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REMARKS 
 

JR Cousin Consultants Ltd. has conducted this environment act proposal in accordance with generally accepted 

professional engineering principles and practices for the purpose of identifying conditions that may have an 

environmental impact on the site. The findings and recommendations reached in this report are based on information 

made available to JRCC during the investigation and conditions at the time of the site investigation. Conclusions derived in 

this report are intended to reduce, but not wholly eliminate the uncertainty regarding potential environmental concerns on 

the site, and recognizes reasonable limitations with regards to time, accuracy, work scope and cost. It is possible that 

environmental conditions may change from the date of this report. If conditions appear different from those encountered 

and expressed in this report, JRCC should be informed so that mitigation recommendations can be reviewed and adjusted 

as required. Historical data and information obtained from personal communication used in this report, are assumed to be 

correct, however JRCC has not conducted further investigations into the accuracy of this data. JRCC has produced this 

report for the use of the client, and takes no responsibility for any third party decisions or actions based on information 

contained in this report.   
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APPENDIX 
 

Appendix A 

Letter from Crown Lands and Property Agency September 17, 2015 

Crown Lands Permit 

Schedule A1 Sketch of WDG Property from file at Lands Branch 

Waste Disposal Ground Operating Permit #42877 
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Waste Disposal Ground ItS

Operating Permit fl01144[OIXI
Conservation and Water Stewardship

Permit No: 42877 Client File: 11587

In accordance with the Waste Disposal Grounds Regulation, made under The Environment Act,
the City of Thompson is hereby permitted to operate a Waste Disposal Ground, to be known
as the Thompson Waste Disposal Ground situated at Pt NW ¼ 18, S ¼ & NW ¼ 19 Twp 77-
3 WPM and Pt SE ¼ 24-77-4 WPM in the Province of Manitoba.

THIS OPERATING PERMIT is subject to being AMENDED, SUSPENDED or REVOKED under
section 6 of the Waste Disposal Grounds Regulation.

THIS OPERATING PERMIT is issued subject to the following TERMS AND CONDlTONS:

General Terms and Operating Conditions

1. This permit expires on June 1, 2016.

2. The Operator shall, prior to June 1,2016 submit to the Director an Environmental Act
Licence proposal for continued operation of a Class 1 Waste Disposal Ground.

3. The Operator shaH construct, maintain and operate the Thompson Waste Disposal
Ground (the Facility) in accordance with the most current version of the Waste Disposal
Grounds Regulation. (MR. 150/91), the engineering submission prepared by JR. Cousin
Consultants Ltd dated June 30, 2011 inclusive of supporting documentation from AECOM
(2009 Master Plan) dated January 2010 and AECOM Environmental Assessment Report
dated February 2010 hereafter referred to as The Plan, and this Operating Permit.

4. In accordance with section 8 of the Waste Disposal Grounds Regulation. this permit is
issued to the Facihty with a variance to the distance from a body of surface water
requirements. Based upon the proximity of the surface water body to the waste disposal
ground, the Operator shall sample the surface water body for the baseline parameters
stipulated in Appendix B once annually starting in Summer 2015.

5. The Operator shall operate the Facihty as per the operation and maintenance parameters
included in The Plan.

6. The Operator shall provide site supervision when the Facility is open to the public.

7. The Operator shall restrict access to the Facility with a locked gate or barrier when site
supervision is not provided.

Materials Acceptance and Handling

8. The Operator shall maintain a sign at the entrance of the Facility indicating the type of waste

accepted, days and hours of operation, and the location for disposal of wastes not accepted
on site.
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9. Recyclable materials such as, but not limited to. bulky metallic waste, E-Waste, and rubber
tires must be segregated ri an area of the Facility other than the waste disposal cells (active
area) and those areas must be appropriately signed.

10. The Operator shall remove any litter accumulated along the access road and around the
perimeter of the site at minimum twice annually or as required by an Environment Offrcer.

II. Tne Operator shall only accept asbestos that is packaed ri accordance with the current
edition -of Guidelines for an Asbestos Operations and Maintenance Program from Workplace
Safety and Health Division. All asbestos shall, be covered immediately with a minimum of
metre of material and the location for disposal shall be documented and recorded n the
Pcih.y operation and maintenance plan accessthle to afl operators.

Liquids and Dangerous Goods

2 The disposal of liquid wastes or liquid ndustriai wastes sba not be aiowed at te Fachty

13. The Operator shall collect and dispose of hazardous waste ri accordance with The
Dangerous Goods Hand//rig and Ti’ansporlation Act. an.d cther Provncia and Federal
Regulations.

Placement and Cover

14. Any animal mortality disposed of al the Facility must be covered withn 24 hours of deposit
with a minimum one (1) metre of soil, or within such time as is approved by a” en’sronment
officer.

15. Cover of waste shall occur in accordance with MR. 150/91 or as required by an
environment officer. The use of cover materials other than those specified in M.R 150/91
may be permitted with written approval of the Director.

16. The Operator shall implement control measures to prevent attraction and sustenance of
rodents and scavenging vectors.

Surface Water Management

17. The Operator shall grade and maintain the site so that all uncontaminated surface water
flows to the perimeter ditch or away from the Facility and impacted water from all material
storage and disposal areas shall be directed to a leachate evaporation pond r contained
within the site.

Site Construction and Upgrading

18. The Operator shall have all new waste disposal cells designed by arrd ccnstructCri Dverseen
by a Professional Engineer in accordance with Condibon 19 of ths Operatng Pern1’

19. n.-dMduai waste disoosa! o& (actve ce!i; ronsrc!on ch.a te srbeo tc dHcw’ng
cordWon.s:
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a) the Operator must notify the assigned Environment Officer within five (5) days of
commencement of constn ction of all waste ceHs and within five 5) days of instaing any
add itional groundwater monitoring wells:

b the Operator must provide for testing of a]] clay iners by a qualified consultant to confirm
compaction is 95% Standard Proctor Density on maximum lifts of 150 mm:

c) all active areas or leachate containment developed from or with clay must be
constructed to achieve a nydrauc conduct;’vfty of not more than 1x10 cm/s with a
minimum thickness of 1 metre perperdcular to the surface. If appropriate or sufficient
clay is not available an alternative proposal must be submitted to the Director for written
approval prior to construction; and

d) the active area (cell) shall be constructed to retain any flyaway loose garbage or the
Operator shall install a 1.8 metre fence constructed in such a manner as to contain the
solid waste around the active area upon the request of an Environment Officer.

20. The Operator shalF arrange with the designated Environment Officer a mutually acceptable
time and date for any required soil sampling between the 15th day of May and the 15tP day of
October of any year unless otherwise approved by the Environment Officer

21. The Operator shall, within 90 days of the completion of the car struction of any component of
the waste disposal ground, submit record drawings along with a construction reporl to the
Drector.

Composting

22. Prior to establishing any composting area the Operator shall provide a detailed operation
and maintenance manuai focused on the compost area including bt not l]m]ted to: the
desigr. and constrjction of the ccmposting. curing and storage areas, the proposed voume
and type of materia[ for compost. the type of bulk;ng mater.as used, the proposed frequency
and method of turn]ng. methods of vector and odour control, and the end use of the
compost. For fish carcass composting areas this manual must be provided to the Director.
and a written acceptance of the proposed operations must be received prior to the
construction of the composting site.

Closure of Active Cells

23. The closure of each cell shall be performed as indicated in The Plan.

Environmental Emergency Reporting

24. Tne Operator shall, in the event of a fire whch continues in excess of thirty (30) minutes
report the fire to the Environmental Emergency Response me by calling i855-942-4868
and identify the type of material involved and the ocation of the fpe excluding any fire in
accordance with Condition 25.

Burning of Combustible Waste

25. A: burning shall be oarriec out n a000rcance wth the atiacnei Apnend:x A’ Terms arc
Conditions for Burning at Waste Disposa Grounds.
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Monitoring and Reporting Requirements

26. Groundwater monitoring well samples shaU be collected stored and analyzed using
approved field and laboratory techniques for dissolved analysis. The analytical results shall
be retained in a format acceptable to Manitoba Conservation and Water Stewardship and
must show previous results and analytical trends.

27. The Operator shall sample the groundwater monitoring wells once per year in late summer
for those parameters identified in Appendix B or selected parameters and frequency, as
approved by the Director.

2ft The Operator shall submit an annual report, in a format acceptable to the Director, detailing
the results of groundwater and surface water sampling analyses, complete with previous
results and trends. The report shall be submitted to the designated Environment Officer no
later than December31 annually.

/ 7

Date’ eyBraunM.Sc.
Director, Environmental Approvals
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APPENDIX A

TERMS and CONDITIONS for BURNING at WASTE DISPOSAL GROUNDS

Burning of certain waste materials is allowed at waste disposal grounds only if a condition in the
permit specifically allows for the activity arid all terms and conditions of this appendix have been
satisfied Timirg of burning s conducted at the operators discretion and subject to authorization
under The Mldfires Act.

Siting Criteria

- A burn area is allowed only at a waste disposai ground whict. can meet the st;ng and design
c-rttena below.

2- There shall be no dwellinas or commercial estabishmen.ts within 400 metres of the burn area
3 The burn area shall be located a minimum of 50 metres from the active waste ceM or any area

utilized for the collection of flammable materials

Design Criteria

4. The burning area sha[ be constructed of 2 or more separate ceils or an enclosed metal burn
containment vessel. These ceils shall have contamment or, 3 sides and each side shall be not
ess than 18 metres in height

5 A dam ink fence, not ess than 15 metres fl height and- with mesh size no greater than 55 cm.
shall be constructed on top of the berms to contain windblown scatter at the wntten reouest of
the designated Environment Officer

6 The base of the burn area shall be graded to prevent the collection of water inside the burn
area, in areas where groundwater contaminatron is a concern the base of the burn area shall
be constructed of 1 metre of compacted clay with hydraulic conductivity less than of 10 cm/s
or equivalent upon the written approva of the Environment Officer.

Operating Criteria

7. Burning shall take place within the confines of a trench, in a bermconfined area or within a burn
vessel and not on or above the prevailing grade.

8. Only separated and readily combustible materials such as boughs, leaves, loose straw, paper
products, cardboard non-salvageable untreated wood, and packing materials derived from
wood may be burned, and only when there is an appropriate volume of this material to burn.
Plywood, composite board or other materials constructed with glues. finishes or preservatives
must not be burned.

9. Burning of any other product or material is prohibited, including but not limited to plastics
composites. rubber, manures, chemically treated fabrics, mattresses, finished furniture, or man
made synthetics.

10. Burning is to occur only when weather conditions are favourable, taking into consideration wind
direction and velocity, so that nuisance to any neighbouring resident and / or highway does not
occur.

11. Burning shall be under constant supervision
12. Burning is restricted to daylight hours only.
13. If burning is started as a result of vandal,sm or natural cause, the ftre is to be extinguished as

quickly as possible by the most appropriate means: and the regional Eryirorment Officer must
be noUfied of the occurrence and actions taken.

14 Ashes when completely extrnguished shal be remjved from to burn area rEguEay and
decosited at the active cell

15. The site supervisor shall keep a record of aA controiled b-urn_s indicating the date of each burn’
voftime of waste burned and types of wastes burned on each 3coasiop Upon recuest b the
DErector or an Environment Officer the records must be p-roy ded.
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Appendix B

______________

Ground Water Chemistry Parameters
Chemical Parameters

:___________________________ Inorganics

• AlkaV.ntv — Total Magnesium — DssoEved

Ammonia — Total Manganese— Dissolved

• Arsenic — Total Mercury — Dissolved

Barium — Dissolved Nitrate - Reported as N

Boron — Dissolved Nitrite - Reported as N

: Cadmium — Dissolved Total Kje!dahl Nitrogen — Reported as N

: Calcium — Dissolved pH

Caiciun, Carbonate Tota! P[csc-horous

Cncride Potassium — Dissolved
——-.-

Chromium — Dissolved Sihcon — Dissolved

Conductivity Sodium Dissolved

Copper — Dissolved Total Dissolved Solids (TDS)

Iron — Dissolved Sulphate

Lead — Dissolved Uranium — Dissolved

Zinc — Dissolved

STLX

Other Organics

--______________________

Biological Oxygen Demand (SOD) Chemical Oxygen Demand (COD)

Dissolved Organic Carbon (DCC)

Field Pa rameters

pH Groundwater Elevation

Conductivt Dissclved Oxygen

Temoeratijre

Note: All metals (except Arsenic) are to be sampled for dissolved analysis
Dissolved samples should be filtered in the field and preserved in the field at time of sa,nphng. If
dissolved samples are not to be filtered and preserved n the field then Conservation and Water
Stewardship and th Laboratory must be norfled prior to samplirg
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F:\700\727 Thompson, City\727.01 Landfill EAP Submission\03 Design\[Table 1 - Population and Waste Generation.xlsx]Table 1

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column 9 Column 10 Column 11

LGD OF MYSTERY LAKE

(people) (people) 2.0 kg/person/day (tonnes / year)

0.52% annual growth 0.52% annual growth (tonnes / year) 0.0% annual growth (tonnes / year) (tonnes / year) (m3 / year) (tonnes) (m3)

2010 0 13,188 10 9,634 614 10,248 12,008 25,280 344,604 725,482
2011 0 13,123 10 9,587 614 10,201 12,389 26,082 332,215 699,400
2012 0 13,191 10 9,637 614 10,251 10,525 22,158 321,690 677,242
2013 0 13,260 10 9,687 614 10,301 9,873 20,785 311,817 656,457
2014 0 13,329 10 9,737 614 10,351 9,800 20,632 302,017 635,825
2015 0 13,398 10 9,788 614 10,402 10,420 21,937 291,597 613,888
2016 0 13,468 10 9,839 614 10,453 22,006 281,144 591,882
2017 1 13,538 10 9,890 614 10,504 22,114 270,640 569,768
2018 2 13,608 10 9,942 614 10,556 22,222 260,084 547,546
2019 3 13,679 10 9,993 614 10,607 22,331 249,477 525,215
2020 4 13,750 10 10,045 614 10,659 22,440 238,818 502,774
2021 5 13,822 11 10,097 614 10,711 22,550 228,106 480,224
2022 6 13,893 11 10,150 614 10,764 22,661 217,342 457,563
2023 7 13,966 11 10,203 614 10,817 22,772 206,526 434,791
2024 8 14,038 11 10,256 614 10,870 22,884 195,656 411,907
2025 9 14,111 11 10,309 614 10,923 22,996 184,733 388,911
2026 10 14,185 11 10,363 614 10,977 23,109 173,756 365,802
2027 11 14,258 11 10,417 614 11,031 23,222 162,725 342,580
2028 12 14,333 11 10,471 614 11,085 23,336 151,641 319,244
2029 13 14,407 11 10,525 614 11,139 23,451 140,501 295,793
2030 14 14,482 11 10,580 614 11,194 23,566 129,308 272,226
2031 15 14,557 11 10,635 614 11,249 23,682 118,059 248,544
2032 16 14,633 11 10,690 614 11,304 23,798 106,754 224,746
2033 17 14,709 11 10,746 614 11,360 23,916 95,394 200,830
2034 18 14,786 11 10,802 614 11,416 24,033 83,979 176,797
2035 19 14,863 11 10,858 614 11,472 24,151 72,507 152,646
2036 20 14,940 11 10,914 614 11,528 24,270 60,978 128,376
2037 21 15,017 11 10,971 614 11,585 24,390 49,393 103,986
2038 22 15,096 12 11,028 614 11,642 24,510 37,751 79,476
2039 23 15,174 12 11,086 614 11,700 24,631 26,052 54,845
2040 24 15,253 12 11,143 614 11,757 24,752 14,294 30,093
2041 25 15,332 12 11,201 614 11,815 24,874 2,479 5,219

TOTAL WASTE TO DISPOSAL
SITE

TABLE  1
POPULATION AND WASTE GENERATION PROJECTIONS

City of Thompson Waste Disposal Ground

CITY OF THOMPSON CAPACITY REMAINING AT
END OF YEAR

CAPACITY REMAINING
AT END OF YEAR

TOTAL WASTE TO DISPOSAL
SITE

TOTAL WASTE FROM CITY OF
THOMPSON AND LGD OF

MYSTERY LAKE

CALENDAR YEAR PROJECT  YEAR TOTAL WASTE FROM
WUSKWATIM, KEEYASK AND

PAINT LAKE

ACTUAL WASTE TO
DISPOSAL SITE

from weigh scale
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The Manitoba Water Services Board 

Local Government District of Mystery Lake  

Existing Waste Disposal Facility  

Assessment and Closure Report 

 
 
 
 
 
 
 
 
 
 
 
 
 
Prepared by: 
UMA Engineering Ltd. 
1479 Buffalo Place 
Winnipeg, MB, R3T 1L7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UMA Project No.: 0326 060 00 03 (4.6.1) 
 

March 2008 



 

RPT-0326-060-00-Closure Report-Final-0803.doc 

March 11, 2008 UMA Project No.: 41 01 0326 060 00 (4.6.1) 
 
 
Mr. David Shwaluk, P.Eng.  
The Manitoba Water Services Board  
2022 Currie Boulevard 
Box 22080 
Brandon, Manitoba 
R7A 6Y9 
 
 
Dear Mr. Shwaluk: 
 
 
Re: LGD of Mystery Lake Existing Waste Disposal Facility 
 Assessment and Closure Report  

 
UMA Engineering Ltd. (UMA) is pleased to submit our report summarizing the engineering assessment for the 
closure of the existing waste disposal facility on behalf of the Local Government District of Mystery Lake and the 
City of Thompson. 
 
Should you have any questions or require additional information, please contact Mr. Clifton Samoiloff, B.Sc. 
directly at (204) 284-0580. 
 
Yours truly, 
 
UMA Engineering Ltd. 
 
 
 
 
 
Ron Typliski, P.Eng. 
Regional Manager 
Earth and Environmental  
/dh 
 
cc: Ken Allard, City of Thompson  
 Carol Taylor, LGD of Mystery Lake  
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Disclaimer 
The attached Report (the “Report”) has been prepared by UMA Engineering Ltd. (“UMA”) for the benefit of the Manitoba Water 
Services Board (“Client”) in accordance with the agreement between UMA and Client (the “Agreement”) for the services described 
therein, and is subject to the budgetary, time and other constraints and limitations set forth therein. 
 
The information and data contained in the Report, including without limitation the results of any inspections, sampling, testing and 
analyses and any conclusions or recommendations of UMA (the “Information”), represent UMA’s professional judgement in light of 
the knowledge and information available to it at the time of preparation of the Report. UMA has not updated the Report since the 
date that the Report was prepared. Further, UMA has relied upon the accuracy of the information provided to it by Client in order to 
prepare the Report and UMA has not independently verified the accuracy of such information, nor was it required to do so. Thus, 
UMA shall not be responsible for any events or circumstances that may have occurred since the date on which the Report was 
prepared which may affect the information contained therein, or for any inaccuracies contained in information that was provided to 
UMA by Client. 
 
UMA makes no guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the Information or any 
part thereof and UMA shall not, by the act of preparing or issuing the Report and the Information, be deemed to have represented 
that the Report or the Information is accurate, exhaustive, complete or applicable to any specific use other than the agreed upon 
Scope of Work as defined in the Agreement. 
 
Except as required by law, the Report and the Information are to be treated as confidential and, unless otherwise agreed to by UMA 
and Client, may be used and relied upon only by Client and its officers and employees, subject to the foregoing limitations. UMA 
accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to the Report or 
the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or decisions or 
actions based on the Report or any of the Information unless those parties, prior to using or relying on the Report or the Information, 
have obtained the express written consent of UMA and Client to use and rely on the Report and the Information, and signed an 
Authorized User Agreement in a form provided or agreed to by UMA. 
 
This Disclaimer is attached to and forms part of the Report. 
 

© 2008 UMA ENGINEERING LTD. ALL RIGHTS RESERVED  

THIS DOCUMENT IS PROTECTED BY COPYRIGHT LAW AND MAY NOT BE REPRODUCED IN ANY MANNER, OR FOR ANY 
PURPOSE, EXCEPT BY WRITTEN PERMISSION OF UMA ENGINEERING LTD. 
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1.0 Introduction 
The Local Government District (LGD) of Mystery Lake currently operates a Class I Waste Disposal 
Facility (WDF) servicing the LGD and the City of Thompson, under Manitoba Conservation Permit N-02 
(issued March 26, 1992). The existing WDF is located on Part NW ¼ 18, S ½ & NW ¼ 19 in TWP 77-3 
WPM and in Part SE ¼ 24-77-4 WPM, approximately 4 km south of the City of Thompson (Figure 01). 

UMA Engineering Ltd. (UMA) was retained by The Manitoba Water Services Board to complete an 
engineering assessment and to develop a Closure Plan for the existing WDF. According to the Request 
for Proposal dated April 7, 2005, local officials estimate that the WDF will reach the end of its useful life 
within five years. As such the municipalities are anxious to develop a new Class I facility to replace the 
existing WDF before it reaches its capacity. Closure of the existing facility would occur once the new 
facility is operational. To prepare for landfill closure, a Closure Plan is required in accordance with 
Manitoba Regulation 150/91, Waste Disposal Ground Regulation. 

The existing WDF is owned and operated by the LGD of Mystery Lake under Crown Land Permit No. GP 
50804 issued by Manitoba Conservation, dated February 22, 2005. A copy of the Permit is provided in 
Appendix A. Waste sources include commercial and residential waste from the LGD and the City of 
Thompson. Operations include compaction of the wastes, placement of cover soils and preparation of 
new cells. 

Access to the site is via a gravel road west off of PTH 6. The WDF is approximately 24 ha in size. The site 
is generally covered in grasses and the surrounding area consists primarily of forested land, with the 
exception of a Manitoba Hydro transmission line and PTH 6, which border the site to the east. 

The following report provides documentation on the existing WDF in support of a submission to Manitoba 
Conservation as per Manitoba Regulation 150/91. The study was completed based on the work program 
outlined in our initial proposal submission dated April 27, 2005. The work program involved: an 
assessment of the landfill, including site surveys, geotechnical and hydrogeological investigations; an 
assessment of remaining capacity; and recommendations for closure, including cost estimates. 



 

THE MANITOBA WATER SERVICES BOARD   2 
LGD OF MYSTERY LAKE EXISTING WASTE DISPOSAL FACILITY ASSESSMENT AND CLOSURE REPORT 
RPT-0326-060-00-CLOSURE REPORT-FINAL-0803.DOC 

2.0 Site Development and Remaining 
Capacity 

2.1 Site Layout 

In general, the site is composed of a reception/operations area, former and active waste areas, a used oil 
filter/container Eco-Centre, a recycling depot, and designated areas for burning, asbestos material, clay 
stockpile, metals, tires, white goods, and automobiles. The facility also includes a sewage treatment plant 
sludge drying pit and soil remediation area. The site is unfenced, however, the entrance to the facility is 
gated. The general layout of the WDF is depicted on Figure 02. Photographs of the overall site are 
provided in Appendix B. Individual photographs relating to specific site features are referenced below. 

The hours of operation for the WDF are 8 am to 6 pm Monday to Saturday. The entrance to the waste 
and stockpile areas is manned at all times when the facility is open. The site access gate is locked when 
the facility is closed. 

The following are observations noted during the site investigation: 

• The surfaces of the WDF are fairly well drained other than in the vicinity of the soil remediation area 
(Photo 1). There are no defined drainage ditches along the perimeter of the WDF other than on the 
north side. At the time of the site investigation, ponded water was observed in the north ditch and 
along the western border of the facility (Photos 2, 3 and 4). The south and east perimeter of the 
facility is well drained due to the slope of the land. 

• In the active area, refuse is not confined with berms (Photos 5 and 6). Refuse from the active area is 
in contact with water in the north ditch. Blown refuse litters the trees on the north, east and west 
borders of the site (Photos 7, 8 and 9). The former waste cells have been covered with clay and 
vegetation has been established in these areas (Photo 10). 

• Two above ground petroleum storage tanks were observed in the reception/operations area (Photo 
11). 

• Unburied plastic bags containing asbestos material were observed within the asbestos material area 
(Photo 12). 

• A pile of sludge, approximately 20 m3 in volume, was observed within the asbestos material area 
(Photo 13). According to municipal officials, the sludge is from the City of Thompson sewage 
treatment plant. A small pond of water was observed adjacent to the pile of sludge (Photo 14). 

2.2 Above and Below Grade Development 

The existing limits of above grade development are shown on Figure 02. The height of the former and 
active waste disposal areas is an average of approximately 5 m above the existing grade elevation. The 
maximum elevation of the waste mound is 7 m from grade. 

According to the current operator at the WDF, the past and present waste cells were developed below 
grade. This was confirmed by the absence of the surficial layer of native high plastic soil (that was 
observed in the test holes surrounding the site) in the test holes completed within the former waste cells 
(refer to Section 4.3). 
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2.3 Remaining Capacity 

An assessment of the remaining capacity at the existing WDF was conducted to determine whether the 
facility can accommodate wastes from the LGD and the City until a new WDF can be constructed. 

The existing WDF property is approximately 58 ha in size. Of this land, approximately 34 ha remain 
undeveloped. However, the land located to the west of the developed area is not ideal for expansion of 
the facility as a good portion of it is low-lying and wet. Therefore, for the purposes of this study, the 
remaining capacity of the WDF is considered to be limited to the available area within the previously 
developed and current active areas. If development of the low lying area to the west is considered in the 
future, detailed geotechnical and hydrogeological investigations would be required to confirm its 
suitability. 

The remaining capacity of the existing WDF is dependant on the available area, fill height, waste 
generation rate and compaction density. As a general guideline, waste generation rates are in the order 
of 1.5 to 3.0 kg/person/day. This rate is dependent on the level of industrial development in the region. 
More industry typically relates to higher generation rates. Waste generation estimates provided by the 
City of Thompson and the LGD of Mystery Lake indicate that the current waste generation rate is 
estimated at 5.5 kg/person/day. This includes both the residential and commercial waste streams. As this 
value is significantly greater than typical waste generation rates, there is a concern as to the accuracy of 
the figure reported. Therefore, the upper end of the range of typical waste generation rates, 
3.0 kg/person/day, is assumed for this study. 

Based on Canada Census information, the population of the City of Thompson was 13,256 in 2001. 
Assuming an annual growth rate of 1.0% since 2001, based on the current economic development within 
the region, the 2006 population of the City would be approximately 13,932. According to the LGD of 
Mystery Lake, the 2006 population of the LGD is only 5 people. The current combined population is 
therefore estimated to be 13,937 people. Based on a waste generation rate of 3.0 kg/person/day and 
assuming a compacted density of 350 kg/m3 of waste, this equates to an estimated volume of 
approximately 44,000 m3 of waste being deposited in the WDF in 2006. 

Currently, the active area is approximately 22,500 m2 in size. The height of this area is an average of 
approximately 3 m below the final elevations of the older portions of the facility. If the active area is only 
built up to the elevation of the former waste disposal areas, the WDF would only have sufficient capacity 
for approximately one more year. To provide sufficient time to design, obtain an environmental licence 
and construct the new WDF, the existing WDF must remain in operation for approximately 2 to 3 years. 
To accommodate 2 to 3 years of wastes from the LGD of Mystery Lake and the City of Thompson, the 
WDF would have to be built up to an elevation above that of the former waste disposal areas. 

An area of approximately 100,000 m2 is available within the active and the former waste disposal areas 
for further above grade development. Based on this area and a waste generation rate of 44,000 m3/year 
over three years, the waste would have to be built up approximately 1.3 m, not including monthly and final 
cover material. Assuming a requirement of approximately 65,000 m3 for monthly and final cover material 
(refer to Section 5.2), the final elevation of this area would be approximately 2.0 m above the existing 
grades. Further above grade development would result in sections of the waste disposal areas being 
above the elevation of PTH 6. 
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3.0 Geological and Hydrogeological 
Setting 

3.1 Physiography 

The physiography of the Thompson area is a reflection of the underlying bedrock terrain and the various 
glacial deposits formed during the last Ice Age. The terrain is undulating and is characterized by bedrock 
ridges and knolls interspaced with till plains and poorly drained areas of organics. 

3.2 Bedrock Geology  

The regional bedrock geology is consists of bedrock outcrops consisting of Precambrian felsic migmatite, 
gneiss, granofels, and mafic granulite. 

3.3 Surficial Geology 

The surficial soils in the area typically consist of clay with thicknesses ranging from a thin veneer to up to 
30 m forming extensive former lake plains. Where the drift thickness is thin the overlying topography 
generally mirrors the underlying bedrock surface. Water well driller’s records in the area indicated that the 
general soil profile consists of clay underlain by till with silt and sand overtop of bedrock. 

3.4 Hydrogeology 

Water Resources Branch water well records indicate little groundwater development in the Thompson 
area other than within the City itself. There are no domestic groundwater wells in use within a distance of 
at least 2.0 km of the existing WDF site. 

There is no information available on the regional groundwater flow system. Based on conditions in similar 
environments, the regional groundwater flow is likely towards the surrounding lakes with localized 
discharge in topographic lows. 
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4.0 Site Investigation 
4.1 General 

A topographic survey, geotechnical investigation, hydrogeological investigation, and groundwater quality 
analysis were conducted at the existing WDF to determine the extent of leachate contamination at the 
facility and provide technical data for closure of the site. 

4.2 Topography 

Within the former and active waste disposal areas, the WDF site is generally flat with a gentle slope to the 
west. A bedrock outcrop rises to an elevation of approximately 8 m along the eastern border of the site, 
parallel to PTH 6. The area surrounding the WDF is an undulating downward slope toward the west. 

Level surveys were performed to establish ground elevations within and surrounding the WDF. Ground 
elevations based on the survey are depicted on Figure 03. A level survey of the ground surface and top of 
the PVC pipe at each of the monitoring well locations was also completed. The results of the monitoring 
well survey are summarized on Table 3.1 below. 

4.3 Geotechnical Investigation 

A total of eleven (11) 127 mm diameter test holes were completed at the existing WDF on October 5, 
2005. Eight (8) of the test holes (TH401, TH401A, TH402, TH403, TH403A and TH405 to TH407) were 
drilled along the perimeter of the facility to determine the soil conditions underlying the site and three (3) 
test holes (TH408 to TH410) were drilled within former waste cells to determine the depth of the waste. 
The locations of the test holes are shown on Figure 03. Several test holes were completed as monitoring 
wells. These holes are labelled as MW rather than TH (for example, TH401 is labelled as MW401 on 
Figure 03).  

The depth of the test holes ranged from 3.0 m to 10.7 m. All test holes were visually logged in the field for 
soil type, moisture content, consistency, density and visual evidence of impact (i.e. staining 
discolouration, odour). Test hole logs are provided in Appendix C. 

Soil Stratigraphy 

The soil stratigraphy encountered in the test holes completed along the perimeter of the site generally 
consists of a 1.0 m to 2.1 m thick layer of high plastic clay overlying a layer of varved clay which ranges 
from 1.0 m to 4.0 m in thickness. Along the bedrock outcrop that runs along the east end of the site, the 
varved clay is underlain by sand to auger refusal. Beyond the bedrock outcrop, the varved clay is 
underlain by a layer of varved silt which ranged from 3.7 m to 7.6 m in thickness. In TH403A, the material 
encountered consisted of 2.1 m of clay fill and 0.6 m of waste underlain by varved clay. Auger refusal was 
encountered in MW401, TH401A, MW402 and MW407. The refusal depth ranged from 3.0 m to 7.3 m 
below the surface. 

Soils encountered in TH408 consisted of clay fill to the end of the test hole (4.6 m). The test hole was 
completed near a clay stockpile in the centre of the WDF. The depth of clay fill in this test hole indicates 
that this location may have been a former clay stockpile area. In TH409, the material encountered 
consisted of 0.3 m of clay fill underlain by a 2.7 m thick layer of waste, 1.5 m of clay fill, and another 1.5 m 
thick layer of waste followed by native soils composed of high plastic clay varved with clayey silt. 



 

THE MANITOBA WATER SERVICES BOARD   6 
LGD OF MYSTERY LAKE EXISTING WASTE DISPOSAL FACILITY ASSESSMENT AND CLOSURE REPORT 
RPT-0326-060-00-CLOSURE REPORT-FINAL-0803.DOC 

Similarly, the material encountered in TH410 consisted of 0.3 m of clay fill underlain by a 2.4 m thick layer 
of waste followed by native varved clay soils. 

4.4 Hydrogeological Investigation 

Monitoring wells were installed around the perimeter of the WDF to determine the depth of the water 
table, the horizontal gradient and flow direction within the overburden. 

Overburden Monitoring Wells 

Monitoring wells were installed in the overburden soils at six (6) test hole locations, MW401, MW402, 
MW403, MW405, MW406 and MW407. Wells MW401 and MW407 were installed upgradient of the site. 
Wells MW402 and MW406 were installed cross-gradient to the site. Wells MW403 and MW405 were 
installed down-gradient from the site. The piezometers were completed as 50 mm diameter PVC wells 
complete with a 1.5 metre slotted screen. The annular space around the intake was backfilled with silica 
sand followed by bentonite pellets to surface. Construction details for the monitoring wells are shown on 
the corresponding test hole logs presented in Appendix C. The intake screens for MW401, MW402 and 
MW407 were installed within a layer of sand. The remainder of the monitoring well screens were installed 
in a varved silt layer. 

Following installation of the overburden monitoring wells, groundwater level measurements were 
recorded at each well to determine equilibrium water levels. All water level measurements were made 
using an electric sounding line referenced to the top of the well casing. The results are summarized on 
Table 3.1. 

Table 3.1 – Summary of Monitoring Details 

 MW401 MW402 MW403 MW405 MW406 MW407 

Installation Details 

Top of PVC Pipe 227.859 218.559 208.623 212.411 214.583 219.088 

Ground Elevation 226.763 217.952 207.884 211.471 213.685 218.285 

Top of Screen 225.263 215.662 201.784 205.371 207.585 212.495 

Bottom of Screen  223.763 214.142 200.264 203.851 206.065 210.965 

Static Water Level  

November 21, 2005 225.119 217.079 208.073 210.511 211.333 Dry 

 

Groundwater Table 

The groundwater levels recorded in the overburden monitoring wells on November 21, 2005 range from 
0.87 m to 2.35 m below ground surface, with the exception of MW403, in which the water level was 0.19 
m above ground. Based on these water levels, the direction of flow within the overburden is towards the 
west-southwest. This direction corresponds with the general slope of the topography in this area. The 
magnitude of the horizontal gradient within the overburden soils (change in water elevation with distance) 
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is about 0.069 m/m. The groundwater level measurements and inferred flow direction are illustrated on 
Figure 04. 

Hydraulic Conductivity Testing 

On November 21, 2005, single well hydraulic conductivity tests (bail tests) were conducted on the five (5) 
monitoring wells at the site that contained water. The data was analyzed with AqtesolveTM software, 
using the Bouwer and Rice (1976) method. The results are included in Appendix D. The measured 
hydraulic conductivity values ranged from 1.2 x 10-4 cm/s to 4.5 x 10-5 cm/s in the monitoring wells 
installed within the sand (MW401 and MW402), and from 1.3 x 10-6 cm/s to 2.8 x 10-7 cm/s in the 
monitoring wells installed within the varved silt (MW403, MW405 and MW406). 

Contaminant Migration 

To evaluate the potential impact of leachate from the WDF on the underlying groundwater, an 
assessment of the vertical and lateral migration of contaminants from the proposed landfill site was 
conducted based on the following:  

- leachate movement by advection, 

- no natural attenuation of leachate, 

- an average hydraulic conductivity of 2.0 x 10-6 cm/sec for the varved clay soils, and 8.3 x 10-5 
cm/sec for the sand soils, 

- a downward (vertical) gradient of 0.3 m/m, 

- an average effective porosity of 0.10, 

- the vertical and horizontal rate of migration (average linear velocity) calculated using Darcy’s 
Law: 

 q = Ki/ne, where:    q = average linear velocity  

   K = average hydraulic conductivity 

   i = average hydraulic gradient 

   ne = average effective porosity of the clay 

Using the above parameters, a vertical rate of migration of about 0.19 m/year is estimated for the varved 
clay layer, and 78.5 m/year for the sand layer. Based on the siting guidelines, a continuous layer of 
varved clay, ranging from 1 m to 4 m in thickness, with a vertical rate of migration rate of 0.19 m/year 
corresponds to a high geological sensitivity rating for the site. Based on the rate of vertical migration 
through the sand layer, it would not have a significant effect on the geological sensitivity rating of the site 
given the influence of the varved clay layer. 
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4.5 Groundwater Quality Assessment 

Water samples were recovered from the monitoring wells to determine whether leachate from the site 
may be impacting the local groundwater. 

Groundwater Sampling and Discussion of Water Quality Results 

Monitoring wells MW401, MW402, MW403, MW405 and MW406 were sampled on November 4, 2005. 
MW407 was reported dry. The samples were submitted to Enviro-Test Laboratories in Winnipeg, 
Manitoba for chemical analysis. 

The samples were analyzed for a range of parameters including; trace organics (benzene, toluene, 
ethylbenzene, and xylenes (BTEX)), total volatile hydrocarbons (TVH) and total extractable hydrocarbons 
(TEH), inorganics and total metals. As a result of limited recovery, MW-401 was only sampled for select 
inorganics and total metals. The test parameters included in the laboratory analyses were stipulated in 
the Siting Guidelines for Class II and Class III Waste Disposal Grounds. Although these analyses were 
originally intended for new waste disposal sites, they are also appropriate for use in monitoring existing 
and closed waste disposal sites. The laboratory analytical results are presented in Table 1, in Appendix E 
along with a copy of the laboratory report. 

Analytical results have been compared with the Canadian Council of Ministers of the Environment 
(CCME) Canadian Environmental Quality Guidelines (CEQG) for Community Water, (updated December 
2004). The appropriate Community Water quality guidelines are noted on Table 1. 

Concentrations of all trace organic parameters were non-detect and below the applicable CCME 
guidelines. All metal and inorganic parameters analysed were below the selected CEQG, with the 
exception of aluminium in all wells, iron in one gradient and two down-gradient wells, manganese, 
selenium and sodium in down-gradient wells, and turbidity and total dissolved solids in almost all of the 
wells. The aluminum concentrations exceeded the CEQG by magnitudes ranging from 1.4 to 4.0. Iron 
concentrations exceeded the CEQG by magnitudes ranging from 1.4 to 2.0. Manganese concentrations 
exceeded the CEQG by magnitudes of 2.8 to 7.7. Selenium and sodium values exceeded the CEQG by 
factors of 1.2 and 1.3, respectively. Turbidity values well exceeded the CEQG and the measured total 
dissolved solids values were generally twice the CEQG.  

Although there is insufficient data to define specific trends, results of the analysis indicate that the 
greatest impact on water quality appears to be in monitoring wells MW403 and MW405, located 
down-gradient of the existing active area. The least amount of impact appears to be in well MW406 to the 
north and cross gradient from the existing active area. Further groundwater sampling is required to 
ascertain whether leachate from the WDF is impacting the underlying groundwater. 

In most cases, values that exceeded the CCME limit will affect the aesthetic water quality and do not 
pose a risk to human health or the environment. On this basis, there is currently no risk to local 
groundwater users. The following is a brief interpretation on those parameters which exceeded the 
CEQG. 

Turbidity 

Turbidity in drinking water should not exceed 1 unit. Levels exceeding this value may make water 
unpleasing or may protect micro-organisms against the effects of a disinfection agent. Elevated levels 
were noted at all sampled locations. Turbid samples are common from newly installed wells and typically 
diminishes after periodic development and resampling of the wells.  
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Total Dissolved Solids 

This is a measure of the dissolved minerals in the water. As a general rule, greater than 500 mg/L 
(aesthetic objective) is considered unsatisfactory. Levels higher than this are not necessarily a problem 
as it depends on the specific minerals present. Elevated levels were noted in the cross-gradient wells 
(MW402 and MW406). Levels were approximately twice as high in the down-gradient wells (MW403 and 
MW405). 

Aluminum -Total  

Aluminum is the third most common element in the earth’s crust and is naturally present in soils and 
water. The total aluminum concentrations noted in all wells exceeded the CEQG. These values may, 
however be a result of suspended sediment in the water from drilling activities or may be indicative of 
natural groundwater concentrations in the area. 

Iron – Total 

If the concentration of iron is above 0.3 mg/L, it will cause staining of laundry and fixtures. Higher 
concentrations will produce a metallic taste and may produce a yellow precipitate. If the concentration of 
iron is above 0.5 mg/L, it may interfere with zeolite water softening. As illustrated in Table 1, elevated 
levels of iron were noted at three of the five points sampled including one upgradient well (MW401) and 
the two down-gradient wells (MW403 and MW405). Elevated iron is common in groundwater in Manitoba 
and the results may indicate natural background conditions  

Manganese – Total 

Manganese is undesirable in domestic water supplies because it causes unpleasant tastes, deposits on 
food during cooking, stains or discolours laundry and plumbing fixtures and fosters the growth of some 
micro-organisms in reservoirs, filters, and distribution systems. The guideline limit for these aesthetic 
considerations is 0.5 mg/L. Elevated levels were noted at downstream wells in comparison to the 
upgradient point MW401. This may be indicative of impacts to the underlying groundwater from the WDF. 

Selenuim - Total 

The concentration of selenium exceeded the CEQG in one of the downgradient sampling points. The 
reported concentration at MW405 was however only slightly above the guideline value. Although the 
CEQG are based on health risk, most toxic effects of selenium appear to be associated with the 
consumption at high concentrations in food rather then water.       

Sodium –Total 

Most soils contain sodium in the range of 0.1 to 1 percent. Because of the high solubility of sodium 
minerals, sodium is ubiquitous in the water environment. Elevated sodium concentrations were noted in 
both of the downgradient wells, with reported values in MW403 and MW405 slightly above and slightly 
below the CEQG. These elevated concentrations may be indicative of impacts to the shallow groundwater 
regime below the site.     
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Quality Control Program 

To ensure a high level of quality throughout the sampling and analytical stages of the project, a number of 
controls and procedures were followed. 

Dedicated disposable bailers were used to collect all water samples. The collected samples were placed 
in laboratory supplied sample bottles with no headspace and stored on ice in a cooler. All samples were 
shipped to the lab and analyzed within the accepted holding times. 

One blind field duplicate (labelled MW999) was collected from monitoring well MW403 during the 
November 4, 2005 sampling event. The laboratory analysis results are provided in Table 2 of Appendix E. 
Generally, the results of the laboratory analyses for the field duplicate sample collected are within Enviro-
Test Laboratories target analysis error range for sample concentrations greater than 10 times the 
detection limit. The duplicate analysis also provides a check of the integrity of the field sample collection 
and handling procedures. The above duplicate results validate the current field protocols. 
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5.0 End Use Development / Site Closure 
Plan 

5.1 Proposed End Use Development Plan 

The proposed End Use Development Plan for the site is to restore the area to a natural green space. The 
surface of the WDF will be graded and seeded to establish rough natural grasses. This proposed end use 
represents a low-cost, low-impact and low maintenance approach to site development. The final landfill 
footprint and proposed grading are shown in plan view in Figure 05. 

5.2 Cover Material 

An assessment was completed to determine the volume of clay soil required for monthly and final cover 
to achieve the final landfill configuration. This assessment was based on the Manitoba Waste Disposal 
Grounds Regulation 150/91, which stipulate that wastes must be covered with 0.15 m of clay per month 
and 0.5 m of clay upon termination of use of an active area. 

Based on the available surface area for above grade development at the WDF (refer to Section 2.3), the 
surface area which would require final cover is approximately 100,000 m2. Given a final cover thickness 
of 0.5 m, this area would require approximately 50,000 m3 of final cover material. Assuming a waste to 
soil ratio of 10:1 to determine the volume available for refuse placement and monthly cover, the disposal 
volume would consist of approximately 132,000 m3 of refuse and 15,000 m3 of monthly cover. Therefore, 
the total volume of cover material required, monthly and final, would be approximately 65,000 m3. 
Additional cover material will also be required to cover portions of the WDF that do not have at least 0.5 
m of cover material. Test pits/holes should be completed throughout the WDF to identify sections that do 
not have sufficient cover. 

Clay cover could likely be obtained from the land owned by the LGD directly west of the existing WDF. 
Clay cover material for the active area is currently obtained from a borrow pit located within the proposed 
WDF site on the adjacent land to the north. Borrow activities should be discontinued in this area so it can 
be filled with compacted clay in preparation for the new WDF. 

5.3 Drainage 

Ditching should be constructed around the entire facility to prevent surface water run-on into the WDF 
and direct all surface water runoff away from the site. Proposed and existing drainage features are shown 
on Figure 05. 

5.4 Site Grading 

Figure 05 highlights the limits of the development based on the proposed end use plan. Grading of the 
final cover material is required to minimize leachate production by minimizing surface infiltration and 
promoting positive surface runoff. The final surface of the cap of the WDF should be graded at 
approximately 4% with the exception of the outer slopes which should be completed at a slope of 5H:1V. 
The construction of steeper slopes will have a lower factor of safety and may include an element of risk 
related to satisfactory slope performance. An even greater risk can be expected if proper quality control 
and compaction standards are not followed during construction activities. 
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5.5 Landscaping 

Based on the proposed end use development plan, site landscaping will consist of rough grass areas to 
be seeded with a mix of hearty ground cover supported by a growing medium consisting of a thin layer 
peat moss and sand tilled into the clay cap.  

5.6 Signage 

Upon closure of the site, a sign should be posted at the gate indicating that the site is closed and the 
location of the new facility should be provided. 

5.7 Site Specific Closure Requirements 

Several items were identified during the site investigation that would require attention prior to completing 
closure of the site. These items include containment of the active waste disposal area, fencing, and 
decommissioning of onsite facilities. 

Active Waste Disposal Area 

• Berms must be constructed around the active area to contain the wastes and any leachate generated 
within the wastes. The top of the berms should be at least 0.5 m higher than the proposed height of 
the wastes. 

• Clearing of litter from the trees around the perimeter of the WDF is required. Temporary fencing is 
recommended to minimize the amount of blown litter from the active area. 

Fencing 

• According to current regulations, active waste disposal facilities must be fenced. A fence should be 
erected around the entire WDF as it will remain in operation until a new facility is developed. The 
fencing will prevent access to the site once it is closed. 

Decommissioning of Onsite Facilities 

• The existing WDF has several facilities that will require decommissioning as part of closure of the 
site. These include the soil remediation area, sludge drying pit, recycling depot, and all other buildings 
onsite. 

Other items include the following:  

• The existing burning area must be levelled, compacted and covered with 0.5 m of clay, 

• Stockpiles of metals, tires, white goods, etc. must be removed from the site, 

• The pile of sludge in the asbestos area should be sampled and tested to determine if treatment of the 
sludge is required prior to it’s disposal in the active area of the WDF, 

• Ponding water in the asbestos area should be removed using a vac-truck and disposed of at the City 
of Thompson sewage treatment plant, and 

• Exposed bags of asbestos material should be buried on-site in the designated area. 
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6.0 Post Closure Monitoring and 
Maintenance 

6.1 Site Maintenance 

Cover Soils 

The cover soils play an integral role in the minimization of leachate generation by reducing the amount of 
surface infiltration. It is therefore important to monitor the integrity of this layer and complete remedial 
works in areas where the cover has deteriorated. Cover deterioration can occur due to erosion, 
desiccation cracking, frost heave and cracking resulting from waste settlement. A regular inspection of the 
cover will identify problem areas and allow maintenance actions to be taken before the problem results in 
significant adverse effects. Maintenance could include adding additional fill soils, re-grading or re-
vegetating exposed or eroded areas. 

Monitoring should be completed monthly, from April to November, during the initial two years of post 
closure care. Subsequent monitoring can be conducted on a semi-annual basis in the spring and fall. 
Post closure monitoring and maintenance of this nature generally continues for a minimum period of 20 
years following landfill closure. 

Landscaping 

The proposed landscaping is very low maintenance except during the initial establishment period of two 
to three years. During the seed establishment period, additional mowing and some chemical control may 
be required, along with re-seeding or over-seeding to obtain acceptable growth covers. The rough grass 
areas should be mowed annually or managed by controlled burning every three years. 

6.2 Environmental Monitoring 

It is generally accepted practice to provide post-closure environmental monitoring of a landfill site for a 
minimum of 20 years following closure. The purpose of the environmental monitoring plan is to provide a 
background database, meet regulatory requirements and demonstrate the environmental integrity of the 
landfill. The following program has been developed to meet these needs. The monitoring program 
includes surface water, groundwater, leachate and methane gas. Specific details on each program are 
provided below. 

Surface Water 

Surface water surrounding the landfill site should be monitored on an annual basis to evaluate any 
potential impacts on water quality from the landfill operations. Monitoring will involve the sampling of two 
points including the discharge point of the perimeter ditches located in the southwest corner of the WDF 
and of the surface water body (marsh) located immediately southwest of the facility as shown on 
Figure 02. 

In addition, specific samples should be collected in areas adjacent to localized leachate breakouts, if any 
occur. 



 

THE MANITOBA WATER SERVICES BOARD   14 
LGD OF MYSTERY LAKE EXISTING WASTE DISPOSAL FACILITY ASSESSMENT AND CLOSURE REPORT 
RPT-0326-060-00-CLOSURE REPORT-FINAL-0803.DOC 

Surface water samples should be analyzed for common major and minor inorganic constituents. 
Analyzing for organic contaminants and EPA priority pollutants should be kept to a minimum. Analytical 
targets should be based on the results of detailed samples of landfill leachate. Grab samples should be 
collected at each sampling location during late spring. Any significant amount of suspended matter should 
be separated by decanting and/or filtering. Samples should be filtered using disposable in-line units. The 
solids residue should be recorded and also analyzed.  

Groundwater 

Monitoring of the groundwater system should be completed through routine sampling of perimeter 
monitoring points. Six (6) overburden monitoring wells were installed as part of the WDF site investigation 
in October 2005 (MW401-MW403, and MW405-MW407). The locations of the monitoring wells are shown 
on Figure 03. It should be noted that no domestic wells are located down-gradient of the site. Potable 
water wells are located up-gradient, with the closest being approximately 2 km from the site. 

All points should be sampled on an annual basis, preferably in late spring. The monitoring wells should be 
purged prior to sampling to remove any standing water in the casing and to bring in fresh formation water. 
This will ensure that a representative groundwater sample is collected. A minimum of three well volumes 
should be evacuated before a sample is collected. 

Groundwater samples should be analyzed for common major and minor inorganic constituents. Organic 
and EPA priority pollutant analyses should be kept to a minimum. Detailed chemical analysis of the 
leachate for inorganic, organic and EPA priority pollutants should be completed to establish which of 
these parameters can be best used for detective monitoring. Focusing on the parameters likely to be 
elevated by leachate contaminants will help reduce the overall cost of chemical analysis. 

Piezometric levels should be recorded at each of the monitoring wells prior to each sampling event. This 
information should be used to monitor the horizontal flow gradients beneath the site and confirm that the 
vertical gradient through the overburden remains downward.  

To initiate a database on the background water quality, groundwater samples have been collected from 
the overburden monitoring wells. A copy of the laboratory report is found in Appendix E. A summary of 
the results is provided on Table 1. The sampling procedure and interpretation of laboratory results is 
outlined in Section 4.5. 

Leachate 

Test holes completed within the former waste disposal areas indicate that the decomposing wastes are 
saturated with leachate. Therefore, a leachate monitoring program is recommended to determine the 
potential for the build up of leachate to “break out” of the containment area. It is recommended that eight 
monitoring wells be installed throughout the former waste disposal areas to assess the potential need for 
a leachate collection system. A detailed drilling program to determine the horizontal and vertical extent of 
the wastes would be required to assess the requirements for the leachate monitoring program and a 
leachate collection system. 

Upon installation of monitoring wells within the former waste disposal area, leachate quality should be 
monitored to characterize the quality of leachate being generated and to identify what chemicals could 
potentially be used as target indicators in the ground and surface water monitoring programs. As a 
minimum, two leachate samples should be analyzed annually. Once a consistent data base has been 
developed, the number of samples and sampling frequency can be reduced. Analysis should include 
inorganics, organics and EPA priority pollutants. 
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Methane Gas 

Gas is generated from the decomposition of organic material contained in the landfill. The main 
constituents of the produced gas are methane and carbon dioxide. The gas has the potential to migrate 
through the soil and collect in explosive concentrations in enclosed spaces and can damage vegetation 
and reduce the quality of groundwater and air. 

The gas within the landfill is generally under positive pressure which causes lateral and vertical migration. 
The purpose of monitoring landfill gas is to determine the extent of this migration. It is proposed to allow 
passive venting of the landfill gas through the cover soils, therefore vertical migration would not a 
concern. 

To assess lateral migration, it is recommended that four (4) gas probes be installed at the locations 
indicated in Figure 05. The points should be located near the toe of the landfill development. If and when 
measurable concentrations are detected, additional points can be installed near the property limits to 
assess the potential for off-site migration. Past experience has shown that a 30 metre buffer will generally 
be adequate for lateral control of gas migration. The proposed gas probes should be monitored on a 
quarterly basis during the initial two years of post closure monitoring to assess seasonal influences and 
then annually thereafter. Field monitoring should include the gas concentration, percent of the lower 
explosive limit (LEL), atmospheric pressure and air temperature. 

The gas probes should be constructed using Schedule 80 PVC pipe. The upper 1.5 m of the installation 
should consist of solid pipe. The remainder of the installation should be screened and extend to the depth 
of the waste placement. The top of the probe should be completed with a sealed cap equipped with a 
quick connect coupler. The coupler can then be used to directly connect to a gas meter. Silica sand 
should be placed around the piezometer intake with a bentonite seal at surface. The probes should be 
installed with a protective steel casing. 
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7.0 Class C Cost Estimate 
The following is a breakdown of the initial capital investments, annual monitoring costs, cost for site 
closure, post-closure monitoring costs, and associated costs for engineering. Annual costs to operate the 
existing WDF until its closure, including construction of berms around current and future active areas and 
monthly cover material, are not included. 

7.1 Initial Capital Investment 

The initial capital investment includes all costs associated with the closure of the site. This will include: 
placement and grading of final cover material, removal of stockpiles, decommissioning of onsite buildings, 
removal of sludge pile and ponded water in asbestos material area, decommissioning of sludge drying pit 
and soil remediation area, and fenceline and perimeter ditches for the entire site. 

The cost for installation of the proposed environmental monitoring network has been included in the 
program. This includes eight (8) monitoring wells and four (4) gas probes installed within the waste 
disposal areas. Costs for a leachate collection system have not been included as monitoring is required to 
determine the need for and required extent of such a system. The cost of signage is included as an 
incidental to the fencing and gate. 

ACTIVITY UNITS QUANTITY RATE COST 

Borrow Pit Development  (stripping, 
clearing/grubbing) 

ha 3 $10,000 $30,000 

Removal of Metals, Tires, White Goods, etc. 
Stockpiles from the Site 

unit 1 $10,000 $10,000 

0.5 m Final Cover Material and Grading cu.m. 50,000 $12 $600,000 

Decommissioning of Onsite Buildings allowance 1 $25,000 $25,000 

Removal of Sludge Pile and Ponded Water from 
Asbestos Material Collection Area 

allowance  1 $10,000 $10,000 

Decommissioning of Sludge Drying Pit  allowance  1 $10,000 $10,000 

Decommissioning of Soil Remediation Area allowance   1 $10,000 $10,000 

Post and Wire Mesh Fence l.m. 2,000 $40 $80,000 

Perimeter Ditching (7.0 m3 – 1,600 lineal m) cu.m. 11,200 $10.00 $112,000 

Growing Medium, Seeding, Hydro-mulching  sq.m. 100,000 $3.00 $300,000 

Installation of Monitoring Well Network Unit 12 $1,000 $12,000 

Contingency (25%)    $299,750 

Total     $1,498,750
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7.2 Annual Monitoring Costs 

The annual monitoring costs include the cost for surface and groundwater sampling, cover soil 
inspections and preparation of an annual report. Also included is an option for leachate sampling, 
methane gas monitoring. 

ACTIVITY UNITS QUANTITY RATE COST 

Surface Water Sampling Units 2 $500 $1,000 

Groundwater Sampling Units 6 $500 $3,000 

Cover Soil Inspection Unit 1 $500 $500 

Reporting Unit 1 $5,000 $5,000 

Sub-total    $9,500 

Leachate Sampling Units 8 $500 $4,000 

Methane Gas Monitoring Units 4 $125 $500 

Total    $14,000

 

The unit rates provided above are inclusive of all time, equipment rental and materials to collect the 
samples, analyse the samples and complete any in-situ monitoring. Sampling and monitoring activities 
assume the use of local personnel provided that qualified personnel from the City are available at the time 
of these activities.  

7.3 Post-Closure Monitoring 

The cost for post closure monitoring will be comparable to the annual monitoring cost noted in Section 7.2 
and would include: surface and groundwater sampling, cover soil inspection, preparation of an annual 
report, and potentially leachate sampling and methane gas monitoring. 

7.4 Engineering 

Engineering costs will include: preparation of a Closure Plan; preparation of technical specifications; 
tender award; contract administration; and the preparation of as-builts with respect to the closed facility. 
The costs associated with installation of the monitoring well network and any sampling/monitoring are 
inclusive and include the cost of engineering. Contract administration and inspection activities could be 
supplemented with the use of local personnel provided qualified personnel are available at the time of 
these activities. 
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ACTIVITY COST 

Preparation of Closure Plan and Technical Specifications $20,000 

Tender Award  $2,000 

Contract Administration (assume 4 weeks @ $1,000/day plus 25% office admin) $35,000 

As-builts $3,000 

Sub-total $60,000 
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8.0 Summary 
The existing LGD of Mystery Lake WDF property is approximately 58 ha in size. Of this land, 
approximately 34 ha remain undeveloped. However, the land is not ideal for further development of the 
facility as a good portion of it is low-lying and wet. Therefore, for the purpose of this study, the remaining 
capacity of the WDF is considered to be limited to the available area within the previously developed and 
current active areas. To provide sufficient time to design, obtain an environmental licence and construct 
the new WDF, the existing WDF must remain in operation for approximately 2 to 3 years. The existing 
WDF can accommodate wastes for this period of time if the active and former waste disposal areas are 
further developed above grade. 

Geotechnical and hydrogeological assessments conducted at the WDF indicate that the site has a high 
geological sensitivity rating based on the ratings in the Manitoba Conservation waste disposal grounds 
siting guidelines. 

Clay cover material for the active area is currently obtained from a borrow pit located within the proposed 
WDF site. Borrow activities should be discontinued in this area so it can be filled with compacted clay in 
preparation for the new WDF. Additional cover material will be required on portions of the WDF that do 
not have at least 0.5 m of final cover material. Test pits/holes should be completed throughout the WDF 
to identify sections that do not have sufficient cover. Suitable cover material could likely be obtained from 
the land owned by the LGD directly west of the existing WDF. A geotechnical investigation would be 
required in this area to confirm the suitability of the soils for cover material and that sufficient quantities of 
the material exist. 

A groundwater quality assessment consisting of the sampling of monitoring wells installed around the 
perimeter of the WDF indicates that concentrations of manganese, selenium and sodium are more 
elevated in the downstream wells as compared to the upstream wells. This may be an indication that the 
WDF is impacting the underlying groundwater. Continued groundwater monitoring is recommended to 
ascertain whether leachate from the WDF is impacting the underlying groundwater. 

The proposed End Use Development Plan for the site is to complete the area as a natural green space. 
Specific closure requirements identified during the site inspection include the following: 

• Construction of berms to contain the wastes in the active area, 

• Construction of perimeter ditching and fencing, 

• Placement of 0.5 m of final cover cap and site grading, 

• Clearing of blown litter from the trees around the perimeter of the WDF, 

• Levelling and compaction of wastes in the existing burning area and placement of cover material in 
this location, 

• Removal of stockpiles of recyclable material from the site, 

• Sampling and testing of the pile of sludge in the asbestos area to determine if treatment of the sludge 
is required prior to it’s disposal in the active area of the WDF, 
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• Removal of the pond of water in the asbestos area using a vac-truck, and disposal of the liquid at the 
City of Thompson sewage treatment plant, 

• Burial of exposed bags of asbestos material in the designated area, and 

• Decommissioning of onsite soil remediation area, sludge drying pit, recycling depot, and all other 
onsite buildings. 

Design and implementation of an environmental monitoring program is required to demonstrate the long-
term performance of the environmental control measures. The following parameters should be included in 
the monitoring program: 

• surface and groundwater quality; 

• leachate production, levels and quality; 

• landfill gas; and 

• cover integrity. 

A “Class C” cost estimate has been developed for the proposed closure requirements. The estimate 
includes capital investment, annual monitoring costs, closure costs and post closure costs.  
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Crown Land Permit  





















 

 

Appendix B 
Site Photographs 



























 

 

Appendix C 
Test Hole Logs 



























 

 

Appendix D 
Hydrograph Plots 













 

 

Appendix E 
Laboratory Data 
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1.0 INTRODUCTION 

J. R. Cousin Consultants Ltd. (JRCC) conducted a geotechnical investigation for the Waste Disposal 

Ground (WDG) Expansion at the LGD of Mystery Lake.  The LGD of Mystery Lake existing WDG is 

located on Part NW ¼ 18, S ½ and NW ¼ 19 in TWP 77-3 WPM and in Part SE ¼ 24-77-4 WPM, 

approximately 4 km south of the City of Thompson.  The WDG services the LGD of Mystery Lake, the 

City of Thompson, the Town of Churchill and the Wuskawatim Generating Station.  However, the Town 

of Churchill and the Wuskawatim Generating Station area scheduled to discontinue use of the WDG in 

the near future. 

 

A total of thirteen test holes were drilled at the WDG site.  Test hole locations are shown on Plan 1 

attached in the Appendix.  The test holes were drilled to determine suitability of the insitu soils for use as 

a clay landfill liner and clay leachate pond liner. 

 

This report outlines the findings of the geotechnical investigation at the WDG site and evaluates the soils 

to determine their suitability for use as a landfill liner.  The report also identifies potential difficulties (i.e. 

depth to bedrock, soil types and subsurface water elevations) associated with construction. 

 

2.0 BACKGROUND 

The existing WDG is nearing capacity and requires expansion.  The LGD of Mystery Lake intends to 

construct a lined expansion cell to the west of the municipal waste disposal area during Phase I and lined 

expansions to the north and east during future phases.  A lined leachate collection pond will be 

constructed as part of the Phase I works.  An upgraded burn area, soil remediation area and other various 

storage compounds will be constructed as part of future works. 

 

The geotechnical investigation was required to evaluate potential use of insitu and re-worked soils as a 

clay landfill or leachate pond liner and for use in cell dike construction.  Hydraulic conductivity tests were 

performed on Shelby tube samples to assess whether the insitu soils comply with the Manitoba 

Conservation criteria of 1x10-7 cm/sec or less for a landfill liner. 

 

A previous geotechnical and topographic investigation was completed by AECOM in 2005.  Eight test 

holes were drilled around the perimeter of the WDG and three holes were drilled within the former waste 

cells to determine the depth of waste.  Shelby tube samples and laboratory analysis of the soils was not 

completed and therefore it is unknown if the soils could achieve a hydraulic conductivity of 1 x 10-7 cm/s 

insitu or when re-worked. 

 

3.0 TOPOGRAPHIC INVESTIGATION 

The onsite topographic survey was completed on April 14, 2011.  The existing WDG and the areas for the 

proposed cell expansion and leachate pond area were surveyed with a GPS Total Station. 
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The survey found that the top of the existing former and current waste disposal area slopes from an 

elevation of approximately 219.0 m in the east to 215.0 m in the west at a grade of approximately2.0 % - 

5.0%.  The existing ground surrounding the WDG is approximately 4 m - 6 m lower than the top of waste 

and slopes to the southwest.  The leachate pond area is relatively flat at an elevation of approximately 

209.0 m.  There is a rock outcrop east of the former and current waste disposal area which slopes up to a 

maximum elevation of approximately 225.0 m towards PTH 6. 

 

Contour lines from the topographic survey are shown on Plan 2 attached in the Appendix. 

 

4.0 GEOTECHNICAL FIELD INVESTIGATION 

The onsite investigation at the LGD of Mystery Lake was conducted on April 13, 2011.  Maple Leaf 

Drilling Ltd. was employed to complete the test holes utilizing a DR150 track mounted drill rig under 

direct supervision by JRCC’s field representative. 

 

A total of thirteen test holes were drilled during the investigation.  Three test holes were drilled in the 

leachate pond area (TH1 – TH3), three test holes were drilled in the Phase I expansion cell area (TH4 – 

TH 6), four test holes were drilled in the areas for future expansion (TH7 - TH10) and three test holes 

were drilled through the former waste disposal areas (TH11 – TH13).  All test holes were drilled to a 

depth of 6.0 m with the exception of TH11, which was dug to a depth of 2.0 m. 

 

4.1 WDG Site 

The subsurface soil profile within each test hole was logged, water conditions were noted and 

representative soil samples were taken as the soils varied along the profile.  The samples were 

visually field-classified.  Eight selected bagged samples from the test holes were sealed and 

submitted to National Testing Laboratories Ltd. for testing and analysis, along with three Shelby 

tube samples for hydraulic conductivity testing.  Details of the laboratory analysis are provided in 

Section 5.0.  Following drilling, the depth of standing water was measured and any caving of the 

holes was determined.  Test holes were backfilled with bentonite and the excavated soils upon 

termination of drilling.  Test hole locations are shown on Plan 1 attached in the Appendix. 

 

4.1.1 Soil Profile 

The test holes taken across the site were fairly consistent with slight variations in the 

layer thicknesses and amount of silt in each layer.  Bedrock was not encountered in any 

of the test holes.  Details of the test holes can be found in the soils logs attached in the 

Appendix. 

 

Leachate Pond Area 

The soil profile observed in the test holes taken in the leachate pond area (TH1 – TH3) 

consisted of a surficial peat layer an average of 0.4 m thick, followed by a light brown 
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high plastic clay layer an average of 3.3 m thick, followed by a grey low-medium plastic 

clay layer with some silt lenses an average of 2.3 m thick. 

 

Phase I Expansion Cell Area 

The soil profile observed in the test holes taken in the Phase I cell expansion area (TH4 – 

TH6) consisted of a surficial peat layer an average of 0.4 m thick, followed by a brown 

high plastic clay layer an average of 3.0 m thick, followed by a grey high plastic clay 

layer with a trace of silt an average of 2.6 m thick. 

 

Future Phase Expansion Cell Areas 

The soil profile observed in the test holes taken in the proposed future phases of cell 

expansion (TH7 – TH10) consisted of a surficial peat layer an average of 0.4 m thick, 

followed by a brown high plastic clay layer an average of 3.0 m thick, followed by a grey 

low-medium plastic clay layer with silt lenses an average of 2.6 m thick. 

 

Existing Waste 

Test holes were taken in the existing waste to determine the depth of waste and to 

evaluate the soils serving as the existing landfill liner.  TH11 was drilled to a depth of 2.0 

m to determine if the area at the south end of the WDG was formerly used for waste 

disposal. 

 

The soil profile observed in the test holes taken in the former waste disposal areas to a 

depth of 6.0 m (TH12 and TH13) consisted of an approximately 0.15 m thick soil cover 

layer followed by garbage an average of 4.6 m thick, and finally a brown high plastic clay 

layer with a trace of silt, observed to be at least 1.2 m thick. 

 

4.1.2 Groundwater 

Short-term groundwater conditions were assessed in each test hole by observing standing 

water in the test holes prior to backfilling the holes.  No standing water was observed in 

the test holes with the exception of TH1 and TH2, taken in the leachate pond area.  The 

infiltrating water was caused by standing water on the ground surface around the test 

holes which flowed into the holes. 

 

TH6 was left open for 4 hours to allow for longer-term water infiltration to occur.  After 

the elapsed time, no standing water was observed in the hole. Caving of the hole was 

observed at approximately 3.6 m. 

 

Groundwater in the test holes depends on high static groundwater conditions and on 

seasonal conditions, i.e. snowmelt and rainy seasons.  The test holes were taken during a 

period of snow melt which may have contributed to the standing water observed on the 
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ground surface in the leachate pond area.  Other assumptions relating to the groundwater 

elevation cannot be made at this time as water levels will normally fluctuate seasonally. 

 

Contractors will be made aware of the geotechnical conditions encountered onsite, as 

some dewatering of the ground surface may be required during construction. 

 

5.0 LABORATORY TESTING, ANALYSIS AND DISCUSSION 

5.1 Laboratory Analysis 

Two representative soil samples from the leachate pond area, two samples from the proposed 

Phase I cell expansion area, two samples from the future expansion areas and two samples from 

the clay layer beneath the existing waste were submitted to National Testing Laboratories Ltd. on 

April 21, 2011, for analysis and a professional assessment.  The analysis included the 

determination of the following: 

• Moisture Content ( ASTM D2216) 

• Atterberg Limits (plastic limit, liquid limit, and plasticity index, ASTM D4318) 

• Soil Classification (ASTM D2487) 

• Particle Size Analysis (Hydrometer test, ASTM D422) 

• Hydraulic Conductivity (ASTM D2435) 

 
The WDG soils were analyzed to determine their suitability as a re-worked or insitu liner for a 

WDG cell or leachate pond, which requires a hydraulic conductivity of 1 x 10-7 cm/sec or less. 

 

The laboratory analysis of the soils indicated that they are low to high plastic clay soils with a 

trace of silt.  The overall Plasticity Index of the samples varied between 18 and 43 and the 

percentage of clay from 85.5% to 96.4%.  Based on past experience, the laboratory has 

commented that homogeneous soils with a plasticity index greater than 25 and a clay content 

greater than 50% would typically be expected to have a hydraulic conductivity of 1 x 10-7 cm/sec 

or less.  Plasticity index analysis (i.e.  Atterberg limits) of the soils indicated that all of the soil 

samples submitted were considered suitable for use as an insitu clay liner or when re-worked and 

re-compacted with the exception of TH8 from 3.9 – 6.0 m, which had a Plasticity Index of 18 and 

clay content of 85.5%. 

 

The results indicate that the suitability of the soils for a clay liner is dependent upon the soils 

being homogeneous with no preferential flow paths.  These preferential flow paths can be caused 

by lenses of unsuitable material, rocks or boulders or fissures in the soil. 

 

Three Shelby tube samples (TH3 1.5 – 2.1 m, TH6 3.0 – 3.6 m, and TH8 3.0 – 3.6 m) were 

submitted to determine the insitu hydraulic conductivity, to determine the potential use as a WDG 

or leachate pond liner.  Note that the Shelby tube sample from TH8 was taken in the layer of high 

plastic clay existing above the unfavourable clay layer which starts approximately 3.9 m from the 
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ground surface.  The samples achieved hydraulic conductivities of 8.9 x 10-9 cm/sec, 1.4 x 10-8 

cm/sec and 9.9 x 10-9 cm/sec, respectively which are less than the required 1 x 10-7 cm/sec for a 

clay lined cell.  Therefore the soils would likely be suitable for a clay lined cell in an insitu state. 

 

Details of National Testing Laboratories test results and analysis, dated May 27, 2011 are 

attached in the Appendix. 

 

6.0 WDG CELL LINER REQUIREMENTS 

6.1 Current Guidelines 

Manitoba Conservation guidelines require that a standard WDG cell and leachate pond clay liner 

be 1.0 metre in thickness and have a hydraulic conductivity (i.e. the potential rate of fluid 

movement through the soil) of 1 x 10-7 cm/sec or less.  This low rate is to protect the underlying 

groundwater and surrounding lands from leachate seepage.  Generally, the higher a soil’s 

plasticity the more likely a soil can achieve a hydraulic conductivity of 1 x 10-7 cm/sec. 

 

6.2 Typical Clay Liner Construction Options 

The insitu (undisturbed) soils can be used to construct the liner of a WDG cell or leachate pond if 

the soils can consistently achieve a hydraulic conductivity of 1 x 10-7 cm/sec or less in their insitu 

state. 

 

If the insitu soils cannot be used, the liner can be constructed by excavating and re-compacting 

suitable high plastic clay soils to form the liner. 

 

If the clay content of the soils is so low that even when excavated and re-compacted, the soils 

cannot consistently achieve a hydraulic conductivity of 1 x 10-7 cm/sec, a liner constructed of 

high plastic clay from a borrow pit, or a synthetic geomembrane liner would be required. 

 

6.3 Liner for the LGD of Mystery Lake WDG 

The following are the typical options for lining a WDG cell and leachate pond including using the 

insitu soil if it can achieve a hydraulic conductivity of 1 x 10-7 cm/sec, re-working and re-

compacting the existing soil, to achieve a hydraulic conductivity of 1 x 10-7 cm/sec, or utilizing a 

synthetic geomembrane liner. 

 

6.3.1 Insitu Soil 

Based on the geotechnical investigation and laboratory analysis the soils in the leachate 

pond area from 0.4 m to 3.7 m below ground are suitable for use as an insitu clay liner.  

The soils in the Phase I expansion area from 0.4 – at least 6.0 m below ground are 

suitable for use as an insitu clay liner.  The soils from the area for future cell expansion 

are suitable for an insitu clay liner from 0.3 – 3.4 m below ground. 
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In this option the vertical cutoff walls in the WDG perimeter dikes and the leachate pond 

dikes would be made of re-worked and re-compacted clay soils extended a minimum of 

1.0 m into the insitu clay horizontal liner. 

 

Using the insitu clay for the horizontal bottom liner in the leachate pond area, the Phase I 

expansion area and the future expansion area would be possible, provided that the soils 

are uniform throughout the proposed construction sites and no preferential flow paths 

exist. 

 

If some unsuitable soils or boulders are encountered during excavation of the cells, they 

need to be removed and replaced with re-worked medium to high plastic clay from a 

borrow site or from previously excavated material. 

 

6.3.2 Re-Worked Soil 

The WDG cell and leachate pond liner could be constructed by re-working and re-

compacting the insitu soils to form the bottom liner and vertical cut-off walls in the WDG 

cell and leachate pond dikes. 

 

This option would provide a lower hydraulic conductivity in the horizontal layer and 

reduce the risk of not meeting the Manitoba Conservation guideline of a hydraulic 

conductivity of 1 x 10-7 cm/sec or less in the liner.  However, this would add significant 

cost to the project and based on the Shelby tube samples taken at the site, the insitu 

hydraulic conductivity meets the guidelines and re-compaction of the bottom liner is not 

necessary. 

 

If during final design, the insitu clay liner in the leachate pond extends below 3.7 m or 

the insitu liner in the future expansion cell area extends below 3.4 m, a re-worked and re-

compacted horizontal liner may be required in those areas. 

 

6.3.3 Geomembrane Liner 

The WDG liner could be constructed with a synthetic geomembrane liner, using insitu 

soils as the bedding material for the liner and sand from a borrow pit used as a liner 

cover.  The cost of installing a geomembrane liner would be significantly greater than 

utilizing a clay liner and unnecessary based on the laboratory test results of the insitu 

clay. 

 

6.3.4 Liner Under the Existing Waste 

Laboratory analysis of the bagged samples from the clay liner beneath the existing waste 

found an average plasticity index of 41 and average clay content of 91.3% and a similar 
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soil structure to the samples which did have an insitu hydraulic conductivity of less than 

1 x 10-7 cm/sec.  Based on these results, it is likely that the clay liner under the existing 

waste does meet the Manitoba Conservation guideline for a WDG liner. 

 

Shelby tube samples could not be completed in the layer and therefore insitu hydraulic 

conductivity testing could not be completed. 

 

6.3.5 Summary 

An insitu clay liner can be utilized in design of the leachate pond, Phase I expansion cell 

and future expansion cells.  If unsuitable soils are encountered, specifications will 

indicate they will be replaced with high plastic clay borrow material.  An insitu liner 

likely exists under the existing waste disposal areas, however this was not confirmed with 

insitu hydraulic conductivity testing. 

 

7.0 SUMMARY, RECOMMENDATIONS AND CLOSURE 

7.1 Summary 

The topography of the WDG was surveyed and found that the top of the existing former and 

current waste disposal area slopes from east to west.  The existing ground surrounding the WDG 

is approximately 4.0 – 6.0 m lower than the top of waste and slopes to the southwest.  There is a 

rock outcrop east of the former and current waste disposal area which slopes up towards PTH 6. 

 

Soils at the existing WDG were investigated by JRCC.  Representative soil samples were 

analyzed by National Testing Laboratories Ltd. to determine their suitability for a clay liner.  

Based on the geotechnical investigation and laboratory analysis, all of the soils tested are suitable 

for construction of an insitu clay liner in accordance with Manitoba Conservation guidelines with 

the exception of TH8 (3.9 – 6.0 m). 

 

It is not unusual to encounter differing soil types across a large area when constructing a liner for 

a WDG cell.  If the soil type from TH8 (3.9 – 6.0 m) is encountered elsewhere at the WDG 

specifications will indicate they will be replaced with high plastic clay borrow soil and re-

compacted to achieve the required hydraulic conductivity. 

 

If the insitu soils were re-worked and compacted, they would also meet the Manitoba 

Conservation guideline of 1 x 10-7 cm/sec, however, this option would be significantly more 

costly than utilizing an insitu liner. 

 

The vertical cutoff walls in the WDG perimeter dikes and the leachate pond dikes would have to 

be made of re-worked and re-compacted clay soils extended a minimum of 1.0 m into the insitu 

clay horizontal liner. 
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Bagged samples taken in the layer below the existing waste suggest that the existing liner likely 

meets the Manitoba Conservation guideline of 1 x 10-7 cm/sec.  Shelby tube samples were not 

taken in the clay layer and therefore insitu hydraulic conductivity testing could not be completed. 

 

No water infiltration was observed in the test holes, with the exception of TH1 and TH2 in the 

leachate pond area which had standing water at the ground surface.  Contractors will have to be 

made aware of these conditions prior to construction, however water levels can vary seasonally. 

 

7.2 Recommendations 

It is recommended that an insitu clay horizontal bottom layer be used for the leachate pond area 

between 0.4 – 3.7 m below ground, the Phase I expansion cell area between 0.4 – 6.0 m below 

ground and in the future expansion area between 0.4 – 3.4 m below ground.  If unsuitable 

material such as the soil found in TH8 (3.9 – 6.0 m) is encountered during WDG liner or leachate 

pond liner construction, specifications will indicate that it will be replaced with high plastic clay 

borrow material.  It is recommended the vertical cut-off walls be constructed of re-worked and re-

compacted clay and extended a minimum of 1.0 m into the insitu clay layer. 

 

7.3 Closure 

The conclusions and recommendations in this report are based on the results of the site 

investigation and laboratory analysis.  In addition, soil and groundwater conditions between test 

hole locations were generalized to provide an overall assessment of the geotechnical site 

conditions.  If conditions that appear different from those encountered at the test hole locations as 

described in this report, or if the assumptions stated herein are not in agreement with the design, 

JRCC should be informed in order that the recommendations can be reviewed and adjusted as 

required. 

 

The site investigation was conducted for the purpose of identifying geotechnical conditions at the 

potential expansion cell sites and leachate pond site.  Although no environmental issues were 

identified during the site investigation, it does not necessarily follow that such issues do not exist.  

If the client or any other parties have any environmental concerns regarding the proposed site and 

works, an appropriate environmental assessment must be conducted. 

 

It is not uncommon for soil conditions to be highly variable across a site.  Previous construction 

activities and placement of fill at a site can augment the variability of soil conditions, especially 

surficial soil conditions.  A contingency must be included in any construction budget to allow for 

potential variations in soil conditions, which may result in modification of the design and 

construction procedures. 
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National Testing Laboratories Ltd. Test Results 



THE__________________
NATIONAL___________
TESTING_____________
LABORATORIES______
LIMITED_____________
Established in 1923

199 Henlow Bay
Winnipeg, MB R3Y 1G4

Phone (204) 488-6999
Fax (204) 488-6947

Email info@nationaltestlabs.com
www.nationaltestlabs.com

GEOTECHNICAL ENGINEERING • CONSTRUCTION MATERIALS TESTING

J.R. Cousin Consultants Ltd. May 27, 2011
91 A Scurfield Blvd.
Winnipeg, Manitoba Project: Mystery Lake Waste
R3Y 1G4 Attention: Brett McCormac Disposal Facility

Soil samples were submitted to our laboratory on April 21, 2011. The following tests were conducted on
selected soil samples:

• water content (ASTM D2216)
• particle size analysis (ASTM D422)
• liquid limit, plastic limit, and plasticity index (ASTM D4318)
• hydraulic conductivity (ASTM D2435 )
• soil classification (ASTM D2487)
• visual classification

The test results for the soil samples are summarized in the following tables and in the attached particle
size analysis and hydraulic conductivity reports.

An assessment of the bagged soil samples was conducted to determine whether the soil represented
by the bagged samples could be used in-situ as a landfill liner and would obtain a hydraulic conductivity
of less than 1.0 x 10-7 cm/sec without being reworked, and when re-moulded and re-compacted.

Based upon previous testing conducted in our laboratory, homogeneous soil samples with a plasticity
index greater than 25 and a clay content greater than 50% will typically have a hydraulic conductivity of
1.0 x 10-7 cm/sec or less. Sample TH8 3.9-6.0 m had a plasticity index of 18, which does not fall within
this range. Hydraulic conductivity testing of a representative Shelby tube sample of this material is
recommended to determine its suitability for use as a lagoon liner. The remaining bagged samples
were considered suitable for use as a lagoon liner. Our comments regarding the potential use of the
material as a lagoon liner are based upon the soil being homogeneous with no preferential flow paths
and being properly placed and compacted to maximum density near its optimum moisture content. It
should be noted that estimating the hydraulic conductivity of a soil based upon classification test results
(plasticity index and particle size analysis) alone might be misleading if the soil contains layers of sand,
silt, or organic material.

The hydraulic conductivity results for the 3 Shelby tube samples are less than the specified maximum
hydraulic conductivity value of 1.0 x 10-7 cm/s for lagoon liners.

We appreciate the opportunity to assist you in this project. Please call if you have any questions
regarding this report.

Aron Piamsalee, B.Sc., EIT
Geotechnical Project Manager



 

 

 

 
 

 
TABLE 2 

HYDRAULIC CONDUCTIVITY SUMMARY 
MYSTERY LAKE WASTE DISPOSAL FACILITY 

 
 
 
 
 
 
 

 

Sample ID Depth (m) 
Hydraulic 

Conductivity, 
“k20” 

TH3 1.5 – 2.1 8.9 x 10-9 cm/s 

TH6 3.0 – 3.6 1.4 x 10-8 cm/s 

TH8 3.0 – 3.6 9.9 x 10-9 cm/s 



TABLE 1
SUMMARY OF WATER CONTENT, PARTICLE SIZE, ATTERBERG LIMITS, SOIL CLASSIFICATION TEST DATA

MYSTERY LAKE WASTE DISPOSAL FACILITY

Testhole Depth
(m) Visual Classification

Water
Content

(%)

Gravel (%)
75 to

4.75 mm

Sand (%)

Silt (%)
<0.075 to
0.005 mm

Clay (%)
<0.005

mm
Liquid
Limit

Plastic
Limit

Plasticity
Index

Soil
Classification
ASTM D2487

Potential
Use
as a

Lagoon
Liner

without
being

Reworked

Potential
Use
as a

Lagoon
Liner when
re-moulded

and
re-

compacted

Coarse
<4.75 to
2.0 mm

Medium
<2.0 to

0.425 mm

Fine
<0.425 to
0.075 mm

TH3 0.3-4.0 brown, firm, moist, high plasticity
clay, trace silt 35.7 0.0 0.0 0.0 0.2 3.4 96.4 62 23 39 CH(Fat Clay) Yes Yes

TH3 4.0-6.0 grey, firm, moist, low plasticity
clay, trace silt 32.8 0.0 0.0 0.0 0.1 8.9 91.0 47 19 28 CL(Lean Clay) Yes Yes

TH6 0.6-3.4 brown, stiff, moist, high plasticity
clay, trace silt 33.3 0.0 0.0 0.0 0.1 6.5 93.4 62 21 41 CH(Fat Clay) Yes Yes

TH6 3.4-6.0 grey, stiff, moist, high plasticity
clay, trace silt 32.6 0.0 0.0 0.0 0.1 6.4 93.5 52 21 31 CH(Fat Clay) Yes Yes

TH8 0.9-3.9 brown, stiff, moist, high plasticity
clay, trace silt 32.4 0.0 0.0 0.2 0.1 6.9 92.8 66 23 43 CH(Fat Clay) Yes Yes

TH8 3.9-6.0 grey, firm, moist, low plasticity
clay, some silt 31.9 0.0 0.0 0.0 0.1 14.4 85.5 36 18 18 CL(Lean Clay) HC Testing

Recommended

TH12 4.8-6.0 brown, firm, moist, high plasticity
clay, trace silt 33.2 0.0 0.0 0.2 0.1 4.2 95.5 63 23 43 CH(Fat Clay) Yes Yes

TH13 4.5-6.0 brown, firm, moist, high plasticity
clay, some silt, trace sand 32.0 0.0 0.0 0.3 1.0 11.7 87.0 63 24 39 CH(Fat Clay) Yes Yes

Notes:
1.A high speed stirring device was used for 1 minute to disperse the test samples for particle size analysis.
2.Atterberg limits conducted in accordance with ASTM D4318 Method B (one-point liquid limit).
3.The soil samples were air-dried during sample preparation for Atterberg limits and particle size analysis.



J.R. Cousin Consultants Ltd.
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 100.0
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.8

9.50 mm 100.0 mm 96.4
4.75 mm 100.0 mm 90.9
2.00 mm 100.0 mm 77.5

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.0 0.2 96.4 77.5

REVIEWED BY: Aron Piamsalee, B.Sc., EITMay 27, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

0.001

Client
TH3 0.3 - 4.0 m

Silt, %
<0.075 to 0.005 mm

April 21, 2011
Larry Presado

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

3.4

Sand, %

0.075
0.005
0.002

PARTICLE

1.18

Facility

JRC-1102

0.425
0.250
0.150

SIZE

PROJECT:

PROJECT NO.:

Mystery Lake Waste Disposal

PARTICLE SIZE ANALYSIS
ASTM D422

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)
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91A Scurfield Blvd.
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Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 100.0
19.00 mm 100.0 mm 100.0
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.9

9.50 mm 100.0 mm 91.0
4.75 mm 100.0 mm 71.7
2.00 mm 100.0 mm 50.4

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.0 0.1 91.0 50.4

REVIEWED BY: Aron Piamsalee, B.Sc., EIT

PROJECT:

PROJECT NO.:

Mystery Lake Waste Disposal

PARTICLE

1.18

PARTICLE SIZE ANALYSIS
ASTM D422

Facility

JRC-1102

0.425
0.250
0.150

May 27, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

8.9

Sand, %

0.075

0.001

Client
TH3 4.0 - 6.0 m

Silt, %
<0.075 to 0.005 mm

April 21, 2011
Larry Presado

SIZE

0.005
0.002

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)
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Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 100.0
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.9

9.50 mm 100.0 mm 93.4
4.75 mm 100.0 mm 85.9
2.00 mm 100.0 mm 75.0

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.0 0.1 93.4 75.0

REVIEWED BY: Aron Piamsalee, B.Sc., EIT

PROJECT:

PROJECT NO.:

Mystery Lake Waste Disposal

PARTICLE

1.18

PARTICLE SIZE ANALYSIS
ASTM D422

Facility

JRC-1102

0.425
0.250
0.150

May 27, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

6.5

Sand, %

0.075

0.001

Client
TH6 0.6 - 3.4 m

Silt, %
<0.075 to 0.005 mm

April 21, 2011
Larry Presado

SIZE

0.005
0.002

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)
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Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 100.0
19.00 mm 100.0 mm 100.0
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.9

9.50 mm 100.0 mm 93.5
4.75 mm 100.0 mm 81.3
2.00 mm 100.0 mm 58.8

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.0 0.1 93.5 58.8

REVIEWED BY: Aron Piamsalee, B.Sc., EIT

PROJECT:

PROJECT NO.:

Mystery Lake Waste Disposal

PARTICLE

1.18

PARTICLE SIZE ANALYSIS
ASTM D422

Facility

JRC-1102

0.425
0.250
0.150

May 27, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

6.4

Sand, %

0.075

0.001

Client
TH6 3.4 - 6.0 m

Silt, %
<0.075 to 0.005 mm

April 21, 2011
Larry Presado

SIZE

0.005
0.002

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)
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91A Scurfield Blvd.
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Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.9
25.00 mm 100.0 mm 99.8
19.00 mm 100.0 mm 99.8
16.00 mm 100.0 mm 99.7
12.50 mm 100.0 mm 99.7

9.50 mm 100.0 mm 92.8
4.75 mm 100.0 mm 78.0
2.00 mm 100.0 mm 72.5

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.2 0.1 92.8 72.5

REVIEWED BY: Aron Piamsalee, B.Sc., EIT

PROJECT:

PROJECT NO.:

Mystery Lake Waste Disposal

PARTICLE

1.18

PARTICLE SIZE ANALYSIS
ASTM D422

Facility

JRC-1102

0.425
0.250
0.150

May 27, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

6.9

Sand, %

0.075

0.001

Client
TH8 0.9 - 3.9 m

Silt, %
<0.075 to 0.005 mm

April 21, 2011
Larry Presado
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J.R. Cousin Consultants Ltd.
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 100.0
19.00 mm 100.0 mm 100.0
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.9

9.50 mm 100.0 mm 85.5
4.75 mm 100.0 mm 57.7
2.00 mm 100.0 mm 35.1

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.0 0.1 85.5 35.1

REVIEWED BY: Aron Piamsalee, B.Sc., EITMay 27, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

0.001

Client
TH8 3.9 - 6.0 m

Silt, %
<0.075 to 0.005 mm

April 21, 2011
Larry Presado

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com
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J.R. Cousin Consultants Ltd.
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.8
25.00 mm 100.0 mm 99.8
19.00 mm 100.0 mm 99.8
16.00 mm 100.0 mm 99.7
12.50 mm 100.0 mm 99.7

9.50 mm 100.0 mm 95.5
4.75 mm 100.0 mm 80.8
2.00 mm 100.0 mm 74.8

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.2 0.1 95.5 74.8

REVIEWED BY: Aron Piamsalee, B.Sc., EIT

PROJECT:

PROJECT NO.:

Mystery Lake Waste Disposal

PARTICLE

1.18

PARTICLE SIZE ANALYSIS
ASTM D422

Facility

JRC-1102

0.425
0.250
0.150

May 27, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE
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J.R. Cousin Consultants Ltd.
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.9
25.00 mm 100.0 mm 99.7
19.00 mm 100.0 mm 99.5
16.00 mm 100.0 mm 99.2
12.50 mm 100.0 mm 98.7

9.50 mm 100.0 mm 87.0
4.75 mm 100.0 mm 72.3
2.00 mm 100.0 mm 61.3

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.3 1.0 87.0 61.3

REVIEWED BY: Aron Piamsalee, B.Sc., EIT

PROJECT:

PROJECT NO.:

Mystery Lake Waste Disposal

PARTICLE SIZE ANALYSIS
ASTM D422

Facility

JRC-1102

0.425
0.250
0.150

SIZE

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

11.7

Sand, %

0.075
0.005
0.002

PARTICLE

1.18

May 27, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

0.001

Client
TH13 4.5 - 6.0 m

Silt, %
<0.075 to 0.005 mm

April 21, 2011
Larry Presado
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J.R.Cousin Consultants Ltd. PROJECT: Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention:

SAMPLE I.D.: TH3 1.5 - 2.1 m
SOIL TYPE: Brown, stiff, moist, high plasticity clay

DATE TESTED: April 26 to May 16
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
HYDRAULIC GRADIENT: 20.1
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 9.4E-09
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 8.9E-09

Height (mm) Diameter
(mm) Wet Mass (g)

Dry Density
(g/cm3)

Water Content (%) Saturation
(%)

Initial Reading 71.9 72.5 571.7 1.461 31.9 100.5
Final Reading 73.7 72.8 581.6 1.399 35.4 101.7

May 27, 2011 REVIEWED BY:

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

Aron Piamsalee, B.Sc., EIT

ASTM D5084

Brett McCormac

1.00E-09

1.00E-08

1.00E-07

5.5 6.0 6.5 7.0 7.5 8.0
Time (days)

Hydraulic Conductivity

Temperature Correction (20°C)



J.R.Cousin Consultants Ltd. PROJECT: Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention:

SAMPLE I.D.: TH6 3.0 - 3.6 m
SOIL TYPE: Brown, stiff, moist, high plasticity clay

trace silt
DATE TESTED: April 22 to May 14
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
HYDRAULIC GRADIENT: 20.4
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 1.5E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 1.4E-08

Height (mm) Diameter
(mm) Wet Mass (g)

Dry Density
(g/cm3)

Water Content (%) Saturation
(%)

Initial Reading 71.9 72.7 517.5 1.277 35.8 86.1
Final Reading 72.6 72.6 573.5 1.394 36.8 104.9

May 27, 2011 REVIEWED BY:

ASTM D5084

Brett McCormac

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

Aron Piamsalee, B.Sc., EIT

1.00E-09

1.00E-08

1.00E-07

20.0 20.5 21.0 21.5 22.0
Time (days)

Hydraulic Conductivity

Temperature Correction (20°C)



J.R.Cousin Consultants Ltd. PROJECT: Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention:

SAMPLE I.D.: TH8 3.0 - 3.6 m
SOIL TYPE: Brown, stiff, moist, high plasticity clay

DATE TESTED: April 26 to May 16
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
HYDRAULIC GRADIENT: 18.8
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 1.1E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 9.9E-09

Height (mm) Diameter
(mm) Wet Mass (g)

Dry Density
(g/cm3)

Water Content (%) Saturation
(%)

Initial Reading 78.5 72.4 618.4 1.446 32.4 99.8
Final Reading 79.0 73.6 631.1 1.383 35.8 100.6

May 27, 2011 REVIEWED BY:

ASTM D5084

Brett McCormac

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

Aron Piamsalee, B.Sc., EIT

1.00E-09
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1.0 INTRODUCTION 
J. R. Cousin Consultants Ltd. (JRCC) conducted a geotechnical investigation for the Waste Disposal 
Ground (WDG) Proposed Phase II Expansion at the LGD of Mystery Lake.  The LGD of Mystery Lake 
existing WDG is located on Part NW ¼ 18, S ½ and NW ¼ 19 in TWP 77-3 WPM and in Part SE ¼ 
24-77-4 WPM, approximately 4 km south of the City of Thompson.  The proposed Phase II expansion 
area is east of the existing WDG as shown on Plan 1 attached in the Appendix.  The WDG services the 
LGD of Mystery Lake, the City of Thompson, the Town of Churchill and the Wuskawatim Generating 
Station.  However, the Town of Churchill and the Wuskawatim Generating Station area scheduled to 
discontinue use of the WDG in the near future. 
 
A total of thirteen test holes were excavated at the WDG proposed Phase II expansion site and borrow pit 
area.  Test hole locations are shown on Plan 1 attached in the Appendix.  The test holes were excavated in 
the proposed Phase II expansion site to determine suitability of the insitu soils for use as a clay landfill 
liner and in the borrow pit to determine suitability of material for dike and cut-off wall construction. 
 
This report outlines the findings of the geotechnical investigation at the WDG site and evaluates the soils 
to determine their suitability for use as a landfill liner.  The report also identifies potential difficulties (i.e. 
depth to bedrock, soil types and subsurface water elevations) associated with construction. 
 
 

2.0 BACKGROUND 
Due to wet site conditions at the WDG, the Phase I works cannot be completed in the fall of 2011 as 
planned.  The current active cell has reached maximum capacity and a new active area must be 
constructed to allow the LGD to dispose waste through the winter and during construction of the Phase I 
works in the summer of 2012.  The LGD of Mystery Lake proposed to construct a lined expansion cell to 
the east of the municipal waste disposal area as the proposed Phase II works. 
 
The geotechnical investigation was required to evaluate potential use of insitu and re-worked soils as a 
clay landfill liner and for use in cell dike construction.  Bagged soil samples were analysed by a 
laboratory to assess whether the insitu soils comply with the Manitoba Conservation hydraulic 
conductivity criteria of 1x10-7 cm/sec or less for a landfill liner. 
 
A previous geotechnical and topographic investigation was completed by AECOM in 2005.  Eight test 
holes were excavated around the perimeter of the WDG and three holes were excavated within the former 
waste cells to determine the depth of waste.  Shelby tube samples and laboratory analysis of the soils was 
not completed and therefore it is unknown if the soils could achieve a hydraulic conductivity of 
1 x 10-7 cm/s insitu or when re-worked. 
 
A geotechnical and topographic investigation was completed by JRCC in April 2011 to access the soils in 
the Phase I expansion area, the leachate pond area, future expansion areas and through the existing waste 
to assess the existing landfill liner.  Shelby tube samples and laboratory analysis of the soils was 
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completed and it was determined that insitu clay liners with a hydraulic conductivity of 1 x 10-7 cm/s did 
exist across the testing area. 
 
 

3.0 TOPOGRAPHIC INVESTIGATION 
The onsite topographic survey was completed on August 18 and 19, 2011.  The proposed Phase II 
expansion area was surveyed with a GPS Total Station.  Some areas of thick bush in the proposed Phase 
II expansion were not surveyed due to loss of satellite reception. 
 
The survey confirmed data obtained during the Phase I topographic survey and evaluated test hole 
elevations.  Elevations in the proposed Phase II Expansion area ranged from 214.70 m in the north end to 
225.27 m in the south end. 
 
Contour lines from the topographic survey are shown on Plan 2 attached in the Appendix. 
 
 

4.0 GEOTECHNICAL FIELD INVESTIGATION 
The onsite geotechnical investigation at the LGD of Mystery Lake was conducted on August 18, 2011.  
Smook Contractors was employed to complete the test holes utilizing a Komatsu 270 track mounted 
excavator under direct supervision by JRCC’s field representative. 
 
A total of thirteen test holes were excavated during the investigation.  Ten test holes were excavated in 
the proposed Phase II expansion area (TH14 – 19 and TH21 - 24), one test hole (TH20) was excavated in 
the area for future expansion.  One test hole (TH25) was excavated in the potential borrow pit area and 
one test hole (TH26) was excavated on the path from the WDG to the borrow pit area.  Test holes were 
excavated to a depth between 4.1 m and 5.4 m or to bedrock refusal. 
 
4.1 Proposed Phase II Expansion Area 

The subsurface soil profile within each test hole was logged, water conditions were noted and 
representative soil samples were taken as the soils varied along the profile.  The samples were 
visually field-classified.  Eight selected bagged samples from the test holes were sealed and 
submitted to National Testing Laboratories Ltd. for testing and analysis.  Details of the laboratory 
analysis are provided in Section 5.0.  Following excavation, the depth of standing water was 
measured and any caving of the test holes was determined.  Test holes were backfilled with the 
excavated soils and compacted upon termination of excavation.  Test hole locations are shown on 
Plan 1 attached in the Appendix. 
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4.1.1 Soil Profile 

The soil profile in the test holes and the depth of bedrock varied significantly across the 
test holes taken in the proposed Phase II expansion area.  Soil profiles were generalized 
for TH14 – TH21, TH22 – TH24 and TH25 and TH26.  Details of individual test holes 
can be found in the soils logs attached in the Appendix. 
 
Proposed Phase II Expansion Area TH14 – TH21 
The average soil profile observed in TH14 – TH21 consisted of an average of 0.5 m of 
black topsoil followed by a sandy, silty low plastic clay to bedrock.  The bedrock 
elevation varied between 0.6 m below ground in TH18 to 3.7 m below ground in TH15, 
with an average bedrock elevation of 3.0 m below the surface.  TH20 had existing waste 
from 0 – 2.2 m below ground and TH21 had a medium plastic clay layer from 1.5 – 3.4 m 
below ground. 
 
Proposed Phase II Expansion Area TH22 – TH24 
The soil profile in TH22 consisted of existing waste from 0 – 2.4 m below ground and 
low - medium plastic clay soils from 2.4 – 4.5 m below ground.  TH23 and TH24 
consisted of an average of 0.8 m of topsoil followed by medium to high plastic clay to a 
depth of 4.9 and 5.4 m, respectively.  Bedrock was not encountered in the test holes. 
 
Borrow Pit Area and Path to Borrow Pit (TH25 and TH26) 
TH25 and TH26 found high plastic clay from the ground surface to a depth of 4.1 and 
4.2 m, respectively.  TH25 became low – medium plastic at 1.6 m below ground surface.  
Bedrock was not encountered in the test holes. 
 

4.1.2 Groundwater 

Short-term groundwater conditions were assessed in each test hole by observing standing 
water in the test holes prior to backfilling the holes.  No standing water was observed in 
the test holes with the exception of TH20 which had leachate water infiltration at the 
bottom of the waste layer and TH21 which had high rate water infiltration from the 
surface. 
 
TH15 was left open for approximately 2 hours to allow longer-term water infiltration to 
occur.  When the hole was re-visited caving of the test hole walls occurred and no 
standing water was observed. 
 
Groundwater in the test holes depends on high static groundwater conditions and on 
seasonal conditions, i.e. snowmelt and rainy seasons.  Other assumptions relating to the 
groundwater elevation cannot be made at this time as water levels will normally fluctuate 
seasonally. 
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Contractors will be made aware of the geotechnical conditions encountered onsite, as 
some dewatering of the ground surface may be required during construction. 
 
 

5.0 LABORATORY TESTING, ANALYSIS AND DISCUSSION 

5.1 Laboratory Analysis 

Eight representative samples were submitted to National Testing Laboratories Ltd. on August 23, 
2011, for analysis and a professional assessment.  The analysis included the determination of the 
following: 

• Moisture Content ( ASTM D2216) 

• Atterberg Limits (plastic limit, liquid limit, and plasticity index, ASTM D4318) 

• Soil Classification (ASTM D2487) 

• Particle Size Analysis (Hydrometer test, ASTM D422) 
 
The WDG soils were analyzed to determine their suitability as a re-worked or insitu liner for a 
WDG cell, which requires a hydraulic conductivity of 1 x 10-7 cm/sec or less. 
 
Laboratory analysis of the soils indicated that soils from TH15 and TH21 had a clay content 
ranging between 61.2% and 73.6% and a Plasticity Index of 12.  The soil from TH22 (2.4 – 
4.5 m) had a clay content of 80.2% and a Plasticity Index of 16.  The soils from TH23 – TH26 
had a clay content ranging from 97.7% to 99.5% and a Plasticity Index between 24 and 45.  
Based on past experience, the laboratory has commented that homogeneous soils with a plasticity 
index greater than 25 and a clay content greater than 50% would typically be expected to have a 
hydraulic conductivity of 1 x 10-7 cm/sec or less. 
 
Based on these comments and Plasticity Index analysis (i.e.  Atterberg limits) of the soils 
indicated that the soils from TH23 (0.4 – 3.2 m), TH24 (1.2 – 3.7 m), TH25 (0 – 1.6 m) and TH26 
(0 – 2.2 m) were considered suitable for use as an insitu clay liner or when re-worked and re-
compacted.  The soils from TH15 (0.6 – 1.9 m), TH21 (1.5 – 3.4 m), TH22 (2.4 – 4.5 m) and 
TH25 (1.6 – 4.1 m) had clay contents above 50% but had Plasticity Index less than 25 and 
therefore hydraulic conductivity testing of the soils would be required to determine if the soils 
could achieve a hydraulic conductivity of 1 x 10-7 cm/sec or less. 
 
Upon further discussion with the National Testing Lab the sample from TH22 (2.4 – 4.5 m) had 
silt varves within the clay matrix and hydraulic conductivity testing would be highly 
recommended before use as an insitu clay liner.  TH25 (1.6 – 4.5 m) had trace silt varves within 
the clay matrix.  The sample had a high clay content but a low liquid limit as a result of the 
chemical properties of the clay.  National Testing Laboratories has advised the material would 
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most likely be suitable for use as a landfill liner when re-worked and re-compacted, however it 
could not be known until hydraulic conductivity testing of the clay is performed. 
 
The results indicate that the suitability of the soils for a clay liner is dependent upon the soils 
being homogeneous with no preferential flow paths.  These preferential flow paths can be caused 
by lenses of unsuitable material, rocks or boulders or fissures in the soil. 
 
Details of National Testing Laboratories test results and analysis, dated September 2, 2011 are 
attached in the Appendix. 
 
 

6.0 WDG CELL LINER REQUIREMENTS 

6.1 Current Guidelines 

Manitoba Conservation guidelines require that a standard WDG cell clay liner be 1.0 metre in 
thickness and have a hydraulic conductivity (i.e. the potential rate of fluid movement through the 
soil) of 1 x 10-7 cm/sec or less.  This low rate is to protect the underlying groundwater and 
surrounding lands from leachate seepage.  Generally, the higher a soil’s plasticity the more likely 
a soil can achieve a hydraulic conductivity of 1 x 10-7 cm/sec. 
 

6.2 Typical Clay Liner Construction Options 

The insitu (undisturbed) soils can be used to construct the liner of a WDG cell if the soils can 
consistently achieve a hydraulic conductivity of 1 x 10-7 cm/sec or less in their insitu state. 
 
If the insitu soils cannot be used, the liner can be constructed by excavating and re-compacting 
suitable high plastic clay soils to form the liner. 
 
If the clay content of the soils is so low that even when excavated and re-compacted, the soils 
cannot consistently achieve a hydraulic conductivity of 1 x 10-7 cm/sec, a liner constructed of 
high plastic clay from a borrow pit, or a synthetic geomembrane liner would be required. 
 

6.3 Liner for the Proposed Phase II Expansion Cell 

The following are the typical options for lining a WDG cell including using the insitu soil if it can 
achieve a hydraulic conductivity of 1 x 10-7 cm/sec, re-working and re-compacting the existing 
soil or clay soil from a borrow source to achieve a hydraulic conductivity of 1 x 10-7 cm/sec, or 
utilizing a synthetic geomembrane liner. 
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6.3.1 Insitu Soil 

Based on the geotechnical investigation and laboratory analysis the soils in the proposed 
Phase II expansion area under TH14 – 22 are not capable of achieving an insitu hydraulic 
conductivity of 1 x 10-7 cm/s. 
 
The soils below the surficial topsoil in the vicinity of TH23 – TH24 are suitable for use 
as an insitu clay liner.  The clay under the existing waste layer in TH22 may be suitable 
for use as an insitu clay liner if additional hydraulic conductivity tests are completed.  
Additional test holes and laboratory testing are required in the vicinity of TH22 to 
determine the edge of the 1.0 m thick insitu suitable clay.  Future test hole locations are 
shown on Plan 3 attached in the Appendix. 
 
Once the edge of the horizontal clay liner in determined, vertical cut-off walls in the 
WDG perimeter dikes would be made of re-worked and re-compacted clay soils and 
extended a minimum of 1.0 m into the insitu clay horizontal liner creating the east WDG 
border. 
 
Using the insitu clay for the horizontal bottom liner in the proposed Phase II expansion 
area would be possible, provided that the soils are uniform throughout the proposed 
construction area and no preferential flow paths exist. 
 
If some unsuitable soils or boulders are encountered during excavation of the cell, they 
need to be removed and replaced with re-worked medium to high plastic clay from a 
borrow site or from previously excavated material. 
 

6.3.2 Re-Worked Soil 

The soils below the surficial topsoil (or existing waste) layer in the vicinity of TH22 – 
TH24 would most likely be suitable for use as a clay liner when re-worked and re-
compacted.  In this option (re-worked clay option) approximately 1.25 m of suitable clay 
soil would be excavated from its native state and re-worked and re-compacted to form a 
minimum 1.0 m thick horizontal clay liner.  The vertical cut-off walls in the WDG 
perimeter dikes would be made of re-worked and re-compacted clay soils extended a 
minimum of 1.0 m into the insitu clay horizontal liner. 
 
This re-worked clay option would provide a lower hydraulic conductivity in the 
horizontal layer and reduce the risk of not meeting the Manitoba Conservation guideline 
of a hydraulic conductivity of 1 x 10-7 cm/sec or less in the liner.  However, this would 
add significant cost to the project and based on the laboratory analysis of bagged samples 
taken at the site in TH23 and TH24, the insitu hydraulic conductivity meets the 
guidelines and re-compaction of the bottom liner is not necessary. 
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Based on the geotechnical investigation and laboratory analysis the soils in the proposed 
Phase II expansion area under TH14 – 21 are not capable of achieving a hydraulic 
conductivity of 1 x 10-7 cm/s when re-worked and re-compacted.  If expansion was to 
occur over this area, a minimum 1.0 m thick clay liner would have to be hauled from a 
borrow pit and re-compacted and re-worked. 
 
The clay soils from the borrow area were found to be marginally suitable for use as a 
landfill liner when re-worked and re-compacted.  The sample from TH25 (1.6 – 4.1 m) 
had a high clay content (98.8%), but a low liquid limit (45) which resulted in a plasticity 
index of 24.  The sample was deemed a lean clay and hydraulic conductivity testing was 
recommended prior to use as a landfill liner.  Before use of the borrow pit soil, it is 
recommended that additional test holes in the borrow pit area be conducted as well as re-
worked hydraulic conductivity testing of the sample from TH25 (1.6 – 4.1 m).  Future 
test hole locations are shown on Plan 3 attached in the Appendix. 
 

6.3.3 Geomembrane Liner 

The WDG liner could be constructed with a synthetic geomembrane liner, using insitu 
soils as the bedding material for the liner and sand from a borrow pit used as a liner 
cover.  The cost of installing a geomembrane liner would be significantly greater than 
utilizing re-worked and re-compacted clay from the borrow pit. 
 

6.3.4 Summary 

The clay soils east of the WDG in the vicinity of TH23 – 24 can be utilized as an insitu 
clay liner.  Additional test holes and laboratory testing are required in the vicinity of 
TH22 to determine the edge of the 1.0 m thick suitable clay liner.  The soil east of TH22 
– 24 under TH14 – TH21 cannot be utilized as a landfill liner whether re-worked or re-
compacted and if expansion was to occur over this area a minimum 1.0 m thick clay liner 
would have to be hauled from the borrow pit and re-worked and re-compacted.  
Additional soils testing in the borrow pit and additional laboratory analysis of the borrow 
pit soil is required before use as a landfill liner. 
 
 

7.0 SUMMARY, RECOMMENDATIONS AND CLOSURE 

7.1 Summary 

The topographic survey at the WDG confirmed the data obtained during the Phase I topographic 
survey and evaluated test hole elevations.  The survey found the elevations is the proposed Phase 
II expansion area ranged between 214.70 at the north end to 225.77 m in the south end. 
 
Soils at the existing WDG were investigated by JRCC.  Representative soil samples were 
analyzed by National Testing Laboratories Ltd. to determine their suitability for a clay liner.  
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Based on the geotechnical investigation and laboratory analysis, the clay in the vicinity of TH23 – 
24 is suitable for use as an insitu clay liner.  Additional test holes and laboratory testing are 
required in the vicinity of TH22 to determine the edge of the 1.0 m thick suitable clay liner. 
 
The soils in the area of TH14 – 21 are not suitable for use as a clay liner insitu or when re-worked 
and re-compacted.  If the landfill was expanded in this area a minimum 1.0 m thick horizontal 
clay liner would be required to be hauled from the borrow pit and re-worked and re-compacted.  
Additional soils testing in the borrow pit and additional laboratory analysis of the borrow pit soil 
is required before use as a landfill liner. 
 
The soils from the borrow pit were found to be marginally suitable for use as a landfill liner when 
re-worked and re-compacted and additional test holes and laboratory analysis including hydraulic 
conductivity testing is required before use as a landfill liner. 
 
The vertical cut-off walls in the WDG perimeter dikes and the leachate pond dikes would have to 
be made of re-worked and re-compacted clay soils extended a minimum of 1.0 m into the insitu 
clay horizontal liner. 
 
No water infiltration was observed in the test holes, with the exception of TH20 which had 
leachate water infiltration at the bottom of the waste layer and TH21 which had high rate water 
infiltration from the surface.  Contractors will have to be made aware of these conditions prior to 
construction, however water levels can vary seasonally. 
 

7.2 Recommendations 

It is recommended that a perimeter dike with vertical cut-off walls extending a minimum 1.0 m 
into the horizontal clay liner wall be installed at the edge of the suitable horizontal clay liner.  The 
location of the edge of the horizontal clay liner will be determined by further soils testing in the 
vicinity of TH22.  If expansion in the area under TH14 – 21 is required it is recommended a 
minimum 1.0 m thick clay liner from the borrow pit be hauled and re-worked and re-compacted.  
Additional soils testing in the borrow pit and additional laboratory analysis of the borrow pit soil 
is required before use as a landfill liner.  Future test hole locations are shown on Plan 3 attached 
in the Appendix. 
 

7.3 Closure 

The conclusions and recommendations in this report are based on the results of the site 
investigation and laboratory analysis.  In addition, soil and groundwater conditions between test 
hole locations were generalized to provide an overall assessment of the geotechnical site 
conditions.  If conditions that appear different from those encountered at the test hole locations as 
described in this report, or if the assumptions stated herein are not in agreement with the design, 
JRCC should be informed in order that the recommendations can be reviewed and adjusted as 
required. 
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The site investigation was conducted for the purpose of identifying geotechnical conditions at the 
potential expansion cell sites and leachate pond site.  Although no environmental issues were 
identified during the site investigation, it does not necessarily follow that such issues do not exist.  
If the client or any other parties have any environmental concerns regarding the proposed site and 
works, an appropriate environmental assessment must be conducted. 
 
It is not uncommon for soil conditions to be highly variable across a site.  Previous construction 
activities and placement of fill at a site can augment the variability of soil conditions, especially 
surficial soil conditions.  A contingency must be included in any construction budget to allow for 
potential variations in soil conditions, which may result in modification of the design and 
construction procedures. 
 
 

8.0 NEXT STEPS 
The following are the additional geotechnical investigations which must be performed at the LGD of 
Mystery Lake WDG.  Test holes and laboratory analysis must be completed east of the existing WDG in 
the vicinity of TH22 to determine the extent of the insitu clay liner.  Additional soils testing in the borrow 
pit is required as well as laboratory analysis including hydraulic conductivity testing to determine if the 
soils are suitable for use as a waste disposal ground liner.  Future test hole locations are shown on Plan 3 
attached in the Appendix. 
 
Item # Task Schedule Reason 
1 Additional test holes and laboratory 

analysis of soils from the borrow pit 
including re-worked hydraulic 
conductivity testing 

Prior to Phase I 
construction 
works 

To evaluate the actual hydraulic 
conductivity of the borrow soil 
and to evaluate remainder of 
borrow pit soils 

2 Additional test holes east of the 
existing WDG 

Prior to dike 
construction east 
of the WDG 

To determine east boundary of 
1.0 m thick insitu clay liner 

3 Insitu Shelby tube samples and 
hydraulic conductivity testing of 
soils in the vicinity of TH22 

Prior to dike 
construction east 
of the WDG 

To determine if the hydraulic 
conductivity of the clay is suitable 
for an insitu liner 
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Plan 1: Test Hole Location Plan 
 
Plan 2: Topographic Survey Plan with Contour Lines 
 
Plan 3: Past and Future Test Hole Location Plan 
 
Test Hole Logs 
 
National Testing Laboratories Ltd. Test Results 
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GEOTECHNICAL ENGINEERING • CONSTRUCTION MATERIALS TESTING 
 

J.R. Cousin Consultants Ltd. September 2, 2011 
91 A Scurfield Blvd. 
Winnipeg, Manitoba Project: Mystery Lake Waste 
R3Y 1G4 Attention: Brett McCormac Disposal Facility 
                                                                                                                                                                         
Soil samples were submitted to our laboratory on August 23, 2011. The following tests were conducted 
on selected soil samples: 

• water content (ASTM D2216) 
• particle size analysis (ASTM D422) 
• liquid limit, plastic limit, and plasticity index (ASTM D4318) 
• soil classification (ASTM D2487) 
• visual classification 

 
The test results for the soil samples are summarized in the following tables and in the attached particle 
size analysis. 
 
An assessment of the bagged soil samples was conducted to determine whether the soil represented 
by the bagged samples could be used in-situ as a waste disposal ground liner and would obtain a 
hydraulic conductivity of less than 1.0 x 10-7 cm/sec without being reworked, and when re-moulded and 
re-compacted.   
 
Based upon previous testing conducted in our laboratory, homogeneous soil samples with a plasticity 
index greater than 25 and a clay content greater than 50% will typically have a hydraulic conductivity of 
1.0 x 10-7 cm/sec or less. Samples TH15 0.6-1.9 m, TH21 1.5-3.4 m, TH22 2.4-4.5 m, and TH25 1.6-
4.1 m all had plasticity indexes of below 25. Hydraulic conductivity testing of these materials is 
recommended to determine their suitability for use as a waste disposal ground liner. The remaining 
bagged samples were considered suitable for use as a waste disposal ground liner. Our comments 
regarding the potential use of the material as a waste disposal ground liner are based upon the soil 
being homogeneous with no preferential flow paths and being properly placed and compacted to 
maximum density near its optimum moisture content. It should be noted that estimating the hydraulic 
conductivity of a soil based upon classification test results (plasticity index and particle size analysis) 
alone might be misleading if the soil contains layers of sand, silt, or organic material.  
 
We appreciate the opportunity to assist you in this project. Please call if you have any questions 
regarding this report. 
 
 
 
Aron Piamsalee, B.Sc., EIT  
Geotechnical Project Manager 

 



 

 

 

 
 

TABLE 1 
SUMMARY OF WATER CONTENT, PARTICLE SIZE, ATTERBERG LIMITS, SOIL CLASSIFICATION TEST DATA 

MYSTERY LAKE WASTE DISPOSAL FACILITY 

Testhole Depth 
(m) Visual Classification 

Water 
Content 

(%) 

Gravel (%) 
75 to 

4.75 mm 

Sand (%) 

Silt (%) 
<0.075 to 
0.005 mm 

Clay (%) 
<0.005 

mm 
Liquid 
Limit 

Plastic 
Limit 

Plasticity 
Index 

Soil 
Classification 
ASTM D2487 

Potential 
Use as a 

waste 
disposal 
ground 

liner 
without 
being 

reworked 

Potential 
Use as a 

waste 
disposal 
ground 

liner when 
re-moulded 

and re-
compacted 

Coarse 
<4.75 to 
2.0 mm 

Medium 
<2.0 to 

0.425 mm 

Fine 
<0.425 to 
0.075 mm 

TH15 0.6-1.9 
tan to brown, firm to stiff, moist, 
low plasticity clay, silty, trace 
sand 

25.9 0.4 0.2 0.4 1.7 23.7 73.6 29 17 12 CL(Lean Clay) HC Testing 
Recommended 

TH21 1.5-3.4 brown, firm, moist, low plasticity 
clay, silty, trace sand 25.3 0.0 0.2 1.2 6.6 30.8 61.2 27 15 12 CL(Lean Clay) HC Testing 

Recommended 

TH22 2.4-4.5 tan to brown, firm to stiff, moist, 
low plasticity clay, some silt 31.5 0.0 0.0 0.1 0.1 19.6 80.2 32 16 16 CL(Lean Clay) HC Testing 

Recommended 

TH23 0.4-3.2 brown, firm to stiff, moist, high 
plasticity clay 34.6 0.0 0.0 0.1 0.2 0.2 99.5 70 25 45 CH(Fat Clay) Yes Yes 

TH24 1.2-3.7 brown, stiff, moist, high plasticity 
clay 34.7 0.0 0.0 0.1 0.2 0.5 99.2 60 23 37 CH(Fat Clay) Yes Yes 

TH25 0-1.6 brown, firm, moist, high plasticity 
clay 34.2 0.0 0.0 0.0 0.3 0.4 99.3 63 24 39 CH(Fat Clay) Yes Yes 

TH25 1.6-4.1 tan to brown, stiff, moist, low 
plasticity clay, trace silt 31.6 0.0 0.0 0.1 0.1 1.0 98.8 45 21 24 CL(Lean Clay) HC Testing 

Recommended 

TH26 0-2.2 brown, firm, moist, high plasticity 
clay, trace silt 29.3 0.0 0.0 0.1 0.4 1.8 97.7 57 20 37 CH(Fat Clay) Yes Yes 

Notes: 
1. A high speed stirring device was used for 1 minute to disperse the test samples for particle size analysis. 
2. Atterberg limits conducted in accordance with ASTM D4318 Method B (one-point liquid limit). 
3. The soil samples were air-dried during sample preparation for Atterberg limits and particle size analysis. 

 
 



J.R. Cousin Consultants Ltd. Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.3
25.00 mm 100.0 mm 99.0
19.00 mm 100.0 mm 98.7
16.00 mm 100.0 mm 98.4
12.50 mm 100.0 mm 97.3

9.50 mm 100.0 mm 73.6
4.75 mm 99.6 mm 45.4
2.00 mm 99.4 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.4 0.2 0.4 1.7 73.6 NT

REVIEWED BY:

August 23, 2011
Nathan Boenders

SIZE

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc, EIT

Note: Colloids content not tested

0.005
0.002

PARTICLE

1.18

September 2, 2011

Clay, %
<0.005 mm

0.150

PROJECT NO.: JRC-1102

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

23.7

Sand, %

0.075

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

0.001

J.R. Cousin Consultants Ltd.
TH15 0.6-1.9 m

0.425
0.250

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.7
25.00 mm 100.0 mm 98.6
19.00 mm 100.0 mm 97.3
16.00 mm 100.0 mm 95.3
12.50 mm 100.0 mm 92.0

9.50 mm 100.0 mm 61.2
4.75 mm 100.0 mm 38.6
2.00 mm 99.8 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.2 1.2 6.6 61.2 NT

REVIEWED BY:

August 23, 2011
Nathan Boenders

SIZE

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc, EIT

Note: Colloids content not tested

0.005
0.002

PARTICLE

1.18

September 2, 2011

Clay, %
<0.005 mm

0.150

PROJECT NO.: JRC-1102

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

30.8

Sand, %

0.075

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

0.001

J.R. Cousin Consultants Ltd.
TH21 1.5-3.4 m

0.425
0.250

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.8

9.50 mm 100.0 mm 80.2
4.75 mm 100.0 mm 51.8
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.1 80.2 NT

REVIEWED BY:

August 23, 2011
Nathan Boenders

SIZE

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc, EIT

Note: Colloids content not tested

0.005
0.002

PARTICLE

1.18

September 2, 2011

Clay, %
<0.005 mm

0.150

PROJECT NO.: JRC-1102

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

19.6

Sand, %

0.075

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

0.001

J.R. Cousin Consultants Ltd.
TH22 2.4-4.5 m

0.425
0.250

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.8
12.50 mm 100.0 mm 99.7

9.50 mm 100.0 mm 99.5
4.75 mm 100.0 mm 92.6
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.2 99.5 NT

REVIEWED BY:

JRC-1102

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

PARTICLE

1.18

0.001

J.R. Cousin Consultants Ltd.
TH23 0.4-3.2 m

0.425
0.250
0.150

PROJECT NO.:

Note: Colloids content not tested

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

0.2

Sand, %

0.075
0.005
0.002

August 23, 2011
Nathan Boenders

SIZE

September 2, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc, EIT

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.8
12.50 mm 100.0 mm 99.7

9.50 mm 100.0 mm 99.2
4.75 mm 100.0 mm 86.8
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.2 99.2 NT

REVIEWED BY:

JRC-1102

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

PARTICLE

1.18

0.001

J.R. Cousin Consultants Ltd.
TH24 1.2-3.7 m

0.425
0.250
0.150

PROJECT NO.:

Note: Colloids content not tested

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

0.5

Sand, %

0.075
0.005
0.002

August 23, 2011
Nathan Boenders

SIZE

September 2, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc, EIT

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 100.0
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.8
12.50 mm 100.0 mm 99.7

9.50 mm 100.0 mm 99.3
4.75 mm 100.0 mm 92.2
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.0 0.3 99.3 NT

REVIEWED BY:

August 23, 2011
Nathan Boenders

SIZE

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc, EIT

Note: Colloids content not tested

0.005
0.002

PARTICLE

1.18

September 2, 2011

Clay, %
<0.005 mm

0.150

PROJECT NO.: JRC-1102

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

0.4

Sand, %

0.075

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

0.001

J.R. Cousin Consultants Ltd.
TH25 0.0-1.6 m

0.425
0.250

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.8

9.50 mm 100.0 mm 98.8
4.75 mm 100.0 mm 75.6
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.1 98.8 NT

REVIEWED BY:

JRC-1102

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

PARTICLE

1.18

0.001

J.R. Cousin Consultants Ltd.
TH25 1.6-4.1 m

0.425
0.250
0.150

PROJECT NO.:

Note: Colloids content not tested

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

1.0

Sand, %

0.075
0.005
0.002

August 23, 2011
Nathan Boenders

SIZE

September 2, 2011

Clay, %
<0.005 mm

Colloids, %
< 0.001 mm

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc, EIT

0
10
20
30
40
50
60
70
80
90

100

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.8
12.50 mm 100.0 mm 99.5

9.50 mm 100.0 mm 97.7
4.75 mm 100.0 mm 84.7
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.4 97.7 NT

REVIEWED BY:

JRC-1102

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

PARTICLE

1.18

0.001

J.R. Cousin Consultants Ltd.
TH26 0.0-2.2 m

0.425
0.250
0.150

PROJECT NO.:

Note: Colloids content not tested
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1.0 INTRODUCTION 
J. R. Cousin Consultants Ltd. (JRCC) conducted a geotechnical investigation for the Waste Disposal 
Ground (WDG) Expansion at the LGD of Mystery Lake.  The existing WDG at the LGD of Mystery Lake 
is located on Part NW ¼ 18, S ½ and NW ¼ 19 in TWP 77-3 WPM and in Part SE ¼ 24-77-4 WPM, 
approximately 4 km south of the City of Thompson. 
 
A total of 14 test holes were excavated at the WDG site.  Test hole locations are shown on Plan 1 in the 
Appendix. 
 
This report outlines the findings of the geotechnical investigation at the WDG site and evaluates the soils 
to determine their suitability for use as a landfill liner.  The report also identifies potential difficulties (i.e. 
depth to bedrock, soil types and subsurface water elevations) associated with construction. 
 
 

2.0 BACKGROUND 
The geotechnical investigation was part of Scope Change #2 to determine the actual re-worked and re-
compacted hydraulic conductivity of the clay soils from the borrow pit and to determine the WDG east 
boundary of the minimum 1.0 m thick insitu clay liner.  Test holes were also completed to determine the 
depth of waste in the area of the vertical cut-off wall to be constructed as part of the Phase I construction 
works. 
 
The additional test holes were deemed necessary based on borderline laboratory test results received 
during the LGD of Mystery Lake Geotechnical and Topographic Investigation for the Waste Disposal 
Ground Proposed Phase II Works. 
 
 

3.0 GEOTECHNICAL FIELD INVESTIGATION 
The onsite investigation at the LGD of Mystery Lake was conducted on October 27, 2011.  Smook 
Contractors Ltd. was employed to complete the test holes using a track mounted excavator under direct 
supervision by JRCC’s field representative. 
 
A total of 14 test holes were excavated during the investigation.  Two test holes were excavated to 
determine the depth of waste near the vertical cut-off wall to be constructed as part of the Phase I Works 
(TH27 – TH28).  Seven test holes were excavated along the east edge of the WDG to determine the edge 
of the insitu horizontal clay liner (TH29 – TH33 and TH 39 – TH40).  Five test holes were excavated in 
the borrow pit area to determine the suitability of the clay soil for use as a re-worked and re-compacted 
clay liner (TH34 – TH38).  Test holes were excavated to a depth ranging between 3.0 m and 5.8 m. 
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3.1 Test Holes 

The subsurface soil profile within each test hole was logged, water conditions were noted and 
representative soil samples were taken as the soils varied along the profile.  The samples were 
visually field-classified.  Following excavation, the depth of standing water was measured and 
any caving of the holes was determined.  Test holes were backfilled with the excavated soils.  
Test hole locations are shown on Plan 1 in the Appendix. 
 
The following are the general soil profiles from the borrow pit, east of the WDG and of the 
existing waste.  Details of each individual test hole can be found in the test hole logs in the 
Appendix. 
 
3.1.1 Soil Profile at the Borrow Pit 

The general soil profile from the test holes taken in the borrow pit area (TH34 – TH38) 
consisted of a brown stiff high plastic clay and a brown stiff high plastic clay varved with 
a tan medium plastic silty clay between 1.3 and 4.8 m thick.  The following layer was a 
grey high plastic clay observed to a maximum depth of 5.8 m. 
 
The exception was TH38 which had medium plastic silty clay from 0 – 0.6 m followed 
by brown medium plastic clay varved with silty sandy grey low plastic clay. 
 

3.1.2 Soil Profile East of the WDG 

The soil profile from the test holes taken east of the WDG varied considerably.  The soil 
profile from TH29 had existing waste from 0 – 1.3 m followed by high plastic clay 
varved with silty medium plastic clay.  TH30 had existing waste from 0 – 3.6 m where 
the test hole was terminated.  TH31 and TH32 had high plastic clay varved with silty low 
plastic clay from 0 – 5.3 and 0 - 4.8 m, respectively.  TH33 had a medium plastic clay 
from 0 – 1.0 m and a silty, sandy low plastic clay from 1.0 – 3.6 m.  TH 39 had organic 
topsoil from 0 – 1.9 m and silty, sandy low plastic clay from 1.9 to 4.9 m.  TH40 had 
existing waste from 0 – 2.2 m and high plastic clay from 2.2 – 3.5 m and high plastic clay 
varved with silty low plastic clay from 3.5 – 4.4 m. 
 

3.1.3 Soil Profile Through the Existing Waste 

The soil profile through the existing waste consisted of 0 – 5.0 m of waste in TH27 and 
TH28.  The excavator used for the test holes did not have the capacity to dig any deeper 
through the waste which was observed to an elevation of 211.07 in TH27 and 213.81 in 
TH28. 
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3.2 Groundwater 

Short-term groundwater conditions were assessed in each test hole by observing standing water in 
the test holes prior to backfilling the holes.  Water infiltration was observed in TH33 at a depth of 
3.6 m with a cave-in observed at 1.0 m.  Water infiltration was observed in TH29 at a depth of 
1.3 m and leachate infiltration to the test hole was observed in TH40 at a depth of 2.2 m.  No 
standing water or water infiltration was observed in the remainder of the test holes. 
 
Groundwater in the test holes depends on high static groundwater conditions and on seasonal 
conditions, i.e. snowmelt and rainy seasons.  Other assumptions relating to the groundwater 
elevation cannot be made at this time as water levels will normally fluctuate seasonally. 
 
Contractors will be made aware of the geotechnical conditions encountered onsite, as some 
dewatering of the ground surface may be required during construction. 
 
 

4.0 LABORATORY TESTING, ANALYSIS AND DISCUSSION 

4.1 Laboratory Analysis 

Four representative bagged soil samples from the borrow pit area and four representative bagged 
samples from the area east of the WDG were submitted to The National Testing Laboratories Ltd. 
on November 3, 2011, for analysis and a professional assessment.  The analysis included the 
determination of the following: 

• Moisture Content ( ASTM D2216) 

• Atterberg Limits (plastic limit, liquid limit, and plasticity index, ASTM D4318) 

• Soil Classification (ASTM D2487) 

• Particle Size Analysis (Hydrometer test, ASTM D422) 

• Hydraulic Conductivity (ASTM D2435). 
 
The soils were analyzed to determine their suitability as a re-worked and re-compacted or insitu 
liner for a WDG, which requires a hydraulic conductivity of 1 x 10-7 cm/sec or less. 
 
The laboratory analysis of the soils from the borrow pit indicated that they are low to high plastic 
clay soils with a trace of silt.  The overall Plasticity Index of the samples varied between 26 and 
33 and the percentage of clay from 89.0% to 97.8%.  Laboratory analysis of the soils from the 
area east of the WDG indicated they are low to high plastic clay with silt.  The overall Plasticity 
Index of the samples varied between 19 and 40 and the percentage of clay from 88.1% to 95.2%. 
 
Based on past experience, the laboratory has commented that homogeneous soils with a Plasticity 
Index greater than 25 and a clay content greater than 50% would typically be expected to have a 
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hydraulic conductivity of 1 x 10-7 cm/sec or less.  Plasticity Index analysis (i.e.  Atterberg limits) 
of the soils indicated that all of the soil samples submitted were considered suitable for use as an 
insitu clay liner or when re-worked and re-compacted with the exception of TH31 from 1.5 – 
5.3 m, which had a Plasticity Index of 19 and clay content of 88.1%. 
 
The results indicate that the suitability of the soils for a clay liner is dependent upon the soils 
being homogeneous with no preferential flow paths.  These preferential flow paths can be caused 
by lenses of unsuitable material, rocks or boulders or fissures in the soil. 
 
One Shelby tube sample TH29 2.0 – 2.6 m was submitted to determine the insitu hydraulic 
conductivity, and one bagged sample TH36 0.4 – 3.1 m was submitted to determine the re-
worked and re-compacted hydraulic conductivity.  The samples achieved hydraulic conductivities 
of 2.1 x 10-8 cm/sec and 2.1 x 10-8 cm/sec, respectively which are less than the required 
1 x 10⎯7 cm/sec for a clay lined cell.  This shows the layer of soil from TH29 from 1.3 – 4.7 m is 
suitable for use as an insitu clay liner and the layer of soil from TH36 from 0.4 – 3.1 is suitable as 
borrow material for use as a re-worked and re-compacted clay liner. 
 
Details of The National Testing Laboratories test results and analysis, dated November 30, 2011 
are in the Appendix. 
 
 

5.0 WDG CELL LINER REQUIREMENTS 

5.1 Current Guidelines 

Manitoba Conservation guidelines require that a standard WDG cell clay liner be 1.0 metre in 
thickness and have a hydraulic conductivity (i.e. the potential rate of fluid movement through the 
soil) of 1 x 10-7 cm/sec or less.  This low rate is to protect the underlying groundwater and 
surrounding lands from leachate seepage.  Generally, the higher a soil’s plasticity the more likely 
a soil can achieve a hydraulic conductivity of 1 x 10-7 cm/sec. 
 

5.2 Typical Clay Liner Construction Options 

The insitu (undisturbed) soils can be used to construct the liner of a WDG cell if the soils can 
consistently achieve a hydraulic conductivity of 1 x 10-7 cm/sec or less in their insitu state. 
 
If the insitu soils cannot be used, the liner can be constructed by excavating and re-compacting 
suitable high plastic clay soils to form the liner. 
 
If the clay content of the soils is so low that even when excavated and re-compacted, the soils 
cannot consistently achieve a hydraulic conductivity of 1 x 10-7 cm/sec, a liner constructed of 
high plastic clay from a borrow pit, or a synthetic geomembrane liner would be required. 
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5.3 Discussion 

5.3.1 East of the WDG 

Based on the soils investigation and the laboratory analysis the soils under TH29 and 
TH40 are suitable for use as an insitu clay liner.  The soils under TH30 – TH33 and 
TH39 were found to not be suitable for use as an insitu clay liner.  A dike constructed 
between TH40 and TH29 will form the east boundary of the WDG with a vertical cut-off 
wall extended a minimum of 1.0 m into the suitable clay.  The dike will be constructed 
during future work phases and is shown on Plan 1 in the Appendix.   
 

5.3.2 Borrow Pit Soils 

Based on the soils investigation and laboratory analysis, the soils from the borrow pit 
around TH34 – TH37 are suitable for use as a re-worked and re-compacted clay liner, 
with the exception of TH38.  All bagged samples submitted to the laboratory were 
deemed potential for use as a re-worked and re-compacted clay liner.  This was 
confirmed by the bagged sample from TH36 0.4 – 3.1 which achieved a hydraulic 
conductivity of 2.1 x 10-8 cm/sec when re-worked and re-compacted.  While the hydraulic 
conductivity was lower than the Manitoba Conservation requirement for a clay landfill 
liner of 1 x 10-7 cm/sec, it was only one order of magnitude lower which means proper 
compaction techniques will have to be followed to ensure the required hydraulic 
conductivity is met during construction of the WDG liner. 
 

5.3.3 Vertical Cut-off Wall Through Existing Waste 

The test holes taken through the existing waste for evaluation of the depth to clay found 
existing waste for at least 5.0 m from the surface.  When the vertical cut-off wall is 
constructed through the waste during the Phase I works, it will have to be extended over 
6.0 m from the surface of the waste as the cut-off wall will extend a minimum of 1.0 m 
into the existing clay liner. 
 
 

6.0 RECOMMENDATIONS AND CLOSURE 

6.1 Recommendations 

It is recommended that a dike be constructed between TH40 and TH29 which will form the east 
boundary of the WDG with vertical cut-off walls in the dike extended a minimum of 1.0 m into 
the suitable clay. 
 
It is recommended that the borrow pit soils be re-compacted and re-worked for use as liner 
material during Phase I construction works.  Proper compaction techniques of the WDG liner will 
have to be followed to ensure the required hydraulic conductivity is met during construction 
because the laboratory re-worked and re-compacted hydraulic conductivity of TH36 from 0.4 – 
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3.1 m was only one order of magnitude lower than the Manitoba Conservation requirement for a 
clay landfill liner of 1 x 10-7 cm/sec. 
 
When the vertical cut-off wall is constructed through the waste during the Phase I works, it will 
have to be extended over 6.0 m from the surface of the waste. 
 

6.2 Closure 

The conclusions and recommendations in this report are based on the results of the site 
investigation and laboratory analysis.  In addition, soil and groundwater conditions between test 
hole locations were generalized to provide an overall assessment of the geotechnical site 
conditions.  If conditions that appear different from those encountered at the test hole locations as 
described in this report, or if the assumptions stated herein are not in agreement with the design, 
JRCC should be informed in order that the recommendations can be reviewed and adjusted as 
required. 
 
The site investigation was conducted for the purpose of identifying geotechnical conditions at the 
borrow pit site and the expansion area east of the WDG.  Although no environmental issues were 
identified during the site investigation, it does not necessarily follow that such issues do not exist.  
If the client or any other parties have any environmental concerns regarding the proposed site and 
works, an appropriate environmental assessment must be conducted. 
 
It is not uncommon for soil conditions to be highly variable across a site.  Previous construction 
activities and placement of fill at a site can augment the variability of soil conditions, especially 
surficial soil conditions.  A contingency must be included in any construction budget to allow for 
potential variations in soil conditions, which may result in modification of the design and 
construction procedures. 
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GEOTECHNICAL ENGINEERING • CONSTRUCTION MATERIALS TESTING 
 

J.R. Cousin Consultants Ltd. November 30, 2011 
91 A Scurfield Blvd. 
Winnipeg, Manitoba Project: Mystery Lake Waste 
R3Y 1G4 Attention: Brett McCormac Disposal Facility 
                                                                                                                                                                         
Soil samples were submitted to our laboratory on November 3, 2011. The following tests were 
conducted on selected soil samples: 

• water content (ASTM D2216) 
• particle size analysis (ASTM D422) 
• liquid limit, plastic limit, and plasticity index (ASTM D4318) 
• hydraulic conductivity (ASTM D5084) 
• soil classification (ASTM D2487) 
• visual classification 

 
The test results for the soil samples are summarized in the following tables and in the attached particle 
size analysis and hydraulic conductivity reports. 
 
An assessment of the bagged soil samples was conducted to determine whether the soil represented 
by the bagged samples could be used in-situ as a landfill liner and would obtain a hydraulic conductivity 
of less than 1.0 x 10-7 cm/sec without being reworked, and when re-moulded and re-compacted.   
 
Based upon previous testing conducted in our laboratory, homogeneous soil samples with a plasticity 
index greater than 25 and a clay content greater than 50% will typically have a hydraulic conductivity of 
1.0 x 10-7 cm/sec or less. Sample TH31 1.5 – 5.3 m had a plasticity index of 19, which does not fall 
within this range. Hydraulic conductivity testing of this material is recommended to determine its 
suitability for use as a lagoon liner. The remaining bagged samples were considered suitable for use as 
a lagoon liner. Our comments regarding the potential use of the material as a lagoon liner are based 
upon the soil being homogeneous with no preferential flow paths and being properly placed and 
compacted to maximum density near its optimum moisture content. It should be noted that estimating 
the hydraulic conductivity of a soil based upon classification test results (plasticity index and particle 
size analysis) alone might be misleading if the soil contains layers of sand, silt, or organic material.  
 
The hydraulic conductivity results for the 2 tested samples are less than the specified maximum 
hydraulic conductivity value of 1.0 x 10-7 cm/s for lagoon liners. It should be noted that sample TH29 
2.0 – 2.6 m was a Shelby tube sample, and sample TH36 0.4 – 3.1m was a bagged sample which was 
remoulded in our laboratory prior to testing for hydraulic conductivity. 
 
We appreciate the opportunity to assist you in this project. Please call if you have any questions 
regarding this report. 
 
 
 
Aron Piamsalee, B.Sc., EIT  
Geotechnical Project Manager 

 



 

 

 

 
 

TABLE 1 
SUMMARY OF WATER CONTENT, PARTICLE SIZE, ATTERBERG LIMITS, SOIL CLASSIFICATION TEST DATA 

MYSTERY LAKE WASTE DISPOSAL FACILITY 

Testhole Depth 
(m) Visual Classification 

Water 
Content 

(%) 

Gravel (%) 
75 to 

4.75 mm 

Sand (%) 

Silt (%) 
<0.075 to 
0.005 mm 

Clay (%) 
<0.005 

mm 
Liquid 
Limit 

Plastic 
Limit 

Plasticity 
Index 

Soil 
Classification 
ASTM D2487 

Potential 
Use 
as a 

Landfill 
Liner 

without 
being 

Reworked 

Potential 
Use 
as a 

Landfill 
Liner when 
re-moulded 

and 
re-

compacted 

Coarse 
<4.75 to 
2.0 mm 

Medium 
<2.0 to 

0.425 mm 

Fine 
<0.425 to 
0.075 mm 

TH29 1.3 - 4.7 brown, firm, moist, high plasticity 
clay, trace silt 33.4 0.1 0.0 0.1 0.4 4.2 95.2 64 24 40 CH(Fat Clay) Yes Yes 

TH31 1.5 - 5.3 grey, firm, moist, low plasticity 
clay, some silt 29.4 0.0 0.1 0.0 0.1 11.7 88.1 38 19 19 CL(Lean Clay) HC testing 

recommended 

TH34 0 - 1.3 brown, stiff, moist, high plasticity 
clay, trace silt 30.6 0.0 0.0 0.1 0.2 5.4 94.3 55 22 33 CH(Fat Clay) Yes Yes 

TH34 1.3 - 4.8 grey, stiff, moist, low plasticity 
clay, some silt 33.2 0.0 0.0 0.0 0.2 10.8 89.0 46 19 27 CL(Lean Clay) Yes Yes 

TH35 1.3 - 5.6 brown, stiff, moist, low plasticity 
clay, trace silt 38.0 0.0 0.0 0.1 0.1 8.3 91.5 45 19 26 CL(Lean Clay) Yes Yes 

TH36 3.1 - 4.8 grey, firm, moist, high plasticity 
clay, trace silt 29.9 0.0 0.0 0.1 0.0 2.1 97.8 51 20 31 CH(Fat Clay) Yes Yes 

TH40 2.2 - 3.5 brown, firm, moist, high plasticity 
clay, trace silt 35.9 0.5 0.1 0.0 0.4 5.3 93.7 65 25 40 CH(Fat Clay) Yes Yes 

TH40 3.5 - 4.4 brown, firm, moist, low plasticity 
clay, some silt 34.3 0.0 0.0 0.1 0.5 10.7 88.7 49 21 28 CL(Lean Clay) Yes Yes 

Notes: 
1. A high speed stirring device was used for 1 minute to disperse the test samples for particle size analysis. 
2. Atterberg limits conducted in accordance with ASTM D4318 Method B (one-point liquid limit). 
3. The soil samples were air-dried during sample preparation for Atterberg limits and particle size analysis. 

 
 



 

 

 

 
 

 
TABLE 2 

HYDRAULIC CONDUCTIVITY SUMMARY 
MYSTERY LAKE WASTE DISPOSAL FACILITY 

 
 
 
 
 
 
 

 
 

 Note: Sample TH36 0.4 – 3.1 m was lab-remoulded prior to testing. 

Testhole Depth (m) 
Hydraulic 

Conductivity, 
“k20” 

TH29 2.0 – 2.6 2.1 x 10-8 cm/s 

TH36 0.4 – 3.1 2.1 x 10-8 cm/s 



J.R. Cousin Consultants Ltd. Mystery Lake Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

Client
TH29 at 1.3 - 4.7 m

PROJECT NO.: JRC-1102

November 3, 2011
Larry Presado

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

30
40
50
60
70
80
90

100

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.9
25.00 mm 100.0 mm 99.8
19.00 mm 100.0 mm 99.7
16.00 mm 100.0 mm 99.6
12.50 mm 100.0 mm 99.4
9.50 mm 100.0 mm 95.2
4.75 mm 99.9 mm 90.2
2.00 mm 99.9 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.1 0.0 0.1 0.4 95.2 NT

REVIEWED BY:

0.001

0.425
0.250

Clay, %
<0.005 mm

SIZE

Colloids, %
< 0.001 mm

0.005
0.002

PARTICLE

1.18

0.150

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

4.2

Sand, %

0.075

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc., EIT

Note: Colloids content not tested

November 30, 2011

0
10
20
30
40
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Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

Client
TH31 at 1.5 - 5.3 m

PROJECT NO.: JRC-1102

November 3, 2011
Larry Presado

30
40
50
60
70
80
90

100

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.9
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.8
12.50 mm 100.0 mm 99.8
9.50 mm 100.0 mm 88.1
4.75 mm 100.0 mm 60.8
2.00 mm 99.9 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.1 0.0 0.1 88.1 NT

REVIEWED BY:

0.002

PARTICLE

1.18

0.150

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

11.7

Sand, %

0.075

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc., EIT

Note: Colloids content not tested

November 30, 2011

Clay, %
<0.005 mm

SIZE

Colloids, %
< 0.001 mm

0.005

0.001

0.425
0.250

0
10
20
30
40

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Disposal Facility
91A Scurfield Blvd.
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Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

Client
TH34 at 0 - 1.3 m

PROJECT NO.: JRC-1102

November 3, 2011
Larry Presado

30
40
50
60
70
80
90

100

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.9
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.8
12.50 mm 100.0 mm 99.7
9.50 mm 100.0 mm 94.3
4.75 mm 100.0 mm 87.5
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.2 94.3 NT

REVIEWED BY:

0.002

PARTICLE

1.18

0.150

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

5.4

Sand, %

0.075

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc., EIT

Note: Colloids content not tested

November 30, 2011

Clay, %
<0.005 mm

SIZE

Colloids, %
< 0.001 mm

0.005

0.001

0.425
0.250

0
10
20
30
40

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

Client
TH34 at 1.3 - 4.8 m

PROJECT NO.: JRC-1102

November 3, 2011
Larry Presado

30
40
50
60
70
80
90

100

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 100.0
19.00 mm 100.0 mm 100.0
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.8
9.50 mm 100.0 mm 89.0
4.75 mm 100.0 mm 68.4
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.0 0.2 89.0 NT

REVIEWED BY:

0.002

PARTICLE

1.18

0.150

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

10.8

Sand, %

0.075

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc., EIT

Note: Colloids content not tested

November 30, 2011

Clay, %
<0.005 mm

SIZE

Colloids, %
< 0.001 mm

0.005

0.001

0.425
0.250

0
10
20
30
40

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

Client
TH35 at 1.3 - 5.6 m

PROJECT NO.: JRC-1102

November 3, 2011
Larry Presado

30
40
50
60
70
80
90

100

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.8
9.50 mm 100.0 mm 91.5
4.75 mm 100.0 mm 69.8
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.1 91.5 NT

REVIEWED BY:

0.002

PARTICLE

1.18

0.150

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

8.3

Sand, %

0.075

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc., EIT

Note: Colloids content not tested

November 30, 2011

Clay, %
<0.005 mm

SIZE

Colloids, %
< 0.001 mm

0.005

0.001

0.425
0.250

0
10
20
30
40

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

Client
TH36 at 3.1 - 4.8m

PROJECT NO.: JRC-1102

November 3, 2011
Larry Presado

30
40
50
60
70
80
90

100

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 100.0
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.9
16.00 mm 100.0 mm 99.9
12.50 mm 100.0 mm 99.9
9.50 mm 100.0 mm 97.8
4.75 mm 100.0 mm 74.3
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.0 97.8 NT

REVIEWED BY:

0.002

PARTICLE

1.18

0.150

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

2.1

Sand, %

0.075

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc., EIT

Note: Colloids content not tested

November 30, 2011

Clay, %
<0.005 mm

SIZE

Colloids, %
< 0.001 mm

0.005

0.001

0.425
0.250

0
10
20
30
40

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

Client
TH40 at 2.2 - 3.5m

PROJECT NO.: JRC-1102

November 3, 2011
Larry Presado

30
40
50
60
70
80
90

100

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.4
25.00 mm 100.0 mm 99.4
19.00 mm 100.0 mm 99.3
16.00 mm 100.0 mm 99.2
12.50 mm 100.0 mm 99.0
9.50 mm 99.5 mm 93.7
4.75 mm 99.5 mm 86.3
2.00 mm 99.4 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.5 0.1 0.0 0.4 93.7 NT

REVIEWED BY:

0.002

PARTICLE

1.18

0.150

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

5.3

Sand, %

0.075

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc., EIT

Note: Colloids content not tested

November 30, 2011

Clay, %
<0.005 mm

SIZE

Colloids, %
< 0.001 mm

0.005

0.001

0.425
0.250

0
10
20
30
40

0.0010.010.1110100
Particle Size (mm)



J.R. Cousin Consultants Ltd. Mystery Lake Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention: Brett McCormac

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PARTICLE SIZE ANALYSIS
ASTM D422

PROJECT:

Client
TH40 at 3.5 - 4.4 m

PROJECT NO.: JRC-1102

November 3, 2011
Larry Presado

30
40
50
60
70
80
90

100

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 mm 99.9
25.00 mm 100.0 mm 99.9
19.00 mm 100.0 mm 99.7
16.00 mm 100.0 mm 99.6
12.50 mm 100.0 mm 99.4
9.50 mm 100.0 mm 88.7
4.75 mm 100.0 mm 69.6
2.00 mm 100.0 mm NT

Coarse
<4.75 to 2.0 mm

Medium
<2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.1 0.5 88.7 NT

REVIEWED BY:

0.002

PARTICLE

1.18

0.150

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

PARTICLE
SIZE

10.7

Sand, %

0.075

Gravel, %
75 to 4.75 mm

Silt, %
<0.075 to 0.005 mm

Aron Piamsalee, B.Sc., EIT

Note: Colloids content not tested

November 30, 2011

Clay, %
<0.005 mm

SIZE

Colloids, %
< 0.001 mm

0.005

0.001

0.425
0.250

0
10
20
30
40

0.0010.010.1110100
Particle Size (mm)



J.R.Cousin Consultants Ltd. PROJECT: Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention:

SAMPLE I.D.: TH29 at 2 - 2.6 m
SOIL TYPE: Brown, stiff, moist, high plasticity clay

trace silt
DATE TESTED: November 4 to Nov 15
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
HYDRAULIC GRADIENT: 18.3
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 2.1E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 2.1E-08

Height (mm) Diameter
(mm) Wet Mass (g)

Dry Density
(g/cm3)

Water Content (%) Saturation
(%)

Initial Reading 81.1 72.4 638.3 1.475 29.6 95.1

ASTM D5084

Brett McCormac

HYDRAULIC CONDUCTIVITY

Final Reading 81.4 72.6 646.8 1.449 32.5 100.7

November 30, 2011 REVIEWED BY:

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

Aron Piamsalee, B.Sc., EIT

1.00E-09

1.00E-08

1.00E-07

9.5 10.0 10.5 11.0 11.5
Time (days)

Hydraulic Conductivity

Temperature Correction (20°C)



J.R.Cousin Consultants Ltd. PROJECT: Mystery Lake Waste Disposal Facility
91A Scurfield Blvd.
Winnipeg, Manitoba
R3Y 1G4

Attention:

SAMPLE I.D.: TH36 at 0.4 - 3.1 m
SOIL TYPE: Brown, stiff, moist, high plasticity clay

trace silt
DATE TESTED: November 5 to November 16
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
HYDRAULIC GRADIENT: 19.8
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 2.1E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 2.1E-08

Height (mm) Diameter
(mm) Wet Mass (g)

Dry Density
(g/cm3)

Water Content (%) Saturation
(%)

Initial Reading 74.6 70.5 567.9 1.489 31.1 102.0

HYDRAULIC CONDUCTIVITY
ASTM D5084

Brett McCormac

Final Reading 74.6 70.6 570.9 1.491 31.0 102.0

November 30, 2011 REVIEWED BY:

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

Aron Piamsalee, B.Sc., EIT

Note: Sample was lab-remoulded prior to testing

1.00E-09

1.00E-08

1.00E-07

8.5 9.0 9.5 10.0 10.5
Time (days)

Hydraulic Conductivity Temperature Correction (20°C)



 
 

 
 
 

 
Phase I Construction Works – Hydraulic Conductivity Test Results, NTL, September 14, 2012 

  



THE__________________
NATIONAL___________
TESTING_____________
LABORATORIES______
LIMITED_____________
Established in 1923

199 Henlow Bay
Winnipeg, MB R3Y 1G4

Phone (204) 488-6999
Fax (204) 488-6947

Email info@nationaltestlabs.com
www.nationaltestlabs.com

GEOTECHNICAL ENGINEERING • CONSTRUCTION MATERIALS TESTING

Smook Contractors. September 14, 2012
101 Hayes Road
Thompson, Manitoba Project: LGD of Mystery Lake
R8N 1M3 Attention: Peter Paulic Phase I

Soil samples were submitted to our laboratory on September 4, 2012. The samples were tested in
accordance with ASTM D5084, Measurement of Hydraulic Conductivity of Saturated Porous Materials
using a Flexible Wall Permeameter. The test results are summarized in the following table and the
attached hydraulic conductivity reports.

We appreciate the opportunity to assist you in this project. Please call if you have any questions
regarding this report.

Farouk Fourar-Laidi, E.I.T.
Geotechnical Engineering

Sample ID
Sample Depth

(m)
Hydraulic

Conductivity, “k20”

TH1 1.5-2.1 1.6 x 10-8 cm/s

TH2 0.2-0.8 9.7 x 10-9 cm/s

TH4 4.5-5.1 3.1 x 10-8 cm/s



Smook Contractors PROJECT: LGD of Mystery Lake, Phase I
101 Hayes Road
Thompson, MB
R8N 1M3

Attention: Peter Paulic

SAMPLE I.D.: TH1 at 1.5-2.1 m
SOIL TYPE: Brown, stiff, moist, high plasticity clay

trace silt
DATE TESTED: September 4th to 11th, 2012
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
HYDRAULIC GRADIENT: 19.0
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 1.7E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 1.6E-08

Height (mm) Diameter
(mm) Wet Mass (g)

Dry Density
(g/cm3)

Water Content (%) Saturation
(%)

Initial Reading 77.4 72.5 632.5 1.530 29.4 103.2
Final Reading 78.1 72.8 640.2 1.510 30.5 104.1

September 14, 2012 REVIEWED BY:

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

Farouk Fourar-Laidi, EIT

ASTM D5084

1.00E-09

1.00E-08

1.00E-07
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Smook Contractors PROJECT: LGD of Mystery Lake, Phase I
101 Hayes Road
Thompson, MB
R8N 1M3

Attention: Peter Paulic

SAMPLE I.D.: TH2 at 0.2-0.8 m
SOIL TYPE: Brown, stiff, moist, high plasticity clay

trace silt
DATE TESTED: September 4th to 13 th, 2012
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
HYDRAULIC GRADIENT: 20.1
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 1.0E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 9.7E-09

Height (mm) Diameter
(mm) Wet Mass (g)

Dry Density
(g/cm3)

Water Content (%) Saturation
(%)

Initial Reading 74.2 72.6 580.6 1.440 31.2 94.3
Final Reading 73.4 72.6 586.1 1.452 32.9 101.3

September 14, 2012 REVIEWED BY:

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

Farouk Fourar-Laidi, EIT

ASTM D5084

1.00E-09

1.00E-08

1.00E-07

7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0H
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Temperature Correction (20°C)



Smook Contractors PROJECT: LGD of Mystery Lake, Phase I
101 Hayes Road
Thompson, MB
R8N 1M3

Attention: Peter Paulic

SAMPLE I.D.: TH4 at 4.5-5.1m
SOIL TYPE: Brown, stiff, moist, high plasticity clay

trace silt
DATE TESTED: September 4th to 10th, 2012
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
HYDRAULIC GRADIENT: 20.2
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 3.4E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 3.1E-08

Height (mm) Diameter
(mm) Wet Mass (g)

Dry Density
(g/cm3)

Water Content (%) Saturation
(%)

Initial Reading 73.3 72.5 601.9 1.567 27.2 101.0
Final Reading 73.4 72.6 607.8 1.565 27.8 102.9

September 14, 2012 REVIEWED BY:

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999 Fax (204) 488-6947  Email info@nationaltestlabs.com

Farouk Fourar-Laidi, EIT

ASTM D5084

1.00E-09

1.00E-08

1.00E-07
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Phase II Construction Works – Hydraulic Conductivity Test Results, NTL, October 29, 2013 

  



 

THE__________________                                   
NATIONAL___________                     
TESTING_____________                         
LABORATORIES______           
LIMITED_____________                         
Established in 1923 

199 Henlow Bay 
Winnipeg, MB R3Y 1G4 

Phone (204) 488-6999 
Fax (204) 488-6947 

Email info@nationaltestlabs.com 
www.nationaltestlabs.com 

 
   

 

GEOTECHNICAL ENGINEERING • CONSTRUCTION MATERIALS TESTING 
 

Smook Contractors  October 29, 2013 
101 Hayes Road 
Thompson, MB  Project: LGD of Mystery Lake  
R8N 1M3 Attention: Peter Paulic Landfill 
 
Seven Shelby tube samples were submitted to our laboratory on October 4, 2013. The samples were 
extruded from the Shelby tubes on October 17, 2013 in the presence of Manitoba Conservation Officer 
and a representative from J.R. Cousin Consultants Ltd. Selected soil samples from the Shelby tubes 
were tested in accordance with ASTM D5084, Measurement of Hydraulic Conductivity of Saturated 
Porous Materials using a Flexible Wall Permeameter. 
 
The test results for the soil samples tested are summarized in the following table and in the attached 
Hydraulic Conductivity Reports. 
 
 
 
 
 
 
 
 
We appreciate the opportunity to assist you in this project. Please call if you have any questions 
regarding this report. 
 

 
Farouk Fourar-Laidi, B.Sc., EIT  
Geotechnical Engineering   
 

 

 
 

Testhole Depth (ft) Hydraulic Conductivity, 
“k20” 

TH5 1-3 3.6 x 10-8 cm/s 

TH7 1-3 9.5 x 10-9 cm/s 

TH8 1-3 1.9 x 10-8 cm/s 



Smook Contractors PROJECT: LGD of Mystery Lake
101 Hayes Road Landfill
Thompson, MB
R8N 1M3

Attention: Peter Paulic PROJECT NO.: SMO-1304

SAMPLE I.D.: TH5 at 1'-3'
SOIL DESCRIPTION: Brown,stiff, moist, high plasticity silty clay

DATE TESTED: October 17th to October 25th, 2013
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
ASSUMED SPECIFIC GRAVITY: 2.71
HYDRAULIC GRADIENT: 20.3
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 4.0E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 3.6E-08

Height (mm) Diameter 
(mm) Wet Mass (g)

Dry Density 
(g/cm3)

Water Content (%) Saturation 
(%)

Initial Reading 73.5 72.1 585.7 1.540 26.8 95.4
Final Reading 73.0 72.0 593.5 1.548 29.0 104.5

October 29, 2013 REVIEWED BY: Farouk Fourar-Laidi, B.Sc., EIT

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999  Fax  (204) 488-6947  Email   info@nationaltestlabs.com

ASTM D5084
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Smook Contractors PROJECT: LGD of Mystery Lake
101 Hayes Road Landfill
Thompson, MB
R8N 1M3

Attention: Peter Paulic PROJECT NO.: SMO-1304

SAMPLE I.D.: TH7 at 1'-3'
SOIL DESCRIPTION: Brown, stiff, moist, high plasticity silty clay

DATE TESTED: October 17th to October 22nd, 2013
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
ASSUMED SPECIFIC GRAVITY: 2.71
HYDRAULIC GRADIENT: 19.6
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 1.0E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 9.5E-09

Height (mm) Diameter 
(mm) Wet Mass (g)

Dry Density 
(g/cm3)

Water Content (%) Saturation 
(%)

Initial Reading 76.5 71.7 592.9 1.477 30.1 97.6
Final Reading 75.5 71.5 593.7 1.531 28.2 99.1

October 29, 2013 REVIEWED BY: Farouk Fourar-Laidi, B.Sc., EIT

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999  Fax  (204) 488-6947  Email   info@nationaltestlabs.com

ASTM D5084

1.00E-09
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Smook Contractors PROJECT: LGD of Mystery Lake
101 Hayes Road Landfill
Thompson, MB
R8N 1M3

Attention: Peter Paulic PROJECT NO.: SMO-1304

SAMPLE I.D.: TH8 at 1'-3'
SOIL DESCRIPTION: Brown, firm, moist, high plasticity silty clay

DATE TESTED: October 17th to October 22nd, 2013
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
ASSUMED SPECIFIC GRAVITY: 2.71
HYDRAULIC GRADIENT: 20.2
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 2.1E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 1.9E-08

Height (mm) Diameter 
(mm) Wet Mass (g)

Dry Density 
(g/cm3)

Water Content (%) Saturation 
(%)

Initial Reading 73.8 72.6 594.0 1.478 31.6 102.8
Final Reading 73.4 72.3 594.6 1.523 29.6 102.8

October 29, 2013 REVIEWED BY: Farouk Fourar-Laidi, B.Sc., EIT

HYDRAULIC CONDUCTIVITY

199 Henlow Bay, Winnipeg, Manitoba R3Y 1G4  Phone (204) 488-6999  Fax  (204) 488-6947  Email   info@nationaltestlabs.com

ASTM D5084
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Phase III Construction Works – Hydraulic Conductivity Test Results, Stantec, October 23, 2014 

  



Stantec Consulting Ltd. 
905 Waverley Street, Winnipeg MB  R3T 5P4 

 

   

 

October 23, 2014 
File: 123311511 

Attention: Ken Allard 
Smook Contractors 
101 Hayes Road 
Thompson, MB, R8N 1M3 
 

Dear Ken, 

Reference: Soils Testing for LGD Mystery Lake 

Three soil samples, identified as Sample #2, Sample #5 and Sample #6 were submitted to our 
laboratory on October 3, 2014. The samples were tested in accordance with ASTM D5084, 
Measurement of Hydraulic Conductivity of Saturated Porous Materials using a Flexible Wall 
Permeameter. The test results are provided in the attached hydraulic conductivity reports and are 
summarized in the following table: 

Sample ID Hydraulic Conductivity, “k20” 
Sample #2 7.5 x 10-9 cm/s 
Sample # 5 2.0 x 10-8 cm/s 
Sample # 6 1.2 x 10-8 cm/s 

 
We appreciate the opportunity to assist you in this project. Please call if you have any questions 
regarding this report.  

Regards, 

STANTEC CONSULTING LTD. 

Jason Thompson, C.E.T. 
Associate - Manager, Materials Testing Services 
Phone: (204) 928-4004  
Fax: (204) 488-6947  
Jason.Thompson@stantec.com 

 Attachment: 3x – Hydraulic Conductivity Test Report. 



LABORATORY

Smook Contractors PROJECT:
101 Hayes Road
Thompson, Manitoba
R8N 1M3

Attention: Ken Allard PROJECT NO.:

SAMPLE I.D.: Sample #2
SOIL DESCRIPTION: Brown, stiff, moist, high plasticity silty clay

trace fine gravel
DATE TESTED: October 6 to October 17, 2014
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
ASSUMED SPECIFIC GRAVITY: 2.71
HYDRAULIC GRADIENT: 19.9
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 8.0E-09
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 7.5E-09

Height (mm) Diameter 
(mm) Wet Mass (g)

Dry Density 
(g/cm3)

Water Content (%) Saturation 
(%)

Initial Reading 74.3 72.4 605.8 1.544 28.3 101.6
Final Reading 74.4 72.7 609.7 1.519 29.8 102.9

October 23, 2014 REVIEWED BY: Jason Thompson, C.E.T.

Reporting of these test results constitutes a testing service only.  Engineering interpretation or evaluation of the test results is provided only on written request.  The data presented above is for 
the sole use of the client stipulated above.  Stantec is not responsible, nor can be held liable, for the use of this report by any other party, with or without the knowledge of Stantec.

ASTM D5084
199 Henlow Bay

Winnipeg MB R3Y 1G4

Tel:  (204) 488-6999
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LABORATORY

Smook Contractors PROJECT:
101 Hayes Road
Thompson, Manitoba
R8N 1M3

Attention: Ken Allard PROJECT NO.:

SAMPLE I.D.: Sample #5
SOIL DESCRIPTION: Brown, stiff, moist, high plasticity silty clay

trace fine gravel
DATE TESTED: October 6 to October 14, 2014
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
ASSUMED SPECIFIC GRAVITY: 2.71
HYDRAULIC GRADIENT: 20.4
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 2.0E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 2.0E-08

Height (mm) Diameter 
(mm) Wet Mass (g)

Dry Density 
(g/cm3)

Water Content (%) Saturation 
(%)

Initial Reading 72.4 72.5 572.8 1.454 31.9 100.1
Final Reading 72.4 72.1 575.6 1.464 33.1 105.4

October 23, 2014 REVIEWED BY: Jason Thompson, C.E.T.

Reporting of these test results constitutes a testing service only.  Engineering interpretation or evaluation of the test results is provided only on written request.  The data presented above is for 
the sole use of the client stipulated above.  Stantec is not responsible, nor can be held liable, for the use of this report by any other party, with or without the knowledge of Stantec.

ASTM D5084
199 Henlow Bay

Winnipeg MB R3Y 1G4
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LABORATORY

Smook Contractors PROJECT:
101 Hayes Road
Thompson, Manitoba
R8N 1M3

Attention: Ken Allard PROJECT NO.:

SAMPLE I.D.: Sample #6
SOIL DESCRIPTION: Brown, stiff, moist, high plasticity silty clay

trace fine gravel
DATE TESTED: October 6 to October 14, 2014
CONFINING PRESSURE (kPa): 137.9
EFFECTIVE SATURATION STRESS (kPa): 34.5
ASSUMED SPECIFIC GRAVITY: 2.71
HYDRAULIC GRADIENT: 20.6
TYPE OF PERMEANT LIQUID: De-aired Water
HYDRAULIC CONDUCTIVITY, "k" (cm/s): 1.3E-08
HYDRAULIC CONDUCTIVITY, "k20" (cm/s): 1.2E-08

Height (mm) Diameter 
(mm) Wet Mass (g)

Dry Density 
(g/cm3)

Water Content (%) Saturation 
(%)

Initial Reading 71.9 72.5 578.5 1.506 29.4 99.8
Final Reading 71.9 72.1 579.8 1.522 29.8 103.2

October 23, 2014 REVIEWED BY: Jason Thompson, C.E.T.

Reporting of these test results constitutes a testing service only.  Engineering interpretation or evaluation of the test results is provided only on written request.  The data presented above is for 
the sole use of the client stipulated above.  Stantec is not responsible, nor can be held liable, for the use of this report by any other party, with or without the knowledge of Stantec.

ASTM D5084
199 Henlow Bay

Winnipeg MB R3Y 1G4

Tel:  (204) 488-6999
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Appendix C 

 
Plan 1: Site Layout with Approximate Location of Property Line 

Plan 2: Final Cover Grading Contours and Final Drainage Plan 

Phase I Works – Record Drawing Plan Set 

Phase II Works – Record Drawing Plan Set 

Phase III Works – Record Drawing Plan Set 

Phase IV Works – Design Drawing Plan Set 

  



 
 

 
 
 

 
Plan 1: Site Layout with Approximate Location of Property Line 

Plan 2: Final Cover Grading Contours and Final Drainage Plan 
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Phase I Works – Record Drawing Plan Set 

  





















 
 

 
 
 

 
Phase II Works – Record Drawing Plan Set 

  



















 
 

 
 
 

 
Phase III Works – Record Drawing Plan Set 

  



PLAN INDEX

PLAN 1. DRAWING LEGEND, ABBREVIATION INDEX AND KEY PLAN

PLAN 2. EXISTING WDG LAYOUT AFTER PHASE II WORKS WITH TEST HOLE LOCATIONS

PLAN 3. OVERALL WDG LAYOUT SHOWING PROPOSED PHASE III WORKS

PLAN 4. PHASE III ACTIVE CELL AREA LAYOUT

PLAN 5. ACTIVE CELL DIKES, LEACHATE COLLECTION PIPING AND SILT FENCE DETAILS
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Phase IV Works – Design Drawing Plan Set 
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PLAN 4. PHASE IV PERIMETER DIKE LAYOUT

PLAN 5. PERIMETER DIKE, MOVEABLE CHAIN LINK FENCE, LEACHATE COLLECTION PIPING

AND SILT FENCE DETAILS
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