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Golder Associates Ltd. (Golder) was retained by J.L. Richards & Associates Ltd. (JLR) to collect a water sample 
from supply well PW11-1 at the proposed Hydro One Operations Centre (OC), Phase 2, located at 3440 Frank 
Kenny Road in Ottawa, Ontario. The purpose of the work was to evaluate the water quality at PW11-1, which is 
currently being used to supply the temporary building on the site. Well PW11-1 (well tag A116305) was 
constructed in 2011 by a licensed well contractor. A well inspection by a licensed geoscientist or engineer was not 
conducted at that time. The water quality at PW11-1 was previously reported in the February 2012 Golder report 
entitled “Hydrogeology, Terrain Analysis and Impact Assessment Study, 3406-3450 Frank Kenny Road.”  

This memorandum is an addendum to the February 2012 Golder report (included as Attachment 1) and this 
current memorandum considers the City of Ottawa’s Hydrogeological and Terrain Analysis Guidelines, dated 
March 2021 and the Ontario Building Code. 

Method 
On March 9, 2022, a sample was collected from an untreated port (by bypassing the water softener and other 
treatment equipment) at the temporary building. Water was purged from the nearest tap (the kitchen sink) for 
approximately 10 minutes prior to the collection of the sample. The water sample was collected in laboratory 
supplied bottles and analyzed for the “subdivision suite” of parameters and filtered at the laboratory to be 
analysed for trace metals. Once collected, the sample was packed in a cooler with ice packs and was delivered to 
Eurofins Environment Testing (Eurofins) in Ottawa, Ontario for analysis. 

On August 30, 2022 a second sample was collected from the same tap using the same sampling and purging 
methods. The water sample was collected in laboratory supplied bottles and analyzed for volatile organic 
compounds (VOC). Once collected, the sample was packed in a cooler with ice packs and was delivered to 
Eurofins in Ottawa, Ontario for analysis. The temperature, pH and conductivity of the water sample were 
measured in the field, and other sample observations, including colour, were noted. 

Results 
On the attached Table 1, the analytical results for the subdivision suite of parameters are compared to the Ontario 
Drinking-Water Quality Standards (ODWQS, Ontario Regulation 169/03) and to the standards (MAC), objectives 
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(AO) and guidelines (OG) of the “Technical Support Document for Ontario Drinking Water Standards, Objectives 
and Guidelines” (Ontario Ministry of the Environment, Conservation and Parks (MECP); Revised June, 2006). 
Table 1 also contains historic data collected during 2011 from PW11-1. The laboratory certificates of analysis 
(including the trace metals and VOC analyses) are also included (Attachment 2). 

Analytical results of the groundwater sample collected from PW11-1 on March 9, 2022 indicate an AO 
exceedance for colour, which was measured to be 96 TCU, above the AO of 5 TCU (MECP, 2006). The sample 
was described as being clear and colourless when collected. The sample collected on August 30, 2022 was also 
described as clear and colourless. In accordance with Procedure D-5-5, the treatability limit for colour is 7 TCU; 
however, higher, iron-related colour may be removed by manganese greensand treatment. 

As commonly found in this area of Ontario, the concentration of hardness was 305 mg/L, above the OG of 
100 mg/L (MECP, 2006). Hardness in this concentration can be treated with conventional water softening 
equipment. 

The laboratory-measured concentration of hydrogen sulphide was 0.21 mg/L, above the AO of 0.05 mg/L (MECP, 
2006). Hydrogen sulphide is typically removed from water by aeration or by chemical oxidation. 

The turbidity concentration measured in the sample was 13.2 NTU, greater than the AO of 5 mg/L (applicable at 
the point of consumption). In accordance with Procedure D-5-5, the treatability limit for turbidity is 5 NTU for non-
disinfected water supplies. 

The sodium concentration was 46 mg/L, which is below the aesthetic objective for sodium in drinking water of 
200 mg/L. However, in accordance with Procedure D-5-5, the local Medical Officer of Health should be notified 
when the sodium concentration exceeds 20 mg/L so that this information may be communicated to local 
physicians for their use with patients on sodium restricted diets. 

The iron concentration was 1.63 mg/L, above the AO of 0.30 mg/L. In accordance with Procedure D-5-5, the 
treatability limit for iron is 10 mg/L. Iron in this concentration can be treated with conventional water softening 
equipment or manganese greensand filters. 

The manganese concentration was 0.06 mg/L, slightly above the AO of 0.05 mg/L. In accordance with Procedure 
D-5-5, the treatability limit for manganese is 1.0 mg/L. Manganese in this concentration can be treated with 
conventional water softening equipment or manganese greensand filters. 

All of the other results of chemical analysis for PW11-1 were below the respective MACs and AOs (see Table 1). 
The concentrations of trace metals were below the applicable MAC, AO or OG (see lab report 1976973 in 
Attachment 2).  

No VOCs were detected above their respective detection limits.  

Based on information provided by JLR, HONI plans to install the following water treatment equipment: two parallel 
iron/sulphur filters (duty), one water softener, two parallel cartridge filters (one duty, one stand-by), and one 
ultraviolet (UV) disinfection unit. A cartridge filter will be installed at the facility bottle fill station and a point-of-use 
reverse osmosis (RO) unit will be installed at a dedicated kitchen sink tap for additional taste/odour treatment that 
may not be fully addressed by the water treatment system. 
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Discussion 
The groundwater quality at well PW11-1 indicates that the water quality continues to meet applicable standards or 
objectives for the analyzed parameters, with the exception of colour, hydrogen sulphide, turbidity, iron, and 
manganese. Treatment may be necessary to reduce the levels of colour, hydrogen sulphide, turbidity, iron and 
manganese below the AOs. Common techniques for treating hydrogen sulphide, iron and manganese include 
water softeners, manganese greensand filters or other oxidizing media. Field assessment of colour has 
consistently shown that the water from this well is clear and colourless upon sample collection. The elevated 
colour level measured in the laboratory is assumed to be attributed to the elevated iron concentration, and 
treatment for iron is likely to be effective at reducing the colour level potentially to below the AO. 

Turbidity was previously elevated in the samples collected in 2011 from PW11-1. Based on these elevated levels, 
a strategy was developed to reduce the turbidity of the groundwater at this well to below 1 NTU in order to meet 
the health-related objective under Table 2 of Procedure D-5-5. On December 22, 2011, the well was surged by 
the well driller and pumped at a rate of approximately 53 L/min (14 US GPM) for 6.5 hours. Just before pump 
shut-off, the field turbidity was measured to be 0.72 NTU, below the health-related objective under 
Procedure D-5-5. While repeating this approach could potentially reduce the 2022 turbidity levels to below 1 NTU, 
treatment using a carbon filtration system or reverse osmosis may be better suited to this site based on the 
reported low water use from this well. 

Golder’s 2012 report concluded that well PW11-1 was capable of supplying at least 16,350 L/day (i.e., more than 
the current estimated daily water demand for Phase 2 of the site). This capacity remains sufficient to provide 
water supply to Phase 2 of the development. 

The water supply well formerly used for residential water supply at the now-demolished residence should be 
decommissioned in accordance with Ontario Regulation 903. 

Updated Terrain Analysis 
The February 2012 Golder report included a terrain analysis based on a preliminary design concept. The design 
has since progressed and the total daily design sanitary sewage flow has been refined from the assumptions in 
the February 2012 report to be up to 10,000 L/day. The following discussion presents an updated terrain analysis 
that incorporates the new total daily design sanitary sewage flow. 

A nitrate dilution model was utilized to assess the potential impact of septic effluent on the properties adjoining 
3440 Frank Kenny Road. The net potential infiltration was based on the regional climatic data for the Ottawa area 
provided by Environment Canada. A maximum of 35 employees was assumed based on information provided by 
Hydro One. The background nitrate concentration was assumed to be less than 0.1 mg/L based on the 
groundwater sample taken from borehole BH11-5 (Golder, 2012), and the nitrate concentration of the effluent was 
assumed to be 40 mg/L as per the guidance in MECP Guideline D-5-4. A nitrate pre-treatment system is being 
designed for the operations facility, and the treatment unit will be constructed as a double-pass system. As per 
literature from Waterloo Biofilter, a double-pass system can achieve between 50 to 65% nitrogen reduction. A 
50% reduction in nitrogen concentrations is therefore assumed for the purposes of this impact assessment. The 
site area used in the assessment was 2.6 hectares. The nitrate dilution calculation is provided in Attachment 3.  

With regard to treatment and dispersal of effluent from the leaching beds, the maximum nitrate concentration at 
the property boundary was calculated to be 8.7 mg/L, less than the ODWQS of 10 mg/L. It should be noted that 
this calculation is conservative because many of the 35 employees will spend the majority of their workday away 
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from the operations facility, and the number of full-day equivalent employees at the facility will be less than 10. It 
is concluded that the impact of the proposed operations facility on groundwater at the downgradient property 
boundary is considered acceptable in accordance with MECP Guideline D-5-4. 

The source protection mapping in the Source Protection Information Atlas1 illustrates that the site does not fall 
within a significant groundwater recharge area. The site does fall within an area marked as a vulnerable aquifer. 
Based on the results of the impact assessment, no potential impacts to nearby off-site groundwater users were 
identified.  

Percolation/infiltration testing is not deemed to be required at this site. Based on the existing identified soils, a 
percolation rate (T) of 50 min/cm was estimated for the purposes of the septic design. Because this is the 
maximum value used in determining the size of the proposed leaching bed, it is considered a conservative 
estimate. 

Conclusions 
Apart from the updated information presented here, the remaining conclusions and recommendations in the 
February 2012 Golder report (included in Attachment 1) remain valid. 

Closure 
Should you have any questions or require further information, please do not hesitate to contact the undersigned. 

Golder Associates Ltd.  

Jaime Oxtobee, M.Sc., P.Geo. 
Senior Hydrogeologist/Associate 

Caitlin Cooke, M.Sc., P.Geo. 
Lead Hydrogeologist 
CAMC/rk 

Attachments: Table 1 – Summary of Water Quality Results 
Attachment 1 – February 2012 Golder Report 
Attachment 2 – Water Quality Summary and Lab Reports 1973087,1976973 and 1985044 
Attachment 3 – Updated Nitrate Dilution Calculation 

https://golderassociates.sharepoint.com/sites/152302/project files/6 deliverables/well sampling/21493887-tm-rev3-well resampling_2022-12-12.docx
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1 https://www.lioapplications.lrc.gov.on.ca/SourceWaterProtection/index.html?viewer=SourceWaterProtection.SWPViewer&locale=en-CA 
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TABLE 1 

Summary of Water Quality Results 
 

 

 



March 2022
Table 1

Summary of Water Quality Results

21493887

Bacterial
Escherichia coli cfu/100ml 0 -- -- 0 0 -- 0
Fecal Coliform cfu/100ml -- -- -- 0 0 -- 0
Fecal Streptococci, Kf Agar cfu/100ml -- -- -- 0 0 -- --
Heterotrophic Plate Count cfu/ml -- -- -- (4) 12 12 -- 0
Total Coliform cfu/100ml 0 -- -- 5 2 -- 0
General Chemistry
Alkalinity (Total as CaCO3) mg/l -- -- 500 284 295 -- 290
Ammonia Nitrogen mg/l -- -- -- 0.76 0.70 -- 0.502
Chloride mg/l -- 250 -- 89 90 -- 61
Chlorine, Total (Field) mg/l -- -- -- 0.01 0 -- --
Chlorine, Free (Field) mg/l -- -- -- 0 0 -- --
Color color unit -- 5 -- <2 <2 -- 96
Conductivity uS/cm -- -- -- 848 853 -- 747
Conductivity (Field) uS/cm -- -- -- 823 813 -- 2848
Dissolved Organic Carbon mg/l -- 5 -- 1.5 1.2 -- 1.6
Fluoride mg/l 1.5 -- -- 0.29 0.27 -- 0.27
Hardness, Calcium Carbonate mg/l -- -- 100 297 279 -- 305
Hydrogen Sulfide mg/l -- 0.05 -- 2.88 <0.10 -- 0.21
Hydrogen Sulfide (Field) mg/l -- 0.05 -- 2 2 -- --
Ion Balance no units -- -- -- 1.04 0.94 -- 1.00
Nitrate as N mg/l 10.0 -- -- 0.14 <0.10 -- <0.10
Nitrite as N mg/l 1.0 -- -- <0.10 <0.10 -- <0.10
Nitrogen, Total Kjeldahl mg/l -- -- -- 0.74 0.87 -- 0.629
pH - -- -- 8.5 7.96 8.03 -- 7.82
pH (Field) - -- -- 8.5 7.6 7.5 -- 7.15
Sulphate mg/l -- 500 (5) -- 22 22 -- 35
Tannin & Lignin mg/l -- -- -- <0.1 <0.1 -- <1.0
Temperature (Field) deg c -- 15 -- 11.4 11 -- 11
Total Dissolved Solids mg/l -- 500 -- 551 554 -- 486
Turbidity ntu -- 5 (6) -- (7) 102 37.1 -- 13.2
Turbidity (Field) ntu -- 5 (6) -- (7) 91.9 26.9 0.72 --
Metals
Calcium mg/l -- -- -- 76 74 -- 94
Iron mg/l -- 0.3 -- 1.48 0.35 -- 1.63
Magnesium mg/l -- -- -- 26 23 -- 17
Manganese mg/l -- 0.05 -- 0.05 0.03 -- 0.06
Potassium mg/l -- -- -- 8 6 -- 5
Sodium mg/l -- 200 (8) -- 66 60 -- 46
Phenols
Phenolics, Total Recoverable mg/l -- -- -- 0.002 <0.001 -- <0.001

ODWQS
(169/03)-
Health (1)UnitParameter

PW11-1
07-Nov-2011

S-1

PW11-1
09-Mar-2022

HYDRO

ODWQS-
AO (2)

ODWQS-
OG (3)

PW11-1
07-Nov-2011

S-4

PW11-1
22-Dec-2011

PW11-1

Generated by EQuIS 2022-3-24 11:08
https://golderassociates.sharepoint.com/sites/152302/Project Files/6 Deliverables/Well Sampling/Att2a-Table 1 - WQ Summary
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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) was retained by J.L. Richards & Associates Limited (JLR), on behalf of  

743120 Ontario Inc., to conduct a hydrogeology, terrain analysis and impact assessment study in support of a 

proposed site of the future Hydro One Networks Inc. (HONI) Orleans Service Centre in Ottawa, Ontario (Figure 1). 

The property is comprised of two civic addresses, 3406 and 3450 Frank Kenny Road Site (see Figure 2), and is 

located in an industrial/agricultural area adjacent to the Village of Navan. The property is 5.32 hectares  

(13.16 acres) in area and is topographically flat. The northern part of the Site (3406 Frank Kenny Drive) is  

2.53 hectares (6.26 acres) in area and is currently occupied by M. L. Bradley Bus Lines (Bradley), while the 

southern portion of the Site (3450 Frank Kenny Drive) is 2.79 hectares (6.9 acres) in area and is occupied by a 

residential bungalow and agricultural land (leased to a tenant by Bradley). HONI will initially lease a small portion of 

the south parcel of the Site (agricultural land). HONI will eventually lease to own 2.90 hectares south of the  

bus operation. 

HONI proposes to build an operations facility on the south parcel. We understand that the proposed operations 

facility building will be approximately 30,000 square feet in size and will house up to 35 employees. It is 

proposed that water supply to the operations facility will be provided by a new water supply well. This study has 

been prepared based on estimates of the future staffing levels provided to Golder, with the estimated water 

demand equal to approximately 5,000 L/day.  

The purpose of the hydrogeology and terrain analysis study is to determine the following: 

 If adequate quantities of potable water are available for the proposed development; 

 If the soils are suitable for the installation of an on-site sewage disposal system; and, 

 If the impact from the sewage system on downgradient water resources is within acceptable limits. 

1.1 Scope of Work 

The scope of work for the hydrogeology and terrain analysis study was based on the work program outlined in 

the Golder proposal to JLR, dated June 17, 2011. The hydrogeology study consisted of the following: 

 Collection of background information for the site and surrounding area; 

 Drilling of one test well on the site to determine the quality and quantity of groundwater available for  

water supply; 

 Conducting a pumping test on the test well consisting of a pumping phase (6 hours) followed by a recovery 

phase (up to 10 hours); 

 Monitoring of groundwater levels during the pumping and recovery phases in the pumping well and in 

existing water wells located at the Bradley office and at the nearby residence; 

 Collection of groundwater samples from the pumping well after one hour of pumping and just before  

pump shut-off; 

 Collection of groundwater samples at the residence and at the Bradley office; and, 
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 Submission of these groundwater samples for the analysis of chemical, physical and bacteriological 

parameters standard to subdivision supply requirements. 

The terrain analysis consisted of the following: 

 The excavation of four test pits and an inspection of the materials encountered; 

 A review of materials encountered during drilling of seven boreholes completed as a part of the 

geotechnical investigation for the site (Golder, 2012); and, 

 Installation of a shallow monitoring well in the clay overburden, collection of a groundwater sample and 

submission of this sample for analysis of nitrate. 

1.2 Impact Assessment  

A groundwater impact assessment was conducted in accordance with MOE Procedure D-5-4 (MOE, 1996b).  

Although Procedure D-5-4 does not strictly apply to this type of development, the City of Ottawa requested, during 

the Pre-Application consultation meeting held October 18, 2011, that the hydrogeological report incorporate an 

impact assessment of groundwater resources with respect to hazardous materials storage at the site. 

1.3 Applicable Environmental Criteria 

The procedures for the assessment of potential groundwater impact generally followed the MOE Guideline 

entitled “Technical Guideline for Individual On-site Sewage Systems: Water Quality Impact Risk Assessment”, 

dated August 1996 (Guideline D-5-4). It is assumed that the sewage system will be designed to be a small 

sewage system (handling no more than 10,000 L/day of effluent). The terrain analysis was not intended to 

provide specific design of the on-site sewage disposal system, but provided general recommendations for the 

type of system that would be appropriate for the site.  

The procedures for the assessment of water supply for the site generally followed the Ministry of the 

Environment (MOE) guideline entitled, “Technical Guideline for Private Wells: Water Supply Assessment,” dated 

August 1996 (MOE Procedure D-5-5). 
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2.0 BACKGROUND INFORMATION 

2.1 Surficial Geology 

Published geological mapping indicates that in the area of 3450 Frank Kenny Road, surficial materials consist of 

offshore marine deposits (clay, silty clay and silt) and glacial till (see Figure 3, Surficial Geology). In the wider 

area, organic deposits, deltaic and estuary deposits and exposed bedrock are also present. Published geological 

mapping also indicates that the depth to bedrock is expected to be approximately 2 to 15 metres (Figure 4). 

The well record from the existing water supply well at the Bradley office described 5.8 metres of clay underlain 

by 3.7 metres of glacial till (hardpan) over shale bedrock (Appendix A). At PW11-1, based on the well record,  

8.9 metres of silty clay was found to overlie shale bedrock. 

2.2 Bedrock Geology 

Two bedrock units are indicated to be exposed in the area of the site: the Lindsay Formation and the overlying 

Billings Formation which are both Upper Ordovician in age (see Figure 5, Bedrock Geology). The Lindsay 

Formation consists of fossiliferous limestone with shaley partings while the Billings Formation consists of  

non-calcareous shale with thin limestone interbeds (Williams, 1991). Aquifers in the Lindsay Formation are 

restricted to seams that are in the calcareous shale layers (GSC, 2004). In the Billings Formation, supply is 

generally sufficient for domestic use with thick sections with no water. The quality is generally poor with mineral 

content in excess of accepted levels; aquifers commonly yield saline and sulfurous water (GSC, 2004). 

2.3 Hydrogeology 

A hydrogeological investigation of the Navan area water supply was conducted by Golder (Golder, 2001). The 

geology was found to consist of up to 10 m of clay followed by a glacial till aquifer underlain by bedrock of the 

Billings Formation shale (and/or dark grey to black limestone of the Eastview formation), underlain by the  

Gull River Formation limestone. Background information indicated that the gravel till was the best source of 

water and that the shale and limestone were poor water quality producers. 

Golder also conducted a desktop review to assess the potential for provision of public water and wastewater 

services to all privately serviced villages in the City of Ottawa, including the village of Navan (Golder, 2007). The 

assessment was conducted for the area within 1 kilometre of the village boundaries, and examined information 

sources such as City of Ottawa base mapping, Ministry of Environment (MOE) water well information system 

(WWIS) and available mapping of topography, surficial and bedrock geology, drift thickness and surface water 

bodies. Municipal water supply and waste water services are not available at the site. 

Based on an analysis of the WWIS for wells located within 1 km of the village of Navan, 81 overburden wells and 

216 bedrock wells were identified. The well depths were reported to be up to 100 metres, with 88% of wells being 

30 metres deep or less. Of the overburden wells, 90% reported well yields of 20 L/min/m or less; 36% of wells were 

reported as having fresh water and 64% of wells had salty water. Of the bedrock wells, 91% reported well yields of 

20 L/min/m or less; 54% of wells were reported as having fresh water and 46% of wells had salty water. 

Groundwater use within the vicinity of the site is limited to private water supply wells for residences and small 

businesses. Four groundwater users were identified within 500 metres of the site: 

1) The Bradley Bus office well (3406 Frank Kenny Road); 
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2) On-site residential well (3450 Frank Kenny Road); 

3) Private well at the property immediately north of the site (3372 Frank Kenny Road); and, 

4) Private well located south of the site (1533 Colonial Road). 
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3.0 TERRAIN ANALYSIS 

3.1 Field Investigation Program 

Test pits TP11-1, TP11-2, TP11-3 and TP11-4 and boreholes BH11-4 and BH11-5 were advanced in the area of 

the proposed on-site sewage disposal system. Details of the subsurface conditions at each location are 

presented on the Record of Test Pits in Appendix B. The locations of the test pits are shown on Figure 2. 

A groundwater sample was collected from the standpipe installed in borehole BH11-5 and submitted for analysis 

of nitrate in order to determine the background nitrate concentration. 

3.2 Subsurface Conditions 

This section provides a summarized account of the subsurface soils and groundwater conditions on the site 

based on the information obtained from the test pits completed on October 31, 2011. It is noted that in some 

cases the stratigraphic boundaries within the overburden represent a transition between soil types rather than an 

exact plane of geologic change.   

Brown topsoil with a thickness of 0.15 metres was encountered at ground surface at all four test pit locations.  

Grey brown silty clay was found below the topsoil at all test pit locations.  At test pit TP11-2, 1.40 metres of  

grey brown silty sand with some gravel and clay, with cobbles, and boulders (glacial till) was encountered below 

the silty clay; however, the sample taken from this layer was found to have a high clay content and was too fine 

for grain size analysis. The test pits were all terminated in the silty clay at depths of 1.60 to 2.00 mbgs, with the 

exception of test pit TP11-2 which was terminated in the glacial till at 2.40 mbgs. Groundwater seepage was 

observed in the test pits at depths of 1.50 to 2.00 mbgs. 

Shale was encountered at depths of 3.1 to 4.3 mbgs in boreholes BH11-4, BH11-5, BH11-6 and BH11-7. 

A nitrate concentration of less than 0.1 mg/L was measured in the groundwater sample collected from  

borehole BH11-5. 

3.3 Class IV Sewage Disposal Systems 

The following sewage system recommendations are based on a conventional Class IV Sewage System 

comprised of a septic tank and an absorption trench leaching bed.  Design parameters contained in this section 

are derived from the 2006 Ontario Building Code (OBC), and are intended as guidelines only with respect to the 

feasibility of constructing a system at the proposed operations building. Prior to construction of a sewage 

system, the system will be designed for the proposed operations building.  

For the purpose of demonstrating that this site has adequate land area for sewage disposal, the most 

conservative soil conditions and largest treatment and disposal area requirements were assumed.  It is our 

understanding that total sewage flows are estimated to be in the range of 3,000 L/day to 5,000 L/day, based on 

estimates of future staffing levels of 35 employees. 

The shallow soil profile in the majority of the site is characterized by a topsoil layer followed by a silty clay unit to at 

least 1.40 mbgs.  Groundwater was encountered below the topsoil layer in the test pits at depths of 1.50 to  

2.00 mbgs. 
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Due to the low permeability native soils present at the site a raised to partially raised leaching bed will be 

required.  Imported sand is required for the construction of raised leaching beds. A minimum of 500 metres of 

distribution piping is required for conventional leaching bed construction based on the following formula: 

  
  

   
 

where:  

 L = total length of the distribution pipe in metres; 

 Q = the total daily design sanitary sewage flow in litres (5,000 L/day, assuming that the sewage system will 

be designed to be a small sewage system; and, 

 T = the design percolation time imported sand (assumed to be 10 minutes (OBC Table 2)). 

The clearances around the distribution piping are to be a minimum of those shown in the OBC Table 8.2.1.6 B. 

The leaching bed area should be chosen such that the bed is at no steeper grade than 1V:4H, and not in an area 

prone to flooding. The bed area should be backfilled so as not to settle and create any depressions. The bed 

should be shaped to shed water, and should be protected from erosion and any compaction, stress or pressure 

that could negatively impact the bed. 

The percolation time of the silty clay encountered below the topsoil across most of the site will exceed 

50 minutes per centimetre (see OBC Table 3). The loading rate corresponding to this percolation time is equal to 

4 L/m
2
/day (see OBC Table 8.7.4.1.A). Therefore, the leaching bed area required for a total daily design sanitary 

sewage flow of 5,000 L/day is 1,250 m
2
. 

The grassed area east of the proposed building footprint, adjacent to Frank Kenny Road is approximately 

4,900 m
2
. The 1,250 m

2
 sewage disposal footprint can be accommodated on this area of the site. 
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4.0 HYDROGEOLOGY STUDY 

It should be noted that the hydrogeology study was completed in conjunction with a Phase I ESA and 

geotechnical program.  Results of these investigations are provided under separate cover (Golder 2011  

and 2012). 

4.1 Field Investigation Program 

4.1.1 Health and Safety 

Prior to initiating the fieldwork, Golder developed and implemented site-specific protocols to protect the health 

and safety of its employees and subcontractors through the preparation of a site-specific Health and Safety Plan. 

Underground Services Locators Ltd. (a private service utility locator) was retained to coordinate utility clearances 

with the local utility companies, and to clear the proposed borehole location prior to the initiation of the fieldwork. 

4.1.2 Well Construction 

A new well, PW11-1, shown on Figure 2, was drilled on November 4, 2011 by Bourgeois Well Drilling Ltd. of  

St. Albert, Ontario. The installation of the well casing was monitored by Golder field staff to ensure that 

appropriate grouting procedures were followed.  

4.1.3 Pumping Test 

A pumping test of approximately 360 minutes in duration was conducted on PW11-1 from approximately 9:30 am 

until 4 pm on November 7, 2011. The well was pumped at a rate of approximately 15.1 L/min (4 US GPM) for the 

first 32 minutes of the test, after which the rate was reduced to approximately 9.5 L/min (2.5 US GPM) due to the 

large amount of drawdown observed in the pumping well. At the 40-minute mark, the rate was increased to 

10.2 L/min (2.7 US GPM) and at 66 minutes, increased again to 11.3 L/min (3 US GPM) for the remainder of the 

test. The pumping rates used in the test are summarized in the following table. 

Time Period of Pumping Test Approximate Pumping Rate 

0 to 32 minutes 15.1 L/min 

32 to 40 minutes 9.5 L/min 

40 to 66 minutes 10.2 L/min 

66 minutes to end of test 11.3 L/min 

During the test, a total of 4,328 L of water was extracted from the aquifer. 

The water levels were measured in PW11-1 and at two observation wells (the nearby residential well and the 

Bradley Bus well) manually, using an electric water level tape, and electronically, using pressure transducer loggers 

which took measurements at appropriate intervals. The residential well and the Bradley Bus well are located 

approximately 60 metres and 220 metres from PW11-1, respectively. A barometric pressure logger was used  

on-site for post-processing barometric compensation. Following the cessation of pumping, groundwater levels in 

PW11-1 and the observation wells were measured until water levels had recovered to pre-pumping levels. 

Pumped water was discharged to the roadside ditch located approximately 90 metres southeast of PW11-1. 
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4.1.4 Groundwater Sampling 

Two samples of the pumped groundwater were collected from PW11-1 (labelled S-1 and S-4) and submitted to 

Exova Laboratories of Ottawa for analysis of chemical, physical and microbiological analyses of parameters 

commonly used to evaluate water quality for residential subdivision developments. The first sample was 

collected 70 minutes after the start of pumping on November 11, 2011, and the second sample was collected 

just prior to the end of pumping. 

The two existing water supply wells at the site (at the residence (labelled S-2), and at the bus company (labelled 

S-3)) were sampled after approximately 3.5 hours and 4 hours into the pumping test, respectively, and submitted 

to Exova Laboratories for chemical, physical and microbiological analyses of parameters standard to subdivision 

supply requirements. 

The turbidity of the discharge water was monitored periodically in the field during the pumping test. Field 

measurements of temperature, pH, conductivity, chlorine residual, turbidity and hydrogen sulphide were taken at 

PW11-1 and the observation wells at the time of sampling. All analyses were compared to the applicable 

maximum acceptable concentrations (MAC), interim maximum acceptable concentrations (IMAC), or aesthetic 

objectives (AO) found in the Technical Support Document for Ontario Drinking Water Quality Standards, 

Objectives and Guidelines (ODWQS) (MOE, 2006). 

4.2 Field Investigation Results 

4.2.1 Subsurface Conditions 

Based on the water well record, the 152 millimetre diameter well was completed at a depth of 24.3 metres. 

During drilling, silty clay overburden was encountered to a depth of 8.9 metres where shale bedrock was 

encountered. PW11-1 was cased to a depth of 10.9 metres using steel casing.  At the end of drilling, the 

groundwater level in PW11-1 was 9.5 metres below the top of the steel casing. The groundwater level on 

November 7, 2011, prior to the start of the pumping test, was 1.72 metres below the top of the steel casing. The 

water well record for PW11-1 is located in Appendix D. 

4.2.2 Pumping Test and Observation Wells 

The drawdown observed at PW11-1 during the November 2011 pumping test is illustrated on Figure 6, and the 

drawdown observed at the observation wells is illustrated on Figure 7. The two observation wells were in use 

during the pumping test on PW11-1 and the abrupt changes in the amount of drawdown measured in these wells 

were attributed to coincidental pumping from these wells during the pumping test. The general downward trend 

in measured water levels in the observation wells were assumed to represent the response from pumping 

PW11-1.   

The water level recovery in PW11-1 achieved 95% recovery approximately 26 minutes following the cessation of 

pumping. The drawdown in the observation wells was small relative to the precision of the pressure transducer 

loggers and the manual water level tape, and relative to the drawdown caused by coincidental water usage at 

these wells during the pumping test. As a result, it was difficult to calculate the percent recovery at these wells 

following the cessation of the pumping test. The residual drawdown measured at the residential well 23 minutes 

after the end of pumping was 0.04 metres, and at the Bradley Bus well 53 minutes after the end of pumping was 

0.02 metres.  
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Aquifer transmissivity was estimated using the Cooper and Jacob drawdown method (Cooper and Jacob, 1946) 

and the Theis recovery method (Theis, 1935) to interpret drawdown data collected during the pumping test at 

PW11-1 (see Appendix E). The water levels at the residential well and at the Bradley Bus well exhibited a 

decrease of approximately 0.06 metres and 0.03 metres, respectively, in response to pumping at PW11-1. 

Based on pumping well and observation well data, the aquifer transmissivity is indicated to range from 

approximately 0.5 to 99 m
2
/day, and the storativity is indicated to range from approximately 1.1x10

-4
 to 2.6x10

-4
.  

The wide range in transmissivity calculated from the data can be attributed to an imperfect hydraulic connection 

between the pumping well and the observation wells. 

Based on the data obtained during the pumping test, it can be concluded that PW11-1 is capable of supplying at 

least 11.3 L/min (16,350 L/day). During the course of the six hour pumping test period, about 31 percent of the 

available drawdown was utilized while pumping at an average rate of 11.3 L/min. As such, the yield of PW11-1 

considerably exceeds the assumed water usage for the new operations facility of 5,000 L/day.   

Additional surging followed by pumping was performed on PW11-1 to reduce turbidity (Section 4.2.3.1).  This 

additional well development not only reduced the turbidity, it substantially increased the yield of the well.  The well 

maintained a pumping rate of 53 L/min for 6.5 hours and the water level measured at the end of pumping was 

1.86 metres below the top of the well casing. A total of 20,700 L of water were extracted during this operation.  

4.2.3 Groundwater Analytical Results 

The field observations and the results of the laboratory microbiological, chemical and physical analyses for the 

groundwater samples collected from PW11-1, the Bradley Bus well and the residential well are summarized in 

Table 1 following the text of this report. The certificates of laboratory analyses are included in Appendix F. 

All laboratory results were compared to the applicable maximum acceptable concentrations (MAC), interim 

maximum acceptable concentrations (IMAC), aesthetic objectives (AO) found in the Technical Support 

Document for Ontario Drinking Water Quality Standards (MOE, 2006). 

4.2.3.1 PW11-1 (S-1 and S-4) 

Analytical results of the groundwater samples collected from PW11-1 on November 7, 2011 indicate an AO 

exceedance for the total dissolved solids (TDS) concentration, which was measured to be 551 mg/L after  

70 minutes of pumping and 554 mg/L after 6.3 hours of pumping, just before pump shut-off. The AO for TDS is 

500 mg/L (MOE, 2006). The potential for corrosion or encrustation problems associated with elevated TDS was 

assessed by calculating the Langelier Saturation Indices (LSI) for the 70-minute and 6.3-hour samples, which 

were 0.1 and 0, respectively. These LSI values are within the range generally considered stable (between  

-0.5 and +0.5) and indicate that corrosion or encrustation problems are unlikely.     

The field hydrogen sulphide concentrations measured in the samples collected after 70 minutes and 6.3 hours of 

pumping were 2 mg/L and 2 mg/L, respectively, greater than the AO of 0.05 mg/L.  Laboratory measured 

concentrations of hydrogen sulphide were 2.88 mg/L (initial) and non-detectable at the end of the test.  Hydrogen 

sulphide in these concentrations can be treated with conventional water treatment equipment. 

The field turbidity concentrations measured in the samples collected after 70 minutes and 6.3 hours of pumping 

were 91.9 NTU and 26.9 NTU, respectively, greater than the AO of 5 mg/L (applicable at the point of 
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consumption). In accordance with Procedure D-5-5, the treatability limit for turbidity is 5 NTU for non-disinfected 

water supplies. 

Based on the elevated levels of turbidity measured in the samples taken from PW11-1, a strategy was 

developed to reduce the turbidity of the groundwater at this well to below 1 NTU in order to meet the health-

related objective under Table 2 of Procedure D-5-5. On December 22, 2011, the well was surged by the well 

driller and pumped at a rate of approximately 53 L/min (14 US GPM) for 6.5 hours. Just before pump shut-off, 

the field turbidity was measured to be 0.72 NTU, below the health-related objective under Procedure D-5-5.  

The sodium concentration measured in the samples collected after 70 minutes and 6.3 hours of pumping, was 

66 mg/L and 60 mg/L, respectively, which is below the aesthetic objective for sodium in drinking water of 

200 mg/L. However, in accordance with Procedure D-5-5, the local Medical Officer of Health should be notified 

when the sodium concentration exceeds 20 mg/L so that this information may be communicated to local 

physicians for their use with patients on sodium restricted diets. 

The iron concentrations measured in the samples collected after 70 minutes and 6.3 hours of pumping were 

1.48 mg/L and 0.35 mg/L, respectively, slightly greater than the AO of 0.30 mg/L. In accordance with Procedure 

D-5-5, the treatability limit for iron is 10 mg/L. Iron in these concentrations can be treated with conventional water 

treatment equipment. 

All of the bacteriological parameters with the exception of the heterotrophic plate count and total coliforms were 

measured below the laboratory method detection limits for the samples collected after 70 minutes and 6.3 hours 

of pumping.  Heterotrophic plate counts of 12 and 12 cfu/mL were measured in the samples collected after  

70 minutes and 6.3 hours of pumping, respectively. The presence of heterotrophic bacteria is not considered a 

health concern.   

Total coliforms of 5 and 2 cfu/100mL were measured in the samples collected after 70 minutes and 6.3 hours of 

pumping, respectively, above the health-related ODWQS of 0 cfu/100mL established for water systems that are 

disinfected. In accordance with Procedure D-5-5, a total coliform count of less than 6 cfu/100mL is considered as 

indicative of acceptable water quality for a raw groundwater supply.  However, despite acceptable raw water 

bacteriological quality, Hydro One has a policy that all groundwater supplies that service their facilities are 

equipped with disinfection equipment. This policy will apply to both the permanent facility and any temporary 

facility used by Hydro One. 

All of the other results of chemical analysis for PW11-1 were below the respective MACs and AOs (see Table 1).   

4.2.3.2 Residential Well (S-2) 

Analytical results of the groundwater sample collected from the residential well on November 7, 2011 indicate an 

AO exceedance for the total dissolved solids (TDS) concentration, which was measured to be 645 mg/L. The AO 

for TDS is 500 mg/L (MOE, 2006). The potential for corrosion or encrustation problems associated with elevated 

TDS was assessed by calculating the Langelier Saturation Index (LSI), which was 0.3. This LSI value is within 

the range generally considered stable (between -0.5 and +0.5) and indicates that corrosion or encrustation 

problems are unlikely. 

The field hydrogen sulphide concentration measured in the sample was 0.1 mg/L, greater than the AO of 

0.05 mg/L, but within treatable limits. 
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The field turbidity concentration measured in the sample was 14.1 NTU, greater than the AO of 5 NTU. In 

accordance with Procedure D-5-5, the treatability limit for turbidity is 5 NTU.  Elevated turbidity is frequently a 

function of insufficient well development. 

The sodium concentration measured in the sample was 41 mg/L, which is below the aesthetic objective for 

sodium in drinking water of 200 mg/L. However, in accordance with Procedure D-5-5, the local Medical Officer of 

Health should be notified when the sodium concentration exceeds 20 mg/L so that this information may be 

communicated to local physicians for their use with patients on sodium restricted diets. 

The iron concentration measured in the sample collected was 1.86 mg/L, respectively, greater than the AO of 

0.30 mg/L. In accordance with Procedure D-5-5, the treatability limit for iron is 10 mg/L. 

The manganese concentration measured in the sample collected was 0.08 mg/L, respectively, greater than the 

AO of 0.05 mg/L. In accordance with Procedure D-5-5, the treatability limit for manganese is 1.0 mg/L. 

All of the other results of chemical analysis for the residential well were below the respective MACs and AOs 

(see Table 1).  

All of the bacteriological parameters with the exception of the total coliforms and heterotrophic plate count were 

measured below the laboratory method detection limits for the sample collected. Total coliforms of 12 cfu/100mL 

were measured, above the health-related ODWQS of 0 cfu/100mL established for water systems that are 

disinfected.  A total coliforms count of less than 6 cfu/100mL is generally considered acceptable for untreated 

supplies. A heterotrophic plate count of 5 cfu/mL was measured. The presence of heterotrophic bacteria is not 

considered a health concern.  The owner of the well was notified of the coliform result. It is also noted that when 

the site is developed, the residence will be demolished and the residential well will be abandoned in accordance 

with O. Reg. 903. 

The presence of elevated bacterial levels in groundwater is usually specific to a particular well, as opposed to a 

wider problem within a water supply aquifer. Although a determination of the reason for elevated bacterial levels 

at the residential well is outside the scope of this study, bacteria may be present in a well due to reasons such as 

improper well construction, deteriorating well casing, contamination during pump maintenance, etc. No 

information was provided on the construction of the residential well. The slightly elevated bacterial levels 

detected in the residential well would not be expected to affect the water quality at PW11-1, as demonstrated by 

the excellent bacteriological results obtained from this well. 

4.2.3.3 Bradley Bus Well (S-3) 

Analytical results of the groundwater sample collected from the Bradley Bus well on November 7, 2011 indicate 

an AO exceedance for the total dissolved solids (TDS) concentration, which was measured to be 650 mg/L. The 

AO for TDS is 500 mg/L (MOE, 2006). The potential for corrosion or encrustation problems associated with 

elevated TDS was assessed by calculating the Langelier Saturation Index (LSI), which was 0.1. This LSI value is 

within the range generally considered stable (between -0.5 and +0.5) and indicates that corrosion or encrustation 

problems are unlikely.     

The laboratory-measured turbidity concentration measured in the sample was 7.6 NTU, greater than the AO of 

5 NTU; however, the field turbidity concentration measured at the time of sampling was 3.77 NTU. In accordance 

with Procedure D-5-5, the treatability limit for turbidity is 5 NTU. 
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The sodium concentration measured in the sample was 51 mg/L, which is below the aesthetic objective for 

sodium in drinking water of 200 mg/L. However, in accordance with Procedure D-5-5, the local Medical Officer of 

Health should be notified when the sodium concentration exceeds 20 mg/L so that this information may be 

communicated to local physicians for their use with patients on sodium restricted diets. 

The iron concentration measured in the sample collected was 0.82 mg/L, respectively, greater than the AO of 

0.30 mg/L. In accordance with Procedure D-5-5, the treatability limit for iron is 10 mg/L. 

All of the bacteriological parameters with the exception of the heterotrophic plate count were measured below 

the laboratory method detection limits for the sample collected. A heterotrophic plate count of 18 cfu/mL was 

measured. The presence of heterotrophic bacteria is not considered a health concern.   

All of the other results of chemical analysis for the Bradley Bus well were below the respective MACs and AOs 

(see Table 1). 
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5.0 IMPACT ASSESSMENT 

A nitrate dilution model was utilized to assess the potential impact of septic effluent on the properties adjoining 

3450 Frank Kenny Road, The net potential infiltration was based on the regional climatic data for the Ottawa 

area provided by Environment Canada. The daily effluent loading was based on 125 L/day per employee, 

assuming that showers would be built in the operations centre. A maximum of 35 employees was assumed 

based on information provided by HONI. The background nitrate concentration was assumed to be less than  

0.1 mg/L based on the groundwater sample taken from borehole BH11-5, and the nitrate concentration of the 

effluent was assumed to be 40 mg/L. The site area was assumed to be 2.90 hectares. The nitrate dilution 

calculation is provided in Appendix G.  

With regard to treatment and dispersal of effluent from the leaching beds, the maximum nitrate concentration at 

the property boundary was calculated to be 9.4 mg/L, less than the ODWQS of 10 mg/L. It should be noted that 

this calculation is conservative since many of the 35 employees will spend the majority of their work day away 

from the operations facility, and the number of full-day equivalent employees at the facility will be less than 10. 

Nevertheless, a nitrate pre-treatment system may be considered for the operations facility, if required. It is 

concluded that the impact of the proposed operations facility on groundwater at the downgradient property 

boundary is considered acceptable in accordance with MOE Guideline D-5-4. 

It is understood that the operations facility will include limited hazardous materials storage (e.g. PCBs). HONI 

has established procedures and guidelines for storage of hazardous materials that meet applicable provincial 

environmental requirements.  
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6.0 SUMMARY AND CONCLUSIONS 

Based on the terrain evaluation and groundwater supply investigation carried out by Golder Associates at the 

site, the following summary and conclusions are provided: 

a) A septic system at the site must be constructed in accordance with the 2006 Ontario Building Code (OBC).  

Section 3.3 provides general septic leaching bed design considerations. Based on these considerations, 

the site can accommodate a septic field for the proposed operations centre. Prior to construction of a septic 

system, detailed design will be required; 

b) According to the nitrate dilution calculation, maximum nitrate concentration at the property boundary was 

calculated to be 9.4 mg/L, less than the maximum of 10 mg/L under Procedure D-5-4. It is concluded that 

the impact of the proposed operations facility on groundwater at the downgradient property boundary is 

considered acceptable; 

c) It is understood that the operations facility will include limited hazardous materials storage (e.g. PCBs). It is 

recommended that any hazardous materials storage on the site incorporate measures to prevent release of 

these materials to the environment, to prevent contamination of the aquifer from sources located at ground 

surface. HONI has established procedures and guidelines for storage of hazardous materials that meet 

applicable provincial environmental requirements; 

d) The pumping test conducted at well PW11-1 suggests that a sufficient quantity of water is available in the 

bedrock to satisfy a daily water consumption of 16,350 L/day, above the assumed water usage for the new 

operations facility of 5,000 L/day or less based on 35 employees at the proposed operations centre; 

e) The groundwater quality at well PW11-1 indicates that the water quality meets applicable standards or 

objectives for the analyzed parameters, with the exception of TDS, iron, hydrogen sulphide and total 

coliforms. Treatment may be necessary to reduce the iron and hydrogen sulphide concentrations below the 

AOs. Common techniques for iron include water softeners, manganese greensand filters or other oxidizing 

media. Corrosion or encrustation problems associated with TDS are considered unlikely. Total coliforms 

were measured to be 5 and 2 cfu/100mL in raw samples from the well, slightly above the health-related 

ODWQS of 0 cfu/100mL established for water systems that are disinfected; however, in accordance with 

Procedure D-5-5, a total coliform count of less than 6 cfu/100mL is considered as indicative of acceptable 

water quality; and, 

f) Based on the small amount of drawdown measured at the observation wells, located approximately 61 and 

220 metres from PW11-1, it is not expected that the proposed use of PW11-1 would adversely affect other 

nearby groundwater users, including the nearby residence and the Bradley Bus office.  
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7.0 LIMITATIONS AND USE OF REPORT 

This letter report was prepared for the exclusive use of the J.L. Richards & Associates, 743120 Ontario Inc. and 

Hydro One Networks Inc. Should additional parties require reliance on this report, written authorization from 

Golder Associates Ltd. would be required. The report, which specifically includes all tables, figures and 

attachments is based on data and information collected during the hydrogeology assessment conducted by 

Golder Associates Ltd. and is based solely on the conditions of the property at the time of the field investigation, 

supplemented by historical information and data obtained by Golder Associates Ltd. as described in this report. 

The services performed as described in this letter report were conducted in a manner consistent with that level of 

care and skill normally exercised by other members of the engineering and science professions currently practicing 

under similar conditions, subject to the time limits and financial and physical constraints applicable to the services. 

Any use which a third party makes of this letter report, or any reliance on, or decisions to be made based on it, 

are the responsibilities of such third parties.  Golder Associates Ltd. accepts no responsibility for damages, if 

any, suffered by any third party as a result of decisions made or actions based on this letter.   

The content of this letter report is based on information collected during our investigation, our present 

understanding of the site conditions, and our professional judgement in light of such information at the time of 

this letter report.  This letter report provides a professional opinion and therefore no warranty is either expressed, 

implied, or made as to the conclusions, advice and recommendations offered in this letter report.  This letter 

report does not provide a legal opinion regarding compliance with applicable Canadian laws.  With respect to 

regulatory compliance issues, it should be noted that regulatory statutes and the interpretation of regulatory 

statutes are subject to change.   

The findings and conclusions of this letter report are valid only as of the date of this report.  If new information is 

discovered in future work, including excavations, borings, or other studies, Golder Associates Ltd. should be 

requested to re-evaluate the conclusions of this letter report, and to provide amendments as required.  The 

groundwater supply well installed during the course of this investigation has been left in place.  This well is the 

property of the owner/client and not Golder Associates Ltd. 
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PW11-1 PW11-1 PW11-1
11/7/2011 11/7/2011 12/22/2011

S-1 S-4 PW11-1
Bacterial
Coliform cfu/100ml 0 -- -- 5 2 --
Escherichia coli cfu/100ml 0 -- -- 0 0 --
Fecal Coliform cfu/100ml -- -- -- 0 0 --
Fecal Streptococci, Kf Agar cfu/100ml -- -- -- 0 0 --
Heterotrophic Plate Count cfu/ml -- -- -- 12 12 --
General Chemistry
Alkalinity as CaCO3 mg/l -- -- -- 284 295 --
Ammonia Nitrogen mg/l -- -- -- 0.76 0.70 --
Chloride mg/l -- 250 250 89 90 --
Chlorine, Total (Field) mg/l -- -- -- 0.01 0 --
Chlorine, Free (Field) mg/l -- -- -- 0 0 --
Color color unit -- 5 7 <2 <2 --
Conductivity uS/cm -- -- -- 848 853 --
Conductivity (Field) uS/cm -- -- -- 823 813 --
Dissolved Organic Carbon mg/l -- 5 10 1.5 1.2 --
Fluoride mg/l 1.5 -- -- 0.29 0.27 --
Hardness, Calcium Carbonate mg/l -- -- -- 297 279 --
Hydrogen Sulfide mg/l -- 0.05 -- 2.88 <0.10 --
Hydrogen Sulfide (Field) mg/l -- 0.05 -- 2 2 --
Ion Balance - -- -- -- 1.04 0.94 --
Nitrate as N mg/l 10 -- -- 0.14 <0.10 --
Nitrite as N mg/l 1 -- -- <0.10 <0.10 --
Nitrogen, Total Kjeldahl mg/l -- -- -- 0.74 0.87 --
pH - -- -- -- 7.96 8.03 --
pH (Field) - -- -- -- 7.6 7.5 --
Sulfate mg/l -- 500 (8) 500 22 22 --
Tannin & Lignin mg/l -- -- -- <0.1 <0.1 --
Temperature (Field) deg c -- 15 -- 11.4 11 --
Total Dissolved Solids mg/l -- 500 -- (13) 551 554 --
Turbidity ntu -- 5 (9) 5 102 37.1 --
Turbidity (Field) ntu -- 5 (9) 5 91.9 26.9 0.72
Metals
Calcium mg/l -- -- -- 76 74 --
Iron mg/l -- 0.3 5 (12) 1.48 0.35 --
Magnesium mg/l -- -- -- 26 23 --
Manganese mg/l -- 0.05 1 0.05 0.03 --
Potassium mg/l -- -- -- 8 6 --
Sodium mg/l -- 200 (11) 200 66 60 --
Phenols
Phenolics, Total Recoverable mg/l -- -- -- 0.002 <0.001 --

Parameter Unit

(2) (1) 

ODWQS(169/03)-
Health

(4) (3) 

ODWQS-
AO

(6) (5) 

MOE 
D-5-5
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Bacterial
Coliform cfu/100ml 0 --
Escherichia coli cfu/100ml 0 --
Fecal Coliform cfu/100ml -- --
Fecal Streptococci, Kf Agar cfu/100ml -- --
Heterotrophic Plate Count cfu/ml -- --
General Chemistry
Alkalinity as CaCO3 mg/l -- --
Ammonia Nitrogen mg/l -- --
Chloride mg/l -- 250
Chlorine, Total (Field) mg/l -- --
Chlorine, Free (Field) mg/l -- --
Color color unit -- 5
Conductivity uS/cm -- --
Conductivity (Field) uS/cm -- --
Dissolved Organic Carbon mg/l -- 5
Fluoride mg/l 1.5 --
Hardness, Calcium Carbonate mg/l -- --
Hydrogen Sulfide mg/l -- 0.05
Hydrogen Sulfide (Field) mg/l -- 0.05
Ion Balance - -- --
Nitrate as N mg/l 10 --
Nitrite as N mg/l 1 --
Nitrogen, Total Kjeldahl mg/l -- --
pH - -- --
pH (Field) - -- --
Sulfate mg/l -- 500 (8)

Tannin & Lignin mg/l -- --
Temperature (Field) deg c -- 15
Total Dissolved Solids mg/l -- 500
Turbidity ntu -- 5 (9)

Turbidity (Field) ntu -- 5 (9)

Metals
Calcium mg/l -- --
Iron mg/l -- 0.3
Magnesium mg/l -- --
Manganese mg/l -- 0.05
Potassium mg/l -- --
Sodium mg/l -- 200 (11)

Phenols
Phenolics, Total Recoverable mg/l -- --

Parameter Unit

(2) (1) 

ODWQS(169/03)-
Health

(4) (3) 

ODWQS-
AO

DOMESTIC WELL
11/7/2011

S-2

12
0
0
0
5

312
0.14
80
0
0

<2
992
940
1.3
0.11
471
0.14
0.1
1.08

<0.10
<0.10
0.26
7.91
7.41
95

<0.1
11.4
645
28.4
14.1

169
1.86
12

0.08
3
41

<0.001
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Bacterial
Coliform cfu/100ml 0 --
Escherichia coli cfu/100ml 0 --
Fecal Coliform cfu/100ml -- --
Fecal Streptococci, Kf Agar cfu/100ml -- --
Heterotrophic Plate Count cfu/ml -- --
General Chemistry
Alkalinity as CaCO3 mg/l -- --
Ammonia Nitrogen mg/l -- --
Chloride mg/l -- 250
Chlorine, Total (Field) mg/l -- --
Chlorine, Free (Field) mg/l -- --
Color color unit -- 5
Conductivity uS/cm -- --
Conductivity (Field) uS/cm -- --
Dissolved Organic Carbon mg/l -- 5
Fluoride mg/l 1.5 --
Hardness, Calcium Carbonate mg/l -- --
Hydrogen Sulfide mg/l -- 0.05
Hydrogen Sulfide (Field) mg/l -- 0.05
Ion Balance - -- --
Nitrate as N mg/l 10 --
Nitrite as N mg/l 1 --
Nitrogen, Total Kjeldahl mg/l -- --
pH - -- --
pH (Field) - -- --
Sulfate mg/l -- 500 (8)

Tannin & Lignin mg/l -- --
Temperature (Field) deg c -- 15
Total Dissolved Solids mg/l -- 500
Turbidity ntu -- 5 (9)

Turbidity (Field) ntu -- 5 (9)

Metals
Calcium mg/l -- --
Iron mg/l -- 0.3
Magnesium mg/l -- --
Manganese mg/l -- 0.05
Potassium mg/l -- --
Sodium mg/l -- 200 (11)

Phenols
Phenolics, Total Recoverable mg/l -- --

Parameter Unit

(2) (1) 

ODWQS(169/03)-
Health

(4) (3) 

ODWQS-
AO

BUS DEPOT WELL
11/7/2011

S-3

0
0
0
0
18

332
0.07
104
0.02
0.01

2
1000
964
1.6

<0.10
439

<0.01
0

1.06
<0.10
<0.10
<0.10
7.90
7.23
43

<0.1
13.2
650
7.6
3.77

156
0.82
12

0.05
2
51

<0.001



Footnotes:
 Tables should be read in conjunction with the accompanying document.
 < value = Indicates parameter not detected above laboratory method detection limit
 > value = Indicates parameter detected above equipment analytical range
 -- Chemical not analyzed or criteria not defined
(01) Ontario Drinking Water Quality Standards - Health Based Standards
(02) Bold = Parameter concentration greater than ODWQS(169/03)-Health 
(03) Ontario Drinking Water Quality Standards - Aesthetic Objectives. Aesthetic Objectives are established 
for parameters that may impair the taste, odour or colour of water or which may interfere with good water 
quality control practices. For certain parameters, both aesthetic objectives and health-related MACs have 
been derived.
(04) Underline = Parameter concentration greater than ODWQS-AO 
(05) Maximum concentration considered reasonably treatable for several aesthetic parameters as found in 
MOE Procedure D-5-5, Technical Guideline for Private Wells: Water Supply Assessment, Last Revision 
August 1996.
(06) Italic = Parameter concentration greater than MOE D-5-5
(07) Increases in HPC concentrations above baseline levels are considered undesirable.
(08) There may be a laxative effect in some individuals when sulphate levels exceed 500 mg/L.
(09) Applicable for all waters at the point of consumption.
(10) The Operational Guidelines for filtration processes are provided as performance criteria in the 
Procedure for Disinfection of Drinking Water in Ontario.
(11) The aesthetic objective for sodium in drinking water is 200 mg/L. The local Medical Officer of Health 
should be notified when the sodium concentration exceeds 20 mg/L so that this information may be 
communicated to local physicians for their use with patients on sodium restricted diets.
(12) iron concentrations up to up to 5.0 mg/L treatable with water softeners or manganese greensand 
filters; iron concentrations between 5.0 to 10.0 mg/L treatable by oxidation with filtration through proprietary 
filter media or chlorination followed by sand or multimedia filtration
(13) requires written rationale that corrosion, encrustation or taste problems will not occur
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 Golder Associates 

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

Dual Tube sample Consistency  Cu or Su  

II. PENETRATION  RESISTANCE   Kpa  Psf 
  Very soft  0 to 12  0 to 250 
Standard Penetration Resistance (SPT), N: Soft  12 to 25  250 to 500 
 The number of blows by a 63.5 kg. (140 lb.) Firm  25 to 50  500 to 1,000 
 hammer dropped 760 mm (30 in.) required Stiff  50 to 100  1,000 to 2,000 
 to drive a 50 mm (2 in.) drive open Very stiff  100 to 200  2,000 to 4,000 
 Sampler for a distance of 300 mm (12 in.) Hard  Over 200  Over 4,000 
 DD- Diamond Drilling  
Dynamic Penetration Resistance; Nd: IV. SOIL TESTS 
 The number of blows by a 63.5 kg (140 lb.)   
 hammer dropped 760 mm (30 in.) to drive w water content 
 Uncased a 50 mm (2 in.) diameter, 600 cone wp plastic limited 
 attached to “A” size drill rods for a distance w1 liquid limit 
 of 300 mm (12 in.). C consolidaiton (oedometer) test 
  CHEM chemical analysis (refer to text) 
PH: Sampler advanced by hydraulic pressure CID consolidated isotropically drained triaxial test1 
PM: Sampler advanced by manual pressure CIU consolidated isotropically undrained triaxial test 
WH: Sampler advanced by static weight of  hammer  with porewater pressure measurement1 
WR: Sampler advanced by weight of sampler and DR relative density (specific gravity, Gs) 
 rod DS direct shear test 
 M sieve analysis for particle size 
Peizo-Cone Penetration Test (CPT): MH combined sieve and hydrometer (H) analysis 
 An electronic cone penetrometer with MPC modified Proctor compaction test 
 a 600 conical tip and a projected end area SPC standard Proctor compaction test 
 of 10 cm2 pushed through ground OC organic content test 
 at a penetration rate of 2 cm/s.  Measurements SO4 concentration of water-soluble sulphates 
 of tip resistance (Qt), porewater pressure UC unconfined compression test 
 (PWP) and friction along a sleeve are recorded UU unconsolidated undrained triaxial test 
 Electronically at 25 mm penetration intervals. V field vane test (LV-laboratory vane test) 
   unit weight 
    
  Note:     
  1.  Tests which are anisotropically consolidated prior 
        shear are shown as CAD, CAU. 



 Golder Associates 

LIST OF SYMBOLS 
 
Unless otherwise stated, the symbols employed in the report are as follows: 
 
I. GENERAL  (a)  Index Properties (cont’d.) 
    
 = 3.1416 w water content 
ln x, natural logarithm of x w1 liquid limit 
log10  x or log x, logarithm of x to base 10 wp plastic limit 
g Acceleration due to gravity Ip plasticity Index=(w1-wp) 
t time ws shrinkage limit 
F factor of safety IL liquidity index=(w-wp)/Ip 
V volume Ic consistency index=(w1-w)/Ip 
W weight emax void ratio in loosest state 
  emin void ratio in densest state 
II. STRESS AND STRAIN ID density index-(emax-e)/(emax-emin) 
   (formerly relative density) 
 shear strain   
 change in, e.g. in stress:           '  (b)  Hydraulic Properties 
 linear strain   
v volumetric strain h hydraulic head or potential 
 coefficient of viscosity q rate of flow 
 Poisson’s ratio v velocity of flow 
 total stress i hydraulic gradient 
' effective stress ('  = ''-u) k hydraulic conductivity (coefficient of permeability) 
'vo initial effective overburden stress j seepage force per unit volume 
123 principal stresses (major, intermediate,   
 minor)  (c)  Consolidation (one-dimensional) 
oct mean stress or octahedral stress   
 = (1+2+3)/3 Cc compression index (normally consolidated range) 
 shear stress Cr recompression index (overconsolidated range) 
u porewater pressure Cs swelling index 
E modulus of deformation Ca coefficient of secondary consolidation 
G shear modulus of deformation mv coefficient of volume change 
K bulk modulus of compressibility cv coefficient of consolidation 
  Tv time factor (vertical direction) 
III. SOIL PROPERTIES U degree of consolidation 
  'p pre-consolidation pressure 
 (a)  Index Properties OCR Overconsolidation ratio='p/'vo 
    
() bulk density (bulk unit weight*)  (d)  Shear Strength 
d(d) dry density (dry unit weight)   
w(w) density (unit weight) of water pr peak and residual shear strength 
s(s) density (unit weight) of solid particles ' effective angle of internal friction 
' unit weight of submerged soil ('=-w)  angle of interface friction 
DR relative density (specific gravity) of   coefficient of friction=tan  
 solid particles (DR= ps/pw) formerly (Gs) c' effective cohesion 
e void ratio cu,su undrained shear strength (=0 analysis) 
n porosity p mean total stress (1+3)/2 
S degree of saturation p' mean effective stress ('1+'3)/2 
  q (1-3)/2 or ('1-3)/2 
* Density symbol is p.  Unit weight  qu compressive strength (1-3) 
 symbol is  where =pg(i.e. mass  St sensitivity 
 density x acceleration due to gravity)   
   Notes: 1. =c'' tan ' 
              2.  Shear strength=(Compressive strength)/2 
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Compact dark grey to black SILTY
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Note: Shallow portion of stratigraphy
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Very stiff to stiff grey brown SILTY CLAY
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Very stiff to stiff brown SILTY CLAY
(Weathered Crust)

Compact dark grey to black SILTY
SAND, with shale fragments (GLACIAL
TILL)
Highly weathered black SHALE
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TOPSOIL
Very stiff to stiff grey brown SILTY CLAY
(Weathered Crust)

Compact dark grey to black SILTY
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TABLE 1 

RECORD OF TEST PITS 

 

November 2011    11-1122-0129 

 

Test Pit Number 

(Elevation) 

Depth 

(metres) Description 
 

11-1 
(85.74 metres) 

 

0.00 – 0.15 

0.15 – 2.00 

2.00 

 
 

 

TOPSOIL 

Grey brown SILTY CLAY (Weathered Crust) 

END OF TEST PIT 

Note: Groundwater seepage at 2.00 metres depth 

  

Sample 
1 

Depth (m) 
1.00 

 
11-2 

(85.72 metres) 
0.00 – 0.15 

0.15 – 1.00 

1.00 – 2.40 

2.40 

 
 

TOPSOIL 

Grey brown SILTY CLAY (Weathered Crust) 

Grey brown SILTY SAND, some gravel and clay, with cobbles 
and boulders (GLACIAL TILL) 

END OF TEST PIT 

Note: Groundwater seepage at 2.00 metres depth 

 

  

Sample 
1 
 

Depth (m) 
2.00 

 
11-3 

(85.90 metres) 
0.00 – 0.15 

0.15 – 2.00 

2.00 

 

TOPSOIL 

Grey brown SILTY CLAY (Weathered Crust) 

END OF TEST PIT 

Note:  Groundwater seepage at 2.00 metres depth 

 
11-4 

(85.08 metres) 
0.00 – 0.15 

0.15 – 1.60 

1.60 

 
 

TOPSOIL 

Grey brown SILTY CLAY (Weathered Crust) 

END OF TEST PIT 

Note: Groundwater seepage at 1.50 metres depth 

 
  Sample 

1 
2 

Depth (m) 
0.50 
1.00 
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11/29/2011 Appendix E - Raw Pumping Test Data

PW11-1
11-1122-0129

Notes:
Datalogger installed at 10.7 m below top of casing
Static WL 1.715 m below top of casing
Start of Test 11/7/2011 9:36
End of Test 11/7/2011 15:52

Date/Time

Time

(min)

Pumping Rate

(L/min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 9:36 0 15.14 9.2122 8.385 0.00 1.71
11/7/2011 9:37 1 15.14 8.825 8.361 0.39 2.10
11/7/2011 9:38 2 15.14 8.4062 8.349 0.81 2.52
11/7/2011 9:39 3 15.14 8.038 8.343 1.17 2.88
11/7/2011 9:40 4 15.14 7.7232 8.345 1.49 3.20
11/7/2011 9:41 5 15.14 7.4403 8.354 1.77 3.48
11/7/2011 9:42 6 15.14 7.1782 8.361 2.03 3.74
11/7/2011 9:43 7 15.14 6.8541 8.386 2.36 4.07
11/7/2011 9:44 8 15.14 6.5403 8.423 2.67 4.38
11/7/2011 9:45 9 15.14 6.2556 8.474 2.96 4.67
11/7/2011 9:46 10 15.14 6.0008 8.531 3.21 4.92
11/7/2011 9:47 11 15.14 5.7696 8.592 3.44 5.15
11/7/2011 9:48 12 15.14 5.5226 8.69 3.69 5.40
11/7/2011 9:49 13 15.14 5.2192 8.764 3.99 5.70
11/7/2011 9:50 14 15.14 4.9205 8.857 4.29 6.00
11/7/2011 9:51 15 15.14 4.6517 8.956 4.56 6.27
11/7/2011 9:52 16 15.14 4.388 9.042 4.82 6.53
11/7/2011 9:53 17 15.14 4.1523 9.144 5.06 6.77
11/7/2011 9:54 18 15.14 3.9616 9.237 5.25 6.96
11/7/2011 9:55 19 15.14 3.8107 9.27 5.40 7.11
11/7/2011 9:56 20 15.14 3.6776 9.286 5.53 7.24
11/7/2011 9:57 21 15.14 3.5343 9.275 5.68 7.39
11/7/2011 9:58 22 15.14 3.4041 9.288 5.81 7.52
11/7/2011 9:59 23 15.14 3.2832 9.282 5.93 7.64

11/7/2011 10:00 24 15.14 3.1722 9.254 6.04 7.75
11/7/2011 10:01 25 15.14 3.0663 9.217 6.15 7.86
11/7/2011 10:02 26 15.14 2.9659 9.239 6.25 7.96
11/7/2011 10:03 27 15.14 2.8715 9.234 6.34 8.05
11/7/2011 10:04 28 15.14 2.7769 9.199 6.44 8.15
11/7/2011 10:05 29 15.14 2.691 9.21 6.52 8.23
11/7/2011 10:06 30 15.14 2.605 9.171 6.61 8.32
11/7/2011 10:07 31 15.14 2.5161 9.135 6.70 8.41
11/7/2011 10:08 32 9.46 2.8412 9.053 6.37 8.08
11/7/2011 10:09 33 9.46 2.874 8.893 6.34 8.05
11/7/2011 10:10 34 9.46 2.9246 8.804 6.29 8.00
11/7/2011 10:11 35 9.46 2.9747 8.733 6.24 7.95
11/7/2011 10:12 36 9.46 3.0168 8.682 6.20 7.91
11/7/2011 10:13 37 9.46 3.0534 8.637 6.16 7.87
11/7/2011 10:14 38 9.46 3.0633 8.62 6.15 7.86
11/7/2011 10:15 39 9.46 3.0708 8.596 6.14 7.85
11/7/2011 10:16 40 10.22 3.0804 8.583 6.13 7.84
11/7/2011 10:17 41 10.22 3.0944 8.564 6.12 7.83
11/7/2011 10:18 42 10.22 3.0621 8.547 6.15 7.86
11/7/2011 10:19 43 10.22 3.0213 8.557 6.19 7.90
11/7/2011 10:20 44 10.22 2.9779 8.563 6.23 7.94
11/7/2011 10:21 45 10.22 2.944 8.573 6.27 7.98
11/7/2011 10:22 46 10.22 2.9133 8.579 6.30 8.01
11/7/2011 10:23 47 10.22 2.8856 8.587 6.33 8.04
11/7/2011 10:24 48 10.22 2.8952 8.59 6.32 8.03
11/7/2011 10:25 49 10.22 2.9073 8.58 6.30 8.02
11/7/2011 10:26 50 10.22 2.9118 8.57 6.30 8.01
11/7/2011 10:27 51 10.22 2.9147 8.571 6.30 8.01
11/7/2011 10:28 52 10.22 2.919 8.565 6.29 8.00
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11/29/2011 Appendix E - Raw Pumping Test Data

PW11-1
11-1122-0129

Notes:
Datalogger installed at 10.7 m below top of casing
Static WL 1.715 m below top of casing
Start of Test 11/7/2011 9:36
End of Test 11/7/2011 15:52

Date/Time

Time

(min)

Pumping Rate

(L/min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 10:29 53 10.22 2.9244 8.55 6.29 8.00
11/7/2011 10:30 54 10.22 2.9233 8.535 6.29 8.00
11/7/2011 10:31 55 10.22 2.921 8.522 6.29 8.00
11/7/2011 10:32 56 10.22 2.9235 8.531 6.29 8.00
11/7/2011 10:33 57 10.22 2.9196 8.518 6.29 8.00
11/7/2011 10:34 58 10.22 2.9219 8.507 6.29 8.00
11/7/2011 10:35 59 10.22 2.9219 8.503 6.29 8.00
11/7/2011 10:36 60 10.22 2.9125 8.505 6.30 8.01
11/7/2011 10:37 61 10.22 2.9014 8.505 6.31 8.02
11/7/2011 10:38 62 10.22 2.8938 8.498 6.32 8.03
11/7/2011 10:39 63 10.22 2.8759 8.508 6.34 8.05
11/7/2011 10:40 64 10.22 2.8628 8.5 6.35 8.06
11/7/2011 10:41 65 10.22 2.8467 8.495 6.37 8.08
11/7/2011 10:42 66 11.32 2.8316 8.498 6.38 8.09
11/7/2011 10:43 67 11.32 2.8181 8.495 6.39 8.10
11/7/2011 10:44 68 11.32 2.8026 8.495 6.41 8.12
11/7/2011 10:45 69 11.32 2.7805 8.497 6.43 8.14
11/7/2011 10:46 70 11.32 2.763 8.488 6.45 8.16
11/7/2011 10:47 71 11.32 2.7455 8.485 6.47 8.18
11/7/2011 10:48 72 11.32 2.7271 8.483 6.49 8.20
11/7/2011 10:49 73 11.32 2.7123 8.486 6.50 8.21
11/7/2011 10:50 74 11.32 2.7018 8.482 6.51 8.22
11/7/2011 10:51 75 11.32 2.6864 8.476 6.53 8.24
11/7/2011 10:52 76 11.32 2.6755 8.471 6.54 8.25
11/7/2011 10:53 77 11.32 2.6649 8.465 6.55 8.26
11/7/2011 10:54 78 11.32 2.6577 8.456 6.55 8.26
11/7/2011 10:55 79 11.32 2.6506 8.453 6.56 8.27
11/7/2011 10:56 80 11.32 2.6418 8.454 6.57 8.28
11/7/2011 10:57 81 11.32 2.6378 8.451 6.57 8.28
11/7/2011 10:58 82 11.32 2.6312 8.454 6.58 8.29
11/7/2011 10:59 83 11.32 2.6267 8.451 6.59 8.30
11/7/2011 11:00 84 11.32 2.6219 8.447 6.59 8.30
11/7/2011 11:01 85 11.32 2.6195 8.441 6.59 8.30
11/7/2011 11:02 86 11.32 2.6158 8.432 6.60 8.31
11/7/2011 11:03 87 11.32 2.6135 8.429 6.60 8.31
11/7/2011 11:04 88 11.32 2.6147 8.426 6.60 8.31
11/7/2011 11:05 89 11.32 2.6145 8.426 6.60 8.31
11/7/2011 11:06 90 11.32 2.6135 8.422 6.60 8.31
11/7/2011 11:07 91 11.32 2.6138 8.42 6.60 8.31
11/7/2011 11:08 92 11.32 2.6138 8.416 6.60 8.31
11/7/2011 11:09 93 11.32 2.6107 8.408 6.60 8.31
11/7/2011 11:10 94 11.32 2.6116 8.408 6.60 8.31
11/7/2011 11:11 95 11.32 2.6144 8.408 6.60 8.31
11/7/2011 11:12 96 11.32 2.6177 8.407 6.59 8.30
11/7/2011 11:13 97 11.32 2.621 8.402 6.59 8.30
11/7/2011 11:14 98 11.32 2.6294 8.405 6.58 8.29
11/7/2011 11:15 99 11.32 2.6337 8.407 6.58 8.29
11/7/2011 11:16 100 11.32 2.6302 8.404 6.58 8.29
11/7/2011 11:17 101 11.32 2.6215 8.396 6.59 8.30
11/7/2011 11:18 102 11.32 2.6144 8.394 6.60 8.31
11/7/2011 11:19 103 11.32 2.6041 8.391 6.61 8.32
11/7/2011 11:20 104 11.32 2.5953 8.393 6.62 8.33
11/7/2011 11:21 105 11.32 2.588 8.39 6.62 8.33
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11/29/2011 Appendix E - Raw Pumping Test Data

PW11-1
11-1122-0129

Notes:
Datalogger installed at 10.7 m below top of casing
Static WL 1.715 m below top of casing
Start of Test 11/7/2011 9:36
End of Test 11/7/2011 15:52

Date/Time

Time

(min)

Pumping Rate

(L/min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 11:22 106 11.32 2.5795 8.395 6.63 8.34
11/7/2011 11:23 107 11.32 2.5741 8.398 6.64 8.35
11/7/2011 11:24 108 11.32 2.5647 8.4 6.65 8.36
11/7/2011 11:25 109 11.32 2.5589 8.401 6.65 8.36
11/7/2011 11:26 110 11.32 2.5465 8.398 6.67 8.38
11/7/2011 11:27 111 11.32 2.5375 8.395 6.67 8.38
11/7/2011 11:28 112 11.32 2.5297 8.392 6.68 8.39
11/7/2011 11:29 113 11.32 2.5207 8.392 6.69 8.40
11/7/2011 11:30 114 11.32 2.5141 8.388 6.70 8.41
11/7/2011 11:31 115 11.32 2.508 8.385 6.70 8.41
11/7/2011 11:32 116 11.32 2.5053 8.383 6.71 8.42
11/7/2011 11:33 117 11.32 2.5022 8.386 6.71 8.42
11/7/2011 11:34 118 11.32 2.5001 8.386 6.71 8.42
11/7/2011 11:35 119 11.32 2.496 8.385 6.72 8.43
11/7/2011 11:36 120 11.32 2.4945 8.381 6.72 8.43
11/7/2011 11:37 121 11.32 2.4903 8.38 6.72 8.43
11/7/2011 11:38 122 11.32 2.4871 8.382 6.73 8.44
11/7/2011 11:39 123 11.32 2.4833 8.38 6.73 8.44
11/7/2011 11:40 124 11.32 2.4826 8.371 6.73 8.44
11/7/2011 11:41 125 11.32 2.4801 8.372 6.73 8.44
11/7/2011 11:42 126 11.32 2.4777 8.37 6.73 8.44
11/7/2011 11:43 127 11.32 2.4724 8.371 6.74 8.45
11/7/2011 11:44 128 11.32 2.4707 8.366 6.74 8.45
11/7/2011 11:45 129 11.32 2.4699 8.367 6.74 8.45
11/7/2011 11:46 130 11.32 2.4663 8.365 6.75 8.46
11/7/2011 11:47 131 11.32 2.4636 8.365 6.75 8.46
11/7/2011 11:48 132 11.32 2.4615 8.365 6.75 8.46
11/7/2011 11:49 133 11.32 2.4589 8.364 6.75 8.46
11/7/2011 11:50 134 11.32 2.4568 8.364 6.76 8.47
11/7/2011 11:51 135 11.32 2.4543 8.365 6.76 8.47
11/7/2011 11:52 136 11.32 2.4514 8.369 6.76 8.47
11/7/2011 11:53 137 11.32 2.4505 8.369 6.76 8.47
11/7/2011 11:54 138 11.32 2.4486 8.365 6.76 8.47
11/7/2011 11:55 139 11.32 2.4464 8.364 6.77 8.48
11/7/2011 11:56 140 11.32 2.4459 8.364 6.77 8.48
11/7/2011 11:57 141 11.32 2.4434 8.361 6.77 8.48
11/7/2011 11:58 142 11.32 2.4408 8.36 6.77 8.48
11/7/2011 11:59 143 11.32 2.4394 8.357 6.77 8.48
11/7/2011 12:00 144 11.32 2.4381 8.356 6.77 8.48
11/7/2011 12:01 145 11.32 2.4335 8.356 6.78 8.49
11/7/2011 12:02 146 11.32 2.4313 8.356 6.78 8.49
11/7/2011 12:03 147 11.32 2.4272 8.354 6.79 8.50
11/7/2011 12:04 148 11.32 2.4275 8.352 6.78 8.49
11/7/2011 12:05 149 11.32 2.4313 8.351 6.78 8.49
11/7/2011 12:06 150 11.32 2.4291 8.349 6.78 8.49
11/7/2011 12:07 151 11.32 2.4296 8.349 6.78 8.49
11/7/2011 12:08 152 11.32 2.4254 8.35 6.79 8.50
11/7/2011 12:09 153 11.32 2.4261 8.351 6.79 8.50
11/7/2011 12:10 154 11.32 2.4226 8.349 6.79 8.50
11/7/2011 12:11 155 11.32 2.4227 8.347 6.79 8.50
11/7/2011 12:12 156 11.32 2.4222 8.351 6.79 8.50
11/7/2011 12:13 157 11.32 2.4205 8.351 6.79 8.50
11/7/2011 12:14 158 11.32 2.4156 8.348 6.80 8.51
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11/29/2011 Appendix E - Raw Pumping Test Data

PW11-1
11-1122-0129

Notes:
Datalogger installed at 10.7 m below top of casing
Static WL 1.715 m below top of casing
Start of Test 11/7/2011 9:36
End of Test 11/7/2011 15:52

Date/Time

Time

(min)

Pumping Rate

(L/min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 12:15 159 11.32 2.4137 8.345 6.80 8.51
11/7/2011 12:16 160 11.32 2.4123 8.346 6.80 8.51
11/7/2011 12:17 161 11.32 2.404 8.346 6.81 8.52
11/7/2011 12:18 162 11.32 2.4001 8.346 6.81 8.52
11/7/2011 12:19 163 11.32 2.3962 8.344 6.82 8.53
11/7/2011 12:20 164 11.32 2.3941 8.346 6.82 8.53
11/7/2011 12:21 165 11.32 2.3886 8.345 6.82 8.53
11/7/2011 12:22 166 11.32 2.3887 8.346 6.82 8.53
11/7/2011 12:23 167 11.32 2.3884 8.348 6.82 8.53
11/7/2011 12:24 168 11.32 2.3841 8.348 6.83 8.54
11/7/2011 12:25 169 11.32 2.3796 8.346 6.83 8.54
11/7/2011 12:26 170 11.32 2.375 8.343 6.84 8.55
11/7/2011 12:27 171 11.32 2.3738 8.342 6.84 8.55
11/7/2011 12:28 172 11.32 2.3689 8.344 6.84 8.55
11/7/2011 12:29 173 11.32 2.3687 8.341 6.84 8.55
11/7/2011 12:30 174 11.32 2.3671 8.341 6.85 8.56
11/7/2011 12:31 175 11.32 2.3655 8.343 6.85 8.56
11/7/2011 12:32 176 11.32 2.3631 8.342 6.85 8.56
11/7/2011 12:33 177 11.32 2.3607 8.34 6.85 8.56
11/7/2011 12:34 178 11.32 2.3581 8.342 6.85 8.56
11/7/2011 12:35 179 11.32 2.3561 8.343 6.86 8.57
11/7/2011 12:36 180 11.32 2.3544 8.342 6.86 8.57
11/7/2011 12:37 181 11.32 2.3533 8.343 6.86 8.57
11/7/2011 12:38 182 11.32 2.3501 8.343 6.86 8.57
11/7/2011 12:39 183 11.32 2.346 8.343 6.87 8.58
11/7/2011 12:40 184 11.32 2.3442 8.343 6.87 8.58
11/7/2011 12:41 185 11.32 2.3429 8.343 6.87 8.58
11/7/2011 12:42 186 11.32 2.3434 8.342 6.87 8.58
11/7/2011 12:43 187 11.32 2.3439 8.342 6.87 8.58
11/7/2011 12:44 188 11.32 2.3435 8.341 6.87 8.58
11/7/2011 12:45 189 11.32 2.3418 8.338 6.87 8.58
11/7/2011 12:46 190 11.32 2.3373 8.339 6.87 8.59
11/7/2011 12:47 191 11.32 2.3369 8.339 6.88 8.59
11/7/2011 12:48 192 11.32 2.3375 8.337 6.87 8.58
11/7/2011 12:49 193 11.32 2.3372 8.339 6.88 8.59
11/7/2011 12:50 194 11.32 2.3359 8.336 6.88 8.59
11/7/2011 12:51 195 11.32 2.3395 8.333 6.87 8.58
11/7/2011 12:52 196 11.32 2.3396 8.333 6.87 8.58
11/7/2011 12:53 197 11.32 2.3365 8.334 6.88 8.59
11/7/2011 12:54 198 11.32 2.3384 8.333 6.87 8.58
11/7/2011 12:55 199 11.32 2.3364 8.334 6.88 8.59
11/7/2011 12:56 200 11.32 2.3381 8.333 6.87 8.58
11/7/2011 12:57 201 11.32 2.3369 8.333 6.88 8.59
11/7/2011 12:58 202 11.32 2.3312 8.335 6.88 8.59
11/7/2011 12:59 203 11.32 2.3344 8.333 6.88 8.59
11/7/2011 13:00 204 11.32 2.3354 8.331 6.88 8.59
11/7/2011 13:01 205 11.32 2.3317 8.331 6.88 8.59
11/7/2011 13:02 206 11.32 2.3341 8.334 6.88 8.59
11/7/2011 13:03 207 11.32 2.3361 8.333 6.88 8.59
11/7/2011 13:04 208 11.32 2.3319 8.335 6.88 8.59
11/7/2011 13:05 209 11.32 2.3357 8.334 6.88 8.59
11/7/2011 13:06 210 11.32 2.3344 8.332 6.88 8.59
11/7/2011 13:07 211 11.32 2.3375 8.331 6.87 8.58
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11/29/2011 Appendix E - Raw Pumping Test Data

PW11-1
11-1122-0129

Notes:
Datalogger installed at 10.7 m below top of casing
Static WL 1.715 m below top of casing
Start of Test 11/7/2011 9:36
End of Test 11/7/2011 15:52

Date/Time

Time

(min)

Pumping Rate

(L/min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 13:08 212 11.32 2.3355 8.333 6.88 8.59
11/7/2011 13:09 213 11.32 2.3373 8.332 6.87 8.59
11/7/2011 13:10 214 11.32 2.337 8.331 6.88 8.59
11/7/2011 13:11 215 11.32 2.3345 8.333 6.88 8.59
11/7/2011 13:12 216 11.32 2.3326 8.332 6.88 8.59
11/7/2011 13:13 217 11.32 2.3312 8.333 6.88 8.59
11/7/2011 13:14 218 11.32 2.3236 8.332 6.89 8.60
11/7/2011 13:15 219 11.32 2.3159 8.331 6.90 8.61
11/7/2011 13:16 220 11.32 2.3103 8.331 6.90 8.61
11/7/2011 13:17 221 11.32 2.3044 8.33 6.91 8.62
11/7/2011 13:18 222 11.32 2.2939 8.331 6.92 8.63
11/7/2011 13:19 223 11.32 2.2973 8.33 6.91 8.63
11/7/2011 13:20 224 11.32 2.2892 8.331 6.92 8.63
11/7/2011 13:21 225 11.32 2.2834 8.332 6.93 8.64
11/7/2011 13:22 226 11.32 2.2845 8.328 6.93 8.64
11/7/2011 13:23 227 11.32 2.2885 8.329 6.92 8.63
11/7/2011 13:24 228 11.32 2.2808 8.329 6.93 8.64
11/7/2011 13:25 229 11.32 2.2759 8.332 6.94 8.65
11/7/2011 13:26 230 11.32 2.2772 8.333 6.94 8.65
11/7/2011 13:27 231 11.32 2.2762 8.333 6.94 8.65
11/7/2011 13:28 232 11.32 2.273 8.331 6.94 8.65
11/7/2011 13:29 233 11.32 2.2765 8.331 6.94 8.65
11/7/2011 13:30 234 11.32 2.2733 8.331 6.94 8.65
11/7/2011 13:31 235 11.32 2.2689 8.332 6.94 8.65
11/7/2011 13:32 236 11.32 2.2666 8.331 6.95 8.66
11/7/2011 13:33 237 11.32 2.269 8.33 6.94 8.65
11/7/2011 13:34 238 11.32 2.2676 8.328 6.94 8.65
11/7/2011 13:35 239 11.32 2.2665 8.33 6.95 8.66
11/7/2011 13:36 240 11.32 2.2645 8.33 6.95 8.66
11/7/2011 13:37 241 11.32 2.2623 8.329 6.95 8.66
11/7/2011 13:38 242 11.32 2.2667 8.328 6.95 8.66
11/7/2011 13:39 243 11.32 2.2706 8.329 6.94 8.65
11/7/2011 13:40 244 11.32 2.2683 8.327 6.94 8.65
11/7/2011 13:41 245 11.32 2.2669 8.329 6.95 8.66
11/7/2011 13:42 246 11.32 2.2685 8.328 6.94 8.65
11/7/2011 13:43 247 11.32 2.2656 8.327 6.95 8.66
11/7/2011 13:44 248 11.32 2.2666 8.325 6.95 8.66
11/7/2011 13:45 249 11.32 2.2674 8.328 6.94 8.66
11/7/2011 13:46 250 11.32 2.2648 8.326 6.95 8.66
11/7/2011 13:47 251 11.32 2.2614 8.324 6.95 8.66
11/7/2011 13:48 252 11.32 2.268 8.325 6.94 8.65
11/7/2011 13:49 253 11.32 2.2671 8.325 6.95 8.66
11/7/2011 13:50 254 11.32 2.267 8.324 6.95 8.66
11/7/2011 13:51 255 11.32 2.2672 8.325 6.95 8.66
11/7/2011 13:52 256 11.32 2.2641 8.325 6.95 8.66
11/7/2011 13:53 257 11.32 2.2627 8.322 6.95 8.66
11/7/2011 13:54 258 11.32 2.2626 8.323 6.95 8.66
11/7/2011 13:55 259 11.32 2.2619 8.323 6.95 8.66
11/7/2011 13:56 260 11.32 2.2592 8.323 6.95 8.66
11/7/2011 13:57 261 11.32 2.2574 8.323 6.95 8.67
11/7/2011 13:58 262 11.32 2.2569 8.324 6.96 8.67
11/7/2011 13:59 263 11.32 2.2554 8.325 6.96 8.67
11/7/2011 14:00 264 11.32 2.2563 8.325 6.96 8.67
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11/29/2011 Appendix E - Raw Pumping Test Data

PW11-1
11-1122-0129

Notes:
Datalogger installed at 10.7 m below top of casing
Static WL 1.715 m below top of casing
Start of Test 11/7/2011 9:36
End of Test 11/7/2011 15:52

Date/Time

Time

(min)

Pumping Rate

(L/min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 14:01 265 11.32 2.254 8.325 6.96 8.67
11/7/2011 14:02 266 11.32 2.2532 8.325 6.96 8.67
11/7/2011 14:03 267 11.32 2.2524 8.326 6.96 8.67
11/7/2011 14:04 268 11.32 2.2527 8.323 6.96 8.67
11/7/2011 14:05 269 11.32 2.255 8.324 6.96 8.67
11/7/2011 14:06 270 11.32 2.2603 8.324 6.95 8.66
11/7/2011 14:07 271 11.32 2.2666 8.323 6.95 8.66
11/7/2011 14:08 272 11.32 2.2644 8.323 6.95 8.66
11/7/2011 14:09 273 11.32 2.2591 8.324 6.95 8.66
11/7/2011 14:10 274 11.32 2.2597 8.323 6.95 8.66
11/7/2011 14:11 275 11.32 2.2673 8.323 6.94 8.66
11/7/2011 14:12 276 11.32 2.2688 8.323 6.94 8.65
11/7/2011 14:13 277 11.32 2.2683 8.323 6.94 8.65
11/7/2011 14:14 278 11.32 2.2668 8.326 6.95 8.66
11/7/2011 14:15 279 11.32 2.2637 8.326 6.95 8.66
11/7/2011 14:16 280 11.32 2.2614 8.327 6.95 8.66
11/7/2011 14:17 281 11.32 2.2614 8.326 6.95 8.66
11/7/2011 14:18 282 11.32 2.2593 8.326 6.95 8.66
11/7/2011 14:19 283 11.32 2.2574 8.326 6.95 8.67
11/7/2011 14:20 284 11.32 2.2561 8.327 6.96 8.67
11/7/2011 14:21 285 11.32 2.2521 8.328 6.96 8.67
11/7/2011 14:22 286 11.32 2.251 8.328 6.96 8.67
11/7/2011 14:23 287 11.32 2.2496 8.328 6.96 8.67
11/7/2011 14:24 288 11.32 2.2495 8.328 6.96 8.67
11/7/2011 14:25 289 11.32 2.2451 8.326 6.97 8.68
11/7/2011 14:26 290 11.32 2.2456 8.324 6.97 8.68
11/7/2011 14:27 291 11.32 2.2409 8.324 6.97 8.68
11/7/2011 14:28 292 11.32 2.2357 8.324 6.98 8.69
11/7/2011 14:29 293 11.32 2.2326 8.323 6.98 8.69
11/7/2011 14:30 294 11.32 2.2279 8.324 6.98 8.69
11/7/2011 14:31 295 11.32 2.2234 8.323 6.99 8.70
11/7/2011 14:32 296 11.32 2.22 8.323 6.99 8.70
11/7/2011 14:33 297 11.32 2.2181 8.324 6.99 8.70
11/7/2011 14:34 298 11.32 2.2158 8.325 7.00 8.71
11/7/2011 14:35 299 11.32 2.2142 8.325 7.00 8.71
11/7/2011 14:36 300 11.32 2.21 8.323 7.00 8.71
11/7/2011 14:37 301 11.32 2.2086 8.321 7.00 8.71
11/7/2011 14:38 302 11.32 2.2082 8.32 7.00 8.71
11/7/2011 14:39 303 11.32 2.2061 8.319 7.01 8.72
11/7/2011 14:40 304 11.32 2.2045 8.319 7.01 8.72
11/7/2011 14:41 305 11.32 2.2053 8.321 7.01 8.72
11/7/2011 14:42 306 11.32 2.2047 8.321 7.01 8.72
11/7/2011 14:43 307 11.32 2.2041 8.32 7.01 8.72
11/7/2011 14:44 308 11.32 2.204 8.32 7.01 8.72
11/7/2011 14:45 309 11.32 2.2036 8.32 7.01 8.72
11/7/2011 14:46 310 11.32 2.2015 8.321 7.01 8.72
11/7/2011 14:47 311 11.32 2.2003 8.322 7.01 8.72
11/7/2011 14:48 312 11.32 2.2016 8.321 7.01 8.72
11/7/2011 14:49 313 11.32 2.2012 8.323 7.01 8.72
11/7/2011 14:50 314 11.32 2.2013 8.322 7.01 8.72
11/7/2011 14:51 315 11.32 2.1999 8.322 7.01 8.72
11/7/2011 14:52 316 11.32 2.1992 8.323 7.01 8.72
11/7/2011 14:53 317 11.32 2.1982 8.324 7.01 8.72
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11/29/2011 Appendix E - Raw Pumping Test Data

PW11-1
11-1122-0129

Notes:
Datalogger installed at 10.7 m below top of casing
Static WL 1.715 m below top of casing
Start of Test 11/7/2011 9:36
End of Test 11/7/2011 15:52

Date/Time

Time

(min)

Pumping Rate

(L/min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 14:54 318 11.32 2.2016 8.324 7.01 8.72
11/7/2011 14:55 319 11.32 2.2002 8.323 7.01 8.72
11/7/2011 14:56 320 11.32 2.2016 8.323 7.01 8.72
11/7/2011 14:57 321 11.32 2.1995 8.322 7.01 8.72
11/7/2011 14:58 322 11.32 2.1982 8.322 7.01 8.72
11/7/2011 14:59 323 11.32 2.197 8.32 7.02 8.73
11/7/2011 15:00 324 11.32 2.197 8.322 7.02 8.73
11/7/2011 15:01 325 11.32 2.1965 8.323 7.02 8.73
11/7/2011 15:02 326 11.32 2.1951 8.322 7.02 8.73
11/7/2011 15:03 327 11.32 2.1948 8.322 7.02 8.73
11/7/2011 15:04 328 11.32 2.2016 8.322 7.01 8.72
11/7/2011 15:05 329 11.32 2.2025 8.322 7.01 8.72
11/7/2011 15:06 330 11.32 2.2011 8.32 7.01 8.72
11/7/2011 15:07 331 11.32 2.2023 8.32 7.01 8.72
11/7/2011 15:08 332 11.32 2.2028 8.321 7.01 8.72
11/7/2011 15:09 333 11.32 2.2007 8.321 7.01 8.72
11/7/2011 15:10 334 11.32 2.2002 8.32 7.01 8.72
11/7/2011 15:11 335 11.32 2.2009 8.321 7.01 8.72
11/7/2011 15:12 336 11.32 2.1996 8.321 7.01 8.72
11/7/2011 15:13 337 11.32 2.2004 8.323 7.01 8.72
11/7/2011 15:14 338 11.32 2.2012 8.323 7.01 8.72
11/7/2011 15:15 339 11.32 2.2026 8.322 7.01 8.72
11/7/2011 15:16 340 11.32 2.1998 8.323 7.01 8.72
11/7/2011 15:17 341 11.32 2.201 8.323 7.01 8.72
11/7/2011 15:18 342 11.32 2.1959 8.321 7.02 8.73
11/7/2011 15:19 343 11.32 2.1975 8.322 7.01 8.72
11/7/2011 15:20 344 11.32 2.1974 8.322 7.01 8.73
11/7/2011 15:21 345 11.32 2.1978 8.321 7.01 8.72
11/7/2011 15:22 346 11.32 2.1979 8.319 7.01 8.72
11/7/2011 15:23 347 11.32 2.1953 8.319 7.02 8.73
11/7/2011 15:24 348 11.32 2.1944 8.32 7.02 8.73
11/7/2011 15:25 349 11.32 2.195 8.319 7.02 8.73
11/7/2011 15:26 350 11.32 2.1934 8.319 7.02 8.73
11/7/2011 15:27 351 11.32 2.1941 8.32 7.02 8.73
11/7/2011 15:28 352 11.32 2.1922 8.321 7.02 8.73
11/7/2011 15:29 353 11.32 2.1914 8.322 7.02 8.73
11/7/2011 15:30 354 11.32 2.1921 8.32 7.02 8.73
11/7/2011 15:31 355 11.32 2.1904 8.32 7.02 8.73
11/7/2011 15:32 356 11.32 2.1891 8.319 7.02 8.73
11/7/2011 15:33 357 11.32 2.1903 8.32 7.02 8.73
11/7/2011 15:34 358 11.32 2.1905 8.32 7.02 8.73
11/7/2011 15:35 359 11.32 2.1936 8.32 7.02 8.73
11/7/2011 15:36 360 11.32 2.192 8.32 7.02 8.73
11/7/2011 15:37 361 11.32 2.1935 8.319 7.02 8.51
11/7/2011 15:38 362 11.32 2.1935 8.319 7.02 8.73
11/7/2011 15:39 363 11.32 2.1939 8.32 7.02 8.73
11/7/2011 15:40 364 11.32 2.1944 8.321 7.02 8.73
11/7/2011 15:41 365 11.32 2.1927 8.319 7.02 8.73
11/7/2011 15:42 366 11.32 2.192 8.319 7.02 8.73
11/7/2011 15:43 367 11.32 2.1906 8.319 7.02 8.73
11/7/2011 15:44 368 11.32 2.1884 8.321 7.02 8.73
11/7/2011 15:45 369 11.32 2.1874 8.321 7.02 8.74
11/7/2011 15:46 370 11.32 2.1888 8.32 7.02 8.73
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11/29/2011 Appendix E - Raw Pumping Test Data

PW11-1
11-1122-0129

Notes:
Datalogger installed at 10.7 m below top of casing
Static WL 1.715 m below top of casing
Start of Test 11/7/2011 9:36
End of Test 11/7/2011 15:52

Date/Time

Time

(min)

Pumping Rate

(L/min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 15:47 371 11.32 2.1896 8.317 7.02 8.73
11/7/2011 15:48 372 11.32 2.186 8.319 7.03 8.74
11/7/2011 15:49 373 11.32 2.1858 8.319 7.03 8.74
11/7/2011 15:50 374 11.32 2.182 8.318 7.03 8.74
11/7/2011 15:51 375 11.32 2.1814 8.318 7.03 8.74
11/7/2011 15:52 376 0 2.1782 8.317 7.03 8.74
11/7/2011 15:53 377 0 2.7355 8.308 6.48 8.19
11/7/2011 15:54 378 0 3.2417 8.293 5.97 7.68
11/7/2011 15:55 379 0 3.7198 8.28 5.49 7.20
11/7/2011 15:56 380 0 4.1715 8.272 5.04 6.75
11/7/2011 15:57 381 0 4.5965 8.268 4.62 6.33
11/7/2011 15:58 382 0 4.9962 8.263 4.22 5.93
11/7/2011 15:59 383 0 5.374 8.261 3.84 5.55
11/7/2011 16:00 384 0 5.7259 8.258 3.49 5.20
11/7/2011 16:01 385 0 6.0546 8.256 3.16 4.87
11/7/2011 16:02 386 0 6.3606 8.255 2.85 4.56
11/7/2011 16:03 387 0 6.6445 8.255 2.57 4.28
11/7/2011 16:04 388 0 6.9091 8.254 2.30 4.01
11/7/2011 16:05 389 0 7.1517 8.252 2.06 3.77
11/7/2011 16:06 390 0 7.3772 8.253 1.84 3.55
11/7/2011 16:07 391 0 7.5812 8.251 1.63 3.34
11/7/2011 16:08 392 0 7.7687 8.25 1.44 3.15
11/7/2011 16:09 393 0 7.9376 8.251 1.27 2.98
11/7/2011 16:10 394 0 8.0927 8.25 1.12 2.83
11/7/2011 16:11 395 0 8.2311 8.25 0.98 2.69
11/7/2011 16:12 396 0 8.355 8.25 0.86 2.57
11/7/2011 16:13 397 0 8.4663 8.249 0.75 2.46
11/7/2011 16:14 398 0 8.5647 8.249 0.65 2.36
11/7/2011 16:15 399 0 8.65 8.25 0.56 2.27
11/7/2011 16:16 400 0 8.7241 8.249 0.49 2.20
11/7/2011 16:17 401 0 8.787 8.249 0.43 2.14
11/7/2011 16:18 402 0 8.8317 8.249 0.38 2.09
11/7/2011 16:19 403 0 8.8712 8.25 0.34 2.05
11/7/2011 16:20 404 0 8.9085 8.25 0.30 2.01
11/7/2011 16:21 405 0 8.9433 8.25 0.27 1.98
11/7/2011 16:22 406 0 8.9724 8.25 0.24 1.95
11/7/2011 16:23 407 0 8.9973 8.25 0.21 1.93
11/7/2011 16:24 408 0 9.0187 8.25 0.19 1.90
11/7/2011 16:25 409 0 9.0368 8.25 0.18 1.89
11/7/2011 16:26 410 0 9.0535 8.25 0.16 1.87
11/7/2011 16:27 411 0 9.0682 8.25 0.14 1.85
11/7/2011 16:28 412 0 9.0801 8.252 0.13 1.84
11/7/2011 16:29 413 0 9.0906 8.252 0.12 1.83
11/7/2011 16:30 414 0 9.0998 8.252 0.11 1.82
11/7/2011 16:31 415 0 9.1077 8.252 0.10 1.81
11/7/2011 16:32 416 0 9.1148 8.253 0.10 1.81
11/7/2011 16:33 417 0 9.1208 8.254 0.09 1.80
11/7/2011 16:34 418 0 9.1258 8.258 0.09 1.80
11/7/2011 16:35 419 0 9.1298 8.258 0.08 1.79
11/7/2011 16:36 420 0 9.134 8.261 0.08 1.79
11/7/2011 16:37 421 0 9.1381 8.262 0.07 1.78
11/7/2011 16:38 422 0 9.1406 8.263 0.07 1.78
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11/29/2011 Appendix E - Raw Pumping Test Data

Residential Well
11-1122-0129

Notes
Datalogger installed at 10 m below top of casing
Static WL 2.39 m below top of casing

Date/Time

Time

(min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 9:35 8.8294 9.528 0 2.390
11/7/2011 9:40 4 8.8286 9.54 0.001 2.391
11/7/2011 9:45 9 8.6027 9.568 0.227 2.617
11/7/2011 9:50 14 8.7893 9.659 0.040 2.430
11/7/2011 9:55 19 8.8033 9.683 0.026 2.416

11/7/2011 10:00 24 8.805 9.667 0.024 2.414
11/7/2011 10:05 29 8.8025 9.625 0.027 2.417
11/7/2011 10:10 34 8.8014 9.611 0.028 2.418
11/7/2011 10:15 39 8.5922 9.647 0.237 2.627
11/7/2011 10:20 44 8.78 9.69 0.049 2.439
11/7/2011 10:25 49 8.7933 9.689 0.036 2.426
11/7/2011 10:30 54 8.7939 9.682 0.035 2.426
11/7/2011 10:35 59 8.7939 9.665 0.035 2.426
11/7/2011 10:40 64 8.7933 9.65 0.036 2.426
11/7/2011 10:45 69 8.7932 9.629 0.036 2.426
11/7/2011 10:50 74 8.7908 9.611 0.039 2.429
11/7/2011 10:55 79 8.7901 9.588 0.039 2.429
11/7/2011 11:00 84 8.7889 9.585 0.040 2.431
11/7/2011 11:05 89 8.7875 9.574 0.042 2.432
11/7/2011 11:10 94 8.7865 9.562 0.043 2.433
11/7/2011 11:15 99 8.7849 9.55 0.044 2.435
11/7/2011 11:20 104 8.7856 9.54 0.044 2.434
11/7/2011 11:25 109 8.7846 9.527 0.045 2.435
11/7/2011 11:30 114 8.7844 9.513 0.045 2.435
11/7/2011 11:35 119 8.7841 9.5 0.045 2.435
11/7/2011 11:40 124 8.7827 9.491 0.047 2.437
11/7/2011 11:45 129 8.7821 9.478 0.047 2.437
11/7/2011 11:50 134 8.7811 9.472 0.048 2.438
11/7/2011 11:55 139 8.7805 9.468 0.049 2.439
11/7/2011 12:00 144 8.7797 9.462 0.050 2.440
11/7/2011 12:05 149 8.7796 9.453 0.050 2.440
11/7/2011 12:10 154 8.78 9.443 0.049 2.439
11/7/2011 12:15 159 8.7779 9.434 0.051 2.442
11/7/2011 12:20 164 8.7672 9.459 0.062 2.452
11/7/2011 12:25 169 8.7761 9.471 0.053 2.443
11/7/2011 12:30 174 8.7762 9.476 0.053 2.443
11/7/2011 12:35 179 8.777 9.478 0.052 2.442
11/7/2011 12:40 184 8.7776 9.48 0.052 2.442
11/7/2011 12:45 189 8.7769 9.477 0.053 2.443
11/7/2011 12:50 194 8.7761 9.471 0.053 2.443
11/7/2011 12:55 199 8.775 9.465 0.054 2.444
11/7/2011 13:00 204 8.774 9.458 0.055 2.445
11/7/2011 13:05 209 8.7739 9.453 0.056 2.446
11/7/2011 13:10 214 8.7738 9.448 0.056 2.446
11/7/2011 13:15 219 8.7091 9.556 0.120 2.510
11/7/2011 13:20 224 8.7661 9.634 0.063 2.453
11/7/2011 13:25 229 8.7713 9.621 0.058 2.448
11/7/2011 13:30 234 8.7723 9.603 0.057 2.447
11/7/2011 13:35 239 8.7708 9.598 0.059 2.449
11/7/2011 13:40 244 8.7707 9.586 0.059 2.449
11/7/2011 13:45 249 8.7713 9.572 0.058 2.448
11/7/2011 13:50 254 8.7696 9.56 0.060 2.450
11/7/2011 13:55 259 8.756 9.598 0.073 2.463
11/7/2011 14:00 264 8.7638 9.623 0.066 2.456
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11/29/2011 Appendix E - Raw Pumping Test Data

Residential Well
11-1122-0129

Notes
Datalogger installed at 10 m below top of casing
Static WL 2.39 m below top of casing

Date/Time

Time

(min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)
11/7/2011 14:05 269 8.7665 9.637 0.063 2.453
11/7/2011 14:10 274 8.7675 9.609 0.062 2.452
11/7/2011 14:15 279 8.7683 9.603 0.061 2.451
11/7/2011 14:20 284 8.7683 9.589 0.061 2.451
11/7/2011 14:25 289 8.7681 9.576 0.061 2.451
11/7/2011 14:30 294 8.7681 9.563 0.061 2.451
11/7/2011 14:35 299 8.7683 9.554 0.061 2.451
11/7/2011 14:40 304 8.7667 9.544 0.063 2.453
11/7/2011 14:45 309 8.7652 9.533 0.064 2.454
11/7/2011 14:50 314 8.7658 9.519 0.064 2.454
11/7/2011 14:55 319 8.7667 9.51 0.063 2.453
11/7/2011 15:00 324 8.7665 9.501 0.063 2.453
11/7/2011 15:05 329 8.7683 9.49 0.061 2.451
11/7/2011 15:10 334 8.7686 9.483 0.061 2.451
11/7/2011 15:15 339 8.7699 9.475 0.059 2.450
11/7/2011 15:20 344 8.7694 9.467 0.060 2.450
11/7/2011 15:25 349 8.7686 9.459 0.061 2.451
11/7/2011 15:30 354 8.7679 9.451 0.062 2.452
11/7/2011 15:35 359 8.7676 9.445 0.062 2.452
11/7/2011 15:40 364 8.7679 9.438 0.062 2.452
11/7/2011 15:45 369 8.7679 9.431 0.062 2.452
11/7/2011 15:50 374 8.7679 9.425 0.062 2.452
11/7/2011 15:55 379 8.7687 9.419 0.061 2.451
11/7/2011 16:00 384 8.7741 9.412 0.055 2.445
11/7/2011 16:05 389 8.7791 9.406 0.050 2.440
11/7/2011 16:10 394 8.7851 9.4 0.044 2.434
11/7/2011 16:15 399 8.7909 9.394 0.038 2.429
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11/29/2011 Appendix E - Raw Pumping Test Data

Bradley Bus Well
11-1122-0129

Notes
Datalogger installed at 11 m below top of casing
Static WL 2.204 m below top of casing

Date/Time

Time

(min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)

11/7/2011 9:25 7.9923 12.015 2.20
11/7/2011 9:30 7.9903 12.003 2.20
11/7/2011 9:35 7.5706 11.959 0 2.62
11/7/2011 9:40 4 7.9793 12.093 0.000 2.22
11/7/2011 9:45 9 7.9825 12.062 -0.003 2.21
11/7/2011 9:50 14 7.9816 12.049 -0.002 2.21
11/7/2011 9:55 19 7.9815 12.077 -0.002 2.21

11/7/2011 10:00 24 7.9807 12.066 -0.001 2.21
11/7/2011 10:05 29 7.979 11.995 0.000 2.22
11/7/2011 10:10 34 7.9786 11.966 0.001 2.22
11/7/2011 10:15 39 7.9768 11.945 0.003 2.22
11/7/2011 10:20 44 7.976 11.929 0.003 2.22
11/7/2011 10:25 49 7.9765 11.924 0.003 2.22
11/7/2011 10:30 54 7.9743 11.908 0.005 2.22
11/7/2011 10:35 59 7.9734 11.899 0.006 2.22
11/7/2011 10:40 64 7.9737 11.879 0.006 2.22
11/7/2011 10:45 69 7.9704 11.869 0.009 2.22
11/7/2011 10:50 74 7.969 11.862 0.010 2.23
11/7/2011 10:55 79 7.9689 11.855 0.010 2.23
11/7/2011 11:00 84 7.9687 11.847 0.011 2.23
11/7/2011 11:05 89 7.9665 11.841 0.013 2.23
11/7/2011 11:10 94 7.9664 11.83 0.013 2.23
11/7/2011 11:15 99 7.9653 11.822 0.014 2.23
11/7/2011 11:20 104 7.9644 11.818 0.015 2.23
11/7/2011 11:25 109 7.9647 11.814 0.015 2.23
11/7/2011 11:30 114 7.9637 11.806 0.016 2.23
11/7/2011 11:35 119 7.9641 11.804 0.015 2.23
11/7/2011 11:40 124 7.9636 11.799 0.016 2.23
11/7/2011 11:45 129 7.9635 11.795 0.016 2.23
11/7/2011 11:50 134 7.9624 11.788 0.017 2.23
11/7/2011 11:55 139 7.962 11.783 0.017 2.23
11/7/2011 12:00 144 7.96 11.78 0.019 2.23
11/7/2011 12:05 149 7.9599 11.774 0.019 2.23
11/7/2011 12:10 154 7.9604 11.769 0.019 2.23
11/7/2011 12:15 159 7.9582 11.764 0.021 2.24
11/7/2011 12:20 164 7.9591 11.757 0.020 2.24
11/7/2011 12:25 169 7.9578 11.749 0.022 2.24
11/7/2011 12:30 174 7.958 11.748 0.021 2.24
11/7/2011 12:35 179 7.9573 11.741 0.022 2.24
11/7/2011 12:40 184 7.9583 11.732 0.021 2.24
11/7/2011 12:45 189 7.9579 11.729 0.021 2.24
11/7/2011 12:50 194 7.9568 11.725 0.023 2.24
11/7/2011 12:55 199 7.948 11.783 0.031 2.25
11/7/2011 13:00 204 7.9555 11.838 0.024 2.24
11/7/2011 13:05 209 7.9567 11.803 0.023 2.24
11/7/2011 13:10 214 7.9579 11.801 0.021 2.24
11/7/2011 13:15 219 7.9558 11.813 0.024 2.24
11/7/2011 13:20 224 7.9564 11.798 0.023 2.24
11/7/2011 13:25 229 7.9566 11.794 0.023 2.24
11/7/2011 13:30 234 7.8888 11.788 0.091 2.31
11/7/2011 13:35 239 7.9467 11.849 0.033 2.25
11/7/2011 13:40 244 7.954 11.959 0.025 2.24
11/7/2011 13:45 249 7.5155 11.926 0.464 2.68
11/7/2011 13:50 254 7.9462 12.151 0.033 2.25
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11/29/2011 Appendix E - Raw Pumping Test Data

Bradley Bus Well
11-1122-0129

Notes
Datalogger installed at 11 m below top of casing
Static WL 2.204 m below top of casing

Date/Time

Time

(min)

Datalogger

Level (m)

Temperature

(deg C)

Datalogger

Drawdown (m)

Water Level

(m btoc)

11/7/2011 13:55 259 7.9399 11.935 0.039 2.25
11/7/2011 14:00 264 7.9261 11.884 0.053 2.27
11/7/2011 14:05 269 7.9455 11.953 0.034 2.25
11/7/2011 14:10 274 7.9513 11.976 0.028 2.24
11/7/2011 14:15 279 7.9529 12.056 0.026 2.24
11/7/2011 14:20 284 7.9232 11.893 0.056 2.27
11/7/2011 14:25 289 7.9477 11.936 0.032 2.25
11/7/2011 14:30 294 7.9521 12.006 0.027 2.24
11/7/2011 14:35 299 7.9354 11.868 0.044 2.26
11/7/2011 14:40 304 7.5824 11.899 0.397 2.61
11/7/2011 14:45 309 7.9433 12.073 0.036 2.25
11/7/2011 14:50 314 7.9445 12.18 0.035 2.25
11/7/2011 14:55 319 7.9478 12.144 0.032 2.25
11/7/2011 15:00 324 7.9486 12.076 0.031 2.25
11/7/2011 15:05 329 7.9488 12.046 0.031 2.25
11/7/2011 15:10 334 7.9508 12.013 0.029 2.24
11/7/2011 15:15 339 7.9513 12.002 0.028 2.24
11/7/2011 15:20 344 7.9509 11.961 0.028 2.24
11/7/2011 15:25 349 7.9511 11.947 0.028 2.24
11/7/2011 15:30 354 7.9507 11.925 0.029 2.24
11/7/2011 15:35 359 7.9509 11.912 0.028 2.24
11/7/2011 15:40 364 7.9512 11.902 0.028 2.24
11/7/2011 15:45 369 7.9509 11.89 0.028 2.24
11/7/2011 15:50 374 7.9514 11.878 0.028 2.24
11/7/2011 15:55 379 7.9517 11.865 0.028 2.24
11/7/2011 16:00 384 7.9525 11.857 0.027 2.24
11/7/2011 16:05 389 7.9537 11.857 0.026 2.24
11/7/2011 16:10 394 7.9547 11.846 0.025 2.24
11/7/2011 16:15 399 7.9561 11.837 0.023 2.24
11/7/2011 16:20 404 7.9573 11.826 0.022 2.24
11/7/2011 16:25 409 7.9596 11.818 0.020 2.23
11/7/2011 16:30 414 7.9603 11.81 0.019 2.23
11/7/2011 16:35 419 7.9609 11.801 0.018 2.23
11/7/2011 16:40 424 7.9641 11.792 0.015 2.23
11/7/2011 16:45 429 7.963 11.79 0.016 2.23
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APPENDIX G  
Nitrate Dilution Calculation 
 



1/13/2012 Nitrate Dilution Calculation 11-1122-0129 (3000)

N:\Active\2011\1122 - Contaminated Lands\11-1122-0129 Hydro One Frank Kenny Road\Hydrogeology\nitrate loading.xlsx
Golder Associates

Input Parameters
Site Area 29,000      m2 (approximately 2.90 hectares)
Net Potential Infiltration (NPI) 180 mm/yr
Nitrate strength in effluent 40 mg/L
Water usage per employee 125 L/day
Maximum number of employees 35

Dilution Calculation
Annual infiltration across site 5.22E+06 L/yr = NPI * site area
Septic Loading for 35 employees 1.60E+06 L/yr = water usage * number of employees
Nitrate loading 6.39E+07 mg/L/yr = septic loading * nitrate strength
Nitrate concentration at property boundary 9.37 mg/L = (nitrate loading)/(annual infiltration + septic loading)
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Updated Nitrate Dilution Calculation 
 

 

 

  



May 2022 Nitrate Dilution Calculation 21493887

Input Parameters
Site Area 26,480      m2 (approximately 2.6 hectares)
Net Potential Infiltration (NPI) 180 mm/yr
Daily effluent volume 10000 L/day
Nitrate strength in effluent 40 mg/L
Nitrate reduction via pre-treatment 50%

Dilution Calculation
Annual infiltration across site 4.77E+06 L/yr = NPI * site area
Septic Loading 3.65E+06 L/yr = daily effluent volume * 365 days
Nitrate loading 7.30E+07 mg/L/yr = septic loading * nitrate strength * nitrate reduction
Nitrate concentration at property boundary 8.7 mg/L = (nitrate loading)/(annual infiltration + septic loading)

https://golderassociates.sharepoint.com/sites/152302/Project Files/6 Deliverables/Well Sampling/Att3-21493887 nitrate loading.xlsx
Golder Associates Ltd.
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