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Executive Summary 

This report summarizes the results of vibration monitoring carried out for the North Kent 1 project (NK1) completed 

as part of Section H1 of the Renewable Energy Approval (REA) document issued by the Ontario Ministry of the 

Environment and Climate Change (MOECC). The construction vibration monitoring program documented in this 

report was based on the results of a test pile driving and vibration monitoring program (Phase 1) completed in 

accordance with a work plan prepared by Golder Associates Ltd. (Golder) dated March 3, 2017, subsequently 

approved by MOECC on March 6, 2017. A report summarizing the test pile driving and vibration monitoring 

program results was finalized and issued on June 16, 2017. Subsequent vibration monitoring field work for the full 

construction phase of this project (Phase 2) was carried out in accordance with a vibration monitoring program 

prepared by Golder dated June 2, 2017 and subsequently approved by MOECC and issued by Golder on June 9, 

2017.  

The intent of the work was to evaluate the surface and subsurface magnitudes, propagation and attenuation 

characteristics of ground vibrations associated with driving of piles for the foundations of 34 wind turbines. This 

report focuses on: 

 peak vibration amplitudes near the pile driving source; 

 patterns of vibration attenuation in soil and rock as compared to published methods of vibration attenuation 

prediction or analysis;  

 magnitudes of vibrations at distant domestic water wells; and 

 comparison of the site-specific data to published and regulatory vibration monitoring thresholds.  

Vibrations of various magnitudes emanating from multiple sources were detected by monitoring instruments at the 

turbine construction sites and at nearby domestic water wells. 

For this project, a total of 625 steel pipe piles were driven into the ground to support the wind turbine foundations. 

This total number of piles included 13 that were driven to replace others that were damaged or otherwise judged 

unsuitable. During pile driving, some of the piles were hammered again after they had achieved their design 

resistance criteria. These “restrike” events were used as a means to test pile resistance after a period of time. 

Dynamic testing events were also carried out on a number of piles.   Well monitoring data for periods of time during 

which piles were not being driven were also analyzed to evaluate background conditions, specific vibration sources 

other than pile driving, and vibrations induced by operating well pumps.  

The resulting data has permitted an evaluation of distance-vibration attenuation behaviour for this project. The 

data demonstrate that the character of vibrations at monitored water wells, as measured by the sensitive 

instrumentation, were not of concern as compared to those induced by common day-to-day activities. As compared 

to typical vibration magnitudes associated with other causes or published acceptable vibration thresholds for 

different activities and conditions, and as compared to background day-to-day activities near the well locations, 

vibrations at the residential well locations were below regulatory thresholds for human perception and other 

published thresholds related to residential uses. Where turbine construction was sufficiently close that pile-induced 

vibrations could be discerned within the well monitoring data, the vibration magnitudes were significantly less than 
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vibrations induced by nearby road traffic and the water well pumps, sometimes being smaller by a factor of 10 to 

100. It is our opinion that the pile driving did not expose any of the monitored groundwater wells to vibrations in 

excess of those that the wells commonly experience otherwise. Further, given the distance and vibration 

magnitude attenuation patterns confirmed by the measurement data, it is our opinion that vibrations induced by 

pile driving were of magnitudes that would have been of no consequence at other wells in the project area.  
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1.0 INTRODUCTION 
This report summarizes the results of vibration monitoring carried out for the North Kent 1 project (NK1) completed 

as part of Section H1 of the Renewable Energy Approval (REA) document issued by the Ontario Ministry of the 

Environment and Climate Change (MOECC). The construction vibration monitoring program documented in this 

report was based on the results of a test pile driving and vibration monitoring program (Phase 1) completed in 

accordance with a work plan prepared by Golder Associates Ltd. (Golder) dated March 3, 2017, subsequently 

approved by MOECC on March 6, 2017. A report summarizing the test pile driving and vibration monitoring 

program results was finalized and issued on June 16, 2017 and, except where relevant data is presented, is not 

discussed further within this report. Vibration monitoring field work for the construction phase of this project (Phase 

2) was carried out in accordance with a vibration monitoring program prepared by Golder dated June 2, 2017 and 

subsequently approved by MOECC and issued by Golder in June 9, 2017. 

The intent of the work was to evaluate the surface and subsurface magnitudes, propagation and attenuation 

characteristics of ground vibrations associated with driving of piles for the foundations of 34 wind turbines. This 

report focuses on: 

 measured vibration amplitudes on the turbine construction sites, near the pile driving source;  

 vibrations amplitudes at the ground surface and in the subsurface soil and rock at known distances from the 

pile driving sources; 

 magnitudes of vibrations at domestic water wells;  

 patterns of vibration attenuation in soil and rock as compared to published methods of vibration attenuation 

prediction or analysis; and 

 a comparison of these vibrations to regulatory and published thresholds. 

This report summarizes: 

 a description of the sources of vibrations; 

 the subsurface conditions at the NK1 turbine sites; 

 vibration monitoring systems and locations; 

 field activity observations at the turbine and water well sites during pile driving; 

 a summary of the vibration monitoring data gathered during pile driving and at other key times; and 

 interpretations of the data. 

Where applicable, this report also references “Information to be Submitted for Approval of Stationary Sources of 

Sound (NPC-233)” and the two relevant references cited in NPC-233 “Procedures (NPC-103)” and “Impulse 

Vibration in Residential Buildings, (NPC-207)” as published by MOECC. The MOECC NPC-233, NPC-103 and 

NPC-207 documents have been referenced for guidance related to background information and data provided in 

vibration monitoring reports and the thresholds for human perception of vibrations as a means for comparison 

purposes.  
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This report should be read in conjunction with the attached document “Important Information and Limitations of 

This Report”, which comprises an integral component hereof.  The reader’s attention is specifically drawn to this 

material, as it is essential for proper use and interpretation of the information presented and discussed herein. 

 

2.0 PROJECT SUMMARY 
A total of 34 turbine foundations have been constructed as part of the NK1 project. These turbine foundations have 

been constructed within a rural farming area generally between Wallaceburg and Chatham, Ontario, bound by 

Bear Line on the west, Centre Side Road on the east, Oldfield Line on the north and Darrell Line and Pine Line on 

the south. The project area is illustrated on Figure 1. In general, the topography surrounding the turbine sites is 

relatively flat, with a topographic relief generally less than about 2 m. Buildings in the vicinity, considered potential 

receptors under NPC-233, consist of rural residences and farm buildings, typical of southwestern Ontario. In 

general, the nearest residences are more than 550 m from the turbine sites; however, this report does not provide 

specific off-set distances to all potential residential structures. For the purposes of monitoring, the turbines were 

grouped into geographic clusters within which vibration monitoring was to be undertaken at two domestic water 

wells. These turbine clusters and the associated water wells are also illustrated on Figure 1 and listed in Table 1, 

below. Figures T3 through T73 (provided after Figures 1 through 5, following the report text) illustrate individual 

turbine sites and the associated domestic water wells where vibration monitoring was completed. These figures 

have been numbered to reflect the turbine identification number.  

 

Table 1: Summary of Turbine and Water Well Clusters 

Turbine Well Well 

Turbine Cluster 1 

T12 

5 (9559 Pioneer Line) 6 (24123 Prince Albert Road) T35 

T36 

Turbine Cluster 2 

T6 

7 (25117 Prince Albert Road) 8 (9241 Countryview Line) 
T7 

T31 

T38 

Turbine Cluster 3 

T28 

9 (9557 Countryview Line) 10 (9709 Cedar Hedge Line) T30 

T32 
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Turbine Well Well 

Turbine Cluster 4 

T3 

11 (9596 Union Line) 12 (9468 Union Line) 

T4 

T20 

T21 

T43 

T45 

T46 

Turbine Cluster 5 

T5 

3 (8522 Bush line) 4 (26347 St Clair Road) 
T33 

T34 

T52 

Turbine Cluster 6 

T14 

13 (8771 Union Line) 14 (8904 Union Line) 

T15 

T19 

T23 

T26 

T27 

T44 

T49 

T51 

Turbine Cluster 7 

T39 

1A (25226 Baldoon Road) A (25321 St. Clair Road) 
T41 

T42 

T73 

 

2.1 Subsurface Conditions 
Subsurface conditions at each turbine site were explored, tested and summarized by AMEC (2016). In general, 

the subsurface conditions consist of: 

 Topsoil is commonly encountered near the surface and, in many areas, represents tilled and worked 

farmlands.  

 In some areas, below the topsoil, deposits of sand and silt exist ranging in total thickness between nil and 

8.2 m with an average thickness of 1.7 m, based on the boreholes completed for this project (AMEC 2016).  
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 Below the sand and silt, where present, the majority of the soils consist of a regionally extensive deposit of 

very soft to firm silty clay, ranging in thickness at the planned turbine sites from about 10 to 20 m with an 

average thickness of 13.2 m (AMEC 2016).  

 At various turbine sites, sand and gravel soils with varying proportions of silt and clay, either representing 

ice-contact outwash or basal glacial till soils, were commonly found between the overlying thick silty clay 

deposits and the underlying bedrock.  These soils represent the local aquifer and are as much as 10.4 m 

thick with an average thickness of about 2.2 m (AMEC 2016).  

 Fine-grained shale bedrock of the Kettle Point Formation was encountered beneath the glacial till at all turbine 

sites in boreholes completed by AMEC (2016), during pile driving and during foundation anchor drilling. 

 Natural gases were encountered during pile driving and drilling at turbine sites T7, T36, T73 and T44, during 

exploratory drilling at turbine sites T11, T16, T20, T27, T38, T41, T72 and T73 as noted in the AMEC (2016) 

report and was observed by Golder discharging from the outside tap at Well 11. Natural gas was also 

identified during drilling of domestic water wells as noted in MOECC water well records for or near Wells 5, 

7, 8 and 12. 

 

2.2 Foundation Design 
Since the shallow ground conditions are not suitable to support the turbines on spread foundations, deep 

foundations were required. Each of the turbines will be supported by a circular mass concrete foundation and steel 

pipe piles driven into the ground to the top of bedrock.  An approximately 2.7 m deep excavation, as measured 

from the surrounding ground surface, was completed prior to pile driving (see cover photograph) to bury the mass 

concrete foundation and utilize the overlying re-compacted soil as part of the resistance to uplift and overturning 

forces on the foundation. The initial foundation design planned to consist of as many as 24 to 26 driven steel pipe 

piles per turbine. 

Two of the turbine sites, numbers T42 and T5, were selected for installation of a single foundation test pile at each 

site to refine the design of turbine foundations for the NK1 project. Work at the T42 test pile site was completed 

first and included driving and partially extracting a single pile along with a surface, subsurface and domestic water 

well vibration monitoring program (as discussed in the June, 2017 Golder report). The general location, site layout 

and subsurface instrumentation for the Turbine T42 area are illustrated on Figures T42 and T42A. Work at the T5 

test pile site included driving and partially extracting a single test pile along with surface and domestic water well 

vibration monitoring at the locations illustrated on Figure T5. Test pile driving was undertaken between March 29 

and 31, 2017 at the T42 site and on May 3 and 4, 2017 at the T5 site. The test pile program consisted of driving 

one pile from the ground surface at each of sites T42 and T5 where the pile was driven to the depth of pile refusal 

to penetration to measure resistance to downward loads. The test piles were selected to be consistent with the 

expected foundation piles and were about 410 millimetre (mm) outside diameter, driven with a closed-end and 

filled with structural concrete after driving. The closed-end was formed with an approximately 430 mm diameter, 

50 to 60 mm thick plate welded to the tip of the pile. A closed-end pile design was selected based on geotechnical 

resistance performance whereby a larger structural end-bearing area is created by the closed end as opposed to 

the relatively thin, circumferential steel pipe cross section. Driving the piles with a closed-end was also 

advantageous for inhibiting soft soil materials from entering the pile and for permitting the entire pipe internal 

volume to be filled with structural concrete, producing a more rigid, heavier pile foundation system. The test piles 
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were partially extracted to test uplift resistance and these results are provided by Exp (2017a). The test piles, 

therefore, do not form a structural part of the T5 and T42 foundations and have been abandoned within the 

foundation footprints. 

Based on the results of test pile uplift resistance measurements, the foundations were redesigned to utilize a total 

of 18 driven pipe piles with integral rock anchors to provide uplift resistance. To permit both driving of closed-end 

piles and subsequent drilling for the rock anchors, the ends of the pipe piles were designed to be plugged with 

cement grout rather than being capped by steel plates as previously used for the test pile program. Half of the 

piles were designed to be driven at an angle of 5 degrees from vertical, outward away from the foundation, to 

provide additional resistance to overturning and sliding forces. After contacting the top of rock, the grout plugs and 

soils within the steel pile were removed using a 355 mm diameter drilling bit. Once the plug and soils were removed 

from within the steel pile, an approximately 229 mm diameter hole was drilled into the rock, into which a steel 

reinforcing bar was to be grouted as an anchor to uplift. The piles were then designed to be filled with concrete to 

the surface. 

 

2.3 Pile Driving Hammer 
With respect to the information required by NPC-233, the pile driving that forms the source of the vibrations was 

completed using a Berminghammer B-32 diesel hammer with a rated energy of 110 kJ with an operational hammer 

rate of 35 to 56 blows per minute, with the exception of one pile at T12 driven with a Berminghammer B-21 diesel 

hammer. This second hammer was judged to be ineffective for further use at this site. Specifications for the 

Berminghammer B-21 and B-32 diesel hammers are provided in Appendix A. The pile driving hammers and piles 

were suspended on a mobile crane mounted on a tracked/crawler carrier. Pile driving occurred during daytime and 

normal construction operational hours. 

 

3.0 MONITORING EQUIPMENT, LOCATIONS AND METHODS 
Vibration monitoring during driving of piles for the turbine foundations was completed between June 21 and 

November 8, 2017 in accordance with the work program approved by MOECC issued by Golder on June 9, 2017. 

For the purposes of vibration monitoring, the turbine sites were grouped into seven clusters as illustrated on Figure 

1, based on geographic proximity, as the primary consideration, a need to develop a variety of turbine-to-well 

distances, construction sequence and permission from well owners. Monitoring of vibrations at the turbine 

construction sites was conducted full-time during active pile driving. Vibrations were also monitored at two 

domestic water wells within each of the turbine clusters. Figure 1 illustrates the clusters and Table 1 summarizes 

the corresponding wells that were monitored in each of the clusters. The centre of each turbine location was 

mapped using data provided to Golder and, based on the foundation design drawings, Golder mapped each pile 

for the turbines to allow determination of pile-specific distances to monitoring points (geophones and domestic 

water wells). 
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3.1 Vibration Monitoring at Turbine Sites 
Ground surface vibrations were monitored at each turbine site on a full-time basis when piles were being actively 

hammered. Vibration monitoring was not completed during activities such as excavation, concrete placement or 

drilling activities. Conventional ground surface construction vibration seismographs were used for this purpose 

and consisted of geophone systems, as previously used during the test pile monitoring program, located close to 

the piles. Because of the foundation excavation slopes, site safety considerations and for protection of the 

monitoring systems from construction equipment, the geophones were typically located between 6 and 10 m radial 

distance away from the closest foundation pile. Therefore, the geophones were at a higher elevation than the 

bottom of the 2.7 m deep excavation completed for pile driving and foundation construction. The geophone sensors 

were coupled to the ground at the base of a shallow excavation, completed to remove surficial topsoil and loose 

materials, and the threaded coupling pins at the base of the geophone were firmly forced into the ground. The 

geophone was also covered with a plastic bag to protect it from rainfall and a sandbag was placed over the 

geophone to further ensure ground coupling. The geophones remained in a stationary position as the foundation 

piles  were driven (i.e., the monitoring devices remained unchanged as the piles were driven around the 

circumference of the foundation). As a result, individual pile to geophone distances ranged from 6.1 to 28.6 m. 

Geophone locations and instrument serial numbers are illustrated on the turbine site plan Figures T3 through T73. 

Monitoring instruments consisted of Instantel Minimate Pro 3 and Pro 4 systems (see Appendix B). All systems 

were programmed to continuously record vibration histograms at two second intervals as well as a low “trigger” 

threshold for capturing vibration waveforms. Due to limitations related to data storage capacity, when the Pro 3 

system was utilized, two instruments were installed so that while data was being downloaded from one, the other 

would continue to record data. This redundancy was not necessary for the more advanced Pro 4 system; however, 

dual geophone systems were implemented in many cases based on instrument availability and the number of 

turbine sites where pile driving was in progress. At least one geophone was operating at all times. Calibration 

records for these instruments are included in Appendix B and calibrations were completed in accordance with the 

manufacturer’s recommended schedule. 

During all active pile driving, Golder personnel were on-site full-time and recorded pile depths, numbers of hammer 

blows, character of pile hammer performance, all hammering start and stop times as well as general notes on 

other activities such as splicing and welding. Pile driving times were recorded using the National Research Council 

of Canada official time (through cellular phone internet connection), to document time consistently throughout the 

vibration monitoring field work. 

 

3.2 Vibration Monitoring at Domestic Water Wells 
As noted above, two domestic water wells were monitored for vibrations when pile driving within each of the turbine 

clusters. A total of 14 water wells were monitored for the seven turbine clusters, since some of the well owners 

that initially participated in the test pile monitoring program subsequently declined to continue. A summary of 

conditions at each monitored water well, including photographs of each casing and the surroundings, is provided 

in Appendix C along with records obtained from the MOECC Water Well Information System database for the 

specific monitored well or for wells mapped in the near vicinity of the monitored wells. The MOECC water well 

records are provided as background information related to well casing sizes, construction dates, depths and 

ground conditions at each well. 
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Domestic water well casings for each turbine cluster were monitored with PCB 393A03 uniaxial accelerometers 

matching those used during the test pile monitoring program (see Appendix B). Three accelerometers were used 

for each casing to capture vibrations in three orthogonal directions (noted as vertical, longitudinal and transverse). 

As pile driving was carried out at the different turbine sites, the longitudinal monitoring direction was reoriented to 

be aligned toward the nearest turbine pile driving activities to the extent that physical conditions permitted (e.g., 

when pumps, casing attachments or other obstructions did not prohibit variable accelerometer orientation). Figures 

T3 through T73 illustrate the azimuths (based on magnetic north) that were used for accelerometer orientation. 

For each monitored casing, the three accelerometers were rigidly mounted (threaded bolts) to a pre-fabricated 

block specifically manufactured for the purpose of using accelerometers to capture directional movements. The 

mounting blocks were rigidly attached to a stainless steel channel section fabricated at the University of Western 

Ontario machine shop specifically to allow adaptation to the range of circular well casings expected in the field, 

avoid altering or damaging the privately-owned well casing and to permit daily or weekly moving of the 

accelerometers to other wells. Two steel band clamps were used to temporarily attach the accelerometer system 

to the well casings. Each band clamp was secured using a torque of 81.3 Newton-metres (60 pound-feet) on the 

worm screw, producing more than two tonnes of radial force clamping the accelerometers to the well casings (see 

Appendix D for torque and band tension relationship). Examples of the accelerometer installations are illustrated 

in the photographs included in Appendix C. Field verification of accelerometer calibration was completed with a 

portable controlled vibration source before and after each time the accelerometers were installed on well casings 

and verification records are included in Appendix B. 

Data from the well casing accelerometers was captured continuously during pile driving using either Crystal 

Instruments Spider 20 or Rion DA-21 four-channel data loggers. The Spider 20 sampled acceleration data at a 

rate of 1,280 Hz and the Rion DA-21 sampled at a rate of 256 Hz. The data loggers were pre-programmed and 

tested to capture data in electronic files of 10 minute durations to minimize the potential for data loss if the data 

loggers were damaged or otherwise interrupted. Since the wells were in multiple outdoor settings, the data loggers 

were battery powered except in some instances where the wells were sufficiently close to a power source and 

permission from the owner was granted to use the household electric current. In some cases, due to environmental 

conditions during the summer months and long operating durations, the batteries for these data loggers 

overheated, causing excessive and unexpected battery drain from time to time. Once this difficulty was identified, 

the data loggers were contained within coolers chilled with ice. Electronic files from each data logger were 

downloaded and stored on a daily basis on Golder computers and network servers. 

During water well casing vibration monitoring, Golder personnel were stationed near the data loggers to record 

other activities on and near the well property. These individuals turned the equipment on and off as directed by 

Golder coordinating staff, periodically checked battery and recording status of the data loggers (balancing the 

need to minimize walking near the instrument with checking needs) and, to the extent practicable, observed on-

site vehicle and pedestrian traffic, traffic on the nearby roads and other nearby activities that might influence ground 

vibrations. These individuals recorded observations marking the time of the observation. Recording of observation 

times at the wells was of less accuracy than at the pile driving site because of the time needed to write individual 

notes about a wide variety of observations. When possible and practical, vehicle types associated with road traffic 

were recorded; however, passing of every vehicle could not be recorded, particularly for busy roads such as St. 

Clair Road, Countryview Line, Prince Albert Road and Union Line. 
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3.3 Subsurface Vibration Monitoring at Turbine T42 
Data from accelerometers previously installed within the bedrock at the turbine T42 site (see Golder 2017) was 

captured during pile driving using a Crystal Instruments Spider 80Xi 24 channel data logger that sampled 

acceleration data at a rate of 1,280 Hz. As with the well monitoring, the data logger was pre-programmed and 

tested to capture data in electronic files of 10 minute durations to minimize the potential for data loss if the data 

loggers were damaged or otherwise interrupted. A small, lightweight (98 cc) gasoline-powered portable generator, 

located about 10 m away from the nearest subsurface instrumentation location, was used to provide electric current 

to the data logger.  

 

4.0 FIELD OBSERVATIONS DURING MONITORING 

4.1 Monitoring at Turbine Sites 
Commonly, the piles penetrated the first few metres of ground under their own weight, with nominal pile driving 

effort required (e.g., less than 5 hammer blows per metre of penetration) until the underlying glacial till and/or rock 

was encountered. In many cases, the pile driving resistance in the upper soil layers was insufficient to engage the 

firing mechanism in the diesel hammer. Upon reaching the glacial till, the pile hammer fully engaged and fired for 

the remainder of driving. Typically, the piles were marked at 0.25 m increments prior to driving to allow gaging of 

pile depth. While Golder personnel observed pile driving full-time, the focus of the observations was on counting 

hammer blows to judge penetration rate, time keeping and hammer performance related to energy delivered to 

the piles. Detailed records of final penetration depth and pile testing were prepared by others. However, pile driving 

conditions were clearly different and representative of “hard” driving conditions on glacial till or bedrock when the 

number of pile hammer blows required to drive the pile more than 0.25 m increased above approximately 10 and 

the hammer started firing. 

At some turbine locations, particularly T3, T34, T45, T46 and T73, the piles had to have additional lengths spliced 

on the piles and the piles were driven deeper than initially planned. During pile driving, the crews observed and 

reported to Golder personnel that the grout plug was displaced up into the steel pile, indicating that the plug did 

not remain fully in place and that the driving energy delivered to the ground ahead of the pile was likely less than 

when the steel end cap was used during the test pile program. In 13 cases, piles were damaged and were replaced 

by new piles driven at distances of 0.5 to 1 m toward the turbine centre as measured from the original pile locations.  

In some instances, construction equipment operated or travelled in close proximity to the vibration monitoring 

geophones. These instances and the times during which such conditions occurred were noted by Golder 

personnel. 

 

4.2 Monitoring at Domestic Water Wells 
Activities at and near the domestic well monitoring sites, well pump conditions and their operation and other 

observations made during vibration monitoring are summarized below: 

 Well 3: Activities at the Well 3 property included crop harvesting, movement of farm vehicles and loading of 

haul trucks in relatively close proximity to Well 3. This well was located in a gravel driveway and farm 

equipment storage area. 
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 Well 4: Prior to September 6, 2017, Well 4 had not included a pump while Golder personnel were on site. On 

September 6, 2017 a well pump was connected, operated and adjusted and the owner made frequent return 

visits to the well shed. The pump was mounted in close proximity (less than about 1 m) to the well casing 

(see Appendix C). On September 5 and 6, 2017, passenger vehicles entered and left the Well 4 property, 

passing and parking close to the well shed. Crop harvesting was also carried out as close as about 25 m 

from the well casing. 

 Well 6: The pump for Well 6 is mounted in close proximity to the well casing (see Appendix C). Approximately 

1 minute after driving of Pile 1 for turbine T12 concluded, a loaded tractor-trailer dump truck drove by on the 

road near Well 6 causing sufficient vibration to be noticed by the Golder well attendant. At the same time, the 

resident was hammering in a nearby shed. During well monitoring, mechanical systems associated with the 

farm silos were observed to be operating from time to time. Farm equipment and crop transport trucks entered 

and left the site within approximately 105 m of the well. A small bridge used for farm equipment to cross a 

local open drain is located within 60 m of the well. 

 Well 9: A piston pump for Well 9 is located within the barn adjacent to the Well 9 casing location, a total 

distance (inside and outside) of about 3 to 4 m. During pile driving for turbines T28 and T32, on August 11, 

2017, other work was occurring near Well 9. This work included construction of the electric power collection 

system along the access road leading to the T32 site and included movement of heavy equipment, excavator 

operations, dump truck traffic, discharge of stone from delivery vehicles and other activities. This surface 

construction work was as close as 100 m from Well 9. Additionally, Well 9 is approximately 74 m from 

Countryview Line that experiences significant traffic. Traffic included loaded construction equipment, buses, 

fuel tanker trucks and other vehicles. Golder conducted a separate monitoring event at this well on September 

8, 2017, to observe the influence of the pump on well casing vibrations in the absence of pile driving and the 

resulting character of the pump-induced vibration data.  

 Well 10: The pump for Well 10 is mounted in close proximity to the casing and was audible during operation 

(see photographs in Appendix C).  

 Well 11: Vibrations of the casing at Well 11 were measured during water quality sampling on August 17, 

2017 in the absence of pile driving at any location to observe the influence of the pump on well casing 

vibrations in the absence of pile driving and the resulting character of the pump-induced vibration data. The 

pump is located within the residence and approximately 40 m from the well. 

 Well 12: Well 12 was clearly audible when it was operating. The pump for Well 12 is a mechanical lift pump 

mounted directly on top of the well casing. Golder personnel recorded the specific times of pump operations 

on a number of occasions to identify the influence of the pump on well casing vibrations and the resulting 

character of the pump-induced vibration data. 

 Well 13: Well 13 is located in an area near the barns and is subject to on-site farm equipment movements in 

the vicinity. The pump for this well was mounted in close proximity to the well casing and was clearly audible 

when it was operating. Golder personnel recorded the specific times of pump operations on a number of 

occasions to identify the influence of the pump on well casing vibrations and the resulting character of the 

pump-induced vibration data. 
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 Well 14: Well 14 is located approximately 13 m from the centreline of Union Line and within 2 m of the 

driveway. This well also includes use of wagon wheels leaned against the well casing as a decorative feature.  

The monitored wells were located on properties that abutted and opened onto local roads as summarized in the 

table below. In general, the local paved roads in the area were originally constructed in the 1960s and 1970s using 

unreinforced Portland cement concrete with wooden expansion joints at approximately 18.3 m intervals placed on 

approximately 150 mm of cement-treated base. Since then, the roads have been resurfaced at various times with 

70 to 80 mm of asphaltic concrete pavement. The Portland cement concrete pavement has typically developed 

transverse cracks that allows water into the road base that then promotes degradation of both the pavement and 

base over repeated freeze-thaw cycles and traffic loads. While the surface asphaltic pavement results in a smooth 

surface for a period of time, reflection of the transverse cracks through the surface results in many of the roads in 

the project area having low condition ratings based on the Ministry of Transportation Ontario SP024 Manual for 

Condition Rating of Pavements. In some areas, crack sealing compounds have resulted in an additional ridge of 

at the transverse crack, making ride quality worse. This poor road condition and the transverse cracks and filling 

materials produce noticeable and repeated bumps in the road that likely serve as a mechanism underlying traffic-

induced vibrations. 

 

Table 2: Summary of Roads at Monitored Domestic Wells 

Well 
No. 

Address 
Distance to Road 
Centreline (m) 

Road Surface 

1 25209 Baldoon Road 37 Gravel surfaced 

1A 25226 Baldoon Road 65 Gravel surfaced 

A 25321 St. Clair Road 
35 Asphaltic surface, transverse cracking clearly 

evident at 10 to 15 m intervals 

2 25345 Baldoon Road 51 Gravel surfaced 

3 8522 Bush Line 101 Gravel surfaced 

4 26457 St. Clair Road 
81 Asphaltic surface, transverse cracking clearly 

evident at 5 to 10 m intervals 

5 9559 Pioneer Line 
195 Suspected former “tar and chip” surface 

treatments, longitudinal ruts 

6 24123 Prince Albert Road 
55 Asphaltic surface, surface treatment more recent 

and transverse cracking less pronounced than 
other area roads 

7 25117 Prince Albert Road 
54 Asphaltic surface, transverse cracking clearly 

evident at 10 to 15 m intervals 

8 9241 Countryview Line 
56 Asphaltic surface, transverse cracking clearly 

evident at 5 to 10 m intervals 

9 9557 Countryview Line 
80 Asphaltic surface, transverse cracking clearly 

evident at 5 to 10 m intervals 

10 9709 Cedar Hedge Line 61 Gravel surfaced 

11 9596 Union Line 
89 Asphaltic surface, transverse cracking clearly 

evident at 5 to 10 m intervals with closer crack 
spacing in some areas 
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Well 
No. 

Address 
Distance to Road 
Centreline (m) 

Road Surface 

12 9468 Union Line 
84 Asphaltic surface, transverse cracking clearly 

evident at 5 to 10 m intervals with closer crack 
spacing in some areas 

13 8771 Union Line 
67 Asphaltic surface, transverse cracking clearly 

evident at 5 to 15 m intervals 

14 8904 Union Line 
13 Asphaltic surface, transverse cracking clearly 

evident at 5 to 10 m intervals 

 

4.3 Subsurface Vibration Monitoring at T42 Site 
As noted above, subsurface vibration monitoring equipment installed within the bedrock as part of the test pile 

program was used to measure vibrations generated during construction pile driving at the T42 site. Initial data 

collection determined that the high resolution uniaxial accelerometers were functioning appropriately. During initial 

on-site measurements, however, it was not clearly identifiable whether the triaxial instruments within the bedrock 

were also functioning though all systems were connected and powered during pile driving. Later review and 

comparison of the data from both instrument types determined that only some channels of the triaxial 

accelerometers were functioning and included signal noise below about 10Hz. While monitoring the subsurface 

accelerometers, electrical power supplies associated with the on-site generator were inconsistent as a result of a 

ground-fault interrupter switch triggering because of heavy rain and wet site conditions. In total, subsurface data 

from driving half of the piles was captured by all in-rock instruments. 

 

5.0 VIBRATION MONITORING DATA 

5.1 Data Evaluation Methods 
Consistent with the test pile vibration monitoring program (Golder 2017), geophone vibration velocity data gathered 

by the Instantel Minimates was processed using Blastware software1. Full waveform and long-duration monitoring 

time-velocity histograms were used to identify peak vibrations during driving of each pile. The combination of time, 

velocity and pile driving location permitted evaluation of distance-dependent vibration magnitude attenuation for 

each turbine site. 

As described in the test pile vibration monitoring program report (Golder 2017), data generated by accelerometers 

required separate processing for the following reasons: 

 high-precision, low-noise accelerometers were chosen for much of the monitoring since, for the physical size, 

frequency and amplitude ranges necessary for this work, available accelerometers were more sensitive than 

most geophone systems; 

 background vibrations and other vibration noise (e.g., generated by nearby road traffic, other equipment 

operating at the ground surface, environmental influences, etc.) and system electronic noise (e.g., voltage 

                                                      
1 Blastware, (2015). Blastware, Release 10.74, Xmark Corporation for Instantel, Kenata, Ontario. 
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variability of power generators, signals outside of rated frequency ranges, etc.) must be considered apart 

from the primary frequency source (pile driving) to arrive at appropriate measurements of related particle 

velocities;  

 pile driving using an impact hammer produces discrete, transient, or discontinuous, complex waveforms (i.e., 

not continuous, repeating sinusoidal waves); and 

 acceleration data must be mathematically integrated to obtain corresponding velocity data. 

 

Acceleration time histories for each instrument were used to relate specific activities identified by time of 

occurrence to instrument responses. Accelerometer data was subsequently analysed using the MATLAB2 Version 

2017A and 2017B software along with the Signal Processing Toolbox. Consistent with the data evaluation process 

implemented for the test pile vibration monitoring program (Golder 2017), a Fast-Fourier Transform (FFT) 

algorithm was used to convert consecutive one second intervals of acceleration data from the time domain into 

the frequency domain with the FFT data subsequently integrated to velocity. The values of each peak within the 

velocity spectrum for each consecutive one second interval of data (i.e., comprising 256 or 1,280 specific sampled 

measurements of acceleration) were chosen using the “findpeaks” function in MATLAB. This approach limited the 

potential influence of various filtering algorithms and signal power suppression that might otherwise be used to 

address FFT spectra noise and leakage while at the same time addressing the FFT results that appear in the low 

frequency range below 5 to 10 Hz. During the test pile vibration monitoring program, verification of Parseval’s 

theorem was also completed to ensure that the recorded energy in the time domain was the same as the energy 

in the frequency domain for this data evaluation methodology. A semi-automated process was implemented 

whereby the 10 minute files of multi-channel data from the data loggers were evaluated for key periods of time 

during which the piles were being driven on the glacial till and/or rock and the driving energy was therefore at its 

greatest. Additional 10 minute files were also evaluated for specific events such as when pile driving was not 

occurring and during well pumping. Analysis of each 10 minute file produced 600 individual FFT results from which 

peak vibration velocity was obtained. In addition, when pile driving induced vibrations could be specifically 

identified within the acceleration time history data, these time periods were also examined to separate the 

influences of pile driving from other transient vibration sources.  

Appendix E includes examples of 10 minute acceleration time history periods from various well casing 

accelerometers and the subsurface accelerometers at the T42 site. These examples are organized in Appendix E 

sequentially by turbine number, well number and pile number. The data time histories illustrate accelerometer 

responses to pile driving actions and examples of other identifiable transient sources of vibrations such as pump 

operations for Wells 5 (mechanical interference), 6, 10, 12 and 13 as well as the effects of vehicles passing the 

wells on the nearby roads, particularly at Well 14. Turbine T14 and Well 14 represent the closest pile to well 

monitoring distances and, therefore, more examples are shown for this particular case. Further, in this case, the 

well also represented the closest well to road distance and observations of traffic conditions were the most readily 

identifiable on a consistent basis because of this proximity. Additional examples for turbines T5, T31, T32, T35 

and T44 are also provided. These additional examples illustrate the relatively consistent character of the vibrations 

induced by pile driving as compared to pump operations and other transient sources (most commonly induced by 

traffic on adjacent roads or on the site), though the magnitudes of the vibrations differ. Examples of vibrations 

                                                      
2 MATLAB 2017a (2017). MATLAB, 1 Apple Hill Drive, Natick, MA 01760-2098; https://www.mathworks.com/products/matlab.html 
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measured in the bedrock at the T42 site are also provided in Appendix E. Within the overall set of 10 minute data 

file image examples, several excerpts for significantly shorter time scales are also included to illustrate the 

character of vibration waveforms associated with the pile driving. In all examples, the data file images are scaled 

according to the number of time-based samples obtained by the data logger (i.e., either 1,280 Hz or 256 Hz). 

Therefore, the horizontal time scales of the 10 minute long data images are shown with maxima of 8x105 samples 

and 16x104 samples, respectively. The figures included in Appendix E also include elapsed time scales and start 

of data file times for ease of reference and comparison to the data reports included in Appendix F. All 10 minute 

data file image examples use the same vertical scale of 1x10-3g for comparison purposes (where g = 9.81 m/s2), 

except for those at the T42 site since the vibration magnitudes were greater and not necessarily suited to this 

scale. 

During monitoring, data was produced by uniaxial and some channels of the triaxial accelerometers installed in 

the rock at the turbine T42 site used as part of the test pile vibration monitoring. Upon detailed inspection and 

comparison of the data from these two instrument types, the peak acceleration magnitudes captured by the triaxial 

and uniaxial accelerometers was comparable; however, the triaxial data included significant signal noise below 10 

Hz, causing artefacts when processing using the fast Fourier transform methods described above. Therefore, 

velocity values derived from the fast Fourier transform for the triaxial instruments that appeared below 10 Hz were 

not utilized. Examples of acceleration time histories, illustrating both full time histories where pile strikes were 

recorded as well as sequences of individual pile strikes at a smaller time scale are presented in Appendix E. 

 

5.2 Data Summary 
Vibration data for each turbine site and each of the two monitored wells in the associated turbine clusters are 

presented in Appendix F. These data reports also include specific notes related to observations made at both the 

turbine and well sites at the time of monitoring as related to construction activities, possible sources of vibration at 

the well sites, water well pump issues and the like.  

On the monitoring data reports, three times are reported for each driven pile. The column heading “Start” refers to 

the time of day when the pile hammering commenced on the indicated pile. The column heading “Rock/Till” 

indicates the time at which hard driving started, as evidenced by the rate of pile depth change as compared to the 

numbers of hammer strikes on the pile and hammer performance (e.g., times when hammer was firing). The 

column heading “End” indicates the time of day at which active pile hammering ceased for the identified pile. While 

the total pile driving duration can be determined by the difference between the “Start” and “End” times, the duration 

of active pile hammering was frequently interrupted by pile splicing, welding, equipment repair, decision-making 

required for pile termination depths, pile testing and daily labour breaks. Many of these start and stop instances 

are identified on the data reports included in Appendix F. Other site activities, such as crane movements, welding, 

equipment start-up and other work occurring prior to start of active pile hammering were not recorded except in 

specific instances when the turbine site geophones were inadvertently influenced by other equipment operating 

too closely. 

Pile driving for this project included: 

 Driving a total of 625 piles for the 34 turbine foundations, where 13 of these were replacements for piles that 

were damaged during driving; 
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 154 events during which the piles were hammered again to either evaluate whether suitable resistance to 

compression loads and contact with bedrock had been achieved or to advance the piles deeper to achieve 

contact with the top of rock; 

 The duration of active hammering on the piles, when in contact with glacial till or bedrock, typically ranged 

from less than one to 10 minutes per pile, with an average of about 6 minutes per pile, and the longest 

durations, were associated with splicing and driving piles deeper through the glacial till soils. 

The ground surface vibration monitoring data summarized in Appendix F represents the peak values of the vertical, 

longitudinal and transverse geophone measurements made at any time when driving the pile on the glacial till or 

rock. As noted above, since the piles were driven from the base of an excavation, driving of the piles through the 

upper-most soils required little effort (many penetrated by their self-weight) and the peak ground surface vibrations 

occurred when driving the pile on the glacial till or rock. Where the table entries on the data reports in Appendix F 

are left blank, the geophone instrument was not in use; for example when changing batteries or downloading data. 

At least one geophone was operating at all times. Peak ground surface vibrations measured at the turbine sites 

are illustrated on Figure 2 as compared to the geophone distance from each of the driven piles. These data clearly 

illustrate attenuation of vibration magnitudes with increased distance from the piles. 

Well casing vibration monitoring is also summarized on the data reports included in Appendix F as relevant to 

active hammering on each pile for each turbine. These data represent the peak values of all vibration velocities 

measured in vertical, longitudinal and transverse directions that occurred for the period of time analyzed, 

regardless of the source of the vibrations.  

Well casing monitoring identified several wells for which the vibrations induced by the pumps dominated the 

instrument readings when the pumps. Other activities were also identified that dominated the measured vibrations 

(e.g., road traffic, work on well pump, etc.). Relevant notes regarding various pumps, their operation and other 

identifiable influences on vibration measurements are described below: 

 Well 3: Activities at the Well 3 property included crop harvesting, movement of farm vehicles and loading of 

haul trucks in relatively close proximity to Well 3.  

 Well 4: Peak well casing vibration velocities for Well 4 of nearly 5 mm/s were recorded on September 6, 2017 

when a well pump was connected, operated and adjusted and the owner made frequent return visits to the 

well shed. Crop harvesting was also carried out as close as about 25 m from the well casing. 

 Well 5: Data from monitoring Well 5 exhibited intermittent vibration characteristics similar to pump operations 

(i.e., constant, relatively high frequency vibrations). These vibrations were independent of pile driving times 

and were not consistent with traffic-induced transient vibrations. It is suspected that the pump for this well 

may have been located within the adjacent garage/shed, the plumbing between the pump and casing may 

be relatively rigid and coupled to the casing or a separate piece of machinery may have been operating from 

time to time within the garage/shed. 

 Well 6: The pump for Well 6 is mounted in close proximity to the well casing (see Appendix C). Peak particle 

velocities of as much as 0.8 mm/s were obtained from monitoring data collected at Well 6 on July 13, 2017 

when the well pump was operating during a time period without pile driving. The influences of the pump were 

readily discernable in the monitoring data. Approximately 1 minute after driving of Pile 1 for turbine T12 

concluded, a loaded tractor-trailer dump truck drove by on the road near Well 6 and, at the same time, the 
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resident was hammering in a nearby shed. Vibrations associated with the loaded dump truck were also 

perceptible by our well monitoring staff and registered at about 2.8 mm/s. 

 Well 9: A piston pump for Well 9 is located within the barn adjacent to the Well 9 casing location, a total 

distance (inside and outside) of about 3 to 4 m. During pile driving for turbines T28 and T32, on August 11 

and 14, 2017, other work was occurring near Well 9. This work included construction of the electric power 

collection systems along the access road leading to the T32 site and included movement of heavy equipment, 

excavator operations, dump truck traffic, discharge of stone from delivery vehicles and other activities. This 

surface construction work was as close as 100 m to Well 9. Additionally, Well 9 is approximately 74 m from 

Countryview Line that experiences significant traffic. Traffic included loaded construction equipment, buses, 

fuel tanker trucks and other vehicles. Golder conducted a separate monitoring event at this well on September 

8, 2017 to measure the influence of the pump on well casing vibrations in the absence of pile driving. Peak 

measured casing vibrations during this test were about 1.2 mm/s. Measurements at Well 9 on dates other 

than August 11 and 14, 2017 are consistent with expectations based on local traffic volumes and the potential 

influence of the adjacent piston pump. 

 Well 10: Well 10 exhibited peak vibrations of about 1.25 mm/s during pump operation. The influence of pump 

operations were clearly discernable in the vibration monitoring data. The proximity of the pump and well 

casing are illustrated in the photographs provided in Appendix C. 

 Well 11: Vibrations of the casing at Well 11 were measured during water quality sampling on August 17, 

2017 in the absence of pile driving at any location. When the pump was operating, a peak vibration magnitude 

of 0.016 mm/s was measured at this well. The pump is located within the residence and approximately 40 m 

from the well. 

 Well 12: During pile driving, Well 12 operated on a number of clearly definable occasions. Peak vibration 

measurements of pump-induced well casing vibrations were as much as 2.4 mm/s. The pump for Well 12 is 

a mechanical pump mounted directly on top of the well casing as illustrated in the photographs provided in 

Appendix C. 

 Well 13: Well 13 is located approximately 87 m from the centreline of Union Line which is subjected to local 

truck traffic. Review of the data indicates that well pumping and non-pile driving transient sources influenced 

the results at this location. Vibrations induced by the Well 13 pump were as much as 0.75 mm/s. 

 Well 14: Well 14 is located approximately 13 m from the centreline of Union Line which is subjected to local 

truck traffic. Peak vibration velocities measured at Well 14 of 0.613 mm/s and 0.675 mm/s were associated 

with a vehicle turning in the driveway and a tractor-trailer transport truck passing the well in the road lane 

closest to the well, respectively. 

When well pumps were operating during pile driving time periods, the well casing vibrations caused by the pumps 

were one or more orders of magnitude greater than those generated by all other sources. Appendix E includes 

multiple examples of the effects of pump-induced vibrations on the accelerometer data. The data reports included 

in Appendix F include a “no pump” column that provides peak vibration data exclusive of these pump influences. 

Figure 3 summarizes pump-induced well casing vibrations measured for this project.  
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6.0 DATA INTERPRETATION 
Figure 2, summarizing the vibrations measured at the turbine sites, clearly indicates patterns of vibration 

attenuation with increased distance from pile driving. Vibrations measured at the turbine site were the largest 

magnitudes measured during the course of the vibration monitoring program. While the ground responses at the 

individual turbine sites were of different magnitudes, the patterns of attenuation were similar. The magnitudes of 

measured turbine site vibrations were less than those anticipated based on the test pile program and use of the 

CALTRANS (2004) model for predictive vibration magnitude estimation. The reduced vibration responses are the 

result of the piles being driven from the base of a 2.7 m deep excavation that removed most of the surficial sand, 

silt and stiff clay from the sites. Penetration of the piles through the upper materials was accomplished with less 

resistance as compared to the test pile monitoring program and, in many cases, the piles penetrated several 

metres under their own self-weight. Peak vibration velocities at the turbine sites were less than 14 mm/s. While 

the vibration velocities exceeded the thresholds for human perception identified by NPC-207-2 and NPC-207-3 at 

the turbine sites, these thresholds are applicable to the reception sites which, in this case, are at significant 

distances from the construction (pile driving) location. 

Figure 3 summarizes the influence of water well pumps on well casing vibrations. With the exception of vibrations 

caused by individuals installing, adjusting or otherwise working on the pumps and well casings, the pumps were 

the largest sources of well casing vibrations measured during the course of this monitoring program. Variability in 

the measurements is likely reflective of different pump types (e.g., mechanical lift versus jet pumps), water supply 

demands on the pumps, differing pump ages and mechanical conditions, and mechanical and plumbing 

connections among other variables. 

As illustrated on multiple examples of acceleration time histories included in Appendix E, vibrations associated 

with transient traffic sources can be readily identified. Transient vibrations induced by vehicles passing by and 

farm vehicles operating on the domestic water well sites were the largest source of well casing vibrations when 

the influences of pump-induced vibrations are eliminated. Figure 4 compares well casing vibrations to the distance 

of the well casing from the nearby roads. While variability exists in the data, associated with the local road 

conditions, vehicle sizes, axle numbers, weights and speeds, there is a trend of decreased influence of traffic as 

compared to distance from the road, consistent with expected ground vibration attenuation patterns.  

Bedrock vibrations induced by pile driving were measured at the turbine T42 site. In general, the magnitude of the 

rock vibrations was less than those measured during the test pile program for two principal reasons. First, during 

the test pile program, the pile driving hammer energy was selected to be as large as possible for the equipment 

and there was little concern for damaging the top of the pile. The test pile was hammered for a relatively long 

duration at the high energy. Second, the test pile included a thick welded steel end cap on the pile whereas the 

production piles used a grout plug to reduce the ingress of soil into the pipe pile when driving. While the grout plug 

successfully limited the ingress of soft clay soils into the pipe, the plug frequently became dislodged and displaced 

upward into the pile when driving through denser soils near the top of bedrock. The net result of the plug materials 

and behaviour was that the energy delivered to the rock during production pile driving was less than during the 

test pile program. Variability in the data is expected to be the result of natural variability in ground conditions, 

energy delivered to the pile and vibration wave form patterns as compared to the relative spatial positioning of the 

measuring instruments and pile tip locations. 

Measured pile-driving vibration magnitudes at the well casings were significantly smaller than those identified at 

the turbine site where measurements in the bedrock were made, consistent with known vibration distance 
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attenuation characteristics. The measured vibration magnitudes were less than those anticipated based on the 

test pile program and the CALTRANS (2004) model for predictive vibration magnitude estimation. Variability in 

these values reflect the variability in the levels of energy delivered to the rock at the pile driving site (as discussed 

above) and attenuation of low-energy vibrations at the pile sites to below detectable magnitudes at the wells (given 

the separation distances). The peak vibration velocities at domestic water well casings that were directly 

attributable to pile driving were less than 0.04 mm/s at turbine T32 and, elsewhere, were less than 0.030 mm/s at 

the closest well to pile distances. These measured velocities are: 

 one or more orders of magnitude less than vibrations induced by typical pump operations where the pumps 

are connected in relatively close proximity to the wells; 

 less than vibrations induced by local road traffic; 

 less than the thresholds identified under NPC-207-2 and NPC-207-3 for human perception (see Table 3); 

 less than published steady-state vibrations threshold of perception (0.15 – 0.5 mm/s, see Table 4) 

 less than the ISO thresholds for human perception of steady state vibrations greater than about 8 Hz (0.1 

mm/s); and 

 comparable to or less than published values for “quiet background” conditions (see Table 4). 

 

Table 3: Vibration Limits for Human Perception as Defined in Tables NPC-207-2 and NPC-207-3 

Applicable Clause Observation Period 
Limit on the Average Peak Vibration Velocity 

(mm/s) 

Daytime Nighttime 

Vibration Limits for Frequent Impulses 

4(4)(b) ≤20 minutes 0.3 0.3 

4(4)(c)(i) 20 < period ≤ 60 minutes 0.6 0.3 

4(4)(c)(ii) 60 < period ≤ 120 minutes 1.0 0.3 

Vibration Limits for Infrequent Impulses 

4(4)(c)(iii) 120 minutes 10.0 0.3 

 

 
Table 4: Examples of the effects, thresholds or conditions associated with small magnitude ground 
vibrations3 

PPV (mm/s) Effect or Condition 

2 – 30 Pile driving in soft ground at 1 to 3 m from hammer using vibratory and impact hammers  

23 Close-proximity nail driving in residential structure 

2.5 – 12 Equates to normal daily family activity within residential structure 

3 – 9 Vibration limits for pumps ranging from 10 hp to 3000 hp 

                                                      
3 See references at conclusion of report text for cited vibration magnitudes, their causes and other thresholds. 
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PPV (mm/s) Effect or Condition 

7.6 Equivalent to jumping on floor of residential structure 

6 Transient vibrations distinctly perceptible 

5 Steady-state vibrations annoying 

2.5 Truck traffic on bumpy road at 16 m 

2.3 Large bulldozer at 7.6 m 

1 Steady-state vibrations readily perceptible 

1 Transient vibrations barely perceptible 

0.8 Steady-state threshold for workshop 

0.8 Equivalent to walking on floor of residential structure 

0.8 Small bulldozer at 7.6 m 

0.76 Vehicle traffic at 16 m 

0.15 – 0.5 Steady-state vibrations threshold of perception 

0.4 Steady-state threshold for office 

0.3 Steady-state vibrations slightly perceptible 

0.2 Steady-state threshold for residence 

0.1 Steady-state threshold for hospital operating room 

0.025 Quiet background 
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7.0 CONCLUSIONS 
Vibration monitoring was completed during construction of pile foundations for 34 turbines within the NK1 project 

area at the sites of the pile driving and at 14 domestic water wells. Ground surface vibration data was collected at 

multiple distances from each pile at the turbine sites. Vibrations of steel well casings used for domestic water 

supply wells were also measured at various distances from the pile driving. Vibrations of various magnitudes and 

sources were detected by all monitoring instruments. The resulting data has permitted an evaluation of distance-

vibration attenuation behaviour for the project area site and vibrations at residential well locations. As compared 

to typical vibration magnitudes associated with well pumps, nearby road traffic, farm and passenger vehicle travel 

on the well sites and published acceptable vibration thresholds for different activities and conditions, vibrations at 

the residential well locations associated with pile driving were below regulatory values for human perception of 

transient vibrations, below published thresholds related to residential uses and below magnitudes for other 

common activities at the domestic water well sites. It is our opinion that pile driving did not expose distant 

groundwater wells (e.g., more than 550 m) to vibrations in excess of those that the wells commonly experience 

otherwise and were inconsequential for the wells.  
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT

June, 2010 1 of 2 

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

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

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

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

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

Soil, Rock and Groundwater Conditions: Classification and identification of soils, rocks, and geologic units 
have been based on commonly accepted methods employed in the practice of geotechnical engineering and 
related disciplines. Classification and identification of the type and condition of these materials or units involves 
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than 
abrupt. Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.
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Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and 
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface 
conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder 
interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to 
soil variability, fill of variable physical and chemical composition can be present over portions of the site or on 
adjacent properties. The professional services retained for this project include only the geotechnical aspects of 
the subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The 
presence or implication(s) of possible surface and/or subsurface contamination resulting from previous activities 
or uses of the site and/or resulting from the introduction onto the site of materials from off-site sources are 
outside the terms of reference for this project and have not been investigated or addressed. 

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

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

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

During construction, Golder should be retained to perform sufficient and timely observations of encountered 
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted 
conditions considered in the preparation of Golder’s report and to confirm and document that construction 
activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report. 
Adequate field review, observation and testing during construction are necessary for Golder to be able to provide 
letters of assurance, in accordance with the requirements of many regulatory authorities. In cases where this 
recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information 
encountered at the borehole locations, at the time of their initial determination or measurement during the 
preparation of the Report. 

Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those 
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or 
revise the recommendations within this report. Recognition of changed soil and rock conditions requires 
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if 
conditions have changed significantly. 

Drainage of subsurface water is commonly required either for temporary or permanent installations for the 
project. Improper design or construction of drainage or dewatering can have serious consequences. Golder 
takes no responsibility for the effects of drainage unless specifically involved in the detailed design and 
construction monitoring of the system. 
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APPENDIX A  
Pile Driving Hammer Specifications 
 

  



  
     

MMooddeell  BB--2211            Clean Series    22000044  
  

FFeeaattuurreess  
□□  RReemmoottee  TThhrroottttllee  ––  iinnffiinniitteellyy  ccoonnttrroollaabbllee  eenneerrggyy  

□□  CClleeaann  CCoommbbuussttiioonn--  LLooww  EEmmiissssiioonnss  

□□  FFuueell  iinnjjeeccttiioonn  

□□  EEaassyy  SSttaarrtt  iinn  ssoofftt  ddrriivviinngg  

□□  AAvvaaiillaabbllee  wwiitthh  hhyyddrraauulliicc  ttrriipp  

□□  FFrreeee--ssttaannddiinngg  ooppeerraattiioonn  

□□  SSppeecciiaallttyy  ddrriivviinngg  aaddaapptteerrss  

□□  OOppttiioonnaall  KKiinneettiicc  EEnneerrggyy  MMoonniittoorr  

□□  OOppttiioonnaall  EEnneerrggyy  CCoonnttrrooll  SSyysstteemm  ((ppaatteenntteedd))  

□□  EEnnvviirroonnmmeennttaallllyy  ffrriieennddllyy  ((nnoo--ddrriipp  ooppeerraattiioonn,,  bbiioo--ffuueellss  aanndd  ooiillss))  

  

OOppeerraattiioonnaall  SSppeecciiffiiccaattiioonnss  
  

RRaamm  mmaassss::  44,,663300  llbbss  ((22  110000  kkgg))  

RRaatteedd  EEnneerrggyy::  5533,,220000  fftt▪▪llbbss  ((7722  kkJJ))    
  

SSttrrookkee  aatt  RRaatteedd  EEnneerrggyy::  1111..55  fftt  ((33..55  mm))  
  3355  bblloowwss  ppeerr  mmiinnuuttee  

MMaaxxiimmuumm  PPhhyyssiiccaall  SSttrrookkee::  1133..11  fftt  ((44..00  mm))  

RRaannggee  ooff  OOppeerraattiioonn::  44..55--1111..55  fftt  ((11..44--33..55  mm))  
  5566--3355  bblloowwss  ppeerr  mmiinnuuttee  

KKiinneettiicc  EEnneerrggyy  aatt  RRaatteedd  SSttrrookkee::  3322,,001100  fftt--llbbss  ((4433..44  kkJJ))  

HHaammmmeerr  WWeeiigghhtt  ––  bbaarree  hhaammmmeerr::  99,,330000  llbbss  ((44  222200  kkgg))  

WWeeiigghhtt  wwiitthh  TTyyppiiccaall  UUSSAA--SSttyyllee  BBooxx  LLeeaadd  GGuuiiddeess::  99,,880000  llbbss  ((44  445500  kkgg))  
  2266  iinn  ((666600  mmmm))  gguuiiddeess  

TTyyppiiccaall  DDiirreecctt--DDrriivvee  HHoouussiinngg::  11,,885500  llbbss  ((884400  kkgg))  
  2211  iinn  ((553300  mmmm))  ooppeenniinngg  

TToottaall  TTyyppiiccaall  OOppeerraattiinngg  WWeeiigghhtt::  1111,,665500  llbbss  ((55  228800  kkgg))  
  ((wwiitthh  gguuiiddeess,,  ttrriipp,,  aanndd  ddrriivvee  hhoouussiinngg))  

FFuueell  TTaannkk  CCaappaacciittyy::  1122..00  UUSS  GGaall..  ((4455  LL))              

OOiill  TTaannkk  CCaappaacciittyy::  44..00  UUSS  GGaall..  ((1155  LL))  

OOvveerraallll  LLeennggtthh::  1177..55  fftt  ((55..33  mm))  

LLeennggtthh  iinncclluuddiinngg  DDiirreecctt--DDrriivvee  HHoouussiinngg::  1199..88  fftt  ((66..00  mm))  

MMiinniimmuumm  BBooxx  LLeeaadd  ssiizzee::  2211  iinn  ((553333  mmmm))  

  

  

Toll Free (Canada & USA 1.800.668.9432) 
www.berminghammer.com | bfssales@berminghammer.com 

 



 
English Units                   SI Units 

B-21                      4,630 lb Piston 
BPM Stroke 

(ft) 
Potential Energy 

(ft▪lb) 
Velocity 

(ft/s) 

35 11.8 54,630 22.5 

36 11.2 51,860 22.0 

37 10.6 49,080 21.5 

38 10.0 46,300 21.0 

39 9.5 43,990 20.5 

40 9.1 42,130 20.0 

41 8.6 39,820 19.5 

42 8.2 37,970 19.0 

43 7.8 36,110 18.5 

44 7.5 34,730 18.0 

45 7.2 33,340 17.5 

46 6.9 31,950 17.0 

47 6.6 30,560 16.5 

48 6.3 29,170 16.0 

49 6.0 27,780 15.5 

50 5.8 26,850 15.0 

51 5.6 25,930 14.6 

52 5.4 25,000 14.2 

53 5.2 24,080 13.8 

54 5.0 23,150 13.4 

55 4.8 22,220 13.0 

56 4.6 21,300 12.6 

 
 Stroke height is a function of soil resistance and may not be attainable in certain driving conditions. 
 Standard Operating Range.  
 
  

B-21                      2 100 kg Piston 
BPM Stroke 

(m) 
Potential Energy 

(kJ) 
Velocity 
(m/s) 

35 3.60 74.2 6.9 

36 3.41 70.2 6.7 

37 3.23 66.5 6.6 

38 3.05 62.8 6.4 

39 2.90 59.7 6.3 

40 2.77 57.1 6.1 

41 2.62 54.0 5.9 

42 2.50 51.5 5.8 

43 2.38 49.0 5.6 

44 2.29 47.2 5.5 

45 2.20 45.3 5.3 

46 2.10 43.3 5.2 

47 2.01 41.4 5.0 

48 1.92 39.6 4.9 

49 1.83 37.7 4.7 

50 1.77 36.5 4.6 

51 1.71 35.2 4.5 

52 1.65 34.0 4.3 

53 1.59 32.8 4.2 

54 1.52 31.3 4.1 

55 1.46 30.1 4.0 

56 1.40 28.8 3.8 



  
     
MMooddeell  BB--3322            Clean Series    22000055  
  

FFeeaattuurreess  
□□  RReemmoottee  TThhrroottttllee  ––  iinnffiinniitteellyy  ccoonnttrroollaabbllee  eenneerrggyy  

□□  CClleeaann  CCoommbbuussttiioonn--  LLooww  EEmmiissssiioonnss  

□□  FFuueell  iinnjjeeccttiioonn  

□□  EEaassyy  SSttaarrtt  iinn  ssoofftt  ddrriivviinngg  

□□  AAvvaaiillaabbllee  wwiitthh  hhyyddrraauulliicc  ttrriipp  

□□  FFrreeee--ssttaannddiinngg  ooppeerraattiioonn  

□□  SSppeecciiaallttyy  ddrriivviinngg  aaddaapptteerrss  

□□  OOppttiioonnaall  KKiinneettiicc  EEnneerrggyy  MMoonniittoorr  

□□  OOppttiioonnaall  EEnneerrggyy  CCoonnttrrooll  SSyysstteemm  ((ppaatteenntteedd))  

□□  EEnnvviirroonnmmeennttaallllyy  ffrriieennddllyy  ((nnoo--ddrriipp  ooppeerraattiioonn,,  bbiioo--ffuueellss  aanndd  ooiillss))  

  

OOppeerraattiioonnaall  SSppeecciiffiiccaattiioonnss  
  

RRaamm  mmaassss::  77,,005500  llbbss  ((33  220000  kkgg))  

RRaatteedd  EEnneerrggyy::  8811,,008800  fftt▪▪llbbss  ((111100  kkJJ))    
  

SSttrrookkee  aatt  RRaatteedd  EEnneerrggyy::  1111..55  fftt  ((33..55  mm))  
  3355  bblloowwss  ppeerr  mmiinnuuttee  

MMaaxxiimmuumm  PPhhyyssiiccaall  SSttrrookkee::  1133..00  fftt  ((44..00  mm))  

RRaannggee  ooff  OOppeerraattiioonn::  44..55--1111..55  fftt  ((11..44--33..55  mm))  
  5566--3355  bblloowwss  ppeerr  mmiinnuuttee  

KKiinneettiicc  EEnneerrggyy  aatt  RRaatteedd  SSttrrookkee::  5500,,004400  fftt--llbbss  ((6677..88  kkJJ))  

HHaammmmeerr  WWeeiigghhtt  ––  bbaarree  hhaammmmeerr::  1144,,111100  llbbss  ((66  440000  kkgg))  

WWeeiigghhtt  wwiitthh  TTyyppiiccaall  UUSSAA--SSttyyllee  BBooxx  LLeeaadd  GGuuiiddeess::  1144,,557700  llbbss  ((66  661100  kkgg))  
  2266  iinn  ((666600  mmmm))  gguuiiddeess  

TTyyppiiccaall  DDiirreecctt--DDrriivvee  HHoouussiinngg::  11,,885500  llbbss  ((884400  kkgg))  
  2211  iinn  ((553300  mmmm))  ooppeenniinngg  

TToottaall  TTyyppiiccaall  OOppeerraattiinngg  WWeeiigghhtt::  1166,,442200  llbbss  ((77  445500  kkgg))  
  ((wwiitthh  gguuiiddeess,,  ttrriipp,,  aanndd  ddrriivvee  hhoouussiinngg))  

FFuueell  TTaannkk  CCaappaacciittyy::  1199..00  UUSS  GGaall..  ((7722  LL))  

OOiill  TTaannkk  CCaappaacciittyy::  66..55  UUSS  GGaall..  ((2255  LL))  

OOvveerraallll  LLeennggtthh::  2200..11  fftt  ((66..11  mm))  

LLeennggtthh  iinncclluuddiinngg  DDiirreecctt--DDrriivvee  HHoouussiinngg::  2211..77  fftt  ((66..66  mm))  

MMiinniimmuumm  BBooxx  LLeeaadd  ssiizzee::  2266  iinn  ((666600  mmmm))  

  

  

Wellington Street Marine Terminal, Hamilton, ON, Canada  L8L 4Z9 
Phone 1.905.528.0425 ▪ Fax 1.905.528.6187 ▪ Toll Free (Canada & USA 1.800.668.9432) 

www.berminghammer.com 



   
English Units                   SI Units 

B-32                      7,050 lb Piston 
BPM Stroke 

(ft) 
Potential Energy 

(ft▪lb) 
Velocity 
(ft/s) 

35 11.8 83,190 22.5 

36 11.2 78,960 22.0 

37 10.6 74,730 21.5 

38 10.0 70,500 21.0 

39 9.5 66,980 20.5 

40 9.1 64,160 20.0 

41 8.6 60,630 19.5 

42 8.2 57,810 19.0 

43 7.8 54,990 18.5 

44 7.5 52,880 18.0 

45 7.2 50,760 17.5 

46 6.9 48,650 17.0 

47 6.6 46,530 16.5 

48 6.3 44,420 16.0 

49 6.0 42,300 15.5 

50 5.8 40,890 15.0 

51 5.6 39,480 14.6 

52 5.4 38,070 14.2 

53 5.2 36,660 13.8 

54 5.0 35,250 13.4 

55 4.8 33,840 13.0 

56 4.6 32,430 12.6 

 
 Stroke height is a function of soil resistance and may not be attainable in certain driving conditions. 
 Standard Operating Range.  
 
  

B-32                      3 200 kg Piston 
BPM Stroke 

(m) 
Potential Energy 

(kJ) 
Velocity 
(m/s) 

35 3.60 113 6.9 

36 3.41 107 6.7 

37 3.23 101 6.6 

38 3.05 95.7 6.4 

39 2.90 91.0 6.3 

40 2.77 87.0 6.1 

41 2.62 82.2 5.9 

42 2.50 78.5 5.8 

43 2.38 74.7 5.6 

44 2.29 71.9 5.5 

45 2.20 69.1 5.3 

46 2.10 65.9 5.2 

47 2.01 63.1 5.0 

48 1.92 60.3 4.9 

49 1.83 57.4 4.7 

50 1.77 55.6 4.6 

51 1.71 53.7 4.5 

52 1.65 51.8 4.3 

53 1.59 49.9 4.2 

54 1.52 47.7 4.1 

55 1.46 45.8 4.0 

56 1.40 43.9 3.8 
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APPENDIX B  
Monitoring Instrument Specifications and Calibrations  
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APPENDIX C  
Summaries of Monitored Water Wells and Relevant MOECC 
Water Well Records  
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Table 1: Summary of Domestic Water Wells 

Well Number, Address Available Well Details & Photographs 

Well 1 (Cluster 7) 
25209 Baldoon Road 
 

Drilled Depth: 37.5 m 
Depth to Static Water Level: N/A 
Casing Depth, Diameter: N/A m, ≈150 mm 
Casing to Pump Distance: N/A 
Casing to Road Distance: 37 m 
Pump Type: N/A 
MOECC Well Record Number: N/A 
Other: Close to south side of house, depth extended to 37.5 m 
and serviced 25 years ago. Nearby well records: 3302378 
(1965) drilled 0.3 m into shale below 19.5 m, intake at 8.5 m, 
static water level at 4.6 m, pumped for 5 hours at 15.2 l/m, 
unable to clear water, abandoned; 3302379 (1965) drilled 0.6 
m into shale below 19.5 m, intake at 10 m, static water level at 
4.6 m, recommended pumping rate of 15.2 l/m, 102 mm casing 
installed to 18.2 m. 
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Well Number, Address Available Well Details & Photographs 

 
 
Well 1A (Cluster 7) 
25226 Baldoon Road 
 
 

Drilled Depth: 20.1 m 
Depth to Static Water Level: 4.6 m 
Casing Depth, Diameter: 18.3 m, ≈102 mm 
Casing to Pump Distance: N/A m 
Casing to Road Distance: 65 m 
Pump Type: N/A 
MOECC Well Record Number: 3302379 (1965) 
Other: 3302378 (1965) drilled 0.3 m into shale below 19.5 m, 
0.3 m of loose shale and gravel over rock, 102 mm diameter 
casing installed, depth to static water 4.6 m, well pumped at 
15.2 l/m for 5 hours, unable to clear water (cloudy), well 
abandoned. 
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Well Number, Address Available Well Details & Photographs 

Well A (Cluster 7) 
25321 St. Clair Road 

Drilled Depth: 20.4 m, bedrock at 20.1 m 
Depth to Static Water Level: 2.1 m 
Casing Depth, Diameter: 20.4, ≈ 102 mm 
Casing to Pump Distance: N/A 
Casing to Road Distance: 35 m 
Pump Type: Vacuum, intake at 6.1 m depth  
MOECC Well Record Number: 3301106 (1966) 
Other: Water pumped at 12.6 l/m for 1 hour to drawdown of 
6.1 m, recommended pumping rate of 9.5 l/m 
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Summaries of Monitored Water Wells and Relevant MOECC Water Well 
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Well Number, Address Available Well Details & Photographs 

Well 2 (Cluster 7) 
25345 Baldoon Road 

Drilled Depth: 21.3 m, bedrock at 18.9 m 
Depth to Static Water Level: 3.87 m 
Casing Depth, Diameter: 18.9, ≈112 mm 
Casing to Pump Distance: N/A 
Casing to Road Distance: 50.5 m 
Pump Type: Vacuum, intake at 7 m depth  
MOECC Well Record Number: 3305921 (1974)/A1392245 
(2013) 
Other: Recommended pumping rate of 22.8 l/m, well casing 
and new cap installed in 2013; six well attempts were made on 
this property in 1974 before encountering water including 
3305919 (1974), 3305920 (1974), 3305922 (1974), 3305923 
(1974), 3305924 (1974), and 3305925 (1974) all of which were 
dry and abandoned 

 
 
Well 2. Vented well cap showing accelerometer mounted during Phase 1 test pile vibration monitoring test 
program. 
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Well Number, Address Available Well Details & Photographs 

Well 3 (Cluster 5) 
8522 Bush Line 

Drilled Depth: 18.7 m 
Depth to Static Water Level: 3.87 m 
Casing Depth, Diameter: N/A, ≈150 mm 
Casing to Pump Distance: Not available 
Casing to Road Distance: 101 m 
Pump Type: Vacuum, intake at 7 m depth 
MOECC Well Record Number: N/A 
Other: Well records from nearby property 7204772 (2013), 
7204774 (2013), 7204775 (2013) indicated all dry wells, drilled 
to >3 m into shale 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

APPENDIX C 
Summaries of Monitored Water Wells and Relevant MOECC Water Well 
Records 

 

December 2017 
Report No. 1668031-2000-R02 6/16  

 

Well Number, Address Available Well Details & Photographs 

Well 4 (Cluster 5) 
26457 St. Clair Road 

Drilled Depth: N/A 
Depth to Static Water Level: N/A 
Casing Depth, Diameter: N/A, ≈102 mm 
Casing to Pump Distance: <1 m 
Casing to Road Distance: 81 m 
Pump Type: One-line jet pump (vacuum) 
MOECC Well Record Number: N/A 
Other: Well and pump enclosed within small well house, 
located northeast of residence, pump not connected until 
September 6, 2017. Nearby well record: 302440 (1967) 102 
mm diameter casing to 18.3 m, sand and gravel at 17.7 m, 
static water level at 3.7 m well intake at 13.7 m and 
recommended pumping rate of 12.5 litres/min 
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Well Number, Address Available Well Details & Photographs 

Well 5 (Cluster 1) 
9559 Pioneer Line 
 

Drilled Depth: 23.8 m 
Depth to Static Water Level: 4.8 m 
Casing Depth, Diameter: 22.9 m, ≈137 mm 
Casing to Pump Distance: N/A m 
Casing to Road Distance: 195 m 
Pump Type: N/A, Intake at 22.9 m 
MOECC Well Record Number: 7105314/A063189 (2008) 
Other: Casing set at top of rock, recommended pumping rate 
of 19 litres per minute based on drawdown test. Other wells 
between residence and road: 3306422 (1976) drilled 0.3 m into 
shale below 22.3 m, recommended pumping rate of 19 l/m, 
102 mm casing; 3306421 (1976) drilled to 22.9 m, dry, 
abandoned. Gas noted in well record 7105314. 
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Well Number, Address Available Well Details & Photographs 

Well 6 (Cluster 1) 
24123 Prince Albert Road 

Drilled Depth: 20.5 m 
Depth to Static Water Level: 4.2 m 
Casing Depth, Diameter: 20.5 m, ≈102 mm 
Casing to Pump Distance: <1 m 
Casing to Road Distance: 55 m 
Pump Type: Two-line jet pump 
MOECC Well Record Number: 3300979 (1967) 
Other: Pump and well located in well house, near solar panels 
about 140 m from residence. Pumping rate of 9.5 litres per 
minute. Additional well on site, 3300980 (1967) drilled to 1.2 m 
into “soft black shale” below 23.1 m, casing set 0.3 m into top 
of rock, at 21.9 m well dry and abandoned.  
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Well Number, Address Available Well Details & Photographs 

Well 7 (Cluster 2) 
25117 Prince Albert Road 

Drilled Depth: 17.5 m 
Depth to Static Water Level: 3.2 m 
Casing Depth, Diameter: 16.5 m, ≈162 mm 
Casing to Pump Distance: N/A 
Casing to Road Distance: 54 m 
Pump Type: N/A, intake at 9.14 m 
MOECC Well Record Number: 3309885 (2003) 
Other: Drilled 1.2 m into shale below 16.2 m, screen installed 
into rock with packer above in casing. Gas noted in well 
records 3309885 and 3301107. 
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Well Number, Address Available Well Details & Photographs 

Well 8 (Cluster 2) 
9241 Countryview Line 

Drilled Depth: 16.8 m 
Depth to Static Water Level: 1.9 m 
Casing Depth, Diameter: 15.8 m, 140 mm  
Casing to Pump Distance: N/A m 
Casing to Road Distance: 56 m 
Pump Type: N/A, intake at well bottom  
MOECC Well Record Number: 7186693/A099114 (2012) 
Other: Well includes sand pack from top of rock at 14.6 m to 
bottom of well around stainless steel screen, gas encountered 
at 15.2 m, cloudy water at end of pumping test, recommended 
pumping rate 3.8 l/m, existing well at site abandoned at time of 
drilling new well. Gas noted in well record 7186693. 
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Well Number, Address Available Well Details & Photographs 

Well 9 (Cluster 3) 
9557 Countryview Line 

Drilled Depth: ≈14.3 m 
Depth to Static Water Level: 4.6 m 
Casing Depth, Diameter: ≈13.7 m, ≈102/153 mm 
Casing to Pump Distance: ≈3 m 
Casing to Road Distance: 80 m 
Pump Type: N/A 
MOECC Well Record Number: 3310350 (2012) 
Other: 3310350 (2012) indicates correct location, appears to 
be a new top casing over old well; 330133 (1967) drilled 0.6 m 
into shale below 14.3, 102 mm diameter casing set to 13.7 m 
in sand and gravel, red brass screen for bottom 1 m, 
recommended pumping rate of 11.4 l/m; 3304611 (1968) 
drilled 0.3 m into shale below 14.9 m, 102 mm diameter, intake 
at 9 m, static level at 4.6 m, 19 l/m; 3304642 (1969) dry, 
abandoned; 3304643 (1969) dry, abandoned; 3304644 (1969) 
drilled 0.6 m into shale, dry, abandoned; 3304653 (1969) 
drilled 0.6 m into shale, unable clear cloudy water after 2 days 
of pumping, abandoned; 3304654 (1969) drilled 0.6 m into 
shale, unable clear cloudy water after 6 days of pumping, 
abandoned 
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Well Number, Address Available Well Details & Photographs 

Well 10 (Cluster 3) 
9709 Cedar Hedge Line 

Drilled Depth: N/A 
Depth to Static Water Level: N/A 
Casing Depth, Diameter: N/A, ≈102 mm 
Casing to Pump Distance: N/A 
Casing to Road Distance: 61 m 
Pump Type: One-line jet pump (vacuum) 
MOECC Well Record Number: N/A 
Other: Nearby well records: 3304612 (1968) drilled 0.6 m into 
shale below 13.7 m, dry, abandoned; 3304613 (1968) drilled 
0.3 into shale at 14 m, static water level at 3 m, pumped for 2 
weeks at 4 15.2 l/m, water cloudy and “unable to control sand”, 
casing pulled and well abandoned; 3304614 (1968) drilled 0.3 
m into shale at 14.3 m, 102 mm casing installed to 12.2 m, 
intake at 10 m, pumped for 3 days at 15.2 l/m, water “cloudy at 
times”; 3301136 (1963) drilled 2.6 m into shale below 13.6 m, 
installed 102 mm diameter casing, other pumping details 
unknown. 
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Well Number, Address Available Well Details & Photographs 

Well 11 (Cluster 4) 
9596 Union Line 

Drilled Depth: N/A m 
Depth to Static Water Level: N/A m 
Casing Depth: N/A, ≈150 mm 
Casing to Pump Distance: N/A m 
Casing to Road Distance: 89 m 
Pump Type: N/A 
MOECC Well Record Number: N/A 
Other: Nearby well records: 3301279 (1959) drilled 0.3 m into 
gravel below 14.9 m, 102 mm diameter casing to 19.9 m, gas, 
recommended pumping 2 l/mm, static level 4.6 m. 
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Well Number, Address Available Well Details & Photographs 

Well 12 (Cluster 4) 
9468 Union Line 

Drilled Depth: N/A 
Depth to Static Water Level: N/A 
Casing Depth, Diameter: N/A m, ≈150 mm 
Casing to Pump Distance: 0 m 
Casing to Road Distance: 84 m 
Pump Type: Mechanical lift pump 
MOECC Well Record Number: N/A 
Other: Nearby well records: 3301223 (1947) drilled 1.5 m into 
shale below 13.4 m, static water level at 3.7 m; 
7163633/A099070 (2011) drilled 2.7 m into shale below 13.4 
m, 140 mm casing to 13.7 m, screen and sand pack installed, 
recommended pumping rate 38 l/m with intake at 16.2 m; 
716345/264876 (2011) drilled to 15.8 m, 1.5 m screen, 
decommissioned well originally drilled in 2003 because well 
“turned dirty”. Gas noted in records 7163633 
7163645. 
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Well Number, Address Available Well Details & Photographs 

Well 13 (Cluster 6) 
8771 Union Line 

Drilled Depth: 15.8 m 
Depth to Static Water Level: 2.1 m 
Casing Depth, Diameter: 13.7 m, ≈136 mm 
Casing to Pump Distance: <1 m 
Casing to Road Distance: 67 m 
Pump Type: Two-line jet pump 
MOECC Well Record Number: 3308468 (1989) 
Other: Recommended pumping rate 2 to 3 l/m. 3308469 
(1989) dry, abandoned. 
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Well Number, Address Available Well Details & Photographs 

Well 14 (Cluster 6) 
8904 Union Line 

Drilled Depth: N/A m 
Depth to Static Water Level: N/A m 
Casing Depth, Diameter: N/A m, ≈150 mm 
Casing to Pump Distance: N/A m 
Casing to Road Distance: 13 m 
Pump Type: Jet 
MOECC Well Record Number: N/A 
Other: Nearby well records: 7216293 (2013) abandonment of 
50 mm diameter 14 m deep well; 7216295 (2013) 
abandonment of 73 mm diameter 17 m deep well in pump 
house; 7216292/A139346 (2013) drilled 4.7 m into shale below 
14.2 m, 137 mm diameter casing to 14.2 m, recommended 
pump rate 2 l/m, water with “slight haze”. 
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)
g) Z refers to zoomed scale
h) E refers to example

NOTES

E-T14W14PZ02E

TURBINE T14, WELL 14, PILE Z02E
(SEPTEMBER 11, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 40
ELAPSED TIME (seconds)

3 5

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T32W09P02

TURBINE T32, WELL 9, PILE 2
(AUGUST 14, 2017)

NORTH KENT 1
VIBRATION MONITORING
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16:09 (Start Time)
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ON TILL/ROCK

TRACTOR

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T32W09P03

TURBINE T32, WELL 9, PILE 3
(AUGUST 14, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 3 4 5 6 7 8 9 100
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16:49 (Start Time)
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ON TILL/ROCK

BATTERY CHECK

clryder
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T32W09P05

TURBINE T32, WELL 9, PILE 5
(AUGUST 14, 2017)

NORTH KENT 1
VIBRATION MONITORING
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14:09 (Start Time)
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ON TILL/ROCK

DUMP TRUCK
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clryder
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T32W09P14

TURBINE T32, WELL 9, PILE 14
(AUGUST 11, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 3 4 5 6 7 8 9 100
ELAPSED TIME (minutes)

10:12 (Start Time)

PILE DRIVING
ON TILL/ROCK

FLAT BED
TRUCK18 WHEEL

TRACTOR
TRAILER

clryder
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)
g) Z refers to zoomed scale
h) E refers to example

NOTES

E-T32W09PZ02E

TURBINE T32, WELL 9, PILE Z02E
(AUGUST 14, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 30
ELAPSED TIME (seconds)

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)
g) Z refers to zoomed scale
h) E refers to example

NOTES

E-T32W09PZ03E

TURBINE T32, WELL 9, PILE Z03E
(AUGUST 14, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 30
ELAPSED TIME (seconds)

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)
g) Z refers to zoomed scale
h) E refers to example

NOTES

E-T32W09PZ06E

TURBINE T32, WELL 9, PILE Z06E
(AUGUST 14, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 30
ELAPSED TIME (seconds)

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)
g) Z refers to zoomed scale
h) E refers to example

NOTES

E-T32W09PZ08E

TURBINE T32, WELL 9, PILE Z08E
(AUGUST 14, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 30
ELAPSED TIME (seconds)

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)
g) Z refers to zoomed scale
h) E refers to example

NOTES

E-T32W09PZ14E

TURBINE T32, WELL 9, PILE Z14E
(AUGUST 11, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 30
ELAPSED TIME (seconds)

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)
g) Z refers to zoomed scale
h) E refers to example

NOTES

E-T32W09PZ15E

TURBINE T32, WELL 9, PILE Z15E
(AUGUST 11, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 30
ELAPSED TIME (seconds)

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T32W10P13

TURBINE T32, WELL 10, PILE 13
(AUGUST 11, 2017)

NORTH KENT 1
VIBRATION MONITORING
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10:33 (Start Time)
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clryder
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T32W10P15

TURBINE T32, WELL 10, PILE 15
(AUGUST 11, 2017)

NORTH KENT 1
VIBRATION MONITORING
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09:03 (Start Time)
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clryder
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W05P03

TURBINE T35, WELL 5, PILE 3
(JUNE 29, 2017)

NORTH KENT 1
VIBRATION MONITORING
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ELAPSED TIME (minutes)

11:33 (Start Time)

PILE DRIVING
ON TILL/ROCK

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W05P03

TURBINE T35, WELL 5, PILE 3
(JUNE 29, 2017)

NORTH KENT 1
VIBRATION MONITORING

1 2 3 4 5 6 7 8 9 100
ELAPSED TIME (minutes)

11:33 (Start Time)

PILE DRIVING
ON TILL/ROCK

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W05P13

TURBINE T35, WELL 5, PILE 13
(JULY 6, 2017)

NORTH KENT 1
VIBRATION MONITORING
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11:01 (Start Time)
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PUMP OR OTHER MECHANICAL EQUIPMENT
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W05P16

TURBINE T35, WELL 5, PILE 16
(JUNE 28, 2017)

NORTH KENT 1
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clryder
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W05PA01

TURBINE T35, WELL 5, PILE A01
(JULY 4, 2017)

NORTH KENT 1
VIBRATION MONITORING
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14:14 (Start Time)
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clryder
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W05PA15

TURBINE T35, WELL 5, PILE A15
(JULY 6, 2017)

NORTH KENT 1
VIBRATION MONITORING
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12:53 (Start Time)
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ON TILL/ROCK
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W06P13

TURBINE T35, WELL 6, PILE 13
(JULY 6, 2017)

NORTH KENT 1
VIBRATION MONITORING
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LARGE DUMP
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W06P14

TURBINE T35, WELL 6, PILE 14
(JUNE 28, 2017)

NORTH KENT 1
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SOUNDS FROM
INSIDE WELL HOUSE

PUMP

clryder
Boone Storer



THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W06P17

TURBINE T35, WELL 6, PILE 17
(JUNE 26, 2017)

NORTH KENT 1
VIBRATION MONITORING
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Long, Tran, Vert - direction of measurement;
c) Date;
d) Pile Number;
e) Well Number; and
f) Pile Driving Condition (refer to text)

NOTES

E-T35W06PA17

TURBINE T35, WELL 6, PILE A17
(JULY 6, 2017)

NORTH KENT 1
VIBRATION MONITORING
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Date;
c) Pile Driving Condition (refer to text)

NOTES

E-T42BA101DU

TURBINE T42
BEDROCK ACCELEROMETER 101DU

NORTH KENT 1
VIBRATION MONITORING

1 2 40
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THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ACCOMPANYING TEXT.

IMAGE SCALE AND MAXIMUM TIME SCALE VALUE BASED ON
DATA LOGGER SAMPLING RATE. REFER TO TEXT.

DATA IMAGE TITLE INDICATES:

a) Time- time history of acceleration measurements;
b) Date;
c) Pile Driving Condition (refer to text)

NOTES

E-T42BA101DU

TURBINE T42
BEDROCK ACCELEROMETER 102DU

NORTH KENT 1
VIBRATION MONITORING

1 2 40
ELAPSED TIME (seconds)

3
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Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T3 Issue Date: 12/5/2017

Turbine Location: T3

Pile No.: MP12721 BE14711 MP12721 BE14711 Well 11 Well 12 No Pumpe

1 21.6 19.5 1.36 1.78 NAe
0.021

2 23.2 21.7 3.03 3.05 0.011 0.003

3 24.2 23.3 3.21 2.75 0.024 0.013

4 24.5 24.3 1.47 1.78 0.014 0.010

5 24.2 24.7 2.80 2.54 NAe
0.010

6 23.2 24.3 1.01 2.03 NAe
0.004

7 21.6 23.3 3.26 3.81 0.015 0.016

8 19.4 21.7 1.99 3.94 0.013 0.004

9 16.8 19.5 1.89 0.018 0.011

10 13.9 16.9 2.64 2.41 0.014 0.008

11 11.0 14.1 3.67 3.56 0.022 0.025

12 8.7 11.2 7.99 8.26 0.011 0.003

13 7.7 8.8 5.04 4.83 0.007 0.029

14 8.7 7.8 4.60 4.70 0.012 0.013

15 11.0 8.8 6.43 4.95 0.066 0.008

16 13.9 11.2 1.78 0.026 0.005

17 16.8 14.1 7.49 5.21 0.046 0.008

18 19.4 16.9 2.53 2.41 0.018 0.014

Restrikes and Continued Pile Driving

7C 21.6 23.3 2.04 1.40 0.023 1.354 0.022

8C 19.4 21.7 2.89 2.54 0.010 0.004

11C 11.0 14.1 4.20 3.18 0.009 2.405 0.006

12C 8.7 11.2 6.87 4.83 0.009 2.405 0.006

13C 7.7 8.8 2.05 4.70 0.009 0.007

14C 8.7 7.8 4.08 3.94 0.007 0.007

16C 13.9 11.2 3.05 0.007 0.007

17C 16.8 14.1 2.92 0.007 0.007

6 23.2 24.3 1.33 1.78 0.025 0.023

Replacement Piles

7A 22.6 24.3 1.99 0.033 0.005

Well Information

Well No.: 11 Well No.: 12

Municipal Address: Municipal Address:

1,707        m 1,264           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Monitoring Notes: After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these are noted as 

"restrikes". Continued pile driving on subsequent days are marked "C". Replacement piles are marked "A". Vibration measurements were undertaken on 

August 17, 2017 at Wells 11 and 12 during water quality sampling events in the absence of pile driving within the cluster. Both pumps turned on and 

operated during the sampling events. Peak vibration measurements for Well 11 were 0.016 mm/s and this pump was located within the residence 

approximately 40 m from the well. Peak vibration measurements for Well 12 were 0.896 mm/s and this pump was mounted on the well casing. During pile

driving on August 23, 2017, the peak vibration measurement of the Well 12 casing was 2.4 mm/s for clearly definable periods during which the pump was 

operating. Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at Well 12 are shown in the "no pump" 

column. Data not available for Piles 1, 5 and 6 at Well 11 on August 23, 2017 due to battery failure in monitoring equipment. Battery was subsequently 

replaced. Driving/restriking of some piles occured in relatively rapid succession and, therefore, in some cases the vibration measurement data for the 10 

minute periods of analysis are applicable to multiple piles. Where total driving duration between till/rock start and end times noted above is not 

representative, actual driving duration for each pile is shown in parentheses following the pile number in minutes and seconds: 2(6:42), 3(5:13), 7(8:45), 

12(7:08), 15(1:20), 17(1:42). Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time.

Distance from Turbine Centre:

8/23/2017 8:25

8/23/2017 12:14

9596 Union Line

8/23/2017 8:268/23/2017 8:26

8/23/2017 8:34 8/23/2017 8:34

9468 Union Line

Distance from Turbine Centre:

8/23/2017 12:15 8/23/2017 12:15

9/6/2017 12:05 9/6/2017 12:14 9/6/2017 12:19

8/23/2017 8:18

8/23/2017 8:14 8/23/2017 8:14 8/23/2017 8:14

8/23/2017 18:27 8/23/2017 18:27

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Starta Rock/Till Enda

Peak Particle 

Velocity (mm/s)b
Geophone Distance 

(m)

8/22/2017 17:38 8/22/2017 17:39

8/22/2017 17:48 8/22/2017 17:57 8/22/2017 18:08

8/22/2017 16:408/22/2017 16:34

8/22/2017 16:188/22/2017 16:16

8/22/2017 17:29

8/23/2017 9:52

8/22/2017 12:16

8/22/2017 16:45

8/22/2017 16:08

8/22/2017 18:43

8/23/2017 9:498/23/2017 9:43

8/23/2017 10:01

8/23/2017 9:28

8/22/2017 18:49 8/22/2017 18:54

8/22/2017 12:578/22/2017 12:22

8/23/2017 8:31 8/23/2017 8:32

8/23/2017 8:28 8/23/2017 8:28 8/23/2017 8:28

8/23/2017 11:05

8/22/2017 14:27 8/22/2017 14:33

8/23/2017 10:10 8/23/2017 10:11

8/23/2017 12:418/23/2017 11:568/23/2017 11:46

8/23/2017 12:12 8/23/2017 12:19 8/23/2017 12:21

8/23/2017 11:29 8/23/2017 11:35 8/23/2017 12:35

8/22/2017 18:19 8/22/2017 18:27 8/22/2017 18:32

8/23/2017 9:35 8/23/2017 9:35

8/23/2017 8:34

8/22/2017 16:52

8/22/2017 15:48

8/23/2017 11:16

8/22/2017 17:13

8/22/2017 13:14 8/22/2017 13:22

8/22/2017 17:008/22/2017 16:58

8/23/2017 8:22 8/23/2017 8:22 8/23/2017 8:22

8/23/2017 8:18 8/23/2017 8:18

8/23/2017 18:31

8/22/2017 15:41

8/22/2017 17:20

8/23/2017 11:12

8/22/2017 17:20

8/23/2017 8:31

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T3 Issue Date: 12/5/2017

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second 

intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity 

values during these periods regardless of measurement direction; e) see monitoring notes above.

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T4 Issue Date: 12/5/2017

Turbine Location: T4

Pile No.: BE9679 BE8719 BE9679 BE8719 Well 11 Well 12 No Pump
e

1 23.9 21.7 1.52 1.14 0.004 0.006

2 25.6 24.0 1.40 1.40 0.006 2.335 0.008

3 26.6 25.7 1.40 1.40 0.007 2.335 0.008

4 27.0 26.7 0.89 1.40 0.005 0.011

5 26.6 27.1 1.40 1.40 0.028 0.018

6 25.6 26.7 1.40 1.40 0.011 0.056

7 23.9 25.7 3.05 3.18 0.018 1.511 0.024

8 21.6 24.0 3.81 5.84 0.024 1.777 0.014

9 19.0 21.7 1.78 1.40 0.006 0.004

10 16.1 19.1 2.67 2.54 0.006 0.018

11 13.2 16.2 3.30 2.41 0.013 0.026

12 11.0 13.3 3.81 5.84 0.024 1.777 0.014

13 10.1 11.1 4.32 3.68 0.009 0.009

14 11.0 10.2 3.30 3.56 0.007 0.006

15 13.2 11.1 3.81 5.84 0.009 1.374 0.028

16 16.1 13.3 3.43 5.21 0.009 1.374 0.028

17 19.0 16.2 3.56 3.56 0.030 1.374 0.028

18 21.6 19.1 2.29 2.92 0.030 0.029

Well Information

Well No.: 11 Well No.: 12

Municipal Address: Municipal Address:

1,424          m 1,072           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Distance from Turbine Centre: Distance from Turbine Centre:

8/24/2017 13:19 8/24/2017 15:13 8/24/2017 15:14

8/24/2017 11:18

9596 Union Line

8/24/2017 14:33

8/24/2017 10:048/24/2017 9:56

8/24/2017 14:17 8/24/2017 14:17

8/24/2017 13:52 8/24/2017 15:09 8/24/2017 15:10

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

9468 Union Line

8/24/2017 14:40

8/24/2017 11:38 8/24/2017 15:03

8/25/2017 8:08 8/25/2017 8:09

8/25/2017 9:108/25/2017 9:098/25/2017 9:03

8/25/2017 8:15

8/25/2017 8:00

8/24/2017 10:51

8/25/2017 8:47 8/25/2017 8:56 8/25/2017 8:57

8/24/2017 11:188/24/2017 11:10

8/24/2017 13:35 8/24/2017 13:45 8/24/2017 13:45

8/24/2017 11:048/24/2017 11:048/24/2017 10:56

8/25/2017 8:238/25/2017 8:22

8/24/2017 13:01 8/24/2017 13:10 8/24/2017 13:11

Starta Rock/Till Enda

8/25/2017 8:30 8/25/2017 9:15 8/25/2017 9:16

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

Monitoring Notes: Vibration measurements were undertaken on August 17, 2017 at Wells 11 and 12 during water quality sampling events in the absence of pile 

driving within the cluster. Both pumps turned on and operated during the sampling events. Peak vibration measurements for Well 11 were 0.016 mm/s and this 

pump was located within the residence approximately 40 m from the well. Peak vibration measurements for Well 12 were 0.896 mm/s and this pump was 

mounted on the well casing. During pile driving on August 24, 2017, the peak vibration measurement of the Well 12 casing was 1.777 mm/s for clearly definable 

periods during which the pump was operating. Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at Well 12 

are shown in the "no pump" column. Note that driving of some piles was paused while the tip was in the upper soil deposits and subsequently driven to the 

glacial till/rock later in the day. In these instances, the hard driving conditions for different piles occured in relatively rapid succession and, therefore, the 

vibration measurement data for the 10 minute periods of analysis are applicable to multiple piles. Where total driving duration between till/rock start and end 

times noted above is not representative, actual driving duration is shown for each pile in parentheses following the pile number in minutes and seconds: 2(7:33), 

7(1:32), 8(0:53), 12(1:10), 15(1:15), 16(1:02), 17(1:31). Total driving durations derived from start and end times noted above include labour breaks, equipment 

work, splicing, welding and other standby time.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well casing 

vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second intervals for a 

total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values during these 

periods regardless of measurement direction; e) see monitoring notes above.

8/24/2017 12:46 8/24/2017 14:55 8/24/2017 14:56

8/24/2017 14:52

8/24/2017 14:24

8/24/2017 15:04

8/24/2017 15:01

8/24/2017 14:52

8/24/2017 11:338/24/2017 11:328/24/2017 11:23

8/24/2017 14:07

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T5 Issue Date: 12/5/2017

Turbine Location: T5

Pile No.: BE9679 BE18695 BE9679 BE18695 Well 3 Well 4 No Pumpe

1 24.9 26.0 2.16 1.70 0.002 0.045

2 23.2 25.0 2.03 2.03 0.004 NAe

3 21.0 23.3 2.16 2.16 0.016 NAe

4 18.3 21.1 3.56 2.03 0.014 NAe

5 15.4 18.4 2.92 2.14 0.006 NAe

6 12.6 15.5 3.05 2.84 0.006 NAe

7 10.3 12.7 7.24 8.13 0.003 NAe

8 9.4 10.4 4.95 4.45 0.014 NAe

9 10.3 9.5 3.68 4.19 0.003 NAe

10 12.6 10.4 2.67 3.56 0.005 NAe

11 15.4 12.7 2.14 2.54 0.017 NAe

12 18.3 15.5 2.16 2.03 0.008 NAe

13 21.0 18.4 2.16 2.14 0.003 NAe

14 23.2 21.1 1.65 1.40 0.019 NAe

15 24.9 23.3 1.65 1.40 0.003 NAe

16 25.9 25.0 1.90 1.65 0.004 NAe

17 26.3 26.0 1.65 1.78 0.005 NAe

18 25.9 26.4 2.29 1.75 0.006 0.027

Well Information

Well No.: 3 Well No.: 4

Municipal Address: Municipal Address:

911 m 1,030 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well casing 

vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second intervals for 

a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values during these 

periods regardless of measurement direction; e) see monitoring notes above.

Monitoring Notes:  Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and 

other standby time. 

Monitoring of Well 4 was not permitted after September 10, 2017. For reference in comparison to the vibration velocities noted above, St. Clair Road traffic 

passing at 78 m from Well 4 on September 5, 2017, was observed to include large tractor‐trailers, concrete mixers and dump trucks at a rate of about 1 heavy 

vehicle every 1.5 to 2 minutes. Passenger vehicle movements on the Well 4 property passed and were parked near the well throughout the afternoon on 

September 5, 2017. On September 6, 2017, heavy vehicle traffic on St. Clair Road and near Well 4 was similar to September 5, 2017.  Combine harvesting was 

on‐going as close as 25 to 30 m from Well 4, during much of the day on September 6, 2017. On this same day, various individuals were at and in the well shed, 

connecting, operating and adjusting a well pump. Well 4 pump was cycled on and off on September 6, 2017, operating for periods of 1 to more than 7 

minutes. When individuals were working on the pump and well, well casing vibrations were as much as 4.987 mm/s. At other times, Well 4 casing vibrations 

ranged from about 0.07 to about 0.62 mm/s with an average of about 0.18 mm/s, reflective of the vehicle and foot traffic on site near the well, harvesting 

equipment and traffic on the nearby St. Clair road. During this same measurement time on September 5 and 6, 2017, the nearest pile driving was more than 2 

km distant and vibration measurements did not identify any evidence of pile driving influences. Geophone data shown in columns above on August 28, 2017 

were obtained using instruments with serial numbers BE8719 and MP12721 at the respective positions occupied by BE9679 and BE18695 as listed above.

During the October, 2017 period for which data is presented above, Union Gas was constructing a pipeline about 400 m northwest of Well 4 and within about 

100 to 180 m of 26457 St. Clair Road.

Distance from Turbine Centre: Distance from Turbine Centre:

26347 St Clair Road8522 Bush Line

10/10/2017 16:31

10/12/2017 8:13 10/12/2017 8:24 10/12/2017 8:26

10/12/2017 8:05

10/10/2017 17:43

10/12/2017 8:0110/12/2017 7:53

10/10/2017 17:2910/10/2017 17:2510/10/2017 17:19

10/10/2017 18:15 10/10/2017 18:21 10/10/2017 18:23

10/12/2017 8:45

10/12/2017 10:4810/12/2017 10:4710/12/2017 10:40

10/12/2017 8:58 10/12/2017 9:06 10/12/2017 9:07

10/12/2017 8:4310/12/2017 8:36

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Starta Rock/Till Enda
Geophone Distance (m)

Peak Particle 

Velocity (mm/s)b

8/28/2017 13:59

10/10/2017 18:0610/10/2017 18:0110/10/2017 17:53

8/28/2017 14:21 8/28/2017 14:47

10/10/2017 16:5110/10/2017 16:4810/10/2017 16:40

10/10/2017 17:02 10/10/2017 17:07 10/10/2017 17:11

10/10/2017 17:37 10/10/2017 17:42

10/10/2017 16:20 10/10/2017 16:29

10/12/2017 11:49

10/12/2017 11:22 10/12/2017 11:28 10/12/2017 11:30

8/28/2017 16:25

10/12/2017 11:42

10/12/2017 12:12

10/12/2017 11:52

8/28/2017 16:208/28/2017 15:56

10/12/2017 12:00 10/12/2017 12:06

10/12/2017 9:42 10/12/2017 9:4310/12/2017 9:33

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T6 Issue Date: 12/5/2017

Turbine Location: T6

Pile No.: BE18695 BE8719 BE18695 BE8719 Well 7 Well 8

1 27.0 27.2 1.27 1.91 0.068 0.049

2 26.6 27.6 1.27 1.65 0.044 0.032

3 25.6 27.2 1.40 2.03 0.018 0.028

4 23.9 26.1 1.65 2.29 0.066 0.011

5 21.6 24.5 1.91 2.43 0.017 0.010

6 19.0 22.2 1.91 2.54 0.012 0.033

7 16.1 19.5 2.67 3.30 0.050 0.050

8 13.2 16.6 2.92 3.56 0.127 0.070

9 11.0 13.8 3.94 3.94 0.051 0.015

10 10.1 11.6 4.32 2.79 0.025 0.058

11 11.0 10.7 3.05 2.67 0.035 0.012

12 13.2 11.6 3.18 2.54 0.058 0.023

13 16.1 13.8 2.79 2.41 0.118 0.005

14 19.0 16.6 2.54 1.91 0.082 0.007

15 21.6 19.5 2.67 1.91 0.039 0.032

16 23.9 22.2 2.16 1.52 0.010 0.014

17 25.6 24.5 2.16 1.65 0.040 0.057

18 26.6 26.1 1.78 1.14 0.024 0.071

Well Information

Well No.: 7 Well No.: 8

Municipal Address: Municipal Address:

1,049    m 872 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Particle Velocity (mm/s)c, d
Geophone Distance 

(m)

Monitoring Notes: Well monitoring undertaken during periods of time on these same days when pile driving was not occuring measured peak particle velocities of 

as much as 0.37 mm/s (Well 7). Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding 

and other standby time.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well casing 

vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second intervals for a 

total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values during these periods 

regardless of measurement direction; e) see monitoring notes above.

Peak Particle 

Velocity (mm/s)b

Distance from Turbine Centre:

7/31/2017 8:48

25117 Prince Albert Road

7/31/2017 11:09

Distance from Turbine Centre:

7/31/2017 10:58

7/31/2017 8:51 7/31/2017 8:53

7/31/2017 9:507/31/2017 9:47

Starta

Vibration Measurements at WellsVibration Measurements at Turbine Site

Pile Driving Times and Dates

7/31/2017 11:25

7/31/2017 7:427/31/2017 7:377/31/2017 7:33

7/31/2017 11:32

7/31/2017 12:467/31/2017 12:417/31/2017 12:37

7/31/2017 13:35

7/31/2017 13:23

7/31/2017 13:46

7/31/2017 13:28

7/31/2017 13:40

Rock/Till Enda

7/31/2017 12:20 7/31/2017 12:26 7/31/2017 12:28

7/31/2017 11:28

7/31/2017 12:59 7/31/2017 13:05 7/31/2017 13:07

7/31/2017 8:41

7/31/2017 8:227/31/2017 8:187/31/2017 8:14

7/31/2017 7:53 7/31/2017 7:56 7/31/2017 8:03

7/31/2017 10:36

7/31/2017 10:51

7/31/2017 9:42

7/31/2017 8:31 7/31/2017 8:37

7/31/2017 10:29

7/31/2017 10:43

7/31/2017 10:54

9241 Countryview Line

7/31/2017 13:18

7/31/2017 10:40

7/31/2017 9:02 7/31/2017 9:07 7/31/2017 9:12

7/31/2017 9:337/31/2017 9:257/31/2017 9:21

7/31/2017 10:21 7/31/2017 10:24

7/31/2017 11:13 7/31/2017 11:17

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T7 Issue Date: 12/5/2017

Turbine Location: T7

Pile No.: BE18695 BE8719 BE18695 BE8719 Well 7

1 26.6 27.0 2.29 1.27 0.030

2 25.6 26.6 1.11 0.063

3 23.9 25.6 1.14 1.27 0.019

4 21.6 23.9 1.40 1.65 0.035

5 19.0 21.6 1.52 0.017

6 16.1 19.0 3.43 1.78 0.019

7 13.2 16.1 2.29 1.52 0.026

8 11.0 13.2 3.94 2.16 0.017

9 10.1 11.0 4.19 2.14 0.011

10 11.0 10.1 5.46 3.18 0.030

11 13.2 11.0 3.18 3.05 0.025

12 16.1 13.2 3.05 2.29 0.019

13 19.0 16.1 5.97 3.94 0.030

14 21.6 19.0 1.65 0.026

15 23.9 21.6 3.18 2.29 0.032

16 25.6 23.9 2.16 1.40 0.010

17 26.6 25.6 2.16 1.40 0.069

18 27.0 26.6 1.91 1.27 0.027

Well Information

Well No.: 7 Well No.: 8

Municipal Address: Municipal Address:

1,354    m 2,883          m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

0.030

0.035

0.049

0.039

0.021

0.066

7/27/2017 16:13

7/27/2017 16:45

7/27/2017 17:25

Well 8

0.011

0.013

0.022

0.045

0.012

0.028

0.028

0.027

0.060

0.031

0.012

0.042

7/27/2017 16:55 7/27/2017 17:01 7/27/2017 17:02

7/27/2017 17:26

7/27/2017 16:34

7/27/2017 15:42 7/27/2017 15:51 7/27/2017 15:54

7/27/2017 13:09 7/27/2017 13:13 7/27/2017 13:23

7/27/2017 15:10

7/27/2017 13:47

7/27/2017 12:537/27/2017 12:347/27/2017 12:21

7/27/2017 13:467/27/2017 13:42

Enda

7/27/2017 18:31 7/27/2017 18:36 7/27/2017 18:36

7/27/2017 13:55 7/27/2017 14:00 7/27/2017 14:01

7/27/2017 14:187/27/2017 14:167/27/2017 14:10

7/27/2017 18:187/27/2017 18:177/27/2017 18:11

7/27/2017 17:57

7/27/2017 15:167/27/2017 15:15

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

9241 Countryview Line

7/27/2017 17:17

7/27/2017 16:06 7/27/2017 16:12

7/27/2017 18:03 7/27/2017 18:04

7/28/2017 8:167/28/2017 8:167/28/2017 8:11

7/28/2017 8:37 7/28/2017 8:43 7/28/2017 8:44

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

Monitoring Notes: Well monitoring undertaken during periods of time on these same days when pile driving was not occuring measured peak 

particle velocities of as much as 0.073 mm/s. Total driving duration between till/rock start and end times noted above for Pile 13 is not 

representative and actual driving duration was 00:1:45 due to pauses in actual hammering. Total pile driving durations derived from start and end 

times noted above includes labour breaks, equipment work, splicing, welding and other standby time.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 

1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval 

peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

7/27/2017 15:27 7/27/2017 15:32 7/27/2017 15:33

Distance from Turbine Centre: Distance from Turbine Centre:

7/27/2017 14:30 7/27/2017 14:36 7/27/2017 14:37

25117 Prince Albert Road

7/27/2017 16:44

Start
a Rock/Till

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T12 Issue Date: 12/5/2017

Turbine Location: T12

Pile No.: BE18695 BE8719 BE18695 BE8719 Well 5 Well 6 No Pumpe

1 27.9 28.2 1.65 1.40 0.008 0.044 See Notes

2 27.5 28.6 1.14 1.02 0.001 0.106

3 26.4 28.2 1.78 1.91 0.010 0.775

4 24.7 27.1 1.14 1.65 0.002 0.048

5 22.5 25.4 4.19 3.30 0.002 0.729

6 19.8 23.1 3.05 3.05 0.002 0.298

7 16.9 20.4 5.21 3.99 0.002 0.026

8 14.1 17.5 2.54 1.27 0.008 0.030

9 11.9 14.7 6.22 5.21 0.011 0.246 0.014

10 11.0 12.5 4.95 3.68 0.002 0.047 0.014

11 11.9 11.7 11.05 11.18 0.004 0.755

12 14.1 12.5 2.03 2.41 0.002 0.179

13 16.9 14.7 9.91 5.59 0.002 0.066

14 19.8 17.5 2.54 2.03 0.069 0.037

15 22.5 20.4 4.70 4.45 0.003 0.023

16 24.7 23.1 2.54 3.05 0.004 0.155

17 26.4 25.4 3.94 3.94 0.007 0.085

18 27.5 27.1 5.46 4.06 0.002 0.729

Restrikes

7 16.9 20.4 0.13 0.13 0.007 0.647 0.027

9 11.9 14.7 2.92 0.13 0.007 0.634 0.027

11 11.9 11.7 4.45 2.79 0.007 0.634 0.032

12 14.1 12.5 2.41 4.03 0.003 0.624

13 16.9 14.7 2.92 5.59 0.008 0.662

14 19.8 17.5 4.83 5.72 0.008 0.624

15 22.5 20.4 3.18 3.05 0.003 0.546 0.057

16 24.7 23.1 3.05 2.03 0.002 0.546 0.057

17 27.5 27.1 2.16 0.13 0.002 0.546 0.057

Well Information

Well No.: 5 Well No.: 6

Municipal Address: Municipal Address:

3,346    m 3,368           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

7/5/2017 8:47

7/6/2017 7:58 7/6/2017 7:59

7/5/2017 15:47 7/5/2017 16:01 7/5/2017 16:01

7/4/2017 15:25 7/4/2017 15:25

7/4/2017 11:22 7/4/2017 11:33

7/5/2017 14:11 7/5/2017 14:22 7/5/2017 14:23

Distance from Turbine Centre: Distance from Turbine Centre:

7/5/2017 8:51

7/5/2017 8:57 7/5/2017 8:57 7/5/2017 8:58

7/5/2017 9:02 7/5/2017 9:02 7/5/2017 9:03

7/5/2017 9:09 7/5/2017 9:09

7/5/2017 8:48

7/4/2017 10:007/4/2017 9:58

7/5/2017 9:10

7/5/2017 9:22

7/5/2017 8:42 7/5/2017 8:42 7/5/2017 8:42

7/5/2017 9:23

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Start
a Rock/Till Enda

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

7/5/2017 12:33

7/4/2017 14:48

7/5/2017 12:46 7/5/2017 12:47

7/6/2017 8:207/6/2017 8:197/6/2017 8:08

7/6/2017 7:47

6/30/2017 13:476/30/2017 12:03

24123 Prince Albert Road

7/5/2017 13:277/5/2017 13:26

7/4/2017 12:07

7/4/2017 16:47

7/4/2017 15:27

7/5/2017 11:25 7/5/2017 11:26

7/4/2017 14:587/4/2017 14:57

6/30/2017 13:54

7/4/2017 11:34

9559 Pioneer Line

7/5/2017 9:17 7/5/2017 9:17 7/5/2017 9:19

7/5/2017 8:527/5/2017 8:51

7/4/2017 16:47

7/5/2017 9:22

7/5/2017 9:13 7/5/2017 9:13 7/5/2017 9:14

7/5/2017 8:47

Monitoring Notes: After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these are noted 

as "restrikes". On July 5, 2017, approximately 1 minute after pile driving stopped for Pile 1, the well monitoring personnel at Well 6 observed a 

loaded tractor/trailer dump truck drive by the well at 54 m distance and ground vibrations were sensed. At this time, the resident was also 

hammering on equipment within a nearby (120 m) shed during which it sounded as though a heavy sledge was being used with multiple 

recoil/hammer falls after each main strike. Vibrations associated with these activities (not separable) registered as 2.8 mm/s, consistent with the 

perception of vibrations by the well monitoring personnel. Monitoring of deliberate pump operation at Well 6 on July 13, 2017, during a period 

when no pile driving was occuring, measured peak particle velocities of 0.08 to 0.8 mm/s. Peak well casing vibrations exclusive of pump influences 

identified within the same monitoring period at Well 6 are shown in the "no pump" column. Driving/restriking of some piles occured in relatively 

rapid succession and, therefore, in some cases the vibration measurement data for the 10 minute periods of analysis are applicable to multiple 

piles. Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and other 

standby time. The total driving duration for Pile 11 on June 30, 2017 was unusually long since a smaller driving hammer (Berminghammer B‐21) was 

used for this pile. The total duration of driving on till/rock was 7 minutes for this pile.

7/5/2017 11:11

7/4/2017 9:26

7/5/2017 12:57

7/5/2017 11:38 7/5/2017 11:49 7/5/2017 11:50

7/4/2017 15:08

7/4/2017 11:55 7/4/2017 12:06

7/4/2017 13:01 7/4/2017 13:14 7/4/2017 13:20

7/4/2017 15:28

7/4/2017 16:35

7/4/2017 15:47 7/4/2017 15:58 7/4/2017 15:58

7/4/2017 15:15

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T12 Issue Date: 12/5/2017

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 

1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval 

peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T14 Issue Date: 12/5/2017

Turbine Location: T14

Pile No.: BE9555 MP12721 BE9555 MP12721 Well 13 Well 14 No Pump
e

1 18.9 16.3 1.78 1.93 0.020 0.206

2 21.0 18.9 1.52 1.79 0.010 0.056

3 22.6 21.0 1.14 1.43 0.017 0.132

4 23.6 22.6 1.27 1.36 0.012 0.190

5 24.0 23.6 1.14 1.15 0.006 0.064

6 23.6 24.0 1.14 1.58 0.005 0.221

7 22.6 23.6 1.27 1.43 0.007 0.083

8 21.0 22.6 1.40 1.00 0.005 0.338

9 18.9 21.0 1.65 1.22 0.114 0.675

10 16.3 18.9 1.52 1.46 0.013 0.240

11 13.5 16.3 1.78 1.51 0.013 0.168

12 10.6 13.5 2.41 1.62 0.428 0.077 0.011

13 8.1 10.6 3.68 2.46 0.543 0.141 0.008

14 7.1 8.1 4.32 3.82 0.021 0.102

15 8.1 7.1 4.95 4.04 0.004 0.014

16 10.6 8.1 4.45 4.11 0.318 0.021 0.007

17 13.5 10.6 3.68 4.38 0.026 0.070

18 16.3 13.5 2.41 2.80 0.007 0.018

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:

841 m 580 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. Wells 13 and 14  are located approximately 87 m and 13 m from the centre line of Union Line, respectively. 

Evaluation of acceleration time histories concluded that other transient vibrations occurring before, during and after pile driving times dominated all 

measurements. The peak particle velocity of 0.675 mm/s during driving of Pile 9 was associated with a tractor‐trailer truck driving northeast along 

Union Line (i.e., in lane closest to well).  

Data for two 10‐minute time periods on September 11, 2017 during which no pile driving occurred were evaluated with start times of 10:47 and 

14:27 for Well 13 and 10:48  and 14:36 for Well 14. During these periods, the peak well casing vibration velocity was 0.079 mm/s. Three 10‐minute 

vibration monitoring periods during which pile driving was not occurring were analyzed for Well 13 from data obtained on September 14, 2017, at 

11:24 and 16:38 and September 15, 2017 at 08:29. The peak particle velocity of the Well 13 casing during these periods was 0.099 mm/s. On 

September 19 and 21, 2017 during water sampling events when the pump was operating, the peak particle velocity of the Well 13 casing was 0.655 

mm/s.  Three 10‐minute vibration monitoring periods during which pile driving was not occurring were analyzed for Well 14 from data obtained on 

September 14, 2017, at 11:33 and 12:53 and September 15, 2017 at 08:35. The peak particle velocity of the Well 14 casing during these periods was 

0.160 mm/s. On September 19, 2017 during a water sampling event when the pump was operating, the peak particle velocity of the Well 14 casing 

was 0.019 mm/s. Well 13 pump vibrations dominated data for periods of 1 to 5 minutes. Peak well casing vibrations exclusive of pump influences 

identified within the same monitoring period at Well 13 are shown in the "no pump" column. 

9/11/2017 11:20

9/11/2017 8:57 9/11/2017 9:03 9/11/2017 9:05

9/11/2017 8:49

9/11/2017 9:17

9/11/2017 9:42

9/11/2017 9:28

9/11/2017 8:47

Starta Rock/Till Enda

9/11/2017 16:24

9/11/2017 12:029/11/2017 11:599/11/2017 11:53

9/11/2017 15:269/11/2017 15:249/11/2017 15:19

9/11/2017 16:01

9/11/2017 12:449/11/2017 12:399/11/2017 12:33

9/11/2017 11:28

9/11/2017 12:17 9/11/2017 12:25 9/11/2017 12:27

9/11/2017 15:04 9/11/2017 15:10 9/11/2017 15:13

9/11/2017 16:29 9/11/2017 16:32

9/11/2017 11:36 9/11/2017 11:43 9/11/2017 11:45

9/11/2017 10:24 9/11/2017 10:30 9/11/2017 10:34

9/11/2017 11:25

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 

1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval 

peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Distance from Turbine Centre: Distance from Turbine Centre:

8771 Union Line

9/11/2017 9:24

9/11/2017 10:169/11/2017 10:149/11/2017 10:07

9/11/2017 9:50 9/11/2017 9:56 9/11/2017 10:01

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

8904 Union Line

9/11/2017 8:39

9/11/2017 9:34 9/11/2017 9:39

9/11/2017 16:06 9/11/2017 16:09

9/11/2017 15:569/11/2017 15:549/11/2017 15:48

9/11/2017 15:33 9/11/2017 15:39 9/11/2017 15:43

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T15 Issue Date: 12/5/2017

Turbine Location: T15

Pile No.: BE18695 MP12721 BE18695 MP12721 Well 13 Well 14 No Pump
e

1 24.8 24.4 0.95 0.213 0.091 0.017

2 24.4 24.8 0.86 0.036 0.048

3 23.4 24.4 0.99 0.541 0.282 0.031

4 21.8 23.4 1.43 0.003 0.037

5 19.6 21.8 3.18 2.06 0.004 0.195

6 17.0 19.6 1.37 0.010 0.054

7 14.1 17.0 1.77 0.258 0.079 0.013

8 11.3 14.1 2.33 0.544 0.075 0.005

9 8.9 11.3 2.13 0.014 0.037

10 7.9 8.9 3.39 0.549 0.182 0.076

11 8.9 7.9 3.37 0.016 0.141

12 11.3 8.9 4.16 0.009 0.091

13 14.1 11.3 2.03 2.62 0.033 0.091

14 17.0 14.1 1.92 0.384 0.039 0.067

15 19.6 17.0 1.60 0.063 0.341

16 21.8 19.6 1.60 0.035 0.073

17 23.4 21.8 1.34 0.048 0.315

18 24.4 23.4 0.89 0.031 0.132

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:

940        m 1,218           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. Driving of Pile 13 on till/rock included multiple stops and restarts between 14:37 and 15:07 pm with a total of 26 

intermittent hammer blows during this period.

Wells 13 and 14  are located approximately 87 m and 13 m from the centre line of Union Line, respectively. Evaluation of acceleration time histories 

concluded that other transient vibrations occurring before, during and after pile driving times dominated all measurements. Well 14 vibration 

monitoring data was dominated by vibrations induced by local passing traffic including tractor‐trailer transport trucks, combines, buses, and 

tractors passing the site on the road and vehicles entering and leaving driveway. Peak Well 14 casing vibrations of 0.341 mm/s associated with Pile 

15 directly related to road traffic passing well outside of times when pile driving on till/rock. Similar traffic influences were identifiable for Well 14 

during 10 minute data intervals analysed for Piles 1, 3, 5, 10, 11, 17 and 18.  Well 13 pump vibrations were clearly discernable in data and confirmed 

by audible pump noise. Peak Well 13 casing vibrations induced by the pump were about 0.55 mm/s during 10 minute data analysis intervals 

associated with Piles 1, 3, 7, 8 and 14. Well 13 pump vibrations dominated data for periods of 1 to 5 minutes. Peak well casing vibrations exclusive 

of pump influences identified within the same monitoring period at Well 13 are shown in the "no pump" column. 

Distance from Turbine Centre: Distance from Turbine Centre:

8771 Union Line

10/2/2017 13:21

8904 Union Line

10/2/2017 14:34

10/2/2017 12:59

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of 

consecutive 1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 

second interval peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

10/2/2017 16:07 10/2/2017 16:21 10/2/2017 16:22

10/2/2017 8:44 10/2/2017 8:57 10/2/2017 8:59

10/2/2017 9:26

10/2/2017 8:27

9/29/2017 14:37

10/2/2017 13:46

9/29/2017 14:079/29/2017 13:43

10/2/2017 7:41 10/2/2017 7:54 10/2/2017 7:55

10/2/2017 8:2610/2/2017 8:12

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Start
a Rock/Till Enda

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

10/2/2017 15:11 10/2/2017 15:12

10/2/2017 15:5210/2/2017 15:50

10/2/2017 9:39 10/2/2017 9:52 10/2/2017 9:53

10/2/2017 10:32 10/2/2017 10:45 10/2/2017 10:46

10/2/2017 15:02

10/2/2017 10:2010/2/2017 10:1910/2/2017 10:10

10/2/2017 11:08 10/2/2017 11:19 10/2/2017 11:21

10/2/2017 9:2510/2/2017 9:11

9/29/2017 13:039/29/2017 12:529/29/2017 11:31

10/2/2017 15:42

10/2/2017 15:25 10/2/2017 15:34 10/2/2017 15:35

10/2/2017 11:55

10/2/2017 13:22

10/2/2017 14:3310/2/2017 14:23

10/2/2017 11:41 10/2/2017 11:50

10/2/2017 13:34 10/2/2017 13:43

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T19 Issue Date: 12/5/2017

Turbine Location: T19

Pile No.: BE9679 BE8719 BE9679 BE8719 Well 13 Well 14 No Pumpe

1 24.3 23.8 2.40 1.52 0.023 0.364

2 24.7 24.8 1.27 1.14 0.522 0.313 0.018

3 24.3 25.2 1.40 1.27 0.006 0.058

4 23.3 24.8 1.27 1.14 0.005 0.186

5 21.7 23.8 2.03 1.52 0.424 0.056 0.034

6 19.5 22.2 1.78 1.27 0.010 0.157

7 16.9 20.0 1.91 1.78 0.010 0.115

8 14.1 17.4 2.03 1.52 0.026 0.041

9 11.2 14.5 3.30 2.03 0.064 0.142

10 8.8 11.6 3.81 3.05 0.007 0.130

11 7.8 9.3 3.56 3.18 0.015 0.253

12 8.8 8.3 3.81 3.94 0.039 0.128

13 11.2 9.3 3.30 3.30 0.026 NAe

14 14.1 11.6 2.67 3.43 0.035 NA
e

15 16.9 14.5 2.16 2.54 0.035 0.121

16 19.5 17.4 2.29 2.41 0.028 0.100

17 21.7 20.0 1.91 2.29 0.008 0.116

18 23.3 22.2 1.27 1.27 0.349 0.043 0.014

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:

2,460    m 2,787           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. 

Wells 13 and 14  are located approximately 87 m and 13 m from the centre line of Union Line, respectively. Evaluation of acceleration time histories 

concluded that other transient vibrations occurring before, during and after pile driving times dominated all measurements. Well 14 vibration 

monitoring data was dominated by vibrations induced by local passing traffic including tractor‐trailer transport trucks, combines, buses, and 

tractors passing the site on the road and vehicles entering and leaving driveway. The peak measured Well 14 vibrations of 0.364 mm/s noted above 

was attributable to vehicles passing on the road. The peak vibrations measured at Well 14 of 0.61 mm/s were associated with a vehicle turning in 

the driveway (9/27/2017). Data for Piles 13 and 14 for Well 14 not available due to battery failure in monitoring equipment. The battery was 

subsequently replaced.

Well 13 pump vibrations were clearly discernable in data and confirmed by audible pump noise. Peak well casing vibrations exclusive of pump 

influences identified within the same monitoring period at Well 13 are shown in the "no pump" column. 

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of 

consecutive 1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 

second interval peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

10/4/2017 12:56

10/4/2017 10:51

10/5/2017 8:07

10/4/2017 11:11

10/5/2017 8:04

Distance from Turbine Centre:

10/4/2017 11:20

10/4/2017 11:40

10/4/2017 12:46

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

8904 Union Line

10/5/2017 7:59

10/4/2017 11:31 10/4/2017 11:37

10/4/2017 16:28 10/4/2017 16:31

10/5/2017 8:4710/5/2017 8:4310/5/2017 8:38

8771 Union Line

10/4/2017 11:18

10/4/2017 16:23

10/4/2017 16:0910/4/2017 16:0810/4/2017 16:01

10/5/2017 9:21 10/5/2017 9:26 10/5/2017 9:29

10/5/2017 10:40 10/5/2017 10:44 10/5/2017 10:46

10/5/2017 9:46

10/4/2017 14:21

10/5/2017 9:49

10/4/2017 12:35 10/4/2017 12:42

10/5/2017 9:41

10/5/2017 9:02 10/5/2017 9:07 10/5/2017 9:08

10/4/2017 13:46

10/4/2017 13:24 10/4/2017 13:32 10/4/2017 13:34

10/4/2017 13:54

10/4/2017 13:0210/4/2017 13:01

10/4/2017 13:52

Geophone Distance 

(m)

Distance from Turbine Centre:

Starta Rock/Till Enda

10/5/2017 8:20 10/5/2017 8:25 10/5/2017 8:28

10/4/2017 14:05 10/4/2017 14:11 10/4/2017 14:12

10/4/2017 14:2710/4/2017 14:26

Peak Particle 

Velocity (mm/s)
b

10/4/2017 10:58 10/4/2017 11:00

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T20 Issue Date: 12/5/2017

Turbine Location: T20

Pile No.: BE14711 BE9769 BE14711 BE9769 Well 11 Well 12 No Pumpe

1 23.7 24.4 1.78 2.67 0.016 NAe

2 24.0 25.5 1.27 1.91 0.005 0.008

3 23.7 25.8 1.65 1.91 0.003 0.004

4 22.7 25.5 1.27 1.52 0.004 0.005

5 21.2 24.4 1.78 2.29 0.004 0.855 0.022

6 19.1 22.8 2.16 2.92 0.004 NAe

7 16.6 20.5 2.41 2.59 0.003 NAe

8 13.9 17.8 3.18 4.07 0.046 NAe

9 11.1 14.9 4.06 4.45 0.005 NAe

10 8.9 12.0 4.83 0.005 0.016

11 8.0 9.6 3.81 0.018 0.013

12 8.9 8.6 5.08 0.011 0.014

13 11.1 9.6 4.45 0.010 0.014

14 13.9 12.0 4.32 0.028 0.008

15 16.6 14.9 4.06 0.023 0.006

16 19.1 17.8 3.97 0.004 0.004

17 21.2 20.5 1.78 3.81 0.004 0.006

18 22.7 22.8 1.65 3.05 0.003 0.025

Restrikes

13 11.1 0.00 0.008 0.008

Well Information

Well No.: 11 Well No.: 12

Municipal Address: Municipal Address:

3,800   m 3,962           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

8/30/2017 10:298/30/2017 10:26

8/30/2017 14:26 8/30/2017 14:29 8/30/2017 14:41

8/30/2017 15:24

8/30/2017 13:01

8/30/2017 12:54

8/30/2017 13:20

8/30/2017 14:56

9596 Union Line 9468 Union Line

8/30/2017 14:52

8/30/2017 12:36 8/30/2017 12:39

8/30/2017 18:21 8/30/2017 18:29

8/30/2017 18:458/30/2017 18:388/30/2017 18:33

8/30/2017 17:55 8/30/2017 17:59 8/30/2017 18:10

8/30/2017 16:19 8/30/2017 16:24 8/30/2017 16:53

8/30/2017 13:35

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

8/30/2017 13:05

8/30/2017 12:02 8/30/2017 12:04 8/30/2017 12:22

Geophone Distance 

(m)

Peak Particle Velocity 

(mm/s)b

8/30/2017 11:38 8/30/2017 11:50

8/30/2017 16:128/30/2017 16:058/30/2017 16:01

8/30/2017 17:49

Starta Rock/Till Enda

8/30/2017 11:34

8/30/2017 9:448/30/2017 9:49

8/30/2017 9:58 8/30/2017 10:02 8/30/2017 10:16

8/30/2017 17:378/30/2017 17:38

8/30/2017 18:17

8/30/2017 17:098/30/2017 16:568/30/2017 16:54

8/30/2017 10:40

Monitoring Notes: After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these are noted as 

"restrikes". Vibration measurements were undertaken on August 17, 2017 at Wells 11 and 12 during water quality sampling events in the absence of pile 

driving within the cluster. Both pumps turned on and operated during the sampling events. Peak vibration measurements for Well 11 were 0.016 mm/s 

and this pump was located within the residence approximately 40 m from the well. Peak vibration measurements for Well 12 were 0.896 mm/s and the 

pump was mounted on the well casing. During pile driving on August 23, 2017, the maximum vibration measurement of the Well 12 casing was 2.4 mm/s 

for clearly definable periods during which the pump was operating. Peak well casing vibrations exclusive of pump influences identified within the same 

monitoring period at Well 12 are shown in the "no pump" column. Data not available for Piles 1, 6, 7, 8 and 9 at Well 12 on August 30, 2017 due to battery 

failure in monitoring equipment. Battery was subsequently replaced. Total driving duration between till/rock start and end times noted above for Pile 1 is 

not representative and actual driving duration was 00:7:40 due to pauses in actual hammering. Total pile driving durations derived from start and end 

times noted above includes labour breaks, equipment work, splicing, welding and other standby time.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second 

intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity 

values during these periods regardless of measurement direction; e) see monitoring notes above.

8/30/2017 15:30 8/30/2017 15:33 8/30/2017 15:54

8/30/2017 17:14 8/30/2017 17:19 8/30/2017 17:31

Distance from Turbine Centre: Distance from Turbine Centre:

8/30/2017 13:23 8/30/2017 13:23

8/30/2017 9:50

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T21 Issue Date: 12/5/2017

Turbine Location: T21

Pile No.: BE9555 BE14711 BE9555 BE14711 Well 11 Well 12 No Pumpe

1 25.6 23.7 1.78 2.16 NAe
0.008

2 26.6 25.4 1.27 1.40 0.003 0.006

3 27.0 26.4 1.40 1.40 0.009 0.006

4 26.6 26.8 1.78 1.40 0.003 0.013

5 25.6 26.4 1.78 1.52 NAe
0.013

6 23.9 25.4 1.27 NAe
0.026

7 21.6 23.7 1.52 NAe
0.005

8 19.0 21.5 1.78 NAe
0.003

9 16.1 18.8 2.79 0.004 0.004

10 13.2 15.9 2.41 0.015 0.071

11 11.0 13.0 2.79 0.007 1.551 0.039

12 10.1 10.8 3.68 0.005 0.007

13 11.0 9.9 3.30 0.003 0.005

14 13.2 10.8 3.18 0.006 0.005

15 16.1 13.0 2.67 0.008 0.013

16 19.0 15.9 2.16 2.79 0.006 0.011

17 21.6 18.8 2.79 2.29 0.011 0.010

18 23.9 21.5 1.65 1.78 NAe
0.031

Well Information

Well No.: 11 Well No.: 12

Municipal Address: Municipal Address:

3,960       m 4,161           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

8/28/2017 13:58

8/28/2017 13:01 8/28/2017 13:05 8/28/2017 13:13

8/29/2017 11:54

8/28/2017 13:21 8/28/2017 13:37

8/29/2017 11:47

9596 Union Line

8/28/2017 13:24

Start
a

Rock/Till End
a

8/29/2017 1:27 8/29/2017 1:30 8/29/2017 1:39

8/28/2017 16:40 8/28/2017 16:44 8/28/2017 16:53

8/29/2017 7:598/29/2017 7:548/29/2017 7:51

8/29/2017 11:13

8/28/2017 15:51

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

9468 Union Line

8/29/2017 11:44

8/28/2017 13:45 8/28/2017 13:48

8/28/2017 14:30

8/29/2017 12:14

8/29/2017 1:548/29/2017 1:478/29/2017 1:44

8/29/2017 11:20 8/29/2017 11:23 8/29/2017 11:32

8/29/2017 8:28

8/28/2017 16:27

8/28/2017 14:37

8/28/2017 14:10 8/28/2017 14:13 8/28/2017 14:21

8/29/2017 8:07 8/29/2017 8:11 8/29/2017 8:19

8/28/2017 15:58 8/28/2017 16:05

8/28/2017 16:148/28/2017 16:11

Monitoring Notes: Vibration measurements were undertaken on August 17, 2017 at Wells 11 and 12 during water quality sampling events in the 

absence of pile driving within the cluster. Both pumps turned on and operated during the sampling events. Peak vibration measurement for Well 11 was 

0.016 mm/s and this pump was located within the residence approximately 40 m from the well. Peak vibration measurement for Well 12 was 0.896 

mm/s and the pump was mounted on the well casing. During pile driving on August 23, 2017, the peak vibration measurement of the Well 12 casing was 

2.4 mm/s for clearly definable periods during which the pump was operating. Peak well casing vibrations exclusive of pump influences identified within 

the same monitoring period at Well 12 are shown in the "no pump" column. Data not available for Piles 1, 5, 6, 7, 8 and 18 at Well 11 on August 29, 2017 

due to battery failure in monitoring equipment. Battery was subsequently replaced. Total pile driving durations derived from start and end times noted 

above includes labour breaks, equipment work, splicing, welding and other standby time.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 

second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak 

velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

8/29/2017 12:01 8/29/2017 12:04

8/29/2017 8:48 8/29/2017 8:51 8/29/2017 8:59

Distance from Turbine Centre: Distance from Turbine Centre:

8/29/2017 11:088/29/2017 11:05

8/28/2017 14:27

8/29/2017 8:408/29/2017 8:33

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T23 Issue Date: 12/5/2017

Turbine Location: T23

Pile No.: BE8719 BE9555 BE8719 BE9555 Well 13 Well 14 No Pumpe

1 17.3 19.7 2.67 2.79 0.016 0.169

2 14.4 17.1 5.33 4.83 0.549 0.182 0.076

3 11.5 14.2 3.30 3.02 0.019 0.049

4 9.2 11.3 2.94 3.68 0.018 0.048

5 8.2 9.0 4.19 3.81 0.581 0.075 0.004

6 9.2 8.0 4.06 4.19 0.024 0.334

7 11.5 9.0 2.79 3.18 0.003 0.033

8 14.4 11.3 1.52 2.29 0.302 0.341 0.008

9 17.3 14.2 1.52 1.91 0.007 0.054

10 19.9 17.1 1.91 1.78 0.007 0.054

11 22.1 19.7 2.03 1.78 0.004 0.195

12 23.7 21.9 2.16 2.03 0.035 0.073

13 24.7 23.5 1.27 1.68 0.008 0.178

14 25.1 24.5 1.27 1.40 0.472 0.152 0.019

15 24.7 24.9 1.40 1.27 0.751 0.067 0.012

16 23.7 24.5 1.52 1.14 0.020 0.119

17 22.1 23.5 1.91 1.40 0.213 0.091 0.017

18 19.9 21.9 2.54 2.16 0.031 0.132

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:

1,954    m 2,518           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

10/2/2017 14:19

10/2/2017 15:26

10/2/2017 14:3610/2/2017 14:29

10/2/2017 14:06 10/2/2017 14:18

10/2/2017 14:54 10/2/2017 15:03

10/2/2017 8:19

10/2/2017 11:3010/2/2017 11:2910/2/2017 11:21

10/2/2017 13:52 10/2/2017 13:59 10/2/2017 14:00

10/2/2017 12:0510/2/2017 11:59

10/2/2017 9:5410/2/2017 9:5110/2/2017 9:45

10/2/2017 9:09

10/2/2017 9:25 10/2/2017 9:31 10/2/2017 9:35

10/2/2017 11:45 10/2/2017 11:50 10/2/2017 11:51

10/2/2017 10:02 10/2/2017 10:09 10/2/2017 10:11

10/2/2017 13:22

10/2/2017 12:5910/2/2017 12:53

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Start
a Rock/Till Enda

Geophone Distance 

(m)

Maximum Particle 

Velocity (mm/s)
b

10/2/2017 8:27 10/2/2017 8:32

10/2/2017 9:1610/2/2017 9:13

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of 

consecutive 1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 

second interval peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

10/2/2017 8:42 10/2/2017 8:50 10/2/2017 8:57

10/2/2017 12:36 10/2/2017 12:42 10/2/2017 12:46

10/2/2017 12:08

10/2/2017 13:03

10/2/2017 13:40

10/2/2017 15:09

10/2/2017 13:3610/2/2017 13:30

10/2/2017 13:13 10/2/2017 13:18

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. Driving of Pile 3 on till/rock paused for 2:00 between times noted above. 

Wells 13 and 14  are located approximately 87 m and 13 m from the centre line of Union Line, respectively. Evaluation of acceleration time histories 

concluded that other transient vibrations occurring before, during and after pile driving times dominated all measurements. Well 14 vibration 

monitoring data was dominated by vibrations induced by local passing traffic including tractor‐trailer transport trucks, combines, buses, and 

tractors passing the site on the road and vehicles entering and leaving driveway. The passing of Well 14 by 9 trucks, busses and passenger vehicles 

was clearly identified in vibration data on 10/2/2017 between 8:31 and 8:41 resulting in a peak vibration velocity of about 0.17 mm/s during this 

time interval. The peak measured Well 14 vibrations of 0.334 mm/s associated with vehicle entering driveway immediately adjacent to well (10:05 

on 10/2/2017). 

Well 13 pump vibrations were clearly discernable in data and confirmed by audible pump noise. Peak Well 13 casing vibrations induced by the 

pump were about 0.75 mm/s during 10 minute data analysis intervals associated with Piles 2, 5, 8, 14, 15 and 17. Peak well casing vibrations 

exclusive of pump influences identified within the same monitoring period at Well 13 are shown in the "no pump" column. 

Distance from Turbine Centre: Distance from Turbine Centre:

8771 Union Line

10/2/2017 15:25

8904 Union Line

10/2/2017 14:41

10/2/2017 15:21

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T26 Issue Date: 12/5/2017

Turbine Location: T26

Pile No.: MP12710 BE9555 MP12710 BE9555 Well 13 Well 14 No Pumpe

1 16.4 13.5 2.04 2.29 0.010 0.039

2 19.0 16.4 1.80 1.52 0.006 0.057

3 21.1 19.0 1.57 1.40 0.006 0.144

4 22.7 21.1 1.48 2.67 0.013 0.024

5 23.7 22.7 1.50 1.27 0.423 0.068 0.007

6 24.1 23.7 1.20 1.27 0.005 0.036

7 23.7 24.1 1.06 1.52 0.009 0.118

8 22.7 23.7 1.04 1.27 0.028 0.148

9 21.1 22.7 1.36 1.27 0.005 0.058

10 19.0 21.1 1.44 1.14 0.592 0.104 0.010

11 16.4 19.0 1.88 1.65 0.003 0.062

12 13.5 16.4 1.94 1.27 0.006 0.054

13 10.7 13.5 2.81 2.54 0.005 0.080

14 8.2 10.7 2.25 2.67 0.083 0.069

15 7.2 8.2 3.82 3.81 0.007 0.018

16 8.2 7.2 3.57 3.94 0.010 0.030

17 10.7 8.2 3.31 4.06 0.005 0.024

18 13.5 10.7 2.16 1.40 0.003 0.036

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:

1,552    m 1,011           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 

1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval 

peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. Peak particle velocities of about 4 to 7 mm/s on September 14, 2017 as measured by geophone on‐site were 

triggered by other equipment travelling in close proximity to the geophones. Wells 13 and 14  are located approximately 87 m and 13 m from the 

centre line of Union Line, respectively. Evaluation of acceleration time histories concluded that other transient vibrations occurring before, during 

and after pile driving times dominated all measurements. A peak well casing velocity of 0.675 mm/s during driving of Pile 9 at T14 on September 11, 

2017 was associated with a tractor‐trailer truck driving northeast along Union Line (i.e., in lane closest to well). 

Data for two 10‐minute time periods on September 11, 2017 during which no pile driving occurred were evaluated with start times of 10:47 and 

14:27 for Well 13 and 10:48  and 14:36 for Well 14. During these periods, the peak well casing vibration velocity was 0.079 mm/s. Three 10‐minute 

vibration monitoring periods during which pile driving was not occurring were analyzed for Well 13 from data obtained on September 14, 2017, at 

11:24 and 16:38 and September 15, 2017 at 08:29. The peak particle velocity of the Well 13 casing during these periods was 0.099 mm/s. On 

September 19 and 21, 2017 during water sampling events when the pump was operating, the peak particle velocity of the Well 13 casing was 0.655 

mm/s.  Three 10‐minute vibration monitoring periods during which pile driving was not occurring were analyzed for Well 14 from data obtained on 

September 14, 2017, at 11:33 and 12:53 and September 15, 2017 at 08:35. The peak particle velocity of the Well 14 casing during these periods was 

0.160 mm/s. On September 19, 2017 during a water sampling event when the pump was operating, the peak particle velocity of the Well 14 casing 

was 0.019 mm/s.  Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at Well 13 are shown in the 

"no pump" column. 

Distance from Turbine Centre: Distance from Turbine Centre:

8771 Union Line 8904 Union Line

9/14/2017 17:48

9/14/2017 17:35

9/14/2017 15:53

9/14/2017 18:11

9/14/2017 18:34

9/14/2017 17:52

9/14/2017 17:27

9/14/2017 15:06

9/14/2017 17:44

9/15/2017 11:50 9/15/2017 11:55

9/14/2017 18:05 9/14/2017 18:09

9/14/2017 17:189/14/2017 17:11

9/14/2017 17:30 9/14/2017 17:34

9/14/2017 18:309/14/2017 18:24

9/15/2017 10:31 9/15/2017 10:40

9/15/2017 10:53

9/14/2017 15:46

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Start
a Rock/Till Enda

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

9/15/2017 10:43

9/15/2017 7:46 9/15/2017 7:54 9/15/2017 7:55

9/15/2017 8:44 9/15/2017 8:49 9/15/2017 8:50

9/15/2017 9:129/15/2017 9:109/15/2017 9:05

9/15/2017 8:149/15/2017 8:119/15/2017 8:06

9/15/2017 11:17 9/15/2017 11:24

9/15/2017 11:379/15/2017 11:369/15/2017 11:32

9/15/2017 11:13

9/15/2017 12:02

9/14/2017 14:53 9/14/2017 15:05

9/14/2017 16:13 9/14/2017 16:19 9/14/2017 16:22

9/15/2017 11:03

9/14/2017 15:19

9/14/2017 16:00

9/14/2017 15:31

9/15/2017 11:02

9/14/2017 15:26

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T27 Issue Date: 12/5/2017

Turbine Location: T27

Pile No.: BE18695 MP12721 BE18695 MP12721 Well 13 Well 14 No Pump
e

1 8.4 9.6 0.02 0.687 0.068 0.018

2 9.4 8.6 4.57 7.31 0.710 0.090 0.008

3 11.7 9.6 3.68 5.64 0.009 0.046

4 14.6 11.9 2.92 3.89 0.012 0.100

5 17.5 14.7 2.41 2.44 0.744 0.116 0.016

6 20.1 17.6 3.56 2.62 0.699 0.042 0.024

7 22.3 20.3 2.67 2.55 0.423 0.068 0.007

8 23.9 22.5 2.41 2.01 0.010 0.005

9 24.9 24.1 1.65 1.54 0.006 0.011

10 25.3 25.1 1.02 1.00 0.010 0.008

11 24.9 25.5 1.27 1.44 0.006 0.007

12 23.9 25.1 1.40 1.17 0.483 0.048 0.007

13 22.3 24.1 1.14 1.36 0.554 0.032 0.033

14 20.1 22.5 1.65 1.45 0.006 0.030

15 17.5 20.3 1.65 1.50 0.009 0.026

16 14.6 17.6 2.54 2.22 0.010 0.026

17 11.7 14.7 3.18 3.40 0.002 0.005

18 9.4 11.9 3.05 4.06 0.010 0.015

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:

2,326    m 1,705           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Distance from Turbine Centre:

8771 Union Line

9/15/2017 12:36

8904 Union Line

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of 

consecutive 1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 

second interval peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

9/15/2017 10:04 9/15/2017 10:07 9/15/2017 10:08

9/15/2017 11:20 9/15/2017 11:23 9/15/2017 11:24

9/15/2017 8:48

9/15/2017 11:33

9/15/2017 11:57

9/15/2017 12:28

9/15/2017 11:53

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. Wells 13 and 14  are located approximately 87 m and 13 m from the centre line of Union Line, respectively. 

Evaluation of acceleration time histories concluded that other transient vibrations occurring before, during and after pile driving times dominated 

all measurements. A peak well casing velocity of 0.675 mm/s measured during driving of Pile 9 at T14 was associated with a tractor‐trailer truck 

driving northeast along Union Line (i.e., in lane closest to well). 

Data for two 10‐minute time periods on September 11, 2017 during which no pile driving occurred were evaluated with start times of 10:47 and 

14:27 for Well 13 and 10:48  and 14:36 for Well 14. During these periods, the peak well casing vibration velocity was 0.079 mm/s. Three 10‐minute 

vibration monitoring periods during which pile driving was not occurring were analyzed for Well 13 from data obtained on September 14, 2017, at 

11:24 and 16:38 and September 15, 2017 at 08:29. The peak particle velocity of the Well 13 casing during these periods was 0.099 mm/s. On 

September 19 and 21, 2017 during water sampling events when the pump was operating, the peak particle velocity of the Well 13 casing was 0.655 

mm/s.  Three 10‐minute vibration monitoring periods during which pile driving was not occurring were analyzed for Well 14 from data obtained on 

September 14, 2017, at 11:33 and 12:53 and September 15, 2017 at 08:35. The peak particle velocity of the Well 14 casing during these periods was 

0.160 mm/s. On September 19, 2017 during a water sampling event when the pump was operating, the peak particle velocity of the Well 14 casing 

was 0.019 mm/s. Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at Well 13 are shown in the 

"no pump" column.  

Distance from Turbine Centre:

9/15/2017 11:50

9/15/2017 11:37 9/15/2017 11:41 9/15/2017 11:45

9/15/2017 11:329/15/2017 11:28

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Start
a

Rock/Till End
a

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

9/15/2017 10:15 9/15/2017 10:16

9/15/2017 9:589/15/2017 9:559/15/2017 9:52

9/15/2017 10:12

9/15/2017 9:42 9/15/2017 9:46 9/15/2017 9:47

9/15/2017 8:54 9/15/2017 8:58 9/15/2017 9:02

9/15/2017 9:22 9/15/2017 9:25 9/15/2017 9:27

9/15/2017 8:469/15/2017 8:41

9/15/2017 9:379/15/2017 9:359/15/2017 9:32

9/15/2017 9:169/15/2017 9:109/15/2017 9:08

9/15/2017 12:02 9/15/2017 12:04 9/15/2017 12:06

9/15/2017 11:13

9/15/2017 12:34

9/15/2017 12:16

9/15/2017 12:39

9/15/2017 11:119/15/2017 11:08

9/15/2017 12:11 9/15/2017 12:13

9/15/2017 12:22 9/15/2017 12:24

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T28 Issue Date: 12/5/2017

Turbine Location: T28

Pile No.: MP12710 BE8719 MP12710 BE8719 Well 9 Well 10 No Pump
e

1 21.6 19.3 1.53 1.52 0.061 0.020

2 23.9 22.0 1.40 1.27 0.019 0.036

3 25.6 24.3 1.17 1.27 0.111 0.805 0.019

4 26.6 26.0 2.92 0.022 0.804 0.100

5 27.0 27.0 2.16 0.108 0.158

6 26.6 27.4 1.22 1.14 0.012 0.095

7 25.6 27.0 1.58 1.02 0.027 0.052

8 23.9 26.0 1.51 1.11 0.040 0.009

9 21.6 24.3 1.74 1.27 0.046 0.015

10 19.0 22.0 1.70 1.27 NA
e

0.750 0.026

11 16.1 19.3 1.88 1.52 NA
e

0.007

12 13.2 16.4 2.92 2.41 0.812 0.014

13 11.0 13.6 2.29 1.91 0.054 0.006

14 10.1 11.4 2.92 2.67 0.055 0.112

15 11.0 10.5 3.18 3.18 0.244 0.015

16 13.2 11.4 2.41 2.54 0.183 0.007

17 16.1 13.6 2.03 2.03 0.686 0.034

18 19.0 16.4 3.14 0.015 0.705 0.052

Restrikes

2 23.9 22.0 2.23 0.017 0.029

Well Information

Well No.: 9 Well No.: 10

Municipal Address: Municipal Address:

2,568    m 1,769           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Peak Particle 

Velocity (mm/s)
b

Geophone Distance 

(m)

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. After installation, selected piles were struck again with the hammer to demonstrate resistance performance and 

these are noted as "restrikes". Data for Well 9 was not available for August 15, 2017 during driving of piles 10 and 11 while awaiting site security 

changes implemented following an incident at the Well 9 property the evening of August 14, 2017. Highlighted values for Well 9 on August 11 and 

14, 2017 are higher than and inconsistent with other measurements during pile driving at the T28 site. On August 11 and 14, 2017, electric power 

collection system construction and other activities were underway between Countryview Line and T32, located as close as about 100 m from Well 

9.  These activities included: hammering, movements of large construction equipment (e.g., loaders, dump trucks, excavators, "stone throwers"), 

and equipment travelled on access road site without construction mats, equipment operating along the T32 access road resulted in "pounding" 

sounds as noted by well monitoring personnel. The Well 9 area is also subject to heavy passing traffic on Countryview Line (74 m from well) 

including: fuel trucks, loaded dump trucks, large transport trucks, a bus, and cranes/boom trucks among other vehicles. Further analysis of Well 9 

vibration data was undertaken for 10 minute periods on August 11, 2017 during which pile driving was not occuring between 08:32:00 and 08:42:00, 

09:12:00 and 09:22:00, 11:22:00 and 11:32:00, and 13:48:00 and 13:58:00. During these periods the maximum velocities (regardless of direction) of 

the Well 9 casing ranged from 0.011 to 1.2 mm/s. Data shown for Well 9 during driving of Piles 12, 15, 16 and 17 (highlighted) are considered 

unrepresentative of pile driving and associated with other vibration sources. The piston pump for Well 9 is within the barn approximately 4 to 5 m 

from the well location. When the Well 9 pump was deliberately operated on September 8, 2017, in the absence of pile driving, well casing velocities 

were up to 0.04 mm/s. When the pump for Well 10 was operating, well casing vibrations of as much as 1.25 mm/s were measured. Peak well casing 

vibrations exclusive of pump influences identified within the same monitoring period at Well 10 are shown in the "no pump" column. 

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of 

consecutive 1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 

second interval peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

8/15/2017 12:00

Distance from Turbine Centre: Distance from Turbine Centre:

8/15/2017 9:16 8/15/2017 9:34 8/15/2017 9:36

8/16/2017 8:23

8/15/2017 11:46 8/15/2017 11:59

8/11/2017 12:02

8/11/2017 12:50

8/16/2017 8:19

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

9709 Cedar Hedge Line

8/15/2017 13:56

8/11/2017 11:19 8/11/2017 11:28

8/15/2017 14:41 8/15/2017 14:43

8/15/2017 15:448/15/2017 15:428/15/2017 15:31

8/15/2017 13:23 8/15/2017 13:37 8/15/2017 13:39

8/11/2017 12:03

8/15/2017 14:09

8/11/2017 12:488/11/2017 12:36

8/11/2017 12:13 8/11/2017 12:25 8/11/2017 12:27

9557 Countryview Line

Start
a

Rock/Till End
a

8/15/2017 14:53 8/15/2017 15:04 8/15/2017 15:06

8/15/2017 8:18 8/15/2017 8:33 8/15/2017 8:35

8/15/2017 9:048/15/2017 9:038/15/2017 8:51

8/15/2017 12:248/15/2017 12:228/15/2017 12:10

8/15/2017 14:33

8/15/2017 10:118/15/2017 10:088/15/2017 9:56

8/16/2017 8:19

8/15/2017 8:02

8/11/2017 14:45 8/11/2017 14:46

8/15/2017 7:588/15/2017 7:45

8/11/2017 13:27

8/11/2017 10:22 8/11/2017 11:06 8/11/2017 11:07

8/15/2017 14:10

8/11/2017 11:48

8/11/2017 11:30

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T30 Issue Date: 12/5/2017

Turbine Location: T30

Pile No.: BE8719 BE18695 BE8719 BE18695 Well 9 Well 10 No Pumpe

1 24.9 27.6 2.14 4.32 0.054 0.815 0.014

1A 25.9 28.6 2.16 2.41 0.080 0.935 0.027

2 26.6 28.0 1.65 1.91 0.061 0.049

3 27.7 27.6 1.52 1.78 0.041 0.883 0.009

4 28.1 26.5 1.27 1.52 0.035 1.251 0.036

5 27.7 24.8 1.65 2.25 0.061 0.007

6 26.6 22.6 1.78 1.91 0.059 0.003

7 24.9 19.9 1.52 1.78 0.082 0.028

8 22.7 17.0 2.29 2.03 0.032 0.540 0.033

9 20.0 14.1 2.29 2.29 0.076 0.088

10 17.1 12.0 2.29 2.41 0.088 0.014

11 14.2 11.1 3.68 2.92 0.029 0.007

12 12.1 12.0 3.30 3.30 0.066 0.005

13 11.2 14.1 3.81 5.33 0.059 0.876 0.005

14 12.1 17.0 4.19 4.70 0.061 0.023

15 14.2 19.9 3.05 2.67 0.032 0.005

16 17.1 22.6 3.68 2.67 0.048 0.032

17 20.0 24.8 2.54 2.41 0.051 0.002

18 22.7 26.5 2.54 2.16 0.024 0.004

Restrikes and Continued Pile Driving

15C 14.2 19.9 4.57 4.70 0.044 0.022

1 24.9 27.6 1.40 1.78 0.080 0.006

5 27.7 24.8 1.27 1.65 0.056 1.016 0.006

6 26.6 22.6 1.40 1.65 0.041 1.116 0.146

Well Information

Well No.: 9 Well No.: 10

Municipal Address: Municipal Address:

1,808    m 1,385                   m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Particle Velocity (mm/s)c, d
Vibration Measurements at Wells

8/3/2017 11:568/3/2017 11:528/3/2017 11:46

8/3/2017 10:598/3/2017 10:53

8/3/2017 14:50

8/4/2017 9:08

8/3/2017 10:44

8/3/2017 14:04 8/3/2017 14:11 8/3/2017 14:19

8/3/2017 11:25 8/3/2017 11:29 8/3/2017 11:34

9557 Countryview Line

8/8/2017 15:258/8/2017 15:19

8/4/2017 8:558/4/2017 8:50

8/4/2017 10:33

8/4/2017 8:15 8/4/2017 8:15

8/4/2017 9:32 8/4/2017 9:38 8/4/2017 9:43

8/4/2017 10:36

9709 Cedar Hedge Line

8/4/2017 10:17

8/3/2017 14:34 8/3/2017 14:47

8/4/2017 14:42 8/4/2017 15:01

8/8/2017 9:358/8/2017 9:258/8/2017 9:17

8/8/2017 7:49 8/8/2017 8:02 8/8/2017 8:10

8/4/2017 10:57 8/4/2017 11:03 8/4/2017 11:06

8/4/2017 8:21

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

8/4/2017 15:57 8/4/2017 16:03 8/4/2017 16:11

8/4/2017 16:408/4/2017 16:328/4/2017 16:24

8/4/2017 14:24

Starta Rock/Till Enda

8/8/2017 8:42 8/8/2017 8:52 8/8/2017 9:03

8/3/2017 13:07 8/3/2017 13:16 8/3/2017 13:20

8/3/2017 13:468/3/2017 13:388/3/2017 13:33

8/4/2017 15:398/4/2017 15:348/4/2017 15:24

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second 

intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values 

during these periods regardless of measurement direction; e) see monitoring notes above.

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and 

other standby time. Piles noted with "A" represent piles installed to replace similarly‐numbered piles. After installation, selected piles were struck again with 

the hammer to demonstrate resistance performance and these are noted as "restrikes" (where applicable). Piles noted with "C" were those that were started 

on one day and continued on a separate day; therefore, additional well monitoring data is presented for the time periods during which piling continued on 

till/rock. When the pump for Well 10 was operating, well casing vibrations of as much as 1.25 mm/s were measured. Peak well casing vibrations exclusive of 

pump influences identified within the same monitoring period at Well 12 are shown in the "no pump" column. Peak well casing vibrations exclusive of pump 

influences identified within the same monitoring period at Well 10 are shown in the "no pump" column. Total driving duration between till/rock start and end 

times noted above for Pile 1 is not representative and actual driving duration was 00:11:50 due to pauses in actual hammering. 

8/9/2017 9:30 8/9/2017 9:51 8/9/2017 9:58

Distance from Turbine Centre: Distance from Turbine Centre:

8/8/2017 15:19

8/8/2017 8:15 8/8/2017 8:15 8/8/2017 8:20

8/8/2017 9:40 8/8/2017 9:40 8/8/2017 9:41

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T31 Issue Date: 12/5/2017

Turbine Location: T31

Pile No.: BE18695 BE14711 BE18695 BE14711 Well 7 Well 8

1 8.1 25.5 1.40 1.40 0.042 0.028

2 9.1 25.9 1.40 1.14 0.038 0.034

3 11.4 25.5 1.78 1.52 0.016 0.075

4 14.3 24.5 1.40 1.27 0.023 0.005

5 17.2 22.8 1.27 1.14 0.020 0.071

6 19.8 20.6 1.40 1.91 0.100 0.099

7 22.0 18.0 1.78 2.16 0.014 0.028

8 23.6 15.1 2.03 2.03 0.044 0.028

9 24.6 12.2 2.54 2.92 0.011 0.041

10 25.0 9.9 NA
e NAe NAe NAe

11 24.6 9.0 3.68 3.30 0.041 NA
e

12 23.6 9.9 0.13 0.13 0.037 0.034

13 24.6 12.2 5.08 5.08 0.012 0.015

14 25.0 15.1 5.46 3.94 0.072 0.023

15 24.6 18.0 3.43 2.54 0.156 0.020

16 23.6 20.6 2.92 2.16 0.044 0.034

17 22.0 22.8 2.54 2.03 0.074 0.075

18 19.8 24.5 2.03 1.91 0.050 0.041

Well Information

Well No.: 7 Well No.: 8

Municipal Address: Municipal Address:

636 m 2,497                          m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

Monitoring Notes:  On July 14, 2017 at about 14:00, Golder was informed that piling operations at T31 were concluded. At 15:45 instruments were therefore 

turned off at Well 8 in preparation for removal for the day. Piling resumed at approximately 16:15. As a result, data was not captured for Wells 7 and 8 when 

driving Pile 10 and Well 8 when driving Pile 11.  Well monitoring undertaken during periods of time when pile driving was not occuring measured maximum 

particle velocities of as much as 0.37 mm/s at Well 7.  Total driving duration between till/rock start and end times noted above for Pile 9 is not representative and 

actual driving duration was 00:04:00 due to pauses in actual hammering. Total pile driving durations derived from start and end times noted above includes 

labour breaks, equipment work, splicing, welding and other standby time.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well casing 

vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second intervals for a 

total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values during these 

periods regardless of measurement direction; e) see monitoring notes above.

Particle Velocity (mm/s)c, d

7/17/2017 8:097/17/2017 8:03

7/17/2017 13:057/17/2017 13:017/17/2017 12:56

7/17/2017 13:18

9241 Countryview Line

7/14/2017 12:10

7/13/2017 16:56 7/13/2017 17:06

Vibration Measurements at Wells

7/17/2017 11:49 7/17/2017 11:53 7/17/2017 11:54

Distance from Turbine Centre: Distance from Turbine Centre:

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Starta Rock/Till Enda

7/17/2017 14:54

NA
e NAe NAe

7/17/2017 8:30

7/17/2017 13:24 7/17/2017 13:26

7/18/2017 7:497/18/2017 7:477/18/2017 7:39

7/17/2017 14:46 7/17/2017 14:52

7/18/2017 8:03 7/18/2017 8:10 7/18/2017 8:13

7/17/2017 10:25 7/17/2017 10:31 7/17/2017 10:36

7/17/2017 11:357/17/2017 11:307/17/2017 11:25

25117 Prince Albert Road

7/14/2017 11:23

7/14/2017 8:22 7/14/2017 8:47 7/14/2017 8:48

7/14/2017 11:40 7/14/2017 11:48 7/14/2017 11:51

7/14/2017 12:21

7/14/2017 11:18

7/13/2017 17:08

7/14/2017 11:29

7/14/2017 12:16

7/14/2017 16:28

7/13/2017 16:307/13/2017 16:267/13/2017 16:12

7/13/2017 15:38 7/13/2017 15:44 7/13/2017 15:45

7/14/2017 16:257/14/2017 16:18

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T32 Issue Date: 12/5/2017

Turbine Location: T32

Pile No.: MP12721 BE8719 MP12721 BE8719 Well 9 Well 10 No Pump
e

1 25.0 26.0 0.127 0.127 0.069 0.020

2 23.3 25.0 2.16 1.397 0.050 0.013

3 21.1 23.3 2.42 2.032 0.045 0.045

4 18.4 21.1 2.443 2.286 0.046 0.697 0.017

5 15.5 18.4 2.656 0.059 0.035

6 12.7 15.5 2.932 0.055 0.009

7 10.4 12.7 3.925 3.175 0.062 0.049

8 9.5 10.4 4.296 4.064 0.050 0.880 0.014

9 10.4 9.5 4.359 4.826 0.041 0.733 0.006

10 12.7 10.4 3.121 4.064 0.028 0.010

11 15.5 12.7 3.429 3.175 1.090 0.049

12 18.4 15.5 2.159 2.54 0.871 0.014

13 21.1 18.4 2.413 1.905 1.346 0.738 0.005

14 23.3 21.1 1.524 1.778 0.068 0.051

15 25.0 23.3 1.397 1.524 0.037 0.764 0.004

16 26.0 25.0 1.397 1.016 0.229 0.034

17 26.4 26.0 1.778 1.27 0.230 0.684 0.009

18 26.0 26.4 1.397 1.27 0.135 0.713 0.004

Well Information

Well No.: 9 Well No.: 10

Municipal Address: Municipal Address:

680                m 1,122           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

8/11/2017 9:07

8/11/2017 11:14

8/11/2017 13:28

8/11/2017 13:12 8/11/2017 13:14 8/11/2017 13:19

8/11/2017 13:42

8/11/2017 11:07

8/14/2017 14:118/14/2017 13:558/14/2017 13:52

8/11/2017 10:14 8/11/2017 10:19 8/11/2017 10:21

8/11/2017 10:42 8/11/2017 10:44 8/11/2017 10:47

8/11/2017 10:28

8/14/2017 12:188/14/2017 11:428/14/2017 11:40

8/11/2017 11:008/11/2017 10:568/11/2017 10:53

8/14/2017 10:59 8/14/2017 11:04 8/14/2017 11:12

8/14/2017 7:548/14/2017 7:508/14/2017 7:47

Start
a

Rock/Till End
a

8/14/2017 15:43 8/14/2017 15:46 8/14/2017 16:19

8/11/2017 14:41

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

9709 Cedar Hedge Line

8/11/2017 13:26

8/11/2017 9:00 8/11/2017 9:03

8/11/2017 14:43 8/11/2017 15:01

8/14/2017 16:578/14/2017 16:288/14/2017 16:25

8/14/2017 14:51 8/14/2017 14:55 8/14/2017 15:21

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and other 

standby time. Highlighted values for Well 9 on August 11 and 14, 2017 are higher than and inconsistent with other measurements during pile driving at the T32 

site. On August 11 and 14, 2017, electric power collection system construction and other activities were underway between Countryview Line and T32, located as 

close as about 100 m from the well.  These activities included: hammering, movements of large construction equipment (e.g., loaders, dump trucks, excavators, 

aggregate delivery equipment), and equipment travelled on site access road without construction mats, equipment operating on the T32 access road resulted in 

"pounding" sounds as noted by well monitoring personnel. Well 9 area is subject to heavy passing traffic on Countryview Line (74 m from well) including: fuel 

trucks, loaded dump trucks, large transport trucks, a bus, and cranes/boom trucks among other vehicles. Further analysis of Well 9 vibration data was undertaken 

for 10 minute periods on August 11, 2017 during which pile driving was not occuring between 08:32:00 and 08:42:00, 09:12:00 and 09:22:00, 11:22:00 and 

11:32:00, and 13:48:00 and 13:58:00. During these periods, the peak velocities (regardless of direction) of the Well 9 casing ranged from 0.011 to 1.2 mm/s. Data 

shown for Well 9 during driving of Piles 11, 12, 13, 16, 17 and 18 (highlighted) are considered unrepresentative of pile driving and associated with other vibration 

sources. The piston pump for Well 9 is within the barn approximately 4 to 5 m from the well location. When the pump for Well 10 was operating, well casing 

vibrations of as much as 1.25 mm/s were measured. Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at 

Well 10 are shown in the "no pump" column. Instrument BE18695 used in lieu of MP12721 on August 11, 2017.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well casing 

vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second intervals for a 

total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values during these 

periods regardless of measurement direction; e) see monitoring notes above.

8/14/2017 13:12 8/14/2017 13:15 8/14/2017 13:33

Distance from Turbine Centre: Distance from Turbine Centre:

8/14/2017 11:20 8/14/2017 11:23 8/14/2017 11:33

9557 Countryview Line

8/11/2017 11:10

8/11/2017 10:348/11/2017 10:30

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T33 Issue Date: 12/5/2017

Turbine Location: T33

Pile No.: MP12721 BE69555 MP12721 BE69555 Well 3 Well 4 No Pumpe

1 10.9 12.1 5.3 3.7 0.015 0.118

2 11.8 11.2 2.8 3.3 0.011 0.138

3 14.0 12.1 2.9 3.4 0.056 0.174

4 16.8 14.2 2.2 2.7 0.035 0.082

5 19.7 17.1 2.1 2.2 0.049 0.137

6 22.4 20.0 2.2 1.9 0.009 0.072

7 24.6 22.7 2.2 2.3 0.030 0.298

8 26.3 24.9 2.0 2.3 0.036 0.131

9 27.4 26.6 1.4 1.4 0.034 0.083

10 27.8 27.7 1.3 1.4 0.004 0.243

11 27.4 28.1 1.5 1.8 0.004 0.089

12 26.3 27.7 1.5 1.8 0.005 0.179

13 24.6 26.6 1.8 1.9 0.003 0.162

14 22.4 24.9 1.9 2.0 0.004 0.161

15 19.7 22.7 0.5 0.4 0.005 4.987

16 16.8 20.0 1.8 1.8 0.006 0.277

17 14.0 17.1 2.5 2.2 0.003 0.175

18 11.8 14.2 4.1 2.2 0.004 0.622

Restrikes

6 22.4 20.0 1.1 1.4 0.009 4.858

5 19.7 17.1 1.1 1.1 0.023 0.129

Well Information

Well No.: 3 Well No.: 4

Municipal Address: Municipal Address:

1,778    m 2,080           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. After installation, selected piles were struck again with the hammer to demonstrate resistance performance and 

these are noted as "restrikes". During vibration monitoring on September 5, 2017, a forklift operated close to the geophone between 16:00:00 and 

16:30:00 and triggered a maximum peak particle velocity of 6.2 mm/s. Value shown above excludes the peak measurement triggered by the forklift. 

On September 5, 2017, tractors, harvest haul trucks and other equipment travelled through Well 3 property frequently from 12:48 to 15:55 and 

occasionally thereafter until 16:50. On September 5, 2017, St. Clair Road traffic passing at 78 m from Well 4 was observed to include large tractor‐

trailers, concrete mixers and dump trucks at a rate of about 1 heavy vehicle every 1.5 to 2 minutes. Passenger vehicle movements on the Well 4 

property passed and were parked near the well at 12:10, 14:40, 14:47, 15:06, 15:17, 15:42, 16:16, 16:35 and 19:02. On September 6, 2017, heavy 

vehicle traffic near Well 4 was similar to September 5, 2017.  Combine harvesting was on‐going as close as 25 to 30 m from Well 4, starting at 8:53 

and continuing to after 14:30 on September 6, 2017. Passenger vehicle traffic on September 6, 2017 adjacent to Well 4 on the property was noted at 

7:41, 10:40 ‐ 10:45, 10:56 ‐ 11:04, 11:46 ‐ 11:52, 12:57 ‐ 12:59, 13:22, 14:31, 14:36, 16:35, 16:42, 16:49, and 18:34.  Various individuals were at and in 

the well shed at 16:35 to 16:54. Prior to September 6, 2017 observations by Golder personnel indicated that a pump was not connected at Well 4. 

During the afternoon of September 6, 2017 a pump was connected and operational. From 17:02 to 17:18 the newly connected Well 4 pump was 

cycled on and off, operating for periods of 1 to more than 7 minutes. The owner was physically working on Well 4 after 17:18 and returning to well 

shed frequently. All data highlighted above is considered to have been significantly influenced by near‐well activities, particularly work directly 

related to the Well 4 pump and shed.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 

1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval 

peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

9/6/2017 12:26

9/6/2017 10:259/6/2017 10:09

9/6/2017 14:36

9/6/2017 16:01

9/6/2017 14:54

9/6/2017 16:20

9/6/2017 14:24

9/6/2017 15:29 9/6/2017 15:35 9/6/2017 15:45

8522 Bush Line

9/6/2017 17:039/6/2017 17:02

9/5/2017 17:02

9/5/2017 15:34 9/5/2017 15:44 9/5/2017 15:48

9/5/2017 14:279/5/2017 14:209/5/2017 14:11

9/5/2017 14:38 9/5/2017 14:46 9/5/2017 14:54

9/6/2017 14:37 9/6/2017 14:45

Start
a Rock/Till Enda

9/5/2017 13:46 9/5/2017 13:55 9/5/2017 14:03

9/5/2017 13:16 9/5/2017 13:25

9/5/2017 15:189/5/2017 15:139/5/2017 15:05

9/5/2017 13:10

9/5/2017 17:109/5/2017 17:10

9/6/2017 18:23

9/6/2017 12:16

9/6/2017 13:169/6/2017 13:08

9/6/2017 16:08

9/6/2017 18:15 9/6/2017 18:15

9/6/2017 14:13

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

9/5/2017 17:32 9/5/2017 17:41 9/5/2017 17:49

9/6/2017 13:43 9/6/2017 13:58

9/6/2017 12:03

9/6/2017 9:30 9/6/2017 9:47 9/6/2017 9:53

9/5/2017 18:289/5/2017 18:219/5/2017 18:14

9/6/2017 10:35

9/6/2017 12:58

9/6/2017 13:33

Distance from Turbine Centre: Distance from Turbine Centre:

9/6/2017 17:02

26347 St. Clair Road

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T34 Issue Date: 12/5/2017

Turbine Location: T34

Pile No.: MP12710 MP12721 MP12710 MP12721 Well 3 Well 4 stop

1 22.6 23.5 2.70 1.70 0.019 NAe
##

2 21.0 22.5 1.91 1.85 0.049 NAe
##

3 18.9 20.9 2.37 2.32 0.008 NAe
##

4 16.3 18.8 2.56 1.78 0.014 NAe
##

5 13.5 16.2 3.00 2.74 0.015 NAe
##

6 10.6 13.4 2.92 3.52 0.005 NAe
##

7 8.1 10.5 3.99 3.59 0.010 NAe
##

8 7.1 8.0 6.67 4.82 0.007 NAe
##

9 8.1 7.0 4.64 5.43 0.020 NAe
##

10 10.6 8.0 3.56 6.01 0.010 NAe
##

11 13.5 10.5 3.56 5.16 0.009 NAe
##

12 16.3 13.4 2.25 4.01 0.009 NAe
##

13 18.9 16.2 2.93 2.67 0.017 NAe
##

14 21.0 18.8 2.08 2.22 0.008 NAe
##

15 22.6 20.9 1.57 2.00 0.005 NAe
##

16 23.6 22.5 1.50 1.80 0.005 NAe
##

17 24.0 23.5 1.45 1.36 0.023 NAe

18 23.6 23.9 1.40 1.36 0.020 NAe
##

Restrikes and Continued Pile Driving

17C 23.6 23.9 2.12 2.31 0.009 NAe

13C 18.9 16.2 4.54 4.19 0.018 NAe

4C 16.3 18.8 3.68 3.30 0.007 NAe

5C 13.5 16.2 3.99 4.45 0.009 NAe

6C 10.6 13.4 3.18 4.06 0.006 NAe

7C 8.1 10.5 4.35 5.46 0.006 NAe

8C 7.1 8.0 6.27 7.49 0.024 NAe

18C 23.6 23.9 1.90 2.16 0.010 NAe

17C 24.0 23.5 2.39 2.03 0.003 NAe

12C 16.3 13.4 3.67 3.56 0.014 NAe

10C 10.6 8.0 6.50 4.06 0.007 NAe

9C 8.1 7.0 7.20 4.95 0.010 NAe

1C 22.6 23.5 2.04 2.67 0.006 NAe

3C 18.9 20.9 3.34 4.45 0.010 NAe

14C 21.0 18.8 2.27 2.29 0.005 NAe
##

1C 22.6 23.5 1.92 2.54 0.005 NAe

2C 21.0 22.5 2.06 2.79 0.001 NAe

15C 22.6 20.9 3.18 2.29 0.003 NAe

16C 23.6 22.5 2.93 3.30 0.004 NAe
##

17C 24.0 23.5 1.78 1.65 0.003 NAe

18C 23.6 23.9 1.37 1.40 0.017 NAe

14C 21.0 18.8 1.27 1.91 0.026 NAe

Well Information

Well No.: 3 Well No.: 4

Municipal Address: Municipal Address:

2,638     m Distance from Turbine Centre: 3,258                             m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

11/8/2017 8:12 11/8/2017 8:12 11/8/2017 8:26

11/2/2017 9:19 11/2/2017 9:19 11/2/2017 9:39

11/2/2017 10:43 11/2/2017 10:43 11/2/2017 13:49

11/2/2017 9:41 11/2/2017 9:41 11/2/2017 10:07

11/2/2017 12:25 11/2/2017 12:25 11/2/2017 13:32

11/1/2017 16:20 11/1/2017 16:20 11/1/2017 16:41

11/2/2017 10:50 11/2/2017 10:53 11/2/2017 11:24

11/1/2017 12:03 11/1/2017 12:38

11/1/2017 13:35 11/1/2017 13:35 11/1/2017 13:42

11/2/2017 8:30 11/2/2017 8:30 11/2/2017 9:07

11/1/2017 13:44 11/1/2017 13:44 11/1/2017 13:52

11/1/2017 13:53 11/1/2017 13:53 11/1/2017 14:02

11/1/2017 8:15 11/1/2017 8:15 11/1/2017 8:40

11/1/2017 10:48 11/1/2017 10:48 11/1/2017 11:27

11/1/2017 12:03

11/2/2017 9:11 11/2/2017 9:11 11/2/2017 9:16

10/31/2017 14:30 10/31/2017 14:30 10/31/2017 14:48

10/31/2017 15:2110/31/2017 14:5110/31/2017 14:51

10/31/2017 11:21 10/31/2017 11:21 10/31/2017 11:38

10/31/2017 12:0910/31/2017 11:4110/31/2017 11:41

10/31/2017 10:31 10/31/2017 10:31 10/31/2017 11:17

10/31/2017 16:26 10/31/2017 16:35 10/31/2017 16:48

10/18/2017 15:04

10/18/2017 15:00

10/19/2017 12:38

10/19/2017 13:25

10/18/2017 14:56

10/19/2017 16:26 10/19/2017 16:26 10/19/2017 16:36

Starta Rock/Till Enda

10/18/2017 10:48

10/16/2017 15:44

10/16/2017 15:53 10/18/2017 10:37

10/19/2017 8:16

10/17/2017 16:5110/17/2017 16:4510/17/2017 16:39

10/17/2017 9:29 10/19/2017 8:59 10/19/2017 9:06

10/19/2017 7:5110/17/2017 9:15

Vibration Measurements at Wells

10/16/2017 15:17 10/18/2017 12:22 10/18/2017 12:32

10/16/2017 15:34 10/17/2017 14:48 10/17/2017 14:54

10/18/2017 16:06 10/18/2017 16:15

10/18/2017 14:36

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

10/17/2017 12:01 10/17/2017 12:14

10/17/2017 13:3210/17/2017 13:24

10/16/2017 15:07 10/17/2017 11:29 10/17/2017 11:41

10/18/2017 9:3610/18/2017 9:2710/16/2017 14:58

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

9241 Countryview Line

Particle Velocity (mm/s)c, d

10/18/2017 14:2810/17/2017 8:35

10/17/2017 15:4910/17/2017 15:4010/16/2017 15:27

10/16/2017 16:02

10/16/2017 16:12

10/18/2017 15:08 10/19/2017 12:22

Distance from Turbine Centre:

25117 Prince Albert Road

10/19/2017 13:14

10/18/2017 15:18 10/19/2017 11:16 10/19/2017 11:24

10/18/2017 14:48 10/18/2017 14:52 10/18/2017 14:53

10/17/2017 8:45

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T34 Issue Date: 12/5/2017

Monitoring Notes:  After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these are noted as 

"restrikes". Piles that were spliced that were then driven deeper are indicated "C" for continuation of pile depth. Total pile driving durations derived from start and 

end times noted above includes labour breaks, equipment work, splicing, welding and other standby time. Pile driving was stopped and restarted on multiple days 

to address splicing and final pile depth requirements. Respective stop/restart times for individual piles were as shown in parentheses following pile number: 1 

(10/16 at 16:06; 10/17 at 12:01); 2 (10/16 at 15:58; 10/18 at 10:36:10); 3 (10/16 at 15:48:15; 10/17 at 13:23); 4 (10/16 at 15:39; 10/17 at 14:46:00), 5 (10/16 at 

15:30; 10/17 at 15:39), 6 (10/16 at 15:21, 10/18 at 12:21), 7 (10/16 15:01:50 on 10/16, 10/18 at 9:26), 8 (10/16 at 15:11, 10/17 at 11:28), 9 (10/17 at 8:40, 10/18 

at 14:27), 10 (10/17 at 8:52, 10/18 at 16:05), 11 (10/17 at 9:19, 10/19 at 7:50), 12 (10/17 at 9:34, 10/19 at 8:59), 16 (10/18 at 15:04, 10/19 at 13:14), 18 (10/16 at 

16:21, 10/18 at 14:50), 14C (11/8 at 8:21, 11/8 at 8:26)  15C (11/2 at 12:34, 11/2 at 13:30). Prior to the continued pile driving as shown for the second and third 

driving times (where applicable for each pile), the depth of the continued advancement was predrilled. Therefore, two intervals of vibration analyses are 

summarized above where the first instance is consistent with the hardest driving prior to predrilling and the second instance reflects the hard driving at the final 

depth of the pile once the pile achieved depths that had not been predrilled. Well 4 was unavailable for monitoring after September 10, 2017. Geophone serial 

numbers BE18695 and BE9555 used on November 8, 2017 in lieu of MP12710 and MP12721, respectively.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well casing 

vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second intervals for a 

total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values during these periods 

regardless of measurement direction; e) see monitoring notes above.

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T35 Issue Date: 12/5/2017

Turbine Location: T35

Pile No.: BE14711 BE15696 BE14711 BE15696 Well 5 Well 6 No Pumpe

1 25.6 27.0 3.56 4.32 0.005 0.011

1A 26.6 28.0 2.54 2.79 0.011 0.085

2 26.0 28.1 2.29 2.67 0.004 0.002

3 25.6 28.5 2.67 2.79 0.004 0.080 0.009

4 24.6 28.1 2.29 2.41 0.002 0.003

5 22.9 27.0 2.79 2.29 0.003 0.008

6 20.7 25.3 2.03 1.91 0.002 0.017

7 18.1 23.0 1.78 1.65 0.002 0.006

8 15.2 20.3 1.78 1.91 0.004 0.008

9 12.3 17.4 0.13 0.25 0.003 0.011

10 10.0 14.6 5.21 4.06 0.002 0.010

11 9.1 12.4 7.37 5.33 0.002 0.081 0.011

12 10.0 11.6 7.37 6.86 0.003 0.016

13 12.3 12.4 3.43 6.22 0.004 0.093 0.015

13A 13.3 13.4 4.19 4.19 0.001 0.093 0.015

14 15.2 14.6 2.54 2.67 0.005 0.110 0.023

15 18.1 17.4 3.68 4.45 0.002 0.009

15A 19.1 18.4 3.18 2.79 0.008 0.130

16 20.7 20.3 3.30 4.57 0.002 0.004

17 18.1 23.0 4.19 4.83 0.012 0.002

17A 19.1 24.0 3.30 3.94 0.004 0.105

18 20.7 25.3 2.41 2.16 0.004 0.015

Restrikes

1 25.6 27.0 0.28 0.28 0.007 0.007

17 18.1 23.0 0.89 1.65 0.004 0.014

10 10.0 14.6 3.43 3.04 0.006 0.004

13 13.3 13.4 1.14 1.52 0.004 0.002

14 15.2 14.6 1.65 2.05 0.006 0.003

16 20.7 20.3 1.65 1.65 0.005 0.003

15 18.1 17.4 3.43 3.68 0.008 0.011

PDA

13A 13.3 13.4 2.413 2.667 0.005 0.138

13 12.3 12.4 3.302 5.207 0.006 0.219

15A 19.1 18.4 1.524 2.032 0.009 0.130

17A 19.1 24.0 1.016 2.032 0.010 0.061

1A 26.6 28.0 1.524 1.397 0.011 0.084

Well Information

Well No.: 5 Well No.: 6

Municipal Address: Municipal Address:

623 m 880 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

6/29/2017 10:536/29/2017 10:36

6/30/2017 10:53 6/30/2017 11:24 6/30/2017 11:36

6/28/2017 9:16

Starta Rock/Till Enda

6/28/2017 15:23

6/29/2017 16:036/29/2017 15:55

6/29/2017 10:59

7/4/2017 14:09 7/4/2017 14:207/4/2017 14:15

6/29/2017 10:09 6/29/2017 10:19

6/28/2017 15:35 6/28/2017 15:43

6/29/2017 16:09

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

24123 Prince Albert Road

6/26/2017 7:45

6/28/2017 8:34 6/28/2017 8:59

6/21/2017 9:31 6/21/2017 9:58

6/29/2017 11:376/29/2017 11:266/29/2017 11:15

6/29/2017 11:45 6/29/2017 12:28 6/29/2017 12:35

6/28/2017 16:19 6/28/2017 16:28 6/28/2017 16:36

6/26/2017 7:40

6/29/2017 9:49

9559 Pioneer Line

6/29/2017 14:20 6/29/2017 14:20 6/29/2017 14:25

6/28/2017 13:146/28/2017 12:54

6/26/2017 16:26

6/26/2017 7:39 6/26/2017 7:39

6/29/2017 13:31 6/29/2017 13:31 6/29/2017 13:32

6/29/2017 13:37

6/28/2017 9:52 6/28/2017 9:57

6/26/2017 8:20

6/29/2017 13:47 6/29/2017 13:47 6/29/2017 13:50

6/29/2017 13:54 6/29/2017 13:54 6/29/2017 13:56

6/28/2017 12:54

7/4/2017 13:21

7/4/2017 13:39 7/4/2017 13:45 7/4/2017 13:51

7/6/2017 10:06

6/29/2017 13:37 6/29/2017 13:42

6/26/2017 16:03 6/26/2017 16:28

6/26/2017 8:19

7/4/2017 12:54 7/4/2017 13:00

6/21/2017 9:16

6/28/2017 16:596/28/2017 16:556/28/2017 16:45

6/28/2017 14:56

6/26/2017 17:226/26/2017 17:156/26/2017 16:52

6/28/2017 14:04 6/28/2017 14:19 6/28/2017 14:23

6/28/2017 14:526/28/2017 14:34

6/28/2017 11:40 6/28/2017 11:50 6/28/2017 11:56

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

7/6/2017 12:18 7/6/2017 12:18 7/6/2017 12:18

7/6/2017 11:39 7/6/2017 11:39 7/6/2017 11:40

7/6/2017 11:55 7/6/2017 11:55 7/6/2017 11:56

Distance from Turbine Centre: Distance from Turbine Centre:

7/6/2017 10:06 7/6/2017 10:15

7/6/2017 11:05 7/6/2017 11:05 7/6/2017 11:23

6/28/2017 10:40 6/28/2017 10:55 6/28/2017 11:25

6/28/2017 9:32

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T35 Issue Date: 12/5/2017

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second 

intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity 

values during these periods regardless of measurement direction; e) see monitoring notes above.

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding 

and other standby time. Tractor was observed operating frequently near Well 6. Water pump was observed cycling on and off during pile driving 

operations and remaining on for periods of 2 to 4 minutes. When pump was operating, casing at Well 6 exhibited particle velocities in the range of 0.08 to 

0.12 mm/s and dominated analysis of data. Pile restrike events were of short duration with the following total number of hammer blows shown in 

parentheses: Pile 1 (20), Pile 10 (5 to 7), 13 (205), 14 (140), 16 (51), 15 (214). Pile 17 experienced 446 hammer blows over a period of 9 minutes. Piles 

noted with PDA indicate restrike events during which pile dynamics analyzer monitoring was completed. Piles noted with "A" represent piles installed to 

replace similarly‐numbered piles. After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these 

are noted as "restrikes". Monitoring of deliberate pump operation at Well 6 on July 13, 2017, during a period when no pile driving was occuring, 

measured peak well casing velocities of 0.08 to 0.8 mm/s. Where total driving duration between till/rock start and end times noted above is not 

representative, actual driving duration for each pile is shown in parentheses following the pile number in minutes and seconds: 13A(10:00), 15A(6:24), 17 

restrike (14:00), 13PDA(6:20). Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at Well 6 are shown 

in the "no pump" column. Farm and silo equipment operating on July 4 and 6, 2017 on well property.

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T36 Issue Date: 12/5/2017

Turbine Location: T36

Pile No.: BE15696 BE9555 BE15696 BE9555 Well 5 Well 6 No Pumpe

1 23.3 25.2 4.19 3.68 0.005 0.086

2 21.1 23.5 2.92 2.54 0.003 0.016

3 18.4 21.3 1.68 1.27 0.002 0.005

4 15.5 18.6 2.79 1.78 0.002 0.027

5 12.7 15.7 4.19 3.43 0.012 0.016

6 10.4 12.9 6.22 4.70 0.004 0.032

7 9.5 10.6 7.87 5.72 0.010 0.044

8 10.4 9.7 6.48 6.99 0.007 0.038

9 12.7 10.6 4.45 5.08 0.004 0.010

10 15.5 12.9 3.18 3.68 0.005 0.070

11 18.4 15.7 2.79 3.18 0.004 0.045

12 21.1 18.6 2.54 2.67 0.005 0.048

13 23.3 21.3 1.91 2.29 0.014 0.018

14 25.0 23.5 1.91 2.41 0.009 0.031

15 26.0 25.2 1.14 1.40 0.005 0.111 0.029

16 26.4 26.2 1.52 1.52 0.011 0.038

17 26.0 26.6 2.79 2.79 0.005 0.021

18 25.0 26.2 3.94 3.68 0.006 0.068

Restrikes

16 26.4 26.2 0.51 0.68 0.003 0.437 0.028

Well Information

Well No.: 5 Well No.: 6

Municipal Address: Municipal Address:

4,201    m 3,380           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

7/26/2017 14:21

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. A single restrike event occured on July 27, 2017 with a total of 24 hammer blows on Pile 16 during a period of 

approximately 65 seconds. Water pump at Well 6 was observed cycling on and off during pile driving operations and remaining on for periods of 2 

to 4 minutes. When pump was operating during pile driving, casing at Well 6 exhibited particle velocities of up to 0.44 mm/s and pump operation 

dominated data. Monitoring of deliberate pump operation at Well 6 on July 13, 2017, during a period when no pile driving was occuring, measured 

peak velocities of 0.08 to 0.8 mm/s. Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at Well 6 

are shown in the "no pump" column. 

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 

1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval 

peak velocity values during these periods regardless of measurement direction; e) Data shown is for Well 6 exclusive of influence of pump, see 

monitoring notes above.

7/26/2017 13:32

7/26/2017 13:05

Distance from Turbine Centre: Distance from Turbine Centre:

7/26/2017 12:53

7/26/2017 14:28

7/27/2017 7:36 7/27/2017 7:36

7/26/2017 11:41

7/26/2017 18:16 7/26/2017 18:21 7/26/2017 18:28

7/26/2017 10:33

7/26/2017 17:237/26/2017 17:137/26/2017 17:10

7/26/2017 18:107/26/2017 18:04

7/26/2017 17:30 7/26/2017 17:34 7/26/2017 17:44

7/26/2017 19:427/26/2017 19:287/26/2017 19:24

7/26/2017 18:37

7/26/2017 16:03

7/26/2017 16:337/26/2017 16:237/26/2017 16:19

7/26/2017 14:32 7/26/2017 14:45 7/26/2017 14:57

7/26/2017 15:15

7/26/2017 15:48 7/26/2017 15:51

7/26/2017 11:47 7/26/2017 11:56

7/26/2017 11:22

7/26/2017 12:48

7/26/2017 11:12

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

7/26/2017 10:38 7/26/2017 10:48

Peak Particle 

Velocity (mm/s)b
Geophone Distance 

(m)

Starta Rock/Till Enda

7/26/2017 19:07 7/26/2017 19:19

7/26/2017 17:59

7/26/2017 16:41 7/26/2017 16:45 7/26/2017 16:56

24123 Prince Albert Road

7/26/2017 11:08

7/26/2017 13:16 7/26/2017 13:20

7/26/2017 15:23

9559 Pioneer Line

7/26/2017 15:12

7/27/2017 7:37

7/26/2017 14:15

7/26/2017 13:58 7/26/2017 14:03 7/26/2017 14:08

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T38 Issue Date: 12/5/2017

Turbine Location: T38

Pile No.: BE18695 MP12710 BE18695 MP12710 Well 7 Well 8

1 20.1 17.5 2.54 2.93 0.058 0.055

2 22.3 20.1 1.65 2.29 0.022 0.049

3 23.9 22.3 1.91 2.41 0.067 0.049

4 24.9 23.9 1.02 1.63 0.037 0.050

5 25.3 24.9 1.27 1.94 0.109 0.072

6 24.9 25.3 1.52 1.73 0.121 0.045

7 23.9 24.9 1.78 1.97 0.051 0.102

8 22.3 23.9 1.27 1.28 0.063 0.057

9 20.1 22.3 2.67 2.21 0.053 0.058

10 17.5 20.1 2.03 2.46 0.021 0.061

11 14.6 17.5 2.41 2.54 0.013 0.042

12 11.7 14.6 2.54 3.44 0.029 0.054

13 9.4 11.7 3.81 4.17 0.106 0.053

14 8.4 9.4 4.57 5.01 0.017 0.037

15 9.4 8.4 4.19 5.79 0.047 0.032

16 11.7 9.4 3.05 4.84 0.053 0.063

17 14.6 11.7 2.29 3.22 0.160 0.041

18 17.5 14.6 2.16 4.30 0.121 0.042

Well Information

Well No.: 7 Well No.: 8

Municipal Address: Municipal Address:

2,133     m 2,487                           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

10/23/2017 15:20

10/23/2017 14:2210/23/2017 14:1910/23/2017 14:15

10/23/2017 14:34 10/23/2017 14:40 10/23/2017 14:48

10/23/2017 15:0210/23/2017 14:57

25117 Prince Albert Road

10/23/2017 12:40

10/23/2017 13:28 10/23/2017 13:33 10/23/2017 13:40

10/23/2017 12:13 10/23/2017 12:18 10/23/2017 12:22

10/23/2017 12:00

10/23/2017 12:34

10/23/2017 13:13

10/23/2017 12:47

10/23/2017 11:55

10/24/2017 9:16 10/24/2017 9:24 10/24/2017 9:28

10/23/2017 16:21 10/23/2017 16:26 10/23/2017 16:31

10/24/2017 8:0510/24/2017 8:0210/24/2017 7:51

10/23/2017 11:05 10/23/2017 11:08

10/24/2017 9:0610/24/2017 8:5710/24/2017 8:51

10/23/2017 11:24 10/23/2017 11:31

Vibration Measurements at Wells

10/24/2017 8:16 10/24/2017 8:20 10/24/2017 8:25

Distance from Turbine Centre: Distance from Turbine Centre:

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Starta Rock/Till Enda

10/23/2017 11:34

10/23/2017 15:32 10/23/2017 15:38 10/23/2017 15:44

10/23/2017 16:09

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

Monitoring Notes:  Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and other 

standby time. Driving of Pile 1 paused between 9:36:16 and 11:00:52 to repair problem with hammer. Driving of Pile 11 paused between 15:03:30 and 15:09:01. Well 8 

is located in high traffic area, approximately 56 m from centreline of Countryview Line, with relatively steady passenger car and light truck traffic with tractor‐trailer 

transport trucks and heavy farm equipment passing the house approximately 10 to 20 per hour. Prince Albert Road near Well 7 experienced about half the traffic flow 

as compared to Well 8. Pump location was unknown at Well 8, but could be heard when listening at the well casing.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well casing 

vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second intervals for a total 

period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values during these periods 

regardless of measurement direction; e) see monitoring notes above.

Particle Velocity (mm/s)c, d

10/23/2017 15:5810/23/2017 15:53

10/24/2017 8:4410/24/2017 8:4010/24/2017 8:34

10/23/2017 9:35

9241 Countryview Line

10/23/2017 11:49

10/23/2017 13:01 10/23/2017 13:08

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T39 Issue Date: 12/5/2017

Turbine Location: T39

Pile No.: BE9555 BE8719 BE9555 BE8719 Well 1A Well A No Pumpe

1 20.1 18.8 3.30 2.79 0.021 0.014

2 21.7 20.9 2.16 1.91 0.011 0.029

3 22.6 22.5 2.29 1.91 0.020 0.027

4 23.0 23.5 1.40 1.65 0.016 0.025

5 22.6 23.9 1.14 1.65 0.019 0.018

6 21.7 23.5 2.03 2.67 0.010 0.020

7 20.1 22.5 3.43 4.06 0.021 NA
e

8 18.0 20.9 2.67 2.92 0.020 0.043

9 15.5 18.8 5.84 4.45 0.020 0.030

10 12.6 16.2 0.028 0.019

11 9.7 13.4 0.020 0.045

12 7.2 10.5 0.041 0.032

13 6.1 8.0 0.032 0.029

14 7.2 7.0 7.75 6.48 0.012 0.013

15 9.7 8.0 5.08 5.97 0.048 0.032

16 12.6 10.5 4.45 4.06 0.016 0.027

17 15.5 13.4 4.06 3.56 0.011 0.013

18 18.0 16.2 3.56 4.06 0.019 0.010

Restrikes

1 20.1 18.8 1.40 1.52 0.010 0.025

2 21.7 20.9 1.78 1.91 0.027 0.021

3 22.6 22.5 1.14 1.40 0.033 0.037

4 23.0 23.5 1.14 1.40 0.013 0.037

6 21.7 23.5 1.14 1.65 0.043 0.037

7 20.1 22.5 1.40 1.52 0.043 0.067

8 18.0 20.9 1.65 1.78 0.017 0.022

12 7.2 10.5 7.87 8.64 0.026 0.032

17 15.5 13.4 2.16 2.14 0.010 0.025

18 18.0 16.2 1.02 1.02 0.010 0.078

Well Information

Well No.: 1A Well No.: A

Municipal Address: Municipal Address:

2,295        m 1,081           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Distance from Turbine Centre: Distance from Turbine Centre:

10/16/2017 9:25

10/16/2017 13:25 10/16/2017 13:25 10/16/2017 13:35

10/16/2017 13:40 10/16/2017 13:40 10/16/2017 13:46

10/16/2017 13:52 10/16/2017 13:52 10/16/2017 13:53

10/16/2017 13:57 10/16/2017 13:57 10/16/2017 13:59

25226 Baldoon Road

10/16/2017 14:05 10/16/2017 14:05 10/16/2017 14:06

25321 St. Clair Road

10/13/2017 9:02

10/16/2017 8:16 10/16/2017 8:28

10/16/2017 10:1310/16/2017 9:5410/16/2017 9:36

10/16/2017 11:59 10/16/2017 12:11 10/16/2017 12:19

10/13/2017 13:02 10/13/2017 13:17 10/13/2017 13:36

10/16/2017 14:14

10/16/2017 10:39 10/16/2017 10:51 10/16/2017 11:05

10/16/2017 14:39 10/16/2017 14:39 10/16/2017 14:48

10/16/2017 9:2510/16/2017 9:25

10/16/2017 14:1210/16/2017 14:12

10/12/2017 16:43

10/13/2017 9:57

10/12/2017 15:2010/12/2017 15:1710/12/2017 14:55

10/13/2017 7:54 10/13/2017 8:12 10/13/2017 8:19

10/12/2017 15:40 10/12/2017 15:56 10/12/2017 15:58

10/13/2017 15:07

10/13/2017 8:43

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

10/12/2017 16:3110/12/2017 16:16

Starta Rock/Till End
a

10/16/2017 9:16 10/16/2017 9:20

10/12/2017 16:59 10/12/2017 17:13 10/12/2017 17:15

10/13/2017 11:5010/13/2017 11:4610/13/2017 11:31

10/16/2017 11:4010/16/2017 11:2810/16/2017 11:44

10/16/2017 7:49

10/13/2017 14:4110/13/2017 14:3710/13/2017 13:52

Peak Particle 

Velocity (mm/s)
b

Geophone Distance 

(m)

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 

second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak 

velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

10/16/2017 8:51

Monitoring Notes: After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these are noted as 

"restrikes". Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and 

other standby time. 

Well 1A located 65 m from Baldoon Road and Well A located 35 m from St. Clair Road. Vibration velocities noted above for both wells reflect maximum 

values induced by transient sources other than pile driving. Data at both wells was dominated by influence of locally heavy traffic on both roads and on 

St. Clair Road in particular. Tractor‐trailer transport trucks typically passed Well A every 1 to 3 minutes corresponding to peak vibration velocities. Data 

not available for Well A during driving of Pile 7 due to battery failure. Battery subsequently replaced. Data unavailable for turbine site on October 12, 

2017.

10/16/2017 14:19

10/16/2017 14:33 10/16/2017 14:33

10/16/2017 14:19 10/16/2017 14:20

10/16/2017 14:34

10/13/2017 10:18 10/13/2017 10:31 10/13/2017 10:37

10/13/2017 15:35

10/13/2017 9:35

10/13/2017 9:07

10/13/2017 10:01

10/13/2017 15:23

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T41 Issue Date: 12/5/2017

Turbine Location: T41

Pile No.: MP12710 NA
e

MP12710 NA
e

Well 1A Well A No Pump
e

1 24.9 2.13 0.027 0.014

2 25.3 0.75 0.024 0.038

3 24.9 2.02 0.023 0.029

4 23.9 6.28 0.019 0.036

5 22.3 0.29 0.022 0.042

6 20.1 3.56 0.028 0.010

7 17.5 3.94 0.031 0.036

8 14.6 4.26 0.032 0.050

9 11.7 4.82 0.026 0.039

10 9.4 5.18 0.029 0.026

11 8.4 6.28 0.016 NAe

12 9.4 5.80 0.021 0.134

13 11.7 5.38 0.028 0.031

14 14.6 2.97 0.010 0.021

15 17.5 3.92 0.041 0.172

16 20.1 5.12 0.041 0.016

17 22.3 3.80 0.063 0.058

18 23.9 2.23 0.024 0.031

Restrikes

8 14.6 0.020 0.050

8 14.6 0.196 0.035

Well Information

Well No.: 1A Well No.: A

Municipal Address: Municipal Address:

930 m 938 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 

1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval 

peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

10/2/2017 10:20 10/2/2017 10:30 10/2/2017 10:35

Distance from Turbine Centre: Distance from Turbine Centre:

10/3/2017 10:17

10/2/2017 11:29 10/2/2017 11:29

25226 Baldoon Road

10/3/2017 10:1910/3/2017 10:18

10/2/2017 15:1310/2/2017 15:0610/2/2017 15:00

10/2/2017 11:13

10/2/2017 11:29

Monitoring Notes: After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these are noted 

as "restrikes". Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding 

and other standby time. Second geophone unavailable on October 2 and 3, 2017.

Well 1A located 65 m from Baldoon Road and Well A located 35 m from St. Clair Road. Vibration velocities noted above for both wells reflect 

maximum values induced by transient sources other than pile driving. Data at both wells was dominated by influence of locally heavy traffic on both 

roads and on St. Clair Road in particular. Tractor‐trailer transport trucks typically passed Well A every 1 to 3 minutes corresponding to maximum 

vibration velocities. Data not available for Well A during driving of Pile 11 due to battery failure. Battery subsequently replaced.

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

25321 St. Clair Road

10/2/2017 16:59

10/2/2017 15:49 10/2/2017 15:52

10/3/2017 7:48 10/3/2017 7:51

10/3/2017 16:0010/3/2017 15:5810/3/2017 15:54

10/2/2017 9:54 10/2/2017 9:58 10/2/2017 10:05

10/2/2017 8:3410/2/2017 8:3110/2/2017 8:26

10/2/2017 10:1010/2/2017 10:0510/2/2017 10:00

10/2/2017 12:04 10/2/2017 12:11 10/2/2017 12:20

10/2/2017 11:5410/2/2017 11:4910/2/2017 11:43

10/2/2017 11:22 10/2/2017 11:25

Start
a Rock/Till Enda

10/2/2017 8:06 10/2/2017 8:11 10/2/2017 8:16

10/3/2017 7:39

10/2/2017 15:38

10/2/2017 14:18 10/2/2017 14:24 10/2/2017 14:29

10/2/2017 12:4710/2/2017 12:33 10/2/2017 12:50

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

10/2/2017 16:42 10/2/2017 16:47 10/2/2017 16:53

10/2/2017 17:09

10/2/2017 16:15

10/2/2017 15:52

10/2/2017 16:27

10/2/2017 17:05

10/2/2017 16:20

10/2/2017 15:27 10/2/2017 15:38

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

Issue Date: 12/5/2017

Turbine Location: T42

Pile No.: MP12721 MP12710 MP12721 MP12710 Well 1A Well A No Pumpe

1 18.1 12.5 1.60 1.46 0.017 0.032

2 20.7 15.4 1.62 1.63 0.010 0.034

3 22.9 18.3 1.57 1.47 0.008 0.030

4 24.6 20.9 1.20 1.08 0.006 0.010

5 25.6 23.1 1.31 1.16 0.012 0.039

6 26.0 24.8 1.28 0.95 0.027 0.022

7 25.6 25.8 1.65 1.84 0.006 0.036

8 24.6 26.2 1.27 1.23 0.021 0.026

9 22.9 25.8 2.13 2.14 0.018 0.018

10 20.7 24.8 2.28 1.49 0.128 0.023

11 18.1 23.1 2.54 1.86 0.002 0.043

12 15.2 20.9 1.97 2.14 0.004 NAe

13 12.3 18.3 2.29 3.02 0.029 0.029

14 10.0 15.4 2.56 4.54 0.016 0.029

15 9.1 12.5 2.22 2.23 NAe NAe

16 10.0 10.2 2.84 2.68 0.031 0.014

17 12.3 9.3 3.85 2.52 0.004 0.012

18 15.2 10.2 2.63 1.88 0.016 NAe

Well Information

Well No.: 1A Well No.: A

Municipal Address: Municipal Address:

2748 m 999 m

ISO 2631‐2 particle velocity threshold for human perception is 0.1 mm/s between approximately 8 to 100 Hz

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and 

other standby time. 

Well 1A located 65 m from Baldoon Road and Well A located 35 m from St. Clair Road. Vibration velocities noted above for both wells reflect maximum 

values induced by transient sources other than pile driving. Data at both wells dominated by influence of locally heavy traffic on both roads and on St. Clair 

Road in particular. Tractor‐trailer transport trucks typically passed Well A every 1 to 3 minutes corresponding to maximum vibration velocities. Data not 

available for Well A during driving of Pile 12 due to battery failure. Battery was subsequently replaced. Data not available for Wells 1A and A during driving 

of Pile 15 as a result of insufficient advance notice time to operate the well monitoring equipment for the one pile driven on October 10, 2017.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second 

intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values 

during these periods regardless of measurement direction; e) see monitoring notes above.

10/12/2017 16:06

10/12/2017 13:47 10/12/2017 13:52 10/12/2017 13:58

10/12/2017 14:48 10/12/2017 14:56 10/12/2017 15:01

Distance from Turbine Centre: Distance from Turbine Centre:

25226 Baldoon Road

10/12/2017 7:54

10/12/2017 8:10 10/12/2017 8:18 10/12/2017 8:20

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Starta Rock/Till Enda

10/12/2017 12:37

10/12/2017 13:3410/12/2017 13:2310/12/2017 13:18

10/12/2017 15:2710/12/2017 15:20

25321 St. Clair Road

10/12/2017 10:30

10/10/2017 16:34 10/10/2017 16:43

10/12/2017 11:06 10/12/2017 11:09

10/12/2017 15:4610/12/2017 15:4110/12/2017 15:36

10/12/2017 15:55 10/12/2017 16:01

10/12/2017 11:52 10/12/2017 11:59 10/12/2017 12:06

10/12/2017 12:21 10/12/2017 12:29

10/12/2017 15:11

10/12/2017 11:00

10/12/2017 14:3110/12/2017 14:2310/12/2017 14:16

10/12/2017 9:56

10/12/2017 8:3810/12/2017 8:3610/12/2017 8:29

10/12/2017 8:53 10/12/2017 9:01 10/12/2017 9:05

10/12/2017 9:5310/12/2017 9:46

10/12/2017 7:45

10/10/2017 16:45

10/12/2017 7:58

10/12/2017 10:36

10/12/2017 10:08 10/12/2017 10:15 10/12/2017 10:17

10/12/2017 10:42

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T43 Issue Date: 12/5/2017

Turbine Location: T43

Pile No.: BE9555 BE9765 BE9555 BE9765 Well 11 Well 12 No Pumpe

1 24.8 25.6 2.79 2.29 0.006 0.008

2 23.8 25.2 2.79 2.29 0.006 0.007

3 22.2 24.2 2.51 2.92 0.010 0.007

4 20.0 22.6 2.45 2.67 0.007 0.006

5 17.4 20.4 3.30 2.92 0.006 1.468 0.009

6 14.5 17.7 3.22 3.18 0.024 0.024

7 11.6 14.8 5.59 3.30 0.006 0.006

8 9.3 12.0 6.48 4.83 0.007 0.005

9 8.3 9.6 5.97 7.37 0.086 0.005

10 9.3 8.7 7.62 7.24 0.004 0.002

11 11.6 9.6 5.33 5.21 0.002 0.006

12 14.5 12.0 5.46 3.81 0.018 0.018

13 17.4 14.8 3.05 5.21 0.003 0.002

14 20.0 17.7 4.32 3.30 0.006 0.013

15 22.2 20.4 3.81 3.18 0.005 0.009

16 23.8 22.6 1.78 1.91 0.012 0.009

17 24.8 24.2 2.54 2.54 0.004 0.018

18 25.2 25.2 2.67 2.16 0.008 0.004

Restrikes

14 20.0 17.7 2.39 2.67 0.012 0.010

16(1) 23.8 22.6 2.35 2.29 0.011 0.010

16(2) 22.2 24.2 2.40 2.41 0.005 0.029

Well Information

Well No.: 11 Well No.: 12

Municipal Address: Municipal Address:

4,092    m 4,359           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

8/18/2017 9:31

8/18/2017 9:59

8/18/2017 12:02

8/18/2017 10:10 8/18/2017 10:17 8/18/2017 10:28

8/18/2017 12:21

8/18/2017 9:43

8/15/2017 11:58 8/15/2017 12:10 8/15/2017 12:13

8/15/2017 12:348/15/2017 12:22

8/15/2017 11:408/15/2017 9:428/15/2017 9:19

8/15/2017 15:46 8/15/2017 15:57 8/15/2017 16:10

9596 Union Line

8/21/2017 10:308/21/2017 10:30

8/18/2017 9:50

Starta Rock/Till Enda

8/18/2017 13:01 8/18/2017 13:12 8/18/2017 13:20

8/15/2017 13:21 8/15/2017 13:28 8/15/2017 13:37

8/15/2017 15:278/15/2017 15:188/15/2017 15:09

9468 Union Line

8/18/2017 11:45

8/18/2017 9:17 8/18/2017 9:23

8/18/2017 12:45 8/18/2017 12:52

8/21/2017 8:488/21/2017 8:388/21/2017 8:28

8/21/2017 12:47 8/21/2017 12:59 8/21/2017 13:10

8/18/2017 13:37 8/18/2017 13:49 8/18/2017 13:57

8/21/2017 10:438/21/2017 10:43 8/21/2017 10:43

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

8/21/2017 9:238/21/2017 9:168/21/2017 9:03

8/18/2017 12:35

8/18/2017 14:508/18/2017 14:438/18/2017 14:32

8/15/2017 12:35

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and 

other standby time. After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these are noted as 

"restrikes". Vibration measurements were undertaken on August 17, 2017 at Wells 11 and 12 during water quality sampling events in the absence of pile 

driving within the cluster. Both pumps turned on and operated during the sampling events. Peak vibration measurements for Well 11 were 0.016 mm/s and 

this pump was located within the residence approximately 40 m from the well. Peak vibration measurements for Well 12 were 0.896 mm/s and the pump was 

mounted on the well casing. During pile driving for turbine T3, on August 23, 2017, the peak vibration measurement of the Well 12 casing was 2.4 mm/s for 

clearly definable periods during which the pump was operating. Peak well casing vibrations exclusive of pump influences identified within the same 

monitoring period at Well 12 are shown in the "no pump" column. Driving/restriking of some piles occured in relatively rapid succession and, therefore, the 

vibration measurement data for the 10 minute periods of analysis are applicable to multiple piles. Driving of pile 13 was started and stopped on multiple 

occasions because of problems with fuel pump resulting in a total of approximately 88 minutes of standby between driving intervals for a total driving time on 

till/rock of 14:45 (minutes:seconds). Pile 18 total driving time on till/rock was 8:46 (minutes:seconds) due to intermittant stops and starts. 

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second 

intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity values 

during these periods regardless of measurement direction; e) see monitoring notes above.

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

8/21/2017 7:56 8/21/2017 8:08 8/21/2017 8:17

Distance from Turbine Centre: Distance from Turbine Centre:

8/21/2017 10:30

8/21/2017 11:52 8/21/2017 11:52 8/21/2017 11:54

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T44 Issue Date: 12/5/2017

Turbine Location: T44

Pile No.: MP12710 BE9555 MP12710 BE9555 Well 13 Well 14 No Pumpe

1 23.2 22.8 1.08 1.27 0.033 0.237

2 23.6 23.8 1.70 1.40 0.005 0.049

3 23.2 24.2 1.22 1.27 0.641 0.026 0.010

4 22.2 23.8 1.14 0.89 0.011 0.338

5 20.7 22.8 1.48 1.40 0.005 0.350

6 18.5 21.2 1.61 2.16 0.006 0.034

7 16.0 19.1 2.19 2.29 0.015 0.056

8 13.1 16.5 3.56 2.79 0.488 0.041 0.006

9 10.2 13.6 3.45 2.79 0.034 0.100

10 7.8 10.7 4.32 4.19 0.007 0.021

11 6.7 8.3 5.01 4.70 0.005 0.167

12 7.8 7.3 3.65 4.57 0.018 0.085

13 10.2 8.3 3.09 5.08 0.015 0.075

14 13.1 10.7 2.74 3.56 0.018 0.214

15 16.0 13.6 2.04 2.16 0.006 0.017

16 18.5 16.5 1.46 1.65 0.020 0.194

17 20.7 19.1 1.48 1.65 0.009 0.055

18 22.2 21.2 1.21 1.91 0.380 0.102 0.011

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:

786 m 901 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

9/18/2017 11:46 9/18/2017 11:53 9/18/2017 11:55

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of 

consecutive 1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 

second interval peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. Truck drove very close to geophone at turbine site at 9:39:25 on September 18, 2017. Wells 13 and 14  are located 

approximately 87 m and 13 m from the centre line of Union Line, respectively. Evaluation of acceleration time histories concluded that other 

transient vibrations occurring before, during and after pile driving times dominated all measurements. 

Data for two 10‐minute time periods on September 11, 2017 during which no pile driving occurred were evaluated with start times of 10:47 and 

14:27 for Well 13 and 10:48  and 14:36 for Well 14. During these periods, the peak well casing vibration velocity was 0.079 mm/s. Three 10‐minute 

vibration monitoring periods during which pile driving was not occurring were analyzed for Well 13 from data obtained on September 14, 2017, at 

11:24 and 16:38 and September 15, 2017 at 08:29. The peak particle velocity of the Well 13 casing during these periods was 0.099 mm/s. On 

September 19 and 21, 2017 during water sampling events when the pump was operating, the peak particle velocity of the Well 13 casing was 0.655 

mm/s.  Three 10‐minute vibration monitoring periods during which pile driving was not occurring were analyzed for Well 14 from data obtained on 

September 14, 2017, at 11:33 and 12:53 and September 15, 2017 at 08:35. The peak velocity of the Well 14 casing during these periods was 0.160 

mm/s. On September 19, 2017 during a water sampling event when the pump was operating, the peak velocity of the Well 14 casing was 0.019 

mm/s. Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at Well 13 are shown in the "no 

pump" column.  

Distance from Turbine Centre: Distance from Turbine Centre:

8771 Union Line 8904 Union Line

9/18/2017 13:14

9/18/2017 12:02 9/18/2017 12:08

9/18/2017 12:58 9/18/2017 13:06

9/18/2017 9:54

9/18/2017 10:27

9/18/2017 9:52

9/18/2017 13:23

9/18/2017 11:31

9/18/2017 10:37 9/18/2017 10:42 9/18/2017 10:45

9/18/2017 10:249/18/2017 10:20

9/18/2017 11:399/18/2017 11:36

9/18/2017 9:46

9/18/2017 10:05 9/18/2017 10:10 9/18/2017 10:11

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Start
a Rock/Till Enda

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

9/21/2017 14:19 9/21/2017 14:25 9/21/2017 14:26

9/18/2017 9:32 9/18/2017 9:37 9/18/2017 9:40

9/18/2017 14:11 9/18/2017 14:16 9/18/2017 14:17

9/18/2017 14:319/18/2017 14:299/18/2017 14:25

9/18/2017 9:209/18/2017 9:189/18/2017 9:10

9/18/2017 13:43 9/18/2017 13:44

9/21/2017 14:479/21/2017 14:469/21/2017 14:39

9/18/2017 13:38

9/18/2017 13:54 9/18/2017 14:01 9/18/2017 14:02

9/18/2017 12:25

9/18/2017 12:10

9/18/2017 12:34

9/18/2017 13:19

9/18/2017 12:30

9/18/2017 13:03

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T45 Issue Date: 12/5/2017

Turbine Location: T45

Pile No.: BE9555 BE18695 BE9555 BE18695 Well 11 Well 12 No Pumpe

1 14.8 17.5 3.30 2.54 0.025 0.010

2 12.0 14.7 3.81 2.79 0.024 NAe

3 9.6 11.8 5.08 4.06 0.017 0.005

4 8.7 9.5 6.73 5.08 0.008 1.148 0.018

5 9.6 8.5 7.37 7.75 0.011 0.007

6 12.0 9.5 4.32 6.22 0.018 0.016

7 14.8 11.8 2.41 3.30 0.014 0.014

8 17.7 14.7 2.16 2.92 0.021 0.040

9 20.4 17.5 2.29 1.65 0.018 1.511 0.024

10 22.6 20.2 3.30 2.92 0.009 0.005

11 24.2 22.4 1.40 1.78 0.004 0.018

12 25.2 24.0 1.14 1.27 0.007 0.008

13 25.6 25.0 3.56 1.02 0.026 0.034

14 25.2 25.4 2.92 1.27 0.012 0.061

15 24.2 25.0 1.40 1.02 0.015 0.007

16 22.6 24.0 1.65 1.14 0.012 0.004

17 20.4 22.4 1.78 1.52 0.006 0.009

18 17.7 20.2 2.16 1.91 0.005 0.006

Restrikes

6 12.0 9.5 3.05 2.92 0.043 0.017

1 14.8 17.5 2.29 2.03 0.009 0.005

15 24.2 25.0 1.27 1.02 0.015 0.032

16 22.6 24.0 1.27 1.10 0.007 2.335 0.008

17 20.4 22.4 2.41 1.14 0.007 0.019

18 17.7 20.2 1.52 1.65 0.011 0.011

1 14.8 17.5 2.54 2.16 0.013 0.037

12 25.2 24.0 1.14 1.02 0.024 0.010

18 17.7 20.2 1.14 0.89 0.011 0.011

4 8.7 9.5 5.97 3.43 0.013 0.007

5 9.6 8.5 3.68 5.33 0.013 0.013

7 14.8 11.8 2.03 2.67 0.006 0.028

8 17.7 14.7 2.41 3.18 0.006 0.018

10 22.6 20.2 1.65 1.40 0.021 0.011

13 25.6 25.0 1.27 1.02 0.013 0.007

9 20.4 17.5 2.67 2.54 0.028 0.010

11 24.2 22.4 1.27 1.14 0.008 0.024

Continued Pile Driving

13C 25.6 25.0 1.02 1.06 0.006 0.012

2C 12.0 14.7 4.83 4.58 0.005 0.018

3C 9.6 11.8 4.57 2.67 0.005 0.018

4C 8.7 9.5 5.21 4.32 0.011 0.014

5C 9.6 8.5 4.32 4.95 0.011 0.014

6C 12.0 9.5 3.56 6.10 0.013 0.016

7C 14.8 11.8 3.18 4.32 0.013 0.016

8C 17.7 14.7 1.65 2.67 0.013 0.013

10C 22.6 20.2 1.91 1.78 0.003 0.018

Replacement Piles

6A 13.0 10.5 3.30 4.70 0.014 0.007

10A 23.6 21.2 2.54 1.78 0.015 0.003

13A 26.6 26.0 1.65 1.52 0.015 0.011

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

8/25/2017 7:45 8/25/2017 7:45 8/25/2017 7:47

8/25/2017 9:11 8/25/2017 9:11 8/25/2017 9:13

8/25/2017 9:03 8/25/2017 9:03 8/25/2017 9:06

Starta Rock/Till Enda

8/23/2017 14:20 8/23/2017 14:27 8/23/2017 14:41

8/23/2017 12:49 8/23/2017 12:58 8/23/2017 13:15

8/24/2017 10:488/24/2017 9:448/24/2017 9:36

8/23/2017 17:44

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

8/24/2017 17:57

8/24/2017 16:40 8/24/2017 16:46

8/23/2017 11:53 8/23/2017 12:18

8/23/2017 15:278/23/2017 15:178/23/2017 15:10

8/23/2017 16:49 8/23/2017 16:55 8/23/2017 17:05

8/24/2017 9:05 8/24/2017 9:14 8/24/2017 9:21

8/23/2017 13:29

8/23/2017 10:50 8/23/2017 11:00 8/23/2017 11:16

8/25/2017 11:44 8/25/2017 11:44 8/25/2017 11:45

8/23/2017 13:138/23/2017 13:13

8/24/2017 17:18

8/23/2017 13:28 8/23/2017 13:28

8/23/2017 13:13

8/25/2017 8:51 8/25/2017 8:51 8/25/2017 8:55

8/23/2017 17:308/23/2017 17:22

8/23/2017 11:47

8/24/2017 8:478/24/2017 8:388/24/2017 8:30

8/24/2017 13:48

8/24/2017 15:538/24/2017 15:448/24/2017 15:35

8/24/2017 16:05 8/24/2017 16:14 8/24/2017 16:22

8/24/2017 15:06 8/24/2017 15:15 8/24/2017 15:23

8/24/2017 13:428/24/2017 13:32

8/24/2017 17:33 8/24/2017 17:39 8/24/2017 17:45

8/24/2017 18:12

8/24/2017 17:11

8/24/2017 16:55

8/24/2017 17:24

8/24/2017 18:08

8/25/2017 9:22 8/25/2017 9:22 8/25/2017 9:25

8/25/2017 9:16 8/25/2017 9:16 8/25/2017 9:18

8/25/2017 8:43 8/25/2017 8:43 8/25/2017 8:45

8/25/2017 10:19

8/25/2017 7:53 8/25/2017 7:54 8/25/2017 7:59

8/25/2017 8:09 8/25/2017 8:09 8/25/2017 8:19

8/25/2017 8:36 8/25/2017 8:36 8/25/2017 8:37

8/25/2017 8:30 8/25/2017 8:30 8/25/2017 8:32

8/25/2017 8:25 8/25/2017 8:25 8/25/2017 8:26

8/30/2017 10:09 8/30/2017 10:09 8/30/2017 10:10

8/30/2017 10:32 8/30/2017 10:32 8/30/2017 10:34

8/30/2017 10:40 8/30/2017 10:40 8/30/2017 11:00

8/30/2017 10:14 8/30/2017 10:14 8/30/2017 10:16

8/30/2017 10:19 8/30/2017 10:19 8/30/2017 10:20

8/30/2017 10:23 8/30/2017 10:23 8/30/2017 10:25

8/30/2017 10:27 8/30/2017 10:27 8/30/2017 10:29

8/25/2017 8:03 8/25/2017 8:03 8/25/2017 8:05

8/25/2017 9:28 8/25/2017 9:28

9/12/2017 7:51 9/12/2017 7:59 9/12/2017 9:41

9/12/2017 9:37

9/12/2017 9:299/12/2017 9:13

9/12/2017 8:369/12/2017 8:29

9/12/2017 9:07

8/30/2017 11:06 8/30/2017 11:06 8/30/2017 11:07

8/30/2017 10:06 8/30/2017 10:06 8/30/2017 10:06

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T45 Issue Date: 12/5/2017

Well Information

Well No.: 11 Well No.: 12

Municipal Address: Municipal Address:

1,223    m 1,635           m

9468 Union Line9596 Union Line

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. After installation, selected piles were struck again with the hammer to demonstrate resistance performance and 

these are noted as "restrikes". Piles were spliced and driven deeper and these are noted with "C" for continued pile driving. Piles that were replaced 

entirely are noted with "A", above. Vibration measurements were undertaken on August 17, 2017 at Wells 11 and 12 during water quality sampling 

events in the absence of pile driving within the cluster. Both pumps turned on and operated during the sampling events. The peak vibration 

measurement for Well 11 was 0.016 mm/s and this pump was located within the residence approximately 40 m from the well. The peak vibration 

measurement for Well 12 was 0.896 mm/s and the pump was mounted on the well casing. The peak vibration measurement of the Well 12 casing 

during all monitoring completed to the date of report issue was about 2.4 mm/s for clearly definable periods during which the pump was operating. 

Peak well casing vibrations exclusive of pump influences identified within the same monitoring period at Well 12 are shown in the "no pump" column. 

Driving/restriking of some piles occured in relatively rapid succession and, therefore, the vibration measurement data for the 10 minute periods of 

analysis are applicable to multiple piles. Data for Well 12 during driving of Pile 2 on August 23, 2017 was not captured when data logger battery failed 

and was then replaced. Total driving time on till/rock for Pile 9 was interrupted by repairs to the pile driving hammer and the actual driving duration 

on till/rock was 8:00 (minutes:seconds) for this pile. Total driving time on till/rock for restrike of Pile 10 was interrupted by damage to the pile top, 

splicing and welding and total driving duration on till/rock was 5:48 (minutes:seconds). Driving time on till/rock for driving of Pile 6A was interrupted 

from 8:07:35 to 8:10:35 and from 8:12:45 to 9:40:28. Driving time on till/rock for driving of Pile 10A was interrupted from 8:49:30 to 9:37:05. Driving 

time on till/rock for driving of Pile 13A was interrupted from 9:18:45 to 9:26:30. Instrument BE8719 was used on August 30, 2017 in lieu of BE18695.

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 

second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak 

velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Distance from Turbine Centre: Distance from Turbine Centre:

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T46 Issue Date: 12/5/2017

Turbine Location: T46

Pile No.: BE9679 MP12710 BE9679 MP12710 Well 11 Well 12 No Pumpe

1 26.5 26.9 1.02 1.19 NA
e

0.002

2 25.5 26.5 1.14 1.81 NA
e

0.003

3 23.8 25.5 1.02 1.31 NA
e

0.037

4 21.5 23.8 1.94 0.004 0.010

5 18.9 21.5 1.91 NA
e

0.003

6 16.0 18.9 2.59 NA
e

0.006

7 13.1 16.0 4.19 3.47 0.015 0.071

8 10.9 13.1 4.57 4.93 0.007 1.551 0.039

9 10.0 10.9 3.81 3.54 0.006 0.011

10 10.9 10.0 4.32 3.48 0.006 0.008

11 13.1 10.9 5.72 4.19 NAe
0.011

12 16.0 13.1 2.79 2.81 0.003 0.009

13 18.9 16.0 5.08 3.48 0.021 0.015

14 21.5 18.9 3.05 3.13 0.003 0.003

15 23.8 21.5 3.68 3.26 0.004 0.004

16 25.5 23.8 1.52 1.52 0.002 0.006

17 26.5 25.5 1.52 1.61 0.017 0.004

18 26.9 26.5 1.02 1.04 NA
e

0.002

Restrikes

9 10.0 10.9 5.43 0.005 0.006

8 10.9 13.1 4.22 0.003 0.052

16 25.5 23.8 1.37 0.003 0.006

Well Information

Well No.: 11 Well No.: 12

Municipal Address: Municipal Address:

1,697    m 2,170           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. After installation, selected piles were struck again with the hammer to demonstrate resistance performance and 

these are noted as "restrikes". Total duration for pile driving on rock/till based on times noted above is not representative for Piles 1 and 5 where 

the actual duration for driving on till/rock was (minutes:seconds): 1(11:30) and 5(18:32) . Peak vibrations for Well 12 were 1.55 mm/s for August 29, 

2017. The pump was mounted on the well casing. During pile driving on August 23, 2017, the peak vibration measurement of the Well 12 casing was 

2.4 mm/s for clearly definable periods during which the pump was operating. Peak well casing vibrations exclusive of pump influences identified 

within the same monitoring period at Well 12 are shown in the "no pump" column. Data not available for Piles 1, 2, 3, 5, 6, 11 and 18 at Well 11 on 

August 28 and 29, 2017 due to several separate battery failures in monitoring equipment. Batteries were subsequently replaced. 

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of 

consecutive 1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 

second interval peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

8/29/2017 13:268/29/2017 13:25

8/29/2017 13:14 8/29/2017 13:14

8/29/2017 8:05

8/28/2017 13:53

8/28/2017 8:47

8/28/2017 14:07

8/29/2017 8:01

8/28/2017 14:03

8/28/2017 14:27 8/28/2017 14:38 8/28/2017 14:48

8/28/2017 11:41

8/28/2017 9:498/28/2017 9:438/28/2017 9:33

8/28/2017 9:00 8/28/2017 9:12 8/28/2017 9:16

8/28/2017 10:07 8/28/2017 10:17 8/28/2017 10:20

8/28/2017 11:348/28/2017 11:25

8/29/2017 12:288/29/2017 12:098/29/2017 12:00

8/29/2017 8:38

8/28/2017 16:538/28/2017 16:478/28/2017 16:35

Start
a Rock/Till Enda

8/29/2017 9:24 8/29/2017 9:33 8/29/2017 9:49

8/28/2017 12:44 8/28/2017 12:56 8/28/2017 12:59

8/28/2017 13:368/28/2017 13:348/28/2017 13:25

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

8/29/2017 7:53

8/28/2017 8:30 8/28/2017 8:44

8/29/2017 8:44 8/29/2017 9:10

8/29/2017 10:308/29/2017 10:198/29/2017 10:14

8/29/2017 12:41 8/29/2017 12:52 8/29/2017 13:01

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

Distance from Turbine Centre: Distance from Turbine Centre:

8/29/2017 13:25

8/29/2017 13:36 8/29/2017 13:36 8/29/2017 13:38

8/28/2017 16:02 8/28/2017 16:12 8/28/2017 16:20

8/29/2017 13:16

8/29/2017 11:02 8/29/2017 11:11 8/29/2017 11:25

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T49 Issue Date: 12/5/2017

Turbine Location: T49

Pile No.: MP12710 BE9555 MP12710 BE9555 Well 13 Well 14 No Pumpe

1 22.3 19.8 1.04 1.40 0.028 0.013

2 23.9 22.0 0.93 1.02 0.083 0.020

3 24.9 23.6 2.47 2.29 0.036 0.040

4 25.3 24.6 1.53 1.65 0.028 0.028

5 24.9 25.0 0.81 1.02 0.031 0.069

6 23.9 24.6 0.93 0.89 0.311 0.025 0.011

7 22.3 23.6 1.90 2.16 0.022 0.030

8 20.1 22.0 2.85 2.67 0.016 0.068

9 17.5 19.8 1.50 1.52 0.008 0.081

10 14.6 17.2 1.83 1.65 0.037 0.163

11 11.7 14.3 2.76 2.16 0.015 0.122

12 9.4 11.4 3.30 3.18 0.038 0.313

13 8.4 9.1 10.21 13.59 0.015 0.052

14 9.4 8.1 3.32 5.59 0.157 0.613

15 11.7 9.1 1.90 4.32 0.019 0.111

16 14.6 11.4 1.58 2.54 0.007 0.057

17 17.5 14.3 2.28 4.19 0.010 0.068

18 20.1 17.2 1.46 1.14 0.370 0.031 0.004

Restrikes

15 11.7 9.1 1.76 4.06 0.009 0.031

Replacements

8A 21.1 23.0 1.24 1.27 0.046 0.057

13A 9.4 10.1 3.23 3.18 0.011 0.040

14A 10.4 9.1 4.11 4.70 0.016 0.054

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:
2892 m 2421 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

9/28/2017 10:48

9/27/2017 15:37

9/27/2017 17:54

9/27/2017 15:279/27/2017 15:23

Distance from Turbine Centre: Distance from Turbine Centre:
8771 Union Line

9/27/2017 17:30

8904 Union Line

9/27/2017 14:02 9/27/2017 14:08 9/27/2017 14:09

9/27/2017 13:50

9/27/2017 14:24

9/27/2017 15:08 9/27/2017 15:13 9/27/2017 15:14

9/27/2017 14:219/27/2017 14:17

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Starta Rock/Till Enda

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

9/27/2017 13:499/27/2017 13:30

9/28/2017 9:599/28/2017 9:589/28/2017 9:51

9/28/2017 9:109/28/2017 9:099/28/2017 9:04

9/28/2017 11:02 9/28/2017 11:06 9/28/2017 11:07

9/28/2017 7:47 9/28/2017 7:53 9/28/2017 8:06

9/28/2017 9:18 9/28/2017 9:23 9/28/2017 9:26

9/28/2017 10:41 9/28/2017 10:41

9/28/2017 11:199/28/2017 11:189/28/2017 11:15

9/28/2017 10:36

9/28/2017 10:53 9/28/2017 10:53

9/27/2017 15:49 9/27/2017 15:54 9/27/2017 16:01

9/28/2017 9:42

9/27/2017 17:23

9/27/2017 16:23

9/27/2017 17:35

9/28/2017 9:429/28/2017 9:36

9/27/2017 16:19 9/27/2017 16:23

9/27/2017 17:44 9/27/2017 17:48

9/28/2017 11:589/28/2017 11:589/28/2017 11:58

9/29/2017 13:04 9/29/2017 13:08 9/29/2017 13:08

9/29/2017 12:549/29/2017 12:539/29/2017 12:47

9/29/2017 13:18 9/29/2017 13:23 9/29/2017 13:24

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T49 Issue Date: 12/5/2017

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 

second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak 

velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Monitoring Notes: Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, 

welding and other standby time. After installation, selected piles were struck again with the hammer to demonstrate resistance performance and 

these are noted as "restrikes". Piles that were replaced are noted with "A", above. Driving of Piles 8, 9 and 17 on till/rock paused from 7:59:10 to 

8:03:05, 13:36:10 to 1:50:40 and 17:49:41 to 17:52:50, respectively. 

Wells 13 and 14  are located approximately 87 m and 13 m from the centre line of Union Line, respectively. Evaluation of acceleration time histories 

concluded that other transient vibrations occurring before, during and after pile driving times dominated all measurements. Vibrations of as much as 

0.08 mm/s of the Well 13 casing were directly identified as being associated with passing truck traffic. Well 14 vibration monitoring data was 

dominated by vibrations induced by local passing traffic including: tractor‐trailer transport trucks, combines, tractors pulling hopper wagons, and 

vehicles entering and leaving driveway. The peak measured Well 14 vibrations of 0.61 mm/s associated with vehicle turning in driveway immediately 

adjacent to well (15:57 on 9/27/2017) and passage of large trucks on the road (16:04 to 16:07 on 9/27/2017). 

Well 13 pump vibrations were clearly discernable in data prior to start of pile driving on till/rock for Pile 6. Pump operations was confirmed by audible 

pump noise and associated with water sampling at this well. Peak Well 13 casing vibrations induced by the pump were 0.31 mm/s for this instance. 

Well 13 pump operations were clearly discernable in data evaluated for Pile 18, pump operations were confirmed by audible pump noises, and peak 

Well 13 casing vibrations of 0.37 mm/s were measured during this interval. Peak well casing vibrations exclusive of pump influences identified within 

the same monitoring period at Well 13 are shown in the "no pump" column. 

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T51 Issue Date: 12/5/2017

Turbine Location: T51

Pile No.: BE18695 BE9769 BE18695 BE9769 Well 13 Well 14 No Pumpe

1 24.4 24.8 1.40 1.40 0.459 0.040 0.009

2 24.0 25.2 1.02 1.27 0.333 0.166 0.007

3 23.0 24.8 1.91 2.16 0.306 0.083 0.067

4 21.4 23.8 1.27 1.14 0.018 0.165

5 19.3 22.2 1.40 1.27 0.016 0.079

6 16.7 20.0 1.65 1.78 0.737 0.185 0.012

7 13.8 17.4 2.16 2.14 0.542 0.084 0.018

8 10.9 14.5 2.54 2.03 0.026 0.124

9 8.5 11.6 3.43 3.43 0.010 0.048

10 7.5 9.3 5.84 3.81 0.008 0.195

11 8.5 8.3 3.81 3.56 0.008 0.178

12 10.9 9.3 3.68 3.43 0.747 0.054 0.006

13 13.8 11.6 3.05 2.54 0.014 0.132

14 16.7 14.5 3.05 3.18 0.008 0.258

15 19.3 17.4 1.78 1.65 0.020 0.037

16 21.4 20.0 1.65 1.52 0.020 0.038

17 23.0 22.2 1.40 1.40 0.008 0.070

18 24.0 23.8 1.27 1.27 0.514 0.062 0.011

Restrikes

7 13.8 17.4 1.27 1.91 0.320 0.079 0.005

15 19.3 17.4 2.03 2.29 0.067 0.310

Replacements

7A 14.8 18.4 2.29 1.91 0.008 0.060

15A 20.3 18.4 2.16 2.29 0.017 0.065

Well Information

Well No.: 13 Well No.: 14

Municipal Address: Municipal Address:

2776 m 3056 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

10/3/2017 9:29 10/3/2017 9:36 10/3/2017 9:37

10/2/2017 16:26

10/3/2017 7:46 10/3/2017 7:54 10/3/2017 7:56

10/2/2017 15:27

10/2/2017 16:37

10/3/2017 10:06 10/3/2017 10:08

10/2/2017 14:51 10/2/2017 14:55

Geophone Distance 

(m)

Rock/Till Enda

10/3/2017 12:23 10/3/2017 12:24

10/3/2017 9:05

Peak Particle 

Velocity (mm/s)
b

10/2/2017 13:02 10/2/2017 13:09 10/2/2017 13:12

10/2/2017 12:4210/2/2017 12:4010/2/2017 12:30

10/3/2017 10:23

10/3/2017 8:2410/3/2017 8:1910/3/2017 8:10

10/3/2017 8:58 10/3/2017 9:04

Starta

10/3/2017 12:16

10/3/2017 15:00

10/3/2017 13:14 10/3/2017 13:35 10/3/2017 13:38

10/3/2017 11:39 10/3/2017 11:39 10/3/2017 11:40

10/3/2017 15:5610/3/2017 15:5510/3/2017 15:48

10/3/2017 15:1110/3/2017 15:09

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

10/2/2017 14:02 10/2/2017 14:09 10/2/2017 14:11

10/2/2017 13:3510/2/2017 13:28

10/3/2017 11:3310/3/2017 11:3210/3/2017 11:27

10/2/2017 16:35

10/3/2017 9:58

10/2/2017 15:08 10/2/2017 15:16

10/3/2017 10:29 10/3/2017 10:33

10/3/2017 12:4510/3/2017 12:4410/3/2017 12:39

10/3/2017 12:57 10/3/2017 13:03 10/3/2017 13:06

10/2/2017 13:35

10/2/2017 14:3310/2/2017 14:3110/2/2017 14:25

10/2/2017 14:45

Monitoring Notes: Piles noted with "A" represent piles installed to replace similarly‐numbered piles. After installation, selected piles were struck 

again with the hammer to demonstrate resistance performance and these are noted as "restrikes". Total pile driving durations derived from start 

and end times noted above includes labour breaks, equipment work, splicing, welding and other standby time.  Driving of Pile 15 paused 15:19 to 

15:20 and 15:22:10 to 15:27:30.

Wells 13 and 14  are located approximately 87 m and 13 m from the centre line of Union Line, respectively. Evaluation of acceleration time histories 

concluded that other transient vibrations occurring before, during and after pile driving times dominated all measurements. Well 14 vibration 

monitoring data was dominated by vibrations induced by local passing traffic including tractor‐trailer transport trucks, combines, buses, and 

tractors passing the site on the road and vehicles entering and leaving driveway. The peak measured Well 14 vibrations of 0.258 and 0.310 mm/s 

noted above were directly attributable to vehicles passing on the road including slow passage of a tractor, and passing of a bus, passenger cars, 

light trucks and tractor‐trailer transport trucks. The peak vibrations measured at Well 14 of 0.61 mm/s were associated with a vehicle turning in the 

driveway (9/27/2017). 

Well 13 pump vibrations were clearly discernable in data and confirmed by audible pump noise. Peak Well 13 casing vibrations induced by the 

pump were about 0.75 mm/s during monitoring of this well. Peak well casing vibrations exclusive of pump influences identified within the same 

monitoring period at Well 13 are shown in the "no pump" column. 

Distance from Turbine Centre: Distance from Turbine Centre:

8771 Union Line 8904 Union Line

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T51 Issue Date: 12/5/2017

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) 

well casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of 

consecutive 1 second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 

second interval peak velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T52 Issue Date: 12/5/2017

Turbine Location: T52

Pile No.: BE9679 BE18695 BE9679 BE18695 Well 3 Well 4 No Pumpe

1 23.5 23.5 3.05 3.18 0.008 NAe

2 22.5 23.9 1.65 1.52 0.006 NA
e

3 20.9 23.5 1.52 2.03 0.022 NA
e

4 18.8 22.5 2.16 1.78 0.003 NAe

5 16.2 20.9 3.05 2.29 0.005 NAe

6 13.4 18.8 3.68 3.43 0.003 NAe

7 10.5 16.2 3.68 3.30 0.030 NAe

8 8.0 13.4 4.06 4.70 0.011 NAe

9 7.0 10.5 5.89 4.95 0.006 NAe

10 8.0 7.0 5.08 4.70 0.011 NAe

11 10.5 8.0 5.33 4.70 0.009 NAe

12 13.4 10.5 4.70 3.56 0.015 NAe

13 16.2 13.4 3.56 2.16 0.010 NA
e

14 18.8 16.2 2.03 2.03 0.008 NA
e

15 20.9 18.8 2.54 2.03 0.005 NAe

16 22.5 20.9 2.14 1.52 0.004 NAe

17 23.5 22.5 3.94 3.68 0.011 NAe

18 23.9 23.5 2.03 1.52 0.004 NAe

Well Information

Well No.: 3 Well No.: 4

Municipal Address: Municipal Address:

1,308       m 1,254 m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

10/13/2017 13:24

10/16/2017 7:59 10/16/2017 8:08 10/16/2017 8:10

10/16/2017 8:51

10/13/2017 13:10

10/13/2017 12:59

10/13/2017 13:24

10/16/2017 8:4910/16/2017 8:43

10/13/2017 12:48 10/13/2017 12:57

10/16/2017 8:32 10/16/2017 8:3310/16/2017 8:22

10/16/2017 10:44

10/13/2017 11:4510/13/2017 11:4510/13/2017 11:37

10/16/2017 10:50 10/16/2017 10:52

10/16/2017 11:3210/16/2017 11:2910/16/2017 11:23

10/16/2017 11:00 10/16/2017 11:10 10/16/2017 11:13

10/13/2017 12:00 10/13/2017 12:11

10/16/2017 11:44 10/16/2017 12:00

Vibration Measurements at Wells

Particle Velocity (mm/s)
c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

Start
a

Rock/Till End
a

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)
b

10/13/2017 9:25

10/13/2017 14:2610/13/2017 14:2410/13/2017 14:14

10/13/2017 8:53 10/13/2017 9:02 10/13/2017 9:05

10/13/2017 9:2110/13/2017 9:16

10/16/2017 12:02

10/13/2017 9:35 10/13/2017 11:18 10/13/2017 11:21

10/13/2017 11:28

10/13/2017 12:13

10/13/2017 11:2510/13/2017 9:53

10/13/2017 12:3510/13/2017 12:3210/13/2017 12:22

10/13/2017 10:59 10/13/2017 11:13 10/13/2017 11:16

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 

second intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak 

velocity values during these periods regardless of measurement direction; e) see monitoring notes above.

Monitoring Notes:  Total pile driving durations derived from start and end times noted above includes labour breaks, equipment work, splicing, welding 

and other standby time.  Driving of Pile 9 was paused between 10:01 and 11:23 to complete welding on the pile. Driving of Pile 10 was paused between 

9:44 and 11:18 to complete welding on the pile.

Monitoring of Well 4 was not permitted after September 10, 2017. For reference in comparison to the vibration velocities noted above, St. Clair Road 

traffic passing at 78 m from Well 4 on September 5, 2017, was observed to include large tractor‐trailers, concrete mixers and dump trucks at a rate of 

about 1 heavy vehicle every 1.5 to 2 minutes. Passenger vehicle movements on the Well 4 property passed and were parked near the well throughout 

the afternoon on September 5, 2017. On September 6, 2017, heavy vehicle traffic on St. Clair Road and near Well 4 was similar to September 5, 2017.  

Combine harvesting was on‐going as close as 25 to 30 m from Well 4, during much of the day on September 6, 2017. On this same day, various 

individuals were at and in the well shed, connecting, operating and adjusting a well pump. Well 4 pump was cycled on and off on September 6, 2017, 

operating for periods of 1 to more than 7 minutes. When individuals were working on the pump and well, well casing vibrations were as much as 4.987 

mm/s. At other times, Well 4 casing vibrations ranged from about 0.07 to about 0.62 mm/s with an average of about 0.18 mm/s, reflective of the vehicle 

and foot traffic on site near the well, harvesting equipment and traffic on the nearby St. Clair road. During this same measurement time on September 5 

and 6, 2017, the nearest pile driving was more than 2 km distant and vibration measurements did not identify any evidence of pile driving influences. 

During the period for which data is presented above, Union Gas was constructing a pipeline about 400 m northwest of Well 4 and within about 100 to 

180 m of 26457 St. Clair Road.

Distance from Turbine Centre: Distance from Turbine Centre:

26347 St Clair Road8522 Bush Line

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T73 Issue Date: 12/5/2017

Turbine Location: T73

Pile No.: BE18695 BE9679 BE18695 BE9679 Well 1A Well A No Pumpe

1 22.3 19.72 3.30 3.68 0.069 0.132

2 23.9 21.89 2.29 2.79 0.021 0.028

3 24.9 23.51 2.03 2.54 0.030 0.055

4 25.3 24.51 2.29 2.29 0.067 0.025

5 24.9 24.85 2.03 1.65 0.046 0.047

6 23.9 24.51 2.16 1.91 0.054 0.041

7 22.3 23.51 2.54 2.16 0.056 0.035

8 20.1 21.89 3.05 2.92 0.047 0.094

9 17.5 19.72 4.95 5.59 0.013 0.060

10 14.6 17.11 4.19 4.06 0.021 0.039

11 11.7 14.23 5.33 5.08 0.023 0.046

12 9.4 11.35 6.48 6.60 0.035 0.025

13 8.4 8.98 7.37 7.87 0.019 0.038

14 9.4 8.00 8.13 9.02 0.025 0.029

15 11.7 8.98 8.00 8.64 0.023 0.046

16 14.6 11.35 6.85 9.27 0.043 0.033

17 17.5 14.23 1.65 1.14 0.042 0.040

18 20.1 17.11 3.81 3.81 0.073 0.139

Restrikes and Continued Pile Driving

11 11.7 14.2 0.25 0.25 0.032 0.021

1 22.3 19.7 2.29 2.03 0.122 0.065

18 20.1 17.1 2.79 2.92 0.077 0.077

17 17.5 14.2 4.32 3.81 0.144 0.038

16 14.6 11.3 3.94 5.46 0.055 0.038

15 11.7 9.0 4.70 5.21 0.055 0.032

14 9.4 8.0 5.72 7.11 0.062 0.030

13 8.4 9.0 4.83 5.84 0.066 0.080

12 9.4 11.3 5.21 6.22 0.042 0.038

10 14.6 17.1 4.06 3.68 0.052 0.022

8 20.1 21.9 1.91 2.16 0.048 0.124

7 22.3 23.5 1.52 1.52 0.028 0.124

6 23.9 24.5 1.00 1.52 0.030 0.048

5 24.9 24.9 1.27 1.27 0.030 0.022

4 25.3 24.5 1.27 1.65 0.027 0.018

12C 9.4 11.3 8.26 5.46 0.024 0.049

13C 8.4 9.0 6.86 4.83 0.028 0.045

5C 24.9 24.9 1.65 1.27 0.035 0.035

6C 23.9 24.5 2.03 1.27 0.035 0.029

7C 22.3 23.5 2.41 1.52 0.012 0.030

8C 20.1 21.9 2.92 2.03 0.031 0.043

14C 9.4 8.0 6.22 5.21 0.035 0.029

15C 11.7 9.0 5.21 3.94 0.032 0.024

1C 22.3 19.7 3.05 1.52 0.036 0.036

17C 17.5 14.2 4.95 2.41 0.042 0.019

16C 14.6 11.3 4.95 4.19 0.047 0.028

10C 14.6 17.1 5.08 4.32 0.014 0.029

18C 20.1 17.1 3.18 2.41 0.031 0.021

11C 11.7 14.2 6.10 4.06 0.063 0.024

9C 17.5 19.7 2.92 2.16 0.043 0.024

3C 24.9 23.5 1.27 1.14 0.050 0.019

4C 25.3 24.5 1.52 1.27 0.007 0.033

3C 24.9 23.5 1.14 1.27 0.057 0.027

5C 24.9 24.9 1.14 1.27 0.029 0.042

6C 23.9 24.5 1.27 1.27 0.016 0.032

Geophone Distance 

(m)

Peak Particle 

Velocity (mm/s)b

10/23/2017 11:47 10/23/2017 11:50 10/23/2017 12:04

10/23/2017 16:11

10/23/2017 10:49

10/20/2017 13:39

10/23/2017 11:10

10/23/2017 16:00

10/23/2017 10:55

10/23/2017 9:44 10/23/2017 9:47

Starta Rock/Till Enda

10/24/2017 8:00 10/24/2017 8:10 10/24/2017 8:21

10/23/2017 16:22

10/23/2017 10:00

10/20/2017 14:34 10/20/2017 14:39 10/20/2017 14:52

10/20/2017 14:0110/20/2017 13:54 10/20/2017 14:11

10/23/2017 13:04

10/23/2017 8:10 10/23/2017 8:17 10/23/2017 8:22

10/20/2017 12:3710/20/2017 12:1510/20/2017 12:00

10/23/2017 12:43 10/23/2017 12:52

Vibration Measurements at Wells

Particle Velocity (mm/s)c, d

Vibration Measurements at Turbine Site

Pile Driving Times and Dates

10/23/2017 15:55

10/20/2017 13:21 10/20/2017 13:27

10/23/2017 16:28 10/23/2017 16:37

10/24/2017 8:5010/24/2017 8:36

10/23/2017 13:02 10/23/2017 13:02

10/24/2017 8:30

10/23/2017 15:27 10/23/2017 15:32 10/23/2017 15:40

10/23/2017 14:3710/23/2017 14:3010/23/2017 14:29

10/23/2017 13:1510/23/2017 13:07

10/23/2017 13:06

10/24/2017 12:56 10/24/2017 12:56 10/24/2017 13:00

10/24/2017 12:47 10/24/2017 12:47 10/24/2017 12:54

10/23/2017 13:32 10/23/2017 13:36 10/23/2017 13:46

10/27/2017 11:56

10/23/2017 10:30 10/23/2017 10:30

10/27/2017 12:1110/27/2017 11:56

10/23/2017 8:5810/23/2017 8:4610/23/2017 8:32

10/23/2017 12:37

10/23/2017 10:31

10/24/2017 12:30 10/24/2017 12:30 10/24/2017 12:34

10/24/2017 11:46 10/24/2017 11:46 10/24/2017 11:50

10/24/2017 12:42 10/24/2017 12:42 10/24/2017 12:45

10/24/2017 12:36 10/24/2017 12:36 10/24/2017 12:40

10/24/2017 9:35 10/24/2017 9:35 10/24/2017 9:37

10/24/2017 9:29 10/24/2017 9:29 10/24/2017 9:31

10/24/2017 11:40 10/24/2017 11:40 10/24/2017 11:44

10/24/2017 10:22 10/24/2017 10:22 10/24/2017 10:23

10/24/2017 8:56 10/24/2017 8:56 10/24/2017 9:00

10/26/2017 15:51 10/26/2017 15:51 10/26/2017 16:05

10/24/2017 9:23 10/24/2017 9:23 10/24/2017 9:25

10/24/2017 9:13 10/24/2017 9:13 10/24/2017 9:17

10/27/2017 8:23 10/27/2017 8:23 10/27/2017 8:33

10/27/2017 8:35 10/27/2017 8:35 10/27/2017 8:44

10/26/2017 16:15 10/26/2017 16:15 10/26/2017 16:39

10/27/2017 8:07 10/27/2017 8:07 10/27/2017 8:16

10/27/2017 13:12 10/27/2017 13:12 10/27/2017 13:22

10/27/2017 13:25 10/27/2017 13:25 10/27/2017 13:27

10/27/2017 10:12 10/27/2017 10:12 10/27/2017 10:22

10/27/2017 11:02 10/27/2017 11:02 10/27/2017 11:39

10/27/2017 14:46 10/27/2017 14:46 10/27/2017 14:56

10/27/2017 14:59 10/27/2017 14:59 10/27/2017 15:19

10/27/2017 13:31 10/27/2017 13:31 10/27/2017 13:45

10/27/2017 13:50 10/27/2017 13:50 10/27/2017 14:17

10/27/2017 7:56 10/27/2017 7:56 10/27/2017 8:05

10/30/2017 8:31 10/30/2017 8:31 10/30/2017 8:33

10/27/2017 15:21 10/27/2017 15:21 10/27/2017 15:27

10/27/2017 15:31 10/27/2017 15:31 10/27/2017 15:34

11/1/2017 13:13 11/1/2017 13:13 11/1/2017 13:16

11/1/2017 12:52 11/1/2017 12:52 11/1/2017 12:57

Golder Project No.: 1668031



Golder Associates Ltd. NORTH KENT 1

Vibration Monitoring Data Report

T73 Issue Date: 12/5/2017

7C 22.3 23.5 1.52 1.40 0.013 0.051

8C 20.1 21.9 1.65 1.52 0.013 0.051

10C 14.6 17.1 3.18 2.92 0.008 0.034

11C 11.7 14.2 4.57 3.05 0.006 0.041

12C 9.4 11.3 6.10 4.83 0.003 0.042

13C 8.4 9.0 8.38 6.73 0.007 0.024

14C 9.4 8.0 6.22 5.08 0.015 0.024

15C 11.7 9.0 4.67 4.57 0.016 0.019

16C 14.6 11.3 2.79 3.94 0.056 0.032

17C 17.5 14.2 3.43 3.05 0.026 0.123

18C 20.1 17.1 2.16 3.30 0.012 0.039

4C 25.3 24.5 1.14 1.27 0.016 0.050

1C 22.3 19.7 2.16 3.05 0.018 0.027

2C 23.9 21.9 1.52 1.91 0.170 0.021

Well Information

Well No.: 1A Well No.: A

Municipal Address: Municipal Address:

2,725     m 4,028           m

This data report must be read with "Construction Vibration Monitoring Report, North Kent 1," prepared by Golder Associates Ltd., dated December, 2017.

Monitoring Notes: After installation, selected piles were struck again with the hammer to demonstrate resistance performance and these are noted as 

"restrikes". Piles that were spliced that were then driven deeper are indicated "C" for continuation of pile depth after splicing. Total pile driving durations 

derived from start and end times noted above includes labour breaks, equipment work, splicing, welding and other standby time. Multiple intervals of 

vibration analyses are summarized above where the first instance is consistent with the hardest driving prior to predrilling and the subsequent instances 

reflect hard driving at the depths of the pile once the pile was spliced and driving restarted. Multiple instances of splicing and driving were required for 

some piles to penetrate the glacial till and reach the top of rock. Vibration monitoring systems at turbine site switched as follows: BE18695 replaced with 

BE9555 October 23 through November 1; BE9769 replaced with BE9769 on October 23.

Well 1A located 65 m from Baldoon Road and Well A located 35 m from St. Clair Road. Vibration velocities noted above for both wells reflect peak values 

induced by transient sources other than pile driving. Data at both wells dominated by influence of locally heavy traffic on both roads and on St. Clair Road 

in particular. Tractor‐trailer transport trucks typically passed Well A every 1 to 3 minutes corresponding to peak vibration velocities. 

25321 St. Clair Road

Footnotes: a) start and end of pile driving are start and stop times for active hammering; b) values shown are peak values regardless of direction; c) well 

casing vibrations associated with multiple sources, see report text; d) values shown are based on fast Fourier transform analyses of consecutive 1 second 

intervals for a total period of 10 minutes during pile driving on till/rock (600 seconds) and represent the largest of the 1 second interval peak velocity 

values during these periods regardless of measurement direction; e) see monitoring notes above.

Distance from Turbine Centre: Distance from Turbine Centre:

25226 Baldoon Road

11/1/2017 11:19 11/1/2017 11:19 11/1/2017 11:23

11/1/2017 11:11 11/1/2017 11:11 11/1/2017 11:16

11/1/2017 10:43 11/1/2017 10:43 11/1/2017 10:50

11/1/2017 10:37 11/1/2017 10:37 11/1/2017 10:40

11/1/2017 10:55 11/1/2017 10:55 11/1/2017 10:59

11/1/2017 10:30 11/1/2017 10:30 11/1/2017 10:34

11/1/2017 15:08 11/1/2017 15:08 11/1/2017 15:13

11/1/2017 14:57 11/1/2017 14:57 11/1/2017 15:04

11/1/2017 15:16 11/1/2017 15:16 11/1/2017 15:21

11/1/2017 15:24 11/1/2017 15:24 11/1/2017 15:28

11/1/2017 14:38 11/1/2017 14:38 11/1/2017 14:41

11/1/2017 13:06 11/1/2017 13:06 11/1/2017 13:11

11/1/2017 14:44 11/1/2017 14:44 11/1/2017 14:49

11/1/2017 12:58 11/1/2017 12:58 11/1/2017 13:03

Golder Project No.: 1668031



 

 

 

 

Golder Associates Ltd. 

309 Exeter Road, Unit #1 

London, Ontario, N6L 1C1 

Canada 

T: +1 (519) 652 0099 
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