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1 INTRODUCTION

The Town of Beaverlodge (Town) owns and operates the Beaverlodge Wastewater Lagoon System, under the
Environmental Protection and Enhancement Act (EPEA) registration 408-02-00, which requires the system to conform to
the Code of Practice for Wastewater System Using Wastewater Lagoons.

The wastewater lagoon system consists of four (4) anaerobic cells, a facultative cell, a partial mix aerated cell (post-
facultative aerated treatment cell), and two (2) aerated storage cells. Wastewater flows through four (4) anaerobic cells
located within the facultative cell, then into the facultative cell. The wastewater is then pumped from the facultative
cell to cell #1 via a lift station. Cell #1 is divided into 3 smaller cells (cells #1A, #1B, and #1C), each separated by an
impermeable geomembrane flow diversion baffle. From cell #1, wastewater is transferred to storage cells #2 and #3
by gravity for aerated storage prior to discharge to the Beaverlodge River. The lagoon system was last upgraded in
2008 with the addition of an aeration system to cells #1, #2, and #3. Aeration is provided by four (4)-20 Hp blowers
located within the blower building, which is situated at the center of the lagoon site. The existing lagoon site layout is
shown in Figure 1-1.

1.1 Background Information

In October 2020, Associated Engineering (AE) completed a Wastewater Lagoon Assessment Technical Memorandum
to determine if the existing lagoon system has enough storage and treatment capacity for the next 25 years and
concluded the following:

�x The current wastewater lagoon system does not have sufficient storage capacity for annual discharges.

�x Based on current, historical effluent quality (2017–2020) and data collected during the 2020 flow year, and
using historical river quality data, the Beaverlodge River Assessment Report (Appendix A: Wastewater Lagoon
Assessment (2020) Technical Memorandum) concluded the following:

�x Un-ionized ammonia in the river downstream of the outfall during the fall discharges from the storage
cells is not expected to cause adverse effects to the fish.

�x Un-ionized ammonia concentrations at the edge of the mixing zone in the river may exceed the
applicable guidelines under typical spring river flows and there may be adverse effects.

�x Total phosphorus concentration in the river downstream of the outfall during the typical spring
discharge conditions increases by 40%, where an approximately 30-fold increase was determined
under typical fall discharges. During fall discharges, the increase is significant enough that it changes
the trophic status of the river from eutrophic to hyper-eutrophic, which can potentially lead to
increased growth of attached and floating algae, which in turn can lead to unfavourable pH and
dissolved oxygen levels.

�x The current wastewater lagoon system does not meet Alberta Environment and Parks’ (AEP’s) design
standards and guidelines for anaerobic and facultative cell requirements, based on its current configuration,
historical population, and release schedule of discharging twice per year, which is not in compliance.

�x The existing “Enhanced Conventional Wastewater Lagoon” system, comprising anaerobic cell(s), facultative
cell and partially mixed aerated cell(s), would meet the year-round effluent 5-day carbonaceous biochemical
oxygen demand (cBOD5) of less than 25 mg/L for the next 25 years of projected wastewater flows and loads .

�x The estimated capital cost of upgrading the system to meet the AEP’s design standards and guidelines for
annual discharges (a total of 12 months of storage) will be $4.5 M in 2020 dollars, excluding the cost of land
acquisition (if needed).
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�x For temporary bi-annual discharges:

�x Town’s lagoon system can meet a low level of cBOD5 and ammonia-N (NH4-N) during fall discharges,
until 2035, assuming that the existing aeration system can meet necessary oxygen demand.

�x Spring discharges will, in general, result in higher effluent phosphorus concertation than that of the
fall discharges, due to lower biological activities. The high-level capital cost for an Alum dosing skid to
reduce effluent total phosphorus concentration, during fall discharges, to an acceptable level was
estimated to be $50,000, with an annual operating cost (Alum) of $12,000.

Subsequent to the report, Alberta Transportation (AT) indicated that their planned twinning of Highway 43 will affect
the lagoon footprint. The proposed highway twinning and associated CN rail realignment will intersect the north-east
corner of the existing lagoon site. The planned twinning will also be constructed over the Town’s trunk sewer which
discharges to the lagoon. The originally proposed lagoon upgrades will now need to consider the planned highway
twinning, associated minimum setback requirements, and potential impacts to the trunk sewer line.

AE reviewed the proposed lagoon upgrades with AEP though a virtual meeting. During the meeting it became clear
that AEP did not have records of the aeration upgrades that the Town performed under court order in approximately
2008. AEP indicated that they expect the upgraded lagoon will fall within the Code of Practice. AE will be required to
review at the time of application, and confirm prior to application.

1.2 Scope of Assignment

The scope of this assignment is to review the wastewater lagoon upgrade options necessary to meet the Provincial
and Federal Regulations for Wastewater System Using Wastewater Lagoons while accounting for the planned
Highway 43 upgrades. The following items were reviewed as part of this assignment:

�x Confirmation of design criteria.

�x Lagoon Upgrade Assessment including expansion of existing lagoons or construction of new lagoons while
considering:

�x Lagoon hydraulic capacity;

�x Lagoon effluent quality;

�x Suitable location for chemical addition and aeration, if required, to meet future regulatory
requirements;

�x Constraints mapping to identify and illustrate the available land to construct the lagoon upgrade.
Constraints will include land purchase requirements, setback distances, topography, environmental
sensitivities, etc.;

�x Preliminary earthwork modeling and quantity estimates;

�x Piping requirements;

�x Regulatory permits required for the upgrades; and

�x Opinion of probable cost and schedule durations.
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�x Trunk Sewer Assessment including existing conditions and impacts of Highway 43 and CN rail relocation while
considering:

�x Survey inverts and CCTV of the trunk sewer;

�x Hydraulic assessment of the trunk sewer to confirm its capacity and ability to service the Town for
the foreseeable future;

�x Review AT and CN requirements for utility crossings and identify any potential upgrades that may be
required; and

�x Opinion of probable cost of any proposed upgrades.

�x Funding Review including cost split between Alberta Transportation and the Town of Beaverlodge, funding
opportunities, and support in funding applications.
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2 DESIGN CRITERIA

2.1 Population Projection

The historical Federal Census data (1986–2016) for the Town was analyzed to project the future sewered population
(actual residential population). The Town’s population has grown modestly at an average rate of 1.1% per annum from
1986 to 2016. This is consistent with the growth rate (1.0%) used for the design of the Town’s Water Treatment Plant,
by AE. An annual growth rate of 1.0% was, therefore, used to estimate the population for a design horizon of 25 years.
Table 2-1 summarizes the projected populations of the Town for the next 25 years.

Table 2-1
Projected Population

Year (Design Horizon) Population

2020 (0) 2,565

2025 (5) 2,700

2030 (10) 2,830

2035 (15) 2,980

2040 (20) 3,130

2045 (25) 3,290

2.2 Wastewater Generation Projection

Alberta Environment and Parks’ (AEP) design standards and guidelines for wastewater lagoons are a function of
average annual wastewater generation rate (daily).Table 2-2 summarizes the historical total annual wastewater
release volumes provided by the Town for the period of 2014 to 2019. The volumes provided are total wastewater
generation volumes for the entire year as estimated by the Town, therefore, are inclusive of:

�x Domestic wastewater generation;

�x Any septage or truck dump flows; and

�x Inflow and infiltration (I/I).

Influent flow to the lagoon system is not metered; hence, historical wastewater release data for the Town and
corresponding sewered population was used to estimate average annual per capita wastewater generation rate, as
shown in Table 2-2. A wide range in the per capita generation rate was recorded. The estimated annual release rate
for 2017 was significantly higher than the other estimated release rates, during 2014 to 2019, and there was no
significant correlation between the per capital release rate and the recorded annual precipitation. Hence, the high
release rate, in 2017, could be the result of inaccurate release volume measurements. Due to the limited scope, AE
was unable to verify this premise during this assessment.

AEP defines the average daily design flow as the “greatest” annual average per capita daily flow, which is estimated to
occur during the design life of the facility. Hence, a per capita generation rate of 625 L/d was used in this study to
estimate future design flow. The original design flow was 380 L/c/d. It should be noted that the design flow used in
this assessment is significantly higher than what is typically seen (approximately 500-550 L/c/d), in the Northern
Alberta communities of similar size and characteristics, which may be attributed to various reasons:



Town of Beaverlodge

2-2

�x Inaccurate release volume calculation; and

�x Significant I/I issue that could be addressed in the future to some degree to reduce the inflow value.

Table 2-2
Historical Wastewater Release

Year Population
Spring Release

(m3)
Fall Release

(m3)

Total
Release

(m3)

Total Annual
Precipitation

(mm)

Annual
Release

Rate
 (L/c/d)

2014 2,425 273,681 207,318 480,999 356 543

2015 2,445 282,374 222,614 504,988 435 566

2016 2,465 297,469 193,317 490,787 586 545

2017 2,485 318,367 248,241 566,608 488 625

2018 2,505 268,325 180,180 448,505 553 490

2019 2,526 234,299 173,555 407,854 447 442

2020 2,565 295,802 101,870 397,672 356 425

The average daily wastewater generation rate for the future assessment period was estimated by applying the per
capita wastewater generation rate, 625 L/c/d, to the projected populations for the Town, as in Section 2.1. The
estimated daily and annual wastewater generation volumes are summarized inTable 2-3.

Table 2-3
Estimated Annual Wastewater Generation

2020 2025 2030 2035 2040 2045

Rate (m3/d) 1,610 1,690 1,780 1,870 1,960 2,060

Rate (m3/yr.) 579,600 608,400 640,800 673,200 705,600 741,600

Section 3.4.1.5.4 of AEP’s design standards and guidelines require a total gravity collection system, i.e., no pumping
station with a capacity <500 m3/d, to have a portable or permanent flow measuring device provided at the inlet of the
wastewater lagoons. Hence, AE recommends installation of a Parshall flume type flow meter at the inlet or an
ultrasonic flow meter at the lift station that feeds cell 1A to measure the influent flow to the wastewater lagoon
system and verify the design assumption used in this assessment before proceeding with the design to upgrade . In
addition, AE recommends completing an inflow and infiltration (I&I) study to identify potential options to reduce the
I&I contributions to the lagoon system, i.e., lining of pipes and manholes.
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2.3 Wastewater Quality Estimation

AEP does not have any guidelines to estimate influent design loads for conventional wastewater lagoons, as the design
guidelines are based on the hydraulic retention time of average daily flow. For aerated lagoons, AEP recommends
using the influent wastewater characteristics of typical domestic wastewater (BOD - 200 mg/L, TSS - 200 mg/L),
unless the characteristics are considerably different. The Town does not have to monitor and report influent
concentrations, as part of the requirements of the Code of Practice; therefore, data were not available to estimate or
verify influent wastewater characteristics.

AE recommends that the Town completes a minimum of four (4) grab samples (one per season) throughout the year to
start building a baseline of influent quality data for critical parameters, including BOD5, Total Kjeldahl Nitrogen (TKN),
Ammonia, and Total Phosphorus. AE reviewed the influent characteristics (BOD5 only) for the Town of Valleyview that
is of a similar scale and characteristics, as the Town of Beaverlodge. The influent BOD concentration varies between
180–220 mg/L, for the Town of Valleyview, which is typical of domestic wastewater.

Table 2-4 shows influent concentration for typical domestic wastewater used as the design basis for the Town’s
lagoon system upgrades.

Table 2-4
Estimated Design Influent Concentration

Parameter
Concentration

(mg/L)

BOD5 200

Total Kjeldahl Nitrogen (TKN) as N 31

Ammonia as N 23

Total Phosphorus as P 5.2
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3 LAGOON UPGRADE ASSESSMENT

3.1 Design Capacity Requirements

AEP established design criteria for wastewater lagoon cell configurations, based on the average daily design flow.
Table 3-1 summarizes wastewater lagoon cell requirements in AEP’s standards. The Town has an average daily design
flow of more than 500 m 3/d; hence, the wastewater lagoon system should have four (4) anaerobic lagoons, each with
two days of storage capacity, based on the average daily design flow. Facultative cells are required in all lagoon
systems and shall retain influent wastewater for at least 60 days, based on average daily design flow. Storage cells
shall retain a minimum of 12 months of storage, based on the average daily design flow. However, the current lagoon
system could conveniently be categorized as “Enhanced Conventional Wastewater Lagoon” since the system includes
a partial mix aerated cell downstream of anaerobic and facultative cells and the system also does not meet the design
standard for aerated lagoons (a completely mixed cell with a retention of at least two (2) days). The following sections
review and compare the design standards by AEP for wastewater lagoon and followed by the enhancement in the
biological treatment efficiency of wastewater lagoon system through aeration.

Table 3-1
AESRD Wastewater Lagoon Design Criteria

Average Daily Design
Flow (m3/day)

Number of Anaerobic
Cells

Requirements for
Facultative Cell(s)

Requirements for 12
months Storage Cell(s)

< 250
0

Minimum Depth = 3.0 m
Yes

Maximum Depth = 1.5 m
Yes

Maximum Depth = 3.0 m

250 – 500
2

Minimum Depth = 3.0 m
Yes

Maximum Depth = 1.5 m
Yes

Maximum Depth = 3.0 m

>500
4

Minimum Depth = 3.0 m
Yes

Maximum Depth = 1.5 m
Yes

Maximum Depth = 3.0 m

3.2 Current System Hydraulic Capacity

The existing wastewater lagoon consists of eight (8) cells: four (4) anaerobic cells, one (1) facultative cell, once partially
mixed aerated cell, and two (2) storage cells., The active volumes were calculated from the bottom of the cell to the
high-water level, with a minimum of 0.5 m freeboard based on estimates from the existing record drawings. A
summary of the existing wastewater system capacity (volume) is shown inTable 3-2. Note that the volume of the cells
is estimated, based on record drawings only; a survey was not conducted to verify the values noted below.
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Table 3-2
Summary of Hydraulic Capacity of Existing Wastewater System

Parameter Value

Anaerobic Cell

Number of Cells 4

Operating depth, m 3.65

Volume of each cell, m3 1,360

Total volume, m3 5,440

Facultative Cell

Number of Cells 1

Operating depth, m 1.5

Total volume, m3 59,600

Aerated Cell (Partially Mixed)

Number of Cells 1

Operating depth, m 2.5

Volume (Cell#1A), m3 27,500

Volume (Cell#1B), m3 24,750

Volume (Cell#1C), m3 62,350

Volume (Cell #1 total), m3 114,600

Storage Cell (Aerated)

Number of Cells 2

Operating depth, m 2.5

Volume (Cell #2), m3 23,800

Volume (Cell #3), m3 70,300

Total volume, m3 308,100

The design capacity requirements for anaerobic, facultative, and storage cells are summarized inTable 3-3 for 2045,
based on the Standard and Guidelines for Municipal Waterworks, Wastewater and Storm Drainage Systems, Part 3
Wastewater Systems Standards for Performance and Design (ESRD, 2012).
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Table 3-3
Recommended Design Capacities

Anaerobic Cell (s)1, m3 Facultative Cell + Aerated Cell, m3 Storage Cell (s)2, m3

Existing
Required
by 2045

Existing
Required
by 2045

Existing
(Cell #2 & Cell 3)

Required
by 2045

5,440 16,450 174,200 123,360 308,100 741,600

Note:
1 Requires 4 anaerobic cells in series, each with 2 days holding capacity, based on average daily design flow and an operating depth

of 3.0 to 3.5 m.
2 12 months of storage.

3.3 Effluent Quality Objective

Table 3-4 summarizes the effluent quality objectives used for the proposed upgrades for the design horizon.

Table 3-4
Upgraded Lagoon Effluent Quality Objective

Parameter Unit Value

Flow m3/d 2,060

Effluent cBOD 5 mg/L 25

3.4 Land Restrictions

As per Standard and Guidelines for Municipal Waterworks, Wastewater and Storm Drainage Systems, Part 3
Wastewater Systems Standards for Performance and Design (March 2013), setback distances are shown below in
Table 3-5:

Table 3-5
Minimum Setback Distance (m) from the “Working Area”* of the Wastewater Lagoons

Minimum Setback Distance (m) from the “Working Area”* of the Wastewater Lagoon to: Distance

The property line of the land where the lagoon is located 30

The designated right-of-way of a rural road or railway 30

The designated right-of-way of a primary or secondary highway 100

A “building site”** for school, hospital, food establishment or residential use 300

*"Working Area,” means, those areas of a parcel of land that are currently being used or will be used for the processing of

wastewater.

** “building site” means a portion of the land on which a building exists, or can or may be constructed
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Notes:

�x Minimum setback distance from the “working area” of the wastewater lagoon to a “building site” on the
property of a “privately owned development” which the lagoon serves may be reduced to 100 m.

�x Setback distances may be varied with the written consent of the “Director”.

Figure 3-1 shows the existing land ownership around the project area including land already acquired by Alberta
Transportation for the future relocation of Highway 43 and CN Rail. Preliminary drawings of the future Highway 43
corridor were provided by Alberta Transportation and are included in Appendix B. The future CN Rail ROW is included
within the acquired land and is shown on the south side of the corridor.

Associated further inquired with Alberta Transportation who advised that only a 40 m setback (as compared to the
100 m listed in Table 3-5) is required for the future alignment of Highway 43. This 40 m setback was further clarified
to be from the future Highway 43 ROW to the bottom of the revised lagoon berms.

Associated also contacted CN Rail to seek further clarification on a setback distance. CN Rail advised that they need to
further evaluate internally and verify the proposed design before providing a setback. To mitigate the risk associated
with this unknown, a setback of 100 m will be utilized for the analysis.

3.5 Proposed System Hydraulic Capacity

The direction for lagoon expansion is limited to the east as a result of the proposed alignment for Highway 43 and CN
Rail to the north and the Beaverlodge River to the west and the south. As a result, the volumes of Aerated Cell
(Partially Mixed) 1C and Storage Cell 2 are reduced. Subsequently, to meet storage requirements, a new storage cell
#4 is proposed. Revised volumes are shown inTable 3-6 and a preliminary configuration is shown in Figure 4-2.
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Table 3-6
Summary of Hydraulic Capacity of Existing and Proposed Wastewater System

Parameter Existing Proposed

Anaerobic Cell

Number of Cells 4 -

Operating depth, m 3.65 -

Volume of each cell, m3 1,360 -

Total volume, m3 5,440 -

Facultative Cell

Number of Cells 1 -

Operating depth, m 1.5 -

Total volume, m3 59,600 -

Aerated Cell (Partially Mixed)

Number of Cells 1 1

Operating depth, m 2.5 2.5

Volume (Cell#1A), m3 27,500 27,500

Volume (Cell#1B), m3 24,750 24,750

Volume (Cell#1C), m3 62,350 23,650

Volume (Cell #1 total), m3 114,600 75,900

Facultative Cell + Aerated Cell (Partially Mixed) 169,400 135,500 >123,360

Storage Cell (Aerated)

Number of Cells 2 3

Operating depth, m 2.5 2.5

Volume (Cell #2), m3 238,800 200,000

Volume (Cell #3), m3 70,300 70,300

Volume (Cell #4), m3 - 375,000

Total volume, m3 308,100 645,300 < 741,600*

* If I/I flows are addressed the difference between projected required storage for 2045 and available storage is not
anticipated to be an issue.

The revised cells are modelled with the following design criteria:

�x 4:1 interior side slopes and 4:1 exterior side slopes;

�x 4.0 m top of berm width; and

�x Minimum 0.6 m of freeboard.
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The proposed hydraulic capacity of the treatment cells (anaerobic, facultative and partially mixed) is based on cell
volumes remaining after taking into consideration the setback. Due to land availability constraints the design upgrade
focussed on achieving effluent quality within the treatment cells through the upgrades of aeration, and then allowing
the remaining land to be utilized for construction of storage cells. The aeration demand estimate for treatment was
conservative in that it did account for minimal treatment achieved in the small anaerobic cells and the facultative cell,
as explained below.
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3.5.1 Anaerobic Cell Revisions

A minimum of 11,000 m3 of additional storage capacity needs to be added to meet the anaerobic system’s holding
capacity requirements for 2045. The current wastewater lagoon system does not have enough hydraulic capacity to
even meet the current system’s anaerobic storage requirement. No sludge survey was conducted to estimate the
actual depth (sludge depth) in the anaerobic cells.

To meet the AEP recommended guideline for anaerobic cell (s), either existing anaerobic cells have to be upgraded or
additional cell(s) have to be constructed. In both cases, the cell surface area would be such that the resulting cell(s)
would work as a facultative cell(s) instead of an anaerobic cell(s). Hence, AE proposes that the existing anaerobic
lagoon remain the same while the aeration system in cell #1 is upgraded to improve the treatment performance so
that the year-round effluent quality objective is met for annual releases.

3.5.2 Facultative Cell Revisions

The existing wastewater lagoon system’s configuration requires additional facultative cell volume; however, a
combination of the facultative cell and the aerated partially mixed (Cell #1) would meet the 2045 Hydraulic capacity
requirements as shown inTable 3-5. Since Cell #1 is aerated, the working depth is not limited to the maximum
allowable working depth for a facultative cell (1.5 m). Therefore, no additional facultative cell capacity is
recommended.

3.5.3 Aerated Cell Revisions

AE proposes using a combination of the existing facultative cell and revised aerated cell#1 (Partially Mixed) to provide
treatment requirements to meet year-round effluent quality objective. Separate removal mechanisms are involved in
facultative cell and aerated cell treatment. Hence, the following assumptions were made to estimate cBOD5 removal
capacity of the wastewater lagoon system, for 2045:

�x Assumptions for minimum (winter) cBOD removal capacity:

�x Average winter lagoon temperature of 2 °C.

�x cBOD5 removal mechanism in the existing anaerobic and facultative cells is solely sedimentation of
particulate cBOD and is assumed to be an average of 10%, each .

�x cBOD5 removal efficiency in partial mix aerobic cells (cells #1A, #1B, and #1C) was estimated, using a
plug flow kinetic model with an appropriate temperature correction factor.

The average winter effluent cBOD concentration for the Town’s lagoon system for the design year of 2045 is
estimated to be 18.0 mg/L based on the assumptions above. Hence, it can be projected that modified “Enhanced
Conventional Wastewater Lagoon” system (anaerobic + facultative + aerated cell) would have enough hydraulic
capacity to meet the year-round low effluent cBOD 5 concentration (less than 25 mg/L).Table 3-4 summarizes the
historic lagoon effluent quality for the existing system during the spring and fall discharges. The existing lagoon system
was unable to meet the year-round low effluent cBOD 5 concentration (<25 mg/L) reliably especially during spring
discharge (April – May). This lack of BOD treatment capacity could be attributed to inadequate aeration and/or mixing
available to the aerated cell.
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Table 3-7
Historic Lagoon Effluent Quality

Spring Fall

Date BOD5 (mg/L) Ammonia-N (mg/L) Date BOD5 (mg/L)
Ammonia-N

(mg/L)*

29-Jun-16 33 1.3

16-Mar-17 3 0.3 14-Sep-17 <2 <.02

24-Apr-18 7 4.7 4-Sep-18 <2 <.05

24-Apr-19 8 8.5 2-Oct-19 <2 Not Available

22-May-19 20 4.2 3-Sep-19 <2 <.05

27-Oct-20 3.1 0.237

02–Nov-21 <2 0.294

* Data available appears to be a mix of unionized and total Ammonia readings.
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The partially mixed aerated cells are typically designed to satisfy the design organic loading while maintaining an
adequate uniform dissolved oxygen level (greater than 2.0 mg/L) in the cell. The design intent is not to maintain a
uniform solids concentration, hence allowing solids allowed to settle in the cell to undergo aerobic/anaerobic
digestion. A high-level evaluation of the existing system identified that the aeration system, includes blower and
diffusers, in cell #1 is not adequate to meet the design requirement for 2045. Therefore, AE reviewed, in consultation
with Nexom, an upgraded aeration system design for cell #1 that meets the necessary mixing and oxygen
requirements for an annual average effluent cBOD concentration of 15 mg/L. Nexom’s proposed scope of supply to
upgrade the aeration system to meet the desired cBOD concentration of 15 mg/L includes:

�x Removal of existing linear aeration diffusers and feeder lines.

�x Cells #1 and #4A HDPE shallow buried main header piping.

�x H3-4 Diffuser assemblies complete with EPDM Membranes and accessories for Cell #1.

�x H2-4 Diffuser assemblies complete with EPDM Membranes and accessories for Cells #2, #3 and #4A.

�x Floating and submerged lateral, feeder piping, fittings, lateral valves and sandbag ballasts as required.

�x Self-tensioning lateral assemblies and anchor posts.

�x Three (3) 40 hp positive displacement blowers with VFDs and control panel.

�x Blower header and connection pipe.

Nexom’s proposal for the cell#1 aeration system upgrades is shown inAppendix C. Three (3) new 40 Hp blowers
(Duty-Duty-Standby) will be installed in the existing blower building replacing two (2) old blowers while the remainder
two (2) old blowers will be used to provide aeration to storage cells as described inSection 3.4.4. A preliminary
desktop evaluation of the record drawing shows that there is sufficient space for the three (3) new blowers after
removal of the existing two (2) old blowers. The space requirement for installation, operation and maintenance of the
new blowers needs to be verified during the detailed design phase.

3.5.4 Storage Cell Revisions

There are lagoon systems in Alberta that discharge twice a year, but low flow conditions in fall and the total
phosphorous (TP) issue, as identified in the Beaverlodge River Assessment Report, would require 12 month’s of
storage option to be considered. To meet 12 month’s of storage (741,600 m3) requirement for 2045, a minimum of
433,500 m3 of additional storage capacity needs to be added. .

The addition of a new storage cell 4 is required to account for storage lost as a result of the future Highway 43
relocate and to meet the required 12 month storage for 2020 and 2045.

3.6 Nutrient Removal Capacity Assessment

The conventional wastewater lagoon and aerated lagoon systems are not typically designed for Ammonia and
Phosphorus removal. Hence, a significant and reliable year-round reduction in effluent nitrogen and phosphorus
concentration is not achievable, especially during Spring discharges. In addition, influent nutrient loads in the lagoon
system are also not available due to a lack of monitoring and reporting requirements. There is also a lack of predictive
kinetic lagoon nutrient removal models that can approximate lagoon effluent nutrient concentrations. Therefore, in
this study, ammonia and total phosphorus removal capacities were evaluated based on the performance of the existing
lagoon system by analyzing historical effluent concentration and lagoon nutrient removal performance in Northern
Alberta.
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3.6.1 Ammonia Removal Capacity Assessment

Ammonia removal in facultative wastewater treatment ponds occurs via three mechanisms: gaseous NH3 stripping to
the atmosphere, NH3 assimilation in algal and heterotrophic biomass, and biological nitrification. Nitrification generally
does not account for a significant portion of NH 3 removal, especially when the lagoon temperature falls below 5 °C
(Mcnaughton, Stoll, Smith, MIddlebrooks, & Bowman, 2011). Ammonia assimilation in biomass depends on the
biological activity in the system and is affected by temperature, organic load, detention time, and wastewater
characteristics. The rate of gaseous NH3 losses to the atmosphere depends mainly on the pH value, temperature, and
the mixing conditions in the pond. Regardless of the specific removal mechanism involved, ammonia removal in
facultative wastewater ponds may approach 99%, during the Summer months (Fall discharges), with the major removal
occurring in the primary cell of a multi-cell pond system.

The ammonia removal rate in the aerated lagoon is a function of BOD loading rate and detention time. With a low
residual BOD concentration, significant ammonia removal can be achievable in the final aerated cell, only if enough
oxygen and mixing energy is provided and temperature is favourable for the hydraulic retention time.

As was shown inTable 3-4, effluent ammonia concentrations, during Spring discharges, are higher than that of Fall
discharges, due to reduced biological activity during the winter months. The addition of storage cell (Section 3.5.4) to
permit year-round storage and single annual discharge would allow effluent ammonia concentration to be diluted to a
lower concertation than historic Spring discharge concentration.

The River Assessment Report, dated October 2020, identified that the un-ionized Ammonia concentration at the edge
of mixing zone is not expected to cause adverse effects to fish during the Fall. On the contrary, the un-ionized
ammonia concentration at the edge of the mixing zone may exceed the applicable guideline under typical Spring river
flows and there may be adverse effects. The effluent ammonia concentration can not be reduced reliably in a
wastewater lagoon system during the Winter, without the addition of a lagoon effluent treatment process. Ammonia
toxicity to aquatic life is affected by pH. Ammonia-nitrogen (NH3-N) has a more toxic form at high pH and a less toxic
form at low pH, un-ionized ammonia and ionized ammonia (NH4 +), respectively. The un-ionized form of ammonia is
approximately 100 times more toxic than ionized form of ammonia and in general, less than 10 % of total NH3-N is in
the un-ionized form when pH is less than 8.0. However, this proportion increases dramatically as pH increases (Figure
3-2). The effect of pH on the relative proportion of un-ionized form of ammonia is more significant in higher effluent
temperature especially during fall discharge. Hence, AE recommends that the effluent pH level be adjusted below 8.0
by adding Alum year-round, that will also reduce total phosphorus concentration, as described in the following section
in details, to reduce the likelihood of un-ionized ammonia related effluent lethality/toxicity.
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Figure 3-2
Proportion of more toxic un-ionized ammonia increase as a function of pH and temperature (Banrie, 2013)

3.6.2 Total Phosphorus Removal

Phosphorus removal in ponds may result from physical mechanisms, such as adsorption, coagulation, and precipitation.
Without the addition of coagulant, phosphorus removal using the physicochemical mechanisms, will be insignificant.
The uptake of phosphorus by organisms for cell metabolism, as well as storage, can also add to phosphorus removal.
Phosphorus removal in wastewater ponds has been reported to range from 30% to 95% (USEPA, 1983). The removal
efficiency varies seasonally with the growth of organisms in a lagoon system.

The Town does not have any historic effluent total phosphorus (TP) concentration data. The River Assessment Report
measured an average TP concentration of 1.64 mg/L for Spring effluent for 2020. The TP concentration at the edge of
the mixing zone for Spring discharges is calculated to be 0.33 mg/L. The TP concentration in the river, during typical
Spring discharge conditions, increased by 40%, where an approximately 30-fold increase was determined under typical
Fall discharges.

The Town applied a slug load of Alum to the lagoon Cell#1 on July 30, 2021 to mitigate impacts of effluent
phosphorus during fall discharge (November 1, 2021 to November 22, 2021) on the river. The TP concentrations upon
Alum addition on November 3, 2021 at the point of effluent discharge was 0.31 mg/L which was significantly below
the historical average effluent concentrations without the addition of Alum (1.4 mg/L). Therefore, AE proposes year-
round alum addition to the discharge header of the existing lift station between facultative cell and cell#1 to reduce
the total phosphorus concentration to as low as 0.50 mg/L. For an alum (aluminum sulphate) dosage of 33 mg/L and
an aluminum sulphate solution concentration of 48.5 w/w% (as Al2(SO4)3), the expected average volume of alum
required per day is 104 L. The appropriate alum dosage to achieve effluent TP objective will need to be confirmed
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utilizing jar tests performed on actual lagoon wastewater. However, the alum dosage utilized for the preliminary
design represents a conservative dosage.

AE recommends using IBC totes as the primary storage method, as it provides enough storage volume while requiring
minimal equipment for transportation (i.e. pallet jack). HDPE chemical containment pads should be utilized to store the
totes. AE recommends using a 4.0 m x 4.0 m pre-engineered building to house a duplex alum dosing skid and IBC totes
for year-round alum addition. The turbulence in the lift station discharge would provide the required initial mixing of
alum and phosphorus, and the aeration system in cell #1 will provide the additional mixing energy to facilitate
phosphorus precipitation. AE also recommends that a flowmeter be installed in the lift station to allow flow-pace Alum
dosing. Flow-pace Alum dosing would allow better control, more efficient phosphorus removal, and hence would
reduce the overall cost of Alum.

3.7 Lagoon Earth Balance

As a result of the Highway 43 relocation, modifications are required to cell 1 and cell 2. In order to obtain 12 months
storage, a new cell 4 is proposed.Table 3-8 are preliminary estimates of earth balance quantities to complete the
work.

Table 3-8
Cut and Fill Estimates

Description Cut (m3) Fill (m3) Remainder

Cell 1 (Return to original contours) (+) 0 (-) 60,000 (-) 60,000

Cell 2 (Return to original contours) (+) 0 (-) 20,000 (-) 20,000

Cell 4 (New construction) (+) 250,000 (-) 50,000 (+) 200,000

Total (+) 250,000 (-) 130,000 (+) 120,000

The modified cells are modelled with the following assumptions:

�x 4:1 interior side slopes and 4:1 exterior side slopes.

�x 4.0 m top of berm width.

�x Existing topsoil depths are 0.3m.

Figure 3-3 shows the proposed cell 4. Note that the scenario shown for cell 4 are for the least possible excess cut in
order to maintain gravity operation with adjacent cells. In preliminary discussions of with Alberta Transportation, it is
anticipated that fill material will be a commodity in construction. Based on this, excess cut material will be stockpiled
within the 100 m setback from Highway ROW. Modifications to cells depth in order to obtain additional fill can also be
considered in detailed design, working within the Alberta Standards and Guidelines for lagoon depths.

Considering the age of the lagoon system, there is likely some accumulation of sludge and/or silts in the cells proposed
to be modified. As the materials within the lagoon have not been characterized at this stage and are not considered
the anaerobic and facultative process cells, it is assumed the materials are not biological in nature and can be removed
and incorporated into the stockpiled fills. AE recommends a sludge survey of the lagoons be conducted, which should
include a sampling program to characterize the sludge. Characterization and quantification of the sludges within the
lagoon system via a sludge survey will provide important information for the detailed design phase.
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3.8 Geotechnical Considerations

A detailed geotechnical investigation for the proposed upgrades has not been completed at this stage of the project
and will be required at the outset of the detailed design phase. A geotechnical investigation is required to confirm the
viability of the preliminary design and to provide updated soil parameters for detailed design and specifications. The
key considerations for the civil design from a geotechnical investigation include:

�x Topsoil depth for consideration in earth balance calculations.

�x Elevation of the ground water level and whether perched groundwater may be encountered during
excavation.

�x Evaluation of the use of the native clay as an in-situ compacted clay liner.

�x New lagoon berm slope stability recommendations.

3.8.1 Liner Requirements

Municipal septage lagoons are expected to conform to the Standards and Guidelines for Municipal Waterworks,
Wastewater and Storm Drainage Systems. At this time, in-situ clay liners are projected for use in the altered and
expanded lagoon cells. The feasibility of this approach will be evaluated upon completion of the geotechnical
investigation, where the following will be evaluated:

�x Suitability of in-situ materials as native or compacted clay liner.

�x If suitable as compacted clay liner, depths of material conditioning required to achieve sufficient hydraulic
conductivity, and meet regulatory requirements.

If the in-situ material is not suitable or the required depths of compacted clay liner are outside of typical requirements,
alternatives will need to be evaluated. Alternatives such as geosynthetic liner systems may be required, which may add
cost to the project. These considerations will be made during the detailed design phase in collaboration with the
stakeholders.
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4 TRUNK SEWER ASSESSMENT

4.1 Existing Trunk Sewer Conditions

The existing trunk sewer was installed in 2001. The total length from 3 Street to the Anaerobic Cell inlet manhole is
1515 m. Once the trunk sewer crosses crossing 3 Street, it continues southwest and diagonally across the quarter
section north of the lagoons within a 9.14 m wide registered utility ROW. The first 1100 m from 3 Street up to the
lagoon site is 375 mm SDR-35. Once in the lagoon site, the pipe transitions to 450 mm SDR-35 for the final 415 m up
to the Anaerobic Cell inlet manhole. There are 15 manholes spaced at approx. 120 m or less with pipe cover ranging
from approximately 2 m - 3.5 m.

4.1.1 Site Investigations

In December of 2021, the existing trunk sewer manholes were located, exposed and survey completed.Figure 4-1,
Figure 4-2 and Figure 4-3 display updated plan profiles based on Lidar and survey data. Note that MH was not
surveyed due to being buried too close to the property line fence.

In December of 2021, CCTV was completed without prior flushing and showed that the pipe was in generally good
condition. The camera was able to CCTV the entire trunk sewer length without refusal. The reports showed minor and
miscellaneous general observations including water level sag, staining and grease/debris on pipe walls, and
encrustation.

4.1.2 Hydraulic Assessment

The existing gravity sewer main consists of 375 mm and 450 mm diameter PVC pipe installed at varying grades from
0.25% to 2.69%. Using Manning’s formula for open channel flow, with a conservative coefficient of roughness of
0.012 and a maximum flow depth of 90% of pipe internal diameter, the lowest capacity would be experienced
between MH224 and MH236 at 96 L/s. This is sufficient capacity for the Towns projected 2045 flows with a Peaking
Factor of 4x as shown in Table 4-1 below.

Table 4-1
Estimated Annual Wastewater Generation – Trunk Sewer Flows

2020 2025 2030 2035 2040 2045

Rate (m3/yr.) 579,600 608,400 640,800 673,200 705,600 741,600

Rate (L/s) 18 19 20 21 22 24

Rate (L/s)
x4 Peaking Factor 74 77 81 85 89 94

The existing pipes contain sufficient capacity to provide for the projected 2045 requirements. Detailed design data is
available inAppendix D.
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4.2 Alberta Transportation and CN Relocate Requirements

4.2.1 Casing Requirements

Alberta Transportation requires welded steel casing or jointless pipe (HDPE) for Highway crossings. Considering the
ROW at the crossing locations is upwards of 300 m in width, replacement of the existing PVC pipe with fused
(jointless) HDPE pipe would be the preferred pipe material. Following design and construction of Highway 43, further
discussion can occur with Alberta Transportation for the addition of manholes in allowable locations within the
Highway ROW to better facilitate operation and maintenance of the trunk sewer.

CN Rail requires all utility crossings be protected by a steel casing for the full width of CN’s right-of-way or 50 ft
(15.24 m) whichever is greater. They further advise that all casing pipes shall be sloped not less than 0.3% and be
designed for E80 Loading. Therefore, a steel casing lined with new HDPE or PVC pipe would need to be installed
within the proposed 30 m CN ROW shown on the Alberta Transportation preliminary drawings.

The new HDPE sewer and HDPE sewer with steel casing would be installed within the existing 9.14 m width Sewer
ROW but offset from the existing sewer. This is to allow the existing sewer to function during installation except
during final connections on either side of the proposed Highway 43 and CN ROWs.

4.2.2 Pipe Cover

Alberta Transportation requires a minimum cover of 1.4 m below ditch bottom. The drawings provided by Alberta
Transportation are preliminary and are limited to existing grades and centerline profile of Highway 43. Proposed ditch
elevations are not shown on the drawings. The proposed Highway 43 centerline elevation at the trunk sewer crossing
is approximately 0.6 m fill above existing grade at the Highway 43 centerline. Further information from Alberta
Transportation would be required to confirm if the minimum 1.4 m cover in the ditch bottoms is met. However, and
based the existing trunk sewer ranging between 2.2-2.6 m cover within the proposed Highway 43 ROW, there is a
reasonable chance that an increase in pipe size, reduced slope and deepening of the trunk sewer within the Highway
ROW will be required.

For a cased pipe, CN requires 6’ (1.83 m) cover at base of rail, and 5’ (1.52 m) cover at ditch bottom. The Alberta
Transportation preliminary drawings show approximately 1.4 m cut from existing grade to proposed CN Rail ditch
bottom at the sewer crossing location. Considering the existing trunk sewer has approximately 2.1 m cover at the
proposed CN Rail crossing location an increase in pipe size, reduced slope and deepening of the trunk sewer within
CN Rail ROW will be required.
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5 REGULATORY REVIEW

5.1 Environmental Considerations

5.1.1 Land Use

Land use in the project area is largely rural residential with open fields used for agriculture. The alignment of the trunk
sewer line replacement will be within previously disturbed area, within both the existing sewer line right-of-way
(ROW), and Alberta Transportation ROW. The wastewater lagoon upgrade will require disturbance to the east of the
existing lagoon cell alignment, within a portion of the Alberta Transportation ROW, and the remaining area within
private lands; additional private land acquisition will be required for the lagoon. All project components will be located
outside of public crown land.

5.1.2 Vegetation

The project is within the Dry Mixedwood Natural Subregion . The Dry Mixedwood Subregion is characterized by
aspen forests, cultivated land, and fens that commonly occur in low lying area. This subregion is typically dominated
by:

�x Trembling Aspen (Populus tremuloides);

�x Low Bush Cranberry (Viburnum edule);

�x Prickly Rose (Rosa acicularis);

�x Canada Buffaloberry (Shepherdia canadensis);

�x Hairy Wild Rye (Leymus innovates); and

�x Bunchberry (Cornus canadensis).

Dry sites on south and west-facing slopes can be dominated by grass species including:

�x Porcupine Grass (Hesperostipa spartea);

�x June Grass (Koeleria macrantha);

�x Pasture Sage (Artemisia frigida);

�x Northern Wheatgrass (Elymus lanceolatus;,and

�x Slender Wheatgrass (Elymus trachycaulus).

Saskatoon (Amelanchier alnifolia)and buckbrush (Symphoricarpos occidentalis)shrublands occur in ravines or gullies and
on lower slopes. Trembling aspen (Populus tremuloides), white spruce (Picea glauca), and jack pine (Pinus banksiana) can
occur in pure or mixed stands (Natural Regions Committee 2006).

5.1.3 Soils

The soil types mapped by Agriculture Region of Alberta Soil Inventory Database (AGRASID) within the footprint of the
proposed alignment are provided in Table 5-1 (GOA 2018a). Generally, there are no environmental constraints for the
projected related to soils.
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Compliance considerations are focused on reclamation following the completion of construction. The Environmental
Protection and Enhancement Act’s Conservation and Reclamation Regulation requires that soils are restored to their pre-
disturbance capability (AB Reg 115/1993). While most of the project will occur in previously disturbed soils, soils
removed in undisturbed natural areas should be replaced appropriately (e.g., topsoil and subsoil handled and stockpiled
separately).

Table 5-1
Summary of Soil Type within Project Area

Location
Soil

Correlation
Area

Soil Landscape Model Soil Type Description

35-71-10
W6M

18

Luvisolic, Gleyed Dark Gray Luvisol on
fine textured (C) water-laid sediments

with till-like features, imperfectly
drained.

ESH1/U1h -
undulating – high

relief.

Eco District:
Beaverlodge Eco
Region: Peace River
Plain

5.1.4 Wildlife

The project area is not located within any provincially designated sensitive zones. The provincial database Fish and
Wildlife Internet Mapping Tool indicates one mammal species, Grizzly bear (Ursus arctos), has previously been reported
within 2 km of the alignment. Grizzly bear has a provincial listing of “At Risk” under the AB General Status, and are not
listed federally under Schedule 1 of the Species at Risk Act (SARA).

Grizzly bears have large home ranges that are based on the occupancy by reproductive females, with females having
smaller home ranges than males (females: 152 to 2932 km2; males:501 to 4748 km2; GOA 2008). Dens are typically in
areas of deep snowfall, in natural caves, under roots of trees, or excavated on slopes (GOA 2016b). Grizzly bear dens
are not expected to be present within the project area, however, there is the potential for Grizzly bears to be
encountered during construction as shown in Table 5-3.

The project area is located in the Bird Conservation Region B5 with a general migratory bird nesting window of April
24 to August 29 of each year (Government of Canada 2017). Migratory birds, their nests, and eggs are protected
federally under the Migratory Birds Convention Act.Construction activities, including vegetation clearing, have the
potential to impact migratory birds and their nests, particularly during the breeding season as shown inTable 5-3.

5.1.5 Surface Water and Wetlands

The project footprint does not cross any mapped watercourses. The Alberta Merged Wetland Inventory database
suggests low potential for the project site to contain wetland areas, though these areas are not well defined in
preliminary desktop resources. The trunk sewer line replacement is not likely to encounter watercourse/wetland
crossings as the new line will be installed within the existing and previously disturbed ROW. The wastewater lagoon
will be relocated to a new area in agricultural lands and potential for wetland presence within the new site.

Wetland presence/absence should be confirmed in preliminary project planning. This can be completed through a
detailed review of historical aerial imagery relative to wastewater lagoon upgrade site; depending on the available
imagery and the type of wetlands encountered, a field assessment may also be recommended. If the wetlands are
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present and cannot be avoided, further permitting may be required (e.g., Water Act Approval and Wetland Assessment
Impact Report).

5.1.6 Historical Resources

The project footprint is located within historical resources value lands (HRV) listing of 4 and 5. Approval under the
Historical Resources Actwill be required prior to construction as shown in Table 5-2. During the initial application
review, additional assessments may be required by Alberta Culture such as Historic Resources Impact Assessment.

5.2 Operational Environmental Considerations

The Beaverlodge Wastewater Lagoon System operates under theEnvironmental Protection and Enhancement Act (EPEA)
Registration No. 408-02-00, which requires the system to conform to the Code of Practice for Wastewater System
Using Wastewater Lagoons. A re-registration application is to be submitted to Alberta Environment and Parks (AEP) to
update records with the upgraded lagoon design drawings as shown inTable 5-2.

A notification letter submitted to AEP under the Act and Wastewater and Storm Drainage (Ministerial) Regulation will be
required for the trunk sewer line replacement, a portion of an existing wastewater system as shown inTable 5-2.

5.3 Environmental Regulatory Considerations

The environmental permitting and compliance considerations are summarized below inTable 5-2 and Table 5-3.
Regulatory requirements for the wastewater lagoon upgrade and associated trunk sewer line replacement should be
revisited as designs progress or change.
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Table 5-2
Regulatory Requirements Applicable to Upgrade

Regulatory
Agency

Act and
Description

General Practices for
Complying with the Act

Project Specific Requirements

Alberta
Environment
and Parks (AEP)

Environmental
Protection and
Enhancement Act
(EPEA)

Wastewater and
Storm Water
(Ministerial
Regulation)

Actions to comply with the
EPEA range from a notification
of proposed work relating to an
existing EPEA approval, to
amendment of an existing
approval, to submission of a
new EPEA approval application.

Additionally, C&R Plan
requirements are also dictated
by the Activities Designation
Regulation.

Project components regulated under this
act include considerations for
construction, and operation of the trunk
sewer line replacement and wastewater
lagoon upgrades

Submission: A re-registration application
for the wastewater lagoon upgrades will
be required prior to construction. As
well, a notification letter for the trunk
sewer line replacement. Final approvals
will require stamped and signed design
drawings by the Professional Engineer.

This project does not require a
Conservation and Reclamation Approval
as defined in the Activities Designation
Regulation; the pipeline replacement will
be < 2 km in length and 450 mm pipeline
diameter resulting in a pipeline index of
< 2690.

Alberta Culture
and Status of
Women
(ACSW)

Historical
Resources Act

Consultation with Alberta
Culture is required prior to the
onset of development activities
for projects within a designated
historical resource listing and for
major pipeline projects
regardless of listing.

Submission:The project footprint is
located within historical resources value
lands (HRV) listing of 4 and 5. Approval
under this Act is required prior to
construction. Additional assessments
may be required such as Historic
Resources Impact Assessment if
requested by ACSW.
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Table 5-3
Regulatory compliance considerations for the project

Act and
Description

General practices for Complying with the Act

Migratory Birds
Convention Act

This Act protects migratory birds, their eggs, and their active nests. Consider whether activities
have the potential to disturb migratory birds (e.g., project clearing), particularly during their
breeding season. Vegetation clearing and work with equipment near forested areas has the
potential to impact migratory birds. Clearing work should be scheduled outside of the migratory
bird nesting window. If the nesting window cannot be avoided, a qualified environmental
professional should evaluate the site and determine whether there are active nests that could be
impacted by the proposed activities.

Project Specific: The project area falls within Bird Conservation Region B5 with a general nesting
period from April 19 to August 29 for open, forested, and wetland habitats.

Species at Risk
Act

Consider whether any species listed under SARA, Schedule 1, are known to occur in the project
area.

Project Specific: No SARA listed species have been previously documented in the project area.

Wildlife Act

Wilful molestation, disruption, or destruction of wildlife, or a house, nest, or den of wildlife, is
prohibited under this Act. Consider whether any wildlife will be disturbed as part of project
activities. Specific considerations may apply to provincially-sensitive species such as owls or
raptors that may nest as early as March 1 in some parts of the province.

Project Specific: Vegetation clearing after March 1 should consider potential impacts to nesting
owls and other raptor species if trees proposed to be cleared are preferable habitat. Similar
mitigations should be considered as noted under theMigratory Birds Convention Actabove.
Grizzly bears have also been documented within 2 km of the project area and human-wildlife
encounters are possible. Mitigations should be implemented to avoid human-wildlife conflicts
during construction.

Public Lands Act

Some existing occupation of Crown land may have existing permissions, such as municipal road
right-of-ways, Range Road right-of-ways, and existing dispositions. Approval is required for any
new occupation of Crown land, including the bed and shore of all waterbodies (i.e., dispositions
(licence of occupation). Temporary Field Authorization may be required for laydowns/ short-
term use.

Project Specific: Project work will be located on private land or within existing surveyed road
allowances and are not anticipated to require approvals under this Act. Submissions under this
Act are not anticipated to be required.

Weed Control
Act

Project activities must destroy weeds listed in Schedule 1 of the Act, and control/prevent the
spread of weed species listed in Schedule 2.

Project Specific: A comprehensive list of weed species in the project area is not available.
Therefore, a weed survey is recommended prior to start of construction. During construction, if
prohibited noxious weeds are encountered, they must be destroyed. If noxious weeds are
encountered, they must be controlled. Mitigation measures typically involve routine and specific
cleaning of equipment prior to entering the project site, and prior to operation at subsequent
sites.
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Act and
Description

General practices for Complying with the Act

Agricultural
Pests Act

Appropriate measures to mitigate the spread of agricultural pests should be employed. Clubroot
(Plasmodiophora brassicae),Fusarium graminearum, and Virulent Blackleg of canola have been
identified in some parts of Alberta.

Project Specific: The project does not fall within an area of known clubroot presence and is not
anticipated to be a concern for construction planning.

5.4 Construction Environmental Considerations

There are no environmental constraints identified that would prevent the project from proceeding as planned.
Planning recommendations are focused on considerations to minimize disturbance to sensitive features in the trunk
sewer line replacement and wastewater lagoon upgrade alignment including avoidance of potential wetlands identified
and wildlife (e.g., timing for vegetation clearing).

It is expected that construction-related impacts for this project can be mitigated through early project planning and
implementation of standard best management practices.

The following environmental mitigation measures are recommended to be incorporated into project planning:

�x Pre-Construction Contractor Submissions – An Environmental Construction Operations Plan should be
developed by the contractor prior to the start of work, including a project-specific Erosion and Sediment
Control Plan. The ECO Plan should contain copies of all environmental regulatory permits secured for the
project and kept on site through the duration of construction.

�x Project Scheduling – there are no instream restricted activity periods for this project, however, construction
timing should avoid working in wet conditions or periods of heavy precipitation or snowmelt. Wet weather
procedures should be prepared by the contractor prior to the start of construction. Schedule tree clearing to
be completed in winter, prior to the migratory bird and sensitive owl nesting window (Early March to Late
August). If any additional tree clearing is required it should be scheduled outside of the nesting window, or
should be preceded by a nest survey, completed by an environmental professional.

�x Wildlife Mitigation –  measures should be implemented as a safety precaution to reduce the likelihood of
human-wildlife interactions, specifically for grizzly bears. This can include use of bear-resistant garbage
receptacles and removing waste regularly from the work site (e.g., Government of Alberta BearSmart Program;
GOA 2011).

�x Soils – where excavation is required for the pipeline replacement and lagoon relocation, top soil and sub-soil
must be stored separately; replacement should occur in the same order. Stockpiles should be stored in a way
that prevents the erosion and degradation of soil, specifically where they are required for extended periods of
time over multiple seasons.

�x Weed Control –  Equipment should arrive on site clean and free of dirt, debris, and grease/fluid leaks and
utilize existing access points wherever possible. In addition, prohibited noxious weeds must be destroyed, and
noxious weeds must be controlled; consult the Alberta Invasive Plant Identification Guide to assist in
identification of weed species on site (Wheatland County 2013).

�x Wetlands –  a review of potential wetlands in the project area should be completed to determine if there are
additional regulatory submissions required. Additional assessments and permits under theWater Act may be
required if wetlands are identified and impacts are unavoidable.
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�x Use of Equipment – during construction, machinery should be washed, refuelled, and serviced a minimum of
30 m back from the channel banks of any watercourses and wetlands. Drip trays or secondary containment
measures should be in place below fuel tanks.

�x Reclamation – the site should be restored to its pre-disturbance condition, revegetating with an appropriate
native seed mix that is free of weeds. It is important that the project lands must be restored to equivalent
land-use capabilities following construction.
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6 OPINION OF PROBABLE COST AND FUNDING ALLOCATION

This section presents an opinion of probable costs (± 30%) associated with the upgrade items described in
Section 3 and Section 4. Table 6-1 provides a summary of probable cost and the detailed cost estimation table is
provided in Appendix E. This opinion of probable cost of construction is made on the basis of experience and best
judgment based on the scope of work proposed in the report. AE cannot and does not guarantee that proposals, bids
or actual construction costs will not vary from this or subsequent cost estimates. The requested quotation from
qualified equipment suppliers (Nexom) was used to estimate the process mechanical costs. The general, civil,
structural, building mechanical, electrical and controls costs were estimated based on typical values and our
experience with similar facilities.

Table 6-1
Opinion of Probable Total Capital Cost

Item No. Description Unit

1.0 General Requirements $440,000

2.0 Trunk Sewer $490,000

3.0 Lagoon Earthworks $3,100,000

4.0 Lagoon Treatment $1,300,000

5.0 Land Acquisition $100,000

Construction Subtotal $5,430,000

6.0 Engineering Including Geotechnical Investigations (15%) $810,000

7.0 Contingency (30%) $1,630,000

Total $ 7,870,000

6.1 Funding Allocation

It is anticipated that AT will provide funding to assist with the relocation of the lagoon. Typically, only costs that are
incurred as a result of the highway relocation will be eligible for funding. The below Table 6-2 shows the anticipated
allocation of funding. Appendix E shows a detailed percentage breakdown of the allocations.
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Table 6-2
Opinion of Probable Cost Funding Allocations

Item No. Description Town Allocation AT Allocation

1.0 General Requirements $210,000 $230,000

2.0 Trunk Sewer $ 0 $490,000

3.0 Lagoon Earthworks $1,150,000 $1,950,000

4.0 Lagoon Treatment $250,000 $1,000,000

5.0 Land Acquisition $ 0 $100,000

Construction Subtotal $1,610,000 $3,770,000

6.0
Engineering Including Geotechnical
Investigations (15% of allocation)

$240,000 $570,000

7.0 Contingency (30% of allocation) $480,000 $1,130,000

Total $2,330,000 $5,470,000

Allocations shown have been based off of the following, rounded to the nearest $10,000 per cell:

General Requirements

�x Temporary Facilities and Controls as well as ECO plan and Env. Controls are shared, as it is a component of
the construction and upgrades.

Trunk Sewers

�x As current capacity is fully sufficient for design timeline, alterations are required only due to highway
relocation.

Lagoon Earthwork

�x Costs for earthworks are shared with the exception of;

�x Costs for existing cell alterations required due to conflict with the new ROW as shown in Figure 4-2 are
allocated to AT exclusively.

Lagoon Treatment

�x Upgrades to the aeration are required to restore proper treatment to the system and are allocated to AT, with
the exception of the Cell 2, 3 equipment which is seen as a partial upgrade, and is thus shared.

�x Alum delivery system is an upgrade to the treatment system effectiveness and is allocated to the Town.

Land Acquisition

�x This item is required due to highway re-route, and has been allocated to AT.
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6.2 Grant Funding

The work to alter, expand and upgrade the Town of Beaverlodge lagoon system may be eligible for funding from the
Alberta Municipal Water/Wastewater Partnership (AMWWP). AE recommends that initial inquiries be made to
determine the potential eligibility of this work for funding.

Based on the 2020 population of 2,567 residents, the potential grant funding for the project is 59.75% of project costs
for the Town, as per the AMWWP funding formula ( https://www.alberta.ca/amwwp-apply.aspx#jumplinks-2 ). This
projects to a total of $ 1,400,000 of funding based on the Estimate of Probable Costs.

https://www.alberta.ca/amwwp-apply.aspx#jumplinks-2
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7 CONCLUSIONS

The construction of the new Highway 43 alignment will impact the Beaverlodge lagoon system, requiring alterations
to the layout and treatment strategy in order to accommodate the new highway alignment. As a result, an alteration to
the current lagoon layout is required, complete with altered aeration to meet effluent requirements. The construction
of a new storage cell is also proposed to meet the projected 2045 storage requirements.

The existing trunk sewer forcemain feeding the lagoon system has sufficient capacity for the projected 2045 peak
flows. However, in order to meet the AT and CN requirements the following alterations are required:

�x Change in pipe material to a jointless HDPE pipe to meet AT requirements for crossings.

�x An increase in pipe size, reduced slope and deepening within the AT ROW.

�x Steel casing across the CN ROW.

Funding for this work will be allocated between the Town of Beaverlodge and AT to reflect the costs of required
upgrades from the highway relocation, and required upgrades for future growth.
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8 RECOMMENDATIONS

Moving forward, Associated recommends the following next steps:

�x Meet with AT/CN representatives to review the findings of this report and discuss next steps including
progressing into detailed design, funding allocations, material stockpiling and setback distances/pipe covers.

�x Proceed with the geotechnical investigations required to continue design for the lagoon expansion and new
pipe installations.

�x Begin discussions with AEP regarding application for the alterations and upgrades to the lagoon system under
Code of Practice.

�x Perform a sludge survey of the current lagoon system, complete with sludge characterization testing. This will
inform on whether full or partial desludging may be required within the scope of this work.

�x Install a flow meter or Parshall flume at the lagoon lift station to verify design inflows and complete an Inflow
& Outflows (I/I) study of the existing sewer system to determine any potential sources of high inflows to the
lagoon system. Reductions in flow values, or rectifications of any discovered infiltrations may reduce the
required storage capacity.

�x Begin a wastewater sampling program at the lagoon, collecting four (4) samples per year for comparison to the
typical domestic wastewater, as discussed inSection 2.4.

�x Initiate discussions with responsible AT staff for potential funding for the Town portion of the project under
AMWWP for the upgrade components of the proposed lagoon alterations.
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CLOSURE

This report was prepared for the Town of Beaverlodge to support the Town of Beaverlodge in the required lagoon
alterations and upgrades resulting from the new Highway 43 alignment.

The services provided by Associated Engineering Alberta Ltd. in the preparation of this report were conducted in a
manner consistent with the level of skill ordinarily exercised by members of the profession currently practicing under
similar conditions. No other warranty expressed or implied is made.

Respectfully submitted,
Associated Engineering Alberta Ltd.

Chad Maki, P.Eng. Keith Ogletree, P.Eng.
Project Manager Project Engineer
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APPENDIX A - WASTEWATER LAGOON ASSESSMENT TECHNICAL
MEMORANDUM (2020)





































































































https://open.alberta.ca/dataset/f17edca8-f860-43c0-bf43-4507ea1ef456/resource/e207e0b8-998c-452d-b0ad-5d7469866342/download/waterqualitybasedeffluentlimits-manual.pdf
https://open.alberta.ca/dataset/f17edca8-f860-43c0-bf43-4507ea1ef456/resource/e207e0b8-998c-452d-b0ad-5d7469866342/download/waterqualitybasedeffluentlimits-manual.pdf
https://open.alberta.ca/publications/9781460138731
http://ceqg-rcqe.ccme.ca/download/en/141
https://wateroffice.ec.gc.ca/search/historical_e.html
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APPENDIX B - ALBERTA TRANSPORTATION - PRELIMINARY
DRAWINGS OF THE FUTURE HWY 43 CORRIDOR
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