—30?000 —25?000 —20?000 —15?000 —10?000 —SDIOOO

o

50?00 1ODIOOO 150|000

ZODIOOO

ZSDIOOO

GUUIIJUUU

595?000

590[|]000

585?000

580?000

575[|]000

M. D. OF BONNYVILLE

BONNYVILLE
b

e
*‘ 1
K
T"‘ Nt T=
7 P WESTLOCK COUNTY
, p Ty, Y
J COUNTY OF SMOKY LAKE COUNTy \
. | WESTLOCK{ THORHILD
MAPPED T WHITECOURT : COUNTY OF BARRHEAD ] -
REGION 1 L =
ARTH
M, WHIE . PAKAN
g =
N ST. PAUL

X p
TE. ANNE COUNTY
-|_|_ LACS COUNTY. o

‘ STURGEON

BANFF

1:1,500,000

cokm\o{mﬁ\dm.\

FROG

COUNTY OF

VERMILION RIVER

Ll
L

MONNER?

I
Lol
LLOYDMINSTER

T — W FORT
: - I
ALBERTA \ STURGEON  MORINVILLE | SASKATCHEWAN WOl
. ) f -
1:25,000,000 o L ST. ALBERT py | ) ND HILLS
EDSON b SRUCE & )f*"‘ NSNS COUNTY OF TWO HILLS
p— e, /1 S| Cl oy Y
Lo~ ; = GROVE—D"'L -~y g:sEWOOD
b —1 _— EVILLE
. y i ! BEAVERHILL i VEGRI
HINTON .y 7 L \ff"'" L EDMONTONw—r =Y
p YELLOWHEAD COUN 3 STONY | SN VN
o j}\«' PARKLAND COUNTY BRAIN | |~ county
= \ \
i o | COUNTY OF MINBURN
~ Ly 7
: N
3 DEVO [ eouc ’
‘
-, DRAYTON STRAWBERRY \TJJ r
ZEAU 15 OUNTY
ooty Ligvauey LEDUC COUNTY —— BEAVER C
MODESTE
h —
~
- WETASKIWIN Al
- y -
ETASKIWIN o 3
( COUNTY OF W ', CAMROSE
COUNTY OF CAMROSE
JASPER \
[
)
BRAZEAU
FLAGSTAFF COUNTY
u L 1 I
Vs l
-t
)1, \ROCKY
Q. MOUNTAIN
CLEARWATER COUNTY HOUSE 4
&
RED DEER
9 o
CLEARWATER
N =
)
0 25 50 75

LEGEND

Watercourse

Waterbody

North Saskatchewan River

North Saskatchewan

River Basin

‘I,i,,J Cities & Towns

I:] County Boundaries

SOURCES:
Basedata obtained from

IHS Energy

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

WATERSHEDS OF THE NORTH SASKATCHEWAN RIVER BASIN

Infrastructure & Environment

o

resources &

WorleyParsons

energy

09JUN-09 e | CH.  eseary | JL ey | app by

PREPARED SOLELY FOR THE USE OF OUR CLIENTAS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF
ANY KIND IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

PROJECT NUMBER:

E00088100

FIGURE:

2

FILE: Q:\E00088100\ArcGIS_NSWA\MXDs\Basemap.mxd Issued By: Edmonton GIS



-30?000

-ZO(I)OOO -1 5?000 -1 O?OOO

-SOIOOO

o

SO(I)OO

1OOIOOO 150|000

ZOOIOOO

250|000

600(}000

595?000

590(}000

585?000

580?000

575(}000

MAPPED

REGION
ALBERTA
1:25,000,000

_+ HINTON
&7
N
25 50 75
1:1,500,000

WHITECOURT

WESTLOCK
-
(1
\J YFORT
MORINVILLE | SASKATCHEWAN
L /-
i
SPRUCE -
GROVE 3
L
b EDMONTON™
STONY 1
PUAIN
LEDUC
_ DRAYTON
[ EVALLEY
WETASKIWIN 2%
- )
' 3!
- CAMROSE

!

J 3 NROCKY
A\ MOUNTAIN
HOUSE _—

BONNYVILLE

v
-

7

)
Lol

VEGREVILLE
BN
VERMILION iy
LLOYDMINSTER
LEGEND
BOREAL FOREST FOOTHILLS North Saskatchewan River

Central Mixedwood
Dry Mixedwood

ROCKY MOUNTAIN
Alpine

- Subalpine

- Montane

- Lower Foothills

Upper Foothills
PARKLAND

Central Parkland

Watercourse

Waterbody

North Saskatchewan
River Basin

! Cities & Towns

SOURCES: 2005 Natural Regions and Subregions of Alberta
Alberta Sustainable Resource Development, Alberta Environment,
Alberta Community Development and Agriculture

and Agri-Food Canada, June 2005;
Basedata obtained from IHS Energy

|

Infrastructure & Environment

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

NATURAL REGIONS AND SUBREGIONS

p—
\\iirg

WorleyParsons

resources & energy

26-MAR09 o | UL

edited by | J.L.

drawn by |

app by PROJECT NUMBER:

PREPARED SOLELY FOR THE USE OF OUR CLIENTAS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF
ANY KIND IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

FIGURE:

E00088100 3

gions.mxd Issued By: Edmonton GIS

FILE: Q:\E00088100\ArcGIS_NSWA\MXDs\NaturalSubre



600?000

595?000

590?000

585?000

580?000

575?000

-30?000 -25?000 -ZD?DDD -150|000 -1DDIDDD -SDIDDD ID SDIDDD 1DDIDDD 150|000 ZDDIDDD ZSDIDDD
2502 River
& BONNYVILLE
?‘\@ Moose Lake
&
\/&Q‘\A WESTLOCK M @HeNEake
MAPPED i &
REGION WH|T5_90URT Q2 -
ALBERTA
1:25,000,000 : SASKATCHEWAN
SON Chip ke f ¢ a STAIBERT)
ED! SPRUCE]
.-I p )
= 4 X" : 'SHERWOOD)
HINTON : f w .
Z .
A J : : [FLAN
FJ =6 ITOYDMINSTER
Bittegilhake
pigeon Lal WETASKIWIN
d CAMROSE
GullBake
Buffalo Lake
ROCKY LEGEND
MOUNTA|N Sylaiik ake -_
{IoUSE
RED DEER Topography (masl) == North Saskatchewan River
- High : 3544.23 Watercourse
Waterbody
g Low : 496.208 North Saskatchewan
River Basin
E Cities & Towns
0 25 50 75 .
e S BBt Sl e e from NSWA:
Basedata obtained from IHS Energy
1:1,500,000

\

Infrastructure & Environment

NORTH SASKATCHEWAN WATERSHED ALLIANCE

OVERVIEW OF GROUNDWATER CONDITIONS W WorleyParsons

resources & energy

09JUN-09 e | CH.  eseary | JL ey | awpby | PROJECT NUMBER: FIGURE:
PREPARED SOLELY FOR THE USE OF OUR CLIENTAS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF E00088100 4
ANY KIND IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

FILE: Q:\E00088100\ArcGIS_NSWA\MXDs\Topography.mxd Issued By: Edmonton GIS



-30(_')000

-250|000 -20(_')000 -1 59000 -1 Ol'.I)OOO -50|000

Fo

50900 100|000 15('.)'000 200|000 25('.)'000

SOO(IJOOO

5959000

590?000

585(?000

580?000

575?000

.
sca Rive
102

v\\{c\

MAPPED i “\5\\\"’ WESé.OCK viiBiEe
REGION 3
WHITECOURT
ALBERTA
1:25,000,000
EDSON ChipLéke ¢ i
4 o VEGREVILLE
‘4 HINTON Beaverhill
(STONY, Lake
‘PUAINY
4 =
VERMILION
' LLOYDMINSTER
VALLEY!
Bitteffithake
Pigeon Lal WETASKIWIN
Brazeald % c? CAMROSE
Resevoir
LEGEND
Mean Annual Temperature (°C) North Saskatchewan River
Gullare - 0.5-1 Watercourse
Btiffalotake
- 1.0-15 Waterbody
SBcaie |:I 15-2 |:| Cities & Towns
[ I:I 2.0-25 North Saskatchewan
RED DEER River Basin
[ 25-3
B :o0-35
N SOURCES:

Weather data (1961-2005) obtained from Alberta Agriculture and Rural Development

http://www2.agric.gov.ab.ca/app10/acis/quick/;

Basedata obtained from IHS Energy

0 25 50 75

1:1,500,000

5

BONNYVILLE

Moose Lake

METHODS: Near-real-time weather data was supplied by Alberta Environment and
Environment Canada. Averages based on historical weather data from the 1961-2005 period,
interpolated to township centres by Agriculture and Rural Development using AbClim-1.1.

]

Infrastructure & Environment

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

WorleyParsons

resources & energy

MEAN ANNUAL TEMPERATURE

14-APR-09  date | JL edited by | JL. drawn by | app by PROJECT NUMBER: FIGURE:
PREPARED SOLELY FOR THE USE OF OUR CLIENT AS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF E00088100 5
ANY KIND IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

p2.mxd Issued By: Edmonton GIS

FILE: Q:\E00088100\ArcGIS_NSWA\MXDs\MeanAnnualTem



6000000

0 585(}000 590?000 5950000

5800000

5750000

-30?000 -25?000 -ZO(I)OOO -1 5?000 -1 O?OOO -SOIOOO P SO(I)OO 1OOIOOO 150|OOO ZOOIOOO 250|000
BONNYVILLE
e
MAPPED WESTLOCK NSn
REGION g -
WHITECOURT
=v
[STAPAULY
e
North Sa:sl«atch""ﬂg\
ALBERTA (] JrorT
1:25,000,000 MORINVILLE | SASKATCHEWAN
:F’T
G| ’4
_~—EDSON SPRUCE oA
L GROVE ‘~ﬂ -
T ;
_~ HINTON Huéwj 5 EDMONTON™
7) STONY} |
7 PUAIN | |
********* = |
- A I
DEVON 1 LEDUC IO DMINSTER
_ DRAYTON i
[ gVALLEY
WETASKIWIN £
D Air\rl
s CAMROSE
LEGEND
Mean Annual Precipitation (mm) North Saskatchewan River
- 400 - 450 Watercourse
|:| 450 - 500 Waterbody
I:] 500 - 550 North Saskatchewan
s River Basin
[ -
RED D%ER | | 550 - 600 — o
N i Cities & Towns
~ I 600 - 650 &0 v
B - 50
N SOURCES:
Weather data (1961-2005) obtained from Alberta Agriculture and Rural Development
http://www2.agric.gov.ab.ca/app10/acis/quick/;
Basedata obtained from IHS Energy
25 50 75 { METHODS: Near-real-time weather data was supplied by Alberta Environment and
— ) Environment Canada. Averages based on historical weather data from the 1961-2005 period,
1:1.500.000 interpolated to township centres by Agriculture and Rural Development using AbClim-1.1.
- b b l
Infrastructure & Environment
NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS 7|
Midl WorleyParsons
resources & energy
MEAN ANNUAL PRECIPITATION
14-APR-09 date | JL edited by | JL drawn by | app by PROJECT NUMBER: FIGURE:
PREPARED SOLELY FOR THE USE OF OUR CLIENTAS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF E00088100 6
ANY KIND IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

p2.mxd Issued By: Edmonton GIS

FILE: Q:\E00088100\ArcGIS_NSWA\MXDs\MeanAnnualPreci



-30?000

-25?000

-20(?000

-1 5(?000

-1 0?000

-SOIOOO

o

SO(I)OO 100|000 150|000 200|000 250|000

600(}000

595?000

590(}000

585(}000

580?000

575q000

MAPPED
REGION

| \L,

ALBERTA
1:25,000,000

N
0 25 50 75
e = e———|
1:1,500,000

2 T

T
N~

—__
. 5

T

AN

/\/\/2/1/2”

1
\

~

Sas

e

)

EDSON

\Ng
//V\V‘EEC&RT
1
\_

RN

g

-~

~

Brazeau
Resevoir

\

d.

Mabamun Lake

ROCKY
MOUNTAIN
HOUSE

Lac Ste. Anne

/ ES'\
/ \

( BONNYVILLE

Moose Lake c: ! —~_
P — =R Ve

MUkebEake

@
N

WESTLOCK!
(-

o
\r\\
12

Frog Lake

~ A

MORINVILLE

s
VERMILION

\
Bittegihake

WETASKIWIN =
& /C;MFAOE
(
\\ f“ - LEGEND
\ / L
) L Estimated Annual Potential Evapotranspiration* North Saskatchewan River
\ \
/ o J - 470 - 480 Watercourse
K // \
\ / 7 \ - 480 - 490 Waterbody
N Ra e q( ’\>
~ | \ W - 490 - 500 North Saskatchewan
) / J D River Basin
‘ 500 - 510

[ [ s 8 Towns
) 510 - 520
| \:| Ecodistrict boundaries
520 - 530

I s30-540

SOURCES:
Canadian ecodistrict climate normals (1961-1990) obtained from Agriculture & Agri-Food Canada
(http://sis.agr.gc.cal/cansis/nsdb/ecostrat/district/climate.html);

\ / Basedata obtained from IHS Energy
\ 2N - METHODS:
B \\ { \ \ ( Climate data joined to Ecodistrict spatial data based on common Ecodistrict ID

* Potential Evapotranspiration calculations based on Thornthwaite PE method.

_ 1

Infrastructure & Environment

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

WorleyParsons

resources & energy

ESTIMATED ANNUAL POTENTIAL EVAPOTRANSPIRATION

26-MAR-09 cote | JL. adited by | JL. drawn by | appby PROJECT NUMBER: FIGURE:
PREPARED SOLELY FOR THE USE OF OUR CLIENTAS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF E00088100 7
ANY KIND IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

potransEcodistrict. mxd Issued By: Edmonton GIS

FILE: Q:\E00088100\ArcGIS_NSWA\MXDs\AnnualPotentialEva



600(}000

595?000

590(}000

585(}000

580?000

575(}000

-30?000 -25?000 -ZO(I)OOO -1 SOIOOO -1 O?OOO -SOIOOO (I) 50?00 1OOIOOO 150|000 ZOOIOOO ZSOIOOO
iy
L
R 5563 River ) B BONNYYILLE
vl\\\ Moose Lake f::j.
MAPPED L o
REGION S
WFITECOURT
ALBERTA
1:25,000,000
GhipLake
EDSON
=]
Lo
_HINTON
77
Bit
WETASKIWIN =
. 1+
~ il
~* CAMROSE
SyNabake
4 Land Cover - deciduous forest North Saskatchewan River
LN
RED DEER )
N annual cropland - mixedwood forest Watercourse
agriculture - exposed land Waterbody
. -
perenial crops and pasture - unclassified | | cities & Towns
N grassland, native grass - wetland North Saskatchewan
River Basin
shrubland water
25 50 75 - coniferous forest - built-up SOURCES:

1:1,500,000

Land cover data obtained from NSWA;
Basedata obtained from IHS Energy

Infrastructure & Environment

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

LAND COVER

Ml WorleyParsons

resources & energy

PREPARED SOLELY FOR THE USE OF OUR CLIENTAS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF
ANY KIND IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO ACONTRACT.

20-MAR-09 date | J.L. edited by | J.L. drawn by | app by PROJECT NUMBER: FIGURE:

E00088100 8

y: Edmonton GIS

FILE: Q:\E00088100\ArcGIS_NSWA\MXDs\LandCover.mxd Issued B



OVERLAND FLOW CHANNEL FLOW

EVAPOTRANSPIRATION

STREAMFLOW &

EXFILTRATION
GROUNDWATER DISCHARGE

SOURCE: FROM FREEZE AND CHERRY (1979) PAGE 3

NORTH SASKATCHEWAN RIVER BASIN
OVERVIEW OF GROUNDWATER CONDITIONS

memm m==m EQUIPOTENTIAL LINES @ FLOWLINES

PRECIPITATION

UNSATURATED (SOIL MOISTURE) ZONE

SATURATED (GROUNDWATER) ZONE

WATER TABLE

INFILTRATION

GROUNDWATER RECHARGE

SUBSURFACE FLOW SYSTEM

Infrastructure & Environment

WorleyParsons
CONCEPTUAL REPRESENTATION OF THE HYDROLOGIC CYCLE resources & energy
20-MAR-09 date J.aQ. edited by L.F. drawn by app by PROJECT NUMBER: FIGURE:
R SO MADE T OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT. E00088100 &

Edmonton CAD

Issued By:

S: \E000881\E00088100\HYDROLOGIC CYCLE.DWG

FILE:



WATER TABLE

POTENTIOMETRIC SURFACE

UNCONFINED AQUIFER = SAND
= e S Y
- =— —
CLAY
CONFINED AQUIFER SAND
CLAY

SOURCE: FROM FREEZE AND CHERRY (1979) PAGE 48

Infrastructure & Environment

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS
WorleyParsons
CONFINED AND UNCONFINED AQUIFERS resources & energy
23-MAR-09 date J.Q. edited by L.F. drawn by app by PROJECT NUMBER: FIGURE:
D S MADE T OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT. E00088100 10

Edmonton CAD

Issued By:

S: \E000881\E00088100\AQUIFERS.DWG

FILE:



02S

(711 TR

0.1 S+ T 1 T — 1 1 \ [
SN L \ HBEE I | \
JTHHRETIN DI
0 e I T I T I N O I N T T R Y
0 0.1'S 0.2 S 0.3 S 0.4 S 0.5 S 06 S 0.7 S 08 S 09 S S
LACUSTRINE PLAIN
0.2 S
0.1 S

‘\‘ “‘%i‘”lllllllll‘w.-v‘vf»' SEVSSR
%,“ il F‘“‘N TS
S : )

S

O e
0 0. 02S 03S  04S 05S  06S  07S  08S  09S S
GLACIAL TERRAIN
02's
SE ~sS========3
TSI === ====35
o
0 I\ 11 \I |
0 01S  02S  03S  04S  05S  06S  07S  08S  09S S
BASAL AQUIFER

02S

03s 04 S 05'S 06S
BASAL AQUIFER AND TOPOGRAPHY

GEOLOGY INDUCED DISCHARGE

SOURCE:  FROM FREEZE AND CHERRY (1979) PAGES 196 AND 198

NORTH SASKATCHEWAN RIVER BASIN
OVERVIEW OF GROUNDWATER CONDITIONS

EFFECTS OF TOPOGRAPHY AND GEOLOGY
ON REGIONAL GROUNDWATER FLOW PATTERNS

02S
0.1 Sk T T ~~—]1—<
A \\ W K=1
2 ’ - \ f#_
0/ i TS ST \ |ﬁ |\K 9 1] 1
0 01S 02S 03S 04 S 05S 0.6 S 0.7 S 08 S 09 S N

Infrastructure & Environment

WorleyParsons

resources & energy

20-MAR-09 date

PREPARED SOLELY FOR THE USE OF OUR CLIENT AS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF ANY KIND
IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

edited by L.F. drawn by app by

PROJECT NUMBER:

FIGURE:

E00088100 11

Edmonton CAD

Issued By:

S: \E0Q0881\E00088100\GW FLOW PATTERNS.DWG

FILE:



— e m—

UZCONFINED

AQUIFER

SOURCE: FROM WINTER et al. (1999) PAGE 5

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

Infrastructure & Environment

WorleyParsons
GROUNDWATER FLOW AND TRAVEL TIMES resources & energy
26-MAR-09 date . edited by L.F. drawn by app by PROJECT NUMBER: FIGURE:
PREPARED SOLELY FOR THE USE OF OUR CLIENT AS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF ANY KIND
IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT. E00088 100 12

Edmonton CAD

Issued By:

S:\E000881\E00088100\GW FLOW AND TRAVEL TIME.DWG

FILE:



GAINING STREAM

FLOW DIRECTION

LOSING STREAM

FLOW DIRECTION

70—~ e -
WATER TABLE CONTOR—~_ -~ — 60
_60___——‘—’_’_—___
50— L
GROUNDWATER FLOW LINE o o
-
—50—— """
o 40—
__’/ — — -
40— - B I
_-—-/
30—~ -
- -— 20—
I
20—

- ——100—— = ——]

WATER TABLE CONTOUR\

- —0— "

—--—80

GROUNDWATER FLOW LINE

- 70—

e—

SOURCE:  FROM WINTER et al. (1999) PAGE 9

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

Infrastructure & Environment

WorleyParsons
INTERACTION OF GROUNDWATER AND STREAMS resources & energy
26-MAR-09 date - edited by L.F. drawn by app by PROJECT NUMBER: FIGURE:
PREPARED SOLELY FOR THE USE OF OUR CLIENT AS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF ANY KIND
IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT. E00088 100 13

Edmonton CAD

Issued By:

S: \E000881\E00088100\INTERACTION GW AND STREAMS.DWG

FILE:



RECHARGE AREA

LAND SURFACE

UNCONFINED AQUIFER

CONFINING BED

LAND SURFACE
WATER TABLE

UNCONFINED AQUIFER T~ . .

Q1

CONFINING BED

LAND SURFACE
WATER TABLE

[ = = e = = e—— -
E—
et

\ NN
N\ el S

—

\ \
T
UNCONFINED AQUIFER =

Q2

CONFINING BED

SOURCE:  FROM WINTER et al. (1999) PAGE 15

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

EFFECT OF GROUNDWATER WITHDRAWAL ON SURFACE WATER

STREAM

STREAM

STREAM

Infrastructure & Environment

WorleyParsons

resources & energy

20-MAR-09 date - edited by L.F. drawn by app by

PREPARED SOLELY FOR THE USE OF OUR CLIENT AS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF ANY KIND
IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

PROJECT NUMBER:
E00088100

FIGURE:

14

Edmonton CAD

Issued By:

S: \E000881\E00088100\GW WITHDRAW ON SURFACE WATER.DWG

FILE:



DEPRESSION SPRING

* =5 DRY SINKHOLE

P-4

SINKHOLE SPRING

FRACTURE ZONE—/

SOURCE:  FROM FETTER (2001) PAGE 207

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

CONTACT SPRING

SPRINGS

FRACTURE SPRING

Infrastructure & Environment

SANDSTONE

WorleyParsons
TYPES OF SPRINGS resources & energy
20-MAR-09  daee - edited by LF. drawn by app by PROJECT NUMBER: FIGURE:

PREPARED SOLELY FOR THE USE OF OUR CLIENT AS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF ANY KIND
IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

E00088100

15

Edmonton CAD

Issued By:

S:\E000BBI\EOOO88100\TYPES OF SPRINGS.DWG

FILE:



WASTE SITE

CONTAMINANT PLUME

SOURCE: FROM FETTER (2001) PAGE 207

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

TRANSPORT OF CONTAMINATION BY GROUNDWATER FLOW

resources & energy

DIRECTION OF GROUNDWATER FLOW

Infrastructure & Environment

WorleyParsons

20-MAR-09 date - edited by L.F. drawn by app by

PREPARED SOLELY FOR THE USE OF OUR CLIENT AS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF ANY KIND
IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

PROJECT NUMBER:
E00088100

FIGURE:

16

Edmonton CAD

Issued By:

S: \E000881\E00088100\CONTAMINATED GW FLOW TRANSPORT.DWG

FILE:



-BDDIDDD

-25?000

-ZD?DDD

-150|000

-1DDIDDD -SDIDDD

o

SDIDDD 1DDIDDD 150|000 ZDDIDDD ZSDIDDD

600?000

595?000

590?000

585?000

580?000

575?000

s ™ e =—

MAPPED
REGION
ALBERTA
1:25,000,000
0 25 50

1:1,500,000

Z

75

EDSON

oCa Rive
Y
%\%
W

WHITECOURT

GhipiEake

ROCKY
MGOUNTAIN
HOUSE

QQ’

(\"“Q
\O\
&

e >
Pigeon Lal

GulliBake
Buffaloisake LEGEND .
North Saskatchewan River
Mo Geological Suitability Watercourse
RED DEER Lake Waterbody
No data North Saskatchewan
Ri Basi
- Suitable iver Basin
. [:::] Cities & Towns
Uncertain
- Unsuitable
SOURCES:
Geological suitability data obtained from Alberta Geological Survey
http://www.ags.gov.ab.ca/gis/download_gis.htm;
Basedata obtained from IHS Energy

N
@
N

WESTLOCK! m{ifiehEake

5

BONNYVILLE

Moose Lake a

EDMONTON%=
A <
"A. o’
\ 4
.

LIOYDMINSTER

Bittegilhake

WETASKIWIN

C? CAMROSE

Infrastructure & Environment

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS T

Ml WorleyParsons
NATURAL SUITABILITY OF GEOLOGICAL SETTING

resources & energy

FOR WASTE MANAGEMENT
09-JUN-09  cate | CH.  edteaby | JL. drawn by | app by PROJECT NUMBER: FIGURE:
PREPARED SOLELY FOR THE USE OF OUR CLIENTAS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF E00088100 17
ANY KIND IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

FILE: Q:\E00088100\ArcGIS_NSWA\MXDs\NaturalSuitabilityofGeolSetting.mxd Issued By: Edmonton GIS



)

TiopographyRy

SOURCE:  COURTESY OF B. TURNER, AND R. FRANKLIN (GSC).
MODIFIED BY C. MEDARD DE CHARDON (SFU)

NORTH SASKATCHEWAN WATERSHED ALLIANCE
OVERVIEW OF GROUNDWATER CONDITIONS

DRASTIC METHOD OF EVALUATING GROUNDWATER VULNERABILITY

resources & energy

Infrastructure & Environment

WorleyParsons

20-MAR-09 date L.F. edited by J.Q. drawn by app by

PREPARED SOLELY FOR THE USE OF OUR CLIENT AS SPECIFIED IN THE ACCOMPANYING REPORT. NO REPRESENTATION OF ANY KIND
IS MADE TO OTHER PARTIES WITH WHICH WORLEYPARSONS HAS NOT ENTERED INTO A CONTRACT.

PROJECT NUMBER:

E00088100

FIGURE:

18

Edmonton CAD

Issued By:

S: \EO0088100\EXCEL—CHART.DWG

FILE:



