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Executive Summary

Neegan Burnside Ltd. (NBL) has been retained by Manitoba Hydro to provide
engineering services for the design and construction of a new wastewater treatment
lagoon at the Kelsey Generating Station (GS). In addition to the new lagoon itself, the
project requires the installation of a new sewage lift station and forcemain and a new
access road. The site is currently serviced by an SBR and a BioBrane mechanical
wastewater treatment system, which will be decommissioned and removed as part of the
project.

Site investigations of the potential lagoon sites were completed for this project, including
topographic survey and a geotechnical investigation to determine the suitability of the
soil conditions at two potential lagoon sites. Results of laboratory tests show that the in-
situ clay material at both sites is suitable for use as a liner. The geotechnical engineer
recommended that the top 500mm of the clay liner for the lagoon be reworked and
recompacted.

Historical water and wastewater records were reviewed in order to develop wastewater
generation estimates for a baseline population of 25-35 people during normal
occupancy, and 120 people during maximum occupancy. A design flow during peak
occupancy of 62 m?/day has been determined. This flow was used to size the lagoon for
twice annual discharge during maximum occupancy, and a single annual discharge at
normal occupancy.

NBL considered a facultative lagoon and an aerated SAGR lagoon to treat the
wastewater produced by the Generating Station, with the facultative lagoon proving to be
the more favourable option due to its lower operation and maintenance demands and
seasonal discharge ability.

Two lagoon location options were considered: a North site (Option 1) and a South site
(Option 2). The North site is located nearer to the developed area of the GS site, while
the South site would require an access road and forcemain installation passing through
a low wetland area and crossing a small creek. Both sites were found to have suitable
clay soils. Both sites had moderately sloped topography, although the North site did
have a slightly steeper grade from east to west. The North option was recommended
due to its lower construction cost, fewer environmental concerns, and more favourable
location closer to the rest of the Kelsey GS site.

Based upon the findings of the geotechnical report, risk analysis, consideration of
environmental effects, safety impacts and projected project schedule, it is recommended
that detailed design of the facultative lagoon be constructed at the Option 1 North site,
following the conceptual design outlined in this report.
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Disclaimer

Other than by the addressee, copying or distribution of this document, in whole or in
part, is not permitted without the express written consent of Neegan Burnside Ltd.
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1.0 Introduction

Neegan Burnside Ltd. (NBL) has been retained to provide engineering services for the
design and construction of a new wastewater treatment lagoon at Manitoba Hydro’s
Kelsey Generating Station (GS). The project also requires the installation of a new
sewage lift station and forcemain as well as the construction of a new access road. The
two existing mechanical wastewater treatment facilities will be decommissioned and
removed.

This Design Brief report will outline the existing wastewater treatment infrastructure at
the GS, and present the wastewater treatment lagoon alternatives and design criteria
that were considered for the project. The recommendations in this report will be used to
select a preferred option to proceed to the detailed design stage.

1.1 Project Background

The Kelsey Generating Station (GS) is owned and operated by the provincial Crown
Corporation of Manitoba Hydro. The GS is located on the upper arm of the Nelson
River, and was the first GS to be built on the Nelson River. It is located approximately
680 km north of Winnipeg, and approximately 90 km north east of Thompson. The
location of the GS is shown in Figure 1.0 of Appendix A.

The GS has a baseline staff population of approximately 25-35 people, but is capable of
housing up to 120 people. That maximum population is associated with larger
construction projects, such as the recent Kelsey Re-Runnering Project.

The GS town site currently relies on two mechanical wastewater treatment plants, a
Sequencing Batch Reactor (SBR) and a Bio-Brane, to collectively treat the sewage.
They are both south of the Service Centre and east of the 40 Man Camp, as shown in
Figure 2.0 in Appendix A.

Treated water for the town site comes from the local water treatment plant, which uses a
Pall Water Treatment System with chlorine disinfection, located within the Powerhouse.
The system draws raw water from the Nelson River upstream of the dam.

Neegan Burnside Ltd. 300037851.820
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2.0 Existing Conditions
2.1 Wastewater Generation Estimates

The Kelsey Generating Station is currently serviced by two wastewater treatment
systems that treat the wastewater generated throughout the facility:

e Sequencing Batch Reactor (SBR) System (1992);

e Bio-Brane System (2012).

While both systems are in operation, the BioBrane system is used to treat most of the
sewage. The SBR system is operated as required to maintain a minimum baseline flow
to keep the system operational.

Historical wastewater production data has been collected by Manitoba Hydro and
provided to NBL, with a total of 17 monthly data sets from February 2014 until

August 2015. Manitoba Hydro also provided NBL with population records for the above
noted periods, from which NBL was able to determine per capita wastewater production
estimates. This information is summarized on Table 2.1.

Manitoba Hydro advised NBL during preliminary meetings that they preferred to have the
lagoon sized to treat the maximum potential occupancy of 120 people, opposed to the
expected average baseline staff population of approximately 25-35 people. This is
because large-scale upgrade projects may bring the on-site population to the maximum
level for an extended period of time, even several years.

The monthly wastewater production data shown in Table 2.1 show that the overall
wastewater production does not tend to increase proportionally to the population of the
GS. For example, the average effluent flow in July 2014 was 51.94 m®/day, with an
average population of 98, but the average flow in July 2015 was 26.33 m®/day, with an
average population of 24. While the on-site population in July 2015 was about 25% of
the population in July 2014, the flow was approximately 50% as great. This is indicative
of other sources of flow such as infiltration in the manholes and gravity sewer mains.
MB Hydro has advised that process wastewater from the Powerhouse, including the
water treatment system, does not end up in the wastewater collection system.

To establish the ‘baseline’ flow during normal periods, the average flow was calculated
looking only at months when the population was lower than 40. This returns a value of
29 m®/day as the baseline flow.

To determine the design flow for the new wastewater treatment lagoon, it is necessary to
consider the available data for high population months, notably July and August 2014.
Extrapolating that data to a population of 120 people yields a design flow of
approximately 59 m®/day. The design flow of the BioBrane system, which the lagoon is

Neegan Burnside Ltd. 300037851.820
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intended to replace, is 60 m®/day. Adding a small additional flow to accommodate minor
variations, a design flow of 62 m3/day has been selected.

Table 2.1
Kelsey Generating Station
2014-2015 Wastewater Production
Month Averaqe Bioclear SBR Bio-Brane Combined
Population Effluent Effluent Effluent
Year 2014 (m3/day)
January 28 - - -
February 28 3.78 20.01 23.79
March 27 1.62 19.25 20.27
April 36 - - -
May 50 5.58 23.53 28.72
June 52 - - -
July 98 2.24 49.70 51.94
August 90 2.80 37.63 40.43
September 52 1.88 30.85 32.73
October 30 2.14 26.69 28.83
November 25 2.13 27.78 29.91
December 25 1.96 24.53 26.49
2014 Annual Average 45 2.68 28.89 31.46
Year 2015 (m3/day)
January 26 1.65 24.40 26.05
February 24 1.82 32.81 34.63
March 25 1.46 29.64 31.11
April 25 2.22 28.60 30.82
May 25 2.22 25.81 28.02
June 30 4.81 16.75 21.56
July 24 3.77 22.56 26.33
August 29 1.99 47.86 49.85
September 24 - - -
October - - - -
November - - - -
December - - - -
2015 Annual Average 26 2.49 28.55 31.05

2.2 Existing Wastewater Treatment Systems

As noted above there are two wastewater treatment systems at Kelsey which are both
operational. The new facultative lagoon is intended to replace these systems, which will
be decommissioned once the lagoon is in operation.

Neegan Burnside Ltd. 300037851.820
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2.2.1 Sequencing Batch Reactor (SBR) System

A portion of the wastewater generated by the community is directed to an existing SBR
plant, as indicated in Table 2.1. The location of this plant is shown in Figure 2.0 of
Appendix A. The SBR was originally constructed in 1992. It was subsequently modified
before the BioBrane sewage treatment system was installed.

An SBR system is a highly automated process that combines the principal treatment
functions in a single tank. Raw wastewater enters the trash tank, a two-cell chamber,
where it is collected and allowed to equalize. The wastewater first enters the primary
trash tank, then flows into the secondary trash tank, with the main objective to be a
primary treatment process for the removal of grit and large suspended solids. The trash
tank also receives waste activated sludge that has been removed from the reactor using
a submersible sludge pump.

The sewage flows from the trash tank to the transfer tank where it is stored for
equalization before entering the reactor tank. The transfer tank contains two
submersible centrifugal pumps that transfer the sewage through 50 mm pipes to the
reactor tank, and a 100 mm PVC emergency overflow line that is connected to the
effluent discharge line. The reactor tank has four stages — fill, react, settle, and decant —
and receives wastewater using 50 mm diameter pipes. Biological oxidation takes place
in the reactor tank, and the air required for microorganism respiration is supplied by two
5 hp rotary type blowers through PVC pipes.

The SBR has an original design capacity of 32 m®/day. A later upgrade project involved
the installation of a new underground equalization tank adjacent to the original SBR
tanks. With this modification, the original transfer tank was converted to a second SBR
reactor basin with an additional capacity of 24 m®/day.

The SBR building is approximately 2.4m x 4.5m and is located above the tanks.

A Trojan UV Disinfection unit, located in an adjacent building with dimensions
approximately 6.7 m x 3.3 m, follows the system and the wastewater passes through it
prior to being discharged.

2.2.2 Bio-Brane System

To increase the wastewater treatment capability of the GS to accommodate the recently
completed Kelsey GS Re-Runnering Project, Manitoba Hydro purchased and installed
an H20 Innovations Bio-Brane package wastewater treatment plant system. The Bio-
Brane is similar to a membrane bioreactor (MBR) system, in that it uses integrated fixed-
film suspended growth media as well as membrane filtration processes. Raw wastewater
from the GS town site is mechanically screened for solids removal and then collected in
an aerated equalization tank to allow for a uniform flow through the treatment system.
The wastewater is transported through gravity through the Bio-Wheel tank, after which is

Neegan Burnside Ltd. 300037851.820
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it pumped to the membrane tank where it is filtered. Air diffusers are also provided in the
membrane tank which scour the membrane surface and ensure an aerobic environment
for filtration.

The Bio-Brane system has a design flow of 60 m®/day, and as noted in Table 2.1 is
currently being used to treat most of the wastewater produced by the GS. At the present
time, both the Bio-Brane and SBR plant are in service, with the SBR Tank 1 serving as a
backup to the Bio-Brane. Under typical conditions the SBR system is not required,
although a small amount of sewage is diverted to that system to maintain the biological
process. The design capacities of the systems are 60 m®/day (Bio-Brane) plus

32 m®/day (SBR), with an additional capacity of 24 m®/day (SBR) when required.

2.2.3 Sludge Digester Facility

The Generating Station also has a sludge disposal system, which includes a sludge
digester building, digester tanks, and disposal piping and pumps. Sludge is periodically
wasted from the Bio-Brane MBR tank or from the SBR reactor tanks and pumped to the
sludge digester tanks. Sludge wasting is critical to the operation of both the SBR and
the Bio-Brane systems to ensure that the MLSS in the system remains in a target range.

The sludge digester building is approximately 12.2 m x 5.1 m, while the sludge digester
tanks are located underground, outside the building. Each tank has a volume of
approximately 11.4 m* (3000 us gal.). The sludge building consists of a Polymer Area
and a Dewatering Area.

2.3 Wastewater Quality Data

While historical wastewater quality is available for effluent quality from the existing
sewage treatment plants, there was no regular data available for the raw influent
entering the treatment systems.

The effluent quality data indicates that the BioBrane system typically is able to achieve
the required level of treatment for BOD, TSS, and Ammonia. Regular sampling data for
CBOD, Phosphorus, E. coli, or Fecal Coliform was not available.

For the purpose of this report the influent characterization data was considered more
relevant, as the intent of Manitoba Hydro is to decommission the SBR and BioBrane
systems.

Influent data was collected as part of the commissioning process in 2013 for the
BioBrane system and is included in the O&M manual for that system. These samples
were taken from the transfer tank. The raw influent data is summarized below in Table
2.2.

Neegan Burnside Ltd. 300037851.820
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Table 2.2
Manitoba Hydro Kelsey Generating Station
Raw Wastewater Chemical Analysis (Transfer Tank)
Sample Date
e ) o |2 2 2 o 2 2 o
| 5l |g|g8 |&8 | &8|&|&|&|¢&| g ot
Parameter Units N |« & - - - - - - - « | Provincial
~ o) © = Sl © £ = o3 N &F .
o) =3 = ; . . . X X . Limit
515 1513 |3 |5/ 3|53|3|3|8
»n n »n n n n n n n n
Total Hardness mg/L 191
Biochemical
Oxygen Demand mg/L 254 281 | 269 | 457 | 330 | 288 | 115 | 259 | 450 | 254 | 98 25
(BOD)
Chemical Oxygen
Demand (COD) mo/ll. | 562
Alkalinity (Total
as CaCO3) mg/L 340
Total Organic
Carbon mo/L 638
pH - 7.3
Bicarbonate
(HCO3) mg/L 410
Carbonate (CO3) mg/L <0.5
Hydroxide (OH) mg/L <0.5
Total Suspended
Solids mg/L 194 86 82 156 116 | 114 | 82 110 | 330 | 276 | 126 25
Nitrate plus Nitrite mg/L 0.036
(N)
Total Nitrogen (N) mg/L 51.8
Ammonia-N mg/L 42 49 38 38 42 41 27 37 31 28 27 1.25
Total Kjeldahl
Nitrogen (Calc) mg/L 517
Total Phosphorus mg/L 5.85 1.0
Total Oil and
Grease mg/L <10
NBL collected one additional raw sewage sample from the trash tank in January 2016
and submitted it for analysis. The results are summarized below in Table 2.3.
Neegan Burnside Ltd. 300037851.820
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Manitoba Hydro Kelsey Generating Station

Table 2.3

Raw Wastewater Chemical Analysis (Trash Tank)

Sample Date Tvpical Domestic Federal/Provincial
Parameter Units P " Guidelines Effluent
January 22, 2016 Wastewater ..
Limit
Ammonia-N mg/L 47.9 25 1.25
BOD mg/L 238 190 25
Carbonaceous
Biochemical
Oxygen Demand mg/L 176 i 25
(CBOD)
Phosphorus mg/L 7.80 7 1.0
Total Suspended
Solids mg/L 292 210 25

' Source: Metcalf & Eddy “Wastewater Engineering Treatment & Reuse v. 4" Medium Strength Untreated Domestic

Wastewater, Table 3-15

The available raw influent data shows that the composition of the sewage is within the
typical range for municipal sewage.

2.4 Water Treatment System

The Kelsey facility uses a Pall package water treatment system which is located in the
Powerhouse structure. MB Hydro has advised that the process wastewater from the Pall
system enters the powerhouse station sump and does not end up in the wastewater

collection system.

The intake for the water system is located upstream of the dam.

Neegan Burnside Ltd.
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3.0 Design Criteria
3.1 Lagoon Alternatives

The RFP issued by Manitoba Hydro requested the design of a new lagoon to treat all of
the wastewater generated by the Kelsey Generating Station site, which would replace
the existing SBR and BioBrane systems. The new lagoon would serve the entire GS site,
and the existing mechanical treatment systems would be decommissioned and removed.

The primary motivation for the decommissioning of the mechanical treatment systems in
favour of a lagoon is simplicity of operation.

The lagoon options considered were:

e New Facultative Lagoon
e New Aerated Lagoon and SAGR System.

3.1.1  New Facultative Lagoon

The preferred wastewater treatment option considered was a new facultative lagoon.
Two location options were considered, based on Manitoba Hydro’s preferences outlined
in the RFP, which were subsequently modified in and preliminary project meetings and
at the initial Chartering Site Visit.

Facultative lagoons are a popular treatment method where space is available because
they have very long retention times that allow them to adequately treat large fluctuations
in wastewater flow and strength without compromising effluent quality. Facultative
lagoons are also popular for small remote locations because of their low operational
complexity and costs. They are less susceptible to failure than other options as there
are no automated parts.

Facultative lagoons typically consist of at least two cells operating in series to treat
wastewater. The primary cell(s) serve to settle out solids and provide anaerobic
treatment to the settled solids at the bottom of the lagoon, with wind and sun providing
aerobic conditions at the surface of the lagoon. The secondary cell(s) serve to provide
additional treatment to the wastewater prior to discharge of the treated effluent.

Facultative lagoons typically require the addition of an additional process such as
chemical dosing in order to provide adequate nutrient removal to meet current
regulations, notably for phosphorus removal.

3.1.2 New Aerated Lagoon and SAGR System

A new lagoon in combination with an aerated SAGR system was another option
considered. In an aerated system oxygen is provided by mechanical aeration. The

Neegan Burnside Ltd. 300037851.820
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overall land area footprint for an aerated lagoon is smaller than that of a facultative
lagoon serving the same population, and the odour generated is minimized by the
aeration process.

The proposed conceptual design for the aerated lagoon and SAGR option includes a
non-aerated primary cell with the purpose of allowing settling of solids and facilitating
sludge removal. This would be followed by an aerated cell, and then followed by flow
through a Submerged Activated Growth Reactor (SAGR) bed for nutrient removal. The
SAGR is a fully aerated coarse gravel bed reactor with an aggregate base, enclosed in a
large cell.

An aerated system would rely on continuous effluent discharge rather than a secondary
cell to hold effluent over the winter. This would require a discharge location that is
protected from freezing. Risks associated with a continuous discharge system include
the potential for freezing or blockage of the discharge line, and the inability to store
effluent in the event that it is found not to meet effluent quality requirements for
discharge.

The advantages of an aerated lagoon include the reduced land area required, and
greater flexibility for reducing nutrients such as nitrogen, ammonia, and phosphorus.
However, aerated lagoons have higher capital costs and annual operating and
maintenance costs than facultative lagoons because they are more complex in nature.

3.1.3 Lagoon Alternative Recommendation

Due to the greater operational and maintenance costs, ongoing electrical power
requirements and higher overall complexity when compared to a facultative lagoon, an
aerated lagoon and SAGR system is not recommended for the Kelsey GS site.

The simplicity of the facultative lagoon option and the availability of sufficient area and
suitable material makes it the preferred option.

The advantages and disadvantages of the two lagoon options are presented in greater
detail below in Table 3.1.

Neegan Burnside Ltd. 300037851.820
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Table 3.1
Manitoba Hydro — Kelsey Generating Station
Comparison of Communal Wastewater Treatment Alternatives
Option Advantages Disadvantages
e Simplest system with the lowest e Larger land requirement compared to
operation and maintenance SAGR system
requirements ¢ Higher initial capital cost to implement
o Significantly lower operation and
maintenance costs compared to
mechanical plant or aerated SAGR
Facultative Lagoon lagoon

o Allows for seasonal discharge so
effluent requirements are less
stringent

e No concerns on freezing of effluent
discharge route

e Consistent quality of effluent

SAGR System

e Lower land requirement comparedto | e Hydro connection and year-round

a facultative lagoon access to lagoon site required
e Continuous discharge is acceptable e Greater complexity and greater
Aerated Lagoon/ based on 'a hlghgr effluent quality operatlonal gnd malntenancg needs
e Lower initial capital costs e Risk of freezing of effluent discharge

pipe for continuous discharge

e Higher annual operational cost

o Higher Life Cycle Costs based on a 25
year calculation.

3.2 Provincial Design Guidelines

Manitoba Conservation and Water Stewardship (CWS) has issued Design Objectives for
Wastewater Treatment Lagoons that apply to all facultative lagoons located on provincial
land. Some of the key parameters specified in these guidelines are as follows:

e 227 days of storage volume (hydraulic loading);
e BOD:s loading of 56 kg/hectare/day;
o Half of the primary cell effective volume being utilized for storage;
e The entire secondary cell effective volume used for storage;
e Minimum distance of 460 m to centre of population and 300 m to individual
residences;
o Minimum top width of berm to be 3 m;
e Maximum embankment slopes:
o Four horizontal to one vertical on inner slopes
o Three horizontal to one vertical on outer slopes

Neegan Burnside Ltd. 300037851.820
160513 KELL Preliminary Design Brief 300037851.820




Manitoba Hydro 11
Kelsey Generating Station New Sewage Lagoon

Preliminary Design Brief

May 2016

e  Minimum freeboard of 1 m;

e Minimum normal liquid depth to be 0.3 m and maximum normal liquid depth to be
1.5 m (i.e. the effective volume is the volume between these two levels);

e Soil liner to have a hydraulic conductivity of 1 x 107 cm/s or less, with a minimum
thickness of 1 m.

3.3 Effluent Targets

The applicable wastewater effluent quality guidelines and regulations that were reviewed
for this study include the following:

e Manitoba CWS Design Objectives for Wastewater Treatment Lagoons
(September 2014)
e Manitoba Water Quality Standards, Objectives, and Guidelines (November 2011)

The applicability of the Provincial regulations is defined separately for each parameter,
under Tier 1 (Water Quality Standards) the most generally applicable section of the
Provincial Regulations.

Phosphorous: Communities with a population of 2000 or less are required to achieve 1.0
mg/L total phosphorous, or a demonstrated nutrient reduction strategy.
However, the Manitoba Water Protection Act Regulation 196/2011
specifically requires that facilities owned or operated by the provincial
government must have a maximum allowable concentration for
phosphorous removal of 1.0 mg/L, effective January 1, 2016. Therefore,
the Kelsey GS system must treat for phosphorus.

Ammonia: The provincial requirement for ammonia applies only to continuously
discharging facilities, and is derived from a set of tables, using site-
specific data, available within the Tier 2 Water Quality Objectives.

Nitrogen: The provincial limit of 15 mg/L total nitrogen applies to community
systems servicing 10,000 or more people.

The provincial standards for Fecal Coliform, E. Coli., and Total Suspended Solids apply
to all municipal wastewater effluents discharged to a water body.

The 25 mg/L limit for Biochemical Oxygen Demand (BOD) applies to all facilities without
ammonia or total nitrogen limits — i.e. systems using seasonal discharge with a
population below 10,000. For facilities with ammonia or total nitrogen limits, a standard
of 25 mg/L Carbonaceous Biochemical Oxygen Demand is instead applicable.

The effluent quality objectives are summarized below in Table 3.1.

Neegan Burnside Ltd. 300037851.820
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Table 3.2

Kelsey GS Lagoon
Wastewater Effluent Quality Objectives Applicability Summary

Parameter

Objective

Source

Notes

BOD

25 mg/L

Provincial

Applicable for Seasonal
Discharge (Applicable to the
Kelsey Lagoon project)

CBOD

25 mg/L

Provincial/Federal

Continuous Discharge in
Provincial Regulations. Not
applicable to the Kelsey
Lagoon project.

TSS

25 mg/L

Provincial/Federal

Applicable to the Kelsey
Lagoon project.

Applicable to the Kelsey

Fecal Coliform 200 per 100 mL Provincial )
Lagoon project.
E.Coli 200 per 100 mL Provincial Applicable to the Kelsey
Lagoon project.
Allowance for an alternative
“nutrient reduction strategy” but
Total Phosphorus 1 mg/L Provincial Provmmally.owned facilties
must provide treatment.
Applicable to the Kelsey
Lagoon project.
1.25 mg/L at 15°C .
Un-lonized Ammonia +/- 1°C expressed Federal Not applicable to t.he Kelsey
. Lagoon project.
as nitrogen (N)
Applies to continuously
Ammonia Site Specific Provincial dlschgrglng facilities. Not
applicable to the Kelsey
Lagoon project.
Applies to new systems serving
. . over 10,000 people. Not
Nitrogen 15 mg/L total N Provincial applicable to the Kelsey
Lagoon project
Total Chlorine Residual 0.02 mg/L Federal Not applicable to the Kelsey

Lagoon project.
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4.0 Geotechnical Investigation & Lagoon Siting

A geotechnical investigation was completed by Eng-Tech Consulting Ltd. with the field
work taking place January 17-22, 2016. The Geotechnical Report for the investigation is
included in its entirety in Appendix B.

In addition to the geotechnical investigation completed by Eng-Tech, an earlier
preliminary geotechnical investigation was completed by Manitoba Hydro. The report
from that investigation is included for reference in Appendix C.

This section will present the two lagoon location options that were investigated, and will
summarize the findings of the geotechnical investigation. The key objectives were to
evaluate the suitability of each potential lagoon location from a geotechnical standpoint
and define the geotechnical design criteria that would be required at the preferred site.

4.1 Geotechnical Report

The geotechnical report, included in Appendix B, provides recommendations from a
geotechnical perspective for the lagoon construction and lift station.

The key conclusions and recommendations from the geotechnical report are as follows:

e The soil at both lagoon options is suitable for lagoon construction.

e Based on the hydraulic conductivity analysis completed, the soil at either lagoon
site is suitable as a lagoon base if the top 500 mm of the liner is removed, the
surface scarified and compacted, and the top 500 mm liner rebuilt with
recompacted clay material. To explore the option of removing this 500 mm layer
of recompacted material entirely, Eng-Tech proposed an option for 5 or more
additional hydraulic conductivity tests to be completed at the preferred lagoon
site.

e The berm slopes in the preliminary design, set at 4.1 inside and outside, will be
adequate to avoid rotational failure according to slope stability analysis.

e The soils at the lift station will support the use of a concrete ballast slab and a raft
foundation for the lift station building.

4.2 Lagoon Siting Options
4.2.1 Option 1 (Preferred Location)

Option 1 is Manitoba Hydro’s preferred option, and is located west of the switchyard
area on site, between the “Central” and “North” sites that had been identified in the
project RFP. The location is shown on Figure 3.0 in Appendix A, while cross sections of
the proposed lagoon at that site are shown in Figure 4.0.

Neegan Burnside Ltd. 300037851.820
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The primary advantage of this location is that it is located nearer to the existing
developed area of the site, and therefore the construction costs would be lower for this
location and it will be more accessible to facility staff for operations and maintenance.

Lagoon Cell Location

This location satisfies the minimum recommended distance from the center of population
as well as the minimum distance from individual residences, outlined in Manitoba CWS
Design Objectives. Transport Canada Guidelines do not recommend situating a lagoon
within 3.2 km of an airport reference point, which typically is the geometric center of the
runway, due to the possibility of bird/airplane hazards. The Option 1 lagoon site is within
approximately 2.0 km from the airport reference point, which is closer than the set-back
distance as recommended by Transport Canada. Approval from regulatory agencies
may be required prior to construction, and additional mitigation measures may be
required.

Along the south extents of the site, there is a transmission line oriented east to west.
Through discussion with MB Hydro, it was confirmed that it is necessary that the lagoon
development not be within the easement for that transmission line. The width of the
easement, according to information from MB Hydro, is 91.4 m (300 ft). The position of
the line within the easement is not known. Therefore, it was assumed that a distance
from the transmission line of 50 m on either side of the line should be followed as the
transmission line easement. This line is shown on Figure 3.0. The entire lagoon berm
must remain outside of these extents. This results in the lagoon location to be shifted
north of the original “Central” location that was defined in the RFP.

Another challenge associated with this location is the significant elevation grade across
the site, particularly from the east sloping towards the west. This was determined in the
topographical survey completed in January 2016. To accommodate this slope and to
control the required volume of cut and fill and the height of the berms, it is preferable to
place the two lagoon cells at different elevations, with the primary cell approximately

1.5 m higher than the secondary cell. The resultant cross section of the lagoon showing
the elevation difference between the two cells is shown in Figure 4.0 in Appendix A.

Based on the preliminary design for the lagoon, the cut and fill volume required for the
lagoon construction is approximately 19,000 m?® of cut material and 15,000 m? of fill
material required. The cut/fill balance was completed with the object of retaining 20-25%
additional cut material.

Access Road and Forcemain

The proposed forcemain route to the new site is shown on Figure 3.0. Determining the
most favourable alignment for the forcemain, particularly across the open area located

Neegan Burnside Ltd. 300037851.820
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between the communications tower and the switchyard, is a challenge. It is known that
in the area near the proposed alignment, that concrete rubble from past construction
projects was buried. Probe holes were advanced in this area to gather more information
along the route. The probe holes indicate that some debris was buried to the west of the
decommissioned landfill area. Therefore it is anticipated that along a segment of the
forcemain route, it may be necessary to provide shallow burial for the forcemain and use
cut material from the lagoon site to add additional cover.

An alternative forcemain route that was considered was ton parallel the road north of the
lagoon site. The road is the access driveway to a cabin operated by a local trapper.

The forcemain would then turn to the south towards the lagoon. Through discussion
with MB Hydro it was determined this option was not viable due to potential concerns
from the local trapper and the First Nation.

Another alternative forcemain alignment considered was to run the line across the
existing maintenance yard area located to the east of the switchyard and beside the
warehouse building. However, this option would place the line under a large area that
will experience traffic from heavy vehicles which would be a freezing risk and would
require additional insulation. This route would add significant additional length to the
forcemain which increases the construction costs.

The proposed access road for the Option 1 site is shown on Figure 3.0, with cross
sections shown on Figure 4.0. The road would extend west towards the lagoon from the
area that is currently gravelled. The road will run over the decommissioned landfill area
and will then follow the forcemain route to a truck turn-around pad adjacent to the lagoon
primary cell.

Effluent Outfall

The outfall location for the proposed lagoon will be near the southwest corner of the
secondary cell. A swale will be constructed to direct the treated effluent south to a
natural wetland area that will serve as tertiary treatment and provide additional nutrient
removal as described in Section 5.1.2. From the wetland, effluent will naturally drain to a
creek to the south, which in turn drains into a larger watercourse to the west of the site.

4.2.2 Option 2 (Alternative Location)

Option 2 site was investigated in the event that Option 1 was not feasible. This site is
located approximately 400 m to the south of Option 1, and is immediately to the north of
a transmission line. The location is shown on Figure 5.0 in Appendix A, while cross
sections of the proposed lagoon at that site are shown in Figure 6.0.

This location is further from the developed area of the site, and would therefore require a
longer road and forcemain, which would increase the construction cost. Furthermore,
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this road and forcemain would pass through a low area which is located between the
Option 1 and Option 2 sites, and would need to cross a small creek.

Lagoon Cell Location

This location also satisfies the minimum recommended distance from the center of
population as well as the minimum distance from individual residences, outlined in
Manitoba CWS Design Objectives. As with Option 1, this site is within 3.2 km of the
Kelsey airport, which is the set-back distance as recommended by Transport Canada.
As with Option 1, approval from regulatory agencies may be required prior to
construction, and additional mitigation measures may be required.

As with the Option 1 site, a transmission line is located to the south of the Option 2 site.
According to historical information from MB Hydro (Right of Way Plan #5738) the
easement for this line extends 24.3 m (80 ft) north of the transmission line and 21.3 m
(70 ft) to the south.

The location has a slope gradient across the site, although it is less severe than at the
north site. The preliminary design for this site places the primary cell elevation 0.3 m
above the secondary cell.

Access Road and Forcemain

The forcemain to the Option 2 site would extend south through the open area to the west
of the switchyard, and would then pass through a low and less well-drained area,
including a creek crossing. The proposed route for the forcemain is shown in Figure 5.0
in Appendix A.

Through the low area, a raised section of earth would be required to support the road
and the forcemain. This would require material from a borrow pit location, which would
be located either adjacent to the Option 2 site, or located at the Option 1 site.
Preliminary drainage calculations have been completed considering the tributary area for
the stream crossing the roadway in a 50-year storm event or a spring runoff event. It
has been determined that a 1.2 m diameter culvert would be adequate to prevent
flooding and overtopping of the road during the spring runoff season. If Option 2 is
selected this must be confirmed with more detailed runoff calculations.

An alternative forcemain route considered was to follow the west dyke located along the
west shore of the forebay. However, in discussion with Manitoba Hydro at preliminary
meetings it was determined that this option would involve logistical challenges related to
construction work near the dyke. In addition, this forcemain route would be considerably
longer, adding cost to the project.
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Effluent Outfall

The effluent outfall for Option 2 would be positioned along the northern berm of the
secondary cell and discharge into the low wetland area to the north of the site. As with
the Option 1 site, a swale will be constructed to direct the treated effluent north to the
natural wetland area, which will serve as tertiary treatment and provide additional
nutrient removal. From the wetland, effluent will naturally drain to a creek to the north,
which in turn drains into a larger watercourse to the west of the site.

4.2.3 Geotechnical Recommendations

A summary of the key recommendations and conclusions from the geotechnical report,
from a geotechnical engineering perspective, can be found in Section Error! Reference
source not found..

Based on the completed test hole logs from the geotechnical report and the topographic
survey data, the quantity of clay material in both lagoon sites can be determined. Lagoon
site option 1 (north) has a high amount of clay material therefore the recommended
method for construction would be a pure cut and fill approach using in-situ clay material,
and a borrow material source would not be required. Lagoon site option 2 (south) is
situated in a more low-lying area on relatively flat topography and would therefore
require a source of borrow material. Due to the quality of the clay material in the option 1
(north) site, this would be recommended as the source of borrow material, should the
south option 2 location be selected.

The geotechnical investigation did not encounter significant groundwater seepage within
the upper 4.6 m of the clay layer, and at the location of the proposed lift station ground
water was encountered near an elevation of 174.5 m (6.0 m below grade). No
permafrost was encountered in any of the test hole locations advanced during the
geotechnical investigation between January 19 — 22, 2016.

Key geotechnical recommendations relating to the construction of the lagoon liner,
lagoon embankments, all excavations and backfilling are as follows:

e  Minimum compaction of 97% Maximum Dry Density (MDD)
e Maximum lift thickness for compaction of 250 mm
e Construction process for the lagoon liner:
o Excavation of clay material to final lagoon cell elevation
o Excavation and stockpiling of clay material to 500 mm below lagoon cell
finished elevation
o Compaction of in-situ clay material at elevation 500 mm below finished
lagoon cell elevation to minimum 97% MDD.
o Replacement, Scarification and Compaction of 500 mm clay material to
finished lagoon cell base elevation. Maximum lift thickness 250 mm to
97% MDD.
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e Construction process of lift station barrel slab:
o Excavate within 100 mm below design slab elevation
o Compact 300 mm of in-situ clay material to 97% MDD at optimum
moisture content
o Place and compact 100 mm limestone or granular “A” Base to 98% MDD
at optimum moisture content
o Place minimum 6 mil poly vapour barrier below concrete foundation slab

The geotechnical investigation recommends two options for excavation of the lift station
building foundation, open excavation or drilled hole, as outlined in the Geotechnical
Report.

Considering the geotechnical properties and recommendations of each lagoon site
option, the lagoon option 1 site (north) is the recommended location for a facultative
lagoon.
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5.0 Preliminary Design

As outlined in Section 3.2, the Provincial Design Guidelines will be followed in the design
of a new facultative lagoon. A facultative lagoon is the recommended option due to the
lower operational and maintenance needs and the consistent treated effluent produced.
The recommended location for the lagoon is Option 1, with a preliminary layout shown
on Figure 3.0.

The preliminary geotechnical investigation completed by Manitoba Hydro also indicates
that the existing clay material may be suitable for use as a lagoon liner at this location.

The following sections outline the preliminary design of the lagoon, forcemain, lift station,
and associated works.

5.1.1 Lagoon Sizing Calculations

A facultative lagoon is typically sized according to two criteria: hydraulic loading, and
BOD loading. Hydraulic loading is the capacity of the lagoon to hold the incoming
sewage generated between discharge periods, and relates to the lagoon’s liquid volume.
BOD loading is the capacity of the lagoon to treat the biochemical oxygen demand
(BOD) of the incoming sewage, and is related to the surface area of the primary
treatment cell. The lagoon has been sized based on the wastewater generation
projection for the GS Site of 62 m® as outlined in Section 2.1.

The lagoon sizing calculations are based on the following assumptions, taken from
available historical data and from the guidelines given in the Province of Manitoba
Design Objectives for Wastewater Treatment Lagoons:

e Design population of 120 people;

e BODs generation of 77 g/person/day;

e BOD:s loading capacity of 56 kg/ha/day;

e 227-day storage volume required for secondary cell;

e Liquid depth of both lagoon cells is 1.5 m, with a minimum depth of 0.3 m to be
considered when calculating storage volumes;

o Half of the primary cell effective volume being utilized for storage; and

e The entire secondary cell effective volume used for storage.

Based on these parameters the BODs loading from the community is:
120 people x 77 g/person/day = 9.24 kg BODs/day
The required primary cell area is:

(9.24 kg BODs/day) / (56 kg/ha/day) = 0.165 ha = 1,650 m?

Neegan Burnside Ltd. 300037851.820
160513 KELL Preliminary Design Brief 300037851.820



Manitoba Hydro

Kelsey Generating Station New Sewage Lagoon
Preliminary Design Brief

May 2016

20

With a maximum depth of 1.5 m and an operating depth of 1.2 m, the effective lagoon
volume is 2,000 m®.

The minimum lagoon volume necessary for twice yearly discharge is:

62 m? /day x 227 days = 14,074 m®

Half of the primary cell may be allocated for storage, so the secondary cell effective

volume is:

14,074 m® — (2,000 m®/ 2) = 13,074 m?

Thus, assuming an operating depth of 1.2 m, the minimum secondary cell area is:

13,074 m®*/ 1.2 m = 10,895 m?

A summary of the design volume and area for each lagoon cell is given below in Table

5.1.
Table 5.1
Kelsey GS Lagoon
Lagoon Cell Design Summary

Lagoon Cell Volume Surface Liquid Inside Berm Outside Berm

9 Area Depth Slope Slope

Primary Cell 2,000 m3 1,650 m? 1.5m 4:1 4:1

Secondary Cell 13,100 m® 10,900 m? 1.5m 4:1 4:1

5.1.2 Nutrient Removal

Facultative lagoons are typically not able to reliably provide adequate phosphorous
removal. Thus, in order to meet the objective for phosphorous removal, phosphorus
control with chemical dosing or natural uptake would be necessary. Chemical dosing
provides nutrient removal through a precipitation method whereby the application of
alum causes the formation of floc which eventually settles to the bottom of the lagoon as

sludge.

Chemical dosing using a coagulant such as alum (aluminum sulphate) is commonly
used to remove phosphorous. It is proposed to include an alum dosing system at the lift
station which would automatically dose alum into the forcemain. In the unlikely event
that phosphorus is still found to be above the 1.0 mg/L limit in the secondary cell, then
additional coagulant chemical could be applied by spraying into the cell from the banks
or by application from a boat with an outboard motor to facilitate mixing.

Neegan Burnside Ltd.
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Proper personal protective equipment is required to dose chemicals, as well as a proper
storage facility for the alum.

Natural uptake of phosphorous is another method to reduce phosphorous levels in the
effluent, whereby ions are removed from the solution by plant uptake or soil adsorption.
With the location of the outfall described in Section 4.2 recommended to be a natural
wetland area, it is anticipated that additional phosphorous removal will be achieved
before the effluent reaches the larger waterway. Natural nutrient removal is
advantageous because it does not contribute to the accumulation of solids in the lagoon
bed which require periodic removal.

Relying on natural nutrient removal is the preferred approach for the Kelsey GS Site.
However, Manitoba Conservation and Water Stewardship will require that effluent
samples be taken from the secondary cell discharge, and therefore will not benefit from
the attenuation in the wetland area. Therefore, chemical dosing may be required at
times of high occupancy. As noted above, an alum chemical dosing system will be
located within the lift station so it is available as required. It is recommended that the
alum dosing system be used in the first two seasons of operation prior to any
experimentation with relying on the facultative lagoon process alone to control
phosphorus.

5.1.3 Gravity Sewer Design

A new gravity sewer line will be connected to the existing manhole ‘MH3’ which
discharges to the SBR trash tank. A new hole will be cored into the manhole, and the
new gravity line will be connected. This line will be temporarily be plugged until the new
lagoon is operational and the existing wastewater treatment facilities can be
decommissioned.

One new manhole will be required to direct the gravity flow into the lift station. The
gravity sewer will be 250 mm SDR 35 PVC with 50mm insulation and a minimum grade
of 0.5%. The total length of pipe will be approximately 45m.

5.1.4 Lift Station Design

A new duplex sewage lift station is proposed to be located south of the existing
wastewater treatment plant to receive flows from the town site. It is proposed that a

2.44 m (8 ft.) diameter prefabricated fiberglass lift station will be used for this purpose.
The lift station depth of approximately 4.785 m below ground level was selected because
of the hydraulic gradient of the gravity sewer service from upstream “New MH3”, and to
provide sufficient storage for the town site. The lift station will be designed in
accordance with the requirements of the RFP and current design guidelines. The duplex
control panel will be located in an adjacent electrical and controls room. The location of
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the lift station is shown in Figure 3.0 in Appendix A, along with the proposed gravity
sewer and forcemain routes.

Anti-Floatation Ballast

In order to resist buoyant forces, a concrete ballast will be necessary as the foundation
for the sewage lift station. The adequacy of the lift station with respect to buoyant uplift
forces was checked using the following assumptions:

e A minimum factor of safety of 2.0;

e The unit weight of concrete is 23.5 kN/m3;

e The unit weight of soil is 18.5 kN/m?;

e The water table is at the finished ground surface;

e The weight of the fibreglass barrel is negligible; and

e A square footing will be used to simplify installation in the field.

The actual inside dimension of the lift station used is 2438 mm, the thickness of the
barrel wall is 13 mm, and 50 mm of insulation will cover the entire barrel. Based on
these assumptions and dimensions, an overall ballast slab size of 3.464 m x 3.464 m x
0.3 m will be satisfactory.

Lift Station Building

The lift station will be contained within a heated building, to provide protection against
adverse weather conditions during maintenance activities. The building will consist of a
reinforced concrete slab on grade poured around the pre-packaged fiberglass barrel,
complete with wood framed construction superstructure and prefinished metal roofing.
All interior and exterior walls will be metal cladding. The building will have two interior
rooms each with their own exterior access door, both of which will be heated. Access
into the lift station will be provided in one room, while the control panel and electronic
accessories will be provided in a separate room. There will be no interior door
connecting each room to eliminate the need for explosion proof materials, but a window
will be provided between the rooms.

The lift station will be equipped with lifting davit sockets, to facilitate the removal of
pumps from the wet well using pump guide rails. The lifting davit sockets will also be
compatible with the existing fall arrest system in use at the Kelsey Generating Station in
the even that personnel should enter the lift station wet well.

The building will be equipped with a diesel driven backup generator, to be located
adjacent to the building in a stand-alone enclosure.
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Lift Station Forcemain and Pump Sizing

A 100 mm (92.2 mm ID) HDPE DR 11 forcemain will be installed to deliver the sewage
flows from the lift station to the lagoon. The forcemain will be pre-insulated with 50 mm
insulation, and buried to a minimum depth of 2.5 m. Where 2.5 m burial depth cannot be
achieved, rigid insulation will be required in an inverted ‘U’ shape above the forcemain.

NBL completed an Excel-based hydraulic model of the lift station and forcemain to
ensure that they will be able to handle the design flows from the town site. The sewage
design flow used are as follows:
e Average daily sewage production of 62 m3/day for the town site, assumed to be
concentrated over an 8-hour period.
e Total sewage flow of 6.7 L/s.
e Length of 450 m for Option 1; 875 m for Option 2.

Based on pressure loss calculations for the lift station and forcemain system, the total
static and dynamic head loss at that pumping rate, for each lagoon option site would be:
e Lagoon Option 1:

o 96m
e Lagoon Option 2:
o 126m

Flygt N-type submersible sewage pumps will be used to deliver the sewage to the
lagoon, with each pump expected to be in the range of 3-5 HP, depending on the
location selected for the lagoon. The proposed pump model, based on the preliminary
information above and lagoon Option 1 location, is a Flygt 3102 MT 3-phase Adaptive
465 5 hp submersible sewage pump. The lift station will have two submersible sewage
pumps connected to a common discharge header and operating in a lead/lag sequence.

5.1.5 Access Road / Truck Dump Ramp

Year-round road access is required to the new wastewater treatment lagoon from the
GS town site. Furthermore, the site must be accessible to large sewage disposal trucks
when required. The access road will use the following design, with a typical cross
section shown in Figure 4.0 in Appendix A.

250 mm Class A Base
350 mm Class C Base
Non-Woven Geotextile Fabric
Subgrade Compaction

The granular material required for the road will be transported to the site via rail, which
will impact the cost of the project.
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To facilitate trucked sewage disposal services, a concrete discharge ramp will be located
at the lagoon. The truck dump ramp will be a 4 m x 14 m reinforced concrete slab that
will allow sewage trucks to back up to the edge of the lagoon and empty their tanks,
without eroding or degrading the lagoon embankments.

5.1.6 Decommissioning — Staging

The connection point to the new lift station will be at the manhole MH3. This manhole is
located adjacent to the existing sewage treatment systems and currently discharges into
the trash tank of the SBR.

The existing wastewater treatment systems must remain in service during the
construction of the new lagoon and lift station. Once the new systems are in service, the
mechanical wastewater treatment systems will be decommissioned. The buildings and
tankage will be removed from the site. However, the sludge dewatering building will
remain in place and may be repurposed.

A layout of the existing system with notes for the decommissioning is included in
Figure 8.0 in Appendix A.

Neegan Burnside Ltd. 300037851.820
160513 KELL Preliminary Design Brief 300037851.820



Manitoba Hydro 25
Kelsey Generating Station New Sewage Lagoon

Preliminary Design Brief

May 2016

6.0 Economic Analysis

Class ‘C’ cost estimates have been prepared for each of the lagoon locations
considered, and are included in Table G-1.0 & G-2.0 in Appendix G. The cost estimates
include construction costs, with a 10% contingency, plus an estimate of operation and
maintenance costs for the system. A summary of the costs for each Option are shown
below in Table 6.1.

The cost estimates do not include room and board as they are based on the assumption
this will be covered by Manitoba Hydro and be outside the Contractor’s tendered pricing.

The cost estimates also do not include tree clearing work as that will be included in a
separate contract. However, costs for grubbing of the lagoon site are included.

Operation and maintenance costs for each site include costs associated with forcemain
maintenance, operator labour, training and development, lagoon maintenance and
repair, laboratory sampling and analysis, effluent outfall maintenance, and access road
maintenance and repair.

As shown in Table 6.1, the Option 2 South Site is expected to have a higher capital cost
and operation and maintenance costs than the Option 1 North Site. This is attributed to
the larger separation distance from the Generating Station Site, requiring additional
lengths of forcemain piping (425 m difference) and access road construction (400 m
difference). The Option 2 route for the forcemain piping and access road would also
traverse through a low-lying wetland area, this would require additional fill material to
achieve an adequate road bed elevation, as well as a large culvert crossing at the creek
in this area. Placement of forcemain piping in a wetland area with a high groundwater
table elevation would also have higher capital costs to ensure adequate cover over the
forcemain piping and to allow for higher contractor effort for pipe installation.

Based on these cost estimates, the more economical option is Lagoon Option 1, as
shown below in Table 6.1.
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Table 6.1
Kelsey GS Lagoon
Cost Estimate Summary
Option Capital Cost Annual O&M Cost

Option 1 (North Site)

Option 2 (South Site)
Note: As per discussions with Manitoba Hydro and Manitoba Conservation and Water
Stewardship, cost estimates not included for EAP Submission.
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7.0

Site Operation and Maintenance Needs

Facultative lagoons are typically preferred to treat wastewater for remote locations
because of their low operational and maintenance needs, simplicity of construction and
operation, and their ability to produce a consistent quality of treated effluent. The
ongoing operation and maintenance needs for the proposed wastewater treatment
lagoon at the Kelsey GS Site will include:

Periodic access road grading, resurfacing, and maintaining accessibility (snow
clearing);

Lift station maintenance including maintaining pump and forcemain operation;
Maintenance of vegetation on lagoon berms;

Periodic inspections of the berms for slope stability;

Maintenance of discharge swale including removal of vegetation, removal of
accumulated solids/debris, and maintaining proper drainage grade;
Maintenance of lagoon inter-cell piping including inspection of level control weir
and routine exercising of valves to ensure functionality; and

Maintenance of lagoon perimeter fencing.

Neegan Burnside Ltd. 300037851.820
160513 KELL Preliminary Design Brief 300037851.820



Manitoba Hydro

Kelsey Generating Station New Sewage Lagoon
Preliminary Design Brief

May 2016

8.0 Risk Analysis
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With any construction project of this magnitude, there is an inherent degree of risk
associated with all processes throughout the project. NBL has analyzed and considered
the risks associated with the lagoon development, including risks particular to each of
the lagoon locations considered (Option 1 and Option 2) shown in Table 8.1.

Table 8.1

Manitoba Hydro — Kelsey Generating Station
Risk Analysis For Facultative Lagoon Location Options

Risk Area

Potential Risk

Mitigation Method

Environment Act
Proposal
Submission

Long time for the approval process
and issuance of Environment Act
License could result in construction
project initiation delays.

Submit EAP immediately after
completion. Minimize potential for
corrections on EAP by thorough design
practices.

Lagoon Operation
(Either Location)

Within recommended separation
distance to airport runway (less than
3.2 km). Separation distance is
recommended to prevent bird/aircraft
encounters.

Provide a mitigation plan and
preventative measures (such as screen
above lagoon cells)

Effluent Quality

At the desired time for discharge,
effluent is found to not meet the
provincial regulations

Proper sizing of the lagoon and flows
within the anticipated range, and use of
the alum dosing system anticipated to
prevent this risk

Forcemain
Construction

Unexpected adverse condition such
as bedrock or excessive buried rubble
cause delays and additional costs

Review probe hole information and
ensure areas with suspected rubble are
identified in the contract and that
provisional items such as adding fill for
mounding is included in the contract.

Lagoon
Construction

Over-excavation of clay material
increasing hydraulic conductivity and
reducing compaction of liner

Delay caused by unexpected
geotechnical issues

Fuel or hazardous material spills
causing contamination

Environmental impacts from
construction activity including
decommissioning and sludge handling

Adequate geotechnical information and
monitoring of excavation by Surveyor
during construction period

Follow geotechnical engineer’'s
recommendations and include adequate
provisional items in contract.

Provide mitigation and monitoring
measures in Construction Specifications
Provide environmental specifications in
contract and inspection to ensure
compliance.

Neegan Burnside Ltd.
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Table 8.1
Manitoba Hydro — Kelsey Generating Station
Risk Analysis For Facultative Lagoon Location Options
Risk Area Potential Risk Mitigation Method

Option 1 Location
(North)

e Closer separation distance to
Generating Station town site could
allow unauthorized entry into lagoon
site

e Location is not favourable to
Tataskweyak Cree Nation members
who seasonally occupy a nearby
cabin

Provide a fence complete with padlocks
and signage preventing authorized entry

Ensure adequate consultation with these
stakeholders prior to construction

Option 2 Location
(South)

e Larger distance from existing sewage
collection system and longer
construction duration

e Forcemain and access road through
wetland with high water table, could
have unstable trench

e Access road through wetland area
could be subject to overtopping

Efficient scheduling and design
completion

Provide adequate fill material to meet
elevation requirements for road; Provide
dewatering methods, safe excavation
techniques and adequate cover for
forcemain pipe

Ensure detailed runoff calculations are
completed in detailed design and a
conservatively sized culvert(s) is used

Neegan Burnside Ltd.
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9.0 Analysis of Environmental and Safety Impacts

The potential environmental and safety impacts associated with the construction and
operation of the wastewater treatment lagoon are discussed in the following section. An
advantage of using a facultative lagoon, as opposed to an aerated lagoon (SAGR)
system or the existing mechanical wastewater treatment plants, is the low operation and
maintenance requirements and consistent quality of effluent produced. For both potential
lagoon site options, the environmental and safety impacts are expected to be lower than
the existing systems in place, and are outlined below.

9.1 Environmental Effects

The environmental effects associated with the construction of a new facultative lagoon
are primarily constant for each lagoon site option. In general, constructing a new lagoon
at either site requires clearing of trees and existing vegetation that can result in loss of
habitat for wildlife and the potential for erosional loss of soil. The potential for these
effects has been analyzed as part of the Environment Act Proposal and has been
deemed to be minor and mitigable.

Contamination of surface water during construction and operation processes, such as a
fuel oil spill, could result in damage to fish habitats and the surface water supply, with
the risk associated with the construction of a new lagoon at both site options. These
environmental effects are expected to be minimal and will be reduced and mitigated
through safe construction practices and requirements in the Construction Documents.

9.1.1 Lagoon Site Option 1

Environmental effects that are specific to the Option 1 (north) site are primarily related to
the proximity of the new lagoon site to the Generating Station town site. The close
proximity to the existing wastewater collection infrastructure is also one reason why this
site is recommended, as it reduces amount of forcemain piping, access road
construction, and borrow material required.

In contrast to this, the closer proximity to the town site also brings a higher likelihood of
foul odours in the town site. This is not anticipated to be a concern or negative effect
because minimum separation distances as outlined by the Province of Manitoba Lagoon
Design Objectives have still been achieved, and the lagoon was sized according to
Manitoba Conservation and Water Stewardship guidelines.

9.1.2 Lagoon Site Option 2

The placement of the new wastewater treatment lagoon at the Option 2 site is expected
to have a larger effect on the environment than the selection of lagoon site Option 1.
While this site would have the same amount of clearing required for the placement of the

Neegan Burnside Ltd. 300037851.820
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lagoon, additional tree clearing would be required for the borrow pit location and the
proposed access road, as shown in Figure 5.0 of Appendix A. This would result in
additional loss of habitat and potential for erosional loss of soil material. In addition, the
proposed route for the forcemain and access road would be through the wetland area
south of the Generating Station town site. The construction of the access road would
require fill material to achieve the required elevation that could alter the natural drainage
course and impact animals that inhabit the wetland area.

9.2 Safety Impacts

The simplicity of operating a facultative lagoon means that there are typically less safety
impacts or concerns when compared against an aerated (SAGR) lagoon or a
mechanical wastewater treatment plant like the ones currently used at the Kelsey
Generating Station. The project requires the installation of a new sewage lift station near
the town site, regardless of the lagoon location selected. This would require excavation
to an approximate depth of 5.5 m below grade, where Construction Specifications will be
produced to outline safety requirements during construction and excavation. The lift
station building will be equipped with a fence surrounding the exterior generator unit, as
well as railings and fall arrest systems inside of the wet well room. An interior platform in
the lift station barrel will also be complete with a railing system.

All process equipment will be suitable for lockout/tag out procedures to reduce the safety
risks during maintenance activities. In addition, all new or altered electrical works will
have an Arc Flash study done to identify the level of PPE required for personnel.

At either lagoon site, there is a risk of minor safety impacts from construction processes.
Regardless of the location of the lagoon, a chain link fence completed with locked
access gate and warning signs would be provided. This will reduce the likelihood of
animals in the lagoon area, as well as unauthorized personnel.

With regards to the lagoon Option 1 location (North), the close proximity to the town site
makes it more likely that the town site it affected during construction processes by
equipment activity.

Both lagoon location options are approximately 2.0 km from the Kelsey Airport Runway,
which is within the recommended separation distance of 3.2 km advised by Transport
Canada. With the lagoon at this distance to the airport runway, there is a potential for
bird-airplane collision. Mitigation measures and a management plan may be required to
prevent such occurrences.
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10.0 Scheduling

The anticipated construction schedule for each lagoon site is expected to be a
comparable duration, with the Option Site 2 expected to require more time due to the
longer lengths of road and forcemain to service the site.

The initiation of the construction contract for each lagoon site option is dependent on the
approval of the Environment Act Proposal and issuance of an Environment Act License,
by Manitoba Conservation and Water Stewardship. This is understood to require
between 4 — 12 months and must be completed prior to beginning any construction
activities.

With respect to the construction period, some key constraints for scheduling purposes
are expected to be:

Approval of the EAP and other regulatory approvals.

Tree clearing of the site prior to March 31.

Transportation of equipment to site via rail and air.

Limited construction window due to harsh northern climate.

The proposed schedule associated with each option is presented below.
10.1 Lagoon Site Option 1 — Proposed Schedule

Submission of Preliminary Design Report — May 2016
Submission of Environment Act Proposal — May 2016
Acceptance of Final Detailed Design — August 2016

Issuance of Environment Act License — December 2016
Construction Contract Tender Period — February 2017
Construction Contract Project Award — February 2017
Construction Period — April 2017 — October 2017

Commissioning and Approval of Liner Properties — October 2017
End of Warranty Period and Final Inspection — November 2018

© NN =

10.2 Lagoon Site Option 2 — Proposed Schedule

Submission of Preliminary Design Report — May 2016

Submission of Environment Act Proposal — July 2016

Acceptance of Final Detailed Design — October 2016

Issuance of Environment Act License — March 2017

Construction Contract Tender Period — April 2017

Construction Contract Project Award — April 2017

Construction Period — May 2017 — November 2017

Commissioning and Approval of Liner Properties — November 2017
End of Warranty Period and Final Inspection — December 2018

© 0o NOOhLON =
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11.0 Recommendations

This section will summarize the recommendations provided in the various sections of
this report, to be used in the preparation of Detailed Design and Contract Documents.
Recommendations are based on an engineering perspective, considering the risk
analysis, environmental effects, safety impacts, costs, and Generating Station site
characteristics presented in this report.

11.1 Review of Advantages & Disadvantages

Two potential wastewater treatment processes were reviewed including a facultative
lagoon and an aerated lagoon with a SAGR system to replace the existing mechanical
wastewater treatment systems that are currently in use at the Kelsey Generating Station.
Table 3.1 summarizes the advantages and disadvantages associated with facultative
and aerated lagoons that were considered for this project. The remote nature of the site
was considered, which emphasized the importance of having a reliable treatment system
with low operation and maintenance demands. A facultative lagoon was found to be the
recommended wastewater treatment method, because fewer potential risks have been
identified and it is anticipated to have a lower life cycle cost based on the economic
analysis presented in this report.

11.2 Recommended Lagoon Location

The advantages and disadvantages associated with the two lagoon location options are
summarized below in Table 11.1. The differences between the two sites have an impact
on the cost of the project. The cost estimates for each option are presented in

Section 6.0, with detailed cost estimates in Appendix G.

Table 11.1
Kelsey GS Lagoon
Lagoon Location Comparison

Proposed Site Advantages Disadvantages
o Closer to developed area e  Steeper topography
e  Lower construction cost e Closer to area used by local trapper
Option 1 (North Site) e Location preferred by Manitoba
Hydro
e Shorter anticipated construction
schedule
e Less steep topography e  Further from developed area

e Road and forcemain must cross
wetland area and creek
e Higher construction cost

Option 2 (South Site)

The recommended location for a new facultative lagoon is the central site identified in
the preliminary geotechnical investigation, referred to as Option 1.

Neegan Burnside Ltd. 300037851.820
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11.3 Recommended Lagoon Design

The recommended lagoon design is a new facultative lagoon at the Option 1 North site,
as described in this report. To satisfy the design intent outlined in this report, the
following design parameters will be used:

e Underground Servicing:

o 45 m SDR 35 PVC deep bury Gravity Sewermain complete with 1 new
manhole and 50 mm factory applied insulation, connection to existing
manhole

o 450 m DR11 HDPE deep bury Sewage Forcemain complete with 50 mm
factory applied insulation and necessary valves and fittings

e Pre-Packaged Fiberglass Sewage Lift Station:

o 2.4 m Diameter

o Stainless steel process piping

o 5 hp submersible sewage pumps (lead/lag operation) complete with
factory programmed electrical and controls

o 2 room building complete with separated wet well room and
electrical/chemical dosing room

o Chemical dosing system with metering pumps suitable for alum dosing
directly into sewage forcemain

o Exterior self-enclosed diesel generator

e 200 m granular access road

o 250 mm base course

o 350 mm sub-base course

o Non-woven geotextile fabric

e Lagoon:
o Primary Cell:
* Volume = 2,000 m?
= Cell Base Elevation = 179.8 m
o Secondary Cell:
* Volume = 13,100 m?
= Cell Base Elevation =178.3 m

o Inside and outside slopes to be 4:1

o Top 500 mm of in-situ clay liner to be remolded as per geotechnical
recommendations (Section 4.2.3)

o Effluent discharge to existing wetland area south of proposed lagoon site

Neegan Burnside Ltd. 300037851.820
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Unit 6 - 854 Marion Street

ENG- TECH Winnipeg, Manitoba PARTICLE SIZE

R2J 0K4
ConsuLTing Limitep ’ eng_tech@mts.net ANALYSIS REPORT
Ny, | : www.eng-tech.ca
Neegan Burnside Ltd. File No.: 15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-7
Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT: GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 4 Sample No. S2 Depth: 1.56-21m
Sampled By: ENG-TECH Type of Sample: Shelby tube Source: -
Date Sampled: Jan 20/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL
CLAY SILT SIEVE |PERCENT
FE NEIRALLJeoaese| e CoARSE SIZE (mm)| PASSING
APPROXMATE EQUIVALENT IMPERIAL SIEVE A.75 LA
#200  #100 0 #0  #10 05" 1t 7 2.0 100.0
100.0 $ i i | 0.850 100.0
0.425 100.0
0.250 100.0
80.0 0.150 99.8
0.075 99.6
[0} 0.025 98.1
= 0.016 95.1
@ 60.0 0.010 92.2
a 0.0068 87.1
= 0.0050 | 81.2
& 400 A . 0.0027 60.7
© i , 0.0020 54.9
o i : 0.0012 39.5
20.0
O»O T L T T 1
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.4 %), SILT (44.5 %), CLAY (55.1 %)
Sample Description:

ENG-TECH Consulting Limited

per -///g/r///‘/il:—r/ﬂ'j

Clark Hyrhoruk, M. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

COMMENTS:

P:\2015\Projects\185(Neegan Burnside Ltd)\(01) Kelsey Lagoon\HYD\15-185-1-7hyd.xlsx
November 2015 Revision 1
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Unit 6 - 854 Marion Street

ENG-TECH ‘é‘gn&p&g. Manitoba PARTICLE SIZE

Consutning LimiTen . eng_tech@mts.net ANALYSIS REPORT
My, T——— www.eng-tech.ca
Neegan Burnside Ltd. File No.: 15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-10
Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT: GEQTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 8 Sample No. S2 Depth: 1.5-21m
Sampled By: ENG-TECH Type of Sample: Shelby tube Source: -
Date Sampled: Jan 21/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL
CLAY SILT SIEVE |PERCENT
B il L — SIZE (mm)| PASSING

APPROXIMATE EQUIVALENT IMPERIAL SIEVE 4.75 100.0

#200  #100 #20 $0 #1;1 05 2 2.0 100.0

W 0.850 100.0
| l I I 0.425 100.0
0.250 100.0

100.0

80.0 0.150 99.8

0.075 89.8
o 0.025 98.9
% 0.016 96.7
g(g 60.0 = 0.008 96.7
= 0.0066 93.7
= | _ | i 0.0048 90.8
g 40.0 L ‘ 0.0025 81.9
5 i : L 1 | 0.0018 76.0
i ! 0.0011 60.5

20.0
0.0 : : . ; !
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.2 %), SILT (21.9 %), CLAY (77.9 %)
Sample Description:

ENG-TECH Consulting Limited

per JZ//MJ

Clark Hyrhoruk X. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

COMMENTS:

P:\2015\Projects\185(Neegan Burnside Ltd)\(01) Kelsey Lagocon\HYD\15-185-1-10hyd.xlsx
November 2015 Revision 1




Unit 6 - 854 Marion Street

ENG-TECH S, Nanioka PARTICLE SIZE

Consutting LimiTep o eng_tech@mts.net ANALYSIS REPORT
— www.eng-tech.ca
Neegan Burnside Ltd. File No.:  15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-11
Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT:  GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 6 Sample No. S4 Depth: 24-30m
Sampled By: ENG-TECH Type of Sample: Shelby tube Source: -
Date Sampled: Jan 21/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL
CLAY SILT SIEVE |PERCENT
FNE VENM jeoamse|  me il SIZE (mm)| PASSING
APPROXIMATE EQUIVALENT IMPERIAL SIEVE 4.75 100.0
o 0w 7 2.0 100.0
100.0 q! $ =TT 0.850 100.0
0.425 100.0
0.250 99.8
80.0 0.150 99.6
0.075 99.4
™ 0.026 95.3
= 0.016 92.4
w
2 60.0 0.010 86.5
o | ' | | 0.0071 81.4
= . L L I Hi | 0.0052 | 726
G 40.0 ' ‘ - 0.0027_| 550
i d il 1 L 0.0020 49.1
G Lo | U e 0.0012 | 36.7
20.0
00‘ T S T T {1
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.6 %), SILT (50.7 %), CLAY (48.7 %)
Sample Description:

ENG-TECH Consulting Limited

COMMENTS:
st e S A

Clark HyrhoruksM. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P:\2015\Projects\185(Neegan Burnside Ltd)\(01) Kelsey Lagoon\HYD\15-185-1-11hyd.xlsx
November 2015 Revision 1
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Unit 6 - 854 Marion Street

ENG-TECH ‘é\ggn[;}p(ig, Manitoba PARTICLE SIZE
ConsuLTing LIMITED " eng_tech@mts.net ANALYSIS REPORT
Ny, OO S— www.eng-tech.ca
Neegan Burnside Ltd. File No.:  15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-13
Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT: GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 11 Sample No. S2 Depth: 1.5-21m
Sampled By: ENG-TECH Type of Sample: Shelby tube Source: -
Date Sampled: Jan 21/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL
CLAY SLT SIEVE |PERCENT
FhE el o I CORRSE SIZE (mm)| PASSING
APPROXIMATE EQUIVALENT IMPERIAL SIEVE A 100.0
#200  #100 0 #20  #10 08" 1 2 2.0 100.0
100.0 ? $ —t T—— 0.850 99.8
| ‘ 0.425 99.8
' ‘ 0.250 99.8
800 0.150 99.6
0.075 99.4
© 0.025 98.8
£ 0.016 95.9
7
@ 60.0 0.009 95.1
o 0.0066 93.7
E ‘ 0.0048 87.8
g 400 ‘ ! | 0.0025 76.0
& 0.0019 67.1
o 0.0011 57.5
20.0
0.0 T T Y ; |
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.6 %), SILT (30.6 %), CLAY (68.8 %)
Sample Description:
ENG-TECH Consulting Limited

COMMENTS:
per /%//AL/ A

Clark Hyrhoruk A{. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P:\2015\Projects\185(Neegan Burnside Ltd)\(01) Kelsey Lagoon\HYD\15-185-1-13hyd.xIsx
November 2015 Revision 1



Unit 6 - 854 Marion Street
e Winnipeg, Manitoba PARTICLE SIZE

Consuiting LimiTeo : eng_tech@mts.net ANALYSIS REPORT
Sy, | -~ www.eng-tech.ca
Neegan Burnside Ltd. File No.:  15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-15
Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT:  GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 8 Sample No. S2 Depth: 1.5-21m
Sampled By: ENG-TECH Type of Sample: Shelby tube Source: -
Date Sampled: Jan21/16 Date Received: Jan 22/16 Date Tested: Feb 10/16
SAND GRAVEL
CcLAY SILT SIEVE |PERCENT
Fie " s bR conrse SIZE (mm)| PASSING
APPROXMATE EQUIVALENT IMPERIAL SIEVE o 4! e,
e 90 08 2 2.0 100.0
100.0 : EP $ T 0.850 100.0
| | 0.425 100.0
0.250 99.8
80.0 0.150 99.6
0.075 99.6
0] 0.025 97.6
= 0.016 94.7
w
@ 60.0 0.009 92.5
o 0.0068 86.7
= 0.0051 77.9
400 - 0.0027 57.5
i | , 0.0020 51.7
o [ f ‘ 0.0012 39.3
20.0
| |
0.0 . . . ; |
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.4 %), SILT (48.0 %), CLAY (51.6 %)
Sample Description:
ENG-TECH Consulting Limited

S: 4
COMMENT - /_%/Aé, L/ﬂ/_

Clark Hyrhoruk M. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P:\2015\Projects\185(Neegan Bumnside Ltd)\(01) Kelsey Lagoon\HYD\15-185-1-15hyd xlsx
November 2015 Revision 1



= -

Unit 6 - 854 Marion Street

n

'3 NG-TECH : \é\lzlrj o!f&g' Manitoba PARTICLE SIZE
ConsuLTING LimITED > eng_tech@mis.net ANALYSIS REPORT

SN www.eng-tech.ca

Neegan Burnside Ltd. File No.:  15-185-01

106 - B Scurfield Blvd. Ref. No.: 15-185-1-16

Winnipeg, Manitoba

R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT: GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 8 Sample No. S4 Depth: 24-30m
Sampled By: ENG-TECH Type of Sample: Shelby tube Source: -
Date Sampled:  Jan 21/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL |
CLAY SILT SIEVE |PERCENT
- Heownt \“’”‘SE e COnRSE \ SIZE (mm)| PASSING
APPROXIMATE EQUIVALENT IMPERIAL SIEVE 415 100.0
#200  #100 0 #20  #10 5 2.0 100.0
100.0 . 0.850 100.0
‘ 0.425 100.0
0.250 99.8
80.0 0.150 99.8
0.075 99.6
9] 0.025 99.5
= 0.016 96.5
(7]
@ 60.0 - 0.010 90.7
o 0.0070 84.8
= But ‘ 0.0051 78.9
% 40.0 , . ' | 0.0027 58.2
i 1 0.0020 49.4
o i ‘ 0.0012 46.4
20.0
0.0 T T T T )
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.4 %), SILT (50.3 %), CLAY (49.3 %)

Sample Description:
ENG-TECH Consulting Limited

COMMENTS: y :
per L Aééoﬂr/‘k/*

Clark Hyrhoruk, M. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P:\2015\Projects\185(Neegan Burnside Ltd)Y01) Kelsey LagoomHYDW 5-186-1-16hyd xlsx
November 2015 Revision 1
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ENG-TECH

ConsuLTing LimiTED

Unit 6 - 854 Marion Street
Winnipeg, Manitoba

R2J OK4
eng_tech@mts.net
www.eng-tech.ca

Neegan Burnside Lid.
106 - B Scurfield Blvd.
Winnipeg, Manitoba

R3Y 1G4

ATTENTION: Paul Klassen, P. Eng

PARTICLE SIZE
ANALYSIS REPORT

15-185-01
15-185-1-18

File No.:
Ref. No.:

PROJECT: GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT
Test Hole No. 7 Sample No. S1 Depth: 06m
Sampled By: ENG-TECH Type of Sample: Auger cutting Source: -
Date Sampled:  Jan 21/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL J
CLAY SILT SIEVE |PERCENT
e MEDLM |coaRse | FNE — l SIZE (mm)| PASSING
APPROXMATE EQUIVALENT IMPERIAL SIEVE 435 100.0
#200 #7100 0 #20  #0 s 7 2.0 100.0
100.0 T =TT 0.850 100.0
0.425 100.0
0.250 99.8
80.0 +— o L 0.150 99.6
0.075 99.6
o 0.025 99.8
% 0.016 99.8
2 60.0 | 0.009 96.8
o H 0.0066 93.9
E H 0.0048 90.9
6 40.0 0.0025_|__ 820
® 0.0018 76.1
o 0.0011 63.6
20.0
0-0 T T L] T 1
0.001 0.01 0.1 1 10 100
SIEVE SIZE [mm]
Percent of: GRAVEL (0.0 %), SAND (0.4 %), SILT (21.6 %), CLAY (78.0 %)

Sample Description:

COMMENTS:

per

P:\2015\Projects\185(Neegan Burnside Ltd)\(01) Kelsey LagoontHYD\ 5-185-1-18hyd.xIsx
November 2015 Revision 1

ENG-TECH Consulting Limited

Clark Hyrhoruk, 1. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579
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Unit 6 - 854 Marion Street

ENG-TECH e PARTICLE SIZE

ConsuLTING LIMITED ’ eng_tech@mts.net ANALYSIS REPORT
| _— www.eng-tech.ca
Neegan Burnside Ltd. File No.:  15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-20
‘Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Kiassen, P. Eng
PROJECT: GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 12 Sample No. S10 Depth: 3.0-36m
Sampled By: ENG-TECH Type of Sample: Auger cutting Source: -
Date Sampled:  Jan 19/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL
CLAY SILT l l J SIEVE |PERCENT
\ e l Ve l‘ms‘* | me | R \ SIZE (mm)| PASSING
APPROXIMATE EQUIVALENT IMPERIAL SIEVE 4.1 1b0.0
#20  #10 I i 2.0 100.0
‘ l '| 1 0.850 | 100.0

0.425 100.0

100.0
T

0.250 100.0
0.150 100.0

80.0 : :
‘ TN 0.075 99.8
O i ‘ L 0.025 95.0
z | f ‘ 0.016_| 922
2 60.0 , - 0.009 89.4
o 0.0068 | 86.5
Z H 0.0051_| 725
M 400 0.0027 52.8
o I{ it L1 LI 0.0020 | 443
o [t ] | 0.0012 32.4
20.0 ML,
0.0 1 — v : —
0.001 0.01 0.1 1 10 100
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.2 %), SILT (56.0 %), CLAY (43.8 %)
Sample Description:
ENG-TECH Consuiting Limited

COMMENTS:
per 4%,///@44&

Clark Hyrhoruk! M. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P-\2015\Projects\185(Neegan Burnside Ltd)(01) Kelsey Lagoon\HYD\15-185-1 -20hyd.xIsx
November 2015 Revision 1



Unit 6 - 854 Marion Street

in n a

ENG-TECH ISt s PARTICLE SIZE

ConsuLTiNG LIMITED > eng_tech@mts.net ANALYSIS REPORT
By, | - www.eng-tech.ca

Neegan Burnside Lid. File No.:  15-185-01

106 - B Scurfield Blvd. Ref. No.: 15-185-1-22

Winnipeg, Manitoba

R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT: GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 12 Sample No. S11 Depth: 46-52m
Sampled By: ENG-TECH Type of Sample: Shelby tube Source: -
Date Sampled:  Jan 19/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL l
CLAY SILT SIEVE |PERCENT
i N jesne) BR i l SIZE (mm)| PASSING
APPROXIMATE EQUIVALENT IMPERIAL SIEVE 475 100.0
o #20  #10 98 &7 2.0 100.0
1 000 I l l T3 1 0.850 100.0
0.425 100.0
0.250 100.0
80.0 0.150 99.8
0.075 99.6
0) ; 0.025 96.4
= 0.017 87.8
w
@ 60.0 ¥ 0.010 79.2
a i 0.0075 67.8
= i = 0.0056 56.4
Y 40.0 0.0029 36.4
4 0.0022 27.8
a 0.0013 214
20.0 -
0.0 T T ¥ T T ]
0.001 0.01 0.1 1 10 100

SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.4 %), SILT (72.8 %), CLAY (26.8 %)

Sample Description:
ENG-TECH Consulting Limited

COMMENTS: _// Al.,,/ o

Clark Hyrhoruk Sc P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P:\2015\Projects\185(Neegan Burnside Ltd)\(01) Kelsey Lagoon\HYD\15-185-1 -22hyd.xIsx
November 2015 Revision 1



Unit 6 - 854 Marion Street

ENG-TECH Ro i oee MOISTURE-DENSITY

eng_tech@mts.net RELATIONSHIP

www.eng-tech.ca

ConsuLting Limiteo

Neegan Burnside Ltd. File No.:  15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-8
Winnipeg, Manitoba

R3Y 1G4

Attention: Paul Klassen, P. Eng.
Project: GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Compaction Standard Method [V JastmDees [___|ASTM D1s57

Source: Kelsey Lagoon,
Dry Density kg/m? 1629 | 1678 | 1640 | 1562 Test Hole 4
Moisture Content (%) 18.4 | 20.7 | 231 | 258
Maximum Dry Density = 1679 kg/m?® Corrected = - kg/m?
Optimum Moisture = 210 % Corrected = - %
Date Sampled: Jan 20/16
Sampled By: ENG-TECH (Clark Hyrhoruk)
Date Received: Jan 29/16
1750 Date Tested:  Feb 8/16
Material Oversize
- TR 4,75 mm = 0.0 %
£ v’ 19 mm = - %
5 > =
< L~
- ™
%j 1650 AN
> * \
@
fa)
\ Soil Description:
1600 Clay, see TH4
Y
1550
18 20 22 24 26
MOISTURE CONTENT (PERCENT)
Comments:

ENG-TECH Consulting Limited

Clark Hyrhoruk, M/Sf: P. Eng, President
Ph: (204) 233-1694 Fx: (204) 235-1579



Neegan Burnside Ltd.
106 - B Scurfield Blvd.
Winnipeg, Manitoba

R3Y 1G4

TECH

ConsuLTiINnG LimITED

R2J OK4

Attention: Paul Klassen, P. Eng.
GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Project:

Unit 6 - 854 Marion Street
Winnipeg, Manitoba

eng_tech@mts.net
www.eng-tech.ca

MOISTURE-DENSITY
RELATIONSHIP

File No.: 15-185-01
Ref. No.: 15-185-1-17

Compaction Standard Method

[V JasTMDess [__|ASTM D1557

Source: Kelsey Lagoon,
Dry Density kg/m? 1628 | 1654 | 1639 | 1598 Test Hole 8
Moisture Content (%) 18.0 | 20.3 | 22.2 | 24.1
Maximum Dry Density = 1655 kg/m? Corrected = - kg/m?®
Optimum Moaisture = 205 % Corrected = - %
Date Sampled: Jan 21/16
Sampled By: ENG-TECH (Clark Hyrhoruk)
Date Received: Jan 29/16
1670 Date Tested:  Feb 8/16
/’< Material Oversize
1650 ] Y
a8 Ayl 4.75 mm = 0.0 %
(52]
E / \ 19 mm = - %
2 s
: N\
2 1630
A ¢ \
>
[
a
\ Soil Description:
1610 \ Clay, see TH8
Yo
1590
18 20 22 24 26
MOISTURE CONTENT (PERCENT)
Comments:

ENG-TECH Consulting Limited
per W/

Clark Hyrho/mk,)d./ Sc., P. Eng, President
Ph: (204) 233-1694 Fx: (204) 235-1579




CONSOLIDATED DRAINED DIRECT SHEAR TEST

SHEET 1 OF 3 FIGURE

TEST STAGE A B C
BOREHOLE NUMBER TH3

SAMPLE S4

SAMPLE DEPTH, (m) 3.00

SAMPLE HEIGHT, (mm) 25.79 25.607 25.83
SAMPLE LENGTH, (mm) 60.00 60.00 60.00
WATER CONTENT, BEFORE TEST, (%) 22.8 22.8 228
NORMAL (CONSOLIDATION) STRESS, (kPa) 50 100 150
WATER CONTENT, AFTER TEST, (%) 294 243 31.8
DISPLACEMENT RATE, mm/min 0.0048 0.0048 0.0048
TIME TO FAILURE, hours 6 17 7
PEAK SHEAR STRESS', (kPa) 35.9 63.1 88.6
HORIZONTAL DISPLACEMENT AT PEAK, (mm) 1.7 4.8 1.9
RESIDUAL SHEAR STRESS, (kPa) 321 59.7 71.3
HORIZONTAL DISPLACEMENT AT RESIDUAL, (mm) 8.4 11.5 12.0
DRY DENSITY, initial, Mg/m® 1.51 1.58 1.49
WET DENSITY, initial, Mg/m® 1.86 1.94 1.83

TEST NOTES:

In the absence of a peak, the shear stress reported is at 10 percent relative horizontal

displacement (ASTM D3080).

Date: 3/22/2016
Project No. 1652876 Golder Associates

Prepared By:

Checked By: Vé"&




CONSOLIDATED DRAINED DIRECT SHEAR TEST
SHEET 2 OF 3

FIGURE

SHEAR STRESS (kPa)

SHEAR STRESS (kPa)

Date: 3/22/2016
Project No. 1652876

BH TH3 SA S4

SHEAR STRESS VERSUS HORIZONTAL DISPLACEMENT

120

200

150

50

HORIZONTAL DISPLACEMENT (mm)
BHTH3 SA S4

SHEAR STRESS VERSUS NORMAL STRESS

50 100 150
NORMAL STRESS (kPa)

—&— SPECIMEN A, NORMAL STRESS =50 kPa
———— SPECIMEN B, NORMAL STRESS =100 kPa
—o—— SPECIMEN C, NORMAL STRESS =150 kPa
——&— A Residual

—+—— B Residual

=——o0— C Residual

Golder Associates

200

Prepared By LH

Checked Byw i{




CONSOLIDATED DRAINED DIRECT SHEAR TEST
SHEET 3 OF 3

FIGURE

BHTH3 SA 54

NORMAL DISPLACEMENT VERSUS SQUARE ROOT OF TIME

0.000

2
(4]
S
o

o
o
o
o

=
()]
o
o

NORMAL DISPLACEMENT (mm)
N
o
=1
=]

2.500

0 20 40
SQUARE ROOT OF TIME /(min.)

60

12

Prepared By LH

BH TH3 SA S4
NORMAL DISPLACEMENT VERSUS HORIZONTAL DISPLACEM ENT
-0.4
E
— 0
l_.
=
L
5 04 -
O
<
.|
[+ 8
% 08
O
P
s
7 12
O
e
1.6
0 3 6 9
HORIZONTAL DISPLACEMENT (mm)
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Date: 3/22/2016
Project No. 1652876 Golder Associates

Checked By: V&U




ASTM D2435/D2435M

CONSOLIDATION TEST SUMMARY

FIGURE

SAMPLE IDENTIFICATION

{Prepared By: LH

Project Number 1652876 Sample Number 54
Borehole Number TH5 Sample Depth, m 3
TEST CONDITIONS
Test Type Laboratory Standard Load Duration, hr 24

Oedometer Number ) 6
Date Started 02/26/2016
Date Completed 03/14/2016
SAMPLE DIMENSIONS AND PROPERTIES - INITIAL
Sample Height, cm 1.89 Unit Weight, kN/m® 19.23
Sample Diameter, cm 6.35 Dry Unit Weight, kN/m® 14.88
Area, cm? 31.62 Specific Gravity, measured 2.74
Volume, cm® 59.82 Solids Height, cm 1.048
Water Content, % 29.25 Volume of Solids, cm® 33.13
Wet Mass, g 117.32 Volume of Voids, cm® 26.70
Dry Mass, g 90.77 Degree of Saturation, % 99.5
TEST COMPUTATIONS
Corr. Average
Stress Height Void Height tao cv. mv k
kPa cm Ratio cm sec cm?/s m2/kN cm/s
0.00 1.892 0.806 1.892
5.93 1.862 0.778 1.877
10.67 1.859 0.774 1.860 1 7.34E-01 4.35E-04 3.13E-05
20.39 1.854 0.769 1.856 173 4.22E-03 2.50E-04 1.03E-07
39.79 1.845 0.761 1.850 614 1.18E-03 2.40E-04 2.77E-08
78.61 1.828 0.744 1.836 240 2.98E-03 2.37E-04 6.92E-08
156.23 1.809 0.726 1.818 163 4 30E-03 1.29E-04 5.45E-08
311.21 1.766 0.685 1.787 305 2.22E-03 1.46E-04 3.18E-08
620.18 171 0.633 1.739 317 2.02E-03 9.32E-05 1.85E-08
1239.94 1.656 0.580 1.684 375 1.60E-03 4.74E-05 7.45E-09
2478.67 1.593 0.520 1.624 252 2.22E-03 2.69E-05 5.85E-09
1239.94 1.606 0.533 1.599
311.21 1.639 0.564 1.622
78.61 1.670 0.593 1.654
20.53 1.697 0.620 1.683
5.96 1.717 0.639 1.707
Note:
Consolidation loading and unloading schedule assigned by the client.
k calculated using cv based on tg, values.
SAMPLE DIMENSIONS AND PROPERTIES - FINAL
Sample Height, cm 1.72 Unit Weight, kN/m® 20.56
Sample Diameter, cm 6.35 Dry Unit Weight, kN/m® 16.40
Area, cm’ 31.62 Specific Gravity, measured 2.74
Volume, cm? 54.29 Solids Height, cm 1.048
Water Content, % 25.39 Volume of Solids, cm ? 33.13
Wet Mass, g 113.82 Volume of Voids, cm * 21.16
Dry Mass, g 90.77

Checked Byzu{"&




Project No. 1652876
Prepared By: LH

Golder Associates

CONSOLIDATION TEST SUMMARY FIGURE
CONSOLIDATION TEST
N CV cm?/s VS STRESS (kPa)
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CONSOLIDATION TEST

Project No. 1652876

Prepared By: LH

Golder Associates

VOID RATIO VS LOG STRESS FIGURE
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FIGURE

CONSOLIDATION TEST
TOTAL WORK VS STRESS

00G¢

000¢

(ed) sS3uLS
00G 1 0001

00S

A\

¥S VS SH1 HE

SSTULS SA W/M ‘WYOM TV.LOL
1S31 NOILVAITOSNOD

0000

000°0¢

000°0v

000709

000°08

000001

0000Z1L

0oo0'ovi

eW/M HHOM VLOL

Golder Associates

Project No. 1652876

Checked By: u@‘a@)

Prepared By: LH




ENG-TECH

Consuiting LimiTep

Test Hole #: TH7
Client: Neegan Burnside Ltd.

Site: MB Hydro Kelsey GS

File No.: 15-185-01
Date Drilled: January 21, 2016
Grade Elevation: 177.5 m

.-'“‘
Engineering And Testing Location: See Figure 1 Water Elevation: - -
Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project
SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
=
I=
Ll E .
o —_ 0| €| E Moisture Content (%)
s Description E|ls|gl8 =
bl = 2 D W) & |0 c| €
B @ s | g\ 232 I RS S— | ] o | ©
o |3 s | 5|5|8|3 20 4 6 8 |Z|5]|o
o |w» w m | w|=|m . ‘ ! ! g | = D
0.0 Ground Surface 177.5
~ES Clay (CH) i
~== - light to medium brown, frozen to 0.5 m,
—Z moist, firm, highly plastic, with silt. N
“
— 177.0
_%
I ]
_/
] i
1.0 st t 325 y 36 | 26
5
_/
2 —
/
u?
_ﬁ - at 1.5 m, occa. silt lenses. 176.0
= 1 s2 26.9 9% | 57
4
- _
/
202
e B
_./
-~
/
-% - below 2.4 m, soft, and silt
_%
/
4=
] ] s4 { 25.2 24 | 24
He End of Test Hole |
— - end of test hole at 3.0 m below existing
| grade. 7
- no seepage or sloughing during drilling. 174.0-
o - test hole backfilled with auger cuttings and 4
bentonite. "
4.0— |
| 173.0
5.0— |
| 172.0-

ENG- TECH Consulting Limited
Logged by: cdh
Reviewed by: &%}

SAMPLE TYPE

Drilled By: Maple Leaf Drilling Ltd.
Drill Rig: B20 Cricket
Auger Size: 100 mm solid stem

Completion Depth: 3.0 m

Completion Elevation: 174.5 m

Sheet: 1 of 1

A sput BarrEL B sHELey Tuse ) AUGER cuUTTINGS I ISPLIT SPOON




Test Hole #: TH8 File No.: 15-185-01
ENG-TECH Client: Neegan Burnside Ltd. Date Drilled: January 21, 2016
NS Hiree. 4 Site: MB Hydro Kelsey GS Grade Elevation: 180.9 m

. . . .
Engineering And Testing Location: See Figure 1 Water Elevation: - -
Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project
SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
S
e
L 1= ; 0
o — o| €| E Moisture Content (%)
B Description E|ls |28
E |E & o8 o
< |3 % |2|8|2|¢ 5| &
= “:3 o sle|lz| = 2 I E——, — & g
o S L g |ls| L] L 200 40 B0 80 o | ©
o |w Ll w w = m | | | ] o = =
0.0 Ground Surface 180.9
A Clay (CH) i
£ - light brown, moist, firm to 0.75 m, highly
EZ plastic, some to with silt, organics in upper .
~~1 50 mm, zones of and silt (silty) are more J
_Z medium to highly plastic.
%z ]
5 180.0
1.0 07 81 204 ’
" == -at1.0m, field vane, peak = 141 kPa,
-% residual = 62 kPa.
P —
‘/
/
/
_/
/
/ -
/
= S2 254 =
1 - below 1.8 m, soft, and silt. 179.0 .[
2.0*///
iy
—/
/7// - at 2.3 m, field vane, peak = 115 kPa, - 83 27.8 24
‘}4 residual = 71 kPa.
/ 7]
_/
]
— - S4 336
_%
- e 178.0—
) End of Test Hole i
- - end of test hole at 3.0 m below existing
grade. 7]
7 - no seepage or sloughing during drilling. |
| - test hole backfilled with auger cuttings and
bentonite. ]
177.0—
4.0
i 176.0—
5.0
ENG- TECH Consulting Limited . - ;
. " Drilled By: Maple Leaf Drilling Ltd. Completion Depth: 3.0 m
Logged by: cdh Drill Rig: B20 Cricket Completion Elevation: 177.9 m
Reviewed by: (/bﬁl Auger Size: 100 mm solid stem Sheet: 1 of 1

SAMPLE TYPE % SPUT BARREL . SHELBY TUBE 1 AUGER CUTTINGS I lSPL_IT SPOON




Test Hole #: TH9 File No.: 15-185-01
ENG-TECH Client: Neegan Burnside Ltd. Date Drilled: January 21, 2016

eaneC LY Site: MB Hydro Kelsey GS Grade Elevation: 183.8 m

'
Engineering And Testing
Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project

Location: See Figure 1 Water Elevation: - -

SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
g
c
L e : 0
o — o | €| €| Moisture Content (%)
B Description E 18|58
—~ | O [a]
E|E S |e|lolgle c | €
£ | § | 2|2|2|2%| P——x———iL | 8| S
o | B L | g | ol oL 20 40 60 80 s | ©
a |(w LLl w 0| = [an] | | | | o = =)
0.0 Ground Surface 183.8
" EA Clay (CH)
—% - light to medium brown, frozen to 0.9 m, 7
_/// maoist, firm, highly plastic, some to with silt, |
% organics in top 50 mm.
= ]
-
/
= 183.0
g 0_/// - below 0.9 m, trace silt inclusions & silt 1 s1 1 31.9 ®
: /// lenses.
= i
]
-
i .
/
/
._/ -
] S2 { 25.4 1 80 | 48
«7’ 182.0
/ 2 2
—~~1 -below 1.8 m, firm to soft.
2.0—7" a
/
ﬁ/ -
/
/
/"
4= 1
]
_/ -
/
/"
o //; 181.0—
—
30—
£ 4 83 { 26.9 ¢ 48 | 29
=
4= il
/
/
_/ =)
/
-
s
= 180.0 |
=
4.07% —
1
_/ -
-
-~
©= 7 s4 { 25.0 ¢ 48
/
End of Test Hole
1 - end of test hole at 4.6 m below existing 179.0—
grade.
5.0 - no seepage or sloughing during drilling. 7
o - test hole backfilled with auger cuttings and 2
bentonite.
ENG- TECH Consulting Limited . v ;
. Drilled By: Maple Leaf Drilling Ltd. Completion Depth: 4.6 m
Logged by: cdh Drill Rig: B20 Cricket Completion Elevation: 179.2 m
Reviewed by: Ga Auger Size: 100 mm solid stem Sheet: 1 of 1

SAMPLE TYPE % spuT BARREL [ sHELEY TUBE 9§, AUGER cuTTINGS | ISPLIT SPOON




Test Hole #: TH10 File No.: 15-185-01
ENG-TECH Client: Neegan Burnside Ltd. Date Drilled: January 21, 2016
s’ "'C Fmireo " Site: MB Hydro Kelsey GS Grade Elevation: 181.1 m
Location: See Figure 1 Water Elevation: - -

Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project

SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
o
=
Ll e i
o _ 0| €| g Moisture Content (%)
S Description £ g | &8
— | O = = (=]
E |E S o 8 )
Z > = o <@ S 5 - c
s |2 o 3 g1 3| = =] I S, S— 2| 8
o |'© o '} S| © 20 40 60 80 O
o (W L C% w|=| m | | ! | o IE -]
0.0 Ground Surface 181.1
T EA Clay (CH) il
= - light to medium brown, frozen to 0.6 m,
2 moist, firm, highly plastic, some to with silt, T
g upper 50 mm organics. i
ﬂ,’%
] i
4=
/
/ sl
_/
1.0
= 180.0
_¢
] 7]
_/
/
= 7
._/
]
7 -
]
£
/ =
/
2.0—%
] 179.0—
i %
/ -
]
_/
/ -
/
._/
/
] g
o
/
3,024 |
’ End of Test Hole 178.0—
T - end of test hole at 3.0 m below existing
grade. 7
7 - no seepage or sloughing observed during |
_ drilling.
- test hole backfilled with auger cuttings and -
& bentonite. |
4.0
177.0—
5.0~ i
176.0—
ENG- TECH Consulting Limited : s :
_ b Drilled By: Maple Leaf Drilling Ltd. Completion Depth: 3.0 m
Logged by: cdh Drill Rig: B20 Cricket Completion Elevation: 178.1 m
Reviewed by: &ﬁ/t Auger Size: 100 mm solid stem Sheet: 1 of 1

SAMPLE TYPE % SPUT BARREL . sHELBY TUBE ‘| aucer curTines | | spuT sPoon




: - Test HO’e #.. TH11 File No.: 15-185-01
ENG-TECH Client: Neegan Burnside Ltd. Date Drilled: January 21, 2016
gousoirive Limneo Site: MB Hydro Kelsey GS Grade Elevation: 179.3 m

___,. . .
Engineering And Testing Location: See Figure 1 Water Elevation: - -
Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project
SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
<
i<
2 e : 0
. = o | €| E Moisture Content (%)
Ko) Description E |52 8
E "E: c Z |- Py 8 %
= (o] QO () = [22]
> = = == - S = c
£ |2 % g g5 % - | COR. - PR 1 S0 8
© |© QL o | 9 O
a |3 i & | H|Sim| 2 T 9 B g 25
0.0 Ground Surface 179.3
T A Clay (CH) .
=1 - light brown, moist, firm, highly plastic,
_é some to with silt, organics in upper 50 mm. 179.0
= i
~=
/ —
/"'
e
/
/ =
1.0_? S1 { 29.2 L
]
_/
/
- 178.0—
g%
/
_/
/
/ 2
//
“— s2 I 30.0
] i
2.0~
/
/
_/
/
= 177.0
2
] 4 83 { 26.3
£A
/
/
=
- = | s4 { 28.2
. End of Test Hole -
- - end of test hole at 3.0 m below existing
grade. 176.0—
7 - no seepage or sloughing during drilling. N
_ - test hole backfilled with auger cuttings and
bentonite. —
4.0 1
| 175.0-
5.0 |
| 174.0-
]
ENG- TECH Consulting Limited g - :
_ . Drilled By: Maple Leaf Drilling Ltd. Completion Depth: 3.0 m
Logged by:cdh Drill Rig: B20 Cricket Completion Elevation: 176.3 m
Reviewed by: OH Auger Size: 100 mm solid stem Sheet: 1 of 1

SAMPLE TYPE ﬁ spuT BARREL [ sHELeY TuBE Y AUGER cuTTINGS | ISPLIT SPOON




Engineering And Testing
Solutions That Work For You

Test Hole #: TH12
Client: Neegan Burnside Ltd.

Site: MB Hydro Kelsey GS
Location: See Figure 1

File No.: 15-185-01

Date Drilled: January 21, 2016
Grade Elevation: 180.8 m
Water Elevation: - -

Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project

SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
BE
=
D e i
o — o | €| E Moisture Content (%)
) Description dal sl 2| R
£ |E S |l e|8 )
E= — = = | == c c
£ |2 2 gl g 5 %’ - —— I I LL g| g
o |0 £ S | 2| L : [®)]
0 |» o | & |a|S|a| 20 40 8 &8 12|85
0.0 Ground Surface 180.8
2 Clay (CH) -
jé - light brown, frozen to 0.6 m, moist, firm, 7
-~ highly plastic, some to with silt. :
1.0 R P ' 144 | 72
:% i
i St _
= 1760152 L 258 144 | 72
2.0—_/%/ ]
—Z’ - below 2.3 m, firm to soft. 1 53 t 252 4 144 | 72
304 -below2.7 m, soft. 178.0 g4 25.5 ;
- /// - at 3.0 m, field vane, peak = 88 kPa, 1 48 24
-? residual = 44 kPa. S5 26.1 31
1=
4.0—? 70T 56 [ % | 237 48 | 24
::é 1 s7 2438 )
e - below 4.6 m, soft to very soft, and silt. 176.0—
5.0—5 - at 4.9 m, oxide inclusions, very soft to 5.8 -+ S8 15.0 4 33
== m .
b2 so | %153
-; - at 5.5 m, silt inclusions. 175.0
6.0 - below 5.8 m, greyish. ] \
. s10 | % | 244 r
Bl Clay Tl (C) it
3 - grey, moist, very soft, medium plastic, with 174.0—
7.0 to and silt, some sand. R \‘
] 1s11 [ % ]300
B 173.0
B.Oi ]
| 172.0
8.0 il
: 171.0
10.07 End of Test Hole 7]
~ - auger refusal at 9.9 m below existing -
7 grade. ¥
11.0— - seepage and sloughing observed below 170.07]
4 6.1 m.
7] - test hole open to 8.5 m. ]
i - test hole backfilled with auger cuttings. .
e 169.0

ENG- TECH Consulting Limited

Logged by: cdh
Reviewed by:

SAMPLE TYPE

Drilled By: Maple Leaf Drilling Ltd.

[éj spuT BARREL ] sHeELBY TUBE

Drill Rig: B20 Cricket
Auger Size: 100 mm solid stem

Completion Depth: 9.9 m
Completion Elevation: 170.9 m
Sheet: 1 of 1

%Y ~ucer curtings || [ sPuT sPoon




— Test Hole #: TH13 EllgNes 10500
ENG-TECH Client: Neegan Burnside Ltd. Date Drilled: January 21, 2016

s 7S krmieo " Site: MB Hydro Kelsey GS Grade Elevation: 182.4 m
e, SE— ] . ‘ .
Engineering And Testing Location: See Figure 1 Water Elevation: - -
Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project
SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
=
=
gL £ : 0
_ o _ lg|5|E Moisture Content (%)
_ |3 Description = g > 0o
E |E s g | 2 o
£ |2 @ g2l 8| 2 B R N— ] g2
S = o o | © o
a|® o |d|B|Slm P P BB 5188
0.0 Ground Surface 182.4
R Organics (600 mm)
~~=_| - blackish brown, organics, rootlets, leaves. e
e 182.0—
Clay (CH) )
—2 - light to medium brown, frozen to 0.5 m,
. O_Z moist, firm to soft, highly plastic, some to 1 81 { 327 . 24 | 29
=] with silt.
e J
/
/
4 181.0—
=
= 7 s2 [ 27.9 s 24 | 29
=
/
/
2.0—-% _
=~
+= N
-~
+ 180.0—
] ’ S3 27.4 L 24 14
£
]
-~
1= N
/
/
/
3.0
£ _ | s4 2756 ¢ 24 | 14
’,.; - below 3.0 m, oxide inclusions, soft.
= 179.0
] 3
—
R i
=]
/
_//
/
-
4_0_,// A 55 254 10
=
= h
/
= Ll 20.8 10
e '
End of Test Hole
~ - end of test hole at 4.6 m below existing T
grade.
9.0 - no seepage or sloughing during drilling. i
_ - test hole backfilled with auger cuttings. o
- 177.0
ENG- TECH Consulting Limited . - ;
. . Drilled By: Maple Leaf Drilling Ltd. Completion Depth: 4.6 m
Logged by: cdh Drill Rig: B20 Cricket Completion Elevation: 177.8 m
Reviewed by: (' ﬁi Auger Size: 100 mm solid stem Sheet: 1 of 1

SAMPLE TYPE Pl sPut BarrEL B sHELeY TUBE Y Aucer cutTINGS | |sPLiT sPooN




W Test Hole #: TH14
ENG-TECH Client: Neegan Burnside Ltd.

; Consuiring LimiTep ! Site: MB Hydro Ke!sey GS

Engineering And Testing Location: See Figure 1

Solutions That Work For You  Project: Geotechnical Investigation,

File No.: 15-185-01
Date Drilled: January 21, 2016
Grade Elevation: 184.3 m
Water Elevation: - -
MB Hydro Kelsey GS Sewage Lagoon Project

SUBSURFACE PROFILE SAMPLE DATA

SHEAR
STRENGTH (kPa)
3
€
Q .
- o| €| E| Moisture Content (%)
. £
= Description Els|2lS8
£ |2 s |Z2|F| 5|8
E|E S |e|o|lg|a c | 2
£ |® © gl g5 T R T ) Sl 8
o |5 2 G| 8| S| 2 20 40 60 80 o
a 3 Ll w | w| 2| m A A | A o |2 =
0.0 Ground Surface 184.3
' Clay Fill (CI-CH)

- light to medium brown, frozen to 0.6 m,
moist, medium to highly plastic, some silt.

184.0
End of Test Hole
- auger refusal on concrete rubble 0.8 m |
below existing grade.
- no seepage or sloughing observed during
1.0 drilling.
- test hole backfilled with auger cuttings.
183.0—

2.0

ENG- TECH Consulting Limited

Drilled By: Maple Leaf Drilling Ltd.
Logged by: cdh

Drill Rig: B20 Cricket
Reviewed by: &L{][ Auger Size: 100 mm solid stem

Completion Depth: 0.8 m
Completion Elevation: 183.7 m
Sheet: 1 of 1

SAMPLE TYPE ﬂ SPLIT BARREL . sHELEY TUBE  §) AUGER cuTTINGS I ISF‘LIT SPOON




Test Hole #: TH15 File No.: 15-185-01

Client: Neegan Burnside Ltd. Date Drilled: January 21, 2016
Site: MB Hydro Kelsey GS Grade Elevation: 183.8 m
Engineering And Testing Location: See Figure 1 Water Elevation: - -

Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project

SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
X
k=
2 ; 0
o T o | E|E Moisture Content (%)
° Description E |l s | &8
—~ | O = [t o
E g 5 0o |o| 2|8 2
= = | = S| c
£ | A - - R ——— TR I -
o |0 I I T A T =T 20 40 B0 80 c | ©
0O |» h3] 4p] w = m ] ] | 1 o [ =
0.0 Ground Surface 183.8
TR Clay Fill (CI-CH)
S50 - medium brown, frozen to 0.6 m, moist,
:5555355 medium to highly plastic, some silt.
= 183.0—
1.0 —o .
End of Test Hole
- auger refusal on suspected boulder 1.0 m
below existing grade.
- no seepage or sloughing observed during
7 drilling. gi
- test hole backfilled with auger cuttings.
4 182.0—
2.0 _
ENG- TECH Consulting Limited g - ;
% PR Drilled By: Maple Leaf Drilling Ltd. Completion Depth: 1.0 m
RRES B Drill Rig: B20 Cricket Completion Elevation: 182.8 m
Reviewed by: Auger Size: 100 mm solid stem Sheet: 1 of 1

SAMPLE TYPE % spuT BARREL [ sHELBY TUBE ), AUGER cUTTINGS | ISPLIT SPOON




T — ==

ENG-TECH
Consutting LimiTen

--‘nw

Test Hole #: TH16
Client: Neegan Burnside Ltd.

Site: MB Hydro Kelsey GS

File No.: 15-185-01
Date Drilled: January 21, 2016
Grade Elevation: 183.5 m

Engineering And Testing Location: See Figure 1 Water Elevation: - -
Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project
SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
g
T
21 E ;
o — o | E|E Moisture Content (%)
B Description E s | &8
— o] o
E [E 5 < Flelg )
= | = 2 %_ %_ = ‘c‘:,“ c 5
bl w Fr — A ————
5 |3 s 51588 % e w |£]E|o
(K] m w [ = o 1 L | | o I2 >
0.0 Ground Surface 183.5
T EA Clay (CH) il
+ - medium brown, frozen to 0.3 m, moist,
~—| firm, highly plastic, some to with silt. T
_///‘
] 183.0—
_%
et i
S
/
/ =
_/
1.0 ;;
-Z - below 1.2 m, trace to some silt lenses.
== }
= 182.0
1=~ -below 1.5 m, soft. .
= 1 s1 35.9
= [
// =]
/
2.0—?’
] 7
7/
1
// -
]
R
— 181.0
_///
e B
1=
/
— y
/’
30—;5
_% - below 3.0 m, with to and silt. 1 s2 ‘ 25.0
—
,%
= 180.0—
=
/ =
/
_/
/ e
/
4.0
= 7
_/
/
/
/
A s3 { 225 J
= 179.0— -
End of Test Hole 4
o - end of test hole at 4.6 m below existing
] grade. 7]
5.0 - No seepage or sloughing observed during |
% drilling.
- test hole backfilled with auger cuttings. =
178.0—

ENG- TECH Consulting Limited
Logged by: cdh
Reviewed by: (f\f

SAMPLE TYPE

Drilled By: Maple Leaf Drilling Ltd.
Drill Rig: B20 Cricket
Auger Size: 100 mm solid stem

% SPUT BARREL . SHELBY TUBE

Completion Depth: 4.6 m
Completion Elevation: 178.9 m
Sheet: 1 of 1

Y ~ucercurtives || | sPuT sPoon




APPENDIX C

Particle Size Analysis Reports (12)
Moisture Density Reports (2)
Direct Shear Strength Test
Compressibility Test
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Unit 6 - 854 Marion Street

ENG-TECH \é\fziﬁnci}fag, Manitoba PARTICLE SIZE

Consutting Limitep eng_tech@mts.net ANALYSIS REPORT
My, | —— www.eng-tech.ca
Neegan Burnside Ltd. File No.:  15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-3
Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT:  GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 2 Sample No. S1 Depth: 0.76 m
Sampled By: ENG-TECH Type of Sample: Auger cutting Source: -
Date Sampled: Jan 20/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL
CLAY SILT SIEVE |PERCENT
e i i P G SIZE (mm)| PASSING
APPROXIMATE EQUIVALENT IMPERIAL SIEVE 379 1000
ks e 05 7 2.0 100.0
100.0 ; EF $ T 0.850 100.0
- 0.425 99.8
0.250 99.8
80.0 - 0.150 99.8
0.075 99.6
0] 0.025 99.3
= | H 0.016 97.8
w
@ 60.0 i | 0.009 96.4
a L % 0.0066 93.4
= ' ‘ 0.0047 91.9
N 400 L] 0.0024 86.1
e 0.0018 80.2
o 0.0011 69.9
20.0
L
0-0 T T T T 1
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.4 %), SILT (17.0 %), CLAY (82.6 %)
Sample Description:
ENG-TECH Consulting Limited

COMMENTS: 7/ - /
vor__ i

Clark Hyrhor}.rl(, M. Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P:\2018\Projects\185(Neegan Burnside Ltd)\(01) Kelsey Lagoon\HYD\15-185-1-3hyd.xlsx
November 2015 Revision 1



Unit 6 - 854 Marion Street

ENG-TECH \é\ggnéiig. Manitoba PARTICLE SIZE

ConsuLTinG LimiTep » eng_tech@mts.net ANALYSIS REPORT
- www.eng-tech.ca
Neegan Burnside Ltd. File No.:  15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-4
Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT:  GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 2 Sample No. 52 Depth: 1.5m
Sampled By: ENG-TECH Type of Sample: Auger cutting Source: -
Date Sampled: Jan 20/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL
CLAY SILT SIEVE |PERCENT
B Rl i TR . SIZE (mm)| PASSING
APPROXMATE EQUIVALENT IMPERIAL SIEVE 215 L
#200  #100 0 #20  #10 S 3 2.0 100.0
100.0 . : ? % Tl 0.850 100.0
0.425 100.0
0.250 99.8
80.0 | | 0.150 99.8
0.075 99.6
1) 0.025 99.3
= 0.016 99.3
B 600
@ : 0.009 96.4
o 0.0066 92.0
- AR ‘ ‘ 0.0048 87.6
400 0.0026 714
e | 0.0019 62.6
o 0.0012 49.3
20.0
D-O L] T T T 1
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.4 %), SILT (35.7 %), CLAY (63.9 %)
Sample Description:

ENG-TECH Consulting Limited

ver_ 2 e £

COMMENTS:

Clark Hyrhoruk . Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P:\2015\Projects\185(Neegan Burnside Ltd)\(01) Kelsey LagoomHYD\15-185-1-4hyd.xIsx
November 2015 Revision 1



Unit 6 - 854 Marion Street

ENG-TECH ¥ T ke PARTICLE SIZE

ConsuLting LimiTep eng_tech@mts.net ANALYSIS REPORT
Ry, | o www.eng-tech.ca
Neegan Burnside Ltd. File No.:  15-185-01
106 - B Scurfield Blvd. Ref. No.: 15-185-1-6
Winnipeg, Manitoba
R3Y 1G4

ATTENTION: Paul Klassen, P. Eng
PROJECT: GEOTECHNICAL INVESTIGATION, MB HYDRO KELSEY GS SEWAGE LAGOON PROJECT

Test Hole No. 3 Sample No. S2 Depth: 1.5m
Sampled By: ENG-TECH Type of Sample: Auger cutting Source: -
Date Sampled: Jan 20/16 Date Received: Jan 29/16 Date Tested: Feb 10/16
SAND GRAVEL
CLAY SiLT SIEVE |PERCENT
Fre i PR e SIZE (mm)| PASSING
APPROXIMATE EQUIVALENT IMPERIAL SIEVE T 0y
#200  #100 0 #20  #10 05" " 2 2.0 100.0
100.0 + ? $ 1Tl 0.850 99.8
0.425 99.8
i 0.250 99.8
80.0 +— 0.150 99.8
)‘ 0.075 99.6
o | 0.026 927
= ‘ 0.016 92.7
w
4] 60.0 0.009 92.7
o Il . ] ! | 0.0066 91.3
- | L 3 ' 0.0048 89.8
& 400 0.0024 84.0
o - i 0.0018 78.1
o il 0.0011 69.4
20.0
0.0 T r T y 1
0.001 0.01 10 100

0.1 1
SIEVE SIZE [mm]

Percent of: GRAVEL (0.0 %), SAND (0.4 %), SILT (19.3 %), CLAY (80.3 %)
Sample Description:

ENG-TECH Consulting Limited

COMMENTS: =
per S~ /flL,//-f;/(

Clark Hyrhoruk, . Sc., P. Eng, President
Ph: (204) 233-1694 Fax: (204) 235-1579

P:\2015\Projects\185(Neegan Burnside Ltd)\(01) Kelsey Lagoon\HYD\15-185-1-8hyd.xlsx
November 2015 Revision 1



APPENDIX A

Figure 1 — Test Hole and Probe Hole Location Plan
Figure 2 — Slope Stability Analysis — Section A1
Figure 3 — Hydraulic Conductivity Results
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APPENDIX B

Soil Classification Sheet
Test Hole Summary Logs (16)



MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS

GROUP | GRAPH LABORATORY CLASSIFICATION
MAJOR DIVISION arime, | snstat TYPICAL DESCRIPTION ERPESA
WELL GRADED GRAVELS, GRAVEL-SAND Dso Oxf®
Gw MIXTURES, LITTLE OR NO FINES C=pg> % oS g 1103
i B CLEAN GRAVELS : i "
S ':I_: % £ (TRACE OR NO
i wiE R FINES) & POORLY GRADED GRAVELS, GRAVEL- SAND Nogé‘gfj'?” e
w0 ngQw MIXTURES, LITTLE OR NO FINES IRE
z | $2EZ
i S2ur ATTERBERG LIMITS BELOW "A"
@ OF E GM SILTY GRAVELS, GRAVEL-SAND-SILT MIXTURES LINE OR P.l. LESS THAN 4
A& wzl DIRTY GRAVELS
og gog (MTH SOME OR
2% = MORE FINES} ATTERBERG LIMITS ABOVE "A"
% ':E GC CLAYEY GRAVELS, GRAVEL-SAND-CLAY MIXTURES LINE AND P.I, MORE THAN 7
34
w
R Deo (D3
w3 WELL GRADED SANDS, GRAVELLY SANDS, LITTLE OR et Bn s wanEg
@D m swW N s VI, P Yt
Eo £ CLEAN SANDS O FINE o 0 X Dao
8 = Yo E (TRACE OR NO
< ok -
& w8 EINES) . POORLY GRADED SANDS, GRAVELLY SANDS, LITTLE NOT MEETING ABOVE
% o< 2 ; OR NO FINES REQUIREMENTS
E | 928%
w
& P ATTERBERG LIMITS BELOW "A"
= E Ey SM SILTY SANDS, SAND-SILT MIXTURES LINE OR P.I. LESS THAN 4
= = DIRTY SANDS
g 8% (WITH SOME OR
@ MORE FINES) ATTERBERG LIMITS ABOVE "A"
sc CLAYEY SANDS, SAND-CLAY MIXTURES LINE AND P.I. MORE THAN 7
w
N INCRGANIC SILTS AND VERY FINE SANDS, ROCK
- = ‘_:: 82 'uz: LL =60% ML FLOUR, SILTY SANDS OF SLIGHTY PLASTICITY
b
2 Sus8 il =g - INORGANIC SILTS, MICACEOUS OR
g = e DIATOMACEOUS, FINE SANDY OR SILTY SOILS
B
[+4
& | INORGANIC CLAYS OF LOW PLASTICITY, GRAVELLY,
93 " k5300 L SANDY OR SILTY CLAYS, LEAN CLAYS
85 | Zus
= @
e £%58 . s INORGANIC CLAYS OF MEDIUM PLASTICITY, SILTY CLASSIFICATION IS
& g < oG 30% < LL £50% Cl CLAYS BASED UPON
3 g Czhz " PLASTICITY CHART
e 823 P (SEE BELOW)
Wi & gy e / INORGANIC CLAYS OF HIGH PLASTICITY,
T ; A FAT CLAYS
2 pou / 2 ORGANIC SILTS AND ORGANIC SILTY
Z e 4 SILTS Al
£ Foo LL#50% oL s #) CLAYS OF LOW PLASTICITY
u 0%k 7
g Z02
2 E . g LL > 50% OH ORGANIC CLAYS OF HIGH PLASTICITY
O m
PEAT AND OTHER HIGHLY ORGANIC STRONG COLOUR OR ODOUR, AND
HIGHLY ORGANIC SOILS Pt solLs OFTEN FIBROUS TEXTURE
ADDITIONAL SYMBOLS PLASTIC SOILS
SANDSTONE POCKET
TILL SRANITE MOISTURE ~ PLASTICITY  INTRUSIONS CONSISTENCY FEN (TSF) (i)
RRE MO DRY Low ROOTLETS VERY SOFT <2
i DAMP MEDIUM OXIDES SOFT 0-05 2-4
TOPSOIL I e e MOIST HIGH MICA FIRM 05-1.0 4.8
CONCRETE Pl WET GYPSUM STIFF 10-20 8-15
4 ETC. VERY STIFF 2.0-40 15- 30
SRALE o i HARD >40 >30
LIMESTONE S
1 B TSF x 95.8 = kPa (qu) Sy=3xqy
PLASTICITY CHART FOR
SOILS PASSING 425 um SIEVE SOIL DESCRIETIONS
89 INTERMEDIATE T TRACE: 0-10% BOULDERS: > 200 mm COARSE SAND:  2-4.75 mm
Low: 4 — HIGH / SOME:; 10- 20% COBBLES: 75-200 mm MEDIUM SAND: 0.425-2 mm
£ 50 (MEDIUM) p WITH:  20-35% | COURSEGRAVEL: 18-75mm FINE SAND: 0075 - 0.425 mm
B ] cH / AND:  35-50% FINE GRAVEL 475-18 mm FINES: <0.075 mm
[=]
= 40 2! GRANULAR SOILS
3 - >
G o | MOISTURE DENSITY GRADATION INTRUSIONS SPT (N}
E DRY VERY LOOSE POORLY  ROOTLETS 0-4
0 "
i OH &MH DAMP LOOSE WELL OXIDES 4-10 -
T CL )
a4 MolsT MED. DENSE MICA 10-30 TN Losairen
7~ WET DENSE FINES 30-50 .
/7 VERY DENSE ETC. >50
°f T MLla oL DEFINITIONS Co = COMPRESSION INDEX _
5 Gl rd i LL =LIQUID LIMIT PL = PLASTIC LIMIT m?r - 854 MaMng';iljrgi‘
= finnipeg,
© 1 20 "3 4 s e 70 & 90 100 |PlL= Zﬁf;g&?g&mmmw Phone: (204) 233-1584
LIQUID LIMIT (%) G = Fax:  (204) 235-1579
Gy = UNCONFINED COMPRESSIVE STRENGTH
F:\Drafting\SOIL CLASSIFICATIONS\SOIL CLASSIFICATIONS.dwi Sy = UNDRAINED SHEAR STRENGTH
9




= Test Hole #: TH1 File No.: 15-185-01
(3, (5 f A ef ; B Client: Neegan Burnside Ltd. Date Drilled: January 21, 2016

- Site: MB Hydro Kelsey GS Grade Elevation: 185.3 m

Engineering And Testing Location: See Figure 1 Water Eilevation: - -
Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project

SUBSURFACE PROFILE SAMPLE DATA SHEAR
STRENGTH (kPa)
X
=
2 £ & [
. . — @ | E|E Moisture Content (%)
5 Description E | 5| 8
= |2 Z |~ 3
= £ S v ol 2|8 L
5= = = = 5
£ |2 g E|IEIE| 2 PL e 1, g1 8
o [ @ o 9 0 6 0 ]
[m] 5 LLt Uﬁ; ch = | m 210 4! JU BI (o' 52 =2
0.0 Ground Surface 185.3
’ Clay (CI-CH)
ﬁ - light to medium brown, frozen to 0.6 m, E
-~ moist, medium to highly plastic, scme silt,
g organics in upper 50 mm.
% 185.0
Z |
1%
Z !
ez
IZ
7
%
End of Test Hole
- auger refusal on concrete rubble 1.0 m N
below existing grade.
- no seepage or sloughing observed during
1.0 drilling.
- test hole backfilled with auger cuttings.
184.0—
2.0
ENG- TECH Consulting Limited ;. s :
e Drilled By: Maple Leaf Drilling Ltd. Completion Depth: 1.0 m
LepaEc R e Drill Rig: B20 Cricket Completion Elevation: 184.3 m
Reviewed by: (' b\ Auger Size: 100 mm solid stem Sheet: 1 of 1

SAMPLE TYPE ﬂ seuT BARREL [ sHELBY TuBE 9§ AUGER cUTTINGS | ISPL.IT SPOON




ENG-TEC

e

Consutring Limiten

Test Hole #: TH2
Client: Neegan Burnside Ltd.

Site: MB Hydro Kelsey GS

File No.: 15-185-01
Date Drilled: January 20, 2016
Grade Elevation: 177.6 m

-“ -
Engineering And Testing Location: See Figure 1 Water Elevation: - -
Solutions That Work For You  Project: Geotechnical Investigation, MB Hydro Kelsey GS Sewage Lagoon Project
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1.0 INTRODUCTION

ENG-TECH Consulting Limited (ENG-TECH) completed the requested geotechnical investigation
for the Kelsey Generating Station proposed sewage lagoon in Manitoba. The purpose of the
investigation was to assess the soil conditions within the proposed lagoon areas in order to
provide recommendations related to the lift station, soil permeability, plasticity, and overall
suitability of the soil for a lagoon.

Scope of Work

ENG-TECH completed the following scope of work:
e A laboratory testing program.
e An assessment of the field and laboratory results.
e An engineering report outlining the soils investigation and recommendations.

2.0 TEST HOLE DRILLING, SOIL SAMPLING, LABORATORY TESTING

Test Hole Drilling

ENG-TECH supervised the drilling of sixteen (16) test holes (TH1 to TH16) and thirteen (1 3)
probe holes (PH17 to PH29) between January 19 and 22, 2016 at the locations shown on
Figure 1. The test holes were drilled typically 3.0 and 4.6 m below existing grade into native
clay, whereas TH12 was drilled to auger refusal into clay till 9.9 m below existing grade, and
TH14 and TH15 were drilled to auger refusal on concrete rubble. The probe holes were drilled
to auger refusal on suspected boulders / concrete rubble. All the test holes and probe holes
were drilled using a portable B20 Cricket drill rig equipped with 100 mm diameter solid stem
continuous flight augers, and owned and operated by Maple Leaf Drilling Ltd. The test holes
and probe holes were backfilled to existing grade either using the auger cuttings or a
combination of auger cuttings mixed with bentonite. Shallow holes with refusal near the surface
were only backfilled with auger cuttings. The geodetic elevations and GPS coordinates of the
test holes and probe holes are shown on Figure 1 in Appendix A, with test hole summary logs
shown in Appendix B.

Test Holes

The test holes drilled within the footprint of the north lagoon location (Proposed Lagoon
Option 1) included TH2 to TH5, and those drilled just outside of the lagoon footprint were TH1
and TH6. TH8 to TH11 were drilled at the south proposed lagoon location (Proposed Lagoon
Option 2), with TH7 drilled outside of the lagoon footprint. TH12 was drilled within the footprint
of the proposed lift station and TH13 to TH16 were drilled between the proposed north lagoon
and lift station in areas of proposed pipe routes.

The test holes depths varied depending on location and if bedrock or rubble was encountered.
The depth of all test holes in both lagoon areas extend to at least 3 m below grade and in some
areas to 4.6 m below grade as reported on the test hole logs.

Probe Holes

The probe holes drilled were completed to determine the type of soil and fill encountered in the
proposed areas of the pipe routes from the lift station through the former land fill and bedrock
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outcrop areas. The location of the probe holes is shown on Figure 1, while the grade elevation,
depth drilled and soils encountered are outlined on Table 1 below.

TABLE 1
OVERVIEW OF PROBE HOLES
Probe Grade Depth | Completion
Hole Date Drilled Elevation | Drilled Elevation Soil Conditions
No. (m) (m) (m)
PH17 | Jan. 22, 2016 183.3 0.6 182.7 - clay fill, refusal on concrete rubble.
- clay fill, with sand & gravel fragments to 0.6 m.
PH18 | Jan. 22, 2016 185.2 3.0 182.2 - traces of bags/garbage, old land fill site.
- no seepage or sloughing. Suspected concrete rubble
PH19 | Jan. 21, 2016 184.9 0.08 184.8 - at 80 mm, refusal on concrete rubble
PH20 | Jan. 21, 2016 184.9 0.1 184.8 - at 0.1 m, refusal on concrete rubble.
PH21 Jan. 21, 2016 184.6 0.1 184.5 - at 0.1 m, refusal on concrete rubble.
PH22 | Jan. 21, 2016 185.0 0.1 184.9 - at 0.1 m, refusal on concrete rubble.
PH23 | Jan. 22, 2016 184.2 0.5 184.7 - clay fill, refusal on rocks and concrete rubble.
- clay, light brown, moist firm, medium plastic, some
silt.
PH24 | Jan. 22, 2016 184.2 2.1 182.1 - refusal on suspected bedrock. Suspected concrete
rubble
- No seepage or sloughing.
- clay, light brown, moist, firm, medium plastic, some
PH25 | Jan. 20, 2016 184.6 4.0 180.6 silt. Suspected concrete rubble
- at 4.0 m refusal on suspected bedrock.
- clay.
FRZS | Jena0,2010 | 1688 19 1792 | _at2.1 m, boulder. new hole beside PH25
- silt and fill.
PHZT' | Jan. 20,2018 hes 0.8 170 - at 0.6 m, refusal on suspected concrete rubble.
- clay, light to medium brown, traces of peat and
organics, firm to soft, with silt, trace of oxides below
7.5m.
PH28 | Jan. 21, 2016 183.4 4.0 179.4 - below 2.3 m, light brown.
- below 3.7 m, wet, trace to some seepage and
sloughing. Suspected concrete rubble
- at 4.0 m, refusal on suspected bedrock.
- clay, light to medium brown, firm to soft, with silt, no
PH29 | Jan.21,2016 162.3 46 177.7 seepage or sloughing. Suspected concrete rubble
Soil Sampling

The soil stratigraphy was visually classified at the time of drilling using the modified Unified Soil
Classification System (USCS). Soil samples were collected off the auger flights, and by means
of Shelby tubes at select depths at the lift station and in the area of both proposed lagoon

locations.

All soil samples collected were retained for testing in ENG-TECH's Winnipeg

laboratory, except the direct shear strength and compression tests were completed by others.

Laboratory Testing

The laboratory testing program consisted of the following:

Lift Station: Moisture contents (11), Atterberg Limits (1), particle size analysis (2), and
unconfined compressive strength (2) tests.
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e Proposed North Lagoon Option 1: Moisture contents (21), Atterberg Limits (3), particle
size analysis (6), hydraulic conductivity tests (2), a direct shear strength test, a
compressibility test and a moisture density relationship test.

* Proposed South Lagoon Option 2: Moisture contents (16), Atterberg Limits (2), particle
size analysis (4), hydraulic conductivity test (1) and a moisture density relationship test.

e Pipe Route: Moisture contents (9).

The hydraulic conductivity test results are shown on Figure 3 in Appendix A, while the moisture
contents, Atterberg Limits, and unconfined compressive strength test results are shown on the
test hole summary logs in Appendix B. The particle sizes, moisture density relationship, direct
shear strength and compressibility tests results are shown on individual reports in Appendix C.

3.0 STRATIGRAPHY

Overall, the stratigraphy at both proposed lagoon locations consisted of a thin surface layer or
organics, followed by native clay which was light to medium brown, moist, firm, highly plastic,
and contained some to with silt. In a few zones with depth the silt content increased causing a
reduction in the plasticity, and in some zones the plasticity of the clay would be more medium to
high. Portions of the clay contained trace lenses which were not significant enough to change
the classification or act as an independent layer. Also no permafrost was encountered at the
test hole locations.

A clay till was encountered near 6 m below grade at TH12, the test hole drilled near the
proposed lift station. The till was moist, very soft, medium plastic, contained with-to-and silt,
and contained some sand sizes. Auger refusal occurred at 9.9 m below grade in the till at
TH12.

Groundwater seepage was not encountered within the upper 4.6 m of the clay layer. At the
location of the proposed lift station seepage and sloughing were encountered in the till below
6.0 m from grade, near elev. 174.5 m. Further details are outlined on the test hole summary
logs.

4.0 SLOPE STABILITY

Seepage Analysis

An assessment of groundwater seepage was conducted using Seep/W, a 2 dimensional
computer seepage program using finite element analysis. The hydraulic conductivity value used
in the analysis was similar to the values obtained from the test values (6 x 10°® cm/sec). The
model involved gradual filling and drawing down the lagoon no greater than 0.3 m per day, with
the water levels ranging from a minimum and maximum of 0.3 and 1.5 m above the base of the
lagoon, respectively. The initial static groundwater level used was a conservative estimate
based on the field results. The initial groundwater level and water levels from the seepage
model are shown in Figure 2.

Slope Stability Analyses

Slope stability analyses on the proposed lagoon dikes were completed using Slope-W, a two
dimensional finite element analysis computer program. The analyses were completed to assess
the stability of the proposed dikes before and after lagoon draw down. Initially, stability of the
dikes were assessed using a static groundwater level then after a typical filling and draw down
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cycle using residual shear strength values. Upon completion of an initial assessment lower than
residual shear strength values of the native clay (and remoulded dikes) was used to show that
even under these values the stability of the lagoon slopes are stable. The results are shown on
Figure 2, and the direct shear strength test results are shown in Appendix C. The remoulded
shear strength of the dikes and clay liner are representative since the native clays are quite
uniform, and will be remoulded then compacted to densities greater than in-situ values during
construction. As such, remoulding will result in shear strengths developing that will be
representative of in-situ values.

Slope stability analyses were completed using the Morgenstern-Price Method of Slices for
circular slip surfaces with a half-sine interslice force function to estimate the Factor of Safety
(FS) of potential slip surfaces (PSSs). Block failures were also assessed to review a different
mode of failure of the dikes.

A cross-sectional profile of the proposed northern lagoon was used in the assessment because
this essentially represented the design of the dikes for both proposed lagoon locations. Overall,
the dikes at the proposed design slope and lagoon depth are stable using low residual shear
strength values both initially and after a draw down event, with all FS values over 1.44 as
outlined on Figure 2.

5.0 LIFT STATION

General

ENG-TECH understands that two (2) options are being considered for the construction of the
shaft for the lift station. Option 1 is an open excavation followed by construction of the shaft,
backfilling the excavation and then constructing the building over the lift station. Option 2
involves drilling a larger hole than the shaft foundation, installing a steel tube followed by
construction of the lift station foundation, shaft, and then the building. Either option is viable,
although an open excavation will extend past the perimeter edge of the lift station building, and
therefore the raft foundation for the building will be placed on fill material. If a hole is drilled for
the lift station foundation and shaft the space between the shaft and hole should be filled in with
a lean mix of concrete because compaction of fill in a small area may not be possible.

Shaft for Lift Station

The below grade structurally reinforced slab for the shaft will be constructed on native clay,
which has a low potential for movements due to soil swelling, and these movements can be
minimized with adequate sub-grade preparation as outlined below:

e Excavate to 100 mm below the slab design elevation, approximately 5.3 m below grade.
The soil at this depth will be wet of optimum moisture content and will require the
removal of moisture prior to compaction.

e Compact the upper 300 mm of the native clay to 97% of its Maximum Dry Density (MDD)
near optimum moisture content.

e Place 100 mm of limestone or granular “A” base immediately below the bottom of the
slab and compact it to 98% of its MDD near optimum moisture content. Additional base
material will be required during compaction because the granular will be driven into the
clay.



Neegan Burnside Ltd. File No. 15-185-01

Geotechnical Investigation, Kelsey Generating Station Proposed Sewage Lagoon, MB Page 5

o Place a vapour barrier consisting of 6 mil poly (minimum) between the granular base and
underside of the slab prior to pouring the concrete.

e Some seepage at the base of the slab can be expected, although only minor swelling (if
any) of the clay is anticipated.

Lift Station Building

ENG-TECH cautions that with shallow foundations, such as rafts, there is an increased potential
for movements due to soil swelling and frost heave, however these movements can be
minimized with adequate sub-grade preparation and site drainage. Preparation for the raft
foundation for the building will depend on the chosen installation option of the shaft. For both
options the raft foundation for the building could be constructed as outlined below using an
Ultimate Limit States (ULS) bearing pressure of 200 kPa, and Serviceable Limit States (SLS)
bearing pressure of 130 kPa for the perimeter load bearing thickened edge of the raft. The
perimeter thickened edge must be no less than 0.61 m wide, the top of the raft located
approximately 100 mm above existing grade for drainage, and the base shaped to ensure a
uniform granular base layer below the raft. Settlements are not expected to exceed 25 mm and
15 mm over the life of the raft when constructed as outlined below for Option 1 and Option 2,
respectively.

Option 1 - Open Excavation

The excavation will extend approximately 5.3 m below existing grade, with the side slopes of the
excavation extending past the perimeter edge of the building foundation. Therefore, the fill
placed back into the excavation must be compacted as outlined below:

e Compact the upper 200 mm of the base and side slopes of the excavation to a minimum
of 95% of the soils MDD near optimum moisture content. Upon completion place the
clay from the excavation in maximum 250 mm thick lifts with each lift compacted to at
least 99% of MDD near optimum moisture content to 350 mm below the base of the raft
design elevation. Compaction of the fill shall extend the full width of the excavation.

e Place 250 mm of clay and shape the clay to meet the raft design, then compact the clay
layer to 100% of MDD near optimum moisture content. Compaction shall extend to the
greater of 0.3 m beyond the perimeter edge of the building or the width of the
excavation.

e Place 100 mm of limestone or granular “A” base immediately below the bottom of the raft
and compact it to 100% of its MDD near optimum moisture content.

e Place a vapour barrier consisting of 6 mil poly (minimum) between the granular base and
underside of the raft prior to pouring the concrete.

Option 2 — Drilled Hole for Shaft

The base preparation for the proposed raft shall extend 0.3 m beyond the perimeter edge and
be prepared as outlined below:

o Excavate all topsoil, silt, organics, rootlets and soft soils within the foot print of the raft,
including 0.3 beyond the perimeter edge. Continue to excavate as required to 100 mm
below the raft design elevation. The soils at sub-grade design elevation should be
native clay.
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e Shape the subgrade via cut and fill as required then uniformly compact the upper
300 mm to 97% of its MDD at +2% of optimum moisture content (ASTM D 698).

e Place 100 mm of limestone or granular “A” base immediately below the bottom of the raft
and compact it to 100% of its MDD at +2 % optimum moisture content.

e Place a vapour barrier consisting of 6 mil poly (minimum) between the granular base and
underside of the raft prior to pouring the concrete.

Lateral Earth Pressure on Shaft

The shaft for the lift station will be a prefabricated item, and therefore should be designed for the
lateral soil pressures, including the forces generated from compacting the fill adjacent the shaft
when an open excavation is used.

It is assumed that the shaft will be rigid, and therefore, the coefficient of earth pressure at rest
(Ko) can be used to determine the lateral earth pressure on the shaft. The compaction effort of
the backfill placed against the shaft, backfill type and sub-drainage conditions will have an
impact on the magnitude and shape of lateral earth pressures on the shaft. Lateral earth
pressures induced by compaction, and groundwater will have to be accounted for in the design
of the shaft. We are not aware of large surcharge loading that will be located adjacent the shaft
that will need to be accounted for, and therefore surcharge loading was excluded.

Option 1 — Open Excavation

Well compacted backfills placed against the upper portions of the below grade shaft will build-up
lateral stresses on the shaft. These compressive stresses depend on the force imposed by the
compactor, which depends on the dead weight and centrifugal force of the compactor. Typical
compactor forces can be provided by the manufacture for the compactor used by the contractor.
The contractor should compact the fill starting at the shaft and compact outwards to limit the
forces due to compaction on the shaft.

Well compacted backfill typically corresponds to 98% (plus) of MDD. Settlements of backfill
compacted to at least 98% MDD usually does not exceed 1% of the fill height when no
surcharge loads are added to the fill after compaction. When backfill is well compacted against
the upper portion of the below portion of the shaft, the lateral earth pressures in the upper
portion along the shaft can be determined as follows:

(1) From: O (shaft at grade) to z,
on=KoV(2 P+ y+m)

Where: z=K, V(2 P+ (ny))

on= lateral earth pressure (kN/m?)

Ko = coefficient of earth pressure at rest

y = total unit weight of the soil (kN/m°)

Z1 & 2= depth below shaft at grade (m)

P (Compactor Force, kN/m) = Compactor Weight (kN) + Centrifugal Force (kN)
Width of Compactor (m)

(2) From: z,to z,

on=K,V(2:P-y+m)
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Where: 2=(1+K)V(2-P+(n-¥))
(3) From: below z,
on=K,.y-2

Values for the lateral earth pressure coefficient and total unit weight of well compacted soils are
outlined below.

Earth Pressure Coefficients and Total Unit Weights
for Well Compacted Backfill

Soil Type Ko Total Unit Weight (kN/m?)
Granular (Sand or Gravel) 0.40 22
Clay 0.50 20

Option 2 —Drilled Hole for Shaft

Even if the space between the shaft and hole is filled in with a lean mix of concrete, horizontal
forces will still apply to the shaft. These horizontal forces on the shaft can be determined as
follows:

On =Ko v 2w+ Ko¥'(2-20) + yu(Z - 24)
Where:
on= lateral earth pressure (kN/m?)
K, = coefficient of earth pressure at rest
y = total unit weight of the soil (kN/m®)
y¥' = buoyant unit weight of the soil (kN/m®)
Yw = unit weight of water (kN/m®)
z = depth of shaft below grade (m)
z,, = depth to the top of the water table (measured from top of final grade, m)

The recommended values for the lateral earth pressure coefficient and total unit weight of the
soil are outlined below:

Earth Pressure Coefficients and Total Unit Weights

Soil Type Ko Total Unit Weight (kN/m®)
Sand & Gravel fill 0.50 20
Clay 0.65 19

Even though a static water table was not recorded it is best to use z, = 3.0 m to ensure the
shaft can withstand some forces due to water.

Lateral Earth Pressure on Temporary Below Grade Walls

Design details of a shoring system can be provided, if required, once more is known about the
proposed construction scheduling. For preliminary (and conservative) design purposes the use
of a design coefficient (Kq) is recommended rather than the lateral earth pressure coefficient at
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rest (K). For a level grade surface the lateral earth pressures will increase linearly from zero at
the top of grade to a maximum at the base as outlined below.

on=Ky-y-2z

Where:
on = lateral earth pressure for depth z (kN/m?)
K4 = design coefficient of earth pressure (0.60)
¥ = unit weight of soil (19 kN/m?)
z = depth below soil surface (m)

Concrete

All concrete should be designed, specified, and constructed in accordance with CSA standard
A23.1-14, Concrete Materials and Methods of Concrete Construction using the Performance
Specification Alternative as outlined in Table 5 of CSA A23.1-14.

Under the performance alternative, the concrete supplier shall assume responsibility for the
performance of the concrete as delivered and the contractor shall assume responsibility for the
concrete in place. The owner shall specify performance requirements including: the required
structural criteria and concrete strength at age, the concrete exposure class for durability, and
any other properties that may be required to meet the owner’s performance requirements such
as colour, architectural requirements, and special surface finishes. The owner reserves the
right to request the supplier provide satisfactory documentation that the proposed mix design
will achieve the strength, durability, and performance requirements specified by the owner, and
that the mix design satisfies the requirements of CSA A23.1-14. In addition, the owner may
request the contractor submit documentation demonstrating the owner's performance
requirements have been met during construction and placement.

Based on Tables 1, 2, 3, and 4 of CSA A23.1-14, the concrete in contact with the local soils can
be classified as an S-2 exposure class for the shaft slab, and a F-2 exposure class for the raft
foundation of the building. The use of Type GU or GUb cement for the shaft slab is to ensure a
life expectance and is typical for use with similar clay soil types. The concrete can be selected as
structurally required for design; however the concrete should be designed to meet the minimum
specifications outlined below for durability.

Shaft Slab (S-2)

56 day minimum compressive strength of 32 MPa
Maximum water/cementing materials ratio of 0.45
Maximum nominal aggregate size of 20 mm

Type HS or HSb cement

Air content of 4-7%

Raft for Building (F-2)

28 day minimum compressive strength of 25 MPa
Maximum water/cementing materials ratio of 0.55
Maximum nominal aggregate size of 20 mm

Type GU or GUb cement

Air content of 4-7%
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6.0 DISCUSSION

Particle Size and Atterberg Limits

Overall, the clay is classified as highly plastic, with a typical plastic limit near 20% and a liquid
limit typically near 60%, with a reduction in both when the silt content increases. The clay and
silt content range typically from 60 to 80% and 20 to 30%, respectively and sand sizes less than
10%. In the areas of more silt or silt lenses, the clay content typically decreases to 50%, with
the silt content increasing to over 40%. The Atterberg Limits and clay content show the Activity
is near 0.6, indicating the predominant clay mineral being Kaolinite, with some lllite and
Montmorillonite.

The clay content and Atterberg Limit test results show the clay in both the proposed lagoon
locations would achieve a hydraulic conductivity less than 1x107 cm/sec after remoulding and
compaction, and potentially in-situ.

Hydraulic Conductivity

The three (3) hydraulic conductivity test results were completed on in-situ samples are shown in
tabular form and graphically on Figure 3. Overall, the values averaged near 6x10® cm/sec,
which is typical for clay which is slightly over consolidated, and which has some preferential flow
paths from the silt lenses. The samples from TH4 and TH6 were collected from different
elevations below the proposed north lagoon base, while the sample from TH8 was collected
below the base at the south proposed lagoon area.

The existing information from the site and data from other sites in our files show the clay at the
proposed lagoon areas has a moderate to high potential of having a hydraulic conductivity
(vertical and horizontal) less than 1x107 cm/sec in its natural state, as well as when compacted
to at least 95% of its MDD. Completing at least 5 more hydraulic conductivity tests just below
the base of the lagoon and/or dikes at the final site location to further prove statistically that
removal and compaction of the clay for the entire lagoon is not required. The above would
substantially reduce construction costs of the lagoon.

Compaction and Lagoon Construction

The moisture density relationships (standard Proctor) were completed on two clay samples, one
from each proposed lagoon area as noted on the reports in Appendix C. The results show the
in-situ clay moisture content is typically between 4 and 10% higher than the optimal moisture
content near the base of the lagoon. With depth the clay became slightly moister and softer.
Removal of some moisture (drying the clay) will be required before remoulding and compaction
during construction.

Currently it is not known if additional information related to the hydraulic conductivity of the clay
will be forth coming. As such, two options for construction of the lagoon exist in order to ensure
the clay linear meets the required regulations as outlined below:

Option A — No Additional Hydraulic Conductivity Testing

The lagoon can be constructed by removing the upper 500 mm from final grade and compacting
the top 300 mm to 95% of the MDD near optimum moisture content. The native clay removed
can then be placed in maximum 250 mm thick lifts with each lift also compacted to 95% of the
MDD near optimum moisture content.
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Compaction should be completed using a sheeps foot roller in vibratory or non-vibratory mode
to ensure the next lift is blended with the lower compacted layer. Blending can also be
completed by disking then placement of clay followed by compaction. The purpose of blending
the layers is to reduce the potential of the clay having individual layers and preferential flow
paths between the layers. Blending by disking or compaction with a sheeps foot roller will result
in @ more homogeneous clay mixture, which will eliminate any thick silt lenses, should any exist,
and reduce the hydraulic conductivity of zones with more silt content or lenses or varves.

Option B — Additional Hydraulic Conductivity Testing Completed

After completion of additional hydraulic conductivity testing with favorable results the lagoon
could be constructed by excavating to the final grades followed by compacting the upper 300
mm of clay to 95% of the MDD near optimum moisture content. Berms which extend above
existing grade can be completed as mentioned above in Option A.

Slope Stability

The stability analysis was completed along the center line of the lagoon (Proposed Lagoon
Option 1) in an east/west orientation as shown in Figure 1. The cross section profile and results
of the analyses are shown in Figure 2. Determinations of the FS values of the PSSs were not
less than 1.5. This was observed after lagoon drawdown and using the reported residual shear
strength values, which were obtained from the direct shear tests. In addition, a conservative
lower bound estimate of the effective friction angle was also assessed and the FS values for the
same PSSs were not less than 1.4, which is quite acceptable for this type of construction.
Overall, this shows the proposed design with side slope of 4H:1V (Horizontal:Vertical) is
acceptable.

Lift Station Foundation

The raft foundation for the building could be constructed as outlined herein, and would be a
suitable foundation for the intended use of the building. The shaft must be separated from the
floor of the building to allow for differential movement between the structures.

Shaft Foundation

A below grade structurally reinforced slab for the shaft is suitable, will be constructed on native
clay, and based on the test results has a low potential for movements due to soil swelling.

7.0 CONCLUSIONS
Based on the results ENG-TECH concludes the following:

e The soil within both proposed lagoon areas is highly plastic clay, with some-to-with silt,
and is suitable for use in a clay lined lagoon.

e Blending the clay by disking or compaction with a sheeps foot roller will result in a more
homogeneous mixture. Removal of 2 to 10% moisture from the clay will be required
during construction in order to have the clay meet the optimum moisture content near
21% for compaction.

o The test results show the clay is most likely suitable in its natural state to meet a
hydraulic conductivity value less than 1x10”7 cm/sec. Additional testing with favorable
results will be needed to confirm this. The clay when remolded and compacted as
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mentioned herein will be suitable to meet the required regulatory maximum hydraulic
conductivity value.

e The current design shows the side slopes of the dikes will have FS values that are within
keeping for similar projects, and considered stabile in an extreme event using residual
and lower than the reported residual shear strength values. Slope grades as shown on
the figures are adequate for the construction of the lagoon.

e The use of a raft foundation to support the building over the lift station is suitable, with a
reinforced slab used for the shaft foundation.

e The methods of construction of the shaft for the lift station as mentioned herein will
suffice. Other methods are available and will need to be reviewed prior to construction.

8.0 CLOSURE

This report was based on the scope of work outlined for the purpose of the investigation, and was
prepared in accordance with acceptable professional engineering principles and practices. If you
have any questions, please contact the undersigned.

Sincerely,
ENG-TECH

e sylting Limited

C.D.
HRYHORUK

Clark Hryhoruk, M.Sc., P.Eng.
Principal, Geotechnical Engineer

P:\2015\Projects\185(Neegan Burnside Ltd)\01(Kelsey Lagoon)\Report\15-185-01 Report-final.doc



14

By

4

F4NOI4

91-01-5102
3lva

(ZLx11) @l01avL

NV1d NOLLVOO1 3710H 1S3l
NOOOSVT¥3LVM I1LSVM 03S0d0dd

NOILV.LS ONILVYINIO A3STax

(€0-20-6102) 3TOH LS3L 3 TIHA- 9Z-51 P

aN3oa

"SIHLIN NI 3V NMOHS SNOILVAITI ANV SFONVLSIA TIV '€
"3SYAVLVYA O¥AAH YEOLINVIN WO 3HINOOV HAVYOOLOHd VIbAY 2
‘7L INOZ WLN €8AVN ¥V SILYNIGYOO0D NLN IDNIHIAIY TV 'L

S31ON TVH3INID

950€59 0sezie9 92-51M
051€59 ooLzLe9 GZ-SLI
050€59 ooLeLe9 Y-S5
056259 ooLzlieo €C-GL
098259 0oLzleo TG
056259 0ozzlLeo 61-G1LTM
058259 0o0zzlLeo 81-G1LM
GrLES9 90€zZ129 PAS 1]
098259 00€Z129 V-G
0olLese 0592129 t4 51|
000€59 0592129 -G
006259 0592129 0L-G1LA
008259 0592129 60-GLTH
00L€S9 0522129 80-GLTH
006259 0522129 20-G51M
008259 0522129 90-G1M
008259 0562129 GO-G1LM
004259 0562129 Y0-GLIH
006259 GzoeLe9 €061
008259 geoele9 20-G51M
912259 6E0€1L29 oG
(w) ONILSY3 | (W) ONIHLYON | ITOH Ls3L
379VL IONIYUI43Y LNIOd

14




Kelsey GS — Proposed Wastewater Lagoon
Geotechnical Site Selection Recommendations

Appendix A: Test Hole Logs

ESD15-47



Manitoba Hydro Kelsey Lagoon Preliminary KL15-01
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER Ie B Moisture Penetrometer Field¥V Lab¥
E 2 2 TYPES [11] Auger Banel I ..... S _taiflgple M. Unconfined C%I?Fr,n)pression ® E
: . Z R I © | a
E '\FE' '\FE' Ao [=] soniciar Somers 1] S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&
m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.05) ORGANICS - Leaves, grass,
cl decomposed forest matter.
(0.05 - 0.30) CLAY (FILL) - silty, medium plastic,
/ firm, moist, brown
o (0.30 - 3.15) CLAY - silty, medium plastic, firm, |
moist, brown to light brown, occasional rootlets
- varved below 0.9 m
1.0
7.07 o
ES-1 - becoming soft, light brown and trace fine sand
/ below 1.1 m
ES-2
(o]
; - occasional oxidation below 1.8 m
2.0 /
/ - very soft below 2.7 m
i /
30 [JEs3 / o
TEST HOLE TERMINATED AT 3.15 m IN VERY
SOFT CLAY
NOTES:
- No sloughing at completion of drilling.
= - Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6213039.000 EQUIPMENT:  Hand Auger DEPTH: 3.15m
Dry Hole EAST: 652716.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 29 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:31 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-02
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Bare I gglrlgple e Unconfined C%I?Fr,n)pression ® E
E '\E' '\FE' Ao [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual < i <&

m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 Cl (0.00 - 0.30) CLAY (FILL) - silty, medium plastic,

r soft, moist, brownish grey, frequent organics
| o (0.30 - 2.06) CLAY - silty, medium plastic, firm, |
r moist, mottled brown and light brown, occasional
| / rootlets
/ - frozen below 0.6 m (ice crystals < 1 mm diameter)
0.74
' ES-1 / ©
1.0 /
ES-2 o
2.0 E /
- TEST HOLE TERMINATED AT 2.06 m IN FROZEN
CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
L - Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
3.0
WATERTABLE ¥ NORTH:  6213025.000 EQUIPMENT: Hand Auger DEPTH: 2.06 m
Dry Hole EAST: 652800.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 29 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:32 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-03
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Borel I gglrlgple e Unconfined C%I?Fr,n)pression ® E
TIE (R XSs, S sononr e P S 2 a0 0 @ 2 w0 w @ |
H L L — 1 1 1 1 1 1 1 1
E |E [ sreoy [ soit Ticone  [FFE] Testoit Standard Penetration % l\r{ggepiahkez Labarstory ;
Uncorrected Blow Count (N) Residual (kPa) Disturbed
m m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.05) ORGANICS - Leaves, grass,
I cl decomposed forest matter.
L (0.05 - 0.41) CLAY (FILL) - clay mixed with roots,
/ wood and cinders
I /
Cl (0.41 - 3.10) CLAY - silty, medium plastic, firm,
B moist, brown, occasional oxidation
| / - mottled brown and light brown below 0.7 m
L 0.76
ES-1
1.0 ; - firm to stiff below 1.0 m
| / - varved below 1.2 m
ES-2 o
L / - increasing silt content below 1.8 m
2.0 /
[ / - firm below 2.3 m
I 5750 /
ES-3
= o
3.0 /
TEST HOLE TERMINATED AT 3.10 m IN FIRM
CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
r - Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6213025.000 EQUIPMENT:  Hand Auger DEPTH: 3.10m
Dry Hole EAST: 652900.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 30 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:34 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-04
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Bare I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
i i e I e i a
DL R D Eeer TS, [ e 2 0 @ m o o o |V
E |E| [Msrery  [I]sot Ticone  [FH Testpt Standard Penetration | Vane Shear  Laboatory - 9
R Uncorrected Blow Count (N) Residual ¢ i <&
(kPa) Disturbed
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.05) ORGANICS - Leaves, grass,
I cl decomposed forest matter.
L (0.05 - 3.12) CLAY - silty, medium plastic, firm to
stiff, moist, brown
I / - mottled brown and light brown below 0.3 m
/ - soft to firm, varved, increasing silt content below 0.6
I m
1 0.76 /
. ES-1 / o
1.0 /
I - frozen from 1.1 m to 1.5 m (ice crystals < 1mm
| / diameter)
L 1.45 /
ES-2 o
L / - occasional oxidation below 1.8 m
2.0 ;
I 550 /
B ES-3
3.0 / o
TEST HOLE TERMINATED AT 3.12 m IN SOFT TO
FIRM CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
i - Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212950.000 EQUIPMENT: Hand Auger DEPTH: 3.12m
Dry Hole EAST: 652700.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 30 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:35 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ
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GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES [12] Auger Bane I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
i - e I e i a
E '\FE' '\FE' Ao [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&
m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 cl (0.00 - 3.10) CLAY - silty, medium plastic, firm,
- moist, brown, occasional rootlets, crumbly to 0.20
7B
/ - mottled brown and light brown, varved below 0.6 m
I 0.69
ES-1 Ho—
r - frozen from 0.8 m to 1.5 m (ice crystals <1 mm
I diameter)
1.0 /
i 152 /
L ES-2 o
| / - increasing silt content below 1.8 m
2.0 /
L / - soft, increasing silt content below 2.7 m
I .50
ES-3
3.0 Ho—
/
TEST HOLE TERMINATED AT 3.10 m IN SOFT
CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
r - Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212950.000 EQUIPMENT: Hand Auger DEPTH: 3.10m
Dry Hole EAST: 652800.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 30 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:37 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-06
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES [12] Auger Bane I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
i - e I e i a
E '\FE' '\FE' Ao [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&

m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.05) PEAT - moist, brown, fibrous

I Cl (0.05 - 3.05) CLAY - silty, medium plastic, firm to
L / stiff, moist, brown
/ - brown to light brown below 0.6 m
0.71

L ES-1 / (o]

- frozen (seasonal) from 0.8 m to 1.5 m (ice crystals
r < 1 mm diameter)
Mo / - mottled brown and light brown, varved below 0.9 m
| N ; - firm to stiff, increasing silt content below 1.5 m

(o]

2.0 ;
| ; - soft to firm below 2.3 m
L / - occasional oxidation below 2.7 m
I 550 /
N ES3 / o
3.0

TEST HOLE TERMINATED AT 3.05 m IN SOFT TO

FIRM CLAY

NOTES:

- No sloughing at completion of drilling.

- Test hole dry at completion of drilling.

- Test hole backfilled with auger cuttings.

UTM coordinates based on handheld GPS (+/- 3 m)

WATERTABLE ¥ NORTH:  6212750.000 EQUIPMENT:  Hand Auger DEPTH: 3.05m
Dry Hole EAST: 652800.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 201507 01 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:38 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ
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GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Bare I gglrlgple e Unconfined C%I?Fr,n)pression ® E
. ) ey : o : a
P E RaE Eeen T [ SR w0 0 e 2 o @ w |V
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&
m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.03) ORGANICS - Leaves, grass,
I cl decomposed forest matter.
L (0.03 - 3.05) CLAY - silty, medium plastic, firm,
/ moist, brown, crumbly
i / - light brown and soft below 0.4 m
| 067 /
I ES-1 o
/ - frozen (seasonal) from 0.7 m to 1.6 m (ice crystals
L < 1mm diameter)
| / - mottled brown and light brown, varved below 0.76 m
.0 /
L ES-2 o
| ; - firm below 1.6 m
2.0 ;
L / - occasional oxidation below 2.1 m
I / - increasing silt content and trace fine sand below 2.3
L m
I .50 /
B ES-3 / o
3.0
TEST HOLE TERMINATED AT 3.05 m IN FIRM
CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212750.000 EQUIPMENT:  Hand Auger DEPTH: 3.05m
Dry Hole EAST: 652900.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 07 01 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:40 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-08
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES [12] Auger Bane I Sample e Unconfined C%I?Fr,n)pression ® E
. ) ey : o : a
E '\FE' '\FE' Ao [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&
(kPa) Disturbed
(m)) # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.15) PEAT - moist, fibrous
! PT (0.15 - 0.30) PEAT - moist, black, amorphous |
I cl (0.30 - 3.02) CLAY - silty, medium plastic, firm,
r moist, brown
- - frozen from 0.5 m to 2.0 m (ice crystals <5 mm
| diameter)
/ - mottled brown and light brown, varved below 0.6 m
0.71
L ES-1 / o
1.0 /
L ES-2 o
2.0
L - stiff below 2.0 m
L / - occasional sulphates below 2.4 m
I / - increasing silt content below 2.6 m
I .50
N ES3 / o
> TEST HOLE TERMINATED AT 3.02 m IN STIFF
CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
- UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212750.000 EQUIPMENT:  Hand Auger DEPTH: 3.02m
Dry Hole EAST: 653100.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 30 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:41 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-09
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES [12] Auger Bane I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
i - e I e i a
E “Eq “f oo [ o Srves [ See 0 40 w0 ® m w0 o @ |
E |E| [Msrery  [[]swi Ticone  [FFE] Testoit Standard Penetration % | Vane Shear  Laboratory @
R Uncorrected Blow Count (N) Residual ¢ i <&
(kPa) Disturbed
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT_, (0.00 - 0.05) ORGANICS - Leaves, grass,
I PT \ _decomposed forestmatter.
L cl (0.05 - 0.15) PEAT - moist, black, amorphous
(0.15 - 3.05) CLAY - silty, medium plastic, firm,
I / moist, brown
/ - soft to firm, light brown, increasing silt content
I / below 0.5 m
L 0.76
ES-1 - frozen (seasonal) from 0.8 m to 1.5 m (ice crystals o
r < 3 mm diameter)
Mo / - mottled brown and light brown, varved below 0.9 m
i 7152 / ) o, g s
| ES2 / - firm to stiff, increasing silt content below 1.5 m o
2.0 /
L / - occasional oxidation below 2.4 m
I .50
B ES-3 o
3.0
TEST HOLE TERMINATED AT 3.05 m IN FIRM TO
STIFF CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212650.000 EQUIPMENT:  Hand Auger DEPTH: 3.05m
Dry Hole EAST: 652800.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 07 01 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:43 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-10
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES [12] Auger Bane I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
i - e I e i a
E '\FE' '\FE' Ao [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&

m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.20) PEAT - moist, brown, fibrous

I cl (0.20 - 3.05) CLAY - silty, medium plastic, soft to
r firm, moist, brown, occasional rootlets
I 076 / ;
! - frozen (seasonal) from 0.8 m to 1.0 m (ice crystals —oe—
I ES- <1 mm diameter)
0% gravel, 1% sand, 53% silt, 46% clay
1.0 /
I / - mottled brown and light brown, varved, increasing
L / silt content below 1.2 m
I 753 /
L ES-2 / o
2.0 ;
L ; - occasional oxidation below 2.4 m
'_ o9 4 0% gravel, 1% sand, 63% silt, 36% clay o
3.0
TEST HOLE TERMINATED AT 3.05 m IN SOFT TO
FIRM CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212650.000 EQUIPMENT:  Hand Auger DEPTH: 3.05m
Dry Hole EAST: 652900.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 30 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:44 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-11
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Bare I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
i i s I e i a
E '\FE' '\FE' Ao [=] soniciar i % ______ Sarmele 20 40 60 80 20 40 60 80 £
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&

m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.36) PEAT - moist, black, amorphous

r Cl (0.36 - 3.10) CLAY - silty, medium plastic, firm,
N moist, brown, occasional rootlets
L 0.76 /
ES-1 / o
- firm to stiff below 0.9 m
1.0 /
I / - mottled brown and light brown below 1.4 m
i 7152 / ;
| ES2 / - stiff below 1.5 m o
2.0 /
L / - increasing silt content below 2.0 m
L ; - occasional oxidation below 2.4 m
[ 550 /
ES-3
3.0 °
TEST HOLE TERMINATED AT 3.10 m IN STIFF
CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
r - Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212650.000 EQUIPMENT: Hand Auger DEPTH: 3.10m
Dry Hole EAST: 653000.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 30 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:46 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-12
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Bare I gglrlgple e Unconfined C%I?Fr,n)pression ® E
E '\FE' '\FE' Ao [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&
m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
1 1 1 1 1 1 1 1
0.0 PT (0.00 - 0.08) PEAT - moist, black, amorphous
I Cl (0.08 - 3.10) CLAY - silty, medium plastic, soft to
L firm, moist, brown, occasional rootlets
/ - mottled brown and light brown, varved below 0.6 m
L 0.76 /
ES-1 o
/ - increasing silt content below 0.9 m
1.0 /
I 1.52 /
L ES-2 / o
2.0 /
L / - silt pocket at 2.1 m
- firm to stiff, light brown, increasing silt content
I below 2.2 m
I .50 /
ES-3
3.0 / °
TEST HOLE TERMINATED AT 3.10 m IN FIRM TO
STIFF CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
r - Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212650.000 EQUIPMENT:  Hand Auger DEPTH: 3.10m
Dry Hole EAST: 653100.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 30 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:47 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-14
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES [12] Auger Bane I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
) : s I © i a
P E RaE Eeen T [ SR w0 0 e 2 o @ w |V
E |E| [Msrery  [[]swi Ticone  [FFE] Testoit Standard Penetration % | Vane Shear  Laboratory @
R Uncorrected Blow Count (N) Residual < i <&

m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.03) ORGANICS - Leaves, grass,

I cl decomposed forest matter.
L (0.03 - 1.02) CLAY - silty, medium plastic, firm,
/ moist, brown
/ - mottled brown and light brown, varved below 0.6 m
/ - frozen (seaonsal) below 0.7 m (ice crystals < 1 mm
L 0.76 diameter)
ES-1 /
-~ AUGER REFUSAL AT 1.02 m IN FROZEN CLAY
(AUGER BIT SHEARED)
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
- UTM coordinates based on handheld GPS (+/- 3 m)
2.0
3.0
WATERTABLE ¥ NORTH:  6212300.000 EQUIPMENT:  Hand Auger DEPTH: 1.02.m
Dry Hole EAST: 652850.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 07 01 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:49 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-17
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER Ie B Moisture Penetrometer Field¥V Lab¥
E 2 2 TYPES [12] Auger Barre I ..... S _taiflgple M. Unconfined C%I?Fr,n)pression ® E
i i A Gra I © 1 2
DL R D Eeer TS, [ e 2 0 @ m o o o |V
E |E| [Msrery  [I]sot Ticone  [FH Testpt Standard Penetration | Vane Shear  Laboatory - 9
R Uncorrected Blow Count (N) Residual ¢ i <&
m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 Cl (0.00 - 2.60) CLAY - silty, medium plastic, firm to
r stiff, moist, brown
I / - mottled brown and light brown, varved, increasing
L / silt content below 0.4 m
/ - firm below 0.6 m
I % 087 /
L ES-1
1.0 / ) o
| / - increaing silt content below 1.0 m
' / - Soft to firm below 1.4 m
L 757 /
ES-2 [o}
2.0 /
- - occasional oxidation below 2.4 m
' cL (2.60 - 3.05) CLAY - silty, low plastic, soft to firm, |
r moist, brown to light brown, trace fine sand,
I varved.
e 0% gravel, 2% sand, 74% silt, 24% clay Lol
3.0
TEST HOLE TERMINATED AT 3.05 m IN SOFT TO
FIRM CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212306.000 EQUIPMENT: Hand Auger DEPTH: 3.05m
Dry Hole EAST: 653145.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
ry
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 07 01 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:50 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-18
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES [12] Auger Bane I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
i - e I e i a
P E RaE Eeen T [ SR w0 0 e 2 o @ w |V
E |E| [Msrery  [[]swi Ticone  [FFE] Testoit Standard Penetration % | Vane Shear  Laboratory @
R Uncorrected Blow Count (N) Residual < i <&

m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.03) ORGANICS - Leaves, grass,

I cl decomposed forest matter.
L (0.03 - 1.19) CLAY - silty, medium plastic, firm,
/ moist, brown, trace rootlets to 0.3 m depth
L 0.66
ES - frozen below 0.7 m (ice crystals < 1 mm diameter)
1.0 E /
! / - varved below 1.1 m
HAND AUGER REFUSAL AT 1.19 m IN FROZEN
CLAY
NOTES:
L - No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
2.0
3.0
WATERTABLE ¥ NORTH:  6212200.000 EQUIPMENT: Hand Auger DEPTH: 1.19m
Dry Hole EAST: 652850.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 29 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:51 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-19
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Borel I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
i : s I e i a
E '\FEI '\FE' o [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration | Vane Shear  Laboratory &
R Uncorrected Blow Count (N) Residual ¢ i <&
m (kPa) Disturbed m
m|# ]| uscs SOIL DESCRIPTION n w0 & 0 a0 e s |™
0.0 PT (0.00 - 0.15) PEAT - moist, black, amorphous
3 Cl (0.15 - 2.97) CLAY - silty, medium plastic, firm,
moist, brown to light brown
r 0.48 /
ES-1
/ - increasing silt content below 0.6 m
/ - soft to firm below 0.8 m
1.0 /
I / - occasional silt inclusions below 1.1 m
I - mottled brown and light brown, trace fine sand,
L occasional oxidation below 1.37 m
7152
I ES2 / - varved below 1.5 m
o
| / - decreasing plasticity below 1.8 m
2.0 /
i ES-3
o
3.0 TEST HOLE TERMINATED AT 2.97 m IN SOFT TO
FIRM CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
= UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212200.000 EQUIPMENT:  Hand Auger DEPTH: 297 m
Dry Hole EAST: 652950.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 29 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:53 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




I Manitoba Hydro Kelsey Lagoon Preliminary KL15-22

Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER Ie B Moisture Penetrometer Field¥V Lab¥
E 2 2 TYPES m Auger Barrel I g:rlr(mle PL M. LL Unconfined C%I?Fr,n)pression @ E
) ; B o ! o I a
E '\FE' '\FE' Ao [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E |E| [Msrery  [I]sot Ticone  [FFE] Testoit Standard Penetration % | Vane Shear  Laboratory @
R Uncorrected Blow Count (N) Residual ¢ i <&

m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.08) PEAT - moist, black, amorphous

I Cl (0.08 - 3.05) CLAY - silty, medium plastic, firm,
L moist, brown
0.53 /
g ES-1
/ - frozen from 0.6 mto 1.3 m
1.0 /
| / - brown to light brown, varved below 1.2 m
I / - stiff below 1.3 m
L - occasional oxidation below 1.4 m
152
L ES-2 / o
2.0 /
L / - increasing silt content below 2.1 m
I ; - mottled grey and brown below 5.3 m
3.0 /
3 TEST HOLE TERMINATED AT 3.05 m IN STIFF
CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
B - Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212100.000 EQUIPMENT: Hand Auger DEPTH: 3.05m
Dry Hole EAST: 652850.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 29 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:54 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ



Manitoba Hydro Kelsey Lagoon Preliminary KL15-23
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Borel gglrlgple e Unconfined C%I?Fr,n)pression ® E
E '\E' '\FE' Ao [=] soniciar Somers 1] S ample 20 40 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone [ Testoit Standard Penetration Vane Shear  Laboratory @
R Uncorrected Blow Count (N) Residual < i <&
m (kPa) Disturbed m
m|#| | uscs SOIL DESCRIPTION w w0 e w | ™
PT (0.00 - 0.30) PEAT - moist to wet, black, amorphous
- frozen below 0.3 m
HAND AUGER REFUSAL AT 0.3 m IN FROZEN
PEAT
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212100.000 EQUIPMENT:  Hand Auger DEPTH: 0.30.m
Dry Hole EAST: 652950.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 29 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:56 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




Manitoba Hydro Kelsey Lagoon Preliminary KL15-24
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES Dﬂ Auger Sorl gglrlgple e Unconfined C%I?Fr,n)pression ® E
T Shoon [ =] sonioai Shmpers ] Sample 20 40 2 w0 w0 s |V
"EE| WMo [Tson Ticone  [FFE] Testoit Standard Penetration Vane Shear  Laboratory  $
R Uncorrected Blow Count (N) Residual < i <&
(kPa) Disturbed
m|#] | uscs SOIL DESCRIPTION 0w s w |™
PT (0.00 - 0.15) PEAT - moist, black, amorphous
Cl (0.15-0.81) CLAY - silty, medium plastic, firm,
moist, brown to light brown
056 /
ES-1
ﬁ - frozen below 0.7 m (ice crystals < 1 mm diameter)
7
HAND AUGER REFUSAL AT 0.81 m IN FROZEN
CLAY
NOTES:
- No sloughing at completion of drilling.
- Test hole dry at completion of drilling.
- Test hole backfilled with auger cuttings.
UTM coordinates based on handheld GPS (+/- 3 m)
WATERTABLE ¥ NORTH:  6212100.000 EQUIPMENT:  Hand Auger DEPTH: 0.81m
Dry Hole EAST: 653050.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 06 29 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick
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Manitoba Hydro Kelsey Lagoon Preliminary KL15-25
Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER B Moist Penetrometer Field¥ Lab¥
E 2 2 TYPES [12] Auger Bane I ..... 3 ;};‘;me e Unconfined C%I?Fr,n)pression ® E
) : s I © i a
E '\FE' '\FE' Ao [=] soniciar i % ______ S ample 20 40 60 80 20 40 60 80 \E/
E [E| [[srery  []]sei Ticone  [FH Testpt Standard Penetration | Vane Shear  Laboatory - 9
R Uncorrected Blow Count (N) Residual ¢ i <&

m (kPa) Disturbed m
()] # USCS SO' L DESCR' PTlON 20 40 60 80 20 40 60 80 (m)
0.0 PT (0.00 - 0.03) ORGANICS - Leaves, grass,

I cl decomposed forest matter.
L (0.03 - 3.05) CLAY - silty, medium plastic, firm,
/ moist, brown
I / - light brown below 0.3 m
ES-1 /
/ - mottled brown and light brown, varved below 0.9 m
1.0
i ES2 / o
L ; - stiff below 1.8 m
2.0 / - occasional oxidation below 2.0 m
| / - increasing silt content below 2.1 m
L ; - firm to stiff below 2.4 m
I .50 /
| ES-3 / (o]
3.0
TEST HOLE TERMINATED AT 3.05 m IN FIRM TO
STIFF CLAY

NOTES:

- No sloughing at completion of drilling.

- Test hole dry at completion of drilling.

- Test hole backfilled with auger cuttings.

UTM coordinates based on handheld GPS (+/- 3 m)

WATERTABLE ¥ NORTH:  6212100.000 EQUIPMENT: Hand Auger DEPTH: 3.05m
Dry Hole EAST: 653150.000 CONTRACTOR: Manitoba Hydro ENGINEER: Jeff Tutkaluk
TREND: ~ ------ DRILLER: Blake Holowick
PLUNGE: (deg) COMPLETION: 2015 07 01 APPROVED:
ELEV G/S: INSPECTOR: Blake Holowick

Printed:  2015/10/16 14:58 2015 KELSEYLAGOON PRELIMINARY INVESTIGATION.GPJ




I Manitoba Hydro Kelsey Lagoon Preliminary KL15-26

Civil Engineering Geotechnical Investigation 1 OF 1
GEOTECHNICAL LOG
SAMPLER Ie B Moisture Penetrometer Field¥V Lab¥
E 2 2 TYPES m Auger Banel I ..... S _taiflgple PL M. LL Unconfined C%I?Fr,n)pression ® E
: . Z R I © | a
P E RaE Eeen T [ SR w0 0 e 2 o @ w |V
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Statement of Limitations

The findings and recommendations of this report were prepared in accordance with generally
accepted professional engineering principles and practice. The recommendations in this report
are based on the results of field and laboratory investigations, combined with an interpolation of
soil and groundwater conditions between test hole locations. They do not reflect variations in
the subsurface conditions which may exist between the test holes and in unexplored areas of
the site. If the conditions encountered during construction appear to be different from those
shown on the test hole logs, or if the assumptions stated herein are not in keeping with the
design, the Civil Engineering Department should be notified so that the recommendations can
be reviewed and adjusted, if necessary.

The Civil Engineering Department requests the opportunity to review drawings and

specifications related to any designs based on the recommendations provided in this report to
confirm that they have been correctly interpreted.
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1.0 Summary

Manitoba Hydro intends to construct a wastewater lagoon at the Kelsey Generating Station.
The Civil Engineering Department (CED) has completed a preliminary geotechnical
investigation and determined a preferred location for the wastewater lagoon. The preferred site
is southwest of the generating station and is the central site of the three areas investigated. The
preferred site is a compromise between proximity to the staffhouse, dwellings and other
ancillary buildings, and the required length of wastewater piping.

2.0 Background

The Generation North Division (Gen North) of the Generation Operations Business Unit has
determined that a wastewater lagoon is required at the Kelsey Generating Station (GS).
Currently, two mechanical systems are present at the Kelsey GS for treating wastewater and
consist of a Sequencing Batch Reactor (SBR) and a Bio-Brane. Several upgrades have been
made to the SRB while the Bio-Brane was added to the treatment process to accommodate the
increase in site personnel required for the re-runnering project at the Kelsey GS.

To increase reliability and reduce operating costs of the current mechanical systems, Gen North
is proposing to construct a wastewater lagoon to replace the current mechanical treatment
systems. The lagoon will be approximately 200 m long by 100 m wide and consist of two cells.

As requested by the Power Projects Department (PPD), the CED undertook a preliminary
geotechnical investigation to determine a suitable location for the proposed lagoon. Initially, the
CED reviewed aerial photography and identified three (3) potential sites (located south and
southwest of the GS) for the proposed lagoon (Figure 1). Hand auger test holes were drilled in
each of the three potential lagoon sites to assess the shallow soil conditions (Figure 2). The
results of the geotechnical investigation have been used to determine a preferred location for
the proposed lagoon.

3.0 Site Conditions

With the exception of trails and transmission Right of Ways, the three potential sites are
generally covered by moderate to thick vegetation consisting mostly of young evergreen trees.
Topographically, all three sites gently slope to the west and are bounded by a stream/creek.
The central site is bounded to the south by a low-lying area covered with organcis that
contained standing water at the time of the field investigation. The south site at is bounded to
the north by the same low-lying area situated on the south side of the central site and is also
bounded to the south by another low-lying area.

Generally, the test hole locations seemed to be reasonably well drained and had only small
amounts of organic material at the surface. The organic material typically consisted of a thin
layer of leaves and other decomposing vegetation.

3.1 Field and Laboratory Investigations

Twenty-one (21) test holes (KL15-01 to KL15-12, KL15-14, KL15-17 to KL15-19, and KL15-22
to KL15-26) were drilled from June 29 to July 1, 2015 using a 75 mm diameter hand auger; the
locations of the test holes are shown on Figure 2. The test holes were generally terminated at
approximately 3 m below ground surface.

All soils observed during the test hole drilling were visually classified on-site according to a
modified version of the Unified Soil Classification System. Disturbed (auger grab) samples were
obtained at regular intervals during drilling. The soil samples obtained during the field
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investigation were transported to Manitoba Hydro’s materials testing laboratory for further
examination and testing. Laboratory testing consisted of moisture content determination,
Atterberg limit testing and grain size analysis.

The test hole logs are included in Appendix A and show the soil profile, laboratory testing
results, and comments on the groundwater and sloughing conditions encountered.

3.2 Subsurface Conditions

The general soil profile, in descending order from ground surface, consisted of organic soil/peat
overlying medium plastic clay. Each of the encountered stratigraphic units is discussed
separately as follows.

Clay Fill

Clay fill was encountered in KL15-01 and KL15-02 and extended from ground surface to a depth
of approximately 0.3 m. The clay fill was silty, high plastic, soft to firm, moist and brown to
grayish brown.

Organics/Peat

Organics/peat were encountered in nearly all the test holes drilled. The organics consisted of
leaves and other decomposed vegetation and generally varied in thickness from about 25 mm
to 50 mm. The peat encountered in the test holes varied in thickness from about 0.05 m to
0.4 m. The peat was generally moist, black and amorphous.

Medium Plastic Clay

Medium plastic clay underlied the clay fill or the organics/peat in each test hole, and extended to
depths varying from about 2.6 m to the end of the test holes. The medium plastic clay was
generally silty, firm to stiff, moist and brown. With increasing depth, the medium plastic clay
generally became siltier, varved (alternating layers of silt and clay), and brown to light brown.
The in situ moisture content of the medium plastic clay generally varied between approximately
20% and 32%.

Low Plastic Clay

The medium plastic clay was underlain by low plastic clay in test hole KL15-17 based on
laboratory testing completed. The low plastic clay was silty, soft to firm, most, brown to light
brown, contained trace sand and was varved. Based on a single test, the moisture content of
the low plastic clay was approximately 25%.

Detailed descriptions of the soil profiles can be found on the test hole logs attached in
Appendix A.

Seepage or sloughing was not observed in any test holes. It should be noted that seepage and
sloughing conditions can change yearly, seasonally or as a result of construction activity.

4.0 Discussion and Recommendations

Three locations were identified as being potentially suitable for a lagoon site based on favorable
characteristics identified by air photo interpretation. All three sites were located on the west
side of the Kelsey forebay, south and southwest of the generating station and had similar
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subsurface stratigraphy which consisted of medium plastic clay from ground surface to a depth
of 3 m or deeper. The primary difference between the three sites is their proximity to the
staffhouse and shop buildings.

Although advanced lab testing (permeability testing) was not performed, it is assumed that the
medium plastic clay encountered at all three sites would be suitable as lagoon liner material. In
this regard, the GES recommends that the west end of the central site be considered as the
location of the lagoon for the Kelsey GS (Figure 2). The central site is a compromise between
distance from the staffhouse, dwellings and other ancillary buildings, and the required length of
wastewater piping.

Preparation (clearing and grubbing) of the preferred site should be undertaken as early as
possible in the construction process. Failure to properly clear the site will increase the risk of
frozen soil (seasonal frost) being encountered during construction excavation activities.

5.0 Environmental Considerations

The environmental impacts of the geotechnical investigation were considered prior to
conducting the work, and all work was completed in accordance with Manitoba Hydro’s
Environmental Management Policy. All designs and construction based on this report should
follow Manitoba Hydro’s Environmental Management Policy.
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Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/09/20

CERTIFICATE OF ANALYSIS
MAXXAM JOB #: B382854
Received: 2013/09/13, 11:30
Sample Matrix: Water
# Samples Received: 2

Date Date

Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/13 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/18 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 2 N/A 2013/09/17 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1
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CERTIFICATE OF ANALYSIS
MAXXAM JOB #: B382875
Received: 2013/09/13, 11:30
Sample Matrix: Water
# Samples Received: 3

Date Date

Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/13 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/18 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 3 N/A 2013/09/17 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver
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Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
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5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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Your Project #: KELSEY GS STP PILOT
Your C.O.C. #: 408799

Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/09/24

CERTIFICATE OF ANALYSIS
MAXXAM JOB #: B384628
Received: 2013/09/18, 13:15
Sample Matrix: Water
# Samples Received: 3

Date Date

Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/18 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/20 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 3 N/A 2013/09/23 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Page 1 of 5

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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Your Project #: KELSEY GS H20 PILOT
Your C.O.C. #: 408802

Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/09/26

CERTIFICATE OF ANALYSIS
MAXXAM JOB #: B385247
Received: 2013/09/19, 15:45
Sample Matrix: Water
# Samples Received: 4

Date Date

Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/20 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/20 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 4 N/A 2013/09/23 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Page 1 of 5

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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Site Location: KELSEY G.S. H20 PILOT
Your C.O.C. #: 408801

Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/10/01

CERTIFICATE OF ANALYSIS
MAXXAM JOB #: B387328
Received: 2013/09/25, 11:00
Sample Matrix: Water
# Samples Received: 3

Date Date

Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/25 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/27 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 3 N/A 2013/09/26 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Page 1 of 5

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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Site Location: KELSEY G.S. STP PILOT
Your C.O.C. #: 417576

Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/10/01

CERTIFICATE OF ANALYSIS
MAXXAM JOB #: B387343
Received: 2013/09/25, 11:00
Sample Matrix: Water
# Samples Received: 3

Date Date

Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/25 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/27 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 3 N/A 2013/09/26 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Page 1 of 5

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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Site Location: KELSEY G.S. H20 PILOT
Your C.O.C. #: 408788

Attention: Fraser Kent
H20O Innovation
5100 South Service Road

Unit 17
Burlington, MB
Canada L7L 6A5

Report Date: 2013/10/02

CERTIFICATE OF ANALYSIS
MAXXAM JOB #: B386353
Received: 2013/09/23, 12:45
Sample Matrix: Water
# Samples Received: 4

Date Date

Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/25 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/26 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 4 N/A 2013/09/24 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Page 1 of 4

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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Your Project #: KELSEY GS STP PILOT
Your C.O.C. #: 417585

Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/10/10

CERTIFICATE OF ANALYSIS
MAXXAM JOB #: B390727
Received: 2013/10/03, 12:20
Sample Matrix: Water
# Samples Received: 3

Date Date

Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/10/04 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/10/04 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 3 N/A 2013/10/04 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Page 1 of 5

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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NEECANBURNSIDE

Appendix G

Cost Estimates



NEECANBURNSIDE

Appendix E

Historical Water and Wastewater Flow Data
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NEECANBURNSIDE

Appendix F

Wastewater Quality Data
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Neegan Burnside Ltd (Winnipeg) Date Received: 24-JAN-16
ATTN: PAUL KLASSEN Report Date: 02-FEB-16 13:30 (MT)
Version: FINAL

1068B Scurfield Blvd
Winnipea MB R3Y 1G4

Client Phone: 204-949-7110

Certificate of Analysis

Lab Work Order #: L1726579
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300 037851 L1726579 CONTD....
PAGE 2 of 3
Version: FINAL
ALS ENVIRONMENTAL ANALYTICAL REPORT
Sample Details/Parameters Result Qualifier~  D.L. Units Extracted Analyzed Batch
L1726579-1 KELSEY GS RAW SEWAGE
Sampled By:  Paul Klassen on 22-JAN-16 @ 18:00
Matrix: WASTE WATER
Miscellaneous Parameters
Ammonia, Total (as N) 47.9 5.0 mg/L 25-JAN-16 | R3385219
Biochemical Oxygen Demand 238 DLA 50 mg/L 25-JAN-16 | R3392251
BOD Carbonaceous 176 DLA 50 mg/L 25-JAN-16 | R3392251
Phosphorus (P)-Total 7.80 0.050 mg/L 27-JAN-16 | R3387231
Total Suspended Solids 292 5.0 mg/L 29-JAN-16 | R3392602

* Refer to Referenced Information for Qualifiers (if any) and Methodology.




300 037851 L1726579 CONTD....

PAGE 3 of 3

Reference Information Version: FINAL

Sample Parameter Qualifier Key:

Qualifier Description

DLA Detection Limit adjusted for required dilution

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

BOD-CBOD-WP Water Carbonaceous BOD APHA 5210 B

Samples are diluted and seeded, have TCMP added to inhibit nitrogenous demands, and then are incubated in airtight bottles at 20 C for 5 days.
Dissolved oxygen is measured initially and after incubation, and results are computed from the difference between initial and final DO.

BOD-WP Water Biochemical Oxygen Demand (BOD) APHA 5210 B

Samples are diluted and seeded and then incubated in airtight bottles at 20 C for 5 days. Dissolved oxygen is measured initially and after incubation,
and results are computed from the difference between initial and final DO.

NH3-COL-WP Water Ammonia by colour APHA 4500 NH3 F

Ammonia in water samples forms indophenol when reacted with hypochlorite and phenol. The intensity is amplified by the addition of sodium
nitroprusside and measured colourmetrically.

P-T-COL-WP Water Phosphorus, Total APHA 4500 P PHOSPHORUS

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after
persulphate digestion of the sample.

SOLIDS-TOTSUS-WP Water Total Suspended Solids APHA 2540 D (modified)

Total suspended solids in aquesous matrices is determined gravimetrically after drying the residue at 103 105 C.

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

WP ALS ENVIRONMENTAL - WINNIPEG, MANITOBA, CANADA

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS

Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory
objectives for surrogates are listed there.

mg/kg - milligrams per kilogram based on dry weight of sample

mg/kg wwt - milligrams per kilogram based on wet weight of sample

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight

mg/L - unit of concentration based on volume, parts per million.

< - Less than.

D.L. - The reporting limit.

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.

Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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1 EXECUTIVE SUMMARY

1.1.INTRODUCTION

H20 Innovation was contracted by Manitoba Hydro to provide an enclosed, portable membrane
sewage treatment plant for their Kelsey Generating Station facility located downstream of Split
Lake in Manitoba, Canada. This unit is intended to replace the existing SBR system and as such
receives the flow from the SBR Transfer Tank and discharges into the existing UV system. As
part of this installation, a performance test was required to ensure that the commissioned and
accepted facility meets the requirement of Manitoba Hydro’s Specification 029794 “Kelsey
Generating Station Design, Manufacture and supply New Portable Sewage Treatment Plant”
Dated May 5", 2009. The methodology used to ensure that the testing is performed in an
acceptable manner is outlined within this protocol.

1.2.SUMMARY OF RESULTS

The results of the performance testing shows that the Bio-Brane™ treatment system was able to
maintain the average and peak design flow rates and consistently achieve the required effluent
criteria. As such the performance test was passed. The effluent water quality results were, in
fact much better than the requirements and the details are given in the sections below.

2 PERFORMANCE TESTING REQUIREMENTS

The Performance Test requirements are outlined in Section 4.3 of the Technical Specification of
Manitoba Hydro’s Specification 029794 dated May 5, 2009. These requirements are outlined
below:

1. The contractor shall be responsible to arrange and undertake the performance testing of
the plant. Manitoba Hydro staff and representatives will witness the performance testing.

2. The performance test will extend for a one month period and will consist of the contractor
taking and analyzing daily composite samples of the treated sewage. The contractor shall
pay for all costs associated with performance testing. The engineer shall determine when
the performance test can commence.

3. If the performance test shows that the plant does not meet the treated effluent
reguirements per Table 2, the contractor shall undertake whatever changes are needed to
the plant and then re-do the performance test.

Table 2: Treated Effluent Requirements

Item | Parameter Average Monthly M aximum concentration
Concentration not to never to exceed.
exceed
1 BOD5 20 mg/l 25 mg/l
2. TSS 20 mg/l 25 my/l
3. Total Ammonia— Summer | 5 mg/l 10 mg/I
(May 1 to September 30)




Total Ammonia— Winter | 15 mg/I
(October 1 to April 30)

20 mg/l

Attainment of the Effluent Requirementsis predicated on the influent parameters provided

for design of the system not being exceeded. These values were provided in Table 1in
Section 3.1 Raw Wastewater Influent Characteristics in the Technica Specification.

Table 1: Raw Wastewater Flows and Parameters

Item | Raw Wastewater Component Vaue
1. | Average Daily Flow 60 m°/d

(43LPM: 48LPM*)
2. Peak Day Flow 70 m3/d

(50 LPM; 56LPM*)
3. Peak Hour Flow 120 m3/d (83 LPM)
4. Average Bod5 Loading 22 kg/d
5. Peak BOD5 Loading 50kg/d
6. Average TSS Loading 22 kg/d
7. Peak TSS Loading 50kg/d
8. Average Total Ammonia Concentration 40 mg/l

* Actual instantaneous flow rate that accounts for relaxation time between cycles

3 FLOW TESTING

Flow testing of the package was accomplished in two ways.

First the package was tested to meet the day to day instantaneous flow rates, which involved

running the system per the “average day” sewage production rates and letting the system function

asit is programmed, working on the volume within the EQ tank in anormal scenario. The

sewage production rates during the performance testing were below the average design flow rate

of the system. Figure 1 below shows the flow rate of the system over the duration of the
performance test.




Kelsey Generating Station Bio-Brane™
Average Daily Flow Rate - Performance Test
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Secondly, to simulate the peak day flow of 56 LPM instantaneous flow rate the EQ pumps were
disabled to allow the EQ tank to fill with sewage. This stored sewage was then be pumped to the
system by turning the EQ pumps back on. The membrane permeation rate was set at 56 LPM to
ensure this flow rate was maintained. This peak event was carried out both at the beginning of the
performance testing period, and for a 24 hour duration at the end of the performance testing
period. Figure 2 below shows the flow rates for severa cycles that were recorded for these
periods. The trans-membrane pressure remained near zero for all flow testing conducted,
indicating that the membrane system was easily able to handle the flow rates.




Kelsey Generating Station Bio-Brane™
Peak Flowrate Testing
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The system has been designed to handle the Peak Hour Flow of 83LPM through the use of the
EQ tank for storage of excessflow. If apeak feed flow rate of 83 LPM (~5 m3/hr) is sent to the
system, the flow rate that is actually sent to the bio-reactor will remain 50 LPM (3 m3/hr) with
the excess feed being stored in the EQ tank. This results in an accumulation of 2 m3/hr, which
can easily be stored in the EQ basin which has a volume of 12m3.

4 SAMPLING REQUIREMENTS

The sampling requirements for this performance test were outlined below. As part of this testing
regime H20 Innovation sampled the influent and effluent of the Bio-Brane™ wastewater
trestment system.

1. Required Samples:
a BOD5 — Influent and Effluent
b. TSS- Influent and Effluent
c. Ammonia— Influent and Effluent

2. Sample Collection Method:




a. Influent samples
i. These were Grab samples.
ii. Thesewere collected from the SBR Transfer Tank at the same time that the
influent samples are collected.
iii. These grab samples were preserved as noted in 3.3. Sample Preservation.

b. Effluent Samples
i. These were Composite Samples.
ii. Composite time frame was approximately 24 hours.
iii. These composite samples were collected from the composite sampler located in
the UV Building.
iv. The composite sampler collected the samples from the discharge side of the UV
system.
v. These composite samples were preserved as noted in 3.3. Sample Preservation.

3. Sample Preservation:

a. All Samples upon collection were stored at or below 4°C.
b. When shipping the samplesin the provided coolers, the samples should be covered in
ice.

4.1. SAMPLE RESULTS
The results of the sample testing is given in the sections below for BOD, TSS and NH3,
respectively. The results indicated excellent removals for the entire sampling period with BOD,
TSS and NH3 effluent values well below the effluent criteria for the system.




4.1.1. BOD Sampling Results

Kelsey Generating Station Bio-Brane™
Feed & Effluent BOD
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As shown above, the BOD in the effluent was consistently below the required value of 20mg/L.

4.1.2. TSS Sampling Results

Kelsey Generating Station Bio-Brane™
Feed & Effluent TSS

| —m—Feed T55
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As shown above, the TSS in the effluent was consistently below the required value of 20 mg/L.




4.1.3. NH3 Sampling Results

Kelsey Generating Station Bio-Brane™
Feed & Effluent NH3 Concentration
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As shown above, the NH3 in the effluent was consistently below the required value of 10 mg/L,
which is the more stringent requirement for the summer months despite the fact that this testing
was conducted in the fall.

5 CONCLUSIONS

The data presented above shows that the Bio-BraneTM system operating at the Kesley
Generating Station was consistently able to achieve the flow rates and removals required for this
application. This performance test was passed.

6 RAW SAMPLING DATA FROM MAXXAM LABORATORY
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Site Location: KELSEY STP PILOT
Your C.O.C. #: C408786

Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/09/12

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B379111
Received: 2013/09/04, 14:30

Sample Matrix: Water
# Samples Received: 4

Date Date
Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Alkalinity 2 N/A 2013/09/07 WIN SOP-00014 Based on SM-2320B
Biochemical Oxygen Demand 2 N/A 2013/09/05 WIN SOP-00018 Based on SM-5210B
COD by Colorimeter (1) 2 2013/09/05 2013/09/06 BBY6SOP-00024 SM - 5220D
Hardness Total (calculated as CaCO3) (1) 2 N/A 2013/09/12 BBY7SOP-00002 EPA 6020A
Mercury (Total) by CVAF (1) 2 2013/09/11 2013/09/11 BBY7SOP-00015 EPA 245.7
Na, K, Ca, Mg, S by CRC ICPMS (total) (1) 2 2013/09/04 2013/09/12 BBY7SOP-00002 EPA 6020A
Elements by CRC ICPMS (total) (1) 2 2013/09/12 2013/09/12 BBY7SOP-00002 EPA 6020A
Nitrogen (Total) (1) 1 2013/09/06 2013/09/09 BBY6SOP-00022 SM-4500N C
Nitrogen (Total) (1) 1 2013/09/10 2013/09/11 BBY6SOP-00022 SM-4500N C
Ammonia-N (Preserved) (1) 2 N/A 2013/09/05 BBY6SOP-00009 SM-4500NH3G
Nitrate + Nitrite (N) - Preserved (1) 2 N/A 2013/09/06 BBY6SOP-00010 USEPA 353.2
pH @ 2 N/A 2013/09/04 WIN SOP-00009 SM4500 H+B
TKN (Calc. TN, N/N) total (1) 2 N/A 2013/09/11 BBY6SOP-00022 SM 4500N-C
Carbon (Total Organic) (1) 2 N/A 2013/09/05 BBY6SOP-00003 SM-5310C
Total Qil and Grease (1) 2 N/A 2013/09/12 BBY8SOP-00004 BC Lab Manual
Total Phosphorus (1) 2 N/A 2013/09/06 BBY6SOP-00013 SM 4500 PE
Total Suspended Solids (1) 2 N/A 2013/09/10 BBY6SOP-00034 SM - 2540 D
Total Suspended Solids (1) 2 N/A 2013/09/11 BBY6SOP-00034 SM - 2540 D
Total Suspended Solids(Fixed & Volatile) (1) 4 N/A 2013/09/12 BBY6SOP-00034 SM2540 E

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

(2) The APHA Standard Method requires pH to be analysed within 15 minutes of sampling and therefore field analysis is required for
compliance. All Laboratory pH analyses in this report are reported past the APHA Standard Method holding time.

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca

Page 1 of 10



l\/la_;§2am

Maxxam Job #: B379111
Report Date: 2013/09/12 Site Location: KELSEY STP PILOT
Sampler Initials: TH

H20 INNOVATION

2.
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 2

Page 2 of 10

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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Your Project #: KELSEY GS STP PILOT
Your C.O.C. #: 408789

Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/09/17

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B379866
Received: 2013/09/06, 09:45

Sample Matrix: Water
# Samples Received: 3

Date Date
Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/06 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/10 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 3 N/A 2013/09/06 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Page 1 of 5

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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Your Project #: KELSEY G.S. STP PILOT
Your C.O.C. #: C408790

Attention: FRASER KENT
H20 INNOVATION

5100 SOUTH SERVICE RD.
UNIT 17

BURLINGTON, ON
CANADA L7L 6A5

Report Date: 2013/09/17

CERTIFICATE OF ANALYSIS

MAXXAM JOB #: B380019
Received: 2013/09/06, 12:10

Sample Matrix: Water
# Samples Received: 3

Date Date
Analyses Quantity Extracted  Analyzed Laboratory Method Analytical Method
Biochemical Oxygen Demand 2 N/A 2013/09/06 WIN SOP-00018 Based on SM-5210B
Ammonia-N (Preserved) (1) 2 N/A 2013/09/10 BBY6SOP-00009 SM-4500NH3G
Total Suspended Solids 3 N/A 2013/09/06 WIN SOP-00042 Based on SM2540 D

* Results relate only to the items tested.

(1) This test was performed by Maxxam Vancouver

Encryption Key

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Janelle Kochan, B.Sc., Project Manager,
Email: JKochan@maxxam.ca
Phone# (204) 772-7276 Ext:2209

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
5.10.2 of ISO/IEC 17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total cover pages: 1

Page 1 of 5

Maxxam Analytics International Corporation ofa Maxxam Analytics, Unit D - 675 Berry Street, Winnipeg, MB, R3H 1A7, Tel: (204) 772-7276, Fax: (204) 772-2386 www.maxxam.ca
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NEECANBURNSIDE

Appendix D

Photos



Kelsey Generating Station

Sewage Lagoon Project
Preliminary Design Report

EXISTING WASTEWATER TREATMENT SYSTEM

1.1 SBR building and underground transfer tank 1.2 Interior of SBR building with sewage influent
transfer piping

1.3 UV Building and fuel tank 1.4 UV Building entrance and conduits to SBR
building

o

1.5  Interior of UV building 1.6  Electrical service to UV building

Neegan Burnside Ltd. 300037851.820



Kelsey Generating Station

Sewage Lagoon Project
Preliminary Design Report

EXISTING WASTEWATER TREATMENT SYSTEM

1.7  BioBrane exterior view from NE 1.8  BioBrane exterior view from SW

1.9  Sludge digester building 1.10 Sludge digestion underground tanks

canse . M
i ?"_-.r-fﬁ'f_ i =
1.11  Manhole MH3 view from SW 1.12 Manhole MH view from NW looking along

proposed gravity sewer line route

Neegan Burnside Ltd. 300037851.820



Kelsey Generating Station

Sewage Lagoon Project
Preliminary Design Report

PROPOSED FORCEMAIN ROUTE

== T

2.1 Road between boathouse and proposed lift 2.2  Borehole drilling (TH-12) at proposed lift
station location (proposed gravity sewer line station location
crossing)

2.3 Road to Communication Tower (proposed 2.4 View North of Communication Tower from
forcemain tower) Probe Hole PH-19

2.5 View NE from Probe Hole PH-17 2.6 View South from Test Hole TH-15

Neegan Burnside Ltd. 300037851.820



Kelsey Generating Station

Sewage Lagoon Project
Preliminary Design Report

PROPOSED FORCEMAIN ROUTE

2.7 View East from Test Hole TH-14 2.8 View North from Test Hole TH-16

2.9 View West from Test Hole TH-16 looking 2.10View South from Test Hole TH-16
towards Lagoon Site 1

|
Ll /
2.11View South along proposed FM route to 2.12Small creek crossing along FM route to
Lagoon Site 2, under transmission line Lagoon Site 2

approximately 150m south of TH-1

Neegan Burnside Ltd. 300037851.820



Kelsey Generating Station

Sewage Lagoon Project
Preliminary Design Report

LAGOON SITE 1 (NORTH)

3.1 View West towards Lagoon Site 1 3.2 Drill rig mobilization in open area East of
Lagoon Site 1

3.3 View West along Cut Line from Test Hole 3.4 Lagoon Site 1 viewed from West from location
TH-3 near Test Hole TH-1

3.5 View East from Test Hole TH-68, low area east 3.6 Creek East of Lagoon Option 1, proposed
of proposed lagoon site ultimate destination for effluent discharge

Neegan Burnside Ltd. 300037851.820



Kelsey Generating Station

Sewage Lagoon Project
Preliminary Design Report

LAGOON SITE 2 (SOUTH)

4.1 Transmission line right of way East of Lagoon 4.2 Brush looking North towards Lagoon Option 2
Option 2 site

Y

e e

-+ =

4.3 Southern extents of Lagoon Option 2 site 4.4 Geotechnical investigation at Test Hole TH-8
along transmission line right of way

4.5 Low area looking North from Lagoon Option 2 4.6 Creek East of Lagoon Option 2, proposed
near Test Hole TH-11 ultimate destination for effluent discharge

Neegan Burnside Ltd. 300037851.820



