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Preface 

This report was originally submitted January 25, 2017 and then revised July 20, 2017 due to modifications 
to the original proposed development vision. Recent design changes and the establishment of City of 
Ottawa guidelines in March 2021 required an update to the report which was completed in November 2022. 
This current version, September 2023, incorporates responses to City of Ottawa review comments dated 
March 21, 2023 and June 14, 2023. As such, this version of the report has been updated with the following 
information addressing the recent comments. 

November 2022 Update: 

This version of the report was updated as per City of Ottawa Hydrogeological and Terrain Analysis 
Guidelines (March 2021) with the following information:  

• Revision of site layout and inclusion of the Phase 1A and 1B construction phases and assessment 
of any potential impacts on already assessed vulnerabilities (Section 2.0 Construction Phasing 
Plan); 

• Update to water quantity demands (Section 4.2); 

• Water quality testing results from a November 9, 2022 groundwater sampling event to monitor 
groundwater quality and assess any changes over time (Section 4.3); 

• Assessment of the impact of revised sewage treatment system design based on updated maximum 
sewage flow rate considering revised occupancy and land use type (Section 5.0 Sewage Disposal); 

• Evaluation of potential impacts of Phase 1A and 1B construction (Section 6.0); 

• Update to Executive Summary and Conclusion (Section 7). 

September 2023 Update: 

This current version of the report incorporates responses to City of Ottawa review comments dated March 
21, 2023 and June 14, 2023 with the following information:  

• Water quality testing results from a July 20, 2023 groundwater sampling event for turbidity, trace 
metals and volatile organic compounds (VOC) (Section 4.3); 

• Discussion regarding peak demand window and assessment of a higher peak demand rate based 
on longer peak demand window (6 hours) compared to the previous peak demand time window of 
3 hours (Section 4.2). 

• Update to Executive Summary and Conclusion (Section 7) 
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Executive Summary 

EXP Services Inc. (EXP) was retained by Humanics Universal Inc. to conduct a hydrogeological 
investigation, terrain analysis and impact assessment for a proposed institutional development on the south 
side of old Montreal Road and is identified 3400 old Montreal Road and is legally described as:  Part 4,  
4R-22542, Part of Lot 7, Concession 1 (old survey), Geographic Township of Cumberland, City of Ottawa.  
Refer to Figures 1 in Appendix A for the site location and surrounding area. 

It is proposed that the portion of the 18.5 acres (7.4 hectares) to the south of the ravine be developed into 
institutional land. Phase 1A has been constructed and includes the gravel roadway+ access, washrooms 
and septic system The Phase 1B Site Plan includes a Pavilion building and a workshop building and a 
public park. 

This hydrogeological assessment was submitted to the City of Ottawa (CO) and Rideau Valley 
Conservation Authority (RVCA) as part of the site plan approval application. In the meantime, the Phase 1 
construction was revised and modified during submission. Based on the modified Phase 1 construction 
plan, the initial submission was reviewed by the CO and the RVCA and they had comments and required 
and updated assessment. An updated construction plan designated as Phase 1A and 1B was developed 
as a response to the comments and a letter of response to address those comments were prepared and 
submitted on September 23, 2022, to the city and RVCA for their review. Later on based the CO requested 
to submit an updated hydrogeological and terrain analysis report in light of the revised and modified 
construction plan.   

This updated report has been prepared to fulfill the requirement as per the City of Ottawa Hydrogeological 
and Terrain Analysis Guidelines (March 2021). This revised and updated report includes responses to the 
City of Ottawa and RVCA comments, assessment of impacts of the modified construction plan (Phase 1A 
and 1B) and its implications on the completed investigation including septic system design.  

This investigation was completed and updated as per City of Ottawa Hydrogeological and Terrain Analysis 
Guidelines (March 2021) and consisted of the following tasks:  

• On-site hydrogeological conditions were originally investigated through the construction and testing 
of two water wells.  The wells were drilled on the subject property in February, 2016 by Air-Rock 
Drilling Company in accordance with Ontario Regulation 903. The wells were drilled in the specific 
locations proposed within the existing site plan design;   

• Soil stratigraphy on the site was assessed through the completion of 12 test pits and two boreholes 
(as part of a geotechnical investigation). Select test pits were then outfitted with piezometers. This 
information was then used to assess the hydrogeological sensitivity of the site and the sizing for 
the required septic systems 

• Water quantity was assessed on the basis of six-hour constant-rate pumping tests conducted on 
the wells and subsequent recovery tests (completed on February 23, 2016)  

• Water quality was originally evaluated through chemical and bacteriological analysis of samples 
collected at the beginning and end of each pumping test (in February 23, 2016);  

• Water quality was reassessed by collecting and submitting raw groundwater samples for the 
subdivision package (November 9, 2022) and for trace metals, volatile organic compounds, and 
turbidity (July 20, 2023). 

• Re-evaluation of the water demand based on the updated development plans design parameters. 
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Based on the results of this updated investigation, the following conclusions and recommendations are 
presented:  

• Two water supply wells were completed in the limestone bedrock at depths of 34.7 and 38 m 
respectively, while extending through over 30 m of over overburden material predominantly 
consisting of clay. Six-hour constant rate pumping tests followed by recovery tests conducted on 
each of these wells indicate well yields at or in excess of the tested rates.  The sustainable well 
yield for Well #1 was rated to be 27 L/min. The sustainable well yield for Well #2 was rated to be 
45 L/min;   

• The pumping tests indicated very minor well interference within the aquifer during the pumping test. 
The impacts within monitoring wells approximately 70 to 80 m away from each other throughout 
the pump tests were less than 10 cm on the respective wells after the continuous pumping of the 
wells for 6 hours.  As such, cumulative well impacts on the wells is not anticipated to be significant. 

• The updated water demand was determined to be 4,600 L/day. Based on a potential peak demand 
of 3-hrs (time associated with service), the peak water demand would be in the order of 25.8 L/min. 
This analysis was updated with an conservative scenario of considering a longer peak water 
demand period of 6-hrs. This resulted in a peak demand of 44.1 L/min.  

• This demand will be met by water supply from Well #2  which has a well yield of 45 L/min and thus 
can effectively provide necessary amount of water for daily usage considering 3-hr peak demand 
window;  

• Based on pumping tests and analysis of test data the Well #2 may be considered as the main water 
supply well for the site considering the intended use of the site; 

• The construction of test pits and wells revealed that overburden materials is comprised of sand 
layer ranging between 1 to 1.4 m deep followed by silty clay to depths of approximately 30 m. 
Therefore, the surficial soils are suitable and can accommodate a septic system field bed. 
Conversely, the silty clay soils below the sand provide the suitable protective buffer between the 
septic effluent at surface and the bedrock groundwater aquifer below.  

• The existence of more than 30 m thick clay layer over the deeper bedrock aquifer where the drinking 
water wells are set will provide adequate protection for the deeper bedrock aquifer from surficial 
contamination specially from the septic pad on site.  

• The hydrogeological conductivity of the soils combined with the thickness of bedrock at the site, 
suggest that the site is not hydrogeologically sensitive. 

• Based on the original February 2016 testing followed by updated sampling and analyses in 
November 2022 and July 2023, it appears that the water quality over the long term is consistent 
with hard and slightly mineralized water. Due to high sodium concentration, there is health related 
concerns associated with the water supply for those on sodium reduced diets however the 
remainder of exceedances are related to aesthetic parameters. 
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The following table summarizes the exceedances.  

Parameter 
ODWQS – 

(mg/L) 

Treatability 
Limit 

MECP D-5-5 
(mg/L) 

Feb. 23, 2016 
Sample 

Concentration 
(mg/L) 

Nov. 9, 2022 
Sample Concentration 

(mg/L) 

Jul. 20, 2023 
Sample 

Concentration 
(mg/L) 

Iron 0.3 (AO) 5 
Well 1 – 1.78 to 0.095 

Well 2 – 0.278 to 0.325 
Tap2 - 1A – 3.530 
Tap2 - 1B – 3.640 

0.606 

Sodium 
200 (AO), 
20 (MAC) 

200 
Well 1 – 35.8 to 30.9 
Well 2 – 20.5 to 19.3 

Tap2 - 1A – 30.7 
Tap2 - 1B – 31.2 

35.1 

Hardness (as 
CaCO3) 

100 (OG) 500 
Well 1 – 230 to 265 
Well 2 – 264 to 286 

Tap2 - 1A – 275 
Tap2 - 1B – 284 

Not tested 

Manganese 0.05 (AO) 1 
Well 1 – 0.054 to 0.026 
Well 2 – 0.028 to 0.034 

Tap2 - 1A – 0.064 
Tap2 - 1B – 0.068 

0.410 

Organic 
Nitrogen 

0.15 (AO) No Value 
Well 1 – 0.14 to 0.16 
Well 2 – 0.08 to 0.06 

Tap2 - 1A – 0.10 
Tap2 – 1B – 0.20 

Not tested 

Turbidity 
(NTU) 

5 NTU 
(AO,OG) 

5 NTU 
Well 1 – 38 to 2.5 NTU 
Well 2 – 7 to 4.4 NTU 

Tap2 - 1A – 36 NTU 
Tap2 - 1B – 41.1 NTU 

2.5 

 
Exceedances of applicable standards are shown in bold texts. 
AO- Aesthetic Objective – AOs are established for parameters that may impair the taste, odour or colour of water or which may interfere with 
good water quality control practices. 
OG – Operational Guideline – OGs are established for parameters that, if not controlled, may negatively affect the efficiency of treatment, 
disinfection and distribution of the water.  
MAC – Maximum Acceptable Concentration – The MAC is established for parameters which when present above a certain concentration, have 
known or suspected adverse health effects. 
Treatability Limit MECP D-5-5 - Maximum Concentration Considered Reasonably Treatable (MCCRT) 

Based on the above, apart from sodium there are no concerns regarding the quality and quantity of water 
for the purpose of developing Phase 1B,. If the well and / or septic locations are to be altered from the 
existing layout, they must be adjusted in accordance with the Ontario Building Codes. 

Based on the currently proposed site development plan approved as Phase 1B (assembly hall and public 
park), it is our opinion that the facility should be characterized as a small non-municipal non-residential 
water system. As such, the facility would be governed under Ontario Regulation 318/08 – Small Drinking 
Water Systems. Understanding that the local Public Health Unit would likely require a site-specific risk 
assessment once the buildings are constructed and the water distribution systems are installed, it is still 
understood that regular water sampling programs for bacteriological parameters, nitrates/nitrites, etc. would 
likely be required. 

Construction dewatering is not anticipated based on depth of floor foundations and groundwater conditions 
at the site. 
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1.0 Introduction 

1.1. General 

EXP Services Inc. (EXP) was retained by Humanics Universal Inc. to conduct a hydrogeological 
investigation, terrain analysis and impact assessment for a proposed institutional development on the south 
side of Old Montreal Road, approximately 400 m west of the intersection between Beckett’s Creek Road 
and Old Montreal Road. The site is identified as 3400 Old Montreal Road. Refer to Figure 1 in Appendix A 
for the site location and surrounding area. 

It is proposed that the portion of the 18.5 acres (7.4 hectares) to the south of the ravine be developed into 
institutional land. The development construction for the site is divided into two phases - Phase 1A has been 
constructed and includes the gravel roadway/access, washrooms and septic system. Phase 1B includes 
construction of a Pavilion building, a workshop building and a public park. 

1.2. Methodology 

Background information relating to local geology and hydrogeology was obtained from published maps and 
reports, and provincial Water Well Records. 

On-site hydrogeological conditions were investigated through the construction and testing of two domestic 
water wells. Given that property is not intended to be subdivided into individual lots and the number of 
institutional buildings is less than five, it is our opinion that Procedure D-5-5, does not directly apply to this 
study. It was used as a guide for assessing water quality and water quantity. 

Two test wells were drilled on the site a distance away from the ravine and/or septic fields. One of the wells 
was drilled near the sanctuary / education centre and another was drilled to the west (in the event of 
expansion in the future or additional water demand). The wells were drilled on the subject property on 
February 10/11 by Air-Rock Drilling Company in accordance with Ontario Regulation 903.  The Water Well 
Records for the four water wells are included in Appendix B. 

Water quantity of the site was assessed on the basis of six-hour constant-rate pumping tests conducted on 
the two wells.  The recovery of the wells subsequent to pump shut down was monitored for 2 hours and/or 
until 95 % recovery was noted.  The non-pumping wells were monitored during the tests to identify potential 
well interference. 

Water quality was evaluated through chemical and bacteriological analysis of samples collected at the 
beginning and end of each pumping test.  Both samples were collected for a suite of parameters identified 
as a detailed “private well” package consisting of major anions, inorganics, organics and bacteriological 
parameters.  Turbidity was periodically monitored in the field during the tests.  Two water samples were 
also collected from residences nearby for analyses of water quality parameters to establish the background 
water quality. To monitor groundwater quality two groundwater samples (first sample at 0.5-hr into the test 
and second sample was collected at 6-hr into the test) were collected during the long-term well yield test. 
The samples were analyzed by a CALA certified laboratory and the results were compared to the Ontario 
Drinking Water Quality Standards (ODWQS). As a follow and update of the water quality, raw groundwater 
samples were collected  on November 9, 2022 and July 23, 2023 from a tap onsite and analyzed for 
comparison with the ODWQS drinking water parameters.   

All field and desktop work as part of this hydrogeological investigation was done in general accordance with 
City of Ottawa Hydrogeological and Terrain Analysis Guidelines (March 2021).   
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Overburden soil conditions at the subject site (to the south of the ravine) were investigated through the 
completion of 12 test pits and 2 boreholes in November, 2015. The soil was investigated to assess the 
suitability of the soils for the purpose of installing septic systems and to conduct a groundwater impact study 
(i.e. potential for septic effluent from entering the groundwater system).  Each test pit was logged for depth, 
soil characteristics and groundwater conditions.  Select test pits were subsequently outfitted with slotted 
standpipes to determine the overburden static water elevation and to allow for monitoring of the overburden 
during the pumping program.  

1.3. Site Location and Physiography 

The site is located on the south side of Old Montreal Road, approximately 400 m west of the intersection 
between Beckett’s Creek Road and Old Montreal Road, Ottawa as shown on Figure 1 (Appendix B).  The 
City of Ottawa PIN is 145340140.  The site is zoned Rural Residential 1.  A survey plan is presented in 
Appendix B.  The municipal address of the site is 3400 Old Montreal Road and is legally described as:  Part 
4, 4R-22542, Part of Lot 7, Concession 1 (old survey), Geographic Township of Cumberland, City of Ottawa.  

The subject site consists of a vacant parcel of land with no existing buildings and/or structures. The site is 
described as having agricultural lands on the north and southern limits of the property and forested land 
along a ravine that is located within the central portions and northeastern corner of the property. A hydro 
corridor is located on the southern portion of the property and metal hydro towers are located within the 
property. A watercourse / ditch is located within the bottom of the ravine and outlets to the Ottawa River. 
The ravine is described as being forested (trees along the slope of the ravine). The ravine has been slightly 
manipulated to create a sanctuary complete with stone sculptures, stone dust pathways and small 
ponds/bird paths made with stones.  

The topography of the site is relatively flat along the agricultural / low vegetative areas of the site with a 
gentle grade towards the main ravine that traverses through the center of the property but to the north of 
the proposed development. It is also noted that a slight southern influence followed by a steep slope is 
noted within the southeastern corner where a smaller ravine and water tributary is noted. 

The site is accessed via a small driveway off of Old Montreal Road that provides access to the south of the 
ravine.  

1.3.1. Environmental Impacts 

The neighbouring properties are described as follows: 

• North:  It is noted that buildings, water wells and/or septic systems are currently not proposed for 
any portion of the property to the north of the ravine. As such, the ravine is located to the north of 
the proposed development followed by agricultural land (still within the Humanics property) followed 
by Old Montreal Road and sparsely populated residential dwellings before encountering the Ottawa 
River. 

• East:  A mixed farming / residential building with several out-buildings. 

• South:  Vacant land owned by Humanics and currently proposed to be a residential development. 

• West:  Vacant / agricultural lands as wells as residential developments to the southwest. 

Based on a review of the neighbouring properties, no potential sources of contamination to the groundwater 
supply are present such as gas stations / landfills / industrial properties or other properties of that nature 
within a 500 m radius of the subject property. 
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EXP is not aware of any additional large scale water users in the area that would draw significant amounts 
of water. There are no listed permits for high water use in the area.   

1.4. Topography / Drainage 

The topography in the area is noted to be complex, with some areas described as being predominantly flat 
with other areas described as having steep slopes and water bodies. 

The specific area, which is proposed for development, is predominantly flat with a potential gentle grade 
towards the large ravine that traverse the central / northeastern portions of the property. This ravine 
essentially serves as the northern limits of the proposed development. It is anticipated that the majority of 
the overburden groundwater flows are directed towards this large ravine. The ravine is noted to be between 
10 to 12 m in depth, compared to the flatter ground on site. A watercourse is located within the base of the 
ravine and eventually directs water to the Ottawa River.  

In addition to the ravine with a permanent water course, a smaller scale ravine is located within the 
southeastern corner of the property and extends more than 6 m in depth. Seasonal water flows stem from 
this ravine and appear to flow towards Beckett’s Creek. As such, it is anticipated that some of the 
overburden groundwater flow within the southeastern corner of the property may flow towards the smaller 
ravine. 

The northwestern portions of the property currently described as low vegetative land and not proposed for 
development is predominantly flat with no significant grade. It is anticipated that localised overburden 
groundwater flow from the area is towards the larger ravine. 
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2.0 Construction Phasing Plan 
Initially, the proposed Phase 1 works (EXP Phasing Letter, dated April 26, 2022) primarily consisted of work 
within the eastern half of the property with access road from Old Montreal Road. The proposed works 
included: 

• Constructing the heavy-duty granular based access road between the north and south property 
limits; 

• The bio-retention stormwater pond between the onsite parking and the adjacent southern creek; 

• The proposed workshop building (with temporary vehicle access), pavilion building and washroom 
facility; 

• The pavilion and washroom facility will be serviced by a septic system designed by Green Valley 
Environmental (ref: DWG SP-6853-20, Date: 02/07/20) also to be constructed during this phase; 
and, 

• Other works include installing underground hydro electrical utilities including a pad mount 
transformer and completing the necessary toe erosion protection in the northern watercourse as 
described in the supplementary Geotechnical recommendation letter.   

Later on, the initial Phase 1 work program was divided in to two work programs and the design was revised, 
modified and updated, subsequently after discussions with the City of Ottawa, Rideau Valley Conservation 
Authority (RVCA).  

The following is the work plan for the Phase 1A construction: 

• Two interim washrooms and interim septic system (to be designed for pavilion as well);  

• Five gazebos – only those outside the current limit of development;  

• Electrical installation from Old Montreal Road including the transformer that is to be relocated 
outside of the current limit of development; and 

• Entrance from Old Montreal Road into the site including erosion works at the entrance. 

The Phase 1B construction plan includes the following works: 

• The pavilion in the south and one gazebo; 

• The workshop in the southwest; 

• The remaining roadworks in the southern part of the site; 

• The sewage servicing lines between the pavilion and the washrooms (sewage pump chamber and 
force main to Phase 1A septic system); 

• Parking lot in the southern portion of the site; 

• Bioretention pond and associated drainage ditch work; and  

• Some associated landscaping works. 

The above modifications and revisions from the original construction plans and modified and revised 
drawings have been reviewed to update this hydrogeological report.  
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The following approved (by the City of Ottawa on October 20, 2022) updated construction drawings have 
been reviewed to update this hydrogeological report: 

• Approved Site Servicing and Grading Plan, Phase 1A (SGP-1A and 1B) 

• Approved Erosion and Sediment Control Plan Phase 1A (ESC-1A and 1B) 

• Approved Details and Notes Phase 1A (DET-1A and 1B) and  

• Approved Proposed Site and Landscape Plan, Phase 1A (SP-1A and 1B) 

This updated report will evaluate the modified and approved construction plan under Phase 1B (as Phase 
1A has already been constructed) with reference to the completed hydrogeological and groundwater impact 
assessment study.  
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3.0 Geology 

3.1. Surficial Geology 

The surficial geology of the site, as mapped by S.H. Richard (1991) indicates that the site is underlain by 
various types of soil. According to the mapping, the soils within the site are described as Champlain Sea 
Deposits consists of clay and silt. The material generally consists of a uniform blue-grey clay/silty material 
with channels and bars of sand and silt. Site soil stratigraphy is shown in Figure 2 in Appendix A. 

Based on the information collected from the test-pit and borehole drilling program on the site, the soils are 
confirmed to consist of a thin 1 to 1.5 m layer of sand over silty clay extending to depths beyond 19 m from 
ground surface. It is noted that the soils assessment was limited to the portion of the property to the south 
of the ravine and not to the north. 

Accurate overburden groundwater flows were not measured/conducted at the time of the investigations due 
to winter conditions and overburden water levels could only be measured within three piezometers. The 
piezometers were installed within test pits to obtain a general estimate on water levels for the purpose of 
septic field bed installation. Nevertheless, overburden groundwater levels during the test pitting program 
were measured to be anywhere between 2 to 3 m from surface with static water levels between 1.48 and 
1.74 m from surface.  

3.2. Bedrock Geology 

The bedrock geology, as mapped by Harrison (1976) at the subject site is described as being dolomite and 
limestone of the Oxford Formation. This Ordovician-aged formation can have a thickness of 60 m and is 
underlain by sandstone of the March and Nepean formations. 

It is also noted that a fault line is located just to the south of the subject site. To the south of the fault line, 
the bedrock is described as shale and grey limestone of the Ottawa formation, which generally is known 
for poorer water quantity and quality. 

3.3. Desktop Hydrogeology 

A review of provincial Water Well Records for 14 wells drilled within the general area (i.e. within a 2 km 
radius) from Lots 6, 7 and 8 of Concession 1 within the Township of Cumberland of the site was completed 
as part of the previously completed 2009 Hydrogeological, Terrain Analysis and Impact Study, 3400 Old 
Montreal Road. In addition, the previous wells drilled to the south of the property (i.e. as part of the proposed 
residential development) were also included in the assessment. 

Based on the well record and neighbouring well review, the depth to the bedrock surface is quite variable 
across the general area and was noted to range from 3 m to 80 m from surface (i.e. west of Kinsella Road) 
with the average depth to bedrock in the area in the order of 40 m. The depth of the wells in the area were 
found to range from 17 to 89 m. The estimated well yield was generally within 13.6 L/min to over 91 L/min 
with an average of 70 L/min.  

A review of the six wells drilled to the south of the property as part of the 2009 study, variability in the well 
depths and well yields were also present (likely due to the presence of the nearby fault and escarpments 
in the area). Within the development to the south, the well depths ranged from 48 m to 104 m with well 
yields ranging from 17 L/min to 91 L/min. 
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3.4. Preliminary Conceptual Hydrogeological Model Summary 

The site consists of a vacant lot with low vegetation divided through the centre/northeastern portions of the 
property by a deep ravine with a creek in its base. A second, yet smaller and shallower ravine, is located 
within the southeastern corner of the property. The ravines are considered to control / direct the shallow 
overburden groundwater flow as well as the surface water flows in the area. The regional groundwater flows 
are anticipated to flow towards the north and eventually towards the Ottawa River.  

The general topography of the area displays notable sloping from south to north and eventually to the 
Ottawa River. It is anticipated that the majority of the overburden and surface water flows would follow a 
similar direction. 

It is understood that the soils on site and within the general area are considered to be quite thick and 
consists of a thin layer of sand followed by a thick clay layer. The soil thickness diminishes further to the 
south where bedrock is observed near surface, however, this is beyond 500 m from the subject site. 

The presence of the hydrogeological fault does provide some potential for variability in the groundwater 
characteristics on the site with generally deeper and lower yielding wells immediately to the south of the 
fault and suspected shallower and higher yielding wells to the north of the fault. This is based on the 
information gathered during the hydrogeological assessment and pumping test programs completed for the 
subdivision proposals to the south of the subject property (i.e. 2009 report referred to above). 
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4.0  Hydrogeology 

4.1. Well Construction 

In February 2016, two 152-mm diameter test wells were constructed on the property by Air-Rock Drilling, 
to the south of the ravine (i.e., where the development is proposed). The wells were drilled in locations 
where they are intended to be used for consumption when the property is developed as shown on Figure 
3. The wells are completed within 4.3 to 6.4 m of limestone bedrock in accordance with O. Reg. 903. 
However, during the drilling program, consistent bedrock was encountered followed by large fractures 
intercepted at 4.3 and 6.4 m. Some levels of gravel/coarse sand were initially observed within the water 
(stemming from these fractures) and hampered drilling. Nevertheless, the wells were deemed deep enough, 
and the well driller estimated well yields suggested that water bearing fractures were intercepted. As such, 
it was determined that sufficient drilling had occurred, and a 6-hr pump test could be completed to confirm 
the well yield. The wells both extend 60 cm above ground surface and are capped.  Well records are 
included in Appendix B. 

Table 4.1:  Well Construction Summary 

Well No.  

 

Completion 

Depth (m) 

Depth to 

Rock (m) 

Water 

Found (m) 

Casing 

Depth (m) 

Grout Pumped in  

Annular Space 

(ft3) 

Well #1  34.7 30.4 34.7 34 
29.4 (bentonite) 

12.5 (cement) 

Well #2  38.4 32 38.4 38.5 
29.4 (bentonite) 

12.5 (cement) 

The 152 mm diameter casing was installed into the well annulus. Once the casing was loosely installed, 
the grouting process commenced, which consisted of the pumping of cement at the bottom of the well 
casing followed by the pumping of quick gel through the centre of the drill rods. Once the grout was 
observed at the surface and allowed to settle for a short period of time, the well casing was hammered into 
the rock with the hydraulic hammer. The well casing extended to depths of 3 to 6 m from surface of the 
suspected bedrock with the goal of extending the casing through competent bedrock. EXP was present to 
review the installation of the casing and observe the grout rise to the surface via the side of the well.  

Once the grout had stabilized, Air-Rock continued with the drilling of the well below the casing to intercept 
water. Water-bearing fractures were intercepted within 0.3 to 0.6 m below the well casing, respectively, in 
which gravel and sand seems appeared to be encountered within rock. According to the driller, the rock 
appeared consistent and not representative of boulders/cobbles prior to encountering this fracture (i.e. drill 
rods were not bouncing or irregular in drilling progress).  

Following completion of the well drilling program, each well was developed with air pressure to clean out 
the well. All the sand/gravel could not be removed from the well, but the well was closely monitored to 
ensure that sand/gravel did not continuously pour into the bottom of the well.  Subsequently, the well drillers 
flushed and allowed water to flow from the well for reportedly 60 minutes to remove the residual drilling 
mud and rock fragments to ensure the water column was clearing.  Lastly, the well driller completed a one-
hour pump and recovery test as per the O. Reg. 903 requirements for well technician contractors to 
determine the optimum flow rates for the subsequent 6-hour pumping test. 
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Both wells intercepted a thick clay formation extending from 29.8 to 31.4 m below ground surface before 
encountering a 0.6 m thick gravel seam. Limestone was then encountered at depths of 30.4 and 32 m 
respectively followed by large and/or vertical fractures suspected to have been intercepted within 4.5 to 6.5 
m below the top of bedrock. 

4.2. Water Quantity 

4.2.1. Anticipated Water Demand 

At this time, with the updated construction plan included in Phases 1A (already constructed) and 1B there 
are water demands proposed for the site which include a sanctuary and private park. The water demand 
for the sanctuary and private parklands has been calculated based on Section 8.2.1.3 of the Ontario 
Building Code. Initially a 3-hr peak water demand window was evaluated. However, to assess a worst-case 
water demand scenario a 6-hr time window was assessed. The summary of the evaluation is provided 
below.  

Table 4.2:  Anticipated Water Demand 

Construction 
Phase 

 
Building Occupancy Sewage Rate Seats 

Sewage 
Flow 

Peak 
water 

demand  

Phase 1A 

(already 
constructed) 

 
Structures built in this Phase 1A includes washrooms, roadworks and septic 
system. 

  Peak Water Demand Period – 3-hr time window  

Phase 1B 

(proposed 
construction) 

 
Assembly 

Hall/Workshop 
Day use 

36 
L/person/day 

100 
3,600 
L/day 

20.2 
L/min 
(3 hr 
peak) 

 
Park 

Public Park 
(with toilet) 

20 
L/person/day 

50 
1,000 
L/day 

5.6 L/min 
(3-hr 
peak) 

  
Total peak use (3-hr) = 

25.8 
L/min 

 

  Peak Water Demand Period – 6-hr time window (conservative 
case)  

Phase 1B 

(proposed 
construction) 

 Assembly 
Hall/Workshop 

Day use 
36 

L/person/day 
100 

3,600 
L/day 

34.5 
L/min (6 
hr peak) 

 
Park 

Public Park 
(with toilet) 

20 
L/person/day 

50 
1,000 
L/day 

9.58 
L/min (6 
hr peak) 

  Total peak use (6-hr) = 44.1 
L/min 
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4.2.2. Well Yields 

Information on groundwater quality at the site was determined by completing six-hour pumping tests 
followed by recovery tests on the two newly installed test wells.  Interpretation of the well yield 
characteristics of the test wells was conducted by calculating the transmissivity of the well and assessing 
the well yield.  The transmissivity of an aquifer is the rate at which water is transmitted through a unit width 
of the aquifer under a unit hydraulic gradient.  The calculation of the transmissivity for the pumping test was 
conducted using the Cooper-Jacob method which is based on the following assumptions: 1) the aquifer is 
confined; 2) water was discharged at a constant rate; 3) the well fully penetrates the bedrock aquifer; 4) 
discharge from the well is derived exclusively from storage in the aquifer.  These assumptions and methods 
were used in determining the transmissivity values in this section. The pumping and recovery test data was 
also inputted into the Theis method to cross-reference the data. Tabular and graphical representations of 
the data collected from these pump tests are presented in Appendix C.   

Although standpipes were installed on the property, testing to address impacts on overburden water was 
not feasible as the pumping test programs were completed in the winter (water was frozen). 

Well #1 

Well #1 was pumped for six hours at a constant rate of 27 L/min on February 23, 2016.  Drawdown at the 
end of the test was 4.59 m, which represents approximately 18 % of the available drawdown based on a 
static water level of 10.59 m. It is noted that over 88% of the drawdown occurred within the first hour of the 
test.  Within an hour into the test, the pumping rate decreased slightly to 25 L/min but drawdown did continue 
until approximately 3 hours into the test. Subsequently, the water level did appear to increase slightly 
suggesting either a positive boundary and/or a well yield in excess of 25 to 27 L/min. Following the pump 
test, the well recovered 77 % of the observed drawdown within 120 minutes of the end test. Although 95% 
recovery was not obtained, it is our opinion that sufficient data was collected to demonstrate that water 
levels would recover to and/or close to 95% recovery within 24 hours. 

It should be noted that the apparent static water level of Well #1 is actually 11.35 m from top of casing and 
not 10.59 m as measured at the start of the pumping test. Prior to EXP arriving on site, Air-Rock had already 
installed the pump in the well thus lifting the level of the water column (i.e. inserting a slug in the well).  

An aquifer transmissivity of 6.055 m2/day was calculated using the Cooper-Jacob method and 12.67 m2/day 
using the Theis method, respectively. The above-noted transmissivity values are both within the same order 
of magnitude and are considered representative of the water producing capabilities of the local aquifer. The 
storage coefficient was shown to range between 3x10-2 to 7x10-6. 

It is also noted that Air-Rock also completed a one-hour pumping test on Test Well #1 a few days prior. The 
well was pumped at a rate of 38 L/min for a period of 1-hour (2,280 L), which resulted in a drawdown of 15 
m. However, the well experienced approximately 95% recovery within 20 minutes according to the well 
records. 

Well #2  

Well #2 was pumped for six hours at a constant rate of 45 L/min on February 22, 2016.  The maximum 
drawdown attained during the test was 0.6 m, which represents approximately 2 % of the available 
drawdown based on a static water level of 10.95 m. It is noted that over 50% of the drawdown occurred 
within the first minute of the test.  Following the pump test, the well recovered 70 % of the observed 
drawdown within 60 minutes of the end of the test and eventually to 92 % within 18 hours after pump shut-
off. Although 95% recovery was not obtained, it is our opinion that there is sufficient water given that the 
drawdown was only 0.6 m and the lack of 95% recovery could result from slight variations in the static water 
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level. It is understood that over 50% of the drawdown occurred within the first minute into the 6-hr pump 
test. The drawdown then slowed down/stabilized but continued gradually through the remainder of the test.  

An aquifer transmissivity of 116 m2/day was calculated using the Cooper-Jacob method and 108 m2/day 
using the Theis method, respectively. The above-noted transmissivity values are both within the same order 
of magnitude and are considered representative of the water producing capabilities of the local aquifer. The 
storage coefficient was shown to range between 0.095 to 0.0005. 

Considering the pumping duration and rate it was pumped, Well #2 has the capacity to be the primary water 
supply well for the proposed development site for its intended use. 

4.2.3. Well Interference 

During each pumping test program, each non-pumping test well was used as a monitoring well to determine 
potential well interference at the site and the overall impact on the aquifer with increased groundwater 
usage.  Therefore, as an example, while Well #1 was being pumped, the monitoring well consisted of 
Well #2. The water levels were measured periodically at the monitoring wells during the pumping test.  All 
data is shown in Appendix C.  The actual total drawdown from the monitoring wells and the distances from 
the pumping well are identified in the following table. 

Table 4.3:  Well Interference Measurements 

 Monitoring Wells 

Production 

Well 

Test Well #1 Test Well #2 

Drawdown 
(m) 

Distance 
(m) 

Drawdown 
(m) 

Distance 
(m) 

Well #1 - - 0.07 80 

Well #2 0.10 80 - - 

Note:  Distance indicates the total horizontal distance between the pumping well and the monitoring well. 

Based on the above, it is anticipated that the wells are slightly hydraulically connected.  Some well 
interference was noted on Test Well #2 during the pumping of Test Well #1 and vice versa in the order of 
0.07 to 0.1 m. As such, it is understood that there is hydraulic connection between the wells since both the 
wells are completed in the same bedrock aquifer. However, the impact on the monitoring wells accounted 
for less than 0.1% of the available drawdown within the respective wells. 

When assessing these well interference calculations and reviewing the monitoring well drawdown, it must 
be understood that higher volumes of water (than would be used by normal daily residential usage) was 
pumped from the well. Based on the pumping rates, a total of 9,700 L of water was pumped from Well #1 
and 16,100 L of water was pumped from Well #2. As such, it is understood that significantly more water 
was withdrawn from these wells over two six-hour intervals than what would be expected during water 
usage at the proposed facilities over the course of a day. As such, it is our opinion that the impacts of well 
interference should be minimal during the proposed water withdrawal. 
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4.2.4. Summary 

Based on the above-noted information and considering a 3-hr peak water demand window of 25.8 L/min, 
Well #2 has adequate capacity and will provide the required well yield for the anticipated well usage. The 
sustainable well yield for Well #2 was rated to be 45 L/min and thus can effectively provide necessary 
amount of water for daily usage considering 3-hr peak demand window of 25.8 L/min.  

Furthermore, a 6-hr peak window was considered to evaluate a more conservative condition of peak water 
demand.  The results of the 6-hour peak demand of 44.1 L/min indicates that Well #2 has the capacity to 
be the primary water supply well. 

  

Water levels measured within the monitoring wells accounted for less than 0.1% of the available drawdowns 
of the respective wells. The water levels within the monitoring wells were also shown to recover sufficiently 
within 24 hrs. 

Cumulative well impact assessments conducted for the site were shown to produce drawdowns of 0.03 to 
0.04 m/well based on the expected usage of 2000 L of water. This impact is considered to be minimal. 
Therefore, there are no concerns regarding well yields on the subject site. 

4.3. Water Quality 

4.3.1. General 

The water quality in the bedrock aquifer was assessed through chemical, physical, and bacteriological 
analyses of samples collected at the beginning and end of the pumping tests.  Two samples were collected 
during each pump test, the first sample being collected within the first 60 minutes of the test and the second 
sample being collected after 360 minutes of pumping.  Each sample was submitted to Caduceon 
Environmental Laboratories in Ottawa, Ontario.  The samples were analysed for a “private well” water 
quality package, which includes bacteriological parameters, general inorganic parameters, metals and 
organics.  For the purpose of this report, samples collected at the beginning of the test are identified by “A” 
and samples collected near the end of the test are identified by “B”.  

Water samples were not submitted for agricultural related parameters as the were previously collected and 
analysed for these samples as part of the 2009 study and no pesticides/herbicides were observed. 

Prior to collecting samples for bacteria, free and total chlorine were measured in the field to be 0 mg/L, thus 
indicating that no residual chlorine remained in the well.  No colour change was observed in the vials during 
field measurements.  Turbidity was also measured periodically in the field during each pumping test.  
Turbidity levels generally decreased as the pump tests progressed.  The field readings are included within 
the pump test data (Appendix C) as field readings are generally considered to be more reliable if elevated 
iron and/or other materials that precipitate are found within the water. 

The results of the tests, presented in Appendix D, indicate that the groundwater available from the bedrock 
aquifer is of good quality, and meets all health-related criteria of the ODWS and Procedure D-5-5 treatability 
limits for those parameters tested following the required shocking and re-sampling/pumping.   

The water quality from each well tested as part of this program is discussed in the ensuing sections: 

4.3.2. Well #1 

The analytical results from the groundwater sample collected on February 23, 2016 are shown to be hard 
and slightly mineralized but did not exceed health-related criteria outlined in the Ontario Drinking Water 
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Standards (ODWS). Total coliform and E.Coli. were determined to be 0 cts/100 ml at the start and the end 
of the pumping test whereas background bacteria was measured at 5 cts/ml and 3 cts/ml, respectively. This 
is well below the previously used criteria of 200 cts/ml.  

It is noted that sodium levels were shown to be slightly elevated during the pumping test with levels of 35.8 
mg/L at the start of pumping and 30.9 mg/L at the end of pumping. These levels are slightly above the 
health criteria of 20 mg/L for persons on low salt diets. Therefore, the local medical officer should be notified 
regarding elevated sodium levels. 

All other health related parameters tested such as fluoride, nitrate, nitrite were either non-detect or well 
below the applicable criteria. 

Turbidity levels were shown to decrease from 38 NTU at 30 min of pumping to 2.5 NTU at 360 minutes of 
pumping. Field turbidity readings were conducted to assess the turbidity levels using a Hach 2100P turbidity 
meter. The readings were shown to decrease from 32.4 NTU at 40 min to 2.75 NTU at 240 min. It is our 
opinion that turbidity levels are within acceptable levels.  

A limited number of aesthetic parameters exceeded the applicable criteria during the pumping test including 
hardness, iron, manganese and organic nitrogen.  Although iron and manganese were above their 
applicable aesthetic criteria with concentrations of 1.78 mg/L and 0.054 mg/L, respectively at the start of 
the test, their concentrations both decreased to well within the applicable criteria from the water samples 
collected at the end of the pumping test. 

Organic nitrogen levels were shown to increase from 0.14 to 0.16 mg/L. As such, the concentrations were 
determined to be slightly above the criteria of 0.15 mg/L. Organic nitrogen is a function of the difference 
between total Kjeldahl nitrogen (TKN) and ammonia. Although the organic nitrogen concentration was 
shown to increase, it is noted that TKN and ammonia levels both decreased during the pumping. This 
suggests that overall nutrient loading content is decreasing in the water. In addition, dissolved organic 
carbons, nitrate/nitrite as well as tannin and lignin were determined to be quite low. As such, surficial related 
impacts are not considered to be a significant concern from this well. As such, there is no anticipated 
connection between the aquifer intercepted in Test Well #1 and the nearby creek / Ottawa River and/or 
overburden materials. 

Hardness levels were shown to be between 230 to 265 mg/L. These levels are indicative of hard water as 
any level above 200 mg/L is considered hard. Given that the levels are well below 500 mg/L, they are 
considered potable and within the D-5-5 treatability limits. 

Following the pumping test of Well #1, the water was then determined to be acceptable for consumption 
and no further development of the well is necessary.  

4.3.3. Well #2  

The analytical results from groundwater samples collected on February 22, 2016 did not exceed any health-
related criteria outlined in the ODWS.  It is noted that E.Coli. and Total Coliform were not detected, and 
background bacteria levels were not slightly elevated with levels of 32 and 24 ctu/ml, respectively. This is 
well below the accepted concentrations of 200 ctu/ml. As such, there are no concerns regarding 
bacteriological impacts in the water supply. 

Sodium levels were detected to be slightly above the criteria of 20 mg/L with a concentration of 20.5 mg/L 
at the start of the test but then decrease to 19.3 at the end of the test. Although levels were shown to be 
below 20 mg/L, the local medical officer shall still be advised of the elevated sodium.  

All other health related parameters tested such as fluoride, nitrate, nitrite were either non-detectable and/or 
well below the applicable criteria. 
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Turbidity levels were initially observed to have a concentration of 7 NTU at the start of the pumping test but 
then decreased to levels of 4.4 NTU at the end of the pumping test. It is anticipated that the turbidity levels 
would continue to decrease over time and would be lower when pumped at lower rates.   

Other aesthetic parameter exceedances from this well included iron and hardness. Hardness levels were 
determined to be 264 (start of test) and 286 mg/L (end of test), respectively. As such, the levels were 
observed to increase slightly. This does suggest that the water is considered to be quite hard. 

Similarly, iron levels were also shown to increase during the pumping test with levels increasing from 0.278 
mg/L to 0.325 mg/L, thus increasing above the criteria of 0.3mg/L. It is understood that over 16,100 L of 
water was pumped from the well over a 6-hour period. 

Other parameters that increased slightly over the test, but remained within the acceptable criteria include 
manganese and TDS. Nevertheless, these slight increases are not considered a concern and these 
parameters are still well within applicable aesthetic criteria. 

Surficial and/or organic related parameters such as DOC, ammonia, tannin and lignin, organic nitrogen and 
TKN were all other below their aesthetic criteria and/or quite low. Therefore, there are no anticipated 
concerns regarding any surficial related impacts. 

4.3.4. Water Quality Update (Sampling November 09, 2022) 

To update and monitor water quality two (2) groundwater samples were collected on November 9, 2022 
from the taps connected to Well #2 and analyzed for general drinking water parameters. Prior to collecting 
raw water samples, the tap was allowed to run approximately for 10 minutes to flush the system of any 
stagnant water. The collected samples were sent to Caduceon Laboratories, a CALA accredited laboratory 
for analysis. The results indicate exceedances of some of the parameters however the overall water quality 
is consistent to what was observed during previous investigation of 2016. The results are included in 
Appendix D. 

Sodium concentrations identified in the samples are above ODWS of 20 mg/L and may have undesirable 
and unwanted effects on persons on low salt diet. Hardness levels (275 to 284 mg/L) were above the ODWS 
as previously noted. Turbidity levels (36.3 to 41.1 NTU) are detected above aesthetic objective of 5 NTU.  
Iron concentrations were elevated (3.53 to 3.64 mg/L) from 2016 levels. Stagnated condition of groundwater 
has the potential to induce oxidation of dissolved iron and may allow precipitation of iron which may cause 
elevated concentrations. It may also cause staining of the fixtures. All other tested parameters are below 
the ODWS (O. Reg. 169/03) limits. 

The results of the November 2022 groundwater sampling and analyses indicates that the water quality is 
consistent as compared to the original testing slight changes in some parameters (Table 1, Appendix D).  

4.3.5. Water Quality Update (Sampling July 20, 2023) 

To update the water quality for turbidity, trace metals and VOC, one raw groundwater sample was collected 
on July 20, 2023 from a tap in one of the washrooms that is connected to Well #2.  The tap was run for 
approximately 60 minutes to flush the plumbing system. The collected sample was sent to Caduceon 
Laboratories, a CALA accredited laboratory for analysis. The results of July 20, 2023 groundwater sampling 
and analysis are presented in Table 2A and 2 B (Appendix D).  A copy of the Certificate of Analysis is 
attached in Appendix D. 

The analytical results indicate that concentrations of iron and sodium was detected elevated above AO- 
Aesthetic Objective (non-health related concentration) and MAC – Maximum Acceptable Concentrations 
(health related concentration levels) respectively. Exceedance of iron has the potential to cause staining of 
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laundry and fixtures and impart a change in the taste of water. Well water may need simple treatment (water 
softener can remove low concentrations of iron) to reduce the concentration of iron. Sodium concentration 
is higher than health related objective standard and may not be suitable for persons with medical issues 
(controlled-sodium diet, hypertension) and may require treatment and/or signage advising of the sodium 
concentrations. People on low-sodium diet should not consume the water from this well unless the water is 
treated to lower the sodium concentration. Simple treatment of well water using a reverse osmosis system 
may be a suitable option.  

4.3.6. Summary 

Based on a review of the analytical results, it appears that the water quality over the long term is consistent 
with hard and slightly mineralized water. Due to high sodium concentration, there is health related concerns 
associated with the water supply however the remainder of exceedances are related to aesthetic 
parameters. Low level organic nitrogen exceedances were initially observed within Well #1 but the overall 
nutrient content of the water decreased with increased pumping/dewatering of the well. Given that Well #2 
did not show elevated organic levels, surficial impacts within the well are not anticipated.  

Results of the water quality sampling (February 23, 2016, November 9, 2022 and July 20, 2023) indicates 
that the water quality is consistent and has remained relatively unchanged. The following table summarizes 
the ODWS AO and/or MAC exceedances.  

Table 4.4:  Summary of Parameters of Concern (2016, 2022, 2023) 

Parameter 
ODWQS – 

(mg/L) 

Treatability 
Limit 

MECP D-5-5 
(mg/L) 

Feb. 23, 2016 
Sample 

Concentration 
(mg/L) 

Nov. 9, 2022 
Sample 

Concentration 
(mg/L) 

Jul. 20, 2023 
Sample 

Concentration 
(mg/L) 

Iron 0.3 (AO) 5 
Well 1 – 1.78 to 0.095 

Well 2 – 0.278 to 0.325 
Tap2 - 1A – 3.530 
Tap2 - 1B – 3.640 

0.606 

Sodium 
200 (AO), 
20 (MAC) 

200 
Well 1 – 35.8 to 30.9 
Well 2 – 20.5 to 19.3 

Tap2 - 1A – 30.7 
Tap2 - 1B – 31.2 

35.1 

Hardness (as 
CaCO3) 

100 (OG) 500 
Well 1 – 230 to 265 
Well 2 – 264 to 286 

Tap2 - 1A – 275 
Tap2 - 1B – 284 

Not tested 

Manganese 0.05 (AO) 1 
Well 1 – 0.054 to 0.026 
Well 2 – 0.028 to 0.034 

Tap2 - 1A – 0.064 
Tap2 - 1B – 0.068 

0.410 

Organic 
Nitrogen 

0.15 (AO) No Value 
Well 1 – 0.14 to 0.16 
Well 2 – 0.08 to 0.06 

Tap2 - 1A – 0.10 
Tap2 – 1B – 0.20 

Not tested 

Turbidity (NTU) 
5 NTU 

(AO,OG) 
5 NTU 

Well 1 – 38 to 2.5 NTU 
Well 2 – 7 to 4.4 NTU 

Tap2 - 1A – 36 NTU 
Tap2 - 1B – 41.1 NTU 

2.5 

 
Exceedances of applicable standards are shown in bold texts. 
AO- Aesthetic Objective – AOs are established for parameters that may impair the taste, odour or colour of water or which may interfere with 
good water quality control practices. 
OG – Operational Guideline – OGs are established for parameters that, if not controlled, may negatively affect the efficiency of treatment, 
disinfection and distribution of the water.  
MAC – Maximum Acceptable Concentration – The MAC is established for parameters which when present above a certain concentration, have 
known or suspected adverse health effects. 
Treatability Limit MECP D-5-5 - Maximum Concentration Considered Reasonably Treatable (MCCRT) 

The above summary table indicates that there are parameters of concerns that exceeds the applicable 
drinking water guideline standards but are below MCCRT limits or the limits for reasonable treatment which 
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means the exceedances are treatable and can be lowered with reasonable treatment options if required. 
Iron, high hardness and manganese are in the groundwater and appear as background elements in the 
groundwater in the region, because of the aquifer composition. Hardness is above the operational guideline 
limits (normal and historical trend) but below MCCRT limits. If left untreated the water may affect the 
treatment and filtration system. High hardness may cause scaling. Sodium and organic nitrogen are most 
likely originating from winter salt application and agricultural (fertilizer application) land use.  

The following provides additional discussion regarding water quality: 

• Sodium:  Low level sodium identified within the drinking water is above the ODWS health related 
concentration of 20 mg/L that can cause issues for persons on low salt diets. The concentrations 
of sodium detected during previous analysis (February 23, 2016 and November 9, 2022) and recent 
analysis (July 20, 2023) are consistent and above the health related standards. The results of July 
20, 2023 groundwater sampling and analysis indicates sodium concentration to be 35.1 mg/L which 
is above the health related criteria and is consistent with previous sampling results. 

• Hardness:  Hardness levels are above the ODWS and noted to be consistent over time. Given that 
the levels range from 230 to 286 mg/L, the hardness does not hamper the potability of the water. 
In general water of hardness up 60 mg/L is considered soft, 61 to 120 mg/L moderately hard, 121 
to 180 mg/L hard and more than 180 mg/L is very hard. Elevated hardness can cause scaling 
deposits and can form scum when mixed with soaps. 

• Turbidity:  Turbidity levels are above 1 NTU, which is an operational guideline for the operation of 
ultraviolet treatment systems designed to remove bacteria. During pumping tests of Wells 1 and 2 
in 2016, the turbidity value detected was higher then the AO value initially but over time the turbidity 
was reduced to below AO level of 5 NTU. During November 9, 2022 sampling of groundwater, 
turbidity was detected between 36.0 to 41.1 NTU. The reason may be attributed to inadequate 
flushing of the water in the system and stagnant condition of water over an extended period of time. 
During July 20, 2023 sampling event the plumbing system was flushed for about an hour and the 
turbidity was 2.5 NTU. This suggests that the high turbidity detected during November 22, 2022 
sampling event was the result of inadequate flushing of the water supply plumbing system.   

• Iron:  Iron levels were detected to be above the ODWS criteria at both wells at various stages in 
pumping. In Well #1, the iron levels decreased from 1.78 to 0.095 mg/L whereas the levels 
increased from 0.278 to 0.325 mg/L within Well #2 during pumping test. Iron was detected at 3.5 
to 3.6 mg/L range during November 9, 2022 sampling (Tap2-1A and Tap2-1B). The iron 
concentration in July 20, 2023 raw groundwater sample was detected at 0.606 mg/L. The variable 
iron concentrations may be a function of system flushing.  Elevated iron can cause staining of 
fixtures but can be treated, as discussed in Section 4.3.7. 

• Manganese: Manganese was detected slightly above the aesthetic objective limit (0.05 mg/L) of 
ODWS but was below MCCRT limit (1 mg/L) . The exceedances were noted in 2016, 2022 and 
2023 sampling rounds. The oxidized form of manganese in groundwater causes dark brown or 
black stains. Elevated manganese can be treated as discussed in Section 4.3.7. 

4.3.7. Treatment Systems 

Based on the above-noted water quality data, sporadic aesthetic related exceedances were identified in 
the groundwater samples collected from the on-site test wells.  Even though the aesthetic exceedances will 
not cause any health-related concerns, they can still hamper the colour and taste of the water. It is also 
noted that turbidity was noted below 5 NTU but above 1 NTU, which can be considered a health related 
criteria for water going through UV treatment. 
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• Cartridge Filter: 

o Would be used to lower the turbidity to acceptable levels below 1 NTU, if required for treatment. 
Treatment systems may be required if the sites (depending on their final usage) are defined as 
designated facilities and/or small drinking water facility. 

o Used as pre-treatment for the use of UV units to ensure that turbidity levels are below 1 NTU, 
if UV systems are to be installed in the event that bacteria are present in the future and/or it is 
required as part of the required / recommended treatment system. 

• Softener: 

o Lowers water hardness to acceptable levels, which minimizes scaling of the water in the water. 
It can also be used to treat low level iron and other metals, however, that is not its intended 
use. Reduction of water hardness to a particular level may also be necessary as a pre-
treatment criteria for certain UV units. 

• Chemical-free Iron Filter: 

o Lowers elevated iron concentrations to aesthetic levels if the elevated iron and manganese 
levels persist.  

• Point of use reverse osmosis 

o Can be placed under a tap (to be used for drinking purposes) to lower sodium levels below 20 
mg/L for persons on low salt diets. 

• Carbon Filters 

o Can be used to reduce the organic nitrogen level of the water, if the organic levels do not 
decrease as expected. 

• Reverse osmosis 

o Can be used to treat for elevated concentrations of manganese and iron also. 

Based on the above, it is our understanding that the facility can be characterized as a small non-municipal 
non-residential building which is regulated under Ontario Regulation 318/08, which is now governed by the 
local public health unit. Therefore, it is understood that the public health unit will likely require a risk 
assessment of the facility once the water distribution system is installed to review the water treatment 
systems and water sampling schedules during the operation of the facility. The treatment system will be 
designated to lower the aforementioned aesthetic parameters. 
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5.0 Sewage Disposal  

5.1. Site Sensitivity 

5.1.1. Background 

The current City of Ottawa Guidance Se (Procedure D-5-4) indicates that development may not be 
permitted on exposed bedrock, highly conductive soils (cobbles, gravel, coarse sand) and in areas with thin 
soil cover. It is considered that such a site would be characterized as being hydrogeologically sensitive. 
However, a specific soil thickness and/or maximum hydraulic conductivity is not specified and it is up to the 
proponent to establish the appropriate soil cover characteristics to accommodate a private residential 
development. 

To establish the thickness of sufficient soil on a site in deeming it is not sensitive, EXP refers back to prior 
discussions with local health units and our professional experience. Based on prior discussions with the 
health unit on other similar developments, it was determined that a soil thickness of 30 cm of native soil is 
required to accommodate a septic system to 1) provide a proper buffer below the underlying septic field 
bed and 2) provide sufficient soil for downgradient nitrate dilution prior to entering the bedrock and/or 
migrating off property. The local conservation authorities have also been referring to a required soil 
thickness of 2 m based on O.Reg. 511/09 and O.Reg. 153/04.  

The soil thickness at the site extends beyond 30 m from ground surface, therefore, there is no concern 
regarding site sensitivity associated with short circuiting of septic effluent or surficial water to the aquifer. 
This is confirmed via the drilling of the test wells for drinking water purposes as well as the installation of 
boreholes along the ravine. 

Once one has established that sufficient soil thickness is present, a review of the soils is required to ensure 
that the overburden is not highly permeable and prone to short-circuiting of septic effluent to the bedrock 
aquifer. 

5.1.2. Work Program 

The work plan consisted of assessing the nature and distribution of overburden materials on the site through 
the construction of 12 test pits on the site.  The test pits were excavated across the subject site to determine 
the general soil conditions at the site as part of the geotechnical assessments and septic suitability 
assessment.  Samples were collected from the different soil horizons for further laboratory grain size 
analysis.  All soils were logged for soil type, colour, moisture, and sample number.  The locations of the 
boreholes and test pits are shown on Figure 2 (Appendix A) and descriptions of the materials encountered 
are presented in Appendix E. 

5.1.3. Bedrock Groundwater Impact Assessment 

To proceed with the development, the soils at or near the ground surface have to be assessed to determine 
if they are suitable for the construction of septic field beds. This assessment included: 

• Assessing the soil stratigraphy from 12 test pits on the site; 

• Collecting and submitting two soil samples from the surficial soil layers on the site (i.e. surficial 1 
m) to assess hydraulic conductivity and T-times; 

• Installing piezometers in select wells for the purpose of measuring the water levels to determine 
general overburden water levels for determining in-ground versus raised beds; 



EXP Services Inc. 

Humanics Universal Inc.. 
Hydrogeology & Terrain Analysis Report 

3400 Old Montreal Road, Ontario 
OTT-00229886-A0 

October 6, 2023 

19 
 

• Determining a hydraulic conductivity of the various soil type layers (samples of silty sand with 
traces as well as the silty clay layer). 

The majority of the site is described as having 0.2 m to 0.3 m of topsoil over 1 to 1.5 of silty sand throughout 
the entire portion of the site to the south of the ravine but north of the hydro corridor. This layer of soil was 
then underlain by thick layer of silty clay which was documented through the test pit, borehole and well 
drilling program to extend to depths in the order of 30 m from surface.  The silty clay was observed within 
each test pit and considered to be consistent within this portion of the property. It is understood that the 
thickness of the silty clay is lesser within the ravine portion compared to the other portions of the site.  

Grain size analysis was conducted on the soils to determine the isolating properties of the soil to determine 
the potential for short circuiting of septic effluent into the bedrock formation while also assessing the 
suitability of the soils for septic systems. The sand cover on the site was assessed through the soil samples 
collected from TP1-SS1 and TP9-SS1 was determined to have a hydraulic conductivity of 8.1x10-3 to 10-2 
cm/s. This sand material is consistent through the proposed development portion of the site. This is 
representative of soils within the surficial 1 m of soil. 

Conversely, a sample of soil collected from TP2-SS2 is considered to be representative of the soils below 
the sand layer where the materials begin to shift to more of a defining clay layer. The soils were submitted 
for a grain size and it was noted that the 98.6% of the soils pass the 0.075 mm pore size. As such, the 
majority of the material would be characterized as a silt and/or clay. Based on the visual observations and 
field test in the soil, the soils are characterized as silty clay and likely have hydraulic conductivity in the 
order of <10-7 cm/s. These soils are consistent for over 20 to 30 m in depth, thus providing sufficient buffer 
between the proposed septic systems and the underlying bedrock aquifer. 

Based on the soil thickness (30m) as well as the type of soil (silty clay), there are no concerns regarding 
the short circuiting over surficial water and/or septic effluent to the bedrock groundwater supply. 

Understanding that the soils and site conditions do not provide a concern for infiltration / short circuiting of 
septic effluent, one can proceed to assess the septic sizing. Understanding the variability in the hydraulic 
conductivity of the soils throughout the site based on clay to the east or gravelly sand with some silt, exp 
provided three differing soil classifications that describe the site.  

Overburden groundwater levels can also impact the installation of a septic field bed (i.e. raised vs in-
ground). As such, static water levels were measured from three locations on the site. The water levels were 
measured to be between 1.48 to 1.72 m from ground surface. Given that field bed and the associated tiles 
required dry soils to depth of 0.9 m from ground surface, the existing water levels are not considered a 
concern at this time. 

Septic System Sizing – Class IV  

Based on the information collected from the test pits excavated at the site, the dominant soils on the site 
are described as a sand material beneath the surficial topsoil, generally extending to depth of 1.2 to 1.4 m 
from surface. These sandy soils displayed hydraulic conductivities ranging from 8.1x10-3 to 10-2 cm/s.  This 
would result in a T-time ranging from 1 to 20 min/cm. Below this layer, the soils shifted to a silty clay with 
hydraulic conductivities of <10-7 cm/s, and thus having a loading rate likely exceeding 50 min/cm. 

At initial stage, the sizing of the septic system that was considered to be preliminary in nature and intended 
to provide an estimate on the size/area required for the septic system required for the sanctuary / 
educational centre. The size of the sewage system envelope for these lots is based on Section 8.7.5.2 of 
Part 8 (sewage systems) of the Ontario Building Code.   

The septic system will be designed to accommodate a total cumulative sewage flow of 4,600 L/day.  For a 
daily design flow in excess of 3000 L/day, the surface area of the filter bed shall not exceed 50 L/m2/day. 
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The loading area is the area required to move the treated effluent out the filer media and into the underlying 
native soils, and is based on the loading rates noted in the OBC, which are based on the ability of the soil 
to absorb the applied effluent, and specifically the underlying soil’s percolation rate.  The required contact 
area (stone area) is: 

A1 = 4600 / 50 = 92 m2 

• The minimum number of filter beds is 92/50 = 1.8 (Rounded up to 2) 

Therefore 2 filter beds each a minimum of 46 m2 is required.  The distribution piping for each bed will consist 
of 10 runs of 5m long piping @ 1.2m o/c separated by 5m between beds.  The two beds will sit on an 
extension of the filter medium, based on the required area: 

A2 = QT/850: 

A2 = Q * 20 / 850 
A2 = 4,600 * 20 / 850 = 108.2 m2 

where:  ..........  

Q = daily sewage flow in litres 
T = soil percolation time (min/cm) 
 

The loading area is the area required to move the treated effluent out of the filter media and into the 
underlying native soils and is based on the loading rates noted in the OBC, which are based on the ability 
of the soil to absorb the applied effluent, and specifically the underlying soil’s percolation rate.  The required 
loading area for a native soil with a percolation rate of between 1<T<20 min/cm and a loading rate of 10 
L/m2/day is: 

• Loading Area (f x e): A3 = Q / 10 

A3 = 4,600 / 10 = 460 m2 

where: 

 A3= area of contact of the stone layer in m2 
 Q = daily sewage flow in litres 

The distribution piping, as noted above, will be spaced at a 1.2m offset, with 0.8m outside buffer.  For a 
raised filter bed, the distribution piping will be evenly distributed over the surface areas of the filter medium 
(Area A1) with 10 runs at 5m each (1.2m spacing), and 5m between beds.  This yields two filter areas each 
10m x 5m = 50 m2 each or 100 m2 for two (2) beds. 

The total combined contact area (which includes the mantle is 15 m x 28 m = 420 m2. The following 
summarizes the filter bed dimensions proposed: 

Surface area of filter media, A1 =  2 @ 10m x 5m = 100 m2  (92 m2 required) 

Extension of base filter area, A2 =  2 @ 6.6 x 10 = 132 m2  (108.2 m2 required) 

Loading area, A3 =  15m x 34m = 510 m2   (460 m2 required) 

 

The material specifications for the filter sand shall be clean sand meeting OBC 8.7.5.3(3), specifically the 
sand particles ranging in size between the limits of: 
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a) An effective size of 0.25mm with a uniformity coefficient of not less that 3.5, 

b) An effective size of 2.5mm with a uniformity coefficient not greater than 1.5 and, 

c) Uniformity coefficient not greater than 4.5. 

The provider of the sand must ensure that the sand meets this requirement through grain size analysis 
performed within the last six months of installation of the filter bed system 

Partially to Fully Raised Beds 

Based on the test pit program conducted on site, fully raised beds are not anticipated at the current time 
Sand was consistently identified to depths beyond 1 m from surface and static water levels were observed 
to be below 1.48 m from surface. 

However, there is the potential, depending on the specific septic system location (where less sand and/or 
slightly higher water table is present) and/or proposed technology to be used that the two field beds may 
have to be raised slightly (0.1 to 0.2 m) above ground surface. This will be determined once the site is 
appropriately graded the final sand thickness is determined. 

Septic System Locations 

The preliminary location of the septic system for the sanctuary building and educational centre is in the area 
represented by TP1 through TP4 where surficial sand extends to depths of 1 to 1.4 m and groundwater is 
in the order of 1.6 m from surface. 

The location can be adjusted during the planning process, however must maintain the required separation 
distances of 15 m from a well, 5 m from any proposed building structure and 3 m from the property line. It 
is noted that the field bed should also be located a minimum of 15 m from the ravine. 

New Technology 

It is understood that the field beds for a Class IV sewage system required to handle the volume of sewage 
from boarding and/or institutional complex can occupy large portions of the property. As such, consideration 
can be given to investigate the potential installation of a Class VII / tertiary system which would minimize 
the level of effluent while minimize the are to be occupied by the field bed. 

5.1.4. Updated Design Considerations  

The initial septic system was designed to accommodate the Sanctuary and Education buildings with a total 
cumulative sewage flow for these two buildings at 4,100 L/day. The design has been updated, based on 
the comments from the City of Ottawa and RVCA, as revised and contemplated as Phase 1A and 1B plan.  

Previously, the septic system as designed by GVE was based on 120-person (at 20 L/person/day for Public 
Park with toilets only, Section 8.2.1.3 of the Ontario Building Code (OBC)) per day occupancy. However, 
based on revised workplan and further comments from the RVCA (via email dated September 15, 2022) 
the sewage flow rate was re-evaluated considering 50 people at the park onsite any day (public parks with 
toilet only, Section 8.2.1.3.16a of the OBC) at 20 L/person/day (total 1,000 L /d) and 100 people at the 
pavilion (Assembly Hall with food service, Section 8.2.1.3.2b) at 36L/person/day  (total of 3,600L/d) the 
reassessed flow rate is 4,600 L/day. The proposed sewage flows for Phase 1A and 1B are similar to the 
initial septic system proposed for the development and the proposed flow is under 5,000 L/day for a Class 
IV sewage system, as defined by the OBC.  
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Because of the considerable thick clay layer (more than 30 m of clay at the locations of the wells) present 
over the deeper bedrock aquifer where the drinking water wells for this site is completed there, is 
insignificant risk of contamination from the septic system proposed at this site. The thick clay layer 
encountered at this site will act as a protective barrier to migration of contaminants from the septic beds. 
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6.0 Evaluation of Proposed Modifications 
The approved Site Servicing and Stormwater Management Report for the Humanics Sanctuary was 
prepared by EXP, (dated July 2017 (Revision 3, updated November 25, 2022). The approved Hydrogeology 
and Terrain Analysis Report for the Humanics Sanctuary, prepared by EXP, is dated January 25, 2017, 
was revised July 20, 2017 has been updated to a November 25, 2022 report and this current version of 
October 6, 2023. 

The initial septic system was designed to accommodate the Sanctuary and Education buildings with a total 
cumulative sewage flow of 4,100 L/day for these two buildings. Previously designed septic system by GVE 
was based on 120-person (at 20 L/person/day for Public Park with toilets only, Section 8.2.1.3 of the Ontario 
Building Code (OBC)) per day occupancy. The design was revised based on the SPA review comments 
from the City of Ottawa and the RVCA (via email dated September 15, 2022). The sewage flow rate was 
re-evaluated considering 50 people at the park onsite any day (public parks with toilet only, Section 
8.2.1.3.16a of the OBC) at 20 L/person/day (total 1,000 L /d) and 100 people at the pavilion (Assembly Hall 
with food service, Section 8.2.1.3.2b) at 36L/person/day (total of 3,600L/d) the reassessed flow rate is 4,600 
L/day. The proposed sewage flows for Phase 1A and 1B are similar to the initial septic system proposed 
for the development and the proposed flow is under 5,000 L/day for a Class IV sewage system, as defined 
by the OBC.  

The completed water supply assessment (MECP D-5-5 procedures) indicates the yield rates as tested at 
the two test wells varied between 27 litres/minute (LPM) in Well #1 to 45 LPM in Well #2. The required 
minimum rate for a water supply well as per MECP D-5-5 procedures is 13.7 LPM and based on analysis 
of a 3-hr peak water demand window the supply from Well #2 is adequate and may be considered as the 
primary water supply well.  

The construction under Phase 1A (Servicing and Grading Plan Phase 1A, Figure 5) has already been 
completed. The areas built in this phase will not put any demand on water supply unless 1B structures are 
built. The proposed Phase 1B (Site Landscaping Plan and Servicing and Grading Plan Phase 1B, Figures 
4 and 6) includes construction of assembly hall and a public park and a workshop area and the construction 

components are similar or less in scope than the previously approved reports and drawings. 

In terms of construction dewatering requirements and assessments, it is anticipated considering the type 
of proposed structures (workshop, pavilion, gazebos) the foundations are very shallow and will not be very 
elaborate structures that may require deep and significant excavations for foundations. So dewatering is 
not anticipated during construction and even if it is required it would be fairly easy to keep the pumping 
volume at or under 50,000 litres/day registration threshold limit. Pumping under 50,000 LPD does not 
require a registration or a permit.  
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7.0 Conclusions and Recommendations 
This investigation was completed and updated as per City of Ottawa Hydrogeological and Terrain Analysis 
Guidelines (March 2021) and consisted of the following tasks:  

• On-site hydrogeological conditions were originally investigated through the construction and testing 
of two water wells.  The wells were drilled on the subject property in February, 2016 by Air-Rock 
Drilling Company in accordance with Ontario Regulation 903. The wells were drilled in the specific 
locations proposed within the existing site plan design;   

• Soil stratigraphy on the site was assessed through the completion of 12 test pits and two boreholes 
(as part of a geotechnical investigation). Select test pits were then outfitted with piezometers. This 
information was then used to assess the hydrogeological sensitivity of the site and the sizing for 
the required septic systems 

• Water quantity was assessed on the basis of six-hour constant-rate pumping tests conducted on 
the wells and subsequent recovery tests (completed on February 23, 2016)  

• Water quality was originally evaluated through chemical and bacteriological analysis of samples 
collected at the beginning and end of each pumping test (in February 23, 2016);  

• Water quality was reassessed by collecting and submitting raw groundwater samples for the 
subdivision package (November 9, 2022) and for trace metals, volatile organic compounds, and 
turbidity (July 20, 2023). 

• Re-evaluation of the water demand based on the updated development plans design parameters. 

 

Based on the results of this updated investigation, the following conclusions and recommendations are 
presented:  

• Two water supply wells were completed in the limestone bedrock at depths of 34.7 and 38 m 
respectively, while extending through over 30 m of over overburden material predominantly 
consisting of clay. Six-hour constant rate pumping tests followed by recovery tests conducted on 
each of these wells indicate well yields at or in excess of the tested rates.  The sustainable well 
yield for Well #1 was rated to be 27 L/min. The sustainable well yield for Well #2 was rated to be 
45 L/min;   

• The pumping tests indicated very minor well interference within the aquifer during the pumping test. 
The impacts within monitoring wells approximately 70 to 80 m away from each other throughout 
the pump tests were less than 10 cm on the respective wells after the continuous pumping of the 
wells for 6 hours.  As such, cumulative well impacts on the wells is not anticipated to be significant. 

• The updated water demand was determined to be 4,600 L/day. Based on a potential peak demand 
of 3-hrs (time associated with service), the peak water demand would be in the order of 25.8 L/min. 
This analysis was updated with an conservative scenario of considering a longer peak water 
demand period of 6-hrs. This resulted in a peak demand of 44.1 L/min.  

• This demand will be met by water supply from Well #2  which has a well yield of 45 L/min and thus 
can effectively provide necessary amount of water for daily usage considering 3-hr peak demand 
window;  

• Based on pumping tests and analysis of test data the Well #2 may be considered as the main water 
supply well for the site considering the intended use of the site; 
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• The construction of test pits and wells revealed that overburden materials is comprised of sand 
layer ranging between 1 to 1.4 m deep followed by silty clay to depths of approximately 30 m. 
Therefore, the surficial soils are suitable and can accommodate a septic system field bed. 
Conversely, the silty clay soils below the sand provide the suitable protective buffer between the 
septic effluent at surface and the bedrock groundwater aquifer below.  

• The existence of more than 30 m thick clay layer over the deeper bedrock aquifer where the drinking 
water wells are set will provide adequate protection for the deeper bedrock aquifer from surficial 
contamination specially from the septic pad on site.  

• The hydrogeological conductivity of the soils combined with the thickness of bedrock at the site, 
suggest that the site is not hydrogeologically sensitive. 

• Based on the original February 2016 testing followed by updated sampling and analyses in 
November 2022 and July 2023, it appears that the water quality over the long term is consistent 
with hard and slightly mineralized water. Due to high sodium concentration, there is health related 
concerns associated with the water supply for those on sodium reduced diets however the 
remainder of exceedances are related to aesthetic parameters. 

The following table summarizes the exceedances.  

Parameter 
ODWQS – 

(mg/L) 

Treatability 
Limit 

MECP D-5-5 
(mg/L) 

Feb. 23, 2016 
Sample 

Concentration 
(mg/L) 

Nov. 9, 2022 
Sample Concentration 

(mg/L) 

Jul. 20, 2023 
Sample 

Concentration 
(mg/L) 

Iron 0.3 (AO) 5 
Well 1 – 1.78 to 0.095 

Well 2 – 0.278 to 0.325 
Tap2 - 1A – 3.530 
Tap2 - 1B – 3.640 

0.606 

Sodium 
200 (AO), 
20 (MAC) 

200 
Well 1 – 35.8 to 30.9 
Well 2 – 20.5 to 19.3 

Tap2 - 1A – 30.7 
Tap2 - 1B – 31.2 

35.1 

Hardness (as 
CaCO3) 

100 (OG) 500 
Well 1 – 230 to 265 
Well 2 – 264 to 286 

Tap2 - 1A – 275 
Tap2 - 1B – 284 

Not tested 

Manganese 0.05 (AO) 1 
Well 1 – 0.054 to 0.026 
Well 2 – 0.028 to 0.034 

Tap2 - 1A – 0.064 
Tap2 - 1B – 0.068 

0.410 

Organic 
Nitrogen 

0.15 (AO) No Value 
Well 1 – 0.14 to 0.16 
Well 2 – 0.08 to 0.06 

Tap2 - 1A – 0.10 
Tap2 – 1B – 0.20 

Not tested 

Turbidity 
(NTU) 

5 NTU 
(AO,OG) 

5 NTU 
Well 1 – 38 to 2.5 NTU 
Well 2 – 7 to 4.4 NTU 

Tap2 - 1A – 36 NTU 
Tap2 - 1B – 41.1 NTU 

2.5 

 
Exceedances of applicable standards are shown in bold texts. 
AO- Aesthetic Objective – AOs are established for parameters that may impair the taste, odour or colour of water or which may interfere with 
good water quality control practices. 
OG – Operational Guideline – OGs are established for parameters that, if not controlled, may negatively affect the efficiency of treatment, 
disinfection and distribution of the water.  
MAC – Maximum Acceptable Concentration – The MAC is established for parameters which when present above a certain concentration, have 
known or suspected adverse health effects. 
Treatability Limit MECP D-5-5 - Maximum Concentration Considered Reasonably Treatable (MCCRT) 

Based on the above, apart from sodium there are no concerns regarding the quality and quantity of water 
for the purpose of developing Phase 1B,. If the well and / or septic locations are to be altered from the 
existing layout, they must be adjusted in accordance with the Ontario Building Codes. 
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Based on the currently proposed site development plan approved as Phase 1B (assembly hall and public 
park), it is our opinion that the facility should be characterized as a small non-municipal non-residential 
water system. As such, the facility would be governed under Ontario Regulation 318/08 – Small Drinking 
Water Systems. Understanding that the local Public Health Unit would likely require a site-specific risk 
assessment once the buildings are constructed and the water distribution systems are installed, it is still 
understood that regular water sampling programs for bacteriological parameters, nitrates/nitrites, etc. would 
likely be required. 

Construction dewatering is not anticipated based on depth of floor foundations and groundwater conditions 
at the site.  
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exp Services Inc. 

Humanics Universal Inc.. 
Hydrogeology & Terrain Analysis Report 

3400 Old Montreal Road, Ontario 
OTT-00229886-A0 

January 25, 2017 – revised July 20, 2017 – Updated November 25, 2022 

 
 

Appendix B:   
MOE Well Records 
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1. 10. 100. 1000.
0.

1.

2.

3.

4.

5.

Adjusted Time (min)
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t 
(m

)

TW1 DRAWDOWN

Data Set:  P:\...\Aqtw2_SD.aqt
Date:  03/24/16 Time:  08:44:16

PROJECT INFORMATION

Company:  exp Services Inc.
Client:  Humanics Universal Inc
Project:  OTT-00229886-A0
Location:  3400 Old Montreal Road
Test Well:  TW1
Test Date:  February 23, 2016

AQUIFER DATA

Saturated Thickness:  25. m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
TW1 0 0

Observation Wells
Well Name X (m) Y (m)

TW1 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 6.055 m2/day S = 0.03154



100. 1000. 1.0E+4 1.0E+5
0.1
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10.

Time, t/r2 (min/m2)
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TW1 PUMP AND RECOVERY TEST

Data Set:  P:\...\tw2 - recovery.aqt
Date:  03/29/16 Time:  08:27:36

PROJECT INFORMATION

Company:  exp Services Inc.
Client:  Humanics Universal Inc
Project:  OTT-00229886-A0
Location:  3400 Old Montreal Road
Test Well:  TW1
Test Date:  February 23, 2016

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
TW1 0 0

Observation Wells
Well Name X (m) Y (m)

TW1 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 12.67 m2/day S  = 7.499E-6
Kz/Kr = 1. b  = 25. m



OTT-00229886-A0

Pump Test on Well 1

Pump Test Conducted on February 23, 2016

Pump Depth 27 m

Running 

Time (min)

Water 

Levels      

(m)

Drawdown          

(m)

Recovery 

Time         

(min)

Running Time       

(min)

Water Levels      

(m)

Residual 

Drawdown (m)

0 10.59 0 0 360 14.88 4.29

1 12.80 2.21 0.5 360.5 13.95 3.36

2 13.09 2.5 1 361 12.08 1.49

3 13.27 2.68 4 364 11.88 1.29

4 13.43 2.84 5 365 11.66 1.07

5 13.51 2.92 6 366 11.57 0.98

10 13.69 3.1 8 368 11.45 0.86

17 13.75 3.16 10 370 11.41 0.82

21 13.78 3.19 15 375 11.38 0.79

32 13.83 3.24 20 380 11.37 0.78

40 13.84 3.25 30 390 11.35 0.76

52 14.57 3.98 40 400 11.35 0.76

60 14.65 4.06 50 410 11.35 0.76

60 420 11.34 0.75

70 14.93 4.34 120 480 11.33 0.74

80 15.04 4.45

90 15.07 4.48

120 15.19 4.6

150 15.28 4.69 Time (min)

180 15.28 4.69 Free Chloirne Total Chloirne Turbidity (NTU)

210 15.24 4.56 40 0 0 32.4

240 15.15 4.49 120 32.6

270 15.08 4.43 180 11

300 15.02 4.36 240 2.75

330 14.95 4.29 300 8.91

360 14.88 4.29 360 0 0 6.52

Monitoring Well Data

Time (min) Well 2

0 11.01

60 11.03

120 11.05

180 11.06

240 11.07

300 11.08

360 11.08

Recovery TestPumping Test

Pumping Test

Pumping Rate 25 L/min

Pumping Rate 27 L/min

Parameters
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0.24

0.36
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TW2 DRAWDOWN

Data Set:  P:\...\test well 2 pump.aqt
Date:  03/24/16 Time:  08:41:48

PROJECT INFORMATION

Company:  Exp Services Inc.
Client:  Humanics Universal Inc.
Project:  OTT-00229886-A0
Location:  3400 Old Montreal Road
Test Well:  TW2
Test Date:  February 22, 2016

AQUIFER DATA

Saturated Thickness:  24. m Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
TW2 0 0

Observation Wells
Well Name X (m) Y (m)

TW2 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 115.9 m2/day S = 0.005247
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0.01

0.1

1.

Time (min)

D
is

p
la

c
e
m

e
n
t 
(m

)

TW2 PUMP AND RECOVERY TEST

Data Set:  P:\...\test well 2 recovery.aqt
Date:  03/29/16 Time:  08:28:23

PROJECT INFORMATION

Company:  Exp Services Inc.
Client:  Humanics Universal Inc.
Project:  OTT-00229886-A0
Location:  3400 Old Montreal Road
Test Well:  TW2
Test Date:  February 22, 2016

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
TW2 0 0

Observation Wells
Well Name X (m) Y (m)

TW2 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 108.3 m2/day S  = 0.01596
Kz/Kr = 1. b  = 24. m



OTT-00229886-A0

Pump Test on Well 2

Pump Test Conducted on February 22, 2016

Pump Depth 27 m

Running 

Time (min)

Water 

Levels      

(m)

Drawdown          

(m)

Recovery 

Time         

(min)

Running Time       

(min)

Water Levels      

(m)

Residual 

Drawdown (m)

0 10.95 0 0 360 11.55 0.60

1 11.34 0.39 1 361 11.19 0.24

2 11.34 0.39 2 362 11.19 0.24

3 11.34 0.39 4 364 11.22 0.27

4 11.34 0.39 6 366 11.21 0.26

5 11.34 0.39 8 368 11.20 0.25

10 11.35 0.4 10 370 11.19 0.24

15 11.37 0.42 15 375 11.18 0.23

20 11.38 0.43 20 380 11.17 0.22

30 11.40 0.45 30 390 11.17 0.22

40 11.40 0.45 45 405 11.15 0.20

50 11.41 0.46 60 420 11.13 0.18

60 11.42 0.47 1440 1800 11.01 0.06

80 11.43 0.48

100 11.45 0.5

120 11.46 0.51

150 11.47 0.52

180 11.49 0.54

210 11.50 0.55 Time (min)

240 11.51 0.56 Free Chloirne Total Chloirne Turbidity (NTU)

270 11.52 0.57 25 0 0 5

300 11.53 0.58 100 14

330 11.55 0.60 150 11.3

360 11.55 0.60 180 11.7

210 4.2

240 2.48

270 1.58

Monitoring Well Data 300 1.34

330 1

Time (min) Well 1

0 11.35

60 11.34

120 11.35

210 11.4

270 11.41

330 11.45

Pumping Test Recovery Test

Pumping Rate 39-40 L/min

Parameters

Pumping Test
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Table #1 (OTT-00229886-A0)
Groundwater Analytical Results 
General Water Chemistry

2023

Well 2

PARAMETER UNITS
Type of 
Criteria 

ODWS 
Criteria

D-5-5 
Treatability

0.5 hr 6 hr 0.5 hr 6 hr Tap2-1A Tap2-1B 3600

Sampling Notes 0.5 hr into the test 6 hr into the test 0.5 hr into the test 6 hr into the test 1-hr flushing

Date 23-Feb-16 23-Feb-16 23-Feb-16 23-Feb-16 09-Nov-22 09-Nov-22 20-Jul-23

Alkalinity as CaCO3 mg/L OG 30 to 500 - 282 329 259 280 312 311

Background ct/1ml n/v n/v - 5 3 32 24
Calcium mg/L n/v n/v - 63.5 74.3 74.0 80.7 75.9 79.0
Chloride mg/L OG 250 250 8.0 6.8 16.9 16.1 13.7 13.2
Colour TCU AO 5 7 5 4 4 4 4 4

Conductivity umho/cm n/v n/v - 8 8 586 617 635 642
Dissolved Organic Carbon mg/L AO 5.0 10 2.3 2.1 1.5 1.5 1.9 1.8

E. Coli ct/100ml MAC 1 - 0 0 0 0 0 0
Fluoride8 mg/L MAC 1.5 - 0.2 0.2 0.3 0.2 <0.1 <0.1

Hardness as CaCO3 mg/L OG 100 5009
230 265 264 286 275 284

Hydrogen Sulphide mg/L AO 0.05 - 0.01 0.01 <0.01 <0.01
Iron mg/L AO 0.30 5 1.78 0.095 0.278 0.325 3.530 3.640 0.606

Magnesium mg/L n/v n/v - 17.2 19.2 19.3 20.5 20.8 21.1
Manganese mg/L AO 0.05 1 0.054 0.026 0.028 0.034 0.064 0.068

N-NH3 (Ammonia) mg/L n/v n/v - 0.26 0.19 0.15 0.14 0.21 0.20

N-NO2 (Nitrite) mg/L MAC 1.0 - <0.1 <0.1 <0.1 <0.1 < 0.1 < 0.1

N-NO3 (Nitrate) mg/L MAC 10.0 - <0.1 0.1 <0.1 <0.1 < 0.1 < 0.1

Organic Nitrogen mg/L AO 0.15 0.14 0.16 0.08 0.06 0.10 0.20

pH -log10[H+] AO 6.5-8.5 - 8.23 8.17 8.36 8.41 8.08 8.12

Phenols mg/L n/v n/v - <0.001 <0.001 <0.001 <0.001 < 0.001 < 0.001
Potassium mg/L n/v n/v - 10.5 4.5 3.6 2.9 3.2 3.3

Sodium mg/L AO 206 ; 200 200 35.8 30.9 20.5 19.3 30.7 31.2 35.1
Sulphate mg/L AO 500 500 28 26 37 35 25 24

Tannin & Lignin mg/L n/v n/v - 0.2 0.2 <0.1 <0.1 < 0.5 < 0.5

Total Coliform ct/100ml MAC 1 ; 57 - 0 0 0 0 0 0
Total Dissolved Solids mg/L AO 500 - 335 360 327 343 360 362
Total Kjeldahl Nitrogen mg/L n/v n/v - 0.4 0.35 0.23 0.20 0.30 0.40

Turbidity NTU AO/OG  5 5 38 2.5 7 4.4 36 41.1 2.5

Notes : AO= aesthetic objective,  OG = operational guideline, MAC = maximum allowable concentration

1. Ontario Drinking Water Standards - 2004 is used as the health related criteria
2. Bold - concentration exceeds appropriate ODWS criteria 

    shade - exceeds D-5-5 criteria
3. OG (operational guideline) criteria are for treated drinking water systems .
4. n/a -  not analysed
5. N/v - no value
6. Sodium value is a health related criteria for people with low salt diets.
7. D-5-5 criteria for raw water

9. Under D-5-5, hardness is accepted at values below 500 mg/L and considered non-potable. It is not noted as an official 
    treatability limit.

2016 2022

8. Where supplies contain naturally occurring fluoride at levels higher than 1.5 mg/L but less than 2.4 mg/L, the Ministry of 
    Health and Long-Term Care recommends an approach through local boards of health to raise public and professional 
    awareness to control excessive exposure to fluoride from other sources.

Well 1 Well 2 Well 2

10 min flushing

https://exp-my.sharepoint.com/personal/delwar_ahmed_exp_com/Documents/Desktop/229886-A0 3600 Old Montreal Road/app d  water chemistry table 2023-10-06



22-Nov-22DATE REPORTED:

Caduceon Environmental Laboratories

613-526-1244

2378 Holly Lane 

Ottawa Ontario K1V 7P1

613-526-0123Tel:

Fax:

JOB/PROJECT NO.:

Final Report

REPORT No. B22-34049

EXP Services Inc

2650 Queensview Drive, Suite 100

Ottawa ON K2B 8H6 Canada

Report To:

Attention: Chris Kimmerly

09-Nov-22DATE RECEIVED:

P.O. NUMBER:

WATERWORKS NO.GroundwaterSAMPLE MATRIX:

C.O.C.: DW 116650

CERTIFICATE OF ANALYSIS

Parameter Units R.L.
Reference 

Method

Date/Site 

Analyzed

Tap2-1A Tap2-1BClient I.D.

B22-34049-1 B22-34049-2Sample I.D.

09-Nov-22 09-Nov-22Date Collected

Dissolved Organic Carbon 1.9 1.8mg/L 0.2 EPA 415.2 14-Nov-22/O

Dissolved Inorganic Carbon 74.9 74.6mg/L 0.2 EPA 415.2 14-Nov-22/O

Hardness (as CaCO3) 275 284mg/L 1 SM 3120 14-Nov-22/O

Calcium 75.9 79.0mg/L 0.02 SM 3120 14-Nov-22/O

Magnesium 20.8 21.1mg/L 0.02 SM 3120 14-Nov-22/O

Sodium 30.7 31.2mg/L 0.2 SM 3120 14-Nov-22/O

Potassium 3.2 3.3mg/L 0.1 SM 3120 14-Nov-22/O

Iron 3.53 3.64mg/L 0.005 SM 3120 14-Nov-22/O

Manganese 0.064 0.068mg/L 0.001 SM 3120 14-Nov-22/O

Ammonia + Ammonium (N) 0.21 0.20mg/L 0.01 SM4500-
NH3-H

11-Nov-22/K

Total Kjeldahl Nitrogen 0.3 0.4mg/L 0.1 E3516.2 15-Nov-22/K

Alkalinity(CaCO3) to pH4.5 312 311mg/L 5 SM 2320B 10-Nov-22/O

Conductivity @25°C 633 632µmho/cm 1 SM 2510B 10-Nov-22/O

Colour 4 4TCU 2 SM 2120C 10-Nov-22/O

Fluoride < 0.1 < 0.1mg/L 0.1 SM4110C 16-Nov-22/O

Chloride 13.7 13.2mg/L 0.5 SM4110C 16-Nov-22/O

Nitrite (N) < 0.1 < 0.1mg/L 0.1 SM4110C 16-Nov-22/O

Nitrate (N) < 0.1 < 0.1mg/L 0.1 SM4110C 16-Nov-22/O

Sulphate 25 24mg/L 1 SM4110C 16-Nov-22/O

Total Coliform 0 0cfu/100mL 1 MOE E3407 09-Nov-22/O

E coli 0 0cfu/100mL 1 MOE E3407 09-Nov-22/O

Background > 200 > 200cfu/100mL 1 MOE E3407 09-Nov-22/O

Phenolics < 0.001 < 0.001mg/L 0.001 MOEE 3179 22-Nov-22/K

Tannins and Lignins < 0.5 < 0.5mg/L 0.5 SM5500B 15-Nov-22/K

pH @25°C 8.08 8.12pH Units SM 4500H 10-Nov-22/O

Organic Nitrogen 
(Calculation)

0.1 0.2mg/L 0.1 E3516.2 21-Nov-22/K

Page 1 of 2.

Tahir Yapici  Ph.D

Lab Manager - Ottawa District

R.L. = Reporting Limit

The analytical results reported herein refer to the samples as received.  Reproduction of this analytical report in full or in part is prohibited without prior consent from 

Site Analyzed=K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill,B-Barrie

Test methods may be modified from specified reference method unless indicated by an *



22-Nov-22DATE REPORTED:

Caduceon Environmental Laboratories

613-526-1244

2378 Holly Lane 

Ottawa Ontario K1V 7P1

613-526-0123Tel:

Fax:

JOB/PROJECT NO.:

Final Report

REPORT No. B22-34049

EXP Services Inc

2650 Queensview Drive, Suite 100

Ottawa ON K2B 8H6 Canada

Report To:

Attention: Chris Kimmerly

09-Nov-22DATE RECEIVED:

P.O. NUMBER:

WATERWORKS NO.GroundwaterSAMPLE MATRIX:

C.O.C.: DW 116650

CERTIFICATE OF ANALYSIS

Parameter Units R.L.
Reference 

Method

Date/Site 

Analyzed

Tap2-1A Tap2-1BClient I.D.

B22-34049-1 B22-34049-2Sample I.D.

09-Nov-22 09-Nov-22Date Collected

Anion Sum 7.13 7.09meq/L Calc. 10-Nov-22/O

Cation Sum 7.12 7.33meq/L Calc. 10-Nov-22/O

% Difference 0.0711 1.66% Calc. 10-Nov-22/O

Ion Ratio 1.00 0.967AS/CS Calc. 10-Nov-22/O

Sodium Adsorption Ratio 0.805 0.805- Calc. 10-Nov-22/O

TDS(ion sum calc.) 360 362mg/L 1 Calc. 10-Nov-22/O

TDS(calc.)/EC(actual) 0.569 0.573- Calc. 10-Nov-22/O

Conductivity (calc.) 635 642µmho/cm Calc. 10-Nov-22/O

EC(calc.)/EC(actual) 1.00 1.02- Calc. 10-Nov-22/O

Langelier Index(25°C) 1.00 1.06S.I. Calc. 10-Nov-22/O

Turbidity 36.3 41.1NTU 0.1 SM 2130 21-Nov-22/O

o-Phosphate (P) < 0.002 < 0.002mg/L 0.002 PE4500-S 21-Nov-22/K

Sulphide 0.03 0.03mg/L 0.01 SM4500-S2 10-Nov-22/K

Page 2 of 2.

Tahir Yapici  Ph.D

Lab Manager - Ottawa District

R.L. = Reporting Limit

The analytical results reported herein refer to the samples as received.  Reproduction of this analytical report in full or in part is prohibited without prior consent from 

Site Analyzed=K-Kingston,W-Windsor,O-Ottawa,R-Richmond Hill,B-Barrie

Test methods may be modified from specified reference method unless indicated by an *













CERTIFICATE  OF ANALYSIS

Final Report

C.O.C.:      G 121828 REPORT No: 23-018367 - Rev. 1

Attention: Chris Kimmerly

Report To:

EXP Services Inc - Ottawa

2650 Queensview Drive

Suite 100

Ottawa, ON    K2B 8H6 

CADUCEON Environmental Laboratories

2378 Holly Lane

Ottawa, ON    K1V 7P1

P.O. NUMBER:

CUSTOMER PROJECT: OTT-00229886-AO

Ground Water

2023-Aug-02

SAMPLE MATRIX: 

DATE REPORTED: 

2023-Jul-20DATE RECEIVED:

Site Analyzed AuthorizedQtyAnalyses Date Analyzed Reference MethodLab Method

TPRICE D-ICPMS-01 EPA 200.8 1 2023-Aug-01ICP/MS (Liquid) OTTAWA

NHOGAN D-ICP-01 SM 3120B 1 2023-Aug-01ICP/OES (Liquid) OTTAWA

MDON A-TURB-01 SM 2130B 1 2023-Jul-21Turbidity (Liquid) OTTAWA

FLENA C-VOC-02 EPA 8260 1 2023-Jul-26VOC-Volatiles Full (Water) RICHMOND_HILL

R.L. = Reporting Limit

NC = Not Calculated

Test methods may be modified from specified reference method unless indicated by an *

The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior 

consent from Caduceon Environmental Laboratories.

Page 1 of 6

Michelle Dubien

Laboratory Manager



Final Report

REPORT No: 23-018367 - Rev. 1

CADUCEON Environmental Laboratories Certificate of Analysis

Client I.D.  

Sample I.D.  

Date Collected

  Parameter DWGUnits LimitsR.L.

3600

23-018367-1

2023-Jul-20

-

 Turbidity NTU 0.1 5 AO 2.5

 Aluminum mg/L 0.01 0.06

 Barium mg/L 0.001 1.0 MAC 0.205

 Boron mg/L 0.005 5.0 MAC 0.145

 Calcium mg/L 0.02 82.0

 Iron mg/L 0.005 0.3 AO 0.606

 Magnesium mg/L 0.02 19.8

 Manganese mg/L 0.001 0.05 AO 0.041

 Potassium mg/L 0.1 3.0

 Sodium mg/L 0.2 200, 20 AO, MAC 35.1

 Strontium mg/L 0.001 3.75

 Zinc mg/L 0.005 5 AO <0.005

 Antimony mg/L 0.0001 0.006 MAC <0.0001

 Arsenic mg/L 0.0001 0.01 MAC 0.0001

 Beryllium mg/L 0.0001 <0.0001

 Cadmium mg/L 0.000015 0.005 MAC <0.000015

 Chromium mg/L 0.001 0.05 MAC <0.001

 Cobalt mg/L 0.0001 0.0002

 Copper mg/L 0.0001 1.0 AO 0.0003

 Lead mg/L 0.00002 0.010 MAC 0.00005

 Molybdenum mg/L 0.0001 0.0003

The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior 

consent from Caduceon Environmental Laboratories.

Page 2 of 6

Michelle Dubien

Laboratory Manager



Final Report

REPORT No: 23-018367 - Rev. 1

CADUCEON Environmental Laboratories Certificate of Analysis

Client I.D.  

Sample I.D.  

Date Collected

  Parameter DWGUnits LimitsR.L.

3600

23-018367-1

2023-Jul-20

-

 Nickel mg/L 0.0002 0.0009

 Selenium mg/L 0.001 0.05 MAC <0.001

 Silver mg/L 0.0001 <0.0001

 Thallium mg/L 0.00005 <0.00005

 Uranium mg/L 0.00005 0.02 MAC 0.00011

 Vanadium mg/L 0.0001 0.0003

The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior 

consent from Caduceon Environmental Laboratories.

Page 3 of 6

Michelle Dubien

Laboratory Manager



Final Report

REPORT No: 23-018367 - Rev. 1

CADUCEON Environmental Laboratories Certificate of Analysis

Client I.D.  

Sample I.D.  

Date Collected

  Parameter DWGUnits LimitsR.L.

3600

23-018367-1

2023-Jul-20

-

 Acetone µg/L 30 <30

 Benzene µg/L 0.5 1.0 MAC <0.5

 Bromodichloromethane µg/L 2 <2

 Bromoform µg/L 5 <5

 Bromomethane µg/L 0.5 <0.5

 Carbon Tetrachloride µg/L 0.2 2.0 MAC <0.2

 Chlorobenzene µg/L 0.5 80.0, 30.0 MAC, AO <0.5

 Chloroform µg/L 1 <1

 Dibromochloromethane µg/L 2 <2

 Ethylene Dibromide µg/L 0.2 <0.2

 Dichlorobenzene,1,2- µg/L 0.5 200.0, 3.0 MAC, AO <0.5

 Dichlorobenzene,1,3- µg/L 0.5 <0.5

 Dichlorobenzene,1,4- µg/L 0.5 5.0, 1.0 MAC, AO <0.5

 Dichlorodifluoromethane (Freon 12) µg/L 2 <2

 Dichloroethane,1,1- µg/L 0.5 <0.5

 Dichloroethane,1,2- µg/L 0.5 5.0 MAC <0.5

 Dichloroethylene,1,1- µg/L 0.5 14.0 MAC <0.5

 Dichloroethylene,1,2-cis- µg/L 0.5 <0.5

 Dichloroethylene,1,2-trans- µg/L 0.5 <0.5

 Dichloropropane,1,2- µg/L 0.5 <0.5

 Dichloropropene,1,3-cis- µg/L 0.5 <0.5

The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior 

consent from Caduceon Environmental Laboratories.
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Michelle Dubien

Laboratory Manager



Final Report

REPORT No: 23-018367 - Rev. 1

CADUCEON Environmental Laboratories Certificate of Analysis

Client I.D.  

Sample I.D.  

Date Collected

  Parameter DWGUnits LimitsR.L.

3600

23-018367-1

2023-Jul-20

-

 Dichloropropene,1,3-cis+trans- 

(Calculated)
µg/L 0.5 <0.5

 Dichloropropene,1,3-trans- µg/L 0.5 <0.5

 Ethylbenzene µg/L 0.5 140.0, 1.6 MAC, AO <0.5

 Hexane µg/L 5 <5

 Dichloromethane (Methylene Chloride) µg/L 5 50 MAC <5

 Methyl Ethyl Ketone µg/L 20 <20

 Methyl Isobutyl Ketone µg/L 20 <20

 Methyl tert-Butyl Ether (MTBE) µg/L 2 <2

 Styrene µg/L 0.5 <0.5

 Tetrachloroethane,1,1,1,2- µg/L 0.5 <0.5

 Tetrachloroethane,1,1,2,2- µg/L 0.5 <0.5

 Tetrachloroethylene µg/L 0.5 10.0 MAC <0.5

 Toluene µg/L 0.5 60.0 MAC <0.5

 Trichloroethane,1,1,1- µg/L 0.5 <0.5

 Trichloroethane,1,1,2- µg/L 0.5 <0.5

 Trichloroethylene µg/L 0.5 5.0 MAC <0.5

 Trichlorofluoromethane (Freon 11) µg/L 5 <5

 Vinyl Chloride µg/L 0.2 1.0 MAC <0.2

 Xylene, m,p- µg/L 1 <1

 Xylene, m,p,o- µg/L 1.1 90.0, 20.0 MAC, AO <1.1

 Xylene, o- µg/L 0.5 <0.5

The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior 

consent from Caduceon Environmental Laboratories.
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Michelle Dubien

Laboratory Manager



Final Report

REPORT No: 23-018367 - Rev. 1

CADUCEON Environmental Laboratories Certificate of Analysis

DWG - Drinking Water Guidelines

ODWS - Ontario Drinking Water Standards

AO - Aesthetic Objectives

IMAC - Interim Maximum Acceptable Concentration

MAC - Maximum Acceptable Concentration

ODWO - D-5-5 Objective

OG - Operational Guidelines

WL - Warning Level - Sodium Restricted Diets

  Summary of Exceedances

Aesthetic Objectives

3600 Found Value Limit

Iron 0.606 0.3

Maximum Acceptable Concentration

3600 Found Value Limit

Sodium 35.1 20

The analytical results reported herein refer to the samples as received. Reproduction of this analytical report in full or in part is prohibited without prior 

consent from Caduceon Environmental Laboratories.
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Michelle Dubien

Laboratory Manager



exp Services Inc. 

Humanics Universal Inc.. 
Hydrogeology & Terrain Analysis Report 

3400 Old Montreal Road, Ontario 
OTT-00229886-A0 

January 25, 2017 – revised July 20, 2017 – Updated November 25, 2022 

 
 

Appendix E:   
Test Pit Logs, Grain Size Analyses  
 

January 25, 2017 - revised July 20, 201 - Updated November 25, 2022 - Updated October 06,2023



Test Pit Logs

3400 Old Montreal Road, Cumberland, ON

OTT-00229886-A0

Test Pit Name Depth (m) Soil Analysis Soil Description

TP1 0-0.15 Topsoil, some organics

0.15-1.2 SS1 Fine grained brown sand

1.2-3.6 Grey silty clay.

Test Pit Name Depth (m) Soil Analysis Soil Description

TP2 0-0.2 Topsoil, some organics

0.2-1 Fine grained brown sand

1-3.3 SS2 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP3 0-0.2 Topsoil, some organics

0.2-1.2 Fine grained orange/brown sand

1.2-3.3 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP4 0-0.3 Topsoil

0.3-1.5 Fine grained brown sand

1.5-3.35 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP5 0-0.3 Topsoil

0.3-0.9 Fine grained brown sand

0.9-3.35 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP6 0-0.3 Topsoil

0.3-0.9 Fine graind brown sand

0.9-3.3 Grey silty clay

Water entering at approximately 3 m

Static water level at approximately 1.67m, water entering at 3m

Stand pipe installed

Water entering at approximately 3 m

Water entering at approximately 3 m

Water entering at approximately 3 m

water entering at approximately 3 m



Test Pit Logs

3400 Old Montreal Road, Cumberland, ON

OTT-00229886-A0

Test Pit Name Depth (m) Soil Analysis Soil Description

TP7 0-0.3 Topsoil, dry

0.3-0.9 Fine grained brown sand

0.9-3.3 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP8 0-0.2 Topsoil, dry

0.2-1.2 Fine grained brown sand

0.9-3.3 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP9 0-0.2 Topsoil, dry

0.2-1.2 SS1 Fine grained brown sand

0.9-3.3 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP10 0-0.35 Topsoil

0.35 - 1.2 Fine grained brown sand

1.2-3.3 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP11 0-0.2 Topsoil

0.2-1.2 Fine grained brown sand

1.2-3.3 Grey silty clay

Test Pit Name Depth (m) Soil Analysis Soil Description

TP12 0-0.2 Topsoil

0.2-1.2 Fine grained brown sand

1.2-3.3 Grey silty clay

Water entering at approximately 3 m

Water entering at approximately 3 m

Static water level is 1.74 m, water entering at approximately 3 m

Water enteering at approximately 3 m

Static water level of 1.48, water entering at 3 m

Water entering at approximately 3 m



17.3

 SAND AND GRAVEL FILL
crushed limestone, grey, loose, moist
brown silt and clay in tip, moist
CLAY
some silt, brown to grey, moist to wet, soft
to firm

becoming wet

55.3

60.0

Combustible Vapour Reading

Natural Moisture Content

Atterberg Limits

Split Spoon Sample

Auger Sample

SPT (N) Value

Dynamic Cone Test

Shelby Tube

Undrained Triaxial at
% Strain at Failure

Shear Strength by
Penetrometer Test

Date Drilled:

Drill Type:

Datum:

Logged by: Shear Strength by
Vane Test S

11/30/15

Geodetic

MD Checked by: ZG

:Location: 3400 Old Montreal Road, Ottawa, Ontario

CME55 Track
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M
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L

Continued Next Page
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SOIL DESCRIPTION
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Figure No.
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Geodetic

m

NOTES:

3

Natural
Unit Wt.
kN/m3

Depth
(m)

Page.

Water
Level (m)

OTT-00229886-A0

Geotechnical Investigation, Humanics Sanctuary

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value

60.6

Run
No.

20 40 60

Combustible Vapour Reading (ppm)

1

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

0

1

2

3

4

5

6

7

8

9

10

Completion

Dec 14, 2015

16.3

5.3

Log of Borehole  BH1

1.Borehole data requires interpretation by exp. before
use by others

2.A 19 mm standpipe was installed in the borehole
following completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
OTT-00229886-A0
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CLAY
some silt, brown to grey, moist to wet, soft
to firm (continued)

 DYNAMIC CONE
41.7
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O
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Continued Next Page
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SOIL DESCRIPTION

Hole Open
To (m)

CORE DRILLING RECORD
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Figure No.

G
W
L

D
e
p
t
h

% Rec.

Geodetic

m

NOTES:

3

Natural
Unit Wt.
kN/m3

Depth
(m)

Page.

Water
Level (m)

OTT-00229886-A0

Geotechnical Investigation, Humanics Sanctuary

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value

50.6

Run
No.

20 40 60

Combustible Vapour Reading (ppm)

2

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

10

11

12

13

14

15

16

17
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21

22

Completion

Dec 14, 2015

16.3

5.3

Log of Borehole  BH1

1.Borehole data requires interpretation by exp. before
use by others

2.A 19 mm standpipe was installed in the borehole
following completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
OTT-00229886-A0
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 DYNAMIC CONE (continued)

 Cone Refusal at 30.2 m Depth
30.4

S
Y
M
B
O
L

S
A
M
P
L
E
S

Shear Strength
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SOIL DESCRIPTION

Hole Open
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CORE DRILLING RECORD
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NOTES:

3

Natural
Unit Wt.
kN/m3

Depth
(m)

Page.

Water
Level (m)

OTT-00229886-A0

Geotechnical Investigation, Humanics Sanctuary

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value

38.6

Run
No.

20 40 60

Combustible Vapour Reading (ppm)

3

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

22

23

24

25

26

27

28

29

30

Completion

Dec 14, 2015

16.3

5.3

Log of Borehole  BH1

1.Borehole data requires interpretation by exp. before
use by others

2.A 19 mm standpipe was installed in the borehole
following completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
OTT-00229886-A0
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17.5

16.1

 SILTY SAND
brown, moist, loose

CLAY
brown to grey, moist to wet, soft to firm

becoming wet

61.0

Combustible Vapour Reading

Natural Moisture Content

Atterberg Limits

Split Spoon Sample

Auger Sample

SPT (N) Value

Dynamic Cone Test

Shelby Tube

Undrained Triaxial at
% Strain at Failure

Shear Strength by
Penetrometer Test

Date Drilled:

Drill Type:

Datum:

Logged by: Shear Strength by
Vane Test S

12/3/15

Geodetic

BV Checked by: ZG

:Location: 3400 Old Montreal Road, Ottawa, Ontario

CME55 Track

S
Y
M
B
O
L

Continued Next Page
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SOIL DESCRIPTION

Hole Open
To (m)

CORE DRILLING RECORD
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Figure No.
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Geodetic

m

NOTES:

3

Natural
Unit Wt.
kN/m3

Depth
(m)

Page.

Water
Level (m)

OTT-00229886-A0

Geotechnical Investigation, Humanics Sanctuary

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value

62.5

Run
No.

20 40 60

Combustible Vapour Reading (ppm)

1

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

0

1

2

3

4

5

6

7

8

9

10

Log of Borehole  BH3

1.Borehole data requires interpretation by exp. before
use by others

2.Borehole backfilled upon completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
OTT-00229886-A0

LO
G

 O
F

 B
O

R
E

H
O

LE
  

LO
G

S
 O

F
 B

O
R

E
H

O
LE

S
 C

U
M

B
E

R
LA

N
D

.G
P

J 
 T

R
O

W
 O

T
T

A
W

A
.G

D
T

  
2/

25
/1

6

4

2

5

3

HW

HW

HW

60

s=3.0

19

s=5.3

49

s=8.0



CLAY
brown to grey, moist to wet, soft to firm
(continued)

 DYNAMIC CONE
42.7
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Continued Next Page
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SOIL DESCRIPTION

Hole Open
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CORE DRILLING RECORD
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NOTES:

3

Natural
Unit Wt.
kN/m3

Depth
(m)

Page.

Water
Level (m)

OTT-00229886-A0

Geotechnical Investigation, Humanics Sanctuary

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value

52.5

Run
No.

20 40 60

Combustible Vapour Reading (ppm)

2

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

10
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13

14
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21

22

Log of Borehole  BH3

1.Borehole data requires interpretation by exp. before
use by others

2.Borehole backfilled upon completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
OTT-00229886-A0
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 DYNAMIC CONE (continued)

 Cone Refusal at 33.5 m
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Log of Borehole  BH3

1.Borehole data requires interpretation by exp. before
use by others

2.Borehole backfilled upon completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
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17.8

16.2

 TOPSOIL
sand, some organics, some roots, brown,
moist, loose to compact
 SANDY SILT AND CLAY
brown, moist, loose to compact
CLAY
some silt, brown to grey, moist to wet, soft
to firm

becoming wet

54.6
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Combustible Vapour Reading

Natural Moisture Content

Atterberg Limits

Split Spoon Sample

Auger Sample

SPT (N) Value

Dynamic Cone Test

Shelby Tube

Undrained Triaxial at
% Strain at Failure

Shear Strength by
Penetrometer Test

Date Drilled:

Drill Type:

Datum:

Logged by: Shear Strength by
Vane Test S

November 31, 2015

Geodetic

MD Checked by: ZG

:Location: 3400 Old Montreal Road, Ottawa, Ontario

CME55 Track
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Log of Borehole  BH4

1.Borehole data requires interpretation by exp. before
use by others

2.A 19 mm standpipe was installed in the borehole
following completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
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CLAY
some silt, brown to grey, moist to wet, soft
to firm (continued)

 DYNAMIC CONE
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Log of Borehole  BH4

1.Borehole data requires interpretation by exp. before
use by others

2.A 19 mm standpipe was installed in the borehole
following completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
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 DYNAMIC CONE (continued)

 Cone Refusal at 30.9 m
28.7
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Log of Borehole  BH4

1.Borehole data requires interpretation by exp. before
use by others

2.A 19 mm standpipe was installed in the borehole
following completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
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17.4

17.3

 CLAYEY SAND
brown, moist, soft

CLAY
slightly sandy, grey, moist to wet, soft to
firm

becoming wet

60.8

Combustible Vapour Reading

Natural Moisture Content

Atterberg Limits

Split Spoon Sample

Auger Sample

SPT (N) Value

Dynamic Cone Test

Shelby Tube

Undrained Triaxial at
% Strain at Failure

Shear Strength by
Penetrometer Test

Date Drilled:

Drill Type:

Datum:

Logged by: Shear Strength by
Vane Test S

December 3-4, 2015

Geodetic

BV Checked by: ZG

:Location: 3400 Old Montreal Road, Ottawa, Ontario

CME55 Track

S
Y
M
B
O
L

Continued Next Page

S
A
M
P
L
E
S

Shear Strength

50 100 150 200

20 40 60 80

Elapsed
Time

RQD %

6

SOIL DESCRIPTION

Hole Open
To (m)

CORE DRILLING RECORD

kPa

of

Figure No.

G
W
L

D
e
p
t
h

% Rec.

Geodetic

m

NOTES:

4

Natural
Unit Wt.
kN/m3

Depth
(m)

Page.

Water
Level (m)

OTT-00229886-A0

Geotechnical Investigation, Humanics Sanctuary

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value

62.3

Run
No.

20 40 60

Combustible Vapour Reading (ppm)

1

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

0

1

2

3

4

5

6

7

8

9

10

Log of Borehole  BH6

1.Borehole data requires interpretation by exp. before
use by others

2.Borehole backfilled upon completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
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CLAY
slightly sandy, grey, moist to wet, soft to
firm (continued)

 DYNAMIC CONE
42.5
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Geotechnical Investigation, Humanics Sanctuary
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1.Borehole data requires interpretation by exp. before
use by others

2.Borehole backfilled upon completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
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 DYNAMIC CONE (continued)
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Log of Borehole  BH6

1.Borehole data requires interpretation by exp. before
use by others

2.Borehole backfilled upon completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
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 DYNAMIC CONE (continued)

 Cone Refusal at 34.8 m
27.5
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Log of Borehole  BH6

1.Borehole data requires interpretation by exp. before
use by others

2.Borehole backfilled upon completion

3.Field work supervised by an exp representative.

4.See Notes on Sample Descriptions

5.This Figure is to read with exp. Services Inc. report
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