, continuous discharge from SWM Ppond 4 has increased habitat availability at 

this station, which has been reflected by the relatively high population estimates since 

2013.   

Brook Trout Spawning Survey 
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During the fall of 2020 Brook Trout spawning surveys were conducted along a section of 

Tributary A and along Tributary A1 (refer to Map 5) to document Brook Trout spawning 

activity.  Throughout the surveyed reaches, the habitat was variable from silt and muck 

to cobble and gravel.  The majority of the site, particularly along Tributary A1 and at the 

downstream extent of Tributary A, was deemed to be unsuitable for Brook Trout 

spawning due to the presence of silt and muck.  The most suitable areas for Brook Trout 

spawning were observed upstream and downstream of the Hanlon Creek Boulevard 

crossing.  At this location, substrates were predominantly gravel and small cobble and 

the presence of groundwater infiltration was noted.  Three spawning surveys were 

conducted throughout October and November and no evidence of spawning activity was 

observed, which is consistent with previous years. 

2.7 Terrestrial Habitat and Biota 
Since 2006, the terrestrial and wetland monitoring program has focused on plot-based 

surveys to document breeding amphibians, breeding birds and vascular flora 

(herbaceous, shrubs and trees) as well as incidental wildlife throughout the property.  

Soils information was collected from each of the monitoring plots between 2006 and 

2014. 

For plot set-up and annual monitoring survey methods, the reader is referred to the 

HCBP Terrestrial and Wetland Monitoring Report (Appendix VI).  In addition, the 

Standard Operating Procedures for the vegetation, breeding birds and amphibians are 

found in the HCBP Consolidated Monitoring Program (NRSI 2010).  The monitoring 

stations are shown on Map 6 of this report. 

Detailed results for the terrestrial habitat and biota are given in the 2020 terrestrial and 

wetland monitoring report prepared by NRSI (Appendix VI).  The results are summarized 

and discussed below. 

2.7.1 Vascular Flora 

In 2020, a total of 152 vascular flora species were documented during the plot-based 

monitoring, which is the highest number that has been documented since monitoring 

began in 2006.  Overall, 314 different species have been observed in the vegetation 

monitoring plots since 2006.  In 2020, vegetation surveys documented ten species not 

previously recorded (Table 10). 
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Table 10.  Vegetation Species Not Previously Recorded at the HCBP 
Common Name Scientific Name Plot Occurrence 
Three-petalled Bedstraw Galium trifidum 1 
Small-flowered Willowherb Epilobium parviflorum 1 
Black Walnut Juglans nigra 3 
Fringed Brome Bromus ciliatus 4 
Smooth Bedstraw Galium mollugo 6 
Common White Snakeroot Ageratina altissima 7 
Finely-nerved Sedge Carex leptonervia 7 
Stiff Marsh Bedstraw Galium tinctorium 8 
Common Ragweed Ambrosia artemisiifolia 16 
Catling’s Avens Geum X catlingii 16 
 

A total of 15 regionally significant species have been observed in the plots between 

2006 and 2020.  In 2020, Clinton’s Wood-fern (Dryopteris clintoniana) and Rough-leaved 

Goldenrod (Solidago patula) were observed and are considered rare within Wellington 

County.  None of the species observed are federally or provincially significant. 

Refer to Map 6 for locations of vegetation monitoring stations, and the 2020 terrestrial 

and wetland monitoring report (Appendix VI) for a comprehensive list of the vegetation 

species observed from 2006 to 2020.     

Floristic Indices 

A common method for evaluating and assessing natural areas is using floristic 

composition.  This method is based on the character of a region’s flora.  There are 

several floristic indices which can be used to describe the character of the vegetation in 

the plot.  These include the Coefficient of Wetness (CW), the Coefficient of 

Conservatism (CC), and the Natural Area Index (NAI).  All species (herbs, shrubs, and 

trees) from each plot are considered in these equations. 

Coefficient of Wetness 

The CW is based on wetland values given to each individual plant species.  Values 

range from -5 to +5, where -5 indicates an obligate wetland species, and +5 indicates an 

obligate upland species.  “0” is assigned to facultative species, those that are just as 

likely to be found in wetland or upland habitats.  The CW values used are based on 

Oldham et al. (1995).  Figure 5 shows the average wetness per plot, based on the 
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wetness coefficients of all species found within a plot.  All except two of the monitoring 

plots (Plot 3 and Plot 5) are located within wetland areas.  
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Figure 5. Coefficient of Wetness by Plot 2006 – 2020
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A number of plots have shown a trend of decreased average wetness values (i.e., 

becoming wetter) over the last several years including Plots 2, 4, 5, 8 and 9.  Plots 1 and 

4 are consistently among the wettest monitoring plots each year, with standing water 

present in a large proportion of these plots throughout the spring.  Many of the 

herbaceous species with a CW value of -5 have been present over much of the 

monitoring period in these plots.  Those species with a CW value of 0 or higher, often 

found on the upland hummocks or banks at these plots, tend to be present intermittently 

and in small numbers. 

Plot 1 has previously been documented as the wettest site during most years of 

monitoring.  In 2020, Plot 4 was slightly wetter than Plot 1 with a CW score of -3.12, 

compared to -2.69 at Plot 1.  Shallow, pooled water is regularly present throughout much 

of Plot 1 at the time of the vegetation survey and Plot 4 is comprised of saturated 

organic soils.  Plot 3 (Sugar Maple forest) continued to exhibit the driest average CW 

value (1.11).  Plot 5 exhibited the second-lowest average CW value which has been 

recorded in the plot since monitoring began in 2006 at -0.43, with the lowest occurring in 

2012 (-0.06).  In 2015, this plot experienced a positive CW value (0.22).  Plot 5 is 

situated within a Fresh-Moist Forest community which nears wetland conditions.  Plot 3 

and Plot 5 are the only two vegetation monitoring plots to occur within upland ELC 

communities.  In 2014, Plot 7 had exhibited a positive CW value (0.16) which is not 

indicative of White Cedar-Hardwood Swamp conditions.  It is noted that the plot contains 

hummocks with upland plant species as well as a portion of watercourse.  Between 2015 

and 2020 this plot experienced wetter CW values with 2020 results showing a CW value 

of -0.25, which is more typical for the plot.  Plot 8, which is situated almost entirely within 

Tributary A (to the north of Hanlon Creek Boulevard), had an average CW value of -1.68 

in 2020 which is similar to the values that have recorded in this plot in 2011 and then 

between 2015 and 2020.  The remaining plots are located within swamp or marsh 

habitat. 

A trend of drier conditions is most apparent at Plot 6 and Plot 16 where average CW 

values have steadily increased across monitoring years.  In Plot 6 in 2009, the average 

CW value was -1.54 which had increased to a value of +1.03 in 2020.  The transition to 

more upland species at Plot 6 may be the result of site grading to the east which 

included a conveyance swale on the east side of the recreational trail berm that directs 

overland flow toward stormwater ponds.  Based on recent field surveys, the upland 
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species diversity is not increasing, so much as the wetter species (which always 

comprised a small proportion of the cover) are disappearing from the plot.  Prior to site 

development, overland flow would have moved west through Plot 6 during melt and high 

precipitation events.  As this area was previously used for agriculture and is comprised 

of a mixture of native and non-native species, the transition to drier conditions within Plot 

6 does not constitute a negative trend for this early successional habitat. 

Plot 16 has demonstrated a shift to drier conditions which previous monitoring reports 

have attributed to site grading.  The plot is within a swamp feature which is physically 

separate from the core Provincially Significant Wetland (PSW) but considered part of the 

Hanlon Swamp Wetland Complex.  The average CW value in 2011 was -2.67, which 

was as high as -1.08 in 2018 before a significant decrease to -3.18 in 2020.  Ample 

precipitation in 2019 and 2020 saw a resurgence of obligate wetland species within the 

plot.  A total of nine species with a CW value of -5 were recorded in 2020 including 

Water Parsnip (Sium suave), False Nettle (Boehmeria cylindrica) and newly documented 

Retrorse Sedge (Carex retrorsa).  Following several years of dry conditions through the 

spring, the increase in wetland forbs and graminoids in 2020 suggests that the plants are 

somewhat tolerant by way of senescence and recruitment from adjacent plants outside 

of the plot and a persistent seed bank.  Changes in tree and shrub composition and 

health have not been observed within Plot 16.  Groundwater levels had been 

investigated in the vicinity of Plot 16 to try and explain the drying trend that was being 

observed.  It was determined that groundwater levels did not correspond to the drying 

trend in CW values that had been observed. 

Previous monitoring reports had inferred that, to some extent, the seasonal standing 

water may inundate Plot 16 to a degree which excludes some wetland species 

periodically thus giving the impression of a drying trend from the data set.  Analysis of 

groundwater levels in recent years indicates that the water table is generally below the 

elevation of the plot and larger wetland feature.  Observations of standing water noted 

during calling anuran surveys indicate that in some years Plot 16 may contain standing 

water into June, while other years the plot may only contain saturated detritus.  Based 

upon discussions with the monitoring team, it is now suspected that altered surface 

water inputs may be contributing to the changes in herbaceous vegetation within this plot 

and perhaps others such as Plot 18 and Plot 6.  Site drainage is designed in a manner 

which directs all surface water flows from the adjacent developable land into conveyance 
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swales that then flow into the SWM ponds.  As such, the wetland features only receive 

surface water flows from their own blocks.  Regardless of whether vegetation fluctuates 

as a result of inundation or as a result of drier conditions brought about by reduced 

surface flow contributions, at least several years would be required for those species to 

recolonize the plot once soil moisture returns to favourable conditions. 

Plot 18 has contained a diversity of species with good coverage of the 10x10m plot.  It 

too is located in a small wetland that is physically separate from the core PSW but 

considered part of the Hanlon Swamp Wetland Complex.  The swamp within which Plot 

18 is located does not contain the same well-defined topographical depression that Plot 

16 does.  During monitoring conducted between April and July, standing water is rarely 

observed within this plot.  The continued presence of species with low CW values 

indicates that wetland conditions are being maintained within this feature.  It is also 

noted that the presence of hummocks within the plot allows for the persistence of upland 

species with higher CW values. 

Coefficient of Conservatism 

Species conservatism is the degree of faithfulness a plant displays to a set of 

environmental conditions.  The quality of a natural area is reflected in the number of 

conservative species found within a certain habitat (Wilhem and Ladd 1988 In Oldham et 

al. 1995).  For the CC, each species is given a rank between 0 and 10, based on its 

degree of fidelity to a range of synecological parameters (Oldham et al. 1995).  

Synecology is the study of the structure, development, and distribution of ecological 

communities.  Species ranked between 0 and 3 are found in a variety of plant 

communities, including disturbed sites.  Species ranked between 4 and 6 are those 

associated with a specific plant community, but which can tolerate moderate 

disturbance.  Species ranked from 7 to 8 are found in plant communities in an advanced 

stage of succession with minor disturbance.  Plants with a ranking of 9 or 10 have high 

degrees of fidelity to a narrow range of synecological factors. 

The average CC per plot is shown on Figure 6.  Plots 1, 2, 3, 4, 5, 7 and 8 have all 

shown a steady average CC value over the course of monitoring.  All of these plots are 

located within the core natural feature and are generally not subject to edge effects that 

can often mean the presence or introduction of non-native or low-CC value species as a 

result of edge disturbance.   
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Figure 6. Coefficient of Conservatism by Plot 2006 - 2020
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The highest average CC value in 2018 and 2020 was found in Plot 7 (4.97 and 4.87, 

respectively).  This plot is located at the transition between Fresh-Moist Sugar Maple 

Deciduous Forest and White Cedar-Hardwood Mineral Mixed Swamp habitats and is 

bisected by a watercourse (Map 3).  The diversity of microhabitat within this plot 

facilitates a high diversity of plant species.  The invasive shrubs Common Buckthorn 

(Rhamnus cathartica) and Glossy Buckthorn (R. frangula) have long been present as 

seedlings which have not grown to mature seed-producing shrubs as a result of the 

closed canopy and limited sunlight availability. 

The lowest average CC value occurred in Plot 6 (1.81 in 2020) which is consistently 

among the lowest CC values.  As discussed with CW values, the plot appears to be 

undergoing a reduction in the few moderately conservative wetland species as the site 

becomes drier; in turn the average CC is also decreasing as non-native cool season 

grasses and low CC value species such as Canada Goldenrod (Solidago canadensis) 

become more dominant.  As a plot in a stage of early succession, the fluctuation in 

composition is expected and it is likely that conservative species will colonize the plot in 

time once canopy begins to form.  

Plot 5 has been discussed in previous monitoring reports as being subject to large 

fluctuations on account of the few species present within the plot where a White Cedar 

canopy limits herbaceous species cover. 

Both Plot 16 and, to some degree, Plot 18 appear to be exhibiting a gradual resurgence 

in average CC values since low values were recorded in 2015.  With the alterations to 

surface hydrology considered, we suspect that sufficient precipitation has facilitated a 

flush of seed bank germination for conservative species in these plots.  It is possible that 

initial impacts of the conveyance swale construction, coupled with dry spring conditions, 

led to a brief reduction in conservative species as stressors were too great for a period 

of several years.  The presence of single high-CC value species such as Tufted 

Loosestrife (Lysimachia thyrsifolia), CC 7, in 2020, has a notable effect on the average 

value for the plot.  This species was limited to a several stems within the plot in 2020 

and occurred in sparse patches around the perimeter of the feature, roughly correlating 

with the limit of standing water during the spring. 
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The overall trend between 2006 to 2020 is that average CC values have remained 

relatively steady for most plots with Plot 5 and Plot 6 apparently decreasing and Plot 16 

and Plot 18 apparently increasing. 

Natural Area Index 

The NAI, or floristic quality index, allows the objective comparison of two or more natural 

areas or vegetation types (Oldham et al. 1995).  The NAI is calculated by multiplying the 

average CC value by the square root of the total number of native species.  Whereas the 

abundance and frequency of species can fluctuate greatly by season and year, the NAI 

is more stable and offers a more accurate picture.  The NAI for each plot is shown on 

Figure 7. 

The Ministry of Natural Resources and Forestry (MNRF) reports that natural areas with 

NAI values of over 35 are considered significant at the provincial level (Wilhelm and 

Ladd 1988 in Oldham et. al 1995).  For comparison, an old successional field may score 

as low as <5 (Andreas et al. 2002).  Although Plot 7 has regularly exhibited an NAI value 

above 30, none of the plots within the HCBP have scored a value of 35 or higher.  

Analysis of the NAI values for a given plot over the course of monitoring gives an 

indication of whether or not the quality of the habitat is being maintained.  Plot 1, Plot 4 

and Plot 8 have all shown recent increases in NAI value.  These plots are all located 

within the core natural feature which, aside from the decline in Ash (Fraxinus spp.) 

canopy and a subsequent increase in non-native shrubs, is not showing negative effects 

resulting from the development. 
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Figure 7.  Natural Area Index by Plot 2006 - 2020
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It is notable that Plot 16 and Plot 18 have shown a rebound in NAI values.  There is 

potential that a shift away from wetland conditions as substrates become drier could 

result in decreases in NAI.  These plots have maintained their NAI value as conservative 

upland or wetland fringe species colonized areas that had been wetter in past years.  

The exclusion of non-native species, and the re-establishment of wetter conservative 

species, when conditions allow, demonstrates the resiliency of these communities. 

The widespread establishment of non-native species has the potential to structurally 

alter vegetation communities and can result in native vegetation being outcompeted and 

failing to regenerate.  This trend would be apparent in decreasing NAI values for a given 

plot.  At this time, NAI values for all plots vary within reason and the data set does not 

indicate a major shift in the quality of habitats on account of the development. 

Non-Native Species 

A total of 27 non-native species were recorded within the vegetation plots in 2020 (18% 

of the 152 species documented).  The number of non-native species found in each plot 

is compared on Figure 8.  In general, non-native species have been present in all plots 

over the course of monitoring with the exception of Plot 5 which periodically contains a 

low number of invasive species but in very low numbers and not present every year.  

The greatest number of non-native species was recorded in Plot 6 in 2020, with 15 

species documented, similar to the high number observed in 2010.  In general, the same 

dominant non-native species have been observed between 2006 and 2020.  Situated 

within a successional Reed Canary grass meadow marsh, Plot 6 has consistently 

contained a high number of non-native species due to historic disturbance (human 

disturbance from ATV’s/machinery during pre-construction monitoring year) and close 

proximity to the previous agricultural land use.  All species which were documented in 

Plot 6 in 2016 are unlikely to spread into the treed natural features as they require full 

sunlight and prefer disturbance.  Many of the species, however, are clonal, somewhat 

aggressive and will likely continue to exclude higher quality plant species from 

establishing until tree canopy develops and the area is in an advanced state of 

succession.  The reduction in native wetland species has allowed these non-native 

species to increase, but other aggressive native species such as Canada Goldenrod 

have also increased. 
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Figure 8. Non-Native Species by Plot 2006 - 2020
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Glossy Buckthorn and Common Buckthorn remain widespread with many plots 

containing first year seedlings and mature, fruit-producing shrubs present along the 

edges of natural features.  These species are widespread throughout southern Ontario 

and are often found on calcium-rich soils and occur in a range of soil moisture and 

sunlight conditions (Anderson 2012).  The prevalence of these species is not a result of 

the development and the maturing native species buffer plantings will help to compete 

with the Buckthorn in time.  The control of Buckthorn or any other woody invasive 

species is not recommended for the site due to the current extent of plants, feasibility 

and long-term cost and commitment to properly manage these species.   

One significant non-native species observation was noted for the first time in 2016.  A 

small stand of Common Reed (Phragmites australis ssp. australis) was observed to the 

east of Plot 6 in addition to several small stands that were noted at the fringe of SWM 

Pond 4 in 2018 and 2020.  This aggressive non-native species has the potential to 

spread into adjacent wetlands and meadows and create monocultures which 

compromise native species diversity.  It is imperative that these populations of Common 

Reed be managed and removed.  Given that the species occurs in a recently engineered 

ditch feature and SWM pond associated with the development, the introduction of this 

species is likely a result of recent grading activities during the construction of Phase 1 

and Phase 2.  Control of this species will require repeated herbicide application by a 

licensed professional.  It is recommended that a full site inspection be conducted to 

document all stands of Common Reed, with particular attention on SWM ponds.  

Monitoring of the effectiveness of management efforts should also be continued annually 

until the species is no longer present.  The full removal of all live rootstock is required or 

the species will re-establish and continue to spread.  Any grading that will occur for new 

developments should ensure that equipment arrives to the site clean and the movement 

of topsoil and plant material on site is kept to a minimum where feasible.  

Garlic Mustard (Alliaria petiolata) was only recorded in Plot 18 during the 2011 

monitoring year.  This invasive species is very common in southern Ontario and it is rare 

to find upland wooded areas that do not contain this plant.  It is noted that this species 

has been observed within the subject property, but for the most part has not established 

in high numbers within the natural features, many of which are swamp or marsh which 

would not support widespread populations of the species.  Most of the non-native 

species present within the monitoring plots are common agricultural weeds or shrub 
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species which produce prolific amounts of berries that are distributed by deer, birds and 

other wildlife.   

Certain non-native species are considered particularly invasive, and are given a score of 

‘-3’ on a weediness scale ranging from ‘-1’ to ‘-3’.  The invasive species found within the 

HCBP vegetation monitoring plots include six shrub species (four species with a 

weediness value of -3) and 16 herbaceous species.  In general, those species with 

weediness values of -2 or -3 tend to be present year after year, while less invasive 

species with a value of -1 are present intermittently and often in low numbers. 

Herbaceous Inventory 

A total of 82 species of herbaceous plants were observed during the plot-based 

vegetation monitoring that was conducted in 2020, including several new species for the 

site, which are provided in Table 10, above. 

Shrub Inventory 

In 2020, 27 shrub species were recorded; all of which had been documented from 

monitoring plots in past years.  To date there has been little change in shrub diversity 

and cover across all monitoring plots.  With the exception of Plot 2 and Plot 18, the 

majority of plots contain a similar number of shrub species each year and with little 

change in their distribution and abundance from one year to the next.  In Plot 2 and Plot 

18, the decline of Ash had resulted in an increase in Common Buckthorn seedling 

growth, but the in-filling of canopy from other tree species will partially suppress the flush 

of invasive shrubs. 

Tree Inventory 

Following the 2014 monitoring, the scope of tree inventory work was reduced to collect 

only canopy cover data.  Data pertaining to tree health is not conducive to quantitative 

analysis and DBH measurements were determined to be of little value for comparison 

from one year to the next and was thus discontinued.  Any decline in canopy cover could 

result in increases in invasive non-native species or shifts in the diversity and structure 

of herbaceous species within a plot.  Measures of canopy closure continue to provide 

insight into regeneration and the establishment of naturalization plantings at Plot 8.  

Comparison of these values from one year to the next provide insight into the resilience 

of the ecosystem as naturalization plantings have yet to reach heights which would 

influence canopy cover readings.  The filling in of canopy provides benefits to the site, 
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including the maintenance of microhabitat conditions for riparian vegetation and helping 

to regulate water temperatures within Hanlon Creek. 

The canopy at Plot 8 was found to be 75% which shows steady increase from the tree 

clearing that occurred as part of the construction of the Hanlon Creek Boulevard.  The 

canopy had been approximately 90% prior to 2009 and is slowly returning as tree and 

shrub growth fills in on both sides of the creek which bisects the plot.  Restoration 

plantings which were installed in the riparian area between the plot and the bridge have 

yet to form canopy but are all in healthy condition and will contribute to canopy cover in 

an estimated 10-20 years. 

Emerald Ash Borer (Agrilus planipennis) (EAB) has been present within the site for a 

number of years and contributed to the decline of Ash, in particular within Plot 2 and Plot 

18.  While many of these trees are now dead, the canopy cover from adjacent White 

Cedar (Thuja occidentalis), Red Maple (Acer rubrum) and Yellow Birch (Betula 

alleghaniensis) has filled in gaps that had been created as the Ash declined.  The 

increase in canopy will suppress the growth of Buckthorn shrubs which had accelerated 

during the temporary increase in available sunlight.  The buffer plantings which were 

installed at the periphery of the natural features are a benefit to the site as they provide 

diversity in tree species which makes the feature more resilient to single-species 

diseases and declines. 

2.7.2 Breeding Birds 

Breeding Bird Species Diversity 

During 2020 monitoring, a total of 57 species of birds were observed during the point 

counts at the monitoring plots.  Of the 57 species observed during the formal point 

counts, 24 exhibited possible breeding evidence, 21 exhibited probable, seven were 

confirmed, and five did not show breeding evidence. 

The 10 most abundant species observed during 2020 surveys are comprised of the 

same 10 species observed in 2018 and during many of the previous monitoring years.  

The most abundant species during the breeding bird point counts in 2020 were Red-

winged Blackbird (Agelaius phoeniceus) 11%, American Goldfinch (Spinus tristis) and 

Song Sparrow (Melospiza melodia) 8% respectively and European Starling (Sturnus 

vulgaris) 6%.  These species are consistently the most abundant within the point counts 

largely due to the presence of suitable habitat and the large populations of these species 
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within southern Ontario.  Figure 9 represents the 12 most abundant species observed in 

2020, with all other birds observed less frequently compiled as ‘Other Bird Species’. 

 

 

Figure 9.  Most Abundant Bird Species Observed in 2020 
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Figure 10.  Breeding Bird Species Diversity 2006 – 2020 
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Across all of the breeding bird monitoring plots, 2020 data indicates that diversity 

remains stable or has increased in comparison to the overall plot average values.  With 

the exception of Plot 7, where the 12 species observed in 2020 reflects the long-term 

average, all other plots are above the long-term average.  In 2020, five plots showed 

diversity increases of six to eight species above the long-term average.   

Species diversity continues to be highest in Plot 1 where 25 species were recorded in 

2020.  Previously, the highest numbers at Plot 1 (23 species) were recorded in 2018 as 

well as in 2013.  Plot 6 and Plot 11 also had greater than 20 species during the 2020 

monitoring (22 species and 21 species respectively).  Plot 1 consistently records higher 

species diversity than most of the other monitoring stations as a result of the 

combination of adjacent habitats (forest, meadow, wetland).  The lowest bird diversity 

documented in 2020 was within Plot 5 and Plot 7 (11 species and 12 species, 

respectively).  Both plots exhibit relatively low diversity in most years and the 2020 data 

reflects the average diversity over the duration of monitoring conducted to date.  Both 

plots are located in the core of the natural feature in areas with moderate to dense 

conifer cover which limits bird diversity to forest-dwelling species. 

Two new bird species were recorded for the first time at the site in 2020; Blue-headed 

Vireo (Vireo solitarius) and Sharp-shinned Hawk (Accipiter striatus).  A single Blue-

headed Vireo was singing at Plot 5, Plot 7 and Plot 16.  Although Plot 5 and Plot 7 

regularly show the lowest diversity, the presence of this species indicates that the habitat 

quality remains high and unaffected by the development to the north.  This species 

inhabits conifer stands with dense canopy that can include Balsam Fir (Abies balsamea), 

White Pine (Pinus strobus) and Hemlock (Tsuga canadensis) or mixed forest that also 

includes Birch (Betula spp.) and Maple (Acer spp.) (Morton & James 2020).  A single 

Sharp-shinned Hawk was present in the vicinity of Plot 11 in the southeast of the site 

where meadow habitat adjacent to the treed feature provides good foraging habitat.  

Black-billed Cuckoo (Coccyzus erythropthalmus) had been documented from the site in 

2009 and 2014, but showed confirmed breeding evidence for the first time in 2020.  On 

July 3, an individual was observed carrying food in suitable breeding habitat in the 

vicinity of Plot 19.   

Under current build-out, seven of the breeding bird monitoring plots are adjacent to 

active development or occupied buildings within Phase 1 and Phase 2.  Those habitats 

within clear view of development, such as Plot 6, Plot 16 or Plot 11 have all seen 
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progressive increases in bird species diversity.  The data set indicates that a core group 

of common species remain present year after year, with species indicative of higher 

quality habitats present intermittently between pre-, during and post-construction 

settings.   

The old field meadow that contains Plot 20 continues to support a diversity of open 

country bird species including Eastern Meadowlark (Sturnella magna), Bobolink 

(Dolichonyx oryzivorus) and Savannah Sparrow.  Other species which use open country 

for foraging including Barn Swallow (Hirundo rustica) and Cooper’s Hawk (Accipiter 

cooperii) were documented in the large area of meadow in 2020.   

Breeding Bird Abundance 

The breeding bird abundance (the number of individual birds) since 2006 is shown on 

Figure 11.  Bird abundance has remained relatively stable across all plots since 

monitoring began with some plots showing minor fluctuation over the course of 

monitoring and small increases or decreases between individual monitoring years.  Plot 

1, Plot 6 and Plot 9 have shown the highest abundance for a number of years with 

surveys in 2020 documenting 62, 55 and 60 species at these plots respectively.  Those 

species which have tended to comprise much of the abundance value for each plot, 

including European Starling, Red-winged Blackbird, American Goldfinch, Song Sparrow, 

Cedar Waxwing (Bombycilla cedrorum), Black-capped Chickadee (Poecile atricapillus) 

and American Robin (Turdus migratorius), continue to be most abundant across the site.  

Spikes in bird abundance have been observed in past monitoring years due to large 

flocks of a single species, such as a flock of 35 European Starlings at Plot 9 in 2018.  
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Figure 11.  Breeding Bird Abundance 2006 - 2020 
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Significant Species 

In 2020, NRSI observed four bird species that are considered Species at Risk (SAR) or Species 

of Conservation Concern (SCC) (COSEWIC 2021, MNRF 2021): Eastern Meadowlark, Bobolink 

and Barn Swallow are designated Threatened both provincially and federally and Eastern 

Wood-pewee is designated as Special Concern provincially and federally. 

Bobolink and Eastern Meadowlark share similar habitat requirements.  Eastern Meadowlark 

requires grassy meadows, farmland, pastures or hayfields and will utilize open country less than 

5ha in size while Bobolink requires large, open expansive grasslands (>50ha) with dense 

ground cover; hayfields, meadows or fallow fields; marshes (OMNR 2000; McCracken et al. 

2013).  In 2020, Eastern Meadowlark showed probable breeding evidence at Plot 20 and 

possible breeding evidence at Plot 1, Plot 6 and Plot 9.  With the exception of Plot 6, all 

observations were made within the large expanse of old field meadow in Phase 3 where as 

many as two individuals were observed.  Eastern Meadowlark has been recorded within the site 

each year since 2007.  Bobolink observations were focused in the large old field meadow within 

Phase 3.  As many as eight individuals were observed during a single survey; all in close 

proximity to Plot 9 and Plot 20.  Probable breeding evidence was recorded at Plot 20.  This 

species has been observed in every monitoring year since 2006 with the exception of 2018 

when open country SAR bird observations were limited to Eastern Meadowlark. 

Barn Swallow was observed at Plot 11, Plot 19 and Plot 20 during the 2020 surveys.  Although 

the Crawley farmhouse to the south of Plot 20 was being worked on throughout much of the 

2020 breeding bird season, it is possible that the species nested on the structure.  Nesting may 

also occur off-site at nearby farms.  To date, no nests have been observed on the business park 

buildings, which generally lack suitable conditions for nest building.  As many as five individuals 

were documented from Plot 11, including fledged young.  As this species often forages in open 

country near water (OMNR 2000, Brown and Brown 2020), the stormwater ponds and meadow 

areas within the business park provide good habitat for the species.    

Eastern Wood-pewee was documented showing possible breeding evidence at Plot 2, Plot 3, 

Plot 5 and Plot 16.  This species has been recorded on site during every monitoring year.  

Eastern Wood-pewee prefers forest clearings or edge habitat with a semi-open canopy and is 

generally not limited by patch size (Watt et al. 2020).  The core feature as well as smaller, 

isolated treed features continue to provide suitable habitat for this species.  The natural feature 

buffer plantings have enhanced the edge habitat as a transitional area of sparse tree cover that 
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varies in height and composition.  Areas where Ash have declined (e.g., Plot 2) remain suitable 

for Eastern Wood-pewee as the canopy remains semi-open. 

In total, 23 bird species were observed which are considered significant within the City of 

Guelph (Dougan & Associates 2009).  Of these species, two species showed confirmed 

breeding evidence; Black-billed Cuckoo (Coccyzus erythropthalmus) and Barn Swallow.  A total 

of six species showed probable breeding evidence, including Bobolink, Willow Flycatcher 

(Empidonax traillii), Savannah Sparrow (Passerculus sandwichensis), Rose-breasted Grosbeak 

(Pheucticus ludovicianus), Red-breasted Nuthatch (Sitta canadensis), and Eastern Meadowlark.  

Additionally, 13 species showed possible breeding evidence.  Great Blue Heron (Ardea 

herodias) and Belted Kingfisher (Megaceryle alcyon), also considered significant in the City of 

Guelph, were observed but did not display any breeding evidence (i.e., observed as a fly-over).   

2.7.3 Amphibians 

Calling anuran species were recorded at eight of the 16 plots in 2020.  Plot 1 recorded three 

species of anuran.  No calling anurans were recorded in 2020 at Plots 2, 6, 7, 8, 9, 12, 13 and 

18.  Many of these plots often lack standing water and do not always provide ideal anuran 

breeding habitat.   

Four amphibian species were recorded during evening call count surveys in 2020; Spring 

Peeper (Pseudacris crucifer crucifer), Wood Frog (Lithobates sylvatica), Gray Treefrog (Hyla 

versicolor) and American Toad (Anaxyrus americanus).  Anuran diversity has fluctuated since 

2006 with three or fewer species recorded in some monitoring years (2006, 2010, 2012), and as 

many as six species documented in 2009.  Over the entire monitoring period, four to five 

species can be expected in most years and this was the case in 2020. 

Spring Peeper has consistently been the most widespread (has been recorded from every plot 

except Plot 13) and often most abundant calling anuran across all monitoring years.  The 

species was recorded in seven of 16 plots in 2020.  A full chorus (many individuals; too many to 

count accurately) was recorded at Plots 15 and 16.  The presence of Spring Peeper in large 

numbers at Plot 16 suggests the feature still provides a suitable hydroperiod in the spring which 

is notable given the drying trend observed during vegetation monitoring.  No individuals were 

recorded at Plot 6, 9, and 12, which have had Spring Peeper documented most years since 

monitoring began at the respective plots.  Plots 9 and 12 most recently recorded Spring Peeper 

in 2018. 
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Green Frog not recorded during anuran call surveys in 2020 but was documented incidentally 

along Laird Road and during wildlife movement surveys.  This species has been documented 

sporadically between 2007 and 2018, always in low numbers and limited to one or two plots in 

those years when it is documented. 

Gray Treefrog was only documented from Plot 1 in 2020 (a single calling frog).  Plot 1 provides 

standing water among a dense stand of inundated willow shrubs and represents the best habitat 

for Gray Treefrog within the site.  The species had been documented calling at many more plots 

in recent years (nine plots in 2015) and seemingly numbers of calling individuals fluctuate in 

cycles.  Calling numbers are likely dependent upon suitable standing water being present in 

May to June when this species breeds.  A number of individuals were observed during the Laird 

Road wildlife movement surveys and this species likely remains widespread throughout the site 

and will continue to have years of higher and lower abundance. 

Wood Frog was present at four plots in 2020, which is about average over the course of 

monitoring.  Plot 1, 10 and 15 have documented Wood Frog in each of the last three monitoring 

years with Plots 1 and 15 adjacent to recent development. 

American Toad has been limited in numbers and distribution throughout the study area between 

2006 and 2020.  This continued in 2020 with a full chorus documented during calling anuran 

surveys at a single plot; Plot 12.  The presence of American Toad in large numbers at Plot 16 

suggests the feature still provides a suitable hydroperiod in the spring which is notable given the 

drying trend observed during vegetation monitoring.  Although this species has fluctuated in 

numbers and distribution among plots, it is now documented from SWM ponds and water-filled 

ditches which provide suitable breeding habitat. 

Northern Leopard Frog (Lithobates pipiens) was documented at the site as an incidental 

observation during other surveys including the Laird Road wildlife movement surveys, but was 

not heard calling.  This species was documented calling from Plot 4 in 2014 as well as at other 

locations in 2012 and 2009.  It is apparent that Northern Leopard Frog numbers have always 

been relatively low at the site. 

No Pickerel Frog (Lithobates palustris) or Western Chorus Frog (Pseudacris triseriata) were 

observed in 2020, either during call counts or incidentally.  All of these species have been 

recorded intermittently within the subject property in previous years, with a call code of 1 or 2 

and in low numbers.  Pickerel Frog and Western Chorus Frog have not been documented since 

2012. 
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The 2020 terrestrial and wetland monitoring report (Appendix VI) provides detailed information 

on the ambient air temperature, water temperature, and pH ranges for each of the field visits in 

2020.   

2.7.4 Laird Road Wildlife Movement 

NRSI was contracted by the City of Guelph in 2020 to conduct a fourth year of night-time road 

mortality surveys and interim wildlife culvert monitoring along Laird Road.  Monitoring was 

postponed in 2020 due to the COVID-19 pandemic and was initiated in the spring of 2021.  The 

HCBP Laird Road Wildlife Movement Surveys: 2021 Effectiveness Monitoring Summary Report 

(Appendix VII) provides a summary of NRSI’s 2021 monitoring results.  It also offers an analysis 

of all monitoring years in order to evaluate the overall effectiveness of the mitigation measures 

employed by the City to reduce road mortalities along Laird Road. 

NRSI conducted night-time road mortality surveys along Laird Road from April to June 2021, 

recording wildlife species and vehicle traffic volume.  Wildlife cameras were also mounted at 

each of the five interim wildlife culverts, set to capture photos continuously (time-lapse every 30-

60 seconds) throughout the survey period.  NRSI staff analyzed wildlife camera data using 

Timelapse 2 software to identify culvert use by wildlife.  

In 2021, surveyors recorded the lowest vehicle traffic across the four years of monitoring, as 

well as the lowest relative amount of wildlife mortalities.  This is likely attributed to the on-going 

stay at home orders from the province and more people working from home.  Of the 32 wildlife 

observations made during road mortality surveys, anurans were by far the most commonly 

observed species group.  Wildlife observations in 2021 were relatively evenly distributed along 

the length of Laird Road, with two small areas of concentrated amphibian mortality identified.  

Overall, there was an 86% reduction in road mortalities in 2021 compared to pre-culvert 

installation data in 2009.   

The 2021 wildlife camera monitoring on Laird Road documented a total of 598 observations of 

amphibians, birds, mammals, reptiles, or unidentifiable wildlife using the City’s five interim 

wildlife culverts.  Mammals were the most commonly observed species group in the wildlife 

camera monitoring, but there was a notable increase in the proportion of amphibian 

observations from previous years.  Monitoring 24 hours a day in 2021 showed that wildlife 

activity peaked between 1900 and 0700hrs.  
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The reduction in road mortalities and slight increase in the number of observations of wildlife 

using culverts in 2021 is likely owed to the fencing upgrades that the City implemented just prior 

to the 2021 monitoring season, overall reduction in traffic volume, as well as year to year 

environmental conditions and population fluctuations.  There is no clear correlation between 

increased culvert use by all wildlife and reduction in road mortalities.  While the 2021 monitoring 

season saw a reduction in amphibian road mortality, it is inconclusive whether this is a result of 

increased culvert use.  Year to year variation in weather, habitat conditions, and population 

fluctuations could be affecting the observed trends in amphibian movements across Laird Road.  

This suggests that levels of road mortality on Laird Road could increase in years with more 

suitable conditions for breeding amphibians, such as wetter spring conditions.  This is especially 

true if in conjunction with higher traffic volumes.  
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3.0 Summary of Thresholds 

Thresholds have been developed for each component of the HCBP Monitoring Program.  Each 

threshold is described within the HCBP Consolidated Monitoring Program (NRSI 2010) and is 

listed in Table 11 along with exceedance through the 2019 and 2020 monitoring years. 

Table 11.  Summary of Thresholds by Monitoring Component 

Component Threshold 

Exceedance 
in 2020 

(Yes/No, 
stations) 

Exceedances 
from 2009 to 

2019 

Groundwater A specific quantitative threshold is not used.  
However, groundwater elevations that increase 
above previously observed seasonal high levels or 
decline below previously observed seasonal low 
levels, without an obvious relationship to 
precipitation, will be identified as observations of 
concern.  Similarly, groundwater quality that differs 
from previous ranges in parameters, and/or 
indicates an upward trend, will be identified as 
observations of concern. 

No Yes, in 

2010, 2011 
and 2012 

Surface Water 1. Any single temperature exceedance of 
22°C requires analysis in the annual 
consolidated monitoring report. 

Yes, at 

HC-A(03), 

HC-A(04), 

HC-A(04B), 

HC-A(06),  

HC-A(09), 
HC-A(10),  

HC-A(11),  

HC-A(12), 
HC-A(13) 

Yes, in 

2009, 2010, 
2011, 2012, 
2013, 2014, 
2015, 2016, 
2017, 2018, 
and 2019 

2. Any single temperature exceedance of 
24°C triggers the Rapid Assessment and 
Action Protocol. 

Yes, at 

HC-A(04), 

HC-A(04B), 

HC-A(06), 

HC-A(09), 

HC-A(12), 

HC-A(13) 

Yes, in 

2009, 2010, 
2011, 2012, 
2013, 2014, 
2015, 2016, 
2017, 2018, 
and 2019 
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Component Threshold 

Exceedance 
in 2020 

(Yes/No, 
stations) 

Exceedances 
from 2009 to 

2019 

Fish 1. A 50% change in the number of taxa 
represents a potential decline in the 
suitability of the habitat for Brook Trout.  
Because coldwater fish communities 
typically have a lower species diversity, an 
increase in species diversity may represent 
a negative change in relation to the Brook 
Trout management objective.  Specifically, 
the warm-water fish community may 
increase in species richness as a result of 
warmer water temperatures, which 
indicates that the habitat is becoming less 
suitable for Brook Trout.  A decrease in 
species diversity may also represent a 
negative change in the suitability of the 
habitat for Brook Trout, likely attributable to 
some cause other than water temperature. 

Yes, at 
EMS-003 

Yes, in 

2011 and 
2015 

2. A 50% reduction in the number of fish 
captured represents a potential decline in 
the fish community resulting from habitat 
impacts.  However, it may also represent 
an improvement in habitat suitability for 
Brook Trout based on temperature 
changes. 

Yes, at 
EMS-003 
and  

EMS-005 

Yes, in 

2010, 2012, 
2014 and 
2015 

Benthic 
Invertebrates 

1. For the Percent Model Affinity (PMA) 
analysis, the threshold is an “Impact” 
determination at a station for 2 consecutive 
years following 2 consecutive years where 
the determination was “No Impact” at that 
station. 

No Yes, in 

2013, 2014 
and 2015 

2. For Total Taxonomic Richness, the 
threshold is a 50% decline in the total 
number of taxa at a station, as compared 
to the results from the previous year. 

No Yes, in 

2011 and 
2013 

3. For EPT Taxonomic Richness, the 
threshold is a 50% decline in the number of 
EPT taxa at a station, as compared to the 
average results from the previous 2 years. 

No Yes, in 

2011, 2012, 
2013 and 
2014, 2015, 
2016, and 
2018 

Vegetation and 
Soils 

1. A change in herbaceous cover by more 
than 25%. 

Yes, at  

Plot 1 and 
Plot 3 

Yes, in 

2011, 2012, 
2013, 2014, 
2015, 2016, 
and 2018 
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Component Threshold 

Exceedance 
in 2020 

(Yes/No, 
stations) 

Exceedances 
from 2009 to 

2019 

2. A change in species diversity by more than 
25%. 

Yes, at  

Plots 1, 2, 4, 
5, 6, and 9 

Yes, in 

2010, 2011, 
2013, 2014 
and 2015, 
2016, and 
2018 

3. A change in canopy cover by more than 
25%. 

No Yes, in 

2010, 2011, 
2014 and 
2015 

Breeding Birds 1. A negative change in species diversity 
(number of species) by more than 25%.   

No Yes, in 

2010, 2014, 
2015, and 
2018 

2. A negative change in the breeding bird 
abundance (number of individuals birds) by 
more than 25%. 

Yes, at 

Plot 6 

Yes, in 

2010, 2011, 
2014, 2015, 
2016 and 
2018 

Amphibians 1. A decrease in species diversity (number of 
species) by more than 2 species. 

Yes, at  

Plots 6, 7, 8, 
9, 11, 13, 
and 18  

Yes, in 

2010, 2012, 
2016, and 
2018 

2. A change in species abundance measured 
by a decrease in two call codes. 

Yes, at 

Plots 2, 9, 
12, 16, 17 

Yes, in 

2010, 2011, 
2012, 2013, 
2014. 2015, 
2016, and 
2018 
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4.0 Discussion of Thresholds and Issues 

Several issues were identified during the 2019 and 2020 monitoring seasons.  These were 

identified based on the exceedances of the various monitoring component thresholds that have 

been described within the Hanlon Creek Business Park Consolidated Monitoring Program 

(NRSI 2010).  Threshold exceedances are identified in Section 3.0.  The following is a 

discussion of the issues that were identified or ongoing in 2019 and 2020.   

4.1 Groundwater Elevation at Station MW111 

As discussed in Section 2.2, the groundwater elevation at Station MW111 experienced 

significant fluctuations between November, 2019 and October, 2020.  This significant fluctuation 

was attributed to the drilling, installation, development, and sampling of a new monitoring well 

nest, located adjacent to MW111.  During the initial period, the bedrock borehole remained 

open, which allowed groundwater to flow down the borehole from the Guelph Formation to the 

Lower Gasport Formation.  This caused a drawdown effect in the Guelph Formation that is 

evident in the monitoring data at MW111, which saw fluctuations in up to approximately 5m 

asml.  This monitoring well nest was installed for researchers at the University of Guelph, in 

advance of a pumping test conducted in the south end of the HCBP lands by the City of Guelph 

Water Services during the summer of 2020.  In October, 2020 levels returned to a more typical 

range for the station, albeit at the lower end.  Monitoring in 2021 should see the levels at 

MW111 continue increase and fluctuate within the typical range that was observed prior to 

2019. 

4.2 Water Temperature Impacts from Stormwater Management Pond 4 

As discussed in Section 2.4.2, water temperatures during summer months of 2019 and 2020 

continued to be elevated as a result of the effects of SWM Pond 4.  While higher than average 

air temperatures were again noted in 2019 and 2020 and lower precipitation levels were noted 

in 2020, which contributed to these elevated water temperatures, the influence of SWM Pond 4 

continued to be evident through both years.  The evidence is focused on the stations on 

Tributary A that are the nearest to the SWM Pond 4 outlet.  Water temperatures exceeded both 

22°C and 24°C at the stations downstream of the SWM Pond 4 outlet in both years while the 

station upstream of the outlet did not exceed 22°C or 24°C in 2019 and only exceeded 22°C for 

a very short period of time in 2020.  Thermal effects are evident in the proportion of the summer 

that the temperature was above 19°C, and by the thermal regime classifications in 2019 and 

2020 compared to pre-construction data. 
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Looking at the temporal evidence, the 2019 and 2020 thermal regime classifications continued 

to be warmer than pre-construction years (2009/2010 and earlier) at stations HC-A(04), HC-

A(06), HC-A(09) and HC-A(10).  In addition, the proportion of time that the temperature was 

above 19°C at stations HC-A(04) and HC-A(06) was greater in 2019 and 2020 compared to pre-

construction conditions, being 64% and 76% in 2019 and 99% and 92% in 2020 versus 9% and 

18% in 2010, respectively.  Further, newly installed stations HC-A(04A) and HC-A(04B), located 

between HC-A(04) and HC-A(06), also showed significant amounts of time over 19°C in both 

2019 (89% and 72%, respectively) and 2020 (93% at HC-A(04B); no data available for HC-

A(04A)).  In 2009, the summer temperature data demonstrated no time (0%) above 19°C at 

stations HC-A(04) and HC-A(06).  It is clear that SWM Pond 4 has changed the conditions at 

these stations. 

Looking at the spatial evidence, stations HC-A(04), HC-A(04A), HC-A(04B) and HC-A(06), 

located in Tributary A downstream of the SWM Pond 4 outlet, recorded higher average 

temperatures and little daily fluctuation compared to station HC-A(03), located upstream of the 

SWM Pond 4 outlet.  The subdued daily fluctuation resulted from the very constant temperature 

of water that continuously discharges from the SWM Pond 4 outlet.  Furthermore, the 

temperatures at these two stations that are downstream in Tributary A were consistently in 

between the upstream temperatures and the SWM Pond 4 outlet temperatures, providing 

evidence of the mixing of the two sources of flow. 

Further downstream at station HC-A(09), it is difficult to discern how much SWM Pond 4 is 

affecting the temperatures.  In 2009, the temperature at this station was at times above 19°C, 

with a proportion of 2.1% of the 21 days of data that was available that summer.  In 2010, 

station HC-A(09) exceeded 19°C for 34% of the time.  This indicates that there has been a 

history of higher water temperatures at station HC-A(09).  The data shows that the water 

temperature was above 19°C for 68% of the time in 2019 and 80% of the time in 2020.  This 

could be a result of the influence of SWM Pond 4, although the greater distance from the pond 

and the lesser temporal difference in this statistic makes the relationship less certain.  The high 

ambient air temperatures and lower than normal precipitation levels experienced in 2020 would 

have also acted to increase the water temperatures in Tributary A, which would have been less 

pronounced in 2019 due to higher relative precipitation amounts. 

Downstream from station HC(A)-09 it is unlikely that SWM Pond 4 is affecting the temperatures, 

as evidenced by the thermal regime classification at station HC-A(11) which was cooler in both 

2019 and 2020 compared to pre-construction condition.  This cooler thermal regime at station 
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HC-A(11) may reflect the cooling effect of the removal of the online pond in conjunction with 

building the Hanlon Creek Blvd crossing of Tributary A in 2009.  In spite of the cooling in that 

location, station HC-A(14), which is farthest downstream on the site, was one category warmer 

in 2019 compared to pre-construction conditions.  Therefore, the warmer classification at station 

HC-A(14) was largely due to factors beyond the potential influence by SWM Pond 4. 

As another effect to consider for the stations further downstream of the four stations nearest to 

SWM Pond 4, stations HC-A(09), HC-A(13) and HC-A(14) experienced exceedances of the 

24°C threshold in 2020 with HC-A(09) and HC-A(14) exceeding the threshold in 2019.  Station 

HC-A(09) may have been influenced by SWM Pond 4 and, based on review of the groundwater 

and surface water information, it is unlikely that the warm temperatures at that station were 

caused by other development-related effects.  The exceedances at station HC-A(14) are not 

unusual, so are less likely to be related to warming from SWM Pond 4.  In 2019 nine of 12 

surface water monitoring stations had some time with temperatures over 22°C ranging from 

<1% at HC-A(13) to 16% at HC-A(04A).  In 2020, exceedance durations were slightly higher 

and ranged from 2% at HC-A(11) to 35% at HC-A(04), where data is available for nine of 12 

stations.  While the stations located downstream from HC-A(09) were most likely affected by 

higher ambient air temperatures and lower-than-normal precipitation levels, it appears that the 

main issue with stream temperatures in 2019 and 2020 was the effects of SWM Pond 4.  There 

is no clear evidence that other aspects of the development are contributing to the exceedances 

of 22°C and 24°C.  Thus, it is appropriate to focus on the stream temperature impacts of SWM 

Pond 4, and consider whether there are possible restoration activities for station HC-A(09), in 

order to reduce the potential for exceedances of 22°C and 24°C. 

Further analysis of the spatial and temporal characteristics of the stream temperatures in 

Tributary A and Tributary A1 is provided in Section 2.4.2 along with discussions on the suitability 

of the temperatures for Brook Trout and analysis of stormwater management pond 

temperatures.  The analysis of the modes of impact of SWM Pond 4 is provided as follows. 

Two potential modes of impact by SWM Pond 4 were discussed in previous consolidated 

monitoring reports.  The first mode is the water that is discharging to Tributary A through the 

SWM Pond 4 outlet; the second is the pond’s effects on adjacent groundwater that eventually 

discharges to Tributary A as groundwater.  They are outlined again as follows. 
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4.2.1 Warm Water Discharging Through SWM Pond 4 Outlet 

In 2019 and 2020, the continuous outflows from the SWM Pond 4 cooling trench continued to be 

approximately 3 to 6°C warmer than the upstream water temperatures at station HC-A(03) in 

Tributary A.  The resulting temperature in Tributary A immediately downstream at station HC-

A(04) is closer to the SWM Pond 4 outflow temperatures.  However, in general, outflow 

temperatures were still up to 8 degrees cooler than pond temperatures, indicating that the 

cooling trench is functioning to mitigate and cool water from SWM Pond 4 to some degree. 

As discussed in Section 2.4.2, the cooling trench at SWM Pond 4 has limited performance 

during storm events.  The HCPB Stream Temperature Impact (AECOM 2009) indicated that 

there was little information on performance of the outlet trenches in terms of reducing 

temperature; however, it refers to the Max Becker Subdivision Pond, at which the outlet 

temperature exceeded 22°C only once during a storm event.  At SWM Pond 4 the cooling 

trench is noted to lower the pond outflow temperatures in between storm events, but only 

mitigates temperatures for a few hours after a storm event begins.  Therefore, the temperature 

is largely driven by the pond outflow temperature during a storm.  This is understood to be a 

potential limitation of cooling trenches, with the understanding that the first flush of water has 

the greatest potential for thermal impact.  Nevertheless, it is important to understand that the 

cooling trench is most likely functioning to mix groundwater with the outflow from SWM Pond 4, 

and its perceived performance under current conditions may not reflect extensive absorption of 

heat by the rock in the cooling trench.  If the continuous discharge from the SWM Pond 4 outlet 

were not occurring, there may be additional heat capacity in the rock and surrounding 

groundwater to facilitate additional cooling of the first flush of a storm event.  Refer to Section 

2.4.2 for further explanation of the current function of the cooling trench at SWM Pond 4. 

In order to improve the performance of the cooling trench and mitigate the effects of the 

continuous discharge from the pond, herbaceous species and vines were planted along the 

cooling trench in the fall of 2012.  These were installed as an additional mitigation feature with 

the hope that they would grow over the rock lined cooling trench and reduce the impacts from 

solar radiation.  It was determined that they provided little benefit during their first year as they 

covered only a small area of the trench, and this continued to be the case through 2020.  It may 

be necessary to augment these plantings, or to pursue additional measures.  Several strategies 

for mitigation of the SWM Pond 4 temperatures have been previously discussed by the RAAP 

team with the primary focus of preventing or greatly reducing the flow of groundwater into Pond 

4 along with diverting the groundwater to the cooling trench, either to the trench inlet or its 



Natural Resource Solutions Inc. 100 
Hanlon Creek Business Park Consolidated Monitoring Report (2019 and 2020)  

outlet.  Although these discussions have continued, no additional mitigation measures have 

been implemented to date. 

4.2.2 Warming of Groundwater Adjacent to SWM Pond 4 

The warming of the groundwater adjacent to and down-gradient from SWM Pond 4 continued in 

2019 and 2020.  In 2012 it was determined that surface water from SWM Pond 4 could be 

migrating toward Tributary A through the ground as another pathway from SWM Pond 4 to 

Tributary A.  This was evidenced by elevated groundwater temperatures compared to pre-2012 

monitoring and compared to groundwater temperatures up-gradient from SWM Pond 4 in the 

same year and this effect has continued. 

In July and August of 2019 and 2020, the water temperatures at monitoring well MW119A, 

located down-gradient from SWM Pond 4, were again approximately 3 to 5°C higher than those 

at monitoring well MW 131, located up-gradient of SWM Pond 4.  This is a clear indication that 

an effect is occurring, and it is clearly illustrated on Graph G24a in Appendix G of the 

groundwater monitoring report (see Appendices I and II of this report).  In addition, groundwater 

temperatures at monitoring well MW119A and piezometers PZ-13D and PZ-14D demonstrated 

potentially-elevated temperatures (Section 2.4.1). 

Mitigation of this mode of effect would need to either lower the temperature of the water in SWM 

Pond 4, curtail the flow of groundwater out of this part of the pond, or augment the continuous 

outflow with additional cool groundwater.  Such measures have been the topic of ongoing 

discussion; however, none have been implemented to date. 

4.3 Change in Fish Community at Two Stations 

4.3.1 Decline in the Number of Taxa by 50% (Compared to the Previous Monitoring 
Year) at One Station 

One station, BTH-003, produced an exceedance of the first fish community threshold in 2020.   

Station EMS-003 exhibited a 50% reduction in the number of taxa captured in 2020 compared 

to 2018.  This occurred due to a decrease in the number of taxa from 2 to 1.  The number of 

taxa at EMS-003 has been consistently low relative to the other monitoring stations and has 

fluctuated regularly between one and three species since sampling began in 2006, including 

both pre-construction and construction-phase monitoring.  As such it is not believed that this 

threshold exceedance is of concern as results are within the expected range for the site.   
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4.3.2 Decline in the Number of Fish Captured by 50% (Compared to the Previous 
Monitoring Year) at Two Stations 

Two stations, BTH-003 and BTH-005, produced exceedances of the second fish community 

threshold in 2020.   

The total catch at EMS-003 declined from 20 in 2018 to five in 2020, resulting in a 75% 

reduction.  Similar to the low numbers of taxa at EMS-003, as discussed for Threshold 1, total 

fish caught has consistently been low relative to the other monitoring stations.  This is due to the 

limiting habitat along Tributary A1 that includes relatively low water levels, silt/sand/detritus-

dominated substrates, and a consistently cool thermal regime that are typical for a first order 

(headwater) watercourse.  These naturally low catch numbers are more likely to experience 

threshold exceedances following minor fluctuations in taxa and numbers of fish observed 

between years.  In addition to these factors, during 2020 monitoring only two electrofishing 

passes could be completed for the station due to equipment failure rather than the three passes 

that have been completed in previous years.  This reduction in effort in 2020 compared to 2018 

is also likely to have reduced the total fish caught at the station, further increasing the potential 

for an exceedance.  Threshold exceedances have also been observed at this station in 2012, 

2014, and 2015.  It appears that the exceedance observed at EMS-003 is still within the 

previously observed natural fluctuations for the site and it is not believed to be a cause for 

concern. 

The total catch at EMS-005 declined from 199 in 2018 to 100 in 2020, resulting in a 50% 

reduction and an exceedance of Threshold 2.  The reduction follows an uncharacteristically high 

total catch number that was observed in 2018, which was substantially higher than the catch 

numbers during previous years of monitoring at the station and the highest total catch that had 

been observed across all five monitoring stations since sampling began.  The threshold 

exceedance appears to be the result of a reduction in the total catch to a more ‘typical’ number, 

and one that is more consistent with previous years of construction-phase monitoring prior to 

2018.  It should be noted that EMS-005 has been the most highly influenced by the continuous 

outflow from SWM Pond 4 and as such, the species richness and total catch numbers have 

increased since pre-construction sampling in response to this.  The reduction in total catch in 

2020 is likely attributed to the lower-than-normal monthly precipitation for September, which saw 

groundwater levels decline from early-August to late-November. Continuous outflow from SWM 

Pond 4 continued throughout 2020 but based on surface and groundwater monitoring, lower-

than-normal precipitation levels from mid-August through September and November appear to 
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have reduced groundwater levels and baseflow within Tributary A, which is likely to have 

influenced the available fish habitat at EMS-005.  Apart from natural fluctuations in surface flow 

within Tributary A, habitat conditions have remained consistent across monitoring years, 

characterized by gravel and cobble substrates, riffles and relatively deep pools, slight bank 

undercutting, and abundant overhanging bank vegetation comprised primarily of terrestrial 

grasses and forbs.  It is, therefore, likely that the 50% reduction in total catch in 2020 compared 

to 2018 is a result of lower surface water within Tributary A following a year of higher flow in 

2018.  Further, the total catch in 2020 is more in line with the catch numbers between 2013 and 

2016. 

4.4 Changes in Vegetation 

4.4.1 Change in Herbaceous Cover by 25% at One Station 

Herbaceous cover exceeded the lower reach of this threshold in Plot 1 and Plot 3 in 2020. 

In 2020, Plot 1 showed an increase in cover from 2018 (from 35.1% to 47.9%) which constitutes 

a return to the low end of the threshold.  Across all monitoring years changes in cover ranging 

from 30-40% are not uncommon and are largely a reflection of the hydroperiod within the plot.  

The plot is situated within a swamp thicket which contained 15-20 cm of standing water during 

the July 2020 surveys.  In other years, the plot has shown higher herbaceous species cover on 

saturated detritus (with minimal to no water present).  The changes in cover correlate strongly 

with the depth of water present within the plot from one year to the next. 

Plot 3 showed two monitoring years of improved cover with 28.2% in 2015 and 28.6% in 2016 

as a result of a flush of Ostrich Fern (Matteuccia struthiopteris) returning to the plot, which 

strongly influences the overall herbaceous coverage within the plot.  In 2018 the cover 

decreased to 12.4% and increased slightly in 2020 to 17.5%.  However, this is still well below 

the pre-construction average of 57.83%.  It is suspected that browse by White-tailed Deer 

(Odocoileus virginianus) continues to influence herbaceous cover within the plot.  Where many 

Sugar Maple (Acer saccharum) dominated forests should have layers of saplings, seedlings and 

young trees beneath the canopy, Plot 3 has limited woody species in the lower strata of the 

forest.  This supports the assumption that deer browse is very high within this area. 

4.4.2 Change in Herbaceous Species Diversity by 25% at One Station 

Positive exceedances or increases within the threshold were observed in most plots in 2020.  

Plot 5 remained below the threshold for species diversity in 2020.  This plot contained eight 
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species, whereas the pre-construction average for the plot was 13 species.  As discussed in 

previous years, Plot 5 is situated within a very low-diversity conifer stand which limits 

groundcover within the plot to several species each year.  As a result, the low diversity observed 

in 2020 is not a concern for this plot. 

Overall, variation in species diversity can likely be attributed to a number of factors including 

changes in canopy cover or soil moisture which may encourage or discourage sensitive species 

and periodic establishment of small numbers of a given species which do not persist within the 

plot in subsequent years.  Additionally, the current approach of taking a compass bearing of 0°, 

45° and 90° to determine corner locations based on the permanent t-bar stake may lead to the 

inclusion and exclusion of certain species located at the fringe of each plot. 

4.4.3 Decreasing Coefficient of Wetness at Two Stations 

Although CW is not used as a specific threshold for the vegetation monitoring, it is noteworthy 

that, prior to 2020, the CW values at Plot 16 was showing a drying trend, which was most 

notable between 2011 and 2015.  Although an increase in the CW value was observed in 2016 

it once again dropped in 2018 to its lowest level.  A significant increase was observed in 2020, 

that showed the highest CW value that had been observed to date.  Plot 16 is located in close 

proximity to recent development (Block 9 and Block 10) and Hanlon Creek Boulevard.  The 

analysis of groundwater levels at Plot 16 in recent years indicates that the water table is 

generally below the plot elevation and the larger wetland feature (Banks Groundwater 

Engineering Limited 2021).  The previous monitoring report noted that standing water would be 

documented during the anuran call surveys.  In 2020 it was noted that standing water was 

patchy but with depths of up to 20cm in April, slightly decreased by May and no standing water 

but with saturated peat soil by June.  In 2016, it was suggested that altered surface water inputs 

may be contributing to the changes in herbaceous vegetation within this plot.  The site drainage 

has been designed to direct all surface water flow from the adjacent developable land and new 

Hanlon Creek Boulevard into the conveyance swales that then flow into the SWM ponds.  This 

in turn has reduced the amount of surface water entering the wetland feature where Plot 16 is 

located.  While groundwater levels have remained relatively steady, the surface water inputs 

have likely decreased and led to drier conditions overall.  Although 2020 water levels and 

herbaceous vegetation represent a return to pre-construction hydroperiod, we expect that the 

long-term drying trend will continue unless adjustments are made to the stormwater drainage 

surrounding the Plot 16 feature.  The wetland tree and shrub cover will likely persist based on 

seasonal pooling of water and the water table elevation.  The herbaceous cover may succumb 
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to drought stress with a long-term shift toward higher CW value species and a permanent 

reduction in obligate wetland species. 

4.5 Change in Breeding Bird Abundance by 25% at One Station 
In 2020, breeding bird abundance data indicated average numbers of birds at each plot.  During 

the surveys, no large flocks of a certain species were observed and as such the abundance 

numbers largely reflect common species at a given plot.  Plot 6 was the only negative threshold 

exceedance in 2020.  This is largely due to the pre-construction average being elevated on 

account of large flocks of European Starlings and Red-winged Blackbirds, which can have a 

notable influence on bird abundance figures.  As noted previously, species diversity at Plot 6 

positively exceeded the threshold and was the second most diverse plot in 2020 with 22 

species.   

4.6 Decline in Amphibian Species Diversity at Seven Stations 

A decline in amphibian species number by more than two (between the preconstruction average 

and 2020) was observed at Plots 6, 7, 8, 9, 11, 13, and 18 in 2020.   

Decreases in diversity at Plots 6, 7, 8, 13 and 18 were likely a result of these areas being dry for 

much of the breeding period in 2018 and thus numbers have stayed low in the years to follow.  It 

is notable that, prior to 2016, species diversity in Plot 6 shows a regular pattern of fluctuating; 

between 2009 and 2016 diversity alternated annually between three species and one species 

with 2015 (four species) and 2016 (zero species) complementing this trend.  Although, 2018 

and 2020 also resulted in zero species due to a relatively consistent lack of standing water 

within the plot.  To some degree the data for Plot 9 reflects a similar pattern to Plot 6, with years 

of higher diversity alternating with years of lower diversity.  Plots 7, 8, and 13 have regularly 

shown low anuran species diversity, generally with zero or one species typically heard between 

years.  To a large extent it is likely that these fluctuations are a reflection of climatic conditions 

(temperature and precipitation).  Plot 7 has open water within the watercourse, but is otherwise 

surrounded by swamp with hummocky soils but no standing water.  Plot 8 is similar to Plot 7 in 

that the watercourse constitutes flowing water within the plot but there are no pools of standing 

water in the vicinity.  Plot 9 often contains shallow standing water in the early spring and this 

was the case in 2020.  As the feature is somewhat isolated, anuran populations are susceptible 

to significant decreases when recruitment is poor due to dry conditions or cold temperatures 

resulting in egg or tadpole mortality.  Plot 11 typically varies between one to two anuran 

species, but has an elevated pre-monitoring average of 2.5 as a result of three anuran species 
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being documented during pre-construction.  Although a single Spring Peeper was documented, 

two Wood Frog were present at Plot 10.  These plots being in close proximity within the small 

natural feature, species are able to move between the two vernal pools. 

4.7 Decline in Species Abundance for Three Species at Seven Stations 

A decrease in two calling codes was established as the threshold in the HCBP Consolidated 

Monitoring Program (NRSI 2010).  Eight of these decreases were observed in 2020 including: 

• Gray Treefrog in Plots 2, 12, 16, 17 – no individuals recorded during 2020 at any of 

these plots.  In comparison with the 2018 data, this includes a decrease from call code 

of 3 (Plots 2 and 17) and call code 2 in Plots 12 and 16; 

• Spring Peeper in Plots 2, 9, 12 – no individuals recorded in 2020, down from a call code 

3 at Plots 2 and 12 and call code 2 at Plot 9 in 2018; 

• Wood Frog in Plot 17 – no individuals recorded in 2020, down from a call code of 2 in 

2018. 

 

As noted in Section 2.7.3, there was a clear spike in Gray Treefrog abundance between 2015-

2018 which was preceded by lower numbers and more scattered distribution.  The changes in 

abundance between 2018 and 2020 are likely attributed to natural fluctuation as a result of 

precipitation and temperature from one year to the next. 

The decrease in Spring Peeper abundance at Plots 2 and 9 is likely a result of the dry 

conditions observed in the spring of 2020 whereby these plots contained very little standing 

water in April and were dry by mid-May.  The decrease in Plot 1 from a full chorus to call code 1 

is not concerning for a single monitoring year as Spring Peepers have been present in this plot 

in varying numbers since monitoring began.  Plot 12 did contain standing water in April and May 

and the absence of both Spring Peeper and Gray Treefrog (which were present in 2018), as 

well as American Toad (present in 2016) may indicate that anuran numbers are declining here.  

As an isolated wetland feature that is now encompassed by developed, graded areas and road, 

consecutive years of reduced hydroperiod may lead to declines in species abundance and 

diversity with limited potential for recolonization from the core natural feature.  

As Plot 17 contained standing water through April and May of 2020, the absence of Wood Frog 

is likely a result of this species dispersing to other areas within the site.  Wood Frog numbers 

remained steady at Plots 1 and 10, and increased at Plots 4 and 15.  There is also potential that 
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conditions in the spring of 2019, when monitoring was not conducted, were unfavourable and 

saw a decrease in Wood Frog recruitment which affected numbers in 2020.   

As previous monitoring reports have noted, the creation and naturalization of the SWM ponds 

on site has led to increased use of these features for anuran breeding and foraging, in particular 

by Spring Peepers and American Toads.   

The remaining identified species, Northern Leopard Frog, Pickerel Frog and Western Chorus 

Frog have all been observed intermittently within the subject property dating back to the 2007 

monitoring year.  In general, these species have been observed in low numbers at a call code of 

1 or 2.  It is likely that these species have always existed in low numbers within the property and 

are subject to natural population fluctuations.  

The decreases in species abundance at the above plots is largely a result of decreased water 

levels within these specific locations, particularly for Gray Treefrog and Spring Peeper which 

were recorded in good numbers at other locations where water was present for the breeding 

period.  The other species continue to occur sporadically throughout the subject property. 

Monitoring of anuran plots should continue with a particular focus on noting the spatial extent 

and depth of vernal pools at all plots; however, it is proposed that monitoring be discontinued in 

Plots 6, 7, 8, 10 and 13 where conditions are generally unsuitable (flowing watercourse) or dry 

and do not support anuran breeding.   

As noted previously, the design of the Business Park does not direct surface water from the 

development into the wetlands and a trend of lower-than-normal precipitation is contributing to 

less suitable anuran breeding habitat.  Monitoring of surface water and groundwater inputs 

toward the wetlands at Plot 16 and Plot 18 is recommended.  In the case that anuran diversity 

and abundance is found to be impacted by development activities, management 

recommendations may be made in order to mitigate or reverse negative trends. 
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5.0 Summary of Corrective Measures Undertaken 

While not tied to one of the established thresholds, the City installed new erosion and sediment 

control fencing (directional fencing) north and south of Laird Road in proximity to the five interim 

wildlife culverts just prior to the Laird Road wildlife monitoring in 2021.   

No additional corrective measures were undertaken in 2019 or 2020.   

The temperature effects continued at SWM Pond 4, and the corrective measures undertaken in 

2012 were again monitored for effectiveness in 2019 and 2020.  The corrective measures 

undertaken in 2012 included:   

1) Raising the outlet of the cooling trench at Pond 4 (this was removed in early 2013),  

2) Raising the weir level at the pond outlet at Pond 4, and  

3) Planting of aquatic vegetation throughout the shallow areas of the pond,  planting vines 

and herbaceous species in and around the cooling trench at Pond 4 and planting of 

trees and shrubs around the perimeter of the pond to achieve increased canopy cover 

and shade over the long-term.   

As these measures have proven to be generally insufficient to correct the temperature effects of 

SWM Pond 4, the RAAP team has continued to discuss additional mitigation strategies to be 

considered for implementation that focus primarily on the management of groundwater in the 

vicinity of SWM Pond 4.  Specifically, mitigating the temperature impacts of Pond 4 could 

include diverting additional groundwater towards the cooling trench, either at its inlet or outlet.  It 

is anticipated that diverting additional colder groundwater directly to the cooling trench will lower 

the water temperature of the outflow reaching to the creek.  Additional mitigation measures 

considered have also included lowering the water level in the pond and re-establishing the 

vegetation (including exclusionary fencing to discourage waterfowl so that the vegetation can 

become fully established), as well as various floating structures (e.g. floating islands, screening, 

etc.).  By the end of 2021 these mitigation measures were still under consideration and review 

and it is expected that decisions regarding this may be made in 2022.   

While other issues have been identified through review of the monitoring results, there were no 

other clear cause-and-effect relationships that constituted problems to be rectified through 

corrective measures. 
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6.0 Recommendations 

6.1 Actions for 2021 and 2022 

Based on the 2019 and 2020 monitoring results, it is recommended that additional corrective 

measures be developed to address the effects of SWM Pond 4 on water temperatures in 

Tributary A.  The need for additional monitoring requirements should be considered in 

conjunction with the development and implementation of the corrective measures. 

Some of the tree and shrub plantings that were previously installed around the perimeter of 

SWM Pond 4 as part of a longer-term solution to pond shading/cooling, were noted by the City 

and NRSI to be declining or dead.  NRSI discussed a plan with the City to replace the trees that 

are not thriving or have died, as well as additional planting strategies to be considered for longer 

term solutions.  It is recommended that the additional plantings be installed, monitored and 

maintained to increase survival rate.  

Vegetation surveys in 2020 continued to identify an aggressive non-native species, Common 

Reed.  This species is persistent to the east of Plot 6 in Phase 1 as well as along the edges of 

SWM Pond 4.  Common Reed has the potential to spread into adjacent wetlands and meadows 

and create monocultures which compromise native species diversity.  It is imperative that these 

populations of Common Reed be managed and removed while the stands are small.  Given that 

the species occurs in a recently engineered ditch feature and SWM pond associated with the 

development, the introduction of this species is likely a result of recent grading activities during 

the construction of Phase 1 and Phase 2.  It is recommended that this species be controlled 

through repeated herbicide application by a licensed professional.  It is further recommended 

that a full site inspection be conducted to verify the potential presence of other stands of 

Common Reed, focusing on SWM ponds.  Monitoring of the effectiveness of management 

efforts should also be continued annually until the species is no longer present.  The full 

removal of all live rootstock is required or the species will re-establish and continue to spread.   

While other issues were identified as a result of threshold exceedances or other occurrences, 

none of the issues were clearly linked to impacts from development.  Therefore, no further 

actions are recommended at this time based on the monitoring results. 

6.2 Future Monitoring 

2020 marked the eleventh year of construction-phase monitoring at the HCBP.  The following 

recommendations for monitoring are made with this in mind. 
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It is recommended that monitoring continue with diligent attention given to stream temperatures 

and the SWM Pond 4 mitigation measures put in place to date, using the RAAP as prompted by 

any stream temperature or turbidity exceedances.  This will ensure that attention is given to any 

ongoing patterns in stream temperature, and actions can be taken if deemed necessary.  

Additional monitoring may also be required to inform the development and implementation of 

measures to mitigate the effects on stream temperatures. 

The long-term groundwater monitoring program at the HCBP site should continue through 2021 

and 2022 on a quarterly basis as previously recommended.  Particular attention should be given 

to monitoring wells MW119A, PZ-13D and PZ-14D regarding the temperature effects of SWM 

Pond 4, and to monitoring wells MW103 and MW118A regarding the declining CW values at 

vegetation Plots 16 and 18.  Surface water should continue to be monitored at Plots 16 and 18 

and adjacent roads, swales and development blocks in order to determine whether surface 

hydrology has been altered in a manner that is affecting Plots 16 and 18.  Groundwater samples 

should continue to be collected from selected monitoring wells and analyzed for the established 

water quality parameters.  The improved filtering of water samples should be continued as 

standard practise.   

The surface water monitoring program during and post construction should continue through 

2021 and 2022 as per the Standard Operating Procedures for the Consolidated Monitoring 

Program (NRSI 2010) to ensure temperature targets are met and water temperatures are 

suitable for Brook Trout.  Temperature monitoring of stormwater management ponds should 

also continue through 2021 and 2022 to monitor their effectiveness, including the bottom draw 

outlet and cooling trench performance.  Water quality in Tributary A should be monitored using 

grab samples as per MOECC CofA requirements.   

Monitoring of fish and benthic invertebrate communities should continue biennially, with 2022 

being the next year of monitoring.  Monitoring should continue to include both fish and benthic 

surveys in addition to fall Brook Trout spawning surveys. 

Vegetation monitoring should continue every two years, with the next monitoring year being 

2022.  In that year, vegetation monitoring should continue as per the Standard Operating 

Procedures for the Consolidated Monitoring Program (NRSI 2010), with the following notes for 

2022.  Special attention should continue to be given to Plots 16 and 18 to determine if there is a 

continued decline in CW values. 
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Monitoring of the aquatic and riparian vegetation within the SWM Pond 4 and herbaceous plants 

along the cooling trench should be conducted to assess the survival and establishment of the 

vegetation planted in the fall of 2012.  Any new plantings (if installed) should be monitored and 

maintained as required. 

Breeding bird and amphibian monitoring frequency should continue every two years, with 2022 

being the next year of monitoring.  Breeding birds and amphibians should be monitored in 2022 

according to the Standard Operating Procedures for the Consolidated Monitoring Program 

(NRSI 2010).  

It is proposed that monitoring of anuran plots be discontinued in Plots 6, 7, 8, 10 and 13 where 

conditions are generally unsuitable (flowing watercourse) or dry and do not support anuran 

breeding.  For remaining plots, monitoring should continue with a particular focus on noting the 

spatial extent and depth of vernal pools at all plots.  As it is noted previously, in some locations 

the design of the Business Park does not direct surface water from the development into the 

wetlands and a recent trend of lower-than-normal precipitation is contributing to less suitable 

anuran breeding habitat.  Monitoring of surface water and groundwater inputs toward the 

wetlands at Plot 16 and Plot 18 is recommended.  In the case that anuran diversity and 

abundance is found to be impacted by development activities, management recommendations 

may be made in order to mitigate or reverse negative trends.  As with the other biological 

monitoring components, the frequency should continue every two years, with 2022 being the 

next year of monitoring.   

It is recommended that close monitoring and upkeep of the Erosion and Sediment Control 

fencing (exclusion fencing) is continued to ensure that wildlife mortality does not occur as a 

result of poor fence condition, especially ahead of peak wildlife movement periods.  It is 

recommended that fences be extended where possible to target areas of high road mortality to 

the west of Culvert 5, and potentially from Culvert A1 to Culvert 1.  It is also recommended that 

future assessments of road mortality monitor the sides of the fence opposite to the road to 

determine whether other mortalities are occurring that were previously unobserved (i.e., 

mortality/predation along non-roadside side of fencing).  Finally, to better understand trends 

observed over the course of the monitoring period, it is recommended that road mortality 

surveys and wildlife camera monitoring in the culverts using time-lapse photography be 

continued in conjunction with the biennial terrestrial, wetland and aquatic monitoring program. 
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7.0 Conclusions 

Monitoring at the Hanlon Creek Business Park in 2019 and 2020 was successful in providing 

useful information to describe environmental conditions on site, detect issues and develop 

solutions.  Elevated stream temperatures and the contributing temperature impacts from SWM 

Pond 4 continued to be the most prominent issue.  As such, monitoring in 2021 and 2022 

should give particular attention to this issue through the continued monitoring of nearby wells 

and the effectiveness of the planted vines and aquatic vegetation.  The RAAP group should 

carefully review any stream temperature threshold exceedances.  Additional corrective 

measures should also be developed to mitigate the effects on stream temperatures, including 

additional monitoring as required to inform such measures.   
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Technical Memorandum 
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Hanlon Creek Business Park 
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1 Introduction 
This Technical Memorandum presents the results of the 12th year of a long-term groundwater 
monitoring program for the Hanlon Creek Business Park (HCBP).  The results of the first 11 years 
were presented in Technical Memoranda completed in 2009 through 2019, respectively.  A 
Hydrogeology Report was completed by Banks Groundwater Engineering Limited in May 2008, as 
part of the Environmental Implementation Report (EIR), in support of the proposed HCBP.  The 
Hydrogeology Report presented a recommended long-term groundwater monitoring program.  This 
program was developed in recognition of the importance of establishing baseline groundwater 
conditions and to assess any changes in groundwater elevations and groundwater quality during 
and following development of the site.  The monitoring program is also required to assess the 
performance of the stormwater management facilities and to observe seasonal trends in water 
levels in the core wetland.  This monitoring program is consistent with the recommendations of the 
Hanlon Creek State-of-the-Watershed Study Report (2003). 
Baseline groundwater conditions were established during five years of on-site monitoring.  The 
detailed results for the period spring 2003 to spring 2008 were presented in the Hydrogeology 
Report.  Banks Groundwater Engineering is continuing to monitor groundwater in on-site 
monitoring wells and in wetland and streambed mini-piezometers on a quarterly basis.  To 
correspond to previous monitoring, the preferred monitoring periods are January, April, July and 
October.  Data loggers have been installed to measure and record groundwater levels and 
temperatures on a more frequent basis in selected monitoring wells and mini-piezometers.  
Groundwater samples are being collected from selected monitoring wells on an annual basis and 
analyzed for representative parameters to augment the existing background water quality data.  
It is not expected that development of this site will have any effect on local private water wells.  It 
is expected that if any changes in groundwater elevations and groundwater quality occur during 
and following development of the site, as a result of construction and post-construction activities, 
they will become apparent first in the on-site monitoring wells.  Therefore, it was concluded that 
monitoring of local private wells was not required. 
It is also noted that selected monitoring wells and mini-piezometers have been monitored since 
2007 to establish baseline data in advance of the nearby operations associated with the Mast-
Snyder Gravel Pit, which began in 2018.  To-date changes related to climatic conditions have been 
observed in the on-site monitoring wells and mini-piezometers.  Going forward, any changes to 
groundwater levels that do not appear to be directly related to climate will be noted in the annual 
monitoring report and compared with groundwater data collected by others from the gravel pit site. 
Site grading began in 2010 in Phases 1 and 2.  This necessitated decommissioning of selected 
monitoring stations located within the grading areas, in accordance with Ontario Regulation 903  
(as amended) of the Ontario Water Resources Act by a licensed Water Well Technician.  Records of 
well decommissioning are required by this Regulation to be completed and submitted to the Owner 
and the Ministry of the Environment, Conservation and Parks (MOECP). 



Hanlon Creek Business Park Groundwater Monitoring Program - 2019                                                                      May 2020 

Banks Groundwater Engineering Limited 2 

A total of 12 monitoring wells had been decommissioned by the end of 2011, three monitors were in 
Phase 1 and the remaining nine monitors were in Phase 2.  Many existing monitoring wells have been 
maintained, with minor modifications or improvements, for continued monitoring.  Six additional monitors 
were installed within Phase 1 in October 2011, and five additional monitors were installed within Phase 2 
in January 2012.  Monitoring of the eleven additional wells began in January 2012.  One active 
monitoring well (MW135) located in Phase 2 was decommissioned in the late summer of 2016 while lot 
grading was being completed.  This monitor was replaced in January 2017. 
The monitoring data has been compiled, plotted, and analyzed and the results are presented in this 
Technical Memorandum.  Conclusions and recommendations related to the monitoring program are 
summarized. 

2 Groundwater Monitoring 

2.1 Groundwater Monitoring Background 
Groundwater level monitoring was conducted at this site for more than five years in support of the 
evaluation of local, pre-development, hydrogeological conditions.  The various stages of monitoring that 
were completed are summarized in the EIR Hydrogeology Report.  Beginning in January 2007, 
groundwater levels have been measured and recorded at the HCBP site on a quarterly basis.  The only 
exception occurred in April 2019, when some locations were not manually monitored.  The fourth quarter 
monitoring was conducted in November 2019.  The locations of the current groundwater monitoring 
stations are shown in Figure 1.  As noted above, some stations have been decommissioned and new 
stations were installed as of January 2012. 

2.2 Groundwater Monitoring Stations Status 
The status of each groundwater monitoring station is determined during each monitoring round.  This 
includes all monitoring wells and mini-piezometers.  The current condition of each station and other 
relevant attributes are described in Appendix A.  Monitoring wells decommissioned during 2010 and 2011 
are identified.  Additional monitoring wells and mini-piezometers in Phases 1 and 2 are also included. 

2.3 Groundwater Monitoring Data Collection and Compilation 
The establishment of baseline groundwater conditions continued until grading of the site was initiated. 
This included monitoring of groundwater levels in selected monitoring wells and mini-piezometers (listed 
in Appendix A).  In most cases this monitoring will continue to occur on a seasonal basis to establish 
variations in groundwater levels for each season at each station.  In a selected number of monitors, 
groundwater levels and temperatures will also continue to be recorded on a frequent basis using data 
loggers.  This will assist in determining the relationships of groundwater levels, wetland levels, surface 
water flow, and precipitation.  Groundwater samples were last collected from a reduced number of 
selected monitoring wells and analyzed for a limited list of chemical parameters in 2018.  Sampling is 
planned to continue in 2020. 
During the 2019 monitoring period, there were 37 functioning monitoring wells and 19 mini-piezometers 
located across the HCBP site.  Two of the mini-piezometers were installed in June 2013 on a temporary 
basis and remained in-place at the end of 2019 (details below).  The data obtained from all groundwater 
monitoring locations during 2019 were compiled for the analyses presented below. 
Following each seasonal monitoring period, the data was recorded, and the groundwater level and 
temperature monitoring dataset was updated.  Data downloaded from each data logger was corrected 
for barometric pressure and then incorporated into the respective records within the groundwater level 
monitoring dataset.  As the dataset is updated, tables and graphs are also updated to support on-going 
analysis of the groundwater monitoring results.  
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2.4 Groundwater Monitoring Results 
The results of manual groundwater level measurements at the HCBP site up to November 2019 are 
summarized in tabular format in Appendix B.  No data is listed for the locations where manual 
measurements were not obtained in April 2019.  Selected monitoring station details are included with the 
monitoring data, which is presented as depth (in metres) to groundwater below current ground level and 
groundwater elevation (metres above mean sea level).   
The groundwater elevation data for each monitoring station, based on the manual measurements, are 
presented in graphical format in Appendix C.  The groundwater elevations from April 2003 to 
November 2019 presented in these graphs illustrate seasonal levels for most locations.  The range of 
groundwater elevations varies with each monitoring location, ranging from as little as 0.51 m, to as much 
as 2.67 m over this 16.5-year monitoring period.  Monitoring well MW123 is excluded from this 
comparison as it is completed in the deep bedrock aquifer and the groundwater levels are influenced by 
municipal well production. 
Presented in Appendix D is a summary of vertical hydraulic gradient calculations, based on comparisons 
of shallow, intermediate and deep monitoring intervals, on selected dates.  Graphs illustrating 
groundwater elevations and hydraulic gradients are included, with monitoring stations grouped in seven 
west-to-east profiles.  These data and graphs confirm the downward hydraulic gradients 
(i.e. groundwater recharge conditions) in the upland portions of the site, and upward hydraulic gradients 
near, and within, the core wetland complex (i.e. groundwater discharge conditions).  Groundwater 
discharge conditions have also been confirmed at the wetland adjacent to Downey Road, situated 
between Laird and Forestell Roads. 
Given that climate is one of the most significant factors influencing groundwater elevations, available 
local climate data was compiled and is presented in graphical format in Appendix E.  During 2019, 
groundwater elevations were recorded using data loggers in 36 monitoring stations and groundwater 
temperatures were recorded in 38 monitoring stations.  These data are presented with the climate data 
in Appendixes F, G, and H.  Data loggers were installed in late-November in the ten remaining 
monitoring wells that had not been previously equipped.  The data from these wells will be presented in 
the 2020 report. 
The hourly groundwater elevation data presented in Appendixes F, G, and H has been further assessed 
by reducing the data into graphs of the quarterly (i.e. seasonal) range in hourly groundwater elevations 
for each of the currently-existing monitors that are equipped with data loggers for part or all of the 
period from 2007 to 2019.  This format is intended to assist in illustrating any significant changes and/or 
trends in the data when compared year-over-year for each quarter.  This is the sixth annual report to 
include such graphs, which are presented in Appendix I. 
Groundwater samples have been collected from selected monitoring wells in July 2003 and each April 
from 2008 to 2018.  The samples were submitted to an accredited laboratory for analysis of selected 
chemical parameters.  As indicated previously, this will provide a baseline of groundwater quality data 
prior to and during development of the site.  The water quality data up to 2018 are presented in 
Appendix J.  Groundwater sampling did not occur in 2019, but will continue in 2020. 

3 Groundwater Characterization Update 

3.1 Factors Influencing Fluctuations in Groundwater Elevations 
There are many factors that influence groundwater levels at any given time and location, including: 

 Precipitation 
 Ambient air temperature and solar radiation (influencing snowmelt, evaporation and 

evapotranspiration) 
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 Vegetation 
 Soils 
 Geology 
 Topography and associated drainage characteristics 
 Land cover 
 Local groundwater withdrawals and uses (e.g. construction dewatering). 

Each of these factors can influence the rate and spatial distribution of groundwater recharge.  As such, it 
was important to account for these factors under the pre-development conditions to appreciate the 
causes of observed groundwater elevation changes.  These changes also need to be evaluated relative to 
long-, medium-, and short-term influences.  For the purposes of this evaluation, a long-term influence is 
considered for example to be lower-than-normal precipitation over several years, which have caused 
drought conditions in this area of Ontario historically and recently.  For the purposes of this evaluation, 
medium-term influences are considered seasonal.  Short-term influences are considered event-related, 
such as spring thaw and periods of above-normal or sustained rainfall. 
Given that climate is one of the most significant factors influencing groundwater elevations, available 
local climate data was compiled and plotted to evaluate short-, medium-, and long-term variations and 
trends in precipitation and air temperature.  A detailed evaluation of climate and fluctuations in 
groundwater elevations was presented in the EIR Hydrogeology Report. 
Updated climate data is presented in graphical format in Appendix E.  Graph E1 presents the total annual 
precipitation recorded at the Region of Waterloo International Airport Station (WMO ID 71368), for the 
period 1971 to 2018 inclusive.  This station was originally selected due to its’ proximity to the HCBP site 
and availability of total daily precipitation, and maximum and minimum daily air temperature data.  
However, beginning in 2019, the total daily precipitation is derived from the rain gauge operating at the 
City of Guelph Clair Road Emergency Services Centre, located at 160 Clair Road West.  This station is 
situated about 1.5 km northeast of the HCBP.  It is noted the total precipitation for 2019 recorded at the 
Region of Waterloo International Airport Station was only 718 mm versus the 979 mm recorded at the 
Clair Road Emergency Services Centre. 
Also illustrated in Graph E1 is a trend line depicting the annual cumulative departure from the average 
annual precipitation for the 49-year period (i.e. 1971-2019), which is estimated to be 874 mm/year.  This 
technique is helpful in illustrating periods of above- and below-average annual precipitation.  An upward 
trend indicates sequential years of above-average precipitation (e.g. 1982 to 1988).  A downward trend 
indicates a period of below-average precipitation (e.g. 1997 to 2007), possibly resulting in drought 
conditions.  These longer-term trends can have a notable influence on groundwater levels.  They need to 
be considered in the context of past, present, and future groundwater levels on-site due to the relatively 
shorter period (i.e. less than 17 years) of groundwater monitoring that has been conducted at the HCBP 
site. 
The data presented in Graph E1 indicates that during the period 1997 to 2019 inclusive, the total annual 
precipitation for 16 out of 23 years was below the 49-year average of 874 mm/year.  It is therefore 
interpreted that groundwater levels would have been elevated during the early to mid-1990’s and likely 
declined from 1997 to 2007.  Since groundwater monitoring began on-site in 2003, the total annual 
precipitation has only been above the longer-term annual average in the years 2003, 2006, 2008, 2011, 
2013, and 2019 (although it was below the average at the WIA in 2019).  The varying annual 
precipitation during this period has caused groundwater levels to continue to fluctuate. 
As indicated above, the groundwater monitoring program on-site began in April 2003.  It is therefore 
useful to consider total monthly precipitation during this period (and shortly before) to evaluate medium-
term influences on groundwater levels.  Graph E2 presents the total monthly precipitation recorded at 
the Region of Waterloo International Airport Station, for the period January 2003 to December 2018 
inclusive, and the Clair Road Emergency Services Centre in 2019.  Also illustrated in Graph E2 is a trend 
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line depicting the monthly cumulative departure from the average monthly precipitation for this period.  
The average monthly precipitation for the period 2003 to 2019 inclusive has been calculated to be about 
68 mm/month.  Like the annual data, an upward trend indicates sequential months of above-average 
precipitation, which may cause increases in groundwater levels.  A downward trend indicates a period of 
below-average precipitation, possibly resulting in a reduction in groundwater levels.  Based on Graph E2, 
it would be expected that groundwater levels would be higher following months of above average 
precipitation. 
The monthly observed precipitation from January 2003 to December 2019, the monthly normals, and the 
cumulative departure from the normal monthly precipitation are presented in Graph E3.  This plot 
suggests that, due to a declining trend in precipitation from the spring of 2004 to the spring of 2008, 
groundwater levels would have declined during the same period, followed by an increase from the 
summer of 2008 to the summer of 2009, when monthly precipitation was greater.  Increases in 
groundwater levels would also be expected in the spring of 2010, the fall of 2011, the fall of 2012, the 
spring and fall of 2013, the summer and fall of 2014 and 2015, the spring of 2016, the winter of 
2016/2017 through the spring of 2017, and the spring and fall of 2019. 
An alternative method to evaluate fluctuations in groundwater levels relative to monthly precipitation 
trends is to consider the monthly cumulative departure from normal monthly amounts.  The normal 
amounts are based on the updated 30-year record (i.e. from 1981 to 2010), which was published in 2013 
by Environment Canada.  The updated record was applied in preparation of Graph E3. 
These observations are further illustrated in Graph E4, which presents the preceding 18-month average 
monthly precipitation for the period from January 2003 to December 2019.  This graph was developed 
with the understanding that the preceding 18 months of precipitation are likely the most influential on 
observed groundwater elevation trends.  The cumulative departure from the 18-month average 
precipitation over this period also emphasizes the trends observed in Graph E2.  One of the most notable 
recent trends is the increase in average precipitation beginning late-2008 and continuing to 
January 2010.  This was followed by fluctuations up to about October 2014, including a declining trend 
from January to August 2011, and then somewhat of a rebound from September 2011 to April 2012.  A 
significant rise is observed from July 2013 to January 2015, and this 18-month increase represents the 
second highest level since monitoring began in 2003.  Since then the trend continued downward until 
April 2017, due to the less-than-normal amount of precipitation during most months up to the end of 
November 2016.  Above-normal precipitation from December 2016 to April 2017 inclusive caused a 
limited increase, before continuing to decline through to the end of 2018, followed by the increases 
across the site in early-2019. 
Short-term influences related to events are depicted by daily precipitation totals and ambient air 
temperature (i.e. maximum daily temperature).  These data are presented in Graph E5, for the 
March 2007 to December 2019 monitoring period, and in Graph E6 for the January to December 2019 
period, noting again that 2019 data is from the Clair Road Emergency Services Centre.  To determine 
which events have an immediate influence on groundwater levels, total daily precipitation and air 
temperature are plotted together and compared with groundwater levels.  Based on available data, the 
relationship of the above factors to observed fluctuations in groundwater elevations within the HCBP site 
was evaluated with direct reference to Graphs E1 to E6 and graphs of groundwater elevations observed 
at each monitoring station.  This analysis is presented in the following sub-sections. 

3.2 Observed Groundwater Elevations and Depths to Groundwater 
The manually-recorded groundwater elevations for each monitoring station are summarized in tabular 
form in Appendix B, and presented as graphs in Appendix C.  Groundwater elevations recorded by data 
loggers installed in 36 of the active monitoring locations are presented as graphs in Appendixes F, G,  
and H.  Graphs for monitoring stations that have been decommissioned are also included for reference in 
Appendixes C, G and H.  The observed groundwater elevations can be associated with the long-, 
medium-, and short-term factors discussed previously.  To assist with the direct comparison of 
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groundwater elevations and precipitation, the total monthly precipitation has been included in each of 
the graphs in Appendixes F, G, and H.  The interpreted relationships are discussed below. 

3.2.1 Long-Term 
Analyses presented in the 11 previous Technical Memoranda and the EIR Hydrogeology Report showed 
that it is likely groundwater levels declined from the spring of 1997 to the fall of 2007, based on the 
recorded precipitation for this period.  Evidence of the effects of the longer trend of below-average 
precipitation is shown by the groundwater levels in July and November 2007, which prior to 2012 were 
the lowest observed groundwater elevations on-site.  Precipitation in 2007 was well below average and 
was the lowest observed from 1971 to 2019 (refer to Graph E1). 
The total precipitation recorded at the Clair Road Emergency Services Centre in 2019 was 979 mm, 
which was 105 mm above the 49-year average for the period 1971 to 2019.  This was attributed to 
above-normal precipitation during six of the months of 2019.  It is noted that the annual precipitation for 
2012 and 2014 to 2018 was below the 49-year average.  Despite the lack of precipitation over the five 
years before 2019, by comparison groundwater levels at many monitored locations on-site during the 
second half of 2018 were not as low as those recorded in the summer and fall of 2012, which were the 
lowest recorded since monitoring began in 2003. 
In contrast, annual precipitation in 2003, 2006, 2008, 2011, 2013 and 2019 was above the 49-year 
average.  This appears to have influenced groundwater levels in the spring of 2004 and 2007, the spring 
and fall of 2008, in the last five months of 2011, from spring to fall in 2013, the summer and fall of 2014 
and 2015, the spring of 2016, the winter of 2016/2017 through the spring of 2017, and the spring and 
fall of 2019. 

3.2.2 Medium-Term 
Analyses presented in the 11 previous Technical Memoranda and the EIR Hydrogeology Report showed 
that monthly total precipitation and trends (depicted in Graphs E2 and E3) provide additional insight 
related to the observed seasonal fluctuations in groundwater elevations. 
Throughout 2019, maximum daily temperatures fluctuated within typical seasonal ranges.  However, 
from the start of January to the end of February there were 21 days where the maximum daily 
temperature exceeded 00C.  Maximum daily temperatures remained below freezing for the first eight 
days of March, and except for two other days, remained above freezing until the second week in 
November 2019.  Maximum daily temperatures were above freezing for 41 days from the start of 
November to the end of December, which included the last 11 consecutive days of December. 
From the maximum daily temperature data, it is estimated that 142 mm of the 184 mm of precipitation 
recorded in January and February was in the form of rainfall.  At many onsite monitoring stations 
groundwater levels rose following one rainfall event in January and two events in February.  The above-
normal precipitation continued through March, April, and May, causing groundwater elevations at many 
stations to continue rising until later in May.  Rainfall in June was close to normal, while in July, August, 
and September was well below the monthly normals.  This caused groundwater levels to decline through 
to the end of September.  Groundwater levels in most monitoring wells rose sharply during the first week 
of October, in response to rainfall events.  Levels increased again in mid- and late-October following 
several more rainy periods, reaching a peak at the end of October.  The lower-than-normal monthly 
precipitation in November and December caused groundwater levels to gradually decline, with some 
short-term rises following two periods of rainfall.  Groundwater levels ended the year in many locations 
at an elevation that was close to the levels observed in early-January 2019. 
Comparisons of 2019 monthly precipitation amounts (at the Clair Road Emergency Services Centre) 
versus normal monthly amounts (for the Waterloo Climate Station) are presented in Table 1. 
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Table 1:  2019 Monthly Precipitation (Clair Road Emergency Services Centre ) 
versus Monthly Normals (Waterloo Climate Station) 

Month 2019 Total Monthly 
Precipitation (mm) 

Normal Monthly 
Precipitation (mm) 

Difference (mm) 

January 36.2 65.2 -29.0 
February 147.6 54.9 92.7 
March 73.4 61.0 12.4 
April 112.0 74.5 37.5 
May 133.6 82.3 51.3 
June 84.6 82.4 2.2 
July 37.8 98.6 -60.8 
August 53.2 83.9 -30.7 
September 54.8 87.8 -33.0 
October 153.4 67.4 86.0 
November 40.4 87.1 -46.7 
December 51.6 71.2 -19.6 
Total 978.6 916.5 62.1 

 

3.2.3 Short-Term 
The manual measuring and recording of groundwater levels across the HCBP site has been conducted on 
61 occasions, during various months and seasons, from April 2003 to November 2019.  As noted 
previously, manual groundwater level readings were not obtained in April 2019 at stations located in 
Phases 1 and 3 of the HCBP site.  Over the 2003 to 2019 period, it is likely that monitoring of 
groundwater levels may not have occurred at precisely the best time to observe the highest and lowest 
annual elevations.  Fortunately, groundwater levels were observed in selected monitors in the spring of 
2003, in most monitors in the springs of 2004 and 2006, in all available monitors during the spring from 
2007 to 2018 inclusive, and Phase 2 monitors in 2019.  Therefore, it is expected that these observations 
represent the influence of spring thaw and precipitation events, and as such are reasonably close to the 
highest annual levels for this monitoring period. 
To evaluate the response to spring thaw and precipitation at selected groundwater monitors, data 
loggers were installed to record groundwater levels on a more frequent basis.  Table 2 below lists the 
monitoring wells and mini-piezometers where 38 data loggers were in operation throughout all of 2019 
(refer to Figure 1 for locations).  Several locations were selected to evaluate groundwater levels and to 
establish baseline conditions relative to various climate effects prior to development of the HCBP. 
Table 2:  Monitoring Stations Equipped with Data Loggers Throughout All of 2019 

Monitoring Well Data Logger Installed Monitoring Well Data Logger Installed 
003 March 2007 122A July 2008 

004 August 2009 124 January 2012 

103 June 2010 125 January 2012 

104 January 2008 126 January 2012 

105 January 2008 127 January 2012 

107 July 2008 128 January 2012 

109 April 2009 129 January 2012 

111 October 2010 130A January 2012 
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Monitoring Well Data Logger Installed Monitoring Well Data Logger Installed 
112 October 2010 131 January 2012 

116A January 2008 132 January 2012 

117A January 2008 133 January 2012 

118A July 2008 134 January 2012 

119A July 2008 135 January 2012 

121A July 2008   
 

Mini-Piezometer Data Logger Installed Mini-Piezometer Data Logger Installed 
1D April 2009 9D March 2007 

2D January 2007 10D April 2012 

4D April 2009 11D June 2010 

7D November 2007 12D January 2012 

8D June 2010 13D/14D July 2016 
 
In late-November 2019, data loggers were installed in all remaining monitoring wells to augment the 
groundwater elevation data set for various purposes.  The additional 10 monitoring wells now equipped 
with data loggers are listed in Table 3. 
Table 3:  Additional Monitoring Wells Equipped with Data Loggers in Late-November 2019 

Monitoring Well Data Logger Installed Monitoring Well Data Logger Installed 
115 26 November 2019 119 26 November 2019 

115A 26 November 2019 121 26 November 2019 

116 20 November 2019 122 26 November 2019 

117 21 November 2019 123 19 November 2019 

118 22 November 2019 130 21 November 2019 
 
The EIR Hydrogeology Report presented a detailed evaluation of daily influences from March 2007 to 
April 2008.  The previous 11 Technical Memoranda presented a detailed evaluation of climate influences 
on groundwater levels for January through December for each year from 2008 to 2018, respectively.  For 
reference, the total daily precipitation and maximum daily air temperature recorded at the Region of 
Waterloo International Airport Station are presented in Graph E5, for the period March 2007 to 
December 2018.  As noted previously, beginning in 2019, the total daily precipitation is derived from the 
rain gauge operating at the City of Guelph Clair Road Emergency Services Centre, located at 160 Clair 
Road West.  This station is situated about 1.5 km northeast of the HCBP.  It is noted the total 
precipitation for 2019 recorded at the Region of Waterloo International Airport Station was only 718 mm 
versus the 979 mm recorded at the Clair Road Emergency Services Centre.  Maximum and minimum 
daily air temperature data from the Waterloo International Airport Station are continuing to be utilized 
for on-going analyses. 
The following is noted for January through December 2019 in Graphs E2 to E6: 

 As noted above, from the start of January to the end of February there were 21 days where the 
maximum temperature exceeded 00C.  Maximum daily temperatures remained below freezing for 
the first eight days of March, and except for two other days, remained above freezing until the 
second week in November 2019.  Maximum daily temperatures were above freezing for 41 days 
from the start of November to the end of December, which included the last 11 consecutive days 
of December. 
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 From the maximum daily temperature data, it is estimated that 142 mm of the 184 mm of 
precipitation recorded in January and February was in the form of rainfall.  At many onsite 
monitoring stations groundwater levels rose following one rainfall event in January and two events 
in February.  Above-normal precipitation continued through March, April, and May.  Rainfall in June 
was close to normal, while in July, August, and September was well below the monthly normals.  
Several periods of rain in October resulted in an above-normal amount for the month, while 
November and December were below the respective monthly normals.  Monthly precipitation totals 
compared to the monthly normals are summarized in Table 1 above.

 Groundwater elevations at many stations across the site rose from January until later in May. 
Groundwater levels then declined through to the end of September, before rising sharply during 
the first week of October, in response to rainfall events.  Levels increased again in mid- and late-
October, reaching a peak at the end of October.  The lower-than-normal monthly precipitation in 
November and December caused groundwater levels to gradually decline, with some short-term 
rises following two periods of rainfall.  Groundwater levels ended the year in many locations at an 
elevation that was close to the levels observed in early-January 2019.

 The total precipitation through 2019, recorded at the City of Guelph Clair Road Emergency Services 
Centre, was about 979 mm, as compared to a 49-year average of about 874 mm and a normal of 
916.5 mm (based on the 1971 to 2010 recorded data from the Region of Waterloo International 
Airport Station).

These are the main climatic factors influencing groundwater levels on-site during the 2019 interval.  The 
highest groundwater levels observed in monitors equipped with data loggers occurred during April and 
May at most locations.  The lowest groundwater levels at most locations occurred during September. 
2019 Groundwater Level Monitoring at Downey Road PSW 
Groundwater levels and temperatures are monitored at two stations at the Downey Road PSW.  These 
include monitoring well MW003, which is located on the north edge of the PSW, and mini-piezometer 
nest PZ-9, which is in the centre of the PSW.  The groundwater level and temperature observations for 
MW003 and PZ-9D are presented in graphical format in Appendix F. 
Graph F1 presents the daily groundwater elevations (with occasional manual readings) recorded in 
monitor MW003, from March 2007 to January 2008.  In late January 2008, the data logger was re-set to 
record groundwater levels and temperatures on an hourly basis.  The EIR Hydrogeology Report 
presented a detailed evaluation of groundwater levels from March 2007 to April 2008, and the 11 
previous Technical Memoranda presented a detailed evaluation for each respective year from 2008 
through 2018.  The following is a summary of 2019 observations. 
During the first four months of 2019, groundwater levels rose in response to warmer temperatures and 
rainfall events.  As noted previously, 142 mm of the 184 mm of precipitation recorded in January and 
February was in the form of rainfall.  Groundwater levels rose following rainfall events in January and 
February.  Groundwater levels reached the highest elevation in monitor MW003 and piezometer PZ-9D 
on 20 April.  Levels then declined through to the end of September, before rising sharply during the first 
week of October, in response to rainfall events.  Levels increased again in mid- and late-October, 
reaching a peak at the end of October.  The lower-than-normal monthly precipitation in November and 
December caused groundwater levels to gradually decline, with some short-term rises following three 
periods of rainfall.  Groundwater levels ended the year in monitor MW003 and piezometer PZ-9D at an 
elevation that was almost the same as observed at the start of January 2019. 
The responses to precipitation events and spring thaw, or lack thereof, observed in monitor MW003 
during the period 2007 to 2019, have demonstrated the local sensitivity of the shallow groundwater 
system, which is associated with the coarse-grained nature of the overburden deposits within and above 
the uppermost aquifer. 
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As noted above, two mini-piezometers were installed in the Downey Road PSW.  PZ-9S was installed to a 
depth of about 0.5 m and PZ-9D to a depth of about 1.0 m below ground level.  Graph F2 presents the 
groundwater elevations recorded in mini-piezometer PZ-9D, for the period March 2007 to 
December 2019.  Groundwater levels for this pair of shallow and deeper mini-piezometers have 
illustrated the small upward hydraulic gradient that exists in this PSW during most years. 
It is noted that responses to precipitation and temperature are apparent in PZ-9D in Graph F2, similar to 
MW003, confirming the infiltrative capacity of the medium- to coarse-grained deposits on this site and 
the inherent relationship of the wetlands to the shallow groundwater system.  Each year, groundwater 
levels decline to an elevation that is below ground level in the wetland, typically during June or July. 
The groundwater elevations for MW003 and PZ-9D are combined in Graph F3, indicating similar trends in 
each monitor.  A small upward hydraulic gradient is also evident at various times when groundwater 
levels in MW003 are higher when compared with levels in the adjacent PZ-9D. 
2019 Groundwater Level Monitoring in the Core PSW 
Groundwater level and temperature observations, for monitoring wells and mini-piezometers that are in 
and adjacent to the Core PSW of the HCBP, are presented in graphical format in Appendix G.  The total 
monthly precipitation has been included for comparison in the groundwater elevation graphs.  The 
maximum daily air temperature trend has been included for comparison in the groundwater temperature 
graphs.  The graphs in Appendix G are presented in an order that corresponds to the north-to-south 
locations of the monitoring stations (refer to Figure 1). 
The responses to maximum daily air temperatures and precipitation are apparent in these plots.  This 
confirms the infiltrative capacity of the medium- to coarse-grained deposits adjacent to the Core PSW 
and the inherent relationship of the wetlands to the shallow groundwater system.  The hourly recording 
of groundwater levels at mini-piezometer locations also indicates subtle fluctuations during each 24-hour 
period, likely associated with diurnal cycles of evapotranspiration in the wetland.  The range of 
groundwater levels in mini-piezometers is more subdued than other plots, which reflects the relatively 
constant groundwater elevations in the wetland area, usually with only minor perturbations observed 
relative to precipitation and/or temperature changes. 
The observed relationship of total daily rainfall and maximum daily temperature, recorded at the Region 
of Waterloo International Airport Climate Station, to the groundwater levels and temperatures recorded 
on-site from 2003 to 2018 inclusive, validated the use of this station’s data for these analyses.  As noted 
previously, a rain gauge was installed at the City of Guelph Clair Road Emergency Services Centre, and 
beginning in 2019 the data from this gauge has been incorporated into the analyses. 
Groundwater levels at Core PSW monitoring stations during 2019 responded to climatic factors similar to 
the Downey Road PSW monitors described in the previous section.  During the months of January 
through April 2019, groundwater levels increased in response to warmer temperatures and rainfall 
events. 
At many Core PSW monitoring stations, groundwater levels peaked in April and then steadily declined 
through to the end of September.  Groundwater levels in most Core PSW monitoring wells rose sharply 
during the first few days of October, in response to rainfall events.  Levels increased again in mid- and 
late-October, reaching a peak at the end of October.  The lower-than-normal monthly precipitation in 
November and December caused groundwater levels to gradually decline, with some short-term rises 
following two periods of rainfall.  Groundwater levels ended the year in many Core PSW locations at an 
elevation that was close to the levels observed in early-January 2019. 
Groundwater levels in the three mini-piezometer monitoring locations (i.e. from north to south PZ-4D, 
PZ-2D, and PZ-1D) that are in the Core PSW, were below the normal range for most of 2012.  During 
2013 through 2019, groundwater levels were within the range of previous years.  The recorded 
groundwater elevations for PZ-4D, PZ-2D, and PZ-1D are presented in Graphs G13, G20, and G22, 
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respectively.  These graphs show groundwater levels that are typically at, or above, ground level during 
spring months and reduced levels during late-summer months. 
Similarly, groundwater levels recorded in streambed mini-piezometers (i.e. from north to south PZ-10D, 
PZ-8D, PZ-11D, PZ-7D) were below the level of the creek and the streambed for part, if not most, of 
2012.  Groundwater levels during 2013 through 2019 were within the range observed in previous years, 
where data is available.  The recorded groundwater elevations for PZ-10D, PZ-8D, PZ-11D, and PZ-7D 
are presented in Graphs G2, G4, G6, and G8, respectively.  These graphs show groundwater levels at, or 
above, the streambed during spring months and reduced levels during late-summer months. 
Climate had the greatest influence on groundwater levels within the Core PSW in 2019, with one notable 
exception discussed separately below in the next paragraph.  There were no apparent short-term and/or 
longer-term changes in groundwater levels that could be attributed to construction activities during 2019 
within the HCBP (i.e. there were no abnormal changes in groundwater elevations that would have 
suggested otherwise).  As of the end of 2019, 13 lots in Phase 1 had been developed, which included 14 
buildings.  Three additional lots were under construction.  Three lots had been developed in Phase 2 with 
three buildings and there were two more lots with two buildings under construction.  The remainder of 
the graded portion of the site consisted of paved roadways, vegetated stormwater management swales 
and ponds, gravel-surfaced trails, and barren soils across most vacant lots.  Based on the observed 
responses of groundwater levels to rainfall events through 2019, it is evident that infiltration was 
occurring across the site. 
The groundwater level monitoring data for bedrock monitor MW111 showed a dramatic reduction in the 
level during the period 22 November to 31 December 2019 (refer to Graph G16, Appendix G).  This 
change is attributed to the drilling of a nearby borehole, prior to the planned installation of additional 
bedrock monitoring equipment.  It is understood that during this period (and beyond into early 2020), 
the bedrock borehole remained open through the entire interval, allowing for groundwater to flow down 
the borehole from the Guelph Formation to the lower Gasport Formation.  This caused a drawdown 
effect in the Guelph Formation.  This monitoring installation was completed as part of a research and 
testing program in collaboration with City of Guelph Water Services. 
2019 Groundwater Level Monitoring at Perimeter Locations 
Groundwater level and temperature observations, for monitoring wells that are located at perimeter 
locations around the HCBP site, are presented in graphical format in Appendix H.  The total monthly 
precipitation has been included for comparison in the groundwater elevation graphs.  The maximum daily 
air temperature trend has been included for comparison in the groundwater temperature graphs.  The 
graphs in Appendix H are presented in an order that corresponds to the north-to-south locations of the 
monitoring stations (refer to Figure 1). 
The responses to precipitation and maximum daily air temperatures are also apparent in these plots.  
Groundwater elevations vary more widely over the year at perimeter locations in comparison to the Core 
PSW locations.  The perimeter groundwater monitoring stations responded to rainfall events during 
above-freezing days during January, February, March, and April 2019, but most reached peak levels in 
late-April and early-May, before declining through to the end of September.  Groundwater levels in 
perimeter monitoring wells increased during the first few days of October, albeit less than Core PSW 
wells, in response to rainfall events.  Levels increased again in November and December, ending the year 
in many locations at an elevation that was either similar to, or higher than, observed in early-January 
2019.  There were no apparent short-term and/or longer-term changes in groundwater levels at 
perimeter monitoring stations that could be attributed to construction activities during 2019 within the 
HCBP. 
Similar to monitor MW111, the groundwater level monitoring data for bedrock monitor MW112 showed a 
dramatic reduction in the level during the period 22 November to 31 December 2019 (refer to 
Graph H16, Appendix H).  It is apparent the drawdown was caused by the same activities, but it is 
interesting to note the distance from MW111 to MW112 is about 1,100 m. 
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3.2.4 Site-Wide Observations 
Groundwater Elevations 
It is noted that, as expected, the greatest range in groundwater elevations occurs around the perimeter 
locations of the site where groundwater recharge to the medium- to coarse-grained deposits is most 
significant.  The smallest fluctuations occur in and adjacent to the core wetland and Hanlon Creek 
Tributary ‘A’.  Shallow depths to groundwater and the occurrence of groundwater discharge to these 
surface water features naturally limit the range of groundwater elevations in these areas. 
The hourly groundwater elevation data presented in Appendixes F, G, and H has been further assessed 
by reducing the data into graphs of the quarterly (i.e. seasonal) range in hourly groundwater elevations 
for each of the currently-existing monitors that are equipped with data loggers for part or all of the 
period from 2007 to 2019.  This format is intended to assist in illustrating any significant changes and/or 
trends in the data when compared year-over-year for each quarter/season.  This is the sixth annual 
report to include such graphs, which are presented in Appendix I. 
The graphs in Appendix I are presented in numerical order, with monitoring wells presented first and 
then followed by piezometers (refer to Figure 1).  The responses to short-, medium- and longer-term 
precipitation amounts are apparent in these plots.  There are no apparent changes in groundwater levels 
at these monitoring stations that could be attributed to construction activities within the HCBP, except for 
those monitors affected by short-term construction dewatering events in 2010, 2011, and 2012.  
Therefore, it is recommended that this format continue to be utilized to track fluctuations in groundwater 
elevation trends as part of the long-term monitoring program. 
Depth to Groundwater 
The smallest fluctuations in depth to groundwater occur in and adjacent to the core wetland and Hanlon 
Creek Tributary ‘A’.  Shallow depths to groundwater and the occurrence of groundwater discharge to 
these surface water features naturally limit the range in depths to groundwater in these areas.  The 
greatest range in depths to groundwater occurs around the perimeter locations of the site where 
groundwater recharge to the medium- to coarse-grained deposits is most significant.  
Groundwater Flow 
The EIR Hydrogeology Report illustrated the horizontal direction of shallow groundwater flow is from 
southeast of the site, arcing towards the northern boundary of the site.  The horizontal direction of 
groundwater flow coincides with the wetlands and creek, indicating that a portion of groundwater is 
discharging to this surface water system. 
Also, of interest is the vertical direction of groundwater flow.  Presented in Appendix D is a summary of 
vertical hydraulic gradient calculations, based on comparisons of shallow, intermediate and deep 
monitoring intervals, on selected dates.  Graphs illustrating groundwater elevations and hydraulic 
gradients are included, with monitoring stations grouped in seven west-to-east profiles.  These data and 
graphs confirm the downward hydraulic gradients (i.e. groundwater recharge conditions) in the upland 
portions of the site, and upward hydraulic gradients near and within the core wetland complex 
(i.e. groundwater discharge conditions).  Seasonal variations in vertical directions of groundwater flow 
are also observed in some monitoring well pairs.  Groundwater discharge conditions have also been 
confirmed at the Downey Road PSW. 

3.2.5 Groundwater Temperatures 
Data loggers installed in either a monitoring well or mini-piezometer also record groundwater 
temperature.  These data are illustrated in graphical format in Appendixes F, G, and H, following the 
groundwater elevation graphs.  The maximum daily air temperature trend has been included for 
comparison in these groundwater temperature graphs.  Seasonal variations and associated time lags in 
groundwater temperatures are illustrated by these graphs. 
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PSW Groundwater Temperature Monitoring 
As noted previously, groundwater level and temperature monitoring has been conducted using data 
loggers since 2007 at four PSW monitoring locations (i.e. MW003, PZ-9D, PZ-2D, and PZ-7D).  These 
locations are representative of shallow groundwater conditions, although each location has somewhat 
different characteristics.  The characteristics and factors that may influence groundwater temperatures at 
these locations are described as follows: 

 MW003 – completed in the shallow water table aquifer; groundwater levels have ranged from
0.3 m above grade to 1.3 m below grade; located at the edge of an open agricultural field,
adjacent to a provincially significant wetland (PSW); shallow groundwater temperature recorded is
potentially influenced by cold air temperatures during winter months and by sunlight and standing
water in the wetland during summer months (Graphs F 1 and F 1a, Appendix F)

 PZ-9D – relatively shallow (i.e. 1.0 m deep) mini-piezometer; groundwater levels have ranged
from 0.62 m above grade to 0.88 m below grade; located in the PSW close to MW003; shallow
groundwater temperature recorded is potentially influenced by cold air temperatures and frozen
wetland during winter months and by sunlight and standing water in the wetland during summer
months (Graphs F 2 and F 2a, Appendix F)

 PZ-2D – relatively shallow (i.e. 1.0 m deep) mini-piezometer; groundwater levels have ranged
from 0.04 m above grade to 0.80 m below grade; located in a core wetland complex about 50 m
east of Hanlon Creek Tributary ‘A’; shallow groundwater temperature recorded is potentially
influenced by cold air temperatures during winter months and moderated by trees providing
shade during summer months (Graphs G 20 and G 20a, Appendix G)

 PZ-7D – relatively shallow (i.e. 1.0 m deep) mini-piezometer; groundwater levels have ranged
from 0.25 m above grade to 0.05 m below grade; located in a core wetland complex in the
eastern tributary of Hanlon Creek Tributary ‘A’; shallow groundwater temperature recorded is
potentially influenced by cold air temperatures during winter months and moderated by trees
providing shade during summer months (Graphs G 8 and G 8a, Appendix G).

Groundwater temperatures recorded from March 2007 to December 2019 at these locations range from a 
low of just below 00C to a high of over 160C.  The 2019 temperature ranges for each location were as 
follows: 

 MW003 – ranged from a low of 4.20C during the second week of March, to a high of 11.10C in
late-October

 PZ-9D – ranged from a low of -0.10C in mid-March, to a high of 11.40C in late-August
 PZ-2D – ranged from a low of 0.60C in mid-April, to a high in late-August of 10.20C
 PZ-7D – ranged from a low of 3.80C in late-March through early-April to a high of 8.60C during the

second-last week of August.
The temperature range of groundwater at greater depths in this general area tends to fluctuate in a 
narrower range, typically between 5 and 100C.  It is therefore apparent that the temperatures in the 
shallower groundwater regime near these four monitors are influenced by seasonal variations in air 
temperature and solar radiation.  These data are interpreted to be representative of the temperature of 
groundwater discharging to the wetlands and creeks in these locations. 
Monitoring Well MW119A 
This monitor is located adjacent to the northwest edge of stormwater management pond 4.  The 
principal groundwater flow direction in this part of the HCBP site is north-westerly towards Tributary 'A' 
of Hanlon Creek.  This monitor location is therefore down-gradient of pond 4.  Groundwater 
temperatures recorded in monitoring well MW119A during 2019 ranged from a low of 5.40C in early-April, 
to a high of 14.00C in early-September (Graph G 18a, Appendix G).  This is comparable to the ranges 
observed from 2008 to 2010.  The highest temperature recorded to-date at this location was 17.50C on 
5 September 2012.  Prior to construction of pond 4 in late 2010, the highest groundwater temperature at 
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this monitor was 150C in early-September 2010.  The previous two years had reached a maximum of 
about 130C in September. 
The pond bottom is below the shallow groundwater surface and as a result the un-lined pond is in direct 
contact with the local groundwater system.  A portion of the water in the pond is interpreted to 
discharge from the pond as groundwater and flow in a north-westerly direction.  Therefore, water in the 
pond warmed by solar radiation during summer months appears to have increased the groundwater 
temperature marginally in the area down-gradient of the pond.  It was noted previously that the 
groundwater temperature at monitoring well MW119A at the end of December 2012 was 100C, compared 
to about 7 to 80C on the same date the preceding four years.  
Additional monitoring of groundwater temperatures down-gradient of pond 4 was initiated in June 2013.  
A pair of shallow mini-piezometers (PZ-13D and PZ-14D) were installed on the east and west bank of 
Tributary 'A', and equipped with data loggers (refer to Figure 1).  The piezometers were located a short 
distance down-stream from surface water monitoring station HC-A(04).  The groundwater temperatures 
recorded in PZ-13D and PZ-14D, from June 2013 through November 2019, are presented in Graph G24a.  
Also included in this graph are the groundwater temperatures recorded in MW119A and MW131.  MW131 
is located about 130 m up-gradient of pond 4.  It is apparent from comparison with the MW131 graph 
that the groundwater temperatures at PZ-13D, which reached a maximum of 13.80C, and PZ-14D with a 
maximum of 14.40C, both in late-August, were potentially influenced by the warmer shallow groundwater 
flow affected by pond 4.  The groundwater temperature at PZ-14D may have been influenced by solar 
radiation during summer months on the adjacent, up-gradient field.  Graph 24a also shows that 
temperatures in both PZ-13D and PZ-14D returned to below those recorded in MW131 by late-October 
each previous year. 
The temperatures recorded in the remaining monitoring stations also reflect shallow groundwater 
temperatures near the central wetland complex and around the perimeter of the site.  Temperature 
ranges and the timing of higher and lower temperatures are similar in most monitors.  The highest 
observed groundwater temperatures are evident in monitors where the groundwater elevation is close to 
surface during summer months, particularly the monitors located in open fields.  These monitors also 
exhibit the lowest groundwater temperatures during the late winter and early spring, when melting snow 
and frost infiltrate to the shallow groundwater system. 

3.3 Relevance to Site Development and Stormwater Management 
The observed minimum and maximum depths to shallow groundwater (i.e. water table) are presented in 
Appendix B for the 2003 to 2019 monitoring period.  These observations indicate specific locations where 
there may be limitations to lot-level stormwater infiltration facilities.  As noted previously, the greatest 
range in depths to groundwater occurs around the perimeter locations of the site where groundwater 
recharge to the medium- to coarse-grained deposits is most significant.  It is interpreted that it is in 
these areas where the groundwater elevations in the spring of 1997 would have been up to 0.5 m above 
those observed in April 2004, April 2007, and April 2008.  Therefore, allowance should be made for this 
potential high groundwater elevation during the design of stormwater infiltration facilities, at the Site 
Plan Approval stage.  The design should be in accordance with accepted MOECP stormwater 
management planning and design procedures, thus allowing adequate separation between the bottom of 
the infiltration system and the high water table elevation. 
The business park has been partially-graded for development purposes.  It will be necessary to consider 
the estimated depth to groundwater based on proposed site grading to further evaluate potential 
locations for lot-level stormwater infiltration facilities.  Continued monitoring of groundwater levels at all 
functioning monitoring well locations is required to support these evaluations, which will be required as 
part of the Site Plan Approval process. 
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3.4 Groundwater Quality 
There were no groundwater samples collected during 2019, but sampling and analysis is planned to 
continue in 2020. 
Groundwater samples were first collected in 2003 from 23 selected monitoring wells, and then from 
33 selected monitoring wells in 2008, 2009, and 2010, and 25 available monitoring wells in 2011.  A total 
of 36 monitoring wells were available for sampling in 2012 through 2016, including the 11 additional 
monitoring wells.  The groundwater quality data are summarized in Appendix J.  Each year the data were 
compared to the Ontario Drinking Water Quality Standards (ODWQS), Ontario Regulation 169/03.  
Concentrations that exceeded the ODWQS are indicated on the tables.  The groundwater can be 
characterized as basic (i.e. pH>7) and, based on the reported calcium and magnesium concentrations, as 
hard.  There were no notable changes in water quality at any of the monitored locations in 2016.  In 
general, the concentrations of the parameters analyzed were below the applicable ODWQS criteria, with 
only a few exceptions. 
Due to the limited changes in groundwater quality through 2016, the scope of the sampling and analysis 
program was reduced for 2017 and 2018.  The only sampled wells were those where either Sodium 
and/or Chloride have steadily increased.  This included the following 16 monitoring wells:  MW103, 
MW104, MW107, MW115A, MW116A, MW117A, MW118A, MW119, MW119A, MW125, MW126, MW127, 
MW128, MW129, MW130, and MW135. 
The ODWQS for sodium is a health-related parameter for people on sodium-restricted diets.  The sodium 
levels in all 16 samples collected in 2018 were above the ODWQS of 20 mg/L.  The levels of chloride 
exceeded the ODWQS of 250 mg/L in seven of the 16 samples.  Elevated levels of sodium and chloride 
are often associated with the application of road salt for de-icing purposes.  The source of the elevated 
sodium and chloride occurring in some of the monitoring wells, can likely be attributed to road salting 
within the business park and along the Hanlon Expressway, Downey Road, and possibly Forestell Road. 

3.5 Thresholds 2019 

3.5.1 Groundwater Elevations 
The manually-recorded groundwater elevations for each existing and decommissioned monitoring station 
are summarized in tabular form in Appendix B, and presented as graphs in Appendix C.  Groundwater 
elevations recorded by data loggers, through all of 2019, installed in 36 of the monitoring locations are 
presented as graphs in Appendixes F, G, and H.  Decommissioned monitoring stations that had been 
equipped with data loggers are also included in Appendixes G and H for reference.  These graphs also 
include the total monthly precipitation to assist with direct comparison of groundwater elevations and 
precipitation. 
During the first five months of 2019 groundwater elevations across the HCBP site were affected by 
warmer temperatures and rainfall events.  As noted previously, 142 mm of the 184 mm of precipitation 
recorded in January and February was in the form of rainfall.  Groundwater levels rose following rainfall 
events in January and February, and at many Core PSW monitoring stations, groundwater levels peaked 
in April and then steadily declined through to the end of September.  Groundwater levels in most Core 
PSW monitoring wells rose sharply during the first few days of October, in response to rainfall events.  
Levels increased again in mid- and late-October, reaching a peak at the end of October.  The lower-than-
normal monthly precipitation in November and December caused groundwater levels to gradually 
decline, with some short-term rises following two periods of rainfall.  Groundwater levels ended the year 
in many Core PSW locations at an elevation that was close to the levels observed in early January 2019. 
The perimeter groundwater monitoring stations also responded to rainfall events during above-freezing 
days during January, February, March, and April 2019, but most reached peak levels in late-April and 
early-May, before declining through to the end of September.  Groundwater levels in perimeter 
monitoring wells increased during the first few days of October, albeit less than Core PSW wells, in 
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response to rainfall events.  Levels increased again in November and December, ending the year in many 
locations at an elevation that was either similar to, or higher than, observed in early-January 2019.   
Despite these notable variations, groundwater elevations at almost all monitoring stations during 2019 
remained within the respective ranges observed in previous years, and as a result, there were no 
thresholds observed during this monitoring period.  This is further illustrated by the quarterly/seasonal 
range in hourly groundwater elevation graphs presented in Appendix I. 
In summary, climate had the greatest influence on groundwater elevations across the HCBP in 2019.  
There were no apparent short-term and/or longer-term changes in groundwater levels that could be 
attributed to construction activities during 2019 within the HCBP.  As of the end of 2019, 13 lots in 
Phase 1 had been developed, which included 14 buildings.  Three additional lots were under 
construction.  Three lots had been developed in Phase 2 with three buildings and there were two more 
lots with two buildings under construction.  The remainder of the graded portion of the site consisted of 
paved roadways, vegetated stormwater management swales and ponds, gravel-surfaced trails, and 
barren soils across most vacant lots.  Based on the observed responses of groundwater levels to rainfall 
events through 2019, it is evident that infiltration was occurring across the site. 

3.5.2 Groundwater Temperatures 
As described in sub-section 3.2.5, data loggers installed in either a monitoring well or mini-piezometer 
also record groundwater temperature.  These data for 38 monitoring locations are illustrated in graphical 
format in Appendixes F, G, and H, following the groundwater elevation graphs.  The maximum daily air 
temperature trend has been included for comparison in these groundwater temperature graphs.  
Seasonal variations and associated time lags in groundwater temperatures are illustrated by these 
graphs. 
Despite the influence of climate on groundwater elevations during 2019, groundwater temperatures 
fluctuated within the typical ranges at most of the 38 monitoring stations where data loggers are 
installed.  Groundwater temperatures at monitoring stations MW119A and PZ-13D/PZ-14D, which are 
located down-gradient of stormwater management pond 4, were likely influenced by the warmer water 
in this pond in late summer.  High temperatures in MW119A in early-September were 14.00C, and in late-
August at PZ-13D/PZ-14D were 13.80C and 14.40C, respectively.  Further comparison also shows that 
groundwater temperatures at PZ-13D/PZ-14D returned to below those recorded in up-gradient monitor 
MW131 by late-October each year, whereas MW119A was similar to MW131 beginning in December both 
years. 

3.6 Long-Term Groundwater Monitoring Program 
The long-term groundwater monitoring program at the HCBP site should continue as previously 
recommended on a quarterly basis.  As the site is graded and blocks are prepared for development, new 
monitoring wells were installed to replace decommissioned wells.  This has been completed as soon as 
practically possible, such that the effects of development on groundwater levels, if any, can be identified 
without delay.  If required, mitigative measures can then be developed and implemented.  A map 
illustrating these locations is presented on Figure 1.  
Data loggers have been installed in monitoring wells and mini-piezometers that are expected to remain 
during and following site grading.  In late-November 2019, data loggers were installed in all remaining 
monitoring wells to augment the groundwater elevation data set for various purposes.  This will improve 
the groundwater monitoring dataset and the establishment of the influences of climate on groundwater 
elevations over the short-, medium-, and long-term.  Groundwater samples should continue to be 
collected on an annual basis from selected monitoring wells.  Improvements to filtering of water samples 
have been successful in reducing the amount of sediment and should be continued as a standard 
practise. 
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4 Summary 
The on-going monitoring of groundwater levels has provided an updated characterization of the 
hydrogeological conditions across the HCBP site and surrounding area, including the local occurrence and 
movement of groundwater in relation to the on-site wetlands and Hanlon Creek Tributary ‘A’.  The 
following is a summary of conclusions and recommendations related to the groundwater monitoring 
program. 

 A long-term groundwater monitoring program is required to assess any changes in groundwater
elevations and groundwater quality during and following development of the site.  The monitoring
program is also required to assess the performance of the stormwater management facilities once
they are constructed and to observe seasonal trends in water levels in the core wetland.  It is
therefore recommended that groundwater levels continue to be monitored on a quarterly basis at
a minimum in all available monitoring wells and mini-piezometers, before and where possible
during grading of the site.  To correspond to previous monitoring, the preferred monitoring
periods would continue to be January, April, July and October.

 In 2020, groundwater samples should be collected from selected monitoring wells and be
analyzed for the suite of general chemical parameters that had been included in prior years.  This
had been previously recommended to resume in specific locations/areas as further development
occurs in the business park.

 Any monitoring stations located within grading areas must be properly decommissioned, in
advance of grading, in accordance with Ontario Regulation 903, as amended, of the Ontario
Water Resources Act, by a licensed Water Well Technician.

 In some cases, existing monitoring wells can be maintained, with minor modifications or
improvements, for continued monitoring.  Several monitors have been replaced following grading
and development of selected blocks.  The locations for long-term monitoring of groundwater
levels and quality are identified.

 Groundwater level and temperature monitoring using data loggers should continue for many, if
not all, of the groundwater monitoring stations over the long-term.  By utilizing this technology,
the frequency of monitoring can be increased significantly and trends in groundwater level
changes (e.g. related to construction) can be detected sooner and with improved accuracy.

 It is recommended that the monitoring data continue to be compiled, plotted, and analyzed on an
annual basis by a qualified professional engineer or geoscientist.  The results should be presented
in a Technical Memorandum that is submitted as an Appendix to the Consolidated Monitoring
Report to the City of Guelph, for the purpose of review, acceptance, and response to
recommendations.  Recommendations related to the monitoring program, including any proposed
modifications, would be included.  The GRCA should also receive a copy for review and comment
in relation to maintenance of groundwater levels across the site, but with particular emphasis on
the Provincially Significant Wetlands and Hanlon Creek Tributary ‘A’.  In the event of unexpected
changes in groundwater elevations or quality, the frequency of monitoring, sampling, and
reporting would be evaluated and revised as required.

Respectfully submitted, 
Banks Groundwater Engineering Limited 

Original signed by: 

William D. Banks, P.Eng. 
Principal Hydrogeologist 
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The Figure, Tables and Graphs referenced in this Technical Memorandum are appended under the 
following headings: 

Figure 1: Groundwater Monitoring Stations December 2019 
Appendix A: Current Groundwater Monitoring Network December 2019 
Appendix B: Groundwater Level Monitoring Data 2003 – 2019 
Appendix C: Groundwater Monitoring Graphs 2003 – 2019 
Appendix D: Vertical Hydraulic Gradient Data and Graphs 2003 – 2019 
Appendix E: Climate Monitoring Graphs 1971 – 2019 
Appendix F: Downey Road PSW Groundwater Monitoring Graphs 2007 – 2019 
Appendix G: HCBP Core PSW Groundwater Monitoring Graphs 2007 – 2019 
Appendix H: HCBP Perimeter Groundwater Monitoring Graphs 2007 – 2019 
Appendix I: HCBP Quarterly Groundwater Elevation Range Graphs 2007 – 2019 
Appendix J: Groundwater Quality Monitoring Data 2003 – 2019 
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Hanlon Creek Business Park - Groundwater Monitoring Program

Monitoring Well and Mini-Piezometer Condition Summary - as of November 2019

Monitoring 
Well 

Number Type *

Nominal 
Well 

Diameter 
(mm) Condition of Monitor & Protective Casing

Monitoring 
Started

Most Recent 
Monitoring

Data 
Logger 

Installed
001 S 50 Decommissioned in 2011 Apr-03 May-11 Jan-08
002 S 50 Decommissioned in 2010 Apr-03 Oct-08 --
003 S 50 Functioning; square protective casing in good condition Apr-03 Nov-19 Mar-07
004 S 50 Functioning; square protective casing in satisfactory condition Apr-03 Nov-19 Aug-09

 005 (S) S 13 Decommissioned in 2010 Apr-03 Sep-10 --
 005 (I) I 50 Decommissioned in 2010 Apr-03 Sep-10 Aug-09

006 S 50 Decommissioned in 2010 Apr-03 Sep-10 Aug-09
101 S 50 Decommissioned in 2011 Jun-03 Jan-11 Jun-10
102 S 50 Decommissioned in 2010 Jun-03 Apr-10 --
103 S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Jun-10
104 S 50 Functioning; square protective casing in satisfactory condition Jun-03 Nov-19 Jan-08
105 S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Jan-08
106 S 50 Decommissioned in 2012 Jun-03 Jul-10 Aug-09
107 S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Jul-08
108 S 50 Inaccessible Jun-03 Apr-04 --
109 S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Apr-09
110 I 50 Decommissioned in 2010 Jun-03 Sep-10 Aug-09
111 D 50 Functioning; 150mm dia. cap, well casing in good condition Sep-03 Nov-19 Oct-10
112 D 50 Functioning; 150mm dia. cap, well casing in good condition Sep-03 Nov-19 Oct-10
113 D 50 Decommissioned in 2010 Sep-03 Sep-10 --
114 D 50 Decommissioned in 2010 Sep-03 Sep-10 --
115 I 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Nov-19

 115A S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Nov-19
116 I 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Nov-19

 116A S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Jan-08
117 I 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Nov-19

 117A S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Jan-08
118 I 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Nov-19

 118A S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Jul-08
119 I 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Nov-19

 119A S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Jul-08
120 I 50 Decommissioned in 2010 Jun-03 Apr-04 --

 120A S 50 Decommissioned in 2010 Jun-03 Apr-04 --
121 I 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Nov-19

 121A S 50 Functioning; square protective casing in good condition Jun-03 Nov-19 Jul-08
122 I 50 Functioning; square protective casing in good condition Sep-03 Nov-19 Nov-19

 122A S 50 Functioning; square protective casing in good condition Sep-03 Nov-19 Jul-08
123 D 50 Functioning; round protective casing in good condition Oct-05 Nov-19 Nov-19
124 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
125 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
126 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
127 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
128 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
129 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
130 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Nov-19
130A S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
131 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
132 S 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
133 I 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
134 I 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
135 I 50 Functioning; square protective casing in good condition Jan-12 Nov-19 Jan-12
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Hanlon Creek Business Park - Groundwater Monitoring Program

Monitoring Well and Mini-Piezometer Condition Summary - as of November 2019

Mini-
Piezometer 

Number
Type 
**

Nominal 
Piezometer 
Diameter 

(mm) Condition of Mini-Piezometer
Monitoring 

Started
Most Recent 
Monitoring

Data 
Logger 

Installed
1S SP 20 Functioning; steel pipe in good condition Dec-06 Nov-19 --
1D DP 25 Functioning; steel pipe in good condition Dec-06 Nov-19 Apr-09
2S SP 20 Functioning; steel pipe in good condition Dec-06 Nov-19 --
2D DP 25 Functioning; steel pipe in good condition Dec-06 Nov-19 Jan-07
4S SP 20 Functioning; steel pipe in good condition Dec-06 Nov-19 --
4D DP 25 Functioning; steel pipe in good condition Dec-06 Nov-19 Apr-09
7S SP 20 Functioning; PVC pipe in good condition Dec-06 Nov-19 --
7D DP 25 Functioning; steel pipe in good condition Dec-06 Nov-19 Nov-07
8S SP 20 Functioning; steel pipe in good condition Dec-06 Nov-19 --
8D DP 25 Functioning; steel pipe in good condition Dec-06 Nov-19 Jun-10
9S SP 20 Functioning; steel pipe in good condition Mar-07 Nov-19 --
9D DP 25 Functioning; steel pipe in good condition Mar-07 Nov-19 Mar-07
10S SP 20 Functioning; steel pipe in good condition Jun-10 Nov-19 --
10D DP 25 Functioning; steel pipe in good condition Jun-10 Nov-19 Apr-12
11S SP 20 Functioning; steel pipe in good condition Jun-10 Nov-19 --
11D DP 25 Functioning; steel pipe in good condition Jun-10 Nov-19 Jun-10
12D DP 25 Functioning; steel pipe in good condition Jul-11 Nov-19 Jan-12
13D DP 20 Functioning; steel pipe in good condition Jun-13 Nov-19 Jun-13
14D DP 20 Functioning; steel pipe in good condition Jun-13 Nov-19 Jun-13

* S=shallow (overburden); I=intermediate (overburden); D=deep (bedrock)
** SP=shallow piezometer (1.0m); DP=deeper piezometer (1.5m)
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number Northing Easting

Ground 
Elevation (m)

Original Top of 
Protective Casing 

Elevation (m)

Current Top of 
Well Elevation 

(m)
Depth to Top of 

Screen (m)

Depth to 
Groundwater (m) 

Apr 23-25/03

Groundwater 
Elevation (m) 
Apr 23-25/03

Depth to 
Groundwater (m) 

Jul 7/03

Groundwater 
Elevation (m) 

Jul 7/03

Depth to 
Groundwater (m) 

Sep 3-9/03

Groundwater 
Elevation (m) 

Sep 3-9/03

Depth to 
Groundwater (m) 

Oct 8/03

Groundwater 
Elevation (m) 

Oct 8/03

Depth to 
Groundwater (m) 

Nov 6/03

Groundwater 
Elevation (m) 

Nov 6/03

Depth to 
Groundwater (m) 

Apr 13/04

Groundwater 
Elevation (m) 

Apr 13/04

Depth to 
Groundwater (m) 

Nov 8, 11/05

Groundwater 
Elevation (m) 
Nov 8, 11/05

001 4815738 563019 324.80 325.81 4.00 0.67 324.13 0.84 323.96 0.89 323.91 0.76 324.04 0.43 324.37 0.98 323.82

002 4815264 563116 327.26 328.21 2.20 1.38 325.88 1.87 325.39 damaged damaged n/a n/a n/a n/a n/a n/a

003 4814814 562436 326.61 327.91 327.784 2.10 0.79 325.82 1.00 325.61 0.96 325.65 0.62 325.99 0.05 326.56 1.01 325.60

004 4814286 562532 330.43 331.33 331.220 5.10 4.44 325.99 4.71 325.72 4.82 325.61 4.75 325.68 3.18 327.25 4.86 325.57

 005 (S) 4814708 564015 336.53 337.22 3.00 6.17 330.36 6.74 329.78 n/a n/a n/a n/a n/a n/a n/a n/a

 005 (I) 4814708 564015 336.53 337.22 10.80 9.58 326.95 9.60 326.92 9.66 326.86 9.67 326.86 8.33 328.19 n/a n/a

006 4815051 563955 334.70 335.70 7.50 7.58 327.12 7.73 326.97 7.74 326.96 7.70 327.00 6.54 328.16 7.61 327.09

101 4816126 562590 321.70 322.55 4.00 4.05 317.65 4.12 317.58 3.96 317.74 3.52 318.18 3.46 318.24 4.26 317.44

102 4815860 562163 320.66 321.56 3.00 1.57 319.10 1.75 318.91 1.41 319.26 0.84 319.83 0.92 319.75 2.26 318.40

103 4815933 562895 323.85 324.86 324.762 2.20 1.14 322.71 1.22 322.63 1.05 322.81 0.65 323.21 0.40 323.45 1.29 322.56

104 4815648 562401 322.04 322.72 322.609 2.30 1.24 320.80 1.21 320.83 0.86 321.18 0.53 321.51 0.63 321.41 1.07 320.97

105 4815489 562700 323.87 324.75 324.610 2.70 1.25 322.62 1.27 322.60 1.12 322.75 1.03 322.84 1.03 322.84 1.12 322.75

106 4815478 563458 328.65 329.53 4.00 2.73 325.92 2.86 325.78 2.77 325.88 2.42 326.23 2.00 326.64 2.75 325.90

107 4815143 563540 327.44 328.15 327.971 1.90 0.98 326.46 1.13 326.31 1.07 326.37 0.80 326.63 0.07 327.37 1.07 326.37

108 4814607 562867 330.33 331.02 5.00 4.11 326.22 4.27 326.06 4.30 326.03 4.12 326.21 3.06 327.27 damaged damaged

109 4814444 563116 331.70 332.52 332.391 7.20 5.23 326.46 5.41 326.29 5.48 326.22 5.39 326.31 4.09 327.61 5.41 326.29

110 4814502 563532 339.59 340.49 14.80 12.89 326.70 13.06 326.53 13.14 326.44 13.12 326.47 11.74 327.85 12.99 326.60

111 4815365 562710 324.20 324.95 324.900 18.90 n/a n/a -0.40 324.60 -0.41 324.61 -0.54 324.74 n/a n/a -0.36 324.56

112 4814288 562531 330.44 331.25 331.180 28.00 n/a n/a 4.97 325.47 5.11 325.33 4.95 325.49 3.64 326.79 5.15 325.29

113 4814478 563532 339.85 340.71 40.80 n/a n/a 14.43 325.42 14.48 325.37 14.40 325.45 13.33 326.51 14.38 325.47

114 4814640 564115 338.68 339.62 34.10 n/a n/a 12.86 325.82 12.94 325.74 12.90 325.79 11.72 326.96 12.85 325.83

115 4815311 562313 323.12 323.89 323.760 7.10 n/a n/a 0.11 323.02 0.03 323.10 -0.02 323.14 0.19 322.93 0.46 322.66

 115A 4815309 562312 323.10 323.91 323.770 1.60 0.64 322.45 0.66 322.44 0.29 322.81 0.16 322.93 0.16 322.93 0.26 322.84

116 4816139 562305 318.75 319.68 319.598 9.80 3.83 314.91 3.89 314.86 3.69 315.06 3.21 315.54 2.97 315.78 4.03 314.71

 116A 4816139 562311 318.67 319.56 319.478 1.50 0.51 318.16 0.74 317.92 n/a n/a 0.15 318.52 0.15 318.52 0.63 318.04

117 4815889 562525 321.21 321.94 321.826 7.10 3.07 318.14 3.11 318.09 2.96 318.24 2.63 318.58 2.70 318.51 3.34 317.87

 117A 4815885 562527 321.25 322.18 322.076 2.00 1.30 319.95 1.28 319.97 1.21 320.04 0.98 320.26 1.05 320.20 1.25 320.00

118 4815685 562921 324.02 324.91 324.766 7.30 0.59 323.43 0.84 323.18 0.73 323.30 0.45 323.58 0.57 323.45 0.88 323.14

 118A 4815689 562926 323.97 324.89 324.611 2.10 0.72 323.25 0.81 323.16 0.69 323.28 0.55 323.41 0.47 323.50 0.77 323.20

119 4815279 562960 325.88 326.93 326.863 6.00 1.16 324.72 1.12 324.76 0.86 325.02 0.62 325.26 0.65 325.24 0.92 324.96

 119A 4815280 562965 325.88 326.99 326.918 2.80 1.11 324.77 1.11 324.77 0.85 325.03 0.61 325.27 0.64 325.25 0.92 324.96

120 4814948 563249 327.38 328.89 7.20 0.35 327.04 0.47 326.91 0.36 327.02 0.09 327.29 -0.19 327.57 destroyed destroyed

 120A 4814941 563244 327.38 328.23 2.50 1.06 326.33 1.19 326.19 1.08 326.30 0.80 326.59 0.52 326.87 destroyed destroyed

121 4814817 563395 327.44 328.15 328.022 8.80 1.55 325.89 1.72 325.72 1.74 325.71 1.58 325.86 0.83 326.61 1.61 325.83

 121A 4814817 563396 328.09 328.93 328.885 2.70 1.47 326.61 1.64 326.44 1.67 326.42 1.52 326.57 0.78 327.30 damaged damaged

122 4814929 562960 326.79 327.64 327.504 5.80 n/a n/a 0.87 325.93 0.81 325.98 0.69 326.11 0.48 326.31 0.90 325.89

 122A 4814931 562959 326.81 327.58 327.514 2.80 n/a n/a 1.01 325.81 0.96 325.86 0.85 325.97 0.68 326.13 0.78 326.03

123 4815368 562710 324.20 325.06 324.827 49.00 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 14.21 309.99

124 4815650 562155 321.59 322.57 322.410 4.62

125 4816227 561991 319.23 320.29 320.190 4.16

126 4816259 562328 320.63 321.49 321.390 4.62

127 4816149 562485 320.06 321.03 320.930 2.49

128 4816388 562714 322.22 322.97 323.050 4.62

129 4815475 563115 326.16 327.12 327.060 4.62

130 4815757 562823 323.55 324.54 324.500 1.99

130A 4815764 562819 323.58 323.52 324.530 0.89

131 4815181 563267 326.72 327.65 327.540 3.07

132 4815128 564031 334.98 335.90 335.780 7.36

133 4814714 564395 340.08 341.09 340.940 12.54

134 4814454 563436 341.46 342.11 341.960 14.83

135 4814765 563819 333.54 334.66 334.360 9.19
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Apr 26/06

Groundwater 
Elevation (m) 

Apr 26/06

Depth to 
Groundwater (m) 

Dec 20/06

Groundwater 
Elevation (m) 

Dec 20/06

Depth to 
Groundwater (m) 

Feb 1/07

Groundwater 
Elevation (m) 

Feb 1/07

Depth to 
Groundwater (m) 

Apr 27/07

Groundwater 
Elevation (m) 

Apr 27/07

Depth to 
Groundwater (m) 

Jul 25/07

Groundwater 
Elevation (m) 

Jul 25/07

Depth to 
Groundwater (m) 

Nov 2/07

Groundwater 
Elevation (m) 

Nov 2/07

Depth to 
Groundwater (m) 

Jan 25,29/08

Groundwater 
Elevation (m) 
Jan 25,29/08

Depth to 
Groundwater (m) 

Apr 22-25/08

Groundwater 
Elevation (m) 
Apr 22-25/08

Depth to 
Groundwater (m) 

Jul 23-28/08

Groundwater 
Elevation (m) 
Jul 23-28/08

Depth to 
Groundwater (m) 

Oct 24-28/08

Groundwater 
Elevation (m) 
Oct 24-28/08

001 0.54 324.27 0.47 324.33 0.56 324.24 0.47 324.33 0.93 323.87 1.13 323.67 0.51 324.29 0.38 324.42 0.59 324.22 0.77 324.03

002 n/a n/a n/a n/a n/a n/a n/a n/a 1.93 325.33 1.99 325.27 1.31 325.95 1.25 326.01 1.35 325.91 1.43 325.83

003 0.13 326.48 0.24 326.37 0.28 326.33 0.04 326.57 0.72 325.89 1.13 325.48 0.44 326.17 0.03 326.58 0.39 326.22 0.69 325.92

004 3.68 326.75 3.87 326.56 3.78 326.65 3.40 327.03 4.24 326.19 4.91 325.52 4.21 326.22 2.90 327.53 3.94 326.49 4.40 326.03

 005 (S) n/a n/a n/a n/a n/a n/a n/a n/a moist/dry moist/dry dry dry 6.43 330.10 6.33 330.20 6.20 330.33 6.47 330.05

 005 (I) n/a n/a n/a n/a n/a n/a n/a n/a 8.65 327.88 9.37 327.16 9.24 327.29 7.91 328.62 8.40 328.13 8.83 327.70

006 6.83 327.88 6.94 327.77 6.85 327.85 6.43 328.27 6.96 327.74 7.59 327.11 7.24 327.46 6.16 328.54 6.65 328.05 7.08 327.62

101 3.70 318.00 3.61 318.09 3.86 317.84 3.69 318.01 4.16 317.54 4.35 317.35 3.61 318.09 3.21 318.49 3.91 317.79 3.93 317.77

102 0.95 319.71 0.98 319.68 1.08 319.58 0.92 319.74 1.94 318.72 2.36 318.30 0.92 319.74 0.77 319.89 0.48 320.18 1.51 319.15

103 0.56 323.29 0.53 323.32 0.76 323.09 0.52 323.33 1.41 322.44 1.45 322.40 0.52 323.33 0.41 323.44 0.80 323.05 1.06 322.79

104 0.53 321.51 0.68 321.36 0.79 321.25 0.55 321.49 1.45 320.59 1.34 320.70 0.58 321.46 0.61 321.43 0.74 321.30 0.90 321.14

105 1.02 322.85 1.07 322.80 1.11 322.76 0.94 322.93 1.39 322.48 1.25 322.62 1.10 322.77 1.05 322.82 1.10 322.77 1.15 322.72

106 2.17 326.47 2.16 326.48 2.23 326.42 1.99 326.66 2.58 326.07 2.89 325.76 2.26 326.39 1.82 326.83 2.15 326.50 2.46 326.19

107 0.39 327.05 0.45 326.99 0.48 326.96 n/a n/a 0.73 326.71 1.15 326.29 0.66 326.78 -0.08 327.52 0.29 327.15 0.69 326.75

108 - - - - - - - - - - - - - - - - - - - -

109 4.46 327.24 4.67 327.03 4.52 327.18 4.14 327.56 4.82 326.88 5.41 326.29 4.99 326.71 3.79 327.91 4.60 327.10 4.96 326.74

110 12.07 327.52 12.31 327.28 12.11 327.48 11.69 327.90 12.29 327.30 12.96 326.63 12.70 326.89 11.39 328.20 12.06 327.53 12.45 327.14

111 n/a n/a n/a n/a n/a n/a n/a n/a -0.83 325.03 -0.47 324.67 -0.98 325.18 -1.73 325.93 -0.85 325.05 -0.66 324.86

112 3.82 326.62 4.22 326.22 4.19 326.25 3.95 326.49 4.67 325.77 5.09 325.35 4.47 325.97 3.37 327.07 4.18 326.26 4.63 325.81

113 13.65 326.20 13.66 326.19 13.53 326.32 13.12 326.73 13.75 326.10 14.30 325.55 13.96 325.89 12.90 326.95 13.59 326.26 13.97 325.88

114 12.09 326.59 12.20 326.48 11.96 326.72 11.64 327.04 12.03 326.65 12.64 326.04 12.39 326.29 11.25 327.43 11.81 326.87 12.23 326.45

115 0.15 322.97 frozen frozen frozen frozen 0.36 322.77 -0.02 323.14 -0.07 323.19 frozen frozen -0.64 323.76 -0.64 323.76 -0.32 323.45

 115A 0.11 322.99 0.19 322.90 0.19 322.90 0.05 323.05 1.12 321.97 0.75 322.34 0.28 322.81 0.27 322.82 -0.01 323.10 0.35 322.74

116 3.02 315.73 3.07 315.68 3.35 315.39 3.03 315.71 4.12 314.63 4.34 314.41 3.40 315.35 2.75 316.00 4.12 314.63 3.91 314.84

 116A 0.17 318.50 0.26 318.41 0.32 318.35 0.16 318.50 1.09 317.58 1.11 317.56 0.20 318.47 0.18 318.49 0.40 318.27 0.46 318.21

117 2.88 318.33 2.91 318.30 3.03 318.17 3.02 318.19 3.16 318.05 3.17 318.04 2.66 318.55 2.37 318.84 3.15 318.06 2.96 318.25

 117A 1.01 320.24 1.06 320.19 1.17 320.08 0.79 320.45 1.42 319.83 1.32 319.93 1.12 320.13 1.00 320.25 1.21 320.04 1.15 320.10

118 0.67 323.35 0.60 323.42 0.73 323.29 0.59 323.43 0.69 323.33 0.68 323.34 0.36 323.66 0.27 323.75 0.53 323.49 0.59 323.43

 118A 0.60 323.37 0.64 323.33 0.69 323.28 0.52 323.45 0.98 322.99 0.93 323.04 0.66 323.31 0.64 323.33 0.71 323.26 0.76 323.20

119 0.58 325.30 0.63 325.25 0.66 325.22 0.51 325.37 1.16 324.72 1.03 324.85 0.73 325.15 0.66 325.22 0.53 325.35 0.70 325.18

 119A 0.58 325.30 0.62 325.26 0.65 325.23 0.70 325.19 1.15 324.73 1.01 324.87 0.71 325.17 0.64 325.24 0.53 325.35 0.69 325.20

120 - - - - - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - - - - - -

121 0.95 326.49 1.06 326.38 0.94 326.51 1.06 326.38 1.09 326.35 1.63 325.81 1.29 326.15 0.73 326.71 0.94 326.50 1.15 326.29

 121A n/a n/a n/a n/a n/a n/a n/a n/a 1.10 326.99 1.63 326.46 1.51 326.58 0.79 327.30 0.96 327.13 1.15 326.94

122 0.55 326.24 0.60 326.19 0.59 326.20 0.49 326.30 0.72 326.07 0.83 325.96 0.65 326.14 0.49 326.30 0.49 326.30 0.66 326.13

 122A 0.75 326.06 0.71 326.10 0.79 326.03 0.72 326.10 0.88 325.93 0.97 325.84 0.83 325.98 0.69 326.12 0.69 326.12 0.82 325.99

123 17.53 306.67 n/a n/a n/a n/a 18.26 305.94 18.95 305.25 19.54 304.66 13.56 310.64 12.45 311.75 15.98 308.22 17.12 307.08

124

125

126

127

128

129

130

130A

131

132

133

134

135
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 2, 3/09

Groundwater 
Elevation (m) 

Jan 2, 3/09

Depth to 
Groundwater (m) 

Apr 27-29/09

Groundwater 
Elevation (m) 
Apr 27-29/09

Depth to 
Groundwater (m) 

May 20/09

Groundwater 
Elevation (m) 

May 20/09

Depth to 
Groundwater (m) 

Jul 29/09

Groundwater 
Elevation (m) 

Jul 29/09

Depth to 
Groundwater (m) 

Aug 27/09

Groundwater 
Elevation (m) 

Aug 27/09

Depth to 
Groundwater (m) 

Oct 26, 27/09

Groundwater 
Elevation (m) 
Oct 26, 27/09

001 0.40 324.40 0.37 324.43 0.46 324.34 0.60 324.20 0.70 324.10

002 n/a n/a n/a n/a n/a n/a n/a n/a

003 0.05 326.56 -0.03 326.64 0.31 326.30 0.60 326.01

004 3.56 326.87 3.14 327.29 3.89 326.54 4.04 326.39 4.35 326.08

 005 (S) 6.01 330.52 6.42 330.11 6.46 330.07 6.45 330.08 dry dry

 005 (I) 8.71 327.82 7.71 328.82 8.15 328.38 8.29 328.24 8.67 327.85

006 6.71 327.99 6.04 328.66 6.49 328.21 6.58 328.12 6.95 327.76

101 3.05 318.65 3.18 318.52 4.08 317.62 3.82 317.88

102 0.53 320.13 0.53 320.13 1.49 319.17 1.32 319.34

103 0.30 323.55 0.34 323.51 0.95 322.90 1.05 322.80

104 0.49 321.55 0.43 321.61 0.71 321.33 0.90 321.14 0.87 321.17

105 1.03 322.84 0.94 322.93 1.07 322.80 1.08 322.79 1.08 322.79

106 1.88 326.77 1.72 326.93 2.17 326.48 2.20 326.45 2.37 326.28

107 0.19 327.25 -0.32 327.76 0.30 327.14 0.59 326.85

108 - - - - - - - -

109 4.39 327.31 3.83 327.87 4.49 327.21 4.87 326.83

110 12.16 327.43 11.36 328.23 11.89 327.70 12.04 327.55 12.34 327.25

111 -0.85 325.05 nm -1.02 325.22 -0.53 324.73

112 3.90 326.54 3.65 326.79 4.20 326.24 4.89 325.55

113 13.68 326.17 12.98 326.87 13.43 326.42 14.01 325.84

114 12.00 326.68 11.25 327.43 11.61 327.07 12.19 326.49

115 frozen frozen -0.64 323.76 -0.43 323.55 -0.38 323.50

 115A 0.17 322.92 0.00 323.09 0.36 322.73 0.18 322.91

116 not available not available 2.80 315.95 3.17 315.58 4.49 314.26 3.70 315.05

 116A 0.10 318.57 0.14 318.53 0.32 318.35 0.40 318.27 0.48 318.18

117 2.36 318.85 2.42 318.79 2.68 318.53 3.39 317.82 2.88 318.33

 117A 0.88 320.37 0.89 320.36 1.09 320.16 1.25 320.00 1.16 320.09

118 0.33 323.69 0.28 323.74 0.43 323.59 0.48 323.54 0.54 323.48

 118A 0.49 323.48 0.47 323.50 0.81 323.16 0.67 323.30 0.72 323.25

119 0.61 325.27 0.46 325.42 0.66 325.22 0.63 325.25 0.64 325.24

 119A 0.60 325.29 0.46 325.42 0.64 325.24 0.61 325.27 0.62 325.26

120 - - - - - - - - - - - -

 120A - - - - - - - - - - - -

121 0.91 326.53 0.70 326.74 0.87 326.57 1.06 326.38

 121A 0.94 327.15 0.75 327.34 0.90 327.19 1.08 327.01

122 0.51 326.28 0.41 326.38 0.49 326.30 0.53 326.26 0.60 326.19

 122A 0.71 326.11 0.64 326.17 0.70 326.11 0.73 326.08 0.79 326.03

123 16.99 307.21 16.87 307.33 17.14 307.06

124

125

126

127

128

129

130

130A

131

132

133

134

135
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 28, 29/10

Groundwater 
Elevation (m) 
Jan 28, 29/10

Depth to 
Groundwater (m) 

Apr 26-28/10

Groundwater 
Elevation (m) 
Apr 26-28/10

Depth to 
Groundwater (m) 

Jul 22, 23/10

Groundwater 
Elevation (m) 
Jul 22, 23/10

Depth to 
Groundwater (m) 

Sep 19/10

Groundwater 
Elevation (m) 

Sep 19/10

Depth to 
Groundwater (m) 

Oct 12-14/10

Groundwater 
Elevation (m) 
Oct 12-14/10

001 0.64 324.16 0.58 324.22 0.91 323.89 0.95 323.85

002 n/a n/a n/a n/a n/a n/a abandoned abandoned

003 0.51 326.10 0.26 326.35 0.70 325.91 0.97 325.64

004 4.33 326.10 3.76 326.67 4.29 326.14 4.73 325.70

 005 (S) dry dry 6.43 330.09 dry dry dry dry abandoned abandoned

 005 (I) 9.02 327.50 8.63 327.89 8.90 327.63 9.15 327.37 abandoned abandoned

006 7.19 327.51 6.87 327.84 7.15 327.56 7.39 327.32 abandoned abandoned

101 3.78 317.92 3.63 318.07 3.98 317.72 4.04 317.66

102 0.68 319.98 0.94 319.72 abandoned abandoned - -

103 0.95 322.90 0.74 323.11 1.28 322.57 1.33 322.52

104 0.76 321.28 0.80 321.24 1.17 320.87 1.22 320.82

105 1.06 322.81 1.11 322.76 1.34 322.53 1.21 322.66

106 2.36 326.29 2.24 326.41 2.56 326.08 abandoned abandoned

107 0.66 326.78 0.48 326.96 0.83 326.61 0.87 326.56

108 - - - - - - - -

109 4.96 326.74 4.52 327.18 4.94 326.76 5.28 326.42

110 12.55 327.04 12.12 327.47 12.44 327.15 12.74 326.85 abandoned abandoned

111 -0.58 324.78 -0.74 324.94 -0.46 324.66 -0.33 324.53

112 4.87 325.57 4.47 325.97 4.80 325.64 5.13 325.31

113 14.14 325.71 13.79 326.06 14.11 325.74 14.30 325.55 abandoned abandoned

114 12.40 326.28 12.04 326.64 12.39 326.29 12.58 326.11 abandoned abandoned

115 -0.49 323.61 -0.50 323.62 -0.06 323.19 -0.21 323.33

 115A 0.14 322.95 0.15 322.94 0.69 322.40 0.37 322.72

116 3.58 315.17 3.43 315.32 3.95 314.80 4.02 314.73

 116A 0.40 318.27 0.39 318.28 0.92 317.74 0.78 317.89

117 2.83 318.38 2.81 318.40 3.39 317.82 2.93 318.28

 117A 1.12 320.13 1.15 320.10 1.93 319.32 0.99 320.26

118 0.50 323.52 0.52 323.50 0.58 323.44 0.56 323.46

 118A 0.68 323.29 0.71 323.26 0.92 323.05 0.87 323.10

119 0.62 325.26 0.69 325.19 0.65 325.23 0.84 325.04

 119A 0.61 325.27 0.68 325.20 0.62 325.26 0.82 325.06

120 - - - - - - abandoned abandoned

 120A - - - - - - abandoned abandoned

121 1.18 326.26 0.95 326.49 1.23 326.22 1.42 326.03

 121A 1.19 326.90 0.98 327.11 1.23 326.86 1.43 326.66

122 0.65 326.14 0.59 326.20 0.50 326.29 0.76 326.03

 122A 0.84 325.98 0.79 326.03 0.70 326.12 0.92 325.90

123 18.59 305.50 18.41 305.68 19.13 304.96 19.29 304.80

124

125

126

127

128

129

130

130A

131

132

133

134

135
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 18, 19/11

Groundwater 
Elevation (m) 
Jan 18, 19/11

Depth to 
Groundwater (m) 

Apr 27, 28/11

Groundwater 
Elevation (m) 
Apr 27, 28/11

Depth to 
Groundwater (m) 

Jul 18, 19/11

Groundwater 
Elevation (m) 
Jul 18, 19/11

Depth to 
Groundwater (m) 

Oct 20, 25/11

Groundwater 
Elevation (m) 
Oct 20, 25/11

Depth to 
Groundwater (m) 

Jan 10-18/12

Groundwater 
Elevation (m) 
Jan 10-18/12

Depth to 
Groundwater (m) 

Apr 13, 16/12

Groundwater 
Elevation (m) 
Apr 13, 16/12

Depth to 
Groundwater (m) 

Jul 16, 19/12

Groundwater 
Elevation (m) 
Jul 16, 19/12

Depth to 
Groundwater (m) 

Oct 16, 18/12

Groundwater 
Elevation (m) 
Oct 16, 18/12

001 1.07 323.73 0.57 324.24 abandoned abandoned - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.93 325.68 0.00 326.61 0.37 326.24 0.64 325.97 0.26 326.35 0.46 326.15 1.04 325.57 1.31 325.30

004 4.76 325.67 3.63 326.80 3.65 326.78 4.55 325.88 3.99 326.44 4.03 326.40 4.67 325.76 5.11 325.32

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 4.06 317.64 abandoned abandoned - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 1.35 322.50 0.58 323.27 1.44 322.41 1.23 322.62 0.94 322.91 1.26 322.59 1.75 322.10 1.44 322.42

104 1.12 320.92 0.62 321.42 0.94 321.10 0.76 321.28 0.74 321.30 0.98 321.06 1.42 320.62 1.17 320.87

105 1.23 322.64 0.98 322.90 1.25 322.62 0.83 323.04 1.09 322.78 1.18 322.69 1.54 322.33 1.21 322.67

106 - - - - - - - - - - - - - - - -

107 1.30 326.14 0.44 327.00 0.77 326.67 1.22 326.22 1.02 326.42 1.11 326.32 1.37 326.06 1.46 325.98

108 - - - - - - - - - - - - - - - -

109 5.36 326.34 4.45 327.25 4.35 327.35 5.05 326.65 4.77 326.93 4.76 326.94 5.29 326.41 5.64 326.06

110 - - - - - - - - - - - - - - - -

111 -0.27 324.47 -0.95 325.15 -0.81 325.01 -0.50 324.70 -0.70 324.90 -0.70 324.90 -0.22 324.42 -0.20 324.40

112 5.15 325.29 4.09 326.35 4.26 326.18 4.88 325.56 4.33 326.11 4.48 325.96 5.21 325.23 5.32 325.12

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 -0.36 323.48 -0.63 323.75 -0.16 323.28 -0.45 323.57 -0.49 323.61 -0.46 323.58 0.29 322.83 -0.09 323.21

 115A 0.29 322.80 0.02 323.07 0.82 322.28 0.00 323.10 0.15 322.95 0.18 322.92 1.16 321.94 0.45 322.65

116 3.98 314.77 2.96 315.79 3.51 315.24 3.52 315.23 3.19 315.56 3.65 315.10 4.20 314.55 3.98 314.77

 116A 0.75 317.92 0.28 318.39 0.57 318.10 0.20 318.47 0.33 318.34 0.53 318.14 1.16 317.51 0.70 317.97

117 2.92 318.29 2.40 318.81 2.90 318.31 2.62 318.59 2.67 318.54 2.94 318.27 3.22 317.99 2.94 318.27

 117A 0.96 320.29 0.67 320.58 1.17 320.08 0.55 320.70 1.02 320.23 1.14 320.11 1.28 319.97 1.07 320.18

118 0.61 323.41 0.30 323.73 0.82 323.21 0.56 323.47 0.46 323.56 0.59 323.43 1.00 323.02 0.63 323.40

 118A 0.93 323.04 0.64 323.34 1.17 322.81 0.76 323.21 0.78 323.19 0.92 323.05 1.29 322.69 0.93 323.04

119 0.58 325.30 0.21 325.68 2.12 323.76 0.76 325.12 0.89 324.99 0.97 324.91 1.04 324.84 1.01 324.88

 119A 0.58 325.30 0.20 325.68 2.12 323.77 0.73 325.15 0.87 325.02 0.95 324.94 1.03 324.86 0.98 324.90

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.64 325.81 0.95 326.49 0.84 326.61 1.21 326.24 1.22 326.22 1.21 326.24 1.62 325.82 1.87 325.57

 121A 1.65 326.44 0.97 327.12 0.89 327.20 1.22 326.87 1.22 326.87 1.20 326.89 1.63 326.46 1.89 326.20

122 0.80 325.99 0.49 326.31 0.79 326.00 0.62 326.17 0.62 326.17 0.66 326.13 0.88 325.91 0.96 325.83

 122A 0.95 325.86 0.70 326.11 0.78 326.04 0.80 326.02 0.81 326.01 0.84 325.97 1.03 325.79 1.09 325.72

123 19.33 304.76 17.55 306.54 17.28 306.81 15.80 308.29 15.77 308.32 11.18 312.91 18.48 305.61 16.73 307.36

124 1.30 320.29 1.76 319.83 2.39 319.20 2.31 319.28

125 4.40 314.83 4.83 314.40 5.20 314.03 5.01 314.22

126 3.28 317.35 3.81 316.82 5.01 315.62 4.61 316.02

127 1.51 318.55 1.67 318.39 1.87 318.20 1.66 318.40

128 1.93 320.29 2.03 320.20 2.28 319.94 2.12 320.10

129 1.10 325.07 1.29 324.87 1.54 324.62 1.25 324.91

130 1.03 322.52 n/a n/a 1.56 321.99 1.08 322.47

130A 0.94 322.65 n/a n/a 1.44 322.14 1.03 322.56

131 1.33 325.39 1.40 325.33 1.19 325.53 1.04 325.68

132 7.25 327.73 7.31 327.68 7.61 327.38 7.82 327.16

133 12.05 328.03 11.97 328.11 12.35 327.73 12.68 327.40

134 14.40 327.06 14.30 327.16 14.83 326.63 15.19 326.27

135 6.34 327.20 6.30 327.24 6.69 326.85 6.99 326.55
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 10, 11/13

Groundwater 
Elevation (m) 
Jan 10, 11/13

Depth to 
Groundwater (m) 

Apr 25, 26/13

Groundwater 
Elevation (m) 
Apr 25, 26/13

Depth to 
Groundwater (m) 

Jul 15, 16/13

Groundwater 
Elevation (m) 
Jul 15, 16/13

Depth to 
Groundwater (m) 

Oct 23, 24/13

Groundwater 
Elevation (m) 
Oct 23, 24/13

Depth to 
Groundwater (m) 

Jan 13, 14/14

Groundwater 
Elevation (m) 
Jan 13, 14/14

Depth to 
Groundwater (m) 

Apr 22, 23/14

Groundwater 
Elevation (m) 
Apr 22, 23/14

Depth to 
Groundwater (m) 

Jul 14, 15/14

Groundwater 
Elevation (m) 
Jul 14, 15/14

Depth to 
Groundwater (m) 

Oct 9, 10/14

Groundwater 
Elevation (m) 
Oct 9, 10/14

001 - - - - - - - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.88 325.73 0.05 326.56 0.46 326.15 0.59 326.02 0.21 326.40 0.05 326.56 0.47 326.14 0.58 326.03

004 4.74 325.69 3.27 327.16 3.93 326.50 4.47 325.96 4.17 326.26 3.30 327.13 3.94 326.49 4.32 326.11

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 - - - - - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 1.18 322.67 0.64 323.21 1.09 322.77 0.97 322.89 0.95 322.90 0.66 323.19 1.35 322.50 0.98 322.87

104 0.73 321.31 0.54 321.50 0.86 321.18 0.71 321.33 0.57 321.47 0.65 321.39 1.07 320.97 0.79 321.25

105 1.13 322.75 1.02 322.85 1.25 322.62 1.06 322.82 1.01 322.86 1.06 322.81 1.29 322.58 1.11 322.77

106 - - - - - - - - - - - - - - - -

107 1.37 326.07 0.77 326.66 0.84 326.59 0.99 326.45 1.00 326.43 0.75 326.68 0.89 326.54 0.94 326.49

108 - - - - - - - - - - - - - - - -

109 5.40 326.30 4.20 327.50 4.63 327.07 5.01 326.69 4.88 326.82 4.19 327.51 4.62 327.08 4.92 326.78

110 - - - - - - - - - - - - - - - -

111 -0.46 324.66 -1.19 325.39 -0.97 325.17 -0.82 325.02 frozen frozen -1.07 325.27 -0.83 325.03 -0.75 324.95

112 4.96 325.48 3.67 326.77 4.26 326.18 4.68 325.76 4.37 326.07 3.65 326.79 4.31 326.13 4.56 325.88

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 -0.34 323.46 -0.64 323.76 -0.39 323.51 -0.50 323.62 -0.59 323.71 -0.64 323.76 -0.35 323.47 -0.53 323.65

 115A 0.15 322.95 0.11 322.99 0.48 322.62 0.13 322.97 0.06 323.03 0.10 323.00 0.55 322.55 0.17 322.93

116 3.61 315.14 2.88 315.87 3.27 315.48 2.80 315.95 3.22 315.53 2.79 315.96 3.52 315.23 3.18 315.57

 116A 0.45 318.22 0.28 318.39 0.52 318.15 0.37 318.30 0.24 318.43 0.31 318.36 0.71 317.96 0.45 318.22

117 2.82 318.39 2.54 318.67 2.78 318.43 2.51 318.70 2.58 318.63 2.52 318.69 2.92 318.29 2.68 318.53

 117A 1.07 320.18 1.00 320.25 1.17 320.08 1.03 320.22 0.96 320.29 1.03 320.22 1.19 320.06 1.11 320.14

118 0.57 323.46 0.36 323.67 0.51 323.52 0.43 323.60 0.39 323.64 0.39 323.64 0.75 323.28 0.59 323.44

 118A 0.86 323.11 0.72 323.25 0.88 323.09 0.76 323.21 0.73 323.24 0.76 323.21 0.97 323.00 0.79 323.18

119 1.00 324.88 0.91 324.97 0.99 324.90 0.92 324.96 0.80 325.08 0.90 324.98 1.01 324.87 0.96 324.92

 119A 0.98 324.91 0.89 324.99 0.97 324.92 0.90 324.99 0.79 325.10 0.88 325.01 1.00 324.89 0.95 324.94

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.72 325.72 0.95 326.49 1.03 326.41 1.24 326.20 1.18 326.26 0.93 326.52 1.03 326.41 1.18 326.26

 121A 1.73 326.36 0.98 327.11 1.05 327.04 1.25 326.84 1.20 326.89 0.95 327.14 1.04 327.05 1.18 326.91

122 0.78 326.01 0.50 326.29 0.64 326.15 0.64 326.15 0.54 326.25 0.50 326.29 0.64 326.15 0.65 326.14

 122A 0.93 325.88 0.71 326.10 0.83 325.98 0.82 325.99 0.75 326.06 0.73 326.08 0.83 325.98 0.83 325.98

123 16.25 307.84 15.46 308.63 17.41 306.68 17.27 306.82 17.11 306.98 16.27 307.82 17.06 307.03 17.09 307.00

124 1.40 320.20 1.17 320.42 1.64 319.96 1.25 320.34 1.16 320.43 1.20 320.39 2.03 319.56 1.36 320.23

125 4.79 314.44 4.06 315.18 4.54 314.69 4.16 315.08 4.47 314.76 3.96 315.28 4.70 314.53 4.51 314.72

126 3.79 316.85 2.99 317.64 2.74 317.89 2.54 318.10 2.66 317.98 2.48 318.16 3.13 317.51 2.59 318.04

127 1.57 318.49 1.41 318.66 1.56 318.50 1.46 318.61 1.42 318.64 1.39 318.68 1.61 318.46 1.48 318.58

128 2.01 320.21 1.80 320.43 1.90 320.32 1.87 320.36 1.82 320.40 1.83 320.40 1.99 320.23 1.87 320.35

129 1.19 324.97 0.92 325.24 1.12 325.04 1.00 325.16 0.93 325.23 0.91 325.25 1.20 324.96 1.05 325.11

130 1.11 322.44 1.05 322.50 1.18 322.37 1.06 322.50 1.01 322.54 1.05 322.51 1.25 322.30 1.07 322.48

130A 1.01 322.58 0.84 322.75 1.05 322.53 0.91 322.67 0.86 322.73 0.89 322.69 1.13 322.45 0.93 322.65

131 0.98 325.74 0.66 326.06 0.80 325.93 0.75 325.97 0.62 326.10 0.66 326.06 0.81 325.91 0.80 325.92

132 7.82 327.16 7.05 327.93 6.96 328.02 7.26 327.72 7.36 327.62 7.01 327.97 6.97 328.01 7.09 327.89

133 12.76 327.33 11.86 328.22 11.58 328.50 11.96 328.12 12.12 327.96 11.76 328.32 11.54 328.54 11.80 328.28

134 15.04 326.43 13.89 327.57 14.15 327.31 14.55 326.91 14.50 326.96 13.85 327.61 14.11 327.35 14.43 327.03

135 6.94 326.60 6.05 327.49 6.02 327.53 6.37 327.17 6.43 327.11 6.00 327.54 6.00 327.54 6.24 327.30
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 9, 14/15

Groundwater 
Elevation (m) 
Jan 9, 14/15

Depth to 
Groundwater (m) 

Apr 10, 13/15

Groundwater 
Elevation (m) 
Apr 10, 13/15

Depth to 
Groundwater (m) 

Jul 15, 16/15

Groundwater 
Elevation (m) 
Jul 15, 16/15

Depth to 
Groundwater (m) 

Oct 23, 24/15

Groundwater 
Elevation (m) 
Oct 23, 24/15

Depth to 
Groundwater (m) 

Jan 25/16

Groundwater 
Elevation (m) 

Jan 25/16

Depth to 
Groundwater (m) 

Apr 14, 15/16

Groundwater 
Elevation (m) 
Apr 14, 15/16

Depth to 
Groundwater (m) 

Jul 26, 27/16

Groundwater 
Elevation (m) 
Jul 26, 27/16

Depth to 
Groundwater (m) 

Oct 24, 25/16

Groundwater 
Elevation (m) 
Oct 24, 25/16

001 - - - - - - - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.53 326.08 0.16 326.45 0.52 326.09 0.99 325.62 0.67 325.94 0.01 326.60 0.75 325.86 1.03 325.58

004 4.26 326.17 4.10 326.33 4.11 326.32 4.72 325.71 4.51 325.92 3.19 327.24 4.27 326.16 4.79 325.64

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 - - - - - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 1.19 322.66 0.77 323.08 1.07 322.78 1.46 322.39 1.13 322.72 0.57 323.28 1.44 322.41 1.37 322.48

104 0.99 321.05 0.47 321.57 0.84 321.20 1.17 320.87 0.86 321.18 0.62 321.42 1.22 320.82 1.13 320.91

105 1.19 322.68 0.87 323.00 1.14 322.73 1.26 322.61 1.18 322.69 1.02 322.85 1.36 322.51 1.21 322.66

106 - - - - - - - - - - - - - - - -

107 1.12 326.31 1.03 326.40 1.03 326.40 1.33 326.10 n/a n/a 0.69 326.74 1.08 326.35 1.28 326.15

108 - - - - - - - - - - - - - - - -

109 4.98 326.72 4.83 326.87 4.87 326.83 5.33 326.37 5.22 326.48 4.18 327.52 4.92 326.78 5.34 326.36

110 - - - - - - - - - - - - - - - -

111 frozen frozen -0.69 324.89 -0.71 324.91 -0.30 324.50 frozen frozen -1.07 325.27 -0.63 324.83 -0.39 324.59

112 4.48 325.96 4.25 326.19 4.38 326.06 4.94 325.50 4.68 325.76 3.56 326.88 4.72 325.72 4.96 325.48

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 -0.55 323.67 -0.58 323.70 -0.51 323.63 -0.16 323.28 -0.64 323.76 -0.03 323.15 -0.19 323.31

 115A 0.19 322.91 -0.02 323.11 0.19 322.91 0.44 322.66 0.18 322.92 0.11 322.99 0.87 322.23 0.40 322.70

116 3.53 315.22 3.26 315.49 3.11 315.64 3.86 314.89 3.41 315.34 2.62 316.13 3.87 314.88 3.80 314.95

 116A 0.66 318.01 0.21 318.46 0.53 318.14 0.95 317.72 0.56 318.11 0.30 318.37 0.90 317.77 0.77 317.90

117 2.84 318.37 2.66 318.55 2.72 318.49 2.99 318.22 2.80 318.41 2.44 318.77 3.04 318.17 2.93 318.28

 117A 1.16 320.09 0.85 320.40 1.12 320.13 1.16 320.09 1.11 320.14 0.98 320.27 1.21 320.04 1.14 320.11

118 0.69 323.34 0.38 323.65 0.62 323.41 0.79 323.24 0.67 323.36 0.52 323.51 0.78 323.25 0.73 323.30

 118A 0.89 323.08 0.59 323.38 0.84 323.13 1.00 322.97 0.87 323.10 0.73 323.24 1.02 322.95 0.94 323.03

119 0.99 324.89 0.92 324.96 0.95 324.93 1.05 324.83 1.02 324.86 0.90 324.98 1.02 324.86 1.03 324.85

 119A 0.97 324.92 0.90 324.99 0.93 324.96 1.03 324.86 1.00 324.89 0.87 325.02 1.00 324.89 1.01 324.88

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.32 326.12 1.20 326.24 1.20 326.24 1.61 325.83 1.56 325.88 0.93 326.51 1.24 326.20 1.58 325.86

 121A 1.32 326.77 1.21 326.88 1.21 326.88 1.62 326.47 1.58 326.51 0.95 327.14 1.25 326.84 1.59 326.50

122 0.65 326.14 0.57 326.22 0.68 326.11 0.82 325.97 n/a n/a 0.49 326.30 0.75 326.04 0.83 325.96

 122A 0.83 325.98 0.78 326.03 0.86 325.95 0.97 325.84 n/a n/a 0.70 326.11 0.92 325.89 0.97 325.84

123 17.46 306.63 17.79 306.30 13.18 310.91 18.71 305.38 18.50 305.59 17.97 306.12 19.49 304.60 18.83 305.26

124 1.55 320.04 1.22 320.37 1.44 320.15 2.13 319.46 1.45 320.14 1.13 320.46 2.38 319.21 2.22 319.37

125 4.68 314.55 4.42 314.81 4.35 314.88 5.04 314.19 4.71 314.52 3.82 315.41 5.02 314.21 5.01 314.22

126 2.94 317.69 2.62 318.01 2.61 318.02 3.80 316.83 2.92 317.71 2.39 318.24 3.74 316.89 3.61 317.02

127 1.56 318.50 1.23 318.83 1.45 318.61 1.66 318.40 1.52 318.54 1.32 318.74 1.65 318.41 1.63 318.43

128 1.94 320.28 1.69 320.53 1.84 320.38 2.10 320.12 1.92 320.30 1.70 320.52 2.03 320.19 2.03 320.19

129 1.13 325.03 0.74 325.42 1.08 325.08 1.29 324.87 1.14 325.02 0.82 325.34 1.24 324.92 1.22 324.94

130 1.15 322.40 0.80 322.75 1.12 322.43 1.24 322.31 1.14 322.41 0.97 322.58 1.29 322.26 1.20 322.35

130A 1.03 322.55 0.64 322.94 0.98 322.60 1.13 322.45 1.00 322.58 0.79 322.79 1.16 322.42 1.07 322.51

131 0.87 325.85 0.68 326.04 0.84 325.88 1.01 325.71 0.92 325.80 0.64 326.08 0.91 325.81 0.98 325.74

132 7.45 327.53 7.55 327.43 7.22 327.76 7.63 327.35 7.68 327.30 6.93 328.05 7.22 327.76 7.55 327.43

133 12.23 327.85 12.33 327.75 12.03 328.05 12.42 327.66 12.62 327.46 11.91 328.17 11.88 328.20 12.29 327.79

134 14.57 326.89 14.53 326.93 14.43 327.03 14.87 326.59 14.86 326.60 13.90 327.56 14.43 327.03 14.85 326.61

135 6.50 327.04 6.59 326.95 6.35 327.19 6.74 326.80 6.78 326.76 6.03 327.51 6.29 327.25 n/a n/a
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 11/17

Groundwater 
Elevation (m) 

Jan 11/17

Depth to 
Groundwater (m) 

Apr 3, 4/17

Groundwater 
Elevation (m) 
Apr 3, 4/17

Depth to 
Groundwater (m) 

Jul 5, 6, 10/17

Groundwater 
Elevation (m) 
Jul 5, 6, 10/17

Depth to 
Groundwater (m) 

Oct 18, 20/17

Groundwater 
Elevation (m) 
Oct 18, 20/17

Depth to 
Groundwater (m) 

Jan 24, 25/18

Groundwater 
Elevation (m) 
Jan 24, 25/18

Depth to 
Groundwater (m) 

Apr 3, 5/18

Groundwater 
Elevation (m) 
Apr 3, 5/18

Depth to 
Groundwater (m) 

Jul 17, 18/18

Groundwater 
Elevation (m) 
Jul 17, 18/18

Depth to 
Groundwater (m) 
Oct 17,18,19/18

Groundwater 
Elevation (m) 

Oct 17,18,19/18

001 - - - - - - - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.40 326.21 -0.04 326.65 0.29 326.32 0.82 325.79 0.35 326.26 0.12 326.49 0.61 326.00 0.97 325.64

004 4.57 325.86 3.58 326.85 3.69 326.74 4.50 325.93 4.40 326.03 3.98 326.45 4.06 326.37 4.69 325.74

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 - - - - - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 0.75 323.10 0.78 323.07 1.05 322.80 1.43 322.42 0.84 323.01 1.03 322.82 1.40 322.45 1.34 322.51

104 0.53 321.51 0.68 321.36 0.93 321.11 1.23 320.81 0.62 321.42 0.83 321.21 1.30 320.74 1.22 320.82

105 0.96 322.91 1.06 322.81 1.16 322.71 1.28 322.59 1.06 322.81 1.00 322.87 1.40 322.47 1.25 322.62

106 - - - - - - - - - - - - - - - -

107 1.14 326.29 0.81 326.62 0.67 326.76 1.10 326.33 n/a n/a 0.93 326.50 1.00 326.43 1.23 326.20

108 - - - - - - - - - - - - - - - -

109 5.21 326.49 4.41 327.29 4.36 327.34 5.06 326.64 5.09 326.61 4.72 326.98 4.76 326.94 5.28 326.42

110 - - - - - - - - - - - - - - - -

111 frozen frozen -1.02 325.22 -1.09 325.29 -0.61 324.81 frozen frozen -0.87 325.07 -0.68 324.88 -0.42 324.62

112 4.68 325.76 3.86 326.58 4.01 326.43 4.70 325.74 4.53 325.91 4.18 326.26 4.35 326.09 4.89 325.55

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 frozen frozen -0.61 323.73 -0.60 323.72 -0.16 323.28 frozen frozen -0.52 323.64 -0.06 323.18 -0.15 323.27

 115A -0.01 323.10 0.12 322.98 0.24 322.86 0.59 322.51 0.05 323.04 0.11 322.99 0.87 322.23 0.50 322.60

116 2.99 315.76 2.91 315.84 3.10 315.65 3.79 314.96 na na 3.34 315.41 3.78 314.97 3.81 314.94

 116A 0.19 318.48 0.32 318.35 0.47 318.20 0.74 317.93 0.09 318.58 0.42 318.25 0.97 317.70 0.96 317.71

117 2.51 318.70 2.50 318.71 2.69 318.52 2.95 318.26 2.48 318.73 2.77 318.44 3.02 318.19 2.94 318.27

 117A 0.91 320.34 0.84 320.41 1.14 320.11 1.17 320.08 0.94 320.31 1.08 320.17 1.22 320.03 1.19 320.06

118 0.40 323.63 0.51 323.52 0.57 323.46 0.68 323.35 0.30 323.73 0.45 323.58 0.70 323.33 0.61 323.42

 118A 0.64 323.33 0.76 323.21 0.85 323.12 0.99 322.98 0.69 323.28 0.79 323.18 1.02 322.95 0.95 323.02

119 0.82 325.06 0.92 324.96 0.93 324.95 0.99 324.89 0.90 324.98 0.84 325.04 0.93 324.95 0.99 324.89

 119A 0.80 325.09 0.90 324.99 0.91 324.98 0.98 324.91 0.89 325.00 0.82 325.07 0.98 324.91 0.98 324.91

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.44 326.00 0.99 326.45 0.90 326.54 1.30 326.14 1.34 326.10 1.08 326.36 1.11 326.33 1.51 325.93

 121A 1.45 326.64 1.01 327.08 0.92 327.17 1.31 326.78 1.36 326.73 1.09 327.00 1.12 326.97 1.53 326.56

122 n/a n/a 0.33 326.46 0.59 326.20 0.73 326.06 n/a n/a 0.54 326.25 0.72 326.07 0.81 325.98

 122A n/a n/a 0.58 326.23 0.79 326.02 0.90 325.91 n/a n/a 0.75 326.06 0.91 325.90 0.96 325.85

123 19.16 304.93 19.84 304.25 17.86 306.23 19.51 304.58 17.83 306.26 19.74 304.35 >20 <304.1 20.86 303.23

124 1.25 320.34 1.17 320.42 1.50 320.09 2.35 319.24 1.30 320.29 1.46 320.13 2.27 319.32 2.37 319.22

125 4.32 314.91 4.20 315.03 4.48 314.75 5.04 314.19 4.19 315.04 4.68 314.55 4.98 314.25 4.95 314.28

126 2.34 318.29 2.39 318.24 3.01 317.62 3.56 317.07 2.55 318.08 2.75 317.88 3.76 316.88 4.06 316.57

127 1.27 318.79 1.37 318.69 1.45 318.61 1.67 318.39 1.22 318.84 1.44 318.62 1.62 318.44 1.64 318.42

128 1.71 320.51 1.76 320.46 1.88 320.34 2.14 320.08 1.78 320.44 1.88 320.34 2.02 320.20 2.03 320.19

129 0.87 325.29 0.90 325.26 1.04 325.12 1.22 324.94 0.84 325.32 1.01 325.15 1.23 324.93 1.21 324.95

130 0.91 322.64 1.01 322.54 1.13 322.42 1.26 322.29 0.94 322.61 1.04 322.51 1.28 322.27 1.21 322.34

130A 0.74 322.84 0.85 322.73 0.98 322.60 1.13 322.45 0.77 322.81 0.89 322.69 1.15 322.43 1.09 322.49

131 0.67 326.05 0.67 326.05 0.71 326.01 0.88 325.84 0.71 326.01 0.62 326.10 0.88 325.84 0.94 325.78

132 7.58 327.40 7.13 327.85 6.59 328.39 7.29 327.69 7.47 327.51 7.32 327.66 7.12 327.86 7.50 327.48

133 12.56 327.52 11.95 328.13 11.09 328.99 11.91 328.17 12.34 327.74 12.15 327.93 11.79 328.29 12.24 327.84

134 14.87 326.59 14.08 327.38 13.84 327.62 14.53 326.93 14.73 326.73 14.39 327.07 14.25 327.21 14.79 326.67

135 n/a n/a 5.81 327.73 5.35 328.19 6.05 327.49 6.29 327.25 6.06 327.48 5.83 327.71 6.29 327.25
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 22, 23/19

Groundwater 
Elevation (m) 
Jan 22, 23/19

Depth to 
Groundwater (m) 

Apr 8/19

Groundwater 
Elevation (m) 

Apr 8/19

Depth to 
Groundwater (m) 

Jul 11, 12/19

Groundwater 
Elevation (m)   
Jul 11, 12/19

Depth to 
Groundwater (m) 

Nov 19-30/19

Groundwater 
Elevation (m)   
Nov 19-30/19

001 - - - - - - - -

002 - - - - - - - -

003 0.63 325.98 - - 0.34 326.27 0.49 326.12

004 4.35 326.08 - - 3.78 326.65 4.52 325.91

 005 (S) - - - - - - - -

 005 (I) - - - - - - - -

006 - - - - - - - -

101 - - - - - - - -

102 - - - - - - - -

103 1.14 322.71 - - 1.20 322.65 0.91 322.94

104 0.91 321.13 - - 0.97 321.07 0.77 321.27

105 1.20 322.67 - - 1.26 322.61 1.06 322.81

106 - - - - - - - -

107 1.18 326.25 0.86 326.57 0.73 326.70 0.99 326.44

108 - - - - - - - -

109 5.09 326.61 - - 4.46 327.24 4.98 326.72

110 - - - - - - - -

111 frozen frozen - - -1.02 325.22 -0.90 325.10

112 4.54 325.90 - - 4.06 326.38 5.19 325.25

113 - - - - - - - -

114 - - - - - - - -

115 frozen frozen - - -0.49 323.61 -0.09 323.21

 115A 0.30 322.80 - - 0.38 322.72 0.16 322.94

116 3.48 315.27 - - 3.29 315.46 3.22 315.53

 116A 0.68 317.99 - - 0.73 317.94 0.42 318.25

117 2.80 318.41 - - 2.76 318.45 2.60 318.61

 117A 1.11 320.14 - - 1.18 320.07 1.06 320.19

118 0.57 323.46 - - 0.57 323.46 0.40 323.63

 118A 0.90 323.07 - - 0.93 323.04 0.74 323.23

119 0.98 324.90 0.82 325.06 0.94 324.94 0.91 324.97

 119A 0.97 324.92 0.81 325.08 0.93 324.96 0.90 324.99

120 - - - - - - - -

 120A - - - - - - - -

121 1.44 326.00 0.91 326.53 0.92 326.52 1.20 326.24

 121A 1.46 326.63 1.01 327.08 0.93 327.16 1.21 326.88

122 0.73 326.06 - - 0.61 326.18 0.65 326.14

 122A 0.90 325.91 - - 0.82 325.99 0.83 325.98

123 20.38 303.71 - - 19.65 304.44 18.68 305.41

124 1.73 319.86 - - 1.84 319.75 1.34 320.25

125 4.77 314.46 - - 4.57 314.66 4.59 314.64

126 3.89 316.74 - - 3.49 317.14 3.36 317.27

127 1.49 318.57 - - 1.53 318.53 1.41 318.65

128 1.93 320.29 - - 1.93 320.29 1.81 320.41

129 1.14 325.02 - - 1.12 325.04 0.96 325.20

130 1.17 322.38 - - 1.20 322.35 1.05 322.50

130A 1.03 322.55 - - 1.07 322.51 0.85 322.73

131 0.89 325.83 0.53 326.19 0.75 325.97 0.75 325.97

132 7.53 327.45 7.23 327.75 6.71 328.27 7.27 327.71

133 12.42 327.66 12.02 328.06 11.26 328.82 12.01 328.07

134 14.70 326.76 14.21 327.25 13.91 327.55 14.51 326.95

135 6.31 327.23 5.94 327.60 5.44 328.10 6.03 327.51
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number Type

Estimated 
Northing

Estimated 
Easting

Estimated 
Ground 

Elevation 
(mamsl)

Depth to 
Groundwater (m) 

Dec 20/06

Groundwater 
Elevation (m) 

Dec 20/06

Depth to 
Groundwater (m) 

Jan 23/07

Groundwater 
Elevation (m) 

Jan 23/07

Depth to 
Groundwater (m) 

Apr 27/07

Groundwater 
Elevation (m) 

Apr 27/07

Depth to 
Groundwater (m) 

May 28/07

Groundwater 
Elevation (m) 

May 28/07

PZ-1 S 4814829 563308 327.40 0.80 326.60 frozen frozen -0.09 327.49

PZ-1 D 4814829 563308 327.40 0.13 327.27 0.20 327.20 flowing flowing

PZ-2 S 4815045 562992 326.20 0.35 325.85 0.12 326.08 -0.04 326.24

PZ-2 D 4815045 562992 326.20 0.96 325.24 0.14 326.06 0.09 326.11

PZ-4 S 4815554 562406 322.30 0.52 321.78 frozen frozen 0.00 322.30

PZ-4 D 4815554 562406 322.30 -0.09 322.39 frozen frozen flowing flowing

PZ-7 S 4815806 562649 321.40 0.27 321.13 -0.01 321.41 destroyed destroyed

PZ-7 D 4815806 562649 321.40 0.09 321.31 0.00 321.40 destroyed destroyed

PZ-8 S 4815974 562491 318.50 -0.03 318.53 -0.02 318.52 -0.10 318.60

PZ-8 D 4815974 562491 318.50 -0.03 318.53 -0.02 318.52 flowing flowing

PZ-9 S 4814807 562452 326.15 n/a n/a n/a n/a n/a n/a -0.28 326.43

PZ-9 D 4814807 562452 326.15 n/a n/a n/a n/a n/a n/a -0.25 326.40

PZ-10 S 4816167 562300 318.30

PZ-10 D 4816167 562300 318.30

PZ-11 S 4815887 562512 320.25

PZ-11 D 4815887 562512 320.25

PZ-12 D 4815404 563250 326.50

PZ-13 D 4815290 562842 324.20

PZ-14 D 4815264 562835 324.20
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jul 25, 26/07

Groundwater 
Elevation (m) 
July 25, 26/07

Depth to 
Groundwater (m) 

Aug 2/07

Groundwater 
Elevation (m) 

Aug 2/07

Depth to 
Groundwater (m) 

Aug 17/07

Groundwater 
Elevation (m) 

Aug 17/07

Depth to 
Groundwater (m) 

Oct 1/07

Groundwater 
Elevation (m) 

Oct 1/07

Depth to 
Groundwater (m) 

Nov 2/07

Groundwater 
Elevation (m) 

Nov 2/07

PZ-1 -0.03 327.43 0.34 327.06

PZ-1 0.10 327.30 0.57 326.83

PZ-2 0.56 325.64 0.63 325.57 0.36 325.84

PZ-2 0.47 325.73 0.54 325.66 0.39 325.81

PZ-4 0.20 322.10 0.13 322.17

PZ-4 0.29 322.01 0.12 322.18

PZ-7 installed new n/a 0.01 321.39 -0.01 321.41 -0.06 321.46

PZ-7 installed new n/a 0.01 321.39 -0.01 321.41 -0.07 321.47

PZ-8 0.31 318.19 0.38 318.12

PZ-8 0.30 318.20 0.36 318.14

PZ-9 n/a n/a dry dry dry dry

PZ-9 n/a n/a 0.40 325.75 0.66 325.49

PZ-10

PZ-10

PZ-11

PZ-11

PZ-12

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 25/08

Groundwater 
Elevation (m) 

Jan 25/08

Depth to 
Groundwater (m) 

Apr 25/08

Groundwater 
Elevation (m) 

Apr 25/08

Depth to 
Groundwater (m) 

Jul 23/08

Groundwater 
Elevation (m) Jul 

23/08

Depth to 
Groundwater (m) 

Oct 28/08

Groundwater 
Elevation (m) 

Oct 28/08

PZ-1 0.26 327.14 -0.03 327.43 -0.10 327.50 0.00 327.40

PZ-1 0.20 327.20 -0.14 327.54 -0.07 327.47 0.10 327.30

PZ-2 0.23 325.97 -0.03 326.23 -0.02 326.22 0.19 326.01

PZ-2 0.21 325.99 0.04 326.16 0.10 326.10 0.21 325.99

PZ-4 frozen frozen 0.02 322.28 0.02 322.28 0.05 322.25

PZ-4 frozen frozen -0.06 322.36 -0.05 322.35 -0.02 322.32

PZ-7 -0.08 321.48 -0.08 321.48 -0.07 321.47 -0.13 321.53

PZ-7 -0.04 321.44 -0.09 321.49 -0.08 321.48 -0.13 321.53

PZ-8 -0.17 318.67 -0.08 318.58 0.05 318.45 0.01 318.49

PZ-8 frozen frozen -0.10 318.60 0.05 318.45 0.16 318.34

PZ-9 frozen frozen -0.38 326.53 -0.13 326.28 0.19 325.96

PZ-9 frozen frozen -0.42 326.57 -0.08 326.23 0.23 325.93

PZ-10

PZ-10

PZ-11

PZ-11

PZ-12

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 2, 3/09

Groundwater 
Elevation (m) 
Jan 2, 3/09

Depth to 
Groundwater (m) 

Apr 13, May 20/09

Groundwater 
Elevation (m)      

Apr 13, May 20/09

Depth to 
Groundwater (m) 

Jul 29/09

Groundwater 
Elevation (m) 

Jul 29/09

Depth to 
Groundwater (m) 

Aug 27/09

Groundwater 
Elevation (m) 

Aug 27/09

Depth to 
Groundwater (m) 

Oct 26, 27/09

Groundwater 
Elevation (m) 
Oct 26, 27/09

PZ-1 frozen n/a -0.05 327.45 -0.01 327.41 0.05 327.35

PZ-1 frozen n/a -0.13 327.53 -0.08 327.48 0.08 327.32

PZ-2 frozen n/a -0.03 326.23 0.00 326.20 0.14 326.06

PZ-2 0.05 326.15 0.04 326.16 0.06 326.14 0.14 326.06

PZ-4 frozen n/a -0.02 322.32 n/a n/a 0.04 322.26 0.03 322.27

PZ-4 frozen n/a -0.14 322.44 n/a n/a 0.01 322.29 -0.06 322.36

PZ-7 frozen n/a -0.08 321.48 n/a n/a -0.06 321.46 -0.11 321.51

PZ-7 -0.13 321.53 -0.09 321.49 n/a n/a -0.07 321.47 -0.11 321.51

PZ-8 frozen n/a -0.05 318.55 n/a n/a 0.10 318.40 0.04 318.46

PZ-8 frozen n/a -0.07 318.57 n/a n/a 0.09 318.41 0.03 318.47

PZ-9 frozen n/a -0.42 326.57 -0.24 326.39 0.05 326.10

PZ-9 frozen n/a -0.47 326.62 -0.16 326.31 0.13 326.03

PZ-10

PZ-10

PZ-11

PZ-11

PZ-12

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 28, 29/10

Groundwater 
Elevation (m) 
Jan 28, 29/10

Depth to 
Groundwater (m) 

Apr 26-28/10

Groundwater 
Elevation (m) 
Apr 26-28/10

Depth to 
Groundwater (m) 

Jun 16/10

Groundwater 
Elevation (m) 

Jun 16/10

Depth to 
Groundwater (m) 

Jul 22/10

Groundwater 
Elevation (m) 

Jul 22/10

Depth to 
Groundwater (m)   

Oct 12-14/10

Groundwater 
Elevation (m)  
Oct 12-14/10

PZ-1 frozen n/a 0.02 327.38 0.21 327.19 0.46 326.94

PZ-1 frozen n/a -0.03 327.43 0.26 327.14 0.42 326.98

PZ-2 frozen n/a 0.05 326.15 0.04 326.16 0.30 325.90

PZ-2 frozen n/a 0.15 326.05 0.38 325.82 0.33 325.87

PZ-4 frozen n/a 0.13 322.17 0.23 322.07 0.16 322.14

PZ-4 frozen n/a 0.02 322.28 0.24 322.06 0.13 322.17

PZ-7 frozen n/a -0.06 321.46 -0.02 321.42 -0.07 321.47

PZ-7 frozen n/a -0.07 321.47 -0.02 321.42 -0.07 321.47

PZ-8 frozen n/a -0.03 318.53 -0.05 318.55 -0.03 318.53 0.13 318.37

PZ-8 frozen n/a -0.03 318.53 -0.04 318.54 -0.02 318.52 0.12 318.38

PZ-9 frozen n/a -0.27 326.42 0.19 325.96 0.36 325.79

PZ-9 frozen n/a -0.18 326.33 0.26 325.89 0.53 325.62

PZ-10 installed n/a 0.55 317.75 0.42 317.89

PZ-10 installed n/a 0.78 317.52 0.56 317.75

PZ-11 0.13 320.13 0.37 319.88 0.14 320.11

PZ-11 0.53 319.73 1.10 319.15 0.28 319.97

PZ-12

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m)   

Jan 18, 19/11

Groundwater 
Elevation (m)  
Jan 18, 19/11

Depth to 
Groundwater (m)   

Apr 27, 28/11

Groundwater 
Elevation (m)  
Apr 27, 28/11

Depth to 
Groundwater (m)   

Jul 18, 19/11

Groundwater 
Elevation (m)    
Jul 18, 19/11

Depth to 
Groundwater (m)   

Oct 20, 25/11

Groundwater 
Elevation (m)    
Oct 20, 25/11

PZ-1 0.57 326.83 0.02 327.38 -0.01 327.41 0.14 327.26

PZ-1 0.62 326.78 -0.07 327.47 -0.10 327.50 0.16 327.24

PZ-2 0.40 325.80 0.00 326.20 -0.02 326.22 -0.01 326.21

PZ-2 0.44 325.76 0.09 326.11 0.11 326.09 0.11 326.09

PZ-4 0.11 322.19 0.13 322.17 0.14 322.16 0.00 322.30

PZ-4 -0.06 322.36 0.00 322.30 0.16 322.14 0.00 322.30

PZ-7 -0.04 321.44 -0.05 321.45 0.02 321.38 -0.10 321.50

PZ-7 -0.06 321.46 -0.07 321.47 0.02 321.38 -0.11 321.51

PZ-8 0.11 318.39 -0.10 318.60 0.09 318.41 n/a n/a

PZ-8 0.11 318.39 n/a n/a 0.08 318.42 -0.23 318.73

PZ-9 0.38 325.77 -0.43 326.57 -0.12 326.27 0.17 325.99

PZ-9 0.50 325.66 -0.43 326.58 -0.10 326.25 0.17 325.98

PZ-10 0.42 317.88 -0.16 318.46 0.06 318.24 n/a n/a

PZ-10 0.55 317.75 -0.17 318.47 0.11 318.19 n/a n/a

PZ-11 0.11 320.14 -0.02 320.27 0.14 320.11 n/a n/a

PZ-11 0.26 320.00 -0.03 320.28 0.43 319.83 n/a n/a

PZ-12 dry dry dry dry

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m)   

Jan 12, 18/12

Groundwater 
Elevation (m)    
Jan 12, 18/12

Depth to 
Groundwater (m)   

Apr 13, 16/12

Groundwater 
Elevation (m)    
Apr 13, 16/12

Depth to 
Groundwater (m)   

Jul 16, 19/12

Groundwater 
Elevation (m)    
Jul 16, 19/12

Depth to 
Groundwater (m)   

Oct 16, 18/12

Groundwater 
Elevation (m)    
Oct 16, 18/12

PZ-1 0.25 327.15 0.22 327.18 0.75 326.65 dry dry

PZ-1 0.24 327.16 0.21 327.19 0.66 326.74 0.86 326.54

PZ-2 0.22 325.98 0.36 325.84 0.73 325.47 0.47 325.73

PZ-2 0.31 325.89 0.39 325.81 0.70 325.50 0.53 325.67

PZ-4 0.12 322.18 0.17 322.13 0.35 321.95 0.20 322.10

PZ-4 0.00 322.30 0.08 322.22 0.37 321.93 0.13 322.17

PZ-7 -0.03 321.43 0.00 321.40 0.04 321.36 -0.04 321.44

PZ-7 -0.09 321.49 -0.01 321.41 0.04 321.36 -0.05 321.45

PZ-8 0.07 318.43 0.04 318.46 0.35 318.15 0.11 318.39

PZ-8 -0.05 318.55 0.04 318.47 0.35 318.16 0.11 318.40

PZ-9 -0.23 326.38 -0.03 326.18 0.45 325.71 dry dry

PZ-9 -0.22 326.37 -0.02 326.17 0.57 325.59 0.83 325.32

PZ-10 -0.09 318.39 0.10 318.20 0.56 317.74 0.24 318.07

PZ-10 -0.09 318.39 0.13 318.18 0.94 317.36 0.40 317.90

PZ-11 0.02 320.24 0.15 320.10 0.22 320.03 0.09 320.16

PZ-11 0.28 319.97 0.41 319.85 0.56 319.69 0.34 319.92

PZ-12 0.60 325.91 dry dry dry dry 0.90 325.60

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m)   

Jan 10, 11/13

Groundwater 
Elevation (m)    
Jan 10, 11/13

Depth to 
Groundwater (m)   

Apr 25, 26/13

Groundwater 
Elevation (m)    
Apr 25, 26/13

Depth to 
Groundwater (m)   

Jul 15, 16/13

Groundwater 
Elevation (m)    
Jul 15, 16/13

Depth to 
Groundwater (m)   

Oct 23, 24/13

Groundwater 
Elevation (m)    
Oct 23, 24/13

PZ-1 0.65 326.75 0.03 327.37 0.07 327.33 0.22 327.18

PZ-1 0.69 326.71 -0.06 327.46 0.03 327.37 0.21 327.19

PZ-2 0.39 325.81 0.10 326.10 0.26 325.94 0.20 326.00

PZ-2 0.43 325.77 0.15 326.05 0.32 325.88 0.25 325.95

PZ-4 0.17 322.13 0.12 322.18 0.19 322.11 0.16 322.14

PZ-4 0.05 322.25 -0.01 322.31 0.11 322.19 0.00 322.30

PZ-7 -0.02 321.42 0.00 321.40 0.01 321.39 -0.05 321.45

PZ-7 -0.03 321.43 -0.03 321.43 0.00 321.40 -0.07 321.47

PZ-8 0.03 318.47 -0.13 318.63 0.06 318.44 -0.04 318.54

PZ-8 0.03 318.48 -0.13 318.63 0.05 318.45 -0.05 318.55

PZ-9 0.41 325.74 0.39 325.76 0.33 325.82 0.37 325.78

PZ-9 0.41 325.75 -0.42 326.57 -0.03 326.18 0.11 326.04

PZ-10 0.09 318.21 -0.18 318.48 0.04 318.26 -0.11 318.41

PZ-10 0.11 318.19 -0.18 318.48 0.05 318.25 -0.11 318.41

PZ-11 0.11 320.14 0.04 320.22 0.12 320.13 0.01 320.24

PZ-11 0.37 319.88 0.25 320.00 0.44 319.81 0.30 319.95

PZ-12 0.66 325.84 0.51 326.00 0.52 325.98 0.50 326.01

PZ-13 0.05 324.15 -0.01 324.21

PZ-14 0.45 323.75 0.01 324.19
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m)   

Jan 13, 14/14

Groundwater 
Elevation (m)    
Jan 13, 14/14

Depth to 
Groundwater (m)   

Apr 22, 23/14

Groundwater 
Elevation (m)    
Apr 22, 23/14

Depth to 
Groundwater (m)   

Jul 14, 15/14

Groundwater 
Elevation (m)    
Jul 14, 15/14

Depth to 
Groundwater (m)   

Oct 9, 10/14

Groundwater 
Elevation (m)    
Oct 9, 10/14

PZ-1 frozen frozen -0.03 327.43 0.04 327.36 0.16 327.24

PZ-1 frozen frozen -0.08 327.48 0.03 327.37 0.17 327.23

PZ-2 frozen frozen 0.04 326.16 0.23 325.97 0.23 325.97

PZ-2 frozen frozen 0.13 326.07 0.29 325.91 0.28 325.92

PZ-4 frozen frozen 0.18 322.12 0.27 322.03 0.21 322.09

PZ-4 frozen frozen 0.07 322.23 0.17 322.13 0.05 322.25

PZ-7 frozen frozen 0.00 321.40 0.03 321.37 -0.05 321.45

PZ-7 frozen frozen -0.02 321.42 0.01 321.39 -0.06 321.46

PZ-8 -0.15 318.65 -0.10 318.60 0.09 318.41 0.00 318.50

PZ-8 -0.16 318.66 -0.15 318.65 0.09 318.41 -0.01 318.51

PZ-9 frozen frozen 0.39 325.76 0.36 325.79 0.32 325.83

PZ-9 frozen frozen -0.42 326.57 -0.01 326.16 0.10 326.05

PZ-10 frozen frozen -0.14 318.44 0.34 317.96 -0.03 318.33

PZ-10 frozen frozen -0.14 318.44 0.36 317.94 -0.03 318.33

PZ-11 0.01 320.24 0.05 320.20 0.15 320.10 0.11 320.14

PZ-11 0.22 320.03 0.28 319.97 0.46 319.79 0.39 319.86

PZ-12 frozen frozen 0.41 326.09 0.57 325.93 0.50 326.01

PZ-13 frozen frozen 0.06 324.15 - - 0.08 324.12

PZ-14 frozen frozen 0.02 324.19 - - 0.04 324.16

Banks Groundwater Engineering Limited 9 of 14 Hanlon Creek Business Park  - Groundwater Monitoring Program 2003 - 2019



Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 9, 14/15

Groundwater 
Elevation (m) 
Jan 9, 14/15

Depth to 
Groundwater (m) 

Apr 10, 13/15

Groundwater 
Elevation (m) 
Apr 10, 13/15

Depth to 
Groundwater (m) 

Jul 15, 16/15

Groundwater 
Elevation (m) 
Jul 15, 16/15

Depth to 
Groundwater (m) 

Oct 23, 24/15

Groundwater 
Elevation (m) 
Oct 23, 24/15

PZ-1 frozen frozen 0.19 327.21 0.22 327.18 0.57 326.83

PZ-1 frozen frozen 0.13 327.27 0.22 327.18 0.62 326.78

PZ-2 frozen frozen 0.10 326.10 0.29 325.91 0.45 325.75

PZ-2 frozen frozen 0.14 326.06 0.31 325.89 0.48 325.72

PZ-4 frozen frozen 0.14 322.16 0.16 322.14 0.22 322.08

PZ-4 frozen frozen 0.12 322.18 0.13 322.17 0.17 322.13

PZ-7 frozen frozen -0.04 321.44 0.02 321.38 -0.03 321.43

PZ-7 frozen frozen -0.02 321.42 -0.02 321.42 -0.04 321.44

PZ-8 frozen frozen -0.19 318.69 -0.02 318.52 0.11 318.39

PZ-8 frozen frozen -0.18 318.68 -0.03 318.53 0.10 318.40

PZ-9 frozen frozen 0.28 325.87 0.25 325.90 0.25 325.90

PZ-9 frozen frozen -0.28 326.43 0.08 326.07 0.54 325.61

PZ-10 frozen frozen -0.24 318.54 0.04 318.26 0.55 317.75

PZ-10 frozen frozen -0.23 318.53 0.05 318.25 0.75 317.55

PZ-11 frozen frozen 0.03 320.22 -0.03 320.28 0.10 320.15

PZ-11 frozen frozen 0.26 319.99 0.38 319.87 0.45 319.80

PZ-12 frozen frozen 0.54 325.97 0.58 325.93 dry dry

PZ-13 frozen frozen 0.10 324.10 - - 0.18 324.02

PZ-14 frozen frozen 0.09 324.12 - - 0.15 324.05
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 25/16

Groundwater 
Elevation (m) 

Jan 25/16

Depth to 
Groundwater (m) 

Apr 14, 15/16

Groundwater 
Elevation (m) 
Apr 14, 15/16

Depth to 
Groundwater (m) 

Jul 26, 27/16

Groundwater 
Elevation (m) 
Jul 26, 27/16

Depth to 
Groundwater (m) 

Oct 24, 25/16

Groundwater 
Elevation (m) 
Oct 24, 25/16

PZ-1 frozen frozen 0.05 327.35 0.27 327.13 0.58 326.82

PZ-1 frozen frozen -0.04 327.44 0.32 327.08 0.60 326.80

PZ-2 frozen frozen 0.03 326.17 0.55 325.65 0.46 325.74

PZ-2 frozen frozen 0.10 326.10 0.53 325.67 0.48 325.72

PZ-4 frozen frozen 0.14 322.16 0.33 321.97 0.19 322.11

PZ-4 frozen frozen 0.10 322.20 0.28 322.02 0.16 322.14

PZ-7 frozen frozen -0.02 321.42 0.01 321.39 -0.04 321.44

PZ-7 frozen frozen -0.04 321.44 0.01 321.39 -0.04 321.44

PZ-8 frozen frozen -0.13 318.63 0.12 318.38 0.11 318.39

PZ-8 frozen frozen -0.15 318.65 0.11 318.39 0.10 318.40

PZ-9 frozen frozen -0.04 326.19 -0.05 326.20 0.36 325.79

PZ-9 frozen frozen -0.41 326.56 0.30 325.85 0.59 325.56

PZ-10 frozen frozen -0.15 318.45 dry dry 0.36 317.94

PZ-10 frozen frozen -0.15 318.45 0.62 317.68 0.46 317.84

PZ-11 frozen frozen 0.02 320.23 0.15 320.10 0.03 320.22

PZ-11 frozen frozen 0.24 320.01 0.49 319.76 0.42 319.83

PZ-12 frozen frozen 0.39 326.12 0.68 325.83 0.69 325.81

PZ-13 n/a n/a n/a n/a - - - -

PZ-14 n/a n/a n/a n/a - - - -
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 11/17

Groundwater 
Elevation (m) 

Jan 11/17

Depth to 
Groundwater (m) 

Apr 3, 4/17

Groundwater 
Elevation (m) 
Apr 3, 4/17

Depth to 
Groundwater (m) 

Jul 5, 6, 10/17

Groundwater 
Elevation (m) 
Jul 5, 6, 10/17

Depth to 
Groundwater (m) 

Oct 18, 20/17

Groundwater 
Elevation (m) 
Oct 18, 20/17

PZ-1 frozen frozen 0.07 327.33 0.04 327.36 0.28 327.12

PZ-1 frozen frozen -0.02 327.42 -0.06 327.46 0.26 327.14

PZ-2 frozen frozen 0.02 326.18 0.20 326.00 0.32 325.88

PZ-2 frozen frozen 0.04 326.16 0.22 325.98 0.34 325.86

PZ-4 frozen frozen 0.11 322.19 0.16 322.14 -0.04 322.34

PZ-4 frozen frozen 0.11 322.19 0.15 322.15 0.10 322.20

PZ-7 frozen frozen -0.03 321.43 -0.01 321.41 -0.02 321.42

PZ-7 frozen frozen -0.03 321.43 -0.01 321.41 -0.02 321.42

PZ-8 frozen frozen -0.08 318.58 0.01 318.49 0.13 318.37

PZ-8 frozen frozen -0.09 318.59 0.01 318.50 0.10 318.40

PZ-9 frozen frozen -0.42 326.57 -0.30 326.45 0.40 325.75

PZ-9 frozen frozen -0.47 326.62 -0.15 326.30 0.36 325.79

PZ-10 frozen frozen -0.14 318.44 -0.07 318.37 0.11 318.19

PZ-10 frozen frozen -0.14 318.44 -0.07 318.37 0.17 318.13

PZ-11 frozen frozen 0.02 320.23 0.08 320.17 0.08 320.17

PZ-11 frozen frozen 0.28 319.97 0.41 319.84 0.45 319.80

PZ-12 frozen frozen 0.40 326.11 0.45 326.06 0.66 325.85

PZ-13 n/a n/a 0.11 324.09 0.13 324.07 - -

PZ-14 n/a n/a 0.07 324.13 0.10 324.10 - -
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 24, 25/18

Groundwater 
Elevation (m) 
Jan 24, 25/18

Depth to 
Groundwater (m) 

Apr 3, 5/18

Groundwater 
Elevation (m) 
Apr 3, 5/18

Depth to 
Groundwater (m) 

Jul 17, 18/18

Groundwater 
Elevation (m) 
Jul 17, 18/18

Depth to 
Groundwater (m) 
Oct 17,18,19/18

Groundwater 
Elevation (m) 

Oct 17,18,19/18

PZ-1 frozen frozen 0.13 327.27 0.14 327.26 0.50 326.90

PZ-1 frozen frozen 0.04 327.36 0.12 327.28 0.50 326.90

PZ-2 frozen frozen 0.06 326.14 0.55 325.65 0.41 325.79

PZ-2 frozen frozen 0.25 325.95 0.53 325.67 0.39 325.81

PZ-4 frozen frozen -0.11 322.41 0.01 322.29 -0.04 322.34

PZ-4 frozen frozen -0.14 322.44 0.13 322.17 -0.02 322.32

PZ-7 frozen frozen 0.00 321.40 0.02 321.38 -0.04 321.44

PZ-7 frozen frozen -0.01 321.41 0.01 321.39 -0.05 321.45

PZ-8 frozen frozen -0.03 318.53 0.08 318.42 0.15 318.35

PZ-8 frozen frozen -0.06 318.56 0.06 318.44 0.12 318.38

PZ-9 frozen frozen -0.24 326.39 0.19 325.96 0.55 325.60

PZ-9 frozen frozen -0.28 326.43 0.20 325.95 0.55 325.60

PZ-10 frozen frozen -0.12 318.42 0.37 317.93 0.39 317.91

PZ-10 frozen frozen -0.09 318.39 0.66 317.64 0.59 317.71

PZ-11 frozen frozen 0.11 320.14 0.20 320.05 0.21 320.04

PZ-11 frozen frozen 0.29 319.96 0.50 319.75 0.51 319.74

PZ-12 frozen frozen 0.51 326.00 0.59 325.92 0.72 325.78

PZ-13 n/a n/a 0.09 324.11 - - 0.18 324.02

PZ-14 n/a n/a 0.06 324.14 - - 0.16 324.04
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2019
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 22, 23/19

Groundwater 
Elevation (m) 
Jan 22, 23/19

Depth to 
Groundwater (m)   
Mar 27 / Apr 8/19

Groundwater 
Elevation (m)    
Mar 27 / Apr 

8/19

Depth to 
Groundwater (m)   

Jul 11, 12/19

Groundwater 
Elevation (m)    
Jul 11, 12/19

Depth to 
Groundwater (m)   

Nov 19-30/19

Groundwater 
Elevation (m)    
Nov 19-30/19

PZ-1 frozen frozen 0.08 327.32 0.04 327.36 0.19 327.21

PZ-1 frozen frozen -0.06 327.46 -0.07 327.47 0.15 327.25

PZ-2 frozen frozen 0.04 326.16 0.20 326.00 0.19 326.01

PZ-2 frozen frozen 0.19 326.01 0.16 326.04 0.28 325.92

PZ-4 frozen frozen -0.14 322.44 -0.03 322.33 -0.07 322.37

PZ-4 frozen frozen -0.12 322.42 -0.07 322.37 -0.16 322.46

PZ-7 frozen frozen -0.03 321.43 -0.01 321.41 -0.06 321.46

PZ-7 frozen frozen -0.04 321.44 -0.02 321.42 -0.07 321.47

PZ-8 frozen frozen -0.06 318.56 0.01 318.49 -0.06 318.56

PZ-8 frozen frozen -0.08 318.58 -0.01 318.51 -0.08 318.58

PZ-9 frozen frozen -0.24 326.39 -0.10 326.25 0.04 326.11

PZ-9 frozen frozen -0.22 326.37 -0.08 326.23 0.08 326.07

PZ-10 frozen frozen -0.07 318.37 0.22 318.08 -0.09 318.39

PZ-10 frozen frozen -0.08 318.38 0.34 317.96 -0.01 318.31

PZ-11 frozen frozen 0.04 320.21 0.16 320.09 0.09 320.16

PZ-11 frozen frozen 0.28 319.97 0.28 319.97 0.10 320.15

PZ-12 frozen frozen 0.47 326.03 0.38 326.12 0.46 326.04

PZ-13 - - - - - - - -

PZ-14 - - - - - - - -
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Groundwater Monitoring Graphs 
2003 – 2019 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 1
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MW 001
Shallow Overburden Monitor (Decommissioned 2011)

Ground Elevation: 324.80 m amsl   Screened Interval: 4.0 - 6.1 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 2
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MW 002
Shallow Overburden Monitor (Decommissioned 2010)

Ground Elevation: 327.26 m amsl   Screened Interval: 2.2 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Downey Rd. PSW Graph C 3
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MW 003
Shallow Overburden Monitor

Ground Elevation: 326.61 m amsl   Screened Interval: 2.1 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph C 4
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MW 004
Shallow Overburden Monitor

Ground Elevation: 330.43 m amsl   Screened Interval: 5.1 - 7.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 5
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MW 005I
Intermediate Overburden Monitor (Decommissioned 2010)

Ground Elevation: 336.53 m amsl   Screened Interval: 10.8 - 12.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 6
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MW 006
Shallow Overburden Monitor (Decommissioned 2010)

Ground Elevation: 334.70 m amsl   Screened Interval: 7.5 - 9.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 7
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MW 101
Shallow Overburden Monitor (Decommissioned 2011)

Ground Elevation: 321.70 m amsl   Screened Interval: 4.0 - 6.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph C 8
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MW 102
Shallow Overburden Monitor (Decommissioned 2010)

Ground Elevation: 320.66 m amsl   Screened Interval: 3.0 - 4.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 9
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MW 103
Shallow Overburden Monitor

Ground Elevation: 323.85 m amsl   Screened Interval: 2.2 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 10
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MW 104
Shallow Overburden Monitor

Ground Elevation: 322.04 m amsl   Screened Interval: 2.3 - 4.1 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 11
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MW 105
Shallow Overburden Monitor

Ground Elevation: 323.87 m amsl   Screened Interval: 2.7 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 12
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MW 106
Shallow Overburden Monitor (Decommissioned 2012)

Ground Elevation: 328.65 m amsl   Screened Interval: 4.0 - 6.1 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 13
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MW 107
Shallow Overburden Monitor

Ground Elevation: 327.44 m amsl   Screened Interval: 1.9 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph C 14
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MW 108
Shallow Overburden Monitor (Damaged & Inaccessible)

Ground Elevation: 330.33 m amsl   Screened Interval: 5.0 - 7.3 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph C 15
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MW 109
Shallow Overburden Monitor

Ground Elevation: 331.70 m amsl   Screened Interval: 7.2 - 9.2 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 16
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MW 110
Intermediate Overburden Monitor (Decommissioned 2010)

Ground Elevation: 339.59 m amsl   Screened Interval: 14.8 - 16.8 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 17
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MW 111
Deep Bedrock Monitor

Ground Elevation: 324.20 m amsl   Screened Interval: 18.9 - 25.3 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph C 18
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MW 112
Deep Bedrock Monitor

Ground Elevation: 330.44 m amsl   Screened Interval: 28.0 - 32.3 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 19
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MW 113
Deep Bedrock Monitor (Decommissioned 2010)

Ground Elevation: 339.85 m amsl   Screened Interval: 40.8 - 46.3 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 20
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MW 114
Deep Bedrock Monitor (Decommissioned 2010)

Ground Elevation: 338.68 m amsl   Screened Interval: 34.1 - 39.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 21
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MW 115A
Shallow Overburden Monitor

Ground Elevation: 323.10 m amsl   Screened Interval: 1.6 - 2.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 22
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MW 115
Intermediate Overburden Monitor

Ground Elevation: 323.12 m amsl   Screened Interval: 7.1 - 9.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 23
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MW 116A
Shallow Overburden Monitor

Ground Elevation: 318.67 m amsl   Screened Interval: 1.5 - 3.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 24
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MW 116
Intermediate Overburden Monitor

Ground Elevation: 318.75 m amsl   Screened Interval: 9.8 - 11.4 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 25

2.0 m below original ground level

317.0

317.5

318.0

318.5

319.0

319.5

320.0

320.5

321.0

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

MW 117A
Shallow Overburden Monitor

Ground Elevation: 321.25 m amsl   Screened Interval: 2.0 - 3.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 26
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MW 117
Intermediate Overburden Monitor

Ground Elevation: 321.21 m amsl   Screened Interval: 7.1 - 9.1 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 27
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MW 118A
Shallow Overburden Monitor

Ground Elevation: 323.97 m amsl   Screened Interval: 2.1 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 28
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MW 118
Intermediate Overburden Monitor

Ground Elevation: 324.02 m amsl   Screened Interval: 7.3 - 9.2 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 29
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MW 119A
Shallow Overburden Monitor

Ground Elevation: 325.88 m amsl   Screened Interval: 2.8 - 3.9 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 30
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MW 119
Intermediate Overburden Monitor

Ground Elevation: 325.88 m amsl   Screened Interval: 6.0 - 8.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 31
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MW 120A
Shallow Overburden Monitor (Destroyed 2004, Decommissioned 2010)
Ground Elevation: 327.38 m amsl   Screened Interval: 2.5 - 4.0 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 32

original ground level

2.0 m below original ground level

325.0

325.5

326.0

326.5

327.0

327.5

328.0

328.5

329.0
20

03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

MW 120
Intermediate Overburden Monitor (Destroyed 2004, Decommissioned 2010)

Ground Elevation: 327.38 m amsl   Screened Interval: 7.2 - 9.2 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 33
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MW 121A
Shallow Overburden Monitor

Ground Elevation: 328.09 m amsl   Screened Interval: 2.7 - 4.3 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 34
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MW 121
Intermediate Overburden Monitor

Ground Elevation: 327.44 m amsl   Screened Interval: 8.8 - 10.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Core PSW Graph C 35

original ground level

2.0 m below original ground level

323.0

323.5

324.0

324.5

325.0

325.5

326.0

326.5

327.0

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

MW 122A
Shallow Overburden Monitor

Ground Elevation: 326.81 m amsl   Screened Interval: 2.8 - 3.8 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Core PSW Graph C 36
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MW 122
Intermediate Overburden Monitor

Ground Elevation: 326.79 m amsl   Screened Interval: 5.8 - 7.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 37
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MW 123
Deep Amabel Bedrock Monitor

Ground Elevation: 324.08 m amsl   Screened Interval: 49.0 - 53.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph C 38
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MW 124
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 321.59 m amsl   Screened Interval: 4.6 - 7.6 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph C 39
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MW 125
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 319.23 m amsl   Screened Interval: 4.2 - 7.2 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph C 40
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MW 126
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 320.63 m amsl   Screened Interval: 4.6 - 7.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 41
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MW 127
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 320.06 m amsl   Screened Interval: 2.5 - 5.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph C 42
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MW 128
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 322.22 m amsl   Screened Interval: 4.6 - 7.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 43
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MW 129
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 326.16 m amsl   Screened Interval: 4.6 - 7.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 44
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MW 130
Shallow Overburden Monitor

Ground Elevation: 323.55 m amsl   Screened Interval: 2.0 - 3.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 45
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MW 130A
Shallow Overburden Monitor

Ground Elevation: 323.58 m amsl   Screened Interval: 1.0 - 1.9 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 46
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MW 131
Shallow Overburden Monitor (Installed 2012)

Ground Elevation: 326.72 m amsl   Screened Interval: 3.1 - 4.6 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 47
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MW 132
Shallow Overburden Monitor (Installed 2012)

Ground Elevation: 334.98 m amsl   Screened Interval: 7.4 - 10.4 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 48
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MW 133
Intermediate Overburden Monitor (Installed 2012)

Ground Elevation: 340.08 m amsl   Screened Interval: 12.5 - 15.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 49
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MW 134
Intermediate Overburden Monitor (Installed 2012)

Ground Elevation: 341.46 m amsl   Screened Interval: 14.8 - 17.8 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph C 50
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MW 135
Intermediate Overburden Monitor (Installed 2012 & Replaced 2017)

Ground Elevation: 333.54 m amsl   Screened Interval: 9.2 - 12.2 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3- Core PSW Graph C 51
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PZ-1S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 327.4 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Core PSW Graph C 52
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PZ-2S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 326.2 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 53
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PZ-4S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 322.3 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 54
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PZ-7S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 321.4 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 55
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PZ-8S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 318.5 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Downey Rd. PSW Graph C 56
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PZ-9S&D
Shallow Overburden Mini-Piezometers

Ground Elevation: 326.2 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 57
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PZ-10S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 318.3 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph C 58
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PZ-11S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 320.3 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph C 59
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PZ-12D
Shallow Overburden Mini-Piezometer (Installed 2011)

Ground Elevation (est.): 326.5 m amsl
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph D 1
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Gradients for Profile A: 125, 116, 116A, 126, 101/127, 128
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW/Perimeter Graph D 2
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Gradients for Profile B: 102/124, 117, 117A, 103
102 124 117  117A 103



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph D 3
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Gradients for Profile C: 124, 104, 118, 118A, 001
124 104 130A 118  118A 001



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phases 1/2 - Core PSW Graph D 4
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Gradients for Profile D:  115, 115A, 105, 111, 129, 106
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phases 1/2 - Core PSW/Perimeter Graph D 5
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phases 2/3 - Core PSW/Perimeter Graph D 6
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phases 2/3 - Perimeter Graph D 7
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Type
Sep-03 Apr-07 Jul-07 Nov-07 Jan-08 Apr-08 Jul-08 Oct-08 Jan-09 Apr-09 Jul-09 Oct-09 Jan-10 Apr-10 Jul-10 Oct-10

001 S 323.96 324.33 323.87 323.67 324.29 324.42 324.22 324.03 324.40 324.43 324.20 324.10 324.16 324.22 323.89 323.85
002 S 325.39 damaged 325.33 325.27 325.95 325.01 325.91 325.83
003 S 325.61 326.57 325.89 325.48 326.17 326.58 326.22 325.92 326.56 326.64 326.30 326.01 326.10 326.35 325.91 325.64
004 S 325.72 327.03 326.19 325.52 326.22 327.53 326.49 326.03 326.87 327.29 326.54 326.08 326.10 326.67 326.14 325.70

 005 (S) S 329.78 n/a moist/dry dry 330.10 330.20 330.33 330.05 330.52 330.11 330.07 330.09
 005 (I) I 326.92 n/a 327.88 327.16 327.29 328.62 328.13 327.70 327.82 328.82 328.38 327.85 327.50 327.89 327.63

006 S 326.97 328.27 327.74 327.11 327.46 328.54 328.05 327.62 327.99 328.66 328.21 327.76 327.51 327.84 327.56
101 S 317.58 318.01 317.54 317.35 318.09 318.49 317.79 317.77 318.65 318.52 317.62 317.88 317.92 318.07 317.72 317.66
102 S 318.91 319.74 318.72 318.30 319.74 319.89 320.18 319.15 320.13 320.13 319.17 319.34 319.98 319.72
103 S 322.63 323.33 322.44 322.40 323.33 323.44 323.05 322.79 323.55 323.51 322.90 322.80 322.90 323.11 322.57 322.52
104 S 320.83 321.49 320.59 320.70 321.46 321.43 321.30 321.14 321.55 321.61 321.14 321.17 321.28 321.24 320.87 320.82
105 S 322.60 322.93 322.48 322.62 322.77 322.82 322.77 322.72 322.84 322.93 322.79 322.79 322.81 322.76 322.53 322.66
106 S 325.78 326.66 326.07 325.76 326.39 326.83 326.50 326.19 326.77 326.93 326.48 326.28 326.29 326.41 326.08
107 S 326.31 n/a 326.71 326.29 326.78 327.52 327.15 326.75 327.25 327.76 327.14 326.85 326.78 326.96 326.61 326.56
109 S 326.29 327.56 326.88 326.29 326.71 327.91 327.10 326.74 327.31 327.87 327.21 326.83 326.74 327.18 326.76 326.42
110 I 326.53 327.90 327.30 326.63 326.89 328.20 327.53 327.14 327.43 328.23 327.70 327.25 327.04 327.47 327.15
111 D 324.60 324.95 325.03 324.67 325.18 325.93 325.05 324.86 325.05 325.22 324.73 324.78 324.94 324.66 324.53
112 D 325.47 326.49 325.77 325.35 325.97 327.07 326.26 325.81 326.54 326.79 326.24 325.55 325.57 325.97 325.64 325.31
113 D 325.42 326.73 326.10 325.55 325.89 326.95 326.26 325.88 326.17 326.87 326.42 325.84 325.71 326.06 325.74
114 D 325.82 327.04 326.65 326.04 326.29 327.43 326.87 326.45 326.68 327.43 327.07 326.49 326.28 326.64 326.29
115 I 323.02 322.77 323.14 323.19 frozen 323.76 323.76 323.45 323.76 323.55 323.50 323.61 323.62 323.19 323.33

 115A S 322.44 323.05 321.97 322.34 322.81 322.82 323.10 322.74 322.92 323.09 322.73 322.91 322.95 322.94 322.40 322.72
116 I 314.86 315.71 314.63 314.41 315.35 316.00 314.63 314.84 315.95 314.26 315.05 315.17 315.32 314.80 314.73

 116A S 317.92 318.50 317.58 317.56 318.47 318.49 318.27 318.21 318.57 318.53 318.27 318.18 318.27 318.28 317.74 317.89
117 I 318.09 318.19 318.05 318.04 318.55 318.84 318.06 318.25 318.85 318.79 317.82 318.33 318.38 318.40 317.82 318.28

 117A S 319.97 320.45 319.83 319.93 320.13 320.25 320.04 320.10 320.37 320.36 320.00 320.09 320.13 320.10 319.32 320.26
118 I 323.18 323.43 323.33 323.34 323.66 323.75 323.49 323.43 323.69 323.74 323.54 323.48 323.52 323.50 323.44 323.46

 118A S 323.16 323.45 322.99 323.04 323.31 323.33 323.26 323.20 323.48 323.50 323.30 323.25 323.29 323.26 323.05 323.10
119 I 324.76 325.37 324.72 324.85 325.15 325.22 325.35 325.18 325.27 325.42 325.25 325.24 325.26 325.19 325.23 325.04

 119A S 324.77 325.19 324.73 324.87 325.17 325.24 325.35 325.20 325.29 325.42 325.27 325.26 325.27 325.20 325.26 325.06
121 I 325.72 326.38 326.35 325.81 326.15 326.71 326.50 326.29 326.53 326.74 326.57 325.26 326.26 326.49 326.22 326.03

 121A S 326.44 damaged 326.99 326.84 326.58 327.30 327.13 326.94 327.15 327.34 327.19 326.38 326.90 327.11 326.86 326.66
122 I 325.93 326.30 326.07 325.96 326.14 326.30 326.30 326.13 326.28 326.38 326.26 327.01 326.14 326.20 326.29 326.03

 122A S 325.81 326.10 325.93 325.84 325.98 326.12 326.12 325.99 326.11 326.17 326.08 326.19 325.98 326.03 326.12 325.90
123 VD n/a 305.83 305.14 304.55 310.53 311.64 308.11 306.97 307.22 326.03 305.50 305.68 304.96 304.80

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

Groundwater Elevations (m amsl)

Banks Groundwater Engineering Limited Page 1 of 8 Hanlon Creek Business Park - Groundwater Monitoring Program



Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Sep-03 Apr-07 Jul-07 Nov-07 Jan-08 Apr-08 Jul-08 Oct-08 Jan-09 Apr-09 Jul-09 Oct-09 Jan-10 Apr-10 Jul-10 Oct-10 average I

001 118 319.75 0.20 0.23 0.14 0.08 0.16 0.17 0.18 0.15 0.18 0.18 0.17 0.16 0.16 0.18 0.11 0.10 0.16
002 119 324.16 0.12 n/a 0.11 0.08 0.15 -0.04 0.11 0.12 0.09
003 122 323.56 -0.09 0.08 -0.05 -0.14 0.01 0.08 -0.02 -0.06 0.08 0.08 0.01 -0.29 -0.01 0.04 -0.11 -0.11 -0.03
004 112 324.38 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.03 0.02 0.02 0.02

 005 (S) 005(I) 331.23 0.47 n/a n/a n/a 0.46 0.26 0.36 0.39 n/a 0.21 0.28 0.36 0.35
 005 (I) 114 325.13 0.05 n/a 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.05 0.05 0.06 0.05

006 121 326.45 0.14 0.22 0.16 0.15 0.15 0.21 0.18 0.15 0.17 0.22 0.19 0.29 0.14 0.16 0.15 0.18
101 116 316.70 0.32 0.27 0.34 0.34 0.32 0.29 0.37 0.34 0.30 0.39 0.33 0.32 0.32 0.34 0.34 0.33
102 117 316.91 0.22 0.41 0.18 0.07 0.31 0.28 0.56 0.24 0.34 0.35 0.36 0.27 0.42 0.35 0.31
103 117 320.75 0.59 0.67 0.57 0.57 0.63 0.60 0.65 0.59 0.62 0.62 0.66 0.59 0.59 0.62 0.62 0.55 0.61
104 118 318.84 -0.76 -0.63 -0.89 -0.86 -0.72 -0.76 -0.71 -0.75 -0.70 -0.69 -0.75 -0.73 -0.74 -0.84 -0.86 -0.76
105 111 320.52 -0.11 -0.11 -0.14 -0.11 -0.13 -0.17 -0.12 -0.12 -0.12 -0.13 -0.11 -0.11 -0.12 -0.12 -0.10 -0.12
106 119 323.60 0.22 0.27 0.29 0.19 0.26 0.34 0.24 0.21 0.32 0.32 0.26 0.22 0.22 0.26 0.18 0.25
107 119 324.49 0.28 n/a 0.35 0.26 0.29 0.41 0.32 0.28 0.35 0.42 0.34 0.29 0.27 0.32 0.25 0.27 0.31
109 113 323.50 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.03
110 113 323.79 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
111 105 302.10 -0.11 -0.11 -0.14 -0.11 -0.13 -0.17 -0.12 -0.12 -0.12 -0.13 -0.11 -0.11 -0.12 -0.12 -0.10 -0.12
112 004 300.29 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.03 0.02 0.02 0.02
113 110 296.30 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
114 005(I) 302.13 0.05 n/a 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.05 0.05 0.06 0.05
115 115A 315.07 -0.10 0.05 -0.20 -0.14 n/a -0.16 -0.11 -0.12 -0.11 -0.14 -0.10 -0.11 -0.11 -0.13 -0.10 -0.11

 115A 115 321.00 -0.10 0.05 -0.20 -0.14 n/a -0.16 -0.11 -0.12 -0.11 -0.14 -0.10 -0.11 -0.11 -0.13 -0.10 -0.11
116 116A 308.15 0.38 0.35 0.37 0.39 0.39 0.31 0.45 0.42 0.32 0.50 0.39 0.39 0.37 0.37 0.39 0.39

 116A 116 316.17 0.38 0.35 0.37 0.39 0.39 0.31 0.45 0.42 0.32 0.50 0.39 0.39 0.37 0.37 0.39 0.39
117 117A 313.11 0.33 0.40 0.32 0.34 0.28 0.25 0.35 0.33 0.27 0.28 0.39 0.31 0.31 0.30 0.27 0.35 0.32

 117A 117 318.75 0.33 0.40 0.32 0.34 0.28 0.25 0.35 0.33 0.27 0.28 0.39 0.31 0.31 0.30 0.27 0.35 0.32
118 118A 315.77 -0.003 0.004 -0.07 -0.06 -0.07 -0.08 -0.04 -0.04 -0.04 -0.05 -0.05 -0.04 -0.04 -0.05 -0.07 -0.07 -0.05

 118A 118 320.92 -0.003 0.004 -0.07 -0.06 -0.07 -0.08 -0.04 -0.04 -0.04 -0.05 -0.05 -0.04 -0.04 -0.05 -0.07 -0.07 -0.05
119 119A 318.88 0.00 -0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00

 119A 119 322.53 0.00 -0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00
121 121A 317.79 0.11 n/a 0.09 0.15 0.06 0.09 0.09 0.09 0.09 0.09 0.09 0.17 0.09 0.09 0.09 0.09 0.10

 121A 121 324.59 0.11 n/a 0.09 0.15 0.06 0.09 0.09 0.09 0.09 0.09 0.09 0.17 0.09 0.09 0.09 0.09 0.10
122 122A 320.09 -0.03 -0.06 -0.04 -0.04 -0.05 -0.05 -0.05 -0.04 -0.05 -0.06 -0.05 -0.24 -0.05 -0.05 -0.05 -0.04 -0.06

 122A 122 323.51 -0.03 -0.06 -0.04 -0.04 -0.05 -0.05 -0.05 -0.04 -0.05 -0.06 -0.05 -0.24 -0.05 -0.05 -0.05 -0.04 -0.06
123 111 272.78 n/a 0.65 0.68 0.69 0.50 0.49 0.58 0.61 -0.04 0.66 0.66 0.67 0.67 0.57

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Vertical Hydraulic Gradient I (-ve = up)MW for 
Gradient 

Calc.

Mid-Point of 
Screen 

Elevation (m)

Monitoring 
Well  

Number
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Type
Jan-11 Apr-11 Jul-11 Oct-11 Jan-12 Apr-12 Jul-12 Oct-12 Jan-13 Apr-13 Jul-13 Oct-13 Jan-14 Apr-14 Jul-14 Oct-14

003 S 325.68 326.61 326.24 325.97 326.35 326.15 325.57 325.30 325.73 326.56 326.15 326.02 326.40 326.56 326.14 326.03
004 S 325.67 326.80 326.78 325.88 326.44 326.40 325.76 325.32 325.69 327.16 326.50 325.96 326.26 327.13 326.49 326.11
103 S 322.50 323.27 322.41 322.62 322.91 322.59 322.10 322.42 322.67 323.21 322.77 322.89 322.90 323.19 322.50 322.87
104 S 320.92 321.42 321.10 321.28 321.30 321.06 320.62 320.87 321.31 321.50 321.18 321.33 321.47 321.39 320.97 321.25
105 S 322.64 322.90 322.62 323.04 322.78 322.69 322.33 322.67 322.75 322.85 322.62 322.82 322.86 322.81 322.58 322.77
107 S 326.14 327.00 326.67 326.22 326.42 326.32 326.06 325.98 326.07 326.66 326.59 326.45 326.43 326.68 326.54 326.49
111 D 324.47 325.15 325.01 324.70 324.90 324.90 324.42 324.40 324.66 325.39 324.92 325.02 0.00 325.27 325.03 324.95
112 D 325.29 326.35 326.18 325.56 326.11 325.96 325.23 325.12 325.48 326.77 326.18 325.76 326.07 326.79 326.13 325.88
115 I 323.48 323.75 323.28 323.57 323.61 323.58 322.83 323.21 323.46 323.76 323.51 323.62 323.71 323.76 323.47 323.65

 115A S 322.80 323.07 322.28 323.10 322.95 322.92 321.94 322.65 322.95 322.99 322.62 322.97 323.03 323.00 322.55 322.93
116 I 314.77 315.79 315.24 315.23 315.56 315.10 314.55 314.77 315.14 315.87 315.48 315.95 315.53 315.96 315.23 315.57

 116A S 317.92 318.39 318.10 318.47 318.34 318.14 317.51 317.97 318.22 318.39 318.15 318.30 318.43 318.36 317.96 318.22
117 I 318.29 318.81 318.31 318.59 318.54 318.27 317.99 318.27 318.39 318.67 318.43 318.70 318.63 318.69 318.29 318.53

 117A S 320.29 320.58 320.08 320.70 320.23 320.11 319.97 320.18 320.18 320.25 320.08 320.22 320.29 320.22 320.06 320.14
118 I 323.41 323.73 323.21 323.47 323.56 323.43 323.02 323.40 323.46 323.67 323.52 323.60 323.64 323.64 323.28 323.44

 118A S 323.04 323.34 322.81 323.21 323.19 323.05 322.69 323.04 323.11 323.25 323.09 323.21 323.24 323.21 323.00 323.18
119 I 325.30 325.68 323.76 325.12 324.99 324.91 324.84 324.88 324.88 324.97 324.90 324.96 325.08 324.98 324.87 324.92

 119A S 325.30 325.68 323.77 325.15 325.02 324.94 324.86 324.90 324.91 324.99 324.92 324.99 325.10 325.01 324.89 324.94
121 I 325.81 326.49 326.61 326.24 326.22 326.24 325.82 325.57 325.72 326.49 326.41 326.20 326.26 326.52 326.41 326.26

 121A S 326.44 327.12 327.20 326.87 326.87 326.89 326.46 326.20 326.36 327.11 327.04 326.84 326.89 327.14 327.05 326.91
122 I 325.99 326.31 326.00 326.17 326.17 326.13 325.91 325.83 326.01 326.29 326.15 326.15 326.25 326.29 326.15 326.14

 122A S 325.86 326.11 326.04 326.02 326.01 325.97 325.79 325.72 325.88 326.10 325.98 325.99 326.06 326.08 325.98 325.98
123 D+ 304.76 306.54 306.81 308.29 308.32 312.91 305.61 307.36 307.84 308.63 306.68 306.82 306.98 307.82 307.03 307.00
124 S 320.29 319.83 319.20 319.28 320.20 319.91 319.96 320.34 320.43 320.39 319.56 320.23
125 S 314.83 314.40 314.03 314.22 314.44 315.18 314.69 315.08 314.76 315.28 314.53 314.72
126 S 317.35 316.82 315.62 316.02 316.85 317.64 317.89 318.10 317.98 318.16 317.51 318.04
127 S 318.55 318.39 318.20 318.40 318.49 318.66 318.50 318.61 318.64 318.68 318.46 318.58
128 S 320.29 320.20 319.94 320.10 320.21 320.43 320.32 320.36 320.40 320.40 320.23 320.35
129 S 325.07 324.87 324.62 324.91 324.97 325.24 325.04 325.16 325.23 325.25 324.96 325.11
130A S 322.65 322.14 322.56 322.58 322.75 322.53 322.67 322.73 322.69 322.45 322.65
131 S 325.39 325.33 325.53 325.68 325.74 326.06 325.93 325.97 326.10 326.06 325.91 325.92
132 S 327.73 327.68 327.38 327.16 327.16 327.93 328.02 327.72 327.62 327.97 328.01 327.89
133 I 328.03 328.11 327.73 327.40 327.33 328.22 328.50 328.12 327.96 328.32 328.54 328.28
134 I 327.06 327.16 326.63 326.27 326.43 327.57 327.31 326.91 326.96 327.61 327.35 327.03
135 I 327.20 327.24 326.85 326.55 326.60 327.49 327.53 327.17 327.11 327.54 327.54 327.30

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

Groundwater Elevations (m amsl)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Jan-11 Apr-11 Jul-11 Oct-11 Jan-12 Apr-12 Jul-12 Oct-12 Jan-13 Apr-13 Jul-13 Oct-13 Jan-14 Apr-14 Jul-14 Oct-14 average I

003 122 323.56 -0.09 0.09 0.07 -0.06 0.05 0.01 -0.10 -0.15 -0.08 0.08 0.00 -0.04 0.04 0.08 -0.00 -0.03 -0.01
004 112 324.38 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
103 117 320.75 0.55 0.58 0.54 0.53 0.57 0.57 0.54 0.54 0.56 0.59 0.57 0.55 0.56 0.59 0.55 0.57 0.56
104 118 318.84 -0.81 -0.75 -0.69 -0.71 -0.74 -0.77 -0.78 -0.82 -0.70 -0.71 -0.76 -0.74 -0.71 -0.73 -0.75 -0.71 -0.74
105 111 320.52 -0.10 -0.12 -0.13 -0.09 -0.12 -0.12 -0.11 -0.09 -0.10 -0.14 -0.12 -0.12 17.53 -0.13 -0.13 -0.12 0.99
107 119 324.49 0.15 0.24 0.52 0.20 0.25 0.25 0.22 0.20 0.21 0.30 0.30 0.26 0.24 0.30 0.30 0.28 0.26
111 105 302.10 -0.10 -0.12 -0.13 -0.09 -0.12 -0.12 -0.11 -0.09 -0.10 -0.14 -0.12 -0.12 17.53 -0.13 -0.13 -0.12 0.99
112 004 300.29 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
115 115A 315.07 -0.11 -0.11 -0.17 -0.08 -0.11 -0.11 -0.15 -0.09 -0.09 -0.13 -0.15 -0.11 -0.11 -0.13 -0.16 -0.12 -0.12

 115A 115 321.00 -0.11 -0.11 -0.17 -0.08 -0.11 -0.11 -0.15 -0.09 -0.09 -0.13 -0.15 -0.11 -0.11 -0.13 -0.16 -0.12 -0.12
116 116A 308.15 0.39 0.32 0.36 0.40 0.35 0.38 0.37 0.40 0.38 0.31 0.33 0.29 0.36 0.30 0.34 0.33 0.35

 116A 116 316.17 0.39 0.32 0.36 0.40 0.35 0.38 0.37 0.40 0.38 0.31 0.33 0.29 0.36 0.30 0.34 0.33 0.35
117 117A 313.11 0.35 0.31 0.31 0.37 0.30 0.33 0.35 0.34 0.32 0.28 0.29 0.27 0.29 0.27 0.31 0.29 0.31

 117A 117 318.75 0.35 0.31 0.31 0.37 0.30 0.33 0.35 0.34 0.32 0.28 0.29 0.27 0.29 0.27 0.31 0.29 0.31
118 118A 315.77 -0.07 -0.08 -0.08 -0.05 -0.07 -0.07 -0.07 -0.07 -0.07 -0.08 -0.08 -0.07 -0.08 -0.08 -0.05 -0.05 -0.07

 118A 118 320.92 -0.07 -0.08 -0.08 -0.05 -0.07 -0.07 -0.07 -0.07 -0.07 -0.08 -0.08 -0.07 -0.08 -0.08 -0.05 -0.05 -0.07
119 119A 318.88 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01

 119A 119 322.53 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01
121 121A 317.79 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

 121A 121 324.59 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
122 122A 320.09 -0.04 -0.06 0.01 -0.05 -0.05 -0.05 -0.04 -0.03 -0.04 -0.06 -0.05 -0.05 -0.06 -0.06 -0.05 -0.05 -0.04

 122A 122 323.51 -0.04 -0.06 0.01 -0.05 -0.05 -0.05 -0.04 -0.03 -0.04 -0.06 -0.05 -0.05 -0.06 -0.06 -0.05 -0.05 -0.04
123 111 272.78 0.67 0.63 0.62 0.56 0.57 0.41 0.64 0.58 0.57 0.57 0.62 0.62 -10.47 0.60 0.61 0.61 -0.10
124 117 315.47 0.74 0.66 0.51 0.43 0.77 0.53 0.65 0.69 0.76 0.72 0.54 0.72 0.64
125 116 313.57 -0.13 -0.13 -0.10 -0.10 -0.13 -0.13 -0.15 -0.16 -0.14 -0.13 -0.13 -0.16 -0.13
126 116 314.51 0.28 0.27 0.17 0.20 0.27 0.28 0.38 0.34 0.38 0.35 0.36 0.39 0.30
127 116 316.07 0.38 0.42 0.46 0.46 0.42 0.35 0.38 0.34 0.39 0.34 0.41 0.38 0.39
128 116 316.10 0.60 0.64 0.68 0.67 0.64 0.57 0.61 0.55 0.61 0.56 0.63 0.60 0.61
129 119 320.04 0.06 -0.04 -0.19 0.03 0.08 0.23 0.12 0.17 0.13 0.23 0.08 0.16 0.09
130A 118 322.19 -0.14 -0.14 -0.13 -0.14 -0.14 -0.15 -0.14 -0.14 -0.15 -0.13 -0.12 -0.14
131 119 322.90 0.10 0.10 0.17 0.20 0.21 0.27 0.26 0.25 0.25 0.27 0.26 0.25 0.22
132 121 326.12 0.18 0.17 0.19 0.19 0.17 0.17 0.19 0.18 0.16 0.17 0.19 0.20 0.18
133 135 326.04 0.26 0.27 0.28 0.27 0.23 0.23 0.31 0.30 0.27 0.24 0.31 0.31 0.27
134 121 325.13 0.11 0.13 0.11 0.10 0.10 0.15 0.12 0.10 0.10 0.15 0.13 0.10 0.12
135 121 322.85 0.19 0.20 0.20 0.19 0.17 0.20 0.22 0.19 0.17 0.20 0.22 0.21 0.20

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Vertical Hydraulic Gradient I (-ve = up)Monitoring 
Well  

Number

MW for 
Gradient 

Calc.

Mid-Point of 
Screen 

Elevation (m)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Type
Jan-15 Apr-15 Jul-15 Oct-15 Jan-16 Apr-16 Jul-16 Oct-16 Jan-17 Apr-17 Jul-17 Oct-17 Jan-18 Apr-18 Jul-18 Oct-18

003 S 326.08 326.45 326.09 325.62 325.94 326.60 325.86 325.58 326.21 326.65 326.32 325.79 326.26 326.49 326.00 325.64
004 S 326.17 326.33 326.32 325.71 325.92 327.24 326.16 325.64 325.86 326.85 326.74 325.93 326.03 326.45 326.37 325.74
103 S 322.66 323.08 322.78 322.39 322.72 323.28 322.41 322.48 323.10 323.07 322.80 322.42 323.01 322.82 322.45 322.51
104 S 321.05 321.57 321.20 320.87 321.18 321.42 320.82 320.91 321.51 321.36 321.11 320.81 321.42 321.21 320.74 320.82
105 S 322.68 323.00 322.73 322.61 322.69 322.85 322.51 322.66 322.91 322.81 322.71 322.59 322.81 322.87 322.47 322.62
107 S 326.31 326.40 326.40 326.10 326.27 326.74 326.35 326.15 326.29 326.62 326.76 326.33 326.50 326.43 326.20
111 D 324.89 324.91 324.50 0.00 325.27 324.83 324.59 325.22 325.29 324.81 325.07 324.88 324.62
112 D 325.96 326.19 326.06 325.50 325.76 326.88 325.72 325.48 325.76 326.58 326.43 325.74 325.91 326.26 326.09 325.55
115 I 323.67 323.70 323.63 323.28 0.00 323.76 323.15 323.31 323.73 323.72 323.28 323.64 323.18 323.27

 115A S 322.91 323.11 322.91 322.66 322.92 322.99 322.23 322.70 323.10 322.98 322.86 322.51 323.04 322.99 322.23 322.60
116 I 315.22 315.49 315.64 314.89 315.34 316.13 314.88 314.95 315.76 315.84 315.65 314.96 315.41 314.97 314.94

 116A S 318.01 318.46 318.14 317.72 318.11 318.37 317.77 317.90 318.48 318.35 318.20 317.93 318.58 318.25 317.70 317.71
117 I 318.37 318.55 318.49 318.22 318.41 318.77 318.17 318.28 318.70 318.71 318.52 318.26 318.73 318.44 318.19 318.27

 117A S 320.09 320.40 320.13 320.09 320.14 320.27 320.04 320.11 320.34 320.41 320.11 320.08 320.31 320.17 320.03 320.06
118 I 323.34 323.65 323.41 323.24 323.36 323.51 323.25 323.30 323.63 323.52 323.46 323.35 323.73 323.58 323.33 323.42

 118A S 323.08 323.38 323.13 322.97 323.10 323.24 322.95 323.03 323.33 323.21 323.12 322.98 323.28 323.18 322.95 323.02
119 I 324.89 324.96 324.93 324.83 324.86 324.98 324.86 324.85 325.06 324.96 324.95 324.89 324.98 325.04 324.95 324.89

 119A S 324.92 324.99 324.96 324.86 324.89 325.02 324.89 324.88 325.09 324.99 324.98 324.91 325.00 325.07 324.91 324.91
121 I 326.12 326.24 326.24 325.83 325.88 326.51 326.20 325.86 326.00 326.45 326.54 326.14 326.10 326.36 326.33 325.93

 121A S 326.77 326.88 326.88 326.47 326.51 327.14 326.84 326.50 326.64 327.08 327.17 326.78 326.73 327.00 326.97 326.56
122 I 326.14 326.22 326.11 325.97 326.13 326.30 326.04 325.96 326.46 326.20 326.06 326.25 326.07 325.98

 122A S 325.98 326.03 325.95 325.84 325.97 326.11 325.89 325.84 326.23 326.02 325.91 326.06 325.90 325.85
123 D+ 306.63 306.30 310.91 305.38 305.59 306.12 304.60 305.26 304.93 304.25 306.23 304.58 306.26 304.35 303.23
124 S 320.04 320.37 320.15 319.46 320.14 320.46 319.21 319.37 320.34 320.42 320.09 319.24 320.29 320.13 319.32 319.22
125 S 314.55 314.81 314.88 314.19 314.52 315.41 314.21 314.22 314.91 315.03 314.75 314.19 315.04 314.55 314.25 314.28
126 S 317.69 318.01 318.02 316.83 317.71 318.24 316.89 317.02 318.29 318.24 317.62 317.07 318.08 317.88 316.88 316.57
127 S 318.50 318.83 318.61 318.40 318.54 318.74 318.41 318.43 318.79 318.69 318.61 318.39 318.84 318.62 318.44 318.42
128 S 320.28 320.53 320.38 320.12 320.30 320.52 320.19 320.19 320.51 320.46 320.34 320.08 320.44 320.34 320.20 320.19
129 S 325.03 325.42 325.08 324.87 325.02 325.34 324.92 324.94 325.29 325.26 325.12 324.94 325.32 325.15 324.93 324.95
130A S 322.55 322.94 322.60 322.45 322.58 322.79 322.42 322.51 322.84 322.73 322.60 322.45 322.81 322.69 322.43 322.49
131 S 325.85 326.04 325.88 325.71 325.80 326.08 325.81 325.74 326.05 326.05 326.01 325.84 326.01 326.10 325.84 325.78
132 S 327.53 327.43 327.76 327.35 327.30 328.05 327.76 327.43 327.40 327.85 328.39 327.69 327.51 327.66 327.86 327.48
133 I 327.85 327.75 328.05 327.66 327.46 328.17 328.20 327.79 327.52 328.13 328.99 328.17 327.74 327.93 328.29 327.84
134 I 326.89 326.93 327.03 326.59 326.60 327.56 327.03 326.61 326.59 327.38 327.62 326.93 326.73 327.07 327.21 326.67
135 I 327.04 326.95 327.19 326.80 326.76 327.51 327.25 327.73 328.19 327.49 327.25 327.48 327.71 327.25

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

Groundwater Elevations (m amsl)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Jan-15 Apr-15 Jul-15 Oct-15 Jan-16 Apr-16 Jul-16 Oct-16 Jan-17 Apr-17 Jul-17 Oct-17 Jan-18 Apr-18 Jul-18 Oct-18 average I

003 122 323.56 -0.02 0.07 -0.01 -0.10 -0.05 0.09 -0.05 -0.11 0.05 0.03 -0.08 0.07 -0.02 -0.10 -0.02
004 112 324.38 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01
103 117 320.75 0.56 0.59 0.56 0.55 0.56 0.59 0.56 0.55 0.58 0.57 0.56 0.54 0.56 0.57 0.56 0.56 0.56
104 118 318.84 -0.75 -0.68 -0.72 -0.77 -0.71 -0.68 -0.79 -0.78 -0.69 -0.70 -0.76 -0.83 -0.75 -0.77 -0.84 -0.85 -0.75
105 111 320.52 -0.10 -0.12 -0.10 -0.13 -0.13 -0.10 -0.13 -0.14 -0.12 -0.12 -0.13 -0.11 -0.12
107 119 324.49 0.25 0.26 0.26 0.23 0.25 0.31 0.27 0.23 0.22 0.30 0.32 0.26 0.26 0.26 0.23 0.26
111 105 302.10 -0.10 -0.12 -0.10 -0.13 -0.13 -0.10 -0.13 -0.14 -0.12 -0.12 -0.13 -0.11 -0.12
112 004 300.29 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01
115 115A 315.07 -0.13 -0.10 -0.12 -0.10 -0.13 -0.16 -0.10 -0.13 -0.15 -0.13 -0.11 -0.16 -0.11 -0.13

 115A 115 321.00 -0.13 -0.10 -0.12 -0.10 -0.13 -0.16 -0.10 -0.13 -0.15 -0.13 -0.11 -0.16 -0.11 -0.13
116 116A 308.15 0.35 0.37 0.31 0.35 0.35 0.28 0.36 0.37 0.34 0.31 0.32 0.37 0.35 0.34 0.35 0.34

 116A 116 316.17 0.35 0.37 0.31 0.35 0.35 0.28 0.36 0.37 0.34 0.31 0.32 0.37 0.35 0.34 0.35 0.34
117 117A 313.11 0.30 0.33 0.29 0.33 0.31 0.27 0.33 0.32 0.29 0.30 0.28 0.32 0.28 0.31 0.33 0.32 0.31

 117A 117 318.75 0.30 0.33 0.29 0.33 0.31 0.27 0.33 0.32 0.29 0.30 0.28 0.32 0.28 0.31 0.33 0.32 0.31
118 118A 315.77 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.06 -0.05 -0.06 -0.06 -0.07 -0.07 -0.09 -0.08 -0.07 -0.08 -0.06

 118A 118 320.92 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.06 -0.05 -0.06 -0.06 -0.07 -0.07 -0.09 -0.08 -0.07 -0.08 -0.06
119 119A 318.88 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 -0.01 0.00 0.01

 119A 119 322.53 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 -0.01 0.00 0.01
121 121A 317.79 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

 121A 121 324.59 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
122 122A 320.09 -0.05 -0.06 -0.05 -0.04 -0.05 -0.06 -0.04 -0.04 -0.07 -0.05 -0.04 -0.06 -0.05 -0.04 -0.05

 122A 122 323.51 -0.05 -0.06 -0.05 -0.04 -0.05 -0.06 -0.04 -0.04 -0.07 -0.05 -0.04 -0.06 -0.05 -0.04 -0.05
123 111 272.78 0.63 0.48 0.65 -10.42 0.65 0.69 0.66 0.72 0.65 0.69 0.71 0.73 -0.26
124 117 315.47 0.71 0.77 0.70 0.53 0.73 0.72 0.44 0.46 0.70 0.73 0.67 0.42 0.66 0.72 0.48 0.40 0.61
125 116 313.57 -0.12 -0.13 -0.14 -0.13 -0.15 -0.13 -0.12 -0.13 -0.16 -0.15 -0.17 -0.14 -0.16 -0.13 -0.12 -0.14
126 116 314.51 0.39 0.40 0.37 0.31 0.37 0.33 0.32 0.33 0.40 0.38 0.31 0.33 0.39 0.30 0.26 0.34
127 116 316.07 0.41 0.42 0.38 0.44 0.40 0.33 0.45 0.44 0.38 0.36 0.37 0.43 0.41 0.44 0.44 0.41
128 116 316.10 0.64 0.63 0.60 0.66 0.62 0.55 0.67 0.66 0.60 0.58 0.59 0.64 0.62 0.66 0.66 0.63
129 119 320.04 0.12 0.39 0.13 0.03 0.14 0.31 0.05 0.08 0.20 0.26 0.14 0.04 0.29 0.09 -0.02 0.05 0.14
130A 118 322.19 -0.12 -0.11 -0.13 -0.12 -0.12 -0.13 -0.12 -0.12 -0.12 -0.13 -0.14 -0.14 -0.14 -0.14 -0.14 -0.13
131 119 322.90 0.24 0.27 0.24 0.22 0.23 0.27 0.24 0.22 0.25 0.27 0.26 0.24 0.26 0.26 0.22 0.22 0.24
132 121 326.12 0.17 0.14 0.18 0.18 0.17 0.18 0.19 0.19 0.17 0.17 0.22 0.19 0.17 0.16 0.18 0.19 0.18
133 135 326.04 0.25 0.25 0.27 0.27 0.22 0.21 0.30 0.13 0.25 0.21 0.15 0.14 0.18 0.18 0.22
134 121 325.13 0.10 0.09 0.11 0.10 0.10 0.14 0.11 0.10 0.08 0.13 0.15 0.11 0.09 0.10 0.12 0.10 0.11
135 121 322.85 0.18 0.14 0.19 0.19 0.17 0.20 0.21 0.25 0.33 0.27 0.23 0.22 0.27 0.26 0.22

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

MW for 
Gradient 

Calc.

Mid-Point of 
Screen 

Elevation (m)

Vertical Hydraulic Gradient I (-ve = up)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Type
Jan-19 Apr-19 Jul-19 Nov-19

003 S 325.98 326.27 326.12
004 S 326.08 326.65 325.91
103 S 322.71 322.65 322.94
104 S 321.13 321.07 321.27
105 S 322.67 322.61 322.81
107 S 326.25 326.57 326.70 326.44
111 D 325.22 325.10
112 D 325.90 326.38 325.25
115 I 323.61 323.21

 115A S 322.80 322.72 322.94
116 I 315.27 315.46 315.53

 116A S 317.99 317.94 318.25
117 I 318.41 318.45 318.61

 117A S 320.14 320.07 320.19
118 I 323.46 323.46 323.63

 118A S 323.07 323.04 323.23
119 I 324.90 325.06 324.94 324.97

 119A S 324.92 325.08 324.96 324.99
121 I 326.00 326.53 326.52 326.24

 121A S 326.63 327.08 327.16 326.88
122 I 326.06 326.18 326.14

 122A S 325.91 325.99 325.98
123 D+ 303.71 304.44 305.41
124 S 319.86 319.75 320.25
125 S 314.46 314.66 314.64
126 S 316.74 317.14 317.27
127 S 318.57 318.53 318.65
128 S 320.29 320.29 320.41
129 S 325.02 325.04 325.20
130A S 322.55 322.35 322.73
131 S 325.83 326.19 322.51 325.97
132 S 327.45 327.75 325.97 327.71
133 I 327.66 328.06 328.27 328.07
134 I 326.76 327.25 328.82 326.95
135 I 327.23 327.60 327.55 327.51

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

Groundwater Elevations (m amsl)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Jan-19 Apr-19 Jul-19 Nov-19 average I

003 122 323.56 -0.02 0.03 -0.01 -0.00
004 112 324.38 0.01 0.01 0.03 0.02
103 117 320.75 0.56 0.55 0.57 0.56
104 118 318.84 -0.76 -0.78 -0.77 -0.77
105 111 320.52 -0.14 -0.12 -0.13
107 119 324.49 0.24 0.27 0.31 0.26 0.27
111 105 302.10 -0.14 -0.12 -0.13
112 004 300.29 0.01 0.01 0.03 0.02
115 115A 315.07 -0.15 -0.05 -0.10

 115A 115 321.00 -0.15 -0.05 -0.10
116 116A 308.15 0.34 0.31 0.34 0.33

 116A 116 316.17 0.34 0.31 0.34 0.33
117 117A 313.11 0.31 0.29 0.28 0.29

 117A 117 318.75 0.31 0.29 0.28 0.29
118 118A 315.77 -0.07 -0.08 -0.08 -0.08

 118A 118 320.92 -0.07 -0.08 -0.08 -0.08
119 119A 318.88 0.00 0.00 0.00 0.00 0.00

 119A 119 322.53 0.00 0.00 0.00 0.00 0.00
121 121A 317.79 0.09 0.08 0.09 0.09 0.09

 121A 121 324.59 0.09 0.08 0.09 0.09 0.09
122 122A 320.09 -0.04 -0.06 -0.05 -0.05

 122A 122 323.51 -0.04 -0.06 -0.05 -0.05
123 111 272.78 0.71 0.67 0.69
124 117 315.47 0.62 0.55 0.70 0.62
125 116 313.57 -0.15 -0.15 -0.16 -0.15
126 116 314.51 0.23 0.26 0.27 0.26
127 116 316.07 0.42 0.39 0.39 0.40
128 116 316.10 0.63 0.61 0.61 0.62
129 119 320.04 0.10 0.08 0.20 0.13
130A 118 322.19 -0.14 -0.17 -0.14 -0.15
131 119 322.90 0.23 0.28 -0.61 0.25 0.04
132 121 326.12 0.17 0.15 -0.07 0.18 0.11
133 135 326.04 0.13 0.14 0.23 0.18 0.17
134 121 325.13 0.10 0.10 0.31 0.10 0.15
135 121 322.85 0.24 0.21 0.20 0.25 0.23

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Vertical Hydraulic Gradient I (-ve = up)Monitoring 
Well  

Number

MW for 
Gradient 

Calc.

Mid-Point of 
Screen 

Elevation (m)
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Banks Groundwater Engineering Limited 

Appendix E 
 

Climate Monitoring 
1971 – 2019 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph E 1

Annual Precipitation & Cumulative Departure from Annual Average - 1971 to 2019
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph E 2

Monthly Precipitation & Cumulative Departure from Monthly Average - 2003 to 2019
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph E 3

Monthly Precipitation & Cumulative Departure from Monthly Normal - 2003 to 2019
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph E 4

18-Month Average Monthly Precipitation & Cumulative Departure from 18-Month Average - 2003 to 2019
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph E 5

Monthly Precipitation & Maximum Daily Temperature Trend: WIA / Clair Rd ESC (January 2007 to December 2019)
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       Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph E 6

Daily Precipitation & Maximum/Minimum Daily Temperatures: Clair Rd ESC (January to December 2019)
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Banks Groundwater Engineering Limited 

Appendix F 
 

Downey Road PSW Groundwater Monitoring 
2007 – 2019 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Downey Rd. PSW Graph F 1

Groundwater Elevation & Precipitation - MW003 (March 2007 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Downey Rd. PSW Graph F 1a

Groundwater & Maximum Daily Air Temperature - MW003 (March 2007 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Downey Rd. PSW Graph F 2

Groundwater Elevation & Precipitation - PZ-9D (March 2007 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Downey Rd. PSW Graph F 2a

Groundwater & Maximum Daily Air Temperature - PZ-9D (March 07 to December 19)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Downey Rd. PSW Graph F 3

Groundwater Elevation: MW003 & PZ-9D (March 2007 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Downey Rd. PSW Graph F 3a

Groundwater Temperature - MW003 & PZ-9D (March 07 to December 19)
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Appendix G 
 

HCBP Core PSW Groundwater Monitoring 
2007 – 2019 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 1

Groundwater Elevation & Precipitation - MW116A (January 2008 to December 2019)

Ja
n 

07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

316.0

316.2

316.4

316.6

316.8

317.0

317.2

317.4

317.6

317.8

318.0

318.2

318.4

318.6

318.8

319.0

To
ta

l M
on

th
ly

 P
re

ci
pi

ta
tio

n 
(m

m
)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 1a

Groundwater & Maximum Daily Air Temperature - MW116A (January 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 2

Groundwater Elevation & Precipitation - PZ-10D (April 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 2a

Groundwater & Maximum Daily Air Temperature - PZ-10D (April 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 3

Groundwater Elevation & Precipitation - MW127 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 3a

Groundwater & Maximum Daily Air Temperature - MW127 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 4

Groundwater Elevation & Precipitation - PZ-8D (June 2010 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 4a

Groundwater & Maximum Daily Air Temperature - PZ-8D (June 2010 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 5

Groundwater Elevation & Precipitation - MW117A (January 2008 to December 2019)

Ja
n 

07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

318.1

318.3

318.5

318.7

318.9

319.1

319.3

319.5

319.7

319.9

320.1

320.3

320.5

320.7

320.9

321.1

To
ta

l M
on

th
ly

 P
re

ci
pi

ta
tio

n 
(m

m
)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

Culvert Construction 
Dewatering Period



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 5a

Groundwater & Maximum Daily Air Temperature - MW117A (January 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 6

Groundwater Elevation & Precipitation - PZ-11D (June 2010 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 6a

Groundwater & Maximum Daily Air Temperature - PZ-11D (June 2010 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 7

Groundwater Elevation & Precipitation - MW103 (June 2010 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 7a

Groundwater & Maximum Daily Air Temperature - MW103 (June 2010 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 8

Groundwater Elevation & Precipitation - PZ-7D (August 2007 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 8a

Groundwater & Maximum Daily Air Temperature - PZ-7D (August 2007 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 9

Groundwater Elevation & Precipitation - MW130A (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 9a

Groundwater & Maximum Daily Air Temperature - MW130A (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 10

Groundwater Elevation & Precipitation - MW001 (January 08 to May 11)  Decommissioned 2011
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 10a

Groundwater & Maximum Daily Air Temperature - MW001 (January 08 to May 11)  Decommissioned 2011
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 11

Groundwater Elevation & Precipitation - MW118A (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 11a

Groundwater & Maximum Daily Air Temperature - MW118A (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 12

Groundwater Elevation & Precipitation - MW104 (January 2008 to December 2019)

Ja
n 

07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

319.1

319.3

319.5

319.7

319.9

320.1

320.3

320.5

320.7

320.9

321.1

321.3

321.5

321.7

321.9

322.1

To
ta

l M
on

th
y 

Pr
ec

ip
ita

tio
n 

(m
m

)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 12a

Groundwater & Maximum Daily Air Temperature - MW104 (January 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 13

Groundwater Elevation & Precipitation - PZ-4D (April 2009 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 13a

Groundwater & Maximum Daily Air Temperature - PZ-4D (April 2009 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 14

Groundwater Elevation & Precipitation - MW105 (January 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 14a

Groundwater & Maximum Daily Air Temperature - MW105 (January 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 15

Groundwater Elevation & Precipitation - MW129 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 15a

Groundwater & Maximum Daily Air Temperature - MW129 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 16

Groundwater Elevation & Precipitation - MW111 (October 2010 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Core PSW Graph G 16a

Groundwater & Maximum Daily Air Temperature - MW111 (October 2010 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 17

Groundwater Elevation & Precipitation - PZ-12D (January 2012 to December 2019)

Ja
n 

07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

323.5

323.7

323.9

324.1

324.3

324.5

324.7

324.9

325.1

325.3

325.5

325.7

325.9

326.1

326.3

326.5

To
ta

l M
on

th
ly

 P
re

ci
pi

ta
tio

n 
(m

m
)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 17a

Groundwater & Maximum Daily Air Temperature - PZ-12D (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 18

Groundwater Elevation & Precipitation - MW119A (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 18a

Groundwater & Maximum Daily Air Temperature - MW119A (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 19

Groundwater Elevation & Precipitation - MW131 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 19a

Groundwater & Maximum Daily Air Temperature - MW131 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 20

Groundwater Elevation & Precipitation - PZ-2D (January 2007 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 20a

Groundwater & Maximum Daily Air Temperature - PZ-2D (March 2007 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Core PSW Graph G 21

Groundwater Elevation & Precipitation - MW122A (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Core PSW Graph G 21a

Groundwater & Maximum Daily Air Temperature - MW122A (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 22

Groundwater Elevation & Precipitation - PZ-1D (April 2009 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 22a

Groundwater & Maximum Daily Air Temperature - PZ-1D (April 2009 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 23

Groundwater Elevation & Precipitation - MW121A (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 23a

Groundwater & Maximum Daily Air Temperature - MW121A (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Core PSW Graph G 24a

Groundwater & Maximum Daily Air Temperature - PZ-12D, PZ-13D, PZ-14D, MW119A & MW131 (June 2013 to December 2019)
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2007 – 2019 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph H 1

Groundwater Elevation & Precipitation - MW125 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph H 1a

Groundwater & Maximum Daily Air Temperature - MW125 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph H 2

Groundwater Elevation & Precipitation - MW126 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph H 2a

Groundwater & Maximum Daily Air Temperature - MW126 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph H 3

Groundwater Elevation & Precipitation - MW128 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph H 3a

Groundwater & Maximum Daily Air Temperature - MW128 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph H 4

Groundwater Elevation & Precipitation - MW124 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 1 - Perimeter Graph H 4a

Groundwater & Maximum Daily Air Temperature - MW124 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 5

Groundwater Elevation & Precipitation - MW106 (August 09 to August 10)  Decommissioned 2012
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 5a

Groundwater & Maximum Daily Air Temperature - MW106 (August 09 to August 10)  Decommissioned 2012
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 6

Groundwater Elevation & Precipitation - MW107 (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 6a

Groundwater & Maximum Daily Air Temperature - MW107 (July 2008 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 7

Groundwater Elevation & Precipitation - MW132 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 7a

Groundwater & Maximum Daily Air Temperature - MW132 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 8

Groundwater Elevation & Precipitation - MW006 (August 09 to September 10)  Decommissioned 2010
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 8a

Groundwater & Maximum Daily Air Temperature - MW006 (August 09 to September 10)  Decommissioned 2010
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 9

Groundwater Elevation & Precipitation - MW135 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 9a

Groundwater & Maximum Daily Air Temperature - MW135 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 10

Groundwater Elevation & Precipitation - MW005I (August 09 to September 10)  Decommissioned 2010
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 10a

Groundwater & Maximum Daily Air Temperature - MW005I (August 09 to September 10)  Decommissioned 2010
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 11

Groundwater Elevation & Precipitation - MW133 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 11a

Groundwater & Maximum Daily Air Temperature - MW133 (January 2012 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 12

Groundwater Elevation & Precipitation - MW134 (January 2012 to December 2019)

Ja
n 

07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

325.1

325.3

325.5

325.7

325.9

326.1

326.3

326.5

326.7

326.9

327.1

327.3

327.5

327.7

327.9

328.1

To
ta

l M
on

th
ly

 P
re

ci
pi

ta
tio

n 
(m

m
)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 12a

Groundwater & Maximum Daily Air Temperature - MW134 (January 2012 to December 2019)

-20.0

-15.0

-10.0

-5.0

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0
Ja

n 
07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

G
ro

un
dw

at
er

 &
 A

ir
 T

em
pe

ra
tu

re
 (C

)

MW134 Groundwater Temperature
Max. Daily Air Temperature Trend



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 13

Groundwater Elevation & Precipitation - MW110 (August 09 to September 10)  Decommissioned 2010
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 2 - Perimeter Graph H 13a

Groundwater & Maximum Daily Air Temperature - MW110 (August 09 to September 10)  Decommissioned 2010
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph H 14

Groundwater Elevation & Precipitation - MW109 (April 2009 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph H 14a

Groundwater & Maximum Daily Air Temperature - MW109 (April 2009 to December 2019)

-20.0

-15.0

-10.0

-5.0

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0
Ja

n 
07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

G
ro

un
dw

at
er

 &
 A

ir
 T

em
pe

ra
tu

re
 (C

)

MW109 Groundwater Temperature
Max. Daily Air Temperature Trend



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph H 15

Groundwater Elevation & Precipitation - MW004 (August 2009 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph H 15a

Groundwater & Maximum Daily Temperature - MW004 (August 2009 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph H 16

Groundwater Elevation & Precipitation - MW112 (October 2009 to December 2019)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phase 3 - Perimeter Graph H 16a

Groundwater & Maximum Daily Air Temperature - MW112 (October 2009 to December 2019)

-20.0

-15.0

-10.0

-5.0

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0
Ja

n 
07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

G
ro

un
dw

at
er

 &
 A

ir
 T

em
pe

ra
tu

re
 (C

)

MW112 Groundwater Temperature
Max. Daily Air Temperature Trend



Banks Groundwater Engineering Limited 

Appendix I 
 

Quarterly Groundwater Elevation Range 
2007 – 2019 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019   Graph I-1

Quarterly Groundwater Elevation Range - MW003
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-2

Quarterly Groundwater Elevation Range - MW004
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-3

Quarterly Groundwater Elevation Range - MW103
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019   Graph I-4

Quarterly Groundwater Elevation Range - MW104
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-5

Quarterly Groundwater Elevation Range - MW105
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-6

Quarterly Groundwater Elevation Range - MW107
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-7

Quarterly Groundwater Elevation Range - MW109
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph I-8

Quarterly Groundwater Elevation Range - MW111
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-9

Quarterly Groundwater Elevation Range - MW112
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-10
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-11

Quarterly Groundwater Elevation Range - MW117A
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-12

Quarterly Groundwater Elevation Range - MW118A
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-13

Quarterly Groundwater Elevation Range - MW119A
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-14

Quarterly Groundwater Elevation Range - MW121A
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-15

Quarterly Groundwater Elevation Range - MW122A
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-16

Quarterly Groundwater Elevation Range - MW124
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-17

Quarterly Groundwater Elevation Range - MW125
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-18

Quarterly Groundwater Elevation Range - MW126
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-19

Quarterly Groundwater Elevation Range - MW127
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-20

Quarterly Groundwater Elevation Range - MW128
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-21

Quarterly Groundwater Elevation Range - MW129
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph I-22

Quarterly Groundwater Elevation Range - MW130A
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-23

Quarterly Groundwater Elevation Range - MW131
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-24

Quarterly Groundwater Elevation Range - MW132
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-25

Quarterly Groundwater Elevation Range - MW133
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Graph I-26

Quarterly Groundwater Elevation Range - MW134
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-27

Quarterly Groundwater Elevation Range - MW135
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-28

Quarterly Groundwater Elevation Range - PZ-1D
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-29

Quarterly Groundwater Elevation Range - PZ-2D
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-30

Quarterly Groundwater Elevation Range - PZ-4D
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-31

Quarterly Groundwater Elevation Range - PZ-7D
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-32

Quarterly Groundwater Elevation Range - PZ-8D
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-33

Quarterly Groundwater Elevation Range - PZ-9D
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-34

Quarterly Groundwater Elevation Range - PZ-10D
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-35

Quarterly Groundwater Elevation Range - PZ-11D
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019  Graph I-36

Quarterly Groundwater Elevation Range - PZ-12D
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Banks Groundwater Engineering Limited 

Appendix J 
 

Groundwater Quality Monitoring Data 
2003 – 2019 

 



Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Monitoring Wells
Parameter (units) ODWQS 003

2003 2008-10 2011-16 2003 2008 2009 2010 2011 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50 ns 221 245 311 300 ns 37.6 37.4 38.8 39.5 36.9 38.6 40.5 41.7 42.9
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25 ns 0.08 <0.05 <0.05 <0.05 ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.50 <0.25 <0.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25 ns 4.88 3.93 3.09 3.36 ns 11.9 7.79 5.66 4.73 5.80 5.34 6.44 4.57 7.02
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25 ns <0.05 <0.05 <0.05 <0.05 ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.50 <0.25 <0.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50 ns <0.10 <0.10 <0.10 <0.10 ns <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <1.00 <0.50 <0.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50 ns 28.4 24 24.2 23.7 ns 18.0 16.3 14.3 16.9 14.4 14.2 13.5 10 11.9

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004 ns 0.063 <0.004 <0.004 0.009 ns 2.56 <0.004 <0.004 0.018 0.006 0.004 <0.004 <0.004 <0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003 ns <0.006 <0.006 <0.006 <0.003 ns <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003 ns <0.003 <0.003 <0.003 <0.003 ns 0.010 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002 ns 0.627 0.108 0.142 0.12 ns 0.312 0.057 0.052 0.049 0.056 0.046 0.053 0.048 0.053
 Beryllium (mg/L)  0.001 0.001 0.001 ns <0.001 <0.001 <0.001 <0.001 ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
 Bismuth (mg/L)  0.001 0.002 0.002 ns <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010 ns 0.015 0.012 0.015 0.01 ns 0.016 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001 ns 0.006 <0.002 <0.002 <0.002 ns 0.010 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.001
 Calcium (mg/L)    0.5 0.05 0.05 ns 86.2 95.7 115 97.8 ns 87.2 86.6 87 80.5 74.8 83.6 75.4 82 84.4
 Chromium (mg/L) 0.05  0.001 0.003 0.003 ns 0.016 0.004 <0.003 <0.003 ns 0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
 Cobalt (mg/L) 0.0008 0.001 0.001 ns 0.008 <0.001 <0.001 <0.001 ns 0.027 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002 ns 0.004 <0.003 <0.003 <0.003 ns 0.082 <0.003 <0.003 <0.003 0.002 <0.003 <0.003 <0.003 <0.003
 Iron (mg/L) 0.3   0.05 0.010 0.010 ns 0.63 <0.010 <0.010 <0.010 ns 3.20 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002 ns <0.001 <0.002 <0.002 <0.002 ns 0.325 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
 Magnesium (mg/L)    0.5 0.05 0.05 ns 27.3 28.9 34.7 29.4 ns 24.3 27.3 24.8 22.4 21.1 23.5 22.1 22.4 23.3
 Manganese (mg/L) 0.05  0.001 0.002 0.002 ns 4.87 <0.002 <0.002 <0.002 ns 3.53 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 <0.002 <0.002
 Molybdenum (mg/L)  0.001 0.002 0.001 ns <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002
 Nickel (mg/L)  0.002 0.003 0.003 ns 0.028 <0.003 0.005 <0.003 ns <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
 Phosphorus (mg/L)   0.05 0.05 0.05 ns 0.13 <0.05 <0.05 <0.05 ns 0.97 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
 Potassium (mg/L)    0.5 0.05 0.05 ns 3.07 1.73 2.06 1.85 ns 2.24 1.79 1.67 1.57 1.51 1.77 1.58 1.57 1.83
 Selenium (mg/L) 0.01  0.005 0.004 0.004 ns <0.004 <0.004 <0.004 <0.004 ns 0.006 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
 Silver (mg/L) 0.0001 0.002 0.002 ns <0.0001 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
 Sodium (mg/L) 20    0.5 0.05 0.05 ns 127 105 162 167 ns 14 17.4 15.4 13.7 14.8 14.9 15.5 17.3 16.9
 Strontium (mg/L)  0.001 0.005 0.005 ns 1.91 0.113 0.155 0.128 ns 0.994 0.094 0.096 0.106 0.109 0.091 0.095 0.092 0.098
 Thallium (mg/L) 0.0003 0.006 0.006 ns <0.0003 <0.006 <0.006 <0.006 ns <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
 Tin (mg/L)  0.001 0.002 0.002 ns <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
 Titanium (mg/L)  0.002 0.002 0.002 ns 0.005 <0.002 <0.002 <0.002 ns 0.016 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002 ns 0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
 Vanadium (mg/L)  0.001 0.002 0.002 ns 0.002 <0.002 0.003 <0.002 ns 0.007 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
 Zinc (mg/L) 5  0.003 0.005 0.005 ns 0.309 0.023 0.016 0.012 ns 1.19 0.011 0.015 0.033 0.02 0.014 0.011 0.009 0.01

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5 ns 299 275 297 298 ns 252 262 272 248 259 254 243 252 255
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5 ns 299 275 297 298 ns 252 262 272 248 259 254 243 252 255

 Carbonate (CaCO3) (mg/L)     10 5 5 ns <5 <5 <5 <5 ns <5 <5 <5 <5 <5 <5 <5 <5 <5
 Colour (TCU) 5      1 5 5 ns <5 <5 5 <5 ns <5 <5 7 <5 <5 <5 <5 <5 <5
 Total Organic Carbon (mg/L) 0.5 0.5 ns 36.6 1.4 1.8 1.5 ns 2.6 4.2 1.6 1 6.4 2 2.4 2 1.5
 DOC (mg/L) 5    0.7 0.5 0.5 ns 1.4 1.5 1.8 1.5 ns 2.6 1.9 1.6 0.9 2 1 2.2 2.1 1.6
 Hardness (CaCO3) (mg/L) 100     10 10 10 ns 328 358 430 365 ns 318 329 319 293 274 306 279 297 307
 Ammonia as N (mg/L)   0.05 0.02 0.02 ns <0.02 <0.02 0.15 <0.02 ns <0.02 <0.02 <0.02 0.59 <0.02 <0.02 0.03 <0.02 0.04
 Conductivity (us/cm)      3 2 2 ns 1160 1290 1450 1360 ns 658 667 617 623 616 666 622 679 652
 pH 8.5    0.1 N/A N/A ns 7.84 8.18 8.11 7.76 ns 8.14 7.90 8.05 7.98 7.94 8.23 8.07 7.97 8.15

Calculated  Anion sum (meq/L)   0.01 ns 12.20 13.20 14.50 15.20 ns 7.33 7.19 6.34 6.76 6.93 6.85 6.74 6.75 6.91
Values  Cation sum (meq/L)   0.01 ns 12.10 11.80 15.70 14.60 ns 7.02 7.37 7.10 6.54 6.15 6.80 6.30 6.73 7.06

 % Difference (%)   0.01 0.1 0.1 ns 0.1 5.7 0.8 1.8 ns 2.1 1.2 1.0 1.7 6.0 0.3 3.4 0.2 1.04
 Langelier Index 0.0001 ns 0.94 1.28 1.32 0.91 ns 1.18 0.98 1.13 0.98 0.93 1.26 1.04 0.98 1.18
 Saturation pH (pH units)   0.01 ns 6.9 6.9 6.79 6.85 ns 6.96 6.92 6.92 7.0 7.01 6.97 7.03 6.99 6.97
 Silica (mg/L) 0.05 0.05 - 0.10 ns 10.6 3.79 9.4 8.49 ns 8.30 3.60 8.11 6.62 6.89 7.5 6.59 6.61 6.94

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL 001

 At or Exceeds ODWQS
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
004 005-I

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010

63.0 48.9 55.3 48.5 59.7 64.1 64.5 61.8 60.8 69.4 190 163 182 233
<0.10 0.08 <0.05 0.07 <0.05 <0.05 <0.25 <1.25 <0.25 <0.25 0.10 <0.05 <0.05 <0.05
19.0 10.7 12 9.6 7.85 9.43 13.3 13.7 10.7 12.1 6.80 6.95 4.71 3.72

<0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.25 <0.30 <0.05 <0.05 <0.05
<0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <2.50 <0.50 <0.50 <0.30 <0.10 <0.10 <0.10
25.0 20.3 21.4 18.9 18.2 18.8 17.9 20.4 19.4 17 20.0 18.4 17.2 18.2

<0.01 0.648 0.009 <0.004 0.008 0.005 0.008 <0.004 <0.004 <0.004 <0.01 1.09 <0.004 <0.004
<0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006
0.001 0.005 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.001 <0.003 <0.003 <0.003
0.15 0.371 0.126 0.116 0.087 0.115 0.098 0.113 0.121 0.096 0.10 0.366 0.095 0.11

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002
<0.05 0.016 0.013 0.011 0.01 0.012 <0.010 0.012 0.012 <0.010 <0.05 0.015 <0.010 <0.010

<0.0001 0.011 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.001 <0.0001 0.020 <0.002 <0.002
130 92.5 119 103 93.7 98.5 110 111 104 100 110 83.6 103 99.6

0.004 0.004 0.004 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 0.004 0.012 0.006 <0.003
<0.0008 0.017 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0008 0.028 <0.001 <0.001
0.002 0.009 0.003 <0.003 <0.003 0.002 <0.003 <0.003 <0.003 <0.003 0.005 0.058 <0.003 <0.003
0.13 0.592 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.12 <0.010 <0.010 <0.010

<0.001 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.082 <0.002 <0.002
36 25 32.2 29.1 26.9 27.2 30.5 31.2 28.6 28.2 44 27 31.9 30.9

0.012 3.38 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.046 3.74 <0.002 <0.002
<0.001 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 0.004 <0.002 <0.002 <0.002
<0.002 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.004 0.022 <0.003 0.009
<0.05 0.16 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.18 <0.05 <0.05

15 10.3 13.4 12 6.33 10.4 8.32 17.4 16.9 11.1 3.4 2.26 1.48 1.57
<0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004
<0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002

24 18.6 22.3 20.7 19.5 25 25.6 27.8 27.8 25 73 84.6 87.5 123
0.16 1.98 0.138 0.132 0.131 0.129 0.128 0.123 0.129 0.112 0.19 1.69 0.117 0.126

0.0004 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 0.0008 <0.006 <0.006 <0.006
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002
<0.002 0.009 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.005 <0.002 <0.002
<0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.005 <0.002 <0.002 <0.002
0.009 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.009 <0.002 <0.002 <0.002
0.018 0.835 0.042 0.032 0.027 0.031 0.032 0.026 0.026 0.023 0.013 1.32 0.02 0.024
320 293 326 305 303 330 297 338 319 299 290 306 261 278
319 293 326 305 303 330 297 338 319 299 289 306 261 278
<10 <5 <5 <5 <5 <5 <5 <5 <5 <5 <10 <5 <5 <5
27 <5 <5 7 <5 <5 <5 <5 <5 <5 16 <5 <5 6
na 1.0 2 1.8 1.2 4.9 2.4 2 1.4 1.6 na 9.9 5.4 1.4
1.3 1.0 2 1.6 1 1.8 1.5 2.1 1.3 1.7 <0.7 0.8 3.9 1.5
473 334 430 377 345 358 400 406 377 366 456 320 389 376

<0.05 0.17 <0.02 <0.02 <0.02 0.03 <0.02 0.04 <0.02 0.04 <0.05 <0.02 <0.02 <0.02
950 739 897 762 785 859 936 965 933 843 1100 1050 1110 1200
7.3 8.11 7.83 8.05 7.72 7.99 7.87 8.04 7.87 8.1 7.5 7.82 8.01 8.07
10.1 8.43 7.55 8.68 9.47 9.08 9.91 9.26 8.69 12.1 11.60 11.90
10.9 7.76 8.74 7.90 8.51 9.33 9.76 9.19 9.16 12.4 10.10 12.90
7.93 4.1 2.7 1.1 4.7 5.4 1.3 0.7 0.4 2.64 2.62 6.8 2.5 0.5
-0.17 1.24 1.28 1.25 0.85 1.17 1.09 1.29 1.06 1.28 -0.10 0.92 1.59 1.2
7.47 6.87 6.55 6.8 6.87 6.82 6.78 6.75 6.81 6.82 7.60 6.9 6.42 6.87
20.2 9.64 4.37 9.09 9.27 9.27 10.2 9.32 9.13 8.86 12.9 11.4 8.94 10.2
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
006 101 102

2003 2008 2009 2010 2003 2008 2009 2010 2003 2008 2009 2010

ns 22.9 36.8 45.3 ns 82.5 101 85.0 ns 46.3 39.9 41.9
ns 0.06 <0.05 <0.05 ns 0.10 0.08 0.07 ns 0.09 <0.05 0.05
ns 2.36 5.83 3.38 ns 2.57 2.03 1.72 ns <0.05 0.05 <0.05
ns <0.05 <0.05 <0.05 ns <0.05 <0.05 <0.05 ns <0.05 <0.05 <0.05
ns <0.10 <0.10 <0.10 ns <0.10 <0.10 <0.10 ns <0.10 <0.10 <0.10
ns 9.85 13.8 11.6 ns 23.2 22.3 21.1 ns 38.7 25.6 32.4
ns 0.067 <0.004 <0.004 ns 0.048 <0.004 <0.004 ns 0.037 0.022 <0.004
ns <0.006 <0.006 <0.006 ns <0.006 <0.006 <0.006 ns <0.006 <0.006 <0.006
ns 0.005 <0.003 <0.003 ns <0.003 <0.003 <0.003 ns 0.003 <0.003 <0.003
ns 0.480 0.043 0.047 ns 0.558 0.043 0.042 ns 0.332 0.056 0.062
ns <0.001 <0.001 <0.001 ns <0.001 <0.001 <0.001 ns <0.001 <0.001 <0.001
ns <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002
ns 0.016 <0.010 <0.010 ns 0.012 0.011 0.012 ns 0.012 0.011 <0.010
ns 0.008 <0.002 <0.002 ns 0.001 <0.002 <0.002 ns 0.0012 <0.002 <0.002
ns 67.5 78.3 78.4 ns 76.2 83.5 84.4 ns 83.7 85.1 82.4
ns <0.003 <0.003 <0.003 ns 0.013 <0.003 <0.003 ns 0.013 <0.003 <0.003
ns 0.008 <0.001 <0.001 ns 0.006 <0.001 <0.001 ns 0.015 <0.001 <0.001
ns <0.003 <0.003 <0.003 ns <0.003 <0.003 <0.003 ns 0.005 <0.003 <0.003
ns <0.010 <0.010 <0.010 ns 0.40 <0.010 <0.010 ns 4.65 0.684 <0.010
ns <0.002 <0.002 <0.002 ns <0.001 <0.002 <0.002 ns <0.001 <0.002 <0.002
ns 22.4 24.5 23.7 ns 24.4 27 27.2 ns 24.9 26.9 25.9
ns 2.50 <0.002 <0.002 ns 4.13 <0.002 <0.002 ns 4.26 0.152 0.076
ns <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 ns 0.003 <0.002 <0.002
ns <0.003 <0.003 <0.003 ns 0.009 <0.003 0.004 ns 0.022 <0.003 0.003
ns <0.05 <0.05 <0.05 ns 0.03 <0.05 <0.05 ns 1.07 0.02 <0.05
ns 1.11 0.81 0.79 ns 2.46 1.41 1.32 ns 2.12 1.01 1.64
ns <0.004 <0.004 <0.004 ns <0.004 <0.004 <0.004 ns <0.004 <0.004 <0.004
ns <0.002 <0.002 <0.002 ns <0.0001 <0.002 <0.002 ns <0.0001 <0.002 <0.002
ns 16 24.9 32.5 ns 53.9 53.5 55.4 ns 39.5 35 37.9
ns 2.13 0.073 0.089 ns 1.79 0.11 0.132 ns 1.89 0.13 0.127
ns <0.006 <0.006 <0.006 ns <0.0003 <0.006 <0.006 ns <0.0003 <0.006 <0.006
ns <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002
ns 0.004 <0.002 <0.002 ns 0.004 <0.002 <0.002 ns 0.003 <0.002 <0.002
ns <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 ns 0.003 <0.002 <0.002
ns <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002
ns 0.498 0.008 0.009 ns 0.015 0.01 0.006 ns 0.08 0.042 0.009
ns 264 251 266 ns 275 285 284 ns 307 300 300
ns 264 251 266 ns 275 285 284 ns 307 300 300
ns <5 <5 <5 ns <5 <5 <5 ns <5 <5 <5
ns <5 <5 5 ns <5 <5 <5 ns <5 <5 5
ns 1.2 1.6 1.5 ns 12.4 5.4 2.1 ns 19.7 3 2.6
ns 1.2 1.5 1.3 ns 1.5 4.8 1.6 ns 2.9 3 1.5
ns 261 296 293 ns 291 320 323 ns 312 323 312
ns 1.05 <0.02 <0.02 ns <0.02 <0.02 0.31 ns <0.02 <0.02 0.05
ns 547 642 623 ns 775 823 774 ns 695 728 669
ns 8.13 8.18 8.20 ns 7.89 8.13 8.17 ns 8.01 8.19 8.03
ns 6.30 6.76 6.21 ns 7.60 9.16 7.71 ns 7.25 6.87
ns 6.01 7.03 7.3 ns 8.22 8.75 8.91 ns 8.00 7.94
ns 2.4 1.9 1.5 ns 3.9 2.3 1.5 ns 4.9 2.2 0.5
ns 1.14 1.19 1.23 ns 0.93 1.23 1.27 ns 1.13 1.32 1.14
ns 6.99 6.99 6.97 ns 6.96 6.9 6.9 ns 6.88 6.87 6.89
ns 8.53 3.56 8.81 ns 11.0 4.33 10.1 ns 9.93 3.82 8.44
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
103 104

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

ns 143 173 237 246 212 289 301 342 408 453 483 ns 49.9 47.1 48.7 46.7 65.4 79.7 123 104 127 109 127
ns 0.16 <0.05 0.11 <0.05 <0.05 <0.5 <1.25 <0.25 <0.5 ns 0.19 <0.05 0.09 <0.05 <0.05 <0.10 <1.25 <0.25 <0.25
ns 0.27 0.14 0.23 0.2 0.26 <0.5 <1.25 <0.25 <0.5 ns <0.05 <0.05 0.06 <0.05 <0.05 <0.10 <1.25 <0.25 <0.25
ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.5 <1.25 <0.25 <0.5 ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.10 <1.25 <0.25 <0.25
ns <0.10 <0.10 <0.10 <0.10 <0.10 <1.0 <2.50 <0.50 <1.0 ns <0.10 <0.10 <0.10 <0.10 <0.10 <0.20 <2.50 <0.50 <0.50
ns 37.0 18.5 19.5 23.9 41.6 60 27.4 24.6 27 ns 89.4 20.7 25.5 22 15.9 14.9 9.78 4.86 12
ns 3.29 0.009 0.006 0.012 0.024 0.006 <0.004 0.004 0.005 ns 0.630 0.005 0.005 0.072 0.008 0.007 0.005 0.005 0.006
ns <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 0.028 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns 0.013 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 0.232 0.097 0.112 0.094 0.094 0.09 0.126 0.123 0.128 ns 0.368 0.095 0.116 0.077 0.067 0.082 0.091 0.083 0.083
ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.012 0.014 0.012 <0.010 0.01 0.011 0.013 0.011 <0.010 ns 0.016 <0.010 <0.010 <0.010 <0.010 0.014 <0.010 <0.010 <0.010
ns 0.0015 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001 ns 0.0049 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001
ns 91.2 109 124 103 110 110 109 128 112 ns 97.8 91.4 99.1 83 76.1 77.7 83.3 94.8 79.4
ns 0.025 0.003 <0.003 <0.003 0.005 <0.003 <0.003 <0.003 <0.003 ns 0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 0.013 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ns 0.022 <0.001 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ns 0.097 0.005 0.005 0.005 0.004 <0.003 0.004 0.003 <0.003 ns 0.167 <0.003 0.014 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 11.0 0.109 0.275 0.272 0.247 0.271 0.27 0.566 0.36 ns 12.2 1.12 0.061 0.738 0.771 1.45 1.42 2.62 3.06
ns 0.149 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns 0.014 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 27.4 34.2 38.8 32.9 34 34.3 35.2 39.8 34.9 ns 30.4 28.8 31 26.4 25.2 24.2 27.7 30.5 26.4
ns 1.52 0.103 0.151 0.122 0.121 0.110 0.139 0.151 0.129 ns 3.25 0.196 0.358 0.339 0.203 0.414 0.358 0.484 0.37
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.020 <0.003 0.006 <0.003 <0.003 <0.003 <0.003 0.004 <0.003 ns 0.036 <0.003 0.009 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 2.43 0.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 ns 2.11 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
ns 1.96 1.18 1.4 1.13 1.3 1.19 1.24 1.32 1.36 ns 1.72 0.67 1.02 0.67 0.88 0.87 1 1.03 1.14
ns <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 ns <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
ns <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 90.4 98.4 121 121 118 134 139 170 210 234 223 ns 18.9 19.6 22.1 19.4 34.9 37 46.8 43.1 58.9 50.8 57.5
ns 0.741 0.126 0.168 0.152 0.145 0.17 0.174 0.17 0.163 ns 1.6 0.117 0.171 0.117 0.09 0.115 0.131 0.127 0.123
ns <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 ns <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.046 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns 0.003 <0.002 <0.002 0.003 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.047 <0.002 0.003 <0.002 <0.002 <0.002 <0.002 0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.983 0.013 0.02 0.013 0.035 0.009 0.014 0.01 0.008 ns 0.46 0.016 0.503 0.005 0.006 <0.005 0.006 <0.005 <0.005
ns 325 381 360 327 332 305 339 334 332 ns 259 297 320 275 268 242 279 308 266
ns 325 381 360 327 332 305 339 334 332 ns 259 297 320 275 268 242 279 308 266
ns <5 <5 <5 <5 <5 <5 <5 <5 <5 ns <5 <5 <5 <5 <5 <5 <5 <5 <5
ns 20 34 25 29 37 13 29 41 30 ns 10 27 19 42 44 6 33 23 21
ns 22.2 7.8 6.3 5 6.4 5 6.6 8.5 5.6 ns 22.6 11.9 11.3 5.2 6.9 6.7 6 7.1 5.9
ns 9.0 7.5 6.6 5 4.8 3.9 6.5 8.1 5.4 ns 6.9 11.1 5.4 4.8 4.8 5.5 5.9 6.4 5.6
ns 341 413 469 393 415 416 417 484 423 ns 369 347 375 316 294 294 322 362 307
ns <0.02 <0.02 <0.02 0.02 <0.02 <0.02 0.05 0.04 0.03 ns <0.02 0.09 0.03 0.06 0.08 0.07 0.17 0.2 0.24
ns 1010 1240 1300 1260 1230 1520 1570 1690 1810 ns 731 717 711 642 675 778 898 875 868
ns 7.61 7.83 7.92 7.65 8.17 7.99 7.82 7.56 8.03 ns 7.67 7.97 8.02 7.71 8.1 7.85 7.87 7.62 8.06
ns 10.30 13.10 14.00 13.50 15.50 15.80 16.80 18.70 ns 7.61 7.26 7.28 7.54 7.40 9.25 9.19 9.15
ns 10.80 14.70 13.10 13.50 14.20 14.40 17.10 17.60 ns 8.25 8.49 7.18 7.42 7.50 8.51 9.15 8.74
ns 2.5 1.3 1.3 3.1 0.2 4.5 4.7 0.7 2.98 ns 4.0 0.7 1.0 0.7 0.8 0.7 4.2 0.2 2.3
ns 0.79 1.14 1.26 0.87 1.42 1.19 1.07 0.87 1.28 ns 0.76 1.12 1.24 0.79 1.14 0.84 0.96 0.81 1.11
ns 6.82 6.69 6.66 6.78 6.75 6.8 6.75 6.69 6.75 ns 6.91 6.85 6.78 6.92 6.96 7.01 6.91 6.81 6.95
ns 9.87 4.31 11.6 10.1 4.56 10.2 10.3 10.9 10.1 ns 12.0 4.65 13.3 10.7 4.16 10.3 10.2 12 9.64
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
105 106

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010

ns 25.6 39.6 51.0 70.4 56.1 50.6 41.7 58.3 67.7 ns 182 288 241
ns 0.26 0.22 0.18 <0.05 <0.05 <0.25 <0.25 <0.25 <0.25 ns 0.05 <0.05 0.1
ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.25 <0.25 <0.25 ns 5.20 1.94 3.6
ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.25 <0.25 <0.25 ns <0.05 1.0 <0.05
ns <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.50 <0.50 <0.50 ns <0.10 <0.10 <0.10
ns 17.5 20.3 20.2 17.5 19.1 19.1 16.6 21.1 17.5 ns 26.5 24.4 31.1
ns 1.31 0.013 <0.004 0.007 0.007 0.005 <0.004 <0.004 <0.004 ns 1.90 <0.004 <0.004
ns <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns <0.006 <0.006 <0.006
ns 0.011 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns 0.009 <0.003 <0.003
ns 0.173 0.088 0.084 0.087 0.078 0.065 0.063 0.077 0.082 ns 0.275 0.091 0.091
ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ns <0.001 <0.001 <0.001
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002
ns 0.014 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 ns 0.021 0.013 0.012
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001 ns 0.008 <0.002 <0.002
ns 69.7 84.5 83.4 81.3 75.4 72.6 68.9 79.3 78.4 ns 85.4 85.3 83.1
ns 0.004 <0.003 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 ns 0.009 0.003 <0.003
ns 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ns 0.027 <0.001 <0.001
ns 0.028 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns 0.060 <0.003 <0.003
ns 4.09 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 ns 3.92 <0.010 <0.010
ns 0.066 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns 0.126 <0.002 <0.002
ns 25.2 29.2 30 29.5 29.3 26.7 26.3 29.1 28.2 ns 24.4 24.6 24.5
ns 1.47 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns 5.00 0.006 <0.002
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 0.002 <0.002
ns <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns 0.025 <0.003 <0.003
ns 1.41 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 ns 3.94 <0.05 <0.05
ns 1.11 0.74 0.81 0.78 0.89 0.69 0.67 0.86 0.83 ns 2.44 1.63 1.52
ns <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 ns <0.004 <0.004 <0.004
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002
ns 18.9 21.8 23.3 22.5 26.7 30 27.7 28.1 28.8 ns 99.9 151 158
ns 0.653 0.129 0.142 0.172 0.157 0.131 0.117 0.147 0.144 ns 1.26 0.117 0.134
ns <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 ns <0.006 <0.006 <0.006
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002
ns 0.015 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns 0.021 <0.002 <0.002
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002
ns 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns 0.006 <0.002 0.002
ns 0.201 0.028 <0.005 <0.005 0.007 0.007 <0.005 <0.005 0.005 ns 1.06 0.014 0.019
ns 281 290 285 277 278 279 286 274 294 ns 263 277 293
ns 267 290 285 277 278 279 286 274 294 ns 263 277 293
ns 14 <5 <5 <5 <5 <5 <5 <5 <5 ns <5 <5 <5
ns <5 <5 <5 <5 <5 <5 <5 <5 <5 ns <5 <5 <5
ns 1.1 1.9 1.2 1 3 1 1.7 1 1.2 ns 1.4 1.3 1.4
ns 1.1 2.2 1.2 0.9 2.9 1 1.6 0.9 1.4 ns 1.4 1.3 1.5
ns 278 331 332 324 309 291 280 318 312 ns 314 314 308
ns <0.02 <0.02 <0.02 <0.02 <0.02 0.03 0.04 <0.02 0.05 ns <0.02 <0.02 <0.02
ns 585 684 651 724 668 716 664 705 730 ns 1070 1380 1260
ns 8.31 8.06 8.00 7.68 8.25 8.15 8.02 7.82 8.06 ns 7.99 8.13 8.13
ns 6.71 7.34 6.63 7.89 7.54 7.40 7.24 7.56 7.51 ns 11.30 14.40 12.60
ns 6.40 7.59 7.66 7.48 7.36 7.14 6.83 7.59 8.15 ns 10.70 12.90 13.10
ns 2.3 1.6 0.6 2.7 1.2 1.8 3.0 0.2 4.12 ns 2.9 5.5 1.9
ns 1.34 1.18 1.12 0.77 1.32 1.2 1.06 0.9 1.16 ns 1.02 1.18 1.2
ns 6.97 6.88 6.88 6.91 6.93 6.95 6.96 6.92 6.9 ns 6.97 6.95 6.93
ns 14.3 5.14 12.9 11.9 5.19 12.1 10.9 11.1 11.7 ns 10.5 3.69 8.51
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
107 109

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016

ns 63.4 69.1 85.3 80.9 117 174 166 144 164 187 168 ns 86.6 113 82.1 92.7 120 93.5 105 97.2 112
ns 0.06 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.10 <0.25 ns 0.06 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25
ns 2.42 1.43 5.1 3.11 3.25 2.82 2.71 2.18 1.78 ns 5.69 5.53 4.41 4.42 4.05 4.18 3.72 3.76 4.15
ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.10 <0.25 ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25
ns <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.20 <0.20 <0.50 ns <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.20 0.56 <0.50
ns 18.2 11 15.1 17.4 16.9 18.6 17.7 15.9 16.2 ns 21.8 22.5 20.6 18.4 19.1 18.8 18.4 17.7 19.1
ns 1.16 0.108 <0.004 0.007 0.013 0.006 <0.004 <0.004 < 0.004 ns 1.65 <0.004 <0.004 0.008 <0.004 <0.004 <0.004 <0.004 <0.004
ns <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns 0.007 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 0.429 0.081 0.082 0.054 0.075 0.064 0.075 0.074 0.07 ns 0.309 0.094 0.095 0.085 0.086 0.089 0.083 0.091 0.095
ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 ns 0.016 0.011 0.011 0.012 <0.010 0.01 0.013 0.012 0.012
ns 0.0039 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 ns 0.014 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001
ns 76.4 84.5 93.3 71.9 80.9 86 89.7 86.4 88.2 ns 94.8 112 94.4 91.3 101 81.4 95.5 97.3 86.2
ns 0.012 <0.003 <0.003 <0.003 0.005 <0.003 0.006 <0.003 <0.003 ns 0.006 0.004 <0.003 <0.003 0.003 <0.003 0.005 <0.003 <0.003
ns 0.013 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ns 0.034 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ns 0.075 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns 0.058 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 2.58 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 ns 2.12 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
ns 0.091 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns 0.21 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 23.4 26.7 29.8 22.6 26.4 26.2 28.5 26.8 28 ns 27.2 32.4 27.7 27.8 30 23.6 27.7 27 26
ns 1.50 0.067 0.038 <0.002 0.005 0.003 0.004 <0.002 <0.002 ns 3.74 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.056 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 ns <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 0.54 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 ns 1.69 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
ns 1.76 1.33 1.08 0.81 1.22 1.3 1.41 1.27 1.32 ns 2.36 1.61 1.73 1.8 1.81 1.42 1.99 1.65 1.7
ns <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 ns <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
ns 0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 35.1 36.2 40.2 32 61.3 73.1 77.9 87.4 91.7 84.9 86.4 ns 30.9 39.0 35.2 37.8 48.9 36.4 46.9 42.6 45.3
ns 0.247 0.091 0.113 0.095 0.106 0.123 0.105 0.096 0.111 ns 1.12 0.123 0.123 0.119 0.11 0.117 0.111 0.121 0.123
ns <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 ns <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.073 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns 0.019 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.01 <0.002 <0.002 <0.002 <0.002 0.003 <0.002 <0.002 <0.002 ns 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.669 0.231 0.021 0.008 0.029 0.016 0.011 0.011 0.013 ns 1.15 0.019 0.017 0.016 0.016 0.02 0.019 0.022 0.02
ns 262 279 297 219 273 250 275 272 295 ns 279 279 278 266 295 284 301 298 312
ns 262 279 297 219 266 283 275 272 295 ns 279 279 278 266 295 284 301 298 312
ns <5 <5 <5 <5 8 <5 <5 <5 <5 ns <5 <5 <5 <5 <5 <5 <5 <5 <5
ns <5 <5 <5 <5 <5 <5 <5 <5 <5 ns <5 <5 <5 <5 <5 <5 <5 <5 <5
ns 5.4 2.7 1.4 0.9 3.7 2 3.2 0.8 3 ns 1.2 3.2 0.9 0.7 1.4 0.9 4 1.3 1.2
ns 2.6 2.8 1.4 1.1 0.9 1.8 1.8 1 1.4 ns 1.2 2.4 0.9 0.6 1 0.7 3.6 1.2 1.2
ns 287 321 356 273 311 323 341 326 336 ns 349 413 350 342 376 300 353 354 322
ns <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.05 <0.02 <0.02 ns 0.15 <0.02 <0.02 <0.02 <0.02 <0.02 0.04 <0.02 0.04
ns 671 733 790 685 849 1100 1050 1040 1080 ns 579 899 771 770 901 862 939 950 919
ns 7.89 8.15 8.11 7.66 8.34 8.05 8.12 7.95 8.26 ns 8.03 7.83 8.09 7.74 8.25 8.16 8.07 8.17 8.18
ns 6.72 7.86 8.05 7.25 9.34 10.50 10.70 9.99 11.00 ns 8.88 7.71 8.63 9.97 9.01 9.63 9.34 8.46
ns 7.31 8.02 8.88 6.86 8.91 9.66 10.20 10.30 10.70 ns 8.38 8.57 8.53 9.68 7.62 9.14 8.97 10.10
ns 4.2 1.0 0.8 2.7 2.4 4.2 2.4 1.8 1.22 ns 2.9 1.8 0.3 0.6 1.5 8.3 2.6 2.0 8.82
ns 0.91 1.24 1.27 0.58 1.38 1.07 1.2 1.01 1.37 ns 1.16 1.19 1.22 0.84 1.4 1.23 1.24 1.33 1.32
ns 6.98 6.91 6.84 7.08 6.96 6.98 6.92 6.94 6.89 ns 6.87 6.64 6.87 6.9 6.85 6.93 6.83 6.84 6.86
ns 10.6 3.15 8.49 6.39 3.91 9.66 8.61 8.8 8.91 ns 11.3 4.6 10.1 9.96 4.21 10.8 10.1 9.92 10.3
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
110 111

2003 2008 2009 2010 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016

91.0 75.8 78.3 86.5 3.00 1.27 1.23 1.32 2.77 5.79 5.07 4.16 5.85 14.8
0.10 0.06 <0.05 <0.05 0.71 1.08 1.22 0.97 1.08 0.9 0.87 1.07 1.25 0.79
7.70 7.48 5.38 4.91 <0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.05 <0.25

<0.10 <0.05 <0.05 <0.05 <0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.05 <0.25
<0.30 <0.10 <0.10 <0.10 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.10 <0.50
27.0 19.5 18.5 16.8 27.0 21.1 21 22 25.6 29.5 28.6 23 24.4 29.5

<0.01 0.981 <0.004 <0.004 0.210 0.614 <0.004 <0.004 0.007 0.087 0.005 0.011 <0.004 0.026
<0.005 <0.006 <0.006 <0.006 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.001 <0.003 <0.003 <0.003 0.004 0.004 <0.003 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003

0.10 0.126 0.086 0.084 0.08 0.093 0.067 0.064 0.071 0.089 0.072 0.056 0.06 0.05
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

0.10 0.010 <0.010 <0.010 0.06 0.016 0.019 0.015 0.016 0.011 0.013 0.019 0.017 0.016
<0.0001 0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001

91.0 81.6 91.5 93.6 53.0 43.3 57.8 55.8 53.3 56.5 56 54.4 55.2 50.9
0.003 0.008 0.004 <0.003 0.002 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

<0.0008 0.017 <0.001 <0.001 <0.0008 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
0.001 0.026 <0.003 <0.003 <0.001 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.06 3.71 <0.010 <0.010 0.27 1.55 0.023 0.02 0.122 0.071 0.28 0.054 0.266 0.014

<0.001 0.129 <0.002 <0.002 <0.001 0.008 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
29 25.7 28.3 29.2 23 20.8 25.1 25.2 24 25.9 25.7 24.4 24.8 23

0.075 0.843 <0.002 <0.002 0.024 0.051 0.006 0.005 0.010 0.018 0.011 0.006 0.005 0.023
0.006 <0.002 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.002 0.010 <0.003 0.017 <0.002 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 0.36 <0.05 <0.05 <0.05 0.16 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
2.7 2.87 1.92 2.12 1.2 0.84 1.41 1.37 1.33 1.31 1.46 1.34 1.31 0.76

<0.005 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.0001 <0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

27 34.4 34.4 37.4 5.2 10.2 3.80 4.51 3.9 4.79 5.17 5.27 6.24 21.5
0.19 0.234 0.115 0.107 0.16 0.205 0.134 0.146 0.172 0.161 0.144 0.132 0.161 0.188

<0.0003 <0.006 <0.006 <0.006 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
0.006 0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.067 <0.002 <0.002 0.009 0.034 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.005 <0.002 <0.002 <0.002 <0.005 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.008 0.004 <0.002 <0.002 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.011 0.521 0.021 0.024 0.008 0.015 <0.005 <0.005 <0.005 0.106 0.007 <0.005 <0.005 <0.005
270 277 266 277 240 225 218 219 216 225 219 218 212 226
269 277 266 277 239 225 213 219 216 225 219 218 212 226
<10 <5 <5 <5 <10 <5 5 <5 <5 <5 <5 <5 <5 <5
<1 <5 <5 <5 65 <5 <5 <5 <5 <5 <5 <5 <5 <5
na 2.9 1.3 1.7 na 1.5 0.7 0.7 0.6 3.5 11 0.9 0.6 2

<0.7 1.0 1.1 1.6 540 0.8 0.6 0.9 0.6 0.9 11 0.9 <0.5 2
347 310 345 354 227 194 248 243 232 248 246 236 240 222

<0.05 <0.02 <0.02 <0.02 0.08 <0.02 <0.02 <0.02 <0.02 <0.02 0.08 0.03 0.03 0.1
860 758 817 771 450 416 437 415 441 451 483 469 464 501
7.7 7.93 7.89 8.08 7.8 8.09 8.34 8.14 7.87 8.17 8.19 8.03 8.09 8.16
9.08 8.62 7.77 5.49 4.97 4.83 4.21 4.99 5.32 5.16 5.01 4.98 5.39
8.17 7.76 8.75 4.80 4.33 5.15 5.09 4.84 5.19 5.17 4.99 5.10 5.59

-10.55 5.3 0.8 0.4 -13.41 6.9 3.2 1.6 1.5 1.3 0.1 0.3 1.2 1.83
0.02 1.0 1.15 1.21 -0.10 0.90 1.24 1.04 0.74 1.09 1.09 0.91 0.97 1.03
7.68 6.93 6.74 6.87 7.90 7.19 7.1 7.1 7.13 7.08 7.1 7.12 7.12 7.13
11.3 11.5 4.65 12.1 18.4 18.4 7.86 16.8 17.1 6.93 19.1 15.9 17.4 17.5
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
112 113 114

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010 2003 2008 2009 2010

<2.0 1.88 1.92 1.66 2.57 2.93 3.1 3.1 3.43 3.22 2.30 0.88 0.82 0.71 5.40 0.55 0.42 0.58
0.67 0.73 0.8 0.67 0.7 0.82 0.61 0.68 0.52 0.69 0.68 1.33 1.4 1.14 0.82 0.77 0.81 0.7

<0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.05 <0.10 <0.05 <0.05 <0.05 0.13 <0.05 <0.05 <0.05
<0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.05 <0.10 <0.05 <0.05 <0.05 <0.10 <0.05 <0.05 <0.05
<0.30 <0.10 <0.10 <0.10 <0.10 0.16 <0.10 <0.50 <0.20 <0.10 <0.30 <0.10 0.37 <0.10 <0.30 <0.10 0.64 <0.10
15.0 16.4 18.1 12.2 20.6 22.5 21.9 22.7 20.9 23.7 34.0 19.5 20.3 20.3 70.0 4.54 4.73 5.48

<0.01 0.041 0.005 <0.004 0.007 0.006 0.007 <0.004 <0.004 <0.004 <0.01 0.145 0.011 <0.004 <0.01 0.046 0.004 <0.004
<0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006 <0.005 <0.006 <0.006 <0.006
0.003 0.004 0.005 0.004 0.005 0.005 0.004 0.004 0.004 0.004 0.005 <0.003 <0.003 <0.003 0.001 0.008 0.008 0.007
0.01 0.038 0.041 0.041 0.038 0.036 0.037 0.033 0.036 0.038 0.09 0.082 0.082 0.082 0.08 0.050 0.056 0.064

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002
<0.05 0.037 0.039 0.043 0.043 0.039 0.038 0.042 0.039 0.037 <0.05 <0.010 <0.010 <0.010 <0.05 0.016 0.017 0.015

<0.0001 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.001 <0.0001 <0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002
28.0 22.9 32 27 28.7 28.7 31.8 31 31.8 31.9 59.0 51.6 59.9 62 25.0 40.8 49.5 53.9
0.002 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.002 <0.003 <0.003 <0.003 0.002 <0.003 <0.003 <0.003

<0.0008 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0018 <0.001 <0.001 <0.001 0.0016 <0.001 <0.001 <0.001
<0.001 <0.003 <0.003 <0.003 <0.003 <0.002 <0.003 <0.003 <0.003 <0.003 <0.001 <0.003 <0.003 <0.003 <0.001 <0.003 <0.003 <0.003
<0.05 0.149 0.120 0.073 0.117 0.118 0.077 0.098 0.077 0.099 0.07 0.400 0.162 0.184 0.06 1.32 1.09 1.27
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.035 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002

22 22.7 27.9 25.1 25.2 25 26.9 26.7 25.7 26.1 22 21 23.6 24.6 18 20.3 23.1 25.3
0.034 0.039 0.031 0.029 0.031 0.032 0.030 0.03 0.031 0.03 0.029 0.028 0.004 0.002 0.097 0.004 0.003 0.003
0.005 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.003 0.003 0.001 <0.002 <0.002 <0.002 0.016 0.002 0.002 0.002

<0.002 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.002 <0.003 <0.003 <0.003 0.003 <0.003 <0.003 <0.003
<0.05 0.06 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07 <0.05 <0.05 <0.05 0.05 0.06 <0.05
0.9 0.96 0.81 0.91 0.84 0.72 0.8 0.78 0.87 0.86 1.0 1.06 0.94 0.98 1.0 1 0.83 0.95

<0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004
<0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002

11 12.1 12.5 14.5 11.5 11.9 12.1 12.7 13.2 12.0 4.2 3.64 3.00 3.47 34 6.55 5.08 4.83
0.38 0.426 0.361 0.41 0.436 0.373 0.395 0.363 0.386 0.381 0.30 0.193 0.172 0.169 16 0.361 0.289 0.325

<0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 <0.006 <0.006 <0.006 <0.0003 <0.006 <0.006 <0.006
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.009 <0.002 <0.002 <0.002 0.002 <0.002 <0.002
<0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.005 <0.002 <0.002 <0.002 <0.005 <0.002 <0.002 <0.002
0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.005 <0.002 <0.002 <0.002 0.005 <0.002 <0.002 <0.002
0.004 0.015 0.009 0.01 0.01 0.013 0.01 0.008 0.009 0.009 0.006 0.008 0.019 <0.005 0.007 0.014 0.007 0.013
200 185 193 180 181 189 186 186 181 192 240 228 234 228 220 226 222 226
199 185 193 180 181 189 186 186 181 192 239 228 234 228 220 226 222 226
<10 <5 <5 <5 <5 <5 <5 <5 <5 <5 <10 <5 <5 <5 <10 <5 <5 <5
79 <5 <5 6 <5 <5 <5 <5 <5 <5 4 <5 <5 <5 85 <5 <5 <5
na 0.6 0.7 1.1 0.6 4 1.1 0.7 0.7 0.6 na 0.7 0.6 0.9 na 1.2 1.1 2

46.0 0.5 0.7 1 0.6 1.7 0.7 0.7 0.7 0.7 56.0 0.6 0.7 0.8 51.0 1.2 1.2 1.6
161 151 195 171 175 175 190 187 185 187 238 215 247 256 137 185 219 239
0.33 0.37 0.07 0.13 0.2 0.13 0.16 0.3 0.29 0.3 0.06 <0.02 <0.02 0.02 0.15 0.67 0.45 0.24
380 358 379 335 374 374 416 403 401 384 480 402 450 426 530 383 413 390
7.7 8.13 8.21 8.26 8.15 8.11 8.12 8.11 8.09 8.17 7.8 8.05 8.12 8.14 7.2 8.07 8.10 8.21
4.41 4.09 3.35 4.16 4.37 4.30 4.32 4.18 4.30 5.62 4.99 4.31 6.06 4.63 3.95
3.73 3.58 4.07 4.04 4.03 4.35 4.33 4.31 4.46 4.97 4.49 5.29 4.24 4.06 5.02

-16.71 6.7 1.9 1.7 1.5 4.1 0.7 0.2 1.6 1.84 -12.28 5.3 0.4 2.2 -35.34 6.5 1.0 3.4
-0.54 0.75 1.09 0.92 0.82 0.8 0.84 0.82 0.79 0.9 -0.06 0.91 1.18 1.08 -1.07 0.86 1.09 1.11
8.24 7.38 7.12 7.34 7.33 7.31 7.28 7.29 7.3 7.27 7.86 7.14 6.94 7.06 8.27 7.21 7.01 7.1
12.8 14.7 6.56 12.8 14.2 13.5 16 13.2 13.8 13.5 18.0 18.5 7.96 17.2 11.3 17.3 7.38 9.31
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
115 115A

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

6.80 2.33 2.42 2.72 3.23 3.27 2.96 2.95 3.44 2.97 150 237 156 72.4 135 137 223 199 264 237 286 165
0.34 0.38 0.38 0.3 0.34 0.31 0.3 0.28 0.23 0.32 <0.10 0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.25

<0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 0.14 <0.05 9.10 2.12 1.3 1.28 0.88 1.96 0.5 <1.25 0.53 0.32
<0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.05 <0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.25
<0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.20 <0.10 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <2.50 <0.50 <0.50
45.0 30.9 32.1 31.8 33.3 34.4 32.5 32.7 34.1 33.4 29.0 22.7 14.8 11.9 13.7 24.8 18.8 15.6 13.7 13.5

<0.01 0.031 0.004 0.006 0.077 0.006 0.007 <0.004 <0.004 <0.004 <0.01 2.41 0.012 <0.004 0.01 0.022 0.005 <0.004 <0.004 <0.004
<0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.001 0.013 0.005 0.004 0.006 0.005 0.004 0.004 0.004 0.003 <0.001 0.013 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

0.12 0.957 0.113 0.09 0.093 0.084 0.084 0.069 0.08 0.069 0.08 0.191 0.057 0.043 0.05 0.045 0.053 0.047 0.059 0.054
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

0.11 0.020 0.012 0.01 0.013 0.011 0.011 0.013 0.012 0.012 <0.05 0.018 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
<0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.0001 0.007 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001

63.0 52.7 57.4 57.2 56.1 55.9 56.5 53.9 56.8 53.7 110 109 93.4 83.1 95.9 77.9 98.9 83.2 89.3 81.8
0.002 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.004 0.010 0.003 <0.003 <0.003 0.006 <0.003 <0.003 <0.003 <0.003

<0.0008 0.009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0008 0.023 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.001 0.082 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 3.25 0.176 0.246 0.51 0.397 0.314 0.347 0.347 0.418 0.08 3.68 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.208 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

21 22.6 24.2 24.2 24 24.1 23.5 23.4 23.2 22 28 29.8 26.5 22.5 27.4 21.9 27.5 24.1 23.4 22.9
0.047 4.94 0.01 0.011 0.031 0.012 0.012 0.011 0.012 0.011 <0.001 3.19 0.002 <0.002 <0.002 0.004 <0.002 <0.002 <0.002 <0.002
0.009 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.013 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.002 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 0.1 <0.05 <0.050 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 9.2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
2.2 2.04 1.17 1.15 1.04 1.09 1.04 0.9 1.05 0.97 1.4 1.68 0.94 0.99 0.83 0.78 0.95 0.89 0.97 0.96

<0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

7.6 4.56 4.54 5.4 4.69 4.68 4.44 4.76 4.86 4.48 53 79.7 111 77.3 77.1 82.4 92.1 147 192 161 164 96.2
0.25 2.41 0.123 0.13 0.164 0.14 0.128 0.119 0.131 0.139 0.16 1.16 0.114 0.11 0.14 0.115 0.145 0.112 0.134 0.127

<0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.003 <0.002 <0.002 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.019 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.005 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.008 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.009 0.011 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.025 0.055 0.005 0.007 0.007 <0.005 <0.005 <0.005 <0.005 <0.005 0.011 0.49 0.007 0.008 <0.005 0.028 <0.005 <0.005 <0.005 0.005
230 214 206 205 213 212 208 210 205 214 270 251 351 359 335 278 303 358 363 375
229 200 206 205 213 212 208 210 205 214 269 251 351 359 335 278 303 358 363 375
<10 14 <5 <5 <5 <5 <5 <5 <5 <5 <10 <5 <5 <5 <5 <5 <5 <5 <5 <5
15 <5 <5 <5 <5 <5 <5 <5 <5 <5 <1 <5 <5 <5 <5 <5 <5 <5 <5 <5
na 0.8 12.9 2.1 2.6 25 2 1.5 1.2 1.2 na 3.8 2 2.3 1.1 3.9 2 1.6 1.6 2
2.2 0.8 12.3 1.2 2.6 3 2 1.5 1.2 1.2 1.3 3.8 2 2.1 1 2.9 2 1.6 1.5 2
244 225 243 242 239 239 238 231 237 225 390 395 342 300 352 285 360 307 319 299
0.07 <0.02 <0.02 0.02 0.06 0.04 0.08 0.06 0.06 0.02 <0.05 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
470 425 441 412 419 427 464 460 454 452 1000 1160 1130 807 963 910 1280 1310 1510 1340
7.7 8.32 8.21 8.16 7.95 8.21 8.04 8.07 8.01 8.05 7.5 8.27 8.02 8.08 7.71 8.01 8.12 8.2 7.93 8.11
5.75 4.99 4.86 4.18 5.06 5.06 4.94 4.98 4.93 4.71 10.9 12.3 11.8 8.38 10.90 10.10 12.80 13.10 15.00 13.00
5.26 4.74 5.08 5.11 5.01 5.00 4.98 4.85 4.98 5.08 10.1 11.4 11.7 9.39 10.40 9.29 11.20 12.50 14.80 14.50
-8.90 2.6 2.3 2.6 0.5 0.6 0.4 1.3 0.6 3.74 -7.13 3.9 0.5 0.9 2.1 4.1 6.5 2.1 0.9 5.45
-0.15 1.17 1.08 1.03 0.83 1.08 0.9 0.93 0.87 0.9 -0.13 1.38 1.21 1.25 0.89 1.05 1.27 1.35 1.1 1.27
7.85 7.15 7.13 7.13 7.12 7.13 7.14 7.14 7.14 7.15 7.63 6.89 6.81 6.83 6.82 6.96 6.85 6.85 6.83 6.84
6.67 17.6 8.38 17.5 18.3 7.45 20.4 17.5 18.4 18.8 10.6 6.41 3.25 8.72 7.06 2.94 7.44 6.83 6.38 6.82
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
116 116A

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

68.0 27.2 31.3 29.3 35.6 36.9 46.4 56.8 55.1 90.1 15.0 13.1 9.23 13.9 13 33.2 44.8 43.9 83.6 73.3 55.7 89.1
<0.10 0.15 0.11 0.12 <0.05 0.17 <0.25 <1.25 <0.25 <0.25 <0.10 0.12 <0.05 0.08 0.12 0.09 <0.25 <1.25 <0.25 <0.25
2.30 0.12 0.08 <0.05 0.1 <0.05 <0.25 <1.25 <0.25 <0.25 0.54 0.10 <0.05 <0.05 0.06 0.33 0.36 <1.25 <0.25 <0.25
0.45 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.25 <0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.25

<0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <2.50 <0.50 <0.50 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <2.50 <0.50 <0.50
57.0 33.6 24.1 23.5 16.9 21.5 20.7 20.4 17.1 17.1 57.0 25.4 8.82 10.2 15.7 16.9 14.6 7.92 9.46 7.42

<0.01 3.20 0.006 <0.004 0.007 0.03 0.004 <0.004 <0.004 0.005 <0.01 1.84 <0.004 0.016 0.008 0.007 <0.004 0.189 <0.004 <0.004
<0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.001 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.002 0.007 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.06 0.170 0.039 0.052 0.037 0.047 0.068 0.043 0.056 0.058 0.04 0.122 0.031 0.041 0.044 0.044 0.036 0.041 0.053 0.043

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

0.09 0.011 0.013 <0.010 <0.010 0.011 <0.010 0.013 0.011 0.013 <0.05 0.011 <0.010 <0.010 0.019 <0.010 <0.010 0.011 <0.010 <0.010
<0.0001 0.0027 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001 <0.0001 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001

94.0 81.1 90.6 82.2 88.8 85.2 97.1 94.7 98.2 106 84.0 74.6 84.8 94.9 66.3 94.7 98.4 93 107 90.2
0.003 0.015 <0.003 <0.003 <0.003 0.003 <0.003 <0.003 <0.003 <0.003 0.003 0.012 <0.003 <0.003 <0.003 0.003 <0.003 <0.003 <0.003 <0.003
0.0008 0.012 <0.001 0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.0008 0.012 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
0.002 0.057 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.002 0.136 <0.003 0.003 <0.003 <0.003 <0.003 0.005 <0.003 <0.003
0.06 7.45 <0.010 <0.010 1.62 <0.010 <0.010 <0.010 <0.010 <0.010 0.05 5.07 0.265 <0.010 <0.010 0.038 0.300 1.35 0.308 0.541

<0.001 0.114 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.154 <0.002 <0.002 <0.002 <0.002 <0.002 0.007 <0.002 <0.002
34 25.7 27.5 26.4 29.1 27.4 30.7 31.1 30.7 33.1 22 22.5 24.7 28.4 19 31.3 32.1 29.9 32.1 27.1

0.14 1.66 0.002 0.386 0.069 0.042 1.97 0.148 0.023 0.04 0.021 1.11 0.078 0.046 0.044 0.055 0.062 0.127 0.158 0.103
0.009 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.002 0.017 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 0.003 <0.003 <0.002 0.030 <0.003 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 0.97 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.6 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
2.7 1.58 1.57 1.2 0.74 1.28 1.42 1.18 1.48 1.57 1.0 0.9 0.69 0.81 1.87 0.75 0.76 0.7 0.83 0.82

<0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.0001 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

25 13 16.5 16.4 11.8 14.1 17.2 22.0 24.0 34.1 5.8 7.69 7.97 8.20 10.30 16.00 20.70 30.2 44.1 50.1 33.2 56.0
0.21 0.419 0.106 0.16 0.12 0.117 0.158 0.115 0.128 0.134 0.12 0.467 0.095 0.118 0.11 0.134 0.141 0.125 0.141 0.112

<0.0003 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.081 <0.002 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.059 <0.002 <0.002 <0.002 <0.002 <0.002 0.013 <0.002 <0.002
<0.005 0.002 <0.002 <0.002 <0.002 0.002 <0.002 0.002 <0.002 <0.002 <0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.009 0.023 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.008 0.021 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.019 0.649 0.020 0.038 <0.005 0.021 0.02 0.025 0.02 0.023 0.031 0.467 0.012 0.052 0.008 0.009 0.017 0.032 <0.005 0.005
280 276 298 280 307 292 295 314 317 352 250 262 268 336 228 341 323 356 367 356
279 276 268 280 307 292 295 314 317 352 249 262 268 336 228 341 323 356 367 356
<10 <5 <5 <5 <5 <5 <5 <5 <5 <5 <10 <5 <5 <5 <5 <5 <5 <5 <5 <5
18 <5 <5 5 <5 <5 <5 <5 <5 <5 11 <5 <5 <5 <5 <5 <5 <5 <5 <5
na 6.3 7.5 5 1.6 14.4 2.9 2.2 2.4 2.2 na 8.2 3.1 9.2 2.3 22.2 3.2 3.7 2.4 2.5
6.6 2.4 4.4 2 1.5 7 2.5 2.1 2.3 2.1 1.9 3.0 3.1 2.5 2.3 2.2 1.9 2.5 2.4 2.7
375 308 339 314 342 326 369 365 372 401 300 279 313 354 244 365 378 355 399 337

<0.05 <0.02 <0.02 0.56 <0.02 0.02 <0.02 0.03 0.03 <0.02 <0.05 <0.02 <0.02 0.09 <0.02 <0.02 <0.02 0.06 <0.02 <0.02
830 604 624 589 629 635 726 818 801 911 600 526 524 615 471 700 759 826 927 875
7.6 7.66 7.84 8.00 7.68 8.11 8.03 8.12 7.77 8.14 7.5 7.63 7.98 7.93 8.05 8.01 8.08 8.01 7.64 8.13
8.87 6.10 6.76 6.00 7.50 7.34 7.64 8.31 8.25 9.54 6.65 5.29 5.80 6.23 5.26 8.14 8.05 8.52 9.90 8.93
8.65 6.77 7.54 7.06 7.36 7.15 8.16 8.27 8.51 9.94 6.28 5.93 6.63 7.46 5.37 8.02 8.47 8.44 9.92 9.34
-2.51 5.2 5.5 1.0 1.0 1.3 3.3 0.2 1.5 2.06 -5.72 5.7 6.6 0.9 1.0 0.8 2.5 0.5 0.1 2.25
-0.06 0.73 0.94 1.08 0.84 1.23 1.21 1.32 0.98 1.43 -0.21 0.63 1.07 1.15 0.96 1.25 1.31 1.25 0.95 1.35
7.66 6.93 6.90 6.92 6.84 6.88 6.82 6.8 6.79 6.71 7.71 7.0 6.91 6.78 7.09 6.76 6.77 6.76 6.69 6.78
10.5 9.79 3.99 8.88 7.21 3.55 9.31 8.43 8.29 9.89 7.90 8.38 3.41 8.06 8.01 3.67 8.45 8.0 7.4 7.4
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
117 117A

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

8.10 17.3 17.5 21.2 27.4 27.1 30.5 32.3 36.3 37.9 35.0 31.8 41.2 49.4 37.5 19.1 37.8 29.2 66.8 65.4 82.4 90.8
0.13 0.16 <0.05 0.13 <0.05 <0.05 <0.10 <0.10 <0.25 <0.25 0.12 0.23 <0.05 0.17 0.19 0.27 <0.10 0.21 0.28 <0.25

<0.10 0.11 <0.05 0.12 <0.05 <0.05 <0.10 <0.10 <0.25 <0.25 3.30 0.88 0.51 0.22 0.33 <0.05 <0.10 <0.10 <0.05 <0.25
<0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.10 <0.10 <0.25 <0.25 0.23 <0.05 <0.05 <0.05 <0.05 <0.05 <0.10 <0.10 <0.05 <0.25
<0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.20 <0.20 <0.50 <0.50 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.20 <0.20 <0.10 <0.50
35.0 37.8 34.3 37.7 38.7 38.5 35.3 36.4 37 37.1 40.0 20.2 24.3 24.6 16.7 30 25.2 22.8 26.2 21.2

<0.01 0.02 <0.004 <0.004 0.009 0.008 0.005 <0.004 <0.004 <0.004 <0.01 2.04 <0.004 <0.004 0.007 0.005 0.004 0.008 <0.004 0.011
<0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.001 <0.003 <0.003 <0.003 <0.003 0.005 <0.003 <0.003 <0.003 <0.003 <0.001 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.10 0.970 0.114 0.155 0.082 0.139 0.088 0.096 0.096 0.107 0.12 0.387 0.092 0.106 0.085 0.073 0.07 0.059 0.078 0.082

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.05 0.013 0.012 <0.010 <0.010 0.011 <0.010 0.014 <0.010 <0.010 <0.05 0.014 <0.010 <0.010 <0.010 <0.010 <0.010 0.01 <0.010 <0.010

<0.0001 0.0006 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001 <0.0001 0.0025 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001
79.0 79.9 79.4 82.8 80.7 83.5 91.5 82.6 90.6 86.9 90.0 70.8 78.4 82.4 75.5 71.5 77.8 62.4 80.9 71.4
0.003 0.014 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.003 0.018 <0.003 <0.003 <0.003 <0.003 <0.003 0.003 <0.003 <0.003

<0.0008 0.020 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0008 0.016 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
0.001 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.002 0.070 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 1.61 0.532 <0.010 1.65 0.195 1.3 1.17 1.33 1.25 0.06 2.47 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
<0.001 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.591 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

24 27.4 28.3 29.8 29.9 30 32.2 28.8 32 30 27 23.7 27.3 28.2 26.7 25.6 28.6 22.9 30.9 27.2
0.097 4.08 0.046 0.356 0.062 0.049 0.054 0.058 0.052 0.06 0.013 2.09 <0.002 0.006 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.002 0.037 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.002 0.023 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 0.04 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 2.03 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
1.5 2.27 0.83 1.38 0.73 1.06 0.84 0.87 0.83 0.78 1.2 1.28 0.77 1.06 0.88 0.82 0.86 0.8 0.88 0.89

<0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.0001 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 0.0002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

5.5 6.27 7.16 4.97 5.09 4.45 4.64 4.5 4.5 4.44 18 15.4 18.7 23.6 16.8 12.3 21.7 17.5 26.6 32 39.5 37.4
0.17 2.04 0.117 0.213 0.143 0.146 0.13 0.128 0.129 0.139 0.15 0.765 0.103 0.149 0.113 0.099 0.108 0.089 0.12 0.133

<0.0003 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.022 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.005 0.006 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.005 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.010 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.009 0.013 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.004 0.038 0.009 0.01 <0.005 0.006 <0.005 <0.005 <0.005 <0.005 0.012 0.328 0.016 0.018 0.007 0.009 0.01 0.01 0.01 0.009
280 271 264 276 259 268 263 275 263 268 280 243 255 274 263 256 256 232 249 260
279 271 264 276 259 268 263 275 263 268 279 243 255 274 263 256 256 232 249 260
<10 <5 <5 <5 <5 <5 <5 <5 <5 <5 <10 <5 <5 <5 <5 <5 <5 <5 <5 <5
14 <5 <5 7 <5 <5 <5 <5 <5 5 11 5 <5 5 <5 <5 <5 <5 <5 <5
na 34.2 7.9 3.5 1.9 21.9 2.9 50.4 3.3 2.8 na 15.7 2.5 4.3 1.4 13 3.2 39.2 2 2.1
2.5 1.6 6.9 1.6 1.7 9.6 2.5 21.7 3.2 2.5 1.7 3.0 2.2 1.9 1.4 3.2 1.6 15.6 1.9 2.1
296 312 315 329 325 332 361 325 358 341 336 274 308 322 298 284 312 250 329 290

<0.05 <0.02 <0.02 0.09 0.06 0.07 0.05 0.18 0.17 0.12 <0.05 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 0.05 <0.02 <0.02
570 563 602 577 596 597 646 642 664 655 730 551 645 645 592 544 643 565 731 700
7.6 7.83 8.06 8.06 7.89 8.21 8.12 7.88 7.87 8.09 7.5 7.78 8.08 7.96 7.71 8.13 7.98 7.9 7.89 8.15
6.57 5.82 6.01 6.76 6.93 6.86 7.17 7.05 7.20 7.66 5.46 6.51 6.70 6.3 6.71 5.95 7.42 7.49
6.20 6.57 6.84 6.73 6.86 7.44 6.72 7.38 7.03 7.53 6.18 7.49 6.72 6.23 7.20 5.78 7.76 7.21
-5.79 6.1 1.0 0.6 0.2 0.5 4.1 3.2 2.3 1.23 -1.71 6.3 1.3 0.5 0.1 0.5 3.5 1.4 2.2 1.85
-0.07 0.9 1.12 1.16 0.95 1.3 1.24 0.97 0.98 1.19 -0.04 0.74 1.12 1.05 0.74 1.13 1.02 0.83 0.94 1.17
7.68 6.93 6.94 6.9 6.94 6.91 6.88 6.91 6.89 6.9 7.65 7.04 6.96 6.91 6.97 7 6.96 7.07 6.95 6.98
14.2 15.9 7.48 15.7 16.1 6.87 19.1 16.5 17.3 17.8 12.5 9.9 3.94 10.6 7.91 3.77 10.6 9.2 10.3 10.4

Banks Groundwater Engineering Limited 11 of 19 Hanlon Creek Business Park - Groundwater Monitoring Program  2003 - 2018



Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
118 118A

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

6.40 0.44 12 0.73 0.82 0.98 0.99 1.06 1.18 0.99 220 137 217 195 185 285 292 336 396 362 372 464
0.50 0.59 0.53 0.46 0.54 0.58 0.46 0.52 0.4 0.49 0.11 0.06 <0.05 <0.05 <0.05 <0.05 <0.5 <0.5 <0.5 <0.25

<0.10 0.11 0.28 <0.05 <0.05 <0.05 <0.05 <0.10 <0.10 <0.05 11.0 4.02 3.82 3.41 3.03 2.18 1.84 1.48 1.70 1.85
<0.10 0.08 <0.05 <0.05 <0.05 <0.05 <0.05 <0.10 <0.10 <0.05 <0.30 <0.05 <0.05 <0.05 <0.05 <0.05 <0.5 <0.5 <0.5 <0.25
<0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.20 0.23 <0.10 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <1.0 <1.0 1.5 <0.50
20.0 12.7 11.2 10.4 10.6 10.3 10.3 10.3 11 10.9 23.0 25.8 20.7 18.2 20.7 26.7 39.1 31.4 32.5 30.5

<0.01 0.035 0.344 <0.004 0.009 0.007 0.006 <0.004 0.005 <0.004 <0.01 1.20 <0.004 <0.004 0.008 0.004 0.008 <0.004 <0.004 0.007
<0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.003 0.004 0.006 0.009 0.009 0.01 0.008 0.009 0.007 0.006 <0.001 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.15 1.190 0.137 0.142 0.099 0.124 0.115 0.09 0.095 0.095 0.10 0.938 0.093 0.113 0.09 0.1 0.087 0.094 0.116 0.106

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.05 0.018 0.023 0.025 0.027 0.025 0.024 0.026 0.025 0.02 <0.05 0.013 0.01 0.011 <0.010 0.011 <0.010 0.014 0.012 0.011

<0.0001 0.0012 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.0001 0.0154 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001
46.0 38.3 47.3 41.5 40 39 40.8 38.2 38.5 37 100 89.7 102 107 98.1 101 92.5 95.6 99.8 103
0.003 0.013 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.004 0.014 0.003 <0.003 <0.003 0.01 <0.003 <0.003 0.006 <0.003

<0.0008 0.017 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0008 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.003 0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.002 0.115 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 5.6 1.06 0.032 0.283 0.098 0.037 0.182 0.207 0.217 0.09 2.35 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 < 0.010 0.017
<0.001 0.001 0.027 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.032 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

25 25.6 26.2 28.4 27.6 27.2 27.6 25.5 25.1 25.3 29 27.2 31 32.6 30.8 31 28.2 29.4 28.2 30.2
0.003 4.87 0.191 0.008 0.008 0.016 0.012 0.008 0.009 0.013 0.003 3.3 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.009 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.038 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.002 0.066 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 0.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 1.03 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
2.0 1.67 1.04 1.1 0.91 1.08 0.94 0.95 0.89 0.86 2.3 2.52 1.67 1.59 1.44 1.82 1.45 1.95 1.77 1.8

<0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.0001 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 0.0003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

11 6.41 11.9 6.41 6.41 6.41 6.46 6.77 6.31 6.24 110 80.7 105 99.7 91.1 160 152 206 224 199 216 218
0.28 1.97 0.265 0.285 0.284 0.245 0.258 0.226 0.241 0.24 0.14 0.94 0.11 0.14 0.124 0.113 0.116 0.118 0.13 0.14

<0.0003 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
0.001 <0.002 <0.002 <0.002 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.003 0.026 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.005 0.01 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.010 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.009 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.018 0.067 0.114 <0.005 0.006 <0.005 <0.005 <0.005 <0.005 <0.005 0.011 2.14 0.086 0.026 0.01 0.012 0.019 0.012 0.012 0.012
230 237 208 213 216 214 213 207 217 213 270 296 282 316 305 313 316 329 325 335
228 237 203 209 216 214 211 207 217 213 269 296 282 316 305 313 316 329 325 335
<10 <5 5 5 <5 <5 <5 <5 <5 <5 <10 <5 <5 <5 <5 <5 <5 <5 <5 <5
14 <5 <5 <5 <5 <5 <5 <5 <5 <5 <1 <5 <5 10 <5 <5 <5 <5 <5 <5
na 6.1 1.8 1.7 1.9 4.1 3 13.8 1.8 2.1 na 27.5 5.9 1.3 1 18.3 2 24.7 1.2 1.6
1.8 0.8 1.2 1.3 1.5 2.3 3 9.4 1.7 2 0.8 4.8 6.0 1.6 0.9 2.7 2 11.3 0.9 1.6
218 201 226 221 214 209 216 200 199 197 369 336 382 401 372 380 347 360 365 382
0.13 0.26 0.16 <0.02 0.21 0.1 0.33 0.33 0.34 0.19 <0.05 <0.02 <0.02 <0.02 <0.02 <0.02 0.03 0.03 0.03 <0.02
400 388 439 379 383 387 414 412 409 402 1300 935 1220 1130 1070 1430 1560 1690 1840 1710
7.9 8.2 8.35 8.31 8.01 8.09 8.31 8.02 8.17 8.03 7.5 7.92 8.04 8.05 7.73 8 8.16 8.1 8.05 8
5.23 4.28 4.75 3.92 4.59 4.55 4.53 4.41 4.62 4.23 12.9 9.64 12.50 11.40 12.00 15.00 15.50 16.80 18.50 16.30
4.89 4.35 5.07 4.71 4.58 4.49 4.63 4.34 4.30 4.54 12.2 10.30 12.20 12.40 11.40 14.60 13.60 16.20 17.10 17.70
-6.72 0.8 3.2 2.0 0.1 0.7 1.1 0.8 3.6 3.53 -5.18 3.2 0.9 0.2 2.3 1.4 6.6 1.9 3.9 3.98
-0.06 1.05 1.19 1.15 0.84 0.91 1.14 0.81 0.98 0.82 -0.18 1.03 1.18 1.26 0.89 1.19 1.31 1.27 1.22 1.21
7.97 7.15 7.16 7.16 7.17 7.18 7.17 7.21 7.19 7.21 7.69 6.89 6.86 6.79 6.84 6.81 6.85 6.83 6.83 6.79
15.8 19.4 8.8 18.7 20.6 8.54 23.1 21.8 21.8 21.8 10.9 8.08 3.78 9.59 8.84 3.45 9.33 7.99 8.1 8.57
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
119 119A

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

32.0 28.7 28.9 29.4 29.8 29.4 82 132 234 262 226 218 30.0 19.3 23.1 27.2 74.4 127 108 165 202 188 192 214
<0.10 0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25 <0.10 0.06 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25
0.25 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25 <0.10 <0.05 <0.05 <0.05 1.95 0.19 <0.25 <0.10 <0.25 <0.25
0.19 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25 <0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25

<0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.20 <0.50 <0.50 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.20 <0.50 <0.50
96.0 67.7 61.8 61.7 61.9 53.1 37.9 28.4 25.5 18 81.0 25.5 15.7 7.83 26.6 43.4 23.8 22.9 15.2 11.9

<0.01 1.06 0.01 0.006 0.016 0.017 0.01 <0.004 0.005 < 0.004 <0.01 1.74 0.004 0.004 0.014 0.025 0.013 <0.004 <0.004 < 0.004
<0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.002 0.01 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.002 0.008 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.07 0.169 0.048 0.046 0.041 0.043 0.04 0.04 0.081 0.063 0.09 0.339 0.06 0.076 0.065 0.071 0.051 0.086 0.106 0.088

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

0.11 0.018 0.011 0.01 0.01 <0.010 <0.010 0.01 0.013 0.012 <0.05 0.013 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
<0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.0001 0.006 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001

110 94.4 98.2 103 96.6 100 102 85.6 105 108 110 89.0 94.1 97.9 70.5 86.6 69 79.6 84.5 77.5
0.003 0.004 <0.003 <0.003 <0.003 0.004 <0.003 0.004 <0.003 <0.003 0.005 0.004 <0.003 <0.003 <0.003 0.007 <0.003 0.004 <0.003 <0.003
0.0009 0.008 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0008 0.010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
0.002 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.002 0.007 <0.003 <0.003 0.003 <0.003 0.004 <0.003 <0.003 <0.003
0.08 10.1 1.02 1.22 1.22 1.14 1.07 0.722 1.18 1.15 0.08 8.68 0.259 0.875 0.024 <0.010 <0.010 0.029 0.206 0.2

<0.001 0.02 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.044 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
31 29.3 30.7 32.5 30.6 31.6 30.6 26.2 32.1 33.4 35 26.6 28.6 30 22.8 27.7 21.5 25.6 26.1 25.3

0.16 3.75 0.124 0.154 0.108 0.11 0.12 0.094 0.113 0.106 0.20 5.2 0.573 0.536 0.057 0.34 0.369 0.701 0.573 0.42
0.010 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.009 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.005 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.002 <0.003 0.005 0.007 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 1.74 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.21 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
1.9 1.64 0.99 0.99 1.08 1.06 1.02 1.41 1.53 1.64 2.5 1.6 1.05 1.01 1.21 1.4 1.33 1.73 1.66 1.63

<0.005 0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

21 8.52 7.79 8.89 9.15 10.7 18.7 52.5 86.2 113 91.5 94.2 12 6.23 7.56 9.19 31 52.4 51.3 83.3 101 109 97.4 106
0.73 2 0.12 0.145 0.141 0.143 0.133 0.118 0.176 0.172 0.21 2.17 0.087 0.104 0.077 0.094 0.078 0.104 0.114 0.101

<0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
0.008 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.029 <0.002 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.006 0.002 <0.002 <0.002 0.003 <0.002 <0.002 0.002 <0.002 <0.002
0.010 0.007 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.002 0.013 0.007 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.011 0.217 0.013 0.006 0.01 0.011 0.007 <0.005 <0.005 <0.005 0.014 0.519 0.035 0.03 0.015 0.042 0.023 0.017 0.015 0.012
300 296 298 303 289 312 274 226 258 281 350 312 303 330 210 240 212 236 256 254
299 278 298 303 289 312 274 226 258 281 349 294 303 330 210 235 212 236 256 254
<10 18 <5 <5 <5 <5 <5 <5 <5 <5 <10 18 <5 <5 <5 6 <5 <5 <5 <5
19 8 13 14 15 25 <5 6 <5 6 28 10 10 11 5 6 <5 5 5 6
na 4.9 9.8 6.1 7 7.5 4 4.3 2.3 2.8 na 5.1 5.5 6.4 4.4 6.1 6 5.3 3.2 1.9
3.1 4.9 9.6 5.8 6.4 6 4 3.6 2.2 2.8 7.3 5.1 5.4 5.8 3.8 2.8 5 4.5 3 1.9
402 356 372 391 367 380 381 322 394 407 419 332 353 368 270 330 261 304 318 298

<0.05 0.21 <0.02 0.03 0.05 0.04 0.17 0.12 0.1 0.09 <0.05 <0.02 <0.02 <0.02 0.03 <0.02 0.05 0.05 0.03 <0.02
800 676 722 679 671 695 839 899 1220 1360 850 611 646 634 632 853 796 1020 1120 1080
7.4 8.36 7.95 8.02 7.61 8.18 8.05 8.04 7.92 8.15 7.4 8.35 8.05 8.23 8.04 8.32 8.14 8.08 7.91 8.28
8.92 8.14 8.06 7.18 7.91 8.17 8.58 8.83 12.30 13.40 9.54 7.32 7.04 6.45 6.99 9.3 7.78 9.85 11.10 10.60
9.01 7.55 7.79 8.23 7.77 8.09 8.46 8.75 11.70 13.10 8.96 6.94 7.40 7.78 6.77 8.91 7.48 9.75 10.80 10.70
1.00 3.8 1.7 0.3 0.9 0.5 0.7 0.5 2.6 1.08 -6.27 2.6 2.5 1.6 1.6 2.1 2.0 0.5 1.5 0.462
-0.17 1.52 1.13 1.23 0.78 1.39 1.21 1.04 1.04 1.32 -0.10 1.5 1.22 1.45 0.93 1.36 1.02 1.05 0.93 1.27
7.57 6.84 6.82 6.79 6.83 6.79 6.84 7.0 6.88 6.83 7.50 6.85 6.83 6.78 7.11 6.96 7.12 7.03 6.98 7.01
11.1 10.3 3.94 9.45 8.42 4.11 9.76 8.69 8.89 8.32 11.9 6.42 2.47 6.45 4.31 2.18 4.52 4.48 5.1 5.27
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
120 120A 121 121A
2003 2003 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016

17.0 34.0 52.0 45.2 105 54.3 61.2 68.9 60.9 68.3 84 90.1 38.0 62.7 48.5 81.1 96.1 89.8 42.8 53.4 63.7 46.6
<0.10 <0.10 <0.10 0.08 <0.05 <0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.25 <0.10 0.06 <0.05 0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.10
0.22 4.40 2.40 3.00 4.45 3.63 3.66 3.34 3.26 3.54 3.51 4.11 10.0 4.62 2.85 2.44 1.91 2.53 1.10 1.71 1.37 1.54
0.13 <0.10 0.26 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.25 <0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <1.25 <0.25 <0.10

<0.30 <0.30 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <2.50 <0.50 <0.50 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <2.50 <0.50 <0.20
67.0 51.0 55.0 41.5 15.8 35.4 36.7 28.2 28.3 32 24.3 25.2 27.0 16.3 41.6 15 17.5 12.9 8.89 10.4 11.2 9.14

<0.01 <0.01 <0.01 0.533 <0.004 <0.004 0.007 0.008 0.006 <0.004 <0.004 < 0.004 <0.01 4.19 1.48 <0.004 0.007 0.011 0.02 <0.004 <0.004 < 0.004
<0.005 <0.005 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.001 <0.001 <0.001 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.001 <0.003 0.005 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.16 0.08 0.10 0.325 0.064 0.119 0.116 0.086 0.068 0.095 0.10 0.099 0.09 0.310 0.163 0.078 0.079 0.061 0.038 0.043 0.053 0.042

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.23 <0.05 0.17 0.012 0.011 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.05 <0.010 <0.010 0.013 0.013 0.011 <0.010 0.01 0.011 <0.010

<0.0001 <0.0001 <0.0001 0.0043 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.001 <0.0001 0.0071 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.001
72.0 89.0 77.0 84.9 92.9 90.6 86.8 80.6 80.5 88.3 96.9 91 95.0 83.3 89.3 97.2 91.3 79.7 71 77.9 87 76.3
0.003 0.003 0.003 0.010 0.004 <0.003 <0.003 0.006 <0.003 <0.003 <0.003 <0.003 0.003 0.023 0.011 <0.003 <0.003 0.007 <0.003 <0.003 <0.003 <0.003

<0.0008 <0.0008 0.0011 0.010 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0008 0.042 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 0.001 0.002 0.016 <0.003 <0.003 <0.003 <0.002 <0.003 <0.003 <0.003 <0.003 0.001 0.134 0.017 <0.003 <0.003 <0.002 <0.003 <0.003 <0.003 <0.003
<0.05 0.06 <0.05 5.16 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.07 11.8 5.44 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
<0.001 <0.001 <0.001 0.017 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.528 0.079 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

22 24 26 28.9 27.4 31.6 31 26.7 26.5 30.8 30.1 30.8 25 23.8 31.8 30 30.9 24.5 20.8 22.7 23.7 21.1
0.063 0.004 0.29 2.61 <0.002 0.002 <0.002 <0.002 <0.002 <0.002 0.003 <0.002 0.020 3.14 0.721 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.013 <0.001 0.014 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002

<0.002 <0.002 0.003 0.010 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.002 0.036 0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 <0.05 <0.05 2.78 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 1.02 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

2.8 3.3 2.2 2.03 1.52 1.34 1.51 1.37 1.25 1.3 1.52 1.53 4.3 3.89 1.36 2.45 3.71 1.02 1.19 0.96 1.12 1.05
<0.005 <0.005 <0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.0001 <0.0001 <0.0001 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

16 12 24 13.4 38.8 15.4 17.4 24.9 19.6 22.0 28.9 33.3 18 30.2 12.1 38.4 41.2 39.5 22.8 30.1 34.2 25.6
0.13 0.11 0.22 1.04 0.108 0.12 0.104 0.091 0.114 0.104 0.112 0.123 0.13 0.469 0.318 0.119 0.111 0.105 0.101 0.08 0.093 0.089

<0.0003 <0.0003 <0.0003 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
0.002 <0.001 0.008 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 <0.002 <0.002 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.062 0.045 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.005 <0.005 <0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.009 0.008 0.008 0.003 <0.002 <0.002 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 0.009 0.012 0.007 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.005 0.007 0.010 0.434 0.017 0.031 0.025 0.031 0.034 0.03 0.032 0.033 0.028 1.79 0.272 0.017 0.012 0.023 0.018 0.008 0.01 0.01
240 250 250 259 273 261 251 267 261 259 264 285 280 266 244 305 293 284 274 265 290 276
239 249 249 259 273 261 251 267 261 259 264 285 279 266 244 305 293 284 274 265 290 276
<10 <10 <10 <5 <5 <5 <5 <5 <5 <5 <5 <5 <10 <5 <5 <5 <5 <5 <5 <5 <5 <5
35 26 22 <5 <5 <5 <5 <5 <5 <5 <5 <5 23 <5 <5 5 <5 <5 <5 <5 <5 <5
na na na 9.4 5.6 1.2 <0.5 2 1 1.2 1.2 1.3 na 9.4 2.5 1.6 0.8 1.4 2 1.5 1 1.4
1.3 1.1 2.1 1.2 1.9 1.3 <0.5 1 1.1 1.1 1.1 1.3 1.1 1.9 0.7 1.5 0.8 0.9 2 1.4 1 1.4
270 321 299 331 345 356 344 311 310 347 366 354 340 306 354 366 355 300 263 288 315 277

<0.05 <0.05 <0.05 0.15 <0.02 0.02 <0.02 <0.02 <0.02 0.03 0.02 <0.02 <0.05 0.25 <0.02 <0.02 <0.02 <0.02 <0.02 0.04 <0.02 <0.02
540 700 720 643 845 671 699 736 745 790 847 883 770 694 684 794 811 789 652 703 774 678
7.7 7.5 7.6 7.76 7.87 8.16 8.04 8.04 8.13 8.19 7.95 8.23 7.5 7.73 7.88 8.07 7.92 8.04 8.11 8.09 7.92 8.22
6.69 7.34 7.78 6.69 6.89 7.77 8.11 7.76 8.03 8.41 9.06 7.95 6.89 7.88 9.07 8.66 6.95 7.14 7.93 7.13
6.17 7.03 7.09 7.26 7.83 7.68 7.34 7.08 7.93 8.61 8.56 7.69 7.55 9.05 8.98 7.74 6.28 7.09 7.81 6.68
-8.09 -4.31 -9.28 4.1 2.6 0.5 0.6 5.0 4.6 0.6 1.2 2.83 -3.32 4.6 2.1 1.0 0.5 5.6 5.1 0.4 0.8 3.26
-0.09 -0.19 -0.17 0.83 1.14 1.27 1.12 1.1 1.18 1.28 1.07 1.37 -0.12 0.78 1.12 1.26 1.08 1.11 1.11 1.11 1.02 1.24
7.80 7.70 7.77 6.93 6.73 6.89 6.92 6.94 6.95 6.91 6.88 6.86 7.62 6.95 6.76 6.81 6.84 6.93 7.0 6.98 6.9 6.98
11.2 10.0 10.1 13.4 3.77 12.8 13 11.5 13.4 12.2 12.5 11.8 11.0 8.03 5.73 9.03 8.22 8.98 8.27 7.6 7.97 7.29
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
122 122A

2003 2008 2009 2010 2011 2012 2013 2014 2015 2016 2003 2008 2009 2010 2011 2012 2013 2014 2015 2016

44.0 63.6 66.1 62.6 66.7 64.4 66.7 67.6 62.7 61.1 32.0 48.7 41.9 48.3 51.2 48.9 46.4 38.7 49.1 38.4
<0.10 0.05 <0.05 0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25 <0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25
7.80 11.6 8.71 7.08 6.45 5.41 5.64 4.55 4.00 4.2 9.10 4.53 3.79 3.41 2.52 2.24 2.06 1.75 2.23 2.17
0.26 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25 <0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.10 <0.25 <0.25

<0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.20 <0.50 <0.50 <0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.20 <0.50 <0.50
63.0 22.1 22.7 22.2 22.1 19.8 19.1 18.2 16.8 17 20.0 16.2 16.2 15.1 13.3 13 11.8 10.8 11 9.7

<0.01 0.831 0.004 <0.004 0.008 0.007 <0.004 <0.004 <0.004 <0.004 <0.01 0.964 0.004 <0.004 0.008 0.004 <0.004 <0.004 <0.004 0.004
<0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.001 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.001 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

0.09 0.156 0.093 0.099 0.095 0.081 0.089 0.076 0.085 0.088 0.07 0.089 0.049 0.058 0.05 0.051 0.047 0.042 0.049 0.045
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

0.05 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.05 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
<0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001

89.0 85.4 101 95.4 86.7 88.7 81.1 86 86.6 86.5 92.0 72.3 79.7 85.2 78.3 78.9 68.4 71.5 83.2 78
0.003 0.006 0.003 <0.003 <0.003 <0.003 <0.003 0.004 <0.003 <0.003 0.003 0.004 <0.003 <0.003 <0.003 0.006 <0.003 0.004 <0.003 <0.003

<0.0008 0.005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0008 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
0.001 0.015 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.001 0.036 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.06 2.54 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.07 1.86 <0.010 <0.010 <0.010 <0.010 0.012 <0.010 <0.010 <0.010

<0.001 0.06 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.091 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
28 26.8 30.6 29.3 26.9 28.1 24.8 25.5 24.6 25.9 26 22.6 24.6 26.1 23.8 24.2 20.4 21.5 24 23

0.14 0.864 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.399 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.006 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.002 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 0.86 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.68 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
1.5 1.79 1.29 1.42 1.34 1.39 1.14 1.33 1.27 1.35 1.5 1.31 0.9 1.08 1.03 1.03 0.88 0.97 0.96 1.01

<0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.0001 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

27 19.4 20.6 22.5 21.2 24.3 22.1 25.8 26.5 25.7 15 17.9 15.3 19.0 19.8 20.8 19.0 19.5 22.4 18.7
0.20 0.407 0.111 0.119 0.109 0.099 0.11 0.096 0.1 0.092 0.14 0.222 0.089 0.1 0.087 0.095 0.086 0.083 0.091 0.087

<0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

<0.002 0.015 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.018 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.009 0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.010 0.008 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.019 0.229 0.037 0.02 0.016 0.019 0.015 0.016 0.014 0.016 0.005 0.212 0.007 0.008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
270 267 255 274 258 259 262 268 262 278 280 247 242 263 244 256 252 265 272 267
269 267 255 274 258 259 262 268 262 278 279 247 242 263 244 251 252 265 272 267
<10 <5 <5 <5 <5 <5 <5 <5 <5 <5 <10 <5 <5 <5 <5 5 <5 <5 <5 <5
27 <5 <5 5 <5 <5 <5 <5 <5 <5 79 <5 <5 <5 <5 <5 <5 <5 <5 <5
na 3.5 5.6 1.2 0.9 1.1 1.2 3.6 0.9 1.1 na 8.2 1.4 1.8 0.8 1 1.2 3.9 1 1.1
2.1 0.9 4.9 1.2 0.7 1 0.8 3.1 0.9 1.1 0.9 1.7 1.3 1.3 0.7 1.1 1 3.9 0.9 1.1
338 324 378 359 327 337 305 320 318 323 337 274 300 320 294 297 255 267 307 289

<0.05 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.05 <0.02 0.04 <0.05 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.04 <0.02 0.04
780 695 773 712 728 701 755 755 780 718 720 597 637 636 615 619 644 638 723 609
7.7 8.0 7.88 8.14 7.84 8.11 8.18 8.08 8.16 8.13 7.5 7.99 8.04 8.18 7.99 8.31 8.22 8.06 8.21 8.14
8.51 8.42 7.32 7.96 7.8 7.92 7.97 7.64 7.60 7.57 6.97 6.32 6.78 6.93 6.74 6.74 7.21 6.63
7.96 7.36 8.19 7.50 7.83 7.08 7.55 7.53 7.94 7.42 6.28 7.25 6.75 6.86 5.94 6.21 7.13 6.78
-6.68 6.8 2.6 0.2 3.0 0.2 5.6 2.7 0.7 2.15 -2.00 5.2 0.4 0.5 0.2 0.5 6.3 4.1 0.6 1.14
0.02 1.08 1.16 1.27 0.91 1.19 1.22 1.15 1.22 1.22 -0.13 0.96 1.2 1.25 0.99 1.33 1.17 1.05 1.27 1.17
7.68 6.92 6.72 6.87 6.93 6.92 6.96 6.93 6.94 6.91 7.63 7.03 6.84 6.93 7 6.98 7.05 7.01 6.94 6.97
11.4 12.1 4.82 10.6 10.5 4.18 10.7 9.75 10 10 11.1 8.42 3.29 7.65 6.88 3.44 7.6 6.89 7.19 7.27

Banks Groundwater Engineering Limited 15 of 19 Hanlon Creek Business Park - Groundwater Monitoring Program  2003 - 2018



Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
123 124 125

2003 2008 2009 2010 2011 2012 2014 2015 2016 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016 2017 2018

ns 4.22 3.86 3.7 3.94 4.18 4.24 4.3 4.6 294 324 290 285 305 120 4.2 254 262 427 450 229
ns 1.22 1.39 1.1 1.38 1.4 1.28 0.94 1.23 <0.05 <0.5 <1.25 <0.25 <0.25 <0.05 1.18 <0.25 <0.25 <0.5
ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.25 <0.05 <0.05 <0.5 <1.25 <0.25 <0.25 1.06 <0.05 3.26 0.86 <0.5
ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.25 <0.05 <0.05 <0.5 <1.25 <0.25 <0.25 <0.05 <0.05 <0.25 <0.25 0.94
ns <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <0.50 <0.10 <0.10 <1.0 <2.50 <0.50 <0.50 <0.10 <0.10 <0.50 <0.50 <1.0
ns 21.7 22.1 22.1 22.9 23.5 22.4 19.8 22.7 46 44.3 39.4 35.3 36.3 23.2 22.5 20 21.9 20.6
ns 0.02 0.009 <0.004 0.009 0.007 <0.004 <0.004 0.005 0.014 0.012 <0.004 <0.004 <0.004 0.021 0.005 <0.004 <0.004 0.004
ns <0.006 <0.006 <0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 0.009 0.005 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 0.067 0.076 0.07 0.07 0.075 0.063 0.074 0.071 0.163 0.107 0.113 0.129 0.131 0.065 0.065 0.062 0.054 0.048
ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 0.02 0.017 0.015 0.019 0.02 0.016 0.017 0.019 0.014 <0.010 0.012 <0.010 <0.010 0.017 0.015 0.03 0.013 0.018
ns <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.001 <0.001 <0.001 <0.002 <0.002 <0.001 <0.001 <0.002 <0.002 <0.002 <0.001 <0.001
ns 45.9 56.6 56.8 50.5 50 53.2 55.5 53.6 139 157 148 148 144 92 54 110 104 78.6
ns <0.003 <0.003 <0.003 <0.003 0.003 <0.003 <0.003 <0.003 0.013 <0.003 <0.003 <0.003 <0.003 0.004 <0.003 <0.003 <0.003 <0.003
ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ns <0.003 <0.003 0.008 <0.003 <0.002 <0.003 <0.003 <0.003 0.002 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns 0.113 0.1 0.082 0.177 0.043 0.057 0.069 0.062 0.223 3.42 2.92 3.24 3.33 <0.010 0.078 <0.010 <0.010 <0.010
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 26.5 28.7 28.3 25.6 24.9 26.4 26.6 25.2 40.2 45.2 43.6 42.4 41.6 34.6 26.1 32.3 30.2 19.2
ns 0.004 0.003 <0.002 0.002 0.003 <0.002 0.002 0.002 0.197 0.222 0.204 0.206 0.219 0.057 <0.002 0.009 <0.002 <0.002
ns 0.003 <0.002 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
ns 1.42 1.24 1.26 1.15 0.99 1.11 1.14 1.19 1.14 0.96 0.83 0.83 0.9 1.63 1.1 1.89 1.86 1.73
ns <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns 4.6 4.13 4.61 3.66 3.8 4.36 4.54 4.25 82.5 100 103 99.4 99.1 50.5 3.88 124 122 232 272 119
ns 0.547 0.448 0.481 0.566 0.508 0.439 0.539 0.488 0.264 0.255 0.226 0.259 0.26 0.178 0.456 0.16 0.149 0.129
ns <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.002 <0.002 <0.002
ns 0.023 0.007 0.007 <0.005 0.011 <0.005 <0.005 <0.005 0.02 0.024 <0.005 <0.005 <0.005 0.039 <0.005 <0.005 0.006 <0.005
ns 235 223 237 223 233 228 219 227 313 318 332 333 337 309 225 306 288 237
ns 235 223 237 223 233 228 219 227 313 318 332 333 337 309 225 306 288 237
ns <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
ns <5 <5 <5 <5 <5 <5 <5 <5 12 6 10 10 10 <5 <5 <5 <5 <5
ns 0.5 1.8 0.8 0.5 2.2 0.6 0.8 1.1 25.8 7 6.8 7.4 6.6 5 1 33.5 1.9 1.9
ns 0.5 1.6 0.9 0.5 1.2 0.7 0.7 1.1 13.7 5 6.1 6.8 6 3.8 1 20.7 1.8 2
ns 224 260 258 232 227 242 248 238 513 578 549 544 531 372 242 408 384 275
ns <0.02 <0.02 0.03 0.04 0.04 0.07 0.07 0.11 0.17 0.12 0.22 0.24 0.12 <0.02 0.14 0.05 <0.02 <0.02
ns 399 464 429 456 447 481 468 457 1440 1560 1570 1530 1530 896 479 1380 1330 1770
ns 8.2 8.28 8.15 8.05 8.18 8.1 8.19 8.2 8.07 7.71 8.08 7.58 7.98 8.25 8.25 7.67 7.93 8.27
ns 5.27 5.03 4.58 5.12 5.34 5.21 4.96 4.97 15.50 16.40 15.60 15.40 15.00 10.10 5.15 13.90 13.70 15.60
ns 4.70 5.39 5.39 4.81 4.73 5.05 5.19 5.21 13.90 15.90 15.50 15.20 16.10 9.67 5.05 13.60 13.00 17.30
ns 5.7 3.5 0.3 3.1 6.0 1.6 2.2 2.34 5.6 1.5 0.5 0.6 3.7 2.3 1.0 1.2 2.4 5
ns 1.09 1.21 1.11 0.93 1.07 1.01 1.1 1.1 1.38 1.07 1.44 0.94 1.33 1.45 1.16 0.88 1.08 1.18
ns 7.11 7.07 7.04 7.12 7.11 7.09 7.09 7.1 6.69 6.64 6.64 6.64 6.65 6.8 7.09 6.79 6.85 7.09
ns 15.6 6.59 15.1 14.4 15 14.3 14.7 14.4 13.2 14.2 12.9 13.2 13.1 4.65 16.1 8.05 9.2 5.53
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
126 127 128

2012 2013 2014 2015 2016 2017 2018 2012 2013 2014 2015 2016 2017 2018 2012 2013 2014 2015 2016 2017 2018

175 185 229 242 344 374 462 131 163 232 299 278 283 362 177 225 426 472 444 395 461
<0.05 <0.25 <1.25 <0.25 <0.25 <0.05 <0.25 <1.25 <0.5 <0.25 <0.05 <0.25 <0.25 <0.5 <0.5
0.18 0.62 <1.25 0.34 0.71 1.4 1.0 <1.25 <0.5 1.02 0.17 1.0 1.76 1.3 1.9

<0.05 <0.25 <1.25 <0.25 <0.25 <0.05 <0.25 <1.25 <0.5 <0.25 <0.05 <0.25 <0.25 <0.5 <0.5
<0.10 <0.50 <2.50 0.62 <0.50 <0.10 <0.50 <2.50 3.4 <0.50 <0.10 <0.50 <0.50 1.8 <1.0
16.4 15.6 16.6 17.2 19.6 16.6 16.1 16.7 21.8 17.5 56.7 48.7 41.9 44.4 43
0.012 0.004 <0.004 0.041 <0.004 0.019 0.005 <0.004 0.004 <0.004 0.006 0.004 <0.004 0.006 0.008

<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.054 0.046 0.053 0.046 0.059 0.057 0.043 0.054 0.057 0.052 0.122 0.08 0.104 0.125 0.114

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.014 <0.010 0.012 0.011 0.011 0.013 <0.010 0.011 0.01 <0.010 0.01 <0.010 0.017 0.018 0.012

<0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.001
64.9 73.9 59.5 60.6 74.4 87.9 90.2 75.9 81.8 78.6 97.7 107 124 124 120
0.003 <0.003 <0.003 0.004 <0.003 0.005 <0.003 <0.003 <0.003 <0.003 0.003 <0.003 0.005 <0.003 <0.003

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.010 <0.010 <0.010 < 0.010 <0.010 <0.010 <0.010 <0.010 < 0.010 <0.010 0.05 <0.010 <0.010 < 0.010 <0.010
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.003 <0.002

22.4 24.5 22.4 22.7 23.8 28.8 28.5 26.3 24.5 23.6 38.8 37.9 39.9 37.3 36.5
<0.002 <0.002 <0.002 <0.002 <0.002 0.003 <0.002 <0.002 <0.002 <0.002 0.049 0.017 0.008 0.005 0.003
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 < 0.05 <0.05
2.13 2.05 1.49 2.07 2.12 1.14 1.06 1.22 1.02 1.02 1.76 1.95 2.67 2.57 2.61

<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

89.5 94.1 111 131 192 221 219 64.7 75.5 119 152 163 166 192 63 94.4 175 198 206 209 210
0.121 0.121 0.175 0.129 0.166 0.123 0.109 0.116 0.11 0.111 0.169 0.173 0.184 0.199 0.197

<0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.012 <0.002 <0.002 <0.002 <0.002
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 <0.002

0.01 <0.005 0.023 0.006 <0.005 0.031 0.008 0.009 0.006 0.006 0.008 0.007 0.014 0.021 0.014
213 229 210 204 243 288 277 267 256 289 267 286 316 298 320
213 229 210 204 243 288 277 267 256 289 267 286 316 298 320
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
5.3 1.9 3.8 2.6 2.2 4.2 3 3 2.3 1.6 4.3 2.4 6.5 2.1 2.2
4.7 1.6 3.6 2.5 2.2 2.3 2.6 3 2.1 1.5 3.3 1.2 5.6 1.9 2.1
254 285 241 245 284 338 343 298 305 293 404 423 474 463 450

<0.02 <0.02 0.06 0.04 <0.02 <0.02 <0.02 0.03 0.03 0.03 <0.02 <0.02 0.07 0.05 0.04
904 1040 1120 1160 1530 894 1040 1200 1420 1350 1040 1310 1890 2030 1920
8.23 8.14 8 8.13 8.12 8.11 8.09 8.01 8.06 8.21 8.22 8.09 8.15 8.09 8.09
9.55 10.20 11.00 11.30 15.00 9.90 10.50 12.20 14.00 14.10 11.50 13.20 19.30 20.30 20.00
9.03 9.85 9.68 10.60 14.10 9.60 10.20 11.20 12.70 13.00 10.80 12.60 17.20 17.90 18.00
2.8 1.6 6.4 2.9 3.26 1.6 1.9 4.6 4.8 3.99 3.0 2.1 6.0 6.2 5.1
1.07 1.07 0.81 0.94 1.07 1.21 1.18 1.02 1.06 1.25 1.36 1.28 1.43 1.33 1.35
7.16 7.07 7.19 7.19 7.05 6.9 6.91 6.99 7.00 6.96 6.86 6.81 6.72 6.76 6.74
1.38 4.08 2.6 1.92 2.91 3.37 6.75 6.25 5.39 6.54 5.09 11.9 8.28 8.36 8.64

Banks Groundwater Engineering Limited 17 of 19 Hanlon Creek Business Park - Groundwater Monitoring Program  2003 - 2018



Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
129 130 131 132

2012 2013 2014 2015 2016 2017 2018 2012 2013 2014 2015 2016 2017 2018 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016

116 128 139 175 232 284 406 ns 75.5 196 206 238 171 349 75.8 59.6 52.1 59.2 46.8 376 333 460 350 445
<0.05 <0.25 <0.25 <0.25 <0.25 ns <0.25 <0.25 <0.5 <0.25 <0.05 <0.25 <0.10 <0.25 <0.25 <0.05 <0.5 <2.5 <0.5 <0.50
4.5 4.58 4.11 3.15 2.6 ns <0.25 0.45 <0.5 0.49 1.41 1.2 1.44 1.56 1.02 2.42 1.93 2.54 2.1 1.95

<0.05 <0.25 <0.25 <0.25 <0.25 ns <0.25 <0.25 <0.5 <0.25 <0.05 <0.25 <0.10 <0.25 <0.25 <0.05 <0.5 <2.5 <0.5 <0.50
<0.10 <0.50 <0.50 1.1 <0.50 ns <0.50 <0.50 2 <0.50 <0.10 <0.50 <0.20 <0.50 <0.50 <0.10 <1.0 <5.0 <1.0 <1.0
39.4 33.7 26.6 36.9 40.9 ns 17 19.3 21.6 20.4 29.5 22.6 18.3 15.7 16 26.1 50.3 34.1 28.4 38.4
0.01 0.007 <0.004 <0.004 <0.004 ns 0.004 0.241 0.006 <0.004 <0.004 0.006 <0.004 <0.004 < 0.004 0.005 0.006 <0.004 <0.004 < 0.004

<0.003 <0.003 <0.003 <0.003 <0.003 ns <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.003 <0.003 <0.003 <0.003 <0.003 ns <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
0.107 0.078 0.077 0.107 0.118 ns 0.062 0.078 0.103 0.076 0.045 0.032 0.033 0.037 0.034 0.123 0.087 0.146 0.121 0.117

<0.001 <0.001 <0.001 <0.001 <0.001 ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.011 <0.010 <0.010 0.01 <0.010 ns 0.013 0.014 0.012 <0.010 0.017 <0.010 0.011 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.011

<0.002 <0.002 <0.002 <0.002 <0.001 ns <0.002 <0.002 <0.002 <0.001 <0.001 <0.002 <0.002 <0.002 <0.001 <0.001 <0.002 <0.002 <0.002 <0.001
98.5 101 93.9 107 114 ns 80.8 85.2 95.9 92.3 70.2 80.9 81.9 86.1 82.4 85.8 91.5 113 110 110
0.004 <0.003 0.003 <0.003 <0.003 ns <0.003 <0.003 0.003 <0.003 0.007 <0.003 0.003 <0.003 <0.003 0.013 <0.003 <0.003 <0.003 <0.003

<0.001 <0.001 <0.001 <0.001 <0.001 ns <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.003 <0.003 <0.003 <0.003 <0.003 ns <0.003 <0.003 <0.003 <0.003 <0.002 <0.003 <0.003 <0.003 <0.003 <0.002 <0.003 <0.003 <0.003 <0.003
<0.010 <0.010 <0.010 < 0.010 <0.010 ns <0.010 0.464 < 0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
<0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

33.3 33.5 31.5 35.1 38.7 ns 33.5 30.6 32.6 32.1 28.1 26.5 28 28.8 27 25.7 27.2 37.5 31.9 32.7
0.097 0.054 0.032 0.047 0.036 ns <0.002 0.172 0.023 0.005 0.317 0.090 0.075 0.036 0.053 0.016 <0.002 <0.002 <0.002 <0.002

<0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 0.007 <0.002 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002
<0.003 <0.003 <0.003 <0.003 <0.003 ns <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
<0.05 <0.05 <0.05 <0.05 <0.05 ns <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
2.17 2.13 2.11 2.06 2.29 ns 0.71 1.2 0.79 0.92 2.02 1.36 1.08 1 0.88 1.56 1.64 2.3 1.8 1.89

<0.004 <0.004 <0.004 <0.004 <0.004 ns <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
<0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

45.4 55.5 63.4 64.7 85.4 125 204 ns 77.3 135 155 147 110 174 31.8 27.4 24.9 28 28 196 161 253 165 230
0.152 0.121 0.105 0.132 0.147 ns 0.221 0.197 0.205 0.161 0.116 0.115 0.096 0.101 0.101 0.118 0.143 0.164 0.143 0.17

<0.006 <0.006 <0.006 <0.006 <0.006 ns <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
<0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 0.015 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
<0.002 <0.002 <0.002 <0.002 <0.002 ns <0.002 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.004 0.003 <0.002 <0.002 <0.002
0.015 0.029 0.007 0.01 0.009 ns 0.043 0.146 0.022 0.01 0.006 0.009 <0.005 <0.005 0.007 0.021 0.019 0.018 0.017 0.019
280 285 290 284 298 ns 395 352 379 375 263 289 300 298 312 286 276 274 272 305
280 285 290 284 298 ns 395 352 379 375 263 289 300 298 311 286 276 274 272 305
<5 <5 <5 <5 <5 ns <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
<5 <5 <5 <5 <5 ns <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

13.8 3.3 38.9 2.4 2 ns 2.6 43.2 1.8 2.1 4.2 3 8.4 1.7 1.2 4.9 1.2 2.2 1.6 1.6
6.5 2 37.7 2.3 2 ns 1.5 21.4 1.7 2.1 1.9 2.8 5.8 1.6 1.2 1.4 1.2 2.1 1.5 1.5
383 390 364 412 444 ns 340 339 374 363 291 311 320 334 317 320 340 437 406 409
0.06 <0.02 0.12 0.08 <0.02 ns <0.02 0.03 0.02 <0.02 0.03 <0.02 0.04 <0.02 <0.02 <0.02 <0.02 0.03 <0.02 <0.02
896 1000 1060 1190 1280 ns 974 1260 1500 1380 724 768 745 783 753 1660 1610 1920 1610 1980
8.27 8.01 8.06 8.07 8.04 ns 8.1 8.07 8.03 8.15 8.26 8.18 8.01 7.89 8.25 8.05 8.13 8.06 7.95 8.26
10.00 10.30 10.60 11.60 12.60 ns 10.40 13.00 13.80 13.70 8.11 8.02 7.95 8.07 7.97 17.00 16.10 19.30 16.10 19.60
9.69 10.30 10.10 11.10 13.50 ns 10.20 12.70 14.20 14.70 7.25 7.44 7.50 7.91 7.57 15.00 13.80 19.80 15.30 18.20
1.7 0.4 2.3 2.3 3.43 ns 1.1 1.3 1.4 3.57 5.6 3.7 2.9 1.0 2.53 6.5 7.5 1.1 2.3 3.6
1.41 1.17 1.19 1.25 1.27 ns 1.37 1.26 1.29 1.39 1.28 1.27 1.13 1.03 1.39 1.11 1.2 1.24 1.09 1.46
6.86 6.84 6.87 6.82 6.77 ns 6.73 6.81 6.74 6.76 6.98 6.91 6.88 6.86 6.86 6.94 6.93 6.82 6.86 6.8
5.16 11.7 10.4 10.5 10.6 ns 5.84 6.29 6.63 7.01 10 9.38 7.97 8.05 7.48 10.1 10.8 9.91 10 9.64
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Hanlon Creek Business Park - Groundwater Monitoring Program
Groundwater Quality

Parameter (units) ODWQS
2003 2008-10 2011-16

Anions  Chloride (mg/L) 250    2.0 0.10 0.10 - 0.50
 Fluoride (mg/L) 1.5   0.10 0.05 0.05 - 1.25
 Nitrate as N (mg/L) 10.0   0.10 0.05 0.05 - 1.25
 Nitrite as N (mg/L) 1.0   0.10 0.05 0.05 - 1.25
 Phosphate-P (ortho) (mg/L)   0.30 0.10 0.10 - 2.50
 Sulphate (mg/L) 500    2.0 0.10 0.10 - 0.50

Metals  Aluminum (mg/L) 0.1   0.01 0.004 0.004
 Antimony (mg/L) 0.006  0.005 0.006 0.003
 Arsenic (mg/L) 0.025  0.001 0.003 0.003
 Barium (mg/L) 1.0   0.01 0.002 0.002
 Beryllium (mg/L)  0.001 0.001 0.001
 Bismuth (mg/L)  0.001 0.002 0.002
 Boron (mg/L) 5.0   0.05 0.010 0.010
 Cadmium (mg/L) 0.005 0.0001 0.002 0.001
 Calcium (mg/L)    0.5 0.05 0.05
 Chromium (mg/L) 0.05  0.001 0.003 0.003
 Cobalt (mg/L) 0.0008 0.001 0.001
 Copper (mg/L) 1.0  0.001 0.003 0.002
 Iron (mg/L) 0.3   0.05 0.010 0.010
 Lead (mg/L) 0.010  0.001 0.002 0.002
 Magnesium (mg/L)    0.5 0.05 0.05
 Manganese (mg/L) 0.05  0.001 0.002 0.002
 Molybdenum (mg/L)  0.001 0.002 0.001
 Nickel (mg/L)  0.002 0.003 0.003
 Phosphorus (mg/L)   0.05 0.05 0.05
 Potassium (mg/L)    0.5 0.05 0.05
 Selenium (mg/L) 0.01  0.005 0.004 0.004
 Silver (mg/L) 0.0001 0.002 0.002
 Sodium (mg/L) 20    0.5 0.05 0.05
 Strontium (mg/L)  0.001 0.005 0.005
 Thallium (mg/L) 0.0003 0.006 0.006
 Tin (mg/L)  0.001 0.002 0.002
 Titanium (mg/L)  0.002 0.002 0.002
 Uranium (mg/L) 0.02  0.005 0.002 0.002
 Vanadium (mg/L)  0.001 0.002 0.002
 Zinc (mg/L) 5  0.003 0.005 0.005

Wet  Alkalinity (CaCO3) (mg/L) 500     10 5 5
Chemistry  Bicarbonate (CaCO3) (mg/L)     10 5 5

 Carbonate (CaCO3) (mg/L)     10 5 5
 Colour (TCU) 5      1 5 5
 Total Organic Carbon (mg/L) 0.5 0.5
 DOC (mg/L) 5    0.7 0.5 0.5
 Hardness (CaCO3) (mg/L) 100     10 10 10
 Ammonia as N (mg/L)   0.05 0.02 0.02
 Conductivity (us/cm)      3 2 2
 pH 8.5    0.1 N/A N/A

Calculated  Anion sum (meq/L)   0.01
Values  Cation sum (meq/L)   0.01

 % Difference (%)   0.01 0.1 0.1
 Langelier Index 0.0001
 Saturation pH (pH units)   0.01
 Silica (mg/L) 0.05 0.05 - 0.10

* ODWQS: Ontario Drinking Water Quality Standards,  RDL: Reported Detection Limit, 
 ns: not sampled, na: not analyzed, anom: anomolous result caused by drilling fluid in well

RDL

 At or Exceeds ODWQS

Monitoring Wells
133 134 135 max min average

2012 2013 2014 2015 2016 2012 2013 2014 2015 2016 2012 2013 2014 2015 2016 2017 2018

99.4 91.5 78.1 88.2 68.9 anom 190 109 114 170 122 180 180 166 205 213 227 483 0.42 117.8
<0.05 <0.25 0.17 <0.25 <0.25 <0.50 <0.25 <1.25 <0.25 <0.25 <0.05 <0.25 <1.25 <0.25 <0.25 1.4 <0.05 0.47
0.3 2.16 3.12 1.89 2.37 anom 0.32 <1.25 1.36 1.57 1.97 2.81 2.93 2.46 2.39 19.0 <0.05 3.20

<0.05 <0.25 0.26 <0.25 <0.25 <0.50 <0.25 <1.25 <0.25 <0.25 <0.05 <0.25 <1.25 <0.25 <0.25 1.0 <0.05 0.57
<0.10 <0.50 <0.20 <0.50 <0.50 <1.00 <0.50 <2.50 <0.50 <0.50 <0.10 <0.50 <2.50 <0.50 <0.50 3.4 <0.10 1.13
34.2 19 15.5 10 13.6 79.5 40.7 37.1 24 26 59.4 21 19.8 21.7 20.8 89.4 4.54 23.5
0.024 0.007 <0.004 <0.004 0.006 0.029 0.008 <0.004 <0.004 0.005 0.037 0.007 <0.004 <0.004 < 0.004 4.19 < 0.004 0.23

<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.006 <0.003 0
<0.003 <0.003 <0.003 <0.003 <0.003 0.006 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.028 <0.001 0.007
0.084 0.086 0.075 0.087 0.086 0.357 0.069 0.064 0.078 0.092 0.066 0.065 0.1 0.104 0.097 1.190 0.031 0.108

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0
0.044 0.035 0.032 0.017 0.017 0.087 0.099 0.055 0.069 0.048 0.024 <0.010 <0.010 0.01 <0.010 0.099 <0.010 0.018

<0.001 <0.002 <0.002 <0.002 <0.001 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001 <0.002 <0.002 <0.002 <0.001 0.020 <0.0001 0.006
53.3 48.4 54.2 57.7 62 anom 88.1 67.3 63.8 76.9 80.2 80.7 77.1 88.8 92.3 157 22.9 81.6
0.008 <0.003 0.004 <0.003 <0.003 anom <0.003 <0.003 <0.003 <0.003 0.012 <0.003 <0.003 <0.003 <0.003 0.025 0.002 0.007
0.002 0.001 <0.001 <0.001 <0.001 0.016 0.005 0.002 0.001 0.001 0.002 <0.001 <0.001 <0.001 <0.001 0.0419 <0.001 0.011

<0.002 <0.003 <0.003 <0.003 <0.003 0.01 0.005 <0.003 <0.003 <0.003 <0.002 <0.003 <0.003 <0.003 <0.003 0.167 <0.002 0.033
<0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.983 1.34 0.552 0.702 <0.010 <0.010 <0.010 <0.010 <0.010 12.2 <0.010 1.434
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.591 <0.001 0.111

31.4 34.1 36 31.2 31.2 anom 42.3 35.2 38.7 38.5 32.7 26.4 26.8 27 29.7 45.2 19 28.0
0.404 0.239 0.204 0.132 0.158 0.018 0.638 0.196 0.115 0.182 0.385 0.043 <0.002 <0.002 <0.002 5.2 <0.002 0.56
0.022 0.024 0.018 0.01 0.01 0.029 0.013 0.009 0.013 0.006 0.009 0.002 <0.002 <0.002 <0.002 0.029 <0.002 0.007
0.004 <0.003 <0.003 <0.003 <0.003 0.059 0.008 <0.003 0.003 <0.003 0.005 <0.003 <0.003 <0.003 <0.003 0.066 <0.003 0.014
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 9.2 0.02 0.97
5.89 6.04 6.56 5.48 6.25 11.7 4.11 3.25 3.41 3.59 2.55 1.7 1.61 1.54 1.6 17.4 0.67 1.80

<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 0.006 <0.004 0.005
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.0003 <0.0001 0.0002

48.8 35.6 37.3 37.7 27 anom 58 79.5 57.6 77.8 50.8 75.8 91.5 85.4 101 94 104 272 3.00 59.3
0.177 0.184 0.161 0.149 0.148 1.37 0.229 0.142 0.189 0.178 0.176 0.136 0.121 0.111 0.118 2.410 0.073 0.262

<0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.0003 0
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.006 <0.002 0.003
<0.002 <0.002 <0.002 <0.002 <0.002 0.02 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.081 <0.002 0.019
<0.002 <0.002 <0.002 <0.002 <0.002 0.005 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.01 <0.002 0.003
<0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.003 <0.002 <0.002 <0.002 <0.002 0.047 <0.002 0.007
0.036 0.013 <0.005 <0.005 0.007 0.073 0.017 <0.005 0.007 0.007 0.048 0.012 0.009 0.013 0.012 2.14 <0.005 0.090
237 240 259 240 243 anom 272 289 282 300 269 268 270 271 289 395 180 273
237 240 259 240 243 anom 272 289 282 300 269 268 270 271 289 395 180 272
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 18 <5 10
<5 <5 <5 <5 <5 12 18 5 <5 8 <5 <5 <5 <5 <5 65 <5 15
4.4 2.9 5.4 3.1 1.4 anom 18 4.2 5.3 4.8 5.7 2.4 1.9 0.9 1.3 50.4 <0.5 4.8
2.6 2.1 3.3 3.1 1.4 182 18 4.4 4.9 5.1 5.1 2.1 1.8 0.8 1.2 540 <0.5 5.3
262 261 284 273 283 anom 394 313 319 351 335 310 303 333 353 578 151 320
0.19 0.33 0.17 0.02 0.07 <0.02 0.38 0.23 0.36 0.22 <0.02 <0.02 0.03 <0.02 <0.02 1.05 <0.02 0.12
764 751 751 788 684 anom 1160 962 964 1060 920 1110 1060 1070 1190 2030 335 843
8.18 8.15 8.15 8.28 8.15 7.58 8.15 8.11 8.22 8.14 8 8.15 7.98 7.97 8.26 8.36 7.5 8.0
8.28 7.93 7.96 7.63 7.00 anom 11.70 9.63 9.45 10.50 10.20 11.10 11.10 10.70 12.20 20.3 3.35 8.86
7.52 6.94 7.46 7.22 7.26 anom 10.50 9.81 8.98 11.40 8.96 9.54 10.10 10.40 11.50 19.8 3.58 8.75
4.8 6.7 3.2 2.7 1.82 2.4 5.2 0.9 2.6 4.37 6.4 7.5 4.8 1.5 2.9 8.82 -35.34 2.30
1.11 1.09 1.16 1.24 1.13 2.18 1.29 1.21 1.31 1.27 1.06 1.18 1.0 1.04 1.38 2.18 -0.1 1.11
7.07 7.06 6.99 7.04 7.02 5.4 6.86 6.9 6.91 6.87 6.94 6.97 6.98 6.93 6.88 7.9 5.4 6.93
8.13 8.95 8.91 9.67 10.2 7.13 13.8 12.1 12.8 12.1 12.6 12.4 10.7 10.6 10.4 23.1 1.38 9.6
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2020 Groundwater Monitoring Program 
 

1 Introduction 
This Technical Memorandum presents the results of the 13th year of a long-term groundwater 
monitoring program for the Hanlon Creek Business Park (HCBP).  The results of the first 12 years 
were presented in Technical Memoranda completed in 2009 through 2020, respectively.  A 
Hydrogeology Report was completed by Banks Groundwater Engineering Limited in May 2008, as 
part of the Environmental Implementation Report (EIR), in support of the proposed HCBP.  The 
Hydrogeology Report presented a recommended long-term groundwater monitoring program.  This 
program was developed in recognition of the importance of establishing baseline groundwater 
conditions and to assess any changes in groundwater elevations and groundwater quality during 
and following development of the site.  The monitoring program is also required to assess the 
performance of the stormwater management facilities and to observe seasonal trends in water 
levels in the core wetland.  This monitoring program is consistent with the recommendations of the 
Hanlon Creek State-of-the-Watershed Study Report (2003). 
Baseline groundwater conditions were established during five years of on-site monitoring.  The 
detailed results for the period spring 2003 to spring 2008 were presented in the Hydrogeology 
Report.  Banks Groundwater Engineering is continuing to monitor groundwater in on-site 
monitoring wells and in wetland and streambed mini-piezometers on a quarterly basis.  To 
correspond to previous monitoring, the preferred monitoring periods are January, April, July and 
October.  Data loggers have been installed to measure and record groundwater levels and 
temperatures on a more frequent basis in monitoring wells and selected mini-piezometers.  
Groundwater samples have been collected from selected monitoring wells and analyzed for 
representative parameters to augment the existing background water quality data.  
It is not expected that development of this site will have any effect on local private water wells.  It 
is expected that if any changes in groundwater elevations and groundwater quality occur during 
and following development of the site, as a result of construction and post-construction activities, 
they will become apparent first in the on-site monitoring wells.  Therefore, it was concluded that 
monitoring of local private wells was not required. 
It is also noted that selected monitoring wells and mini-piezometers have been monitored since 
2007 to establish baseline data in advance of the nearby operations associated with the Mast-
Snyder Gravel Pit, which began in 2018.  To-date changes related to climatic conditions have been 
observed in the on-site monitoring wells and mini-piezometers.  Going forward, any changes to 
groundwater levels that do not appear to be directly related to climate will be noted in the annual 
monitoring report and compared with groundwater data collected by others from the gravel pit site. 
Site grading began in 2010 in Phases 1 and 2.  This necessitated decommissioning of selected 
monitoring stations located within the grading areas, in accordance with Ontario Regulation 903  
(as amended) of the Ontario Water Resources Act by a licensed Water Well Technician.  Records of 
well decommissioning are required by this Regulation to be completed and submitted to the Owner 
and the Ministry of the Environment, Conservation and Parks (MOECP). 
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A total of 12 monitoring wells had been decommissioned by the end of 2011, three monitors were in 
Phase 1 and the remaining nine monitors were in Phase 2.  Many existing monitoring wells have been 
maintained, with minor modifications or improvements, for continued monitoring.  Six additional monitors 
were installed within Phase 1 in October 2011, and five additional monitors were installed within Phase 2 
in January 2012.  Monitoring of the eleven additional wells began in January 2012.  One active 
monitoring well (MW135) located in Phase 2 was decommissioned in the late summer of 2016 while lot 
grading was being completed.  This monitor was replaced in January 2017. 
The monitoring data has been compiled, plotted, and analyzed and the results are presented in this 
Technical Memorandum.  Conclusions and recommendations related to the monitoring program are 
summarized. 

2 Groundwater Monitoring 

2.1 Groundwater Monitoring Background 
Groundwater level monitoring was conducted at this site for more than five years in support of the 
evaluation of local, pre-development, hydrogeological conditions.  The various stages of monitoring that 
were completed are summarized in the EIR Hydrogeology Report.  Beginning in January 2007, 
groundwater levels have been measured and recorded at the HCBP site on a quarterly basis.  The only 
exception occurred in April 2019, when some locations were not manually monitored.  The 2019 fourth 
quarter monitoring was conducted in November 2019.  The locations of the current groundwater 
monitoring stations are shown in Figure 1.  As noted above, some stations have been decommissioned 
and new stations were installed as of January 2012. 

2.2 Groundwater Monitoring Stations Status 
The status of each groundwater monitoring station is determined during each monitoring round.  This 
includes all monitoring wells and mini-piezometers.  The current condition of each station and other 
relevant attributes are described in Appendix A.  Monitoring wells decommissioned during 2010 and 2011 
are identified.  Additional monitoring wells and mini-piezometers in Phases 1 and 2 are also included. 

2.3 Groundwater Monitoring Data Collection and Compilation 
The establishment of baseline groundwater conditions continued until grading of the site was initiated. 
This included monitoring of groundwater levels in selected monitoring wells and mini-piezometers (listed 
in Appendix A).  In most cases this monitoring will continue to occur on a seasonal basis to establish 
variations in groundwater levels for each season at each station.  In a selected number of monitors, 
groundwater levels and temperatures will also continue to be recorded on a frequent basis using data 
loggers.  This will assist in determining the relationships of groundwater levels, wetland levels, surface 
water flow, and precipitation.  Groundwater samples were last collected from a number of selected 
monitoring wells and analyzed for a limited list of chemical parameters in November 2020.  Sampling is 
suggested to next occur in 2022, and subsequently to continue every other year. 
During the 2020 monitoring period, there were 37 functioning monitoring wells and 19 mini-piezometers 
located across the HCBP site, that are included in the on-going groundwater monitoring program.  Two 
of the mini-piezometers were installed in June 2013 on a temporary basis and remained in-place at the 
end of 2020 (details below).  The data obtained from all groundwater monitoring locations during 2020 
were compiled for the analyses presented below. 
Following each seasonal monitoring period, the data was recorded, and the groundwater level and 
temperature monitoring dataset was updated.  Data downloaded from each data logger was corrected 
for barometric pressure and then incorporated into the respective records within the groundwater level 
monitoring dataset.  As the dataset is updated, tables and graphs are also updated to support on-going 
analysis of the groundwater monitoring results.  
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2.4 Groundwater Monitoring Results 
The results of manual groundwater level measurements at the HCBP site up to October 2020 are 
summarized in tabular format in Appendix B.  No data is listed for the locations where manual 
measurements were not obtained in April 2019.  Selected monitoring station details are included with the 
monitoring data, which is presented as depth (in metres) to groundwater below current ground level and 
groundwater elevation (metres above mean sea level).   
The groundwater elevation data for each monitoring station, based on the manual measurements, are 
presented in graphical format in Appendix C.  The groundwater elevations from April 2003 to 
October 2020 presented in these graphs illustrate seasonal levels for most locations.  The natural range 
of groundwater elevations varies with each monitoring location, ranging from as little as 0.51 m, to as 
much as 2.67 m over this 17.5-year monitoring period.  Monitoring well MW123 is excluded from this 
comparison as it is completed in the deep bedrock aquifer and the groundwater levels are influenced by 
municipal well production.  It is also noted that water levels in monitoring wells MW111, MW112, 
MW115A, and MW115 were affected by the drilling, installation, development, and sampling of a new 
monitoring well nest, located adjacent to MW111, during the period November 2019 to October 2020.  
This monitoring well nest was installed for researchers at the University of Guelph, in advance of a 
pumping test conducted in the south end of the HCBP by the City of Guelph during the summer of 2020. 
Presented in Appendix D is a summary of vertical hydraulic gradient calculations, based on comparisons 
of shallow, intermediate and deep monitoring intervals, on selected dates.  Graphs illustrating 
groundwater elevations and hydraulic gradients are included, with monitoring stations grouped in seven 
west-to-east profiles.  These data and graphs confirm the downward hydraulic gradients 
(i.e. groundwater recharge conditions) in the upland portions of the site, and upward hydraulic gradients 
near, and within, the core wetland complex (i.e. groundwater discharge conditions).  Groundwater 
discharge conditions have also been confirmed at the wetland adjacent to Downey Road, situated 
between Laird and Forestell Roads. 
Given that climate is one of the most significant factors influencing groundwater elevations, available 
local climate data was compiled and is presented in graphical format in Appendix E.  During 2020, 
groundwater elevations were recorded using data loggers in 46 monitoring stations and groundwater 
temperatures were recorded in 48 monitoring stations.  These data are presented with the climate data 
in Appendixes F, G, and H.  Data loggers were installed in late-November 2019, in the ten remaining 
monitoring wells that had not been previously equipped.  The data from these wells is therefore 
presented in this 2020 report for the first time. 
The hourly groundwater elevation data presented in Appendixes F, G, and H have been further assessed 
by reducing the data into graphs of the quarterly (i.e. seasonal) range in hourly groundwater elevations 
for each of the currently-existing monitors that were equipped with data loggers for part or all of the 
period from 2007 to 2020.  This format is intended to assist in illustrating any significant changes and/or 
trends in the data when compared year-over-year for each quarter.  This is the seventh annual report to 
include such graphs, which are presented in Appendix I. 
Groundwater samples were collected from selected monitoring wells in July 2003 and each April from 
2008 to 2018.  The samples were submitted to an accredited laboratory for analysis of selected chemical 
parameters.  As indicated previously, this provides a baseline of groundwater quality data prior to and 
during development of the site.  Groundwater sampling did not occur in 2019, but did continue for 
selected monitoring wells in November 2020.  The water quality data up to 2020 are presented in 
Appendix J. 
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3 Groundwater Characterization Update 

3.1 Factors Influencing Fluctuations in Groundwater Elevations 
There are many factors that influence groundwater levels at any given time and location, including: 

 Precipitation 
 Ambient air temperature and solar radiation (influencing snowmelt, evaporation and 

evapotranspiration) 
 Vegetation 
 Soils 
 Geology 
 Topography and associated drainage characteristics 
 Land cover 
 Local groundwater withdrawals and uses (e.g. construction dewatering). 

Each of these factors can influence the rate and spatial distribution of groundwater recharge.  As such, it 
was important to account for these factors under the pre-development conditions to appreciate the 
causes of observed groundwater elevation changes.  These changes also need to be evaluated relative to 
long-, medium-, and short-term influences.  For the purposes of this evaluation, a long-term influence is 
considered for example to be lower-than-normal precipitation over several years, which have caused 
drought conditions in this area of Ontario historically and recently.  For the purposes of this evaluation, 
medium-term influences are considered seasonal.  Short-term influences are considered event-related, 
such as spring thaw and periods of above-normal or sustained rainfall. 
Given that climate is one of the most significant factors influencing groundwater elevations, available 
local climate data was compiled and plotted to evaluate short-, medium-, and long-term variations and 
trends in precipitation and air temperature.  A detailed evaluation of climate and fluctuations in 
groundwater elevations was presented in the EIR Hydrogeology Report. 
Updated climate data is presented in graphical format in Appendix E.  Graph E1 presents the total annual 
precipitation recorded at the Region of Waterloo International Airport Station (WMO ID 71368), for the 
period 1971 to 2018 inclusive.  This station was originally selected due to its’ proximity to the HCBP site 
and availability of total daily precipitation, and maximum and minimum daily air temperature data.  
However, beginning in 2019, the total daily precipitation is derived from the rain gauge operating at the 
City of Guelph Clair Road Emergency Services Centre, located at 160 Clair Road West.  This station is 
situated about 1.5 km northeast of the HCBP.  It is noted the total precipitation for 2020 recorded at the 
Region of Waterloo International Airport Station was only 691 mm versus the 852 mm recorded at the 
Clair Road Emergency Services Centre. 
Also illustrated in Graph E1 is a trend line depicting the annual cumulative departure from the average 
annual precipitation for the 50-year period (i.e. 1971-2020), which is estimated to be 874 mm/year.  This 
technique is helpful in illustrating periods of above- and below-average annual precipitation.  An upward 
trend indicates sequential years of above-average precipitation (e.g. 1982 to 1988).  A downward trend 
indicates a period of below-average precipitation (e.g. 1997 to 2007), possibly resulting in drought 
conditions.  These longer-term trends can have a notable influence on groundwater levels.  They need to 
be considered in the context of past, present, and future groundwater levels on-site due to the relatively 
shorter period (i.e. less than 18 years) of groundwater monitoring that has been conducted at the HCBP 
site. 
The data presented in Graph E1 indicates that during the period 1997 to 2020 inclusive, the total annual 
precipitation for 17 out of 24 years was below the 50-year average of 874 mm/year.  It is therefore 
interpreted that groundwater levels would have been elevated during the early to mid-1990’s and likely 
declined from 1997 to 2007.  Since groundwater monitoring began on-site in 2003, the total annual 
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precipitation has only been above the longer-term annual average in the years 2003, 2006, 2008, 2011, 
2013, and 2019 (although it was below the average at the WIA in 2019).  The varying annual 
precipitation during this period has caused groundwater levels to continue to fluctuate. 
As indicated above, the groundwater monitoring program on-site began in April 2003.  It is therefore 
useful to consider total monthly precipitation during this period (and shortly before) to evaluate medium-
term influences on groundwater levels.  Graph E2 presents the total monthly precipitation recorded at 
the Region of Waterloo International Airport Station, for the period January 2003 to December 2018 
inclusive, and the Clair Road Emergency Services Centre in 2019 and 2020.  Also illustrated in Graph E2 
is a trend line depicting the monthly cumulative departure from the average monthly precipitation for this 
period.  The average monthly precipitation for the period 2003 to 2020 inclusive has been calculated to 
be about 69 mm/month.  Like the annual data, an upward trend indicates sequential months of above-
average precipitation, which may cause increases in groundwater levels.  A downward trend indicates a 
period of below-average precipitation, possibly resulting in a reduction in groundwater levels.  Based on 
Graph E2, it would be expected that groundwater levels would be higher following months of above 
average precipitation. 
The monthly observed precipitation from January 2003 to December 2020, the monthly normals, and the 
cumulative departure from the normal monthly precipitation are presented in Graph E3.  This plot 
suggests that, due to a declining trend in precipitation from the spring of 2004 to the spring of 2008, 
groundwater levels would have declined during the same period, followed by an increase from the 
summer of 2008 to the summer of 2009, when monthly precipitation was greater.  Increases in 
groundwater levels would also be expected in the spring of 2010, the fall of 2011, the fall of 2012, the 
spring and fall of 2013, the summer and fall of 2014 and 2015, the spring of 2016, the winter of 
2016/2017 through the spring of 2017, the spring and fall of 2019, and the first quarter of 2020. 
An alternative method to evaluate fluctuations in groundwater levels relative to monthly precipitation 
trends is to consider the monthly cumulative departure from normal monthly amounts.  The normal 
amounts are based on the updated 30-year record (i.e. from 1981 to 2010), which was published in 2013 
by Environment Canada.  The updated record was applied in preparation of Graph E3. 
These observations are further illustrated in Graph E4, which presents the preceding 18-month average 
monthly precipitation for the period from January 2003 to December 2020.  This graph was developed 
with the understanding that the preceding 18 months of precipitation are likely the most influential on 
observed groundwater elevation trends.  The cumulative departure from the 18-month average 
precipitation over this period also emphasizes the trends observed in Graph E2.  One of the most notable 
recent trends is the increase in average precipitation beginning late-2008 and continuing to 
January 2010.  This was followed by fluctuations up to about October 2014, including a declining trend 
from January to August 2011, and then somewhat of a rebound from September 2011 to April 2012.  A 
significant rise is observed from July 2013 to January 2015, and this 18-month increase represents the 
second highest level since monitoring began in 2003.  Since then the trend continued downward until 
April 2017, due to the less-than-normal amount of precipitation during most months up to the end of 
November 2016.  Above-normal precipitation from December 2016 to April 2017 inclusive caused a 
limited increase, before continuing to decline through to early-2019. From March 2019 to December 2020 
a steady increase in the cumulative departure from the 18-month average occurred, perhaps attributed 
to the change in the station used for precipitation totals. 
Short-term influences related to events are depicted by daily precipitation totals and ambient air 
temperature (i.e. maximum daily temperature).  These data are presented in Graph E5, for the 
March 2007 to December 2020 monitoring period, and in Graph E6 for the January to December 2020 
period, noting again that 2020 data is from the Clair Road Emergency Services Centre.  To determine 
which events have an immediate influence on groundwater levels, total daily precipitation and air 
temperature are plotted together and compared with groundwater levels.  Based on available data, the 
relationship of the above factors to observed fluctuations in groundwater elevations within the HCBP site 
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was evaluated with direct reference to Graphs E1 to E6 and graphs of groundwater elevations observed 
at each monitoring station.  This analysis is presented in the following sub-sections. 

3.2 Observed Groundwater Elevations and Depths to Groundwater 
The manually-recorded groundwater elevations for each monitoring station are summarized in tabular 
form in Appendix B, and presented as graphs in Appendix C.  Groundwater elevations recorded by data 
loggers installed in 46 of the active monitoring locations are presented as graphs in Appendixes F, G,  
and H.  Graphs for monitoring stations that have been decommissioned are also included for reference in 
Appendix C.  The observed groundwater elevations can be associated with the long-, medium-, and 
short-term factors discussed previously.  To assist with the direct comparison of groundwater elevations 
and precipitation, the total monthly precipitation has been included in each of the graphs in 
Appendixes F, G, and H.  The interpreted relationships are discussed below. 

3.2.1 Long-Term 
Analyses presented in the 12 previous Technical Memoranda and the EIR Hydrogeology Report showed 
that it is likely groundwater levels declined from the spring of 1997 to the fall of 2007, based on the 
recorded precipitation for this period.  Evidence of the effects of the longer trend of below-average 
precipitation is shown by the groundwater levels in July and November 2007, which prior to 2012 were 
the lowest observed groundwater elevations on-site.  Precipitation in 2007 was well below average and 
was the lowest observed from 1971 to 2020 (refer to Graph E1). 
The total precipitation recorded at the Clair Road Emergency Services Centre in 2020 was 852 mm, 
which was 22 mm below the 50-year average for the period 1971 to 2020.  This was attributed to above-
normal precipitation that occurred for four months of 2020, that offset the other eight months with 
below-normal amounts.  It is also noted the annual precipitation for 2012 and 2014 to 2018 was below 
the 50-year average.  Despite the lack of precipitation over the five years before 2019, by comparison 
groundwater levels at many monitored locations on-site during the second half of 2018 were not as low 
as those recorded in the summer and fall of 2012, which were the lowest recorded since monitoring 
began in 2003. 
In contrast, annual precipitation in 2003, 2006, 2008, 2011, 2013 and 2019 was above the 50-year 
average.  This appears to have influenced groundwater levels in the spring of 2004 and 2007, the spring 
and fall of 2008, in the last five months of 2011, from spring to fall in 2013, the summer and fall of 2014 
and 2015, the spring of 2016, the winter of 2016/2017 through the spring of 2017, the spring and fall of 
2019, and into the early months of 2020. 

3.2.2 Medium-Term 
Analyses presented in the 12 previous Technical Memoranda and the EIR Hydrogeology Report showed 
that monthly total precipitation and trends (depicted in Graphs E2 and E3) provide additional insight 
related to the observed seasonal fluctuations in groundwater elevations. 
Throughout 2020, maximum daily temperatures fluctuated within typical seasonal ranges.  However, 
from the start of January to the end of February there were 30 days where the maximum daily 
temperature exceeded 00C.  Beginning at the start of March, maximum daily temperatures remained 
above freezing until the third week in November 2020.  Maximum daily temperatures were above 
freezing for 49 days from the start of November to the end of December. 
From the maximum daily temperature data, it is estimated that 119 mm of the 137 mm of precipitation 
recorded in January and February was in the form of rainfall.  At many onsite monitoring stations 
groundwater levels rose following two significant rainfall events from 10 to 13 January and from 
23 to 26 January.  Following a relatively dry February (i.e. only 23 mm of precipitation), the above-
normal precipitation continued in March, causing groundwater elevations at many stations to rise, before 
starting to decline in April, which continued through to early-August.  Rainfall in April through July was 
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below the monthly normals.  A significand period of rainfall from 2 to 5 August caused groundwater 
levels at many locations to rise temporarily, but then declined through to the late-November.  
Groundwater levels in most monitoring wells rose sharply during the last week of November, in response 
to over 90 mm of rainfall during the second-half of the month.  Levels continued to increase in December 
following several rainy periods.  Groundwater levels ended the year in many locations at an elevation 
that was close to the levels observed at the start of January 2020. 
Comparisons of 2020 monthly precipitation amounts (at the Clair Road Emergency Services Centre) 
versus normal monthly amounts (for the Waterloo Climate Station) are presented in Table 1. 
Table 1:  2019 Monthly Precipitation (Clair Road Emergency Services Centre ) 
versus Monthly Normals (Waterloo Climate Station) 

Month 2020 Total Monthly 
Precipitation (mm) 

Normal Monthly 
Precipitation (mm) 

Difference (mm) 

January 113.6 65.2 48.4 
February 23.4 54.9 -31.5 
March 91.8 61.0 30.8 
April 45.8 74.5 -28.7 
May 48.2 82.3 -34.1 
June 79.6 82.4 -2.8 
July 66.6 98.6 -32.0 
August 108.6 83.9 24.7 
September 56.6 87.8 -31.2 
October 66.2 67.4 -1.2 
November 99.2 87.1 12.1 
December 52.0 71.2 -19.2 
Total 851.6 916.5 -64.9 

 

3.2.3 Short-Term 
The manual measuring and recording of groundwater levels across the HCBP site has been conducted on 
65 occasions, during various months and seasons, from April 2003 to October 2020.  As noted 
previously, manual groundwater level readings were not obtained in April 2019 at stations located in 
Phases 1 and 3 of the HCBP site.  Over the 2003 to 2020 period, it is likely that monitoring of 
groundwater levels may not have occurred at precisely the best time to observe the highest and lowest 
annual elevations.  Fortunately, groundwater levels were observed in selected monitors in the spring of 
2003, in most monitors in the springs of 2004 and 2006, in all available monitors during the spring from 
2007 to 2018 inclusive, Phase 2 monitors in 2019, and again in all available monitors in spring 2020.  
Therefore, it is expected that these observations represent the influence of spring thaw and precipitation 
events, and as such are reasonably close to the highest annual levels for this monitoring period. 
To evaluate the response to spring thaw and precipitation at selected groundwater monitors, data 
loggers were installed to record groundwater levels on a more frequent basis.  Table 2 below lists the 
monitoring wells and mini-piezometers where 48 data loggers were in operation throughout all of 2020 
(refer to Figure 1 for locations).  Several locations were selected to evaluate groundwater levels and to 
establish baseline conditions relative to various climate effects prior to development of the HCBP. 
In late-November 2019, data loggers were installed in all remaining monitoring wells to augment the 
groundwater elevation data set for various purposes.  The additional 10 monitoring wells now equipped 
with data loggers are included in Table 2. 
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Table 2:  Monitoring Stations Equipped with Data Loggers Throughout All of 2020 

Monitoring Well Data Logger Installed Monitoring Well Data Logger Installed 
003 March 2007 121 November 2019 

004 August 2009 121A July 2008 

103 June 2010 122 November 2019 

104 January 2008 122A July 2008 

105 January 2008 123 November 2019 

107 July 2008 124 January 2012 

109 April 2009 125 January 2012 

111 October 2010 126 January 2012 

112 October 2010 127 January 2012 

115 November 2019 128 January 2012 

115A November 2019 129 January 2012 

116 November 2019 130 November 2019 

116A January 2008 130A January 2012 

117 November 2019 131 January 2012 

117A January 2008 132 January 2012 

118 November 2019 132 January 2012 

118A July 2008 133 January 2012 

119 November 2019 134 January 2012 

119A July 2008 135 January 2012 
 

Mini-Piezometer Data Logger Installed Mini-Piezometer Data Logger Installed 
1D April 2009 9D March 2007 

2D January 2007 10D April 2012 

4D April 2009 11D June 2010 

7D November 2007 12D January 2012 

8D June 2010 13D/14D July 2016 
 
The EIR Hydrogeology Report presented a detailed evaluation of daily influences from March 2007 to 
April 2008.  The previous 12 Technical Memoranda presented a detailed evaluation of climate influences 
on groundwater levels for January through December for each year from 2008 to 2019, respectively.  For 
reference, the total daily precipitation and maximum daily air temperature recorded at the Region of 
Waterloo International Airport Station are presented in Graph E5, for the period March 2007 to 
December 2018.   
As noted previously, beginning in 2019, the total daily precipitation is derived from the rain gauge 
operating at the City of Guelph Clair Road Emergency Services Centre, located at 160 Clair Road West.  
This station is situated about 1.5 km northeast of the HCBP.  It is noted the total precipitation for 2020 
recorded at the Region of Waterloo International Airport Station was only 691 mm versus the 852 mm 
recorded at the Clair Road Emergency Services Centre.  Maximum and minimum daily air temperature 
data from the Waterloo International Airport Station are continuing to be utilized for on-going analyses. 
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The following is noted for January through December 2020 in Graphs E2 to E6: 
 As noted above, from the start of January to the end of February there were 30 days where the 

maximum daily temperature exceeded 00C.  Beginning at the start of March, maximum daily 
temperatures remained above freezing until the third week in November 2020.  Maximum daily 
temperatures were above freezing for 49 days from the start of November to the end of 
December. 

 From the maximum daily temperature data, it is estimated that 119 mm of the 137 mm of 
precipitation recorded in January and February was in the form of rainfall.  At many onsite 
monitoring stations groundwater levels rose following two significant rainfall events from 10 to 
13 January and from 23 to 26 January.  Following a relatively dry February (i.e. only 23 mm of 
precipitation), the above-normal precipitation continued in March.  Rainfall for April through July 
was below the monthly normals.  A significant period of rainfall occurred from 2 to 5 August, 
resulting in a total for the month above the normal.  Below-normal precipitation continued in 
September and October.  Over 90 mm of rainfall during the second-half of November increased 
the monthly total to above-normal.  Several rainy periods occurred in December, but the month’s 
total was below normal.  Monthly precipitation totals compared to the monthly normals are 
summarized in Table 1 above 

 Groundwater elevations at many stations across the site rose in January and March.  Groundwater 
levels then declined from early-April through to the early-August.  A significand period of rainfall 
from 2 to 5 August caused groundwater levels at many locations to rise temporarily, but then 
declined through to the late-November.  Groundwater levels in most monitoring wells rose sharply 
during the last week of November, in response to over 90 mm of rainfall during the second-half of 
the month.  Levels continued to increase in December following several rainy periods.  
Groundwater levels ended the year in many locations at an elevation that was close to the levels 
observed at the start of January 2020. 

 The total precipitation through 2020, recorded at the City of Guelph Clair Road Emergency 
Services Centre, was about 852 mm, as compared to a 50-year average of about 874 mm and a 
normal of 916.5 mm (based on the 1971 to 2010 recorded data from the Region of Waterloo 
International Airport Station). 

These are the main climatic factors influencing groundwater levels on-site during the 2020 interval.  The 
highest groundwater levels observed in monitors equipped with data loggers occurred during early-
January at most locations.  The lowest groundwater levels at most locations occurred during July and/or 
September. 
2020 Groundwater Level Monitoring at Downey Road PSW 
Groundwater levels and temperatures are monitored at two stations at the Downey Road PSW.  These 
include monitoring well MW003, which is located on the north edge of the PSW, and mini-piezometer 
nest PZ-9, which is in the centre of the PSW.  The groundwater level and temperature observations for 
MW003 and PZ-9D are presented in graphical format in Appendix F. 
Graph F1 presents the daily groundwater elevations (with occasional manual readings) recorded in 
monitor MW003, from March 2007 to January 2008.  In late January 2008, the data logger was re-set to 
record groundwater levels and temperatures on an hourly basis.  The EIR Hydrogeology Report 
presented a detailed evaluation of groundwater levels from March 2007 to April 2008, and the 12 
previous Technical Memoranda presented a detailed evaluation for each respective year from 2008 
through 2019.  The following is a summary of 2020 observations. 
Groundwater levels rose sharply from 10 to 12 January in response to warmer temperatures and a 
significant rainfall event.  Groundwater levels reached the highest elevation during 2020 in monitor 
MW003 and piezometer PZ-9D on 12 January.  Levels declined quickly in the following days until the next 
event from 23 to 26 January, which caused a modest increase.  As noted previously, 119 mm of the 
137 mm of precipitation recorded in January and February was in the form of rainfall, with most falling 
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during the two January events.  Groundwater levels declined in February and then rose during March in 
response to several rainfall events.  Levels then declined from the end of March through to the first week 
in August, before rising sharply in response to a significand period of rainfall that occurred from 2 to 
5 August.  Levels then declined, with minor increases following frequent but smaller rain events, until 
late-November.  Groundwater levels rose sharply during the last week of November, in response to over 
90 mm of rainfall during the second-half of the month.  Levels continued to increase in December 
following several rainy periods.  Groundwater levels ended the year in monitor MW003 and piezometer 
PZ-9D at an elevation that was about 20 cm lower than at the start of January 2020. 
The responses to precipitation events and spring thaw, or lack thereof, observed in monitor MW003 
during the period 2007 to 2020, have demonstrated the local sensitivity of the shallow groundwater 
system, which is associated with the coarse-grained nature of the overburden deposits within and above 
the uppermost aquifer. 
As noted above, two mini-piezometers were installed in the Downey Road PSW.  PZ-9S was installed to a 
depth of about 0.5 m and PZ-9D to a depth of about 1.0 m below ground level.  Graph F2 presents the 
groundwater elevations recorded in mini-piezometer PZ-9D, for the period March 2007 to 
December 2020.  Groundwater levels for this pair of shallow and deeper mini-piezometers have 
illustrated the small upward hydraulic gradient that exists in this PSW during most years. 
It is noted that responses to precipitation and temperature are apparent in PZ-9D in Graph F2, similar to 
MW003, confirming the infiltrative capacity of the medium- to coarse-grained deposits on this site and 
the inherent relationship of the wetlands to the shallow groundwater system.  Each year, groundwater 
levels decline to an elevation that is below ground level in the wetland, typically during June or July. 
The groundwater elevations for MW003 and PZ-9D are combined in Graph F3, indicating similar trends in 
each monitor.  A small upward hydraulic gradient is also evident at various times when groundwater 
levels in MW003 are higher when compared with levels in the adjacent PZ-9D. 
2020 Groundwater Level Monitoring in the Core PSW 
Groundwater level and temperature observations, for monitoring wells and mini-piezometers that are in 
and adjacent to the Core PSW of the HCBP, are presented in graphical format in Appendix G.  The total 
monthly precipitation has been included for comparison in the groundwater elevation graphs.  The 
maximum daily air temperature trend has been included for comparison in the groundwater temperature 
graphs.  The graphs in Appendix G are presented in an order that corresponds to the north-to-south 
locations of the monitoring stations (refer to Figure 1). 
The responses to maximum daily air temperatures and precipitation are apparent in these plots.  This 
confirms the infiltrative capacity of the medium- to coarse-grained deposits adjacent to the Core PSW 
and the inherent relationship of the wetlands to the shallow groundwater system.  The hourly recording 
of groundwater levels at mini-piezometer locations also indicates subtle fluctuations during each 24-hour 
period, likely associated with diurnal cycles of evapotranspiration in the wetland.  The range of 
groundwater levels in mini-piezometers is more subdued than other plots, which reflects the relatively 
constant groundwater elevations in the wetland area, usually with only minor fluctuations observed 
relative to precipitation and/or temperature changes. 
The observed relationship of total daily rainfall and maximum daily temperature, recorded at the Region 
of Waterloo International Airport Climate Station, to the groundwater levels and temperatures recorded 
on-site from 2003 to 2018 inclusive, validated the use of this station’s data for these analyses.  As noted 
previously, a rain gauge was installed at the City of Guelph Clair Road Emergency Services Centre, and 
beginning in 2019 the data from this gauge has been incorporated into the analyses. 
Groundwater levels at Core PSW monitoring stations during 2020 responded to climatic factors similar to 
the Downey Road PSW monitors described in the previous section.  During the months of January and 
March 2020, groundwater levels increased in response to warmer temperatures and rainfall events. 
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At many Core PSW monitoring stations, groundwater levels peaked in early-January and in March, then 
steadily declined through to early-August.  Groundwater levels in most Core PSW monitoring wells rose 
sharply in the second week of August, in response to significant rainfall events.  Levels increased again in 
late-November, and continued to increase in December following several rainy periods.  Groundwater 
levels ended the year in many Core PSW locations at an elevation that was close to the levels observed 
in early-January 2020. 
Groundwater levels in the three mini-piezometer monitoring locations (i.e. from north to south PZ-4D, 
PZ-2D, and PZ-1D) that are in the Core PSW, were below the normal range for most of 2012.  During 
2013 through 2020, groundwater levels were within the range of previous years.  The recorded 
groundwater elevations for PZ-4D, PZ-2D, and PZ-1D are presented in Graphs G16, G25, and G28, 
respectively.  These graphs show groundwater levels that are typically at, or above, ground level during 
spring months and reduced levels during late-summer months. 
Similarly, groundwater levels recorded in streambed mini-piezometers (i.e. from north to south PZ-10D, 
PZ-8D, PZ-11D, PZ-7D) were below the level of the creek and the streambed for part, if not most, of 
2012.  Groundwater levels during 2013 through 2020 were within the range observed in previous years, 
where data is available.  The recorded groundwater elevations for PZ-10D, PZ-8D, PZ-11D, and PZ-7D 
are presented in Graphs G3, G5, G8, and G10, respectively.  These graphs show groundwater levels at, 
or above, the streambed during spring months and reduced levels during late-summer months. 
Climate had the greatest influence on groundwater levels within the Core PSW in 2020, with one notable 
exception discussed separately below in the next paragraph.  There were no apparent short-term and/or 
longer-term changes in groundwater levels that could be attributed to construction activities during 2020 
within the HCBP (i.e. there were no abnormal changes in groundwater elevations that would have 
suggested otherwise).  As of the end of 2020, it is estimated 14 lots in Phase 1 had been developed, 
which included 16 buildings.  It appeared five additional lots were at various sages of construction.  Five 
lots had been developed in Phase 2 with five buildings and there were two more lots with two buildings 
under construction.  The remainder of the graded portion of the site consisted of paved roadways, 
vegetated stormwater management swales and ponds, gravel-surfaced trails, and barren soils across 
most vacant lots.  Based on the observed responses of groundwater levels to rainfall events through 
2020, it is evident that infiltration was occurring across the site. 
The groundwater level monitoring data for bedrock monitor MW111 showed dramatic fluctuations in the 
level during the period November 2019 to October 2020 (refer to Graph G19, Appendix G).  This change 
is attributed to the drilling, installation, development, and sampling of a new monitoring well nest, 
located adjacent to MW111.  It is understood that during the initial period, the bedrock borehole 
remained open through the entire interval, allowing for groundwater to flow down the borehole from the 
Guelph Formation to the lower Gasport Formation.  This caused a drawdown effect in the Guelph 
Formation.  This monitoring well nest was installed for researchers at the University of Guelph, in 
advance of a pumping test conducted in the south end of the HCBP by the City of Guelph Water Services 
during the summer of 2020. 
2020 Groundwater Level Monitoring at Perimeter Locations 
Groundwater level and temperature observations, for monitoring wells that are located at perimeter 
locations around the HCBP site, are presented in graphical format in Appendix H.  The total monthly 
precipitation has been included for comparison in the groundwater elevation graphs.  The maximum daily 
air temperature trend has been included for comparison in the groundwater temperature graphs.  The 
graphs in Appendix H are presented in an order that corresponds to the north-to-south locations of the 
monitoring stations (refer to Figure 1). 
The responses to precipitation and maximum daily air temperatures are also apparent in these plots.  
Groundwater elevations vary more widely over the year at perimeter locations in comparison to the Core 
PSW locations.  The perimeter groundwater monitoring stations responded to rainfall events during 
above-freezing days during January and March 2020, but most reached peak levels in January and/or 
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March, before declining through to late-November.  Groundwater levels in some perimeter monitoring 
wells increased from late-November through December, albeit less than Core PSW wells, in response to 
rainfall events.  Levels increased in December, with perimeter wells in the northern-half of the HCBP site 
ending the year at an elevation that was higher than observed in early-January 2020.  By comparison, 
water levels in the perimeter wells in the southern-half of the HCBP site ended the year below the levels 
observed in early-January 2020.  There were no apparent short-term and/or longer-term changes in 
groundwater levels at perimeter monitoring stations that could be attributed to construction activities 
during 2020 within the HCBP. 
Similar to monitor MW111, the groundwater level monitoring data for overburden monitoring well pair 
MW115A and MW115, and bedrock monitor MW112, showed dramatic fluctuations in the level during the 
period November 2019 to October 2020 (refer to Graphs H5, H6, and H14, respectively in Appendix H).  
It is apparent the drawdown was caused by the same activities, but it is interesting to note the distance 
southwest from MW111 to MW112 is about 1,100 m.  Monitoring well pair MW115A and MW115 are 
located about 440 m west of the new monitoring well, installed adjacent to MW111. 

3.2.4 Site-Wide Observations 
Groundwater Elevations 
It is noted that, as expected, the greatest range in groundwater elevations occurs around the perimeter 
locations of the site where groundwater recharge to the medium- to coarse-grained deposits is most 
significant.  The smallest fluctuations occur in and adjacent to the core wetland and Hanlon Creek 
Tributary ‘A’.  Shallow depths to groundwater and the occurrence of groundwater discharge to these 
surface water features naturally limit the range of groundwater elevations in these areas. 
The hourly groundwater elevation data presented in Appendixes F, G, and H has been further assessed 
by reducing the data into graphs of the quarterly (i.e. seasonal) range in hourly groundwater elevations 
for each of the 46 monitors that are equipped with data loggers for part or all of the period from 2007 to 
2020.  This format is intended to assist in illustrating any significant changes and/or trends in the data 
when compared year-over-year for each quarter/season.  This is the seventh annual report to include 
such graphs, which are presented in Appendix I. 
The graphs in Appendix I are presented in numerical order, with monitoring wells presented first and 
then followed by piezometers (refer to Figure 1).  The responses to short-, medium- and longer-term 
precipitation amounts are apparent in these plots.  There are no apparent changes in groundwater levels 
at these monitoring stations that could be attributed to construction activities within the HCBP, except for 
those monitors affected by short-term construction dewatering events in 2010, 2011, and 2012.  The 
effects noted in monitoring wells MW111, MW112, MW115A, and MW115, attributed to drilling, 
development, testing and sampling of a new monitor, have been removed from the respective graphs in 
Appendix I, to allow for future comparison of climate effects.  It is recommended that this format 
continue to be utilized to track fluctuations in groundwater elevation trends as part of the long-term 
monitoring program. 
Depth to Groundwater 
The smallest fluctuations in depth to groundwater occur in and adjacent to the core wetland and Hanlon 
Creek Tributary ‘A’.  Shallow depths to groundwater and the occurrence of groundwater discharge to 
these surface water features naturally limit the range in depths to groundwater in these areas.  The 
greatest range in depths to groundwater occurs around the perimeter locations of the site where 
groundwater recharge to the medium- to coarse-grained deposits is most significant.  
Groundwater Flow 
The EIR Hydrogeology Report illustrated the horizontal direction of shallow groundwater flow is from 
southeast of the site, arcing towards the northern boundary of the site.  The horizontal direction of 
groundwater flow coincides with the wetlands and creek, indicating that a portion of groundwater is 
discharging to this surface water system. 
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Also, of interest is the vertical direction of groundwater flow.  Presented in Appendix D is a summary of 
vertical hydraulic gradient calculations, based on comparisons of shallow, intermediate and deep 
monitoring intervals, on selected dates.  Graphs illustrating groundwater elevations and hydraulic 
gradients are included, with monitoring stations grouped in seven west-to-east profiles.  These data and 
graphs confirm the downward hydraulic gradients (i.e. groundwater recharge conditions) in the upland 
portions of the site, and upward hydraulic gradients near and within the core wetland complex 
(i.e. groundwater discharge conditions).  Seasonal variations in vertical directions of groundwater flow 
are also observed in some monitoring well pairs.  Groundwater discharge conditions have also been 
confirmed at the Downey Road PSW. 

3.2.5 Groundwater Temperatures 
Data loggers installed in either a monitoring well or mini-piezometer also record groundwater 
temperature.  These data are illustrated in graphical format in Appendixes F, G, and H, following the 
groundwater elevation graphs.  The maximum daily air temperature trend has been included for 
comparison in these groundwater temperature graphs.  Seasonal variations and associated time lags in 
groundwater temperatures are illustrated by these graphs. 
PSW Groundwater Temperature Monitoring 
As noted previously, groundwater level and temperature monitoring has been conducted using data 
loggers since 2007 at four PSW monitoring locations (i.e. MW003, PZ-9D, PZ-2D, and PZ-7D).  These 
locations are representative of shallow groundwater conditions, although each location has somewhat 
different characteristics.  The characteristics and factors that may influence groundwater temperatures at 
these locations are described as follows: 

 MW003 – completed in the shallow water table aquifer; groundwater levels have ranged from 
0.3 m above grade to 1.3 m below grade; located at the edge of an open agricultural field, 
adjacent to a provincially significant wetland (PSW); shallow groundwater temperature recorded is 
potentially influenced by cold air temperatures during winter months and by sunlight and standing 
water in the wetland during summer months (Graphs F 1 and F 1a, Appendix F) 

 PZ-9D – relatively shallow (i.e. 1.0 m deep) mini-piezometer; groundwater levels have ranged 
from 0.62 m above grade to 0.88 m below grade; located in the PSW close to MW003; shallow 
groundwater temperature recorded is potentially influenced by cold air temperatures and frozen 
wetland during winter months and by sunlight and standing water in the wetland during summer 
months (Graphs F 2 and F 2a, Appendix F) 

 PZ-2D – relatively shallow (i.e. 1.0 m deep) mini-piezometer; groundwater levels have ranged 
from 0.04 m above grade to 0.80 m below grade; located in a core wetland complex about 50 m 
east of Hanlon Creek Tributary ‘A’; shallow groundwater temperature recorded is potentially 
influenced by cold air temperatures during winter months and moderated by trees providing 
shade during summer months (Graphs G 25 and G 25a, Appendix G) 

 PZ-7D – relatively shallow (i.e. 1.0 m deep) mini-piezometer; groundwater levels have ranged 
from 0.25 m above grade to 0.05 m below grade; located in a core wetland complex in the 
eastern tributary of Hanlon Creek Tributary ‘A’; shallow groundwater temperature recorded is 
potentially influenced by cold air temperatures during winter months and moderated by trees 
providing shade during summer months (Graphs G 10 and G 10a, Appendix G). 

Groundwater temperatures recorded from March 2007 to December 2020 at these locations range from a 
low of -0.10C to a high of over 160C.  The 2020 temperature ranges for each location were as follows: 

 MW003 – ranged from a low of 6.00C at the end of March, to a high of 11.10C in October 
 PZ-9D – ranged from a low of 1.10C in early-March, to a high of 12.10C in late-August and early-

September 
 PZ-2D – ranged from a low of 0.40C in late-March, to a high in late-August and early-September 

of 9.60C 
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 PZ-7D – ranged from a low of 3.30C in late-February and early-March, to a high of 8.60C in late-
August and early-September. 

The temperature range of groundwater at greater depths in this general area tends to fluctuate in a 
narrower range, typically between 5 and 100C.  It is therefore apparent that the temperatures in the 
shallower groundwater regime near these four monitors are influenced by seasonal variations in air 
temperature and solar radiation.  These data are interpreted to be representative of the temperature of 
groundwater discharging to the wetlands and creeks in these locations. 
Monitoring Well MW119A 
This monitor is located adjacent to the northwest edge of stormwater management pond 4.  The 
principal groundwater flow direction in this part of the HCBP site is north-westerly towards Tributary 'A' 
of Hanlon Creek.  This monitor location is therefore down-gradient of pond 4.  Groundwater 
temperatures recorded in monitoring well MW119A during 2020 ranged from a low of 5.50C in early-
March, to a high of 14.80C in early-September (Graph G 22a, Appendix G).  This is comparable to the 
ranges observed from 2008 to 2010.  The highest temperature recorded to-date at this location was 
17.50C on 5 September 2012.  Prior to construction of pond 4 in late 2010, the highest groundwater 
temperature at this monitor was 150C in early-September 2010.  The previous two years had reached a 
maximum of about 130C in September. 
The pond bottom is below the shallow groundwater surface and as a result the un-lined pond is in direct 
contact with the local groundwater system.  A portion of the water in the pond is interpreted to 
discharge from the pond as groundwater and flow in a north-westerly direction.  Therefore, water in the 
pond warmed by solar radiation during summer months appears to have increased the groundwater 
temperature marginally in the area down-gradient of the pond.  It was noted previously that the 
groundwater temperature at monitoring well MW119A at the end of December 2012 was 100C, compared 
to about 7 to 80C on the same date the preceding four years.  
Additional monitoring of groundwater temperatures down-gradient of pond 4 was initiated in June 2013.  
A pair of shallow mini-piezometers (PZ-13D and PZ-14D) were installed on the east and west bank of 
Tributary 'A', and equipped with data loggers (refer to Figure 1).  The piezometers were located a short 
distance down-stream from surface water monitoring station HC-A(04).  The groundwater temperatures 
recorded in PZ-13D and PZ-14D, from June 2013 through December 2020, are presented in Graph G31a.  
Also included in this graph are the groundwater temperatures recorded in MW119A and MW131.  MW131 
is located about 130 m up-gradient of pond 4.  It is apparent from comparison with the MW131 graph 
that the groundwater temperatures at PZ-13D, which reached a maximum of 14.60C, and PZ-14D with a 
maximum of 15.00C, both in late-August 2020, were potentially influenced by the warmer shallow 
groundwater flow affected by pond 4.  The groundwater temperature at PZ-14D may have been 
influenced by solar radiation during summer months on the adjacent, up-gradient field.  Graph 31a also 
shows that temperatures in both PZ-13D and PZ-14D returned to below those recorded in MW131 by 
late-October each previous year. 
The temperatures recorded in the remaining monitoring stations also reflect shallow groundwater 
temperatures near the central wetland complex and around the perimeter of the site.  Temperature 
ranges and the timing of higher and lower temperatures are similar in most monitors.  The highest 
observed groundwater temperatures are evident in monitors where the groundwater elevation is close to 
surface during summer months, particularly the monitors located in open fields.  These monitors also 
exhibit the lowest groundwater temperatures during the late winter and early spring, when melting snow 
and frost infiltrate to the shallow groundwater system. 

3.3 Relevance to Site Development and Stormwater Management 
The observed minimum and maximum depths to shallow groundwater (i.e. water table) are presented in 
Appendix B for the 2003 to 2020 monitoring period.  These observations indicate specific locations where 
there may be limitations to lot-level stormwater infiltration facilities.  As noted previously, the greatest 
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range in depths to groundwater occurs around the perimeter locations of the site where groundwater 
recharge to the medium- to coarse-grained deposits is most significant.  It is interpreted that it is in 
these areas where the groundwater elevations in the spring of 1997 would have been up to 0.5 m above 
those observed in April 2004, April 2007, and April 2008.  Therefore, allowance should be made for this 
potential high groundwater elevation during the design of stormwater infiltration facilities, at the Site 
Plan Approval stage.  The design should be in accordance with accepted MOECP stormwater 
management planning and design procedures, thus allowing adequate separation between the bottom of 
the infiltration system and the high water table elevation. 
The business park has been partially-graded for development purposes.  It will be necessary to consider 
the estimated depth to groundwater based on proposed site grading to further evaluate potential 
locations for lot-level stormwater infiltration facilities.  Continued monitoring of groundwater levels at all 
functioning monitoring well locations is required to support these evaluations, which will be required as 
part of the Site Plan Approval process. 

3.4 Groundwater Quality 
Groundwater samples were first collected in 2003 from 23 selected monitoring wells, and then from 
33 selected monitoring wells in 2008, 2009, and 2010, and 25 available monitoring wells in 2011.  A total 
of 36 monitoring wells were available for sampling in 2012 through 2016, including the 11 additional 
monitoring wells.  The groundwater quality data are summarized in Appendix J.  Each year the data were 
compared to the Ontario Drinking Water Quality Standards (ODWQS), Ontario Regulation 169/03.  
Concentrations that exceeded the ODWQS are indicated on the tables.  The groundwater can be 
characterized as basic (i.e. pH>7) and, based on the reported calcium and magnesium concentrations, as 
hard.  There were no notable changes in water quality at any of the monitored locations in 2016.  In 
general, the concentrations of the parameters analyzed were below the applicable ODWQS criteria, with 
only a few exceptions. 
Due to the limited changes in groundwater quality through 2016, the scope of the sampling and analysis 
program was reduced for 2017 and 2018.  The only sampled wells were those 16 monitoring wells where 
either Sodium and/or Chloride have steadily increased.  The ODWQS for sodium is a health-related 
parameter for people on sodium-restricted diets.    Elevated levels of sodium and chloride are often 
associated with the application of road salt for de-icing purposes.  The source of the elevated sodium 
and chloride occurring in some of the monitoring wells, can likely be attributed to road salting within the 
business park and along the Hanlon Expressway, Downey Road, and possibly Forestell Road. 
There were no groundwater samples collected during 2019, but sampling and analysis continued in 2020.  
A reduced number of wells were sampled following discussion and agreement with City of Guelph Staff.  
The sampling included 18 monitoring wells, with three wells analyzed for general chemistry and the 
remaining 15 analyzed for Sodium and Chloride.  The updated groundwater quality data are summarized 
in Appendix J.  The 2020 results indicated the sodium levels in 14 of 18 samples were above the ODWQS 
of 20 mg/L.  The levels of chloride exceeded the ODWQS of 250 mg/L in 9 of 18 samples.  The three 
general chemical analyses showed little change from previous years. 

3.5 Thresholds 2020 

3.5.1 Groundwater Elevations 
The manually-recorded groundwater elevations for each existing and decommissioned monitoring station 
are summarized in tabular form in Appendix B, and are presented as graphs in Appendix C.  Groundwater 
elevations recorded by data loggers, installed in 46 monitoring locations through all of 2020, are 
presented as graphs in Appendixes F, G, and H.  These graphs also include the total monthly 
precipitation to assist with direct comparison of groundwater elevations and precipitation. 
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During the first three months of 2020 groundwater elevations across the HCBP site were affected by 
warmer temperatures and rainfall events.  As noted previously, it is estimated that 119 mm of the 
137 mm of precipitation recorded in January and February was in the form of rainfall.  At many Core 
PSW monitoring stations, groundwater levels peaked in early-January and in March, then steadily 
declined through to early-August.  Groundwater levels in most Core PSW monitoring wells rose sharply in 
the second week of August, in response to significant rainfall events.  Levels increased again in late-
November, and continued to increase in December following several rainy periods.  Groundwater levels 
ended the year in many Core PSW locations at an elevation that was close to the levels observed in 
early-January 2020. 
The perimeter groundwater monitoring stations also responded to rainfall events during above-freezing 
days during January and March 2020, but most reached peak levels in January and/or March, before 
declining through to late-November.  Groundwater levels in some perimeter monitoring wells increased 
from late-November through December, albeit less than Core PSW wells, in response to rainfall events.  
Levels increased in December, with perimeter wells in the northern-half of the HCBP site ending the year 
at an elevation that was higher than observed in early-January 2020.  By comparison, water levels in the 
perimeter wells in the southern-half of the HCBP site ended the year below the levels observed in early-
January 2020.   
The groundwater level monitoring data for bedrock monitor MW111 showed dramatic fluctuations in the 
level during the period November 2019 to October 2020 (refer to Graph G19, Appendix G).  This change 
is attributed to the drilling, installation, development, and sampling of a new monitoring well nest, 
located adjacent to MW111.  It is understood that during the initial period, the bedrock borehole 
remained open through the entire interval, allowing for groundwater to flow down the borehole from the 
Guelph Formation to the lower Gasport Formation.  This caused a drawdown effect in the Guelph 
Formation.  This monitoring well nest was installed for researchers at the University of Guelph, in 
advance of a pumping test conducted in the south end of the HCBP by the City of Guelph Water Services 
during the summer of 2020. 
Similar to monitor MW111, the groundwater level monitoring data for overburden monitoring well pair 
MW115A and MW115, and bedrock monitor MW112, showed dramatic fluctuations in the level during the 
period November 2019 to October 2020 (refer to Graphs H5, H6, and H14, respectively in Appendix H).  
It is apparent the drawdown was caused by the same activities, but it is interesting to note the distance 
southwest from MW111 to MW112 is about 1,100 m.  Monitoring well pair MW115A and MW115 are 
located about 440 m west of the new monitoring well, installed adjacent to MW111. 
With the exception of the above-described variations, groundwater elevations at all other monitoring 
stations during 2020 remained within the respective ranges observed in previous years, and as a result, 
there were no thresholds observed during this monitoring period.  This is further illustrated by the 
quarterly/seasonal range in hourly groundwater elevation graphs presented in Appendix I. 
In summary, climate had the greatest influence on groundwater elevations across the HCBP in 2020.  
There were no apparent short-term and/or longer-term changes in groundwater levels that could be 
attributed to construction activities during 2020 within the HCBP (i.e. there were no abnormal changes in 
groundwater elevations that would have suggested otherwise).  As of the end of 2020, it is estimated 14 
lots in Phase 1 had been developed, which included 16 buildings.  It appeared five additional lots were at 
various sages of construction.  Five lots had been developed in Phase 2 with five buildings and there 
were two more lots with two buildings under construction.  The remainder of the graded portion of the 
site consisted of paved roadways, vegetated stormwater management swales and ponds, gravel-surfaced 
trails, and barren soils across most vacant lots.  Based on the observed responses of groundwater levels 
to rainfall events through 2020, it is evident that infiltration was occurring across the site. 
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3.5.2 Groundwater Temperatures 
As described in sub-section 3.2.5, data loggers installed in either a monitoring well or mini-piezometer 
also record groundwater temperature.  These data for 48 monitoring locations are illustrated in graphical 
format in Appendixes F, G, and H, following the groundwater elevation graphs.  The maximum daily air 
temperature trend has been included for comparison in these groundwater temperature graphs.  
Seasonal variations and associated time lags in groundwater temperatures are illustrated by these 
graphs. 
Despite the influence of climate on groundwater elevations during 2020, groundwater temperatures 
fluctuated within the typical ranges at most of the 48 monitoring stations where data loggers are 
installed.  Groundwater temperatures at monitoring stations MW119A and PZ-13D/PZ-14D, which are 
located down-gradient of stormwater management pond 4, were likely influenced by the warmer water 
in this pond in late summer.  High temperatures in MW119A in early-September were 14.80C, and in late-
August at PZ-13D/PZ-14D were 14.60C and 15.00C, respectively.  Further comparison also shows that 
groundwater temperatures at PZ-13D/PZ-14D returned to below those recorded in up-gradient monitor 
MW131 by late-October each year, whereas MW119A was similar to MW131 beginning in December both 
years. 

3.6 Long-Term Groundwater Monitoring Program 
The long-term groundwater monitoring program at the HCBP site should continue as previously 
recommended on a quarterly basis.  As the site is graded and blocks are prepared for development, new 
monitoring wells were installed to replace decommissioned wells.  This has been completed as soon as 
practically possible, such that the effects of development on groundwater levels, if any, can be identified 
without delay.  If required, mitigative measures can then be developed and implemented.  A map 
illustrating these locations is presented on Figure 1.  
Data loggers have been installed in monitoring wells and selected mini-piezometers that are expected to 
remain during and following site grading.  In late-November 2019, data loggers were installed in all 
remaining monitoring wells to augment the groundwater elevation data set for various purposes.  This 
will improve the groundwater monitoring dataset and the establishment of the influences of climate on 
groundwater elevations over the short-, medium-, and long-term.  Groundwater samples could be 
collected every second year from selected monitoring wells.  Improvements to filtering of water samples 
have been successful in reducing the amount of sediment and should be continued as a standard 
practise. 

4 Summary 
The on-going monitoring of groundwater levels has provided an updated characterization of the 
hydrogeological conditions across the HCBP site and surrounding area, including the local occurrence and 
movement of groundwater in relation to the on-site wetlands and Hanlon Creek Tributary ‘A’.  The 
following is a summary of conclusions and recommendations related to the groundwater monitoring 
program. 

 A long-term groundwater monitoring program is required to assess any changes in groundwater 
elevations and groundwater quality during and following development of the site.  The monitoring 
program is also required to assess the performance of the stormwater management facilities once 
they are constructed and to observe seasonal trends in water levels in the core wetland.  It is 
therefore recommended that groundwater levels continue to be manually measured and recorded 
on a quarterly basis in all available monitoring wells and mini-piezometers, before and where 
possible during grading of the site.  To correspond to previous monitoring, the preferred 
monitoring periods should continue to be January, April, July, and October.   
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 In 2022, groundwater samples should be collected from selected monitoring wells and be 
analyzed for Sodium and Chloride in support of on-going consideration of the effects of road and 
parking lot de-icing within and adjacent to the HCBP site. 

 Any monitoring stations located within grading areas must be properly decommissioned, in 
advance of grading, in accordance with Ontario Regulation 903, as amended, of the Ontario 
Water Resources Act, by a licensed Water Well Technician. 

 In some cases, existing monitoring wells can be maintained, with minor modifications or 
improvements, for continued monitoring.  Several monitors have been replaced following grading 
and development of selected blocks.  The locations for long-term monitoring of groundwater 
levels and quality are identified.  

 Groundwater level and temperature monitoring using data loggers should continue for many, if 
not all, of the groundwater monitoring stations over the long-term.  By utilizing this technology, 
the frequency of monitoring can be increased significantly and trends in groundwater level 
changes (e.g. related to construction) can be detected sooner and with improved accuracy. 

 It is recommended that the monitoring data continue to be compiled, plotted, and analyzed on an 
annual basis by a qualified professional engineer or geoscientist.  The results should be presented 
in a Technical Memorandum that is submitted as an Appendix to the Consolidated Monitoring 
Report to the City of Guelph, for the purpose of review, acceptance, and response to 
recommendations.  Recommendations related to the monitoring program, including any proposed 
modifications, would be included.  The GRCA should also receive a copy for review and comment 
in relation to maintenance of groundwater levels across the site, but with particular emphasis on 
the Provincially Significant Wetlands and Hanlon Creek Tributary ‘A’.  In the event of unexpected 
changes in groundwater elevations or quality, the frequency of monitoring, sampling, and 
reporting would be evaluated and revised as required.  

 
Respectfully submitted, 
Banks Groundwater Engineering Limited 
 
Original signed by: 
 
William D. Banks, P.Eng. 
Principal Hydrogeologist  
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The Figure, Tables and Graphs referenced in this Technical Memorandum are appended under the 
following headings: 

Figure 1: Groundwater Monitoring Stations December 2020 
Appendix A: Current Groundwater Monitoring Network December 2020 
Appendix B: Groundwater Level Monitoring Data 2003 – 2020 
Appendix C: Groundwater Monitoring Graphs 2003 – 2020 
Appendix D: Vertical Hydraulic Gradient Data and Graphs 2003 – 2020 
Appendix E: Climate Monitoring Graphs 1971 – 2020 
Appendix F: Downey Road PSW Groundwater Monitoring Graphs 2007 – 2020 
Appendix G: HCBP Core PSW Groundwater Monitoring Graphs 2007 – 2020 
Appendix H: HCBP Perimeter Groundwater Monitoring Graphs 2007 – 2020 
Appendix I: HCBP Quarterly Groundwater Elevation Range Graphs 2007 – 2020 
Appendix J: Groundwater Quality Monitoring Data 2003 – 2020 



Banks Groundwater Engineering Limited 

Figure 1 
 

Groundwater Monitoring Stations 
December 2020 



125
126

128

127
116/116A

117/117A

115/115A

118/118A

130/130A

103

119/119A

122/122A

121/121A

124

129

104

105

123123
111

003

004
112

109 134

135

131
107

132

133

9S/D 1S/D

2S/D

14D
13D

12D

4S/D

7S/D

117/117A
11S/

8S/D

10S/

Legend
        Monitoring Wells

          Piezometers

135

1S/D

Hanlon Creek Business Park 
City of Guelph

___________________________________________

Groundwater Monitoring Program

Satellite Imagery June 2019
Not to Scale

Groundwater Monitoring Locations 
Current as of October 2020

______________________________________

Figure 1

129129



Banks Groundwater Engineering Limited 

Appendix A 
 

Current Groundwater Monitoring Network 
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Hanlon Creek Business Park - Groundwater Monitoring Program

Monitoring Well and Mini-Piezometer Condition Summary - as of October 2020

Monitoring 
Well 

Number Type *

Nominal 
Well 

Diameter 
(mm) Condition of Monitor & Protective Casing

Monitoring 
Started

Most Recent 
Monitoring

Data 
Logger 

Installed
001 S 50 Decommissioned in 2011 Apr-03 May-11 Jan-08
002 S 50 Decommissioned in 2010 Apr-03 Oct-08 --
003 S 50 Functioning; square protective casing in good condition Apr-03 Oct-20 Mar-07
004 S 50 Functioning; square protective casing in satisfactory condition Apr-03 Oct-20 Aug-09

 005 (S) S 13 Decommissioned in 2010 Apr-03 Sep-10 --
 005 (I) I 50 Decommissioned in 2010 Apr-03 Sep-10 Aug-09

006 S 50 Decommissioned in 2010 Apr-03 Sep-10 Aug-09
101 S 50 Decommissioned in 2011 Jun-03 Jan-11 Jun-10
102 S 50 Decommissioned in 2010 Jun-03 Apr-10 --
103 S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Jun-10
104 S 50 Functioning; square protective casing in satisfactory condition Jun-03 Oct-20 Jan-08
105 S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Jan-08
106 S 50 Decommissioned in 2012 Jun-03 Jul-10 Aug-09
107 S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Jul-08
108 S 50 Inaccessible Jun-03 Apr-04 --
109 S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Apr-09
110 I 50 Decommissioned in 2010 Jun-03 Sep-10 Aug-09
111 D 50 Functioning; 150mm dia. cap, well casing in good condition Sep-03 Oct-20 Oct-10
112 D 50 Functioning; 150mm dia. cap, well casing in good condition Sep-03 Oct-20 Oct-10
113 D 50 Decommissioned in 2010 Sep-03 Sep-10 --
114 D 50 Decommissioned in 2010 Sep-03 Sep-10 --
115 I 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Nov-19

 115A S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Nov-19
116 I 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Nov-19

 116A S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Jan-08
117 I 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Nov-19

 117A S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Jan-08
118 I 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Nov-19

 118A S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Jul-08
119 I 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Nov-19

 119A S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Jul-08
120 I 50 Decommissioned in 2010 Jun-03 Apr-04 --

 120A S 50 Decommissioned in 2010 Jun-03 Apr-04 --
121 I 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Nov-19

 121A S 50 Functioning; square protective casing in good condition Jun-03 Oct-20 Jul-08
122 I 50 Functioning; square protective casing in good condition Sep-03 Oct-20 Nov-19

 122A S 50 Functioning; square protective casing in good condition Sep-03 Oct-20 Jul-08
123 D 50 Functioning; round protective casing in good condition Oct-05 Oct-20 Nov-19
124 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
125 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
126 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
127 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
128 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
129 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
130 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Nov-19
130A S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
131 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
132 S 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
133 I 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
134 I 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
135 I 50 Functioning; square protective casing in good condition Jan-12 Oct-20 Jan-12
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Hanlon Creek Business Park - Groundwater Monitoring Program

Monitoring Well and Mini-Piezometer Condition Summary - as of October 2020

Mini-
Piezometer 

Number
Type 
**

Nominal 
Piezometer 
Diameter 

(mm) Condition of Mini-Piezometer
Monitoring 

Started
Most Recent 
Monitoring

Data 
Logger 

Installed

Data 
Logger 

Removed
1S SP 20 Functioning; steel pipe in good condition Dec-06 Oct-20 Jul-20 Oct-20
1D DP 25 Functioning; steel pipe in good condition Dec-06 Oct-20 Apr-09
2S SP 20 Functioning; steel pipe in good condition Dec-06 Oct-20 Jul-20 Oct-20
2D DP 25 Functioning; steel pipe in good condition Dec-06 Oct-20 Jan-07
4S SP 20 Functioning; steel pipe in good condition Dec-06 Oct-20 Jul-20 Oct-20
4D DP 25 Functioning; steel pipe in good condition Dec-06 Oct-20 Apr-09
7S SP 20 Functioning; PVC pipe in good condition Dec-06 Oct-20 Jul-20 Oct-20
7D DP 25 Functioning; steel pipe in good condition Dec-06 Oct-20 Nov-07
8S SP 20 Functioning; steel pipe in good condition Dec-06 Oct-20 Jul-20 Oct-20
8D DP 25 Functioning; steel pipe in good condition Dec-06 Oct-20 Jun-10
9S SP 20 Functioning; steel pipe in good condition Mar-07 Oct-20 Jul-20
9D DP 25 Functioning; steel pipe in good condition Mar-07 Oct-20 Mar-07
10S SP 20 Functioning; steel pipe in good condition Jun-10 Oct-20 Jul-20 Oct-20
10D DP 25 Functioning; steel pipe in good condition Jun-10 Oct-20 Apr-12
11S SP 20 Functioning; steel pipe in good condition Jun-10 Oct-20 Jul-20 Oct-20
11D DP 25 Functioning; steel pipe in good condition Jun-10 Oct-20 Jun-10
12D DP 25 Functioning; steel pipe in good condition Jul-11 Oct-20 Jan-12
13D DP 20 Functioning; steel pipe in good condition Jun-13 Oct-20 Jun-13
14D DP 20 Functioning; steel pipe in good condition Jun-13 Oct-20 Jun-13

* S=shallow (overburden); I=intermediate (overburden); D=deep (bedrock)
** SP=shallow piezometer (1.0m); DP=deeper piezometer (1.5m)

Banks Groundwater Engineering Limited Page 2 of 2



Banks Groundwater Engineering Limited 

Appendix B 
 

Groundwater Level Monitoring Data 
2003 – 2020 



Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number Northing Easting

Ground 
Elevation (m)

Original Top of 
Protective Casing 

Elevation (m)

Current Top of 
Well Elevation 

(m)
Depth to Top of 

Screen (m)

Depth to 
Groundwater (m) 

Apr 23-25/03

Groundwater 
Elevation (m) 
Apr 23-25/03

Depth to 
Groundwater (m) 

Jul 7/03

Groundwater 
Elevation (m) 

Jul 7/03

Depth to 
Groundwater (m) 

Sep 3-9/03

Groundwater 
Elevation (m) 

Sep 3-9/03

Depth to 
Groundwater (m) 

Oct 8/03

Groundwater 
Elevation (m) 

Oct 8/03

Depth to 
Groundwater (m) 

Nov 6/03

Groundwater 
Elevation (m) 

Nov 6/03

Depth to 
Groundwater (m) 

Apr 13/04

Groundwater 
Elevation (m) 

Apr 13/04

Depth to 
Groundwater (m) 

Nov 8, 11/05

Groundwater 
Elevation (m) 
Nov 8, 11/05

001 4815738 563019 324.80 325.81 4.00 0.67 324.13 0.84 323.96 0.89 323.91 0.76 324.04 0.43 324.37 0.98 323.82

002 4815264 563116 327.26 328.21 2.20 1.38 325.88 1.87 325.39 damaged damaged n/a n/a n/a n/a n/a n/a

003 4814814 562436 326.61 327.91 327.784 2.10 0.79 325.82 1.00 325.61 0.96 325.65 0.62 325.99 0.05 326.56 1.01 325.60

004 4814286 562532 330.43 331.33 331.220 5.10 4.44 325.99 4.71 325.72 4.82 325.61 4.75 325.68 3.18 327.25 4.86 325.57

 005 (S) 4814708 564015 336.53 337.22 3.00 6.17 330.36 6.74 329.78 n/a n/a n/a n/a n/a n/a n/a n/a

 005 (I) 4814708 564015 336.53 337.22 10.80 9.58 326.95 9.60 326.92 9.66 326.86 9.67 326.86 8.33 328.19 n/a n/a

006 4815051 563955 334.70 335.70 7.50 7.58 327.12 7.73 326.97 7.74 326.96 7.70 327.00 6.54 328.16 7.61 327.09

101 4816126 562590 321.70 322.55 4.00 4.05 317.65 4.12 317.58 3.96 317.74 3.52 318.18 3.46 318.24 4.26 317.44

102 4815860 562163 320.66 321.56 3.00 1.57 319.10 1.75 318.91 1.41 319.26 0.84 319.83 0.92 319.75 2.26 318.40

103 4815933 562895 323.85 324.86 324.762 2.20 1.14 322.71 1.22 322.63 1.05 322.81 0.65 323.21 0.40 323.45 1.29 322.56

104 4815648 562401 322.04 322.72 322.609 2.30 1.24 320.80 1.21 320.83 0.86 321.18 0.53 321.51 0.63 321.41 1.07 320.97

105 4815489 562700 323.87 324.75 324.610 2.70 1.25 322.62 1.27 322.60 1.12 322.75 1.03 322.84 1.03 322.84 1.12 322.75

106 4815478 563458 328.65 329.53 4.00 2.73 325.92 2.86 325.78 2.77 325.88 2.42 326.23 2.00 326.64 2.75 325.90

107 4815143 563540 327.44 328.15 327.971 1.90 0.98 326.46 1.13 326.31 1.07 326.37 0.80 326.63 0.07 327.37 1.07 326.37

108 4814607 562867 330.33 331.02 5.00 4.11 326.22 4.27 326.06 4.30 326.03 4.12 326.21 3.06 327.27 damaged damaged

109 4814444 563116 331.70 332.52 332.391 7.20 5.23 326.46 5.41 326.29 5.48 326.22 5.39 326.31 4.09 327.61 5.41 326.29

110 4814502 563532 339.59 340.49 14.80 12.89 326.70 13.06 326.53 13.14 326.44 13.12 326.47 11.74 327.85 12.99 326.60

111 4815365 562710 324.20 324.95 324.900 18.90 n/a n/a -0.40 324.60 -0.41 324.61 -0.54 324.74 n/a n/a -0.36 324.56

112 4814288 562531 330.44 331.25 331.180 28.00 n/a n/a 4.97 325.47 5.11 325.33 4.95 325.49 3.64 326.79 5.15 325.29

113 4814478 563532 339.85 340.71 40.80 n/a n/a 14.43 325.42 14.48 325.37 14.40 325.45 13.33 326.51 14.38 325.47

114 4814640 564115 338.68 339.62 34.10 n/a n/a 12.86 325.82 12.94 325.74 12.90 325.79 11.72 326.96 12.85 325.83

115 4815311 562313 323.12 323.89 323.760 7.10 n/a n/a 0.11 323.02 0.03 323.10 -0.02 323.14 0.19 322.93 0.46 322.66

 115A 4815309 562312 323.10 323.91 323.770 1.60 0.64 322.45 0.66 322.44 0.29 322.81 0.16 322.93 0.16 322.93 0.26 322.84

116 4816139 562305 318.75 319.68 319.598 9.80 3.83 314.91 3.89 314.86 3.69 315.06 3.21 315.54 2.97 315.78 4.03 314.71

 116A 4816139 562311 318.67 319.56 319.478 1.50 0.51 318.16 0.74 317.92 n/a n/a 0.15 318.52 0.15 318.52 0.63 318.04

117 4815889 562525 321.21 321.94 321.826 7.10 3.07 318.14 3.11 318.09 2.96 318.24 2.63 318.58 2.70 318.51 3.34 317.87

 117A 4815885 562527 321.25 322.18 322.076 2.00 1.30 319.95 1.28 319.97 1.21 320.04 0.98 320.26 1.05 320.20 1.25 320.00

118 4815685 562921 324.02 324.91 324.766 7.30 0.59 323.43 0.84 323.18 0.73 323.30 0.45 323.58 0.57 323.45 0.88 323.14

 118A 4815689 562926 323.97 324.89 324.611 2.10 0.72 323.25 0.81 323.16 0.69 323.28 0.55 323.41 0.47 323.50 0.77 323.20

119 4815279 562960 325.88 326.93 326.863 6.00 1.16 324.72 1.12 324.76 0.86 325.02 0.62 325.26 0.65 325.24 0.92 324.96

 119A 4815280 562965 325.88 326.99 326.918 2.80 1.11 324.77 1.11 324.77 0.85 325.03 0.61 325.27 0.64 325.25 0.92 324.96

120 4814948 563249 327.38 328.89 7.20 0.35 327.04 0.47 326.91 0.36 327.02 0.09 327.29 -0.19 327.57 destroyed destroyed

 120A 4814941 563244 327.38 328.23 2.50 1.06 326.33 1.19 326.19 1.08 326.30 0.80 326.59 0.52 326.87 destroyed destroyed

121 4814817 563395 327.44 328.15 328.022 8.80 1.55 325.89 1.72 325.72 1.74 325.71 1.58 325.86 0.83 326.61 1.61 325.83

 121A 4814817 563396 328.09 328.93 328.885 2.70 1.47 326.61 1.64 326.44 1.67 326.42 1.52 326.57 0.78 327.30 damaged damaged

122 4814929 562960 326.79 327.64 327.504 5.80 n/a n/a 0.87 325.93 0.81 325.98 0.69 326.11 0.48 326.31 0.90 325.89

 122A 4814931 562959 326.81 327.58 327.514 2.80 n/a n/a 1.01 325.81 0.96 325.86 0.85 325.97 0.68 326.13 0.78 326.03

123 4815368 562710 324.20 325.06 324.827 49.00 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 14.21 309.99

124 4815650 562155 321.59 322.57 322.410 4.62

125 4816227 561991 319.23 320.29 320.190 4.16

126 4816259 562328 320.63 321.49 321.390 4.62

127 4816149 562485 320.06 321.03 320.930 2.49

128 4816388 562714 322.22 322.97 323.050 4.62

129 4815475 563115 326.16 327.12 327.060 4.62

130 4815757 562823 323.55 324.54 324.500 1.99

130A 4815764 562819 323.58 323.52 324.530 0.89

131 4815181 563267 326.72 327.65 327.540 3.07

132 4815128 564031 334.98 335.90 335.780 7.36

133 4814714 564395 340.08 341.09 340.940 12.54

134 4814454 563436 341.46 342.11 341.960 14.83

135 4814765 563819 333.54 334.66 334.360 9.19
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Apr 26/06

Groundwater 
Elevation (m) 

Apr 26/06

Depth to 
Groundwater (m) 

Dec 20/06

Groundwater 
Elevation (m) 

Dec 20/06

Depth to 
Groundwater (m) 

Feb 1/07

Groundwater 
Elevation (m) 

Feb 1/07

Depth to 
Groundwater (m) 

Apr 27/07

Groundwater 
Elevation (m) 

Apr 27/07

Depth to 
Groundwater (m) 

Jul 25/07

Groundwater 
Elevation (m) 

Jul 25/07

Depth to 
Groundwater (m) 

Nov 2/07

Groundwater 
Elevation (m) 

Nov 2/07

Depth to 
Groundwater (m) 

Jan 25,29/08

Groundwater 
Elevation (m) 
Jan 25,29/08

Depth to 
Groundwater (m) 

Apr 22-25/08

Groundwater 
Elevation (m) 
Apr 22-25/08

Depth to 
Groundwater (m) 

Jul 23-28/08

Groundwater 
Elevation (m) 
Jul 23-28/08

Depth to 
Groundwater (m) 

Oct 24-28/08

Groundwater 
Elevation (m) 
Oct 24-28/08

001 0.54 324.27 0.47 324.33 0.56 324.24 0.47 324.33 0.93 323.87 1.13 323.67 0.51 324.29 0.38 324.42 0.59 324.22 0.77 324.03

002 n/a n/a n/a n/a n/a n/a n/a n/a 1.93 325.33 1.99 325.27 1.31 325.95 1.25 326.01 1.35 325.91 1.43 325.83

003 0.13 326.48 0.24 326.37 0.28 326.33 0.04 326.57 0.72 325.89 1.13 325.48 0.44 326.17 0.03 326.58 0.39 326.22 0.69 325.92

004 3.68 326.75 3.87 326.56 3.78 326.65 3.40 327.03 4.24 326.19 4.91 325.52 4.21 326.22 2.90 327.53 3.94 326.49 4.40 326.03

 005 (S) n/a n/a n/a n/a n/a n/a n/a n/a moist/dry moist/dry dry dry 6.43 330.10 6.33 330.20 6.20 330.33 6.47 330.05

 005 (I) n/a n/a n/a n/a n/a n/a n/a n/a 8.65 327.88 9.37 327.16 9.24 327.29 7.91 328.62 8.40 328.13 8.83 327.70

006 6.83 327.88 6.94 327.77 6.85 327.85 6.43 328.27 6.96 327.74 7.59 327.11 7.24 327.46 6.16 328.54 6.65 328.05 7.08 327.62

101 3.70 318.00 3.61 318.09 3.86 317.84 3.69 318.01 4.16 317.54 4.35 317.35 3.61 318.09 3.21 318.49 3.91 317.79 3.93 317.77

102 0.95 319.71 0.98 319.68 1.08 319.58 0.92 319.74 1.94 318.72 2.36 318.30 0.92 319.74 0.77 319.89 0.48 320.18 1.51 319.15

103 0.56 323.29 0.53 323.32 0.76 323.09 0.52 323.33 1.41 322.44 1.45 322.40 0.52 323.33 0.41 323.44 0.80 323.05 1.06 322.79

104 0.53 321.51 0.68 321.36 0.79 321.25 0.55 321.49 1.45 320.59 1.34 320.70 0.58 321.46 0.61 321.43 0.74 321.30 0.90 321.14

105 1.02 322.85 1.07 322.80 1.11 322.76 0.94 322.93 1.39 322.48 1.25 322.62 1.10 322.77 1.05 322.82 1.10 322.77 1.15 322.72

106 2.17 326.47 2.16 326.48 2.23 326.42 1.99 326.66 2.58 326.07 2.89 325.76 2.26 326.39 1.82 326.83 2.15 326.50 2.46 326.19

107 0.39 327.05 0.45 326.99 0.48 326.96 n/a n/a 0.73 326.71 1.15 326.29 0.66 326.78 -0.08 327.52 0.29 327.15 0.69 326.75

108 - - - - - - - - - - - - - - - - - - - -

109 4.46 327.24 4.67 327.03 4.52 327.18 4.14 327.56 4.82 326.88 5.41 326.29 4.99 326.71 3.79 327.91 4.60 327.10 4.96 326.74

110 12.07 327.52 12.31 327.28 12.11 327.48 11.69 327.90 12.29 327.30 12.96 326.63 12.70 326.89 11.39 328.20 12.06 327.53 12.45 327.14

111 n/a n/a n/a n/a n/a n/a n/a n/a -0.83 325.03 -0.47 324.67 -0.98 325.18 -1.73 325.93 -0.85 325.05 -0.66 324.86

112 3.82 326.62 4.22 326.22 4.19 326.25 3.95 326.49 4.67 325.77 5.09 325.35 4.47 325.97 3.37 327.07 4.18 326.26 4.63 325.81

113 13.65 326.20 13.66 326.19 13.53 326.32 13.12 326.73 13.75 326.10 14.30 325.55 13.96 325.89 12.90 326.95 13.59 326.26 13.97 325.88

114 12.09 326.59 12.20 326.48 11.96 326.72 11.64 327.04 12.03 326.65 12.64 326.04 12.39 326.29 11.25 327.43 11.81 326.87 12.23 326.45

115 0.15 322.97 frozen frozen frozen frozen 0.36 322.77 -0.02 323.14 -0.07 323.19 frozen frozen -0.64 323.76 -0.64 323.76 -0.32 323.45

 115A 0.11 322.99 0.19 322.90 0.19 322.90 0.05 323.05 1.12 321.97 0.75 322.34 0.28 322.81 0.27 322.82 -0.01 323.10 0.35 322.74

116 3.02 315.73 3.07 315.68 3.35 315.39 3.03 315.71 4.12 314.63 4.34 314.41 3.40 315.35 2.75 316.00 4.12 314.63 3.91 314.84

 116A 0.17 318.50 0.26 318.41 0.32 318.35 0.16 318.50 1.09 317.58 1.11 317.56 0.20 318.47 0.18 318.49 0.40 318.27 0.46 318.21

117 2.88 318.33 2.91 318.30 3.03 318.17 3.02 318.19 3.16 318.05 3.17 318.04 2.66 318.55 2.37 318.84 3.15 318.06 2.96 318.25

 117A 1.01 320.24 1.06 320.19 1.17 320.08 0.79 320.45 1.42 319.83 1.32 319.93 1.12 320.13 1.00 320.25 1.21 320.04 1.15 320.10

118 0.67 323.35 0.60 323.42 0.73 323.29 0.59 323.43 0.69 323.33 0.68 323.34 0.36 323.66 0.27 323.75 0.53 323.49 0.59 323.43

 118A 0.60 323.37 0.64 323.33 0.69 323.28 0.52 323.45 0.98 322.99 0.93 323.04 0.66 323.31 0.64 323.33 0.71 323.26 0.76 323.20

119 0.58 325.30 0.63 325.25 0.66 325.22 0.51 325.37 1.16 324.72 1.03 324.85 0.73 325.15 0.66 325.22 0.53 325.35 0.70 325.18

 119A 0.58 325.30 0.62 325.26 0.65 325.23 0.70 325.19 1.15 324.73 1.01 324.87 0.71 325.17 0.64 325.24 0.53 325.35 0.69 325.20

120 - - - - - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - - - - - -

121 0.95 326.49 1.06 326.38 0.94 326.51 1.06 326.38 1.09 326.35 1.63 325.81 1.29 326.15 0.73 326.71 0.94 326.50 1.15 326.29

 121A n/a n/a n/a n/a n/a n/a n/a n/a 1.10 326.99 1.63 326.46 1.51 326.58 0.79 327.30 0.96 327.13 1.15 326.94

122 0.55 326.24 0.60 326.19 0.59 326.20 0.49 326.30 0.72 326.07 0.83 325.96 0.65 326.14 0.49 326.30 0.49 326.30 0.66 326.13

 122A 0.75 326.06 0.71 326.10 0.79 326.03 0.72 326.10 0.88 325.93 0.97 325.84 0.83 325.98 0.69 326.12 0.69 326.12 0.82 325.99

123 17.53 306.67 n/a n/a n/a n/a 18.26 305.94 18.95 305.25 19.54 304.66 13.56 310.64 12.45 311.75 15.98 308.22 17.12 307.08

124

125

126

127

128

129

130

130A

131

132

133

134

135
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 2, 3/09

Groundwater 
Elevation (m) 

Jan 2, 3/09

Depth to 
Groundwater (m) 

Apr 27-29/09

Groundwater 
Elevation (m) 
Apr 27-29/09

Depth to 
Groundwater (m) 

May 20/09

Groundwater 
Elevation (m) 

May 20/09

Depth to 
Groundwater (m) 

Jul 29/09

Groundwater 
Elevation (m) 

Jul 29/09

Depth to 
Groundwater (m) 

Aug 27/09

Groundwater 
Elevation (m) 

Aug 27/09

Depth to 
Groundwater (m) 

Oct 26, 27/09

Groundwater 
Elevation (m) 
Oct 26, 27/09

001 0.40 324.40 0.37 324.43 0.46 324.34 0.60 324.20 0.70 324.10

002 n/a n/a n/a n/a n/a n/a n/a n/a

003 0.05 326.56 -0.03 326.64 0.31 326.30 0.60 326.01

004 3.56 326.87 3.14 327.29 3.89 326.54 4.04 326.39 4.35 326.08

 005 (S) 6.01 330.52 6.42 330.11 6.46 330.07 6.45 330.08 dry dry

 005 (I) 8.71 327.82 7.71 328.82 8.15 328.38 8.29 328.24 8.67 327.85

006 6.71 327.99 6.04 328.66 6.49 328.21 6.58 328.12 6.95 327.76

101 3.05 318.65 3.18 318.52 4.08 317.62 3.82 317.88

102 0.53 320.13 0.53 320.13 1.49 319.17 1.32 319.34

103 0.30 323.55 0.34 323.51 0.95 322.90 1.05 322.80

104 0.49 321.55 0.43 321.61 0.71 321.33 0.90 321.14 0.87 321.17

105 1.03 322.84 0.94 322.93 1.07 322.80 1.08 322.79 1.08 322.79

106 1.88 326.77 1.72 326.93 2.17 326.48 2.20 326.45 2.37 326.28

107 0.19 327.25 -0.32 327.76 0.30 327.14 0.59 326.85

108 - - - - - - - -

109 4.39 327.31 3.83 327.87 4.49 327.21 4.87 326.83

110 12.16 327.43 11.36 328.23 11.89 327.70 12.04 327.55 12.34 327.25

111 -0.85 325.05 nm -1.02 325.22 -0.53 324.73

112 3.90 326.54 3.65 326.79 4.20 326.24 4.89 325.55

113 13.68 326.17 12.98 326.87 13.43 326.42 14.01 325.84

114 12.00 326.68 11.25 327.43 11.61 327.07 12.19 326.49

115 frozen frozen -0.64 323.76 -0.43 323.55 -0.38 323.50

 115A 0.17 322.92 0.00 323.09 0.36 322.73 0.18 322.91

116 not available not available 2.80 315.95 3.17 315.58 4.49 314.26 3.70 315.05

 116A 0.10 318.57 0.14 318.53 0.32 318.35 0.40 318.27 0.48 318.18

117 2.36 318.85 2.42 318.79 2.68 318.53 3.39 317.82 2.88 318.33

 117A 0.88 320.37 0.89 320.36 1.09 320.16 1.25 320.00 1.16 320.09

118 0.33 323.69 0.28 323.74 0.43 323.59 0.48 323.54 0.54 323.48

 118A 0.49 323.48 0.47 323.50 0.81 323.16 0.67 323.30 0.72 323.25

119 0.61 325.27 0.46 325.42 0.66 325.22 0.63 325.25 0.64 325.24

 119A 0.60 325.29 0.46 325.42 0.64 325.24 0.61 325.27 0.62 325.26

120 - - - - - - - - - - - -

 120A - - - - - - - - - - - -

121 0.91 326.53 0.70 326.74 0.87 326.57 1.06 326.38

 121A 0.94 327.15 0.75 327.34 0.90 327.19 1.08 327.01

122 0.51 326.28 0.41 326.38 0.49 326.30 0.53 326.26 0.60 326.19

 122A 0.71 326.11 0.64 326.17 0.70 326.11 0.73 326.08 0.79 326.03

123 16.99 307.21 16.87 307.33 17.14 307.06

124

125

126

127

128

129

130

130A

131

132

133

134

135
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 28, 29/10

Groundwater 
Elevation (m) 
Jan 28, 29/10

Depth to 
Groundwater (m) 

Apr 26-28/10

Groundwater 
Elevation (m) 
Apr 26-28/10

Depth to 
Groundwater (m) 

Jul 22, 23/10

Groundwater 
Elevation (m) 
Jul 22, 23/10

Depth to 
Groundwater (m) 

Sep 19/10

Groundwater 
Elevation (m) 

Sep 19/10

Depth to 
Groundwater (m) 

Oct 12-14/10

Groundwater 
Elevation (m) 
Oct 12-14/10

001 0.64 324.16 0.58 324.22 0.91 323.89 0.95 323.85

002 n/a n/a n/a n/a n/a n/a abandoned abandoned

003 0.51 326.10 0.26 326.35 0.70 325.91 0.97 325.64

004 4.33 326.10 3.76 326.67 4.29 326.14 4.73 325.70

 005 (S) dry dry 6.43 330.09 dry dry dry dry abandoned abandoned

 005 (I) 9.02 327.50 8.63 327.89 8.90 327.63 9.15 327.37 abandoned abandoned

006 7.19 327.51 6.87 327.84 7.15 327.56 7.39 327.32 abandoned abandoned

101 3.78 317.92 3.63 318.07 3.98 317.72 4.04 317.66

102 0.68 319.98 0.94 319.72 abandoned abandoned - -

103 0.95 322.90 0.74 323.11 1.28 322.57 1.33 322.52

104 0.76 321.28 0.80 321.24 1.17 320.87 1.22 320.82

105 1.06 322.81 1.11 322.76 1.34 322.53 1.21 322.66

106 2.36 326.29 2.24 326.41 2.56 326.08 abandoned abandoned

107 0.66 326.78 0.48 326.96 0.83 326.61 0.87 326.56

108 - - - - - - - -

109 4.96 326.74 4.52 327.18 4.94 326.76 5.28 326.42

110 12.55 327.04 12.12 327.47 12.44 327.15 12.74 326.85 abandoned abandoned

111 -0.58 324.78 -0.74 324.94 -0.46 324.66 -0.33 324.53

112 4.87 325.57 4.47 325.97 4.80 325.64 5.13 325.31

113 14.14 325.71 13.79 326.06 14.11 325.74 14.30 325.55 abandoned abandoned

114 12.40 326.28 12.04 326.64 12.39 326.29 12.58 326.11 abandoned abandoned

115 -0.49 323.61 -0.50 323.62 -0.06 323.19 -0.21 323.33

 115A 0.14 322.95 0.15 322.94 0.69 322.40 0.37 322.72

116 3.58 315.17 3.43 315.32 3.95 314.80 4.02 314.73

 116A 0.40 318.27 0.39 318.28 0.92 317.74 0.78 317.89

117 2.83 318.38 2.81 318.40 3.39 317.82 2.93 318.28

 117A 1.12 320.13 1.15 320.10 1.93 319.32 0.99 320.26

118 0.50 323.52 0.52 323.50 0.58 323.44 0.56 323.46

 118A 0.68 323.29 0.71 323.26 0.92 323.05 0.87 323.10

119 0.62 325.26 0.69 325.19 0.65 325.23 0.84 325.04

 119A 0.61 325.27 0.68 325.20 0.62 325.26 0.82 325.06

120 - - - - - - abandoned abandoned

 120A - - - - - - abandoned abandoned

121 1.18 326.26 0.95 326.49 1.23 326.22 1.42 326.03

 121A 1.19 326.90 0.98 327.11 1.23 326.86 1.43 326.66

122 0.65 326.14 0.59 326.20 0.50 326.29 0.76 326.03

 122A 0.84 325.98 0.79 326.03 0.70 326.12 0.92 325.90

123 18.59 305.50 18.41 305.68 19.13 304.96 19.29 304.80

124

125

126

127

128

129

130

130A

131

132

133

134

135

Banks Groundwater Engineering Limited 4 of 9 Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020



Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 18, 19/11

Groundwater 
Elevation (m) 
Jan 18, 19/11

Depth to 
Groundwater (m) 

Apr 27, 28/11

Groundwater 
Elevation (m) 
Apr 27, 28/11

Depth to 
Groundwater (m) 

Jul 18, 19/11

Groundwater 
Elevation (m) 
Jul 18, 19/11

Depth to 
Groundwater (m) 

Oct 20, 25/11

Groundwater 
Elevation (m) 
Oct 20, 25/11

Depth to 
Groundwater (m) 

Jan 10-18/12

Groundwater 
Elevation (m) 
Jan 10-18/12

Depth to 
Groundwater (m) 

Apr 13, 16/12

Groundwater 
Elevation (m) 
Apr 13, 16/12

Depth to 
Groundwater (m) 

Jul 16, 19/12

Groundwater 
Elevation (m) 
Jul 16, 19/12

Depth to 
Groundwater (m) 

Oct 16, 18/12

Groundwater 
Elevation (m) 
Oct 16, 18/12

001 1.07 323.73 0.57 324.24 abandoned abandoned - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.93 325.68 0.00 326.61 0.37 326.24 0.64 325.97 0.26 326.35 0.46 326.15 1.04 325.57 1.31 325.30

004 4.76 325.67 3.63 326.80 3.65 326.78 4.55 325.88 3.99 326.44 4.03 326.40 4.67 325.76 5.11 325.32

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 4.06 317.64 abandoned abandoned - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 1.35 322.50 0.58 323.27 1.44 322.41 1.23 322.62 0.94 322.91 1.26 322.59 1.75 322.10 1.44 322.42

104 1.12 320.92 0.62 321.42 0.94 321.10 0.76 321.28 0.74 321.30 0.98 321.06 1.42 320.62 1.17 320.87

105 1.23 322.64 0.98 322.90 1.25 322.62 0.83 323.04 1.09 322.78 1.18 322.69 1.54 322.33 1.21 322.67

106 - - - - - - - - - - - - - - - -

107 1.30 326.14 0.44 327.00 0.77 326.67 1.22 326.22 1.02 326.42 1.11 326.32 1.37 326.06 1.46 325.98

108 - - - - - - - - - - - - - - - -

109 5.36 326.34 4.45 327.25 4.35 327.35 5.05 326.65 4.77 326.93 4.76 326.94 5.29 326.41 5.64 326.06

110 - - - - - - - - - - - - - - - -

111 -0.27 324.47 -0.95 325.15 -0.81 325.01 -0.50 324.70 -0.70 324.90 -0.70 324.90 -0.22 324.42 -0.20 324.40

112 5.15 325.29 4.09 326.35 4.26 326.18 4.88 325.56 4.33 326.11 4.48 325.96 5.21 325.23 5.32 325.12

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 -0.36 323.48 -0.63 323.75 -0.16 323.28 -0.45 323.57 -0.49 323.61 -0.46 323.58 0.29 322.83 -0.09 323.21

 115A 0.29 322.80 0.02 323.07 0.82 322.28 0.00 323.10 0.15 322.95 0.18 322.92 1.16 321.94 0.45 322.65

116 3.98 314.77 2.96 315.79 3.51 315.24 3.52 315.23 3.19 315.56 3.65 315.10 4.20 314.55 3.98 314.77

 116A 0.75 317.92 0.28 318.39 0.57 318.10 0.20 318.47 0.33 318.34 0.53 318.14 1.16 317.51 0.70 317.97

117 2.92 318.29 2.40 318.81 2.90 318.31 2.62 318.59 2.67 318.54 2.94 318.27 3.22 317.99 2.94 318.27

 117A 0.96 320.29 0.67 320.58 1.17 320.08 0.55 320.70 1.02 320.23 1.14 320.11 1.28 319.97 1.07 320.18

118 0.61 323.41 0.30 323.73 0.82 323.21 0.56 323.47 0.46 323.56 0.59 323.43 1.00 323.02 0.63 323.40

 118A 0.93 323.04 0.64 323.34 1.17 322.81 0.76 323.21 0.78 323.19 0.92 323.05 1.29 322.69 0.93 323.04

119 0.58 325.30 0.21 325.68 2.12 323.76 0.76 325.12 0.89 324.99 0.97 324.91 1.04 324.84 1.01 324.88

 119A 0.58 325.30 0.20 325.68 2.12 323.77 0.73 325.15 0.87 325.02 0.95 324.94 1.03 324.86 0.98 324.90

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.64 325.81 0.95 326.49 0.84 326.61 1.21 326.24 1.22 326.22 1.21 326.24 1.62 325.82 1.87 325.57

 121A 1.65 326.44 0.97 327.12 0.89 327.20 1.22 326.87 1.22 326.87 1.20 326.89 1.63 326.46 1.89 326.20

122 0.80 325.99 0.49 326.31 0.79 326.00 0.62 326.17 0.62 326.17 0.66 326.13 0.88 325.91 0.96 325.83

 122A 0.95 325.86 0.70 326.11 0.78 326.04 0.80 326.02 0.81 326.01 0.84 325.97 1.03 325.79 1.09 325.72

123 19.33 304.76 17.55 306.54 17.28 306.81 15.80 308.29 15.77 308.32 11.18 312.91 18.48 305.61 16.73 307.36

124 1.30 320.29 1.76 319.83 2.39 319.20 2.31 319.28

125 4.40 314.83 4.83 314.40 5.20 314.03 5.01 314.22

126 3.28 317.35 3.81 316.82 5.01 315.62 4.61 316.02

127 1.51 318.55 1.67 318.39 1.87 318.20 1.66 318.40

128 1.93 320.29 2.03 320.20 2.28 319.94 2.12 320.10

129 1.10 325.07 1.29 324.87 1.54 324.62 1.25 324.91

130 1.03 322.52 n/a n/a 1.56 321.99 1.08 322.47

130A 0.94 322.65 n/a n/a 1.44 322.14 1.03 322.56

131 1.33 325.39 1.40 325.33 1.19 325.53 1.04 325.68

132 7.25 327.73 7.31 327.68 7.61 327.38 7.82 327.16

133 12.05 328.03 11.97 328.11 12.35 327.73 12.68 327.40

134 14.40 327.06 14.30 327.16 14.83 326.63 15.19 326.27

135 6.34 327.20 6.30 327.24 6.69 326.85 6.99 326.55
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 10, 11/13

Groundwater 
Elevation (m) 
Jan 10, 11/13

Depth to 
Groundwater (m) 

Apr 25, 26/13

Groundwater 
Elevation (m) 
Apr 25, 26/13

Depth to 
Groundwater (m) 

Jul 15, 16/13

Groundwater 
Elevation (m) 
Jul 15, 16/13

Depth to 
Groundwater (m) 

Oct 23, 24/13

Groundwater 
Elevation (m) 
Oct 23, 24/13

Depth to 
Groundwater (m) 

Jan 13, 14/14

Groundwater 
Elevation (m) 
Jan 13, 14/14

Depth to 
Groundwater (m) 

Apr 22, 23/14

Groundwater 
Elevation (m) 
Apr 22, 23/14

Depth to 
Groundwater (m) 

Jul 14, 15/14

Groundwater 
Elevation (m) 
Jul 14, 15/14

Depth to 
Groundwater (m) 

Oct 9, 10/14

Groundwater 
Elevation (m) 
Oct 9, 10/14

001 - - - - - - - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.88 325.73 0.05 326.56 0.46 326.15 0.59 326.02 0.21 326.40 0.05 326.56 0.47 326.14 0.58 326.03

004 4.74 325.69 3.27 327.16 3.93 326.50 4.47 325.96 4.17 326.26 3.30 327.13 3.94 326.49 4.32 326.11

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 - - - - - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 1.18 322.67 0.64 323.21 1.09 322.77 0.97 322.89 0.95 322.90 0.66 323.19 1.35 322.50 0.98 322.87

104 0.73 321.31 0.54 321.50 0.86 321.18 0.71 321.33 0.57 321.47 0.65 321.39 1.07 320.97 0.79 321.25

105 1.13 322.75 1.02 322.85 1.25 322.62 1.06 322.82 1.01 322.86 1.06 322.81 1.29 322.58 1.11 322.77

106 - - - - - - - - - - - - - - - -

107 1.37 326.07 0.77 326.66 0.84 326.59 0.99 326.45 1.00 326.43 0.75 326.68 0.89 326.54 0.94 326.49

108 - - - - - - - - - - - - - - - -

109 5.40 326.30 4.20 327.50 4.63 327.07 5.01 326.69 4.88 326.82 4.19 327.51 4.62 327.08 4.92 326.78

110 - - - - - - - - - - - - - - - -

111 -0.46 324.66 -1.19 325.39 -0.97 325.17 -0.82 325.02 frozen frozen -1.07 325.27 -0.83 325.03 -0.75 324.95

112 4.96 325.48 3.67 326.77 4.26 326.18 4.68 325.76 4.37 326.07 3.65 326.79 4.31 326.13 4.56 325.88

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 -0.34 323.46 -0.64 323.76 -0.39 323.51 -0.50 323.62 -0.59 323.71 -0.64 323.76 -0.35 323.47 -0.53 323.65

 115A 0.15 322.95 0.11 322.99 0.48 322.62 0.13 322.97 0.06 323.03 0.10 323.00 0.55 322.55 0.17 322.93

116 3.61 315.14 2.88 315.87 3.27 315.48 2.80 315.95 3.22 315.53 2.79 315.96 3.52 315.23 3.18 315.57

 116A 0.45 318.22 0.28 318.39 0.52 318.15 0.37 318.30 0.24 318.43 0.31 318.36 0.71 317.96 0.45 318.22

117 2.82 318.39 2.54 318.67 2.78 318.43 2.51 318.70 2.58 318.63 2.52 318.69 2.92 318.29 2.68 318.53

 117A 1.07 320.18 1.00 320.25 1.17 320.08 1.03 320.22 0.96 320.29 1.03 320.22 1.19 320.06 1.11 320.14

118 0.57 323.46 0.36 323.67 0.51 323.52 0.43 323.60 0.39 323.64 0.39 323.64 0.75 323.28 0.59 323.44

 118A 0.86 323.11 0.72 323.25 0.88 323.09 0.76 323.21 0.73 323.24 0.76 323.21 0.97 323.00 0.79 323.18

119 1.00 324.88 0.91 324.97 0.99 324.90 0.92 324.96 0.80 325.08 0.90 324.98 1.01 324.87 0.96 324.92

 119A 0.98 324.91 0.89 324.99 0.97 324.92 0.90 324.99 0.79 325.10 0.88 325.01 1.00 324.89 0.95 324.94

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.72 325.72 0.95 326.49 1.03 326.41 1.24 326.20 1.18 326.26 0.93 326.52 1.03 326.41 1.18 326.26

 121A 1.73 326.36 0.98 327.11 1.05 327.04 1.25 326.84 1.20 326.89 0.95 327.14 1.04 327.05 1.18 326.91

122 0.78 326.01 0.50 326.29 0.64 326.15 0.64 326.15 0.54 326.25 0.50 326.29 0.64 326.15 0.65 326.14

 122A 0.93 325.88 0.71 326.10 0.83 325.98 0.82 325.99 0.75 326.06 0.73 326.08 0.83 325.98 0.83 325.98

123 16.25 307.84 15.46 308.63 17.41 306.68 17.27 306.82 17.11 306.98 16.27 307.82 17.06 307.03 17.09 307.00

124 1.40 320.20 1.17 320.42 1.64 319.96 1.25 320.34 1.16 320.43 1.20 320.39 2.03 319.56 1.36 320.23

125 4.79 314.44 4.06 315.18 4.54 314.69 4.16 315.08 4.47 314.76 3.96 315.28 4.70 314.53 4.51 314.72

126 3.79 316.85 2.99 317.64 2.74 317.89 2.54 318.10 2.66 317.98 2.48 318.16 3.13 317.51 2.59 318.04

127 1.57 318.49 1.41 318.66 1.56 318.50 1.46 318.61 1.42 318.64 1.39 318.68 1.61 318.46 1.48 318.58

128 2.01 320.21 1.80 320.43 1.90 320.32 1.87 320.36 1.82 320.40 1.83 320.40 1.99 320.23 1.87 320.35

129 1.19 324.97 0.92 325.24 1.12 325.04 1.00 325.16 0.93 325.23 0.91 325.25 1.20 324.96 1.05 325.11

130 1.11 322.44 1.05 322.50 1.18 322.37 1.06 322.50 1.01 322.54 1.05 322.51 1.25 322.30 1.07 322.48

130A 1.01 322.58 0.84 322.75 1.05 322.53 0.91 322.67 0.86 322.73 0.89 322.69 1.13 322.45 0.93 322.65

131 0.98 325.74 0.66 326.06 0.80 325.93 0.75 325.97 0.62 326.10 0.66 326.06 0.81 325.91 0.80 325.92

132 7.82 327.16 7.05 327.93 6.96 328.02 7.26 327.72 7.36 327.62 7.01 327.97 6.97 328.01 7.09 327.89

133 12.76 327.33 11.86 328.22 11.58 328.50 11.96 328.12 12.12 327.96 11.76 328.32 11.54 328.54 11.80 328.28

134 15.04 326.43 13.89 327.57 14.15 327.31 14.55 326.91 14.50 326.96 13.85 327.61 14.11 327.35 14.43 327.03

135 6.94 326.60 6.05 327.49 6.02 327.53 6.37 327.17 6.43 327.11 6.00 327.54 6.00 327.54 6.24 327.30
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 9, 14/15

Groundwater 
Elevation (m) 
Jan 9, 14/15

Depth to 
Groundwater (m) 

Apr 10, 13/15

Groundwater 
Elevation (m) 
Apr 10, 13/15

Depth to 
Groundwater (m) 

Jul 15, 16/15

Groundwater 
Elevation (m) 
Jul 15, 16/15

Depth to 
Groundwater (m) 

Oct 23, 24/15

Groundwater 
Elevation (m) 
Oct 23, 24/15

Depth to 
Groundwater (m) 

Jan 25/16

Groundwater 
Elevation (m) 

Jan 25/16

Depth to 
Groundwater (m) 

Apr 14, 15/16

Groundwater 
Elevation (m) 
Apr 14, 15/16

Depth to 
Groundwater (m) 

Jul 26, 27/16

Groundwater 
Elevation (m) 
Jul 26, 27/16

Depth to 
Groundwater (m) 

Oct 24, 25/16

Groundwater 
Elevation (m) 
Oct 24, 25/16

001 - - - - - - - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.53 326.08 0.16 326.45 0.52 326.09 0.99 325.62 0.67 325.94 0.01 326.60 0.75 325.86 1.03 325.58

004 4.26 326.17 4.10 326.33 4.11 326.32 4.72 325.71 4.51 325.92 3.19 327.24 4.27 326.16 4.79 325.64

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 - - - - - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 1.19 322.66 0.77 323.08 1.07 322.78 1.46 322.39 1.13 322.72 0.57 323.28 1.44 322.41 1.37 322.48

104 0.99 321.05 0.47 321.57 0.84 321.20 1.17 320.87 0.86 321.18 0.62 321.42 1.22 320.82 1.13 320.91

105 1.19 322.68 0.87 323.00 1.14 322.73 1.26 322.61 1.18 322.69 1.02 322.85 1.36 322.51 1.21 322.66

106 - - - - - - - - - - - - - - - -

107 1.12 326.31 1.03 326.40 1.03 326.40 1.33 326.10 n/a n/a 0.69 326.74 1.08 326.35 1.28 326.15

108 - - - - - - - - - - - - - - - -

109 4.98 326.72 4.83 326.87 4.87 326.83 5.33 326.37 5.22 326.48 4.18 327.52 4.92 326.78 5.34 326.36

110 - - - - - - - - - - - - - - - -

111 frozen frozen -0.69 324.89 -0.71 324.91 -0.30 324.50 frozen frozen -1.07 325.27 -0.63 324.83 -0.39 324.59

112 4.48 325.96 4.25 326.19 4.38 326.06 4.94 325.50 4.68 325.76 3.56 326.88 4.72 325.72 4.96 325.48

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 -0.55 323.67 -0.58 323.70 -0.51 323.63 -0.16 323.28 -0.64 323.76 -0.03 323.15 -0.19 323.31

 115A 0.19 322.91 -0.02 323.11 0.19 322.91 0.44 322.66 0.18 322.92 0.11 322.99 0.87 322.23 0.40 322.70

116 3.53 315.22 3.26 315.49 3.11 315.64 3.86 314.89 3.41 315.34 2.62 316.13 3.87 314.88 3.80 314.95

 116A 0.66 318.01 0.21 318.46 0.53 318.14 0.95 317.72 0.56 318.11 0.30 318.37 0.90 317.77 0.77 317.90

117 2.84 318.37 2.66 318.55 2.72 318.49 2.99 318.22 2.80 318.41 2.44 318.77 3.04 318.17 2.93 318.28

 117A 1.16 320.09 0.85 320.40 1.12 320.13 1.16 320.09 1.11 320.14 0.98 320.27 1.21 320.04 1.14 320.11

118 0.69 323.34 0.38 323.65 0.62 323.41 0.79 323.24 0.67 323.36 0.52 323.51 0.78 323.25 0.73 323.30

 118A 0.89 323.08 0.59 323.38 0.84 323.13 1.00 322.97 0.87 323.10 0.73 323.24 1.02 322.95 0.94 323.03

119 0.99 324.89 0.92 324.96 0.95 324.93 1.05 324.83 1.02 324.86 0.90 324.98 1.02 324.86 1.03 324.85

 119A 0.97 324.92 0.90 324.99 0.93 324.96 1.03 324.86 1.00 324.89 0.87 325.02 1.00 324.89 1.01 324.88

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.32 326.12 1.20 326.24 1.20 326.24 1.61 325.83 1.56 325.88 0.93 326.51 1.24 326.20 1.58 325.86

 121A 1.32 326.77 1.21 326.88 1.21 326.88 1.62 326.47 1.58 326.51 0.95 327.14 1.25 326.84 1.59 326.50

122 0.65 326.14 0.57 326.22 0.68 326.11 0.82 325.97 n/a n/a 0.49 326.30 0.75 326.04 0.83 325.96

 122A 0.83 325.98 0.78 326.03 0.86 325.95 0.97 325.84 n/a n/a 0.70 326.11 0.92 325.89 0.97 325.84

123 17.46 306.63 17.79 306.30 13.18 310.91 18.71 305.38 18.50 305.59 17.97 306.12 19.49 304.60 18.83 305.26

124 1.55 320.04 1.22 320.37 1.44 320.15 2.13 319.46 1.45 320.14 1.13 320.46 2.38 319.21 2.22 319.37

125 4.68 314.55 4.42 314.81 4.35 314.88 5.04 314.19 4.71 314.52 3.82 315.41 5.02 314.21 5.01 314.22

126 2.94 317.69 2.62 318.01 2.61 318.02 3.80 316.83 2.92 317.71 2.39 318.24 3.74 316.89 3.61 317.02

127 1.56 318.50 1.23 318.83 1.45 318.61 1.66 318.40 1.52 318.54 1.32 318.74 1.65 318.41 1.63 318.43

128 1.94 320.28 1.69 320.53 1.84 320.38 2.10 320.12 1.92 320.30 1.70 320.52 2.03 320.19 2.03 320.19

129 1.13 325.03 0.74 325.42 1.08 325.08 1.29 324.87 1.14 325.02 0.82 325.34 1.24 324.92 1.22 324.94

130 1.15 322.40 0.80 322.75 1.12 322.43 1.24 322.31 1.14 322.41 0.97 322.58 1.29 322.26 1.20 322.35

130A 1.03 322.55 0.64 322.94 0.98 322.60 1.13 322.45 1.00 322.58 0.79 322.79 1.16 322.42 1.07 322.51

131 0.87 325.85 0.68 326.04 0.84 325.88 1.01 325.71 0.92 325.80 0.64 326.08 0.91 325.81 0.98 325.74

132 7.45 327.53 7.55 327.43 7.22 327.76 7.63 327.35 7.68 327.30 6.93 328.05 7.22 327.76 7.55 327.43

133 12.23 327.85 12.33 327.75 12.03 328.05 12.42 327.66 12.62 327.46 11.91 328.17 11.88 328.20 12.29 327.79

134 14.57 326.89 14.53 326.93 14.43 327.03 14.87 326.59 14.86 326.60 13.90 327.56 14.43 327.03 14.85 326.61

135 6.50 327.04 6.59 326.95 6.35 327.19 6.74 326.80 6.78 326.76 6.03 327.51 6.29 327.25 n/a n/a
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 11/17

Groundwater 
Elevation (m) 

Jan 11/17

Depth to 
Groundwater (m) 

Apr 3, 4/17

Groundwater 
Elevation (m) 
Apr 3, 4/17

Depth to 
Groundwater (m) 

Jul 5, 6, 10/17

Groundwater 
Elevation (m) 
Jul 5, 6, 10/17

Depth to 
Groundwater (m) 

Oct 18, 20/17

Groundwater 
Elevation (m) 
Oct 18, 20/17

Depth to 
Groundwater (m) 

Jan 24, 25/18

Groundwater 
Elevation (m) 
Jan 24, 25/18

Depth to 
Groundwater (m) 

Apr 3, 5/18

Groundwater 
Elevation (m) 
Apr 3, 5/18

Depth to 
Groundwater (m) 

Jul 17, 18/18

Groundwater 
Elevation (m) 
Jul 17, 18/18

Depth to 
Groundwater (m) 
Oct 17,18,19/18

Groundwater 
Elevation (m) 

Oct 17,18,19/18

001 - - - - - - - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.40 326.21 -0.04 326.65 0.29 326.32 0.82 325.79 0.35 326.26 0.12 326.49 0.61 326.00 0.97 325.64

004 4.57 325.86 3.58 326.85 3.69 326.74 4.50 325.93 4.40 326.03 3.98 326.45 4.06 326.37 4.69 325.74

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 - - - - - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 0.75 323.10 0.78 323.07 1.05 322.80 1.43 322.42 0.84 323.01 1.03 322.82 1.40 322.45 1.34 322.51

104 0.53 321.51 0.68 321.36 0.93 321.11 1.23 320.81 0.62 321.42 0.83 321.21 1.30 320.74 1.22 320.82

105 0.96 322.91 1.06 322.81 1.16 322.71 1.28 322.59 1.06 322.81 1.00 322.87 1.40 322.47 1.25 322.62

106 - - - - - - - - - - - - - - - -

107 1.14 326.29 0.81 326.62 0.67 326.76 1.10 326.33 n/a n/a 0.93 326.50 1.00 326.43 1.23 326.20

108 - - - - - - - - - - - - - - - -

109 5.21 326.49 4.41 327.29 4.36 327.34 5.06 326.64 5.09 326.61 4.72 326.98 4.76 326.94 5.28 326.42

110 - - - - - - - - - - - - - - - -

111 frozen frozen -1.02 325.22 -1.09 325.29 -0.61 324.81 frozen frozen -0.87 325.07 -0.68 324.88 -0.42 324.62

112 4.68 325.76 3.86 326.58 4.01 326.43 4.70 325.74 4.53 325.91 4.18 326.26 4.35 326.09 4.89 325.55

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 frozen frozen -0.61 323.73 -0.60 323.72 -0.16 323.28 frozen frozen -0.52 323.64 -0.06 323.18 -0.15 323.27

 115A -0.01 323.10 0.12 322.98 0.24 322.86 0.59 322.51 0.05 323.04 0.11 322.99 0.87 322.23 0.50 322.60

116 2.99 315.76 2.91 315.84 3.10 315.65 3.79 314.96 na na 3.34 315.41 3.78 314.97 3.81 314.94

 116A 0.19 318.48 0.32 318.35 0.47 318.20 0.74 317.93 0.09 318.58 0.42 318.25 0.97 317.70 0.96 317.71

117 2.51 318.70 2.50 318.71 2.69 318.52 2.95 318.26 2.48 318.73 2.77 318.44 3.02 318.19 2.94 318.27

 117A 0.91 320.34 0.84 320.41 1.14 320.11 1.17 320.08 0.94 320.31 1.08 320.17 1.22 320.03 1.19 320.06

118 0.40 323.63 0.51 323.52 0.57 323.46 0.68 323.35 0.30 323.73 0.45 323.58 0.70 323.33 0.61 323.42

 118A 0.64 323.33 0.76 323.21 0.85 323.12 0.99 322.98 0.69 323.28 0.79 323.18 1.02 322.95 0.95 323.02

119 0.82 325.06 0.92 324.96 0.93 324.95 0.99 324.89 0.90 324.98 0.84 325.04 0.93 324.95 0.99 324.89

 119A 0.80 325.09 0.90 324.99 0.91 324.98 0.98 324.91 0.89 325.00 0.82 325.07 0.98 324.91 0.98 324.91

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.44 326.00 0.99 326.45 0.90 326.54 1.30 326.14 1.34 326.10 1.08 326.36 1.11 326.33 1.51 325.93

 121A 1.45 326.64 1.01 327.08 0.92 327.17 1.31 326.78 1.36 326.73 1.09 327.00 1.12 326.97 1.53 326.56

122 n/a n/a 0.33 326.46 0.59 326.20 0.73 326.06 n/a n/a 0.54 326.25 0.72 326.07 0.81 325.98

 122A n/a n/a 0.58 326.23 0.79 326.02 0.90 325.91 n/a n/a 0.75 326.06 0.91 325.90 0.96 325.85

123 19.16 304.93 19.84 304.25 17.86 306.23 19.51 304.58 17.83 306.26 19.74 304.35 >20 <304.1 20.86 303.23

124 1.25 320.34 1.17 320.42 1.50 320.09 2.35 319.24 1.30 320.29 1.46 320.13 2.27 319.32 2.37 319.22

125 4.32 314.91 4.20 315.03 4.48 314.75 5.04 314.19 4.19 315.04 4.68 314.55 4.98 314.25 4.95 314.28

126 2.34 318.29 2.39 318.24 3.01 317.62 3.56 317.07 2.55 318.08 2.75 317.88 3.76 316.88 4.06 316.57

127 1.27 318.79 1.37 318.69 1.45 318.61 1.67 318.39 1.22 318.84 1.44 318.62 1.62 318.44 1.64 318.42

128 1.71 320.51 1.76 320.46 1.88 320.34 2.14 320.08 1.78 320.44 1.88 320.34 2.02 320.20 2.03 320.19

129 0.87 325.29 0.90 325.26 1.04 325.12 1.22 324.94 0.84 325.32 1.01 325.15 1.23 324.93 1.21 324.95

130 0.91 322.64 1.01 322.54 1.13 322.42 1.26 322.29 0.94 322.61 1.04 322.51 1.28 322.27 1.21 322.34

130A 0.74 322.84 0.85 322.73 0.98 322.60 1.13 322.45 0.77 322.81 0.89 322.69 1.15 322.43 1.09 322.49

131 0.67 326.05 0.67 326.05 0.71 326.01 0.88 325.84 0.71 326.01 0.62 326.10 0.88 325.84 0.94 325.78

132 7.58 327.40 7.13 327.85 6.59 328.39 7.29 327.69 7.47 327.51 7.32 327.66 7.12 327.86 7.50 327.48

133 12.56 327.52 11.95 328.13 11.09 328.99 11.91 328.17 12.34 327.74 12.15 327.93 11.79 328.29 12.24 327.84

134 14.87 326.59 14.08 327.38 13.84 327.62 14.53 326.93 14.73 326.73 14.39 327.07 14.25 327.21 14.79 326.67

135 n/a n/a 5.81 327.73 5.35 328.19 6.05 327.49 6.29 327.25 6.06 327.48 5.83 327.71 6.29 327.25
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020

Monitoring Well Elevation Data

Monitoring 
Well Number

Depth to 
Groundwater (m) 

Jan 22, 23/19

Groundwater 
Elevation (m) 
Jan 22, 23/19

Depth to 
Groundwater (m) 

Apr 8/19

Groundwater 
Elevation (m) 

Apr 8/19

Depth to 
Groundwater (m) 

Jul 11, 12/19

Groundwater 
Elevation (m)   
Jul 11, 12/19

Depth to 
Groundwater (m) 

Nov 19-30/19

Groundwater 
Elevation (m)   
Nov 19-30/19

Depth to 
Groundwater (m) 

Jan 14, 15/20

Groundwater 
Elevation (m) 
Jan 14, 15/20

Depth to 
Groundwater (m) 

Apr 7, 8/20

Groundwater 
Elevation (m) 
Apr 7, 8/20

Depth to 
Groundwater (m) 

Jul 16-21/20

Groundwater 
Elevation (m)   
Jul 16-21/20

Depth to 
Groundwater (m) 

Oct 21-28/20

Groundwater 
Elevation (m)   
Oct 21-28/20

001 - - - - - - - - - - - - - - - -

002 - - - - - - - - - - - - - - - -

003 0.63 325.98 - - 0.34 326.27 0.49 326.12 -0.08 326.69 0.20 326.41 0.89 325.72 1.10 325.51

004 4.35 326.08 - - 3.78 326.65 4.52 325.91 3.92 326.51 4.00 326.43 4.62 325.81 4.94 325.49

 005 (S) - - - - - - - - - - - - - - - -

 005 (I) - - - - - - - - - - - - - - - -

006 - - - - - - - - - - - - - - - -

101 - - - - - - - - - - - - - - - -

102 - - - - - - - - - - - - - - - -

103 1.14 322.71 - - 1.20 322.65 0.91 322.94 0.39 323.46 0.88 322.97 1.42 322.43 1.30 322.55

104 0.91 321.13 - - 0.97 321.07 0.77 321.27 0.61 321.43 0.80 321.24 1.31 320.73 1.06 320.98

105 1.20 322.67 - - 1.26 322.61 1.06 322.81 1.03 322.84 1.13 322.74 1.34 322.53 1.15 322.72

106 - - - - - - - - - - - - - - - -

107 1.18 326.25 0.86 326.57 0.73 326.70 0.99 326.44 0.75 326.68 0.78 326.65 1.08 326.35 1.28 326.15

108 - - - - - - - - - - - - - - - -

109 5.09 326.61 - - 4.46 327.24 4.98 326.72 4.53 327.17 4.44 327.26 5.05 326.65 5.39 326.31

110 - - - - - - - - - - - - - - - -

111 frozen frozen - - -1.02 325.22 -0.90 325.10 frozen frozen -1.15 325.35 1.70 322.50 -0.18 324.38

112 4.54 325.90 - - 4.06 326.38 5.19 325.25 4.83 325.61 4.23 326.21 5.12 325.32 5.35 325.09

113 - - - - - - - - - - - - - - - -

114 - - - - - - - - - - - - - - - -

115 frozen frozen - - -0.49 323.61 -0.09 323.21 0.96 322.16 -0.48 323.60 0.71 322.41 -0.10 323.22

 115A 0.30 322.80 - - 0.38 322.72 0.16 322.94 0.05 323.04 0.16 322.94 0.88 322.22 0.24 322.86

116 3.48 315.27 - - 3.29 315.46 3.22 315.53 2.27 316.48 3.09 315.66 3.85 314.90 3.86 314.89

 116A 0.68 317.99 - - 0.73 317.94 0.42 318.25 0.17 318.50 0.50 318.17 1.03 317.64 0.99 317.68

117 2.80 318.41 - - 2.76 318.45 2.60 318.61 2.19 319.02 2.63 318.58 3.00 318.21 2.89 318.32

 117A 1.11 320.14 - - 1.18 320.07 1.06 320.19 0.85 320.40 1.11 320.14 1.22 320.03 1.12 320.13

118 0.57 323.46 - - 0.57 323.46 0.40 323.63 0.44 323.59 0.55 323.48 0.78 323.25 0.65 323.38

 118A 0.90 323.07 - - 0.93 323.04 0.74 323.23 0.67 323.30 0.80 323.17 1.03 322.94 0.84 323.13

119 0.98 324.90 0.82 325.06 0.94 324.94 0.91 324.97 0.83 325.05 0.91 324.97 0.93 324.95 0.85 325.03

 119A 0.97 324.92 0.81 325.08 0.93 324.96 0.90 324.99 0.79 325.09 0.89 325.00 0.91 324.98 0.84 325.05

120 - - - - - - - - - - - - - - - -

 120A - - - - - - - - - - - - - - - -

121 1.44 326.00 0.91 326.53 0.92 326.52 1.20 326.24 0.93 326.51 0.93 326.51 1.27 326.17 1.55 325.89

 121A 1.46 326.63 1.01 327.08 0.93 327.16 1.21 326.88 1.01 327.08 0.95 327.14 1.28 326.81 1.57 326.52

122 0.73 326.06 - - 0.61 326.18 0.65 326.14 0.48 326.31 0.60 326.19 0.81 325.98 0.83 325.96

 122A 0.90 325.91 - - 0.82 325.99 0.83 325.98 0.70 326.11 0.79 326.02 0.96 325.85 0.97 325.84

123 20.38 303.71 - - 19.65 304.44 18.68 305.41 12.69 311.40 16.36 307.73 17.80 306.29 19.21 304.88

124 1.73 319.86 - - 1.84 319.75 1.34 320.25 1.20 320.39 1.38 320.21 2.38 319.21 2.27 319.32

125 4.77 314.46 - - 4.57 314.66 4.59 314.64 3.35 315.88 4.46 314.77 5.04 314.19 5.04 314.19

126 3.89 316.74 - - 3.49 317.14 3.36 317.27 2.94 317.69 3.34 317.29 4.12 316.51 4.22 316.41

127 1.49 318.57 - - 1.53 318.53 1.41 318.65 1.10 318.96 1.41 318.65 1.60 318.46 1.56 318.50

128 1.93 320.29 - - 1.93 320.29 1.81 320.41 1.50 320.72 1.81 320.41 2.00 320.22 2.01 320.21

129 1.14 325.02 - - 1.12 325.04 0.96 325.20 0.66 325.50 0.98 325.18 1.24 324.92 1.15 325.01

130 1.17 322.38 - - 1.20 322.35 1.05 322.50 0.90 322.65 1.08 322.47 1.25 322.30 1.14 322.41

130A 1.03 322.55 - - 1.07 322.51 0.85 322.73 0.69 322.89 0.91 322.67 1.10 322.48 0.99 322.59

131 0.89 325.83 0.53 326.19 0.75 325.97 0.75 325.97 0.45 326.27 0.70 326.02 0.89 325.83 0.92 325.80

132 7.53 327.45 7.23 327.75 6.71 328.27 7.27 327.71 7.07 327.91 6.95 328.03 7.26 327.72 7.56 327.42

133 12.42 327.66 12.02 328.06 11.26 328.82 12.01 328.07 12.07 328.01 11.62 328.46 11.92 328.16 12.30 327.78

134 14.70 326.76 14.21 327.25 13.91 327.55 14.51 326.95 14.39 327.07 13.97 327.49 14.50 326.96 14.88 326.58

135 6.31 327.23 5.94 327.60 5.44 328.10 6.03 327.51 6.05 327.49 5.61 327.93 5.99 327.55 6.35 327.19
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number Type

Estimated 
Northing

Estimated 
Easting

Estimated 
Ground 

Elevation 
(mamsl)

Depth to 
Groundwater (m) 

Dec 20/06

Groundwater 
Elevation (m) 

Dec 20/06

Depth to 
Groundwater (m) 

Jan 23/07

Groundwater 
Elevation (m) 

Jan 23/07

Depth to 
Groundwater (m) 

Apr 27/07

Groundwater 
Elevation (m) 

Apr 27/07

Depth to 
Groundwater (m) 

May 28/07

Groundwater 
Elevation (m) 

May 28/07

PZ-1 S 4814829 563308 327.40 0.80 326.60 frozen frozen -0.09 327.49

PZ-1 D 4814829 563308 327.40 0.13 327.27 0.20 327.20 flowing flowing

PZ-2 S 4815045 562992 326.20 0.35 325.85 0.12 326.08 -0.04 326.24

PZ-2 D 4815045 562992 326.20 0.96 325.24 0.14 326.06 0.09 326.11

PZ-4 S 4815554 562406 322.30 0.52 321.78 frozen frozen 0.00 322.30

PZ-4 D 4815554 562406 322.30 -0.09 322.39 frozen frozen flowing flowing

PZ-7 S 4815806 562649 321.40 0.27 321.13 -0.01 321.41 destroyed destroyed

PZ-7 D 4815806 562649 321.40 0.09 321.31 0.00 321.40 destroyed destroyed

PZ-8 S 4815974 562491 318.50 -0.03 318.53 -0.02 318.52 -0.10 318.60

PZ-8 D 4815974 562491 318.50 -0.03 318.53 -0.02 318.52 flowing flowing

PZ-9 S 4814807 562452 326.15 n/a n/a n/a n/a n/a n/a -0.28 326.43

PZ-9 D 4814807 562452 326.15 n/a n/a n/a n/a n/a n/a -0.25 326.40

PZ-10 S 4816167 562300 318.30

PZ-10 D 4816167 562300 318.30

PZ-11 S 4815887 562512 320.25

PZ-11 D 4815887 562512 320.25

PZ-12 D 4815404 563250 326.50

PZ-13 D 4815290 562842 324.20

PZ-14 D 4815264 562835 324.20
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jul 25, 26/07

Groundwater 
Elevation (m) 
July 25, 26/07

Depth to 
Groundwater (m) 

Aug 2/07

Groundwater 
Elevation (m) 

Aug 2/07

Depth to 
Groundwater (m) 

Aug 17/07

Groundwater 
Elevation (m) 

Aug 17/07

Depth to 
Groundwater (m) 

Oct 1/07

Groundwater 
Elevation (m) 

Oct 1/07

Depth to 
Groundwater (m) 

Nov 2/07

Groundwater 
Elevation (m) 

Nov 2/07

PZ-1 -0.03 327.43 0.34 327.06

PZ-1 0.10 327.30 0.57 326.83

PZ-2 0.56 325.64 0.63 325.57 0.36 325.84

PZ-2 0.47 325.73 0.54 325.66 0.39 325.81

PZ-4 0.20 322.10 0.13 322.17

PZ-4 0.29 322.01 0.12 322.18

PZ-7 installed new n/a 0.01 321.39 -0.01 321.41 -0.06 321.46

PZ-7 installed new n/a 0.01 321.39 -0.01 321.41 -0.07 321.47

PZ-8 0.31 318.19 0.38 318.12

PZ-8 0.30 318.20 0.36 318.14

PZ-9 n/a n/a dry dry dry dry

PZ-9 n/a n/a 0.40 325.75 0.66 325.49

PZ-10

PZ-10

PZ-11

PZ-11

PZ-12

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 25/08

Groundwater 
Elevation (m) 

Jan 25/08

Depth to 
Groundwater (m) 

Apr 25/08

Groundwater 
Elevation (m) 

Apr 25/08

Depth to 
Groundwater (m) 

Jul 23/08

Groundwater 
Elevation (m) Jul 

23/08

Depth to 
Groundwater (m) 

Oct 28/08

Groundwater 
Elevation (m) 

Oct 28/08

PZ-1 0.26 327.14 -0.03 327.43 -0.10 327.50 0.00 327.40

PZ-1 0.20 327.20 -0.14 327.54 -0.07 327.47 0.10 327.30

PZ-2 0.23 325.97 -0.03 326.23 -0.02 326.22 0.19 326.01

PZ-2 0.21 325.99 0.04 326.16 0.10 326.10 0.21 325.99

PZ-4 frozen frozen 0.02 322.28 0.02 322.28 0.05 322.25

PZ-4 frozen frozen -0.06 322.36 -0.05 322.35 -0.02 322.32

PZ-7 -0.08 321.48 -0.08 321.48 -0.07 321.47 -0.13 321.53

PZ-7 -0.04 321.44 -0.09 321.49 -0.08 321.48 -0.13 321.53

PZ-8 -0.17 318.67 -0.08 318.58 0.05 318.45 0.01 318.49

PZ-8 frozen frozen -0.10 318.60 0.05 318.45 0.16 318.34

PZ-9 frozen frozen -0.38 326.53 -0.13 326.28 0.19 325.96

PZ-9 frozen frozen -0.42 326.57 -0.08 326.23 0.23 325.93

PZ-10

PZ-10

PZ-11

PZ-11

PZ-12

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 2, 3/09

Groundwater 
Elevation (m) 
Jan 2, 3/09

Depth to 
Groundwater (m) 

Apr 13, May 20/09

Groundwater 
Elevation (m)      

Apr 13, May 20/09

Depth to 
Groundwater (m) 

Jul 29/09

Groundwater 
Elevation (m) 

Jul 29/09

Depth to 
Groundwater (m) 

Aug 27/09

Groundwater 
Elevation (m) 

Aug 27/09

Depth to 
Groundwater (m) 

Oct 26, 27/09

Groundwater 
Elevation (m) 
Oct 26, 27/09

PZ-1 frozen n/a -0.05 327.45 -0.01 327.41 0.05 327.35

PZ-1 frozen n/a -0.13 327.53 -0.08 327.48 0.08 327.32

PZ-2 frozen n/a -0.03 326.23 0.00 326.20 0.14 326.06

PZ-2 0.05 326.15 0.04 326.16 0.06 326.14 0.14 326.06

PZ-4 frozen n/a -0.02 322.32 n/a n/a 0.04 322.26 0.03 322.27

PZ-4 frozen n/a -0.14 322.44 n/a n/a 0.01 322.29 -0.06 322.36

PZ-7 frozen n/a -0.08 321.48 n/a n/a -0.06 321.46 -0.11 321.51

PZ-7 -0.13 321.53 -0.09 321.49 n/a n/a -0.07 321.47 -0.11 321.51

PZ-8 frozen n/a -0.05 318.55 n/a n/a 0.10 318.40 0.04 318.46

PZ-8 frozen n/a -0.07 318.57 n/a n/a 0.09 318.41 0.03 318.47

PZ-9 frozen n/a -0.42 326.57 -0.24 326.39 0.05 326.10

PZ-9 frozen n/a -0.47 326.62 -0.16 326.31 0.13 326.03

PZ-10

PZ-10

PZ-11

PZ-11

PZ-12

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 28, 29/10

Groundwater 
Elevation (m) 
Jan 28, 29/10

Depth to 
Groundwater (m) 

Apr 26-28/10

Groundwater 
Elevation (m) 
Apr 26-28/10

Depth to 
Groundwater (m) 

Jun 16/10

Groundwater 
Elevation (m) 

Jun 16/10

Depth to 
Groundwater (m) 

Jul 22/10

Groundwater 
Elevation (m) 

Jul 22/10

Depth to 
Groundwater (m)   

Oct 12-14/10

Groundwater 
Elevation (m)  
Oct 12-14/10

PZ-1 frozen n/a 0.02 327.38 0.21 327.19 0.46 326.94

PZ-1 frozen n/a -0.03 327.43 0.26 327.14 0.42 326.98

PZ-2 frozen n/a 0.05 326.15 0.04 326.16 0.30 325.90

PZ-2 frozen n/a 0.15 326.05 0.38 325.82 0.33 325.87

PZ-4 frozen n/a 0.13 322.17 0.23 322.07 0.16 322.14

PZ-4 frozen n/a 0.02 322.28 0.24 322.06 0.13 322.17

PZ-7 frozen n/a -0.06 321.46 -0.02 321.42 -0.07 321.47

PZ-7 frozen n/a -0.07 321.47 -0.02 321.42 -0.07 321.47

PZ-8 frozen n/a -0.03 318.53 -0.05 318.55 -0.03 318.53 0.13 318.37

PZ-8 frozen n/a -0.03 318.53 -0.04 318.54 -0.02 318.52 0.12 318.38

PZ-9 frozen n/a -0.27 326.42 0.19 325.96 0.36 325.79

PZ-9 frozen n/a -0.18 326.33 0.26 325.89 0.53 325.62

PZ-10 installed n/a 0.55 317.75 0.42 317.89

PZ-10 installed n/a 0.78 317.52 0.56 317.75

PZ-11 0.13 320.13 0.37 319.88 0.14 320.11

PZ-11 0.53 319.73 1.10 319.15 0.28 319.97

PZ-12

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m)   

Jan 18, 19/11

Groundwater 
Elevation (m)  
Jan 18, 19/11

Depth to 
Groundwater (m)   

Apr 27, 28/11

Groundwater 
Elevation (m)  
Apr 27, 28/11

Depth to 
Groundwater (m)   

Jul 18, 19/11

Groundwater 
Elevation (m)    
Jul 18, 19/11

Depth to 
Groundwater (m)   

Oct 20, 25/11

Groundwater 
Elevation (m)    
Oct 20, 25/11

PZ-1 0.57 326.83 0.02 327.38 -0.01 327.41 0.14 327.26

PZ-1 0.62 326.78 -0.07 327.47 -0.10 327.50 0.16 327.24

PZ-2 0.40 325.80 0.00 326.20 -0.02 326.22 -0.01 326.21

PZ-2 0.44 325.76 0.09 326.11 0.11 326.09 0.11 326.09

PZ-4 0.11 322.19 0.13 322.17 0.14 322.16 0.00 322.30

PZ-4 -0.06 322.36 0.00 322.30 0.16 322.14 0.00 322.30

PZ-7 -0.04 321.44 -0.05 321.45 0.02 321.38 -0.10 321.50

PZ-7 -0.06 321.46 -0.07 321.47 0.02 321.38 -0.11 321.51

PZ-8 0.11 318.39 -0.10 318.60 0.09 318.41 n/a n/a

PZ-8 0.11 318.39 n/a n/a 0.08 318.42 -0.23 318.73

PZ-9 0.38 325.77 -0.43 326.57 -0.12 326.27 0.17 325.99

PZ-9 0.50 325.66 -0.43 326.58 -0.10 326.25 0.17 325.98

PZ-10 0.42 317.88 -0.16 318.46 0.06 318.24 n/a n/a

PZ-10 0.55 317.75 -0.17 318.47 0.11 318.19 n/a n/a

PZ-11 0.11 320.14 -0.02 320.27 0.14 320.11 n/a n/a

PZ-11 0.26 320.00 -0.03 320.28 0.43 319.83 n/a n/a

PZ-12 dry dry dry dry

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m)   

Jan 12, 18/12

Groundwater 
Elevation (m)    
Jan 12, 18/12

Depth to 
Groundwater (m)   

Apr 13, 16/12

Groundwater 
Elevation (m)    
Apr 13, 16/12

Depth to 
Groundwater (m)   

Jul 16, 19/12

Groundwater 
Elevation (m)    
Jul 16, 19/12

Depth to 
Groundwater (m)   

Oct 16, 18/12

Groundwater 
Elevation (m)    
Oct 16, 18/12

PZ-1 0.25 327.15 0.22 327.18 0.75 326.65 dry dry

PZ-1 0.24 327.16 0.21 327.19 0.66 326.74 0.86 326.54

PZ-2 0.22 325.98 0.36 325.84 0.73 325.47 0.47 325.73

PZ-2 0.31 325.89 0.39 325.81 0.70 325.50 0.53 325.67

PZ-4 0.12 322.18 0.17 322.13 0.35 321.95 0.20 322.10

PZ-4 0.00 322.30 0.08 322.22 0.37 321.93 0.13 322.17

PZ-7 -0.03 321.43 0.00 321.40 0.04 321.36 -0.04 321.44

PZ-7 -0.09 321.49 -0.01 321.41 0.04 321.36 -0.05 321.45

PZ-8 0.07 318.43 0.04 318.46 0.35 318.15 0.11 318.39

PZ-8 -0.05 318.55 0.04 318.47 0.35 318.16 0.11 318.40

PZ-9 -0.23 326.38 -0.03 326.18 0.45 325.71 dry dry

PZ-9 -0.22 326.37 -0.02 326.17 0.57 325.59 0.83 325.32

PZ-10 -0.09 318.39 0.10 318.20 0.56 317.74 0.24 318.07

PZ-10 -0.09 318.39 0.13 318.18 0.94 317.36 0.40 317.90

PZ-11 0.02 320.24 0.15 320.10 0.22 320.03 0.09 320.16

PZ-11 0.28 319.97 0.41 319.85 0.56 319.69 0.34 319.92

PZ-12 0.60 325.91 dry dry dry dry 0.90 325.60

PZ-13

PZ-14
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m)   

Jan 10, 11/13

Groundwater 
Elevation (m)    
Jan 10, 11/13

Depth to 
Groundwater (m)   

Apr 25, 26/13

Groundwater 
Elevation (m)    
Apr 25, 26/13

Depth to 
Groundwater (m)   

Jul 15, 16/13

Groundwater 
Elevation (m)    
Jul 15, 16/13

Depth to 
Groundwater (m)   

Oct 23, 24/13

Groundwater 
Elevation (m)    
Oct 23, 24/13

PZ-1 0.65 326.75 0.03 327.37 0.07 327.33 0.22 327.18

PZ-1 0.69 326.71 -0.06 327.46 0.03 327.37 0.21 327.19

PZ-2 0.39 325.81 0.10 326.10 0.26 325.94 0.20 326.00

PZ-2 0.43 325.77 0.15 326.05 0.32 325.88 0.25 325.95

PZ-4 0.17 322.13 0.12 322.18 0.19 322.11 0.16 322.14

PZ-4 0.05 322.25 -0.01 322.31 0.11 322.19 0.00 322.30

PZ-7 -0.02 321.42 0.00 321.40 0.01 321.39 -0.05 321.45

PZ-7 -0.03 321.43 -0.03 321.43 0.00 321.40 -0.07 321.47

PZ-8 0.03 318.47 -0.13 318.63 0.06 318.44 -0.04 318.54

PZ-8 0.03 318.48 -0.13 318.63 0.05 318.45 -0.05 318.55

PZ-9 0.41 325.74 0.39 325.76 0.33 325.82 0.37 325.78

PZ-9 0.41 325.75 -0.42 326.57 -0.03 326.18 0.11 326.04

PZ-10 0.09 318.21 -0.18 318.48 0.04 318.26 -0.11 318.41

PZ-10 0.11 318.19 -0.18 318.48 0.05 318.25 -0.11 318.41

PZ-11 0.11 320.14 0.04 320.22 0.12 320.13 0.01 320.24

PZ-11 0.37 319.88 0.25 320.00 0.44 319.81 0.30 319.95

PZ-12 0.66 325.84 0.51 326.00 0.52 325.98 0.50 326.01

PZ-13 0.05 324.15 -0.01 324.21

PZ-14 0.45 323.75 0.01 324.19

Banks Groundwater Engineering Limited 8 of 15 Hanlon Creek Business Park  - Groundwater Monitoring Program 2003 - 2020



Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m)   

Jan 13, 14/14

Groundwater 
Elevation (m)    
Jan 13, 14/14

Depth to 
Groundwater (m)   

Apr 22, 23/14

Groundwater 
Elevation (m)    
Apr 22, 23/14

Depth to 
Groundwater (m)   

Jul 14, 15/14

Groundwater 
Elevation (m)    
Jul 14, 15/14

Depth to 
Groundwater (m)   

Oct 9, 10/14

Groundwater 
Elevation (m)    
Oct 9, 10/14

PZ-1 frozen frozen -0.03 327.43 0.04 327.36 0.16 327.24

PZ-1 frozen frozen -0.08 327.48 0.03 327.37 0.17 327.23

PZ-2 frozen frozen 0.04 326.16 0.23 325.97 0.23 325.97

PZ-2 frozen frozen 0.13 326.07 0.29 325.91 0.28 325.92

PZ-4 frozen frozen 0.18 322.12 0.27 322.03 0.21 322.09

PZ-4 frozen frozen 0.07 322.23 0.17 322.13 0.05 322.25

PZ-7 frozen frozen 0.00 321.40 0.03 321.37 -0.05 321.45

PZ-7 frozen frozen -0.02 321.42 0.01 321.39 -0.06 321.46

PZ-8 -0.15 318.65 -0.10 318.60 0.09 318.41 0.00 318.50

PZ-8 -0.16 318.66 -0.15 318.65 0.09 318.41 -0.01 318.51

PZ-9 frozen frozen 0.39 325.76 0.36 325.79 0.32 325.83

PZ-9 frozen frozen -0.42 326.57 -0.01 326.16 0.10 326.05

PZ-10 frozen frozen -0.14 318.44 0.34 317.96 -0.03 318.33

PZ-10 frozen frozen -0.14 318.44 0.36 317.94 -0.03 318.33

PZ-11 0.01 320.24 0.05 320.20 0.15 320.10 0.11 320.14

PZ-11 0.22 320.03 0.28 319.97 0.46 319.79 0.39 319.86

PZ-12 frozen frozen 0.41 326.09 0.57 325.93 0.50 326.01

PZ-13 frozen frozen 0.06 324.15 - - 0.08 324.12

PZ-14 frozen frozen 0.02 324.19 - - 0.04 324.16
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 9, 14/15

Groundwater 
Elevation (m) 
Jan 9, 14/15

Depth to 
Groundwater (m) 

Apr 10, 13/15

Groundwater 
Elevation (m) 
Apr 10, 13/15

Depth to 
Groundwater (m) 

Jul 15, 16/15

Groundwater 
Elevation (m) 
Jul 15, 16/15

Depth to 
Groundwater (m) 

Oct 23, 24/15

Groundwater 
Elevation (m) 
Oct 23, 24/15

PZ-1 frozen frozen 0.19 327.21 0.22 327.18 0.57 326.83

PZ-1 frozen frozen 0.13 327.27 0.22 327.18 0.62 326.78

PZ-2 frozen frozen 0.10 326.10 0.29 325.91 0.45 325.75

PZ-2 frozen frozen 0.14 326.06 0.31 325.89 0.48 325.72

PZ-4 frozen frozen 0.14 322.16 0.16 322.14 0.22 322.08

PZ-4 frozen frozen 0.12 322.18 0.13 322.17 0.17 322.13

PZ-7 frozen frozen -0.04 321.44 0.02 321.38 -0.03 321.43

PZ-7 frozen frozen -0.02 321.42 -0.02 321.42 -0.04 321.44

PZ-8 frozen frozen -0.19 318.69 -0.02 318.52 0.11 318.39

PZ-8 frozen frozen -0.18 318.68 -0.03 318.53 0.10 318.40

PZ-9 frozen frozen 0.28 325.87 0.25 325.90 0.25 325.90

PZ-9 frozen frozen -0.28 326.43 0.08 326.07 0.54 325.61

PZ-10 frozen frozen -0.24 318.54 0.04 318.26 0.55 317.75

PZ-10 frozen frozen -0.23 318.53 0.05 318.25 0.75 317.55

PZ-11 frozen frozen 0.03 320.22 -0.03 320.28 0.10 320.15

PZ-11 frozen frozen 0.26 319.99 0.38 319.87 0.45 319.80

PZ-12 frozen frozen 0.54 325.97 0.58 325.93 dry dry

PZ-13 frozen frozen 0.10 324.10 - - 0.18 324.02

PZ-14 frozen frozen 0.09 324.12 - - 0.15 324.05
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 25/16

Groundwater 
Elevation (m) 

Jan 25/16

Depth to 
Groundwater (m) 

Apr 14, 15/16

Groundwater 
Elevation (m) 
Apr 14, 15/16

Depth to 
Groundwater (m) 

Jul 26, 27/16

Groundwater 
Elevation (m) 
Jul 26, 27/16

Depth to 
Groundwater (m) 

Oct 24, 25/16

Groundwater 
Elevation (m) 
Oct 24, 25/16

PZ-1 frozen frozen 0.05 327.35 0.27 327.13 0.58 326.82

PZ-1 frozen frozen -0.04 327.44 0.32 327.08 0.60 326.80

PZ-2 frozen frozen 0.03 326.17 0.55 325.65 0.46 325.74

PZ-2 frozen frozen 0.10 326.10 0.53 325.67 0.48 325.72

PZ-4 frozen frozen 0.14 322.16 0.33 321.97 0.19 322.11

PZ-4 frozen frozen 0.10 322.20 0.28 322.02 0.16 322.14

PZ-7 frozen frozen -0.02 321.42 0.01 321.39 -0.04 321.44

PZ-7 frozen frozen -0.04 321.44 0.01 321.39 -0.04 321.44

PZ-8 frozen frozen -0.13 318.63 0.12 318.38 0.11 318.39

PZ-8 frozen frozen -0.15 318.65 0.11 318.39 0.10 318.40

PZ-9 frozen frozen -0.04 326.19 -0.05 326.20 0.36 325.79

PZ-9 frozen frozen -0.41 326.56 0.30 325.85 0.59 325.56

PZ-10 frozen frozen -0.15 318.45 dry dry 0.36 317.94

PZ-10 frozen frozen -0.15 318.45 0.62 317.68 0.46 317.84

PZ-11 frozen frozen 0.02 320.23 0.15 320.10 0.03 320.22

PZ-11 frozen frozen 0.24 320.01 0.49 319.76 0.42 319.83

PZ-12 frozen frozen 0.39 326.12 0.68 325.83 0.69 325.81

PZ-13 n/a n/a n/a n/a - - - -

PZ-14 n/a n/a n/a n/a - - - -
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 11/17

Groundwater 
Elevation (m) 

Jan 11/17

Depth to 
Groundwater (m) 

Apr 3, 4/17

Groundwater 
Elevation (m) 
Apr 3, 4/17

Depth to 
Groundwater (m) 

Jul 5, 6, 10/17

Groundwater 
Elevation (m) 
Jul 5, 6, 10/17

Depth to 
Groundwater (m) 

Oct 18, 20/17

Groundwater 
Elevation (m) 
Oct 18, 20/17

PZ-1 frozen frozen 0.07 327.33 0.04 327.36 0.28 327.12

PZ-1 frozen frozen -0.02 327.42 -0.06 327.46 0.26 327.14

PZ-2 frozen frozen 0.02 326.18 0.20 326.00 0.32 325.88

PZ-2 frozen frozen 0.04 326.16 0.22 325.98 0.34 325.86

PZ-4 frozen frozen 0.11 322.19 0.16 322.14 -0.04 322.34

PZ-4 frozen frozen 0.11 322.19 0.15 322.15 0.10 322.20

PZ-7 frozen frozen -0.03 321.43 -0.01 321.41 -0.02 321.42

PZ-7 frozen frozen -0.03 321.43 -0.01 321.41 -0.02 321.42

PZ-8 frozen frozen -0.08 318.58 0.01 318.49 0.13 318.37

PZ-8 frozen frozen -0.09 318.59 0.01 318.50 0.10 318.40

PZ-9 frozen frozen -0.42 326.57 -0.30 326.45 0.40 325.75

PZ-9 frozen frozen -0.47 326.62 -0.15 326.30 0.36 325.79

PZ-10 frozen frozen -0.14 318.44 -0.07 318.37 0.11 318.19

PZ-10 frozen frozen -0.14 318.44 -0.07 318.37 0.17 318.13

PZ-11 frozen frozen 0.02 320.23 0.08 320.17 0.08 320.17

PZ-11 frozen frozen 0.28 319.97 0.41 319.84 0.45 319.80

PZ-12 frozen frozen 0.40 326.11 0.45 326.06 0.66 325.85

PZ-13 n/a n/a 0.11 324.09 0.13 324.07 - -

PZ-14 n/a n/a 0.07 324.13 0.10 324.10 - -
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 24, 25/18

Groundwater 
Elevation (m) 
Jan 24, 25/18

Depth to 
Groundwater (m) 

Apr 3, 5/18

Groundwater 
Elevation (m) 
Apr 3, 5/18

Depth to 
Groundwater (m) 

Jul 17, 18/18

Groundwater 
Elevation (m) 
Jul 17, 18/18

Depth to 
Groundwater (m) 
Oct 17,18,19/18

Groundwater 
Elevation (m) 

Oct 17,18,19/18

PZ-1 frozen frozen 0.13 327.27 0.14 327.26 0.50 326.90

PZ-1 frozen frozen 0.04 327.36 0.12 327.28 0.50 326.90

PZ-2 frozen frozen 0.06 326.14 0.55 325.65 0.41 325.79

PZ-2 frozen frozen 0.25 325.95 0.53 325.67 0.39 325.81

PZ-4 frozen frozen -0.11 322.41 0.01 322.29 -0.04 322.34

PZ-4 frozen frozen -0.14 322.44 0.13 322.17 -0.02 322.32

PZ-7 frozen frozen 0.00 321.40 0.02 321.38 -0.04 321.44

PZ-7 frozen frozen -0.01 321.41 0.01 321.39 -0.05 321.45

PZ-8 frozen frozen -0.03 318.53 0.08 318.42 0.15 318.35

PZ-8 frozen frozen -0.06 318.56 0.06 318.44 0.12 318.38

PZ-9 frozen frozen -0.24 326.39 0.19 325.96 0.55 325.60

PZ-9 frozen frozen -0.28 326.43 0.20 325.95 0.55 325.60

PZ-10 frozen frozen -0.12 318.42 0.37 317.93 0.39 317.91

PZ-10 frozen frozen -0.09 318.39 0.66 317.64 0.59 317.71

PZ-11 frozen frozen 0.11 320.14 0.20 320.05 0.21 320.04

PZ-11 frozen frozen 0.29 319.96 0.50 319.75 0.51 319.74

PZ-12 frozen frozen 0.51 326.00 0.59 325.92 0.72 325.78

PZ-13 n/a n/a 0.09 324.11 - - 0.18 324.02

PZ-14 n/a n/a 0.06 324.14 - - 0.16 324.04
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 22, 23/19

Groundwater 
Elevation (m) 
Jan 22, 23/19

Depth to 
Groundwater (m)    
Mar 27 / Apr 8/19

Groundwater 
Elevation (m)      

Mar 27 / Apr 8/19

Depth to 
Groundwater (m)   

Jul 11, 12/19

Groundwater 
Elevation (m)    
Jul 11, 12/19

Depth to 
Groundwater (m)   

Nov 19-30/19

Groundwater 
Elevation (m)    
Nov 19-30/19

PZ-1 frozen frozen 0.08 327.32 0.04 327.36 0.19 327.21

PZ-1 frozen frozen -0.06 327.46 -0.07 327.47 0.15 327.25

PZ-2 frozen frozen 0.04 326.16 0.20 326.00 0.19 326.01

PZ-2 frozen frozen 0.19 326.01 0.16 326.04 0.28 325.92

PZ-4 frozen frozen -0.14 322.44 -0.03 322.33 -0.07 322.37

PZ-4 frozen frozen -0.12 322.42 -0.07 322.37 -0.16 322.46

PZ-7 frozen frozen -0.03 321.43 -0.01 321.41 -0.06 321.46

PZ-7 frozen frozen -0.04 321.44 -0.02 321.42 -0.07 321.47

PZ-8 frozen frozen -0.06 318.56 0.01 318.49 -0.06 318.56

PZ-8 frozen frozen -0.08 318.58 -0.01 318.51 -0.08 318.58

PZ-9 frozen frozen -0.24 326.39 -0.10 326.25 0.04 326.11

PZ-9 frozen frozen -0.22 326.37 -0.08 326.23 0.08 326.07

PZ-10 frozen frozen -0.07 318.37 0.22 318.08 -0.09 318.39

PZ-10 frozen frozen -0.08 318.38 0.34 317.96 -0.01 318.31

PZ-11 frozen frozen 0.04 320.21 0.16 320.09 0.09 320.16

PZ-11 frozen frozen 0.28 319.97 0.28 319.97 0.10 320.15

PZ-12 frozen frozen 0.47 326.03 0.38 326.12 0.46 326.04

PZ-13 - - - - - - - -

PZ-14 - - - - - - - -
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Hanlon Creek Business Park - Groundwater Monitoring Program 2003 - 2020
Piezometer Groundwater Elevation Data

Piezometer 
Number

Depth to 
Groundwater (m) 

Jan 14, 15/20

Groundwater 
Elevation (m) 
Jan 14, 15/20

Depth to 
Groundwater (m) 

Apr 7, 8/20

Groundwater 
Elevation (m) 
Apr 7, 8/20

Depth to 
Groundwater (m) 

Jul 16-21/20

Groundwater 
Elevation (m)   
Jul 16-21/20

Depth to 
Groundwater (m) 

Oct 21-28/20

Groundwater 
Elevation (m)   
Oct 21-28/20

PZ-1 0.21 327.19 -0.03 327.43 0.27 327.13 0.55 326.85

PZ-1 -0.03 327.43 -0.08 327.48 0.25 327.15 0.56 326.84

PZ-2 0.01 326.19 0.07 326.13 0.57 325.63 0.40 325.80

PZ-2 0.06 326.14 0.13 326.07 0.54 325.66 0.40 325.80

PZ-4 frozen frozen 0.16 322.14 0.06 322.24 -0.10 322.40

PZ-4 -0.23 322.53 -0.14 322.44 0.12 322.18 -0.11 322.41

PZ-7 -0.05 321.45 -0.03 321.43 0.00 321.40 -0.06 321.46

PZ-7 -0.06 321.46 -0.03 321.43 -0.01 321.41 -0.06 321.46

PZ-8 -0.12 318.62 -0.03 318.53 0.16 318.34 0.04 318.46

PZ-8 -0.15 318.65 -0.05 318.55 0.14 318.36 0.02 318.48

PZ-9 -0.30 326.45 -0.29 326.44 0.45 325.70 0.57 325.58

PZ-9 -0.44 326.59 -0.21 326.36 0.49 325.66 0.69 325.46

PZ-10 -0.21 318.51 0.03 318.27 0.42 317.88 0.28 318.02

PZ-10 -0.25 318.55 0.03 318.27 0.79 317.51 0.73 317.57

PZ-11 0.02 320.23 0.19 320.06 0.19 320.06 0.11 320.14

PZ-11 -0.09 320.34 0.13 320.12 0.42 319.83 0.32 319.93

PZ-12 0.11 326.39 0.41 326.09 0.60 325.90 0.59 325.91

PZ-13 - - - - - - 0.18 324.02

PZ-14 - - - - - - 0.15 324.05
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Groundwater Monitoring Graphs 
2003 – 2020 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 1
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MW 001
Shallow Overburden Monitor (Decommissioned 2011)

Ground Elevation: 324.80 m amsl   Screened Interval: 4.0 - 6.1 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 2
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MW 002
Shallow Overburden Monitor (Decommissioned 2010)

Ground Elevation: 327.26 m amsl   Screened Interval: 2.2 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Downey Rd. PSW Graph C 3
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MW 003
Shallow Overburden Monitor

Ground Elevation: 326.61 m amsl   Screened Interval: 2.1 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Perimeter Graph C 4
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MW 004
Shallow Overburden Monitor

Ground Elevation: 330.43 m amsl   Screened Interval: 5.1 - 7.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 5

325.0

325.5

326.0

326.5

327.0

327.5

328.0

328.5

329.0

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

MW 005I
Intermediate Overburden Monitor (Decommissioned 2010)

Ground Elevation: 336.53 m amsl   Screened Interval: 10.8 - 12.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 6
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MW 006
Shallow Overburden Monitor (Decommissioned 2010)

Ground Elevation: 334.70 m amsl   Screened Interval: 7.5 - 9.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 7
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MW 101
Shallow Overburden Monitor (Decommissioned 2011)

Ground Elevation: 321.70 m amsl   Screened Interval: 4.0 - 6.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Perimeter Graph C 8
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MW 102
Shallow Overburden Monitor (Decommissioned 2010)

Ground Elevation: 320.66 m amsl   Screened Interval: 3.0 - 4.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 9
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MW 103
Shallow Overburden Monitor

Ground Elevation: 323.85 m amsl   Screened Interval: 2.2 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 10
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MW 104
Shallow Overburden Monitor

Ground Elevation: 322.04 m amsl   Screened Interval: 2.3 - 4.1 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 11
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MW 105
Shallow Overburden Monitor

Ground Elevation: 323.87 m amsl   Screened Interval: 2.7 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 12
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MW 106
Shallow Overburden Monitor (Decommissioned 2012)

Ground Elevation: 328.65 m amsl   Screened Interval: 4.0 - 6.1 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 13
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MW 107
Shallow Overburden Monitor

Ground Elevation: 327.44 m amsl   Screened Interval: 1.9 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Perimeter Graph C 14

2.0 m below original ground level

325.0

325.5

326.0

326.5

327.0

327.5

328.0

328.5

329.0
20

03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

MW 108
Shallow Overburden Monitor (Damaged & Inaccessible)

Ground Elevation: 330.33 m amsl   Screened Interval: 5.0 - 7.3 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Perimeter Graph C 15
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MW 109
Shallow Overburden Monitor

Ground Elevation: 331.70 m amsl   Screened Interval: 7.2 - 9.2 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 16
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MW 110
Intermediate Overburden Monitor (Decommissioned 2010)

Ground Elevation: 339.59 m amsl   Screened Interval: 14.8 - 16.8 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 17
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MW 111
Deep Bedrock Monitor

Ground Elevation: 324.20 m amsl   Screened Interval: 18.9 - 25.3 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Perimeter Graph C 18
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MW 112
Deep Bedrock Monitor

Ground Elevation: 330.44 m amsl   Screened Interval: 28.0 - 32.3 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 19
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MW 113
Deep Bedrock Monitor (Decommissioned 2010)

Ground Elevation: 339.85 m amsl   Screened Interval: 40.8 - 46.3 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 20
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MW 114
Deep Bedrock Monitor (Decommissioned 2010)

Ground Elevation: 338.68 m amsl   Screened Interval: 34.1 - 39.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 21
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MW 115A
Shallow Overburden Monitor

Ground Elevation: 323.10 m amsl   Screened Interval: 1.6 - 2.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 22
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MW 115
Intermediate Overburden Monitor

Ground Elevation: 323.12 m amsl   Screened Interval: 7.1 - 9.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 23
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MW 116A
Shallow Overburden Monitor

Ground Elevation: 318.67 m amsl   Screened Interval: 1.5 - 3.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 24
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MW 116
Intermediate Overburden Monitor

Ground Elevation: 318.75 m amsl   Screened Interval: 9.8 - 11.4 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 25
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MW 117A
Shallow Overburden Monitor

Ground Elevation: 321.25 m amsl   Screened Interval: 2.0 - 3.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 26
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MW 117
Intermediate Overburden Monitor

Ground Elevation: 321.21 m amsl   Screened Interval: 7.1 - 9.1 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 27
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MW 118A
Shallow Overburden Monitor

Ground Elevation: 323.97 m amsl   Screened Interval: 2.1 - 4.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 28
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MW 118
Intermediate Overburden Monitor

Ground Elevation: 324.02 m amsl   Screened Interval: 7.3 - 9.2 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 29
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MW 119A
Shallow Overburden Monitor

Ground Elevation: 325.88 m amsl   Screened Interval: 2.8 - 3.9 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 30
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MW 119
Intermediate Overburden Monitor

Ground Elevation: 325.88 m amsl   Screened Interval: 6.0 - 8.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 31
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MW 120A
Shallow Overburden Monitor (Destroyed 2004, Decommissioned 2010)
Ground Elevation: 327.38 m amsl   Screened Interval: 2.5 - 4.0 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 32
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MW 120
Intermediate Overburden Monitor (Destroyed 2004, Decommissioned 2010)

Ground Elevation: 327.38 m amsl   Screened Interval: 7.2 - 9.2 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 33
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MW 121A
Shallow Overburden Monitor

Ground Elevation: 328.09 m amsl   Screened Interval: 2.7 - 4.3 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 34
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MW 121
Intermediate Overburden Monitor

Ground Elevation: 327.44 m amsl   Screened Interval: 8.8 - 10.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Core PSW Graph C 35
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MW 122A
Shallow Overburden Monitor

Ground Elevation: 326.81 m amsl   Screened Interval: 2.8 - 3.8 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Core PSW Graph C 36
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MW 122
Intermediate Overburden Monitor

Ground Elevation: 326.79 m amsl   Screened Interval: 5.8 - 7.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 37
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MW 123
Deep Amabel Bedrock Monitor

Ground Elevation: 324.08 m amsl   Screened Interval: 49.0 - 53.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Perimeter Graph C 38
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MW 124
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 321.59 m amsl   Screened Interval: 4.6 - 7.6 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Perimeter Graph C 39
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MW 125
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 319.23 m amsl   Screened Interval: 4.2 - 7.2 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Perimeter Graph C 40
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MW 126
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 320.63 m amsl   Screened Interval: 4.6 - 7.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 41
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MW 127
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 320.06 m amsl   Screened Interval: 2.5 - 5.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Perimeter Graph C 42
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MW 128
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 322.22 m amsl   Screened Interval: 4.6 - 7.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 43
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MW 129
Shallow Overburden Monitor (Installed 2011)

Ground Elevation: 326.16 m amsl   Screened Interval: 4.6 - 7.6 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 44
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MW 130
Shallow Overburden Monitor

Ground Elevation: 323.55 m amsl   Screened Interval: 2.0 - 3.0 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 45
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MW 130A
Shallow Overburden Monitor

Ground Elevation: 323.58 m amsl   Screened Interval: 1.0 - 1.9 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 46
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MW 131
Shallow Overburden Monitor (Installed 2012)

Ground Elevation: 326.72 m amsl   Screened Interval: 3.1 - 4.6 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 47
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MW 132
Shallow Overburden Monitor (Installed 2012)

Ground Elevation: 334.98 m amsl   Screened Interval: 7.4 - 10.4 m bgl 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 48
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MW 133
Intermediate Overburden Monitor (Installed 2012)

Ground Elevation: 340.08 m amsl   Screened Interval: 12.5 - 15.5 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 49
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MW 134
Intermediate Overburden Monitor (Installed 2012)

Ground Elevation: 341.46 m amsl   Screened Interval: 14.8 - 17.8 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Perimeter Graph C 50
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MW 135
Intermediate Overburden Monitor (Installed 2012 & Replaced 2017)

Ground Elevation: 333.54 m amsl   Screened Interval: 9.2 - 12.2 m bgl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3- Core PSW Graph C 51

original ground level

325.0

325.5

326.0

326.5

327.0

327.5

328.0

328.5

329.0

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

PZ-1S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 327.4 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Core PSW Graph C 52
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PZ-2S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 326.2 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 53
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PZ-4S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 322.3 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 54
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PZ-7S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 321.4 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 55

original ground level

316.0

316.5

317.0

317.5

318.0

318.5

319.0

319.5

320.0

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

PZ-8S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 318.5 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Downey Rd. PSW Graph C 56
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PZ-9S&D
Shallow Overburden Mini-Piezometers

Ground Elevation: 326.2 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 57
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PZ-10S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 318.3 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph C 58
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PZ-11S&D
Shallow Overburden Mini-Piezometers
Ground Elevation (est.): 320.3 m amsl



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph C 59
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PZ-12D
Shallow Overburden Mini-Piezometer (Installed 2011)

Ground Elevation (est.): 326.5 m amsl
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Vertical Hydraulic Gradients 
2003 – 2020 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph D 1
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Gradients for Profile A: 125, 116, 116A, 126, 101/127, 128
125 116  116A 126 101 127 128



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW/Perimeter Graph D 2

317.0

317.5

318.0

318.5

319.0

319.5

320.0

320.5

321.0

321.5

322.0

322.5

323.0

323.5

324.0
20

03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)

Gradients for Profile B: 102/124, 117, 117A, 103
102 124 117  117A 103



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph D 3
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Gradients for Profile C: 124, 104, 118, 118A, 001
124 104 130A 118  118A 001



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phases 1/2 - Core PSW Graph D 4
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Gradients for Profile D:  115, 115A, 105, 111, 129, 106
115  115A 111 105 129 106



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phases 1/2 - Core PSW/Perimeter Graph D 5
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Gradients for Profile E:  115, 115A, 119, 119A, 002, 131, 107
115  115A 119  119A 002 131 107



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phases 2/3 - Core PSW/Perimeter Graph D 6
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Gradients for Profile F: 003, 122, 122A, 121, 121A, 006/132
003 122  122A 121  121A 006 132



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2019 Phases 2/3 - Perimeter Graph D 7
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Gradients for Profile G: 004, 112, 109, 110/134, 113, 005/135, 114, 133
004 112 109 110 134 113  005 (I) 135 114 133



Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Type
Sep-03 Apr-07 Jul-07 Nov-07 Jan-08 Apr-08 Jul-08 Oct-08 Jan-09 Apr-09 Jul-09 Oct-09 Jan-10 Apr-10 Jul-10 Oct-10

001 S 323.96 324.33 323.87 323.67 324.29 324.42 324.22 324.03 324.40 324.43 324.20 324.10 324.16 324.22 323.89 323.85
002 S 325.39 damaged 325.33 325.27 325.95 325.01 325.91 325.83
003 S 325.61 326.57 325.89 325.48 326.17 326.58 326.22 325.92 326.56 326.64 326.30 326.01 326.10 326.35 325.91 325.64
004 S 325.72 327.03 326.19 325.52 326.22 327.53 326.49 326.03 326.87 327.29 326.54 326.08 326.10 326.67 326.14 325.70

 005 (S) S 329.78 n/a moist/dry dry 330.10 330.20 330.33 330.05 330.52 330.11 330.07 330.09
 005 (I) I 326.92 n/a 327.88 327.16 327.29 328.62 328.13 327.70 327.82 328.82 328.38 327.85 327.50 327.89 327.63

006 S 326.97 328.27 327.74 327.11 327.46 328.54 328.05 327.62 327.99 328.66 328.21 327.76 327.51 327.84 327.56
101 S 317.58 318.01 317.54 317.35 318.09 318.49 317.79 317.77 318.65 318.52 317.62 317.88 317.92 318.07 317.72 317.66
102 S 318.91 319.74 318.72 318.30 319.74 319.89 320.18 319.15 320.13 320.13 319.17 319.34 319.98 319.72
103 S 322.63 323.33 322.44 322.40 323.33 323.44 323.05 322.79 323.55 323.51 322.90 322.80 322.90 323.11 322.57 322.52
104 S 320.83 321.49 320.59 320.70 321.46 321.43 321.30 321.14 321.55 321.61 321.14 321.17 321.28 321.24 320.87 320.82
105 S 322.60 322.93 322.48 322.62 322.77 322.82 322.77 322.72 322.84 322.93 322.79 322.79 322.81 322.76 322.53 322.66
106 S 325.78 326.66 326.07 325.76 326.39 326.83 326.50 326.19 326.77 326.93 326.48 326.28 326.29 326.41 326.08
107 S 326.31 n/a 326.71 326.29 326.78 327.52 327.15 326.75 327.25 327.76 327.14 326.85 326.78 326.96 326.61 326.56
109 S 326.29 327.56 326.88 326.29 326.71 327.91 327.10 326.74 327.31 327.87 327.21 326.83 326.74 327.18 326.76 326.42
110 I 326.53 327.90 327.30 326.63 326.89 328.20 327.53 327.14 327.43 328.23 327.70 327.25 327.04 327.47 327.15
111 D 324.60 324.95 325.03 324.67 325.18 325.93 325.05 324.86 325.05 325.22 324.73 324.78 324.94 324.66 324.53
112 D 325.47 326.49 325.77 325.35 325.97 327.07 326.26 325.81 326.54 326.79 326.24 325.55 325.57 325.97 325.64 325.31
113 D 325.42 326.73 326.10 325.55 325.89 326.95 326.26 325.88 326.17 326.87 326.42 325.84 325.71 326.06 325.74
114 D 325.82 327.04 326.65 326.04 326.29 327.43 326.87 326.45 326.68 327.43 327.07 326.49 326.28 326.64 326.29
115 I 323.02 322.77 323.14 323.19 frozen 323.76 323.76 323.45 323.76 323.55 323.50 323.61 323.62 323.19 323.33

 115A S 322.44 323.05 321.97 322.34 322.81 322.82 323.10 322.74 322.92 323.09 322.73 322.91 322.95 322.94 322.40 322.72
116 I 314.86 315.71 314.63 314.41 315.35 316.00 314.63 314.84 315.95 314.26 315.05 315.17 315.32 314.80 314.73

 116A S 317.92 318.50 317.58 317.56 318.47 318.49 318.27 318.21 318.57 318.53 318.27 318.18 318.27 318.28 317.74 317.89
117 I 318.09 318.19 318.05 318.04 318.55 318.84 318.06 318.25 318.85 318.79 317.82 318.33 318.38 318.40 317.82 318.28

 117A S 319.97 320.45 319.83 319.93 320.13 320.25 320.04 320.10 320.37 320.36 320.00 320.09 320.13 320.10 319.32 320.26
118 I 323.18 323.43 323.33 323.34 323.66 323.75 323.49 323.43 323.69 323.74 323.54 323.48 323.52 323.50 323.44 323.46

 118A S 323.16 323.45 322.99 323.04 323.31 323.33 323.26 323.20 323.48 323.50 323.30 323.25 323.29 323.26 323.05 323.10
119 I 324.76 325.37 324.72 324.85 325.15 325.22 325.35 325.18 325.27 325.42 325.25 325.24 325.26 325.19 325.23 325.04

 119A S 324.77 325.19 324.73 324.87 325.17 325.24 325.35 325.20 325.29 325.42 325.27 325.26 325.27 325.20 325.26 325.06
121 I 325.72 326.38 326.35 325.81 326.15 326.71 326.50 326.29 326.53 326.74 326.57 325.26 326.26 326.49 326.22 326.03

 121A S 326.44 damaged 326.99 326.84 326.58 327.30 327.13 326.94 327.15 327.34 327.19 326.38 326.90 327.11 326.86 326.66
122 I 325.93 326.30 326.07 325.96 326.14 326.30 326.30 326.13 326.28 326.38 326.26 327.01 326.14 326.20 326.29 326.03

 122A S 325.81 326.10 325.93 325.84 325.98 326.12 326.12 325.99 326.11 326.17 326.08 326.19 325.98 326.03 326.12 325.90
123 VD n/a 305.83 305.14 304.55 310.53 311.64 308.11 306.97 307.22 326.03 305.50 305.68 304.96 304.80

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

Groundwater Elevations (m amsl)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Sep-03 Apr-07 Jul-07 Nov-07 Jan-08 Apr-08 Jul-08 Oct-08 Jan-09 Apr-09 Jul-09 Oct-09 Jan-10 Apr-10 Jul-10 Oct-10 average I

001 118 319.75 0.20 0.23 0.14 0.08 0.16 0.17 0.18 0.15 0.18 0.18 0.17 0.16 0.16 0.18 0.11 0.10 0.16
002 119 324.16 0.12 n/a 0.11 0.08 0.15 -0.04 0.11 0.12 0.09
003 122 323.56 -0.09 0.08 -0.05 -0.14 0.01 0.08 -0.02 -0.06 0.08 0.08 0.01 -0.29 -0.01 0.04 -0.11 -0.11 -0.03
004 112 324.38 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.03 0.02 0.02 0.02

 005 (S) 005(I) 331.23 0.47 n/a n/a n/a 0.46 0.26 0.36 0.39 n/a 0.21 0.28 0.36 0.35
 005 (I) 114 325.13 0.05 n/a 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.05 0.05 0.06 0.05

006 121 326.45 0.14 0.22 0.16 0.15 0.15 0.21 0.18 0.15 0.17 0.22 0.19 0.29 0.14 0.16 0.15 0.18
101 116 316.70 0.32 0.27 0.34 0.34 0.32 0.29 0.37 0.34 0.30 0.39 0.33 0.32 0.32 0.34 0.34 0.33
102 117 316.91 0.22 0.41 0.18 0.07 0.31 0.28 0.56 0.24 0.34 0.35 0.36 0.27 0.42 0.35 0.31
103 117 320.75 0.59 0.67 0.57 0.57 0.63 0.60 0.65 0.59 0.62 0.62 0.66 0.59 0.59 0.62 0.62 0.55 0.61
104 118 318.84 -0.76 -0.63 -0.89 -0.86 -0.72 -0.76 -0.71 -0.75 -0.70 -0.69 -0.75 -0.73 -0.74 -0.84 -0.86 -0.76
105 111 320.52 -0.11 -0.11 -0.14 -0.11 -0.13 -0.17 -0.12 -0.12 -0.12 -0.13 -0.11 -0.11 -0.12 -0.12 -0.10 -0.12
106 119 323.60 0.22 0.27 0.29 0.19 0.26 0.34 0.24 0.21 0.32 0.32 0.26 0.22 0.22 0.26 0.18 0.25
107 119 324.49 0.28 n/a 0.35 0.26 0.29 0.41 0.32 0.28 0.35 0.42 0.34 0.29 0.27 0.32 0.25 0.27 0.31
109 113 323.50 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.03
110 113 323.79 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
111 105 302.10 -0.11 -0.11 -0.14 -0.11 -0.13 -0.17 -0.12 -0.12 -0.12 -0.13 -0.11 -0.11 -0.12 -0.12 -0.10 -0.12
112 004 300.29 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.03 0.02 0.02 0.02
113 110 296.30 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
114 005(I) 302.13 0.05 n/a 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.05 0.05 0.06 0.05
115 115A 315.07 -0.10 0.05 -0.20 -0.14 n/a -0.16 -0.11 -0.12 -0.11 -0.14 -0.10 -0.11 -0.11 -0.13 -0.10 -0.11

 115A 115 321.00 -0.10 0.05 -0.20 -0.14 n/a -0.16 -0.11 -0.12 -0.11 -0.14 -0.10 -0.11 -0.11 -0.13 -0.10 -0.11
116 116A 308.15 0.38 0.35 0.37 0.39 0.39 0.31 0.45 0.42 0.32 0.50 0.39 0.39 0.37 0.37 0.39 0.39

 116A 116 316.17 0.38 0.35 0.37 0.39 0.39 0.31 0.45 0.42 0.32 0.50 0.39 0.39 0.37 0.37 0.39 0.39
117 117A 313.11 0.33 0.40 0.32 0.34 0.28 0.25 0.35 0.33 0.27 0.28 0.39 0.31 0.31 0.30 0.27 0.35 0.32

 117A 117 318.75 0.33 0.40 0.32 0.34 0.28 0.25 0.35 0.33 0.27 0.28 0.39 0.31 0.31 0.30 0.27 0.35 0.32
118 118A 315.77 -0.003 0.004 -0.07 -0.06 -0.07 -0.08 -0.04 -0.04 -0.04 -0.05 -0.05 -0.04 -0.04 -0.05 -0.07 -0.07 -0.05

 118A 118 320.92 -0.003 0.004 -0.07 -0.06 -0.07 -0.08 -0.04 -0.04 -0.04 -0.05 -0.05 -0.04 -0.04 -0.05 -0.07 -0.07 -0.05
119 119A 318.88 0.00 -0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00

 119A 119 322.53 0.00 -0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00
121 121A 317.79 0.11 n/a 0.09 0.15 0.06 0.09 0.09 0.09 0.09 0.09 0.09 0.17 0.09 0.09 0.09 0.09 0.10

 121A 121 324.59 0.11 n/a 0.09 0.15 0.06 0.09 0.09 0.09 0.09 0.09 0.09 0.17 0.09 0.09 0.09 0.09 0.10
122 122A 320.09 -0.03 -0.06 -0.04 -0.04 -0.05 -0.05 -0.05 -0.04 -0.05 -0.06 -0.05 -0.24 -0.05 -0.05 -0.05 -0.04 -0.06

 122A 122 323.51 -0.03 -0.06 -0.04 -0.04 -0.05 -0.05 -0.05 -0.04 -0.05 -0.06 -0.05 -0.24 -0.05 -0.05 -0.05 -0.04 -0.06
123 111 272.78 n/a 0.65 0.68 0.69 0.50 0.49 0.58 0.61 -0.04 0.66 0.66 0.67 0.67 0.57

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Vertical Hydraulic Gradient I (-ve = up)MW for 
Gradient 

Calc.

Mid-Point of 
Screen 

Elevation (m)

Monitoring 
Well  

Number
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Type
Jan-11 Apr-11 Jul-11 Oct-11 Jan-12 Apr-12 Jul-12 Oct-12 Jan-13 Apr-13 Jul-13 Oct-13 Jan-14 Apr-14 Jul-14 Oct-14

003 S 325.68 326.61 326.24 325.97 326.35 326.15 325.57 325.30 325.73 326.56 326.15 326.02 326.40 326.56 326.14 326.03
004 S 325.67 326.80 326.78 325.88 326.44 326.40 325.76 325.32 325.69 327.16 326.50 325.96 326.26 327.13 326.49 326.11
103 S 322.50 323.27 322.41 322.62 322.91 322.59 322.10 322.42 322.67 323.21 322.77 322.89 322.90 323.19 322.50 322.87
104 S 320.92 321.42 321.10 321.28 321.30 321.06 320.62 320.87 321.31 321.50 321.18 321.33 321.47 321.39 320.97 321.25
105 S 322.64 322.90 322.62 323.04 322.78 322.69 322.33 322.67 322.75 322.85 322.62 322.82 322.86 322.81 322.58 322.77
107 S 326.14 327.00 326.67 326.22 326.42 326.32 326.06 325.98 326.07 326.66 326.59 326.45 326.43 326.68 326.54 326.49
111 D 324.47 325.15 325.01 324.70 324.90 324.90 324.42 324.40 324.66 325.39 324.92 325.02 0.00 325.27 325.03 324.95
112 D 325.29 326.35 326.18 325.56 326.11 325.96 325.23 325.12 325.48 326.77 326.18 325.76 326.07 326.79 326.13 325.88
115 I 323.48 323.75 323.28 323.57 323.61 323.58 322.83 323.21 323.46 323.76 323.51 323.62 323.71 323.76 323.47 323.65

 115A S 322.80 323.07 322.28 323.10 322.95 322.92 321.94 322.65 322.95 322.99 322.62 322.97 323.03 323.00 322.55 322.93
116 I 314.77 315.79 315.24 315.23 315.56 315.10 314.55 314.77 315.14 315.87 315.48 315.95 315.53 315.96 315.23 315.57

 116A S 317.92 318.39 318.10 318.47 318.34 318.14 317.51 317.97 318.22 318.39 318.15 318.30 318.43 318.36 317.96 318.22
117 I 318.29 318.81 318.31 318.59 318.54 318.27 317.99 318.27 318.39 318.67 318.43 318.70 318.63 318.69 318.29 318.53

 117A S 320.29 320.58 320.08 320.70 320.23 320.11 319.97 320.18 320.18 320.25 320.08 320.22 320.29 320.22 320.06 320.14
118 I 323.41 323.73 323.21 323.47 323.56 323.43 323.02 323.40 323.46 323.67 323.52 323.60 323.64 323.64 323.28 323.44

 118A S 323.04 323.34 322.81 323.21 323.19 323.05 322.69 323.04 323.11 323.25 323.09 323.21 323.24 323.21 323.00 323.18
119 I 325.30 325.68 323.76 325.12 324.99 324.91 324.84 324.88 324.88 324.97 324.90 324.96 325.08 324.98 324.87 324.92

 119A S 325.30 325.68 323.77 325.15 325.02 324.94 324.86 324.90 324.91 324.99 324.92 324.99 325.10 325.01 324.89 324.94
121 I 325.81 326.49 326.61 326.24 326.22 326.24 325.82 325.57 325.72 326.49 326.41 326.20 326.26 326.52 326.41 326.26

 121A S 326.44 327.12 327.20 326.87 326.87 326.89 326.46 326.20 326.36 327.11 327.04 326.84 326.89 327.14 327.05 326.91
122 I 325.99 326.31 326.00 326.17 326.17 326.13 325.91 325.83 326.01 326.29 326.15 326.15 326.25 326.29 326.15 326.14

 122A S 325.86 326.11 326.04 326.02 326.01 325.97 325.79 325.72 325.88 326.10 325.98 325.99 326.06 326.08 325.98 325.98
123 D+ 304.76 306.54 306.81 308.29 308.32 312.91 305.61 307.36 307.84 308.63 306.68 306.82 306.98 307.82 307.03 307.00
124 S 320.29 319.83 319.20 319.28 320.20 319.91 319.96 320.34 320.43 320.39 319.56 320.23
125 S 314.83 314.40 314.03 314.22 314.44 315.18 314.69 315.08 314.76 315.28 314.53 314.72
126 S 317.35 316.82 315.62 316.02 316.85 317.64 317.89 318.10 317.98 318.16 317.51 318.04
127 S 318.55 318.39 318.20 318.40 318.49 318.66 318.50 318.61 318.64 318.68 318.46 318.58
128 S 320.29 320.20 319.94 320.10 320.21 320.43 320.32 320.36 320.40 320.40 320.23 320.35
129 S 325.07 324.87 324.62 324.91 324.97 325.24 325.04 325.16 325.23 325.25 324.96 325.11
130A S 322.65 322.14 322.56 322.58 322.75 322.53 322.67 322.73 322.69 322.45 322.65
131 S 325.39 325.33 325.53 325.68 325.74 326.06 325.93 325.97 326.10 326.06 325.91 325.92
132 S 327.73 327.68 327.38 327.16 327.16 327.93 328.02 327.72 327.62 327.97 328.01 327.89
133 I 328.03 328.11 327.73 327.40 327.33 328.22 328.50 328.12 327.96 328.32 328.54 328.28
134 I 327.06 327.16 326.63 326.27 326.43 327.57 327.31 326.91 326.96 327.61 327.35 327.03
135 I 327.20 327.24 326.85 326.55 326.60 327.49 327.53 327.17 327.11 327.54 327.54 327.30

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

Groundwater Elevations (m amsl)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Jan-11 Apr-11 Jul-11 Oct-11 Jan-12 Apr-12 Jul-12 Oct-12 Jan-13 Apr-13 Jul-13 Oct-13 Jan-14 Apr-14 Jul-14 Oct-14 average I

003 122 323.56 -0.09 0.09 0.07 -0.06 0.05 0.01 -0.10 -0.15 -0.08 0.08 0.00 -0.04 0.04 0.08 -0.00 -0.03 -0.01
004 112 324.38 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
103 117 320.75 0.55 0.58 0.54 0.53 0.57 0.57 0.54 0.54 0.56 0.59 0.57 0.55 0.56 0.59 0.55 0.57 0.56
104 118 318.84 -0.81 -0.75 -0.69 -0.71 -0.74 -0.77 -0.78 -0.82 -0.70 -0.71 -0.76 -0.74 -0.71 -0.73 -0.75 -0.71 -0.74
105 111 320.52 -0.10 -0.12 -0.13 -0.09 -0.12 -0.12 -0.11 -0.09 -0.10 -0.14 -0.12 -0.12 17.53 -0.13 -0.13 -0.12 0.99
107 119 324.49 0.15 0.24 0.52 0.20 0.25 0.25 0.22 0.20 0.21 0.30 0.30 0.26 0.24 0.30 0.30 0.28 0.26
111 105 302.10 -0.10 -0.12 -0.13 -0.09 -0.12 -0.12 -0.11 -0.09 -0.10 -0.14 -0.12 -0.12 17.53 -0.13 -0.13 -0.12 0.99
112 004 300.29 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
115 115A 315.07 -0.11 -0.11 -0.17 -0.08 -0.11 -0.11 -0.15 -0.09 -0.09 -0.13 -0.15 -0.11 -0.11 -0.13 -0.16 -0.12 -0.12

 115A 115 321.00 -0.11 -0.11 -0.17 -0.08 -0.11 -0.11 -0.15 -0.09 -0.09 -0.13 -0.15 -0.11 -0.11 -0.13 -0.16 -0.12 -0.12
116 116A 308.15 0.39 0.32 0.36 0.40 0.35 0.38 0.37 0.40 0.38 0.31 0.33 0.29 0.36 0.30 0.34 0.33 0.35

 116A 116 316.17 0.39 0.32 0.36 0.40 0.35 0.38 0.37 0.40 0.38 0.31 0.33 0.29 0.36 0.30 0.34 0.33 0.35
117 117A 313.11 0.35 0.31 0.31 0.37 0.30 0.33 0.35 0.34 0.32 0.28 0.29 0.27 0.29 0.27 0.31 0.29 0.31

 117A 117 318.75 0.35 0.31 0.31 0.37 0.30 0.33 0.35 0.34 0.32 0.28 0.29 0.27 0.29 0.27 0.31 0.29 0.31
118 118A 315.77 -0.07 -0.08 -0.08 -0.05 -0.07 -0.07 -0.07 -0.07 -0.07 -0.08 -0.08 -0.07 -0.08 -0.08 -0.05 -0.05 -0.07

 118A 118 320.92 -0.07 -0.08 -0.08 -0.05 -0.07 -0.07 -0.07 -0.07 -0.07 -0.08 -0.08 -0.07 -0.08 -0.08 -0.05 -0.05 -0.07
119 119A 318.88 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01

 119A 119 322.53 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01
121 121A 317.79 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

 121A 121 324.59 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
122 122A 320.09 -0.04 -0.06 0.01 -0.05 -0.05 -0.05 -0.04 -0.03 -0.04 -0.06 -0.05 -0.05 -0.06 -0.06 -0.05 -0.05 -0.04

 122A 122 323.51 -0.04 -0.06 0.01 -0.05 -0.05 -0.05 -0.04 -0.03 -0.04 -0.06 -0.05 -0.05 -0.06 -0.06 -0.05 -0.05 -0.04
123 111 272.78 0.67 0.63 0.62 0.56 0.57 0.41 0.64 0.58 0.57 0.57 0.62 0.62 -10.47 0.60 0.61 0.61 -0.10
124 117 315.47 0.74 0.66 0.51 0.43 0.77 0.53 0.65 0.69 0.76 0.72 0.54 0.72 0.64
125 116 313.57 -0.13 -0.13 -0.10 -0.10 -0.13 -0.13 -0.15 -0.16 -0.14 -0.13 -0.13 -0.16 -0.13
126 116 314.51 0.28 0.27 0.17 0.20 0.27 0.28 0.38 0.34 0.38 0.35 0.36 0.39 0.30
127 116 316.07 0.38 0.42 0.46 0.46 0.42 0.35 0.38 0.34 0.39 0.34 0.41 0.38 0.39
128 116 316.10 0.60 0.64 0.68 0.67 0.64 0.57 0.61 0.55 0.61 0.56 0.63 0.60 0.61
129 119 320.04 0.06 -0.04 -0.19 0.03 0.08 0.23 0.12 0.17 0.13 0.23 0.08 0.16 0.09
130A 118 322.19 -0.14 -0.14 -0.13 -0.14 -0.14 -0.15 -0.14 -0.14 -0.15 -0.13 -0.12 -0.14
131 119 322.90 0.10 0.10 0.17 0.20 0.21 0.27 0.26 0.25 0.25 0.27 0.26 0.25 0.22
132 121 326.12 0.18 0.17 0.19 0.19 0.17 0.17 0.19 0.18 0.16 0.17 0.19 0.20 0.18
133 135 326.04 0.26 0.27 0.28 0.27 0.23 0.23 0.31 0.30 0.27 0.24 0.31 0.31 0.27
134 121 325.13 0.11 0.13 0.11 0.10 0.10 0.15 0.12 0.10 0.10 0.15 0.13 0.10 0.12
135 121 322.85 0.19 0.20 0.20 0.19 0.17 0.20 0.22 0.19 0.17 0.20 0.22 0.21 0.20

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Vertical Hydraulic Gradient I (-ve = up)Monitoring 
Well  

Number

MW for 
Gradient 

Calc.

Mid-Point of 
Screen 

Elevation (m)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Type
Jan-15 Apr-15 Jul-15 Oct-15 Jan-16 Apr-16 Jul-16 Oct-16 Jan-17 Apr-17 Jul-17 Oct-17 Jan-18 Apr-18 Jul-18 Oct-18

003 S 326.08 326.45 326.09 325.62 325.94 326.60 325.86 325.58 326.21 326.65 326.32 325.79 326.26 326.49 326.00 325.64
004 S 326.17 326.33 326.32 325.71 325.92 327.24 326.16 325.64 325.86 326.85 326.74 325.93 326.03 326.45 326.37 325.74
103 S 322.66 323.08 322.78 322.39 322.72 323.28 322.41 322.48 323.10 323.07 322.80 322.42 323.01 322.82 322.45 322.51
104 S 321.05 321.57 321.20 320.87 321.18 321.42 320.82 320.91 321.51 321.36 321.11 320.81 321.42 321.21 320.74 320.82
105 S 322.68 323.00 322.73 322.61 322.69 322.85 322.51 322.66 322.91 322.81 322.71 322.59 322.81 322.87 322.47 322.62
107 S 326.31 326.40 326.40 326.10 326.27 326.74 326.35 326.15 326.29 326.62 326.76 326.33 326.50 326.43 326.20
111 D 324.89 324.91 324.50 0.00 325.27 324.83 324.59 325.22 325.29 324.81 325.07 324.88 324.62
112 D 325.96 326.19 326.06 325.50 325.76 326.88 325.72 325.48 325.76 326.58 326.43 325.74 325.91 326.26 326.09 325.55
115 I 323.67 323.70 323.63 323.28 0.00 323.76 323.15 323.31 323.73 323.72 323.28 323.64 323.18 323.27

 115A S 322.91 323.11 322.91 322.66 322.92 322.99 322.23 322.70 323.10 322.98 322.86 322.51 323.04 322.99 322.23 322.60
116 I 315.22 315.49 315.64 314.89 315.34 316.13 314.88 314.95 315.76 315.84 315.65 314.96 315.41 314.97 314.94

 116A S 318.01 318.46 318.14 317.72 318.11 318.37 317.77 317.90 318.48 318.35 318.20 317.93 318.58 318.25 317.70 317.71
117 I 318.37 318.55 318.49 318.22 318.41 318.77 318.17 318.28 318.70 318.71 318.52 318.26 318.73 318.44 318.19 318.27

 117A S 320.09 320.40 320.13 320.09 320.14 320.27 320.04 320.11 320.34 320.41 320.11 320.08 320.31 320.17 320.03 320.06
118 I 323.34 323.65 323.41 323.24 323.36 323.51 323.25 323.30 323.63 323.52 323.46 323.35 323.73 323.58 323.33 323.42

 118A S 323.08 323.38 323.13 322.97 323.10 323.24 322.95 323.03 323.33 323.21 323.12 322.98 323.28 323.18 322.95 323.02
119 I 324.89 324.96 324.93 324.83 324.86 324.98 324.86 324.85 325.06 324.96 324.95 324.89 324.98 325.04 324.95 324.89

 119A S 324.92 324.99 324.96 324.86 324.89 325.02 324.89 324.88 325.09 324.99 324.98 324.91 325.00 325.07 324.91 324.91
121 I 326.12 326.24 326.24 325.83 325.88 326.51 326.20 325.86 326.00 326.45 326.54 326.14 326.10 326.36 326.33 325.93

 121A S 326.77 326.88 326.88 326.47 326.51 327.14 326.84 326.50 326.64 327.08 327.17 326.78 326.73 327.00 326.97 326.56
122 I 326.14 326.22 326.11 325.97 326.13 326.30 326.04 325.96 326.46 326.20 326.06 326.25 326.07 325.98

 122A S 325.98 326.03 325.95 325.84 325.97 326.11 325.89 325.84 326.23 326.02 325.91 326.06 325.90 325.85
123 D+ 306.63 306.30 310.91 305.38 305.59 306.12 304.60 305.26 304.93 304.25 306.23 304.58 306.26 304.35 303.23
124 S 320.04 320.37 320.15 319.46 320.14 320.46 319.21 319.37 320.34 320.42 320.09 319.24 320.29 320.13 319.32 319.22
125 S 314.55 314.81 314.88 314.19 314.52 315.41 314.21 314.22 314.91 315.03 314.75 314.19 315.04 314.55 314.25 314.28
126 S 317.69 318.01 318.02 316.83 317.71 318.24 316.89 317.02 318.29 318.24 317.62 317.07 318.08 317.88 316.88 316.57
127 S 318.50 318.83 318.61 318.40 318.54 318.74 318.41 318.43 318.79 318.69 318.61 318.39 318.84 318.62 318.44 318.42
128 S 320.28 320.53 320.38 320.12 320.30 320.52 320.19 320.19 320.51 320.46 320.34 320.08 320.44 320.34 320.20 320.19
129 S 325.03 325.42 325.08 324.87 325.02 325.34 324.92 324.94 325.29 325.26 325.12 324.94 325.32 325.15 324.93 324.95
130A S 322.55 322.94 322.60 322.45 322.58 322.79 322.42 322.51 322.84 322.73 322.60 322.45 322.81 322.69 322.43 322.49
131 S 325.85 326.04 325.88 325.71 325.80 326.08 325.81 325.74 326.05 326.05 326.01 325.84 326.01 326.10 325.84 325.78
132 S 327.53 327.43 327.76 327.35 327.30 328.05 327.76 327.43 327.40 327.85 328.39 327.69 327.51 327.66 327.86 327.48
133 I 327.85 327.75 328.05 327.66 327.46 328.17 328.20 327.79 327.52 328.13 328.99 328.17 327.74 327.93 328.29 327.84
134 I 326.89 326.93 327.03 326.59 326.60 327.56 327.03 326.61 326.59 327.38 327.62 326.93 326.73 327.07 327.21 326.67
135 I 327.04 326.95 327.19 326.80 326.76 327.51 327.25 327.73 328.19 327.49 327.25 327.48 327.71 327.25

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

Groundwater Elevations (m amsl)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Jan-15 Apr-15 Jul-15 Oct-15 Jan-16 Apr-16 Jul-16 Oct-16 Jan-17 Apr-17 Jul-17 Oct-17 Jan-18 Apr-18 Jul-18 Oct-18 average I

003 122 323.56 -0.02 0.07 -0.01 -0.10 -0.05 0.09 -0.05 -0.11 0.05 0.03 -0.08 0.07 -0.02 -0.10 -0.02
004 112 324.38 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01
103 117 320.75 0.56 0.59 0.56 0.55 0.56 0.59 0.56 0.55 0.58 0.57 0.56 0.54 0.56 0.57 0.56 0.56 0.56
104 118 318.84 -0.75 -0.68 -0.72 -0.77 -0.71 -0.68 -0.79 -0.78 -0.69 -0.70 -0.76 -0.83 -0.75 -0.77 -0.84 -0.85 -0.75
105 111 320.52 -0.10 -0.12 -0.10 -0.13 -0.13 -0.10 -0.13 -0.14 -0.12 -0.12 -0.13 -0.11 -0.12
107 119 324.49 0.25 0.26 0.26 0.23 0.25 0.31 0.27 0.23 0.22 0.30 0.32 0.26 0.26 0.26 0.23 0.26
111 105 302.10 -0.10 -0.12 -0.10 -0.13 -0.13 -0.10 -0.13 -0.14 -0.12 -0.12 -0.13 -0.11 -0.12
112 004 300.29 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01
115 115A 315.07 -0.13 -0.10 -0.12 -0.10 -0.13 -0.16 -0.10 -0.13 -0.15 -0.13 -0.11 -0.16 -0.11 -0.13

 115A 115 321.00 -0.13 -0.10 -0.12 -0.10 -0.13 -0.16 -0.10 -0.13 -0.15 -0.13 -0.11 -0.16 -0.11 -0.13
116 116A 308.15 0.35 0.37 0.31 0.35 0.35 0.28 0.36 0.37 0.34 0.31 0.32 0.37 0.35 0.34 0.35 0.34

 116A 116 316.17 0.35 0.37 0.31 0.35 0.35 0.28 0.36 0.37 0.34 0.31 0.32 0.37 0.35 0.34 0.35 0.34
117 117A 313.11 0.30 0.33 0.29 0.33 0.31 0.27 0.33 0.32 0.29 0.30 0.28 0.32 0.28 0.31 0.33 0.32 0.31

 117A 117 318.75 0.30 0.33 0.29 0.33 0.31 0.27 0.33 0.32 0.29 0.30 0.28 0.32 0.28 0.31 0.33 0.32 0.31
118 118A 315.77 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.06 -0.05 -0.06 -0.06 -0.07 -0.07 -0.09 -0.08 -0.07 -0.08 -0.06

 118A 118 320.92 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.06 -0.05 -0.06 -0.06 -0.07 -0.07 -0.09 -0.08 -0.07 -0.08 -0.06
119 119A 318.88 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 -0.01 0.00 0.01

 119A 119 322.53 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 -0.01 0.00 0.01
121 121A 317.79 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

 121A 121 324.59 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
122 122A 320.09 -0.05 -0.06 -0.05 -0.04 -0.05 -0.06 -0.04 -0.04 -0.07 -0.05 -0.04 -0.06 -0.05 -0.04 -0.05

 122A 122 323.51 -0.05 -0.06 -0.05 -0.04 -0.05 -0.06 -0.04 -0.04 -0.07 -0.05 -0.04 -0.06 -0.05 -0.04 -0.05
123 111 272.78 0.63 0.48 0.65 -10.42 0.65 0.69 0.66 0.72 0.65 0.69 0.71 0.73 -0.26
124 117 315.47 0.71 0.77 0.70 0.53 0.73 0.72 0.44 0.46 0.70 0.73 0.67 0.42 0.66 0.72 0.48 0.40 0.61
125 116 313.57 -0.12 -0.13 -0.14 -0.13 -0.15 -0.13 -0.12 -0.13 -0.16 -0.15 -0.17 -0.14 -0.16 -0.13 -0.12 -0.14
126 116 314.51 0.39 0.40 0.37 0.31 0.37 0.33 0.32 0.33 0.40 0.38 0.31 0.33 0.39 0.30 0.26 0.34
127 116 316.07 0.41 0.42 0.38 0.44 0.40 0.33 0.45 0.44 0.38 0.36 0.37 0.43 0.41 0.44 0.44 0.41
128 116 316.10 0.64 0.63 0.60 0.66 0.62 0.55 0.67 0.66 0.60 0.58 0.59 0.64 0.62 0.66 0.66 0.63
129 119 320.04 0.12 0.39 0.13 0.03 0.14 0.31 0.05 0.08 0.20 0.26 0.14 0.04 0.29 0.09 -0.02 0.05 0.14
130A 118 322.19 -0.12 -0.11 -0.13 -0.12 -0.12 -0.13 -0.12 -0.12 -0.12 -0.13 -0.14 -0.14 -0.14 -0.14 -0.14 -0.13
131 119 322.90 0.24 0.27 0.24 0.22 0.23 0.27 0.24 0.22 0.25 0.27 0.26 0.24 0.26 0.26 0.22 0.22 0.24
132 121 326.12 0.17 0.14 0.18 0.18 0.17 0.18 0.19 0.19 0.17 0.17 0.22 0.19 0.17 0.16 0.18 0.19 0.18
133 135 326.04 0.25 0.25 0.27 0.27 0.22 0.21 0.30 0.13 0.25 0.21 0.15 0.14 0.18 0.18 0.22
134 121 325.13 0.10 0.09 0.11 0.10 0.10 0.14 0.11 0.10 0.08 0.13 0.15 0.11 0.09 0.10 0.12 0.10 0.11
135 121 322.85 0.18 0.14 0.19 0.19 0.17 0.20 0.21 0.25 0.33 0.27 0.23 0.22 0.27 0.26 0.22

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

MW for 
Gradient 

Calc.

Mid-Point of 
Screen 

Elevation (m)

Vertical Hydraulic Gradient I (-ve = up)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Type
Jan-19 Apr-19 Jul-19 Nov-19 Jan-20 Apr-20 Jul-20 Oct-20

003 S 325.98 326.27 326.12 326.69 326.41 325.72 325.51
004 S 326.08 326.65 325.91 326.51 326.43 325.81 325.49
103 S 322.71 322.65 322.94 323.46 322.97 322.43 322.55
104 S 321.13 321.07 321.27 321.43 321.24 320.73 320.98
105 S 322.67 322.61 322.81 322.84 322.74 322.53 322.72
107 S 326.25 326.57 326.70 326.44 326.68 326.65 326.35 326.15
111 D 325.22 0.00 0.00 0.00 0.00 0.00
112 D 325.90 326.38 325.10 324.90 325.35 322.50 324.38
115 I 323.61 0.00 0.00 0.00 0.00 0.00

 115A S 322.80 322.72 323.21 322.27 323.60 322.41 323.22
116 I 315.27 315.46 322.94 323.04 322.94 322.22 322.86

 116A S 317.99 317.94 315.53 316.48 315.66 314.90 314.89
117 I 318.41 318.45 318.25 318.50 318.17 317.64 317.68

 117A S 320.14 320.07 318.61 319.02 318.58 318.21 318.32
118 I 323.46 323.46 320.19 320.40 320.14 320.03 320.13

 118A S 323.07 323.04 323.63 323.59 323.48 323.25 323.38
119 I 324.90 325.06 324.94 323.23 323.30 323.17 323.04 323.13

 119A S 324.92 325.08 324.96 324.97 325.05 324.97 324.95 325.03
121 I 326.00 326.53 326.52 324.99 325.21 325.00 324.98 325.05

 121A S 326.63 327.08 327.16 326.88 327.08 327.14 326.81 326.52
122 I 326.06 326.18 326.14 326.31 326.19 325.98 325.96

 122A S 325.91 325.99 325.98 326.14 326.02 325.85 325.84
123 D+ 303.71 304.44 305.41 311.40 307.73 306.29 304.88
124 S 319.86 319.75 320.25 320.39 320.21 319.21 319.32
125 S 314.46 314.66 314.64 315.88 314.77 314.19 314.19
126 S 316.74 317.14 317.27 317.86 317.29 316.51 316.41
127 S 318.57 318.53 318.65 318.96 318.65 318.46 318.50
128 S 320.29 320.29 320.41 320.72 320.41 320.22 320.21
129 S 325.02 325.04 325.20 325.50 325.18 324.92 325.01
130A S 322.55 322.51 322.73 322.89 322.67 322.48 322.59
131 S 325.83 326.19 325.97 325.97 326.27 326.02 325.83 325.80
132 S 327.45 327.75 328.27 327.71 327.91 328.03 327.72 327.42
133 I 327.66 328.06 328.82 328.07 328.01 328.46 328.16 327.78
134 I 326.76 327.25 327.55 326.95 327.07 327.49 326.96 326.58
135 I 327.23 327.60 328.10 327.51 327.49 327.93 327.55 327.19

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Monitoring 
Well  

Number

Groundwater Elevations (m amsl)
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Hanlon Creek Business Park -Groundwater Monitoring Program
Vertical Hydraulic Gradient Data

Jan-19 Apr-19 Jul-19 Nov-19 Jan-20 Apr-20 Jul-20 Oct-20 average I

003 122 323.56 -0.02 0.03 -0.01 0.11 0.06 -0.08 -0.13 -0.00
004 112 324.38 0.01 0.01 0.03 0.07 0.04 0.14 0.05 0.05
103 117 320.75 0.56 0.55 0.61 0.65 0.63 0.63 0.64 0.61
104 118 318.84 -0.76 -0.78 0.35 0.34 0.36 0.23 0.28 0.00
105 111 320.52 -0.14 17.52 17.53 17.52 17.51 17.52 14.58
107 119 324.49 0.24 0.27 0.31 0.57 0.60 0.62 0.59 0.54 0.47
111 105 302.10 -0.14 17.52 17.53 17.52 17.51 17.52 14.58
112 004 300.29 0.01 0.01 0.03 0.07 0.04 0.14 0.05 0.05
115 115A 315.07 54.48 -0.15 54.55 54.39 54.62 54.42 54.55 46.69

 115A 115 321.00 54.48 -0.15 54.55 54.39 54.62 54.42 54.55 46.69
116 116A 308.15 0.34 0.31 -0.92 -0.82 -0.91 -0.91 -0.99 -0.56

 116A 116 316.17 0.34 0.31 -0.92 -0.82 -0.91 -0.91 -0.99 -0.56
117 117A 313.11 0.31 0.29 0.06 0.09 0.07 0.10 0.11 0.15

 117A 117 318.75 0.31 0.29 0.06 0.09 0.07 0.10 0.11 0.15
118 118A 315.77 -0.07 -0.08 0.67 0.62 0.65 0.63 0.63 0.43

 118A 118 320.92 -0.07 -0.08 0.67 0.62 0.65 0.63 0.63 0.43
119 119A 318.88 0.00 0.00 0.00 0.48 0.48 0.49 0.52 0.52 0.31

 119A 119 322.53 0.00 0.00 0.00 0.48 0.48 0.49 0.52 0.52 0.31
121 121A 317.79 0.09 0.08 0.09 0.28 0.27 0.31 0.27 0.22 0.20

 121A 121 324.59 0.09 0.08 0.09 0.28 0.27 0.31 0.27 0.22 0.20
122 122A 320.09 -0.04 -0.06 -0.05 -0.05 -0.05 -0.04 -0.04 -0.05

 122A 122 323.51 -0.04 -0.06 -0.05 -0.05 -0.05 -0.04 -0.04 -0.05
123 111 272.78 0.71 -10.42 -10.62 -10.50 -10.45 -10.40 -8.61
124 117 315.47 0.62 0.55 0.85 0.80 0.86 0.66 0.69 0.72
125 116 313.57 -0.15 -0.15 -1.53 -1.32 -1.51 -1.48 -1.60 -1.10
126 116 314.51 0.23 0.26 -0.89 -0.81 -0.89 -0.90 -1.01 -0.57
127 116 316.07 0.42 0.39 -0.54 -0.52 -0.54 -0.47 -0.55 -0.26
128 116 316.10 0.63 0.61 -0.32 -0.29 -0.32 -0.25 -0.33 -0.04
129 119 320.04 0.10 0.08 1.70 1.90 1.74 1.62 1.62 1.25
130A 118 322.19 -0.14 -0.15 0.40 0.39 0.39 0.38 0.38 0.24
131 119 322.90 0.23 0.28 0.26 0.68 0.74 0.71 0.69 0.66 0.53
132 121 326.12 0.17 0.15 0.21 0.33 0.32 0.36 0.33 0.28 0.27
133 135 326.04 0.13 0.14 0.23 0.18 0.16 0.17 0.19 0.18 0.17
134 121 325.13 0.10 0.10 0.14 0.27 0.25 0.34 0.27 0.21 0.21
135 121 322.85 0.24 0.21 0.31 0.50 0.45 0.58 0.51 0.42 0.40

S=Shallow;  I=Intermediate;  D=Deep (Bedrock)

Vertical Hydraulic Gradient I (-ve = up)Monitoring 
Well  

Number

MW for 
Gradient 

Calc.

Mid-Point of 
Screen 

Elevation (m)

Banks Groundwater Engineering Limited Page 8 of 8 Hanlon Creek Business Park - Groundwater Monitoring Program
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Appendix E 
 

Climate Monitoring 
1971 – 2020 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Graph E 1

Annual Precipitation & Cumulative Departure from Annual Average - 1971 to 2020
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Graph E 2

Monthly Precipitation & Cumulative Departure from Monthly Average - 2003 to 2020
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Graph E 3

Monthly Precipitation & Cumulative Departure from Monthly Normal - 2003 to 2020
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Graph E 4

18-Month Average Monthly Precipitation & Cumulative Departure from 18-Month Average - 2003 to 2020
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Graph E 5

Monthly Precipitation & Maximum Daily Temperature Trend: WIA / Clair Rd ESC (January 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Graph E 6

Daily Precipitation & Maximum/Minimum Daily Temperatures: Clair Rd ESC (January to December 2020)
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Banks Groundwater Engineering Limited 

Appendix F 
 

Downey Road PSW Groundwater Monitoring 
2007 – 2020 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Downey Rd. PSW Graph F 1

Groundwater Elevation & Precipitation - MW003 (March 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Downey Rd. PSW Graph F 1a

Groundwater & Maximum Daily Air Temperature - MW003 (March 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Downey Rd. PSW Graph F 2

Groundwater Elevation & Precipitation - PZ-9D (March 2007 to December 2020)

Ja
n 

07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

Ja
n 

20

Ju
l 2

0

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

324.1

324.3

324.5

324.7

324.9

325.1

325.3

325.5

325.7

325.9

326.1

326.3

326.5

326.7

326.9

327.1

To
ta

l M
on

th
ly

 P
re

ci
pi

ta
tio

n 
(m

m
)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Downey Rd. PSW Graph F 2a

Groundwater & Maximum Daily Air Temperature - PZ-9D (March 07 to December 20)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Downey Rd. PSW Graph F 3

Groundwater Elevation: MW003 & PZ-9D (March 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Downey Rd. PSW Graph F 3a

Groundwater Temperature - MW003 & PZ-9D (March 07 to December 20)
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Banks Groundwater Engineering Limited 

Appendix G 
 

HCBP Core PSW Groundwater Monitoring 
2007 – 2020 



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 1

Groundwater Elevation & Precipitation - MW116A (January 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 1a

Groundwater & Maximum Daily Air Temperature - MW116A (January 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 2

Groundwater Elevation & Precipitation - MW116 (January 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 2a

Groundwater & Maximum Daily Air Temperature - MW116 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 3

Groundwater Elevation & Precipitation - PZ-10D (April 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 3a

Groundwater & Maximum Daily Air Temperature - PZ-10D (April 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 4

Groundwater Elevation & Precipitation - MW127 (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 4a

Groundwater & Maximum Daily Air Temperature - MW127 (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 5

Groundwater Elevation & Precipitation - PZ-8D (June 2010 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 5a

Groundwater & Maximum Daily Air Temperature - PZ-8D (June 2010 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 6

Groundwater Elevation & Precipitation - MW117A (January 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 6a

Groundwater & Maximum Daily Air Temperature - MW117A (January 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 7

Groundwater Elevation & Precipitation - MW117 (January 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 7a

Groundwater & Maximum Daily Air Temperature - MW117 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 8

Groundwater Elevation & Precipitation - PZ-11D (June 2010 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 8a

Groundwater & Maximum Daily Air Temperature - PZ-11D (June 2010 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 9

Groundwater Elevation & Precipitation - MW103 (June 2010 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 9a

Groundwater & Maximum Daily Air Temperature - MW103 (June 2010 to December 2020)

-20.0

-15.0

-10.0

-5.0

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0
Ja

n 
07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

Ja
n 

20

Ju
l 2

0

G
ro

un
dw

at
er

 &
 A

ir
 T

em
pe

ra
tu

re
 (C

)

MW103 Groundwater Temperature
Max. Daily Air Temperature Trend



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 10

Groundwater Elevation & Precipitation - PZ-7D (August 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 10a

Groundwater & Maximum Daily Air Temperature - PZ-7D (August 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 11

Groundwater Elevation & Precipitation - MW130A (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 11a

Groundwater & Maximum Daily Air Temperature - MW130A (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 12

Groundwater Elevation & Precipitation - MW130 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 12a

Groundwater & Maximum Daily Air Temperature - MW130 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 13

Groundwater Elevation & Precipitation - MW118A (July 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 13a

Groundwater & Maximum Daily Air Temperature - MW118A (July 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 14

Groundwater Elevation & Precipitation - MW118 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 14a

Groundwater & Maximum Daily Air Temperature - MW118 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 15

Groundwater Elevation & Precipitation - MW104 (January 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 15a

Groundwater & Maximum Daily Air Temperature - MW104 (January 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 16

Groundwater Elevation & Precipitation - PZ-4D (April 2009 to December 2020)

Ja
n 

07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

Ja
n 

20

Ju
l 2

0

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

320.0

320.2

320.4

320.6

320.8

321.0

321.2

321.4

321.6

321.8

322.0

322.2

322.4

322.6

322.8

323.0

To
ta

l M
on

th
ly

 P
re

ci
pi

ta
tio

n 
(m

m
)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 16a

Groundwater & Maximum Daily Air Temperature - PZ-4D (April 2009 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 17

Groundwater Elevation & Precipitation - MW105 (January 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 17a

Groundwater & Maximum Daily Air Temperature - MW105 (January 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 18

Groundwater Elevation & Precipitation - MW129 (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 18a

Groundwater & Maximum Daily Air Temperature - MW129 (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 19

Groundwater Elevation & Precipitation - MW111 (October 2010 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 19a

Groundwater & Maximum Daily Air Temperature - MW111 (October 2010 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 20

Groundwater Elevation & Precipitation - MW123 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 1 - Core PSW Graph G 20a

Groundwater & Maximum Daily Air Temperature - MW123 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 21

Groundwater Elevation & Precipitation - PZ-12D (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 21a

Groundwater & Maximum Daily Air Temperature - PZ-12D (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 22

Groundwater Elevation & Precipitation - MW119A (July 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 22a

Groundwater & Maximum Daily Air Temperature - MW119A (July 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 23

Groundwater Elevation & Precipitation - MW119 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 23

Groundwater & Maximum Daily Air Temperature - MW119 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 24

Groundwater Elevation & Precipitation - MW131 (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 24a

Groundwater & Maximum Daily Air Temperature - MW131 (January 2012 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 25

Groundwater Elevation & Precipitation - PZ-2D (January 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 25a

Groundwater & Maximum Daily Air Temperature - PZ-2D (March 2007 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Core PSW Graph G 26

Groundwater Elevation & Precipitation - MW122A (July 2008 to December 2020)

Ja
n 

07

Ju
l 0

7

Ja
n 

08

Ju
l 0

8

Ja
n 

09

Ju
l 0

9

Ja
n 

10

Ju
l 1

0

Ja
n 

11

Ju
l 1

1

Ja
n 

12

Ju
l 1

2

Ja
n 

13

Ju
l 1

3

Ja
n 

14

Ju
l 1

4

Ja
n 

15

Ju
l 1

5

Ja
n 

16

Ju
l 1

6

Ja
n 

17

Ju
l 1

7

Ja
n 

18

Ju
l 1

8

Ja
n 

19

Ju
l 1

9

Ja
n 

20

Ju
l 2

0

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

323.9

324.1

324.3

324.5

324.7

324.9

325.1

325.3

325.5

325.7

325.9

326.1

326.3

326.5

326.7

326.9

To
ta

l M
on

th
ly

 P
re

ci
pi

ta
tio

n 
(m

m
)

G
ro

un
dw

at
er

 E
le

va
tio

n 
(m

 a
m

sl
)



Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Core PSW Graph G 26a

Groundwater & Maximum Daily Air Temperature - MW122A (July 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Core PSW Graph G 27

Groundwater Elevation & Precipitation - MW122 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 3 - Core PSW Graph G 27a

Groundwater & Maximum Daily Air Temperature - MW122 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 28

Groundwater Elevation & Precipitation - PZ-1D (April 2009 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 28a

Groundwater & Maximum Daily Air Temperature - PZ-1D (April 2009 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 29

Groundwater Elevation & Precipitation - MW121A (July 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 29a

Groundwater & Maximum Daily Air Temperature - MW121A (July 2008 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 30

Groundwater Elevation & Precipitation - MW121 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 30

Groundwater & Maximum Daily Air Temperature - MW121 (November 2019 to December 2020)
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Hanlon Creek Business Park - Groundwater Monitoring Program

December 2020 Phase 2 - Core PSW Graph G 31a

Groundwater & Maximum Daily Air Temperature - PZ-12D, PZ-13D, PZ-14D, MW119A & MW131 (June 2013 to December 2020)
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