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1.0 Introduction and Scope of Work

Envirowest Engineering (Envirowest) was retained by Henk Schrijver of New Mars Dairy to 
conduct a Site and Soil Assessment for the proposed construction of corrals with solid manure 
storage and a catch basin. 

The assessment was completed to determine conditions beneath the proposed construction area
and assess soil properties for construction of proposed facilities. The operation, herein referred to 
as “the Site,” is located on NW-09-47-27 W4M in County of Westaskiwin.

The assessment has been completed in accordance with the standards and regulations associated 
with the amended Agricultural Operation Practices Act and associated regulations which govern 
all new and modified confined feeding operations.

Scope of Work

Five investigative boreholes were drilled using a truck-mounted rotary auger and completed to a 
maximum depth of 6.0 m below ground surface (mbgs) on April 27, 2023. The boreholes were 
completed in the area proposed for a solid manure storage and catch basin. The borehole locations 
are shown on Figure 1 (attached).

A composite sample of soil was collected from a stratum within the proposed area and was 
submitted to a third-party laboratory for analysis of soil properties as applicable for use in 
construction of a compacted earthen liner.  
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2.0 Assessment Results 

The Site is generally sloping to south southeast. The Site is currently in cropland and pasture.
Five investigative boreholes were drilled using a truck-mounted rotary auger and completed to a 
maximum depth of 6.0 mbgs on April 27, 2023. The boreholes were completed in the area 
proposed for solid manure storage and catch basin.

Potential liner construction material (noted in borehole logs as sandy clay) was typically found 
beneath sand overburden at depths between 0.5 to 2.5 mbgs. 

Boreholes 23BH01, 23BH03 and 23BH04 were advanced to determine conditions beneath the 
proposed corrals. 23BH02 and 23BH05 were completed to determine conditions beneath the 
proposed catch basin locations. 

A water table was found in borehole 23BH02 at 2.5 mbgs, borehole 23BH02 was at an elevation 
approximately 3 meters below 23BH01. A water table was found within the corrals at 4.8 mbgs. 
A water table was found in borehole 23BH05 at 3.7 mbgs.

Boreholes were backfilled with the material removed by back spinning the solid stem auger and 
compacting to depth of the borehole.
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The results of the soil analysis completed by a third-party laboratory are presented in Table 1 
below. The soil sample locations are presented on Figure 1, and borehole logs are attached.

Table 1: Soil Properties Results

Parameter Composite

Sample Depth (m) 0.5-4.0

Particle Size (%clay) 31.0

Particle Size 
(%sand+gravel) 34.5

Particle Size (%silt) 34.5

Texture Class
Sandy Medium 

Plastic Clay

Liquid Limit (%) 43.17

Plastic Limit (%) 13.87

Plasticity Index (%) 29.29

Moisture Content (%) 18.6

Laboratory Hydraulic 
Conductivity (cm/sec) 3.8 x 10-9

The composite soils were identified as a clay loam with a clay content of 31.0%. The hydraulic 
conductivity was determined to be 3.8 x 10-9 cm/sec at 99% compaction. The maximum dry 
density was found to be 1,808 kg/m3 with an optimum moisture content of 15.5%. 

Conservatively a safety factor of 10 is to be applied to the hydraulic conductivity based on the 
NRCB Approvals Policy (2016-7), Section 8.7.2, stating “lab measurements of a sample of 
material taken from the field are not considered an accurate representation of the actual field 
hydraulic conductivity values. This is because of the potential variability of soils, differences in 
compaction methods and variances in compaction.”  The field hydraulic conductivity of the 
composite material tested is 3.8 x 10-8 cm/sec.
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3.0 Conclusions

The following conclusions are based on the discussed scope of the construction.

The composite soils were determined to be appropriate for the construction of a compacted clay 
liner for use of a solid manure storage within corrals and a catch basin.
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4.0 Design Considerations 

4.1 Earthen Lined Corrals

Based on the information obtained it was determined that the native clay, beneath overburden, 
was found at depths between 0.5 to a minimum of 3.0 mbgs. 

Minimum Required Liner Depth for solid manure storage: 

0.5 m
5 x 10 -7 cm/sec

= 
X m3.8 x 10 -8 cm/sec

X = 0.04 m

A compacted liner thickness of 0.5 meters is recommended.

Corrals should be sloped at approximately 3% towards the catch basin with surrounding surface 
runoff directed away from the solid manure storage. 

4.2 Earthen Lined Catch Basin 

Based on the information obtained it was determined that the native clay, beneath overburden, 
was found at depths between 0.5 to 7.0 mbgs. 

Minimum Required Liner Depth for EMS: 

1 m
5 x 10 -7 cm/sec

= 
X m3.8 x 10 -8 cm/sec

X = 0.08 m

A compacted liner thickness of 1.0 meters is recommended. 
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4.3 Catch Basin Storage Sizing

Surface Run-off Area

The current area of contributing run-off is 4,500 m2, including the shed runoff.  A catch basin size 
is recommended with a storage capacity of at minimum 278 m3, based on precipitation data from 
Millet.

To provide the required capacity, the new catch basin should be 21 m in length x 21 m in 
width. The overall depth has been designed as 2.0 m. The overall storage capacity of the 
new catch basin will be 283 m3. This allows for a 0.5 meter freeboard. The sizing is based 
on an inside end and side wall slope of 3:1 (run/rise) 

The overall depth of 2.0 m will be achieved through a below grade depth of 2.0 m, the 
bottom of the compacted liner will be 3.0 meters below grade as measured from borehole 
23BH05. The outside dyke walls should be completed to a slope of 4:1 where required 
along the downward slope. The crest of the dyke should be sloped slightly outward to 
direct rainfall away from the storage facility

The below-grade depth of the catch basin must maintain a minimum of a 1.0 m separation 
above the water table at the time of construction, should one be encountered 
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5.0 Compacted Liner Construction Considerations

Construction of the clay liner should be completed in approximately 0.15 m lifts. 
Preferably, compaction of each lift will be undertaken with a padfoot roller, or the like. 
The equipment being used for soil compaction must fully penetrate each lift. Each lift 
should be compacted to not less than 99 percent Standard Proctor Dry Density prior to 
addition of the subsequent lift 

The soil should be within 2 percent of the optimum moisture as determined by a Standard 
Proctor Maximum Dry Density to ensure the lowest possible hydraulic conductivity for 
the completed liner

Lifts should continue to be added until the recommended liner thickness is achieved. 
Particular attention should be paid to ensuring that the liner is integrally connected to the 
lower soil strata and that the soil around the inlet pipe is compacted to the same standard 
as the remainder of the liner

Sand pockets that may be encountered during construction should be removed prior to liner 
installation

Control of liner moisture content is critical during the construction process. Liner material 
should not be allowed to become saturated or to become dry. Should a lift surface become 
dry, the lift should be scarified prior to the placement of the next lift. Lifts which are 
above the required moisture content due to precipitation etc. should be removed or 
allowed to dry and re-compacted. The liner should not be allowed to freeze during 
construction

Topsoil, frozen soil or rocks larger than 6 inches should not be included in the liner 
material

Construction of the catch basin should be supervised by a professional engineer

The freeboard depth of 0.5 m and outside dyke walls should be covered with 0.1-0.2 m of 
topsoil and seeded to prevent soil erosion.

The following general construction procedures are recommended, though some modifications 
may be required based on actual site conditions encountered during construction:

The topsoil should be stripped from the area for construction. The topsoil can be reused on 
the freeboard area after construction completion

Sand and gravel seams, if encountered, should be excavated during construction and should 
be removed
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Following completion of the catch basin the operator should:

Ensure that shrubs, trees, and deep-rooted plants are not allowed to grow on or near the 
walls of the facility
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6.0 Closure

Envirowest Engineering is pleased to submit the report to Henk Schrijver of New Mars Dairy. 
The information and conclusions contained in this report are for their sole use. No other party is 
to rely upon the information contained within the report without the express written authorization 
of Envirowest Engineering.  

Envirowest Engineering is not responsible for any damages that may be suffered as the result of 
any unauthorized use of, or reliance on, this report. Envirowest Engineering has performed the 
work and made the findings and conclusions set out in the report in a manner consistent with the 
level of care and skill normally exercised by members of the environmental engineer profession 
practicing under similar conditions at the time the work was performed. Envirowest Engineering 
accepts no responsibility for any deficiency, misstatement or inaccuracy in this report resulting 
from misinformation from any individuals or parties that provided information as part of this 
report.  

We trust that this report meets your present needs. Please feel free to contact the undersigned with 
any questions or should you require additional information. 

Respectfully submitted,

Prepared by:
Emily J. Low, P.Eng.
Envirowest Engineering 

2206165 Alberta Ltd. o/a Envirowest Engineering 
Association of Professional Engineers and Geoscientists of Alberta 
Permit to Practice No. P14810
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7.0 Qualifications of Assessors

Ms. Emily Low, B.Sc., P.Eng, is an Environmental Engineer with Envirowest Engineering and 
has approximately 15 years of environmental assessment, monitoring, and remediation experience 
in the agricultural, industrial, real estate and development, and oil and gas sectors. Ms. Low has a 
Bachelor of Science in Chemical Engineering from the University of Alberta and is a certified 
Professional Engineer in Alberta (Association of Professional Engineers and Geoscientists of 
Alberta).
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Borehole Locations
Site and Soil Assessment

NW¼-Sec.09-Twp.047-Rge.27-W4M
County of Wetaskiwin , Alberta

Proposed Shed and Corrals

Proposed Approximate
Catch Basin

23BH01

23BH02

23BH04

23BH03

23BH05
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Site and Soil Assessment
NW¼-9-47-27-W4M

County of Wetaskiwin, Alberta
Project Number: 2304-43022

LOG OF BORING 23BH01
(Page 1 of 1)

Driller: : Evergreen Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : April 27, 2023
Logged By: : Emily Low P.Eng.

Depth
in

Meters

0.0

0.3

0.5

0.8

1.0

1.3

1.5

1.8

2.0

2.3

2.5

2.8

3.0

3.3

3.5

3.8

4.0

4.3

4.5

4.8

5.0

5.3

5.5

5.8

6.0

Gastech Reading (ppm)

0 100 200 300 400 500

VOC
Reading

G
R

AP
H

IC

DESCRIPTION

SAND, some clay, loose, dry

SANDY CLAY, reddish brown, firm, damp

water table

Elev.: 
Well: 

W
at

er
 L

ev
el

Page 28 of 41



07
-2

4-
20

23
  Z

:\O
pe

ra
tio

ns
\C

lie
nt

 D
at

a\
43

02
2 

N
ew

 M
ar

s\
23

BH
02

.b
or

Site and Soil Assessment
NW¼-9-47-27-W4M

County of Wetaskiwin, Alberta
Project Number: 2304-43022

LOG OF BORING 23BH02
(Page 1 of 1)

Driller: : Evergreen Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : April 27, 2023
Logged By: : Emily Low P.Eng.
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Site and Soil Assessment
NW¼-9-47-27-W4M

County of Wetaskiwin, Alberta
Project Number: 2304-43022

LOG OF BORING 23BH03
(Page 1 of 1)

Driller: : Evergreen Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : April 27, 2023
Logged By: : Emily Low P.Eng.
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Site and Soil Assessment
NW¼-9-47-27-W4M

County of Wetaskiwin, Alberta
Project Number: 2304-43022

LOG OF BORING 23BH04
(Page 1 of 1)

Driller: : Evergreen Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : April 27, 2023
Logged By: : Emily Low P.Eng.
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Site and Soil Assessment
NW¼-9-47-27-W4M

County of Wetaskiwin, Alberta
Project Number: 2304-43022

LOG OF BORING 23BH05
(Page 1 of 1)

Driller: : Evergreen Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : April 27, 2023
Logged By: : Emily Low P.Eng.
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2023

Envirowest

Standard Test Method for Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter

Flexible Wall Permeameter (ASTM D5084-10)

Sample Number: W234 Date Tested:

Field Technician:

Location: Red Deer, Alberta Lab Technician: B B

E

Project Name:

Initial Sample Characteristics

Final Sample Characteristics

Material Description:
Till. Clay and silt, sandy, trace gravel

Material and Test Description

Sample Source:

Depth:

Testhole: June, 2023

Project Number: USG 1680 Testing Company:

Sample Date:

Union Street Geo.
Client:

June, 2023

Mould Size:
Test Type:

Max Dry Density (kg/m3):
Remoulding Details

-
Proctor ID:

Flexible Wall
Constant Head

Percent Max (%):
Target Dry Density (kg/m3):

Deaired Water
Burrettes

Re-moulded
Fluid Used:
Fluid Reservoir:

Dry + Tare (g):
Tare (g):
Water Content (%):

72.972.7 72.9 73.0 72.9Diameter (mm):

Water Content Sample Size
Wet + Tare (g): 406 Trial Average4321

74.0
Weight (g)
Length (mm): 73.874.374.173.8

352.1
12.0

15.8%

Porosity:
Saturation:
Void Ratio:
Specific Gravity (Note 2): 2.63

45.5%
91.8%
31.3%Dry Density (kg/m3):

Wet Density (kg/m3):
Volume (cm3):
Area (cm2): 41.7

1809
2096
308.7

Water Content Sample Size
Wet + Tare (g): 668.2 Trial 1 2 3 4 Average
Dry + Tare (g): 568.8 Diameter (mm): 72.9 73.1

Area (cm2): 41.9 Specific Gravity (Note 1): 2.63

73.1 72.9 73.0
Tare (g): 12.4 Length (mm): 74 73.9 74.1 73.8 74.0

Note 2: Specific gravity for initial sample characteristics calculation set equal to that of the final.

647.0

-
-

-

Weight (g) 653

Dry Density (kg/m3): 1790 Porosity: 32.0%

Note 1: Specific gravity for final sample characteristics calculation adjusted to result in 100.0% saturation.

Volume (cm3): 309.5 Void Ratio: 47.0%
Wet Density (kg/m3): 2110 Saturation: 100.0%

Water Content (%): 17.9%
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Envirowest Field Technician: E
Testhole: Sample Date: June, 2023

Project Name: Depth:
Project Number: USG1680 Testing Company: Union Street Geo.
Client:

Standard Test Method for Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter

Saturation Data

Location: Red Deer, Alberta Lab Technician: B B
Sample Number: W234 Date Tested: June, 2023

-
-

-
-

6/23/23 7:38
6/23/23 14:02

6/22/23 13:26 0.28

Flexible Wall Permeameter (ASTM D5084-10)

6/25/23 10:08
6/26/23 7:41

-
-
-
-

6/22/23 6:49 0.00

Volume
Strain (%)

Total Vol.
Change (mL)

-
-
-
-

-
-

Cell (mL)Bottom Burret
(mL)

Top Burret
(mL)

Room Temp
(oC)

Elapsed Time
(Days)Date & Time

-
-
-

-0.90
-2.90
-3.37

-
-

20.0
21.0
21.0
21.0

1.03
1.30
3.14
4.04

-
-

12.0
13.4
16.2

-

3.3
3.2
3.0
3.0
2.9
3.0
-

2.7
-
-
-
-
-

3.3
2.9
2.3
2.3
2.5

-
-

-

-

0.00%
-0.29%
-0.94%
-1.09%
-2.12%
-2.50%

-
-7.71

-
-
-
-
-

-
-
-

0

-
-

-

-6.54
16.7
19.7
20.7

-
-
-

-
-

-
-

-
-
-

-
-

-
-

130.0
-

Cell Pressure (kPa):
Bottom Pressure (kPa):

160.0 Top Pressure (kPa):
Pressure Difference (kPa):130.0

-

21.0
21.0

-
-

-
-

-

-3.0%
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Envirowest

Project Name: Depth:
Project Number: USG1680 Testing Company: Union Street Geo.
Client:

Location: Red Deer, Alberta Lab Technician: B B
Sample Number: W234 Date Tested: June, 2023

Field Technician: E
Testhole: Sample Date: June, 2023

Flexible Wall Permeameter (ASTM D5084-10)
Standard Test Method for Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter

Permeation Data
Cell Pressure (kPa): 160.0 Top Pressure (kPa): 120.0
Bottom Pressure (kPa): 140.0 Pressure Difference (kPa): 20.0

Date & Time Elapsed Time
(Minutes)

Room Temp
(oC)

Top Burret
(mL)

Bottom Burret
(mL)

Top Vol.
Change (mL)

Bottom Vol.
Change (mL)

Average Vol.
Change (mL)

6/26/23 7:45 0 21.0 9.88 0.10 0.00 0.00 0.00
0.18 0.22

6/29/23 7:41 4316 21.0 8.59 1.39 1.29 1.29 1.29
6/26/23 14:35 410 21.0 9.62 0.28 0.26

1.34 1.32
6/29/23 11:41 4556 22.0 8.57 1.48 1.31 1.38 1.35
6/29/23 9:41 4436 22.0 8.58 1.44 1.30

1.42 1.38
- - - - - - - -

6/29/23 13:51 4686 22.0 8.54 1.52 1.34

- -
- - - - - - - -
- - - - - -

- -
- - - - - - - -
- - - - - -

- -
- - - - - - - -
- - - - - -
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Envirowest

Project Name: Depth:
Project Number: USG1680 Testing Company: Union Street Geo.
Client:

Location: Red Deer, Alberta Lab Technician: B B
Sample Number: W234 Date Tested: June, 2023

Field Technician: E
Testhole: Sample Date: June, 2023

4556
4436
4316

Average
Temperature (oC)

2.0
Gradient, i 2.756E+01

Flexible Wall Permeameter (ASTM D5084-10)

3.965E-11 0.976 3.869E-11
3.954E-11
3.927E-11

3.816E-11
3.790E-11

Standard Test Method for Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter

Permeation Data
Area of Sample (m2) 4.178E-03Head Difference (m):

kt (m/s) k20 (m/s)RT

1.29
1.32
1.35

Length of Sample (m): 7.398E-02

Elapsed Time
(Minutes)

Average Volume
Change (mL)

-
-
-
-
- -
-
-
-
-
-

4686 1.38

-
-

-
-
-
-
-
-

-
-

21.0
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-
-

-
-
-
-
-
-

-
AVERAGE

-
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-
-
-
-
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-
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-
-
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