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Surface Water Hydrology



Belwood

   Lake

Guelph

   Lake

Shade's Mills

  Reservoir

Mountsburg

  Reservoir

Puslinch

   Lake

Grand River

S

pee
d R

iv

er

Swan Cree k

H
o
p
ew

el
l C

reek

Eramosa R iv

er

Conestogo River

Moffa
t C

re
ek

Irish Cree
k

Clythe C
re

ek

Blue Sprin

g
s 

C
re

ek
M

ill
 C

re
ek

M

arde n Creek

H
a
n

lo
n Creek

401

8

7

12
4

6

24

S
to

ne

Victoria

7+8

7

2
4

6

6

7

8

6

Victoria

7

6

CITY OF GUELPH

540000

540000

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

4
8

0
0

0
0

0

4
8

0
0

0
0

0

4
8

1
0

0
0

0

4
8

1
0

0
0

0

4
8

2
0

0
0

0

4
8

2
0

0
0

0

4
8

3
0

0
0

0

4
8

3
0

0
0

0

4
8

4
0

0
0

0

4
8

4
0

0
0

0

4
8

5
0

0
0

0

4
8

5
0

0
0

0

Lake

Ontario

Tier Three Local Area 
Risk Assessment

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River Conservation Authority. Copyright © Grand River Conservation Authority, 2010

Produced using information provided by the Ministry of Natural Resources, Copyright © Queen's Printer, 2010

Projection:  UTM Zone 17N, NAD 83
Map Version:  2;  Map Date:  4-May-2010; Created By: CC

LEGEND

Major Roads / Highways

Rivers / Streams

Open Water

Model Boundary

Grand River Watershed Boundary

City of Guelph Boundary

Bedrock Geology

Guelph Fm

Eramosa Fm - 
Reformatory Quarry

Eramosa Fm - Vinemount

Goat Island Fm

Gasport Fm (Upper Unit)

Gasport Fm (Middle Unit)

Gasport Fm 
(Lower Unit)

Cabot Head Fm

0 5 10 15 202.5

Kilometres

1:315,000Scale

³

C:\Projects\2008003_Guelph_Tier3\GIS\ArcView\MXDs\ModelReport\Updates_April2010\Bedrock_Geology.mxd Project: 2008003_Guelph_Tier3

Inset Map

Study Area

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Figure 2-2

Bedrock Geology



Acton

Erin

Hillsburgh

Belwood
   Lake

Guelph
   Lake

Puslinch
   Lake

NIAG
AR

A
 E

S
C

A
R

P
M

E
N

T

30
0

290
36

0

310

340

350

320

33 0

2
8 0

37 0

27 0

39
0

38 0

400

41 0

420

260

430

2 5 0 240 23
0

440

200

270

320

32

0

32 0

370

280

3 3 0

4

1 0

41 0

300

380

3 8
0

290

26 0

4 10

33 0

4 10

390

350

290
350

31035 0

360

320

26
0

3 0
0

310

270

400

370

420

2 7 0

410

3 30

250

3 2 0

370

300

34
0

380

230

330

350

280

2

90

390

270

3 2 0
270

31
0

270

27
0

400

280

340

370

330

29

0

260

26
0

37
0

43
0

390

280

28
0

340
370

290

390

360

270

370

260

28
0

33 0

420

34
0

25 0

280

4 1

0

31 0

300

300

280

34
0

36
0

29 0

310

270

370

380

30
0

370

320 300

2 60

32
0

41
0

270

350

34
0

260

37
0

260

3 00

2702 9 0

29
0

4 30

340

390

26

0

43
0

270

37
0

270

31
0

33
0

29 0

370 340

400

320

30
0

33

0

250

320

28 0

280

32
0

2 80

40
0

3
40

370

29 0

390

27
0

35
0

420

360

360

3 60

310

370

33
0

3 9 0

4 00

330

30 0

3 4 0

41
0

30
0

4

30

350

390

330

330

27 0

340

290

310

31
0

340

280

310

370

330

2 90

360

350

310

330

3

90

39
0

290

38 0

4 0 0

270

41 0

42 0

4 3 0

3 20

30
0

37
0

260

3 10

3 9

0

35
0

31

0

370

31
0

36
0

310

2 8 0

260

320

390

30
0

3 5 0

320

29
0

32 0

300

260

42
0

33
0

29
0

3 10

290

290

32
0

27 0

290

410

260

340

36
0

260

270

260

3 30

27
0

360

410

430

3 80

310

3 20
25 0

280

290

340

320

430

350

2 90

340

260

320

3 20

30 0

260

35
0

30 0

3

20

290

42
0

3 60

350

30 0

2 90

310

3

70

32
0

30 0

33
0

4 0 0

300

2

60

32
0

2 90

310

280

360

260

340

4 20

32
0

27
0

29
0

43
0

280

3 00

38
0

330

310

35 0

310

380

40
0

300

390

31 0

30 0

33
0

370

33
0

3 30

30
0

3 9 0

270

38 0

3

80

3 9 0

3 20

420

240

33

0

40 0

330

33
0

32 0

290

370

36

0

37
0

3

70

40
0

390

270

330

280

390

34

0

440

3 10

2 90

28 0

290

3
40

280

360

27
0

39
0

330

310

300

310

3

6 0 3

40

32
0

37
0

32
0

3 0
0

32
0

260

310

30
0

3 10

270

26
0

370

280
35

0

430

280

300

400390

3
30

27
0

370

3 2 0

280

400

38
0

330
42

0

35
0

4 0 0

26
0

3

30

410

290

420

34
0

400

32
0

37
0

3 30

26
0

42
0

3 10

370

400

36 0

26 0

410

350

32
0

300

29 0

310

31 0

3 90

Elmira

Kitchener

Speed River

Swan Creek

H
op

ew
ell C

ree
k

Con estogo R iver

Eramos
a 

Riv

er

M
of fat C

re
ek

Ir ish
 Cree

k

C
ly

th
e Creek B lue Sprin

gs
 C

re
ek

M
ill

 Cr eek

M

arden C
reek

401

7

12
4

7+8

6

24

8

Victoria

86

6

Victoria

7

7

6

8

6

6

7

CITY OF GUELPH

Elora

Fergus

Waterloo

Rockwood

Cambridge

Eden Mills

530000

530000

540000

540000

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

600000

600000

48
00

00
0

48
00

00
0

48
10

00
0

48
10

00
0

48
20

00
0

48
20

00
0

48
30

00
0

48
30

00
0

48
40

00
0

48
40

00
0

48
50

00
0

48
50

00
0

G:\Projects\2008\08-1112-0021_Guelph_TierIII\GIS\MXDs\Draft\Modelling_Report\Appendix\Bedrock_Surface_Elev..mxd Project: 08-1112-0021_Guelph_Tier3

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, 
CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River
Conservation Authority. 
Copyright © Grand River Conservation Authority, 2009
Produced using information provided by the Ministry of Natural
Resources, Copyright © Queen's Printer, 2009

Projection:  UTM Zone 17N, NAD 83
Map Version:  1;  Map Date: 15-Mar-10; Created By: CC/KD

³

2.5 0 2.5 5

Kilometers

1:240,000Scale 

DRAFT

Lake 
  Ontario

Study Area

Index Map

LEGEND

Data Point

Major Roads / Highways

Bedrock Surface Contour (masl)

Rivers / Streams

Open Water

Guelph Tier III Model Boundary

GRCA Watershed Boundary

City of Guelph Boundary

Municipal Boundaries

Elevation (masl)

High : 450

Low : 195

FIGURE:  2-3
BEDROCK SURFACE

Produced by
Aquaresource Inc. and

Golder Associates

Tier Three Local Area
Risk Assessment



Acton

Erin

Hillsburgh
Belwood
   Lake

Guelph
   Lake

Puslinch
   Lake

NIAGARA ESCARPMENT

Hillsburgh Sandhills

Orangeville Moraine

Mo
ffa

t M
ora

ine

Guelph
Drumlin

Field

Paris
 Mora

ine

Flamborough Plain

Waterloo Sandhills

Galt 
Mora

ineAber
foy

le O
utw

ash

Chan
nel

Bres
lau

 Mora
ine

Elora

Elmira

Fergus

Kitchener

Sp
eed

 Ri
ver

Swan Creek

Ho
pew

ell Creek

Con estogo R iver

Eramosa R ive
r

Mof fat Cree
k

Irish Creek

Cly

the Creek B lue Sprin
gs 

Cr
eek

Mill C
reek

401

7

124

7+8

6

24

8

Ston
e

Victoria

86

He
sp

ele
r

7

8

6

6

6

7

6

7

CITY OF GUELPH

530000

530000

540000

540000

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

600000

600000

48
00

00
0

48
00

00
0

48
10

00
0

48
10

00
0

48
20

00
0

48
20

00
0

48
30

00
0

48
30

00
0

48
40

00
0

48
40

00
0

48
50

00
0

48
50

00
0

G:\Projects\2008\08-1112-0021_Guelph_TierIII\GIS\MXDs\Draft\Modelling_Report\Surficial_Geology.mxd Project: 08-1112-0021_Guelph_Tier3

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, 
CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River
Conservation Authority. 
Copyright © Grand River Conservation Authority, 2009
Produced using information provided by the Ministry of Natural
Resources, Copyright © Queen's Printer, 2009
Projection:  UTM Zone 17N, NAD 83
Map Version:  1;  Map Date: 15-Mar-10; Created By: CC/KD

2.5 0 2.5 5

Kilometers

1:240,000Scale 

DRAFT

LEGEND
Major Roads / Highways
Rivers / Streams
Open Water
Guelph Tier 3 Model Boundary
GRCA Watershed Boundary
City of Guelph Boundary
Municipal Boundaries

Surficial Geology

3: Paleozoic bedrock
4: Paleozoic bedrock-drift complex
4a: Mainly till veneer
5a: Shield-derived silty to sandy till
5b: Stone-poor, carbonate-derived silty 
      to sandy till
5d: Glaciolacustrine-derived silty to clayey till
6: Ice-contact stratified deposits
7: Glaciofluvial deposits
7a: Sandy deposits
7b: Gravelly deposits
8: Fine-textured glaciolacustrine deposits
8a: Massive-well laminated
8b: Interbedded flow till, rainout deposits 
      and silt and clay
9: Coarse-textured glaciolacustrine deposits
9c: Foreshore-basinal deposits
19: Modern alluvial deposits
20: Organic deposits

FIGURE: 2-4
SURFICIAL GEOLOGY

Produced by
Aquaresource Inc. and

Golder Associates

Tier Three Local Area
Risk Assessment



Acton

Erin

Hillsburgh

Belwood
   Lake

Guelph
   Lake

Puslinch
   Lake

NIAG
AR

A
 E

S
C

A
R

P
M

E
N

T

10

20

30

4 0

50

60

70

80

9 0

60

20
20

20

30

30

30

40

30

1 0

1 0

40

3

0

30

30

30

40

30

70

70

20

10

20

30

40

10

20

40

1 0

30
10

1 0

10

30

30

20

2 0

20

30

10

20

1 0

30

20

20

30

2 0

10

20
10

20

20

30

20

10

10

10

30

40

40

10

1 0

10

10

50

30

30

10

40

30

2 0

20
10

1 0

40

40

7 0

30

50

30

10

1 0

10

10

30

30

30

10

20

70

2
0

30

30

20

30

10

3 0

20

30

30

20

10

60

50

40

10

10

20

30

30

10

50

3 0

10

60

1
0

20

10

30

10

30

40

10

30

1 0

20

20

10

30

3 0
10

10

40

30

40

30

30

20

50

30

30

30

20

80

60

40

20

60

30

10

30

1 0

20

4 0

10

3 0

5 0

5 0

20

30

10

60

40

10

2 0

10

30

40

20

5 0

1 0

20

20

30

40

30

20

20

10

30

40

20
20

30

5 0

3 0

10

50

30

40

50

30

50

40

1 0

20

10

10

1 0

80

10

40
10

1 0

1

0

10

10

2

0

30

50

40

2 0

40

30

20

40

30

10

10

40

40

20

30

30

5

0

2 0

20

30

5 0

2
0

30

30

20

40

4 0

40

30

5 0

50

20

20

40

30

20

40

10

20

40

20

20

10

1
0

30

30

20

20

4 0

30

20

40 20

30

30

10

30

10

30

40

20

40
5 0

20

10
40

40

20

10

30

40

20

30

20

20

20

30

30

40

30

1 0

30

10

3 0

10

40

30

20

10

20

20

10

20

1 0

10

20

10

70

30

20

30

3 0

50

10

40

10

20

20

40

40

10

20

30

4 0

10

20

10

30

30

10

30

10

30 30

3 0
60

2 0

50

10

40

40

40

40

20

10

60

10

10

10

30

2 0

2 0

10

20

10

30

30

3 0

30

40

1 0

3 0

50

30

20

20

40

10

3 0

10

7
0

1

0

80

40

30

60

4 0

30

40

1

0

10

20

30

40

20
50

10

10

40

50

20

20

20

20

10

70

20

2 0

10

10

30

20

2 0

10

10

10

30

10

10

1 0

10

20

3 0

30

40

30

30

40
20

10

3 0

2 0

40
70

30

20

10

50

40

10

20

60

10

2 0

30

10

20

20

10

60

1 0

20

10

20

20

10

20

10

30

40

10

3
0

60

10

80

50

10

3 0

20

20

40

10

20

20

2
0

50

2

0

10

20

10
40

1 0

3 0

30

20

20

20

4
0

10

2 0

10

40

20

1 0

40

40

10

10

40

30

40

3 0

20

40

40

20

70

40

50

20

2 0

5

0

1 0

40

20

20

4
0

40

20

50

30

40

30

60

10

10

4

0

2 0

30

20

3 0

3 0

20

20

10

20

30
30

1 0

40

30

10

20

5 0

2 0

20

60

30

30

10
20

20

10

5
0

10

40

10

4 0

10

10

2 0

30

40

10

1
0

10

10

40

10

10

20

20

10

20

3 0

30

40

20

3
0

2

0

40

4 0

10

30

2
0

10

10
50

20

30

20

10

30

3 0

2 0

10

40

40

20

40

40

20

40

4 0

30

10

20

3 0
3 0

4
0

50

10

20

10

40

30

2 0

Elora

Elmira

Kitchener

Swan Creek

Con estogo R iver

Blue Sprin

gs
 C

re
ek

401

7

12
4

7+8

6

8

86

6

7

6

8

6

7

7

6

CITY OF GUELPH

Fergus

Waterloo

Rockwood

Cambridge

Eden Mills

530000

530000

540000

540000

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

600000

600000

48
00

00
0

48
00

00
0

48
10

00
0

48
10

00
0

48
20

00
0

48
20

00
0

48
30

00
0

48
30

00
0

48
40

00
0

48
40

00
0

48
50

00
0

48
50

00
0

G:\Projects\2008\08-1112-0021_Guelph_TierIII\GIS\MXDs\Draft\Modelling_Report\Appendix\Overburden_Isopach.mxd Project: 08-1112-0021_Guelph_Tier3

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, 
CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River
Conservation Authority. 
Copyright © Grand River Conservation Authority, 2009
Produced using information provided by the Ministry of Natural
Resources, Copyright © Queen's Printer, 2009

Projection:  UTM Zone 17N, NAD 83
Map Version:  1;  Map Date: 15-Mar-10; Created By: CC/KD

³

2.5 0 2.5 5

Kilometers

1:240,000Scale 

DRAFT

Lake 
  Ontario

Study Area

Index Map

LEGEND

Major Roads / Highways

Overburden Isopach Contour (m)

Rivers / Streams

Open Water

Guelph Tier III Model Boundary

GRCA Watershed Boundary

City of Guelph Boundary

Municipal Boundaries

Thickness (m)

High : 100

Low : 0

FIGURE: 2-5
OVERBURDEN ISOPACH

Produced by
Aquaresource Inc. and

Golder Associates

Tier Three Local Area
Risk Assessment



70

65

60

55

50

45

40

35

30

25

20

10

15

5

APPARENT CONDUCTIVITY

00

NATURAL GAMMA

4020

(cps)

60 80 0 5

(mS/m)

1510 20

85

80

75

100

90

25

GEOLOGYFormation Member

Guelph Formation

Eramosa

Goat Island

Reformatory Quarry

Vinemount

Ancaster /
Niagara Falls

Gasport

Rochester / Irondequoit / Rockway / Merritton

Cabot Head

Conceptual Hydrostratigraphic Units

Upper Sand and Gravel

Contact Aquifer

Guelph Formation

Eramosa - Reformatory Quarry

Eramosa - Vinemount

Goat Island

Upper Gasport

Middle Gasport

Lower Gasport
(Including Roch. / Irond. /
Rockway / Merritton Formations)

Underlying Impermeable Bedrock

Overburden

Lower Till

CONCEPTUAL HYDROGEOLOGICAL MODEL

2-6

TITLE

DESIGN

PROJECT No. FILE No.

CAD

CHECK

REVIEW

SCALE REV.

PROJECT

Figure

0811120021DA00.dwg08-1112-0021

AS SHOWN AKD 8/4/2009

KD 5/7/2010

JP 5/7/2010

5/7/2010

NATURAL GAMMA LOG

APPARENT CONDUCTIVITY LOG

LOG SIGNATURE REFERENCE LINE
(BASE OF ERAMOSA MEMBER)

GEOPHYSICAL MARKER BED 1

GEOPHYSICAL MARKER BED 2

GEOPHYSICAL MARKER BED 3

GEOPHYSICAL LOG LEGEND:
Tier Three Local Area

Risk Assessment

Produced by
Aquaresource Inc. and

Golder Associates



0 5000 10000 15000 20000 25000 30000 35000 40000 45000

150

200

250

300

350

400

450

DISTANCE (m)

E
L

E
V

A
T

IO
N

 (
m

)

BH1-93

BH2-93

BH3A-93

BH4-94

Calico-PW3/76

CMTW1-05

H3-TW1-09

H4-TW1-08
H5-TW1-09

MW 06-02

MW08-T3-04

MW1-08A

OW1-95

OW2-95
PBOW2-06

PBTW2-06

Smallfield-PW3/66

SMTW2ABC-07

SMTW3ABC-07

TW15-79

MW367-9

100

150

200

250

300

350

400

450

E
L

E
V

A
T

IO
N

 (
m

)

100

OB

GU

GP

CH

GP

RQ

0 50 100

0 50 100

0 50 100
0 50 100

0 50 100

0 50 100

0 50 100

0 50 100

0 50 100

0 50 100

0 50 100

MW08-T3-01

0 50 100

0 50 100

A A'

FERGUS GUELPH  NORTHWEST  QUADRANT HESPELER  WELL  FIELD PINEBUSH/CLEMENS  MILL SHADES  MILLS  WELL  FIELD MIDDLETON  WELL  FIELD

WELL  FIELD

GRAND

RIVER

SPEED

RIVER

GI
VM

(0.1)

(-0.8) (0.2)

(3.4)

(8.7)
(0.3)

(-4.1)

(-4.4)

GUELPH TIER III ASSESSMENT

CROSS SECTION A-A'

21Mississauga, Ontario, Canada

0811120021BB0021.dwg

TITLE

DESIGN

PROJECT No. FILE No.

CAD

CHECK

REVIEW

SCALE REV.

PROJECT

FIGURE No.

08-1112-0021

AS SHOWN

RJ 5/20/2010

JP 5/20/2010

OVERBURDEN

GUELPH FORMATION

ERAMOSA - REFORMATORY QUARRY

ERAMOSA - VINEMOUNT

LEGEND:

0

SCALE

1 1 2

1:50000 (HOR.) KM

0

SCALE

40 40 80

1:2000 (VER.) METRES

V.E. = 25X

OB

GU

GI

GP

CH

GOAT ISLAND FORMATION

GASPORT FORMATION

MIDDLE GASPORT LAYER

CABOT HEAD FORMATION

MW08-T3-01

Calico-PW3/76

PBOW2-06

HIGH RELIABILITY BOREHOLE (CORED)

HIGH RELIABILITY BOREHOLE

MEDIUM RELIABILITY BOREHOLE

HEAD DIFFERENCE (m)

(SHALLOW MINUS DEEP BEDROCK)

+ = DOWNWARD GRADIENT

- = UPWARD GRADIENT

0 50 100

NATURAL GAMMA (cps)

RQ

VM (-0.8)

paulc
Text Box
Figure 2-7



0 5000 10000 15000 20000 25000

DISTANCE (m)

150

200

250

300

350

400

450

E
L
E

V
A

T
IO

N
 (

m
)

100

150

200

250

300

350

400

450

E
L
E

V
A

T
IO

N
 (

m
)

100

C'C

O/S 503.9 m

Arkell 7- PW7/63

BLTW1-05

BLTW3AB-05

MW06-06

BLTW4-05
Carter-In- PW2/62

MW08-01AB

OW1-06
OW12/00

OW3-06

OW9-06
TW08-01AB

TW08-02ABC

OW11/00

ARKELLSOUTHWEST GUELPHBRESLAU

0 50 100

0 50 100 0 50 100

50 100

0 50 100

0

0 50 100

0 50 100

OB

GU

GP

CH

GP

RQ

GI

SA

SPEED RIVER

BLUE SPRINGS CREEK

(11.8)

(10.7)
(20.2)

(3.3)

(-0.4)

VM

CROSS SECTION C-C'

23Mississauga, Ontario, Canada

TITLE

DESIGN

PROJECT No. FILE No.

CAD

CHECK

REVIEW

SCALE REV.

PROJECT

FIGURE No.

0811120021BB0023.dwg08-1112-0021

AS SHOWN

RJ 5/20/2010

JP 5/20/2010

0

SCALE

1 1 2

1:50000 (HOR.) KM

0

SCALE

40 40 80

1:2000 (VER.) METRES

V.E. = 25X

OVERBURDEN

SALINA FORMATION

GUELPH FORMATION

ERAMOSA - REFORMATORY QUARRY

ERAMOSA - VINEMOUNT

LEGEND:

OB

GU

GI

GP

CH

GOAT ISLAND FORMATION

GASPORT FORMATION

MIDDLE GASPORT LAYER

CABOT HEAD FORMATION

MW06-6

OW11/00

MW08-01AB

HIGH RELIABILITY BOREHOLE (CORED)

HIGH RELIABILITY BOREHOLE

MEDIUM RELIABILITY BOREHOLE

HEAD DIFFERENCE (m)

(SHALLOW MINUS DEEP BEDROCK)

+ = DOWNWARD GRADIENT

- = UPWARD GRADIENT

0 50 100

NATURAL GAMMA (cps)

(11.8)

GUELPH TIER III ASSESSMENTSA

RQ

VM

Figure 2-8



Acton

Erin

Hillsburgh
Belwood
   Lake

Guelph
   Lake

Puslinch
   Lake

NIAGARA ESCARPMENT

320

330

310

340

360
350

370
380

390

400

290

410

300

420

28 0

430

270

300
3 20

Elora

Elmira

Fergus

Kitchener

Sp
eed

 R i
ver

Swan Creek

Ho
pew

ell 

Creek

Con estogo R iver

Eramosa R ive
r

Moffat Cree
k

Ir ish Cr eek

Cly

the Creek B lue Sprin
gs 

Cr
eek

Mill C
reek

Marden Creek

401

7

124

7+8

6

24

8

Ston
e

Victoria

86

He
sp

ele
r

6

7

6

6

6

7

8

7

CITY OF GUELPH

Waterloo

Rockwood

Cambridge

Eden Mills

530000

530000

540000

540000

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

600000

600000

48
00

00
0

48
00

00
0

48
10

00
0

48
10

00
0

48
20

00
0

48
20

00
0

48
30

00
0

48
30

00
0

48
40

00
0

48
40

00
0

48
50

00
0

48
50

00
0

G:\Projects\2008\08-1112-0021_Guelph_TierIII\GIS\MXDs\Draft\Modelling_Report\Deep_Aquifer_Potentiometric_Surface.mxd Project: 08-1112-0021_Guelph_Tier3

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, 
CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River
Conservation Authority. 
Copyright © Grand River Conservation Authority, 2009
Produced using information provided by the Ministry of Natural
Resources, Copyright © Queen's Printer, 2009
Projection:  UTM Zone 17N, NAD 83
Map Version:  1;  Map Date: 15-Mar-10; Created By: CC/KD

Lake 
  Ontario

Study Area

Index Map

LEGEND
Groundwater Elevation Contour (10 m)
Inferred Groundwater Flow Direction
Major Roads / Highways
Rivers / Streams
Open Water
Guelph Tier III Model Boundary
GRCA Watershed Boundary
City of Guelph Boundary
Municipal Boundaries

FIGURE: 2-9
DEEP AQUIFER POTENTIOMETRIC

SURFACE (GASPORT FM)

Produced by
Aquaresource Inc. and

Golder Associates

Tier Three Local Area
Risk Assessment



@?

@?

@?

@?

@?

@?

@?

@?

@?

@?
@?

@?

@?

@?

@?

@?

@?

@?

@?@?

@?

@?

@?

@?

@?

@?

@?

@?

@?

@?

@?

@?@?

@?

@?

@?

@?@?

@?

@?@? @?

@?

@?

@?

@?

@?
@?

@?

@?

@?@?

@?

@?
@?

@?

@?

Guelph
   Lake

5

10

15

20

25

30

5

15

5

20

10

5

9

9

0.5

5.5
0.7

2.7

2.7

1.7

3.7

7.9

0.5

-9.5

1.19
3.77

0.73

8.18

1.79

3.33

8.36

3.74

6.41

5.35

19.6

0.02

2.18

0.18
5.91

0.18

0.03

1.45

1.07

-2.04

20.63

16.0712.25 15.56

25.42

16.88
20.17

-0.86

-1.19

12.21

19.89

13.28

10.78

-0.78

11.75

-0.67

10.69

10.14

31.55

12.11

22.29

14.59

19.64

Eden Mills

Spe

ed River

Hopewell Creek

Eramosa Riv

er

M

il

l  C
re

ek

Clythe C
reek Blue S

prin

gs
 C

re
ek

Irish Cre
ek

Marden Creek

7

6

401

24

Sto
ne

Hanlon

Victoria

12
4

Yor
k

W
oo

dla
wn

H
es

pe
le

r

K
in

gs
 H

ig
hw

ay
 2

4

6

6

401

7

Victoria

Victoria

Victoria

6

7

CITY OF GUELPH

550000

550000

560000

560000

570000

570000

48
10

00
0

48
10

00
0

48
20

00
0

48
20

00
0

48
30

00
0

48
30

00
0

G:\Projects\2008\08-1112-0021_Guelph_TierIII\GIS\MXDs\Draft\Modelling_Report\Vertical_Hydraulic_Gradients_Bedrock.mxd Project: 08-1112-0021_Guelph_Tier3

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, 
CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River
Conservation Authority. 
Copyright © Grand River Conservation Authority, 2009
Produced using information provided by the Ministry of Natural
Resources, Copyright © Queen's Printer, 2009

Projection:  UTM Zone 17N, NAD 83
Map Version:  1;  Map Date: 15-Mar-10; Created By: CC/KD

³

1.5 0 1.5 3

Kilometers

1:85,000Scale 

Lake 
  Ontario

Study Area

Index Map

LEGEND

Groundwater Contours
Difference Amabel

Inferred Groundwater
Contours Difference Amabel

Collector Roads / Local Roads

Major Roads / Highways

Rivers / Streams

Open Water

Guelph Tier III Model Boundary

GRCA Watershed Boundary

City of Guelph Boundary

Municipal Boundaries

FIGURE: 2-10
HYDRAULIC HEAD DIFFERENCE BETWEEN
         SHALLOW AND DEEP BEDROCK

Produced by
Aquaresource Inc. and

Golder Associates

Tier Three Local Area
Risk Assessment

6.5

= Head Difference Value (shallow minus deep
bedrock hydraulic head (m)
+ = Downward gradient
- = Upward gradient

@?
1.19



!A
!A
!A
!A!A!A

!A

!A

!A

!A
!A

!A
!A

!A
!A

!A
!A!A

!A

!A

!A
!A

!A

Belwood

   Lake

NIAG
A

R
A

 E
S

C
A

R
P

M
E

N
T

Grand R
iver

CITY OF GUELPH

540000

540000

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

4
8

0
0

0
0

0

4
8

0
0

0
0

0

4
8

1
0

0
0

0

4
8

1
0

0
0

0

4
8

2
0

0
0

0

4
8

2
0

0
0

0

4
8

3
0

0
0

0

4
8

3
0

0
0

0

4
8

4
0

0
0

0

4
8

4
0

0
0

0

4
8

5
0

0
0

0

4
8

5
0

0
0

0

Lake

Ontario

Tier Three Local Area 
Risk Assessment

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River Conservation Authority. Copyright © Grand River Conservation Authority, 2010
Produced using information provided by the Ministry of Natural Resources, Copyright © Queen's Printer, 2010

Projection:  UTM Zone 17N, NAD 83
Map Version:  3;  Map Date:  19-Jul-11; Created By: CC

LEGEND

!A Guelph Water Supply Wells

Rivers / Streams

Open Water

Model Boundary

Grand River Watershed Boundary

City of Guelph Boundary

Finite Element Grid

0 5 10 15 202.5

Kilometres

1:310,000Scale

³

C:\Projects\2008003_Guelph_Tier3\GIS\ArcView\MXDs\ModelReport\Updates_April2010\Fig2-11_ModelDomain_FiniteElement.mxd Project: 2008003_Guelph_Tier3

Inset Map

Study Area

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Figure 2-11

Model Domain and Finite Element 
Mesh
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Figure 2-15

Hydraulic Conductivity Distribution - 
Layers 1 & 2 - Overburden A

Conductivity Zones

a, Bedrock

b, Clay

c, Gravel

d, Hanlon Buried Valley
    Low K Zone
e, Organic Deposits

f, Port Stanley Till A

g, Port Stanley Till B

h, Sand

i, Sand and Gravel

j, Sand and Gravel - Arkell and 
   Torrence Creek

k, Sand and Gravel - Hanlon 
    Buried Valley
l, Silt

m, Tavistock Till

n, Till

o, Till - Arkell

p, Till - Clythe Creek

q, Till - Eastview Area

r, Till - Moffat Moraine

s, Wentworth Till - North

t,  Wentworth Till - South

u, Wentworth Till (Weathered ) - North

v, Wentworth Till (Weathered ) - South
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Figure 2-16

Hydraulic Conductivity Distribution - 
Layer 3 - Overburden B

Conductivity Zone

a, Bedrock

b, Clay

c, Gravel

d, Hanlon Buried Valley Low K Zone

e, Organic Deposits

f, Port Stanley Till A

g, Port Stanley Till B

h, Sand

i, Sand and Gravel

j, Sand and Gravel - Arkell and Torrence
   Creek

k, Sand and Gravel - Hanlon Buried
   Valley
 l, Silt

m, Tavistock Till

n, Till

o, Till - Arkell

p, Till - Clythe Creek

q, Till - Eastview Area

r, Till - Moffat Moraine

s, Wentworth Till - North

t, Wentworth Till - South

u,  Wentworth Till (Weathered ) - North

v, Wentworth Till (Weathered ) - South
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Figure 2-17

Hydraulic Conductivity Distribution - 
Layer 4 - Contact Zone

13, Guelph Formation - East Cambridge
      Middle West
14, Guelph Formation - East Cambridge
      H4, P10, G5
15, Guelph Formation - East Cambridge
      Middle North

16, Guelph Formation - East Cambridge Elgin St

17, Guelph Formation - East Cambridge G4 and P6

18, Guelph Formation - East Cambridge
      Middleton St Wellfield 

19, Guelph Formation - East Cambridge

20, Guelph Formation - East Cambridge
      Middle South

21, Reformatory Quarry

22, Reformatory Quarry - Hanlon

23, Reformatory Quarry - East Cambridge
      Clement Wellfield

24, Reformatory Quarry - East Cambridge

25, Vinemount A - Central

26, Vinemount A - East

27, Vinemount A - West

28, Vinemount - East Cambridge / Goat Island

29, Vinemount - East Cambridge

30, Vinemount - East Cambridge Thin

31, Goat Island

32, Goat Island - South City

33, Goat Island - East Cambridge
      Middle and Clement Mill

34, Goat Island - East Cambridge West

35, Goat Island - East Cambridge

36, Goat Island - East Cambridge Central

37, Upper Gasport

38, Upper Gasport - Quarry

39, Upper Gasport - South City

40, Upper Gasport - East Cambridge

41, Upper Gasport - East Cambridge
      Central Transition Area

42, Upper Gasport - East Cambridge Middleton
      and Willard Area

43, Upper Gasport - East Cambridge
      Medium Transition Area

44, Upper Gasport - East Cambridge
      Low to Medium T

45, Upper Gasport - East Cambridge Low T

46, Upper Gasport - East Cambridge G18

47, Upper Gasport - East Cambridge P17 and P11

48, Middle Gasport A - Regional

49, Middle Gasport B - Northwest Sacco/Smallfield

50, Middle Gasport C -
      North Emma/EdinburghN/Guelph Lake

51, Middle Gasport D - North Helmar

52, Middle Gasport E - Northwest Inner

53, Middle Gasport F - North City Park

54, Middle Gasport G - Northwest City
      Hauser/Calico

55, Middle Gasport H - City Centre

56, Middle Gasport I - East City Scout Camp

57, Middle Gasport J - Arkell

58, Middle Gasport K - East Carter

59, Middle Gasport L - Quarry

60, Middle Gasport M - South City 
      Downey/Ironwood/Steffler

61, Middle Gasport N - Southeast Burke/McCurdy

62, Middle Gasport O - South

63, Middle Gasport - East Cambridge Central 
      Transition Area

64, Middle Gasport - East Cambridge

65, Middle Gasport - East Cambridge Lower K

66, Lower Gasport

67, Lower Gasport - South City

68, Cabot Head

Conductivity Zones

1, Contact Zone

2, Contact Zone - Hanlon

3, Gravel - Burke Carter Buried Valley

4, Till - Burke Carter Buried Valley

5, Contact Zone - East Cambridge

6, Contact Zone - East Cambridge P10 Area

7, Contact Zone - East Cambridge G38 and G39

8, Contact Zone - East Cambridge Pinebush Area

9, Guelph Formation

10, Guelph Formation - Hanlon

11, Guelph Formation - East Cambridge Southeast

12, Guelph Formation - East Cambridge West
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Figure 2-18

Hydraulic Conductivity Distribution - 
Layer 5 - Guelph Formation

Conductivity Zones

1, Contact Zone

2, Contact Zone - Hanlon

3, Gravel - Burke Carter Buried Valley

4, Till - Burke Carter Buried Valley

5, Contact Zone - East Cambridge

6, Contact Zone - East Cambridge P10 Area

7, Contact Zone - East Cambridge G38 and G39

8, Contact Zone - East Cambridge Pinebush Area

9, Guelph Formation

10, Guelph Formation - Hanlon

11, Guelph Formation - East Cambridge Southeast

12, Guelph Formation - East Cambridge West

13, Guelph Formation - East Cambridge
      Middle West

14, Guelph Formation - East Cambridge
      H4, P10, G5

15, Guelph Formation - East Cambridge
      Middle North

16, Guelph Formation - East Cambridge Elgin St

17, Guelph Formation - East Cambridge G4 and P6

18, Guelph Formation - East Cambridge
      Middleton St Wellfield 
19, Guelph Formation - East Cambridge

20, Guelph Formation - East Cambridge
      Middle South

21, Reformatory Quarry

22, Reformatory Quarry - Hanlon

23, Reformatory Quarry - East Cambridge
      Clement Wellfield

24, Reformatory Quarry - East Cambridge

25, Vinemount A - Central

26, Vinemount A - East

27, Vinemount A - West

28, Vinemount - East Cambridge / Goat Island

29, Vinemount - East Cambridge

30, Vinemount - East Cambridge Thin

31, Goat Island

32, Goat Island - South City

33, Goat Island - East Cambridge
      Middle and Clement Mill
34, Goat Island - East Cambridge West

35, Goat Island - East Cambridge

36, Goat Island - East Cambridge Central

37, Upper Gasport

38, Upper Gasport - Quarry

39, Upper Gasport - South City

40, Upper Gasport - East Cambridge

41, Upper Gasport - East Cambridge
      Central Transition Area

42, Upper Gasport - East Cambridge Middleton
      and Willard Area

43, Upper Gasport - East Cambridge
      Medium Transition Area

44, Upper Gasport - East Cambridge
      Low to Medium T

45, Upper Gasport - East Cambridge Low T

46, Upper Gasport - East Cambridge G18

47, Upper Gasport - East Cambridge P17 and P11

48, Middle Gasport A - Regional

49, Middle Gasport B - Northwest Sacco/Smallfield

50, Middle Gasport C -
      North Emma/EdinburghN/Guelph Lake
51, Middle Gasport D - North Helmar

52, Middle Gasport E - Northwest Inner

53, Middle Gasport F - North City Park

54, Middle Gasport G - Northwest City
      Hauser/Calico
55, Middle Gasport H - City Centre

56, Middle Gasport I - East City Scout Camp

57, Middle Gasport J - Arkell

58, Middle Gasport K - East Carter

59, Middle Gasport L - Quarry

60, Middle Gasport M - South City 
      Downey/Ironwood/Steffler

61, Middle Gasport N - Southeast Burke/McCurdy

62, Middle Gasport O - South

63, Middle Gasport - East Cambridge Central 
      Transition Area

64, Middle Gasport - East Cambridge

65, Middle Gasport - East Cambridge Lower K

66, Lower Gasport

67, Lower Gasport - South City

68, Cabot Head
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Figure 2-19

Hydraulic Conductivity Distribution - 
Layer 6 - Reformatory Quarry

Conductivity Zones

1, Contact Zone

2, Contact Zone - Hanlon

3, Gravel - Burke Carter Buried Valley

4, Till - Burke Carter Buried Valley

5, Contact Zone - East Cambridge

6, Contact Zone - East Cambridge P10 Area

7, Contact Zone - East Cambridge G38 and G39

8, Contact Zone - East Cambridge Pinebush Area

9, Guelph Formation

10, Guelph Formation - Hanlon

11, Guelph Formation - East Cambridge Southeast

12, Guelph Formation - East Cambridge West

13, Guelph Formation - East Cambridge
      Middle West

14, Guelph Formation - East Cambridge
      H4, P10, G5

15, Guelph Formation - East Cambridge
      Middle North

16, Guelph Formation - East Cambridge Elgin St

17, Guelph Formation - East Cambridge G4 and P6

18, Guelph Formation - East Cambridge
      Middleton St Wellfield 

19, Guelph Formation - East Cambridge

20, Guelph Formation - East Cambridge
      Middle South

21, Reformatory Quarry

22, Reformatory Quarry - Hanlon

23, Reformatory Quarry - East Cambridge
      Clement Wellfield
24, Reformatory Quarry - East Cambridge

25, Vinemount A - Central

26, Vinemount A - East

27, Vinemount A - West

28, Vinemount - East Cambridge / Goat Island

29, Vinemount - East Cambridge

30, Vinemount - East Cambridge Thin

31, Goat Island

32, Goat Island - South City

33, Goat Island - East Cambridge
      Middle and Clement Mill
34, Goat Island - East Cambridge West

35, Goat Island - East Cambridge

36, Goat Island - East Cambridge Central

37, Upper Gasport

38, Upper Gasport - Quarry

39, Upper Gasport - South City

40, Upper Gasport - East Cambridge

41, Upper Gasport - East Cambridge
      Central Transition Area

42, Upper Gasport - East Cambridge Middleton
      and Willard Area

43, Upper Gasport - East Cambridge
      Medium Transition Area

44, Upper Gasport - East Cambridge
      Low to Medium T
45, Upper Gasport - East Cambridge Low T

46, Upper Gasport - East Cambridge G18

47, Upper Gasport - East Cambridge P17 and P11

48, Middle Gasport A - Regional

49, Middle Gasport B - Northwest Sacco/Smallfield

50, Middle Gasport C -
      North Emma/EdinburghN/Guelph Lake

51, Middle Gasport D - North Helmar

52, Middle Gasport E - Northwest Inner

53, Middle Gasport F - North City Park

54, Middle Gasport G - Northwest City
      Hauser/Calico

55, Middle Gasport H - City Centre

56, Middle Gasport I - East City Scout Camp

57, Middle Gasport J - Arkell

58, Middle Gasport K - East Carter

59, Middle Gasport L - Quarry

60, Middle Gasport M - South City 
      Downey/Ironwood/Steffler

61, Middle Gasport N - Southeast Burke/McCurdy

62, Middle Gasport O - South

63, Middle Gasport - East Cambridge Central 
      Transition Area

64, Middle Gasport - East Cambridge

65, Middle Gasport - East Cambridge Lower K

66, Lower Gasport

67, Lower Gasport - South City

68, Cabot Head
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Figure 2-20

Hydraulic Conductivity Distribution - 
Layers 7 to 9 - Vinemount

Conductivity Zones

1, Contact Zone

2, Contact Zone - Hanlon

3, Gravel - Burke Carter Buried Valley

4, Till - Burke Carter Buried Valley

5, Contact Zone - East Cambridge

6, Contact Zone - East Cambridge P10 Area

7, Contact Zone - East Cambridge G38 and G39

8, Contact Zone - East Cambridge Pinebush Area

9, Guelph Formation

10, Guelph Formation - Hanlon

11, Guelph Formation - East Cambridge Southeast

12, Guelph Formation - East Cambridge West

13, Guelph Formation - East Cambridge
      Middle West
14, Guelph Formation - East Cambridge
      H4, P10, G5

15, Guelph Formation - East Cambridge
      Middle North
16, Guelph Formation - East Cambridge Elgin St

17, Guelph Formation - East Cambridge G4 and P6

18, Guelph Formation - East Cambridge
      Middleton St Wellfield 

19, Guelph Formation - East Cambridge

20, Guelph Formation - East Cambridge
      Middle South

21, Reformatory Quarry

22, Reformatory Quarry - Hanlon

23, Reformatory Quarry - East Cambridge
      Clement Wellfield
24, Reformatory Quarry - East Cambridge

25, Vinemount A - Central

26, Vinemount A - East

27, Vinemount A - West

28, Vinemount - East Cambridge / Goat Island

29, Vinemount - East Cambridge

30, Vinemount - East Cambridge Thin

31, Goat Island

32, Goat Island - South City

33, Goat Island - East Cambridge
      Middle and Clement Mill

34, Goat Island - East Cambridge West

35, Goat Island - East Cambridge

36, Goat Island - East Cambridge Central

37, Upper Gasport

38, Upper Gasport - Quarry

39, Upper Gasport - South City

40, Upper Gasport - East Cambridge

41, Upper Gasport - East Cambridge
      Central Transition Area

42, Upper Gasport - East Cambridge Middleton
      and Willard Area

43, Upper Gasport - East Cambridge
      Medium Transition Area

44, Upper Gasport - East Cambridge
      Low to Medium T

45, Upper Gasport - East Cambridge Low T

46, Upper Gasport - East Cambridge G18

47, Upper Gasport - East Cambridge P17 and P11

48, Middle Gasport A - Regional

49, Middle Gasport B - Northwest Sacco/Smallfield

50, Middle Gasport C -
      North Emma/EdinburghN/Guelph Lake

51, Middle Gasport D - North Helmar

52, Middle Gasport E - Northwest Inner

53, Middle Gasport F - North City Park

54, Middle Gasport G - Northwest City
      Hauser/Calico

55, Middle Gasport H - City Centre

56, Middle Gasport I - East City Scout Camp

57, Middle Gasport J - Arkell

58, Middle Gasport K - East Carter

59, Middle Gasport L - Quarry

60, Middle Gasport M - South City 
      Downey/Ironwood/Steffler

61, Middle Gasport N - Southeast Burke/McCurdy

62, Middle Gasport O - South

63, Middle Gasport - East Cambridge Central 
      Transition Area

64, Middle Gasport - East Cambridge

65, Middle Gasport - East Cambridge Lower K

66, Lower Gasport

67, Lower Gasport - South City

68, Cabot Head
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Figure 2-21

Hydraulic Conductivity Distribution - 
Layer 10 - Goat Island

Conductivity Zones

1, Contact Zone

2, Contact Zone - Hanlon

3, Gravel - Burke Carter Buried Valley

4, Till - Burke Carter Buried Valley

5, Contact Zone - East Cambridge

6, Contact Zone - East Cambridge P10 Area

7, Contact Zone - East Cambridge G38 and G39

8, Contact Zone - East Cambridge Pinebush Area

9, Guelph Formation

10, Guelph Formation - Hanlon

11, Guelph Formation - East Cambridge Southeast

12, Guelph Formation - East Cambridge West

13, Guelph Formation - East Cambridge
      Middle West
14, Guelph Formation - East Cambridge
      H4, P10, G5
15, Guelph Formation - East Cambridge
      Middle North

16, Guelph Formation - East Cambridge Elgin St

17, Guelph Formation - East Cambridge G4 and P6

18, Guelph Formation - East Cambridge
      Middleton St Wellfield 
19, Guelph Formation - East Cambridge

20, Guelph Formation - East Cambridge
      Middle South
21, Reformatory Quarry

22, Reformatory Quarry - Hanlon

23, Reformatory Quarry - East Cambridge
      Clement Wellfield
24, Reformatory Quarry - East Cambridge

25, Vinemount A - Central

26, Vinemount A - East

27, Vinemount A - West

28, Vinemount - East Cambridge / Goat Island

29, Vinemount - East Cambridge

30, Vinemount - East Cambridge Thin

31, Goat Island

32, Goat Island - South City

33, Goat Island - East Cambridge
      Middle and Clement Mill
34, Goat Island - East Cambridge West

35, Goat Island - East Cambridge

36, Goat Island - East Cambridge Central

37, Upper Gasport

38, Upper Gasport - Quarry

39, Upper Gasport - South City

40, Upper Gasport - East Cambridge

41, Upper Gasport - East Cambridge
      Central Transition Area

42, Upper Gasport - East Cambridge Middleton
      and Willard Area

43, Upper Gasport - East Cambridge
      Medium Transition Area

44, Upper Gasport - East Cambridge
      Low to Medium T
45, Upper Gasport - East Cambridge Low T

46, Upper Gasport - East Cambridge G18

47, Upper Gasport - East Cambridge P17 and P11

48, Middle Gasport A - Regional

49, Middle Gasport B - Northwest Sacco/Smallfield

50, Middle Gasport C -
      North Emma/EdinburghN/Guelph Lake
51, Middle Gasport D - North Helmar

52, Middle Gasport E - Northwest Inner

53, Middle Gasport F - North City Park

54, Middle Gasport G - Northwest City
      Hauser/Calico

55, Middle Gasport H - City Centre

56, Middle Gasport I - East City Scout Camp

57, Middle Gasport J - Arkell

58, Middle Gasport K - East Carter

59, Middle Gasport L - Quarry

60, Middle Gasport M - South City 
      Downey/Ironwood/Steffler
61, Middle Gasport N - Southeast Burke/McCurdy

62, Middle Gasport O - South

63, Middle Gasport - East Cambridge Central 
      Transition Area

64, Middle Gasport - East Cambridge

65, Middle Gasport - East Cambridge Lower K

66, Lower Gasport

67, Lower Gasport - South City

68, Cabot Head
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Figure 2-22

Hydraulic Conductivity Distribution - 
Layer 11 - Upper Gasport

Conductivity Zones

1, Contact Zone

2, Contact Zone - Hanlon

3, Gravel - Burke Carter Buried Valley

4, Till - Burke Carter Buried Valley

5, Contact Zone - East Cambridge

6, Contact Zone - East Cambridge P10 Area

7, Contact Zone - East Cambridge G38 and G39

8, Contact Zone - East Cambridge Pinebush Area

9, Guelph Formation

10, Guelph Formation - Hanlon

11, Guelph Formation - East Cambridge Southeast

12, Guelph Formation - East Cambridge West

13, Guelph Formation - East Cambridge
      Middle West
14, Guelph Formation - East Cambridge
      H4, P10, G5

15, Guelph Formation - East Cambridge
      Middle North
16, Guelph Formation - East Cambridge Elgin St

17, Guelph Formation - East Cambridge G4 and P6

18, Guelph Formation - East Cambridge
      Middleton St Wellfield 
19, Guelph Formation - East Cambridge

20, Guelph Formation - East Cambridge
      Middle South

21, Reformatory Quarry

22, Reformatory Quarry - Hanlon

23, Reformatory Quarry - East Cambridge
      Clement Wellfield

24, Reformatory Quarry - East Cambridge

25, Vinemount A - Central

26, Vinemount A - East

27, Vinemount A - West

28, Vinemount - East Cambridge / Goat Island

29, Vinemount - East Cambridge

30, Vinemount - East Cambridge Thin

31, Goat Island

32, Goat Island - South City

33, Goat Island - East Cambridge
      Middle and Clement Mill

34, Goat Island - East Cambridge West

35, Goat Island - East Cambridge

36, Goat Island - East Cambridge Central

37, Upper Gasport

38, Upper Gasport - Quarry

39, Upper Gasport - South City

40, Upper Gasport - East Cambridge

41, Upper Gasport - East Cambridge
      Central Transition Area

42, Upper Gasport - East Cambridge Middleton
      and Willard Area

43, Upper Gasport - East Cambridge
      Medium Transition Area

44, Upper Gasport - East Cambridge
      Low to Medium T
45, Upper Gasport - East Cambridge Low T

46, Upper Gasport - East Cambridge G18

47, Upper Gasport - East Cambridge P17 and P11

48, Middle Gasport A - Regional

49, Middle Gasport B - Northwest Sacco/Smallfield

50, Middle Gasport C -
      North Emma/EdinburghN/Guelph Lake
51, Middle Gasport D - North Helmar

52, Middle Gasport E - Northwest Inner

53, Middle Gasport F - North City Park

54, Middle Gasport G - Northwest City
      Hauser/Calico

55, Middle Gasport H - City Centre

56, Middle Gasport I - East City Scout Camp

57, Middle Gasport J - Arkell

58, Middle Gasport K - East Carter

59, Middle Gasport L - Quarry

60, Middle Gasport M - South City 
      Downey/Ironwood/Steffler
61, Middle Gasport N - Southeast Burke/McCurdy

62, Middle Gasport O - South

63, Middle Gasport - East Cambridge Central 
      Transition Area
64, Middle Gasport - East Cambridge

65, Middle Gasport - East Cambridge Lower K

66, Lower Gasport

67, Lower Gasport - South City

68, Cabot Head
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Figure 2-23

Hydraulic Conductivity Distribution - 
Layer 12 - Middle  Gasport

Conductivity Zones

1, Contact Zone

2, Contact Zone - Hanlon

3, Gravel - Burke Carter Buried Valley

4, Till - Burke Carter Buried Valley

5, Contact Zone - East Cambridge

6, Contact Zone - East Cambridge P10 Area

7, Contact Zone - East Cambridge G38 and G39

8, Contact Zone - East Cambridge Pinebush Area

9, Guelph Formation

10, Guelph Formation - Hanlon

11, Guelph Formation - East Cambridge Southeast

12, Guelph Formation - East Cambridge West

13, Guelph Formation - East Cambridge
      Middle West
14, Guelph Formation - East Cambridge
      H4, P10, G5

15, Guelph Formation - East Cambridge
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Note:  Lower Road Collector System removed from service in 2001



!(
!(

!(
!(

!(

!(

!(

!(

!(

!(
!(
!(
!(
!(

!(

!(

!(

!(

!(
!(
!(

!(!(

!(

!(
!(

!(

!(!(!(

!(
!(

!(

!(!(
!(

!(

!(

!(!(!(
!(
!(!(

!(
!(

!(

!(

!(

!(

!( !(

!A

!A

!A

!A

!A

!A

Arkell 8

Arkell 7

Arkell 6

Arkell 1

Arkell 15

Arkell 14

Era
mosa R

iv
e
r

A
rk

el
l

N
assagaw

eya-Puslinch

Jones Baseline

Lake

Ontario

Tier Three Local Area 
Risk Assessment

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River Conservation Authority. Copyright © Grand River Conservation Authority, 2010

Produced using information provided by the Ministry of Natural Resources, Copyright © Queen's Printer, 2010

Projection:  UTM Zone 17N, NAD 83
Map Version:  3;  Map Date:  14-Jul-11; Created By: CC

LEGEND

!( Arkell Recharge - Specified Flux Nodes

!( Glen Collector - Specified Head Nodes (Slice 3)

!A Guelph Water Supply Wells

Glen Collector - Approximate Location

Arkell Recharge Trench and Pit

Roads (collector)

Major Roads / Highways

Rivers / Streams

Open Water

City of Guelph Boundary

Finite Element Grid Detail

0 100 200 300

Metres

1:10,000Scale

³

C:\Projects\2008003_Guelph_Tier3\GIS\ArcView\MXDs\ModelReport\Updates_April2010\Fig2-31_FiniteElementMesh_Arkell.mxd Project: 2008003_Guelph_Tier3

Inset Map

Study Area

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Figure 2-31

Finite Element Mesh in Arkell 
Spring Grounds



#0

#0

#0

#0

#0

#0

#0

#0#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0
#0
#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0
#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0
#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

!(

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

!(

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0
#0

#0

#0

#0
#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0
#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0 #0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0
#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
!(

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0
#0#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

!(

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
!(

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0
!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0 #0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0
#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0
#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!( #0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0
#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0
!(

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

!(

#0
#0

#0

#0

#0

#0

!(

#0

#0

#0 #0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!( #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0
#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0
#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

!(

#0#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0#0#0

#0
#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

!(

#0

!(

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0
#0#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0#0
#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0!(

#0

#0

!(

!(

#0

#0

#0

!(

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0
#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0 #0

#0

#0

!(

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0 #0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0#0

#0#0

#0

#0

#0

#0

#0 #0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

!(

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0
#0

!(

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

!(

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

!(

!(

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

!(

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

!( #0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

!(

!(

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

!(

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(
!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

!(

#0

!(

#0
#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

!(

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

!(#0

#0

#0

!(

#0

#0

#0

#0

#0

!(

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!(

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

!(

#0
#0

#0

#0#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

!( #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

!(

#0

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0 #0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

!(!(

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

#0

#0

#0

#0

#0

#0 #0

!(

!(

#0

#0

#0

#0

#0

#0

#0

!(#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0
#0

!(

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0 #0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

#0

!(

#0

#0

#0

#0

#0

#0

#0

#0

#0

NIAG
A

R
A

 E
S

C
A

R
P

M
E

N
T

Grand R
iver

401

7

8

12
4

6

24

S
to

ne

Victoria

7+8

6

6

Victoria

6
7

7

8

7

2
4

6

CITY OF GUELPH

540000

540000

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

4
8

0
0

0
0

0

4
8

0
0

0
0

0

4
8

1
0

0
0

0

4
8

1
0

0
0

0

4
8

2
0

0
0

0

4
8

2
0

0
0

0

4
8

3
0

0
0

0

4
8

3
0

0
0

0

4
8

4
0

0
0

0

4
8

4
0

0
0

0

4
8

5
0

0
0

0

4
8

5
0

0
0

0

Lake

Ontario

Tier Three Local Area 
Risk Assessment

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River Conservation Authority. Copyright © Grand River Conservation Authority, 2010

Produced using information provided by the Ministry of Natural Resources, Copyright © Queen's Printer, 2010

Projection:  UTM Zone 17N, NAD 83
Map Version:  2;  Map Date:  4-May-2010; Created By: CC

LEGEND

!( High Quality - City of Guelph

!( High Quality - Other

#0 MOE Water Well Records

Major Roads / Highways

Rivers / Streams

Open Water

Model Boundary

Grand River Watershed Boundary

City of Guelph Boundary

0 5 10 15 202.5

Kilometres

1:310,000Scale

³

C:\Projects\2008003_Guelph_Tier3\GIS\ArcView\MXDs\ModelReport\Updates_April2010\CalibrationTargets_Model.mxd Project: 2008003_Guelph_Tier3

Inset Map

Study Area

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Figure 3-1

Calibration Targets
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Figure 3-2

High Quality Calibration Targets
(Model Scale)
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High Quality Calibration Targets 
(City of Guelph)
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Figure 3-4

Baseflow Calibration Locations
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Figure 3-5

Niagara Escarpment Quarry Locations
with Recharge

Average Annual Groundwater 
Recharge (mm/yr)

100 - 200

200 - 300

300 - 400

400 - 500

> 500

< 5

5 - 10

10 - 20

20 - 50

50 - 100

Acton 
Quarry

Milton
Quarry

Halton
Quarry



!A

!A

!A

!A

!A

!A
!A

!A

!A

�)�

�)�

�)�!. !.

!.

!.

!.

#
#

#

!.
#

!.

#

#

!.

!.

!.

!.

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A!A!A

!A

!A

!A!A
!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

SPEED R
IV

ER

HANLON CREEK

CENTRAL WETLAND

HANLON CREEK

HANLON PKY

WELLINGTON ST W

W
E

LL
IN

G
TO

N
 S

T 
E

STONE R
D E

VICTORIA RD S

GORDON ST

D
O

W
N

E
Y

 R
D

STO
NE R

D W

EDINBURGH RD S

W
E

LL
IN

G
TO

N
 S

T 
W

NO
RFO

LK ST

CO
UNTY

 R
D 1

24

Guelph-Lime
Quarry

Burke

Membro

Carter

Paisley

Water St.

Dean Ave.

University

Queensdale

Downey Rd.

HCP08-05

HCP08-04

HCP08-03

HCP08-02

HCP08-01

HCSG08-03

HCSG08-02

HCSG08-01

HCP08-07

HCSG08-06

HCSG08-05

HCSG08-04

HCMW08-01

HCP08-06

MW06-01

MCW01

SC95-08

Clair

MW123

McCurdy

MW08-01

MW04-01

TW04-02 TW04-01

MW 06-05

MW 06-04

MW 06-08

MW 06-06

Edinburgh

TW08-01

TW08-02

MW08-02

Admiral

BH3

BH5

BH4

BH1

BH6

OW5-92

OW4-92

OW3-92
OW1-92

SS-2

SS-3

SS-1
UoG-7

UoG-8

UoG-3UoG-1

UoG-4

UoG-11

Ironwood

Steffler

118

117

116

560000

560000

562500

562500

565000

565000

48
15

00
0

48
15

00
0

48
17

50
0

48
17

50
0

48
20

00
0

48
20

00
0

!A

!A

!A

!A

!A

!A
!A

!A

!A

�)�

�)�

�)�!. !.

!.

!.

!.

#
#

#

!.
#

!.

#

#

!.

!.

!.

!.

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A!A!A

!A

!A

!A!A
!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

SPEED R
IV

ER

HANLON CREEK

CENTRAL WETLAND

HANLON CREEK

HANLON PKY

WELLINGTON ST W

W
E

LL
IN

G
TO

N
 S

T 
E

STONE R
D E

VICTORIA RD S

GORDON ST

D
O

W
N

E
Y

 R
D

STO
NE R

D W

EDINBURGH RD S

W
E

LL
IN

G
TO

N
 S

T 
W

NO
RFO

LK ST

CO
UNTY

 R
D 1

24

Guelph-Lime
Quarry

Burke

Membro

Carter

Paisley

Water St.

Dean Ave.

University

Queensdale

Downey Rd.

HCP08-05

HCP08-04

HCP08-03

HCP08-02

HCP08-01

HCSG08-03

HCSG08-02

HCSG08-01

HCP08-07

HCSG08-06

HCSG08-05

HCSG08-04

HCMW08-01

HCP08-06

MW06-01

MCW01

SC95-08

Clair

MW123

McCurdy

MW08-01

MW04-01

TW04-02 TW04-01

MW 06-05

MW 06-04

MW 06-08

MW 06-06

Edinburgh

TW08-01

TW08-02

MW08-02

Admiral

BH3

BH5

BH4

BH1

BH6

OW5-92

OW4-92

OW3-92
OW1-92

SS-2

SS-3

SS-1
UoG-7

UoG-8

UoG-3UoG-1

UoG-4

UoG-11

Ironwood

Steffler

118

117

116

560000

560000

562500

562500

565000

565000

48
15

00
0

48
15

00
0

48
17

50
0

48
17

50
0

48
20

00
0

48
20

00
0

³ LEGEND

Watercourse

Waterbody

Wetland

Guelph City Limit

Municipal Test Well Locations

!A Municipal Test Well

!A Municipal Production Well

!A University of Guelph Production Wells

!A Municipal Monitoring Well

!A Guelph-Lime Quarry Monitoring Well

!A
Hanlon Creek Watershed 
Study Monitoring Wells

!A
Hanlon Creek Proposed Business 
Park Monitoring Well

!. Shallow Overburden Piezometer

# Surface Water Staff Gauge

�)� Surface Water Flow Monitoring Station

Tier Three Local Area
Risk Assessment

G:\Projects\2008\08-1112-0021_Guelph_TierIII\GIS\MXDs\Draft\Modelling_Report\Instrumentation.mxd

Base Data - City of Guelph, 2009; GRCA, 2008, 
CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River
Conservation Authority. 
Copyright © Grand River Conservation Authority, 2009
Produced using information provided by the Ministry of Natural
Resources, Copyright © Queen's Printer, 2009

Projection:  UTM Zone 17N, NAD 83
Map Version:  1;  Map Date: 03-May-03; Created By: KD

DRAFTFigure X.

WELL LOCATIONS

Produced by
Aquaresource Inc. and

Golder Associates

REFERENCES:

0.5 0 0.5 1

Kilometers

1:25,000Scale 

Index Map

Lake 
  Ontario

Study Area

Index Map

Project: 2008003_Guelph_Tier3

paulc
Text Box
3-6

paulc
Text Box
Southwest Quadrant -  ObservationWell Locations



!A

!A

!A

!A

!A

!A
!A

!A

!A

�)�

�)�

�)�!. !.

!.

!.

!.

#
#

#

!.
#

!.

#

#

!.

!.

!.

!.

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A!A!A

!A

!A

!A!A
!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

SPEED R
IV

ER

HANLON CREEK

CENTRAL WETLAND

HANLON CREEK

HANLON PKY

WELLINGTON ST W

W
E

LL
IN

G
TO

N
 S

T 
E

STONE R
D E

VICTORIA RD S

GORDON ST

D
O

W
N

E
Y

 R
D

STO
NE R

D W

EDINBURGH RD S

W
E

LL
IN

G
TO

N
 S

T 
W

NO
RFO

LK ST

CO
UNTY

 R
D 1

24

Guelph-Lime
Quarry

Burke

Membro

Carter

Paisley

Water St.

Dean Ave.

University

Queensdale

Downey Rd.

HCP08-05

HCP08-04

HCP08-03

HCP08-02

HCP08-01

HCSG08-03

HCSG08-02

HCSG08-01

HCP08-07

HCSG08-06

HCSG08-05

HCSG08-04

HCMW08-01

HCP08-06

MW06-01

MCW01

SC95-08

Clair

MW123

McCurdy

MW08-01

MW04-01

TW04-02 TW04-01

MW 06-05

MW 06-04

MW 06-08

MW 06-06

Edinburgh

TW08-01

TW08-02

MW08-02

Admiral

Kx = 5e-4 m/s
Ky,z = 7e-4

Kx,y,z = 1e-6 m/s

Kx,y,z = 3e-4 m/sKx,y,z = 1e-4 m/s

Kx,y,z = 5e-4 m/s

Kx,y,z = 3.64e-5 m/s

Kx = 5e-4 m/s
Ky,z = 2.2e-3 m/s

Kx,y = 9.6e-5 m/s
Kz = 5.7e-5 m/s

BH3

BH5

BH4

BH1

BH6

OW5-92

OW4-92

OW3-92
OW1-92

SS-2

SS-3

SS-1
UoG-7

UoG-8

UoG-3UoG-1

UoG-4

UoG-11

Ironwood

Steffler

118

117

116

560000

560000

562500

562500

565000

565000

48
15

00
0

48
15

00
0

48
17

50
0

48
17

50
0

48
20

00
0

48
20

00
0

!A

!A

!A

!A

!A

!A
!A

!A

!A

�)�

�)�

�)�!. !.

!.

!.

!.

#
#

#

!.
#

!.

#

#

!.

!.

!.

!.

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A!A!A

!A

!A

!A!A
!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

SPEED R
IV

ER

HANLON CREEK

CENTRAL WETLAND

HANLON CREEK

HANLON PKY

WELLINGTON ST W

W
E

LL
IN

G
TO

N
 S

T 
E

STONE R
D E

VICTORIA RD S

GORDON ST

D
O

W
N

E
Y

 R
D

STO
NE R

D W

EDINBURGH RD S

W
E

LL
IN

G
TO

N
 S

T 
W

NO
RFO

LK ST

CO
UNTY

 R
D 1

24

Guelph-Lime
Quarry

Burke

Membro

Carter

Paisley

Water St.

Dean Ave.

University

Queensdale

Downey Rd.

HCP08-05

HCP08-04

HCP08-03

HCP08-02

HCP08-01

HCSG08-03

HCSG08-02

HCSG08-01

HCP08-07

HCSG08-06

HCSG08-05

HCSG08-04

HCMW08-01

HCP08-06

MW06-01

MCW01

SC95-08

Clair

MW123

McCurdy

MW08-01

MW04-01

TW04-02 TW04-01

MW 06-05

MW 06-04

MW 06-08

MW 06-06

Edinburgh

TW08-01

TW08-02

MW08-02

Admiral

Kx = 5e-4 m/s
Ky,z = 7e-4

Kx,y,z = 1e-6 m/s

Kx,y,z = 3e-4 m/sKx,y,z = 1e-4 m/s

Kx,y,z = 5e-4 m/s

Kx,y,z = 3.64e-5 m/s

Kx = 5e-4 m/s
Ky,z = 2.2e-3 m/s

Kx,y = 9.6e-5 m/s
Kz = 5.7e-5 m/s

BH3

BH5

BH4

BH1

BH6

OW5-92

OW4-92

OW3-92
OW1-92

SS-2

SS-3

SS-1
UoG-7

UoG-8

UoG-3UoG-1

UoG-4

UoG-11

Ironwood

Steffler

118

117

116

560000

560000

562500

562500

565000

565000

48
15

00
0

48
15

00
0

48
17

50
0

48
17

50
0

48
20

00
0

48
20

00
0

³
LEGEND

Watercourse

Waterbody

Wetland

Guelph City Limit

Municipal Test Well Locations

!A Municipal Test Well

!A Municipal Production Well

!A University of Guelph Production Wells

!A Municipal Monitoring Well

!A Guelph-Lime Quarry Monitoring Well

!A
Hanlon Creek Watershed 
Study Monitoring Wells

!A
Hanlon Creek Proposed Business 
Park Monitoring Well

!. Shallow Overburden Piezometer

# Surface Water Staff Gauge

�)� Surface Water Flow Monitoring Station

G:\Projects\2007\07-1112-0059_City_of_Guelph\GIS\MXDs\Draft\Phase_1000\Report\K_Values.mxd

Base Data - City of Guelph, 2009; GRCA, 2008, 
CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River
Conservation Authority. 
Copyright © Grand River Conservation Authority, 2009
Produced using information provided by the Ministry of Natural
Resources, Copyright © Queen's Printer, 2009

Projection:  UTM Zone 17N, NAD 83
Map Version:  1;  Map Date: 03-May-03; Created By: KD

DRAFTFigure X.

HYDRAULIC CONDUCTIVITY

Produced by
Aquaresource Inc. and

Golder Associates

REFERENCES:

0.5 0 0.5 1

Kilometers

1:25,000Scale 

Index Map

Lake 
  Ontario

Study Area

Index Map

Project: 2008003_Guelph_Tier3

Tier Three Local Area
Risk Assessment

paulc
Text Box
3-7

paulc
Text Box
Southwest Quadrant - Transient Calibration Results



Tier Three Local Area 
Risk Assessment

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Project: 2008003_Guelph_Tier3

Transient Verification Results –

Arkell 1

Figure 3-8a



Tier Three Local Area 
Risk Assessment

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Project: 2008003_Guelph_Tier3

Transient Verification Results –

Arkell 8

Figure 3-8b



Tier Three Local Area 
Risk Assessment

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Project: 2008003_Guelph_Tier3

Transient Verification Results –

Burke

Figure 3-8c



Tier Three Local Area 
Risk Assessment

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Project: 2008003_Guelph_Tier3

Transient Verification Results –

Downey

Figure 3-8d



Tier Three Local Area 
Risk Assessment

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Project: 2008003_Guelph_Tier3

Transient Verification Results –

Paisley

Figure 3-8e



Tier Three Local Area 
Risk Assessment

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Project: 2008003_Guelph_Tier3

Transient Verification Results –

Park Wells

Figure 3-8f



Tier Three Local Area 
Risk Assessment

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Project: 2008003_Guelph_Tier3

Transient Verification Results –

Glen Collector Flows

Figure 3-9



!A
!A
!A
!A!A!A

!A

!A

!A

!A
!A

!A
!A

!A
!A

!A
!A!A

!A

!A

!A
!A

!A

Belwood

   Lake

Guelph

   Lake

NIAG
A

R
A

R
P

M

Grand River

300

32
0

3
4
0

350

360

370
3
8
0

420

4
5
0

460

470

350

2
8

0

41
0

340

290

40
0

2
7

0

41
0

36
0340

270

3
0
0

290

S

pee
d R

iv

er

Swan Creek

H
o
p
ew

el
l C

reek

E
ra

m
osa

 R
iv

er
Conestogo River

Moffa
t C

re
ek

Iri sh C reek

Clythe C
re

ek

B lue S
prin

g
s 

C
re

ek

M

ill
 C

re
ek

M

arden Creek

540000

540000

550000

550000

560000

560000

570000

570000

580000

580000

590000

590000

4
8

0
0

0
0

0

4
8

0
0

0
0

0

4
8

1
0

0
0

0

4
8

1
0

0
0

0

4
8

2
0

0
0

0

4
8

2
0

0
0

0

4
8

3
0

0
0

0

4
8

3
0

0
0

0

4
8

4
0

0
0

0

4
8

4
0

0
0

0

4
8

5
0

0
0

0

4
8

5
0

0
0

0

Lake

Ontario

Tier Three Local Area 
Risk Assessment

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River Conservation Authority. Copyright © Grand River Conservation Authority, 2010

Produced using information provided by the Ministry of Natural Resources, Copyright © Queen's Printer, 2010

Projection:  UTM Zone 17N, NAD 83
Map Version:  3;  Map Date: 28-Jul-11; Created By: CC

LEGEND

!A Guelph Water Supply Wells

Rivers / Streams

Open Water

Model Boundary

Grand River Watershed
Boundary

City of Guelph Boundary

Water Table Contour Interval 10m

Water Table (masl)

0 5 10 152.5

Kilometres

1:310,000Scale

³

C:\Projects\2008003_Guelph_Tier3\GIS\ArcView\MXDs\ModelReport\Updates_April2010\Fig3-10_WaterTable.mxd Project: 2008003_Guelph_Tier3

Inset Map

Study Area

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Figure 3-10

Model Predicted Water Table Surface 
(Overburden)

High: 475

Low: 200

NIAG
A

R
A

 E
S

C
A

R
P

M
E

N
T

G
ra

nd River



!A

!A

!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A !A

!A

!A

!A

!A

!A

Guelph

   Lake

33
6

33
8

3
4
0

342

344
346

348
350

3
2

0

352

322

354

3
2

8 33
0

33
4

332

356

358

324

3
2
6

318

3
1
6

310

308

31
4

312
30

6

3
0
4

360

302

3
6

2

3
6
4

300

366

368

370

372
29

8

37
4

376

2
9
6

378

380

2
9
4

312

32
8

332

374

322

340

35
8

358

324

372

3
2
2

336

3
4
0

340

34
0

34
2

346

3
0

2

3
5

0

35
2

310

31
2

2
9

8

318

3
6

4

35
4

312

338
3
1
4

3
4

6

362

3
5
6

312

32
4

360

3
1
8

322

350

S
p
ee

d 
R

iv
er

Era
mosa

 R
iv

er

C ly
th

e 
C

re

ek

Blue S
pr

in
gs

 C
re

ek

Marden Creek

Hanlon Creek

M
il
l C

re
ek

Irish C
ree

k

Hopewell C
re

ek

Emma

Sacco

Burke

Calico

Helmar

Membro

Paisley

Park 1 2
Arkell 8

Arkell 7

Arkell 6

Arkell 1

Dean Ave.

Arkell 15

Arkell 14

Smallfield

Queensdale

University

Downey Road

Clythe Creek

Water Street

Carter Wells

CITY OF GUELPH
Edinburgh

560000

560000

570000

570000

4
8

2
0

0
0

0

4
8

2
0

0
0

0

4
8

3
0

0
0

0

4
8

3
0

0
0

0

Lake

Ontario

Tier Three Local Area 
Risk Assessment

REFERENCES:
Base Data - City of Guelph, 2009; GRCA, 2008, CVC, 2008, Ministry of Natural Resources, 2008
Produced using information under License with the Grand River Conservation Authority. Copyright © Grand River Conservation Authority, 2010

Produced using information provided by the Ministry of Natural Resources, Copyright © Queen's Printer, 2010

Projection:  UTM Zone 17N, NAD 83
Map Version:  3;  Map Date:  28-Jul-11; Created By: CC

LEGEND

!A Guelph Water Supply Wells

Rivers / Streams

Open Water

City of Guelph 
Boundary

Water Table Contour Interval 2m

Water Table (masl)

High : 384

Low : 290

1:110,000Scale

³

C:\Projects\2008003_Guelph_Tier3\GIS\ArcView\MXDs\ModelReport\Updates_April2010\Fig3-11_WaterTable_Guelph.mxd Project: 2008003_Guelph_Tier3

Inset Map

Study Area

Produced by
Aquaresource Inc. and 
Golder Associates Ltd.

Figure 3-11
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(Overburden) - City of Guelph
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Figure 3-12

Model Predicted Slice 5 (Contact
Zone) Potentiometric Surface 
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Figure 3-13
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Figure 3-14

Model Predicted Slice 12 (Gasport)
Potentiometric Surface 
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Figure 3-15

Model Predicted Slice 12 (Gasport)
Potentiometric Surface - City of Guelph
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Figure 3-17

Simulated vs. Observed Heads- 
High Quality Wells
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Figure 3-18

Simulated vs. Observed Heads- 
MOE Wells
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Figure 3-19
Simulated vs. Observed Heads- 
Above Vinemount
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Figure 3-20

Simulated vs. Observed Heads- 
Below Vinemount
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Produced by
Aquaresource Inc. and 
Golder Associates Ltd.
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Figure 3-22

Spatial Distribution of Calibration 
Residuals - Below Vinemount
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Figure 3-23

Spatial Distribution of Calibration 
Residuals - High Quality (City of 
Guelph)
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