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1 PROJECT OVERVIEW
“Water is the lifeblood of the earth.” — Anonymous

How a County takes care of one of its most precious resources - groundwater - reflects the future wealth and
health of its people. Good environmental practices are not an accident. They must include genuine foresight with
knowledgeable planning. Implementation of strong practices not only commits to a better quality of life for future
generations, but also creates a solid base for increased economic activity. Though this report’s scope is
regional, it is a first step for Yellowhead County in managing their groundwater. It is also a guide for
future groundwater-related projects.

1.1 Purpose

This project is a regional groundwater assessment of Yellowhead County prepared by Hydrogeological
Consultants Ltd. (HCL) with financial and technical assistance from the Prairie Farm Rehabilitation Administration
branch of Agriculture and Agri-Food Canada (AAFC-PFRA) and Yellowhead County. The project study area
includes the parts of Yellowhead County bounded by townships 050 to 057, ranges 07 to 26, W5M (herein
referred to as the County). The regional groundwater assessment provides the information to assist in the
management of the groundwater resource within the County. Groundwater resource management involves
determining the suitability of various areas in the County for particular activities. These activities can vary from
the development of groundwater for country residential, agricultural or industrial purposes, to the siting of waste
storage. Proper management ensures protection and utilization of the groundwater resource for the
maximum benefit of the people of the County.

The regional groundwater assessment will:

e identify the aquifers' within the surficial deposits® and the upper bedrock

o spatially identify the main aquifers

o describe the quantity and quality of the groundwater associated with each aquifer

o identify the hydraulic relationship between aquifers

o identify possible groundwater depletion areas associated with each upper bedrock aquifer.

Under the present program, the groundwater-related data for the County have been assembled. Where practical,
the data have been digitized. These data are then used in the regional groundwater assessment for Yellowhead
County.

See glossary
See glossary
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1.2 The Project

This regional study should only be used as a guide. Detailed local studies are required to verify
hydrogeological conditions at given locations.

The present project is made up of eight parts as follows:

Task 1 - Data Collection and Review

Task 2 - Hydrogeological Maps, Figures, Digital Data Files
Task 3 - Hydrogeological Evaluation and Preparation of Report
Task 4 - Groundwater Information Query Software

Task 5 - Review of Draft Report and GIS Data Files

Task 6 - Report Presentation and Familiarization Session
Task 7 - Provision of Report, Maps, Data Layers and Query
Task 8 - Provision of Compact Disk for Sale to General Public.

This report and the accompanying maps represent Tasks 2 and 3.

1.3 About This Report

This report provides an overview of (a) the groundwater resources of Yellowhead County, (b) the processes used
for the present project, and (c¢) the groundwater characteristics in the County.

Additional technical details are available from files on the CD-ROM provided with the final version of this report.
The files include the geo-referenced electronic groundwater database, maps showing distribution of various
hydrogeological parameters, the groundwater query, ArcView files and ArcExplorer files. Likewise, all of the
illustrations and maps shown in this report, plus additional maps, figures and cross-sections, are available on the
CD-ROM. In order to avoid map-edge effects, all maps are based on an analysis of hydrogeological data from
townships 050 to 057, ranges 07 to 26, W5M, plus a buffer area of 5,000 metres. For convenience, poster-size
maps and cross-sections have been prepared as a visual summary of the results presented in this report. Copies
of these poster-size drawings have been forwarded with this report, and are included as page-size drawings in
Appendix D.

Appendix A features page-size copies of the figures within the report plus additional maps and cross-sections. An
index of the page-size maps and figures is given at the beginning of Appendix A. A plastic County map outline is
provided to overlay the maps, and contains information such as towns, main rivers, etc.

Appendix B provides a complete list of maps and figures included on the CD-ROM.
Appendix C includes the following:

1) a procedure for conducting aquifer tests with water wells®

2) atable of contents for the Water (Ministerial) Regulation under the Water Act
3) interpretation of chemical analysis of drinking water
4)

additional information.

The Water (Ministerial) Regulation deals with the wellhead completion requirement (no more water-well pits), the
proper procedure for abandoning unused water wells and the correct procedure for installing a pump in a water
well. The Water Act was proclaimed 10 Jan 1999.

Appendix D includes page-size copies of the poster-size figures provided with this report.

Appendix E provides a list of water wells recommended for field verification.

See glossary
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2 INTRODUCTION

2.1 Setting

Yellowhead County is situated in west-
central Alberta. The extreme northern
boundary is the MclLeod River; the R oA,
eastern boundary is the Pembina 5 e f%gﬁ? 53;4_@ 5

057

9.
K
gﬁb'
fa/v
(f

River. The other County boundaries . - | & 5

follow township or section lines, which ; e ‘_ . Dy > j‘*)

include parts of the area bounded by . AR %‘ﬁ AT fg@ RN Céﬁ?}”;g

townships 050 to 057, ranges 07 to 26, ' 52 2 SRS gg o y 5 &x\:ﬁyﬁﬁw S
|7 - SHAN LAY R NN RO g

W5M. 7 i «s CR Y 3

Regionally, the topographic surface

varies between 700 and 1,700 metres

above mean sea level (AMSL). The e e

lowest elevations occur mainly in the
central and eastern parts of the County
in association with the Pembina and

Figure 1. Surface Topography

McLeod rivers, and in Chip Lake; the highest elevations are in the southwestern parts of the County as shown on
Figure 1 and page A-3.

The County is within the Athabasca River basin. The area is well drained by the Athasbasca River, the McLeod
River and the Pembina River.

2.2 Climate

Yellowhead County lies within the Dfb climate boundary. This classification is based on potential
evapotranspiration* values determined using the Thornthwaite method (Thornthwaite and Mather, 1957),
combined with the distribution of natural ecoregions in the area. The ecoregions map (Strong and Leggat, 1981)
shows that the County is located mainly in the Upper and Lower Boreal Cordilleran regions; a small portion in the
eastern part of the County is in the High Boreal Mixedwood Region. Increased precipitation and cooler
temperatures, resulting in additional moisture availability, influence these vegetation changes.

A Dfb climate consists of long, cool summers and severe winters. The mean monthly temperature drops below
-3° C in the coolest month, and exceeds 10° C in the warmest month.

The mean annual precipitation averaged from six meteorological stations within the County measured 533
millimetres (mm), based on data from 1917 to 1993. The mean annual temperature averaged 2.2° C, with the
mean monthly temperature reaching a high of 14.8° C in July, and dropping to a low of -12.9° C in January. The
calculated annual potential evapotranspiration is 453 millimetres.

See glossary
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2.3 Background Information

2.3.1 Number, Type and Depth of Water Wells

There are currently 9,630 records in the groundwater database for the County, of which 5,855 are water wells. Of
the 5,855 water wells, there are records for domestic (3,539), domestic/stock (475) or stock (513) purposes. The
remaining 1,328 water wells were completed for a variety of uses, the main ones being industrial (978) municipal
(121) and observation (48); 113 of the remaining 181 water wells have an “unknown” purpose. Based on a study
area rural population of 8,900°, there are two domestic/stock water wells per family of four. There are 4,018
domestic or stock water wells with a completed depth, of which 3,125 (78%) are completed at depths of less than
50 metres below ground surface. Details for lithology® are available for 4,390 water wells.

2.3.2 Number of Water Wells in Surficial and Bedrock Aquifers

There are 3,705 water wells with

completion interval and lithologic e

information, such that the aquifer in w| T TTe

which the water wells are completed (T Q‘Kf@ R D
can be identified. The water wells that i %\ﬁf’ - Shlant :‘.\-A@ el o
were not driled deep enough to a\.\bﬁ\ i '. i ;-f'\:\,f‘ i g I
encounter the bedrock plus water wells et R :;:gpy‘;: BiE w}
that have the bottom of their e e | T ; A Py ;ji%« 4
completion interval above the top of = _ ' TT %Ji 1 £

the bedrock are water wells completed 5 Pasln * ’

in surficial aquifers. Of the 3,705 water i F=-1 Moltwater channel GOV Buried becrock valley

wells for which aquifers could be Completion Aquifer [ Disubed Bot

defined, 222 are completed in surficial { Sea o s

2grl:1|:j:i’onwngep1;1 o§77IZ;)s htf]\::g 53 Figure 2. Location of Water Wells and Springs

metres below ground surface. The
adjacent map shows that the water wells completed in the surficial deposits occur throughout the County, and
frequently in the vicinity of linear bedrock lows.

The data for 3,483 water wells show that the top of the water well completion interval is below the bedrock
surface, indicating that the water wells are completed in at least one bedrock aquifer. From Figure 2 (also see
page A-5), it can be seen that water wells completed in occur throughout the County.

Within Yellowhead County, there are currently records for 66 springs in the groundwater database, including five
springs that were documented by Borneuf (1983). There are 46 springs having at least one total dissolved solids
(TDS) value, with 85% having a TDS of less than 500 milligrams per litre (mg/L). There are nine springs in the
groundwater database with flow rates that range from 45 litres per minute (Ipm) to 1,100 Ipm. No dates were
given for the time of the flow-rate measurements.

Mr. lain Bell of Yellowhead County; population for the entire Yellowhead County is 9,881 (Phinney, 2003)
See glossary
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2.3.3 Casing Diameter and Type

Data for casing diameters are available for 4,394 water wells, with 4,375 (greater than 99%) indicated as having
a diameter of less than 275 mm and 19 (less than 1%) having a diameter of more than 275 mm. The casing
diameters of greater than 275 mm are mainly bored or dug water wells and those with a surface-casing diameter
of less than 275 mm are mainly drilled water wells. The groundwater database suggests that 45 of the above-
mentioned water wells in the County were bored, hand dug, or dug by backhoe. The complete water well
database for the County suggests that 89 of the water wells in the County were bored or hand dug.

For a water well with a small-diameter casing to be effective in surficial deposits and to provide sand-free
groundwater, the water well must be completed with a water well screen. Some water wells completed in the
surficial deposits are completed in low-permeability aquifers and have a large-diameter casing. The large-
diameter water wells may have been hand dug or bored and because they are completed in very low
permeability aquifers, most of these water wells would not benefit from water well screens. Within the County,
casing-diameter information is available for 220 of the 222 water wells completed in the surficial deposits, of
which 218 surficial water wells have a casing diameter of less than 275 millimetres and are assumed to be drilled
water wells. Within the County, casing-diameter information is available for 3,457 of the 3,483 water wells
completed below the top of bedrock, of which 3,453 have a surface-casing diameter of less than 275 mm and
have been mainly completed with either a perforated liner or as open hole; there are 17 bedrock water wells
completed with a water well screen.

Where the casing material is known, steel surface
casing materials have been used in 84% of the 100 ———
drilled water wells over the last 50 years. For the H

[ Steel W Galvanized Steel O Plastic [0 Unknown

remaining drilled water wells with known surface 80 17 1 1 —
casing material, 8% were completed with i

galvanized steel casing, 7% with plastic casing and

0.3% with concrete, cribbing, fiberglass or other
surface casing materials (used mostly in the 1970s). 401
The main years where the type of surface casing
was undocumented were between 1955 and 1965;
only one water well was completed before 1955.

Percent

20 A —

0 T T T T T T T T T T

Steel casing was in use in the 1950s and is still pre- 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
used in 80% of the water wells being drilled in the 1955

County. Galvanized steel surface casings were

mainly used from the mid-1960s to the early 1980s, Figure 3. Surface Casing Types Used in

at which time plastic casing started to replace the Drilled Water Wells

use of galvanized steel casing.

Steel casing has been dominant in the County probably because it has resisted corrosion and also because
water well drillers may be reluctant to use plastic (PVC) casing if there have been no documented problems with
steel casing in the area.

2.3.4 Dry Water Test Holes

In the County, there are 9,630 records in the groundwater database. Of these 9,630 records, 73 (less than 1%)
are indicated as being dry or abandoned with “insufficient water”. Of the 73 “dry” water test holes, 57 are
completed in bedrock aquifers; the remaining 16 “dry” water test holes are completed in surficial deposits. Only
about 7% of all water wells with apparent yield estimates were judged to yield less than 6.5 m3/day (1 igpm).

“dry” can be due to a variety of reasons: skill of driller, type of drilling rig/method used, the geology
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2.3.5 Requirements for Licensing

Water wells used for household needs in excess of 3.4 cubic metres per day (1,250 cubic metres per year
[m3/year] or 750 imperial gallons per day®) and all other groundwater use, with some exceptions, must be
licensed. Groundwater diversions that do not need licensing include (1) household use of up to 1,250 m3/year
and (2) groundwater with total dissolved solids in excess of 4,000 mg/L; (3) water wells eligible for registration,
but not registered or licensed, can continue to be used without authorization but without the protection of the
Water Act, and (4) some exempted diversions such as water supply wells with hand pumps, drainage of water for
the purpose of dewatering a construction site, and some uses of groundwater for oil rig and camp water supply.

In the last update from the Alberta Environment (AENV) groundwater database in August 2003, 559 groundwater
allocations were shown to be within the County, with the most recent groundwater user being authorized in April
2003 at report preparation time. Of the 559 authorized non-exempt groundwater users (licences and
registrations), 385 (69%) are registrations for traditional agriculture use under the Water Act. These 385 users
will continue to have an industry activity code of ‘registration’ but the groundwater will be used for stock and/or
crop spraying. Typically, the groundwater diversion for crop spraying is less than one md¥day. Of the 385
registrations, 125 (32%) could be linked to the AENV groundwater database. Of the remaining 174 from the 559
authorized non-exempt groundwater users, 84 are for agricultural purposes (mainly stock watering), 36 are for
municipal purposes (mainly urban), 31 are for industrial purposes (mainly oil injection), 11 are for commercial
purposes (mainly bottling and aggregate companies), six are for dewatering purposes, one is for recreation
purposes, one is for fishery purposes, and the remaining four are for other purposes (mainly for pulp mill
companies). Of these 174 authorized non-exempt groundwater users in the County, 120 (69%) could be linked to
the AENV groundwater database. The total maximum authorized diversion from the water wells associated with
these licences and registrations is 17,908 m3/day, although actual use could be less. Of the 17,908 m3/day, 6,928
ms/day (38.7%) is authorized for municipal purposes, 4,172 md/day (23.2%) is for industrial purposes, 4,156
ms/day (23.2%) is authorized for dewatering purposes, 1,188 md/day (6.6%) is for agricultural purposes, 1,010
ms/day (5.6%) is for registrations, 222 m3¥/day (1.2%) is authorized for commercial purposes, 135 m3¥/day (0.75%)
is authorized for fishery purposes, 96 (0.5%) is for other purposes, and the remaining 0.3 m3/day is allotted for
recreation purposes, as shown below in Table 1. A figure showing the locations of the authorized non-exempt
groundwater users is in Appendix A (page A-6) and on the CD-ROM. Approximately 60% of the total authorized
groundwater allocations are in the Dalehurst Aquifer. The 27 users where an aquifer cannot be determined is
because insufficient completion information is available.

No. of Registrations Licensed Groundwater Users* (m?day) Authorized
Aquifer ** Diversions (m?/day) Agricultural Commercial Dewatering  Fishery  Industrial  Municipal  Recreation Other Non-Exempt Total Percentage

Multiple Surficial Completions 1 0.4 0 0 0 0 0 0 0 0 0.4 0.0
Upper Sand and Gravel 20 23 65 0 9 0 260 179 0 0 536 3.0
Lower Sand and Gravel 25 22 161 0 642 0 3 1,092 0 2 1,922 10.7
Lower Sand and Gravel/Dalehurst 1 0 0 0 0 0 0 483 0 0 483 2.7
Mulitple Bedrock Completion 63 109 173 222 237 0 1,514 115 0 0 2,370 13.2
Disturbed Belt 2 1 0 0 0 0 0 3 0 0 4 0.0
Dalehurst 266 453 669 0 3,268 135 1,607 4,421 0.3 94 10,647 59.5

Upper Lacombe 77 184 34 0 0 0 595 635 0 0 1,448 8.1

Lower Lacombe 35 82 44 0 0 0 0 0 0 0 126 0.7
Haynes 23 49 20 0 0 0 0 0 0 0 69 0.4

Upper Scollard 11 36 0 0 0 0 193 0 0 0 229 1.3

Lower Scollard 0 0 0 0 0 0 0 0 0 0 0 0.0

Upper Horseshoe Canyon 8 10 22 0 0 0 0 0 0 0 32 0.2
Unknown 27 41 0 0 0 0 0 0 0 0 41 0.2

Total 559 1,010 1,188 222 4,156 135 4,172 6,928 0 96 17,908 100

Percentage 5.6 6.6 1.2 23.2 0.8 23.3 38.7 0.0 0.5 100
* - data from AENV ** - Aquifer identified by HCL
Table 1. Authorized Non-Exempt Groundwater Diversions

see conversion table on page 60
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Based on the 2001 Agriculture Census (Statistics Canada), the
calculated water requirement for 184,886 livestock for the
County is in the order of 7,962 m3¥day. The number of
livestock is for all of Yellowhead County but the estimated total
number of livestock for the study area is unavailable. This
number includes intensive livestock use but not domestic
animals and is based on an estimate of water use per livestock
type. Of the 7,962 m3/day calculated livestock use, AENV has
authorized a groundwater diversion of 2,198 mS3day
(agricultural and registration) (28%) and licensed a surface-
water diversion (stock and registration) based on consumptive
use of 565 m3/day (7%) for a total diversion of 2,763 m3/day.
Agriculture purpose includes water diverted and used for
stockwatering and feedlot use. This assumes the majority of
the groundwater and surface water authorized for diversion
and use as traditional agriculture use is used for watering

Page 7

Livestock Type
Total hens and chickens
Turkeys
Other poultry
Total cattle and calves
Bulls, 1 year and over
Total cows
Heifers, 1 year and over
Calves, under 1 year
Total pigs
Total sheep and lambs
Horses and ponies
Goats
Rabbits
Mink
Fox
Bison
Deer and elk

Llamas and alpacas

Number
6,965
237
798
87,542
1,470
30,598
15,556
26,211
2,369
4,607
3,807
663
109
0
0
852
2,849
253

Estimated Water

Requirement (m%¥day)

1
0
0
4,776
100
1,669
707
357
43
42
173
6
0
0
0
39
45
2

Totals

184,886

7,962

— |HC

livestock. Using this assumption, 35% of the estimated total

) ) Table 2. Estimated Water Requirement for
water requirements of 7,962 m3/day is accounted for.

Livestock in Yellowhead County

The remaining 5,199 md¥day (65%) of the calculated water
requirement for livestock use would have to be from other, including unlicensed, sources. The discrepancy may
be partially accounted for in several ways. Based on some monitoring and reporting situations, the estimated
water requirements for livestock, used by AENV, tend to be somewhat high. Some livestock water requirements
would be made up from free-standing water following precipitation events, thus reducing the expected quantity
needed. Also, it should be noted that ‘household use’, as defined in the Water Act, can provide sufficient water
for about 75 head of cattle, with no need for a licence. It is possible that some such use may have been
registered as traditional agriculture use and would therefore be included in the registration quantity. Also,
diversions of groundwater and surface water that were eligible for registration as traditional agriculture use can
continue to be used for traditional agricultural purposes without the need for authorization.

2.3.6 Groundwater Chemistry and Base of Groundwater Protection

Groundwaters from an aquifer in the surficial deposits can be expected to be chemically hard, having a total
hardness of at least a few hundred mg/L, and a dissolved iron concentration such that the groundwater must be
treated before being used for domestic needs. There were four groundwater samples that had Nitrate + Nitrite
(as N) concentrations that were greater than the Summary of Guidelines for Canadian Drinking Water Quality
(SGCDWQ) for the surficial aquifers and three groundwater samples that had Nitrate + Nitrite (as N)
concentrations that were greater than the SGCDWAQ for the upper bedrock aquifer(s); a plot of Nitrate + Nitrite
(as N) in surficial aquifers is on the accompanying CD-ROM. The TDS concentrations in the groundwaters from
the upper bedrock in the County range from less than 500 to more than 3,300 mg/L (page A-32). Groundwaters
from the bedrock aquifers frequently are chemically soft, with generally low concentrations of dissolved iron. The
chemically soft groundwater is high in concentrations of sodium. Nine percent of the chemical analyses for upper
bedrock water wells indicate a fluoride concentration above 1.5 mg/L, with most of the exceedances occurring in
areas of linear bedrock lows (see CD-ROM).
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The minimum, maximum and median® concentrations of

. . . . No. of in mg/L Concentration

TDS: SOdlUm, SUlfate, chloride and ﬂuorlde in the Constituent Analyses | Minimum Maximum _Median SGCDWQ
i Total Dissolved Solids| 1,346 210 3,321 523 500

groundwa.ters from water wells completed in the upper e 1250 £ Tore = =
bedrock in the County have been compared to the | Sume T %0

. . . oriae ,
SGCDWAQ in Table 3. Of the five constituents compared Fluoride 1,234 0 22 02 15

H i Ci tration in milli lit I therwi tated

to the SGCDWQ, median concentrations of TDS exceed | Ko e or reanet Onecives exceptor
the g Uidel | nes. Fluoride, which is for Maximum Acceptable Concentration (MAC)

SGCDWQ - Summary of Guidelines for Canadian Drinking Water Quality
Federal-Provincial-Territorial Committee on Drinking Water, April 2003

In general, Alberta Environment defines the Base of
Groundwater Protection as the elevation below which Table 3. Concentrations of Constituents

the groundwater will have more than 4,000 mg/L of total in Groundwaters from Upper Bedrock Aquifer(s)
dissolved solids. By using the ground elevation,

formation elevations, and Alberta Energy and Utilities

Board (EUB) information indicating the formations containing the deepest useable water for agricultural needs, a
value for the depth to the Base of Groundwater Protection can be determined. These values are gridded using
the Kriging'® method to prepare a depth to the Base of Groundwater Protection surface. This depth, for the most
part, would be the maximum drilling depth for a water well for agricultural purposes or for a potable water supply.
If a water well has total dissolved solids exceeding 4,000 mg/L, the groundwater use does not require licensing
by AENV. In the County, the depth to the Base of Groundwater Protection ranges from less than 50 metres in the
northern and eastern parts of the County to more than 1,000 metres in the southwestern parts of the County, as
shown on Figure 4, on some cross-sections presented in Appendix A, and on the CD-ROM.

There are 5,559 water wells with completed

depth data, of which 32 are completed below % %gf ;
the Base of Groundwater Protection. Most of N Y= & S
these water wells are located along the 7 @? ﬂ( N
Pembina River Valley. Of the 32 water wells . (R S e o ﬂﬁ?
comple.ted below the Base of Groundwater s ﬂj\\ﬁ%tﬁﬂ& L_'V(;)() SRR
Protection, 31 are/were used for - é E TERRSE T T :
domestic/stock purposes, and one water well N = &}@ﬁiﬁr YR S P

is used for industrial purposes. Chemistry ] %, )

data are available for 12 water wells, which i s
provided groundwaters with TDS ranging L e e
from 794 to 1,092 mg/L. In the County, the R

Base of Groundwater Protection passes Figure 4. Depth to Base of Groundwater Protection
below the Lower Lacombe Member (see (after EUB, 1995)

pages A-11, A-14 and A-15).

Proper management of the groundwater resource requires water-level data. These data are often collected from
observation water wells. At the present time, there is one AENV-operated observation water well within the
County (see page A-55 for the observation water well location). Additional data can be obtained from 27 water
source wells and observation water wells, including 11 authorized non-exempt groundwater diversions. In the
past, the data for authorized diversions have been difficult to obtain from AENV, in part because of the failure of
the applicant to provide the data.

Even with the available sources of data, the number of water-level data points relative to the size of the County is
too few to provide a reliable groundwater budget (see section 6.0 of this report). The most cost-efficient method
to collect additional groundwater monitoring data would be to have the water well owners measuring the water
level in their own water well on a regular basis, as has been the case in the Wildrose Country Ground Water
Monitoring Association and Flagstaff County.

see glossary
See glossary

H c groundwater consulting ydrogeological
environmental sciences onsultants Itd.




Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

3 TERMS
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Ground surface

Bedrock surface

Base of weathering

Base of groundwater protection
Water level in surficial deposits
Water level in bedrock aquifers
Bedrock discharge zone

First sand and gravel

- Upper sand and gravel aquifer

- Lower sand and gravel aquifer

moowx»

c-xTom

Surficial deposits
Till, clay and silt
Sand and gravel
Saturated sand and gravel
Bedrock
Shale
Sandstone
Coal
Aquifer
Water well
Non-pumping water level
Completion interval

Depth (m)

Figure 5. Generalized Cross-Section (for terminology only)

(for larger version, see page A-8)

Group and Formation Member Zone
" ’ . -~ Average L . Average 1 " Average . "
Lithology Lithologic Description Thickness (m) Designation Thickness (m) Designation Thickness (m) Designation
0 — o
<140 U <30 First Sand and Gravel
sand, gravel, till, <140 Surficial Deposite.
j, silt
cCod <50 ere
100
200 —|
|| ObedMarshCoalZone
>300 Dalehurst Member
300 —
shale, coal <800 Paskapoo Formation
400 —|
100-250 Upper Uz
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500 —|
30-100 Lower Lower )——-—-———
20-100 Haynes
600 —| i
shale, sandstone, coal | Scollard Formation
i
|
shale, clay, tuff Battle Formation
700 —
<
3
<
<
800 —| <
<
!
900 —|
1000 —

HC

groundwater consulting
environmental sciences

Figure 6. Geologic Column

(for larger version, see page A-9)
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4 METHODOLOGY

4.1 Data Collection and Synthesis

The AENV groundwater database is the main source of groundwater data. The database includes the following:

—

water well drilling reports

)
2) aquifer test results from some water wells
3) locations of some springs
4) locations for some water wells determined during water well surveys
5) chemical analyses for some groundwaters"
6) locations of some flowing shot holes
7) locations of some structure test holes
8) a variety of data related to the groundwater resource.

The main disadvantage to the database is the reliability of the information entered into the database. Very little
can be done to overcome this lack of quality control in the data collection, other than to assess the usefulness of
control points relative to other data during the interpretation. Another disadvantage to the database is the lack of
adequate spatial information. Any duplicate water wells that have been identified within the County have been
removed from the database used in this regional groundwater assessment.

The AENV groundwater database uses an area-land-based system with only a limited number of records having
a value for ground elevation. The locations for records usually include a quarter section description; a few
records also have a land description that includes a Legal Subdivision (Lsd). For digital processing, a record
location requires a horizontal coordinate system. In the absence of an actual location for a record, the record is
given the coordinates for the centre of the land description.

The present project uses the 10TM coordinate system based on the NAD27 datum. This means that a record for
the SW % of section 22, township 056, range 09, W5M would have a horizontal coordinate with an Easting of
-17,075 metres and a Northing of 5,693,983 metres, the centre of the quarter section. If the water well has been
repositioned by AAFC-PFRA using orthorectified aerial photographs, the location will be more accurate, possibly
within several tens of metres of the actual location. Once the horizontal coordinates are determined for a record,
a ground elevation for that record is obtained from the 1:20,000 Digital Elevation Model (DEM); AltaLIS Ltd.
provides the DEM.

At many locations within the County, more than one water well is completed at one legal location. Digitally
processing this information is difficult. To obtain a better understanding of the completed depths of water wells, a
digital surface was prepared representing the minimum depth for water wells and a second digital surface was
prepared for the maximum depth. Both of these surfaces are used in the groundwater query on the CD-ROM.
When the maximum and minimum water well depths are similar, there is only one aquifer that is being used at a
given location.

After assigning spatial control for the ground location for the records in the groundwater database, the data are
processed to determine values for hydrogeological parameters. As part of the processing, obvious keying errors
in the database are corrected.

Since 1986, Alberta Health and Wellness has restricted access to chemical analysis data, and hence the database includes only limited amounts of chemical
data after 1986.
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Where possible, determinations are made from individual records in order to assign water wells to aquifers and to
obtain values for the following:

—_

depth to bedrock

)
2) total thickness of sand and gravel below 15 metres
3) total thickness of saturated sand and gravel
4) depth to the top and bottom of completion intervals®.

Also, where sufficient information is
available, values for apparent
transmissivity ® and apparent vyield ™ are
calculated, based on the aquifer test
summary data supplied on the water well

drilling reports. Where valid detailed aquifer : %ﬁ v (ST T
test results exist, the interpreted data R SANDEE
provide values for aquifer transmissivity and SRS : 3

effective transmissivity. Since the last
regional hydrogeological map covering the
eastern half of the County was published in
1972 (Ozoray, 1972), more than 1,000
values for apparent transmissivity and
apparent yield have been added to the

|  ZZ2 Disturbed Bett

Figure 7. Hydrogeological Map

groundwater database. Since the last
regional hydrogeological map covering the area of the County covering the western half of the County was
published in 1977 (Vogwill, 1983), more than 700 values for apparent transmissivity and apparent yield have
been added to the groundwater database. The median apparent yield of the water wells with apparent yield
values in the County is 75 m3/day. Approximately ten percent of the apparent yield values for these water wells
are less than ten m3day. With the addition of the apparent yield values, including a 0.1-m%/day value assigned to
“dry” water wells and water test holes, a hydrogeological map has been prepared to help illustrate the general
groundwater availability across the County (Figure 7 and page A-10). The map is based on groundwater being
obtained from all aquifers and has been prepared to allow direct comparison with the results provided on the
Alberta Research Council (ARC) hydrogeological maps. In general, the ARC map shows lower estimated long-
term yields. The differences between the two maps may be a result of fewer apparent yield values and the
gridding method employed by ARC.

The EUB well database includes records for wells drilled for the oil and gas industry. The information from this
source includes:

—_

spatial control for each well site

)
2) depth to the top of various geologic units
3) type and intervals for various down-hole geophysical logs
4) drill stem test (DST) summaries.

Values for apparent transmissivity and apparent yield are calculated from the DST summaries.

Published and unpublished reports and maps provide the final source of information to be included in the new
groundwater database. The reference section of this report lists the available reports. The only digital data from
publications are from the Geological Atlas of the Western Canada Sedimentary Basin (Mossop and Shetsen,
1994). These data are used to support the geological interpretation of geophysical logs but cannot be distributed
because of a licensing agreement.

See glossary
For definitions of Transmissivity, see glossary
For definitions of Yield, see glossary
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4.2 Spatial Distribution of Aquifers

Determination of the spatial distribution of the aquifers is based on:

1) lithologs provided by the water well drillers

)
2) geophysical logs from structure test holes
3) geophysical logs for wells drilled by the oil and gas industry
4) data from existing cross-sections.

The aquifers are defined by mapping the tops and bottoms of individual geologic units. The values for the
elevation of the top and bottom of individual geologic units at specific locations help to determine the spatial
distribution of the individual surfaces. Establishment of a surface distribution digitally requires preparation of a
grid. The inconsistent quality of the data necessitates creating a representative sample set obtained from the
entire data set. If the data set is large enough, it can be treated as a normal population and the removal of
extreme values can be done statistically. When data sets are small, the process of data reduction involves a
more direct assessment of the quality of individual points. Because of the uneven distribution of the data, all data
sets are gridded using the Kriging method.

The final definition of the individual surfaces becomes an iterative process involving the plotting of the surfaces
on cross-sections and the adjusting of control points to fit with the surrounding data.

4.3 Hydrogeological Parameters

Water well records that indicate the depths to the top and bottom of their completion interval are compared
digitally to the spatial distribution of the various geological surfaces. This procedure allows for the determination
of the aquifer in which individual water wells are completed. When the completion depth of a water well cannot
be established, the data from that water well are not used in determining the distribution of hydraulic parameters.

After the water wells are assigned to a specific aquifer, the parameters from the water well records are assigned
to the individual aquifers. The parameters include non-pumping (static) water level (NPWL), apparent
transmissivity, and apparent water well yield. The NPWL given on the water well record is usually the water level
recorded when the water well was drilled, measured prior to the initial aquifer test. In areas where groundwater
levels have since fallen, the NPWL may now be lower and accordingly, the potential apparent yield would be
reduced. The total dissolved solids, sulfate and chloride concentrations from the chemical analyses of the
groundwaters are also assigned to applicable aquifers. In addition, chemical parameters of Nitrate + Nitrite (as N)
are assigned to surficial aquifers and fluoride is assigned to upper bedrock aquifer(s). Nitrate + Nitrite (as N)
concentrations are often related to well-specific data and may not indicate general aquifer conditions.

Once the values for the various parameters of the individual aquifers are established, the spatial distribution of
these parameters must be determined. The distribution of individual parameters involves the same process as
the distribution of geological surfaces. This means establishing a representative data set and then preparing a
grid. The representative data set included using the available data from townships 050 to 057, ranges 07 to 26,
W5M, plus a buffer area of at least 5,000 metres. Even when only limited data are available, grids are prepared.
However, the grids prepared from the limited data must be used with extreme caution because the gridding
process can be unreliable; for the maps, the areas with little or no data are identified.

On some maps, values are posted as a way of showing anomalies to the underlying grid or as a means of
emphasizing either the lack of sufficient data or areas where there is concentrated hydrogeological data control.
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4.3.1 Risk Criteria

The main source of groundwater contamination involves
activites on or near the land surface. The risk of Sand or Gravel Present - Groundwater
. . is high h h Surface Top Within One Metre ~ Contamination
groundwater gontammatlon is high when the near- Permeability Of Ground Surface Risk
surface materials are porous and permeable and low Low No Low
when the materials are less porous and less permeable. MO:_er:‘e mo Molflj_efhate
. L ig o ig
The SO.UFC(?S of data for the risk analysis |.nclude. (a) a Low Yes High
determination of when sand and gravel is or is not Moderate Yes High
present within one metre of the ground surface, and (b) High Yes Very High
the surficial geology and/or the soil map. The presence . L L
S Table 4. Risk of Groundwater Contamination Criteria
or absence of sand and gravel within one metre of the

land surface is based on a geological surface prepared
from the data supplied on the water well drilling reports. The information available on the surficial geology and/or
the soil map is categorized based on relative permeability. The information from these sources is combined to
form the risk assessment map. The criteria used in the classification of risk are given in the above table.

4.4 Maps and Cross-Sections

Once grids for geological surfaces have been prepared, various grids need to be combined to establish the
extent and thickness of individual geologic units. For example, the relationship between an upper bedrock unit
and the bedrock surface must be determined. This process provides both the outline and the thickness of the
geologic unit.

Once the appropriate grids are available, the maps are prepared by contouring the grids. Appendix A includes
page-size maps from the text, plus additional page-size maps and figures that support the discussion in the text.
A list of maps and figures that are included on the CD-ROM is given in Appendix B.

Cross-sections are prepared by first choosing control points from the database along preferred lines of section.
Data from these control points are then obtained from the database and placed in an AutoCAD drawing with an
appropriate vertical exaggeration. The data placed in the AutoCAD drawing include the geo-referenced lithology,
completion intervals and non-pumping water levels. Data from individual geologic units are then transferred to
the cross-section from the digitally prepared surfaces.

Once the technical details of a cross-section are correct, the drawing file is moved to the software package
CorelDraw! for simplification and presentation in a hard-copy form. Six cross-sections are presented in Appendix
A of this report and as poster-size drawings forwarded with this report; only one (A-A’) is included in the text of
this report. The cross-sections are also included on the CD-ROM; page-size maps of the poster-size cross-
sections are included in Appendix D of this report.

4.5 Software

The files on the CD-ROM have been generated from the following software:

e Acrobat 5.0

e ArcView 3.2

e AutoCAD 2002

e CorelDraw! 11.0

e Microsoft Office XP
e Surfer 8
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5 AQUIFERS

5.1 Background

An aquifer is a permeable rock unit that is saturated. In this context, rock refers to subsurface materials, such as
sand, gravel, sandstone and coal. If the NPWL is above the top of the rock unit, this type of aquifer is a confined
or artesian aquifer. If the rock unit is not entirely saturated and the water level is below the top of the rock unit,
this type of aquifer is a water-table aquifer. These types of aquifers occur in one of two general geological
settings in the County. The first geological setting includes the sediments that overlie the bedrock surface. In this
report, these sediments are referred to as the surficial deposits. The second geological setting includes aquifers
in the upper bedrock. The geological settings, the nature of the deposits making up the aquifers within each
setting, the expected yield of water wells completed in aquifer(s) within different geologic units, and the general
chemical quality of the groundwater associated with each setting are reviewed separately.

5.2 Aquifers in Surficial Deposits

The surficial deposits are the sediments above the bedrock surface. These include pre-glacial materials, which
were deposited before glaciation, and materials deposited directly or indirectly as a result of glaciation. The lower
surficial deposits include pre-glacial fluvial®® deposits. The upper surficial deposits include the traditional glacial
sediments of till"* and ice-contact deposits. Pre-glacial materials are expected to be present in association with
linear bedrock lows. Meltwater channels are associated with glaciation.

5.2.1 Geological Characteristics of Surficial Deposits

While the surficial deposits are treated as one hydrogeologic unit, they consist of three hydraulic units. The first
unit is the preglacial sand and gravel deposits of the lower surficial deposits. These deposits are mainly
saturated. The second and third hydraulic units are associated with the sand and gravel deposits in the upper
surficial deposits. The sand and gravel deposits in the upper surficial deposits occur mainly as pockets. The
second hydraulic unit is the saturated part of these sand and gravel deposits; the third hydraulic unit is the
unsaturated part of these deposits that occur close to ground surface. For a graphical depiction of the above
description, please refer to Figure 5, page 9 and to page A-8. While the unsaturated deposits are not technically
an aquifer, they are significant as they provide a pathway for soluble contaminants to move downward into the
groundwater. Because of the significance of the shallow sand and gravel deposits, they have been mapped
where they are present within one metres of the ground surface and are referred to as the “first sand and gravel”.

The base of the surficial deposits is the bedrock surface, represented by the bedrock topography as shown in
Figure 8 on the following page. Regionally, the bedrock surface varies between 650 and 1,500 metres AMSL.
The lowest elevations occur along the present-day Pembina River valley at the eastern County boundary, as
shown on Figure 8 and page A-17. Over the majority of the County, the surficial deposits are less than 30 metres
thick (see CD-ROM).

The main southwest-northeast-trending linear bedrock lows in the County have been designated as the Buried
Hinton, Edson and Onoway valleys. The Buried Hinton Valley is occupied by the present-day Athasbasca River
in the western part of the County and is a tributary to the Buried High Prairie Valley. The Buried Hinton Valley is
approximately six to nine kilometres wide, with local bedrock relief being less than 40 metres. Sand and gravel
deposits can be expected in association with a bedrock low in the area south of the Town of Hinton, where the
thickness of the sand and gravel deposits is expected to be mainly greater than 15 metres. Because the Buried
Hinton Valley coincides with the Athasbasca River, sand and gravel deposits have largely been eroded and are
mainly absent northeast of Hinton.
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The Buried Edson Valley coincides
with the McLeod River in the central

part of the County and is generally in - .

reference to the portion of the buried : S
valley near the Town of Edson. For the B L " s @” ¢ g\ K
purposes of this report, the term s IR WA P

“Buried Edson Valley” includes the . AR Intity LG T At Sy
buried valley that trends southwest- NG : _ LN %{: )
northeast across the County. The e S 15 R )

Buried Edson Valley is a tributary to
the Buried High Prairie Valley located -_

in Woodlands County. The Buried N TR T T T

Edson Valley is approximately six to

nine kilometres wide, with local Figure 8. Bedrock Topography
bedrock relief being less than 40

3 7 Meltwater channel &3 Buried bedrock valley

metres. Sand and gravel deposits
associated with the Buried Edson Valley can be expected to be mainly less than five metres.

The Buried Onoway Valley trends from southwest to northeast and coinides with the Pembina River in the
eastern part of the County. The Buried Onoway Valley is approximately six to nine kilometres wide, with local
bedrock relief being less than 40 metres. Sand and gravel deposits associated with the linear bedrock low can be
expected to be mainly less than five metres.

The lower sand and gravel deposits are composed of fluvial deposits. Lower sand and gravel deposits are
identified in association with the buried bedrock valleys. The total thickness of the lower sand and gravel deposits
is mainly less than two metres, but can be more than five metres in the linear bedrock lows (see CD-ROM).

In the County, there is a linear bedrock low that trends northwest to southeast near the Town of Edson and has
been indicated as being of meltwater origin and is referred to as the Sundance Glacial Meltwater Channel
(Gabert and Roed, 1968). This meltwater channel is noted on the bedrock topography map.

The upper surficial deposits are either directly or indirectly a result of glacial activity. The deposits include till, with
minor sand and gravel deposits of meltwater origin, which are expected to occur mainly as isolated pockets. The
thickness of the upper surficial deposits is mainly less than 30 metres. Upper surficial deposits are present
throughout the County (see CD-ROM). Because the meltwater channels are mainly an erosional feature, the
sand and gravel deposits associated with these features are considered not to be significant aquifers. The upper
sand and gravel deposits are usually less than two metres thick (see CD-ROM).

Sand and gravel deposits can occur

throughout the surficial deposits. The
total thickness of sand and gravel o o]
deposits is generally less than two 7

metres but can be more than five . NN D 4 2 i %é
metres in association with linear i ®1m.§§«§'°\ » %@
bedrock lows and river valleys. \ dscar ;&3%%"’" SIS Sk
The combined thickness of all sand 4 Py B S Coinn s
and gravel deposits has been A '

i} -7 Meltwater channel "> Buried bedrock valley

determined as a function of the total e o o

thickness of the surficial deposits. Over ‘ L I I e
approximately 20% of the County
where sand and gravel deposits are

Figure 9. Amount of Sand and Gravel in Surficial Deposits

present, the sand and gravel deposits
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are more than 30% of the total thickness of the surficial deposits, as shown on the adjacent figure. The areas
where sand and gravel deposits constitute more than 30% of the total thickness of the surficial deposits are
mainly associated with linear bedrock lows and river valleys.

5.2.2 Sand and Gravel Aquifer(s)

The main aquifers in the surficial

materials are sand and gravel deposits. AE

In order for a sand and gravel deposit to w =% :

be an aquifer, it must be saturated; if (T )g_,(f S i sy
not saturated, a sand and gravel . ‘\j\ﬁ 3 2 Lz S ot
deposit is not an aquifer. The top of the e S, : : g '
surficial aquifers has been determined - f Ay v e e RS RIS
from the non-pumping water level in e S P _C{ il R e
water wells that are less than 20 metres s LA e LR e AR L <

deep. The base of the surficial deposits 274

is the bedrock surface. e YR

Since the Sand and Gravel Aquifer(s) | ‘2 ‘5 e

are not present everywhere, the actual Figure 10. Thickness of Sand and Gravel Aquifer(s)
aquifer that is developed at a given

location is usually dictated by the

aquifer that is present. Over more than 60% of the County, the sand and gravel deposits are not present, or if
present, are not saturated; these areas are designated as grey on the above map. In the County, the thickness of
the Sand and Gravel Aquifer(s) is generally less than two metres, but can be more than five metres mainly in
linear bedrock lows and river valleys, as shown in Figure 10, in Appendix A and on the CD-ROM.

Of the 5,855 water wells in the
database, 222 were defined as being TR
completed in surficial aquifers, based ¢
on lithologic information and water well (T
completion details. From the present Y -
hydrogeological analysis, 542 water s\ R
wells are completed in aquifers in the IS M 5 "fé"\’a%‘g ,
surficial deposits. Of the 542 water e A G e N A T T P SN
wells, 219 are completed in aquifers in - Trel | ‘ . RRR ™
the upper surficial deposits, 316 are T D, ’ ’
completed in aquifers in the lower ; 7 Melowater charnel 525 Burid becrock valey

surficial deposits, and seven water e e

wells are completed in multiple surficial ® ot sttt oot

aquifers. This number of water wells

(542) is nearly two and a half times the
number (222) determined to be

11
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A i s
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Figure 11. Water Wells Completed in Surficial Deposits

completed in aquifers in the surficial
deposits, based on lithologies given on the water well drilling reports. The larger number is obtained by
comparing the elevation of the reported depth of a water well to the elevation of the bedrock surface at the same
location. For example, if only the depth of a water well is known, the elevation of the completed depth can be
calculated. If the elevation of the completed depth is above the elevation of the bedrock surface determined from
the gridded bedrock topographic surface at the same location, then the water well is considered to be completed
in an aquifer in the surficial deposits.
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Water wells completed in the lower surficial deposits are mainly in the linear bedrock lows, and water wells
completed in the upper surficial deposits are often in the linear bedrock lows but are also located throughout the
County and in the Sundance meltwater channel, as shown above in Figure 11.

In the County, there are 101 records for surficial water wells with apparent yield data, which is 19% of the 542
surficial water wells. Seventeen percent of the 101 water wells completed in the Sand and Gravel Aquifer(s) have
apparent yields that are less than ten m3/day, 38% have apparent yield values that range from 10 to 100 m3/day,
and 45% have apparent yields that are greater than 100 m®/day. In addition to the 101 records for surficial water
wells, there are eight records that indicate that the water well is dry. In order to depict a more accurate yield map,
an apparent yield of 0.1 m3/day was assigned to each of the eight dry test holes prior to gridding.

The adjacent map shows expected
yields for water wells completed in the 0 e
Sand and Gravel Aquifer(s). wl I ;
Based on the aquifers that have been & }:” . . AL TR
developed by existing water wells, . - j\v b Si? NN \
these data show that water wells with el [ BT 7“}\” = w i
yields of more than 100 m3/day from . 7o d gl ) V?J P by &
the Sand and Gravel Aquifer(s) can be ; RS P s T AR
expected in 50% of the County where S A ' e
the Sand and Gravel Aquifer(s) are # 4S8 o >300miay
present. The mOSt notable areas I;‘lMeHwaterchann:l]/:J Buried bedrock valley @ drytesthole
where vyields of more than 300 m?¥day ) = e
are expected are mainly in association ioom
with linear bedrock lows. Figure 12. Apparent Yield for Water Wells Completed

in Sand and Gravel Aquifer(s)
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5.2.2.1 Chemical Quality of Groundwater from Surficial Deposits

The chemical analyses results of
groundwaters  from the surficial _
deposits indicate the groundwaters are w| I .
generally chemically hard and high in b
dissolved iron. In Yellowhead County, : - :
groundwaters  from the surficial s T el : E
aquifers mainly have a chemical ¢ SN F \‘ =
hardness of greater than 200 and less
than 400 mg/L (see CD-ROM).

= 050

The Piper tri-linear diagram® for the
surficial deposits (page A-26) shows

that the groundwaters from the surficial I

deposits are  mainly  calcium-

magnesium-bicarbonate waters. Sixty Figure 13. Total Dissolved Solids in Groundwater from Surficial
percent of the groundwaters from the Deposits

surficial deposits have a TDS

1 Meltwater channel 51 Buried bedrock valley

concentration of less than 500 mg/L.

Fifty-three percent of the groundwaters from the surficial deposits are reported to have dissolved iron
concentrations of less than or equal to the aesthetic objective (AO) of 0.3 mg/L. However, many iron analyses
results are questionable due to varying sampling and analytical methodologies.

In some areas, the groundwater chemistry of the surficial aquifers is such that sulfate is the major anion®™. The
groundwaters with elevated levels of sulfate generally occur in areas where there are elevated levels of total
dissolved solids. There are very few groundwaters from the surficial deposits with appreciable concentrations of
the chloride ion; in nearly 80% of the samples analyzed for surficial deposits in the County, the chloride ion
concentration is less than ten mg/L (see CD-ROM).

In the County, the Nitrate + Nitrite (as N) concentrations in the groundwaters from the surficial deposits exceed
the maximum acceptable concentrations (MAC) of ten mg/L in three of the 136 groundwater samples analyzed
(up to about 1986).

The minimum, maximum and median concentrations of TDS, sodium, sulfate, chloride and Nitrate + Nitrite (as N)
in the groundwaters from water wells completed in the surficial deposits in the County have been compared to
the SGCDWAQ in the adjacent table. The range of concentrations shown in Table 5 are values in the groundwater
database; however, the extreme minimum and maximum concentrations generally represent less than 0.2% of
the total number of analyses and should have little effect on

the median values. These extreme values are not used in the

Recommended
Range for County Maximum preparation of the figures.
No. of inmg/L Concentration
Constituent Analyses | Minimum Maximum Median SGCDWQ . .

Total Dissolved Solids] 231 122 2480 450 500 Of the five constituents that have been compared to the
Sodum e R R e SGCDWQ, none of the median values exceeds the
Chloride 221 0 197 3 250 : :
Nitrate + Nitrite (as N) 136 0 40 0.1 10 QUIde“neS'

Concentration in milligrams per litre unless otherwise stated

Note: indicated concentrations are for Aesthetic Objectives except for

Nitrate + Nitrite (as N), which is for Maximum Acceptable Concentration (MAC)
SGCDWQ - Summary of Guidelines for Canadian Drinking Water Quality
Federal-Provincial-Territorial Committee on Drinking Water, April 2003

Table 5. Concentrations of Constituents in
Groundwaters from Surficial Deposits
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5.2.3 Upper Sand and Gravel Aquifer

The Upper Sand and Gravel Aquifer includes saturated sand and gravel deposits in the upper surficial deposits.
Typically, these aquifers are present within the surficial deposits at no particular depth. Saturated sand and
gravel deposits in the upper surficial deposits are not usually continuous over large areas but are expected over
approximately 40% of the County.

5.2.3.1 Aquifer Thickness

The thickness of the Upper Sand and Gravel Aquifer is a function of two parameters: (1) the elevation of the non-
pumping water-level surface associated with the surficial deposits; and (2) the depth to the bedrock surface or
the depth to the top of the lower surficial deposits when present. In the County, the thickness of the Upper Sand
and Gravel Aquifer is generally less than five metres.

5.2.3.2 Apparent Yield

The permeability of the Upper Sand

and Gravel Aquifer can be high. The VANRGE .

high permeability combined with R = iy

significant thickness leads to an (AR 52_%*” 7( I [ RE
extrapolation of high yields for water . : #\; /b ¥B N §\

wells; however, because the sand and sl e GEEET 3 7*“’\» F m I
gravel deposits occur mainly as . L e el e RN £
hydraulically discontinuous pockets, A VAN S %_)” AT

the long-term yields of the water wells bt = S ) A AR PO

050

F~——3 Meltwater channel 7XXJ Buried bedrock valley

are expected to be less than the
apparent yields. The long-term yields iy
for water wells completed through this T == asen

15 15 45

Aquifer are expected to be mainly less igom

than those shown on the adjacent Figure 14. Apparent Yield for Water Wells Completed through Upper
figure. Sand and Gravel Aquifer

Where the Upper Sand and Gravel

Aquifer is absent and where the yields are low, the development of water wells for the domestic needs of single
families may not be possible from this Aquifer, and construction of a water supply well into the underlying
bedrock may be the only alternative, provided that yields and quality of groundwater from the bedrock aquifer(s)
are suitable.

Apparent yields for water wells completed through the Upper Sand and Gravel Aquifer range from less than ten
ms/day to more than 300 m3/day. The most notable areas where yields of more than 300 m3/day may be possible
are in the Buried Hinton Valley near the Town of Hinton and in the Buried Edson Valley east of the Town of
Edson, where the saturated thickness of the upper sand and gravel deposits is more than five metres.

In the County, there is one dry water test hole completed in the Upper Sand and Gravel Aquifer.

In the County, there are 20 authorized non-exempt water wells that are completed through the Upper Sand and
Gravel Aquifer, for a total authorized diversion of 536 m*/day (Table 1, page 6). The highest authorized amount is
179.1 m3/day for a water supply well in 16-12-053-08 W5M. Seven of the 20 authorized non-exempt water wells
completed through the Upper Sand and Gravel Aquifer could be linked to a water well in the AENV groundwater
database.
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5.2.4 Lower Sand and Gravel Aquifer

The Lower Sand and Gravel Aquifer is a saturated sand and gravel deposit that occurs at or near the base of the
surficial deposits in the deeper part of the linear bedrock lows. The top of the lower surficial deposits is based on
more than 1,000 control points across Alberta.

5.2.4.1 Aquifer Thickness

The thickness of the Lower Sand and Gravel Aquifer is mainly less than two metres, but can be up to ten metres
in the linear bedrock lows (see CD-ROM).

5.2.4.2 Apparent Yield

Apparent yields for water wells

completed through the Lower Sand and e L&

Gravel Aquifer range from less than ten R ’ M

m3/day to more than 300 m3/day. The A5 $3§; L8 —~ = .
most notable areas where yields of u = ﬁf” o : ‘\%ﬁ? A

more than 300 m3¥day are expected are R K LT ? ng ta /I
mainly in areas where the thickness of - f ok AW REWISIEEDY &
the Lower Sand and Gravel Aquifer is N ¢ o Hw AR :
greater than five metres. o Aoy gl § &* S— m

For most of the County, the Lower Sand r =1 Meltwaterchannel 25 Buried bedrock valley

and Gavel Aquifer is of limited e ?I‘ii’fy wo o e

groundwater importance mainly due to R

the Aquifer having a thickness of less

than two metres. However, the lower Figure 15. Apparent Yield for Water Wells Completed

through Lower Sand and Gravel Aquifer

sand and gravel deposits associated

with the Buried Edson Valley have been
an important source of groundwater for the Town of Edson for more than 40 years.

Since 1959, numerous aquifer tests have been conducted with water wells completed in the Lower Sand and
Gravel Aquifer associated with the Buried Edson Valley. Extended aquifer tests conducted with water wells
located in the Town of Edson area have indicated long-term yields ranging from 700 to 3,300 m3/day. In addition,
because the McLeod River has locally downcut into the Aquifer, surface water can be induced to recharge the
Lower Sand and Gravel Aquifer (Vogwill, 1983).

In the County, there are seven dry water test holes completed in the Lower Sand and Gravel Aquifer.

In the County, there are 25 non-exempt authorizations for water wells that are completed through the Lower
Sand and Gravel Aquifer, for a total authorized diversion of 1,922 m’day. Twelve of the 25 authorized non-
exempt water wells completed through the Lower Sand and Gravel Aquifer could be linked to a water well in the
AENV groundwater database.

Of the 1,922 m?®/day, there are six non-exempt groundwater users that have been licensed to divert up to 1,091
ms/day for municipal purposes, of which 1,037 m3/day is for the Town of Edson.
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5.3 Bedrock

5.3.1 Bedrock Aquifers

Page 21

The upper bedrock includes formations that are generally less than 200 metres below the bedrock surface. In the
County, the upper bedrock includes the Disturbed Belt, Paskapoo Formation (Dalehurst, Upper and Lower
Lacombe, and Haynes members), as well as the Scollard, Battle and Whitemud and Upper Horseshoe Canyon
formations, as shown below on cross-section A-A’ (see page A-11). Some of this bedrock contains saturated
rocks that are permeable enough to transmit groundwater for a specific need. Water wells completed in bedrock
aquifers usually do not require water well screens, although some of the sandstones may be friable™ and water

well screens are a necessity.
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In the study area, the Base of Groundwater Protection is variable, extending from a depth as little as 25 metres to
a depth of over 1,000 metres below ground surface. In the County, the Base of Groundwater Protection is below
the Lower Lacombe Member. A map showing the depth to the Base of Groundwater Protection is given in Figure

4 on page 8 of this report, in Appendix A (Page A-7),

See glossary
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and on the CD-ROM.
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5.3.2 Geological Characteristics

The Disturbed Belt is the upper
bedrock in the southwestern part of 2 (7T, ™

%
i)

the County. The outline of the ‘ i ®

Disturbed Belt has been defined T I i amy

based on the Geological Map of eI e g D)

Alberta (Hamilton et al, 1998, and T L ]
-

§

053

N

Green, 1972). The  Rocky ,Zj{i,, d S P (1T
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Mountains and Foothills together
form the Disturbed Belt, which is an
area that has been deformed by
folding and thrust faulting
(Tokarsky, 1971). Water wells that
were located within the Disturbed Lover Lacombe Batto and Whitemud

Belt boundary were defined as e orperterssshos Genven
being completed in surficial
deposits or in the Disturbed Belt
Aquifer. The Paskapoo Formation

P
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Figure 17. Bedrock Geology

in central Alberta consists of the

Dalehurst, Lacombe and Haynes members (Demchuk and Hills, 1991). The Edmonton Group underlies the
Paskapoo Formation. The Edmonton Group includes the Scollard, the Battle and Whitemud, and the Horseshoe
Canyon formations and consists of fresh and brackish-water deposits of fine-grained sandstone and silty shale,
thick coal seams, and numerous bentonite beds (Carrigy, 1971). A generalized geologic column is illustrated in
Figure 6, in Appendix A, and on the CD-ROM.

The Paskapoo Formation is the upper bedrock and is the main bedrock formation in the County. The Paskapoo
Formation consists of cycles of thick, tabular sandstone, siltstone and mudstone layers (Glass, 1990). The
maximum thickness of the Paskapoo Formation is generally less than 800 metres; in the County, the thickness is
less than 500 metres.

The Dalehurst Member is the upper bedrock and subcrops in 80% of the County. This Member has a maximum
thickness of 500 metres within the County and is mostly composed of shale and siltstone with sandstone,
bentonite and coal seams or zones. Two prominent coal zones within the Dalehurst are the Obed-Marsh Coal
(up to 30 metres thick) and the Lower Dalehurst Coal (up to 50 metres thick). The bottom of the Lower Dalehurst
Coal is the border between the Dalehurst and Lacombe members (Demchuck and Hills, 1991). If the coal seams
are not fractured, they are impermeable.

The Lacombe Member underlies the Dalehurst Member and has a maximum thickness of 230 metres in the
County. The upper part of the Lacombe Member is mostly composed of shale interbedded with sandstone, and
has a maximum thickness of 130 metres. The lower part of the Lacombe Member is composed of sandstone and
coal layers. In the middle of the lower part of the Lacombe Member there is a coal zone, which can be up to five
metres thick. In the County, the Lower Lacombe Member has a maximum thickness of 75 metres.

The Haynes Member underlies the Lacombe Member and is composed mainly of sandstone with some siltstone,
shale and coal. In other parts of Alberta, the Haynes Member has a maximum thickness of 55 metres.

The Scollard Formation underlies the Haynes Member, is the upper bedrock in the northeastern part of the
County, and has two separate designations: Upper and Lower. The Upper Scollard consists mainly of sandstone,
siltstone, shale and coal seams or zones. The Lower Scollard is composed mainly of shale and sandstone. In the
County, the Upper Scollard Formation has a maximum thickness of 120 metres and the Lower Scollard has a
maximum thickness of 70 metres.

Beneath the Scollard Formation are two formations having a maximum thickness of 30 metres; the two are the
Battle and Whitemud formations. The Battle Formation is composed mainly of claystone, tuff, shale and
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bentonite, and includes the Kneehills Member, a 2.5- to 30-cm-thick tuff bed. The Whitemud Formation is
composed mainly of shale, silistone, sandstone and bentonite. The Battle and Whitemud formations are
significant geologic markers, and were used in the preparation of various geological surfaces within the bedrock.
Because of the ubiquitous nature of the bentonite in the Battle and Whitemud formations, there is very little
significant permeability within these two formations and there will be no direct review of the Battle and Whitemud
formations.

The Horseshoe Canyon Formation is the lower part of the Edmonton Group and has three separate
designations: Upper, Middle and Lower. In the County, the Upper Horseshoe Canyon has a maximum thickness
of 250 metres; the Middle Horseshoe Canyon has a maximum thickness of 155 metres, and the Lower
Horseshoe Canyon has a maximum thickness of 450 metres.

The Horseshoe Canyon Formation consists of deltaic® and fluvial sandstone, siltstone and shale with
interbedded coal seams, bentonite and thin nodular beds of limestone and ironstone. Because of the low-energy
environment in which deposition occurred, the sandstones, when present, tend to be finer grained. The lower 60
to 70 metres and the upper 30 to 50 metres of the Horseshoe Canyon Formation can include coarser grained
sandstone deposits.

There will be no direct review of the Middle or Lower Horseshoe Canyon formations in the text of this report;
there are insufficient or no hydrogeological data within the study area to prepare meaningful maps.

5.3.3 Upper Bedrock Completion Aquifer(s)

Of the 5,855 water wells in the database, 3,483 were defined as

being completed below the top of bedrock, based on lithologic Ve, @5 el el &
information and water well completion details. However, at least a Geologic Unit Water Wells
reported completion depth is available for 4,939 water wells | Disturbed Belt 348
completed below the bedrock surface. Of these 4,939 water wells, | Dalehurst 3,126
one is completed below the upper bedrock in the Lower Horseshoe | UPper Lacombe ol
. . . Lower Lacombe 181
Canyon Formation, giving a total of 4,938 water wells completed in Haynes 59
upper bedrock aquifer(s). Assigning a water well to a specific Upper Scollard 57
geologic unit is possible only if the completion interval is identified. In | Lower Scollard 8
order to make use of additional information within the groundwater | Battle and Whitemud 3
database, it was assumed that the top of the completion interval was | Upper Horseshoe Canyon 14
80% of the total completed depth of a water well. With this | Middle Horseshoe Canyon 0
ti it has b ible to desi te th ific bedrock Lower Horseshoe Canyon 1
assgmp ion, i as. een possible .o. esignate the specific bedroc Multiple Completions 11
aquifer of completion for an additional 745 bedrock water wells, Total 4,939
giving a total of 4,228 water wells. The remaining 711 of the total
4,939 upper bedrock water wells are identified as being completed in Table 6. Completion Aquifer for
more than one bedrock aquifer, as shown in Table 6. The bedrock Upper Bedrock Water Wells

water wells are mainly completed in the Dalehurst Aquifer.

See glossary
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There are 1,912 records for bedrock
water wells that have apparent vyield

values, which is 28% of the 6,930 %
bedrock water wells in the County.
Yields for water wells completed in the
upper bedrock aquifer(s) are mainly
between 10 and 100 m3¥day and have
a median apparent yield of more than
70 mdday. The areas in the
southwestern part of the County where
apparent yields of less than ten m3/day
are shown are a result of the gridding
process using limited data control. In
addition to the 1,912 records for
bedrock water wells with apparent
yield values, there are 57 records that
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Figure 18. Apparent Yield for Water Wells Completed

in Upper Bedrock Aquifer(s)

indicate that the water well/water test

hole is dry, or abandoned with “insufficient water”. In order to depict a more accurate yield map, an apparent
yield of 0.1 m3/day was assigned to the 57 dry water test holes prior to gridding.

No. of Number of Water Wells
Water Wells with Apparent Yields

with Values for <10 10 to 100 >100
Aquifer Apparent Yield 0 m¥/day m¥/day m?/day
Disturbed Belt 73 34 26 13
Dalehurst 1,269 110 612 547
Upper Lacombe 196 6 79 111
Lower Lacombe 84 5 39 40
Haynes 22 2 12 8
Battle and Whitemud 2 1 1 0
Upper Scollard 16 1 10 5
Lower Scollard 5 0 5 0
Upper Horseshoe Canyon 8 1 6 1
Multiple Completions 310 30 151 129
Totals 1,912 156 915 841

Table 7. Apparent Yields of Bedrock Aquifers

groundwater consulting

Of the 1,912 water well records with apparent yield
values, 1,602 have been assigned to aquifers
associated with specific geologic units. Eight percent
(156) of the 1,912 water wells completed in bedrock
aquifers have apparent yields that are less than ten
m3/day, 48% (915) have apparent yield values that
range from 10 to 100 m®/day, and 44% (841) have
apparent yield values that are greater than 100
m3/day, as shown in Table 7. In the Dalehurst Aquifer,
nearly 45% of the apparent yield values are greater
than 100 m3/day.
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5.3.4 Chemical Quality of Groundwater

The Piper tri-linear diagram for bedrock
aquifers (page A-26) shows that
groundwaters from bedrock aquifers are
mainly sodium-bicarbonate or calcium-
magnesium-type waters.

The TDS concentrations in the
groundwaters from the upper bedrock
aquifer(s) range from less than 200
mg/L to more than 1,000 mg/L, with
most of the groundwaters with higher
TDS concentrations occurring in the
eastern part of the County.

The relationship between TDS and
sulfate concentrations shows that when
TDS values in the groundwaters from
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Figure 19. Total Dissolved Solids in Groundwater
from Upper Bedrock Aquifer(s)

the upper bedrock aquifer(s) exceed 1,100 mg/L, the sulfate concentrations exceed 400 mg/L. The sulfate
concentrations in groundwaters from the upper bedrock aquifer(s) were compared to the distance of completion
depth from the top of the Upper Lacombe Member. The maximum sulfate concentrations generally increase with
depth, as shown below in Figure 20, with the exception being the Lower Horsehoe Canyon Aquifer as a result of

having limited data for sulfate concentrations.

In the County, more than 95% of the
chloride concentrations in the

250 T

groundwaters from the upper bedrock

Dalehurst

200 7~

aquifer(s) are less than 50 mg/L.

Upper Lacombe
Lower Lacombe

150 4 b

100 Agva LS

* Haynes Chloride concentrations of greater than
Upper Scollard

* Lower Scollard

Distance from Top of Upper Lacombe Member (m)
)
-

50 mg/L are mainly associated with
groundwaters from the Upper
Horseshoe Canyon Aquifer.

Upper Horseshoe Canyon

The Nitrate + Nitrite (as N)
concentrations are less than 0.1 mg/L in
81% of the chemical analyses for upper
bedrock water wells. Approximately
55% of the total hardness values in the
groundwaters from the upper bedrock

0 250 500 750
Sulfate (mg/L)

Figure 20. Distance from Top of Upper Lacombe Member vs Sulfate
in Groundwaters from Upper Bedrock Aquifer(s)

1000

aquifer(s) are less than 200 mg/L.

1250 1500

In the County, approximately 70% of
the groundwater samples from upper

bedrock aquifer(s) have fluoride
concentrations that are too low (less
than 05 mg/lL) to meet the

recommended daily needs of people. Approximately 21% of the groundwater samples from the entire County are
between 0.5 and 1.5 mg/L and approximately 9% exceed the MAC for fluoride of 1.5 mg/L. Fluoride
concentrations of greater than 1.5 mg/L are mainly associated with groundwaters from the Upper Horseshoe

Canyon Aquifer.
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5.3.5 Disturbed Belt Aquifer

The Disturbed Belt Aquifer comprises the permeable parts of the Disturbed Belt, as defined for the present
program. The regional groundwater flow direction in the Disturbed Belt Aquifer is toward the Athasbasca River
(see CD-ROM).

5.3.5.1 Depth to Top

The depth to the top of the Disturbed Belt is mainly greater than ten metres and is a reflection of the thickness of
the surficial deposits (page A-30).

5.3.5.2 Apparent Yield

The apparent yields for individual
water wells completed through the % W Gl B

Disturbed Belt Aquifer are mainly . "

less than ten md/day as shown on S &:TM APy Nw
Figure 21. The areas showing water ~ %\’J 4 ’-”@ % h\
wells with yields of greater than 100 : ] il ™ AT A
m3/day are expected to be in the R SK
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Town of Hinton vicinity. There are no
available apparent vyield data for
water wells completed through the L,
Disturbed Belt Aquifer in township £ Aosent

050, ranges 21 to 24, W5M. | o T R
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Shown on the adjacent map are the

locations of six dry water test holes Figure 21. Apparent Yield for Water Wells Completed
(page A-31). through Disturbed Belt Aquifer

There are two non-exempt
groundwater users that have water wells completed through the Disturbed Belt Aquifer, for a total groundwater
diversion of four m3/day.

Of the two non-exempt authorizations, one could be linked to a water well in the AENV groundwater database;
the water well is the Jasper-Hinton Airport water supply well.

An extended aquifer test was conducted with the Jasper-Hinton Airport water supply well in August 1977 by
Hydrogeological Consultants Ltd. (HCL, October 1977). The airport water supply well in NW 16-050-26 W5M is
completed open hole from 14.9 to 45.7 metres below ground surface in the Disturbed Belt. The extended aquifer
test conducted with the Jasper-Hinton Airport water supply well indicated a long-term yield of 50 m3/day, based
on an effective transmissivity of 3.8 metres squared per day (m?/day). The water supply well is licensed to divert
3.4 m¥/day.

5.3.6.3 Quality

The groundwaters from the Disturbed Belt Aquifer are mainly a bicarbonate type, with no dominant cation (see
Piper diagram on CD-ROM), with more than 65% of the groundwater samples having TDS concentrations of less
than 500 mg/L (page A-32). Nearly 90% of the sulfate concentrations in groundwaters from the Disturbed Belt
Aquifer are less than 200 mg/L. Nearly 75% of the chloride concentrations from the Disturbed Belt Aquifer are
less than ten mg/L.

A chemical analysis of a groundwater sample collected in August 1977 from the Jasper-Hinton Airport water
supply well indicates the groundwater is a calcium-magnesium-bicarbonate type, with a TDS of 379 mg/L, a
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sulfate concentration of 5 mg/L, a chloride concentration of 2 mg/L, a fluoride concentration of 0.25 mg/L, and a

total hardness of 324 mg/L (HCL, October 1977).

Of the five constituents that have been compared to the
SGCDWAQ, none of the constituents exceed the bedrock
median values, except for fluoride, and none exceed the
SGCDWAQ.

Recommended
Range for County All Maximum
No. of inmg/L Bedrock | Concentration
Constituent Analyses | Minimum Maximum Median Median SGCDwWQ
Total Dissolved Solids| 130 28 6,932 406 523 500
Sodium 111 0 1,012 128 131 200
Sulfate 130 0 440 18 32 500
Chloride 127 0 463 2 2 250
Fluoride 106 0 4 0.5 0.2 1.5

Concentration in milligrams per litre unless otherwise stated

Note: indicated concentrations are for Aesthetic Objectives except for
Fluoride, which is for Maximum Acceptable Concentration (MAC)
SGCDWQ - Summary of Guidelines for Canadian Drinking Water Quality
Federal-Provincial Subcommittee on Drinking Water, April 2002

Table 8. Apparent Concentrations of Constituents in
Groundwaters from Disturbed Belt Aquifer
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5.3.6 Dalehurst Aquifer

The Dalehurst Aquifer comprises the permeable parts of the Dalehurst Member, as defined for the present
program. The Dalehurst Member subcrops under the surficial deposits in most of the County. The structure
contours show that the Dalehurst Member ranges in elevation from less than 800 to more than 1,350 metres
AMSL and has a maximum thickness of 500 metres. The regional groundwater flow direction in the Dalehurst
Aquifer is mainly toward the McLeod River (see CD-ROM).

5.3.6.1 Depth to Top

The depth to the top of the Dalehurst Member ranges from less than ten metres to more than 30 metres in the
northern part and also on the southern and western edges of the County (page A-33).

5.3.6.2 Apparent Yield

The apparent yields for individual
water wells completed through the 2 NS
Dalehurst  Aquifer are  mainly N

between 10 to 100 m3¥day, as shown =N I ‘\W@? =
on Figure 22. The areas showing " - ] '»‘Q % 3{&?
water wells with yields of greater than Dié" ares : 7 ] h{
100 md/day are expected to be jﬁ L‘*ﬁg 5 BN
throughout the areal extent of the e N Fg
Aquifer. '
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Shown on the adjacent map are the

locations of 28 dry water test holes. o™ 100 ‘ 1 Dsuedsat
[ Absent

There are 266 non-exempt
groundwater users that have water
wells  completed through the
Dalehurst  Aquifer, for a total

Figure 22. Apparent Yield for Water Wells Completed
through Dalehurst Aquifer

authorized groundwater diversion of
10,514 m3¥/day.

Of the 266 non-exempt authorizations, 126 could be linked to water wells in the AENV groundwater database.

The highest non-exempt groundwater use is for eight authorizations that allow the Town of Edson to divert up to
4,233 m3/day from six water supply wells completed in the Dalehurst Aquifer for municipal purposes and one
water supply well completed in both the Lower Sand and Gravel Aquifer and the Dalehurst Aquifer. The
remaining water supply well is completed in the Lower Sand and Gravel Aquifer. The highest authorization of
1,504 m3/day is for WSW No. 15, which is completed from 44.8 to 65.5 metres below ground surface in the
Dalehurst Aquifer.

Touchstone Petroleum Inc. is authorized to divert up to 240 m¥/day from Water Source Well (WSW) No. 1-96 in
the Carrot Creek Area in NW 12-053-13 W5M. The water source well is completed from 64.6 to 82.9 metres
below ground surface in the Dalehurst Aquifer. Water-level monitoring since 1996 with WSW No. 1-96 and
Observation Water Well (Obs WW) No. 2-96 indicated an effective transmissivity of 12 m2/day and corresponding
storativity of 0.008 (HCL, March 20083).
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5.3.6.3 Quality

The groundwaters from the Dalehurst Aquifer are mainly a bicarbonate type, with no dominant cation (see Piper
diagram on CD-ROM), with 50% of the groundwater samples having TDS concentrations of less than 500 mg/L
(page A-35). Seventy percent of the sulfate concentrations in groundwaters from the Dalehurst Aquifer are less
than 50 mg/L. Nearly 90% of the chloride concentrations from the Dalehurst Aquifer are less than ten mg/L.

Chemical analyses collected from 1973 to 2000 from the six active Town of Edson water supply wells completed
in the Dalehurst Aquifer indicate that the groundwaters are mainly a sodium-bicarbonate-type, with TDS
concentrations being mainly less than 550 mg/L, sulfate concentrations mainly less than 50 mg/L, chloride
concentrations mainly less than four mg/L, and fluoride concentrations mainly less than one mg/L. Chemical
analyses collected from 1986 to 2000 from two of the six active water supply wells completed in the Dalehurst
Aquifer in west Edson have TDS concentrations of greater than 550 mg/L, chloride concentrations ranging from
12 to 21 mg/L, and fluoride concentrations ranging from 2.4 to 3.3 mg/L (Komex International Ltd., March 2001).

A chemical analysis of a groundwater sample collected in February 1996 from WSW No. 1-96 and Obs WW No.
2-96 in NW 12-053-13 W5M indicates the groundwater is a sodium-bicarbonate type, with a TDS concentration
of less than 600 mg/L, a sulfate concentration of less than 15 mg/L, a chloride concentration of less than 41
mg/L, and a fluoride concentration of in the order of three

mg/L (HCL, April 1996).

Recommended

Of the five constituents that have been compared to the Range for County Al Maximum
SGCDWQ, all are below the guidelines. All median Corethtuent | Anaiyecs | Minimum Masimers Modisn | Metan | SSODWG.
concentrations in the Dalehurst Aquifer are equal to or |eaoeovedSols 58 | S8 27ee 47 | o2 -
below the median concentrations from water wells |oiae = R = 0
Fluoride 798 0 22 0.2 0.2 1.5

completed in all upper bedrock aquifer(s).

Concentration in milligrams per litre unless otherwise stated

Note: indicated concentrations are for Aesthetic Objectives except for
Fluoride, which is for Maximum Acceptable Concentration (MAC)
SGCDWQ - Summary of Guidelines for Canadian Drinking Water Quality
Federal-Provincial Subcommittee on Drinking Water, April 2002

Table 9. Apparent Concentrations of Constituents in
Groundwaters from Dalehurst Aquifer
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5.3.7 Upper Lacombe Aquifer

The Upper Lacombe Aquifer comprises the permeable parts of the Upper Lacombe Member, as defined for the
present program. Structure contours have been prepared for the top of the Upper Lacombe Member. The
structure contours show that the Upper Lacombe Member ranges in elevation from less than 730 to more than
850 metres AMSL and has a maximum thickness of 130 metres. The non-pumping water level in the Upper
Lacombe Aquifer is downgradient to the northwest toward the McLeod River and southeast toward the Pembina
River (see CD-ROM).

5.3.7.1 Depth to Top

The depth to the top of the Upper Lacombe Member ranges from less than ten metres to more than 500 metres
in the western part of the County (page A-36).

5372 Apparent Yield

The apparent yields for individual
water wells completed through the
Upper Lacombe Aquifer are mainly
greater than 100 m3/day. There are g3
three dry water test holes that are : Lﬁ\ ] ‘
completed in the Upper Lacombe 2 ' N
Member. The areas where water wells . & U2 e 1Y
with higher yields are expected are [ LR AT DR s
mainly where the Upper Lacombe 3 52 =  —— k Lo P
Member subcrops under surficial AN e
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There are 77 non-exempt groundwater ' foom
users that have water wells completed
through the Upper Lacombe Aquifer,
for a total authorized groundwater

Figure 23. Apparent Yield for Water Wells Completed
through Upper Lacombe Aquifer

diversion of 1,448 md/day, with 85%
being diverted for municipal and industrial purposes.

Of the 77 non-exempt authorizations, 37 could be linked to water wells in the AENV groundwater database.

The highest non-exempt groundwater use in Yellowhead County is for an authorization that allows Beau Canada
Exploration Ltd. (Beau Canada) 290 m3/day for industrial injection purposes at its Niton Rock Creek “N” Pool
location in 08-10-055-10 W5M. Water Source Well No. 08-10 is completed from 40.2 to 60.4 metres below
ground surface in the Upper Lacombe Aquifer. Long-term monitoring from WSW No. 08-10 indicated an aquifer
transmissivity of 35 m2/day and a corresponding storativity of 0.00002 (HCL, February 2003).

The second highest non-exempt groundwater use is for an authorization that is in the name of Amoco Canada
Petroleum Company (Amoco) for 220 m3day from WSW No. 13-09 in 13-09-052-08 W5M, as part of its
enhanced-oil-recovery program. WSW No. 13-09 is completed from 30.5 to 36.6 metres below ground surface in
the Upper Lacombe Aquifer.
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5.3.7.3 Quality

The groundwaters from the Upper Lacombe Aquifer are mainly a sodium-bicarbonate type (see Piper diagram on
CD-ROM), with nearly 80% of the groundwater samples having TDS concentrations ranging mainly from 500 to
1,000 mg/L (page A-38). The sulfate concentrations in groundwaters from the Upper Lacombe Aquifer are mainly
less than 100 mg/L. The chloride concentrations from the Upper Lacombe Aquifer are mainly less than ten mg/L.
More than 90% of the groundwater samples have fluoride concentrations that are less than 1.5 mg/L.

A chemical analysis of a groundwater sample collected in November 1993 from WSW No. 08-10 in 08-10-055-10
W5M indicates that the groundwater is a sodium-bicarbonate type, with a TDS concentration of 529 mg/L, a
sulfate concentration of 9 mg/L, a chloride concentration of 19 mg/L, and a fluoride concentration of 2.46 mg/L
(HCL, Dec 1993).

A chemical analysis of a groundwater sample collected in October 2000 from WSW No. 13-09 in 13-09-052-08
W5M indicates that the groundwater is a sodium-sulfate-bicarbonate type, with a TDS concentration of 573 mg/L,
a sulfate concentration of 152 mg/L, and a chloride concentration of 0.6 mg/L; fluoride concentrations were not
analyzed (HCL, Feb 2001).

Of the five constituents that have been compared to the

SGCDWQ, the median value of TDS exceeds the Recommended
. . . . . R for C All Maxi
guidelines. The median concentrations of TDS, sodium, No. of it Bedrook | Conentration
If t hl d d ﬂ d f t ” | t d Constituent Analyses | Minimum Maximum _Median Median SGCDwQ
sultate, cnloriae an uoriae from water wells compiete Total Dissolved Solids| _ 107 221 1,576 598 523 500
in the Upper Lacombe Aquifer are equal to or greater than | 220um = 2 e = e
the median concentrations from water wells completed in |ghote 1 2 = 2 2 2

a” upper bedrock aqurfer(s) Concentration in milligrams per litre unless otherwise stated

Note: indicated concentrations are for Aesthetic Objectives except for
Fluoride, which is for Maximum Acceptable Concentration (MAC)
SGCDWQ - Summary of Guidelines for Canadian Drinking Water Quality
Federal-Provincial Subcommittee on Drinking Water, April 2002

Table 10. Apparent Concentrations of Constituents in
Groundwaters from Upper Lacombe Aquifer
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5.3.8 Lower Lacombe Aquifer

The Lower Lacombe Aquifer comprises the permeable parts of the Lower Lacombe Member, as defined for the
present program. Structure contours have been prepared for the top of the Lower Lacombe Member. The
structure contours show that the Lower Lacombe Member ranges in elevation from less than 630 to more than
810 metres AMSL and has a maximum thickness of 120 metres. The non-pumping water level in the Lower
Lacombe Aquifer is downgradient to the southwest toward the Pembina River (see CD-ROM).

5.3.8.1 Depth to Top

The depth to the top of the Lower Lacombe Member ranges from less than ten metres below ground level where
the Member subcrops to more than 750 metres in the western part of the County (page A-39).

5.3.8.2 Apparent Yield

The apparent yields for individual water

wells completed through the Lower % VAR .

Lacombe Aquifer are mainly in the range . g SR i

of 10 to 100 m3/day. There are no dry ) 5: g : S N
water test holes that are completed . L\jk‘l ' 45, %\_Ej{ "\&? »“‘Q\\ ;:ﬂ\
through the Lower Lacombe Aquifer. ﬁaﬁ §@%%§ . Ny f}. %\f;‘ /
The areas showing water wells with S oS R N ‘\‘?»?fi:ﬂ? RIS AR T
yields of greater than 100 m3¥day are \ sl 2 \"{: A EnNE
expected to be mainly east of Chip Lake, e =

050

as shown in Figure 24.

3 Insufficient data

There are 35 non-exempt groundwater o™ 0 | E o

users that have water wells completed 15 gm T

through the Lower Lacombe Aquifer, for

a total authorized groundwater diversion Figure 24. Apparent Yield for Water Wells Completed

of 126 md%day. The highest single through Lower Lacombe Aquifer

allocation is 27 m3/day for a water well in
05-36-053-09 W5M that is licensed to divert groundwater for agricultural purposes. Of the 35 non-exempt
authorizations, 11 could be linked to water wells in the AENV groundwater database.

5.3.8.3 Quality

The groundwaters from the Lower Lacombe Aquifer are

mainly a sodium-bicarbonate type (see Piper diagram on

CD-ROM), with 80% of the groundwater samples having No. o il Bedtock. | Concemtration
TDS concentrations ranging from 500 to 1,000 MO/L | Toerem ot e temn Nedn Mot 0
(page A-41). The sulfate concentrations in groundwaters | S R R - R R %
from the Lower Lacombe Aquifer are mainly less than 300 | fieee % 2 > 2+ 20

mg/L. The chloride concentrations from the Lower | e e r osiete et sxcet o
H H Fluoride, which is for Maximum Acceptable Concentration (MAC)
Lacombe AqUIfer are malnly |ess than ten mg/L' There SGCDWQ - Summary of Guidelines for Ca‘nadian Drinking Water Quality
are four analyses Where the f|UOI’Ide COﬂCentrathﬂ Federal-Provincial Subcommittee on Drinking Water, April 2002
exceeds 1.5 mg/L. Table 11. Apparent Concentrations of Constituents in

Of the five constituents that have been compared to the Groundwaters from Lower Lacombe Aquifer

SGCDWQ, the median values of TDS and sodium exceed
the guidelines The median concentrations of TDS, sodium, sulfate, chloride and fluoride from water wells
completed in the Lower Lacombe Aquifer are equal to or greater than the median concentrations from water
wells completed in all upper bedrock aquifer(s).
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5.3.9 Haynes Aquifer

The Haynes Aquifer comprises the permeable parts of the Haynes Member, as defined for the present program.
Structure contours have been prepared for the top of the Haynes Member. The structure contours show that the
Haynes Member ranges in elevation from less than 560 to more than 780 metres AMSL and has a maximum
thickness of 55 metres.

5.3.9.1 Depth to Top

The depth to the top of the Haynes Member ranges from less than ten metres below ground surface at the
eastern extent to more than 900 metres in the western part of the County (page A-42). The non-pumping water
level in the Haynes Aquifer is downgradient to the south toward the Pembina River (see CD-ROM).

5.3.9.2 Apparent Yield

The apparent vyields for individual
water wells completed through the
Haynes Aquifer are mainly greater
than 50 m3/day, with nearly 50% of the
water wells completed in the Haynes
Aquifer having apparent yield values
that are greater than 100 m?3/day.
There is one dry water test hole that is
completed through the Haynes Aquifer.
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There are 23 non-exempt groundwater
users that have water wells completed
through the Haynes Aquifer, for a total | ‘
authorized groundwater diversion of 69 ' o

ms/day.

[ Insufficient data

[ Disturbed Belt
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Figure 25. Apparent Yield for Water Wells Completed

All allocations are registrations and for through Haynes Aquifer

agricultural purposes. Of the 23 non-

exempt authorizations, eight could be linked to water wells in the AENV groundwater database.

5.3.9.3 Quality

The groundwaters from the Haynes Aquifer are mainly a

. . . . . Recommended
bicarbonate type with no dominant cation (see Piper Range for Gounty Al Maximum
. . . No. of in mg/L Bedrock | C trati
diagram on CD-ROM), with 70% of the values having Constituent | Analyses | Minimum Maximum _Median | wedan | SGcowa
. Total Dissolved Solid 23 149 1,592 80 23 500
TDS concentrations from 500 to 1,000 mg/L (page A-44). | Sem 5 o 200
. . Sulfate 23 23 589 126 32 500
The sulfate concentrations in groundwaters from the | chors 24 0 62 1 2 250
Fluoride 18 0 1 0.1 0.2 1.5

Haynes Aquifer are mainly less than 150 mg/L. The
chloride concentrations from the Haynes Aquifer are
mainly less than ten mg/L. The fluoride concentrations
from the Haynes Aquifer are mainly less than 0.5 mg/L.

Of the five constituents that have been compared to the

SGCDWQ,

the median value of TDS exceeds the

guidelines. The median concentrations of TDS and sulfate

Concentration in milligrams per litre unless otherwise stated
Note: indicated concentrations are for Aesthetic Objectives except for
Fluoride, which is for Maximum Acceptable Concentration (MAC)

SGCDWQ - Summary of Guidelines for Canadian Drinking Water Quality
Federal-Provincial Subcommittee on Drinking Water, April 2002

Table 12. Apparent Concentrations of Constituents in
Groundwaters from Haynes Aquifer

from water wells completed in the Haynes Aquifer are greater than the median concentrations from water wells
completed in all upper bedrock aquifer(s).
ydrogeological
onsultants Itd.

groundwater consulting
environmental sciences

HC




Yellowhead County, Part of the Athabasca River Basin Page 34
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

5.3.10 Upper Scollard Aquifer

The Upper Scollard Aquifer comprises the permeable parts of the Upper Scollard Formation, as defined for the
present program. Structure contours have been prepared for the top of the Formation. The structure contours
show that the Upper Scollard Formation ranges in elevation from less than 500 to more than 760 metres AMSL
and has a thickness of in the order of 120 metres. The non-pumping water level in the Upper Scollard Aquifer is
downgradient to the south and downgradient to the north toward the Pembina River (see CD-ROM).

5.3.10.1 Depth to Top

The depth to the top of the Upper Scollard Formation ranges from less than ten metres below ground surface at
the eastern extent to more than 900 metres in the western part of the County (page A-45).

5.3.10.2  Apparent Yield

The apparent yields for individual

water wells completed through the 2 f{t jj‘} -

Upper Scollard Aquifer are mainly in be ) g’f& . )

the range of 10 to 100 m3¥day. There bf\ }:‘H e - R

are two dry water test holes that are a > %mbﬁ;’v«\\ 7::}?2 X %fﬁ\\

completed in the Upper Scollard 3&3 E g ){1 —1 Qf\ @W)@

Aquifer. R Sk ‘-\‘/ﬁum S < L % {1 ( >3 }f,'\{rm
g ﬁr\gw :‘j' I> \‘«1,( ﬁ; : j% ] \?L@

There are 11 non-exempt groundwater By = £ TV RS e -

users that have water wells completed C AT Y P ) NG

through the Upper Scollard Aquifer, for L o dytesthole T insuficint data

a total authorized groundwater 10" oo ‘ e

diversion of 229 m3/day. 15 gm 15

Of the 229 m¥day, Omer’s Resources Figure 26. Apparent Yield for Water Wells Completed

Ltd. has been licensed to divert 193 through Upper Scollard Aquifer

m?/day from a water source well in 10-

15-052-08 W5M for industrial injection
purposes.

Of the 11 non-exempt authorizations, seven could be linked to water wells in the AENV groundwater database.

5.3.10.3  Quality

The groundwaters from the Upper Scollard Aquifer are a

Recommended

sodium-bicarbonate type with no dominant cation (see Piper Range for County Al | Maximum
. . . No. of inmg/L Bedrock | Concentration
dlagram on CD-ROM), Wlth groundwater Samples haV|ng Constituent Analyses | Minimum Maximum _Median Median SGCDWQ
. . Total Dissolved Solids| 13 601 1,708 950 523 500
TDS concentrations ranging from greater than 500 to more ol i R L 200
. ulfate
than 1,000 mg/L (page A-47). The sulfate concentrations are | corse = : 2 o Z =
uoride . .. R
mainly less than 100 mg/L. The chloride concentrations from | concentaton in migrams per i uniess othervise stated

Note: indicated concentrations are for Aesthetic Objectives except for

the water We| |S com p |eted | n the U pper SCO | |ard Aq u ifer are Fluoride, which is for Maximum Acceptable Concentration (MAC)
SGCDWQ - Summary of Guidelines for Canadian Drinking Water Quality

main|y |ess than ten mg/L There is On|y one ana|ysis Where Federal-Provincial Subcommittee on Drinking Water, April 2002

the fluoride concentration exceeds 1.5 mg/L. Table 13. Apparent Concentrations of

Of the five constituents that have been compared to the Constituents Si” ﬁlrozn:wa_;ers from Upper
SGCDWQ, the median values of TDS and sodium exceed collard Aquiter

the guidelines. The median concentrations of TDS, sodium,
sulfate and fluoride from water wells completed in the Upper Scollard Aquifer are greater than the median
concentrations from water wells completed in all upper bedrock aquifer(s).
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5.3.11 Lower Scollard Aquifer

The Lower Scollard Aquifer comprises the porous and permeable parts of the Lower Scollard Formation that
underlie the Upper Scollard Formation. Structure contours have been prepared for the top of the Formation. The
structure contours show that the Lower Scollard Formation ranges in elevation from less than 400 to more than
750 metres AMSL and has a maximum thickness of 40 metres. The non-pumping water level in the Lower
Scollard Aquifer is downgradient to the south toward the Pembina River (see CD-ROM).

53.11.1 Depth to Top

The depth to the top of the Lower Scollard Formation ranges from less than ten metres below ground surface at
the eastern extent to more than 1,100 metres in the western part of the County (page A-48).

5.3.11.2  Apparent Yield
The apparent vyields for individual
water wells completed through the % A ;§<
Lower Scollard Aquifer range mainly R = “’f “
from 10 to 100 m3/day. There is one }:‘ 4 = E
dry water test hole that is completed in : "xw E\ k.

the Lower Scollard Aquifer. The areas
showing water wells with vyields of
greater than 100 m?¥/day are expected
mainly in the Buried Onoway Valley.

RN g

=g

= I

Vé?L
T

7 o5

1D

[ Insufficient data

In the County, there are no non-
exempt groundwater users that have l
water wells that are completed through 15
the Lower Scollard Aquifer.

[ Disturbed Belt
[ Absent

Figure 27. Apparent Yield for Water Wells Completed
through Lower Scollard Aquifer

5.3.11.3  Quality

There is sufficient data from one analysis from a water well completed in the Lower Scollard Aquifer that
indicates that the groundwater is a sodium-bicarbonate type. There are four water wells in the AENV
groundwater database with chemistry data: the TDS concentrations are a maximum of greater than 1,000 mg/L,
the sulfate concentrations are mainly greater than 200 mg/L, the chloride concentrations are less than ten mg/L,
and the fluoride concentrations are less than 1.5 mg/L.

Five constituents from the maximum of four water wells

having chemistry data have been compared to the
SGCDWAQ. Of the five constituents, the median values of

Recommended
Maximum
Concentration

Range for County All

No. of inmg/L Bedrock

Constituent

Analyses

Minimum Maximum _Median

Median

SGCDwWQ

Total Dissolved Solids|

4

1044

2,228

1674

523

500

Sodium

3

395

726

444

131

200

Sulfate

4

166

805

464

32

500

Chloride

4

0

7

1

2

250

Fluoride

4

0

1

0.6

0.2

1.5

Concentration in milligrams per litre unless otherwise stated

Note: indicated concentrations are for Aesthetic Objectives except for
Fluoride, which is for Maximum Acceptable Concentration (MAC)
SGCDWQ - Summary of Guidelines for Canadian Drinking Water Quality
Federal-Provincial Subcommittee on Drinking Water, April 2002

Table 14. Apparent Concentrations of Constituents in

Groundwaters from Lower Scollard Aquifer

HC

groundwater consulting
environmental sciences

TDS and sodium exceed the guidelines. The median
concentrations of TDS, sodium, sulfate and fluoride from
water wells completed in the Lower Scollard Aquifer are
greater than the median concentrations from water wells
completed in all upper bedrock aquifer(s).
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5.3.12 Upper Horseshoe Canyon Aquifer

The Upper Horseshoe Canyon Aquifer comprises the permeable parts of the Upper Horseshoe Canyon
Formation that underlie the Lower Scollard Formation. The Upper Horseshoe Canyon Formation subcrops under
the surficial deposits in the extreme northeastern part of the County. Structure contours have been prepared for
the top of the Formation. The structure contours show that the Upper Horseshoe Canyon Formation ranges in
elevation from less than 300 to more than 700 metres AMSL and has a thickness of up to 250 metres. The non-
pumping water level in the Upper Horseshoe Canyon Aquifer is downgradient to the northeast and downgradient
to the northwest toward the Pembina River.

5.3.12.1 Depth to Top

The depth to the top of the Upper Horseshoe Canyon Formation is variable, ranging from less than ten metres at
the northeastern extent to more than 1,100 metres in the western part of the County (page A-51).

5.3.12.2  Apparent Yield

The apparent yields for individual water

wells completed through the Upper 2 ﬂ LN

Horseshoe Canyon Aquifer range mainly = .

from 10 to 100 m¥day. There are four RN \g.-'_;‘;, Y] : i R

dry water test holes that are completed . = j\”i a3 .- N i w&? \ B

in the Upper Horseshoe Canyon Aquifer ;j:a e e PR Bas <2 X0 B ){1 Ym;“hm /;}@
SR )R TP Y 1D

There are eight non-exempt = AUNE G Y B g )

g p e \QW%f NS i §

groundwater users that have water wells Lok g | STV R e B

completed through the Upper Horseshoe AT YT ) o

Canyon Aquifer, for a total authorized Z o dytesthoe

groundwater diversion of 32.4 m3/day. ) ‘ E 'D"M‘:“

Of the eight non-exempt authorizations, 1 em

five could be linked to water wells in the

AENV dwater datab Figure 28. Apparent Yield for Water Wells Completed

groundwater catabase. through Upper Horseshoe Canyon Aquifer

5.3.12.3  Quality

There is sufficient data from one analysis from a water
well completed in the Upper Horseshoe Canyon Aquifer

Recommended
Maximum

Range for County Al
i Concentration

No. of in mg/L Bedrock

that indicates that the groundwater is a sodium-sulfate-

bicarbonate type. Total dissolved solids concentrations
range from less than 1,000 to more than 1,500 mg/L

Constituent

Analyses

Minimum Maximum _ Median

Median

SGCDWQ

Total Dissolved Solids

8

711

1,672

775

523

500

Sodium

7

295

571

367

131

200

Sulfate

8

0

721

0

32

500

Chloride

8

6

114

47

2

250

Fluoride

7

1

3

11

0.2

15

(page A-53). In the County, seven out of eight chemical
analyses have sulfate concentrations that are less than
ten mg/L. The areas showing sulfate concentrations that
are greater than 100 mg/L are from water wells located
east of the Pembina River in Parkland and Lac St. Anne
counties. Chloride concentrations are mainly less than

Concentration in milligrams per litre unless otherwise stated

Note: indicated concentrations are for Aesthetic Objectives except for
Fluoride, which is for Maximum Acceptable Concentration (MAC)
SGCDWAQ - Summary of Guidelines for Canadian Drinking Water Quality
Federal-Provincial Subcommittee on Drinking Water, April 2002

Table 15. Apparent Concentrations of Constituents in
Groundwaters from Upper Horseshoe Canyon Aquifer

100 mg/L. Three of seven analyses show fluoride
concentrations that exceed 1.5 mg/L

Of the five constituents that have been compared to the SGCDWQ, the median values of TDS and sodium
exceed the guidelines. The median concentrations of TDS, sodium, chloride and fluoride are greater than the
median concentrations from water wells completed in all upper bedrock aquifer(s).
ydrogeological
onsultants Itd.
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6 GROUNDWATER BUDGET

6.1 Hydrographs

In the County, there is one observation water well that is part of the AENV regional groundwater monitoring
network where water levels are being measured and recorded as a function of time. The hydrograph for AENV
Obs WW: Edson in SE 22-053-17 W5M is shown below on Figure 29, on page A-55 and on the CD-ROM.

AENV Obs WW: Edson, located at the eastern end of the Town of Edson, was drilled in July 1960, and is
completed from 36.3 to 37.8 metres below ground surface in the Lower Sand and Gravel Aquifer.

In an area where there are no pronounced seasonal uses of groundwater, the highest water level will usually
occur in late spring/early summer and the lowest water level will be in late winter/early spring. In the adjacent
figure, it was noted that the highest water levels occur in late winter/early spring and the lowest water levels are
mainly during summer. This situation is a result of increased groundwater use by the Town of Edson during the
summer months.

There have been five water supply wells

completed in the Lower Sand and Gravel Aquifer B S L
used to provide water at various times to the Town ]
of Edson since 1961: WSW Nos. 8, 9A, 11, and wol® h
12, and the Glenwood WSW. WSW Nos. 8, 9A
and 12 are located at the eastern end of Edson | w
24.0

and WSW No. 12 and the Glenwood WSW are
located in the central and western parts of Edson, M
[

respectively. In 1985, WSW No. 12 was deepened 20 ' W ‘
and was recompleted in the Dalehurst Aquifer and 1 w
in 1990 the Glenwood WSW was deepened to be 32.0 L

completed in both the Lower Sand and Gravel
Aquifer and the Dalehurst Aquifer (Komex
International Ltd. 2001).

Depth to Water in Metres

36.0

M35379.077830 - AENV Obs Well: Edson
— Highest Water-Level Measurement — Lowest Water-Level Measurement

From July 1961 to Dec 1979, the water level in
AENV Obs WW: Edson declined from 19.68 to

) Figure 29. Hydrograph — AENV WW: Edson
31.44 metres below the reference point, for a total

water-level decline of 11.78 metres. During this
time interval the water-level decline in AENV Obs WW: Edson is in response to the groundwater diversion from
WSW Nos. 8, 9A and 11.

As a result of the abandonment of WSW No. 11 and reduced groundwater diversion of WSW No. 9A in 1981, the
water-level rose from a low of 30.33 metres on March 4, 1981 to a high of 25.05 metres below the reference
point on January 26, 1982. However, in 1983, the annual groundwater diversion from WSW No. 8 increased in
the order of 80,000 m?3 from the previous year and in response, the water level declined 5.5 metres in AENV Obs
WW: Edson. In 1986, WSW No. 8 was abandoned and the groundwater diversion from WSW No. 9A was
increased. From 1989 to 1998, the water level in AENV Obs WW: Edson rose three metres in response to
increased groundwater diversion from the Town of Edson bedrock completed water supply wells. Since 1998,
there has been no significant change in the water level in AENV Obs WW: Edson
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6.2 Estimated Groundwater Use in Yellowhead County

An estimate of the quantity of groundwater removed from each geologic unit in Yellowhead County must include
both the authorized non-exempt and the exempt groundwater diversions. As stated previously on page 7 of this
report, the daily water requirement for livestock for the County based on the 2001 census is estimated to be
7,962 cubic metres. As of January 2003, AENV has licensed the use of 2,763 m3/day for livestock, which
includes both surface water and groundwater. To obtain an estimate of the quantity of groundwater being
diverted from the individual geologic units, it has been assumed that the remaining 5,199 m?¥day of water
required for livestock watering is obtained from unauthorized groundwater use.

There are 988 water wells that are used for domestic/stock or stock purposes. There are 469 authorized non-
exempt groundwater users for agricultural (stock) and registration (stock) purposes, giving 519 unauthorized non-
exempt stock water wells. (Please refer to Table 1 on page 6 for the breakdown of aquifer of the 469 authorized
non-exempt stock groundwater users). By dividing the number of unauthorized non-exempt stock and
domestic/stock water wells (519) into the quantity required for stock purposes that is not authorized (5,199
m?3/day), the average unauthorized water well diverts 10.0 m3/day per stock water well.

Groundwater for household use requires a non-exempt authorization if the use is more than 1,250 m3/year.
Under the Water Act, a residence is protected for up to 3.4 m¥/day. However, the standard groundwater use for
household purposes (a family of four) is 1.1 m3/day. Since there are 4,014 domestic or domestic/stock water
wells in Yellowhead County serving a population of 8,900, the domestic use per water well is 0.55 m’/day. It is
assumed that these 4,014 water wells are active; however many are very old and may no longer be in use or
have been abandoned.

To obtain an estimate of the groundwater from each geologic unit, there are three possibilities for a water well. A
summary of the possibilities and the quantity of water for each use is as follows:

Domestic 0.55 m3/day
Stock 10.0 m¥/day
Domestic/stock 10.55 m3/day

Because of the limitations of the data, no attempt has been made to compensate for dugouts, springs or inactive
water wells.

Based on using all available domestic, domestic/stock, and stock water wells and corresponding calculations, the
following table was prepared. Table 16 shows a breakdown of the 4,258 unauthorized and authorized non-
exempt water wells used for domestic, stock, or domestic/stock purposes by the geologic unit in which each
water well is completed. The final column in the table equals the total amount of unauthorized groundwater that is
being used for both domestic and stock purposes. The data provided in Table 16 indicate that most of the 9,844
m3/day, estimated to be diverted from unauthorized domestic, domestic/stock or stock water wells is from the
Dalehurst Aquifer.
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Authorized Non-Exempt Unauthorized
L iz and Non-Exempt Di i Diy i Diy
Aquifer Number of Daily Use Number of Daily Use Number of Daily Use Totals Totals Totals
Designation Domestic  (0.55 m¥day) Stock (18.7 m¥day) Domestic and Stock (19.2 m¥day) m¥day (m¥day) m3day
Multiple Surficial Completions. 4 2 0 0 0 0 2 0 2
Upper Sand/Gravel 136 75 8 80 15 159 314 88 226
Lower Sand/Gravel 238 132 " 110 23 243 485 183 302
Multiple Bedrock Completions 319 177 97 972 105 1,110 2,259 282 1977
Disturbed 302 167 2 20 3 32 219 0 219
Dalehurst 1,868 1,035 236 2,364 235 2,484 5,884 1122 4762
Upper Lacombe 237 131 7 711 75 793 1,635 218 1417
Lower Lacombe 107 59 31 311 29 307 676 126 550
Haynes 33 18 9 90 10 106 214 69 145
Upper Scollard 1 6 4 40 12 127 173 36 137
Lower Scollard 6 3 2 20 0 0 23 0 23
Upper Horseshoe Canyon 7 4 8 80 3 32 116 32 84
Unknown 1 1 0 0 0 0 1 41 0
Totals 3,269 1,812 479 4,798 510 5,392 12,002 2,197 9,844
(" The values given in the table have been rounded and, therefore, the columns and rows may not add up equally
Table 16. Total Groundwater Diversions by Aquifer
By assigning 0.55 m?¥/day for domestic o
use, 10.0 m3/day for stock use and MR
10.55 m®/day for domestic/stock use, . L > é
. . I\ = o8
and wusing the total maximum ! AN prrase s N :
authorized diversion associated with o T : A e
any non-exempt water well, a map has I~ - et :
been prepared that shows the Awsy g S A
estimated groundwater use in terms of i e
. s 1 e ~ Dl A H
volume per section per day for the T AL S PN Vil S i
H : : 050 ] S 15 10
County (not |nc|ud|ng Sprlngs) chlii = Esx;n:r‘g:c\(lv::e‘vm\c/,::xse Bur\edﬁlini/_rz;ck\/a\\ey Mem‘m%channe\

There are 2,798 sections in the
County. In 62% (1,730) of the sections
in the County, there is no domestic,
stock or authorized non-exempt
groundwater user. The range in
groundwater use for the remaining

CE— 3.4 m¥/day - Allowable household use (Water Act)
@ Authorized Non-Exempt Groundwater Users

Figure 30. Estimated Water Well Use Per Section

(for larger version, see page A-54)

1,068 sections is from 0.2 m3/day to 2,940 m3/day (dewatering), with an average use per section of 20 m3/day
(3.0 igpm). The estimated water well use per section can be more than 30 m3day in 112 of the 1,068 sections.
There are 159 of the total 559 authorized non-exempt groundwater users in areas of greater than 30 m3/day.

Groundwater Use within Yellowhead County (m3/day) %
Domestic/Stock (including agriculture and registrations) 12,002| 43
Municipal (licensed) 6,928| 25
Commercial/Industrial/Dewatering et al (licensed) 8,781| 32
Total 27,711| 100

Table 17. Total Groundwater Diversions

H C groundwater consulting
environmental sciences

In summary, the estimated total groundwater use
within Yellowhead County is 27,711 m3/day, with the
breakdown as shown in the adjacent table. An
estimated 27,669 m?¥/day is being withdrawn from a
specific aquifer. The remaining 42 m3day (0.2%) is
being withdrawn from unknown aquifer units. Of the
27,711 m3/day, 88% is being diverted from bedrock

aquifers and 12% from surficial aquifers. Approximately 65% of the total estimated groundwater use is from

authorized non-exempt water wells.
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6.3 Groundwater Flow

A direct measurement of groundwater recharge or discharge is not possible from the data that are available for
the County. One indirect method of measuring recharge is to determine the quantity of groundwater flowing
laterally through each individual aquifer. This method assumes that there is sufficient recharge to the aquifer to

maintain the flow through the aquifer and
. . 5 X Aquif Authorized | E; d
the discharge is equal to the recharge. Aquier/avea Trans radiont Width  Fow  “30T | Gon Evempl Duvargon | 106l
(m%day) (m/m)  (m)  (m%day) (m/day) | Diversion (m¥/day) (m¥/day)
However, even the data that can be used (meiday)
. Lower Surficial 480 1,922 302 2,224
to calculate the quantity of flow through Edson Valley
H 75 0.001 8 480
an aqUIfer mUSt be averaged and Disturbed Belt 5,300 4 219 223
estimated. To determine the flow requires Athabasca River Basin sub-basin
orthwest 2 0.033 30 2,000
a value for the average transmissivity of Southeast 2 o0 3 3300
. . . Dalehurst 130,977 10,647 4,762, 15,409
the aquifer, an average hydraulic gradient T — s ap———
and an estimate for the width of the Athabasoa River 30,507
. East 22 0.031 16 11,000
aquifer. For the present program, the flow West 22 0067 10 14667
has been estimated for various parts of . e oo s o
Southwest 22 0.015 8 2,640
individual aquifers within the County. Z;Ej::;fk’mke 50,352
. Southwest 22 0.020 16 7,200
The flow through each aquifer assumes Northeast 22 0013 16 4400
that by taking a large enough area, an Poneet e w oos 1 ses
aquifer can be considered as Southoast 2 0010 13 2860
homogeneous, the average gradient can o oemoe
y Edson 14,025
be estimated from the non-pumping - = oot 15 4
water-level surface, and flow takes place e 2 o010 25 5500 .
ickerdike g
through the entire width of the aquifer; Southwost 22 0008 15 2750
. . Southeast 22 0.008 16 2,933
flow through the aquifers takes into Northost 2 0007 15 2250
consideration hydrogeological conditions Met.eod River South 6600
. South 22 0.005 60 6,600
outside the County border. Based on N -
'embina River »
these assumptions, the estimated lateral Norteast 20008 30 550
groundwater flow through the individual g — 323199 IR 4 OH | R
] . . thabasca Rlver‘sub-basm
aquifers has been summarized in Table ML e ver 0268
North 0.25 0.004 70 70
8. oo ow
. . . West 27 0.008 30 6480
Table 18 indicates that there is more Ghip Lake basin 0315
K K Northeast 27 0005 25 3375
groundwater flowing through the aquifers oy o st 7 ool 2 s
than has been authorized to be diverted » ggﬁe;:; 27 oomo 22 sl '
from the individual aquifers, except for the Pembina River o ocor s e
Lower Sand and Gravel Aq uifer. Lower Lacombe 1,800) 126 550) 676
However, even where use is less than the | & smest i norneas ° o 75 100
calculated aquifer flow, there can still be Haynes 5220 69 I
. Regional Fl
local impacts on water levels. The o ot o south 116 0003 135 5220
calculations of flow through individual Upper Scollard 1,389 229 137) g6
. . Regional Flow
aquifers as presented in Table 18 are gy et o eas 2 oo 60 120
. . ctive Local Flow
very approximate and are intended only
as a guide; more detailed investigations Table 18. Groundwater Budget

are needed to better understand the
groundwater flow.
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6.3.1 Quantity of Groundwater

An estimate of the volume of groundwater stored in the sand and gravel aquifers is 0.3 to 1.7 cubic kilometres.
This volume is based on an areal extent of 2,800 square kilometres and a saturated thickness of two metres. The
variation in the total volume is based on the value of porosity that is used for the surficial deposits. One estimate
of porosity is 5%, which gives the low value of the total volume. The high estimate is based on a porosity of 30%
(Ozoray, Dubord and Cowen, 1990).

The adjacent non-pumping water-level

map has been prepared from water rr

levels associated with water wells | |t 518

completed to depths of less than 20 (T D T
metre§ in aquifers in the surficial Y \; “f}* \vai}wﬂ{
deposits. The water levels from these G =2 ] ﬁ* 5 ] =% gﬁ ¥
water wells were used for the L T ;f\é \%%ﬁi? ST
calculation of the saturated thickness e B (¢ S _ b 7? ‘ 3:@{\

of the surficial deposits and for o)/ == T e ol
calculations of recharge/discharge = 5., ’ ’

areas. In areas where the elevation of ' & 2 vtater chamet T B bt vl

the water-level surface is below the m v

bedrock surface, the surficial deposits TGS B2 smetumamm s

are not saturated (indicated by grey
areas on the map). The water-level
map for the surficial deposits shows a

Figure 31. Non-Pumping Water-Level Surface in Surficial Deposits
Based on Water Wells Less than 20 Metres Deep

flow direction toward the Athabasca
River, the McLeod River and the Pembina River.

6.3.2 Recharge/Discharge

The hydraulic relationship between the groundwater in the surficial deposits and the groundwater in the bedrock
aquifers is given by the non-pumping water-level surface associated with each hydraulic unit. Where the water
level in the surficial deposits is at a higher elevation than the water level in the bedrock aquifers, there is the
opportunity for groundwater to move from the surficial deposits into the bedrock aquifers. This condition would be
considered as an area of recharge to the bedrock aquifers and an area of discharge from the surficial deposits.
The amount of groundwater that would move from the surficial deposits to the bedrock aquifers is directly related
to the vertical permeability of the sediments separating the two aquifers. In areas where the surficial deposits are
unsaturated, the extrapolated water level for the surficial deposits is used.

When the hydraulic gradient is from the bedrock aquifers to the surficial deposits, the condition is a discharge
area from the bedrock aquifers, and a recharge area to the surficial deposits.
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6.3.2.1 Bedrock Aquifers

Recharge to the bedrock aquifers within the County takes place from the overlying surficial deposits and from
flow in the aquifer from outside the County. On a regional basis, calculating the quantity of water involved is not
possible because of the complexity of the geological setting and the limited amount of data.

In the absence of sufficient water-level
data in the surficial deposits, a g o’
reasonable hydraulic gradient between
the surficial deposits and the upper N I
bedrock aquifer(s) could not be g 2 R P
determined. Therefore, an alternative S 2
approach has been used to establish by -
approximate recharge and discharge ¥ ' 4 C ‘: = 2 %F
areas. The first objective was to TR EY
determine the location of springs,
flowing shot holes and any water wells ' = Meltwatr channel S84 Bured bedrock vy

that had a water level measurement rocharge discharge

depth of less than 0.1 metres. These | | | o
locations would reflect where there is
an upward hydraulic gradient from the

050

27

Figure 32. Bedrock Recharge/Discharge Areas

bedrock to the surficial deposits (i. e.

discharge). The depth to water level for water wells completed in the upper bedrock aquifer(s) has been
determined by subtracting the non-pumping water-level surface associated with all water wells completed in the
upper bedrock aquifer(s) from the bedrock surface. This resulting depth to water level grid was contoured to
reflect the positioning of springs and flowing water wells (i. e. discharge). The recharge classification is used
where the water level in the upper bedrock aquifer(s) is more than five metres below bedrock surface. The
discharge areas are where the water level in the upper bedrock aquifer(s) is more than five metres above the
bedrock surface. When the depth to water level in the upper bedrock aquifer(s) is between five metres below the
bedrock surface and five metres above the bedrock surface, the area is classified as a transition, that is, no
recharge and no discharge.

Figure 32 shows that, in more than 40% of the County, there is a downward hydraulic gradient from the bedrock
surface toward the upper bedrock aquifer(s) (i. e. recharge). Areas where there is an upward hydraulic gradient
from the bedrock to the bedrock surface (i. e. discharge) are mainly in the vicinity of river valleys and linear
bedrock lows. The remaining parts of the County are areas where there is a transition condition.

Because of the paucity of data, recharge/discharge maps for the individual bedrock aquifers have not been
attempted.

With 40% of the County land area being one of recharge to the bedrock, and the average precipitation being 533
mm per year, three percent of the annual precipitation is sufficient to provide the total calculated quantity of
groundwater flowing through the upper bedrock aquifer(s).
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6.4 Areas of Groundwater Decline

In order to determine the areas of possible water-level decline in the sand and gravel aquifer(s) and in the upper
bedrock aquifer(s), the following approach was attempted. The available non-pumping water-level elevation for
each water well was first sorted by location, and then by date of water-level measurement. The dates of
measurements were required to differ by at least 365 days. Only the earliest and latest control points at a given
location were used. The method of calculating changes in water levels is at best an estimate. Additional data
would be needed to verify water-level change.

With the absence of sufficient non-
pumping water-level data at a given
location for water wells completed in the
surficial deposits, the areas of
groundwater decline in the sand and
gravel aquifer(s) have been calculated
by determining the frequency of non-
pumping water level control points per
five-year period. Of the 367 surficial

water wells with a non-pumping water A e D ‘

level and date in the County and buffer / @Lﬁ 2 polors 1580

area, 188 are from water wells \ I T | = Saturated Surcial Deposits Absent
completed before 1980 and 179 are o

from water wells completed after 1980. Figure 33. Changes in Water Levels

in Surficial Deposits

Where the earliest water level (before

1980) is at a higher elevation than the

latest water level (after 1980), there is the possibility that some groundwater decline has occurred. The
interpretation of the adjacent map should be limited to areas where both earliest and latest water-level control
points are present. Most of the areas in which the map suggests that there has been a decline in NPWL may
reflect the nature of gridding a limited number of control points. Most of the areas where the map suggests that
there has been a decline in NPWL may be a result of gridding a limited number of control points. The adjacent
map, where sufficient control exists, indicates that there may have been a decline in the NPWL in parts of linear
bedrock lows.

Where the earliest water level is at a lower elevation than

the latest water level, there is the possibility that the Estimated Water Well Use % of Area with More
groundwater has risen at that location. The water level Per Section (m®/day) | than a 5-Metre Projected Decline
may have risen as a result of recharge in wetter years or 107:)030 f;

may be a result of the water well being completed in a 30 to 50 2

different surficial aquifer. Of the 46 authorized non- >50 4

exempt groundwater users completed in surficial aquifers MOIESE 56

that are authorized to divert groundwater, many occur in

. .. . Table 19. Water-Level Decline
areas where insufficient control exists.

in Sand and Gravel Aquifer(s)

Figure 33 indicates that in 45% of the County where

surficial deposits are present, it is possible that the non-

pumping water level has declined. The areas of groundwater decline in the sand and gravel aquifer(s) where
there is no estimated water well use suggest that groundwater diversion is not having an impact and that the
decline may be due to variations in recharge to the aquifer or because the water wells are not on file with Alberta
Environment.

In areas where a water-level decline exists, 56% of the areas has no estimated water well use; 21% is less than
10 m?¥/day, 17% of the use is between 10 and 30 m3/day, 2% of the use is between 30 and 50 m3/day per section;
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and the remaining 4% of the declines occurred where the estimated groundwater use per section is greater than
50 m3/day, as shown in Table 19.

Of the 6,232 bedrock water wells with a

non-pumping water level and date in e

the County and buffer area, there are N ; § i

1,320 water wells with sufficient control R i o fk Al Q}f”ﬁ
to prepare the adjacent map. The 2 & 'f., el & e PR -( 3 v‘
adjacent map indicates that in 51% of A o s et SO Ans
the County it is possible that the non- . %5“6‘ o s Sl \%ﬁ B e
pumping water level has declined. Of v el .;y(- e 'ﬂ“m_%"-;gf ol
the authorized non-exempt groundwater s = o

users completed in upper bedrock o

aquifer(s) that are authorized to divert " ‘ e ———
groundwater, most occur in areas N ! ’

where a water-level decline may have Figure 34. Areas of Potential Groundwater Depletion
occurred. - Upper Bedrock Aquifer(s)

In areas where a water-level decline
exists, 57% of the areas has no estimated water well use; 17% is less than 10 m3/day, 21% of the use is between
10 and 30 m3/day, 3% of the use is between 30 and 50 m3/day per section; and the remaining 2% of the declines
occurred where the estimated groundwater use per section is greater than 50 m3/day, as shown below in Table
20. In the County where a water-level decline is indicated, most of the areas are where there is a non-exempt
groundwater user.

The areas of groundwater decline in the upper bedrock

Estimated Water Well Use % of Area with More aquifer(s) where there is no estimated water well use
Per Section (m%day) | than a 5-Metre Projected Decline suggest that groundwater production is not having an
10?1)030 Z impact and that the decline may be due to variations in
30 to 50 3 recharge to the aquifer or because the water wells are not
>50 2 on file with Alberta Environment.
no use 57

Table 20. Water-Level Decline of More than 5 Metres
in Upper Bedrock Aquifer(s)
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7 POTENTIAL FOR GROUNDWATER CONTAMINATION

The most common sources of contaminants that can impact groundwater originate on or near the ground
surface. The contaminant sources can include leachate from landfills, effluent from leaking lagoons or from septic
fields, and petroleum products from storage tanks or pipeline breaks. Additional agricultural activities that
generate contaminants include the improper spreading of fertilizers, pesticides, herbicides and manure. The
spreading of highway salt can also degrade groundwater quality.

When activities occur that can or do produce a liquid that could contaminate groundwater, it is prudent (from a
hydrogeological point of view) to locate the activities where the risk of groundwater contamination is minimal.
Alternatively, if the activities must be located in an area where groundwater can be more easily contaminated,
the necessary action must be taken to minimize the risk of groundwater contamination.

The potential for groundwater contamination is based on the concept that the easier it is for a liquid contaminant
to move downward, the easier it is for the groundwater to become contaminated. In areas where there is
groundwater discharge, liquid contaminants cannot enter the groundwater flow systems to be distributed
throughout the area. In areas of groundwater recharge, low-permeability materials impede the downward
movement of liquid contaminants. Therefore, if the soils develop on a low-permeability parent material of till or
clay, the downward migration of a contaminant is slower relative to a high-permeability parent material such as
sand and gravel of fluvial origin. Once a liquid contaminant enters the subsurface, the possibility for groundwater
contamination increases if it coincides with a higher permeability material within one metre of the land surface.

To determine the nature of the materials on the land surface, the Agricultural Region of Alberta Soil Inventory
Database (AGRASID) (CAESA, 1998), (Alberta Geological Survey, 1970) have been reclassified based on the
relative permeability. The classification of materials is as follows:

1) high permeability - sand and gravel
2) moderate permeability - silt, sand with clay, gravel with clay, and bedrock
3) low permeability - clay and till.

To identify the areas where sand and gravel can be expected within one metre of the ground surface, all
groundwater database records with lithologies were reviewed. From a total of 5,400 records with lithological
descriptions in the area of the County, 832 have the top of a sand and gravel deposit present within one metre of
ground level. In the remaining 4,568 records, the first sand and gravel deposit is deeper than one metre or not
present. This information was gridded to prepare a distribution of where the first sand and gravel deposit could
be expected within one metre of ground level.
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7.1.1 Risk of Groundwater Contamination Map

The information from the reclassification of the soil map
is the basis for preparing the initial risk map. The depth
to the first sand and gravel is then used to modify the
initial map and to prepare the final map. The criteria used
for preparing the final Risk of Groundwater
Contamination map are outlined in the adjacent table.

Page 46
Sand or Gravel Present -  Groundwater
Surface Top Within One Metre ~ Contamination
Permeability Of Ground Surface Risk
Low No Low
Moderate No Moderate
High No High
Low Yes High
Moderate Yes High
High Yes Very High

Table 21. Risk of Groundwater Contamination Criteria

050 AN < 1= Risk

Sy S B [ Low [] Moderate [ High [ Very High
[] NoData

Figure 35. Risk of Groundwater Contamination

The Risk of Groundwater
Contamination map shows that, in
60% of the County, there is a high or
very high risk for the groundwater to
be contaminated. These areas would
be considered the least desirable
ones for a development that has a
product or by-product that could cause
groundwater contamination. However,
because the map has been prepared
as part of a regional study, the
designations are a guide only.
Detailed hydrogeological studies must
be completed at any proposed

development site to ensure the groundwater is protected from possible contamination. At all locations, good
environmental practices should be exercised in order to ensure that contaminants will not affect groundwater

quality.

groundwater consulting

HCL

environmental sciences

ydrogeological
onsultants Itd.




Yellowhead County, Part of the Athabasca River Basin Page 47
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

8 RECOMMENDATIONS

The present study has been based on information available from the groundwater database. The database has
three problems:

1) the quality of the data
2) the coordinate system used for the horizontal control
3) the distribution of the data.

The quality of the data in the groundwater database is affected by two factors: a) the technical training of the
persons collecting the data, and b) the quality control of the data. The possible options to upgrade the database
include the creation of a “super” database, which includes only verified data. The first step would be to field-verify
the 220 existing water wells listed in Appendix E. These water well records indicate that a complete water well
drilling report is available along with at least a partial chemical analysis. The level of verification would have to
include identifying the water well in the field, obtaining meaningful horizontal coordinates for the water well and
the verification of certain parameters such as water level and completed depth. There is one water well for which
the County has responsibility; the County-operated water well is included in Appendix E. It is recommended that
the County-operated water well plus the 220 water wells be field-verified, water levels be measured, a water
sample be collected for analysis, and a short aquifer test be conducted. An attempt to update the quality of the
entire database is not recommended.

The most notable areas where surficial water wells are completed in the Sand and Gravel Aquifer(s) are where
the thickness of the Sand and Gravel Aquifer(s) is greater than five metres, particularly in the Buried Edson
Valley. The median apparent yield value from surficial water wells in these areas is greater than 100 m3¥day (15
igpm).

The results of the present study indicate that the main source of groundwater in the County is aquifers in the
upper bedrock aquifer(s). The median apparent yield value from all water wells completed in the upper bedrock
aquifer(s) is in the order of 70 m¥day (10.5 igpm). More than 30% of the water wells completed in the upper
bedrock aquifer(s) have an apparent yield of greater than 100 m3/day.

Before an attempt is made to provide a major upgrade to the level of interpretation provided in this report, the
accompanying maps and the groundwater query, it is recommended that the 220 water wells listed in Appendix E
for which water well drilling reports are available, plus the one County—operated water well, be subjected to the
following actions (see pages C-2 to C-3):

1) The horizontal location of the water well should be determined within ten metres. The coordinates must
be in 10TM NAD 27 or some other system that will allow conversion to 10TM NAD 27 coordinates.

2) A four-hour aquifer test (two hours of pumping and two hours of recovery) should be performed with the
water well to obtain a realistic estimate for the transmissivity of the aquifer in which the water well is
completed.

3) Water samples should be collected for chemical analysis after five and 115 minutes of pumping, and
analyzed for major and minor ions.

This additional information would provide a baseline to be used for comparison to either existing chemical
analyses or aquifer tests, or to determine if future monitoring would be necessary if significant changes in the
aquifer parameters had occurred.

A list of the 221 water wells that could be considered for the above program is given in Appendix E and on the
CD-ROM.
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An attempt to link the AENV groundwater and licensing databases was 43% successful in this study (see CD-
ROM); sixty-five percent of the 559 authorized non-exempt water wells do not appear to have corresponding
records in the AENV groundwater database. There is a need to improve the quality of the AENV licensing
database. It is recommended that attempts be made in a future study to find and add missing drilling records to
the AENV groundwater database and to determine the aquifer in which the authorized non-exempt water wells
are completed.

While there are a few areas where water-level data are available at different times, on the overall, there are an
insufficient number of water levels to set up a groundwater budget. One method to obtain additional water-level
data is to solicit the assistance of the water well owners who are stakeholders in the groundwater resource. In
the M.D. of Rocky View and in Flagstaff County, water well owners were being provided with a tax credit if they
accurately measured the water level in their water well once per week for a year. A pilot project indicated that
approximately five years of records are required to obtain a reasonable data set. The cost of a five-year project
involving 50 water wells would be less than the cost of one drilling program that may provide two or three
observation water wells. Monitoring of water levels in domestic and stock water wells is a practice that is
recommended by PFRA in the “Water Wells That Last for Generations” manual and accompanying videos
(Buchanan, Bob (editor). Alberta Agriculture, Food and Rural Development, 1996).

A second approach to obtain water-level data would be to conduct a field survey to identify water wells not in use
that could be used as part of an observation water well network. County personnel and/or local residents could
measure the water levels in the water wells regularly.

Communities that are concerned about apparent water-level declines in the aquifers in which their water
supply wells are completed should implement a conscientious groundwater monitoring program.

There is also a need to provide the water well drillers with feedback on the reports they are submitting to the
regulatory agencies. The feedback is necessary to allow for a greater degree of uniformity in the reporting
process. This is particularly true when trying to identify the bedrock surface. One method of obtaining uniformity
would be to have the water well drilling reports submitted to the AENV Resource Data Division in an electronic
form. The money presently being spent by AENV to transpose the paper form to the electronic form should be
used to allow for a technical review of the data and follow-up discussions with the drillers.

An effort should be made to form a partnership with the petroleum industry. The industry spends millions of
dollars each year collecting information relative to water wells. Proper coordination of this effort could provide
significantly better information from which future regional interpretations could be made. This could be
accomplished by the County taking an active role in the activities associated with the construction of lease sites
for the drilling of hydrocarbon wells and conducting of seismic programs.

In summary, for the next level of study, the database needs updating. The updating of information for
existing water wells requires more details for the water wells listed in Appendix E; the additional
information for new water wells is mainly better spatial control.

Groundwater is a renewable resource and it must be managed.
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Hydrogeological Consultants Ltd. Aug-1986. Underwood McLellan Ltd. UMA - Town of Edson 1985-
1986 Groundwater Program. Extended Aquifer Tests Ill with No. 1-85. 053-17 W5M. —
(unpublished contract report - Aug-1986.) [<->]

Hydrogeological Consultants Ltd. Jun-1987. Town of Edson. 1986 Groundwater Program. Edson Area.
Secs. 4-9, 18-19, 053-17 W5M; Secs. 1-12, 13-16, 21-24, 053-18 W5M. — (unpublished contract
report - Jun-1987.) [86-151.01] [83F09 .E375 1987/06]

Hydrogeological Consultants Ltd. Jan-1988. Alberta Recreation and Parks, Design and Implementation
Branch. 1987 Water Well. Pembina River Provincial Park. 29-053-07 W5M. — (unpublished
contract report - Jan-1988.) [87-150.00] [83G10 .P45R5P72 1988/01]

Hydrogeological Consultants Ltd. Mar-1989. Town of Edson. Groundwater Recharge Pilot Project:
Preliminary Review. Edson Area. 03-053-18 W5M. — (unpublished contract report - Mar-1989.)
[88-132.00] [83F09 .E375 1989/03]

Hydrogeological Consultants Ltd. Mar-1990. Amoco Canada Petroleum Company Ltd. Groundwater
Supply Evaluation. Carrot Creek Area. 21-052-12 W5M. — (unpublished contract report - Mar-
1990.) [90-101.00] [83G12 .C377C7 1990/03]

Hydrogeological Consultants Ltd. Oct-1990. Improvement District 14. 1990 Water Supply Review.
Brule Area. 15-050-26 W5M. — (unpublished contract report - Oct-1990.) [90-154.00] [83F05
.B784 1990/10]

Hydrogeological Consultants Ltd. Nov-1990. Municipal Affairs ID 14. Marlboro, Hamlet of: 1990
Groundwater Program: Phase lll. Marlboro Area. 06-053-19-W5M. — (unpublished contract report
- Nov-1990.) [<->] [83F10 .M3748 1990/11]

Hydrogeological Consultants Ltd. Feb-1991. Amoco Canada Petroleum Company Ltd. 1990 Annual
Groundwater Monitoring Report. Carrot Creek Area. 21-052-12 W5M. — (unpublished contract
report - Feb-1991.) [90-053.00] [83G05 .C377C7 1991/02]

Hydrogeological Consultants Ltd. May-1991. Dekalb Energy Canada Ltd. Dekalb-Niton Junction:
Hanson Aquifer Testing. Niton Junction Area. 35-053-13 W5M. — (unpublished contract report -
May-1991.) [90-110.00] [83G12 .N578J8 1991/05]

Hydrogeological Consultants Ltd. Nov-1991. PanCanadian Petroleum Limited. Application for
Increased Groundwater Diversion. Cynthia Area. 33-051-11 W5M. — (unpublished contract report
- Nov-1991.) [91-151.00] [83G05 .C9 1991/11]

Hydrogeological Consultants Ltd. Dec-1991. Company No. 294725: Dale Gilberton. Proposed
Subdivision: 1991 Groundwater Evaluation. Hinton Area. 36-050-26 W5M. — (unpublished
contract report - Dec-1991.) [<->] [83F05 .H56 1991/12]

Hydrogeological Consultants Ltd. Feb-1992. Town of Edson. Groundwater Recharge Project: Big Eddy
Aquifer: Interim Report. Edson Area. — (unpublished contract report - Feb-1992.) [91-160] [83F09
.E375 1992/02]
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59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

Hydrogeological Consultants Ltd. Aug-1992. Amoco Canada Petroleum Company Ltd. 1991 Annual
Groundwater Report. Carrot Creek Area. 21-052-12 W5M. — (unpublished contract report - Aug-
1992.) [91-053.00] [83G05 .C377C7 1992/08]

Hydrogeological Consultants Ltd. Sep-1992. Town of Edson. Groundwater Recharge Project: Big Eddy
Aquifer. Edson Area. — (unpublished contract report - Sep-1992.) [91-160] [83F09 .E375
1992/09]

Hydrogeological Consultants Ltd. Nov-1992. Pillage Sub-Division. Edson Area. NE 1/4 20-053-17
W5M. — (unpublished contract report - Nov-1992.) [92-154.00]

Hydrogeological Consultants Ltd. Feb-1993. 530834 Alberta. Hinton Riverside Estates: 1992-1993
Groundwater Evaluation. Hinton Area. 09-051-25 W5M. — (unpublished contract report - Feb-
1993.) [92-161.00] [83F05 .H56 1993/02]

Hydrogeological Consultants Ltd. Oct-1993. APL Oil & Gas Ltd. Niton Rock Creek 'N' Pool:
Groundwater Prognosis. Niton Area. 10-055-11 W5M. — (unpublished contract report - Oct-1993.)
[93-174.00] [83G13 .N578 1993/10]

Hydrogeological Consultants Ltd. Dec-1993. APL Oil & Gas Ltd. Niton Rock Creek 'N' Pool: 1993
Groundwater Evaluation. Niton Area. EH 10-055-11 W5M. — (unpublished contract report - Dec-
1993.) [93-174.01] [83G13 .N578 1993/12]

Hydrogeological Consultants Ltd. Apr-1994. Amoco Canada Petroleum Company Ltd. 1992-1993
Groundwater Monitoring Report. Carrot Creek Area. 052-12 W5M. — (unpublished contract report
- Apr-1994.) [93-053.00] [83G05 .C377C7 1994/04]

Hydrogeological Consultants Ltd. May-1994. APL Oil & Gas Ltd. 1994 Groundwater Program. Niton
Rock Creek Area. 15-055-11 W5M. — (unpublished contract report - May-1994.) [94-112.00]
[83G13 .N578R6C7 1994/05]

Hydrogeological Consultants Ltd. Aug-1994. M.D. of Yellowhead No. 94. Groundwater Evaluation:
Proposed Subdivision. Hinton Area. 06-051-25 W5M. — (unpublished contract report - Aug-1994.)
[94-153.00] [83F05 .H56 1994/08]

Hydrogeological Consultants Ltd. May-1995. Amoco Canada Petroleum Company Ltd. 1994
Groundwater Monitoring Report. Carrot Creek Area. 052-12 W5M. — (unpublished contract report
- May-1995.) [94-053.00] [83G12 .C377C7 1995/05]

Hydrogeological Consultants Ltd. Nov-1995. Murwell Resources Ltd. Groundwater Prognosis. Carrot
Creek Area. 12-053-13 W5M. — (unpublished contract report - Nov-1995.) [95-190.00] [83G12
.C377C7 1995/11]

Hydrogeological Consultants Ltd. Jan-1996a. APL Oil & Gas Ltd. 1995 Annual Groundwater Monitoring
Report. Niton Junction Area. 055-11 W5M. — (unpublished contract report - Jan-1996.) [MR-
074.04] [83G11 .N578J8 1996/01]

Hydrogeological Consultants Ltd. Jan-1996b. APL Oil & Gas Ltd. 1995 Annual Groundwater Monitoring
Report. Niton Rock Creek Area. 055-11 W5M. — (unpublished contract report - Jan-1996.) [MR-
070.04] [83G11 .N578R6C7 1996/01]
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74)
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76)
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78)

79)

80)

81)

82)

83)

84)

Hydrogeological Consultants Ltd. Apr-1996. Murwell Resources Ltd. 1996 Groundwater Supply. Carrot
Creek Area. 12-053-13 W5M. — (unpublished contract report - Apr-1996.) [95-190.01] [83G12
.C377C7 1996/04]

Hydrogeological Consultants Ltd. Jan-1997a. APL Oil & Gas Ltd. 1996 Annual Groundwater Monitoring
Report. Niton Junction Area. 055-11 W5M. — (unpublished contract report - Jan-1997.) [MR-
074.03] [83G13 .N578J8 1997/01]

Hydrogeological Consultants Ltd. Jan-1997b. APL Oil & Gas Ltd. Niton Rock Creek 'N' Pool: 1996
Annual Groundwater Monitoring Report. Niton Area. 055-11 W5M. — (unpublished contract report
- Jan-1997.) [MR-070.03] [83G13 .N578 1997/01]

Hydrogeological Consultants Ltd. Apr-1997. Murwell Resources Ltd. 1996 Annual Groundwater
Monitoring Report. Carrot Creek Area. 12-12-053-13 W5M. — (unpublished contract report - Apr-
1997.) [MR-084.04] [83G12 .C377C7 1997/04]

Hydrogeological Consultants Ltd. Jun-1997. Poco Petroleums Ltd. Poco Niton: John Konash Domestic
Water Well Testing. Niton Area. 21-055-12 W5M. — (unpublished contract report - Jun-1997.) [97-
176.00] [83G13 .N578 1997/06]

Hydrogeological Consultants Ltd. Jan-1999a. Beau Canada Exploration Ltd. 1998 Annual Groundwater
Monitoring Report. Niton Junction Area. 055-11 W5M. — (unpublished contract report - Jan-1999.)
[MR-074.02] [83G13 .N578J8 1999/01]

Hydrogeological Consultants Ltd. Jan-1999b. Beau Canada Exploration Ltd. 1998 Annual Groundwater
Monitoring Report. Niton Rock Creek "N" Pool. Tp 055, R 11, W5M. — (unpublished contract
report - Jan-1999.) [MR-070.02] [83G13 .N578R6C7 1999/01]

Hydrogeological Consultants Ltd. Feb-1999. Icon Energy Limited. 1998 Annual Groundwater
Monitoring Report. Carrot Creek Area. 12-053-13 W5M. — (unpublished contract report - Feb-
1999.) [MR-084.02] [83G12 .C377C7 1999/02]

Hydrogeological Consultants Ltd. Nov-1999a. Poco Petroleums Ltd. Poco HZ McLeod: Blaine Williams
Domestic Water Well Testing. Wolf Creek Area. SW 18-056-14 W5M. — (unpublished contract
report - Nov-1999.) [99-156.01] [83F09 .W6C7 1999/11a]

Hydrogeological Consultants Ltd. Nov-1999b. Poco Petroleums Ltd. Poco HZ McLeod: Kris Burzinski
Domestic Water Well Testing. Wolf Creek Area. SW 18-056-14 W5M. — (unpublished contract
report - Nov-1999.) [99-156.02] [83F09 .W6C7 1999/11b]

Hydrogeological Consultants Ltd. Jan-2000a. Beau Canada Exploration Ltd. 1999 Annual Groundwater
Monitoring Report. Niton Junction Area. Tp 055, R11, W5M. — (unpublished contract report - Jan-
2000.) [MR-074.01] [83G13 .N578J8 2000/01]

Hydrogeological Consultants Ltd. Jan-2000b. Beau Canada Exploration Ltd. N Pool: 1999 Annual
Groundwater Monitoring Report. Niton Rock Creek Area. Tp 055, R 11, W5M. — (unpublished
contract report - Jan-2000.) [MR-070.01] [83G13 .N578R6C7 2000/01]

Hydrogeological Consultants Ltd. Jan-2000c. Icon Energy Limited. 1999 Annual Groundwater
Monitoring Report. Carrot Creek Area. 12-12-053-13 W5M. — (unpublished contract report - Jan-
2000.) [MR-084.01] [83G12 .C377C7 2000/01]
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87)

88)

89)

90)

91)

92)

93)

94)

95)

96)

97)

Hydrogeological Consultants Ltd. Mar-2000a. Burlington Resources Canada Energy Ltd. Burlington
Rosevear: Glenda Rivard Domestic Water Well Testing. Carrot Creek Area. 05-08-054-14 W5M.
— (unpublished contract report - Mar-2000.) [00-113.05] [83G12 .C377C7 2000/03c]

Hydrogeological Consultants Ltd. Mar-2000b. Burlington Resources Canada Energy Ltd. Burlington
Rosevear: Michelle L'Hirondelle Domestic Water Well Testing. Carrot Creek Area. 05-08-054-14
W5M. — (unpublished contract report - Mar-2000.) [00-113.03] [83G12 .C377C7 2000/03a]

Hydrogeological Consultants Ltd. Mar-2000c. Burlington Resources Canada Energy Ltd. Burlington
Rosevear: Shayne Wolfe Domestic Water Well Testing. Carrot Creek Area. 05-08-054-14 W5M.
— (unpublished contract report - Mar-2000.) [00-113.04] [83G12 .C377C7 2000/03b]

Hydrogeological Consultants Ltd. Mar-2000d. Canrise Resources Ltd. 1999 Groundwater Monitoring
Report. Carrot Creek Area. 14-03-052-13 W5M. — (unpublished contract report - Mar-2000.) [MR-
132.00] [83G12 .C377C7 2000/03]

Hydrogeological Consultants Ltd. Jun-2000. Touchstone Petroleum Inc. Groundwater Prognosis.
Carrot Creek Area. 16-15-053-13 W5M. — (unpublished contract report - Jun-2000.) [00-118.00]
[83G12 .C377C7 2000/06]

Hydrogeological Consultants Ltd. Jul-2000. Burlington Resources Canada Energy Ltd. Burlington et al
McLeod; Brian Cundict Water Well Testing. McLeod River Area. NE 31-055-13 W5M. —
(unpublished contract report - Jul-2000.) [00-165.00] [83G12 .M3R5 2000/07]

Hydrogeological Consultants Ltd. Aug-2000. Canadian Forest Oil Ltd. Alternate Water Source
Prognosis. Drayton Valley Area. 02-22-051-08 W5M. — (unpublished contract report - Aug-2000.)
[00-175.00] [83G02 .D7V3 2000/08]

Hydrogeological Consultants Ltd. Jan-2001a. Amoco Canada Petroleum Company Ltd. 2000 Annual
Groundwater Monitoring Report. Drayton Valley Area. 02-12-052-12 W5M. — (unpublished
contract report - Jan-2001.) [MR-145.00] [83G02 .D7V3 2001/01-002]

Hydrogeological Consultants Ltd. Jan-2001b. Amoco Canada Petroleum Company Ltd. 2000 Annual
Groundwater Monitoring Report. Drayton Valley Area. 06-21-052-12 W5M. — (unpublished
contract report - Jan-2001.) [MR-146.00] [83G03 .D7V3 2001/01-002]

Hydrogeological Consultants Ltd. Jan-2001c. Amoco Canada Petroleum Company Ltd. 2000 Annual
Groundwater Monitoring Report. Drayton Valley Area. 08-15-052-12 W5M. — (unpublished
contract report - Jan-2001.) [MR-147.00] [83G06 .D7V3 2001/01-004]

Hydrogeological Consultants Ltd. Jan-2001d. Beau Canada Exploration Ltd. 2000 Annual Groundwater
Monitoring Report. Niton Junction Area. Tp 055, R 11, W5M. — (unpublished contract report -
Jan-2001.) [MR-074.00] [83G13 .N578J8 2001/01]

Hydrogeological Consultants Ltd. Jan-2001e. Beau Canada Exploration Ltd. 2000 Annual Groundwater
Monitoring Report. Niton Rock Creek "N" Pool. Tp 055, R 11, W5M. — (unpublished contract
report - Jan-2001.) [MR-070.00] [83G11 .N578R6C7 2001/01]

Hydrogeological Consultants Ltd. Jan-2001f. Canrise Resources Ltd. 2000 Annual Groundwater
Monitoring Report. Carrot Creek Area. 14-03-052-13 W5M. — (unpublished contract report - Jan-
2001.) [MR-132.01] [83G12 .C377C7 2001/01-001]
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99)

100)
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105)

106)

107)

108)

109)

110)

Hydrogeological Consultants Ltd. Jan-2001g. Penn West Petroleum Ltd. 2000 Annual Groundwater
Monitoring Report. Cynthia Area. 08-33-051-11 W5M. — (unpublished contract report - Jan-2001.)
[MR-142.00] [83G06 .C9 2001/01]

Hydrogeological Consultants Ltd. Jan-2001h. Touchstone Petroleum Inc. 2000 Annual Groundwater
Monitoring Report. Carrot Creek Area. 12-12-053-13 W5M. — (unpublished contract report - Jan-
2001.) [MR-084.00] [83G12 .C377C7 2001/01]

Hydrogeological Consultants Ltd. Feb-2001. Amoco Canada Petroleum Company Ltd. 2000 Annual
Groundwater Monitoring Report. Drayton Valley Area. 13-09-052-08 W5M. — (unpublished
contract report - Feb-2001.) [MR-143.00] [83G02 .D7V3 2001/02]

Hydrogeological Consultants Ltd. Apr-2001. Amoco Canada Petroleum Company Ltd. 2000 Annual
Groundwater Monitoring Report. Drayton Valley Area. 10-35-052-13 W5M. — (unpublished
contract report - Apr-2001.) [MR-148.00] [83G12 .D7V3 2001/04]

Hydrogeological Consultants Ltd. May-2001. Amoco Canada Petroleum Company Ltd. 2000 Annual
Groundwater Monitoring Report. Drayton Valley Area. 16-19-052-08 W5M. — (unpublished
contract report - May-2001.) [MR-144.00] [83G02 .D7V3 2001/05]

Hydrogeological Consultants Ltd. Jun-2001. Burlington Resources Canada Energy Ltd. Burlington
Rosevear: Domestic Water Well Testing. Edson Area. 08-28-053-15 W5M. — (unpublished
contract report - Jun-2001.) [01-112.00] [83F09 .E375 2001/06]

Hydrogeological Consultants Ltd. Jul-2001. Penn West Petroleum Ltd. 2000 Annual Groundwater
Monitoring Report. Entwistle Area. 05-27-052-08 W5M. — (unpublished contract report - Jul-
2001.) [MR-138.00] [83G11 .E58 2001/07]

Hydrogeological Consultants Ltd. Sep-2001a. Canadian Forest Oil. Groundwater Prognosis. Drayton
Valley Area. 02-22-051-08 W5M. — (unpublished contract report - Sep-2001.) [01-164.00] [83G06
.D7V3 2001/09]

Hydrogeological Consultants Ltd. Sep-2001b. Farries Engineering (1977) Ltd. Water Prognosis. Hinton
Area. 36-051-22 W5M. — (unpublished contract report - Sep-2001.) [01-235.00] [83F11 .H56
2001/09]

Hydrogeological Consultants Ltd. Jan-2002a. Amoco Canada Petroleum Company Ltd. 2001 Annual
Groundwater Monitoring Report. Drayton Valley Area. 02-12-052-12 W5M. — (unpublished
contract report - Jan-2002.) [MR-145.00] [83G02 .D7V3 2002/01-005]

Hydrogeological Consultants Ltd. Jan-2002b. Amoco Canada Petroleum Company Ltd. 2001 Annual
Groundwater Monitoring Report. Drayton Valley Area. 06-21-052-12 W5M. — (unpublished
contract report - Jan-2002.) [MR-146.00] [83G03 .D7V3 2002/01]

Hydrogeological Consultants Ltd. Jan-2002c. Amoco Canada Petroleum Company Ltd. 2001 Annual
Groundwater Monitoring Report. Drayton Valley Area. 08-15-052-12 W5M. — (unpublished
contract report - Jan-2002.) [MR-147.00] [82G06 .D7V3 2002/01]

Hydrogeological Consultants Ltd. Jan-2002d. Amoco Canada Petroleum Company Ltd. 2001 Annual
Groundwater Monitoring Report. Drayton Valley Area. 10-35-052-13 W5M. — (unpublished
contract report - Jan-2002.) [MR-148.00] [83G12 .D7V3 2002/01]
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118)

119)

120)

121)

122)

123)

Hydrogeological Consultants Ltd. Jan-2002e. Amoco Canada Petroleum Company Ltd. 2001 Annual
Groundwater Monitoring Report. Drayton Valley Area. 13-09-052-08 W5M. — (unpublished
contract report - Jan-2002.) [MR-143.00] [83G02 .D7V3 2002/01-002]

Hydrogeological Consultants Ltd. Jan-2002f. Amoco Canada Petroleum Company Ltd. 2001 Annual
Groundwater Monitoring Report. Drayton Valley Area. 16-19-052-08 W5M. — (unpublished
contract report - Jan-2002.) [MR-144.00] [83G02 .D7V3 2002/01-001]

Hydrogeological Consultants Ltd. Jan-2002g. Burlington Resources Canada Energy Inc. Burlington et
al McLeod: Mosionoz Domestic Water Well Testing. Whitecourt Area. SW 14-056-14 W5M. —
(unpublished contract report - Jan-2002.) [01-219.00] [83J04 .W48 2002/01-002]

Hydrogeological Consultants Ltd. Jan-2002h. Burlington Resources Canada Energy Inc. Burlington et
al McLeod: Stanley Domestic Water Well Testing. Whitecourt Area. NE 14-056-14 W5M. —
(unpublished contract report - Jan-2002.) [01-219.00] [83J04 .W48 2002/01-001]

Hydrogeological Consultants Ltd. Jan-2002i. Burlington Resources Canada Energy Ltd. 2001 Annual
Groundwater Monitoring Report. Carrot Creek Area. 14-03-052-13 W5M. — (unpublished contract
report - Jan-2002.) [MR-132.00] [83G12 .C377C7 2002/01]

Hydrogeological Consultants Ltd. Jan-2002j. Burlington Resources Canada Energy Ltd. Burlington et
al McLeod: Neale Water Well Testing. Whitecourt Area. SE 15-056-14 W5M. — (unpublished
contract report - Jan-2002.) [01-219.00] [83J04 .W48 2002/01]

Hydrogeological Consultants Ltd. Jan-2002k. Penn West Petroleum Ltd. 2001 Annual Groundwater
Monitoring Report. Cynthia Area. 08-33-051-11 W5M. — (unpublished contract report - Jan-2002.)
[MR-142.00] [83G06 .C9 2002/01]

Hydrogeological Consultants Ltd. Jan-2002I. Penn West Petroleum Ltd. 2001 Annual Groundwater
Monitoring Report. Entwistle Area. 05-27-052-08 W5M. — (unpublished contract report - Jan-
2002.) [MR-138.00] [83G11 .E58 2002/01]

Hydrogeological Consultants Ltd. Feb-2002a. Beau Canada Exploration Ltd. 2001 Annual
Groundwater Monitoring Report. Niton Junction Area. Tp 055, R 11, W56M. — (unpublished
contract report - Feb-2002.) [MR-074.00] [83G11 .N578J8 2002/02]

Hydrogeological Consultants Ltd. Feb-2002b. Beau Canada Exploration Ltd. 2001 Annual
Groundwater Monitoring Report. Niton Rock Creek "N" Pool. Tp 055, R 11, W5M. — (unpublished
contract report - Feb-2002.) [MR-070.00] [83G11 .N578R6C7 2002/02]

Hydrogeological Consultants Ltd. Feb-2002c. Canadian Forest Oil Ltd. 2002 - Groundwater Supply.
Drayton Valley Area. 02-22-051-08 W5M. — (unpublished contract report - Feb-2002.) [01-164.00]
[83G06 .D7V3 2002/02]

Hydrogeological Consultants Ltd. Mar-2002a. Burlington Resources Canada Ltd. Burlington Rosevear;
Field Domestic Water Well Testing. Wolf Creek Area. SW 34-053-15 W5M. — (unpublished
contract report - Mar-2002.) [01-234.00] [83F09 .W6C7 2002/03-005]

Hydrogeological Consultants Ltd. Mar-2002b. Burlington Resources Canada Ltd. Burlington Rosevear;
Gilding Domestic Water Well Testing. Wolf Creek Area. NW 33-053-15 W5M. — (unpublished
contract report - Mar-2002.) [01-234.00] [83F09 .W6C7 2002/03-004]
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132)

133)

134)

135)

136)

Hydrogeological Consultants Ltd. Mar-2002c. Burlington Resources Canada Ltd. Burlington Rosevear;
Helmer Domestic Water Well Testing. Wolf Creek Area. NW 27-053-15 W5M. — (unpublished
contract report - Mar-2002.) [01-234.00] [83F09 .W6C7 2002/03-003]

Hydrogeological Consultants Ltd. Mar-2002d. Burlington Resources Canada Ltd. Burlington Rosevear;
Kurth Domestic Water Well Testing. Wolf Creek Area. SE 33-053-15 W5M. — (unpublished
contract report - Mar-2002.) [01-234.00] [83F09 .W6C7 2002/03-002]

Hydrogeological Consultants Ltd. Mar-2002e. Burlington Resources Canada Ltd. Burlington Rosevear;
McCaffrey Domestic Water Well Testing. Wolf Creek Area. SE 04-054-15 W5M. — (unpublished
contract report - Mar-2002.) [01-234.00] [83F09 .W6C7 2002/03-001]

Hydrogeological Consultants Ltd. Mar-2002f. Burlington Resources Canada Ltd. Burlington Rosevear;
Schnee Domestic Water Well Testing. Wolf Creek Area. SE 34-053-15 W5M. — (unpublished
contract report - Mar-2002.) [01-234.00] [83F09 .W6C7 2002/03]

Hydrogeological Consultants Ltd. Mar-2002g. Touchstone Petroleum Inc. 2001 Annual Groundwater
Monitoring Report. Carrot Creek Area. 12-12-053-13 W5M. — (unpublished contract report - Mar-
2002.) [MR-084.00] [83G12 .C377C7 2002/03]

Hydrogeological Consultants Ltd. Jul-2002a. Burlington Resources Canada Ltd. BRCL et al Edson 06-
25-053-16 W5M: Baudin Domestic Water Well Testing. Edson Area. NW 25-053-16 W5M. —
(unpublished contract report - Jul-2002.) [02-198.00] [83F09 .E375 2002/07-001]

Hydrogeological Consultants Ltd. Jul-2002b. Burlington Resources Canada Ltd. BRCL et al Edson 06-
25-053-16 W5M: Heise Domestic Water Well Testing. Edson Area. SE 25-053-16 W5M. —
(unpublished contract report - Jul-2002.) [02-198.00] [83F09 .E375 2002/07-002]

Hydrogeological Consultants Ltd. Jul-2002c. Burlington Resources Canada Ltd. BRCL et al Edson 06-
25-053-16 W5M: McDonald Domestic Water Well Testing. Edson Area. SW 25-053-16 W5M. —
(unpublished contract report - Jul-2002.) [02-198.00] [83F09 .E375 2002/07]

Hydrogeological Consultants Ltd. Feb-2003. Beau Canada Exploration Ltd. 2002 Annual Groundwater
Monitoring Report. Tp 055, R 11, W5M. Niton Rock Creek “N” Pool. Beau Canada Exploration Ltd.
— (unpublished contract report - Feb-2003.) [MR-070.00] [83G13 .N578R6C7 2003/02]

Hydrogeological Consultants Ltd. Mar-2003. Touchstone Petroleum Inc. 2002 Annual Groundwater
Monitoring Report. Carrot Creek Area. 12-12-053-13 W5M. — (unpublished contract report - Mar-
2003.) [MR-084.00] [83G12 .C377C7 2003/01]

Ko, C. A. Jul-1975. Alberta Department of Environment, Environmental Protection Services, Earth
Sciences and Licensing Division, Groundwater Development Branch. Rural Water Development
Program. M. Kolasa, 1430-E. NW 27-55-11 W5M. 27-055-11 W5M.

Komex International Ltd. March 2001. Aquifer Management Planning Study for Edson and Surrounding
Areas. Volume 1: Text, Tables, and Appendices. Prepared for: Alberta Environment, Town of
Edson, Yellowhead County and PFRA.

Komex International Ltd. March 2001. Aquifer Management Planning Study for Edson and Surrounding
Areas. Volume 2: Figures. Prepared for: Alberta Environment, Town of Edson, Yellowhead County
and PFRA.
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151)
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Lennox, D. H. 1966. Alberta Geological Survey. The Preglacial Edson, Alberta Buried Valley Aquifer.
[AGS Open File Report 1966-02]
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Mow-Tech Ltd. Jun-1998a. Poco Petroleums Ltd. Poco Edson 07-14-053-16 W5M: Gerald Hecht
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Mow-Tech Ltd. Jun-1998b. Poco Petroleums Ltd. Poco Edson 07-14-053-16 W5M: Jim Nitz Domestic
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Mow-Tech Ltd. Nov-1998a. Poco Petroleums Ltd. Poco Niton 02-32-055-12 W5M: Lawton Farms
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1999/02¢]
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1999/023]
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Domestic Water Well Testing. Niton Junction Area. 15-21-055-12 W5M. [83G13 .N578J8
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— |HC

groundwater consulting ydrogeological
environmental sciences onsultants Itd.




Yellowhead County, Part of the Athabasca River Basin Page 61
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

169)

170)

171)

172)

173)

174)

175)

176)

177)

178)

179)

180)

181)

182)
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15 W5M; Domestic Water Well Testing; Volume |. Pinedale Estates & Area. 04-29-053-15 W5M.
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Domestic Water Well Testing. Wolf Creek Area. SW 19-054-14 W5M. [83F09 .W6C7 2001/10]

Mow-Tech Ltd. Oct-2001e. Burlington Resources Canada Energy Ltd. Burlington Rosevear: Hopwood
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2001/10-005]

Mow-Tech Ltd. Oct-2001f. Burlington Resources Canada Energy Ltd. Burlington Rosevear: Mel's Dairy
Domestic/Stock Water Well Testing. Wolf Creek Area. NW 18-054-14 W5M. [83F09 .W6C7
2001/10-002]

Mow-Tech Ltd. Nov-2001a. Burlington Resources Canada Energy Ltd. Burlington McLeod: George
Bastell Domestic Water Well Testing. Peers Area. NW 19-054-14 W5M. [83G12 .P44 2001/11-
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Strong, W. L., and K. R. Leggat, 1981. Ecoregions of Alberta. Alta. En. Nat. Resour., Resour. Eval.
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10 GLOSSARY

Anion

Aquifer

Aquitard

Available Drawdown

Borehole
Compiletion Interval

Deltaic

Dewatering

Dfb

Evapotranspiration

Facies

Fluvial
Friable

Hydraulic Conductivity

km
Kriging

Lacustrine

Lithology
Lsd

m

negatively charged ion

a formation, group of formations, or part of a formation that contains saturated
permeable rocks capable of transmitting groundwater to water wells or springs in
economical quantities

a confining bed that retards but does not prevent the flow of water to or from an
adjacent aquifer

in a confined aquifer, the distance between the non-pumping water level and the top of
the aquifer

in an unconfined aquifer (water table aquifer), two thirds of the saturated thickness of
the aquifer

includes all “work types” except springs Water Well Diagram

see diagram

Water Level

Cpmpletion Interval Top

a depositional environment in standing water near
the mouth of a river

Slotted Interval I

the removal of groundwater from an aquifer for
purposes other than use

Completion Interval Bottom
Completion Interval
one of the Kdppen climate classifications; a Dfb

climate consists of warm to cool summers, severe
winters, and no dry season. The mean monthly temperature drops below -3° C in the
coolest month, and exceeds 10° C in the warmest month.

a combination of evaporation from open bodies of water, evaporation from soil
surfaces, and transpiration from the soil by plants (Freeze and Cherry, 1979)

the aspect or character of the sediment within beds of one and the same age
(Pettijohn, 1957)

produced by the action of a stream or river
poorly cemented

the rate of flow of water through a unit cross-section under a unit hydraulic gradient;
units are length/time

kilometre
a geo-statistical method for gridding irregularly-spaced data (Cressie, 1990)

fine-grained sedimentary deposits associated with a lake environment and not
including shore-line deposits

description of rock material
Legal Subdivision

metres
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mm
mz/day
m3
ms/day
mg/L
Median
Obs WW

Piper tri-linear diagram

Rock
Surficial Deposits
Thalweg

Till

Transmissivity

millimetres

metres squared per day

cubic metres

cubic metres per day

milligrams per litre

the value at the centre of an ordered range of numbers
Observation Water Well

a method that permits the major
cation and anion compositions
of single or multiple samples to
be represented on a single
graph. This presentation allows
groupings or trends in the data
to be identified. From the Piper
tri-linear diagram, it can be
seen that the groundwater from
this sample water well is a
sodium-bicarbonate-type. The
chemical type has been
determined by  graphically
calculating the dominant cation
and anion. For a more detailed Piper Tri-Linear Diagram
explanation, please refer to
Freeze and Cherry, 1979

<4+— Ca Cl—»

earth material below the root zone
includes all sediments above the bedrock
the line connecting the lowest points along a stream bed or valley; longitudinal profile

a sediment deposited directly by a glacier that is unsorted and consisting of any grain
size ranging from clay to boulders

the rate at which water is transmitted through a unit width of an aquifer under a unit
hydraulic gradient: a measure of the ease with which groundwater can move through
the aquifer

Apparent Transmissivity: the value determined from a summary of aquifer test data,
usually involving only two water-level readings

Effective Transmissivity: the value determined from late pumping and/or late recovery
water-level data from an aquifer test

Aquifer Transmissivity: the value determined by multiplying the hydraulic conductivity of
an aquifer by the thickness of the aquifer
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Water Well

Yield

AAFC-PFRA
AENV

AMSL

BGP

DEM

DST

EUB
GCDWQ
IAAM

NPWL
TDS
WSW

a hole in the ground for the purpose of obtaining groundwater; “work type” as defined
by AENV includes test hole, chemistry, deepened, well inventory, federal well survey,
reconditioned, reconstructed, new, old well-test

a regional analysis term referring to the rate a properly completed water well could be
pumped, if fully penetrating the aquifer

Apparent Yield: based mainly on apparent transmissivity

Long-Term Yield: based on effective transmissivity

Prairie Farm Rehabilitation Administration Branch of Agriculture and Agri-Food Canada
Alberta Environment

above mean sea level

Base of Groundwater Protection

Digital Elevation Model

drill stem test

Alberta Energy and Utilities Board

Guidelines for Canadian Drinking Water Quality

Infinite Aquifer Artesian Model. The mathematical model is used to calculate water
levels at a given location. The model has been used for more than 17 years by HCL
for several hundred groundwater monitoring projects. The model aquifer is based on
a solution of the well function equation. The simulation calculates drawdown by
solving the well function equation using standard approximation methods. The
drawdown at any given point at any given time uses the method of superposition.

non-pumping water level
Total Dissolved Solids

Water Source Well or Water Supply Well
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11 CONVERSIONS

Multiply by To Obtain
Length/Area
feet 0.304 785 metres
metres 3.281 000 feet
hectares 2.471 054 acres
centimetre 0.032 808 feet
centimetre 0.393 701 inches
acres 0.404 686 hectares
inchs 25.400 000 millimetres
miles 1.609 344 kilometres
kilometer 0.621 370 miles (statute)
square feet (ft2) 0.092 903 metres (M2)
metres (m?2) 10.763 910 square feet (ft?)
metres (m?) 0.000 001  kilometres (km?)
Concentration
grains/gallon (UK) 14.270 050 ppm
ppm 0.998 859 mg/L
mg/L 1.001 142 ppm
Volume (capacity)
acre feet 1233.481 838 cubic metres
cubic feet 0.028 317 cubic metres
cubic metres 35.314 667 cubic feet
cubic metres 219.969 248 gallons (UK)
cubic metres 264.172 050 gallons (US liquid)
cubic metres 1000.000 000 litres
gallons (UK) 0.004 546 cubic metres
imperial gallons 4.546 000 litres
Rate
litres per minute 0.219 974 ipgm
litres per minute 1.440 000 cubic metres/day (m3/day)
igpm 6.546 300 cubic metres/day (ms/day)
cubic metres/day (m 0.152 759 igpm
Pressure
psi 6.894 757 kpa
kpa 0.145 038 psi
Miscellaneous
Celsius F° =9/5 (C° + 32) Fahrenheit
Fahrenheit C° =(F°-32) *5/9 Celsius
degrees 0.017 453 radians
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Hydrogeological Maps and Figures
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Depth to Base of Groundwater Protection
(modified after EUB, 1995)
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Generalized Cross-Section
(for terminology only)
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Hydrogeological Maps
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4 M35379.061633  SW 36-050-26 W5M
5 M35379.109267  SW 06-051-25 W5M
6 M36234.937016  NW 01-051-26 W5M
7 M37066.932391 SE-11-051-26 W5M
9 M35379.062003  NW 22-051-26 W5M
8 M37066.932372 15-051-26 W5M

10 M35379.104087 NW 32-051-26 W5M
11 M36234.935437  NW 06-052-26 W5M
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Yellowhead County, Part of the Athabasca River Basin Page A- 17
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Bedrock Topography
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Yellowhead County, Part of the Athabasca River Basin Page A-18
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Thickness of Sand and Gravel Deposits
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Water Wells Completed In Surficial Deposits
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Amount of Sand and Gravel in Surficial Deposits
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Thickness of Sand and Gravel Aquifer(s)
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Total Dissolved Solids in Groundwater from Surficial Deposits
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Yellowhead County, Part of the Athabasca River Basin Page A - 23
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Upper Sand and Gravel Aquifer
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Yellowhead County, Part of the Athabasca River Basin Page A -24
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Lower Sand and Gravel Aquifer
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Yellowhead County, Part of the Athabasca River Basin Page A - 25
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Bedrock Geology
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Yellowhead County, Part of the Athabasca River Basin

Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Piper Diagrams

Bedrock Aquifers
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Page A - 27

Apparent Yield for Water Wells Completed in Upper Bedrock Aquifer(s)
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Yellowhead County, Part of the Athabasca River Basin Page A - 28
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Total Dissolved Solids in Groundwater from Upper Bedrock Aquifer(s)

R Disturbed Belt

mg/L
200 500 1000

H c groundwater consulting ydrogeological
environmental sciences onsultants Itd.




H CL groundwater consulting
environmental sciences

Yellowhead County, Part of the Athabasca River Basin

Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Page A - 29

Distance from Top of Upper Lacombe Member vs Sulfate in Groundwater from Upper
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Depth to Top of Disturbed Belt
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Yellowhead County, Part of the Athabasca River Basin Page A - 31

Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Disturbed Belt Aquifer
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Yellowhead County, Part of the Athabasca River Basin Page A - 32
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Total Dissolved Solids in Groundwater from Disturbed Belt Aquifer
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Depth to Top of Dalehurst Member
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Yellowhead County, Part of the Athabasca River Basin Page A - 34

Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Dalehurst Aquifer
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Yellowhead County, Part of the Athabasca River Basin

Page A - 35
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Total Dissolved Solids in Groundwater from Dalehurst Aquifer
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Depth to Top of Upper Lacombe Member
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Yellowhead County, Part of the Athabasca River Basin Page A - 37
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Upper Lacombe Aquifer
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Yellowhead County, Part of the Athabasca River Basin Page A - 38
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Total Dissolved Solids in Groundwater from Upper Lacombe Aquifer
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Depth to Top of Lower Lacombe Member
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Yellowhead County, Part of the Athabasca River Basin Page A - 40
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Lower Lacombe Aquifer
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Yellowhead County, Part of the Athabasca River Basin

Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Page A - 41

Total Dissolved Solids in Groundwater from Lower Lacombe Aquifer
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Yellowhead County, Part of the Athabasca River Basin Page A - 42
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Depth to Top of Haynes Member
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Haynes Aquifer
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Total Dissolved Solids in Groundwater from Haynes Aquifer
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Yellowhead County, Part of the Athabasca River Basin

Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Depth to Top of Upper Scollard Formation
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Yellowhead County, Part of the Athabasca River Basin Page A - 46
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Upper Scollard Aquifer
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Page A - 47

Total Dissolved Solids in Groundwater from Upper Scollard Aquifer
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Yellowhead County, Part of the Athabasca River Basin

Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Depth to Top of Lower Scollard Formation
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Yellowhead County, Part of the Athabasca River Basin Page A - 49
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Lower Scollard Aquifer
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Total Dissolved Solids in Groundwater from Lower Scollard Aquifer
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Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Depth to Top of Upper Horseshoe Canyon Formation
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Yellowhead County, Part of the Athabasca River Basin Page A - 52
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Apparent Yield for Water Wells Completed through Upper Horseshoe Canyon Aquifer
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Yellowhead County, Part of the Athabasca River Basin Page A - 53
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Total Dissolved Solids in Groundwater from Upper Horseshoe Canyon Aquifer
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Yellowhead County, Part of the Athabasca River Basin Page A - 54
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Estimated Water Well Use Per Section
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Non-Pumping Water-Level Surface in Surficial Deposits Based on Water Wells Less
than 20 Metres Deep
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Bedrock Recharge/Discharge Areas
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Changes in Water Levels in Surficial Deposits
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Areas of Potential Groundwater Depletion - Upper Bedrock Aquifer(s)
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Risk of Groundwater Contamination
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PROPOSED MAPS AND FIGURES ON CD-ROM
1) General
A01 Index Map
A02 Surface Topography
A03 Surface Casing Types used in Drilled Water Wells
A04 Location of Water Wells and Springs
AO05 Minimum Depth of Existing Water Wells
A06 Maximum Depth of Existing Water Wells
A07 Difference Between the Maximum and Minimum Depth of Existing Water Wells
A08 Depth to Base of Groundwater Protection
A09 Hydrogeological Maps
A10 Generalized Cross-Section (for terminology only)
A1l Geologic Column
A12 Cross-Section A - A’
A13 Cross-Section B - B'
Al14 Cross-Section C - C'
A15 Cross-Section D - D'
A16 Cross-Section E - E'
A17 Cross-Section F - F'
A18 Bedrock Topography
A19 Bedrock Geology
A20 Relative Permeability
A21 Risk of Groundwater Contamination
A22 Authorized Non-Exempt Groundwater Water Wells
A23 Estimated Water Well Use per Section
A24 Water Wells Recommended for Field Verification
2) Surficial Aquifers
a) Surficial Deposits
BO1 Thickness of Surficial Deposits
B02 Non-Pumping Water-Level Surface in Surficial Deposits Based on Water Wells Less than 20 Metres Deep
B03 Total Dissolved Solids in Groundwater from Surficial Deposits
B04 Sulfate in Groundwater from Surficial Deposits
B05 Nitrate + Nitrite (as N) in Groundwater from Surficial Deposits
B06 Chloride in Groundwater from Surficial Deposits
B07 Total Hardness in Groundwater from Surficial Deposits
B08 Piper Diagram - Surficial Deposits
B09 Thickness of Sand and Gravel Deposits
B10 Amount of Sand and Gravel in Surficial Deposits
B11 Thickness of Sand and Gravel Aquifer(s)
B12 Water Wells Completed in Surficial Deposits
B13 Apparent Yield for Water Wells Completed in Sand and Gravel Aquifer(s)
B14 Changes in Water Levels in Surficial Deposits

b) First Sand and Gravel

B15 Thickness of First Sand and Gravel
c) Upper Sand and Gravel

B16 Thickness of Upper Surficial Deposits

B17 Thickness of Upper Sand and Gravel (not all drill holes fully penetrate surficial deposits)
B18 Apparent Yield for Water Wells Completed through Upper Sand and Gravel Aquifer
d) Lower Sand and Gravel
B19 Structure-Contour Map - Top of Lower Sand and Gravel Deposits
B20 Depth to Top of Lower Sand and Gravel Deposits
B21 Thickness of Lower Sand and Gravel Deposits

B22 Apparent Yield for Water Wells Completed through Lower Sand and Gravel Aquifer

B23 Non-Pumping Water-Level Surface in Lower Sand and Gravel Aquifer
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3) Bedrock Aquifers

a) General
col Apparent Yield for Water Wells Completed in Upper Bedrock Aquifer(s)
C02 Total Dissolved Solids in Groundwater from Upper Bedrock Aquifer(s)
Co03 Sulfate in Groundwater from Upper Bedrock Aquifer(s)
co4 Distance from Top of Upper Lacombe Member vs Sulfate in Groundwater from Upper Bedrock Aquifer(s)
Co05 Chloride in Groundwater from Upper Bedrock Aquifer(s)
C06 Fluoride in Groundwater from Upper Bedrock Aquifer(s)
co7 Total Hardness of Groundwater from Upper Bedrock Aquifer(s)
cos Piper Diagram - Upper Bedrock Aquifer(s)
co9 Bedrock Recharge/Discharge Areas
Cc10 Non-Pumping Water-Level Surface in Upper Bedrock Aquifer(s)
Ci1 Areas of Potential Groundwater Depletion - Upper Bedrock Aquifer(s)
b) Disturbed Belt
Ci12 Depth to Top of Disturbed Belt
C13 Structure-Contour Map - Disturbed Belt
Cc14 Non-Pumping Water-Level Surface - Disturbed Belt Aquifer
C15 Apparent Yield for Water Wells Completed through Disturbed Belt Aquifer
C16 Total Dissolved Solids in Groundwater from Disturbed Belt Aquifer
c17 Sulfate in Groundwater from Disturbed Belt Aquifer
Cci8 Chloride in Groundwater from Disturbed Belt Aquifer
Cc19 Fluoride in Groundwater from Disturbed Aquifer

C20 Piper Diagram - Disturbed Belt Aquifer
c) Dalehurst Member

C21 Depth to Top of Dalehurst Member
Cc22 Structure-Contour Map - Dalehurst Member
c23 Non-Pumping Water-Level Surface - Dalehurst Aquifer
C24 Apparent Yield for Water Wells Completed through Dalehurst Aquifer
C25 Total Dissolved Solids in Groundwater from Dalehurst Aquifer
C26 Sulfate in Groundwater from Dalehurst Aquifer
c27 Chloride in Groundwater from Dalehurst Aquifer
Cc28 Fluoride in Groundwater from Dalehurst Aquifer
Cc29 Piper Diagram - Dalehurst Aquifer
d) Upper Lacombe Member
C30 Depth to Top of Upper Lacombe Member
C31 Structure-Contour Map - Upper Lacombe Member
C32 Non-Pumping Water-Level Surface - Upper Lacombe Aquifer
C33 Apparent Yield for Water Wells Completed through Upper Lacombe Aquifer
C34 Total Dissolved Solids in Groundwater from Upper Lacombe Aquifer
C35 Sulfate in Groundwater from Upper Lacombe Aquifer
C36 Chloride in Groundwater from Upper Lacombe Aquifer
C37 Fluoride in Groundwater from Upper Lacombe Aquifer
C38 Piper Diagram - Upper Lacombe Aquifer
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C39
C40
caM
C42
C43
Ca4
C45
C46
Ca7

C48
C49
C50
C51
C52
C53
C54
C55
C56

C57
C58
C59
C60
cé1
C62
C63
Cc64
C65

C66
C67
Cé68
C69
C70
C71
C72
C73

C74
C75

C76
Cc77
C78
C79
C80
cs81
Cc82
(0. %]

Cc84
C85

e) Lower Lacombe Member

Depth to Top of Lower Lacombe Member

Structure-Contour Map - Lower Lacombe Member

Non-Pumping Water-Level Surface - Lower Lacombe Aquifer

Apparent Yield for Water Wells Completed through Lower Lacombe Aquifer
Total Dissolved Solids in Groundwater from Lower Lacombe Aquifer
Sulfate in Groundwater from Lower Lacombe Aquifer

Chloride in Groundwater from Lower Lacombe Aquifer

Fluoride in Groundwater from Lower Lacombe Aquifer

Piper Diagram - Lower Lacombe Aquifer

f) Haynes Member

Depth to Top of Haynes Member

Structure-Contour Map - Haynes Member

Non-Pumping Water-Level Surface - Haynes Aquifer

Apparent Yield for Water Wells Completed through Haynes Aquifer
Total Dissolved Solids in Groundwater from Haynes Aquifer
Sulfate in Groundwater from Haynes Aquifer

Chloride in Groundwater from Haynes Aquifer

Fluoride in Groundwater from Haynes Aquifer

Piper Diagram - Haynes Aquifer

g) Upper Scollard Formation

Depth to Top of Upper Scollard Formation

Structure-Contour Map - Upper Scollard Formation

Non-Pumping Water-Level Surface - Upper Scollard Aquifer

Apparent Yield for Water Wells Completed through Upper Scollard Aquifer
Total Dissolved Solids in Groundwater from Upper Scollard Aquifer
Sulfate in Groundwater from Upper Scollard Aquifer

Chloride in Groundwater from Upper Scollard Aquifer

Fluoride in Groundwater from Upper Scollard Aquifer

Piper Diagram - Upper Scollard Aquifer

h) Lower Scollard Formation

Depth to Top of Lower Scollard Formation

Structure-Contour Map - Lower Scollard Formation

Non-Pumping Water-Level Surface - Lower Scollard Aquifer

Apparent Yield for Water Wells Completed through Lower Scollard Aquifer
Total Dissolved Solids in Groundwater from Lower Scollard Aquifer
Sulfate in Groundwater from Lower Scollard Aquifer

Chloride in Groundwater from Lower Scollard Aquifer

Fluoride in Groundwater from Lower Scollard Aquifer

i) Battle Formation

Depth to Top of Battle Formation
Structure-Contour Map - Battle Formation

j) Upper Horseshoe Canyon Formation

Depth to Top of Upper Horseshoe Canyon Formation

Structure-Contour Map - Upper Horseshoe Canyon Formation

Non-Pumping Water-Level Surface - Upper Horseshoe Canyon Aquifer

Apparent Yield for Water Wells Completed through Upper Horseshoe Canyon Aquifer
Total Dissolved Solids in Groundwater from Upper Horseshoe Canyon Aquifer
Sulfate in Groundwater from Upper Horseshoe Canyon Aquifer

Chloride in Groundwater from Upper Horseshoe Canyon Aquifer

Fluoride in Groundwater from Upper Horseshoe Canyon Aquifer

k) Middle Horseshoe Canyon Formation

Depth to Top of Middle Horseshoe Canyon Formation
Structure-Contour Map - Upper Middle Canyon Formation

4) Hydrographs and Observation Water Wells
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General Water Well Information
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Domestic Water Well Testing
Purpose and Requirements
The purpose of the testing of domestic water wells is to obtain background data related to:

1) the non-pumping water level for the aquifer - Has there been any lowering of the
level since the last measurement?

2) the specific capacity of the water well, which indicates the type of contact the water
well has with the aquifer;

3) the transmissivity of the aquifer and hence an estimate of the projected long-term
yield for the water well;

4) the chemical, bacteriological and physical quality of the groundwater from the water
well.

The testing procedure involves conducting an aquifer test and collecting of groundwater samples for analysis by
an accredited laboratory. The date and time of the testing are to be recorded on all data collection sheets. A
sketch showing the location of the water well relative to surrounding features is required. The sketch should
answer the question, "If this water well is tested in the future, how will the person doing the testing know this is
the water well | tested?"

The water well should be taken out of service as long as possible before the start of the aquifer test, preferably
not less than 30 minutes before the start of pumping. The non-pumping water level is to be measured 30, 10,
and 5 minutes before the start of pumping and immediately before the start of pumping which is to be designated
as time 0 for the test. All water levels must be from the same designated reference, usually the top of the casing.
Water levels are to be measured during the pumping interval and during the recovery interval after the pump has
been turned off; all water measurements are to be with an accuracy of £ 0.01 metres.

During the pumping and recovery intervals, the water level is to be measured at the appropriate times. An
example of the time schedule for a four-hour test is as follows, measured in minutes after the pump is turned on
and again after the pump is turned off:

1,2,3,4,6,8,10,13,16,20,25,32,40,50,64,80,100,120.

For a four-hour test, the reading after 120 minutes of pumping will be the same as the 0 minutes of recovery.
Under no circumstance will the recovery interval be less than the pumping interval.

Flow rate during the aquifer test should be measured and recorded with the maximum accuracy possible. Ideally,
a water meter with an accuracy of better than £1% displaying instantaneous and total flow should be used. If a
water meter is not available, then the time required to completely fill a container of known volume should be
recorded, noting the time to the nearest 0.5 seconds or better. Flow rate should be determined and recorded
often to ensure a constant pumping rate.

Groundwater samples should be collected as soon as possible after the start of pumping and within 10 minutes
of the end of pumping. Initially only the groundwater samples collected near the end of the pumping interval need
to be submitted to the accredited laboratory for analysis. All samples must be properly stored for transportation
to the laboratory and, in the case of the bacteriological analysis, there is a maximum time allowed between the
time the sample is collected and the time the sample is delivered to the laboratory. The first samples collected
are only analyzed if there is a problem or a concern with the first samples submitted to the laboratory.
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Procedure
Site Diagrams

These diagrams are a map showing the distance to nearby significant features. This would include things like a
corner of a building (house, barn, garage etc.) or the distance to the half-mile or mile fence. The description
should allow anyone not familiar with the site to be able to unequivocally identify the water well that was tested.
In lieu of a map, UTM coordinates accurate to within five metres would be acceptable. If a hand-held GPS is
used, the post-processing correction details must be provided.

Surface Details

The type of surface completion must be noted. This will include such things as a pitless adapter, well pit, pump
house, in basement, etc. Also, the reference point used for measuring water levels needs to be noted. This
would include top of casing (TOC) XX metres above ground level; well pit lid, XX metres above TOC; TOC in
well pit XX metres below ground level.

Groundwater Discharge Point

Where was the flow of groundwater discharge regulated? For example was the discharge through a hydrant
downstream from the pressure tank; discharged directly to ground either by connecting directly above the well
seal or by pulling the pump up out of the pitless adapter; from a tap on the house downstream from the pressure
tank? Also note must be made if any action was taken to ensure the pump would operate continuously during the
pumping interval and whether the groundwater was passing through any water-treatment equipment before the
discharge point.

Water-Level Measurements

How were the water-level measurements obtained? If obtained using a contact gauge, what type of cable was on
the tape, graduated tape or a tape with tags? If a tape with tags, when was the last time the tags were
calibrated? If a graduated tape, what is the serial number of the tape and is the tape shorter than its original
length (i.e. is any tape missing)?

If water levels are obtained using a transducer and data logger, the serial numbers of both transducer and data
logger are needed and a copy of the calibration sheet. The additional information required is the depth the
transducer was set and the length of time between when the transducer was installed and when the calibration
water level was measured, plus the length of time between the installation of the transducer and the start of the
aquifer test. All water levels must be measured at least to the nearest 0.01 metres.

Discharge Measurements

Type of water meter used. This could include such things as a turbine or positive displacement meter. How were
the readings obtained from the meter? Were the readings visually noted and recorded or were they recorded
using a data logger?

Water Samples

A water sample must be collected between the 4- and 6-minute water-level measurements, whenever there is an
observed physical change in the groundwater being pumped, and 10 minutes before the end of the planned
pumping interval. Additional water samples must be collected if it is expected that pumping will be terminated
before the planned pumping interval.
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Water Act - Water (Ministerial) Regulation
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Chemical Analysis of Farm Water Supplies

Adapted from Agdex 716 (D04) Published April 1991

A routine chemical analysis tests the water for 15 chemical parameters. It will reveal the hardness and iron
concentration as well as the presence of other chemicals such as chlorides, sulphates, nitrates and nitrites.
Chemicals, other than those listed below, can be tested but arrangements should be made with the lab before
the sample is submitted. These special requests' must be clearly specified on the request form. Your farm water
supply should be analyzed whenever a new water source is constructed, or when a change in water quality is
noticed.

Your local health unit can provide you with the necessary water sample containers. Water samples specifically
for human consumption must be submitted to the health unit.

The water sample you take should be representative. Choose an outlet as close to the source as possible. For
most domestic samples, allow the water to run through the faucet for about five minutes and then fill the sample
container.

Once you have obtained a good water sample, take it to your local health unit for forwarding to the appropriate
laboratory. After the laboratory analysis is completed, the health inspector or technologist will receive a copy of
the analysis and will be able to help you interpret the results.

Water Quality Criteria

It is not essential for private supplies to meet these guidelines. People have different reactions and tolerances to
different minerals. If any chemical in your water exceeds drinking water limits consult you family doctor or local
health unit.

All levels listed below (except pH) are listed in parts per million (ppm). Many labs report results in milligrams/Litre
(mg/L), which is equivalent to ppm.

Sodium

Sodium is not considered a toxic metal, and 5,000 to 10,000 milligrams per day are consumed by normal adults
without adverse effects. The average intake of sodium from water is only a small fraction of that consumed in a
normal diet.

Persons suffering from certain medical conditions such as hypertension may require a sodium restricted diet, in
which case the intake of sodium from drinking water could become significant. Sodium levels as low as 20 ppm
are sometimes a concern to them. A maximum level of 300 (200*) ppm sodium has traditionally been used as a
guideline but the "Guidelines for Canadian Drinking Water Quality" list no maximum acceptable concentration.

Sodium is a significant factor in assessing water for irrigation and plant watering. High sodium levels affect soil
structure and a plant's ability to take up water.

Potassium

Potassium is usually only found in quantities of a few ppm in water. There is no recommended limit for potassium
but levels over 2,000 ppm may be harmful to human nervous systems. Alberta water supplies rarely contain
more than 20 ppm.
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Calcium

Calcium is one cause of "hardness" in water. Calcium is not a hazard to health but is undesirable because it may
be detrimental for domestic uses such as washing, bathing and laundering. It also tends to cause encrustations
in kettles, coffee makers and water heaters. 200 ppm is often considered an acceptable limit.

Magnesium
Magnesium is another constituent causing "hardness" in water. A suggested limit of 150 ppm is used because of
taste considerations.

Iron

Iron levels as low as 0.2 to 0.3 ppm will usually cause the staining of laundry and plumbing fixtures. The
presence of iron bacteria in water supplies will often cause these symptoms at even lower levels. Iron gives
water a metallic taste that may be objectionable to some persons at one to two ppm. Most water contains less
that five ppm iron but occasionally levels over 30 ppm are found. Iron and iron bacteria are not considered a
health concern.

Sulphate (SO4)

Sulphate concentrations over 500 ppm can be laxative to some humans and livestock. Sulphate levels over 500
ppm may be a concern for livestock on marginal intakes of certain trace minerals. Very high levels of sulphates
have been associated with some brain disorders in cattle and pigs.

Chloride
Due to taste considerations the suggested maximum level for chloride is 250 ppm. Most water in Alberta
contains less than 20 ppm chloride, although chloride in the 2,000 ppm range can be found.

NO2 Nitrogen (Nitrite)

Due to its toxicity, the maximum acceptable concentration of nitrite in drinking water is one ppm. Nitrite is usually
an indicator of very direct contamination by sewage or manure because nitrites are unstable and quickly become
nitrates.

The concentration in livestock water should not exceed 10 ppm.

NO3 Nitrogen (Nitrate)

Nitrates are also an indicator of contamination by human or livestock wastes, excessive fertilization or seepage
from dump sites. The maximum acceptable concentration in drinking water is 10 ppm. The figure is based on the
potential for the nitrate poisoning of infants. Adults can tolerate higher levels but high nitrate levels may cause
irritation of the stomach and bladder. The suggested maximum for livestock use is 1,000 ppm.

Fluoride

Fluorides occur naturally in most well waters and are desirable since they help prevent dental cavities. Between
one and 1.5 ppm is desirable. As fluoride levels increase above this amount there is an increase in the tendency
to cause tooth mottling.

Fluoride levels less than four ppm are not considered a problem for livestock.

TDS Inorganic (Total Dissolved Solids)

This is a measure of the inorganic minerals dissolved in the water. As a general rule less than 1,000 (500%) ppm
TDS is considered satisfactory. Levels higher than this are not necessarily a problem; it depends on the specific
minerals present.

The suitability for livestock deteriorates as TDS exceeds the 2,000 to 3,000 ppm range.
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Conductivity

Conductivity is measured in micro Siemens per centimetre. It can be used to estimate the total dissolved solids
in the water. Multiplying the conductivity by 0.65 will give a good approximation of the total dissolved solids.
Conductivity tests are often used to assess water suitability for irrigation.

pH
pH is a measure of how acidic or basic the water is. The pH scale goes from zero (acidic) to 14 (basic) with
seven being neutral. The generally accepted range for pH is 6.5 to 8.5 with an upper limit of 9.5.

Hardness

The harder the water is the greater its ability to neutralize soap suds. Hardness is caused primarily by calcium
and magnesium, but is expressed as ppm equivalent of calcium carbonate. Hard water causes soap curd which
makes bathroom fixtures difficult to keep clean and causes greying of laundry.

Hard water will also tend to form scale in hot water tanks, kettles, piping systems, etc.

Amount of

Type of Water Hardness
grains per

ppm gallon
Soft 0- 50 0-3
Moderately Soft |50 - 100 3-6
Moderately  400- 200 6-12
Hard
Hard 200 - 400 12- 23
Very Hard 400 - 600 23-35
Extremely Hard |Over 600 Over 35
Alkalinity

Alkalinity is not a specific substance but rather a combined effect of several substances. It is a measure of the
resistance of a water to a change in pH. The alkalinity of most Alberta waters is in the range of 100 - 500 ppm,
which is considered acceptable. Water with higher levels is often used. Alkalinity is a factor in corrosion or scale
deposition and may affect some livestock when over 1,000 ppm.

Water Treatment

Water treatment equipment can often improve water quality significantly. Each type of water treatment
equipment has its limitations and thus should be selected carefully. For more information on water treatment
please refer to the Agdex 71 6 D series of fact sheets.

Helpful Conversions
1 ppm (part per million) = 1 mg/L (milligram per litre)
1 gpg (grain per gallon) = 17.1 ppm (parts per million)

References
Guidelines for Canadian Drinking Water Quality (1987) Health and Welfare Canada
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*Federal-Provincial Subcommittee on Drinking Water of the Federal-Provincial-Territorial Committee on

Environment and Occupational Health. March 2001. Summary of Guidelines for Canadian Drinking Water
Quality.
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Additional Information

VIDEOS
Will the Well Go Dry Tomorrow? (Mow-Tech Ltd.: 1-800 GEO WELL)
Water Wells that Last (PFRA — Edmonton Office: 780-495-3307)
Ground Water and the Rural Community (Ontario Ground Water Association)

BOOKLET
Water Wells that Last (PFRA — Edmonton Office: 780-495-3307);
http://www.agric.gov.ab.ca/water/wells/index.html
Quality Farm Dugouts - http://www.agric.gov.ab.ca/esb/dugout.html

ALBERTA ENVIRONMENT

WATER - http://www3.gov.ab.ca/env/water.cfm

GROUNDWATER INFORMATION SYSTEM - http://www.telusgeomatics.com/tgpub/ag water/

WATER WELL INSPECTORS
Jennifer McPherson (Edmonton: 780-427-6429)

WATER WELL LICENSING
Rob George (Edmonton: 780-427-6429)

GEOPHYSICAL INSPECTION SERVICE
Edmonton: 780-427-3932

COMPLAINT INVESTIGATIONS
Jerry Riddell (Edmonton: 780-422-4851)

UNIVERSITY OF ALBERTA — Department of Earth and Atmospheric Sciences - Hydrogeology
Carl Mendoza (Edmonton: 780-492-2664)

UNIVERSITY OF CALGARY — Department of Geology and Geophysics - Hydrogeology
Larry Bentley (Calgary: 403-220-4512)

FARMERS ADVOCATE
Dean Lien (Edmonton: 780-427-2433)
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PRAIRIE FARM REHABILITATION ADMINISTRATION (PFRA) BRANCH OF AGRICULTURE AND
AGRI-FOOD CANADA (AAFC)

Curtis Snell (Westlock: 780-349-3963) - snellc@em.agr.ca
Tony Cowen (Edmonton: 780-495-4911) - cownent@agr.gc.ca

WILDROSE COUNTRY GROUND WATER MONITORING ASSOCIATION
Dave Andrews (Irricana: 403-935-4478)

LOCAL HEALTH DEPARTMENTS

ydrogeological

H C groundwater consulting
environmental sciences onsultants Itd.




YELLOWHEAD COUNTY
Appendix D

Maps and Figures Included as Large Plots

[2T=To [ doTel [ o] oToTo | £=1 o] VNPT PSPPI 2
Apparent Yield for Water Wells Completed in Sand and Gravel AQUIfEr(S)........ccuerueareririeeiiieereee e 3
Total Dissolved Solids in Groundwater from Surficial DEPOSIES........cccueeiiiiiiiie e 4
Apparent Yield for Water Wells Completed in Upper Bedrock AQUIfEI(S).....ceeieiceerrimiiieeeieeriieeeee e e e scnveeeee e e 5
Total Dissolved Solids in Groundwater from Upper Bedrock AQUIfEI(S) .......ccuvereeiiiiiriiiiere e 6
Estimated Water Well USE Per SECHON.........coi ittt ettt e et e e et e e e snee e e e e nae e e s eneeeeeennes 7
LTI G Y= T o T PP PP PP 8
L0 (0TS T =Yoo o 1 N PSR 9
L0 (0T T =Yoo o T = = SRR 10
L@ (oS T s T =Y (o] o N O PSRRI 11
(O T TRt 1o i [o ) T I I R 12
L0 (0TS T S T =Yoo o TN = PSR 13
L0 (0T T =T (o] o TN e ST 14

H c groundwater consulting ydrogeological
environmental sciences onsultants Itd.




Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Page D -2

Bedrock Topography

‘{}(/\'A_&Q:\)/cllon'hcud County

Yellowhead County

Bedrock Topography
057 O@
‘I 1"
18
08
=) SIS a\\
21 N P t}
e OB “GS i
= 9 : 3 g ) Ty e S 053
2 =S\ > LES ﬂ
o = e i A
N 15

Buried bedrock valley

m AMSL

ORI TP T T T I I T T
700 800 900 1000 1100 1200 1300 1400

= Canada

dmonton, alberta

1.800.661.7972 - roject no. 02-227

onsultants td

H CL groundwater consulting

ydrogeological
environmental sciences onsultants Itd.




Yellowhead County, Part of the Athabasca River Basin
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M

Page D - 3

Apparent Yield for Water Wells Completed in Sand and Gravel Aquifer(s)

v/,&l’\“}/l'llou'hmd County

Yellowhead County

Apparent Yield for Water Wells Completed in Sand and Gravel Aquifer(s)

2
3 3
/. 3
- °
o
NS
] ,
} Ay
b
£

©Yellowhsad County

"

il

T Re

X

o

&
|

. 4
v |

- b wﬁ NER
b ) o SO~ S T

%

5

K/

L.
e

o

&

@

W

A
vy

M N jw

a0, Ol
>

050
E== Meltwater channel §

Buried bedrock valley ® dry test hole

10 ™My o9

15 15
igpm

[ Absent

10 ‘

Kiometre

GROUNDWATER CONSUMPTION
Groundwater ~ Lower Limit  Upper Limit

Purpose'® (m*day) (m*/day)
Residential” 11 34
Multi Parcel® 14 34
Commercial 1 max. available
Light Industrial 1 max. available
Agricultural® 174 max. available

(1) per household
(2) traditional agricultural use as defined in the Water Act
(3) all non-household groundwater use must be licensed

hycrogeological consultats I (HCL), edmonton, alberta - 1.800.661.7972 - poject no. 02227

groundwater consulting
environmental sciences

HC

I@Mm

ydrogeological

onsultants Itd.




Yellowhead County, Part of the Athabasca River Basin Page D - 4
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M
Total Dissolved Solids in Groundwater from Surficial Deposits
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Apparent Yield for Water Wells Completed in Upper Bedrock Aquifer(s)
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Total Dissolved Solids in Groundwater from Upper Bedrock Aquifer(s)
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Water Wells Recommended for Field Verification
(details on following pages)
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WATER WELLS RECOMMENDED FOR FIELD VERIFICATION
Aquifer Date Water Completed Depth NPWL
Owner Location Name Well Drilled Metres Feet Metres Feet UlD

Alberta Department of Highways SE 14-053-19 W5M Lower Surficial 20-Apr-60 8.53 28.0 3.05 10.0  M36234.933667
Alberta Forestry 04-30-054-19 W5M Dalehurst Member 02-Aug-83  21.33 70.0 9.14 30.0 M35379.047850
Anderson, Ray 04-03-054-10 W5M  Upper Lacombe Member 14-Nov-73  18.59 61.0 11.58 38.0 M36234.931701
Armstrong, Jeannette SW 08-053-18 W5M Dalehurst Member 27-May-79  24.38 80.0 14.02 46.0 M36234.933409
Baker, T NW 25-053-08 W5M Upper Scollard 17-Oct-85  51.81 170.0 16.46 54.0 M36234.926617
Barress, Albert SW 10-057-14 W5M Dalehurst Member 05-Nov-85 44.19 145.0 18.9 62.0 M36234.936534
Basaraba, June 02-06-054-17 W5M Dalehurst Member 13-Nov-75  27.43 90.0 21.34 70.0  M35379.047447
Baudin, David NE 36-054-15 W5M Dalehurst Member 01-Sep-82  28.95 95.0 23.78 78.0 M35379.047136
Bellmond, Ed SW 34-053-18 W5M Dalehurst Member 27-May-82  30.48 100.0 26.22 86.0 M36234.933565
Benesch, Walter SE 13-053-09 W5M Dalehurst Member 08-Jul-75 24.38 80.0 28.66 94.0 M36234.925246
Bennett, H. SE 32-054-14 W5M Dalehurst Member 18-Feb-69  17.37 57.0 31.1 102.0 M36234.934787
Bennett, John NE 09-051-25 W5M Disturbed Belt 28-Apr-77  60.04 197.0 33.54 110.0 M37066.932281
Bergeron, M. NE 20-053-17 W5M Dalehurst Member 19-Sep-73  30.48 100.0 35.98 118.1  M36234.933794
Berkholtz, R. 16-24-053-15 W5M Dalehurst Member 16-Jun-64  21.33 70.0 38.42 126.1  M35379.048858
Bernicki, Ted NW 18-053-17 W5M Dalehurst Member 30-Jul-75  30.48 100.0 40.86 134.1  M36234.933764
Bibeau, Armand 03-29-054-09 W5M Upper Surficial 25-May-81  45.11 148.0 43.3 1421  M36234.931669
Blais NE 30-051-24 W5M Upper Surficial 24-Sep-94  42.67 140.0 45.74 150.1  M36982.852976
Block, Allan NW 22-053-15 W5M Dalehurst Member 16-Nov-89  41.15 135.0 48.18 158.1  M35379.052796
Bochek, Joe SE 34-053-17 W5M Dalehurst Member 29-Jul-74  30.48 100.0 50.62 166.1  M36234.934190
Bodner, Kim NW 17-054-16 W5M Dalehurst Member 04-Apr-77  30.48 100.0 53.06 1741  M35379.047096
Boyes, Frank SW 18-054-14 W5M Dalehurst Member 05-May-80 54.86 180.0 55.5 182.1  M36234.934703
Boyes, Frank SW 18-054-14 W5M Dalehurst Member 17-Sep-74  30.48 100.0 57.94 190.1 MB36234.934705
Bradersen, Wade NE 07-053-10 W5M Dalehurst Member 16-Aug-79  45.72 150.0 60.38 198.1 M36234.925378
Breth, Elizabeth NE 09-056-14 W5M Dalehurst Member 27-May-79  22.86 75.0 62.82 206.1 M36234.935647
Bright, D. SE 28-053-18 W5M Dalehurst Member 01-Dec-71 32 105.0 65.26 2141  M36234.933534
Brooks, Lawrence 04-16-055-11 W5M  Upper Lacombe Member 26-Nov-80  18.29 60.0 67.7 222.1  M35379.048071
Brown, Floyd SW 25-053-14 W5M Dalehurst Member 12-Aug-71  36.57 120.0 70.14 230.1  M36234.925889
Brunning SW 29-053-15 W5M Dalehurst Member 12-Sep-93  51.81 170.0 72.58 238.1 M35379.078312
Buckle, Stan SW 25-053-17 W5M Upper Surficial 14-Sep-81  41.15 135.0 75.02 246.1 M35379.066856
Burzinski, Kris SW 18-056-14 W5M Dalehurst Member 05-Aug-94 13.72 45.0 77.46 254.1 M35379.089946
Bush, Clara NE 13-054-16 W5M Dalehurst Member 12-Jun-71 18.29 60.0 79.9 262.2 M35379.046972
Butts, Donald SE 15-053-18 W5M Dalehurst Member 16-May-75  18.29 60.0 82.34 270.2 M36234.934092
Cadrain, Greg NW 18-054-16 W5M Dalehurst Member 15-Jul-85 36.57 120.0 84.78 278.2 M35379.047123
Canadian Armed Forces NW 32-051-26 W5M Disturbed Belt 03-Jul-74  21.94 72.0 87.22 286.2 M37066.932374
Canadian Forest Oil Ltd. 02-22-051-08 W5M Lower Surficial 16-Nov-01  39.32 129.0 89.66 294.2 M37231.572073
Cartwright, Richard NE 15-053-18 W5M Dalehurst Member 17-Jul-79 36.57 120.0 92.1 302.2 M37066.938148
Cassidy, A. E. NE 06-051-25 W5M Disturbed Belt 07-Jul-82  86.86 285.0 94.54 310.2 M37066.932353
Chapman, Harold SE 17-053-15 W5M Dalehurst Member 04-Jun-59 18.29 60.0 96.98 318.2 M35379.048681
Chapman, Lawrence SW 31-052-15 W5M Dalehurst Member 26-Sep-83  30.48 100.0 99.42 326.2 M37066.928076
Chison, Ron 12-27-053-16 W5M Dalehurst Member 06-May-76  36.57 120.0 101.86 334.2 M35379.049735
Christe, R.B 08-16-054-16 W5M Dalehurst Member 25-Jun-75  30.48 100.0 104.3 342.2 M35379.104469
Close, Willie SW 29-053-15 W5M Dalehurst Member 27-May-87  36.57 120.0 106.74 350.2 M35379.048937
Cold Creek Ranchers Station 09-29-053-11 W5M Dalehurst Member 07-Sep-79  24.38 80.0 109.18 358.2 M36234.925561
Coulter, Roy NW 14-053-14 W5M Dalehurst Member 12-Jun-78 27.74 91.0 111.62 366.2 M36234.925798
Cressman, Warren SW 05-054-17 W5M Dalehurst Member 20-Aug-84 25.6 84.0 114.06 374.2  M35379.047366
Cunningham, Walter NE 07-057-13 W5M Upper Lacombe Member 09-Aug-83  42.67 140.0 116.5 382.2 M36234.936480
Darrimont, Margret SW 28-053-11 W5M Dalehurst Member 11-Oct-71 33.53 110.0 118.94 390.2 M36234.925548
Degner, Herb 04-30-050-25 W5M Disturbed Belt 26-May-84 134.11 440.0 121.38 398.2 M36727.988293
Desjarlais, A. SW 07-053-19 W5M Dalehurst Member 26-Aug-76 51.2 168.0 123.82 406.3 M35379.095578
Dickson, Al SW 20-053-12 W5M Dalehurst Member 15-May-78 22.86 75.0 126.26 414.3 M36234.925708
Dixon, H.R. NE 19-054-14 W5M Dalehurst Member 13-Jun-80  25.91 85.0 128.7 422.3 M36234.934722
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Yellowhead County, Part of the Athabasca River Basin Page E - 4
Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M
WATER WELLS RECOMMENDED FOR FIELD VERIFICATION (continued)
Aquifer Date Water Completed Depth NPWL
Owner Location Name Well Drilled Metres Feet Metres Feet uiD

Donkin, Mitch NW 30-054-15 W5M Dalehurst Member 07-Jun-80  30.48 100.0 12.19 40.0 M35379.047089
Donkin, Shelly SE 33-053-18 W5M Dalehurst Member 20-Aug-86  57.91 190.0 45.72 150.0 M36234.933558
Dummett, Chris NE 12-057-14 W5M Dalehurst Member 20-Nov-84  28.95 95.0 18.29 60.0 M36234.936541
Elzinga, Andrew 14-24-054-15 W5M Dalehurst Member 07-Apr-69  30.48 100.0 6.1 20.0 M35379.046973
Elzinga, Doug SE 24-054-15 W5M Dalehurst Member 16-Jun-93  21.94 72.0 7.92 26.0 M35379.070931
Enge, Lawrence 04-32-054-09 W5M  Upper Lacombe Member 23-Nov-78  27.43 90.0 7.62 25.0 M36234.931677
Fahrion, E 03-20-054-15 W5M Dalehurst Member 01-Apr-73  28.95 95.0 3.05 10.0  M35379.046890
Fenwick, Jeff NE 20-053-17 W5M Dalehurst Member 21-Jun-75 4419 145.0 31.7 104.0 M36234.933793
Fickle Lake Recreation Area SW 05-052-19 W5M Dalehurst Member 05-Oct-68  44.19 145.0 5.18 17.0  M35379.042801
Fillmore, Ed SE 31-056-14 W5M Dalehurst Member 01-Aug-73  24.38 80.0 5.79 19.0 M36234.935762
Findlay, Mike NE 31-055-15 W5M Dalehurst Member 15-Nov-76  15.24 50.0 5.79 19.0 M35379.095534
Fisher, Tom NW 23-053-15 W5M Dalehurst Member 24-May-83 18.29 60.0 1.52 5.0 M35379.048835
Fluker, Milt SE 01-054-17 W5M Dalehurst Member 21-Jul-83  36.57 120.0 6.1 20.0 M35379.047224
Fossheim, Einar A. NE 01-055-16 W5M Dalehurst Member 21-Oct-81 24.38 80.0 11.89 39.0 M35379.045232
Fuchs, Richard 04-30-050-25 W5M Disturbed Belt 13-May-84 138.68 455.0 9.14 30.0 M36727.988292
Gauchier, John SW 07-053-19 W5M Dalehurst Member 01-Aug-75 61 200.1 10.1 33.1 M36076.566864
Gervais, Frank SH 29-053-15 W5M Dalehurst Member 15-Oct-80  36.57 120.0 27.43 90.0 M35379.048932
Gheist, Adolph SE 16-054-17 W5M Dalehurst Member 20-Mar-85  16.76 55.0 7.92 26.0 M35379.047839
Giezen, A. SW 25-055-10 W5M Upper Lacombe Member 09-Nov-69 38.4 126.0 19.81 65.0 M35379.047889
Goertzen, Dave SW 29-053-15 W5M Dalehurst Member 18-Jun-94  54.86 180.0 27.99 91.8 M35379.091784
Gonkwicz, Stan NE 32-054-08 W5M Lower Lacombe Member 29-Jan-81 30.48 100.0 10.67 35.0 M36234.931545
Gouchier, John NW 06-053-19 W5M Dalehurst Member 29-Sep-75  60.96 200.0 10.12 33.2 M36234.933743
Grodzicki, John SE 31-052-17 W5M Dalehurst Member 19-Jul-79 24.38 80.0 3.66 12.0 M35379.068158
Hallett, D SE 30-053-08 W5M Lower Lacombe Member 12-Sep-77  51.81 170.0 12.19 40.0 M36234.926630
Hampshire, Mary 01-02-054-10 W5M  Upper Lacombe Member 25-Jul-75  24.38 80.0 16.15 53.0 M36234.931700
Hansen, Bert SW 31-050-25 W5M Lower Surficial 24-Apr-90  73.15 240.0 11.9 39.0 M35379.056759
Hawkins, L NE 07-053-14 W5M Dalehurst Member 30-Mar-83  24.38 80.0 7.31 24.0 M36234.926900
Hecht, Gerald SW 14-053-16 W5M Dalehurst Member 08-Feb-89  36.57 120.0 20.42 67.0 M35379.056671
Hecht, Gerald SW 14-053-16 W5M Dalehurst Member 24-Sep-94  41.15 135.0 22.95 75.3 M35379.091785
Hecht, Gerald SW 14-053-16 W5M Dalehurst Member 27-Sep-94  33.53 110.0 23 75.5  M35379.091786
Helstien, Bill NW 22-053-18 W5M Dalehurst Member 20-Apr-76  39.62 130.0 33.22 109.0 M36234.933511
Henault, D. SW 20-053-13 W5M Dalehurst Member 15-Jul-75  41.15 135.0 34.44 113.0 M36234.926752
Henault, R. SW 28-053-13 W5M Dalehurst Member 02-Aug-85  42.67 140.0 17.68 58.0 M36234.926794
Herbert, D. SW 30-056-14 W5M Dalehurst Member 30-May-69 22.86 75.0 7.62 25.0 M36234.935757
Hicks, Ashley NW 10-055-08 W5M Lower Lacombe Member 03-Aug-78 51.2 168.0 27.43 90.0 M35379.047365
Holloway, Kevin SW 09-054-18 W5M Dalehurst Member 05-Jun-85  36.57 120.0 17.37 57.0 M35379.047478
Holmen, Garry SW 17-053-14 W5M Dalehurst Member 18-Aug-77  18.29 60.0 4.57 15.0 M36234.925812
Hope, Rod #Site 6 NE 24-050-26 W5M Disturbed Belt 18-Jun-81  83.82 275.0 0 0.0 M37066.932222
Ice, Fern NW 23-053-14 W5M Dalehurst Member 07-Nov-77  18.29 60.0 7.62 25.0 M36234.925879
Improvement District No. 14 NW 06-053-19 W5M Lower Surficial 24-Jul-90 25.6 84.0 2.38 7.8 M36076.566164
lwanciwski, Michael NW 28-054-15 W5M Dalehurst Member 28-Nov-71  27.43 90.0 -0.03 -0.1 M35379.047037
Jackson, W SW 26-053-08 W5M Lower Lacombe Member 24-Feb-81 30.48 100.0 18.29 60.0 M36234.926621
Jaydel Farms SE 32-053-13 W5M Dalehurst Member 06-Aug-70  36.57 120.0 7.92 26.0 M36234.926827
Jensen, Terry NE 28-053-18 W5M Dalehurst Member 03-May-77  33.53 110.0 16.46 54.0 M36234.933538
Jensen, Verner SE 12-053-18 W5M Lower Surficial 30.48 100.0 3.35 11.0 M36234.933442
Jerke, O. NE 07-053-09 W5M Dalehurst Member 19-May-76  30.48 100.0 24.99 82.0 M36234.925228
Jerke, Otto A. NE 06-053-09 W5M Dalehurst Member 01-Jun-83  35.36 116.0 25.91 85.0 M36234.925220
Johnson, A NE 04-053-08 W5M Upper Lacombe Member 01-Jan-64  16.76 55.0 5.49 18.0 M36234.926487
Johnson, Gary 09-03-056-14 W5M Dalehurst Member 13-Oct-89  30.48 100.0 20.19 66.2  M36234.935639
Johnson, Jim NE 24-050-26 W5M Disturbed Belt 17-Jun-82  82.29 270.0 0 0.0 M37066.932278
King, Larry SE 28-055-14 W5M Dalehurst Member 20-Mar-90  30.48 100.0 18.26 59.9  M35379.052418
King, Larry SW 28-055-14 W5M Dalehurst Member 20-Mar-90  24.38 80.0 13.58 446  M35379.052419
Klut, E SE 15-054-15 W5M Dalehurst Member 01-Aug-72  27.43 90.0 3.05 10.0 M35379.046788
Koprivnak, Bill SW 14-053-18 W5M Dalehurst Member 25-Sep-81  36.57 120.0 28.95 95.0 M36234.933469
Lario Oil & Gas Ltd NE 29-053-10 W5M Upper Lacombe Member 23-Sep-76  13.11 43.0 8.23 27.0 M36234.925433
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Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M
WATER WELLS RECOMMENDED FOR FIELD VERIFICATION (continued)
Aquifer Date Water Completed Depth NPWL
Owner Location Name Well Drilled Metres Feet Metres Feet uiD

Lawton Farms NW 33-055-12 W5M Dalehurst Member 24-May-85  36.57 120.0 16.76 55.0 M36234.934880
Lee, Davis NW 28-055-12 W5M Dalehurst Member 10-Nov-88  36.57 120.0 19.88 65.2 M36234.934865
Lemieux, Ted SW 30-057-13 W5M Dalehurst Member 18-Dec-79  42.67 140.0 30.48 100.0 M36234.936516
Lenndertse, John SE 10-054-18 W5M Dalehurst Member 12-Jul-83 30.48 100.0 21.33 70.0 M35379.047505
Liturak, Roy NE 29-053-15 W5M Upper Surficial 08-May-92 27.13 89.0 15.54 51.0 M35379.066603
Lorey, Erwin NE 35-053-11 W5M Upper Lacombe Member 23-Feb-84  48.77 160.0 5.49 18.0 MB36234.925586
Ludwig, Elcke SE 13-054-16 W5M Dalehurst Member 03-Oct-77 18.29 60.0 3.05 10.0 M35379.046961
Mahon, Bill SE 25-053-17 W5M Dalehurst Member 17-May-77  36.57 120.0 10.67 35.0 M36234.934120
May, John SW 05-054-16 W5M Dalehurst Member 11-Dec-73  48.77 160.0 20.11 66.0 M37066.930060
McCaffrey, Sharon SE 04-054-15 W5M Dalehurst Member 12-Jun-78  36.57 120.0 27.43 90.0 M35379.046615
Mccallister, Norman SE 34-055-12 W5M Dalehurst Member 28-Feb-79  34.44 113.0 28.35 93.0 M36234.934885
Mcniven, David NE 11-057-14 W5M Dalehurst Member 01-Nov-81 64 210.0 56.08 184.0 M36234.936538
Mcphee, Pat NW 34-053-18 W5M Dalehurst Member 02-Jul-76  30.48 100.0 11.58 38.0 M36234.933567
Mcrobie, Nick 07-08-054-15 W5M Dalehurst Member 18-Jun-76  22.86 75.0 13.72 45.0 M35379.046638
Merrill, Ellen NE 21-053-15 W5M Dalehurst Member 27-Sep-75  36.57 120.0 21.44 70.3 M35379.048714
Merrill, Ellen NE 21-053-15 W5M Dalehurst Member 02-Oct-81  36.57 120.0 22.53 73.9  M35379.048715
Mizera, Larry SW 08-054-17 W5M Dalehurst Member 17-Sep-82  10.36 34.0 2.13 7.0 M35379.047492
Moberly, E. SE 36-050-26 W5M Disturbed Belt 23-Feb-71  15.24 50.0 5.32 17.5  M37066.932196
Mona, H. SW 24-053-16 W5M Upper Surficial 02-Sep-82 24.38 80.0 11.58 38.0 M35379.049706
Monsma, Clarence SW 21-053-15 W5M Dalehurst Member 07-Nov-69  31.39 103.0 20.42 67.0 M35379.048709
Moore, Doug NW 02-051-26 W5M Disturbed Belt 03-Nov-81  79.24 260.0 47.24 155.0 M35379.105537
Munro, R.A. SW 03-053-19 W5M Dalehurst Member 13-Oct-78  54.86 180.0 25.91 85.0 M36234.933590
Myrholm, Tom SE 30-053-09 W5M Upper Lacombe Member 07-Jul-75  22.86 75.0 7.01 23.0 M36234.925335
Neale, R.S. SE 15-056-14 W5M Dalehurst Member 23-Feb-77  30.48 100.0 15.46 50.7  M36234.935676
Neale, Robert SE 15-056-14 W5M Dalehurst Member 05-Dec-91  53.95 177.0 15.91 52.2  M35379.062732
Nelson, Lynette 03-08-053-22 W5M Dalehurst Member 19-Jun-72 16.15 53.0 9.37 30.7 M36234.933964
Neufeld, Garry & Pat NW 33-055-13 W5M Dalehurst Member 06-Mar-90  25.91 85.0 16.22 53.2  MB35379.052121
Nikolyuk, W SW 18-053-08 W5M Upper Lacombe Member 09-Jun-82  30.48 100.0 14.63 48.0 M36234.926572
Nitz, Jim SE 23-053-16 W5M Dalehurst Member 11-Jun-85  42.67 140.0 18.75 61.5  M35379.049603
Ohnysty, John NW 19-054-08 W5M Lower Lacombe Member 20-Aug-70 32 105.0 18.29 60.0 M36234.931486
Ohnysty, John 14-19-054-08 W5M Lower Lacombe Member 28-Oct-60  33.53 110.0 15.85 52.0 M36234.931488
ONESYK 09-17-054-07 W5M Haynes Member 26-Oct-66  22.86 75.0 7.62 25.0 M36234.931348
Osadchuck, John SE 28-053-17 W5M Dalehurst Member 03-Oct-79  36.57 120.0 9.14 30.0 M36234.934150
Ottoson, Ernie SW 02-054-17 W5M Dalehurst Member 25-Jan-85  48.77 160.0 32.31 106.0 M35379.047298
PARK NW 06-053-19 W5M Dalehurst Member 04-Sep-75  40.23 132.0 7.62 25.0 M36234.933744
Parker, Ken NW 18-054-14 W5M Dalehurst Member 16-Jul-74  24.38 80.0 18.29 60.0 M36234.934710
Parks Dept/Maintanence Shop NW 32-051-26 W5M Disturbed Belt 01-Jun-70  41.15 135.0 7.92 26.0 M35379.104087
PELICAN SPRUCE MILLS NE 23-053-17 W5M Dalehurst Member 17-Sep-82  48.77 160.0 24.69 81.0 M36234.934111
Pelke, E. SW 04-053-15 W5M Dalehurst Member 18-Dec-73  30.48 100.0 7.31 24.0 M35379.048601
Peters, Dan NW 05-054-16 W5M Dalehurst Member 05-Nov-82 42.67 140.0 11.58 38.0 M35379.046913
Petley, L.E. NE 22-053-14 W5M Dalehurst Member 09-Nov-77  24.38 80.0 5.18 17.0  M36234.925874
Pillage, Brian NW 21-053-17 W5M Dalehurst Member 31-Aug-79 54.86 180.0 36.57 120.0 MB36234.933829
Pitcher, Jim SW 19-053-18 W5M Dalehurst Member 18-May-78  18.29 60.0 12.8 42.0 M36234.933500
Preece, Joan NE 34-053-17 W5M Dalehurst Member 23-Aug-84 32 105.0 9.14 30.0 M36234.934194
Prince, Bessie SW 07-053-19 W5M Dalehurst Member 01-Aug-75 43.3 142.1 9.1 29.9 M36076.566946
Public Works, Dept Of SE 17-053-17 W5M Dalehurst Member 01-Oct-70  67.05 220.0 41.44 136.0 M37066.937154
Radcliffe, Allen SW 15-054-14 W5M Dalehurst Member 09-Sep-75  18.29 60.0 4.57 15.0 M36234.934663
Radcliffe, Curtis NE 23-054-14 W5M Dalehurst Member 01-Apr-85  30.48 100.0 3.66 12.0 M36234.934748
Radcliffe, R. 01-15-054-14 W5M Dalehurst Member 27-Sep-67  16.76 55.0 4.27 14.0 M35379.109414
Radcliffe, Ray NW 22-054-14 W5M Lower Surficial 11-Apr-71 13.41 44.0 5.18 17.0  M36234.934741
Radcliffe, Rick SW 28-054-14 W5M Dalehurst Member 28-Jun-84 18.29 60.0 11.89 39.0 M36234.934763
Rechner, M. SE 06-055-14 W5M Dalehurst Member 04-Jan-68  22.86 75.0 9.45 31.0 M36234.934984
Rinke, Geo SE 31-054-14 W5M Dalehurst Member 31-Jul-72 18.29 60.0 2.44 8.0 M36234.934779
Riopka, Steve NW 21-053-17 W5M Dalehurst Member 08-Jun-79  60.96 200.0 44.5 146.0 M36234.933830
Ritcher, Fran SE 16-052-08 W5M Dalehurst Member 06-Oct-80  22.86 75.0 16.76 55.0 M35379.123379
Rivard, Richard SE 30-054-14 W5M Dalehurst Member 13-Jun-89 15.24 50.0 1.83 6.0 M36234.934774
Robert Neale SW 14-056-14 W5M Dalehurst Member 09-Aug-78 28.95 95.0 15.98 52.4  M36234.935669
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Regional Groundwater Assessment, Tp 050 to 057, R 07 to 26, W5M
WATER WELLS RECOMMENDED FOR FIELD VERIFICATION (continued)
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Robinson, B. NW 15-054-07 W5M Upper Scollard 08-Nov-81  24.38 80.0 6.1 20.0 M36234.931341
Robinson, Gordon SW 29-053-15 W5M Dalehurst Member 25-May-92  51.81 170.0 25.6 84.0 M35379.066706
Rupert, Lauri SW 08-053-19 W5M Lower Surficial 06-Jun-83 36.6 120.1 15.2 49.9 M36076.564746
Rurka, M. NE 30-056-14 W5M Dalehurst Member 01-Nov-72  22.86 75.0 0.3 1.0 M36234.935760
Russell, Cecil W. NW 12-055-10 W5M Upper Lacombe Member 27-Mar-75  30.48 100.0 15.24 50.0 M35379.047864
Saken, Walter 13-13-054-15 W5M Dalehurst Member 18-Sep-74  27.43 90.0 5.79 19.0 M35379.046754
Sanders, Jack 13-30-054-17 W5M Dalehurst Member 15-Nov-72  18.29 60.0 6.71 22.0 M35379.047765
Sanders, Jom NW 23-053-18 W5M Dalehurst Member 05-Oct-72  18.29 60.0 12.5 41.0 M36234.933519
Saunders, Bill/Rcmp NW 15-054-16 W5M Dalehurst Member 06-Jun-78  39.62 130.0 27.43 90.0 M35379.104471
Schafer, Harold SW 26-054-16 W5M Dalehurst Member 11-Aug-86  27.43 90.0 22.55 74.0 M35379.047165
Sharra, Margaret NW 06-053-19 W5M Dalehurst Member 01-Aug-75 61 200.1 9.1 29.9 M36076.566524
Shirley, Ben SW 13-053-18 W5M Dalehurst Member 08-Dec-74  65.53 215.0 44.19 145.0 M36234.933461
Simmonds, Niel NW 02-051-26 W5M Lower Surficial 23-May-84 125 41.0 10.01 32.8  M37066.932407
Simmons, George 01-03-054-17 W5M Dalehurst Member 11-Jun-71 42.67 140.0 11.28 37.0 M35379.047316
Smith, Ken SW 04-053-18 W5M Dalehurst Member 28-Jul-62  30.48 100.0 14.63 48.0 M36234.933398
Snyder, Ken SW 36-054-18 W5M Lower Surficial 01-Sep-70  20.42 67.0 8.53 28.0 M35379.047717
Stanton, Mike SW 23-053-16 W5M Dalehurst Member 22-Sep-87  33.53 110.0 20.12 66.0 M35379.049605
Stepaniuk, S NW 16-053-08 W5M Lower Lacombe Member 19-Mar-73  48.77 160.0 31.7 104.0 M36234.926562
Stevens, Annie May SE 27-054-16 W5M Dalehurst Member 11-Jun-77  36.57 120.0 22.25 73.0  M35379.047227
Stobel, P 08-08-054-15 W5M Upper Surficial 21-Jun-71  24.38 80.0 18.29 60.0 M35379.046643
Swedberg, Oscar NW 05-052-18 W5M Dalehurst Member 13-Jun-74 38.1 125.0 22.86 75.0 M36234.935797
Tait, Charles NE 09-053-10 W5M Dalehurst Member 14-Jul-76  39.62 130.0 26.82 88.0 M36234.925382
Tanghe, Bob SW 21-054-17 W5M Dalehurst Member 14-Aug-81 18.29 60.0 4.57 15.0 MB35379.047669
Tate, D SW 20-053-08 W5M Upper Lacombe Member 16-Oct-79  28.95 95.0 13.72 45.0 M36234.926585
Tews, Carl SE 30-053-15 W5M Dalehurst Member 03-Jul-84  36.57 120.0 25.91 85.0 M35379.048952
Tews, W. SW 30-053-15 W5M Dalehurst Member 01-Sep-73  36.57 120.0 17.68 58.0 M35379.048954
The Church of Jesus Christ SE 27-053-17 W5M Dalehurst Member 20-Sep-82  24.38 80.0 7.62 25.0 MB36234.934143
The Rojan Grp NE 26-055-18 W5M Dalehurst Member 11-Feb-84  24.38 80.0 5.79 19.0 MB35379.045534
Thomas, Munroe 16-15-054-17 W5M Dalehurst Member 28-Jul-76 30.48 100.0 15.24 50.0 M35379.047826
Tiby, Roger NW 03-054-17 W5M Dalehurst Member 06-May-82  24.38 80.0 9.14 30.0 M35379.047356
Tindill, Dave & Rosemary NE 25-053-14 W5M Dalehurst Member 11-Sep-79  36.57 120.0 22.86 75.0 M36234.925894
Tobin, Dan NW 15-054-16 W5M Dalehurst Member 19-Mar-86  21.33 70.0 12.19 40.0 M35379.047065
Townsend, Ed SW 14-055-14 W5M Dalehurst Member 20-Jul-77 24.38 80.0 6.1 20.0 M36234.935017
Townsend, J. SW 21-056-14 W5M Dalehurst Member 29-May-69  19.81 65.0 9.75 32.0 M36234.935713
Turner, Mark SW 29-053-15 W5M Dalehurst Member 15-May-89  36.57 120.0 24.38 80.0 M35379.057722
Twiss, R.F. NW 10-055-15 W5M Dalehurst Member 09-Aug-78 24.38 80.0 9.45 31.0 M35379.045117
Tymchuck, Jim SE 07-054-16 W5M Dalehurst Member 30-Oct-85  57.91 190.0 27.43 90.0 M35379.046934
Uden, Warren NW 21-053-10 W5M Upper Lacombe Member 16-Apr-75  36.57 120.0 13.11 43.0 M36234.925410
Vanance, Oliver NW 12-052-24 W5M Disturbed Belt 17-Jul-75 53.34 175.0 4.57 15.0 M36234.935396
Velechko, Peter 16-27-054-15 W5M Dalehurst Member 05-Aug-72  50.29 165.0 27.43 90.0 M35379.047008
Waddell, A NW 12-052-24 W5M Disturbed Belt 31-Jul-74  44.19 145.0 6.1 20.0 M36234.935388
Walker, Jack SE 16-054-18 W5M Dalehurst Member 13-Jun-83  73.15 240.0 51.81 170.0 M35379.047539
Wall, Calvin NW 23-053-15 W5M Dalehurst Member 27-Mar-84  27.43 90.0 6.1 20.0 M35379.048837
Weaver, K.G. NW 07-052-18 W5M Dalehurst Member 03-Nov-73  30.48 100.0 1.83 6.0 M36234.935803
Wigley, Dale SE 27-055-12 W5M Dalehurst Member 03-Sep-73  44.19 145.0 33.53 110.0 MB36234.934862
Willetts, Don NE 12-057-14 W5M Dalehurst Member 09-Sep-86  36.57 120.0 24.38 80.0 MB36234.936542
Williams, Blaine SE 18-056-14 W5M Dalehurst Member 02-Jun-84  18.29 60.0 4.57 15.0 MB36234.935693
Williams, Blaine SW 18-056-14 W5M Dalehurst Member 02-Jun-84 18.3 60.0 4.57 15.0 M36444.263671
Wodley, M.E. NW 27-053-18 W5M Upper Surficial 01-May-71  30.48 100.0 10.67 35.0 M36234.933529
Wolfe, John NE 07-054-14 W5M Dalehurst Member 26-Oct-76  22.86 75.0 10.67 35.0 M36234.934646
Wolfe, Shane SE 07-054-14 W5M Dalehurst Member 18-Jun-96 19.81 65.0 3.53 11.6 M36234.937185
Wunderlick, Rick SW 18-053-14 W5M Dalehurst Member 24-Aug-82 32 105.0 12.19 40.0 M36234.925824
Yoder, Christian SW 13-056-14 W5M Dalehurst Member 15-May-76  36.57 120.0 18.29 60.0 M36234.935665
York, Owen SE 08-053-09 W5M Dalehurst Member 29-Oct-82 29.26 96.0 14.32 47.0 M36234.925229
Young, Geo NE 03-055-07 W5M Battle 01-Aug-73  32.31 106.0 6.1 20.0 M35379.046998
Zatorski, Ed NW 36-054-11 W5M Upper Lacombe Member 24-Oct-86 21.94 72.0 9.14 30.0 M36234.934385
Ziegert, C. NW 08-053-08 W5M Upper Lacombe Member 18-Aug-80  27.43 90.0 9.14 30.0 MB36234.926490
YELLOWHEAD COUNTY-OPERATED WATER WELLS
Aquifer Date Water Completed Depth NPWL
Owner Location Name Well Drilled Metres Feet Metres Feet UlD
M.D. of Yellowhead NW 10-055-15 W5M Dalehurst Member 21-Nov-94 38.7 127.0 7.3 24.0 M35379.100636
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