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1.0 Introduction and Scope of Work

Envirowest Engineering (Envirowest) was retained by Leonard Hofer of OB Holdings Inc. to 
conduct a Site and Soil Assessment for the proposed construction of an earthen manure storage 
(EMS) lagoon for a 240 head 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 SW-22-054-02-W4M in the County of Vermilion River.  

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 

Three investigative boreholes were drilled using a truck-mounted rotary auger and completed to a 
maximum depth of 10.5 m below ground surface (mbgs) on March 11, 2024. The boreholes were 
completed in the area proposed for a manure storage lagoon. The borehole locations are shown on 
Figure 1.0 (attached).

One borehole was completed as a groundwater monitoring well to allow for in-situ hydraulic 
conductivity testing, which was completed on April 2, 2024. An uppermost groundwater resource 
(UGR) was conservatively determined to be below 10.5 mbgs (as measured from borehole 
24BH01). No further assessment was completed to confirm the UGR. 
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2.0 Assessment Results 

The Site is in an area of rolling topography, sloping to the north. The elevation change from the 
south boundary of the proposed lagoon to the north boundary of the proposed lagoon is 
approximately 5 meters. The Site is currently utilized as cropland. Three investigative boreholes 
were drilled using a truck-mounted rotary auger and completed to a maximum depth of 10.5 mbgs 
on March 11, 2024. The boreholes were completed in the area proposed for a manure storage 
lagoon.

Potential liner construction material (noted in borehole logs as clay/clay loam) was typically 
found beneath topsoil and dry clay loam. Saturated sand seams were noted at 9.5 mbgs (as 
measured at 24BH01). Bedrock was not encountered to the maximum depth of investigation. 

Borehole logs are presented as relative depth due to the elevation change across the proposed 
construction.

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 1.0, and borehole logs are attached. 

Table 1: Soil Properties Results

Parameter 24BH01-01 24BH01-02 24BH01-03 24BH01-04 24BH01-05 24BH01-06 24BH02-01 24BH02-02 24BH02-03 24BH03-01 24BH03-02 24BH03-03 

Sample Depth (mbgs) 1.0 2.3 3.6 5.3          6.6 8.6 7.5 8.4 9.3 4.25 5.6 7.0 

Particle Size (%sand) 17 11 40 26 35 16 12 11 32 11 5 5 

Particle Size (%silt) 31 33 27 32 25 22 42 42 34 33 27 28 

Particle Size (%clay) 51 55 32 41 39 61 45 46 34 55 67 66 

Texture Class Clay Clay Clay Loam Clay Clay Loam Heavy Clay Silt Clay Silt Clay Clay Loam Clay Heavy Clay Heavy Clay

Field Hydraulic
Conductivity (cm/sec)

- - - 1.5 x 10-7 1.5 x 10-7 - - - - - - -
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The soils suspected a potential natural barrier were identified as clay, clay loam and silt clay with 
a clay content ranging from 32-55%. The assessed natural barrier (clay/clay loam) had an average 
clay content of 40%. Based on the texture analysis it is reasonable to extrapolate and include the 
silt clay as a natural barrier as the clay content is higher than that assessed, the clay is within the 
same strata as that assessed and is adjacent to the soil class of that assessed.

The monitoring well installed at borehole 24BH01 (24MW01), was screened from 5.5 to 7.0 mbgs 
and was sufficiently hydrated prior to completing the in-situ hydraulic conductivity testing. The in-
situ hydraulic conductivity test was completed on April 2, 2024.  

The initial depth to water was measured in the well. A volume of water was then added to the well 
and the change in depth measured over time to assess hydraulic conductivity of the clay strata. It is 
assumed (as per AGDEX 096-01) that all flow occurs under saturated conditions. The depth was 
measured every 30 seconds for 10 minutes and every 5 minutes for forty-five minutes. The results 
of the test were analyzed as a falling head test using AQTESOLV Bouwer-Rice method for 
unconfined wells. The results of the assessment were an in-situ hydraulic conductivity of 
1.5 x 10-7cm/sec.
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3.0 Liner Assessments

3.1 Natural Barrier Assessment (Liquid Manure Storage)

Based on the information obtained it was determined that the native clay within the proposed area 
of construction for liquid manure storage was found to have a minimum thickness of 7.3 meters. 
The proposed liquid manure storage area is approximately 61 meters x 61 meters, as shown on 
Figure 1.0.  

Minimum Required Liner Depth for a natural barrier for liquid manure storage:

10 m1 x 10 cm/sec
= 

X m1.5 x 10 -8 cm/sec

X = 1.5 m

It is found that there is sufficient protection across the proposed liquid manure storage area.
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4.0 Conclusions

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

The soils beneath the proposed area of construction were determined to be appropriate for a 
naturally occurring protective layer for liquid manure. The north wall of the lagoon will be 
constructed with the material assessed for a natural barrier and compacted to that similar as the 
natural layer or greater.
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5.0 Design and Construction Considerations

5.1 Earthen Lined Lagoon

A compacted liner thickness of 1.0 meters is recommended along the north wall which is required 
to be built up from grade.

Earthen Lagoon Storage Sizing

The new liquid EMS facility was designed for 240 head, including dries and replacements, for a
minimum of 9 months of 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 5.0 m. The overall capacity of the new EMS will 
be 10,955 cubic metres (2.4 million imperial gallons) which accounts for the required 0.5 
m of freeboard, a storage capacity of 9,184 cubic metres. The sizing is based on an inside 
end and side wall slope of 3:1 (run/rise) 

The overall depth of 5.0 m will be achieved through a below grade depth of 1.0 m as 
measured from borehole 24BH01. The above-grade dykes of 4.0 m will be constructed on 
the north wall. The outside dyke walls should be completed to a slope of 4:1. The crest of 
the dyke should be sloped slightly outward to direct rainfall away from the storage facility

Runoff from the south and east sides of the lagoon will need to be redirected either through 
extension of the dyke walls or regrading

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, should one be encountered 

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 

Page 27 of 47Page 27 of 47



Project No: 2402-43058: Site and Soil Assessment                   
-9-

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 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 Leonard Hofer of OB Holdings Inc. 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

est Engineering 

spectfullyyylylylyyylylylyylylyylylylyyyyyylylyyyylyyyyyylyyylyylyyllyylyyllllyyyyyyyyyyyyyyyyyyyy ssssssssssssssssssssssssssssssssssssssubububbububububbbububububububububbububbbbubububbbbububububububububuuubuubbbbbbbbbbmimmmmimmmimimmmimimimmimimmmmimimiimmimiimmimimiimiiiimimmmmiiiiiiiiiitttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttedededededededededdddedededdededdededdddedededeeeeeeeedeeeeeeeededdeededdddddddeedddddddeddddeddedddd,,,,,,,,,,

Page 29 of 47Page 29 of 47



Project No: 2402-43058: Site and Soil Assessment       
-11-

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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County of Vermilion River, Alberta
SW-22-054-02-W4M

Site and Soil Assessment

Project Number: 2402-43058

LOG OF BORING 24BH01
(Page 1 of 1)

Driller: : Ever Green Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : March 11, 2024
Logged By: : Emily Low P.Eng.
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County of Vermilion River, Alberta
SW-22-054-02-W4M

Site and Soil Assessment

Project Number: 2402-43058
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(Page 1 of 1)
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County of Vermilion River, Alberta
SW-22-054-02-W4M

Site and Soil Assessment

Project Number: 2402-43058

LOG OF BORING 24BH03
(Page 1 of 1)

Driller: : Ever Green Drilling
Drilling Method: : Truck Mounted Auger
Drill Date : March 11, 2024
Logged By: : Emily Low P.Eng.
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CLIENT NAME: ENVIROWEST
BOX 4248, 5118-50th STREET
PONOKA, AB   T4J1R6
(403) 783-8229

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Max Dou, Report WriterSOIL ANALYSIS REVIEWED BY:
DATE REPORTED:

PAGES (INCLUDING COVER): 8
Apr 11, 2024

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 
incorporate modifications from the specified reference methods to improve performance.
All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 
be exempt, please contact your Client Project Manager for details.
AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 
third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.
This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
The test results reported herewith relate only to the samples as received by the laboratory.
Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 
merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.
All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.
For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C 
upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay 
between sampling and submission to the laboratory could not be minimized.

24R135955AGAT WORK ORDER:

ATTENTION TO: SHAWNA LOW
PROJECT: Hofer

Laboratories (V1) Page 1 of 8

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:
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24BH01-0224BH01-01 24BH02-0224BH01-03 24BH01-04 24BH01-05 24BH01-06 24BH02-01SAMPLE DESCRIPTION:
SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

2024-03-11
12:00

2024-03-11
12:00

2024-03-11
12:00

2024-03-11
12:00

2024-03-11 2024-03-11
12:00

2024-03-11
12:00

2024-03-11
12:00

DATE SAMPLED:

57800295780021 5780023 5780024 5780025 5780026 5780027 5780028G / S RDLUnitParameter
17 11 40 26 35 16 12Particle Size Distribution (Sand) 112%
31 33 27 32 25 22 42Particle Size Distribution (Silt) 422%
51 55 32 41 39 61 45Particle Size Distribution (Clay) 462%

Clay Clay Clay Loam Clay Clay Loam Heavy Clay Silt ClaySoil Texture Silt Clay

24BH03-0124BH02-03 24BH03-02 24BH03-03SAMPLE DESCRIPTION:
SoilSoilSoil SoilSAMPLE TYPE:

2024-03-11
12:00

2024-03-11
12:00

2024-03-11
12:00

2024-03-11
12:00

DATE SAMPLED:

5780030 5780031 5780032 5780033G / S RDLUnitParameter
32 11 5 5Particle Size Distribution (Sand) 2%
34 33 27 28Particle Size Distribution (Silt) 2%
34 55 67 66Particle Size Distribution (Clay) 2%

Clay Loam Clay Heavy Clay Heavy ClaySoil Texture

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard
5780021-5780033 Soil Texture is a calculated parameter. The calculated parameter is non-accredited. The parameters that are components of the calculation are accredited.

% Silt is a calculated parameter. The calculated value is determined by subtracting the percent sand and clay values from 100 percent.
Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-04-02

Certificate of Analysis

ATTENTION TO: SHAWNA LOWCLIENT NAME: ENVIROWEST

AGAT WORK ORDER: 24R135955

DATE REPORTED: 2024-04-11

PROJECT: Hofer

Particle Size - Texture
SAMPLED BY:ElowSAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 8
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Particle Size - Texture
Particle Size Distribution (Sand) 5780028 5780028 12 11 8.4% < 2 114% 80% 120%
Particle Size Distribution (Silt) 5780028 5780028 42 44 4.6% < 2 85% 80% 120%
Particle Size Distribution (Clay) 5780028 5780028 45 44 2.2% < 2 95% 80% 120%

Comments: Duplicate NA: results are less than 5X the RDL and RDP will not be calculated.

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:Elow

AGAT WORK ORDER: 24R135955

Dup #1 RPD Measured
Value Recovery Recovery

Quality Assurance
ATTENTION TO: SHAWNA LOW

CLIENT NAME: ENVIROWEST
PROJECT: Hofer

Soil Analysis

UpperLower

Acceptable
LimitsBatchPARAMETER Sample

Id Dup #2
UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Apr 11, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com
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Soil Analysis

Particle Size Distribution (Sand) SOIL 0520; SOIL 0110; SOIL 
0120 JONES 2001 HYDROMETER

Particle Size Distribution (Silt) SOIL 0520; SOIL 0110; SOIL 
0120 JONES 2001 HYDROMETER

Particle Size Distribution (Clay) SOIL 0520; SOIL 0110; SOIL 
0120 JONES 2001 HYDROMETER

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:Elow

AGAT WORK ORDER: 24R135955

Method Summary
ATTENTION TO: SHAWNA LOW

CLIENT NAME: ENVIROWEST
PROJECT: Hofer

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com
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AQTESOLV for Windows

Data Set:  Z:\Operations\Client Data\43058 OB Holdings Inc. (Leonard Hofer)\SlugTest.aqt
Date:  05/02/24
Time:  16:49:58

PROJECT INFORMATION

Company:  Envirowest Engineering
Client:  OB Holdings
Project:  2402-43058
Test Date:  April 2, 2024
Test Well:  24MW01

AQUIFER DATA

Saturated Thickness:  1.5 m
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  New Well

X Location:  0. m
Y Location:  0. m

Initial Displacement:  0.485 m
Static Water Column Height:  4.765 m
Casing Radius:  0.0255 m
Well Radius:  0.075 m
Well Skin Radius:  0.075 m
Screen Length:  1.5 m
Total Well Penetration Depth:  7. m

No. of Observations:  25

Observation Data
Time (min) Displacement (m) Time (min) Displacement (m)

0. 0.485 6.5 0.485
0.5 0.485 7. 0.485
1. 0.485 7.5 0.485
1.5 0.485 8. 0.485
2. 0.485 8.5 0.485
2.5 0.485 9. 0.485
3. 0.485 9.5 0.485
3.5 0.485 10. 0.485
4. 0.485 15. 0.485
4.5 0.485 20. 0.485
5. 0.485 25. 0.485
5.5 0.485 30. 0.485
6. 0.485

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  3.072

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 1.51E-7 cm/sec
y0 0.4885 m

T = K*b = 2.266E-5 cm²/sec
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