Appendix B:
Hydrogeology

(Groundwater)



TABLE B1

Monitoring Well Summary
City of Guelph
Clair - Maltby Master Environmental Servicing Plan (MESP) and Secondary Plan (SP)

Depth (mbgs)

Elevation® (masl)

UTM NADS83 Zone 17N

Oct. 2016 Dec. 2016 Jan. 2017 April 2017 July 2017 Oct. 2017 Oct. 2016 Dec. 2016 Jan. 2017 April 2017 July 2017 Oct. 2017  Hydraulic

Monitoring Northing Easting Ground Top of Ground Ground Ground Ground Ground Ground Top of Base of Conductivity Method Stratigraphy of
Well Surface Casing Water Water W W Water W Screen Screen Water WEE WEE Water Water Water (m/s) Screened Interval
MWO01-D 4817765 566644 337.27 337.85 331.52 331.26 331.26 332.94 332.93 331.95 19.6 211 5.75 6.01 5.25 4.33 4.34 5.32 5.8E-07 BR Clayey Silt (Till)
MWO01-S 4817763 566642 337.20 337.71 331.72 331.51 331.51 333.22 333.15 332.28 11.9 134 5.48 5.69 4.95 3.98 4.05 4.92 2.1E-04 BR Sand, Gravel
MWO02-D 4817419 566681 335.29 336.11 331.32 331.12 331.12 332.89 332.79 331.74 18.9 20.4 3.98 4.17 3.37 241 251 3.55 1.5E-03 SG Gravely Sand
MWO02-S 4817425 566682 335.40 336.36 332.00 331.80 331.80 333.60 334.19 332.53 6.7 8.2 3.40 3.60 2.85 1.80 1.21 2.87 2.1E-03 SG Sandy Gravel
MWO03-D 4816950 568080 350.05 350.80 330.89 330.58 330.58 331.31 332.40 331.60 32.6 34.1 19.17 19.48 19.55 18.75 17.66 18.45 2.8E-04 BR Sand, Gravel
MWO03-S 4816949 568083 349.95 350.70 331.17 330.80 330.80 331.45 332.57 331.81 21.6 23.2 18.78 19.15 19.27 18.50 17.38 18.14 NA SG Sand
MWO04-D 4816485 566169 349.60 350.47 334.60 334.43 334.43 336.18 336.04 334.94 26.8 28.3 15.00 15.17 14.71 13.42 13.56 14.66 2.2E-06 BR Sandy Silt
MWO04-S 4816488 566171 349.63 350.54 336.01 335.80 335.80 337.45 337.69 336.60 19.4 20.9 13.63 13.83 13.58 12.19 11.95 13.03 8.2E-08 KGS Silt (Till)
MWO05-D 4816337 567001 340.17 341.10 334.66 334.46 334.46 335.88 335.93 335.18 22.6 24.1 5.51 5.71 5.32 4.29 4.24 4.99 2.5E-04 KGS Sand, Gravel
MWO05-S 4816335 566999 340.16 341.11 335.07 334.86 334.86 336.32 336.31 335.56 15.2 16.8 5.09 5.31 4.86 3.84 3.85 4.60 5.4E-04 KGS Sand, Gravel
MWO06-D 4816250 567400 352.38 353.20 334.40 334.14 334.14 335.31 335.58 334.94 35.1 36.6 17.98 18.24 18.09 17.07 16.80 17.44 7.6E-06 KGS Silty Sand
MWO06-S 4816247 567401 352.41 353.34 334.71 334.42 334.42 335.40 335.79 335.23 21.4 22.9 17.69 17.99 17.98 17.00 16.61 17.18 5.4E-06 KGS Silt and Sand
MWOQ07-D 4815512 565479 347.04 347.89 329.61 329.31 329.31 330.25 330.82 330.12 33.1 34.6 17.43 17.73 17.60 16.79 16.22 16.92 4.8E-04 BR Sand, Gravel
MW08-D 4815489 566248 338.48 339.45 330.90 330.57 330.57 331.66 332.42 331.60 17.7 19.2 7.58 7.91 7.96 6.82 6.06 6.88 2.3E-04 KGS Sand, Gravel
MW08-S 4815494 566250 338.48 339.40 334.08 333.81 333.81 335.26 334.72 334.22 6.1 7.6 4.40 4.67 4.09 3.22 3.76 4.26 6.6E-04 KGS Sand, Gravel
MWO09-D 4815295 566970 350.51 351.15 331.14 330.81 330.81 331.77 332.77 331.92 32.0 33.5 19.37 19.69 19.77 18.74 17.74 18.59 7.2E-06 BR Sandy Silt
MWQ09-S 4815292 566972 350.46 350.98 331.02 330.74 330.74 331.58 332.61 331.74 21.6 23.2 19.44 19.72 19.82 18.88 17.85 18.72 2.2E-04 KGS Sand, Gravel
MW1-11* 4816210 565410 346.40 | 34732 | 329.85 | 329.62 | 329.62 | 330.71 | 330.88 15.3%® 18.3%® 16.55 16.77 16.46 15.69 15.52 - - -
MW2-11* 4816026 565434 343.36 344.37 329.91 329.67 329.67 330.64 330.98 12.0%° 15.0*° 13.45 13.69 13.47 12.72 12.38 -- -- --
MW3-11* 4815829 565622 349.03 349.90 331.41 331.48 331.48 331.47 331.48 11.6*° 17.8"° 17.62 17.56 17.55 17.56 17.55 -- --
Notes: Notes:
! _ elevations are geodetic Water levels were recorded on the following dates:
AB _ As reported by Aquifer Beach Ltd. (2012) October 19, 20, 21, 2016
* - Pre-existing monitoring well at 132 Clair Road December 13, 2016
masl - metres above sea level January 26, 2017
NA - not available April 19, 2017
BR - Bouwer and Rice method (1976) July 17, 2017
KGS - Hyder et al method (1994) October 4, 5, 10, 2017
SG - Springer-Gelhar (1991)

- Indicates an upward flow gradient at the well
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TABLE B2

Mini Piezometer Summary
City of Guelph
Clair - Maltby Master Environmental Servicing Plan (MESP) and Secondary Plan (SP)

L1
UTM NADS3 Zone 17N Elevation™ (mas) Depth (Mbgs)
Oct. 2016 Dec. 2016 Jan. 2017 April 2017 July 2017 Nov. 2017 Ground Surface
Monitoring Northing Easting Ground Top of Surface  Ground  Surface  Ground  Surface  Ground @ Surface  Ground  Surface  Ground  Surface  Ground to

WEN Surface Casing Water Water Water Water Water Water Water Water Water Water Water Water Screen Base
MPO01-D 4816236 565484 341.95 342.86 dry 340.64 dry 340.77 342.11 341.30 342.47 342.10 342.37 342.07 341.91 341.16 1.99
MPO1-S 4816236 565484 341.95 342.78 dry dry dry dry 342.12 341.83 342.48 342.26 342.38 341.94 341.94 341.31 1.15

MPO2 4816113 565844 345.90 347.16 dry dry dry dry 346.18 345.58 346.78 346.21 346.94 346.43 346.30 345.84 1.04

MPO03 4816332 566274 347.42 348.28 dry 347.09 dry 347.23 347.55 347.52 348.08 348.08 347.74 347.74 347.27 347.27 1.44

MPO0O4 4816622 566419 339.30 340.33 dry 339.09 dry 339.25 339.67 339.66 339.74 339.74 339.69 339.68 339.38 339.38 1.27

MPO05 4815925 566681 337.70 338.36 dry 337.49 dry 337.64 338.13 338.13 338.16 338.16 338.09 338.09 337.72 337.72 1.64

MPO06 4816131 566973 337.39 338.24 dry 337.00 dry 337.02 337.73 337.69 337.94 337.93 337.90 337.89 337.48 337.42 1.45
MPO07-D 4816369 567115 337.26 338.37 dry 336.45 dry 336.75 337.43 336.82 337.89 337.49 337.86 337.83 337.42 frozen 2.42
MPQ7-S 4816369 567115 337.29 338.22 dry 336.97 dry 336.96 337.38 337.32 337.87 337.81 337.85 337.81 337.39 337.31 1.37

MPO08 4816745 566739 337.40 338.72 337.38 337.28 337.40 337.29 337.68 337.67 337.86 337.86 337.84 337.82 337.57 337.56 0.98
MP09-D 4817378 566708 333.14 334.00 dry 331.63 dry 331.92 332.99 332.26 333.68 332.46 333.54 333.02 dry 332.89 2.04
MPQ9-S 4817379 566707 333.14 334.30 dry 332.47 dry 332.45 332.99 332.33 333.74 332.73 333.59 333.07 dry 332.88 1.14

MP10 4815366 565340 330.11 331.58 NA NA dry 329.95 330.13 330.10 330.46 330.46 331.07 331.07 330.43 330.42 0.97

MP11 4814531 566385 333.03 334.04 dry 332.98 333.19 333.16 333.33 333.33 333.33 333.34 333.19 333.16 1.29

MP12 4816079 567796 334.34 335.61 NA NA dry 334.16 334.38 334.33 334.58 334.58 334.41 334.31 1.47
MP13-D 4816631 568562 334.03 335.21 dry 333.29 333.99 333.38 334.30 333.99 334.57 334.27 334.43 333.99 | destroyed | destroyed 2.17
MP13-S 4816631 568563 334.07 335.04 dry 333,51 333.99 333.74 334.28 333.83 334.56 334.18 334.42 334.42 | destroyed | destroyed 1.16

MP14 4815633 568626 32680 | 32754 | 326.90 [ 32656 | 326.90 | 326.85 |NNS26IO6NNNNS27IININSOBIOPNNNS27040| 32693 | 326.81 | 32693 | 326.74 0.86

Notes: Notes:
1 _ elevations are geodetic Water levels were recorded on the following dates:
masl - metres above sea level October 20 and 21, 2016
NA - not available December 13, 2016
- Indicates an upward flow gradient in the GW system January 26, 2017
P - indicates groundwater elevation above surface water elevation April 18, 2017
July 17, 2017

November 17, 2017
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TABLE B3

Guelph Permeameter Testing Results
City of Guelph
Clair - Maltby Master Environmental Servicing Plan (MESP) and Secondary Plan (SP)

Soil Interval Field Saturated Soil
. Adjacent Top Bottom Soil Hydraulic
L ID D
ocation MW Nest ate (mbgs) (mbgs) Description* Conductivity
(ml/s)

GPO1 MWO1 2-Nov-16 0.00 0.19 Clayey Silt, some gravel to cobbles, trace sand 3.7E-06

GPO2 MW02 >-Nov-16 0.00 0.22 Silty Clay., trace sand and gravel 4.4E-08
0.22 0.41 Clayey Silt, some sand, trace gravel

GPO3 MWO03 5-Nov-16 0.00 0.22 Clayey. Silt, organics . 1 6E-06
0.22 0.34 Very Fine Sand, some silt

GPO4 MWO04 1-Nov-16 0.00 0.19 C.Iayey Silt, tr.ace sand and gravel 3 4E-07
0.19 0.30 Fine Sandy Silt, trace clay and gravel

GP05 MWO5 | 1-Nov-16 |— 00 020 Sity Sand 2.7E-07
0.20 0.35 Silty Sand, trace gravel
0.00 0.10 Silty Clay, organics

GP06 MWO06 1-Nov-16 0.10 0.20 Clayey Silt, trace sand 2.6E-07
0.20 0.33 Silty Clay, trace sand
0.00 0.20 Silty Sand, trace gravel, organics

GPO07 MWOQ7 1-Nov-16 1.6E-06

oY 0.20 030 |Fine Sand, trace silt
GP08 MWO08 2-Nov-16 0.00 0.33 [Clayey Silt, trace sand 6.9E-08
GP09 MWO09 2-Nov-16 0.00 0.28 [Clayey Silt, trace sand and gravel, organics, worms 1.2E-05
Notes:

* - Soil description of hand-augered, near surface soil

8. Matrix Solutions Inc.



TABLE B4

Surface Water Base Flow Results

City of Guelph
Clair - Maltby Master Environmental Servicing Plan (MESP) and Secondary Plan (SP)

UTM NADS83 Zone 17N

Spot Flow
Location

Subwatershed

Northing

Easting

Flow SW Temp

(L/s)

Summer 2016

°C

Date

Method

Flow SW Temp

(L/s)

°C

Fall 2016
Date

Method

Flow
(L/s)

Spot Flows

Spring 2017

SW Temp

°C

Date

Method

Summer 2017

SW Temp

Date

Method

Flow
(L/s)

Fall 2017

SW Temp

Date

Method

HC-HR1 Hanlon Creek 4817074 562217 Aug 31 FT FT May 11 Aug 16 FT FT
HC-HR2 Hanlon Creek 4816810 562558 0.0 Aug 31 \ 0.0 Nov 10 \% 1.0 May 11 \% 0.0 Aug 16 \% 0.0 Nov 29 \%
HC-HR3 Hanlon Creek 4816866 562652 2.1 Sept 1 L 2.6 10.2 Nov 10 FT 5.7 11.9 May 11 FT 3.0 Aug 16 \% 2.3 7.2 Nov 29 FT
HC-T1 Hanlon Creek 4816367 562118 14.0 16.5 Sept 1 FT 11.6 6.3 Nov 10 FT 85.2 10.3 May 11 FT 11.5 18.7 Aug 16 FT 24.6 4.6 Nov 29 FT
LSR-D2 Lower Speed River 4814794 562355 0.0 Sept 1 \% 0.0 Nov 10 \ 5.0 May 11 \ 0.0 Aug 16 \ 0.0 Nov 29 \
LSR-L1 Lower Speed River 4815033 561481 0.0 Aug 31 \Y, 0.0 Nov 10 \% 25.0 9.8 May 11 FT 0.0 Aug 16 \% 0.0 Nov 29 \%
LSR-P1 Lower Speed River 4815726 560821 0.1 Sept 1 B 0.1 Nov 10 B 35.0 May 11 B 9.1 22.0 Aug 16 FT 0.6 Nov 29 L
LSR-P2 Lower Speed River 4816066 560757 0.0 Sept 1 \% 0.0 Nov 10 V 0.7 May 11 B 0.0 Aug 16 \% 0.0 Nov 29 \%
LSR-P3 Lower Speed River 4816551 560703 0.1 Sept 1 \% 0.3 Nov 10 B 20.0 May 11 \Y, 1.0 Aug 16 L 0.4 Nov 29 B
MC-C71 Mill Creek 4812339 566992 0.0 Aug 31 \ 0.0 Nov 9 \% 0.5 May 10 \% 0.0 Aug 16 \% 0.0 Nov 29 Vv
MC-C72 Mill Creek 4812723 566606 0.0 Aug 31 \ 0.8 Nov 9 L 10.0 May 10 \% 0.0 Aug 16 \% 0.0 Nov 29 \Y
MC-G1 Mill Creek 4813575 569960 36.9 15.2 Aug 30 FT 43.4 7.6 Nov 9 FT 168.9 9.5 May 10 FT 38.6 13.9 Aug 16 FT 49.8 4.8 Nov 29 FT
MC-GN1 Mill Creek 4814253 568042 1.9 215 Aug 30 FT 4.7 8.3 Nov 9 FT 3.0 May 10 B 2.0 Aug 16 \% 15 Nov 29 \%
MC-GN2 Mill Creek 4814342 567968 1.9 Aug 30 B 2.4 Nov 9 B 5.0 May 10 B 3.0 Aug 16 B 3.5 Nov 29 B
MC-GN3 Mill Creek 4813648 568576 73.8 16.9 Aug 31 FT 58.2 8.4 Nov 9 FT 209.2 12.8 May 10 FT 74.2 16.2 Aug 16 FT 69.0 5.0 Nov 29 FT
MC-GN4 Mill Creek 4813263 569173 105.7 23.9 Aug 31 FT 111.4 8.7 Nov 9 FT 411.1 131 May 10 FT 108.8 23.5 Aug 16 FT 131.7 3.6 Nov 29 FT
MC-M2 Mill Creek 4818016 569639 0.0 Nov 10 V 3.0 May 11 V 0.0 Aug 16 V 0.0 Nov 29 \%
MC-M3 Mill Creek 4814352 566152 0.0 Aug 31 \% 0.0 Nov 9 vV 0.0 May 10 Y, 0.0 Aug 16 V 0.0 Nov 29 \%
MC-SR1 Mill Creek 4811552 567674 174.3 21.9 Aug 31 FT 187.2 8.1 Nov 9 FT 676.3 10.8 May 11 FT 208.0 18.3 Aug 16 FT 212.0 4.2 Nov 29 FT
MC-V1 Mill Creek 4813756 571458 16.5 16.4 Aug 30 FT 12.0 7.4 Nov 9 FT 62.8 10.1 May 10 FT 15.3 15.0 Aug 16 FT 154 4.1 Nov 29 FT
MC-Vv2 Mill Creek 4815732 569467 11.2 20.9 Aug 30 FT 5.8 8.0 Nov 9 FT 179.3 9.9 May 11 FT 25.0 18.1 Aug 16 FT 21.1 4.0 Nov 29 FT
MC-W2 Mill Creek 4817137 571205 8.3 Aug 30 FT 5.6 6.3 Nov 10 FT 102.2 10.7 May 11 FT 10.2 144 Aug 16 FT 5.9 7.1 Nov 29 FT
MC-WL3 Mill Creek 4813824 568493 76.9 17.9 Aug 30 FT 65.8 8.0 Nov 9 FT 206.5 12.8 May 10 FT 84.7 15.7 Aug 16 FT 75.2 5.1 Nov 29 FT
MC-WL4 Mill Creek 4813565 568249 8.4 18.8 Aug 31 FT 135 8.1 Nov 9 FT 28.2 13.0 May 10 FT 14.3 14.8 Aug 16 FT 12.7 4.2 Nov 29 FT
TC-C1 Torrance Creek 4820979 565613 0.0 Nov 10 \Y, 0.3 May 10 B 0.0 Aug 16 \% 0.0 Nov 29 \%
TC-V1 Torrance Creek 4820265 564884 4.0 3.4 Nov 10 FT 39.3 10.2 May 10 FT 8.0 Aug 16 \% 8.0 Nov 29 L
TC-V2 Torrance Creek 4820648 564494 -—- -—- -—- -—- 0.0 - Nov 10 V 1.3 9.9 May 10 FT 0.0 -—- Aug 16 \ 0.0 Nov 29 \
Notes:

--- - not recorded
FT - Son-Tek FlowTracker

L - Measured leaf velocity and multiplied by simplified cross-sectional area to estimate discharge
B - Discharge collected in a bucket over a measured amount of time

V - Visual estimate

@8 Matrix Solutions Inc.



DRILLING LOG

Clair - Maltby Subwatershed Study

MW1-D

Client: City of Guelph
Project Area: Clair - Maltby
Project No.(MSI): 23089

Field Staff: J. Melchin

Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Date: August 18, 2016 Screen Type: 52.5 mm PVC Sched. 40

Ground Elevation: 337.27 m asl Screened Interval: 18.75 - 20.27 m

Total Depth: 21.64 m Slot Size: 0.01"
Casing Diameter: 52.5 mm

Sand Pack: 17.37 -21.09 m

Drill Rig: Foremost DR-12

Stick Up: 0.51 m

Northing:4817765.42

Easting: 566643.99

Datum/Zone: NAD83 17T

% =
> 2% |2 e g :
w| S Stratiaraphic Descrifi EE|2|Sg| BowcComts | 3 Completion
7 [@)] o ratigra IC Description - = > o) .
2|3 g grap P £ E (82 (NValue) | p Details
el E| 3 guw|? ®
0 0/
337 —r CLAYEY SILT, trace fine to coarse sand, brown, dry
3t 337.27
| 152/ [ 5 | cs NA NA
) SANDY GRAVEL, coarse sand, fine to very coarse 335.75
33— gravel, brown, poorly sorted, angular to subrounded,
-+ d
a3 i 10 | CS NA NA Water Level =
3% —r 334.27 mas!
Jt, (August 24,
333 4 F 2016)
JF 15 | CS NA NA
JEs
332 —
JFe
331 —|F 20 | CS NA NA
JF7
330
aC 25 [ CS NA NA
JFs
320 — | ,
aC ~.—Bentonite Grout
JFo
28— 30 | CS NA NA 52.5 mm Sched.
4 40
307 JF 10 @ 9.75 m bgs: drill producing water
s » 35 | CS NA NA
326 —{ |
JE12
325 — 40 | CS NA NA
JE13
324 —r
E 1 45 | CS NA NA
323 —r
ar 14.63/
- 15 CLAYEY SILT, some fine to coarse sand, trace fine 322.64
322—r gravel, grey (TILL) 50 | CS NA NA
321
L 47 55 | CS NA NA
320 — | |A%e—— Coated
JF 220 Bentonite Chips
—rF18
319 - 60 | CS NA NA :
JE 19 ~——No. 1 Sand
318 — F
qrC ——0.01" Screen
J1E 20 65 [ CS NA NA i
317k -
JF 5 = No.3 Sand
ot TNl
dE 20 21.95/ Bentonite Chips
315 —r PROBABLE BEDROCK 315.32
1+ 3 END OF BOREHOLE @ 21.95 m bgs

NOTES: m asl= metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study MW1-S

Client: City of Guelph Date: August 19, 2016

Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.42 m

Project Area: Clair - Maltby Ground Elevation: 337.20 masl Screened Interval: 11.89 - 13.41 m Northing: 4817762.85
Project No.(MSI): 23089 Total Depth: 13.72 m Slot Size: 0.01" Easting: 566641.90
Field Staff: J. Melchin Drill Rig: Foremost DR-12 Casing Diameter: 52.5 mm Datum/Zone: NAD83 17T
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm Sand Pack: 10.87 - 13.41 m
> ~
> > | o >
a ®© = |o o .
” & Strati hic D iofi EE|2|gg| BlowCounts g Completion
w o ratigraphic Description = = .
z|2] 2 grap p £: | 5|8°F (NValue) | @ Details
1S IS 4 8 o n 2
a7 [° 0/
—_r CLAYEY SILT, ti fine t d, bl , d
Ar race tine to coarse san rown, dry 33720
a6 [
4t a2l |5 | cs NA NA
Ir SANDY GRAVEL, coarse sand, fine to very coarse .
1r2 gravel, brown, poorly sorted, angular to subrounded,
335 — | dry
— : Water Level =
=3 334.51 masl
334 — | 10 1 CS NA NA (August 24,
-k 2016)
14
333 — L
ar 15 | cs NA NA
41Ls )
332 —| [ -s— Bentonite Grout
-+l 52.5 mm Sched.
331 — | 20 | CS NA NA 20
17
330  F
ar 25 | cs NA NA
329 ] __8 @ 9.14 m bgs: drill producing water
19
328 — L 30 | CS NA NA
110
327 |+
qr Coated
n 35 | CS NA NA I I Bentonite Chips
11 Seel 50
326 — L
THF12
325 — | 40 | cs NA NA ~<4——No. 1 Sand
Jr - 0.01" Screen
113
324 — L
ar 13.72/ | 45 [ CS NA NA Backfill
1+14 END OF BOREHOLE @ 13.72 m bgs 323.48
323 — L
115
322

NOTES: 0.00to 7.62 m bgs logged from MW1-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

A Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study

MwW2-D

Client: City of Guelph

Project Area: Clair - Maltby
Project No.(MSI): 23089

Date: August 3, 2016 Screen Type: 52.5 mm PVC Sched. 40

Ground Elevation: 335.29 masl Screened Interval: 19.20 -20.73 m

Total Depth: 23.16 m Slot Size: 0.01"

Stick Up: 0.83 m
Northing:4817418.83

Easting: 566680.83

Field Staff: S. Miller/J. Melchin Drill Rig: Foremost DR-12
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Casing Diameter: 52.5 mm

Sand Pack: 17.37 -23.16 m

Datum/Zone: NAD83 17T

% = -
> %2, 3 .
wl S Stratiaranhic Descripfi EE|2|2g| BowCounts | & Completion
» o © ratigraphnic pescription = = > .
212 g grap P £ ;|5 I8F (NValue) | & Details
el E| 3 guw |? ®
L0 0/
33— SANDY GRAVEL, fine to coarse sand, medium to fine
o gravel fining downwards, brown, poorly sorted, angular 335.29
334 — to subrounded, dry
=l 5 CS NA NA
-2
333 —
Y
332 — 1 10 | CS NA NA
) Water Level =
331 — A 331.36 masl
B . @4.57 m bgs: moist 15 | CS NA NA (August 24,
330 ¢ 2016)
329 —] 6 @ 6.10 m bgs: drill producing water 20 | CS NA NA
g
328 —
aF 25 | CS NA NA
—r8
3271 — -e— Bentonite Grout
306 —F° 914/ | 30 | CS NA NA
arc O GRAVELLY SAND, fine to coarse sand, fine to medium 326.15 52.5 mm Sched.
Jr-10 K 41 gravel, grey, poorly sorted, angular to sub rounded, 40
325 — . N 7] saturated
at - 10.67/ | 35 | CS NA NA
304 — F " fine to very fine SAND, fining downwards, grey, well 324.63
L sorted, saturated
323 JF 2 40 | cs NA NA
JE13|.-.
322 —
AE 14 45 | CS NA NA
321 —
k15
320 — 50 [ CS NA NA
L 16 15.85/
319 — SILTY fine SAND, grey, moderately well sorted, 319.44
Ik saturated
aE 47 55 | CS NA NA '—Coated
18— Bentonite Chips
118 - 2a%0]
317 L 18.29/ | 60 | CS NA NA g
dF > N | GRAVELY SAND, medium to coarse sand, fine to 317.01 - No. 1 Sand
OF 1911 medium gravel, poorly sorted, subangular to
316 K-
E 2 subrounded, saturated cs NA
JE20 B 65 NA ~——0.01" Screen
315 — O L :
JE21 Y 4
34— P 70 | CS NA NA
JE22 s No.3 Sand
33— L o4
aLC SN
— __23 2316/ 75 CS NA NA
C END OF BOREHOLE @ 23.16 m bgs 312.13
— 24

NOTES: m asl= metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study

MWwW2-S

Client: City of Guelph Date: August 4, 2016 Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.91 m
Project Area: Clair - Maltby Ground Elevation: 335.40 masl Screened Interval: 6.71 -8.23 m Northing:4817425.33
Project No.(MSI): 23089 Total Depth: 9.14 m Slot Size: 0.01" Easting: 566681.67
Field Staff: S. Miller/J. Melchin Drill Rig: Foremost DR-12 Casing Diameter: 52.5 mm Datum/Zone: NAD83 17T
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm Sand Pack: 5.79 -9.14 m
> ~
> > @ | Q g .
2 2 Z 2 3o Blow Counts g Completion
% | > © Stratigraphic Description =< | g|ES N Val 8 .
®| 8| £ £3|g[aF (NValue) | Details
| | O 2w X
0 0/
1L SANDY GRAVEL, fine to coarse sand, medium to fine
335 —| gravel fining downwards, brown, poorly sorted, angular 335.40
- to subrounded, dry
11
334 — I
r 5 | CS NA NA
2
333 — r ~.——Bentonite Chips
1Fs 10 | cs NA NA
330 — [ 52.5 mm Sched.
r xl\ 40
r [ T——Water Level =
g 331.78 masl
_ (August 24,
s [ 2016)
r @ 4.57 m bgs: moist 15 | CS NA NA
ks
1L Coated
330 — | Bentonite Chips
|re @ 6.10 m bgs: drill producing water 20 | cs NA NA
329 — |
7 ~<——No. 1 Sand
328 — | 0.01" Screen
L 25 | CS NA NA
e
327 — |
L No.3 Sand
Tho 392-‘15422 30 | cs NA NA
so6 END OF BOREHOLE @ 9.14 m bgs '
k10

NOTES: 0.00to 6.10 m bgs logged from MW2-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

A Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study

MW3-D

Client: City of Guelph

Project Area: Clair - Maltby

Date: July 25, 2016

Ground Elevation: 350.05 masl

Screen Type: 52.5 mm PVC Sched. 40

Screened Interval: 32.61 -34.14 m

Northing:4816950.32

Stick Up: 0.70 m

Project No.(MSI): 23089 Total Depth: 35.66 m Slot Size: 0.01" Easting: 568080.23
Field Staff: S. Miller Drill Rig: Foremost DR-12 Casing Diameter: 52.5 mm Datum/Zone: NAD83 17T
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm Sand Pack: 30.78 - 35.05 m
=S
> >
> 238 |2 |o 5] .
w| S Stratiaraohic Describi EE|2|2g| BowComts | g Completion
7 o ratigraphnic pescription = = .
212 g grap P £: | 5|8°F (NValue) | & Details
1S IS | 8 o n =
350 0
1 fine to medium SAND, some fine to coarse gravel, 0/
349 brown, poorly sorted, subangular to subrounded 350.05
5 CS NA NA
348 2 gravel, dry
347 3 10 | CS NA NA
346 4
15 | CS NA NA
345 5
344 6 20 [ CS NA NA
o ! 2 CS NA NA
342 8 5
341 9 30 [ CS NA NA
340 10
339 11 35 [ CS NA NA
338 12 40 [ CS NA NA
337 13
336 14 45 | CS NA NA . .
-st——Bentonite Grout
335 15 50 | CS NA NA
334 16
52.5 mm Sched.
332 18
60 [ CS NA NA Water Level =
331 19 18.90 m bas: moist 331.44 masl
330 20 @18.90 m bgs: mois 65 | CS NA NA (August 24,
2016)
329 52 70 [ CS NA NA
328 22
327 23 75 | CS NA NA
- i 2438/ [ 80 | CS NA NA
325 medium SAND, brown, well sorted, wet, loose 325.67
324 2591/ | .85 | CS NA NA
fine to coarse GRAVEL, some coarse sand, poorly 324 .14
323 sorted, angular to subrounded, wet 90 CS NA NA
322
321 95 [ CS NA NA . o
o0 No. 3 Sand
100 | CS NA NA . i : :Coated
319 Bentonite Chips
NA
318 105 | CS NA & No. 3 Sand
317
316 33.53/ | 110 | CS NA NA : ——0.01" Screen
SILTY fine to coarse SAND, trace fine to coarse gravel, 316.52 —
. . g No.3 Sand
° grey, poorly sorted, wet 0 %
315 : 35.36/ [ 115 ] CS NA NA .
314 36 PROBABLE BEDROCK 314.70 Bentonite Chips
313 3 END OF BOREHOLE @ 35.66 m b 3060/
.66 m bgs
312 38 9 314.39
39
NOTES: m asl = metres above sea level

m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study

MW3-S

Client: City of Guelph Date: July 26, 2016 Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.68 m
Project Area: Clair - Maltby Ground Elevation: 349.95 masl Screened Interval: 21.64 - 23.16 m Northing: 4816948.56
Project No.(MSI): 23089 Total Depth: 23.16 m Slot Size: 0.01" Easting: 568083.16
Field Staff: S. Miller Drill Rig: Foremost DR-12 Casing Diameter: 52.5 mm Datum/Zone: NAD83 17T
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm Sand Pack: 19.51 - 23.16 m
D~
5 bl
> 822 1|2 |o o .
w| S Stratiaraphic Descrifi EE|2|Sg| BowcComts | 3 Completion
7 o ratigraphnic pescription = = .
212 g grap P £: | 5|8°F (NValue) | & Details
1S IS | 8 o n =
qE° 0/
L fine to medium SAND, some fine to coarse gravel,
349 — L1 brown, poorly sorted, subangular to subrounded 349.95
1r gravel, dry
Jr 5 CSs NA NA
348 — F2
347 o3 10 | cs NA NA
346 — -4
ar 15 | CS NA NA
345 — F5
34— 6 20 | CS NA NA
343 —[7
ar 25 [ CS NA NA
342 — F8
341 —: :—9 30 | CS NA NA ~.——Bentonite Grout
340 — [ 10
330 2 F 11 35 | CS NA NA 52.5 mm Sched.
ar 40
e 40 | cs NA NA
337 — [ 13
336 _: :_14 45 | CS NA NA
335 - [
ar 1 50 [ CS NA NA
334 — [ 16
333 _: :_17 55 [ CS NA NA
332 — 18 -
ar @18.90 m bgs: moist 60 | CS NA NA %&;t(;rGL;\;ZII—
331 — 19 (August 24,
at 2016)
330 — :_20 65 CS NA NA Coated
ar Bentonite Chips
329 — 21
JE 70 | CS NA NA ~<4——No. 3 Sand
328 ][22
HF ——0.01" Screen
327 — :_23 2316/ 75 | CS NA NA
ar END OF BOREHOLE @ 23.16 m bgs 326.78
326 — |24

NOTES: 0.00 to 19.81 m bgs logged from MW3-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study

MwW4-D

Client: City of Guelph
Project Area: Clair - Maltby
Project No.(MSI): 23089

Field Staff: D. Martin
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Date: August 22, 2016

Total Depth: 29.87 m
Drill Rig: Foremost DR-12

Ground Elevation: 349.60 masl

Screen Type: 52.5 mm PVC Sched. 40

Screened Interval: 26.82 -28.35 m

Slot Size: 0.01"

Casing Diameter: 52.5 mm

Sand Pack: 26.00 - 29.08 m

Stick Up: 0.76 m
Northing: 4816485.40

Easting: 566169.17
Datum/Zone: NAD83 17T

%= -
> 2% ]2 |e 5 ,
wl S Stratiaranhic Descripfi EE|2|2g| BowCounts | & Completion
® | o © ratigraphic Description == = 3 ,
2|3 g grap P £ E (82 (NValue) | @ Details
1S IS | 8 o [%2) =
0 o
349 N SILTY fine to coarse SAND, some fine to medium 0/
1 D gravel, grey, poorly sorted, angular, damp (TILL) 349.60
348 N 5 | CS NA NA
2 N\
347 D
3 < 10 [ CS NA NA
346 Nve
=
345 5 ;vd 15 | CS NA NA
344 6 D« @6.10 m bgs: cleaner SILTY SAND lense, trace fine 20 | CS NA NA
343 N gravel
T >
s2—E | Y 25 | CS NA NA
341
s | 30 | Cs NA NA
340 Y
10 9.91/
339 fine to coarse SAND, some fine gravel, trace silt, grey, 339.69 [ 35 [ CS NA NA
11 poorly sorted, subrounded, damp
338 11.43/
12 fine to course SANDY SILT to SILTY SAND, occasional 338.17 40 [ CS NA NA .
337 layers of fine to medium gravel, grey, very poorly A 4 " Bentonite Grout
13 sorted, angular (possible TILL) |————Water Level =
336 14 @13.72 m bgs: saturated 45 | CS NA NA \ 336.83 mas!
(August 24,
E L 50 | CS NA 2019
NA
334 52.5 mm Sched.
16 40
333 17 @ 16.76 m bgs: lense of increased SILT content 55 | CS NA NA
332 18
331 60 | CS NA NA
19
330 3F 5 65 | CS NA NA
329
21
328 70 | CS NA NA
22
327 03 @ 22.86 m bgs: layer of fine GRAVELY coarse SAND, 75 1 CS NA NA
trace silt, poorly sorted
326 o4
325 80 | CS NA NA
25
324 Coated
26 85 [ CS NA NA Bentonite Chips
323 o7
No. 1 Sand
322 @ 27.43 m bgs: layer of fine GRAVELY coarse SAND, 90 | CS NA NA .
28 trace silt, poorly sorted 0.01" Screen
321 29 @ 28.96 m bgs: layer of fine GRAVELY coarse SAND, 95 [ cs A NA No.3 Sand
trace silt, poorly sorted 2957/
L 320,03 |-21CS NA NA Coated
319 PROBABLE BEDROCK 29.8;7 / Bentonite Chips
31
318 END OF BOREHOLE @ 29.87 m bgs 319.73
32
NOTES: m asl= metres above sea level

m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study

MW4-S

Client: City of Guelph
Project Area: Clair - Maltby
Project No.(MSI): 23089

Field Staff: D. Martin
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Date: August 22 - 23, 2016

Total Depth: 21.34 m
Drill Rig: Foremost DR-12

Ground Elevation: 349.63 masl

Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.81 m

Screened Interval: 19.40 -20.93 m

Slot Size: 0.01"

Casing Diameter: 52.5 mm

Sand Pack: 18.36 -21.34 m

Northing:4816488.20

Easting: 566170.83

Datum,

/Zone: NAD83 17T

% = .
Pl 238 |2 |o 5] .
w| S Stratiaraphic Descrifi EE|2|Sg| BowcComts | 3 Completion
7 [@)] o ratigraphnic pescription = = > o) .
2|3 g grap P £ E (82 (NValue) | @ Details
el E| 3 guw |? ®
710
349 C D SILTY fine to coarse SAND, some fine to medium 0/
] 1 N v gravel, grey, poorly sorted, angular, damp (TILL) 349.63
dF |= 5 | cs NA NA
348 ] __2 AVG
347 4L Dd
qr3 pVv 10 | CS NA NA
346 —] C D«
] _—4 N~
a5 <L | I 15 | CS NA NA
. __5 N
344 — [ D« @6.10 m bgs: cleaner SILTY SAND lense, trace fine
16 ravel
aF v 9 20 | CS NA NA
343 — [
] -7 D«
a2 gF [ 25 | cs NA NA
8 D«
341 — [ A -a— Bentonite Grout
1 [P 30 | cs NA NA
e N 991/ 52.5 mm Sched.
J-10 = ; 40
dr fine to coarse SAND, some fine gravel, trace silt, grey, 339.73 ;\
339 L ) poorly sorted, subrounded, damp 35 | CS NA NA | T———Water Level =
401, 339.34 masl
ass JF 11.43/ (August 24,
L2 fine to course SANDY SILT to SILTY SAND, occasional 338.20 2016)
ar layers of fine to medium gravel, grey, very poorly 40 | CS NA NA
337 [ sorted, angular, damp (possible TILL)
113
336 — :_ 14 @13.72 m bgs: saturated 45 | CS NA NA
335 [
JF™ 50 | Cs NA NA
334 — [
] N 16
333 — [ @ 16.76 m bgs: lense of increased SILT content 55 | cs NA NA
117
332 _: L Coated
. :_ 18 60 | cs NA NA Bentonite Chips
331 — [
19
%ok 65 | Cs NA NA g No. 1 Sand
dr ——0.01" Screen
329 — [
Jr21 2134/ 70 | CS NA NA | [T No.3 Sand
328 — 3_22 END OF BOREHOLE @ 21.34 m bgs 328.30
327 — [
] - 23
326
NOTES: 0.00to 16.76 m bgs logged from MW4-D

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study MW5-D

Client: City of Guelph
Project Area: Clair - Maltby
Project No.(MSI): 23089

Field Staff: D. Martin
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Date: August 10 - 11, 2016

Total Depth: 25.30 m
Drill Rig: Foremost DR-12

Ground Elevation: 340.17 masl

Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.71 m

Screened Interval: 22.56 - 24.08 m Northing:4816336.75

Slot Size: 0.01"

Casing Diameter: 52.5 mm

Sand Pack: 21.79 - 24.69 m

Easting: 567001.03
Datum/Zone: NAD83 17T

> 2% | 2|, 5 :
® < Strati hic b ioti EE|2|gg| BlowCounts g Completion
w| o © ratigraphic Description Pt = .
212 g grap P £ ;|5 I8F (NValue) | & Details
E|E|l 3 guw | =
340
— 0 ppw 0/
aF fine clean GRAVEL, well sorted, angular to sub
—HE1 XO rounded, dry 340.17
339 — F 4 Water Level =
dr O — 152/ 5 CS NA NA 338.93 masl/
338 4 2 4| medium to coarse SAND and fine to medium GRAVEL, 338.64 (August 24,
aF N l; .| brown, moderately well sorted, well rounded, dry 2016) ’
337 43 3.05/ 10 | CS NA NA
dr D SILTY GRAVELY fine to coarse SAND, fine gravel, 337.12
_+4 brown, poorly sorted, angular to subangular, saturated
336 = N
dr S (TILL) 15 | CS NA NA
i ot
35— =Y
s8> 20 | Cs NA NA
a1F. v
333 4 [7 [
Jr . ;vd 25 | CS NA NA
332 —: - O £ 8.38/
JEg [V coarse SAND and fine GRAVEL, brown, moderately 331.79
331 — r N B,A, well sorted, well rounded, saturated 30 Cs NA NA
330 410 A ~—Bentonite Grout
dr 7 entonite Grou
JE 4 N W 35 [ CS NA NA
—HE 1T ) 40
k12 SILTY very coarse SAND, some fine gravel, grey, 328.74
328 7 n poorly sorted, angular, saturated 40 | CS NA NA
32713
Jdr 45 | CS NA NA
326 — [ 14 |.].
dr A\ 14.48/
15 fine to very coarse GRAVEL up to COBBLES, some 325.69
325 = C Q< coarse sand, poorly sorted, subrounded 50 cs NA NA
25 F" NO)
JE 47 - 16.76/ | 55 | CS NA NA
323 — | .| coarse SAND fining downwards to fine SAND, grey, 323.40
= :_ 18 °.] well sorted, sub rounded, saturated
82—t o 60 | CS NA NA
321 F19-.".
Jb ‘. 65 | CS NA NA
320 {20 -,
HFa21].."
319 — | e 70 | CS NA NA Coated
38 _: oo . Bentonite Chips
17 _: :_23 .| @22.86 m bgs: very trace SILT 75 | CS NA NA No. 1 Sand
E y . 0.01" Screen
36— 24| -
qE I 2438/ | 80 | CS NA NA No. 1 Sand
315 7 :_25 | PROBABLE BEDROCK 315.78 | 83 | Ccs NA NA Coated
dr 25.30/ Bentonite Chips
dr END OF BOREHOLE @ 25.30 m b
314326 @25:30 m bes 314.87
313 %
NOTES: m asl = metres above sea level

m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study

MW5-S

Client: City of Guelph
Project Area: Clair - Maltby
Project No.(MSI): 23089

Field Staff: D. Martin
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Date: August 11, 2016

Total Depth: 17.07 m
Drill Rig: Foremost DR-12

Ground Elevation: 340.16 masl

Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.76 m

Screened Interval: 15.24 -16.76 m

Slot Size: 0.01"

Casing Diameter: 52.5 mm

Sand Pack: 13.72 - 16.76 m

Northing:4816334.91

Easting: 566998.56
Datum/Zone: NAD83 17T

>(IT = E‘
b= 28 |2 e ] .
o| 9 Stratiaraphic Descrioti EE|L|2g| BlowCounts | g Completion
w| D o ratigraphnic pescription = = > oy .
© Q| £ grap P £z | §|6F (N Value) | ¢ Details
el E| 3 guw |? ®
340 0
] C fine GRAVEL, well sorted, angular to sub rounded, dry 34% /1 6
ar ’ Water Level =
339 | [ 339.39 masl
N = 152/ | 5 | cs NA NA (August 24,
<[5 |, ] medium to coarse SAND and fine to medium GRAVEL, 338.64 2016)
338 — | O A brown, moderately well sorted, well rounded, dry
[ N
N
37 I3 = 3.05/ 1 10 | cs NA NA
- <J| SILTY GRAVELY fine to coarse SAND, fine gravel, 337.12
n NG brown, poorly sorted, angular to subangular, saturated
336 4[> 4 (TILL)
. N 15 | CS NA NA
-Ls D
335 —
— xvd
334 ] __6 A@d 20 | cs NA NA -a— Bentonite Grout
333 [/ >vd
- > 25 | Cs NA NA 52.5 mm Sched.
18 d 40
i | R 8.38/
] N : A coarse SAND and fine GRAVEL, brown, moderately 331.78
331 _rs OB -{ well sorted, well rounded, saturated 30 | cs NA NA
1+ M|
-1 N
330 [ O N:
1F > 35 | CS NA NA
MmN
S | N X 11.43/
ar SILTY very coarse SAND, some fine gravel, grey, 328.73
328 — [ 12 poorly sorted, angular, saturated 40 cs NA NA
ar 13 Coated
327 — L Bentonite Chips
dr 14 | 45 | CS NA NA
e 14.48 |
dr 15 fine to very coarse GRAVEL up to COBBLES, some 325.69
325 — L coarse sand, fine to very coarse gravel, poorly sorted, 50 | CcS NA NA " No. 1 Sand
ar subrounded
324 ] C 16 0.01" Screen
393 17 1707/ | 25 | CS NA NA [ i
—L END OF BOREHOLE @ 17.07 m bgs 323.09
32— [ 18
31— [1°
NOTES: 0.00 to 10.67 m bgs logged from MW5-D

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.

Page 1 of 1



DRILLING LOG Clair - Maltby Subwatershed Study MW6-D

Client: City of Guelph Date: August 15, 2016 Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.79 m
Project Area: Clair - Maltby Ground Elevation: 352.38 masl Screened Interval: 35.05 - 36.58 m Northing: 4816249.90
Project No.(MSI): 23089 Total Depth: 38.10 m Slot Size: 0.01" Easting: 567400.42
Field Staff: D. Martin Drill Rig: Foremost DR-12 Casing Diameter: 52.5 mm Datum/Zone: NAD83 17T
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm Sand Pack: 34.32 - 36.88 m
=S
% >
> _8) % 9 () (] .
* & Strati hic D ot EE|2|gg| BlowCounts g Completion
7 ratigraphnic pescription =z .
818 2 grap P £z | EI8F (NVale) | g Details
E|e| 3 gu |? R
352 9E° [ 0/
1 O - | GRAVELY SAND, fine to coarse sand, fine to medium
351 N A gravel, brown, poorly sorted, subangular to 352.38 5 CS
350 2 [T N subrounded, dry to damp
349 3 O A 10 [ CS
s SF4 P 15 [ CS
347 5 )
65 E6 K 4 20 [ CS
s ST | 25 TS
344 5 E8 ? 4
343 9 PN @ 9.91 to 12.95 m bgs: GRAVEL, some fine to coarse 30 | CS
10 7] SAND
23 @ 35 [ CS
341 SN
340 1205 40 [ CS
13|74
339 14 ; N 45 | CS
338 14.48 /
337 15 | | | fine to very coarse SANDY SILT to SILTY SAND, brown, | 337909 [ 50 | CS -s— Bentonite Grout
16 poorly sorted, angular to subangular, damp 16.00 /
336 o . .
17|01 o . - 336.38 [ 95 [ CS
335 .°.* | fine to medium SAND coarsening downwards to a 52.5 mm Sched.
18 | « .| GRAVELY SAND, angular to subrounded, damp 40
334 19|+ "+] @18.29 m bgs: saturated 60 ) CS ;'\\
333 L Water Level =
330 20 |." 65 | CS 333.88 masl
o1 | . (August 24,
331 . 70 [ CS 2016)
330 22 2210/
23 SILT, trace clay, trace coarse sand, grey, poorly sorted, | 33028 [ 75 | CS
329 04 saturated 23.62/
328 1L : : - 328.76 [ 80 [ CS
307 25 |-|:|-|| SILTY fine to medium SAND, fining downwards, brown,
2% ||| poorly sorted, saturated, very loose 85 | CS
326 NRRE
325 2; |- o] 90 [ CS
324 L 9 CS
a2 =2 >
322 NEE 100 | CS
521 S Natural Slough
atural Sloug
320 20 105 [ CS
3311
319 s L 110 [ CS Coated
318 SEEE Bentonite Chips
317 S 35.81/ 115 [ CS No. 1 Sand
36N ) : ; :
316 a7 LA GRAVELY SAND (fine to medium gravel, fine to coarse :33;6187/ 120 CS 0.01" Screen
315 w8 -\ sand), trace silt, grey, poorly sorted, saturated 31-5-1 9 24 1 CS No. 1 Sand
314 39 SILTY CLAY, some fine GRAVEL, grey, poorly sorted, 37.80/ Natural Slough
313 0 angular to subangular, saturated (TILL) 314.58
21? 41 END OF BOREHOLE @ 37.80 m bgs
42
310

NOTES: m asl = metres above sea level

m bgs = metres below ground surface A MatriX SOIUtiOﬂS InC.

CS = cyclone sample
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DRILLING LOG

Clair - Maltby Subwatershed Study

MW6-S

Client: City of Guelph

Project Area: Clair - Maltby
Project No.(MSI): 23089

Field Staff: D. Martin

Date: August 16-17, 2016
Ground Elevation: 352.41 masl

Total Depth: 23.17 m
Drill Rig: Foremost DR-12

Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Screen Type: 52.5 mm PVC Sched. 40
Screened Interval: 21.39 -22.91 m
Slot Size: 0.01"

Casing Diameter: 52.5 mm

Sand Pack: 20.27 - 23.16 m

Stick Up: 0.79 m
Northing: 4816246.66

Easting: 567401.07
Datum/Zone: NAD83 17T

> 2% (2o 3
wl S Stratiaranhic Descripfi EE|2|2g| BowCounts | & Completion
® | o © ratigraphic Description = = o .
2|3 g grap P £ E (82 (NValue) | @ Details
el E| 3 guw |? ®
0 [z 0/
352 — L[ N N GRAVELY SAND, fine to coarse sand, fine to medium
L O . .| gravel, brown, poorly sorted, subangular to 352.41
- * ] subrounded, dry to dam
s —f [V v P 5 | cs
12 N
350 — [ O .
JFs K 4 10 | Cs
9L B
dE4 &1
i |
8 F By 15 | CS
a7 JF K 4
ar N
e [-&. 20 | CS
346 —F O c
q4F7 N .4
— [ SN
5[ [N 25 | CS
JFe &
344 —| [ .
1k, S
343 — [ O A @ 9.91 to 12.95 m bgs: GRAVEL, some fine to coarse 30 | Cs ~&——Bentonite Grout
Lo N | SAND
a2 |4
4F K 35 | CS 52.5 mm Sched.
. _—11 i< A 40
31— PN
W | 40| cs
4F By
13|
339 — [ oo
JF | 45 | CS
SN A NE
338 — | 14.48 /
“1E15 fine to very coarse SANDY SILT to SILTY SAND, brown, 337.93
337 4 [ poorly sorted, angular to subangular, damp 50 | CS
JF 16 16.00 /
336 — [ fine to medium SAND coarsening downwards to a 336.40
ar 17 poorly sorted GRAVELY SAND, angular to subrounded, 55 | CS
335 4 damp
JF18 18.29 m bgs: saturated
334 — [ @ 9 60 | CS Water Level =
ar 334.07 masl
Jp1e (August 24,
33—+ 2016)
JE 20 65 | CS
332 T Coated
drC Bentonite Chips
JF21 |-,
S I “o"0 70 | CS No. 1 Sand
drF22 |2 2210/
- 0.01" Screen
330 — - | | | SILT, trace clay, trace coarse sand, grey, poorly sorted, 3%0 81
k23 saturated 86/ | 75 | Cs No. 1 Sand
329 — [ 329.55 ’
7 C o4 END OF BOREHOLE @ 22.86 m bgs
NOTES: 0.00 to 15.24 m bgs logged from MW6-D

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG

Clair - Maltby Subwatershed Study MW?7-D

Client: City of Guelph
Project Area: Clair - Maltby
Project No.(MSI): 23089

Field Staff: D. Martin
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Date: August 23, 2016

Total Depth: 35.46 m
Drill Rig: Foremost DR-12

Ground Elevation: 347.04 masl

Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.76 m

Screened Interval: 33.07 - 34.59 m Northing:4815512.35

Slot Size: 0.01" Easting: 565478.72

Casing Diameter: 52.5 mm

Datum/Zone: NAD83 17T

Sand Pack: 32.16 - 34.82 m

% =
> 22|92 o 5
wl S Stratiaranhic Descripfi EE|2|2g| BowCounts | & Completion
® | o © ratigraphic Description == = @ .
2|3 g grap P £ E (82 (NValue) | @ Details
el E| 3 guw |? ®
347
° =g 0/
346 1 B | GRAVELY SAND (fine to medium gravel, medium to
O -+ | coarse sand), brown, poorly sorted, subrounded, dry 347.04 5 CS
345 2 K- A
sas=E3 [N 10 [ CS
343 4 |74
N N 15 | CS
342 5 |- 533/
341 6 SILT, trace clay coarsening downwards to SANDY SILT, 341 70 [ 20 [ CS
trace fine gravel, brown, angular, dry
340 7
339 8 25 1CS
338 9 30 | CS
337 10 |.
336 11 35 1 CS
11.43/
335 12 SANDY GRAVEL, medium to coarse sand, fine to 335.61 | 40 | CS
334 13 medium gravel, brown, poorly sorted, angular to
subangular, moist 75 CS
333 14
! -e— Bentonite Grout
>z ° 80 65 e Water Level =
331 16 331.94 masl
330 17 55 | CS \ (August 24,
329 18 2016)
60 1 ¢S 52.5 mm Sched.
328 19 40
327 20 65 [ CS
21 20.57/
326 medium to coarse SAND fining downwards, grey, well 326.46 | 70 | CS
325 22 sorted, saturated
324 23 75 [ CS
323 24 80 T CS
322 25
321 26 85 | CS
320 27 26.67 /
' SANDY SILT to SILTY SAND fining downwards to SILT, 32037 | 90 [ CS
319 28 | grey, well sorted, saturated
318 29 95 | CS
317 30 |-
316 31 100 | CS Coated
31.24/ Bentonite Chips
315 32 CLAYEY SILT, grey, moderately well sorted, saturated 315.79 | 105 [ CS
314 33 32.77 1
SANDY GRAVEL, fine gravel, fine to coarse sand, grey, | 314.27 [110 | CS No. 1 Sand
313 34 poorly sorted, angular to subangular, saturated 0.01" Screen
3129 % 35.36/ [1191 CS No.3 Sand
311 36 END OF BOREHOLE @ 35.36 m bgs 311.68 Coated
310 37 Bentontite
309 38 Chips
39
NOTES: m asl= metres above sea level

m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG Clair - Maltby Subwatershed Study MW8-D

Client: City of Guelph Date: August 9, 2016 Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.87 m
Project Area: Clair - Maltby Ground Elevation: 338.48 masl Screened Interval: 17.68 - 19.20 m Northing: 4815489.34
Project No.(MSI): 23089 Total Depth: 27.74 m Slot Size: 0.01" Easting: 566248.11
Field Staff: D. Martin/J. Melchin Drill Rig: Foremost DR-12 Casing Diameter: 52.5 mm Datum/Zone: NAD83 17T
Driller: Highland Water Well Drilling Inc. Boring Diameter: 152 mm Sand Pack: 16.15-19.81 m
g g
=S
% >
= 822 1|2 |o o .
w| S Stratiaraohic Describi EE|2|2g| BowComts | g Completion
w ratigraphic Description = = .
8|8 grap P £z | §|3F| (Nvaue | g Details
1S IS | 8 o n =
0 Ay , : 0/
338 o N N fine to coarse SAND and fine to medium GRAVEL, trace
-1 ., - .| silt, brown, poorly sorted, angular to sub-rounded, 338.48
337 = O .| damp to moist 5 CS
F2 - 4
336 4 F Ll
=3 10 | CS
335 4 F ? A
-4 [© N | @4.57 m bgs: saturated
s - O 3 15 [ CS Water Level =
-5 o 333.96 masl
333 = N l; . (August 24,
=6 | 20 | CS 2016)
3R4F K
AN
331 C s L N 25 | CS ~.——Bentonite Grout
330 E ? A 52.5 mm Sched.
0 F [N 30 [ Cs 52
=10 K7 »
328 E N
[ l; : 35 [ CS
327 4 F aa
F12 .. 4
326 2 N 40 | CS
13 T 12.95/
325 E O -1 very coarse SAND and fine GRAVEL, slight coarsening 325.52 45 | CS
14 V. -, | downwards to medium coarse gravel, grey, moderately
324 = N l; . | well sorted, saturated
Cq5 [N
= S 50 | CS
323 F K .
E - Coated
322 3 N [;A . oS Bentonite Chips
=17 O ¥ 55 | CS 20 a2
E2 | ~4—No. 1 Sand
C18 RN 60 | CS
320 = o ——0.01" Screen
- 19 O A
319 F &
N 65 | Cs No. 1 Sand
318 4 F ZhE
=21 ? 4
317 3F P 70 | CS
- 22 -
316 4 F 8y
F23 N 75 [ CS
315 o : 23.62/ Natural Sand
24 SILTY CLAY, some fine to coarse sand, some fine to 314.86 8o [ Cs and Gravel
314 E medium gravel, grey, very poorly sorted, angular,
=25 saturated (TILL)
313 =
26 85 | CS
312 o 27131/ : X
e 31135 g5 [ cs h—c"a’ed
F g I \ SAND and fine GRAVEL, poorly sorted, subrounded 27.43/ Bentontite
310 4 PROBABLE BEDROCK 311.05 Chips
29 27.74/
s9 3| % END OF BOREHOLE @ 27.74 m bgs 310.74
308

NOTES: m asl = metres above sea level

m bgs = metres below ground surface A MatriX SOlutiOHS InC.

CS = cyclone sample

Page 1 of 1




DRILLING LOG Clair - Maltby Subwatershed Study MW8-S

Client: City of Guelph Date: August 10, 2016

Project No.(MSI): 23089 Total Depth: 7.62 m

Field Staff: D. Martin Drill Rig: Foremost DR-12
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Project Area: Clair - Maltby Ground Elevation: 338.48 masl

Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.84 m

Screened Interval: 6.10 - 7.62 m Northing: 4815493.95

Slot Size: 0.01" Easting: 566250.11

Casing Diameter: 52.5 mm Datum/Zone: NAD83 17T
Sand Pack: 5.18 -7.62 m

Stratigraphic Description

m asl
m bgs
Lithology

Depth (m bgs)/
Elev. (m asl)

Sample ID

Sample
Type

Blow Counts Completion

(N Value) Details

% Recovery

fine to coarse SAND and fine to medium GRAVEL, trace
silt, brown, poorly sorted, angular to sub-rounded,
damp to moist

|

T 1

N )
Y R QY
AN RASHAS

w
&
| | | |
I T
~
T 7Y Y Y Y
S HAYRASSHAYSHA A

|
N

@4.57 m bgs: saturated

]
X
L1 |
| T T
3]
I/Q
:B::VZB::V

w w
3 8
| | | | | | | |
| T T T | T T T
~ o
Y 7Y Y 7 QY
AR ASHAY 4

&

I

T
N
7o

ar END OF BOREHOLE @ 7.62 m bgs

0/
338.48

7.62/
330.86

Cs

Cs

Cs

20

Cs

25

Cs

Water Level =
‘ 336.17 masl

(August 24,
2016)

Bentonite Grout

| T——52.5 mm Sched.
40

Coated
Bentonite Chips

-s——No. 1 Sand

0.01" Screen

NOTES: 0.00to 6.10 m bgs logged from MW8-D
m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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DRILLING LOG Clair - Maltby Subwatershed Study MW9-D

Client: City of Guelph Date: August 4, 2016 Screen Type: 52.5 mm PVC Sched. 40 Stick Up: 0.55 m
Project Area: Clair - Maltby Ground Elevation: 350.51 masl Screened Interval: 32.00 - 33.53 m Northing: 4815294.75
Project No.(MSI): 23089 Total Depth: 37.03 m Slot Size: 0.01" Easting: 566970.16
Field Staff: S. Miller/J. Melchin Drill Rig: Foremost DR-12 Casing Diameter: 52.5 mm Datum/Zone: NAD83 17T
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm Sand Pack: 29.26 - 36.58 m
=S
> 2% |2 g .
ol B Stratiarachic Descrin EE |2 |Bg| BowCouns | § Completion
@ © ratigraphic Description = .
212 g grap P £: | 5|8°F (NValue) | & Details
E|E| 3 guw |? ®
0 == 0/
350 1 O | GRAVELY SAND (fine gravel, medium to coarse sand)
349 V-4 | coarsening with depth, brown, moderately well sorted, 350.51 5 CS
348 2 > N subrounded to rounded, dry
3 O s @1.52 m bgs: some silt, trace clay 10T CS
347 s Vo
346 S 5 1CS
345 = F <) y
344 ; N 20 [ CS
343 s &0 25 [ CS — 152 mm Steel
342 N 4 Casing
9 SN
341 O - 30 [ CS
10 Vo
340 N B - 35 | CS
zz: 12 KJ A oS ~%—Bentonite Chips
1BRN
837 14 L 45 [ CS
336 % oy
335 BN 1 @15.24 m bgs: trace silt 50 | CS
16 16.00 / 52.5 mm Sched.
334 17 . . . .| fine to medium SAND, brown, moderately well sorted, 33450 | 565 | CS ;\ 40
333 18 52 dry 17.53/ | T——Water Level =
332 19 > N . | medium to coarse SAND and fine GRAVEL, brown, 332.98 60 CS ﬁg'f;tgis,
331 O .| moderately well sorted, subrounded to rounded, A !
20 |Y: 4| saturated 65 | CS 2016)
330 1 N B }
329 P 70 | CS
328 22 4
N
327 BN 5 1 LS | IO .. Jm— 152 mm Casing
o4 [0 23.62/ O o Shoe
326 *.°.] medium to very coarse SAND, trace fine gravel, fining 326.88 | 80 | CS OC OC
25 |°,*.1 slightly with depth, brown, subrounded, saturated C C
325 . . (@2 [N
26| o 85 | CS Ea i
324 27 .. OC OC
323 . 90 | CS = =
322 28 11T 28.19/ Oc Q<@—Natural Sand
29 very fine SANDY SILT, fining downwards to silt, grey, 322.31 95 | CS O O: and Gravel
321 30 ‘1'|'|| well sorted, saturated OC oy
320 1000 100 | CS 59 65
319 S F : : 31.24/ 5 ¢
32 Q fine to medium GRAVEL, trace to some coarse sand, 319.26 [ 105 | CS FEQ
318 33 O grey, subangular to subrounded, saturated O 0.01" Screen
st7 3 E B 4 110 | CS S
316 35 Q 115] CS Natural Sand
atural San
318 36 XOA 36.58 / 8 ; and Gravel
314 : 120 | CS ;
37 [ 313.93 AR Coated
313 PROBABLE BEDROCK 37.03/ Bentontite
38 ; Chips
312 39 END OF BOREHOLE @ 37.03 m bgs 313.47

311

NOTES: m asl = metres above sea level

m bgs = metres below ground surface A MatriX SOIUtiOﬂS InC.

CS = cyclone sample
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DRILLING LOG

Clair - Maltby Subwatershed Study

MW9-S

Client: City of Guelph
Project Area: Clair - Maltby
Project No.(MSI): 23089

Field Staff: S.Miller/J. Melchin
Driller: Highland Water Well Drilling Inc Boring Diameter: 152 mm

Date: August 8, 2016

Total Depth: 23.16 m
Drill Rig: Foremost DR-12

Ground Elevation: 350.46 masl

Screen Type: 52.5 mm PVC Sched. 40
Screened Interval: 21.64 - 23.16 m
Slot Size: 0.01"

Casing Diameter: 52.5 mm

Sand Pack: 20.42 - 23.16 m

Stick Up: 0.46 m
Northing:4815292.49

Easting: 566972.15
Datum/Zone: NAD83 17T

> Z :w\ a >
o © - | [ .
w| S Stratiaraphic Descrifi EE|2|Sg| BowcComts | 3 Completion
7 (@) o ratigra IC Description - = > o) .
2|3 g grap P £ E (82 (NValue) | p Details
el E| 3 guw |? ®
—0
350 —| [ K - 4| GRAVELY SAND, fine gravel, medium to coarse sand 0/
4 E1 . N1 coarsening with depth, brown, subrounded to rounded, 350.46
] dry
349 — C O A | @1.52 m bgs: some silt, trace clay 5 CS
2 P
YT S | i
Jgs ? 4 10 | CS
7L P
JFe o
M6—r N 5'4 15 | CS
ars |
s K y
344 3r° > B : 20 | CS
1 Vs
Eath | N N 25 | Cs
18 ]
342 — ? 4
JE N
a9 |2 30 [ CS
41— O A -a— Bentonite Grout
JE1o NS
340 — e 35 CS
PP VRS 52.5 mm Sched.
—HF V| 40
3B P
JE120: 40 | CS
s (V4
. _—13 N
337 A
=1 45 | CS
Jp14 N2
36— [N
JE15 [V 4] @15.24 m bgs: trace silt 50 | CS
B SN 16.00 /
334 — [ *."{ fine to medium SAND, brown, moderately well sorted, 334.45
. =17 dry 5 | CS Water Level =
K 17.53/ 333.45 masl
-8 O -] medium to coarse SAND and fine GRAVEL, brown, 332.93 (August 24,
332 — [ 4| subrounded to rounded, saturated 60 | CS 2016)
JF19 :OB. ;
®3E 4 65 [ CS Bentonite Chips
qF20 PN p.
330_ - . . R
q 21 O | .
320 4F P 70 | Cs
JE 2 e ~—No. 1 Sand
28— |4 ——0.01" Screen
L SN ]
qF23 2316/ |-° | CS
32T — ¢ END OF BOREHOLE @ 23.16 m bgs 327.29
Jp2
NOTES: 0.00 to 18.29 m bgs logged from MW9-D

m asl = metres above sea level
m bgs = metres below ground surface
CS = cyclone sample

#A\ Matrix Solutions Inc.
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Aguator Beech Limited

Project No.: 65188
Project: Meurnann Property EIS

Log of Borehole: MW-1

920 Princess St Client: Meumann Group Enclosure: 1
Kingston, Ontario
K7L 1H1 Location: Guelph, ON Project Manager: Barry Gorman
SUBSURFACE PROFILE SAMPLE
&
= o
c 2 Description E 2 E Well Completion Detalks
g | = S 5| & |8
(] (=] = - T
kLS
) e
' 3
2
=
Cround Swifice |345 2 E
Topsoil T 1 : ML "
brown silty sand loeam / 6
Siity sand gravel, trace clay - 10
| I] a0
N\
14
i
[
grinding on boulder - moisture 7% -
cogl Sand 49%, silt 41%, clay 11% 4 I] 23
W | light brown, cobbles, dry
N\
5 [I 36 &
T3
|
- |
o
1
Sand 45%, silt 48%, clay 7% ul
Hi B |] 35 &
moist, cobbles - moisture 8.4% @
coarse sand with cobbles T I:I 33
N

Drilled By: Aardvark Driling Inc

Drill Methed: Hollow-stem auger

Drill Date: Mov. 14, 2011

Hole Size: 210 mm

Datum:
Sheet: 1 of 2




Agquator Beech % Log of Borehole: MW-1
e Project No.: 65188
Aquator Beech Limited Project: Neumann Property Ei3
920 Princess 5t Client: Neumann Group Enclosure: 1
Kingston, Ontario
K7L 1H1 Loeation: Guelph, ON Project Manager: Barry Gormman
SUBSURFACE PROFILE SAMPLE
e
& [ Description E 7 . Well Comgletion Detalls
g | 5 gl 5| &
=t ) a8 | = =
30 -l Sand 50%, siltd1%, clay 0%
. 8
J2 i moistare 7.3%
1I:I Al -
34 . "
% & | reddish tint 4
38 .
I it i S 306.2
Gravel and sand 400 -
42 Gravel S7%, sand 26%, silt and
clay 17%, moisture 4%
a4
463 14 11
48
11 Gravel 55%, sand 30%, silt and
clay 15% 12
g2 T some Precambrian pebbles -
moisture 3.4%
54
56 Wit 13
58
18
286.2
&0 B0 0

Drilted By: Aardvark Drilling Inc

Drill Method: Hollgw-5tem auger

Drill Dave: Nov. 14, 2011

Hole Size: 210 mm

Datum:

Sheet: 2012




Aguater Beech Limited
220 Princess St
kingston, Cntario

Project No.: 565188

Clrent: Meumann Gioup

Log of Borehole: MW-2

Project: Meumnann Property EIS

Enclosure:

K7L 1H1 Loeation: Guelph, OM Project Manager: Barry Gomma
SUBSURFACE PROFILE SAMPLE
i
£ = Description L o £ Well Completion Detaifs
= | E Bl E| & [.5
o i (] = = £ I
it] m
| =
+ —
e | Ground Surfice |344 D
-1 Topsoil Ll | i
-3 i sanay sie i
g- _1 i g d4d1 1) = 24
g1 '. % Siity sand and gravel ab] - i
4 _E_ ‘ L
T |w o diy 3 34
61 |oT "
L e
- »
B |ei®
T - .
T H ]
i0 2 9 e 2
T |-
I ] :1 gravel 33%, samd 3 7%, silt 24%, 4 34
12 — : o ¢y 6%, damp, moisture 17.7%
olene
R
Folee
163 5 ™ % high gravel and cobble content, dry 5 I] 34 2
77 %= g
g = 3 o . e
oo . 1 O
= . " T
1 -
20 ! '. :1
T . B 47
22 1 ‘l »
T 7 =y

Dritted By: Aardvark Drilling Inc
Drill Method: Hollow-stem auger

Drill Date: Nov. 23-24, 2011

Hole Size: 210 mm

Datum:

Sheet: 1 07 2
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Aguator Beech Limited
220 Princess St
kingston, Cntario

Project No.: 565188

Log of Borehole: MW-2

Project: Meumnann Property EIS

Cliert: Meumann Group

Enclosure:

K7L 1H1 Loeation: Guelph, OMN Project Manager: Barry Gomma
SUBSURFACE PROFILE SAMPLE
fr
2 g Deschption | & £ Well Completion Detalis
g | E g 5| & |.8
= ) a8 | = =
i .
+ -
BT |w o
= damp 7 [I 48
27T .
I ot
29 "
T9 g 3140
- & Siit with gravel auu
g ¥ie| gravel 16%, sand 16%m silt 24%, G 61
;,_ 1 clay 6%, moisture 6.7%
333 'l
3 .
35_;: "
111k * cobbles g I] 100+
a7 g "
;' = ﬁ
g | - _—
39 4 P b | v ' | (N DN O i P T
I i 304 0 J
3 ™ & Sandand gravel 4001 OB OH T | Lissss — =
13 g e sandand gravel, dry 10 - O et - 2
. L S i i s S— i
EE M SEay — 4
- - R R R D B -
E- -. T T T T R S e eeny MM WS [k bty E—
454 |e: coarse grey sand 45-46, wet e b
T . 11 I] 72 E
| ., s
473 L P\
£ L | P—
: ‘. o| Findingoncobbles | | | [ fee... el S
9T 15jw W | | I IR - s a0
1 ™ ) e N

Drilled By: Aardvark Drilling Inc

Drill Method: Hollgw-5tem auger

Drill Date: Nov. 23-24, 2011

Hole Size: 210 mm

Datum:

Sheet: 2012




Aquafor Beech Limited
920 Princess St
i gston, Ontario
ML TH1

e

Project No.r 65180
Project: Neumann Praperty EIG
Client: Meumann Group

Location: Guelph, DM

SAMPLE

Log of Borehole: MW-3

Enclosure: 3

Project Ianager: Barry Gorrnan

ETERETRRETREY T
s s sz e i o

15 3

T R ee—

a4 ®

| &
= | IR | D x -
Pl 8 | Description | £ a t.,_ Vet Completion Detalls
—_ = I prar) — i =
%9 = | T = ) >
i = | { o 5 E -, 9
o | | O 2 ¥ =M
’ 4 ' H
i ] ‘
-1 ;
T } i .
" ] i Cround Swfwe (3400
0 s T
1 et Topsoll 100 1
3 e f | 1 3 w
2+ " e '.-% Coarse Sand with siit { E....
E R ] &
B 1 " vl | 2 5 '3-
L ) i - )
43 ] i =
3 o A i l.’_,'l
3 « 01 hght brown ! 3 b Lt
£ ok ;
L .} i
| |
; . h |
8 e ' | s |
E" . o
- P Rk | e’
43 [ - { o)
3 R TRA &L
3- 5 @rinding on cobbles | A I I e o
1o .+ ey - | [
| B = [
T ~. & St and clay with gravel i
14 + ® s Bl [ TTRAI L]
| - . gravel 7%o, sand 8%, silt S0%,, !
" clay 352, moishue 0%
5 -
L . 2 3 -
e =: & grinding on boulde: 5 I I a3
.Q_.
[

2 RISER —

. ! 376 [}
204 ._!,_....._. S L I o e e e Se———— ‘)m' - ) i o -
3‘ | Gravel with sit and clay war .
g wg® still dry i B 100+
P [ o e ) |
24 “,gF grinding on boulders and cobbles | I et
3o T 0™ ..i |
T .?-‘ 1
r;"l = - W |
e Q'ia{ |
1 Pe=s
26 ™
T et
5 “. j i
e

Dritled By: Aaridvark Drilling Inc
Drill Method: Hollowe- stem auir

Drilf Date: o 24, 2011

Hole Size: 210 mm

Datum:

Sheet: 1 of 2




Aquator Beech Limited

92

kingston, Ontanio

Log of Borehole: MW-3
Project No,; 65150
Project: Meumann Prigerty £15

B Princess St Client: Neumann Group Enclosure: 3

K7L tHY Lecation: Guelph, Ol

SUBSURFACE PROFILE SAMPLE

,...L.!. 'L“}l'*r" g [t|,';'p!y|

FETE TSR ETTIT| SRRTRL LN

T A e R

TTIRTETERT:

 pi ! g &

zoageilesiay

14

SUIETRTLITTTINT]

IAIRENIEE]
g et s i EEE S

. e s R S

| L G A

PARNETES ERTTSTINRY FRTIET

12

|
| &
;._:.- Descnption ! Lj_f J'::J' ‘;' Well Completion Details
& | =5 £ i x
= i ii& 3 g\ =, O
i | O = - = &
= |
3K
‘:‘:U brown, still diy | 7 40
o2, ) 5 I
L) |
as |
.'.'-"é i
431'5 *
*® 2% cobbles and boulders 5
o,
ave
-
oY
R ol =
L ) — '
.‘r') s : ¥ oao® %y
Py . . vk B8 TrY
e | 8 I I 56 et B8
&2 mavel 40%, sand 31%. silt 160, e F—8 154
3:.%}! clay 13%. morstme 3% el =
&2, 1ed & grey shale Aagments, wet oot 8 bk
3:1! sarne, still wet ¥ a1k E At
& 9 N 5 e
r-3 oo i) Nk
b4 bt BN S4be
-4 I T D D B M — ol
:.‘."‘i ..... = ..
4 Sl BB ksde
.’e ..... g .
;:% cobbles, spoon wet i I l 100+ f |o--.e =1
o a¥ ﬂ'ﬂ\'@l 43%, sanel 11%e, silt 22%%. SN .. T O S— g nam p Sl e '&‘:-‘:.
*e : wom w e
aby clay 24% moishwe a3 L L b0 DL m— e =
wr el . T A D e . ey
“t; (I A w v R s 9 tr_:’
L I ' el R EE =
» - ) I i e sl TR ol
;5:{ boulders and cobbles to TD B ll 100+ | [ooo. = [ &
b ceagq = L d
M_‘a ;_“: -‘lf} — N RS > a3 8 l“g
- - 14?,"{&'5. ! - 1 i A'l g 2
x E

Drifled By: Aartvark Drilling inc Hale Size: 210 mm
Drili Method: Hollcw-stem auger Datunn

Driti Date: Hoe 24, 2001 Sheet: 2 of 2

Project Manager: Barry Gorman



334.00

Clair-Maltby Secondary Plan
Long Term Groundwater Level Monitoring

MW1-D & MW1-S

—

333.50

333.00

332.50

332.00

Water Level Elevation (masl)

331.50

I Precipitation - AFW
e W 1-D Water Level - Transducer
O MW1-D Water Level - Manual
O MW1-S Water Level - Manual
MW?1-S Water Level - Transducer

S

G CGERCER
\ /\\a,\ /\\,,;\,\ %&\ o,\'f)
Ground Surface | Top of Casing | Elevation of Top Elevation of
Well ID Elevation Elevation of Screen Bottom of Screen
(masl) (masl) (masl) (masl)
MWO01-S 337.20 337.71 325.31 323.79
MWO01-D 337.27 337.85 318.52 317.00

Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.

Total Precipitation (mm)



Clair-Maltby Secondary Plan
Long Term Groundwater Level Monitoring
MWZ-D & MW2-S

334.00 T, “ ‘ ‘ \‘| “H \m \‘| T “ | “ W ‘. ‘ ‘ T ‘ H \\MH ‘H
O I
333.50 '”
'—5 333.00
E [ -
g OC 'e) B
S 332,50 Q
©
S L
2
w O L
g 0 0
3 33200 o .
—
3 O §
I o
O -
; 331.50 ®
331.00 Tttt "ttt ———— — — } "ttt
© © © © © © A A A A A A A A A A A A NS NS
P & & S S S
Vv Vv '\/ v v Vv Vv Vv \V v Vv v v v vV V \V
N o\ <o\ NN U AU LI MR W AN ’b\ '\,\ & A oS A AR
A\ Cb\’\/ q\ \’\/ \’» '\,}\'\, ,\/\'\/ q,\\' %\\, v\'\’ A\ AN A\ \"9 \'\/ o)\’\/ \9\’\/ '\:\/\ 'Q’\ \/\\, ’L\N
I Precipitation - AFW Ground Surface | Top of Casing | Elevation of Top Elevation of
O MW2-S Water Level - Manual Well ID Elevation Elevation of Screen Bottom of Screen
© MW2-D Water Level - Manual (masl) (masl) (masl) (masl)
MW?2-S Water Level - Transducer MWO02-S 335.40 336.36 328.69 327.17
= MW?2-D Water Level - Transducer MWO02-D 335.29 336.11 316.09 314.56

Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.

12
16
20
24
28
32
36
40
44
48
52
56
60

Total Precipitation (mm)



Clair-Maltby Secondary Plan
Long Term Groundwater Level Monitoring

MW3-D & MW3-S

333.00 ‘ y “ “ “| “H ‘H H”\ ‘ Hu‘w w\“‘w ‘“\u ‘I ‘ ‘ M H\‘ H \WH ‘H 0
-4
332.50 NG 8
= 332.00
©
E
S "o |
S 33150 O
> o
] o
E
o 33100
—
S
]
&
- 48
; 330.50
- 52
- 56
330.00 Tttt += e e e e B -ttt } —t Tttt 60
© © © © © © A A A A A A A A A A A A o) G2
Y Y W \ Y Y y 2 & &y S Sy > &y &y &y » » % &
IR G R G I R R U O R R R R U U R R R U A O
I ) A S N N N AR A AP R A L A I SN AN NN
L AR GGG SN N T I G N G SN G
I Precipitation - AFW Ground Surface | Top of Casing | Elevation of Top Elevation of
= MW3-D Water Level - Transducer Well ID Elevation Elevation of Screen Bottom of Screen
O MWS3-S Water Level - Manual (masl) (masl) (masl) (masl)
MWS3-S Water Level - Transducer MWO03-S 349.95 350.70 328.31 326.79
© MW3-D Water Level - Manual MWO03-D 350.05 350.80 317.44 315.91

Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.

Total Precipitation (mm)



Clair-Maltby Secondary Plan
Long Term Groundwater Level Monitoring
MW4-D & MW4-S

338.50 ‘ ‘ —TTT — - e
M T T T T T T
338.00 - ‘
o
337.50 N
337.00 H—
—_ Q
= 33650 ——— 4 @@ SN == B
© G o
E 33600 °© o O - ©
s ©
- 335.50
>
Q@
o 335.00
E o}
o 33450
-
S
% 334.00 o
= 33350 ‘—%—%
333.00
332.50 1t } } T "t 1 F——— } } } } T } Tt
6 o o o o o ST S S S N W, W Wt WA, W W W S,
N N N N N N N N N N N N N N N N S < N S
\,\'9 q\@ S P '\,\q’g q\q’Q & %\"’Q %\'& & °o\q9 <o\q’° %00 N\ 00\%0 %\’»Q %\W’Q & ‘b\q’Q %\'»0 f\,\%g
A\ Cb\’\/ q\’b \9\’\/ 'Q\q’ '\:\’\'\, ,\/\'\/ q,\\' %\'y v\'\’ A\ AN A\ > v O)\’\/ '\9\’» '\:\/\’b 'Q’\\, \/\\, ’L\N
B Precipitation - AFW Ground Surface | Top of Casing | Elevation of Top Elevation of
= MW4-D Water Level - Transducer Well ID Elevation Elevation of Screen Bottom of Screen
O MWA4-S Water Level - Manual (masl) (masl) (masl) (masl)
© MW4-D Water Level - Manual MWO04-S 349.63 350.54 330.23 328.70
MW4-S Water Level - Transducer MWO04-D 349.60 350.47 322.78 321.25

Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.

12
16
20
24
28
32
36
40
44
48
52
56
60

Total Precipitation (mm)



337.00

336.50

336.00

335.50

335.00

Water Level Elevation (masl)

334.50

Clair-Maltby Secondary Plan
Long Term Groundwater Level Monitoring
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Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.
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Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.
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Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.
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Bl INTRODUCTION

The Technical Modelling Memorandum provides additional details regarding model development, processes
and calibration to support the summary description of the Integrated Surface and Groundwater Model and
results provided in Sections 4.2.6 and 4.2.7 in the Clair-Maltby Secondary Plan and Master Environmental
Servicing Plan (CMSP/MESP) Phase 1 Existing Conditions Characterization and Integration Comprehensive
Environmental Impact Study (CEIS; Wood 2018).

B1.1 Model Objectives

The catchments of Clair-Maltby represent a complex hydrologic system which includes headwater regions,
hummocky terrain and numerous wetlands and ponds. As part of CEIS supporting the Secondary Plan Project
an integrated surface water-groundwater model was constructed for an area encompassing the Secondary
Study area (SSA), which encompasses the Primary Study Area (PSA) and the Secondary Plan Area (SPA) where
development is proposed. The objectives of integrated surface water-groundwater model include the
evaluation of the following:

e groundwater recharge and discharge areas and features

e groundwater flow linkages between recharge and discharge areas (groundwater functions)
e spatial and temporal variations in these groundwater functions

e water budget for overall study area and key stream wetland and woodlot features

e PSA role in supporting municipal bedrock aquifers

e constraints and opportunities for future development to maintain groundwater function and support
other objectives for stormwater management

e potential impacts of development alternatives on groundwater function in the PSA

e mitigation strategies (e.g. Low Impact Development strategies or Low Impact Developments [LIDs]) to
maintain groundwater function and inform overall stormwater management planning

The integrated surface water-groundwater model builds on the Tier Three groundwater flow model
developed for the City of Guelph (Matrix, 2017) and represents additional water budget processes, natural
heritage feature and land use details.
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B1.2 Model Selection

The Conceptual Groundwater Flow System discussion presented in Section 4.2.5 of main report provides a
comprehensive discussion of the characteristics and functions of the groundwater system in the SPA and its
linkage to adjacent areas.

The relative absence of stream features in the SPA, moderate permeability of overburden materials, and
depth to groundwater of greater than 5 m highlights predominance of infiltration. The presence of ponds and
wetlands is interpreted from field data to be primarily supported by local runoff and direct precipitation.
Groundwater contributions to the ponds and wetlands are estimate to be small to negligible in many areas in
the SPA compared to the other inputs. Recharge in the SPA is interpreted to contribute recharge to the
municipal bedrock aquifer and discharge to Mill and Hanlon Creeks in the PSA, SSA.

An integrated surface water-groundwater model provides dynamic linking and physical representation of
surface and subsurface processes making it the best tool to represent regional and local groundwater flow
system and test the conceptual groundwater flow system understanding/hypotheses of existing conditions.
Calibration of an integrated model for the SSA using the available field observations and measurements also
provides ability to quantitatively assess spatial and temporal variability of the groundwater system under a
range of climatic conditions and evaluate potential changes under proposed developed conditions.

MIKE SHE was selected as the numerical modelling software to represent the SPA. MIKE SHE is a three-
dimensional, integrated surface water and groundwater model (DHI 2017). MIKE SHE provides a spatially
variable, fully dynamic and physically based representation of all the major hydrologic processes and their
interactions. The major processes represented include but are not Ilimited to: precipitation,
evapotranspiration, surface runoff, channel flow, unsaturated flow, groundwater recharge, groundwater
discharge and groundwater flow. The MIKE SHE modelling software provides a quantitative means to address
the characterization objectives for this study and includes the ability to represent key physical features (e.g.
vegetation, imperviousness, topography), which may be modified through development of the SPA.

B1.3 Model Hydrologic Process Representation

Hydrologic process representations in the MIKE SHE model were selected to satisfy the objectives of the
model. They hydrologic processes considered by MIKE SHE are shown on Figure B1. The selected
representation of these processes and the primary modelling inputs related to these processes are
summarized in Table B1.
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Canopy interception
Net precipitation

Snow melt

Infiltration
Root zone
Unsaturated flow

Moving water table

Groundwater flow

Rain and Snow

Overland
flow

Figure B1 MIKE SHE Hydrologic Process Diagram

Table B1

Hydrologic Process

Overland Flow

Modelling Approach

Process Representation

2D Finite Difference Diffusive
Wave Equation

Inputs Related to Process

Topography, Impervious fraction, surface roughness,
depression storage,

Channel Flow

Kinematic Routing Method

Channel cross sections (Topography)

Unsaturated Flow

Gravity Flow Model

Vertical hydraulic conductivity, soil water content (saturation
point, field capacity, wilting point), pressure-saturation and
saturation-conductivity characteristic relationships

Saturated Flow

3D Finite Difference Darcy
Equation

Geologic layer elevation, hydraulic conductivity, specific yield
and specific storage

Snowmelt Model

Degree-Day Snowmelt Model

Temperature

Evapotranspiration
Model

Kristensen and Jensen (1975)

Temperature, rooting depth, leaf area index

Paved Runoff

Abstraction of water fraction in
directly connected impervious
areas

Impervious Fraction, Surface Roughness, Detention Storage,
Topography

23089-528x Modelling R 2018-08-30 draft V0.2.docx

3 Matrix Solutions Inc.




B2 MODEL SETUP

A preliminary regional scale model was constructed to evaluate the SSA interaction with the larger regional
flow system, the initial parametrization of the model and provide understanding of baseflows at the Grand
River Conservation Authority (GRCA) Mill Creek Aberfoyle stream gauge. The preliminary regional scale model
was 96 km® in area and constructed at a resolution of 100 m x 100 m. This model extended from the
headwaters of Mill Creek in the north in to just south of the town of Aberfoyle. The model extended to the
Speed River in the west and Mill Creek in the east.

Simulations conducted using the preliminary regional model provided confidence in the model inputs and
parameterization. However it was identified that features within the SPA would need increased spatial
resolution to be reasonable represented by the model. As a result of this a new smaller model domain was
selected to encompass the SPA. and the SSA was constructed and simulates processes at increased spatial
resolution. This new model is referred to here as the SSA model and the details of the SSA model structure
and set up are summarized in Table B2.

Table B2 Model Structure and Setup
D] Setup Rationale/Approach
Element
Simulation and | Time Period: 01/09/1996- Calibration period was selected to provide representative climate
Calibration 31/12/2017 for the region. Average annual precipitation is 6% lower than the 30
Period Calibration Period: 2003 to year average but includes many droughts and high precipitation

Model Extent

2017 (15 years)
Adaptive time-stepping
employed.

East-West Length: 7 km
North-South Length: 7 km
Area: 30 km®

Resolution: 25 m x 25 m;
Overland Ponding and
Infiltration Resolution:
12.5mx12.5m

Unsaturated Zone: 48749 cells
* (0 to 55 layers depending on
saturation, at 0.2t0 0.4 m
thickness)

Saturated zone: 48749 cells *
7 Layers

B2.1 Topography

years.
The calibration period was selected considering the land use applied
in the model was based on data from 2009-2011 and calibration
data is most available for recent years (2016-2017).

The model boundaries allow the examination of the interactions of
the SPA with Hanlon, Mill Creek and Torrance Creek. These
boundaries also provide sufficient spatial resolution within the SPA
to represent the hydrologic processes influencing ponds, wetlands,
depressions.

Finally the boundaries of the model were designed such that they
were sufficiently distant from the SPA so as not to provide undue
influence on the PSA.

A high resolution topographic dataset was constructed using 2016 elevation data provided by the City of
Guelph for the SSA Model at 5 m x5 m resolution. The high resolution data was upscaled to be consistent
with the model grid cell resolution of 12.5m x 12.5 m for overland flow processes. Upscaling of the high
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resolution topographic data maintains the spatial dimensions of the features and the slope of the landscape
in and around key pond wetland features. In addition, the upscaling to 25 m x 25 m for all other processes
provides sufficient resolution to represent larger scale flow features in the SSA (e.g., groundwater discharge
to wetlands, and regional groundwater flow).

B2.2 Climate Data

Climate data provide information on existing and historical spatial and temporal variation in precipitation,
temperature and potential evapotranspiration. Understanding study area specific climate conditions is
important for identifying future stormwater management options that maintain the function of both the
groundwater and surface water systems. Further, the climate data provides inputs for the hydrologic and
hydrogeologic/groundwater system models that are used to represent historical and current water budget
components and simulate potential future conditions to evaluate potential impacts to the water function.
(e.g., runoff, groundwater discharge to Hanlon Creek, Mill Creek, Torrance Creek and Irish Creek
Subwatersheds).

B2.2.1 Methods

A climate data set was developed to provide a long-term, 1950-2017, set of observations for the site featuring
hourly precipitation and daily temperature records. This data set was constructed using data in close
proximity to the site whenever possible and hourly precipitation observations are used throughout the
dataset. The assembled observed climatic data set represents temporal variability at hourly to multi-year
scales during the period of observations and is suitable for evaluating both short and long-term hydrologic
processes, such as infiltration or drought.

Long-term and short-term meteorological data sets were collected as part of this study for use in multi-
seasonal, multi-year assessments. Rainfall observations collected as part of the field program were
incorporated for the period of 2016-2017.

The climate stations used to develop a continuous set of climate observations for the study are summarized
in Table B3.
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Table B3 Climate Stations

Station Elevation Period of Observed
Data Source Latitude Longitude Data and
Name (m ASL) Record
Frequency
Environment 6143090 Guelph 43.55 -80.22 325 1950-2005 | Hourly
Canada Turfgrass CS Precipitation,
Daily
Temperature
Environment 6142286 Elora RCS 43.65 -80.42 376 2003-2015 | Hourly
Canada Precipitation,
Daily
Temperature
Environment 6147188 Roseville 43.35 -80.47 328 1972-2017 | Hourly
Canada Precipitation
Daily
Temperature
Environment | 6149388 Region of 43.46 -80.38 321 2002-2011 | Daily
Canada Waterloo Precipitation,
Airport Daily
Temperature
Environment @ 6144239 Kitchener/W 43.46 -80.38 322 2010-2017 | Daily
Canada aterloo Precipitation,
Daily
Temperature
GRCA N/A Guelph 43.60 -80.26 361 2004-2015 | Hourly
Rainfall
GRCA N/A Road 32 43.48 -80.28 297 2008-2015 | Hourly
Rainfall
GRCA N/A Cambridge 43.38 -80.29 290 2004-2015 | Hourly
Rainfall
AMEC Foster | N/A 500 Maltby 43.50 -80.16 342 2016-2017 | 15-minute
Wheeler Road Rainfall
University of | N/A University of 43.47 80.56 334 1998-2017 @ 15-minute
Waterloo Waterloo Precipitation
Climate
Station

A quality control process was conducted to determine if the climate data selected for numerical modelling
was reasonable for the study. Climate data were screened for data gaps, outliers and compared to nearby
high quality Environment Canada climate data. For time periods where data were not available for the closest
climate stations the data was evaluated annually and seasonally to determine the similarity of observations at
a given station to nearby climate stations.

Climate data more proximate to the study area was prioritized over observations further from the site. Where
data climate data was identified to likely be erroneous due to significant disagreement with nearby climate
stations it was not used and data from the next closest station was used instead.
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Through this process a continuous climate data set was compiled from the climate station observations for
the period of 1950-2017 featuring hourly precipitation rates and daily temperature observations. The data
used for the assembled climate dataset is summarized in Table B4.

Table B4 Climate Data Used

Temperature Data Source Precipitation Data Source

1950-2005 @ Guelph Turfgrass - Environment Guelph Turfgrass - Environment Canada
Canada
2006 Guelph Turfgrass CS - Environment Guelph Lake - GRCA,
Canada Roseville, Elora RCS and Region of Waterloo Airport- Environment
Canada
2007 Guelph Turfgrass CS - Environment Roseville, Elora RCS and Region of Waterloo Airport - Environment
Canada Canada
2008-2015 | Guelph Turfgrass CS - Environment Road 32 Station, Guelph Lake, Cambridge - GRCA
Canada Roseville, Elora RCS, Region of Waterloo Airport,

Kitchener/Waterloo - Environment Canada
2016-2017 @ Guelph Turfgrass CS - Environment 500 Maltby Road Rain gauge - AFW, University of Waterloo Climate
Canada Station,
Kitchener/Waterloo - Environment Canada

Reference evapotranspiration rates were computed on a daily basis for the study using daily temperature
observations and the United Nations Food and Agriculture Organization (FAO) 56 Penman-Monteith method
(Allen et al. 1998).

B2.2.2 Analysis

The annual precipitation rates from the assembled climate data for the previous 30 years, 1988-2017, are
summarized on Figure B2. For this period the average precipitation rate is 820 mm/year. The wettest year
observed occurred in 1992 with 1,127 mm of precipitation and the driest year occurred in 2007 with 530 mm
of precipitation.
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Figure B2 Average Annual Precipitation 1988-2017

The mean monthly, maximum monthly and minimum monthly temperature from the assembled climate data
set are presented for the period of 1988-2017 on Figure B3.
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Figure B3 Monthly Temperature Range 1988-2017

The annual reference evapotranspiration rates computed for the period of 1988-2017 are presented on
Figure B4. An average annual reference evapotranspiration rate of 830 mm is estimated for this period.
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Figure B4 Reference Evapotranspiration Rate 1988-2017

B2.3 Land Use Data and Parameters

Land use data used in the model was based on the Southern Ontario Land Resource Information System
(SOLRIS) 2.0 land use dataset. This data provides a land use inventory at 15 m resolution and is based on a
land use inventory conducted for 2009-2011. The land use in the model domain is presented on Map B1.

The land use information was used to determine appropriate vegetation characteristics, rooting depth and
leaf area index (LAI) for areas in the model. The vegetation parameters assigned to the land use classes are
varied temporally to represent the seasonal changes associated with vegetation growth, dormancy, and
dieback, which occur between the spring and fall months. The initial values used for rooting depth and LAl for
vegetation types was assigned based on literature values (Canadell et al. 1996; Scurlock et al. 2001) and
adjusted during the calibration process where necessary.

Similarly land use mapping was used to determine appropriate overland flow characteristics including surface
roughness, depression storage and imperviousness for areas in the model. Runoff associated with impervious
and urbanized areas is represented in the model by assigning a directly connected impervious fraction to
these regions. This fraction represents the portion of precipitation that is conveyed directly to receiving
watercourses through storm sewers or other urban drainage systems. The parameters used to describe these
overland flow characteristics were assigned initially based on literature values and adjusted during the
calibration process where necessary (Brabec et al. 2002; Chin 2006).
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A summary of land use classes found within the model and assigned vegetation and overland flow
parameters is provided in Table B5.

Table B5 Land Use Characteristics

Root Depth Impervious Area Surface Roughness .
(mm) - Direct Runoff (Manning’s Coefficient) Detention Storage

i | x| i o | coottcntld | Mimfy | nisimyz ™)
0.4 3.6 300 0

Agriculture 1,200 0.30 3.33

Forests 1.75 3.5 1,550 2,500 0 0.56 1.8

Treed Wetland 1.75 3.5 1,550 2,500 0 0.60 1.67

Wetland 3.2 6.4 200 600 0 0.60 1.67

Developed - 0.8 2 100 600 0-0.1 0.20 5

Pervious

Developed - 0.8 2 100 600 0.3 0.07 14 2
Impervious

Roads - Urban 0 0 200 200 0.7 0.03 30 2
Roads - Extra 0 0 200 200 0 0.10 10 2
Urban

Open Water 0 0 200 200 0 0.30 3.33 10

B2.4 Watercourse Representation

Watercourses represented in the SSA model were based on a drainage analysis of the topography of the SSA
model domain to identify where runoff accumulates during large precipitation events. A small tributary to the
wetlands at the headwaters of Hanlon Creek, at the northwest border of the model domain was incorporated
into the model as a result of this analysis. This represents an ephemeral feature that may form during heavy
precipitation events or during extended seasonal wet periods (e.g. the spring freshet).

In areas where channels were not explicitly modelled any discharge to surface is handled a two dimensional
overland flow process (e.g. Mill Creek). In these tributaries spot flow measurements, during baseflow periods
were compared to the simulated baseflow, estimated based on depth of overland water and water table
depth.

B2.5 Unsaturated Zone Data and Parameters

The spatial distribution of unsaturated zone materials was developed for the model area based on the
Ontario Geologic Survey’s Surficial Geology of Southern Ontario Dataset (OGS 2010, see Map B2). Materials
which were expected to have similar hydraulic properties to one another were aggregated into a common

surficial geology class.

The surficial geology classes used in the model and their water content parameters, saturation and residual
water content, are presented in Table B6. This table also summarizes the saturated hydraulic conductivity and
Van Genuchten fitting parameters which vary in water content and conductivity with pressure. Parameters
were selected based on field data, previous studies and literature values. Please refer to Table B7 for a range
of observed conductivity values.
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Table B6 Unsaturated Flow Parameters

Saturated n-Van

Saturated Residual . L-Van
Vertical VEL Genucten
. . Water Water . i Genucten

Surficial Geology Class Hydraulic Genucten Fitting ..

Content Content . . Fitting

(05) (or) Conductivity Ks o (1/cm) Parameter pa
(m/s) ()

Outwash Sand and Gravel 0.35 0.05 1.2e-5 0.067 1.446 0.5
Organic Deposits 0.65 0.1 5e-8 0.067 1.446 0.5
Port Stanley Till 0.5 0.1 SE-07 0.027 141 0.5
Wentworth Till 0.5 0.1 le-5 0.027 141 0.5

B2.6 Saturated Zone Data and Parameters

The structure of the saturated zone in the SSA model is based on the Guelph Tier Three Finite Element
subsurface FLOW (FEFLOW) model as constructed for the Risk Assessment scenarios conducted as part of the
Tier Three Project (Matrix 2017). The geologic layer structure found in the SSA model and their
parameterization of these layers is summarized in Table B7. The range of hydraulic conductivity (K) values
observed through the field program and previous investigations in the area informed the conductivity values
tested in the model during the calibration process. The table summarizes the final calibrated hydraulic
parameter values as well as the range of tested conductivity values. Refer to Sections 4.2.3 and 4.2.4 of the
characterization report and Appendix B of the Tier Three Risk Assessment Report (Matrix 2017) for further
information regarding observed conductivity values.
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Table B7 Model Layer Representation of Hydrogeologic Units

Model

JELU Thickness

Layer
No.

Spatial Distribution of

Layer Name
¥ Properties

Surficial Geology Surficial geology mapping

! (OB1) 33 based
2 Wentworth Till 1-27 Distributed K, Uniform Storage
(oB2)
Wentworth Till . .
3 (0B3) 1-37 Uniform K, Uniform Storage
4 Contact Zone 2-4 Distributed K, Uniform Storage
5 Guelph Formation 1-21 Distributed K, Uniform Storage

Material Type

Outwash
Gravels and
Sands

Wentworth Till

Port Stanley Till

Organic
Deposits

Pond Bottom
Organic
Deposits
Outwash
Gravels and
Sands

Wentworth Till

Wentworth Till

General

Burke-Carter
Valley*

General

Burke-Carter
Valley

Observed Hydraulic

Conductivity (Kx)

Range

(m/s)

9.40e-8 to 2e-3

9.40e-8 to 2e-3

8e-8 to 6e-7

No Observed Data

No Observed Data

9.40e-8 to 2e-3

9.40e-8 to 2e-3

9.40e-8 to 2e-3

No Observed Data

No Observed Data

Kx = 4.0e-7 to 6e-4

No Observed Data

Tested Range
of K

(m/s)

Kx =1e-6 to
le-4, Kz =1le-
7 to 6e-5

Kx = 5e-7 to
5e-5, Kz = 5e-
8 to 5e-6

Kx =5e-7 to
5e-6, Kz = 5e-
8 to 5e-7

Kx =1e-7 to
5e-7,Kz = le-
8 to 5e-8

Kx = 1e-7 to
5e-7, Kz = le-
8 to 5e-8

Kx =1e-6 to
le-4, Kz = 1e-
7 to 1le-5

Kx = 5e-7 to
le-5, Kz = 5e-
8to le-6

Kx =5e-7 to
le-5, Kz = 5e-
8to le-6

Kx = 5e-6 to
5e-4, Kz 5e-7
to 5e-5

Kx =5e-5 to
3e-3, Kz = 5e-
6 to 3e-3

Kx =1e-7 to
5e-6, Kz 1e-8
to 5e-7

Kx =5e-5 to
3e-3, Kz = 5e-
6 to 3e-3

Calibrated K
Values

(m/s)

Kx =1e-4, Kz =
6e-5

Kx = 5e-5, Kz =
5e-6

Kx = 5e-6, Kz =
5e-7

Kx =5e-7, Kz =
5e-8

Kx =1le-7,Kz =
le-8

Kx =1e-4, Kz =
le-5

Kx = 1e-5, Kz =
le-6

Kx = 5e-6, Kz =
5e-7

Kx =1e-4, Kz =
le-5

Kx = 4e-4, Kz =
4e-5

Kx = 4e-6, Kz =
4e-7

Kx = 2e-4, Kz =
2e-5

Specific Yield
() and Specific
Storage
(1/m)
Sy=0.17,Ss =

5e-4

Sy =0.15,Ss =
5e-4

Sy =0.15,Ss =
S5e-4

Sy=0.32,Ss=
5e-4

Sy=0.32,Ss=
S5e-4

Sy=0.2,Ss =
S5e-4

Sy=0.2,Ss =
S5e-4

Sy =0.03,Ss =
S5e-4

Sy =0.01,Ss =
S5e-4
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Model Observed Hydraulic . Specific Yield
. et s . . Tested Range Calibrated K e
Thickness Spatial Distribution of . Conductivity (Kx) () and Specific
Layer Name i’ Material Type of K Values
Range Properties Range e e Storage
(m) (WD) (1/m)
Kx= 6e-8 to Kx = 6e-6 to le-
Eramosa General Kx = 2e-07 to 2e-4 le-5, Kz=1.0 5,Kz=1e-8to
ion - -10to le-7 | le-7 =0. =
6 Formation 1-21 Distributed K, Uniform Storage € ©-€ € 3y =0.01, Ss
Reformatory Burke-Carter Kx =5e-5 to Kx = 2e-4 Kz = S5e-4
Quarry Valle No Observed Data | 3e-3, Kz = Se- ;e-S_ Pt
y 6t0 3e-3
Eramosa
. Kx = 5e-8 to
7 F9rmat|0n i 1-4 Distributed K, Uniform Storage = General Kx = 5e-7 to 3e-5 5e-7, Kz = 5e- Kx=le-7, Kz = Sy =0.01,5s=
Vinemount le-9to 3e-9 5e-4
10 to 5e-8
Member
Note:
* Burke-Carter Buried Valley identified in the Tier Three Model (Matrix 2017)
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B2.6.1 Saturated Zone Boundary Conditions

The boundary conditions of the model represent the interaction of the regional flow system with the local
flow system simulated by the SSA model. Boundary conditions were applied on lateral faces of the model and
the bottom of the model to represent this interaction. The boundaries are based on the Tier Three FEFLOW
model and as such the calibrated regional flow system as described in Section 4.2.5.1. A summary of the
applied saturated zone boundary conditions is provided in Table B8 (Matrix 2017).

Table B8 Saturated Zone Boundary Conditions
Flow BC

Layer Flow Boundary Condition Features Value Range
(m ASL)
All Layers | Type 1 fixed head boundary conditions were applied based on Guelph Tier Three FEFLOW 313-333
model steady state heads. A seasonal fluctuation of 1 m about the steady state solution
was applied to represent fluctuation observed in heads at high quality matrix wells.
Bottom of | Type 1 Fixed Head Boundary conditions were applied based on the Guelph Tier Three 314-330
Model FEFLOW model steady State Heads.

The simulated flux across the bottom boundary of the model represents flow across the Vinemount Member
to the deeper bedrock aquifer system (e.g., Goat Island Formation). The change in simulated flux across this
boundary will be quantified when completing the impact analysis simulations for the proposed development

to assess the potential impacts on flow to deeper aquifer units.

B3  CALIBRATION

This section provides a summary of calibration of the SSA model against observed conditions within the SSA
domain. Comparison of observed and simulated conditions provides confidence that model provides a good
representation of groundwater conditions suitable for study objectives.

The model was calibrated using study-specific and available historical data and observations, and using input
parameter value based on field-measured values or values from literature as described in previous sections.
The observations considered during calibration included long-term evapotranspiration rates (water budget),
groundwater levels, areas of ponded water levels and spot flows representative of groundwater discharge for
the calibration period (2003-2017). The following sections describe the calibration of the SSA model to the

observed data.

B3.1 Water Budget

The average annual water budget for the SSA model is presented in Table B9.
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Table B9 SSA Model Average Annual Water Budget (2003-2017, mm-year)

Water Budget Component ‘

Vertical
Lateral Groundwater Flow
Groundwater Flow

Bedrock Above

Across Vinemount

Overburden Vinemount .
. Formation
Formation
c - = Inflow Outflow Inflow Outflow Inflow Outflow Pumping1 Change in
c 2 = (o) Storage
o o 2 3
= = o
= 2 [ =
Area/Catchment = = o =
S b= i <
e o - =
& = 5]
SSA Model 17 44 35 126 0 99 2 -7
Domain

Note:
! Model Considers Non-Municipal Pumping Above Vinemount Consistent with the Tier Three Model (Matrix, 2017)
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The simulated average evapotranspiration rate of 480 mm/year for the period of 2003-2017 is consistent with
regional estimates of evapotranspiration. Reference values for evapotranspiration in this area of southern
Ontario are predicted to range from 500-600 mm/year on average for the period of 1981-2010 (Wang et al.
2013). While the model predicted evapotranspiration rate are slightly lower than the reference range this
result is considered reasonable given the precipitation observed during 2003-2017 is approximately 6% lower
than the long-term average from 1988-2017. Further this result is also considered reasonable as 17% of the
SSA model domain includes developed/impervious areas, which feature evapotranspiration rates ranging
from 380-420 mm/year.

Simulated groundwater flow quantities into out of the SSA model domain provided in Table B9 are consistent
with estimates from the Tier Three FEFLOW model (Matrix 2017) in the SSA area.

B3.2 Groundwater Water Levels and Flow Directions

The evaluation of groundwater flow within the SSA used the most recently available groundwater static water
levels collected at the wells commissioned for this study, consultant wells, WWIS wells and wells considered
in the Tier Three numerical model (Matrix 2017). These observations were compared to the average
simulated water levels at the observation locations during the calibration period as well as transient water
levels collected in the study monitoring wells (presented in Section B3.3). The calibration statistics for the 609
observation wells are provided in Table B10.

The degree of fit for the entire set of 609 observations wells is considered good and typical for this type of
data. The level of fit or error reflects the range in location accuracy, data quality, and range in sampling dates
(e.g., wet-year/ dry-year, spring/ summer), grid cell size and model layer thickness.

Table B10 Groundwater Calibration Statistics - Average Water Levels (2003-2017)

Number of Observations 609

Mean Absolute Error (m) 3.2

Root Mean Squared Error (m) 4.5

Normalized Root Mean Squared Error 9.4%
(NRMS)

Maximum Observed Head (m AMSL") 346.1
Minimum Observed Head (m AMSL) 298.4

Note:
! AMSL — Above Mean Sea Level

The high quality wells commissioned for this study water levels are well represented with a mean error of
0.7 m and root mean squared error of 1.6 m. Considering there is an average variation of plus or minus 1 min
head observed seasonally at the wells the calibration is considered reasonable.
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The simulated and observed water levels at the high quality study wells is presented on Figure B5
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Figure B5 Simulated vs. Observed Water Levels - High Quality Study Wells

Map B3 shows the interpreted and the simulated average water table and shallow groundwater flow
directions. This figure also shows groundwater residuals, average error when compared to observed water
levels, at the wells commissioned for this study and historic wells found within the Greenways of Clairfields
and Westminster Woods for the period of 2003-2017. The consistency of simulated and observed flow
directions and depth provides additional confidence that model provides a good representation of
groundwater levels and flow directions suitable for study objectives.
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B3.3 Natural Heritage System Features Surface Water and Groundwater Linkage

The local conditions observed and simulated at the Natural Heritage System (NHS) features of Hall’'s Pond,
Neumann’s Pond, Halligan’s Pond and the 1992 Gordon St. Woodlot are presented in Maps B5 to B8. These
maps depict the interpreted water table heads contours and the average simulated groundwater head
contours for the period of 2003-2017. The subcatchments depicted on the figures represent the area within
which overland runoff contributes to a feature (e.g., pond). The maps also incorporate and average annual
water budget for the catchment and pond for the period of 2003-2017.

Maps B4 to B7 also illustrate the simulated average annual water budgets of the catchment and ponds or
woodlots for the period of 2003-2017. A process diagram illustrates the hydrologic processes that each item
in the water budget corresponds to. The components of the water budget are influenced by the
characteristics of the subcatchment and pond including but not limited to surface topography, vegetation,
hydraulic conductivity of subsurface deposits, and groundwater hydraulic gradients. Water budget analysis
presented in indicates that the ponds are primarily supported by direct precipitation with limited
contributions from overland runoff and shallow groundwater. Recharge in these water budgets represents
leakage from the base of the pond to the underlying groundwater system. These results are consistent with
the interpretation of conditions at the NHS features provided by the monitoring data and Conceptual Model
of groundwater flow (CM) presented in the Phase 1 Characterization Report (Wood 2018).

The annual water budget for these same NHS features is summarized in Table B11to Table B14.

Table B11 Hall's Pond Annual Water Budget - 2003-2017 (mm/year)

T . .. Shallow Groundwater
761 4 9

2003 -507 3 -270

2004 777 -496 5 4 -276 13
2005 796 -544 7 4 -285 -22
2006 942 -523 48 5 -277 196
2007 548 -600 -23 4 -259 -330
2008 989 -533 26 4 -283 204
2009 795 -516 43 5 -257 70
2010 763 -550 3 3 -287 -68
2011 978 -544 127 3 -301 262
2012 656 -588 -14 3 -296 -238
2013 945 -525 24 3 -304 144
2014 696 -526 5 3 -294 -115
2015 761 -551 3 3 -310 -95
2016 769 -595 3 3 -304 -124
2017 831 -546 23 3 -295 17
AVERAGE 801 -543 19 3 -286 -6
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Table B12 Neumann's Pond Annual Water Budget - 2003-2017 (mm/year)

2003 -616 -274

2004 777 -616 93 10 -277 -13
2005 796 -643 150 9 -275 37
2006 942 -670 171 14 -295 162
2007 548 -681 66 11 -276 -333
2008 989 -666 177 6 -270 237
2009 795 -667 138 15 -292 -11
2010 763 -694 123 7 -274 -75
2011 978 -694 435 8 -291 436
2012 656 -760 61 8 -312 -347
2013 945 -663 149 9 -295 145
2014 696 -659 100 10 -287 -141
2015 761 -678 102 7 -273 -82
2016 769 -733 106 8 -275 -125
2017 831 -679 115 11 -275 3
AVERAGE 801 -675 140 9 -283 -7

Table B13 Halligan's Pond Water Budget - 2003-2017 (mm/year)

Shallow Groundwater
Precipitation | Evapotranspiration | Overland Net (Layer 1) Net Flow Storage Change

2003 -532 -126 2 -148

2004 777 -522 -122 3 -139 -3
2005 796 -570 -116 3 -147 -34
2006 942 -551 -87 6 -129 181
2007 548 -628 -141 4 -128 -345
2008 989 -560 -99 4 -140 194
2009 795 -543 -81 6 -113 64
2010 763 -578 -131 2 -155 -99
2011 978 -571 110 2 -151 367
2012 656 -618 -144 2 -156 -261
2013 945 -551 -116 2 -156 125
2014 696 -551 -129 2 -148 -129
2015 761 -579 -135 1 -164 -116
2016 769 -624 -133 2 -141 -127
2017 831 -573 -111 3 -133 18
AVERAGE 801 -570 -104 3 -143 -14
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Table B14 1992 Gordon Wood Lot Annual Water Balance - 2003-2017 (mm/year)

761 114 8 17

2003 -616 -251

2004 777 -616 93 10 -260 4
2005 796 -643 150 9 -266 46
2006 942 -670 171 14 -312 146
2007 548 -681 66 11 -194 -250
2008 989 -666 177 6 -304 203
2009 795 -667 138 15 -303 -22
2010 763 -694 123 7 -249 -50
2011 978 -694 435 8 -307 420
2012 656 -760 61 8 -308 -343
2013 945 -663 149 9 -282 159
2014 696 -659 100 10 -277 -130
2015 761 -678 102 7 -246 -55
2016 769 -733 106 8 -251 -101
2017 831 -679 115 11 -263 15
AVERAGE 801 -675 140 9 -271 4

The surface water and groundwater conditions for Hall's Pond and the supporting subcatchment are
presented on Map B5. The simulated pond water budget indicates that that the primary inflows to the pond
are precipitation with overland runoff and shallow groundwater contributing a relatively small proportion of
the flows to the pond. The primary outflows from the pond are evapotranspiration and groundwater
recharge. These simulated conditions of the pond, primarily providing groundwater recharge or leakage to
the subsurface and supported by minor discharge contributions are consistent with the CM interpretation of
conditions at Hall’'s Pond. Groundwater heads observed at the nearby monitoring well pairs of MW5-S and
MWS5-D and MW6-S MW6-D report water levels in the overburden deposits which underlie the ponds.
The average simulated water level, 334 m, in these wells are similar the observed value of 335 m.
This representation of average groundwater heads near the pond may be considered reasonable as up to 2 m
of seasonal head change has been observed in the transient water levels observed in the monitoring wells for
the 2016-2017 monitoring period. This result provides confidence that conditions in Halls pond are being
reasonable represented.

The surface water and groundwater conditions for Neumann’s pond are presented on Map B6. The simulated
water budget indicates that the primary inflows to the pond are precipitation with overland runoff providing
a moderate contribution and local shallow groundwater flow providing a minor contribution. The moderate
overland runoff contributions are considered to be a result of the steep local topography within the
catchment and small travel distance between the edges of the catchment and the pond itself leaving limited
opportunity for losses to evapotranspiration or infiltration. The primary outflows from the pond are
evapotranspiration groundwater recharge. The simulated conditions of the pond indicate that after losses to
evapotranspiration balance of the pond water supports groundwater recharge. Groundwater heads observed
at the nearby historic monitoring wells of MW2-11 and MW?2 report water levels in the overburden deposits
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underlying the pond. The average simulated water level, 333 m, in these wells is similar to the observed value
of 331 m. This result is considered reasonable given 2 m of seasonal head change observed in monitoring
wells and provides confidence that conditions at Neumann’s pond are reasonably represented by the model.

The surface water and groundwater conditions for Halligan’s Pond are presented on Map B7. The simulated
water budget indicates that the primary inflow to the pond is precipitation. The primary outflows of the pond
are evapotranspiration and groundwater recharge with overland flow losses contributing a moderate
component. Analysis of overland flow from the pond indicates these losses are to the adjacent pond just
south east of Halligan’s Pond and occur intermittently during high water level periods after large precipitation
events. Water budget analysis of Halligan’s Pond and the simulated groundwater recharge distribution
indicate that Halligan’s acts to recharge the groundwater flow system. Groundwater heads observed near the
pond are interpreted to be approximately 330 m on average and average simulated groundwater levels are
332 m in the vicinity of the pond. Similar to Hall’s and Neumann’s pond conditions at Halligans are on average
within 2 m of observed conditions on average. Given the seasonal head changes observed in the region this
result provides confidence that conditions at the pond are being reasonably represented.

The surface water and groundwater conditions for the 1992 Gordon St. Woodlot are presented on Map BS.
The simulated water budget indicates that the principal inflow to this area is precipitation. Shallow
groundwater flow and overland flow provide negligible contributions to the area water budget when inflows
and outflows are summed. Similar to all the features the primary outflow of the area is evapotranspiration
with losses to groundwater recharge comprising the majority of the remaining outflows. Groundwater heads
observed adjacent to the woodlot at monitoring wells MW4-S and MW4-D, which monitor head in the
overburden deposits the woodlot is situated on, report an average head value of 335.5 m, while simulated
heads are 334.3 m. Given the observed seasonal head change of 2 m these results are considered reasonable
and build confidence that conditions in the woodlot are reasonably represented.

It is noted that for all catchments and ponds the water budget analysis indicates that conditions within these
areas appear relatively stable; the long-term change in storage over the period of analysis, 2003-2017 is
small. Years of drought conditions, which result in losses to water storage in the catchments and ponds, are
balanced by years of high precipitation, which result in increases in water storage in the ponds and
catchments.

B3.4 Transient Water Levels

A comparison of the simulated and observed transient water levels for monitoring wells drilled as part of the
this study show a good match to average water levels and a good representation of the timing of seasonal
and year to year increases and decreases in water levels. The simulated variation in water levels is typically
+/-0.5m, up to +/- 1 m compared to an observed variation of +/- 0.5 m up to +/- 2 m. The difference in
magnitude of the variation of water level is small compared to average depth to water at these wells which is
on average approximately 10 m. It is expected that the model is therefore providing a good estimate of
average annual and seasonal recharge rates and groundwater levels. The difference in magnitude will be
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considered when completing the impact assessment and evaluation of stormwater options. However, the
calibrated model is considered suitable for representing existing conditions and completing the impact
assessment.

The observed and predicted water levels at the monitoring wells are summarized on Figure B6 to Figure B13
below.
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Clair-Maltby Secondary Plan
Simulated vs. Observed Water Levels
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Figure B6 Simulated vs. Observed Water Levels at MWO01-S and MW01-D
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Figure B7 Simulated vs. Observed Water Levels at MWO02-S and MW02-D
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Clair-Maltby Secondary Plan
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Figure B8 Simulated vs. Observed Water Levels at MW03-S and MWO03-D
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Figure B9 Simulated vs. Observed Water Levels at MWO04-S and MW04-D
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Figure B10 Simulated vs. Observed Water Levels at MW05-S and MWO05-D
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Clair-Maltby Secondary Plan
Simulated vs. Observed Water Levels
MWe6-D & MW6-S
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Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.

Figure B11 Simulated vs. Observed Water Levels at MW06-S and MWO06-D

23089-528x Modelling R 2018-08-30 draft V0.2.docx 28 Matrix Solutions Inc.



334.00 r T T — 0
l ‘{I 171 i \‘ [ ‘ ] |‘q T
‘ -4
333.50 -
| | °
333.00 12
# '-----"-_
L’ "'-..__- 16
_ 33250 oI - s===q
= -..___...- "l -.."'~...._ - 20
@ -"'-._ ’ - —
E 33200 S ————T - 24 E
c - E
S - 28 —
S 33150 5
S L 32 5
] ©
—= et
W 331.00 36 ‘a
] S
b -4 @
:‘ 330.50 o
S 33000 / 8
- 52
v <6
329.00 +—+—17+rt+-r—r—rt-r 0 1-+4H - -r-—r+-ront+n -r—t+r--+--—-—t--tt+-—t——t+——t——t——t——tr—r+—+— 60
] o ) o o o A A A A A . A A A A A A A o] o)
% o "' o 4 oY Y . . . Y o o . W " Y o o Y o
CHSRCAE G U CUK U A G G R G G AN G R AR G U i Ul of
R e R I Sl R R S A A AP\ IR Oy R e S S R
USRI G PR P SRR PN
I Precipitation - AFW : " "
recipfiation Ground Surface | Top of Casing | Elevation of Top Elevation of
MW7-D Water Level - Transducer Well ID Elevation Elevation of Screen Bottom of Screen
(masl) (masl) (masl) (masl)
=== MW?7-D Water Level - Simulated MWO07-D 347.04 347.89 313.97 312.45
Precipitation - AFW: Data set from rain gauge installed by AMEC Foster-Wheeler at 500 Maltby Rd. E.

Figure B12 Simulated vs. Observed Water Levels at MW07-D
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Clair-Maltby Secondary Plan
Simulated vs. Observed Water Levels
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Figure B13 Simulated vs. Observed Water Levels at MW08-S and MWO08-D
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Figure B14 Simulated vs. Observed Water Levels at MW09-S and MW09-D
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B3.4.1 Comparison of Simulated and Observed Conditions Local Hydraulic Gradients and Head
Differences

The SSA model is intended to evaluate conditions in the SSA at a variety of physical scales as such the
structure of the numerical model was designed to represent to the degree possible large and small-scale
hydrologic processes in part to evaluate potential impacts on ponds and wetlands. Therefore to meet the
modelling objectives the modelling approach applied balances the need for appropriate spatial resolution,
temporal resolution, model domain extent and model runtimes to represent large and small-scale processes

reasonably.

The piezometers (MP locations) located near key NHS surface water features measure shallow small-scale
localized conditions and provide insight on small-scale interaction between groundwater and surface water
features. The larger scale function of these features and connections of the surface water features and
groundwater system and water budgets are evaluated with the model by comparison of differences and
water levels between the surface water, deeper piezometers (MPs) and monitoring wells (MW).

A summary of hydraulic gradients and head differences observed and simulated at the NHS ponds and other
features in the SSA is provided in Table B15. For the purposes of discussing head difference magnitudes in the
summary table following categorizations used:

e small head difference =0to 2 m
e moderate head difference=2to5 m

e large head difference =5+ m

The hydraulic gradients observed between the shallow subsurface and the deep groundwater system at the
NHS ponds are reasonably represented by the model for the period of observation in terms of vertical flow
direction and magnitude. The model achieves a reasonable representation of conditions at most of the
remaining MP observation locations.
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Table B15 Simulated and Observed Local Hydraulic Conditions

Vertical Flow Conditions
Shallow Subsurface to Deep

Pond to Shallow Subsurface Gradient | Pond to Deep Subsurface Gradient and Head

Observation Locations and Head Difference Difference Subsurface .Gradient and Head Interpretation
Difference
Observed | Simuisted | Observed | Simuisted | Observed | _Simuiated
Neumann’s MPO1-S, MP01-D and Small Small upward. Large downward. Large downward. | Large Large The gradient simulated in the shallow subsystem opposite in direction than
Pond MW1-11 downward. downward. downward. that observed. Evaluation of local head conditions simulated indicates this

is a localised condition around the edge of the pond. Further the low
conductivity organic material conceptualized at the pond base serves to
limit the flux into the pond from the shallow system despite upward
gradients. This is confirmed through water budget analysis that indicates
minimal contribution of flow from the shallow subsurface to the pond.

The gradients observed and simulated are similar from pond to deep system
and shallow to deep subsurface systems.

Conditions simulated are representative of observed conditions.

Hall’s Pond MPO7-S, MPQ7-D and Small Varying small Moderate Moderate Moderate Moderate The gradients observed and simulated are similar in the pond to shallow
MWO05-D downward. downward to downward. downward. downward. downward. subsurface, pond to deep subsurface and shallow to deep subsurface
small upward. systems.

Conditions simulated are representative of observed conditions.
Additional Observations:

For the period of July 2017 to October 2017 there is a reversal of vertical
gradients indicated by the MP observations where the deep MP shows a
discharging condition to the surface water body. This condition likely
represents a localized subsurface condition and at a larger scale the
gradient between the shallow subsurface and deep groundwater system
remains consistent

Halligan’s MPO013-S and MP013-D, | Small Neutral Moderate Small downward. | Moderate Small The gradients observed and simulated are similar in the pond to shallow

Pond MWO03-D downward. gradient. downward. downward. downward. system and underestimated in the pond to shallow subsurface and shallow
to deep subsurface.

The magnitude of the gradient simulated is less than observed which may
serve to underestimate leakage from the pond. However the observations
at MWO03-D, the closest high quality monitoring well, are upwards of 500 m
away from the pond and may not be representative of local conditions.
Further the CM interpretation of conditions under Halligan’s Pond maintains
the possibility of sustained saturated conditions being present below the
pond. The simulated conditions are more consistent with this
interpretation.

Conditions simulated are representative of observed interpreted
conditions.
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Vertical Flow Conditions
Shallow Subsurface to Deep

Pond to Shallow Subsurface Gradient | Pond to Deep Subsurface Gradient and Head

Observation Locations and Head Difference Difference Subsurface .Gradient and Head Interpretation
Difference
Observed | Simuisted | Observed | Simuisted | Observed | _Simuiated
1992 Gordon MPQ3, MP04, MP0S, Neutral to small | Small upward to | Moderate to large Moderate to Large Small to The gradients simulated in the pond to shallow subsurface system are
St. Woodlot MWO04-D and MWO05-D downward large downward. large downward. | downward. moderate overestimated relative to observations. The simulated gradient between the
downward. downward. pond system and deep subsurface are similar to observations. The

simulated gradient between the shallow subsurface and deep subsurface is
underestimated.

As a result the model may overestimate leakage from the shallow pond to
the shallow subsurface. However this leakage is expected to be relatively
limited given the low conductivity organic material conceptualised at the
base of the ponds (Kz = 1e-8 m/s). Further the gradient in the pond to deep
subsurface system is similar to observations suggesting the larger scale
pond to deep subsurface system is represented reasonably.

The combination of local MP representation and the reasonable
representation of conditions at monitoring wells MW04-S and MWO04-D and
consistent representation of ponded water extent on mapped ponded areas
within the woodlot indicate that conditions simulated are reasonably
representative of observed conditions

Additional Observations:
The seasonal response predicted at the MP locations appears similar in
timing but reduced magnitude at the MP locations.
Neumann’s MP02 and MW1-11 Small upward. Small downward | Large downward. Large downward. | Large Large The gradients simulated are similar to those observed in all systems.
Pond 2 to small upward. downward. downward.
Conclusion: Conditions are representative of observed conditions.

Additional Observations:
The predicted seasonal response of the MPs simulated is similar to the
observed seasonal response.

Marcolongo MPO5 and MWO05-D Small upward or | Moderate Moderate Moderate Moderate Small The pond to shallow subsurface gradient is overestimated by the model and
downward. downward downward. downward. downward. downward. correspondingly the shallow to deep subsurface gradient is underestimated.
gradient This may result in predicted leakage greater than observed by the model.

However this leakage is expected to be relatively limited given the low
conductivity organic material conceptualised at the base of the ponds (Kz =
1e-8 m/s). Further the gradient in the pond to deep subsurface system is
similar to observations suggesting the larger scale pond to deep subsurface
system is represented reasonably.

Conclusion: Conditions are reasonably representative of observed
conditions.
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Observation Locations

Pond to Shallow Subsurface Gradient

and Head Difference

Vertical Flow Conditions

Pond to Deep Subsurface Gradient and Head

Difference

Shallow Subsurface to Deep
Subsurface Gradient and Head
Difference

Interpretation

Marcolongo

Kilkenny Cul-
De-Sac

Tim Horton’s

264 Maltby
Road

Maltby Right-
of-way (ROW)

Puslinch
Stream

MPO6 and MWO05-D

MP09 and MWO02-D

MP10 and MWO07-D

MP11 and MWO09-D

MP12 and MWO06-D

MP14 and MWO06-D

Observed | Smuisted | Obsorved | Smuated | Observed | _Simuiated _

Small upward or

Small upward or
downward.

No observations

Small upward to
neutral.

Small upward to
neutral.

Small upward to
small
downward.

No pond
observed.

downward.

Moderate
downward
gradient

Small upward.

Ponding not
simulated
locally.
Large
downward.

No pond
simulated

Moderate
downward.

No observations

Small downward.

Moderate
downward.

Moderate upward to

moderate
downward.

Neutral to small
upward gradient
relative to ground
surface

Moderate
downward.

Moderate
downward.

Small upward.

Ponding not

simulated locally.

Large downward.

Small upward
gradient relative
to ground
surface.

Moderate
downward.

Small upward to

small
downward.

Small
downward.

Moderate
downward.

Moderate
upward to
moderate
downward.
Large upward
gradient

Moderate
downward.

Small
downward.

Small upward.

Large upward.

Moderate
upward from
deep system.

large upward
gradient

The gradients simulated are similar to those observed in all systems.

Conclusion: Conditions are reasonably representative of observed
conditions.

Additional Observations:

The simulated seasonal response of the shallow subsurface to similar
compared to observations in terms of timing but muted in terms of
magnitude.

The magnitude of the shallow to deep subsurface gradient observed is at
times underestimated by the model which may result in predicted leakage
which is less than observed in this location. However the impact of this
underestimation on pond leakage is expected to be limited based the low
conductivity materials conceptualised at ponds in the area.

Conditions are reasonably representative of observed conditions.

The simulated response of the shallow subsurface to the spring freshet is
very similar to observations in terms of timing.

While the simulated pond to shallow subsurface gradients are similar to
observed the pond to deep subsurface and shallow to deep subsurface
system gradients are the opposite of observed conditions.

The issues replicating observed conditions are a result of the deeper water
system water levels being too high here. The misfit will cause discharge at
this feature rather than leakage.

The model does not replicate conditions observed at this site. This may be a
result of finer scale topography details associated with the road which are
not captured by the 25x25 m resolution of the model.

The model does not replicate conditions observed at this site. This may be a
result of finer scale topography details associated with the road which are
not captured by the 25x25 m resolution of the model.

The gradients simulated are similar to those observed in all systems.

Conditions are reasonably representative of observed conditions.
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B3.5 Spot Flows

Spot flow measurements were made at locations in Mill Creek and Hanlon Creek as part of this study
(Map B4). The consistency of with Mill Creek and Hanlon Creek simulated baseflow in the initially larger
model was checked against observed spot flows. Spot flows for Hanlon Creek are not within boundaries of
the SSA model domain. A summary of spot flow conditions evaluated outside of the SSA is provided Table
B16.

Table B16 Initial Regional Model - Observed Vs Simulated Baseflow Conditions

Observed Flows Simulated Flows
Drainage Area | Location (L/s) (L/s)

e e e e

Hanlon Creek | HC-HR2 0

Mill Creek MC-C72 0 10 2 4 39 16.5
Mill Creek MC-M?2 0 3 1 0 0 0
Mill Creek MC-V2 6 179 48 27 | 129 61
Mill Creek MC-GN3 | 58 | 209 97 44 | 142 80

Spot flows observed in smaller headwater drainages are more difficult to represent due to the small drainage
area the observation is dependent on. Conversely spot flows collected in locations further downstream which
collect more drainage are easier to replicate and can provide a more representative evaluation of baseflow
replication by the model given the increased area they represented. In general we observe that simulated
flows are in agreement with observed flows.

Simulated discharge conditions for Hanlon and Mill Creek tributaries within the SSA model domain were
compared against available observed water levels and mapped ponded water/wetlands see Table B17.

Table B17 SSA Model - Observed Vs Simulated Baseflow Conditions

Observed Flows Simulated Flows (L/s) or
Drainage Area | Location (L/s) Mapped Discharge Conditions
LN T ™ S S
0

Mill Creek MC-M3 0 0
Mill Creek MC-GN1 1 5 3 Con5|stent Discharge Conditions Identified at Location in Discharge
Mill Creek MC-GN2 2 5 3 Mapping

This comparison indicates consistent representation of field observations. Combined with the evaluation of
spot flows in the larger initial model these simulated values represent the seasonal trends, locations and
magnitude of conditions observed in the field and provides confidence the model can be used to represent
discharge to Mill Creek.
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B4  SIMULATED FLOW SYSTEM

The following sections characterize the hydrologic conditions predicted for flow system for period of 2003-
2017. The results include maps that characterize the spatial distribution of hydrologic processes, map of
groundwater recharge, as well as water budgets which provide an assessment of the contribution of
hydrologic processes, e.g. evapotranspiration, in the SSA model.

The characterization of existing conditions, summarized in the following sections, will be used baseline
conditions for comparison with the simulated impact of development alternatives.

Development alternatives will be evaluated for impacts, relative to existing conditions, through changes
observed in:

e groundwater recharge and discharge areas and features
e groundwater flow linkages between recharge and discharge areas (groundwater functions)
e spatial and temporal variations in these groundwater functions

e PSA role in supporting municipal bedrock aquifers

The characterization provided by the SSA model of existing conditions will also serve as a basis to address the
following model objectives:

e constraints and opportunities for future development to maintain groundwater function and support
other objectives for stormwater management

e potential impacts of development alternatives on groundwater function in the PSA

e mitigation strategies (e.g. LIDs) to maintain groundwater function and inform overall stormwater
management planning

Land use development alternatives will be assessed using the SSA model and compared against existing
conditions to provide understanding of impacts, impact mitigation strategies and selection of a preferred
design alternative.

B4.1 Simulated Average Depth to Water Table

A map depicting the spatial distribution of average depth to the groundwater table simulated for the period
of 2003-2017 is presented on Map B9. This figure represents the average depth from the ground surface to
the water table as simulated by the model.

B4.2 Simulated Ponded Water Locations

A map depicting the spatial distribution of ponded water areas is presented on Map B10. This map represents
areas which feature ponded water exceeding 1 cm in depth for at least 10% of the simulation period (2003-
2017).
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B4.3 Simulated Groundwater Recharge

Water which passes through the unsaturated zone and reaches the water table is known as groundwater
recharge. It is the portion of infiltration that is in surplus after meeting evapotranspiration and soil moisture
needs above the water table. Evapotranspiration can also occur from below the water table. A map depicting
the spatial distribution of average annual groundwater recharge for the period of 2003-2017 is presented on
Map B11.

B4.4 Simulated Groundwater Discharge

Groundwater discharge occurs where the water table intersects ground surface typically in areas of
topographic lows, locally or regionally. A map which depicts the areas groundwater discharge for the period
of 2003-2017 is presented on Map B12.

B4.5 Water Budgets for Model Domain (SSA)

The average annual water budget for the period of 2003-2017 simulated by the MIKE SHE model is presented
for model domain and the areas of Mill Creek, Hanlon Creek and Torrance Creek within the model domain in
Table B18. The average annual groundwater recharge rates for 2003-2017 are summarized in Table B19.

The inflows of water to the model domain occur through precipitation, overland flow in, lateral groundwater
flow through the overburden and bedrock and vertical flow through the underlying municipal aquifer. The
outflows of water from the model domain occurs through evapotranspiration, overland flow out
(groundwater discharge), lateral flow through the overburden, lateral flow through the bedrock, vertical flow
to the underlying municipal aquifer and pumping

Table B20 presents the outflows as a percentage of total inflows. Table B21 presents the outlfows as a
percentage of total groundwater inflows approximated as the simulated precipitation, groundwater inflow
and change in storage less evapotranspiration.
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DRAFT

Table B18 Average Annual Water Budget for SSA (2003-2017, mm/year)

Water Budget Component

Vertical
Lateral Groundwater Flow Groundwater
Flow
Bedrock Above .
: Across Vinemount
Overburden Vinemount .
) Formation
Formation
c -
=
c '% § o
=] (e ) 2
= || = ) Change
Area/Catchment = £ T L.; Inflow | Outflow | Inflow Outflow | Inflow | Outflow | Pumping in
8 8 | 2| s Storage
o = g §
GRS
SSA Model Domain | 801 | 480 0 108 17 44 35 126 0 99 2 -7
Mill Creek 801 | 498 1 188 41 36 140 194 1 66 7 -6
Hanlon Creek 801 | 472 0 86 9 60 42 186 0 64 0 -7
Torrance Creek 801 | 450 0 60 48 95 233 421 0 58 0 -4
Table B19 Average Annual Groundwater Recharge for SSA (2003-2017)
Area/Catchment | Groundwater Recharge
(mm/year)
SSA Model Domain 325
Mill Creek 338
Hanlon Creek 326
Torrance Creek 302
Table B20 Water Budget Outflows as a Percentage of the Total Inflows for the SSA
Estimated Overburden Bedrock Bedrock Vertical
... Groundwater Flow Out (Across .
Area/Catchment Evapotranspiration ) Lateral Flow Lateral ) Pumping
Discharge to Streams out Flow Out Vinemount
and Water Bodies Formation)
SSA Model Domain 56% 13% 5% 15% 12% 0%
Mill Creek 50% 19% 4% 20% 7% 1%
Hanlon Creek 55% 10% 7% 22% 7% 0%
Torrance Creek 41% 6% 9% 39% 5% 0%
Table B21 Water Budget Outflows as a Percentage of Total Groundwater Inflows (Inflows-
Evapotranspiration) for the SSA
Estimated Groundwater Overburden Bedrock Bedrock Vertical Flow Out
Area/Catchment Discharge to Streams and Lateral Flow (Across Vinemount Pumping
. Lateral Flow Out .
Water Bodies Out Formation)
SSA Model Domain 28% 12% 33% 26% 1%
Mill Creek 38% 7% 39% 13% 1%
Hanlon Creek 22% 16% 48% 17% 0%
Torrance Creek 9% 15% 66% 9% 0%
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B4.6 Secondary Plan Area Water Budgets

The water budgets for the catchments of Mill Creek, Hanlon Creek and Torrance Creek within the SPA are
presented in Table B22. These water budgets represent existing conditions and will be used to evaluate water
budgets under the development alternatives to help assess the potential impact of alternative development
strategies in the SPA.

Table B23 shows the outflows by catchment within the SPA as a percentage of total groundwater inflows
(precipitation and storage less evapotranspiration losses). This analysis indicates that approximately 30% to
40% of flow out of these catchments reaches the regional aquifer. This result is generally consistent with the
water budget analysis performed on the larger catchment areas found within the SSA.

Table B22 Average Annual Water Budgets for the SPA (2003-2017)

Water Budget Component

Vertical
Lateral Groundwater Flow Groundwater
Flow
Bedrock Above .
) Across Vinemount
Overburden Vinemount :
X Formation
Formation
< -
. 258
S s | 2| 3
=} = | & 3 Change
Area/ s @ w | = . )
S = o =28 Inflow | Outflow | Inflow Outflow Inflow | Outflow | Pumping | in
Catchment S o & c
o 3 2| & Storage
a 2 £ 3
£ 6|6
Mill Creek in 801 508 | 4 9 43 51 326 513 0 102 0 -10
SPA
Hanlon Creek 801 494 | 1 6 6 32 26 181 0 129 2 -10
in SPA
Torrance 801 477 1 22 222 425 1761 1,780 0 88 0 -7
Creek in SPA"
Note:

! High discharge rates simulate through lateral bedrock occur in Torrance Creek as a result of a relatively high flow through the
bedrock in the Burke-Carter formation associated with the Burke Municipal Well and the relatively small domain area associated with
Torrance Creek within the SPA.
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Table B23 Water Budget Outflows as a Percentage of Total Groundwater Inflows (Inflows-
Evapotranspiration) for the SPA

Bedrock Vertical

Estimated Overburden Bedrock
Groundwater Flow Out (Across .
Area/Catchment DI Lateral Flow Lateral . Pumping
ischarge to Streams Vinemount
and Water Bodies Out Flow Out Formation)
Mill Creek in SPA 1% 8% 76% 15% 0%
Hanlon Creek in SPA 2% 9% 52% 37% 1%
Torrance Creek in SPA 1% 18% 77% 4% 0%

B4.7 Natural Heritage System Features - Hydroperiod

A map depicting the simulated hydroperiod of the key NHS pond/wetland features is presented in Map B13.
This map illustrates the simulated maximum and minimum extent of the ponds at a 0.25 m threshold depth
simulated by the model for the period of 2003-2017. Evaluation of the maximum and minimum extent of the
feature against aerial imagery provides a qualitative assessment of the ability of the model to represent the
areal extent of the NHS ponds/wetlands, which can be used to approximate the hydroperiod of these
features.

B4.8 Particle Tracking

Particle tracking provides a tool that links recharge and discharge areas and provides a means for further
understanding the connection between recharge zones and potential receptors. Hypothetical particles were
released within the first three layers of the MIKE SHE model and move through the simulated groundwater
flow field to their discharge location or where they leave the model domain. The flow conditions observed for
the period of 2007-2016 were used as representative conditions and repeated for a 200 year simulation to
determine the ultimate fate of particles released in the overburden materials within the study area.

A map depicting the destination or fate of particles released in a given location is presented on Map B14.
This map depicts where recharge at a given location in the model leaves the model by groundwater discharge
or groundwater outflow.

A quantitative assessment of the particle tracking results is presented in Table B24. The columns have the
following meaning:

e Percent of Total Particle Count:

+ Summarizes the destination of a particle based on the count of particles which arrived at a particular
destination type as a percentage of the total number of particles released.

e Percent of Total Recharge Volume (Particle*Recharge Rate)
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+ This represents the multiplication of the recharge predicted on a cell by the cell destination type. In

this way the magnitude of recharge associated with particles arriving at each destination type is

considered. This number summarizes the fraction of total recharge associated with each particle

destination type.

e Water Budget Proportion:

+ This is an approximation of the destination of recharge based on water budget assessment as

summarized in Section 4.6.

Table B24 Particle Destination Summary Statistics

Water

Budget %

Destination Type Percent of Total Percent of Total Recharge Volume
Particle Count (Particles* Recharge Value)

Bedrock Vertical Flow Across 31 32
Vinemount (Regional Aquifer)

Bedrock Lateral Flow Out 29 29
Overburden Lateral Flow Out 11 11
Discharge to Overland 28 27
Captured By Pumping Well 1 1

(Table B20)
26

33
12
28

In general we observe that the water budget results and the particle tracking results are very similar. Small

differences relate to the method used and simulation period for the model and the particle tracking process,

2003-2017 versus 2006-2017, respectively. Particles are only released initially in the particle tracking

simulation at the start of the simulation period (January 2007) as opposed to continuously being released in

differing flow conditions. We believe the particle tracking provides useful insight and confidence in the model

results which agree with the CM interpretation (see 4.2.4).
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Figure B9 Simulated vs. Observed Water Levels at MWO04-S and MW04-D
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Figure B12 Simulated vs. Observed Water Levels at MW07-D
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Clair-Maltby Secondary Plan
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Figure B13 Simulated vs. Observed Water Levels at MW08-S and MWO08-D
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Figure B14 Simulated vs. Observed Water Levels at MW09-S and MW09-D
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B3.4.1 Comparison of Simulated and Observed Conditions Local Hydraulic Gradients and Head
Differences

The SSA model is intended to evaluate conditions in the SSA at a variety of physical scales as such the
structure of the numerical model was designed to represent to the degree possible large and small-scale
hydrologic processes in part to evaluate potential impacts on ponds and wetlands. Therefore to meet the
modelling objectives the modelling approach applied balances the need for appropriate spatial resolution,
temporal resolution, model domain extent and model runtimes to represent large and small-scale processes

reasonably.

The piezometers (MP locations) located near key NHS surface water features measure shallow small-scale
localized conditions and provide insight on small-scale interaction between groundwater and surface water
features. The larger scale function of these features and connections of the surface water features and
groundwater system and water budgets are evaluated with the model by comparison of differences and
water levels between the surface water, deeper piezometers (MPs) and monitoring wells (MW).

A summary of hydraulic gradients and head differences observed and simulated at the NHS ponds and other
features in the SSA is provided in Table B15. For the purposes of discussing head difference magnitudes in the
summary table following categorizations used:

e small head difference =0to 2 m
e moderate head difference=2to5 m

e large head difference =5+ m

The hydraulic gradients observed between the shallow subsurface and the deep groundwater system at the
NHS ponds are reasonably represented by the model for the period of observation in terms of vertical flow
direction and magnitude. The model achieves a reasonable representation of conditions at most of the
remaining MP observation locations.

23089-528x AppB Modelling R 2018-07-19 draft VO.1.docx 32 Matrix Solutions Inc.



Table B15 Simulated and Observed Local Hydraulic Conditions

Vertical Flow Conditions
Shallow Subsurface to Deep

Pond to Shallow Subsurface Gradient | Pond to Deep Subsurface Gradient and Head

Observation Locations and Head Difference Difference Subsurface .Gradient and Head Interpretation
Difference
Obseved | Simuisted | Observed | Simuisted | Observed | Simuiated
Neumann’s MPO1-S, MP01-D and Small Small upward. Large downward. Large downward. | Large Large The gradient simulated in the shallow subsystem opposite in direction than
Pond MW1-11 downward. downward. downward. that observed. Evaluation of local head conditions simulated indicates this

is a localised condition around the edge of the pond. Further the low
conductivity organic material conceptualized at the pond base serves to
limit the flux into the pond from the shallow system despite upward
gradients. This is confirmed through water budget analysis that indicates
minimal contribution of flow from the shallow subsurface to the pond.

The gradients observed and simulated are similar from pond to deep system
and shallow to deep subsurface systems.

Conditions simulated are representative of observed conditions.

Hall’s Pond MPO7-S, MPQ7-D and Small Varying small Moderate Moderate Moderate Moderate The gradients observed and simulated are similar in the pond to shallow
MWO05-D downward. downward to downward. downward. downward. downward. subsurface, pond to deep subsurface and shallow to deep subsurface
small upward. systems.

Conditions simulated are representative of observed conditions.
Additional Observations:

For the period of July 2017 to October 2017 there is a reversal of vertical
gradients indicated by the MP observations where the deep MP shows a
discharging condition to the surface water body. This condition likely
represents a localized subsurface condition and at a larger scale the
gradient between the shallow subsurface and deep groundwater system
remains consistent

Halligan’s MPO013-S and MP013-D, | Small Neutral Moderate Small downward. | Moderate Small The gradients observed and simulated are similar in the pond to shallow

Pond MWO03-D downward. gradient. downward. downward. downward. system and underestimated in the pond to shallow subsurface and shallow
to deep subsurface.

The magnitude of the gradient simulated is less than observed which may
serve to underestimate leakage from the pond. However the observations
at MWO03-D, the closest high quality monitoring well, are upwards of 500 m
away from the pond and may not be representative of local conditions.
Further the CM interpretation of conditions under Halligan’s Pond maintains
the possibility of sustained saturated conditions being present below the
pond. The simulated conditions are more consistent with this
interpretation.

Conditions simulated are representative of observed interpreted
conditions.
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Vertical Flow Conditions
Shallow Subsurface to Deep

Pond to Shallow Subsurface Gradient | Pond to Deep Subsurface Gradient and Head

Observation Locations and Head Difference Difference Subsurface .Gradient and Head Interpretation
Difference
Observed | Simuisted | Observed | Simuisted | Observed | _Simuiated
1992 Gordon MPQ3, MP04, MP0S, Neutral to small | Small upward to | Moderate to large Moderate to Large Small to The gradients simulated in the pond to shallow subsurface system are
St. Woodlot MWO04-D and MWO05-D downward large downward. large downward. | downward. moderate overestimated relative to observations. The simulated gradient between the
downward. downward. pond system and deep subsurface are similar to observations. The

simulated gradient between the shallow subsurface and deep subsurface is
underestimated.

As a result the model may overestimate leakage from the shallow pond to
the shallow subsurface. However this leakage is expected to be relatively
limited given the low conductivity organic material conceptualised at the
base of the ponds (Kz = 1e-8 m/s). Further the gradient in the pond to deep
subsurface system is similar to observations suggesting the larger scale
pond to deep subsurface system is represented reasonably.

The combination of local MP representation and the reasonable
representation of conditions at monitoring wells MW04-S and MWO04-D and
consistent representation of ponded water extent on mapped ponded areas
within the woodlot indicate that conditions simulated are reasonably
representative of observed conditions

Additional Observations:
The seasonal response predicted at the MP locations appears similar in
timing but reduced magnitude at the MP locations.
Neumann’s MP02 and MW1-11 Small upward. Small downward | Large downward. Large downward. | Large Large The gradients simulated are similar to those observed in all systems.
Pond 2 to small upward. downward. downward.
Conclusion: Conditions are representative of observed conditions.

Additional Observations:
The predicted seasonal response of the MPs simulated is similar to the
observed seasonal response.

Marcolongo MPO5 and MWO05-D Small upward or | Moderate Moderate Moderate Moderate Small The pond to shallow subsurface gradient is overestimated by the model and
downward. downward downward. downward. downward. downward. correspondingly the shallow to deep subsurface gradient is underestimated.
gradient This may result in predicted leakage greater than observed by the model.

However this leakage is expected to be relatively limited given the low
conductivity organic material conceptualised at the base of the ponds (Kz =
1e-8 m/s). Further the gradient in the pond to deep subsurface system is
similar to observations suggesting the larger scale pond to deep subsurface
system is represented reasonably.

Conclusion: Conditions are reasonably representative of observed
conditions.
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Observation Locations

Pond to Shallow Subsurface Gradient

and Head Difference

Vertical Flow Conditions

Pond to Deep Subsurface Gradient and Head

Difference

Shallow Subsurface to Deep
Subsurface Gradient and Head
Difference

Interpretation

Marcolongo

Kilkenny Cul-
De-Sac

Tim Horton’s

264 Maltby
Road

Maltby Right-
of-way (ROW)

Puslinch
Stream

MPO6 and MWO05-D

MP09 and MWO02-D

MP10 and MWO07-D

MP11 and MWO09-D

MP12 and MWO06-D

MP14 and MWO06-D

Observed | Smuisted | Obsorved | Smuated | Observed | _Simuiated _

Small upward or

Small upward or
downward.

No observations

Small upward to
neutral.

Small upward to
neutral.

Small upward to
small
downward.

No pond
observed.

downward.

Moderate
downward
gradient

Small upward.

Ponding not
simulated
locally.
Large
downward.

No pond
simulated

Moderate
downward.

No observations

Small downward.

Moderate
downward.

Moderate upward to

moderate
downward.

Neutral to small
upward gradient
relative to ground
surface

Moderate
downward.

Moderate
downward.

Small upward.

Ponding not

simulated locally.

Large downward.

Small upward
gradient relative
to ground
surface.

Moderate
downward.

Small upward to

small
downward.

Small
downward.

Moderate
downward.

Moderate
upward to
moderate
downward.
Large upward
gradient

Moderate
downward.

Small
downward.

Small upward.

Large upward.

Moderate
upward from
deep system.

large upward
gradient

The gradients simulated are similar to those observed in all systems.

Conclusion: Conditions are reasonably representative of observed
conditions.

Additional Observations:

The simulated seasonal response of the shallow subsurface to similar
compared to observations in terms of timing but muted in terms of
magnitude.

The magnitude of the shallow to deep subsurface gradient observed is at
times underestimated by the model which may result in predicted leakage
which is less than observed in this location. However the impact of this
underestimation on pond leakage is expected to be limited based the low
conductivity materials conceptualised at ponds in the area.

Conditions are reasonably representative of observed conditions.

The simulated response of the shallow subsurface to the spring freshet is
very similar to observations in terms of timing.

While the simulated pond to shallow subsurface gradients are similar to
observed the pond to deep subsurface and shallow to deep subsurface
system gradients are the opposite of observed conditions.

The issues replicating observed conditions are a result of the deeper water
system water levels being too high here. The misfit will cause discharge at
this feature rather than leakage.

The model does not replicate conditions observed at this site. This may be a
result of finer scale topography details associated with the road which are
not captured by the 25x25 m resolution of the model.

The model does not replicate conditions observed at this site. This may be a
result of finer scale topography details associated with the road which are
not captured by the 25x25 m resolution of the model.

The gradients simulated are similar to those observed in all systems.

Conditions are reasonably representative of observed conditions.
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B3.5 Spot Flows

Spot flow measurements were made at locations in Mill Creek and Hanlon Creek as part of this study
(Map B4). The consistency of with Mill Creek and Hanlon Creek simulated baseflow in the initially larger
model was checked against observed spot flows. Spot flows for Hanlon Creek are not within boundaries of
the SSA model domain. A summary of spot flow conditions evaluated outside of the SSA is provided Table
B16.

Table B16 Initial Regional Model - Observed Vs Simulated Baseflow Conditions

Observed Flows Simulated Flows
Drainage Area | Location (L/s) (L/s)

e e e e

Hanlon Creek | HC-HR2 0

Mill Creek MC-C72 0 10 2 4 39 16.5
Mill Creek MC-M?2 0 3 1 0 0 0
Mill Creek MC-V2 6 179 48 27 | 129 61
Mill Creek MC-GN3 | 58 | 209 97 44 | 142 80

Spot flows observed in smaller headwater drainages are more difficult to represent due to the small drainage
area the observation is dependent on. Conversely spot flows collected in locations further downstream which
collect more drainage are easier to replicate and can provide a more representative evaluation of baseflow
replication by the model given the increased area they represented. In general we observe that simulated
flows are in agreement with observed flows.

Simulated discharge conditions for Hanlon and Mill Creek tributaries within the SSA model domain were
compared against available observed water levels and mapped ponded water/wetlands see Table B17.

Table B17 SSA Model - Observed Vs Simulated Baseflow Conditions

Observed Flows Simulated Flows (L/s) or
Drainage Area | Location (L/s) Mapped Discharge Conditions
LN T ™ S S
0

Mill Creek MC-M3 0 0
Mill Creek MC-GN1 1 5 3 Con5|stent Discharge Conditions Identified at Location in Discharge
Mill Creek MC-GN2 2 5 3 Mapping

This comparison indicates consistent representation of field observations. Combined with the evaluation of
spot flows in the larger initial model these simulated values represent the seasonal trends, locations and
magnitude of conditions observed in the field and provides confidence the model can be used to represent
discharge to Mill Creek.
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B4  SIMULATED FLOW SYSTEM

The following sections characterize the hydrologic conditions predicted for flow system for period of 2003-
2017. The results include maps that characterize the spatial distribution of hydrologic processes, map of
groundwater recharge, as well as water budgets which provide an assessment of the contribution of
hydrologic processes, e.g. evapotranspiration, in the SSA model.

The characterization of existing conditions, summarized in the following sections, will be used baseline
conditions for comparison with the simulated impact of development alternatives.

Development alternatives will be evaluated for impacts, relative to existing conditions, through changes
observed in:

e groundwater recharge and discharge areas and features
e groundwater flow linkages between recharge and discharge areas (groundwater functions)
e spatial and temporal variations in these groundwater functions

e PSA role in supporting municipal bedrock aquifers

The characterization provided by the SSA model of existing conditions will also serve as a basis to address the
following model objectives:

e constraints and opportunities for future development to maintain groundwater function and support
other objectives for stormwater management

e potential impacts of development alternatives on groundwater function in the PSA

e mitigation strategies (e.g. LIDs) to maintain groundwater function and inform overall stormwater
management planning

Land use development alternatives will be assessed using the SSA model and compared against existing
conditions to provide understanding of impacts, impact mitigation strategies and selection of a preferred
design alternative.

B4.1 Simulated Average Depth to Water Table

A map depicting the spatial distribution of average depth to the groundwater table simulated for the period
of 2003-2017 is presented on Map B9. This figure represents the average depth from the ground surface to
the water table as simulated by the model.

B4.2 Simulated Ponded Water Locations

A map depicting the spatial distribution of ponded water areas is presented on Map B10. This map represents
areas which feature ponded water exceeding 1 cm in depth for at least 10% of the simulation period (2003-
2017).
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B4.3 Simulated Groundwater Recharge

Water which passes through the unsaturated zone and reaches the water table is known as groundwater
recharge. It is the portion of infiltration that is in surplus after meeting evapotranspiration and soil moisture
needs above the water table. Evapotranspiration can also occur from below the water table. A map depicting
the spatial distribution of average annual groundwater recharge for the period of 2003-2017 is presented on
Map B11.

B4.4 Simulated Groundwater Discharge

Groundwater discharge occurs where the water table intersects ground surface typically in areas of
topographic lows, locally or regionally. A map which depicts the areas groundwater discharge for the period
of 2003-2017 is presented on Map B12.

B4.5 Water Budgets for Model Domain (SSA)

The average annual water budget for the period of 2003-2017 simulated by the MIKE SHE model is presented
for model domain and the areas of Mill Creek, Hanlon Creek and Torrance Creek within the model domain in
Table B18. The average annual groundwater recharge rates for 2003-2017 are summarized in Table B19.

The inflows of water to the model domain occur through precipitation, overland flow in, lateral groundwater
flow through the overburden and bedrock and vertical flow through the underlying municipal aquifer. The
outflows of water from the model domain occurs through evapotranspiration, overland flow out
(groundwater discharge), lateral flow through the overburden, lateral flow through the bedrock, vertical flow
to the underlying municipal aquifer and pumping

Table B20 presents the outflows as a percentage of total inflows. Table B21 presents the outlfows as a
percentage of total groundwater inflows approximated as the simulated precipitation, groundwater inflow
and change in storage less evapotranspiration.
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DRAFT

Table B18 Average Annual Water Budget for SSA (2003-2017, mm/year)

Water Budget Component

Vertical
Lateral Groundwater Flow Groundwater
Flow
Bedrock Above .
: Across Vinemount
Overburden Vinemount .
) Formation
Formation
c -
=
c '% § o
=] (e ) 2
= || = ) Change
Area/Catchment = £ T L.; Inflow | Outflow | Inflow Outflow | Inflow | Outflow | Pumping in
8 8 | 2| s Storage
o = g §
GRS
SSA Model Domain | 801 | 480 0 108 17 44 35 126 0 99 2 -7
Mill Creek 801 | 498 1 188 41 36 140 194 1 66 7 -6
Hanlon Creek 801 | 472 0 86 9 60 42 186 0 64 0 -7
Torrance Creek 801 | 450 0 60 48 95 233 421 0 58 0 -4
Table B19 Average Annual Groundwater Recharge for SSA (2003-2017)
Area/Catchment | Groundwater Recharge
(mm/year)
SSA Model Domain 325
Mill Creek 338
Hanlon Creek 326
Torrance Creek 302
Table B20 Water Budget Outflows as a Percentage of the Total Inflows for the SSA
Estimated Overburden Bedrock Bedrock Vertical
... Groundwater Flow Out (Across .
Area/Catchment Evapotranspiration ) Lateral Flow Lateral ) Pumping
Discharge to Streams out Flow Out Vinemount
and Water Bodies Formation)
SSA Model Domain 56% 13% 5% 15% 12% 0%
Mill Creek 50% 19% 4% 20% 7% 1%
Hanlon Creek 55% 10% 7% 22% 7% 0%
Torrance Creek 41% 6% 9% 39% 5% 0%
Table B21 Water Budget Outflows as a Percentage of Total Groundwater Inflows (Inflows-
Evapotranspiration) for the SSA
Estimated Groundwater Overburden Bedrock Bedrock Vertical Flow Out
Area/Catchment Discharge to Streams and Lateral Flow (Across Vinemount Pumping
. Lateral Flow Out .
Water Bodies Out Formation)
SSA Model Domain 28% 12% 33% 26% 1%
Mill Creek 38% 7% 39% 13% 1%
Hanlon Creek 22% 16% 48% 17% 0%
Torrance Creek 9% 15% 66% 9% 0%
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B4.6 Secondary Plan Area Water Budgets

The water budgets for the catchments of Mill Creek, Hanlon Creek and Torrance Creek within the SPA are
presented in Table B22. These water budgets represent existing conditions and will be used to evaluate water
budgets under the development alternatives to help assess the potential impact of alternative development
strategies in the SPA.

Table B23 shows the outflows by catchment within the SPA as a percentage of total groundwater inflows
(precipitation and storage less evapotranspiration losses). This analysis indicates that approximately 30% to
40% of flow out of these catchments reaches the regional aquifer. This result is generally consistent with the
water budget analysis performed on the larger catchment areas found within the SSA.

Table B22 Average Annual Water Budgets for the SPA (2003-2017)

Water Budget Component

Vertical
Lateral Groundwater Flow Groundwater
Flow
Bedrock Above .
) Across Vinemount
Overburden Vinemount :
X Formation
Formation
< -
. 258
S s | 2| 3
=} = | & 3 Change
Area/ s @ w | = . )
S = o =28 Inflow | Outflow | Inflow Outflow Inflow | Outflow | Pumping | in
Catchment S o & c
o 3 2| & Storage
a 2 £ 3
£ 6|6
Mill Creek in 801 508 | 4 9 43 51 326 513 0 102 0 -10
SPA
Hanlon Creek 801 494 | 1 6 6 32 26 181 0 129 2 -10
in SPA
Torrance 801 477 1 22 222 425 1761 1,780 0 88 0 -7
Creek in SPA"
Note:

! High discharge rates simulate through lateral bedrock occur in Torrance Creek as a result of a relatively high flow through the
bedrock in the Burke-Carter formation associated with the Burke Municipal Well and the relatively small domain area associated with
Torrance Creek within the SPA.
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Table B23 Water Budget Outflows as a Percentage of Total Groundwater Inflows (Inflows-
Evapotranspiration) for the SPA

Bedrock Vertical

Estimated Overburden Bedrock
Groundwater Flow Out (Across .
Area/Catchment DI Lateral Flow Lateral . Pumping
ischarge to Streams Vinemount
and Water Bodies Out Flow Out Formation)
Mill Creek in SPA 1% 8% 76% 15% 0%
Hanlon Creek in SPA 2% 9% 52% 37% 1%
Torrance Creek in SPA 1% 18% 77% 4% 0%

B4.7 Natural Heritage System Features - Hydroperiod

A map depicting the simulated hydroperiod of the key NHS pond/wetland features is presented in Map B13.
This map illustrates the simulated maximum and minimum extent of the ponds at a 0.25 m threshold depth
simulated by the model for the period of 2003-2017. Evaluation of the maximum and minimum extent of the
feature against aerial imagery provides a qualitative assessment of the ability of the model to represent the
areal extent of the NHS ponds/wetlands, which can be used to approximate the hydroperiod of these
features.

B4.8 Particle Tracking

Particle tracking provides a tool that links recharge and discharge areas and provides a means for further
understanding the connection between recharge zones and potential receptors. Hypothetical particles were
released within the first three layers of the MIKE SHE model and move through the simulated groundwater
flow field to their discharge location or where they leave the model domain. The flow conditions observed for
the period of 2007-2016 were used as representative conditions and repeated for a 200 year simulation to
determine the ultimate fate of particles released in the overburden materials within the study area.

A map depicting the destination or fate of particles released in a given location is presented on Map B14.
This map depicts where recharge at a given location in the model leaves the model by groundwater discharge
or groundwater outflow.

A quantitative assessment of the particle tracking results is presented in Table B24. The columns have the
following meaning:

e Percent of Total Particle Count:

+ Summarizes the destination of a particle based on the count of particles which arrived at a particular
destination type as a percentage of the total number of particles released.

e Percent of Total Recharge Volume (Particle*Recharge Rate)
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+ This represents the multiplication of the recharge predicted on a cell by the cell destination type. In

this way the magnitude of recharge associated with particles arriving at each destination type is

considered. This number summarizes the fraction of total recharge associated with each particle

destination type.

e Water Budget Proportion:

+ This is an approximation of the destination of recharge based on water budget assessment as

summarized in Section 4.6.

Table B24 Particle Destination Summary Statistics

Water

Budget %

Destination Type Percent of Total Percent of Total Recharge Volume
Particle Count (Particles* Recharge Value)

Bedrock Vertical Flow Across 31 32
Vinemount (Regional Aquifer)

Bedrock Lateral Flow Out 29 29
Overburden Lateral Flow Out 11 11
Discharge to Overland 28 27
Captured By Pumping Well 1 1

(Table B20)
26

33
12
28

In general we observe that the water budget results and the particle tracking results are very similar. Small

differences relate to the method used and simulation period for the model and the particle tracking process,

2003-2017 versus 2006-2017, respectively. Particles are only released initially in the particle tracking

simulation at the start of the simulation period (January 2007) as opposed to continuously being released in

differing flow conditions. We believe the particle tracking provides useful insight and confidence in the model

results which agree with the CM interpretation (see 4.2.4).
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