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1.0 Infroduction

D.M. Wills Associates Limited (Wills) was retained by the City of Peterborough to
complete a hydrogeological assessment of the lands located at Pioneer Road and the
9t Line, Peterborough, Ontario (the Site). The assessment was carried out in support of
the proposed Trent Research and Innovation Park (TRIP) development.

The Site covers approximately 85 acres and is bounded to the north, east and south by
agricultural lands with Trent University to the west. The Site is currently vacant and was
previously used as agricultural lands. The location of the Site in a regional context,
including regional topography is included as Figure 1 (Appendix A). Figure 2 (Appendix
A) shows the Site in relation to surrounding roadways, waterways, and other features.

2.0 Scope of Investigation

The focus of the hydrogeological investigation was to determine the prevailing
hydrogeologic conditions to assess potential groundwater interference resulting from
the construction for the proposed Trent Research and Innovation Park. The following
scope of work was carried out in order to accomplish the above purposes:

e Review of Ministry of Environment and Climate Change (MOECC) water well
record information;

e Asite reconnaissance to review surficial ground characteristics;

e Advance a total of twenty two (22) boreholes;

e Install a total of six (6) monitoring wells;

e Obtain water level data from monitoring wells;

e Perform slug testing to determine the hydraulic conductivity on Site;

¢ Calculate potential dewatering requirements.

3.0 Site Conditions

3.1 Surface Conditions

During the site reconnaissance the lands were observed to be rolling, agricultural lands
abutted to the east by a small creek that eventually drains into the Otonabee River,
located south west of the Site. The Site is not within a Source Water Protection Zone.

3.2 Regional Physiography and Geology

The surface deposit in this region, like all of Ontario, was once covered by massive
glaciers during the late Wisconsin glacial period. The grinding action of the moving ice
masses produced a considerable amount of rock materials, ranging in size from
boulders to rock flour which was distributed over the landscape.
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According to information from the Ministry of Northern Development Mines and Forestry
and the Ontario Geological Survey, the Site is part of a region characterized
predominately by sandy silt to silt. The Site is within the Peterborough Drumlin Field and
is generally described as highly calcareous till with the occurrence of boulders of
Precambrian origin (Chapman and Putman, 1966). The underlying rock in this region is
Trenton limestone and is highly fossiliferous and easily disintegrated (Chapman and
Putnam, 1966). Figure 3 (Appendix A) shows the surficial geology.

3.3 MOECC Well Data

A search of the MOECC well records was carried out for an area extending
approximately 500 m from the Site boundary. A total of 18 wells were reportedly
recorded within this range. Well details are provided in Table 1.

A Review of the 18 MOECC wells indicates the following:

o Of the 18 wells reviewed, all were private water supply wells. One (1) was for
commercial use, ten (10) were domestic, one (1) was to supply a school and the
remaining é (six) were for farm use / irrigation.

As indicated in Table 1 the geological formation and materials for these MOECC
registered wells consisted of overburden till materials varying mainly from clay to silt with
isolated gravel materials encountered, and limestone. The limestone was encountered
at depths ranging from 1.22 m to 12.3 m below ground surface. Areview of the 18
MOECC wells indicates the following:

Table 1 - MOECC Well Information

Total Number of Wells Inventoried: 18
Wells (Overburden): 4 (22%)
Wells (Bedrock): 14 (78%)
Statistical Summary Statistical Summary
Parameter Overburden Wells Bedrock Wells
Metric Data Imperial Data Metric Data Imperial Data
Static Water
Levels 0.91t03.35m 3to 11 ft. 27410 18.2m 9 to 60 ft.
Range 2.13m 7 ft. 14.6m 48 ft.
Average
Water
Range 8.4m 27.5 ft. 122 m 40 ft.
Average
WellDepth | 4115123 m 20 — 40 ft 9.14 10 36.6 m 30 - 120 ft.
Range
Average 9.14m 30ft 22.8m 75 ft.
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4.0 Field Investigations

The field methodology consisted of a site inspection, advancement of boreholes,
installation of groundwater monitoring wells, water level monitoring and slug testing.
The following sections summarize the field methodology completed at the Site.

An initial inspection was conducted on December 12, 2016 to observe the general
surficial characteristics. Wills walked the Site and took photographs to document the
details of the inspection. The photographs are provided in Appendix B. No wells (water
wells or monitoring wells) were observed on the Site.

4.1 Drilling

The subsurface exploration program was carried out during the period of December
2016 to June 2017 and consisted of advancing twenty-two (22) boreholes. Figure 5
(Appendix A) shows boreholes and monitoring well locations. Boreholes were
advanced to a maximum depth of 10.5 meters below existing grade (mbeg). A
detailed log of each borehole was maintained and composite samples of the materials
encountered were collected. The recovered samples were used to develop the
subsurface soil descriptions and site stratigraphy. The detailed borehole logs are
included as Appendix C.

The drilling program conducted for this assessment indicates that the overburden
deposits are generally consistent across the property. Generally the soil profile consists
of silty sand to sandy silt glacial fill with limestone being encountered at depths of 1.98
to > 10.5 mbeg.

4.2 Monitoring Well Installations

Six (6) mointoring wells were installed at the Site within BH16-03, BH16-08, BH16-12, BH16-
15, BH16-17 and BH16-20 (see Figure 5, Appendix A). Each monitoring well was
constructed using a 2 inch schedule 40 polyvinyl chloride (PVC) riser followed by a 1.52
to 3.05 m No. 10 slot PVC screen. J-plugs were installed at the top of each well with
above ground protective steel casings. A flush-threaded cap was installed at the
bottom of each well.

4.3 Groundwater Elevations

Groundwater levels were obtained from each monitoring well, recorded to the nearest
0.01 m, using an electronic water-table level tape. The total depth of each well was
measured and recorded. Based on water levels abtained in Spring of 2017 and test pit
programs completed on Site, the local groundwater elevation is estimated to be
approximately 2 mbeg. Test pit logs are included in Table 2 below. Water levels are
summarized in Table 3 below.
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Table 2 - Test Pit Logs

Investigation Date: Dec. 23, 2016
Investigation Method: Rubber-Tire Backhoe

Depth (mbeg) Description
TP16-01
0.00-0.15 Dark brown silty sand topsoil with organics, moist.
Light brown silty sand TILL with gravel, moist. Cobbles and boulders
0.15-1.98
throughout.
Test pit ended in silty sand TILL with gravel.
- e No staining or seepage.
’ e Grab Sample GS-1 collected at 0.91 mbeg.
e Grab Sample GS-2 collected at 1.83 mbeg.
TP16-02
0.00-0.20 Dark brown silty sand TOPSOIL, moist.
0.20-213 Light brown silty sand TILL with gravel and cobbles, some boulders,
’ ’ moist.
Test pit ended in silty sand TILL with gravel and cobbles.
¢ No staining or seepage.
213 e Grab Sample GS-1 collected at 0.08 mbeg.
e Grab Sample GS-2 collected at 1.22 mbeg.
e Grab Sample GS-3 collected at 1.83 mbeg.
TP16-03
0.00 -0.20 Dark brown silty sand TOPSOIL with organics, moist.
0.20-1.83 Light brown silty sand TILL with gravel and cobbles, moist.
Test pit ended in silty sand TILL with gravel and cobbles.
e No staining or seepage.
1.83 e Grab Sample GS-1 collected at 0.15 mbeg.

e Grab Sample GS-2 collected at 1.07 mbeg.
o Grab Sample GS-3 collected at 1.68 mbeg.

Notes: mbeg — metres below existing grade
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Table 3 - Water Level Summary

Project Address: Pioneer Road, Peterborough, ON
Project # 17-10739 — Trent Research and Innovation Park

Date: | 22-Dec-16 | 28-DEC-16 | 13-June-17 | 17-June-1017

Location Ef:::t?:n W(er:ll)):g%th Ele\c/;c‘:;lion Elef/;c‘:;lion Elef/;c‘:;lion EIeSc‘:,;Iion

(masl) (masl) (masl) (masl)
BH16-03 | 226.871 5.34 223.97 224.32 226.44 224.98
BH16-08 | 227.751 4.60 22417 224.22 227.016 226.12
BH16-12 | 220.405 2.93 dry 217.51 219.631 218.34
BH16-15 | 220.167 2.84 218.97 219.88 219.382 218.86
BH16-17 | 219.280 2.13 dry dry 218.626 217.83
BH16-20 | 233.686 7.75 dry dry 231.573 230.96

Notes: masl - metres above sea level
mbeg - metres below existing grade

5.0 Hydrogeological Conditions
5.1 Slug Testing

Hydraulic conductivity (K) testing (i.e. slug testing) was completed at BH16-03 on
January 26, 2017 to determine hydraulic conductivity values of the underlying material.
The slug testing consisted of rising and falling head testing and was completed using a
0.4 mslug. The water levels were measured using data loggers programmed at five (5)
second intervals. The data was analyzed using AQTESOLV and the Bouwer-Roce
solution for each rising and falling head test. The hydraulic conductivity (K) was
calculated to be an average of 1.41 x 104 cm / sec between the rising head and falling
head tests. The AQTESOLYV solution data can be found in Appendix D.

The average linear velocity for the silty sand to sandy silt glacial till overburden was
calculated using a horizontal hydraulic gradient of 12.95m / m (BH16-20 to BH16-17)
and the hydraulic conductivity calculated above of 1.41 x 104 cm / sec and an
estimated porosity for the glacial till of 15% (Fetter, 2001).

The average linear velocity can be calculated using the following equation:

D.M. Wills Associates Limited Page 6 Project No. 17-10739
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Where “k" is the hydraulic conductivity, “i" is the hydraulic gradient, and “n” the
porosity. By using the above information, the average linear velocity for the
glacial fill is estimated to be 10.56 m / day.

6.0 Potential Dewatering Requirements

The following section describes the potential groundwater dewatering requirements to
facilitate the potentially construction of the Trent Research and Innovation Park
development.

The pumping rate and quantity of water to be removed from a construction
excavation depends on various hydrogeological properties and construction
considerations including:

e the hydraulic conductivity;

e fthe type and properties of the aquifer;

e presence of hydraulic boundaries;

e source of water;

e whether the excavations fully or partially penetrate the aquifer;
e the size, shape and length of the excavation;

e the configuration of dewatering equipment; and

e if any groundwater control works are utilized such as sheet piling or grouting.

As previously discussed, an unconfined overburden aquifer is assumed locally with the
ground water elevation existing at approximately 2 meter below existing grade (mbeg)
extending to a maximum depth of >10.5 mbeg. The maximum depth of excavation
activities on Site is projected to be 3 mbeg with the daily length of the french extending
a maximum of 30 m.

For the purpose of the construction, the excavation trench is fo be pumped dry. As
such, the height of water table from the excavated trench or well pit bottom to the
aquifer bottom is calculated by subtracting the depth of a proposed construction
element below the static groundwater level from the saturated aquifer thickness
(assumed to be 10.5 m). The methodology and dewatering calculations are included
in Appendix C.

The estimated dewatering rate, based on assumptions made on the above listed
hydrogeological properties and construction considerations was calculated to be 11.58
L/minor 16,675 L/day.

A Permit to Take Water (PTTW) is required if you plan to take greater than 50,000L of
water in a day. Due to the estimated dewatering volume of 16,675 L/day, no PTTW wiill
be required for the proposed construction activities.
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7.0 Conclusions
The following conclusions and recommendations are made in support of this report:

e The overburden deposits are generally consistent across the property with the sall
profile consisting of silty sand to sandy silt glacial fill with limestone being
encountered at depths of 1.98 to > 10.5 mbeg.

¢ The local groundwater elevation was estimated to be 2 mbeg.

e The hydraulic conductivity (K) was calculated to be 7.106 x 10> cm / sec
indicating that the well is screened in relatively poor hydraulic conductivity units.

e Potential dewatering requirements were calculated to be 11.58 L/min.
e A Permit to Take Water will not be required for the proposed construction
activites.

7.1 Signatures

Members of D.M. Wills Associates Limited that assisted with carrying out and preparing
this Hydrogeological Assessment are included below. The qualified person on this
project, Mr. Mark van Voorst, P.Eng., has confirmed that conclusions relating to the
information are accurate. Signatures are included below. Included after the signatures
are references and a Statement of Limitations, which are an integral part of the report.

Conchidt W W%%‘

Erin Smith, BES Mark van Voorst, P.Eng.
Environmental Specialist Senior Environmental Engineer
ES/KP/MvV/af

Enclosures
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Statement of Limitations

The conclusions presented in this report are based on information gathered during a
limited field review and testing program. The client should be aware that any
information garnered from borehole logs are a matter of general information. Borehole
logs are not to be interpreted as descriptive of conditions beyond the location of the
borehole itself. Subsurface and groundwater conditions beyond the borehole may
differ from those encountered at the borehole location.

This report has been prepared by D.M. Wills Associates Limited on behalf of the City of
Peterborough and use by third parties is discouraged. Any use, which a third party
makes of this report is the responsibility of such third parties. D.M. Wills Associates
Limited accepts no responsibility for damages, if any, suffered by a third party as a
result of decisions made or action taken based on using this report for purposes other
than its infended purposes.
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Photo 5: Looking southwest across the Site.

Photo é: View of the southern Site boundary and Pioneer Road.
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Photo 8: Looking west across the Site.
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RECORD OF BOREHOLE No 16-01

Project No.:D16147

Drilling Date:12/15/2016

Project: Trent Research Park

Drilling Method: Solid Stem Augering

Location: Pioneer Road, Peterborough, Ontario

Hole Diameter: 125mm

Client: City of Peterborough

DATUM: Geodetic

DYNAMIC CONE PENETRATION

NATURAL

SAMPLES

SOIL PROFILE

RESISTANCE PLOT- PLASTIC LiQuiD w [vd
— | | o MOSTRE Ty 2 G, [ Remarks
> 0 [ o < Z &
o 20 40 60 8010 5 E |o— o —8 i 2 2 - | 22| cransize
s | w w wo | x 3 |u|& SOIL DESCRIPTION 5] E | 25 | ostrRIBUTION
SHEAR STRENGTH kPa w w e 8 k g I % z
® Ficis vane Y| water content () | 5 e |z |9k Sl E 128 (%)
A pocket Penetrometer . z =~ Z |ld|o o u o
100 150 200 kN/m 10 20 30 40 GROUND SURFACE ELEVATION 226.5m GR SA SI CL
N7 20cm TOPSOIL
1 SS 20 | ]
compact moist | 226
8 — — brown ] B ]
[ ] 85/ SILTY SAND to SANDY SILT B 1
2| ss 23¢m very GLACIAL TILL 4
dense trace to with Gravel, trace Clay damp
occasional Cobbles B T Rock coring
5 B ] carried out on
- T ss 1 207 2254 ] May 23 2017
2cm RC1
1 RC B N REC=100%
5 ] RQD=33%
grey
LIMESTONE B N RC2
slightly weathered to 2.7m | i REC=92%
fresh 2241 RQD=8%
occasional fossils B R e
occasional black shale interbeds | i
2 | RC (~15%)
very thinly to thinly jointed — 3
medium strong to strong | i
very poor to poor rock quality
223

END OF BOREHOLE AT 3.7m
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Project No.:D16147
Drilling Date:12/15/2016

RECORD OF BOREHOLE No 16-02

Project: Trent Research Park Drilling Method: Solid Stem Augering
Location: Pioneer Road, Peterborough, Ontario Hole Diameter: 125mm
Client: City of Peterborough DATUM: Geodetic
DYNAMIC CONE PENETRATION
RESISTANCE PLOT- = PLASTIC MNSITSliTJ):LE LIQUID SAMPLES SOIL PROFILE ﬂ & REMARKS
& EZ umr ey LMIT - S £ 2] &
z = %)
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100 150 200 | KkN/m? 10 20 30 40 GROUND SURFACE ELEVATION 228.8m u e GR SA SI CL

15cm TOPSOIL

7
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s B ]
* 281 A
2| Sss 17 compact brown moist — 1 —
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o trace to with Gravel, trace Clay May 24 2017
s occasional Cobbles B E y
3 SS 28 227 + i
t | 2 —
7 very B ]
* dense = ] 24 29 41 6
4 | ss 51 B ]
226 1- E
P .
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\7cm |
225 1 1
4
% 224 + e
% 5 |
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5

END OF BOREHOLE AT 6.5m
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RECORD OF BOREHOLE No 16-03

Project No.:D16147

Drilling Date:12/15/2016

Project: Trent Research Park

Drilling Method: Solid Stem Augering

Location: Pioneer Road, Peterborough, Ontario

Hole Diameter: 125mm

Client: City of Peterborough

DATUM: Geodetic
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98/ f
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7 —— — -
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6 | SS 1:5:)0/ — grey 2234 4 —
\13cm/ moist H
1" i ] H
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222 —
é -5 -

AUGER REFUAL ON INFERRED

BEDROCK AT 5.2m

GROUNDWATER IN MOINTORING

WELL
Dec 22, 2016: 3.0m
Dec 28, 2016: 2.6m
Jan 5, 2017: 1.2m
Jan 11, 2017: 0.8m
Jan 26, 2017: Om
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RECORD OF BOREHOLE No 16-04

Project No.:D16147

Drilling Date:12/15/2016

Project: Trent Research Park

Drilling Method: Solid Stem Augering

Location: Pioneer Road, Peterborough, Ontario

Hole Diameter: 125mm

Client: City of Peterborough

DATUM: Geodetic

DYNAMIC CONE PENETRATION
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SOIL PROFILE
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=

END OF BOREHOLE AT 4.3m
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RECORD OF BOREHOLE No 16-20 project No. 10147
Drilling Date:12/20/2016
Project: Trent Research Park Drilling Method: Solid Stem Augering
Location: Pioneer Road, Peterborough, Ontario Hole Diameter: 125mm
Client: City of Peterborough DATUM: Geodetic
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GROUNDWATER IN MOINTORING
WELL
Dec 22, 2016: dry
Dec 28, 2016: dry
Jan 5,2017: dry
Jan 11, 2017: 7.6m
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Project No.:D16147
Drilling Date:12/21/2016

RECORD OF BOREHOLE No 16-21

Project: Trent Research Park Drilling Method: Solid Stem Augering
Location: Pioneer Road, Peterborough, Ontario Hole Diameter: 125mm
Client: City of Peterborough DATUM: Geodetic
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RECORD OF BOREHOLE No 16-22

Project No.:D16147

Drilling Date:12/21/2016

Project: Trent Research Park

Drilling Method: Solid Stem Augering

Location: Pioneer Road, Peterborough, Ontario

Hole Diameter: 125mm

Client: City of Peterborough

DATUM: Geodetic

DYNAMIC CONE PENETRATION
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Appendix D

AQTESOLYV Solution Data
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WELL TEST ANALYSIS
Data Set: Z:\...\BH3.aqt
Date: 07/14/17 Time: 09:30:48
PROJECT INFORMATION
Company: D.M. Wills
Client: T.R.I.P.
Project: 17-10739
Location: Peterborough, ON
Test Well: BH16-03
Test Date: 26/01/2017
AQUIFER DATA
Saturated Thickness: 5.32 m Anisotropy Ratio (Kz/Kr): 1.
WELL DATA (BH16-03)
Initial Displacement: 0.5 m Static Water Column Height: 4.97 m
Total Well Penetration Depth: 5.32 m Screen Length: 3.05 m
Casing Radius: 0.025 m Well Radius: 0.025 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =0.0001174 cm/sec y0=0.1849 m
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WELL TEST ANALYSIS

Data Set:
Date: 07/14/17 Time: 09:58:46

PROJECT INFORMATION

Company: D.M. Wills
Client: T.R.1.P.

Project: 17-10739
Location: Peterborough, ON
Test Well: BH16-03

Test Date: 26/01/2017

AQUIFER DATA
Saturated Thickness: 5.32 m Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (BH16-03)

Initial Displacement: 0.211 m Static Water Column Height: 4.679 m
Total Well Penetration Depth: 5.32 m Screen Length: 3.05 m
Casing Radius: 0.025 m Well Radius: 0.025 m
SOLUTION
Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K =0.0001657 cm/sec y0 =0.2228 m




Appendix E

Dewatering Methodology and Calculations



Table 4 - Dewatering Methodology and Calculations

. _H—-—h_ xk(H*—"h?)
=|[(0.73+-0.27
Q =[( + = ) T

Equation 1: Dewatering requirements for the potential dewatering construction activities /sources have been calculated using the method of dewatering for a long narrow french, partial penetration by
a single row of well points for an unconfined aquifer (unconfined conditions) midway between two equidistant and parallel line sources (p. 22 of CIRIA, by Somerville, 1986).

Where: Q = pumping rate (m3/s)
k = hydraulic conductivity (m/s)
H = distance from the static water level to the bottom of the aquifer (m)

h = height of the water table (m) (height of the bottom of excavation above the bottom of the aquifer)
x =length of french (m)

L = distance to line source, taken as equal to radius of influence (m), and given by

L= CH -bk

Where C = 1750 (Source: P.18 of CIRIA Somerville, 1986)

Equation 2: The potential calculated Zone of Influence (ZOI) represents the area where groundwater levels may be affected by a dewatering activity as a result of groundwater withdrawal. The Zone of

Influence is dependent on the hydraulic conductivity, the type of aquifer and the amount by which the water level is to be lowered (Somerville, 1988). The calculation for the ZOI utilizes the method for
the calculation of radius of influence, as provided on page 18 of CIRIA (Somerville, 1986).

. Excavation Trench Excavation Depth . .
Location length (x) Below Water Table H h Zone of Influence (L) Calculated Potential Dewatering Rate (Q)
Units (m) (m) (m) (m) (m) (m¥/s) (L/min) (L/day)
30 2 9.5 7.5 4.16 2.73 x 104 16.38 23,587

Assumptions for hydrogeological setting:

1. Anunconfined aquifer is presumed to exist locally with the existing water table estimated to 2 meters below existing grade (mbeg) and extending to an estimated depth of approximately 10.5
mbeg.

2. Anideal aquiferis assumed for the preliminary calculations of pumping rates and drawdown, as described in CIRIA (Somerville, 1986).

The maximum excavation depth of construction activities is assumed to be 3 mbeg with a maximum daily length of 30 m.

4. Itis assumed that as a requirement of the proposed construction activities the tfrench will be pumped dry.

w



