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Seasonal slough area;
land will be built up prior
to constructing; not a
common body of water.

WW ID 102129

WW ID 298568Existing EMS to be
decommissioned
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Borehole Locations
Site and Soil Assessment

NW¼-Sec.10-Twp.037-Rge.27-W4M
Red Deer County, Alberta

24BH04

24BH05

24BH03

24BH02

24BH01

AMENDMENT - SITE AND SOIL ASSESSMENT
THE FIGURE IS AN AMENDMENT TO THE PROVIDED REPORT

- LAGOON SIZING UPDATE -
76 M X 76 M [VOLUME: 17,851 M3; CAPACITY: 15,076 M3]

ALL OTHER DESIGN RECOMMENDATIONS ARE TO BE THE SAME AS
OUTLINED IN THE PROVIDED REPORT

Amended EMS
location
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Part 2 — Technical Requirements 
Application under the Agricultural Operation Practices Act for a confined feeding operation, manure collection area, and/or manure storage facility(ies) 

Last updated February 26, 2021 

NRCB USE ONLY 
WATER WELL AND SURFACE WATER INFORMATION

Well IDs: ___________________________   ____________________________     ____ ________________ 

___________________________   ____________________________     ___________________________ 

Surface water related concerns from directly affected parties or referral agencies: YES  NO
Groundwater related concerns from directly affected parties or referral agencies: YES  NO
Water wells N/A
If applicable, exemption for 100 m distance requirements applied:  YES  NO      Condition required:      YES  NO
Surface water     N/A 
If applicable, exemption for 30 m distance requirements applied:  YES    NO      Condition required:      YES  NO

Water Well Exemption Screening Tool     N/A

Water Well ID Preliminary Screening 
Score 

Secondary Screening 
Score 

Facility 

Groundwater or surface water related comments: 

_______
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Part 2 — Technical Requirements 
Application under the Agricultural Operation Practices Act for a confined feeding operation, manure collection area, and/or manure storage facility(ies) 

Last updated February 26, 2021 

NRCB USE ONLY 
ENVIRONMENTAL RISK SCREENING INFORMATION

ERST for proposed facilities 

Facility Groundwater score Surface water score File number 

ERST for existing facilities 

Facility Groundwater score Surface water score File number 

ERST related comments: 
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Part 2 — Technical Requirements 
Application under the Agricultural Operation Practices Act for a confined feeding operation, manure collection area, and/or manure storage facility(ies) 

Last updated February 26, 2021 

NRCB USE ONLY 

MINIMUM DISTANCE SEPARATION

Methods used to determine distance (if applicable): _________________________________ 

Margin of error (if applicable): __________________________________________________ 

Requirements (m): Category 1:_____________   Category 2:__________   Category 3:__________   Category 4:_________ 

Technology factor: YES  NO

Expansion factor:  YES  NO

MDS related concerns from directly affected parties or referral agencies: YES  NO

LAND BASE FOR MANURE AND COMPOST APPLICATION 

Land base required:  ___________________ 

Land base listed:  ___________________ 

Area not suitable:  ___________________ 

Available area  ___________________ Requirement met:   YES   NO 

Land spreading agreements required: YES   NO

Manure management plan: YES   NO  If yes, plan is attached:    

PLANS 

Submitted and attached construction plans: YES   NO

Submitted aerial photos: YES   NO

Submitted photos: YES   NO

GRANDFATHERING 

Already completed: YES   NO  N/A

If already completed, see ___________________________ 
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Part 2 — Technical Requirements 
Application under the Agricultural Operation Practices Act for a confined feeding operation, manure collection area and/or manure storage facility(ies)  

Last updated February 26, 2021 

NRCB USE ONLY 

LIQUID MANURE STORAGE VOLUME CALCULATOR (if applicable) 

 Facility 1 

 Name / description  Capacity 

 Facility 2 

 Name / description  Capacity 

 Facility 3 

 Name / description  Capacity 

 Facility 4 

 Name / description  Capacity 

 TOTAL CAPACITY 

 REQUIRED 9 MONTH STORAGE CAPACITY 

 MEETS THE REQUIREMENTS FOR A MINIMUM OF 9 MONTHS STORAGE YES  NO
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Part 2 — Technical Requirements 
Application under the Agricultural Operation Practices Act for a confined feeding operation, manure collection area, and/or manure storage facility(ies) 

Last updated February 26, 2021 

NRCB USE ONLY 

ALL SIGNATURES IN FILE YES NO

DATES OF APPROVAL OFFICER SITE VISITS 

CORRESPONDENCE WITH MUNICIPALITIES AND REFERRAL AGENCIES 

Date deeming letters sent: _____________________________________________ 

Municipality:  _________________________________________________ 

letter sent response received written/email verbal no comments received

Alberta Health Services:  

letter sent response received written/email verbal no comments received

Alberta Environment and Parks:  N/A

letter sent response received written/email verbal no comments received

Alberta Transportation: N/A

letter sent response received written/email verbal no comments received

Alberta Regulatory Services: N/A

letter sent response received written/email verbal no comments received

Other: ___________________________________________________________  N/A

letter sent response received written/email verbal no comments received

Other: ___________________________________________________________  N/A

letter sent response received written/email verbal no comments received
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SITE AND SOIL ASSESSMENT

Proposed Earthen Manure Storage Lagoon
NW¼-10-037-27-W4M 

Red Deer County, Alberta
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Site and Soil Assessment
Proposed Earthen Manure Storage Lagoon

NW¼-10-037-27-W4M 
Red Deer County, Alberta

Prepared For: Connor Richards
Richards Farms Ltd.

Delivered via Email:

Prepared By: Envirowest Engineering
Box 4248, Ponoka, AB, T4J 1R6

(403) 783-8229

Report Date: January 16, 2025

Project Number: 2411-43070

Private and Confidential
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Project No: 2411-43070: Site and Soil Assessment       
-i-
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Project No: 2411-43070: Site and Soil Assessment       
-1-

1.0 Introduction and Scope of Work

Envirowest Engineering (Envirowest) was retained by Connor Richards of Richards Farms Ltd. to 
conduct a Site and Soil Assessment for the proposed construction of an earthen manure storage 
(EMS) lagoon for the proposed expansion of an existing 200 milking cow (plus replacements and 
dries) dairy operation. 

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-10-037-27-W4M in Red Deer County.

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 October 24, 2024. The boreholes were 
completed in the area proposed for a manure storage lagoon. The borehole locations are shown on 
Figure 1.0 (attached).
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Project No: 2411-43070: Site and Soil Assessment       
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2.0 Assessment Results 

The Site is in an area of relatively flat to gently rolling topography, sloping to the north. The Site
is currently utilized as cropland.  

Five investigative boreholes were drilled using a truck-mounted rotary auger and completed to a 
maximum depth of 6.0 mbgs on October 24, 2024. The boreholes were drilled in the area 
proposed for an earthen manure storage lagoon and are shown on Figure 1.0 (attached). 

Potential liner construction material (noted in borehole logs as clay) was typically found beneath 
topsoil and intermittent clayey sand. Saturated sand seams were noted at 2.90 mbgs (as 
measured at 24BH01) a 5 to 
8 centimeters thick. Bedrock was encountered at depths between 5.2 – 5.7 mbgs at boreholes 
24BH01, 24BH02, and 24BH03.  

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. The 
composite sample was obtained from boreholes 24BH02, 24BH04, and 24BH05. 

Table 1: Soil Properties Results

Parameter 24BH01-01 24BH02-01 Composite

Sample Depth (mbgs) 2.25 0.8 1.5 - 3.0

Particle Size (%sand) 21.7 29.1 9.4

Particle Size (%silt) 29.9 28.4
90.5

Particle Size (%clay) 48.4 42.2

Texture Class Clay Clay Clay

Plastic Limit (%) - - 25.42

Liquid Limit (%) - - 73.42

Plasticity Index (%) - - 47.99

Field Hydraulic 
Conductivity (cm/sec) - - 4.7 x 10-9

Natural Moisture (%) - - 19.7

The soils were identified as clay. The suspected compacted liner material had an average clay 
content of 45.3%, ranging from 48.4 – 42.2%.

The composite soils were determined to be clay. The hydraulic conductivity was determined to be 
4.7 x 10-9 cm/sec at 99% compaction. The maximum dry density was found to be 1,535 kg/m3 with 
an optimum moisture content of 21.6%. Natural moisture of the sample was found to be 19.7%.

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.”  Therefore, the field hydraulic conductivity of the composite 
material tested is determined to be 4.7 x 10-8 cm/sec.
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A saturated water table was not encountered during the assessment to a maximum depth of 
6.0 mbgs. It was concluded based on the field assessment that a standard water table is present 
and delineation was not required.

A piezometer was installed at borehole 24BH05, screened from 3.0 to 6.0 mbgs. Depth to water 
table was measured at 4.93 mbgs on January 14, 2025.
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3.0 Liner Assessments

3.1 Compacted Earthen Liner Assessment (Liquid Manure Storage)

Based on the information obtained it was determined that the native clay within the proposed area 
of construction was found to have a minimum thickness of 1.0 meters (found in boreholes 
24BH01, 24BH02, 24BH04 and 24BH05). The proposed liquid manure storage area is 
approximately 61 meters x 61 meters, as shown on Figure 1.0.  

Minimum Required Liner Depth for EMS: 

1 m1 x 10 cm/sec
= 

X m4.7 x 10 -8 cm/sec

X = 0.5 m

A compacted liner thickness of 0.5 m is required, however a 1.0 m liner is recommended due to 
freeze thaw cycles and erosion. 

4.0 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 a liquid manure storage facility.  
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5.0 Design and Construction Considerations

5.1 Earthen Lined Lagoon

Earthen Lagoon Storage Sizing

The new liquid EMS facility was designed for 200 head including dries and replacements for a
minimum 9 months storage. The manure storage lagoon is recommended to have the following 
specifications: 

To provide the required capacity the new EMS should be 61 m in length x 61 m in width. 
The overall depth has been designed as 4.5 m. The overall capacity of the new EMS will 
be 10,426 cubic metres (2.3 million imperial gallons) which accounts for the required 0.5 
m of freeboard, a storage capacity of 8,656 cubic metres. The sizing is based on an inside 
end and side wall slope of 3:1 (run/rise) 

The overall depth of 4.5 m will be achieved through a below grade depth of 2.93 m as 
measured from borehole 24BH05.The bottom of the liner will measure 3.93 meters below 
grade.

The above-grade dykes will measure 1.57 m. The outside dyke walls should be completed 
to at slope of 4:1. The crest of the dyke should be sloped slightly outward to direct rainfall 
away from the storage facility

The below-grade depth of the EMS must maintain a minimum of a 1.0 m separation above 
the water table at the time of construction

Construction of the clay liner on the north wall 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. 

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

If any significant amount of coarse grained material is encountered, the NRCB or the 
engineer should be contacted prior to proceeding

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

Construction of the lagoon 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 inlet pipe to the EMS should be located in the bottom 1/4 of the lagoon. The annulus 
around the inlet pipe should be sealed with a bentonite sealer.

Earthen Manure Storage Construction

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

The topsoil and overburden 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

Construction of the lagoon should be supervised by a professional engineer

Following completion of the lagoon the operator should:

Ensure that shrubs, trees, and deep-rooted plants are not allowed to grow within 10 meters 
of the facility
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6.0 Closure

Envirowest Engineering is pleased to submit the report to Connor Richards of Richards Farms 
Ltd. 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: Reviewed by:
Emily J. Low, P.Eng.
Envirowest Engineering 

Leah Predy, P.Ag.
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).

Leah Predy, B.A., B.Sc., P.Ag., is a Professional Agrologist with Envirowest Engineering and has 
approximately 5 years of experience in the environmental field, both in field data collection and 
report preparation for environmental assessments, monitoring, and remediation, as well as 
agricultural projects. Prior to her employment with Envirowest Engineering, Leah had five years 
of experience managing rangelands and navigating legislation and regulations as a Rangeland 
Agrologist with the Government of Alberta. She is a Professional Agrologist in Alberta (Alberta 
Institute of Agrologists).
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Appendix A

Figure
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Borehole Locations
Site and Soil Assessment

NW¼-Sec.10-Twp.037-Rge.27-W4M
Red Deer County, Alberta

24BH04

24BH05

24BH03

24BH02

24BH01
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Appendix B

Borehole Logs

Page 26 of 40

RA24039 TD Page 35 of 49



01
-1

6-
20

25
  Y

:\O
pe

ra
tio

ns
\C

lie
nt

 D
at

a\
43

07
0 

R
ic

ha
rd

s 
Fa

rm
s 

Lt
d.

 (C
on

no
r R

ic
ha

rd
s)

\2
4B

H
01

.b
or

Red Deer County, Alberta
NW-10-37-27-W4M

Site and Soil Assessment

Project Number: 2411-43070

LOG OF BORING 24BH01
(Page 1 of 1)

Driller: : Ever Green Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : October 24, 2024
Logged By: : Emily Low P.Eng.
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medium plasticity, damp

saturated seam
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saturated seam
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weathered bedrock
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Well: 
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Red Deer County, Alberta
NW-10-37-27-W4M

Site and Soil Assessment

Project Number: 2411-43070

LOG OF BORING 24BH02
(Page 1 of 1)

Driller: : Ever Green Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : October 24, 2024
Logged By: : Emily Low P.Eng.
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damp
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saturated sand seam
(3.75)

weathered siltstone
(5.2-5.4)

Elev.: 
Well: 
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Red Deer County, Alberta
NW-10-37-27-W4M

Site and Soil Assessment

Project Number: 2411-43070

LOG OF BORING 24BH03
(Page 1 of 1)

Driller: : Ever Green Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : October 24, 2024
Logged By: : Emily Low P.Eng.
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CLAYEY SAND, olive brown, compact, 
dry

CLAYEY SILT, olive brown, loose, dry

SAND, loose, dry

bedrock

Elev.: 
Well: 
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Red Deer County, Alberta
NW-10-37-27-W4M

Site and Soil Assessment

Project Number: 2411-43070

LOG OF BORING 24BH04
(Page 1 of 1)

Driller: : Ever Green Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : October 24, 2024
Logged By: : Emily Low P.Eng.
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sand seam
(3.65-3.95)

compact, very hard
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Red Deer County, Alberta
NW-10-37-27-W4M

Site and Soil Assessment

Project Number: 2411-43070

LOG OF BORING 24BH05
(Page 1 of 1)

Driller: : Ever Green Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : October 24, 2024
Logged By: : Emily Low P.Eng.
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CLAYEY SILT, loose, low plasticity, damp

sand seam
(3.65-3.95)

compact, very hard
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Certificate of Analysis
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2024 Materials Testing

Envirowest Engineering

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: W610 Date Tested:

Field Technician:

Location: Richards, Project No.43070 Lab Technician: BB

EG

Project Name:

Initial Sample Characteristics

Final Sample Characteristics

Material Description:
Clay, silty, trace sand

Material and Test Description

Sample Source:

Depth:

Testhole: November 19, 2024

Project Number: USG2017 Testing Company:

Sample Date:

Union Street Geo.
Client:

December 12, 2024

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 (%):

73.573.4 73.7 73.0 73.7Diameter (mm):

Water Content Sample Size
Wet + Tare (g): 596.6 Trial Average4321

78.7
Weight (g)
Length (mm): 78.878.978.678.4

488.9
13.6

22.7%

Porosity:
Saturation:
Void Ratio:
Specific Gravity (Note 2): 2.62

0.62
96.4%
38.1%Dry Density (kg/m3):

Wet Density (kg/m3):
Volume (cm3):
Area (cm2): 42.4

1621
1989
333.4

Water Content Sample Size
Wet + Tare (g): 685.6 Trial 1 2 3 4 Average
Dry + Tare (g): 553.1 Diameter (mm): 74.3 74.1

Area (cm2): 43.1 Specific Gravity (Note 1): 2.62

74 73.8 74.1
Tare (g): 11.6 Length (mm): 78.8 78.7 78.9 78.8 78.8

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

662.9

-
-

-

Weight (g) 674.4

Dry Density (kg/m3): 1597 Porosity: 39.1%

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

Volume (cm3): 339.4 Void Ratio: 0.64
Wet Density (kg/m3): 1987 Saturation: 100.0%

Water Content (%): 24.5%
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2024 Materials Testing

Envirowest Engineering Field Technician: EG
Testhole: Sample Date: November 19, 2024

Project Name: Depth:
Project Number: USG2017 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: Richards, Project No.43070 Lab Technician: BB
Sample Number: W610 Date Tested: December 12, 2024

-
-

-
-

12/14/24 6:29
12/15/24 6:35

12/13/24 7:26 0.66

Flexible Wall Permeameter (ASTM D5084-10)

12/16/24 7:08
12/17/24 7:32
12/18/24 7:28

-
-
-

12/12/24 15:29 0.00

Volume
Strain (%)

Total Vol.
Change (mL)

20.0
-
-
-

-
-

Cell (mL)Bottom Burret
(mL)

Top Burret
(mL)

Room Temp
(oC)

Elapsed Time
(Days)Date & Time

-
-
-

-5.83
-9.62

-11.68

-
-

20.0
20.0
20.0
20.0

1.63
2.63
3.65
4.67
5.67

-

13.8
18.2
22.0

-

4.5
5.1
5.1
5.5
5.8
5.7
5.7

5.7
5.7
-
-
-
-

4.6
5.4
5.4
5.4
5.7

-
-

-

-

0.00%
-1.75%
-2.89%
-3.50%
-4.00%
-4.62%
-4.67%

-15.40
-15.57

-
-
-
-

-
-
-

0

-
-

-

-13.33
23.7
24.7
26.9
27.1

-
-

-
-

-
-

-
-
-

-
-

-
-

130.0
-

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

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

-

20.0
20.0

-
-

-
-

-

-5.0%

-4.5%

-4.0%

-3.5%

-3.0%

-2.5%

-2.0%

-1.5%

-1.0%

-0.5%

0.0%

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

Vo
lu

m
e 

St
ra

in
 (%

)

Elapsed Time (Days)
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2024 Materials Testing

Envirowest Engineering

Project Name: Depth:
Project Number: USG2017 Testing Company: Union Street Geo.
Client:

Location: Richards, Project No.43070 Lab Technician: BB
Sample Number: W610 Date Tested: December 12, 2024

Field Technician: EG
Testhole: Sample Date: November 19, 2024

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)

12/18/24 7:58 0 19.0 9.85 0.29 0.00 0.00 0.00
1.12 1.04

12/20/24 7:26 2848 19.0 8.24 2.27 1.61 1.98 1.80
12/18/24 14:33 395 19.0 8.89 1.41 0.96

2.00 1.82
12/20/24 11:26 3088 19.0 8.18 2.31 1.67 2.02 1.85
12/20/24 9:26 2968 19.0 8.21 2.29 1.64

2.04 1.87
- - - - - - - -

12/20/24 13:26 3208 19.0 8.15 2.33 1.70

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

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

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

- -- - - - - -

0.5
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2.0

2.5
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2024 Materials Testing

Envirowest Engineering

Project Name: Depth:
Project Number: USG2017 Testing Company: Union Street Geo.
Client:

Location: Richards, Project No.43070 Lab Technician: BB
Sample Number: W610 Date Tested: December 12, 2024

Field Technician: EG
Testhole: Sample Date: November 19, 2024

3088
2968
2848

Average
Temperature (oC)

2.0
Gradient, i 2.590E+01

Flexible Wall Permeameter (ASTM D5084-10)

4.637E-11 1.025 4.753E-11
4.567E-11
4.504E-11

4.682E-11
4.616E-11

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

Permeation Data
Area of Sample (m2) 4.272E-03Head Difference (m):

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

1.80
1.82
1.85

Length of Sample (m): 7.874E-02

Elapsed Time
(Minutes)

Average Volume
Change (mL)

-
-
-
-
- -
-
-
-
-
-

3208 1.87

-
-

-
-
-
-
-
-

-
-

19.0
19.0
19.0
19.0

-
-

-
-
-
-
-
-

-
AVERAGE

-
4.538E-11

1.025
1.025
1.025

-
-
-
-
-

-
-
-
-
-
-

4.445E-11
-
-

-
-
-

-
-
-

4.557E-11
-
-
-

4.652E-11

-
-
-

1.00E-12

1.00E-11

1.00E-10

1.00E-09

2800 2900 3000 3100 3200 3300

k 
(m

/s
)

Elapsed Time (Minutes)

kt

k20
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   Laboratory Proctor Sample No.: W610
Sample Information
Date: By: E.L. of: Type:
Location: Natural Moisture: 19.7 %
Description:

Proctor Results: Optimum Results:

Test Number 1 2 3 4 5 Moisture Content = 21.6 %
Dry Density (Kg/m3) 1468 1492 1517 1535 1525

Moisture Content (%) 16.3 17.3 18.9 21.8 23.6 Dry Density = 1535 Kg/m3

Oversize Correction (Calculated using assumed Specific Gravity of 2.40) Corrected Density = 1535 Kg/m3

Oversize (%) 5 10 15 20 25
Density 1577 1618 1660 1701 1743 Oversize Material = 0.0 %

CLIENT: Envirowest Engineering FILE No.:

PROJECT: 2024 Materials Testing DATE:

LOCATION: Red Deer, Alberta TECH:

19-Nov-24 Envirowest
Richards, Project No. 43070

28-Nov-24

G.S.

Pail

Clay, silty, trace sand.

Specfication: ASTM D 698 - Method A

Comments:

USG2017

1450

1470

1490

1510

1530

1550

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

D
ry

 D
en

si
ty

 (k
g/

m
3 )

Moisture Content (% Dry Wt.)
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   Lab Unified Soils Classification Sample No.: W610
  Sample Information
Classification: Particle Size: Gravel = 0.1% Borehole No.: -

Clay, silty, trace sand Sand = 9.4% Sample No.: -
Silt & Clay = 90.5% Depth (m): -

80 100

20 100

12.5 100

10 100

5 99.87

2.5 99.85

1.25 99.78

0.63 99.25

0.315 97.51

0.16 93.23

0.08 90.48

A-Line Slope= 0.73(LL-20)

LL PI

20 0

LL 73.4165767 100 58.4

PI 47.9928478

A-Line 20 58.4

Plastic Limit: 25.42% Group Index: 49.0

Liquid Limit: 73.42% Soil Type: Inorganic

Plasticity Index: 47.99% Classification: CH : High Plastic Clay

CLIENT: FILE No.: USG2017

PROJECT: 2024 Materials Testing DATE: 22-Nov-24

LOCATION: Red Deer, Alberta TECH: J.E.

Envirowest Engineering
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Particle Size Analysis - Washed Sieve
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   Laboratory Hydrometer Sample No.: W611
Sample Information
Date: By: E.L. of: Type: Pail / Bag

Location: Specification: ASTM D 422
Description:

Sieve Results:

Gravel = 0.0 Sand = 21.7 Silt = 29.9 Clay = 48.4

CLIENT: FILE No.:

PROJECT: DATE:

LOCATION: TECH:

USG2017

28-Nov-24
G.S.

19-Nov-24 Envirowest
Richards, Project No. 43070, BH101-01
Clay, silty, sandy

Specifications: Laboratory Specifications as per ASTM D 422.

Comments:

Envirowest Engineering

2024 Materials Testing
Red Deer, Alberta

By Type (%):
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   Laboratory Hydrometer Sample No.: W612
Sample Information
Date: By: E.L. of: Type: Pail / Bag

Location: Specification: ASTM D 422
Description:

Sieve Results:

Gravel = 0.3 Sand = 29.1 Silt = 28.4 Clay = 42.2

CLIENT: FILE No.:

PROJECT: DATE:

LOCATION: TECH:

USG2017

28-Nov-24
G.S.

19-Nov-24 Envirowest
Richards, Project No. 43070, BH02-01
Clay, sandy, silty, gravel inclusions

Specifications: Laboratory Specifications as per ASTM D 422.

Comments:

Envirowest Engineering

2024 Materials Testing
Red Deer, Alberta

By Type (%):
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