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1. PROJECT OVERVIEW 

The City is seeking to retain a Consultant to provide assessment/investigation, detailed 
design, construction procurement, and construction administration services for the 
Sewer Upgrades AV341-AV335 project.  The Consultant’s team will be retained to 
provide technical and professional services for the Project. 

The City invites individual firms or consortiums of firms to submit Proposals for the 
above-referenced Project in accordance with the terms and conditions of this Request 
for Proposal document. 

1.1 Background 

1.1.1 Location 

Iqaluit is the capital of the Nunavut Territory and is located at the south end of Baffin 
Island near the end of Frobisher Bay (63°45’N latitude and 68°31’W longitude). Access 
to Iqaluit is provided by regular scheduled commercial aircraft year-round, snowmobile 
trails from other Baffin Island communities in the winter, and sealift from the port of 
Montreal and Valleyfield in the summer. 

1.1.2 Geology and Terrain 

Iqaluit’s location is above the tree line and within the permafrost zone of Canada. The 
region generally consists of glacially scoured igneous/ metamorphic terrain. In some 
locations, a thin layer of organic material is found. 

1.1.3 Climate 

Iqaluit has an Arctic climate with an average January temperature of -21.5°C and July 
average temperature of 8°C. The annual precipitation is made up of 19.2 cm of rainfall 
and 255.0 cm of snowfall for a total of 43.0 cm of precipitation. The prevailing winds 
are northwest at 16.7 km/hr. 

1.1.4 City Growth and Population 

The City is the newest Capital City in Canada and as a result has experienced a period 
of rapid development and growth. Iqaluit is the seat of government for the Territory of 
Nunavut and is the home base of many federal and territorial government 
departments. The City is rapidly developing into a regional center for the territory with 
many northern businesses in Inuit organizations making it their base of operations. 
The current population of Iqaluit is estimated at about 7,000 people with an average 
annual growth rate between three and four percent. 

1.1.5 Land Ownership System 

Iqaluit has a unique land ownership system. The major land owners in Iqaluit are the 
Commissioner of Nunavut, the City and the regional Inuit associations. These entities 
in turn lease land to individuals, corporations and other government departments. The 
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City land is administered by a land acquisition by-law and by a Territorial Statute. 
Generally speaking, there is no private ownership of land. 

1.2 Definitions 

The following terms and definitions listed shall apply within this RFP: 

City/ Client/ Owner means the Municipal Corporation of the City; 
means the entity as defined in the Supplementary 
Conditions, which may be the same entity as the 
City as defined herein. 

City Representative means the individual, assigned to the Project, who 
will be representing the City. 

City Website   means www.iqaluit.ca.  

Class A Estimate means an estimate that is accurate to +/- 10% that 
is used to establish cost for the construction of  the 
Project and is based on 99% complete design 
package which is ready for tender. 

Class B Estimate means an estimate that is accurate within +/- 15% 
and is based on a 66% design development. 

Class C Estimate means an estimate that is accurate within +/- 20% 
and is based on a 33% design development. 

Class D Estimate means an estimate that is accurate within +/- 30% 
and is based on conceptual design sketches. 

Closing Time   means the time set out in paragraph 4.1. 

Contractor means the entity who will be providing construction 
services to perform the work. 

Construction Contract means the executed agreement between the City 
and the Contractor for the work. 

Evaluation Committee means a committee appointed by the City in order 
to evaluate all submitted proposals in order to 
determine a preferred proponent. 

Preferred Proponent means the company or firm that has been selected 
by the City’s Evaluation Committee and who will 
initially discuss the contract arrangements based 
upon acceptance of the proponent’s proposal. 

http://www.iqaluit.ca/
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Consultant means the Consultant who will provide the 
technical and professional services defined in the 
Request for Proposal. 

Professional Services means the technical and professional services to 
be provided by the Consultant for this contract. 

Project means the Sewer Upgrades AV341-AV335 
project. 

Project Manager means the Project Manager assigned by the City, 
who will be responsible for managing the execution 
of the Project. 

Project Team means the group of people which includes the City 
Representative, the Project Manager, the Discipline 
Design Leaders and any other person invited from 
time to time by the City Representative of the 
Project Manager. 

Proponent means a company or firm intending to submit a 
Proposal and from whom a Proposal submission 
was received. 

Proposal means the document submitted in response to the 
Request for Proposal. 

Supplementary Conditions means the Supplementary Conditions forming 
APPENDIX B. 

This contract means the Consultant contract for which this 
Request for Proposal is issued. 

User group means the City or the users of the facility for which 
the City is responsible.  

1.3 Project Scope 

The City’s sewer network has been observed to be operating near or above capacity at 
the section between AV341 and AV335, located in the Road to Nowhere District.  As 
such, the City is looking to replace the sewer in this area, including any access vaults, 
service connections and tie-in to the existing upstream and downstream network.  
Since the work will be occurring in very close proximity to the adjacent water 
infrastructure, the City is interested in replacing the water in this area as well, including 
any access vaults, service connections, hydrants, and tie-in to the existing upstream 
and downstream network. 

At a high level, the consultant will be responsible for: 



 

REQUEST FOR PROPOSAL 

Sewer Upgrades AV341-AV335  
2023-RFP-044 

 
 

P7201-1837959811-4(1.0) 
 

Template Version V.7 – Updated July 15, 2021 

 Page 7 of 50 

 

• Conducting background reviews, preliminary investigations, assessments, and 
consultations to inform the detailed design 

• Completing the detailed design 

• Preparing RFT documents and supporting the construction procurement 
process 

• Providing construction administration services 

The City intends to complete design such that the work can be tendered out for 
construction during the summer 2024 construction period. 

It should be noted that two (2) separate service contracts will be issued to the 
successful proponent to carry out the work.  One (1) service contract will capture 
services, efforts, and costs related to sewer, and one (1) service contract will capture 
services, efforts, and costs related to water.  This is due to the fact that the water and 
sewer works will be funded separately. 

While the work is priced and will be invoiced separately, technical deliverables and 
submissions can be combined.  The same approach will be taken when construction 
efforts are procured.  Refer to Appendix B as it relates to specific project requirements 
for the water contract. 

2. INSTRUCTIONS TO PROPONENTS 

2.1 Submission 

Proponents must submit their proposals by electronic submission (PDF format), 
through MERX before June 13, 2023, 3:00 PM EST. MERX can be accessed via the 
following website link – https://www.merx.com/. Proponents must address proposals 
to: 

City of Iqaluit 
Sumon Ghosh 
Director of Engineering and Capital Planning 
901 Nunavut Drive, P.O. Box 460 
Iqaluit, Nunavut, X0A 0H0 
   

Proponents will be required to submit a Technical and Financial Submission as part of 
their offer, in separate files. Files should be labeled as follows: 

Technical Submission:  “TECHNICAL PROPOSAL – 2023-RFP-044 / Sewer 
Upgrades AV341-AV335 – Proponent Name”  

Financial Submission: “FINANCIAL PROPOSAL – 2023-RFP-044 / Sewer 
Upgrades AV341-AV335 – Proponent Name”   

It is the Proponent’s responsibility to confirm successful submission of the proposal to 
MERX prior to the deadline. 

https://www.merx.com/
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The final decision on whether to accept late Proposals is at the City’s discretion. 

2.2 Inquiries 

All inquiries concerning this RFP are to be directed by email only to:  

Jared Wright 
Colliers Project Leaders 
Email: jared.wright@colliersprojectleaders.com 
 
Jan Rawling 
Colliers Project Leaders 
Email: jan.rawling@colliersprojectleaders.com 

 
To ensure consistency and fairness to all Proponents, all firms who have received the 
RFP will receive information with respect to significant inquiries in the form of written 
addenda or clarifications. Verbal explanations or instructions will not be binding. 

The deadline for submitting inquiries will be on June 6, 2023, 3:00 PM EST. 

2.3 Addenda 

If it is determined that an amendment is required to this RFP, a written addendum will 
be posted via Merx and the City’s website. It is the Proponents responsibility to check 
Merx and the City’s website to confirm whether an addendum has been posted. The 
only way this RFP may be added to or amended in any way is by a formal written 
addendum. No other communication whether written or oral from any person will affect 
or modify the terms of this RFP or may be relied upon by any Proponent. 

The City may amend, supplement or otherwise modify this RFP at any time and from 
time to time prior to the Proposal submission date, only by written addenda. 

2.4 Proponent Requirements 

The successful Proponent must have a valid City of Iqaluit Business License prior to 
commencement of the Project. The Preferred Proponent shall apply for a license 
immediately upon notification of award, should they not hold a valid license. 

2.5 Opening of the Proposals 

There will be no public opening of the Proposals. 

2.7 Validity of Offer 

The proposals shall remain open for acceptance for a period of not less than sixty (60) 
calendar days from the closing date of this Request for Proposal. 

mailto:jared.wright@colliersprojectleaders.com
mailto:jan.rawling@colliersprojectleaders.com
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2.8 Intended RFP Process Schedule 

The City estimates the schedule for the Request for Proposal process milestones will 
be as follows: 

Table 1 – RFP Process Schedule 

Milestone Date 

Issue RFP May 23, 2023 

Last Day for Proponent Questions June 6, 2023, 3:00 PM EST 

Last Date for Issue of Addendum June 7, 2023, 3:00 PM EST 

RFP Closes – Submission Deadline June 13, 2023, 3:00 PM EST 

Contract Award July 14, 2023 

Project Kick-Off Meeting July 21, 2023 

3. PROPOSAL REQUIREMENTS 

Proponent submissions should be prepared in sections, with the content of each 
section as specified below. Concise submissions which address the section 
requirements are encouraged. Where a maximum number of pages are specified, 
each page is based on a single-side of an 8 ½ x 11 sheet, with text no smaller than 
size 11 Arial font. The technical submission will be limited to twenty (20) pages single-
sided with three (3) additional 11” x 17” pages for schedule and level of effort table. 
There are no page limits or restrictions to the financial submission.  

The technical submission must not have any financial details included. If aspects of the 
financial offer are included in the technical submission, the City may choose to 
disqualify the Proponent. 

3.1 Technical Submission Requirements 

3.1.1 Section A – Understanding of the Project (10 points) 

Provide a written statement demonstrating the Proponent’s understanding of the overall 
Project, the goals and objectives of this assignment, and its relevance to the overall 
delivery of the Project. Identify any risks and challenges, based on the Proponents 
understanding of the Project, based on the information presented in this RFP, and 
provide mitigation measures which will ensure successful project delivery. 

Provide a description of the Proponent’s vision for the assignment by comparison and 
contrast to reference projects which are similar examples of the Proponent’s work. The 
details of each project should be included at Section B. The Evaluation Committee is 
interested in understanding how these reference projects responded to the project 
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requirements and how these relate to the Proponent’s understanding of the 
requirements for this assignment.  

3.1.2 Section B – Reference Projects (15 points – 5 points per project) 

Provide information for Projects completed in the last 10 years that are relevant to this 
project. Provide three (3) reference projects. The projects listed should illustrate 
experience in the following areas: 

.1 Providing detailed design services for water and/or sewer projects in 
Iqaluit or similar region 

.2 Providing construction administration services for water and/or sewer 
projects in Iqaluit or similar region 

.3 Conducting field investigations and reviewing background information in 
order to confirm the existing state of similar infrastructure and to 
successfully make reasonable design criteria assumptions to complete 
the subsequent design 

.4 Studying future developments and incorporating the information into the 
design and construction of water and/or sewer works 

The Proponent should describe their roles and responsibilities on each of the projects, 
whether the projects were joint ventures along with the names of the other parties of the 
joint venture, and a brief description of the project/ assignment. For each project, identify 
a Client contact and provide contact information (email and phone number). The 
Evaluation Committee may consult with the persons indicated as references by the 
Proponents in order to obtain feedback on the Proponent’s performance on previous 
Projects and to understand the relationship between the Client and the Proponent. The 
technical ratings may be adjusted, based on the interviews and feedback from reference 
consultations. Proponents must ensure that phone numbers and e-mail addresses of 
references are accurate and still valid. 

When identifying a reference project, the Proponent should consider how their project 
relates to the assignment described in this RFP, along with the goals and objectives of 
the overall Project. Photographs representing each reference project are encouraged. 

3.1.3 Section C – Work Plan (25 points) 

Provide a work plan detailing the methodology and approach to be taken to deliver the 
assignment, reflecting the schedule outlined in this Request for Proposal. Identify the 
proposed schedule along with key milestones for meetings with the City group. Include 
in this section a schedule for the provision of services, identifying the time required for 
the Proponent’s work and a breakdown of the time (number of hours) allocated for 
each task and Consultant (if applicable) during the work identified in the Request for 
Proposal. Include a description of major tasks, sub-tasks, methods/ systems and 
personnel that the firm proposes to use. 
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The Proponent shall describe what Inuit, local and Nunavut content, if any, shall be 
utilized. 

3.1.4 Section D – Corporate Qualifications and Experience (5 points) 

Provide a statement of qualifications for the Proponent and other major consultant 
firms included in the Design Team (civil, structural, mechanical, electrical, and process 
control engineers) including: 

.1 Year founded as current corporate entity; 

.2 Permanent office address; and 

.3 List a maximum of 5 reference Projects (do not provide Project details as 
these should be listed in Section B. 

3.1.5 Section E – Qualifications and Experience (15 points) 

Provide an organizational chart describing the Proponent’s Project Team for the 
assignment, which includes all positions involved on the project for any duration. 
Proponent to include key Sub-Consultant’s (if applicable) along with their position 
within the Project Team. Provide a summary of key Project Team personnel, and 
include the information below: 

.1 Name; 

.2 Corporate affiliation; 

.3 Role and title on the Project, including the period for which the individual 
is to be associated with the Project, and the extent of the individual’s time 
that will be devoted to the Project during that period; and 

.4 List any reference Projects provided in Section B (do not provide Project 
details) and describe the individual’s role on each of the Projects. 

Include the individual’s resume immediately after the individual’s summary. It is the 
City’s understanding that the Project Team proposed by the Proponent in this section 
will be committed to the full delivery of the assignment. Changes to the Proponent’s 
Project Team must be approved by the City. 

3.1.6 Section F – List of Sub-consultants 

Provide a list of all consultants the Consultant will be looking to engage as “Sub-
Consultants” for the execution of the Project. 

3.1.7 Section G – Mandatory Submission Requirements (pass/fail) 

 Provide all mandatory requirements, as identified in Section 4.3.  Proponents who fail 
to submit mandatory items will not proceed to the next phase of evaluation. 
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3.2 Financial Submission Requirements 

3.2.1 Consultant’s Professional Fees (30 points) 

Submit a completed and unqualified Cost Submission Form, included in Appendix A, 
along with a Consultant’s corresponding level of effort fee table, complete with 
positions, hours, rates, and fee breakdown, based on the work being requested under 
this RFP. The level of effort table must be broken up based on major project tasks/ 
phases (i.e. detailed design phase, tender support, contract administrator/ site 
inspection, etc.).  

The fee table must also include a breakdown on expenses/ disbursements, based on 
the requirements described in the Terms of Reference. The Proponent must use per 
diem rates established by the National Joint Council for the Territory of Nunavut. The 
Proponent will be responsible for transportation requirements and must include this in 
their fee proposal for expenses/ disbursements. All expenses/ disbursements will be 
invoices at cost with no mark-up.  

The completed Cost Submission Form and level of effort fee table shall form part of 
the contract document to be used between the City and the Preferred Proponent. The 
rates included in the fee table will be used in the event the scope of work is changed 
and provisions of the contract value to be changed during the project period. 

The Financial Submission will not be opened until after the evaluation of the technical 
submission has been completed and satisfied per the required criteria. 

4. EVALUATION 

4.1 Evaluation Committee 

The evaluation of Proposals will be undertaken by an Evaluation Committee appointed 
by the City. The Evaluation Committee may consult with technical, financial and other 
advisors, as the Evaluation Committee, in its sole discretion, may decide. The 
Evaluation Committee will reach a consensus through discussions internal to the 
Committee. 

4.2 Evaluation Stages 

Proposals will be evaluated in four stages: 

4.2.1 Evaluation of Mandatory Criteria 

Proposals that do not meet the mandatory criteria will be rejected (Refer to Section 4.3 
below). 

4.2.2 Technical Evaluation – Total Value 70 Points 
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Subject to the Evaluation Committee’s right to reject an unacceptable Proposal under 
Section 4.4, the Evaluation Committee will evaluate and score the Proposal 
information provided using Table 2 in Section 4.5 as a guide to assign scores. For 
each criterion, each Proposal will be assessed, and points will be awarded on the 
basis of the extent to which the requirements of the Request for Proposal documents 
are satisfied, and the comparative merit of the individual Proposal as compared to 
other Proposals. 

Proposals will be ranked from highest to lowest in terms of meeting the City’s 
requirements and containing technical merit. Proponents are required to achieve a 
minimum score of 70% (49/70 points) on the Technical Evaluation, in order to qualify 
for review of the Financial Submission.  

4.2.3 Financial Evaluation – Total Value 30 Points 

Financial evaluation of cost criteria will be conducted after evaluation of the technical 
criteria and reference checks.    

A total of 30 points will be awarded on the basis of the Financial Proposal, and the 
distribution of fees to each phase of the Project.  

The points for price will be awarded as follows:   

The score for the Financial Submission will be in accordance with the following 
formula: 

Proponent Score = Lowest Financial Offer x 30 points 

 Proponent Financial Offer  
 

4.2.4 Selection 

The Evaluation Committee will rank the Proponents, using the combined Technical 
and Financial score, from which it will select the Preferred Proponent. The Preferred 
Proponent’s Proposal will be recommended to the City for the award of a contract for 
Consultant services based on the Proponents standing in the evaluation review 
process. 

4.3 Mandatory Requirements 

As indicated in Section 1 of this Request for Proposal, Proponents may be individual 
firms, or consortia of firms. In order for Proponent’s Proposals to be considered for 
further evaluation they must demonstrate in their Proposals that the following 
mandatory requirements can be met. 

Proponents must: 
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.1 Provide evidence satisfactory to City from the Proponent’s insurer that the 
Proponent is able to obtain the insurance coverage as specified in APPENDIX E 
City’s Standard Service Agreement; 

.2 Include the submission of the Proponent’s latest valid WSCC/ WSIB Certificate of 
Clearance; 

.3 Include a completed sign-off of Proposal submission, as per the requirements in 
APPENDIX F; and 

4.4 Rejection of Unacceptable Proposals 

The Evaluation Committee may at any time reject a Proposal without completing a full 
evaluation (including a Proposal from a Proponent that complies with the Mandatory 
Requirements), if in the judgment of the Evaluation Committee further consideration of 
the Proposal would not be acceptable as the basis for a contract considering the 
evaluation criteria indicated in Section 4.5 below. 

The City reserves the right without liability, cost or penalty, in its sole discretion to 
disqualify any Proposal before its full evaluation if the Proposal reveals a conflict of 
interest, incorrect information, or misrepresentation by the Proponent of any 
information provided in its Proposal. The City further reserves the right without liability, 
cost or penalty, in its sole discretion to disqualify any Proposal where there is evidence 
that the Proponent, its employees, agents or representatives colluded with one or 
more other Proponents or any of their respective employees, agents or representatives 
in the preparation of the Proposal. 

4.5 Evaluation Criteria 

The Evaluation Committee will evaluate eligible Proposals to determine the Proposal 
which best meets the needs of the City, using the weighting criteria indicated in Table 
1 below as a guideline. 

Table 2 – RFP Evaluation Criteria 

EVALUATION CRITERIA WEIGHTING 

Technical Submission 

Section A – Understanding of the Project 10 points 

Section B – Reference Projects 15 points 

Section C – Work Plan 25 points 

Section D – Corporate Qualifications and Experience 5 points 

Section E – Qualifications and Experience 15 points 

Technical Score Sub-Total: 70 points 
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Financial Submission  

Consultant Fees – Cost Submission Form 30 points 

Financial Score Sub-Total: 30 points 

Total RFP Evaluation Score: 100 points 

5. TERMS AND GENERAL CONDITIONS 

5.1 Terms and Conditions 

5.1.1 Submission of a Proposal constitutes acknowledgement that the Proponent has read 
and agrees to be bound by all the terms and conditions of this Request for Proposal. 

5.1.2 The City will not make any payments for the preparation of a response to this Request 
for Proposal.  All costs incurred by a Proponent will be borne by the Proponent. 

5.1.3 This is not an offer. The City does not, by virtue of this Proposal call, commit to an 
award of this Proposal, nor does it limit itself to accepting the lowest price or any 
Proposal submitted, but reserves the right to award this Proposal in any manner 
deemed to be in the City’s best interest. 

5.1.4 Proponents may not amend their proposal after the closing date and time but may 
withdraw their proposal at any time prior to acceptance by the City and issuing a Letter 
of Intent. 

5.1.5 The City has the right to cancel this Request for Proposal at any time and to reissue it 
for any reason whatsoever, without incurring any liability and no Proponent will have 
any claim against the City as a result of the cancellation or reissuing of the Request for 
Proposal. 

5.1.6 The City will not be responsible for any Proposal that does not indicate the Request for 
Proposal reference, and the Proponent’s name. 

5.1.7 The City will not be responsible for any Proposal that is delivered to any address or in 
any manner other than that provided in Section 2.1 of this Request for Proposal. 

5.1.8 If a contract is to be awarded as a result of this Request for Proposal, it will be 
awarded to the Proponent whose Proposal for each service, in the City’s opinion, 
provides the best potential value to the City and is capable in all respects to perform 
fully the contract requirements and has the integrity and reliability to assure 
performance of the contract obligations. 

5.1.9 If the City decides to award a contract based on a submission received in response to 
this Request for Proposal, the Successful Proponent will be notified of the intent to 
award in writing, and the subsequent execution of a written agreement shall constitute 
the making of a Contract.  Proponents will not acquire any legal or equitable rights or 
privileges whatsoever until a Contract is signed by both parties. In the event of any 
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inconsistency between this Request for Proposal, and any ensuing contract, the 
contract shall govern. 

5.1.10 The contract will be in the form of the City’s standard “City of Iqaluit Services 
Agreement” and it will contain the relevant provisions of this Request for Proposal, the 
accepted Proposal as well as such other terms as may be mutually agreed upon, 
whether arising from the accepted Proposal or as a result of any negotiations prior or 
subsequent thereto.  The City reserves the right to negotiate modifications with any 
Proponent who has submitted a Proposal. 

5.1.11 A copy of the Services Agreement is included as APPENDIX E. 

5.1.12 Any amendment made by the City to the Request for Proposal will be issued in writing 
and sent to all who have received the documents. 

5.1.13 An Evaluation Committee will review each Proposal.  The City reserves the exclusive 
right to determine the qualitative aspects of all Proposals relative to the evaluation 
criteria. 

5.1.14 Proposals will be evaluated as soon as practicable after the closing time.  No detail of 
any Proposal will be made public except the names of all parties submitting Proposals. 

5.1.15 The proposal and accompanying documentation submitted by the proponents are the 
property of the City and will not be returned. 

5.1.16 Proponents must acknowledge receipt of any addenda issued by the City in their 
Proposal. 

5.1.17 Proponents shall disclose in its Proposal any actual or potential conflicts of interest 
and existing business relationships it may have with the City, its elected or appointed 
officials or employees. The City may rely on such disclosure. 

5.1.18 Proponents and their agents will not contact any member of the City Council, City Staff 
or City Consultants with respect to this Request for Proposal, other than the City 
Representative named in section 2.6, at any time prior to the award of a contract or the 
cancellation of this Request for Proposal. 

5.2 No Collusion 

By submitting a Proposal, the Proponent, and each firm, corporation or individual 
member associated with the Proponent’s Proposal submission, represents and 
confirms to the City, with the knowledge and intention that the City may rely on such 
representation and confirmation, that its Proposal has been prepared without collision 
or fraud, and in fair competition with Proposals from other Proponents. Include 
confirmation of this under Item 3.1.8 of the Proposal submission. 
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5.3 Conflict of Interest 

Proponents shall disclose any potential conflicts of interest and existing business 
relationships they may have with Colliers Project Leaders, the City, its elected officials 
or employees, or any known participants in the Project.  The City may rely on such 
disclosure. 

Under Item 3.1.8 of the Proposal submission, include confirmation of the Proponent’s 
agreement to conform to the conflict of interest requirements and disclosures as 
indicated in Supplementary Conditions SC2 – CONFLICT OF INTEREST. 

5.4 Accuracy of Information 

While the City has used considerable efforts to ensure an accurate representation of 
information in the Request for Proposal, the information contained in this Request for 
Proposal is supplied solely as a guideline for Proponents. The City gives no 
representation whatsoever as to the accuracy or completeness of any of the 
information set out in this Request for Proposal, or any other background or reference 
information or documents prepared by third parties and made available to Proponents.  
Proponents will make an independent assessment of the accuracy and completeness 
of such information and will have no claim whatsoever against the City or its 
representatives, agents, consultants and advisors, with respect to such information. 

5.5  Confidentiality 

Proponents shall treat all information received through this Request for Proposal 
process and subsequent contract award as confidential and will not disclose such 
information to any person except with the prior written consent of the City.  

Under Item 3.1.8 of the Proposal submission, include confirmation of the Proponent’s 
agreement to conform to the confidentiality requirements as indicated in 
Supplementary Conditions SC1 – CONFIDENTIALITY. The Consultant shall ensure 
that all drawings, specifications and other documentation prepared for the Project and 
designated as confidential by the Owner, are prominently stamped on each page or 
sheet of each document with the word ”CONFIDENTIAL” prior to release for 
construction bidding purposes or during the course of the Work. 

5.6 Working Language 

All Proposals must be written in English. 

5.7 Terms of Payment 

The Proponent shall be reimbursed monthly for works completed for each service 
provided. Invoices are to be submitted on a monthly basis, and shall include: 

.1 the project title. 
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.2 the service contract number. 

.3 a description of the work completed. 

.4 billing summary, which includes the tasks as set forth in the costing 
submission, the proposed costs, cost to date, percentage invoiced to 
date, and the percentage of work completed to date for each task. 

.5 backup for all disbursements (time sheets may be requested). 

The monthly invoice should be reviewed as a draft by the Consultant and the Project 
Manager in order to validate the fee and services being claimed. The Proponent is to 
update the invoice (as required), as per comments/ feedback received from the Project 
Manager. The Project Manager and Proponent are to determine at the Project Kick-Off 
meeting the date which draft monthly invoices are to be reviewed.  

The final invoice is to be submitted to the Project Manager for processing with the City. 
Invoices that are issued directly to the City’s Accounts Payable Department will not be 
processed. Invoices must be submitted for payment by the 15th of every month, for 
previous months work (e.g. invoice must be submitted by February 15th for work 
completed up to January 31st). 

No payment will be made for the cost of work incurred to remedy errors or omissions 
for which the contractor is responsible. No additional invoicing will be accepted above 
and beyond what the City has agreed to as per the contract. At no time shall the 
contract upset limit be exceeded without prior written authorization from the City. 

5.8 Cash Flow Expenditure Forecast 

The Proponent is to submit a cash flow expenditure forecast identifying how the 
Proponent anticipates invoicing the City on a monthly process, based on the 
established schedule. An update cash flow expenditure forecast is to be submitted with 
every monthly invoice. 

5.9 WSIB/ WSCC Certificate 

Under Item 3.1.8 of the Proposal submission, include submission of the Proponent’s 
latest WSIB or WSCC Certificate of Clearance (failure to submit a certificate or letter of 
exemption from coverage with the Proposal may result in disqualification of the 
Proposal).  Proponents with no WSCC coverage must apply to the Government of 
Nunavut with 10 working days of starting operations. 

5.10 Health and Safety 

The successful Proponent shall provide the City a copy of its Health and Safety plan 
within 5 calendar days of execution of the contract.  The successful Proponent shall 
comply at all times with the City’s health and safety requirements while working in 
Iqaluit. 



 

REQUEST FOR PROPOSAL 

Sewer Upgrades AV341-AV335  
2023-RFP-044 

 
 

P7201-1837959811-4(1.0) 
 

Template Version V.7 – Updated July 15, 2021 

 Page 19 of 50 

 

5.11 Project Reporting  

The Consultant will be required to provide monthly status reports, which must 
communicate the following: assignment status, work completed to date, work 
remaining, schedule progress (baseline and approved changes), and financial status 
(original contract value, current contract value, % complete vs. % spent). The report is 
to be submitted to the City’s Project Manager. 

6. CONSULTANT SCOPE OF WORK 

The City’s sewer network has been observed to be operating near or above capacity at 
the section between AV341 and AV335, located in the Road to Nowhere District.  As 
such, the City is looking to replace the sewer in this area, including any access vaults, 
service connections and tie-in to the existing upstream and downstream network.  
Since the work will be occurring in very close proximity to the adjacent water 
infrastructure, the City is interested is interested in replacing the water in this area as 
well, including any access vaults, service connections, hydrants, and tie-in to the 
existing upstream and downstream network.  Also, it is understood that there is an 
abandoned recirculation line within the area that the City would like demolished.  
Similarly, it is understood that there is a functioning recirculation line within the area 
that the City would like to remain in service. 

If direct replacement of any infrastructure is found to not be beneficial to the City by the 
consultant, then the consultant shall propose new alignments, tie-in points, service 
connections, access vaults, hydrants, and any other relevant infrastructure. 

The City’s goal for the project is to complete the detailed design such that the work can 
be tendered in time to complete construction during the 2024 summer construction 
season. 

Below is a screenshot of the City’s GIS tool (legend further below) which shows what 
is understood to be the existing conditions of the area to be captured under this scope.  
It should be noted that the City has not validated the accuracy of what is shown for the 
sewer alignment from AV339 to AV335.  As such, the existing alignments, locations, 
sizes, and types for all relevant water and sewer infrastructure within the area of work, 
including but not limited to pipes, AVs, hydrants, and service connections, are to be 
confirmed by the consultant. 
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Furthermore, there are future planned developments that may be situated downstream 
of this portion of infrastructure.  These developments are referred to as “Area A” and 
“Area B”.  The best available information on these developments have been included 
with the RFP.  The consultant shall consider these developments when carrying out 
this scope as it may impact the future demand of the section of pipe in question. 

6.1 Assessment/Investigation 

Purpose: To review the existing background information provided in the RFP (and 
any other information that may be available for distribution by the City) 
and to conduct the necessary site investigations in order to inform and 
carry out the subsequent detailed design. 

The Consultant shall: 

.1 Complete a desktop study of all available City of Iqaluit Municipal Design 
Guidelines, City planning documents, as built records, previous reports, 
and relevant information.  This task will include a gap analysis for 
assessing or identifying any missing information required to complete the 
work.  This task will also include an analysis of population and demand 
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projections for existing developments and future planned developments 
and how they will impact and be incorporated into the design. 

.2 Conduct a Site Survey as described in Appendix G. 

.3 Conduct a Phase 1 Environmental Site Assessment as described in 
Appendix H. 

.4 Conduct a Geotechnical Investigation as described in Appendix I. 

.5 Conduct an on-the-ground assessment to establish the project limits and 
identify impacts that may affect or result from the work.  This may include: 

• Recommended pipe size, access vault and hydrant layout, and 
pipe alignments in consultation with City stakeholders 

• Location, state, size, type and other relevant info for all piping, 
service connections, tie-in points, access vaults, hydrants, and 
any other infrastructure relevant to work  

• Constructability considerations 

• Identification of features that might impede construction 

• Consideration of future site access 

• Verification of as-built details and reports, or confirmation of 
deviations, through visual means as it relates to infrastructure 
alignments, access vaults, service connections, hydrants, and any 
other associated infrastructure necessary to carry out the work 

• Consultation with City Operators to understand current operational 
practices, issues, and any user requirements relevant to design 
development 

.6 Provide an agenda for, chair, and minute all meetings that are necessary 
to be carried out to successfully complete this phase of the work. 

A non-exhaustive list of required deliverables for this phase is provided below: 

.1 Assessment and Investigation Report in both draft and final format, which 
includes at a minimum: 

• Findings from the Site Survey, Phase 1 Environmental Site 
Assessment, and Geotechnical Investigation 

• Findings from desktop study of all available City of Iqaluit Municipal 
Design Guidelines, City planning documents, as built records, 
previous reports, population and demand projections, and any other 
relevant information and subsequent gap analysis 

• Findings from on-the-ground assessment 

.2 Agenda and minutes for the following meetings: 

• Any stakeholder engagement meetings required to inform this phase 
and the subsequent phase of the project with the City’s Engineering 
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and Capital Project Department, Public Works Department, Planning 
Department, and any other stakeholders as requested by the City 

• Assessment and Investigation Report review meeting 

6.2 Detailed Design 

Purpose: To produce final design detailing required installations, equipment and 
materials in order to satisfy the intent of the project. Prepare all necessary 
construction drawings, including site plans, general arrangements, 
elevation/ sections and construction details for all disciplines on a basis of 
the approved final design. Prepare the contract documents, which 
includes the bidding instructions, bidding forms, conditions of the contract, 
supplementary conditions, and specification. 

The Consultant shall: 

.1 Prepare a 50% design package, which includes detailed design drawings, 
engineering specifications, Class ‘C’ cost estimate, and procurement and 
construction schedule. 

.2 Upon approval of the 50% submission, prepare a 90% design package, 
which includes detailed design drawings, engineering specifications, 
Class ‘B’ cost estimate, and procurement and construction schedule. 

.3 Upon approval of the 90% submission, prepare a 100% design package, 
which includes detailed design drawings, engineering specifications, class 
A cost estimate, and procurement and construction schedule. 

.4 Lead the process and serve as the representative of the City for all 
permitting and approvals required to proceed with construction of the 
specified design. 

.5 Provide an agenda for, chair, and minute 50%, 90%, and 100% design 
package review meetings as well as any other meetings required to carry 
out the scope as defined by the consultant. 

A non-exhaustive list of required deliverables for this phase is provided below: 

.1 50% design package 

.2 90% design package 

.3 100% design package 

.4 Permitting and approvals submissions, responses to inquiries from 
authorities having jurisdiction, and other necessary items to obtain all 
necessary permits and approvals. 
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.5 Agendas and minutes for three (3) design package review meetings 
(50%, 90%, 100%) as well as any other meetings required to carry out the 
work. 

6.3 Construction Procurement 

Purpose: (Provisional) Assist the Project Manager during the construction 
procurement phase of the project, as the City looks to retain a Contractor 
for construction services. 

The Consultant shall: 

.1 Act in an advisory role to the Project Manager who will tender the Project. 

.2 Respond to questions raised by bidders and prepare addenda or 
clarifications for issue to bidders. 

.3 Assist the Project Manager and Evaluation Committee with examining 
and evaluation of tenders. Advise on acceptance of submissions and 
provide a recommendation for award. 

.4 Prepare and issue stamped “for construction” documents, revised to 
include all addenda and changes made during the tender period. 

A non-exhaustive list of required deliverables for this phase is provided below: 

.1 Request For Tender package in both draft and final format 

.2 As required technical responses and addenda 

.3 Bid review and recommendation of award in memorandum form 

6.4 Construction Administration 

Purpose: (Provisional) To support the administration of the construction contract, 
and in particular to inspect the construction to ensure compliance with the 
design documents. 

The Consultant shall: 

.1 Be a representative of the City. 

.2 Advise and consult with the City. 

.3 Have the authority to act on the City’s behalf to the extent provided in this 
RFP and the Contract Documents. 

.4 Have access to the Work at all times wherever it is in preparation or 
progress. 
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.5 Forward all instructions from the City to the Contractor. 

.6 Carry out and coordinate as applicable the General Review/ Field Review 
of the work on a basis of 1,008 hours (12 hours per day, 7 days per week, 
12 weeks). 

.7 Examine, evaluate and report to the City upon representative samples of 
the work. 

.8 Make weekly site reviews to determine general conformity of the works 
and submit weekly site observation reports in a format approved by the 
City. 

.9 Keep the City informed of the progress and quality of the work, and report 
to the City defects and deficiencies in the work observed during the 
course of the site reviews. 

.10 In the first instance, interpret the requirements of the Contract Documents 
and make findings as to the performance thereunder by both the City and 
the Contractor. 

.11 Render interpretations in written and graphic form as may be required 
with reasonable promptness on the written request of either the City or 
the Contractor. 

.12 Render written findings within reasonable time, on all claims, disputes 
and other matters in question between the City and the Contractor 
relating to the execution or performance of the work or the interpretation 
of the Contract Documents. 

.13 Render interpretations and findings consistent with the intent of and 
reasonably inferable from the Contract Documents; showing partiality to 
neither the City nor the Contractor. 

.14 Have the authority to reject work which does not conform to the Contract 
Documents, and whenever, in the Consultant’s opinion, it is necessary or 
advisable for the implementation of the intent of the Contract Documents, 
have the authority to require special inspection or testing of work, whether 
or not such work has been fabricated, installed or completed. 

.15 Review and take other appropriate action with reasonable promptness 
upon such Contractor’s submittals as shop drawings, product data, and 
samples, for conformance with the general design concept of the Work as 
provided in the Contract Documents. 

.16 Maintain an electronic log to evidence the status and disposition of Shop 
Drawings and other required Contractor submittals. The log shall be 
provided and reviewed at every Project meeting. 
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.17 Respond to Requests for Information (RFI) and maintain an electronic log 
to accurately document the status of all RFI’s.  The log shall be provided 
and reviewed at every Project meeting. 

.18 Prepare Contemplated Change Notices and Change Orders for the 
consideration of the Project Manager and for the City’s approval and 
signature in accordance with the Contract Documents and maintain 
electronic logs to accurately document the status of all issued and 
contemplated CCN’s and CO’s.  The logs shall be provided and reviewed 
at every Project meeting. 

.19 Have the authority to order minor adjustments in the Work which are 
consistent with the intent of the Contract Documents, when these do not  
involve an adjustment in the contract price or an extension of the contract 
time. 

.20 Furnish supplemental instructions to the Contractor with reasonable 
promptness. 

.21 Receive from the Contractor and forward to the City for the City’s review 
the written warranties and related documents. 

.22 Receive from the Contractor and review and approve the Contractor’s as-
built drawings and provide to the City a complete set of electronic and 
physical as-built drawings for all building systems and components. 

.23 Review any defects or deficiencies which have been observed and 
reported during that period and notify the Contractor in writing of those 
items requiring attention by the Contractor to complete the Work in 
accordance with the Contract. 

.24 Determine the amounts owing to the Contractor under the Contract, 
based on the observations and evaluation of the Contractor’s 
application(s) for payment. 

.25 Issue certificates for payments in the value proportionate to the amount of 
the Contract and the Contractor’s Schedule of Values, of work performed 
and products delivered to the place of the Work. 

.26 Determine the date of Substantial performance of the work. Issue the 
Substantial Performance certificate. 

.27 Verify the validity of the Contractor’s application for final payment and 
issue a certificate of final payment. 

.28 Serve as the “Consultant” as per the CCDC 2 Stipulated Price Contract 
Agreement inclusive of the Supplementary Conditions between the 
Owner and the Contractor. 
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.29 Prepare an agenda for, chair, and minute the construction kickoff meeting 
and all construction progress meetings (biweekly pre-mobilization, weekly 
during construction, and biweekly post-demobilization) 

A non-exhaustive list of required deliverables for this phase is provided below: 

.1 Weekly site observation report template for City approval, and weekly site 
observation reports for the duration of the work 

.2 Agendas and minutes for the construction kickoff meeting and all 
progress meetings (agendas to be submitted for City approval) 

.3 Contract administration documents including CCN’s, CO’s, RFI’s, SI’s, 
submittal records, and completion records (including claim reviews and 
extension of time assessments), organized in to a proper log 

.4 Substantial completion certificate 

.5 Deficiency list, continuously updated until all deficiencies have been 
addressed 

.6 Electronic and physical as-built documents 

.7 Project history file 

7. SCHEDULE 

7.1 Timelines 

The Proponent must satisfy the general timelines identified below for the work. 

Table 3 – Project Schedule 

Milestone Date 

Project Kick-Off Meeting July 21, 2023 

Completion of assessment/investigation site activities September 8, 2023 

Submission of draft Assessment and Investigation Report September 29, 2023 

Submission of final Assessment and Investigation Report October 20, 2023 

Submission of 50% design package November 17, 2023 

Submission of 90% design package December 22, 2023 

Submission of 100% design package January 26, 2024 

Submission of draft RFT package (tentative) February 16, 2024 
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Submission of final RFT package (tentative) March 8, 2024 

Construction contract award (tentative) May 31, 2024 

Construction completion (tentative) October 31, 2024 

Project Completion/ Closeout December 31, 2024 

7.2 Submission Requirements 

Proponent to prepare project schedule in the form of a Gantt chart. The schedule is to 
include dates for the commencement and completion of each major element of the 
work, as per the requirements of Table 3. The key elements of the schedule will detail 
the various assignment milestones. The schedule will form the baseline for 
assignment. 

The schedule will form part of the contract documents. Changes to the project 
schedule must be approved by the Project Manager by means of a change order. A 
revised schedule must be submitted describing the approved changes.  
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APPENDIX A – COST SUBMISSION FORM 

Proponent’s Name:  _________________________________________________________ 

 

Proponent’s Address:  _________________________________________________________ 

 

Proponent Email/ Telephone: _________________________________________________________ 
 

Provide the following cost breakdown for the services detailed herein that the Proponent is proposing to 

offer the City of Iqaluit. 

 

Table A1 Fee Table – Water 

Item Description Qty Unit Unit Price Total 

6.0 General 

1. 
Project management, administration, 
coordination, meetings 

1 LS $ $ 

6.1 Assessment/Investigation 

2. 
Background information review and 
stakeholder engagement 

1 LS $ $ 

3. Site survey 1 LS $ $ 

4. Phase 1 environmental site assessment 1 LS $ $ 

5. Geotechnical investigation 1 LS $ $ 

6. Assessment and investigation report 1 LS $ $ 

6.2 Detailed Design 

7. 50% design package 1 LS $ $ 

8. 90% design package 1 LS $ $ 

9. 100% design package 1 LS $ $ 

10. Permitting and approvals 1 LS $ $ 

6.3 Construction Procurement 



 

REQUEST FOR PROPOSAL 

Sewer Upgrades AV341-AV335  
2023-RFP-044 

 
 

P7201-1837959811-4(1.0) 
 

Template Version V.7 – Updated July 15, 2021 

 Page 30 of 50 

 

11. Request for tender package 1 LS $ $ 

12. Tender support 1 LS $ $ 

13. Bid review and contract award  1 LS $ $ 

6.4 Construction Administration 

14. 
Contract administration and engineering 
support 

1 LS $ $ 

15. Site inspection (hourly) 504 Hour $ $ 

16. Site inspection disbursements 84 Day $ $ 

17. Project closeout 1 LS $ $ 

6.0 General subtotal $ 

6.1 Assessment/Investigation subtotal $ 

6.2 Detailed Design subtotal $ 

6.3 Construction Procurement subtotal $ 

6.4 Construction Administration subtotal $ 

Table A1 subtotal $ 

 
Table A2 Fee Table – Sewer 

Item Description Qty Unit Unit Price Total 

6.0 General 

1. 
Project management, administration, 
coordination, meetings 

1 LS $ $ 

6.1 Assessment/Investigation 

2. 
Background information review and 
stakeholder engagement 

1 LS $ $ 
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3. Site survey 1 LS $ $ 

4. Phase 1 environmental site assessment 1 LS $ $ 

5. Geotechnical investigation 1 LS $ $ 

6. Assessment and investigation report 1 LS $ $ 

6.2 Detailed Design 

7. 50% design package 1 LS $ $ 

8. 90% design package 1 LS $ $ 

9. 100% design package     

10. Permitting and approvals 1 LS $ $ 

6.3 Construction Procurement 

11. Request for tender package 1 LS $ $ 

12. Tender support 1 LS $ $ 

13. Bid review and contract award  1 LS $ $ 

6.4 Construction Administration 

14. 
Contract administration and engineering 
support 

1 LS $ $ 

15. Site inspection (hourly) 504 Hour $ $ 

16. Site inspection disbursements 84 Day $ $ 

17. Project closeout 1 LS $ $ 

6.0 General subtotal $ 

6.1 Assessment/Investigation subtotal $ 
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6.2 Detailed Design subtotal $ 

6.3 Construction Procurement subtotal $ 

6.4 Construction Administration subtotal $ 

Table A2 subtotal $ 

 
 

Table A3 Fee Table – Final 

Item Description Qty Unit Unit Price Total 

Table A1 subtotal $ 

Table A2 subtotal $ 

Sub-Total: $ 

GST: $ 

TOTAL: $ 

 
Fees for changes to the work shall be as agreed upon prior to the commencement of services for the 
change as set out under the contract. For additional work, the proponent shall use the rates detailed 
below. 

 

POSITION TEAM MEMBER Hourly Rates ($/hr.) 

Principal/Project Sponsor   

Project Manager   

Project Engineer   

Civil Engineer   

Civil Technologist   

CAD Specialist   

Site Inspector   

Contract Administrator   

Administrative Staff   
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Insert Position (s)   

   

   

   

   

   

   

   

   

   

   

 
Consultant to add positions as necessary. Each discipline shall provide names for each position as 
necessary. 
 
 

END OF APPENDIX A   
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APPENDIX B – SUPPLEMENTARY CONDITIONS 

 

Amend the General Conditions as follows: 

Add SC1 Confidentiality 

SC 1 Confidentiality 

.1 The Consultant and the Consultant’s employees and sub-Consultants 
shall not use, copy, disclose or otherwise communicate and information 
not available to the general public that was gained by them in the course 
of their duties related to this Contract, except as is necessary in the 
proper discharge of those duties. This obligation survives the Contract. 

.2 All information provided by the Consultant is subject to the disclosure and 
protection provisions of applicable freedom of information and privacy 
legislation. Such Act allows any person a right of access to records in the 
Client’s custody or control, subject to limited and specific exceptions. 

 Add SC2 Conflicts of Interest 

  SC 2 Conflicts of Interest 

  The Consultant and the Consultant’s employees: 

.1 shall conduct their duties related to this Contract with impartiality and 
shall, if they exercise inspection or other discretionary authority over 
others in the course of those duties, disqualify themselves from dealing 
with anyone with whom a relationship between them could bring their 
impartiality into question; 

.2 shall not influence, seek to influence, or otherwise take part in a decision 
of the Client, knowing that the decision might further their private 
interests. Any communication with the City’s elected officials before 
contract award shall result in disqualification of the Proponent. 

.3 shall not accept any commission, discount, allowance, payment, gift, or 
other benefit that is connected, directly, or indirectly with the performance 
of their duties relating to this Contract, that causes, or would appear to 
cause, a conflict of interest, and 

.4 shall have no financial interest in the business of a third party that causes, 
or would appear to cause, a conflict of interest in connection with the 
performance of their duties related to this Contract, and if such financial 
interest is acquired during the term of this Contract, the Consultant shall 
promptly declare it to the Client. 
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 Add SC3 Project History File 

  SC 3 Project History File 

.1 All project documentation shall be considered deliverables and shall form 
the core of the Project History File. A project history file is to be submitted 
to the Client prior to project closeout. It is the Consultants responsibility to 
ensure that the requirements for all deliverables be applied to all sub-
consultants and vendors.  

.2 All supporting and originating data (calculations, graphs, data, pictures, 
drawings checks, tables, etc.) that are developed and incorporated into 
the deliverable documentation shall be included in Project history file.  

.3 All data collected as part of the Project and relating to the deliverables 
that have been organized into database tables and spreadsheets shall be 
included electronically as supporting data for the deliverable. This 
information will be incorporated into the project history file 

.4 The project history file will be submitted electronically in a logical file 
folder structure.  

 Add SC4 DMAF & Community Employment Benefits 

As part of the City’s funding obligations under the Long-Term Water project 
(through Infrastructure Canada’s Disaster Mitigation and Adaptation Funding 
(DMAF)), the following conditions will apply to the contract engagement relating 
to water: 

1. The Consultant will keep proper and accurate financial accounts and 
records, including but not limited to its Contracts, invoices, statements, 
receipts, and vouchers, in respect of the Project for at least six (6) years 
after the Agreement End Date and that the City of Iqaluit has the 
contractual right to audit them. 
 

2. All applicable labour, environmental, and human rights legislation is 
respected.  

 
3. Canada, the Auditor General of Canada, and their designated 

representatives, to the extent permitted by the law, will at all times be 
permitted to inspect the terms and conditions of the Contract and any 
records and accounts respecting the Project and will have reasonable and 
timely access to the Project sites and to any documentation relevant for the 
purpose of audit. 

 
4. As part of the City’s project funding obligations and to encourage planned 

initiatives to recruit, hire and train members of federal Target Groups, the 
successful Proponent will be required to report annually on Community 
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Employment Benefits (CEB) for three (3) federal Target Groups identified 
below. The successful proponent will also be required to report total 
cumulative hours worked by all workers engaged on the project (including 
subcontractors and administrative employees) through to project 
completion. The Three (3) Target Groups are: 

 

Target Group Definition CEB Annual or 
Contract Reporting 
Requirement 

Indigenous 
Peoples 

Self-Identified Total Hours Worked for 
Individual Target Group 

Women Self-Identified Total Hours Worked for 
Individual Target Group 

Persons with 
disabilities 

Self-Identified Total Hours Worked for 
Individual Target Group 

 

END OF APPENDIX B 
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APPENDIX C – SUB-CONSULTANT LIST 

 

The Proponent will engage and fully coordinate the work of the following sub-consultants listed 
to deliver the work: 

Table C1 List of subconsultants 

Consultant Name Project Office Address Discipline 

   

   

   

   

   

   

   

   

   

   

 

END OF APPENDIX C 
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APPENDIX D – INFORMATION PROVIDED BY THE CITY 

 

This schedule forms part of the contract for consulting services for 2023-RFP-044 / Sewer 
Upgrades AV341-AV335. The City will provide the following information to the Consultant: 

 .1 Municipal Design Guidelines, City of Iqaluit – 2005 

 .2 Good Building Practices Guideline, Government of Nunavut – 2020 

 .3 City of Iqaluit Sewer Network Capacities 2020 

 .4 City of Iqaluit Piped Sewer & Water System 2021 

 .5 Utilidor Water Distribution System Upgrades – Phase 1 

 .6 City of Iqaluit RFT Template 

.7 Permafrost – Above & Below Ground Infrastructure Study Options Analysis 
Report 

 .8 Future Development Area Selection Report 

 .9 Area B Development Scheme 

 

END OF APPENDIX D 
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APPENDIX E – CITY OF IQALUIT SERVICES AGREEMENT 

 BETWEEN:  THE MUNICIPAL CORPORATION OF THE CITY OF IQALUIT 

(hereinafter referred to as the "CITY OF IQALUIT") 

OF THE FIRST PART 

 

 AND:          <INSERT CONSULANT NAME> 

         (hereinafter referred to as the "Consultant") 

OF THE SECOND PART 

 

WHEREAS the CITY OF IQALUIT has requested the Consultant to provide engineering services for the 
<insert project name/ contract title>; 

AND WHEREAS the Consultant has agreed to provide such services to the CITY OF IQALUIT in its proposal 
dated <insert proposal date>; 

AND WHEREAS the CITY OF IQALUIT and the Consultant wish to set out the terms and conditions relating 
to the provision of such services; 

THEREFORE the CITY OF IQALUIT and the Consultant agree as follows: 

1. SERVICES AND PAYMENT    

 1.1 The Consultant agrees to provide to the CITY OF IQALUIT those services set out in the job description 
and scope of work provided on <insert proposal date>. A copy of the proposal is attached as 
Appendix "A".  

 1.2  The CITY OF IQALUIT agrees to pay for the services described above, a total amount not greater than 
<insert proposal amount>, for the provision of professional services based on the Proposal dated 
<insert proposal date>. 

2. TERM 

 2.1. This Contract shall commence on the <insert contract start date> and terminates on the <insert 
contract termination date> unless otherwise terminated in accordance with the provisions of this 
Contract.   

3. NOTICE AND ADDRESS 

 3.1 Any notice required to be given herein or any other communication required by this contract shall 
be in writing and shall be personally delivered, sent by facsimile, or posted by prepaid registered 
mail and shall be addressed as follows: 
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i)  If, to the CITY OF IQALUIT: 
     

Rod Mugford 
Chief Administrative Officer 
City of Iqaluit 
P.O. Box 460 Iqaluit, NU X0A 0H0 

      
     Reference: 2023-RFP-044 

 
ii)  If to the Consultant at: 

   
<Insert Consultant Representative Name> 
<Insert Consultant/ Company Name> 
<Insert Address> 

 
 3.2  Every such notice and communication, if delivered by hand, shall be deemed to have been received 

on the date of delivery or if sent by prepaid registered mail shall be deemed to have been received 
on the seventh day after posting, or if by facsimile, 48 hours after the time of transmission, 
excluding from the calculation weekends and statutory holidays. 

4. COMPLETE AGREEMENT 

 4.1 This Contract and its attachments constitute the complete Contract between the parties. Except as 
provided herein, it supersedes and shall take effect in substitution for all previous agreements. It is 
subject to change only by an instrument executed in writing by the City. 

 4.2 If this Contract arises from a request for proposals or tender call, the provisions of the request for 
proposals or tender call and the Consultant’s bid or proposal submission are incorporated into this 
Contract and may be used to clarify, explain or supplement this Contract, but shall not be used to 
contradict any express terms of this Contract.  

 4.3 In the event of a conflict between this Contract, the Consultant's bid or proposal submission, and the 
City's original tender bid instructions or Request for Proposals, the more recently prepared 
document shall govern to the extent of such inconsistency.    

5. GENERAL TERMS 

 5.1 Any information obtained from or concerning any department of the CITY OF IQALUIT or clients of 
any department of the CITY OF IQALUIT, by the contractor, its agents or employees in the 
performance of any contract shall be confidential.  The Consultant shall take such steps as are 
necessary to ensure that any such information is not disclosed to any other person and shall 
maintain confidential and secure all material and information that is the property of the CITY OF 
IQALUIT and in the possession of or under the control of the Consultant.  This clause survives the 
termination of this contract. 

 5.2 Time shall in every respect be of the essence. The Consultant shall deliver the services specified in 
the contract and according to the project schedule on costs. The CITY OF IQALUIT may grant 
reasonable extensions to the Consultant for delays, if the Consultant can show those delays were 
caused by circumstances beyond the control of the Consultant. 
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 5.3 The Consultant is an independent Consultant with the CITY OF IQALUIT and nothing in this contract 
shall be construed or deemed to create the relationship of employee and employer or of principal 
and agent between the CITY OF IQALUIT and the Consultant.  The Consultant is solely responsible for 
payments of all statutory deductions or contributions including but not limited to pension plans, 
unemployment insurance, income tax, workers' compensation and the Nunavut Payroll Tax. 

 5.4 This contract shall be interpreted and governed in accordance with the laws of Nunavut and the 
laws of Canada as they apply in Nunavut. 

 5.5 No waiver by either party of any breach of any term, condition or covenant of this contract shall be 
effective unless the waiver is in writing and signed by both parties.  A waiver, with respect to a 
specific breach, shall not affect any rights of the parties relating to other or future breaches. 

 5.6 The failure of either party at any time to require the performance of any provision or requirement of 
this contract shall not affect the right of that party to require the subsequent performance of that 
provision or requirement. 

 5.7 Title to any report, drawing, photograph, plan, specification, model, prototype, pattern, sample, 
design, logo, technical information, invention, method or process and all other property, work or 
materials which are produced by the Consultant in performing the contract or conceived, developed 
or first actually reduced to practice in performing the contract (herein called "the Property") shall 
vest in the CITY OF IQALUIT and the Consultant hereby absolutely assigns to the CITY OF IQALUIT the 
copyright in the property for the whole of the term of the copyright.  The Consultant shall not be 
responsible for any loss or damage suffered by the City of Iqaluit or any third parties resulting from 
any unauthorized use or modification of the property, errors in transmission of the property, 
changes to the Property by others, the consequences of design defects due to the design of others, 
or defects in contract documents prepared by others, and the City of Iqaluit agrees to defend, 
indemnify, and hold the Consultant harmless from and against all claims, demands, losses, damages, 
liability and costs associated therewith. Subject to the foregoing, the Property may be relied by the 
City of Iqaluit for design and construction work undertaken by other parties with respect to the 
Services provided that such parties verify the accuracy and completeness of the Property to their 
satisfaction.   

5.8 It is intended that all provisions of this agreement shall be fully binding and effective between the 
parties, but in the event that any particular provision or provisions or a part of one is found to be 
void, voidable or unenforceable for any reason whatever, then the remainder of the agreement shall 
be interpreted as if such provision, provisions, or part thereof, had not been included. 

  5.9 This contract may be extended by the written consent of the parties. 

5.10 The CITY OF IQALUIT may delegate any of its authority and undertaking pursuant to this contract to 
any employee or contractor the CITY OF IQALUIT by notice in writing to the Consultant. 

5.11 This contract shall ensure to the benefit of and be binding on the respective administrators, 
successors and assignment of each of the parties hereto. 

6. CONSULTANT RESPONSIBILITIES 

6.1 The Consultant shall indemnify and hold harmless, the CITY OF IQALUIT, its officers, employees, 
servants and agents from and against all claims, actions, causes of action, demands, losses, costs, 
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damages, expenses, suits or other proceedings by whomsoever made, brought or prosecuted in any 
manner based upon or related to the negligent acts, errors, or omissions of the Consultant under 
this contract. 

6.2 The Consultant shall be liable to the CITY OF IQALUIT for any loss or damage to property or 
equipment that is supplied to or placed in the care, custody or control of the Consultant for use in 
connection with the contract if such loss or damage is attributable to the negligence or deliberate 
acts of the Consultant or its employees or agents. 

6.3 If, in the opinion of the CITY OF IQALUIT acting reasonably, the Consultant is in default in respect of 
any obligation of the Consultant hereunder, the CITY OF IQALUIT may rectify such default and 
pursue a claim against the Consultant for any direct costs associated with any such remediation, 
including a reasonable allowance for the use of the CITY OF IQALUIT’s own employees or equipment. 

6.4 The Consultant may not assign or delegate work to be done under this contract, or any part thereof, 
to any other party without the written consent of the CITY OF IQALUIT.  In the case of a proposed 
assignment of monies owing to the Contractor under this contract, the consent in writing of the CITY 
OF IQALUIT must be obtained.   

6.5 The Consultant shall keep proper accounts and records of the services for a period of 3 years after 
the expiry or termination of this agreement.  At any time during the term of this contract or during 
the three years following the completion or termination of this agreement, the Consultant shall 
produce copies of such accounts and records upon the written request of the CITY OF IQALUIT. 

6.6 The Consultant shall notify the CITY OF IQALUIT immediately of any claim, action, or other proceeding 
made, brought, prosecuted or threatened in writing to be brought or prosecuted that is based upon, 
occasioned by or in any way attributable to the performance or non-performance of the services 
under this contract. 

 

6.7 If at any time the Consultant considers their estimates indicate costs will exceed the project budget, 
they will immediately advise the City of Iqaluit.  If in the opinion of the City of Iqaluit, acting 
reasonably, the excess is due to design, costs factors or matters under the control or reasonably 
foreseeable by the Consultant, the CITY OF IQALUIT may require the Consultant to do everything by 
way of revision of the design to bring the cost estimate within the project budget.  Costs of completing 
such revisions shall be based upon a level of compensation reasonably appropriate to the 
circumstances, including the reason for the revisions.   

 
6.8 Except as required in the performance of services set out in this agreement, the Consultant must 

maintain as confidential all data and information made available to the Consultant, the CITY OF 
IQALUIT, or any other parties which is generated by or results from the Consultant’s performance of 
the Services described in this Contract.  All such data and information is the property of the City of 
Iqaluit.  This clause shall survive the termination of the Contract. 

 

7. TERMINATION   

7.1 The CITY OF IQALUIT may terminate this contract at any time upon giving written notice to this effect 
to the Consultant if, in the opinion of the CITY OF IQALUIT, the Consultant is unable to deliver the 
service as required, the Consultant’s performance of work is persistently faulty, in the event that the 
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Consultant becomes insolvent or commits an act of bankruptcy, in the event that any actual or 
potential labor dispute delays or threatens to delay timely performance of the contract or the 
(Consultant Contractor) defaults or fails to observe the terms and conditions of the contract in any 
material respect. 

 
7.2 This contract shall terminate as of the day for termination set out in the written notice and the 

Consultant shall forthwith invoice the CITY OF IQALUIT for work performed to the date of 
termination. 

 
7.3 Any invoice submitted by the Consultant pursuant to clause 7.2 shall be reviewed by the CITY OF 

IQALUIT to assess the amount which is properly due and owing for work done by the Contractor prior 
to termination. 

 
8. FINANCIAL 

8.1 The CITY OF IQALUIT, having given written notice of a breach, may withhold or hold back in whole or 
in part any payment due the Consultant without penalty, expense or liability, if in the opinion of the 
Contracting Authority, the Consultant has failed to comply with or has in any way breached an 
obligation of the consultant.  Any such hold back shall continue until the breach has been rectified to 
the satisfaction of the CITY OF IQALUIT. 

8.2 The CITY OF IQALUIT may set off any payment due the Consultant against any monies owed by the 
Consultant to the CITY OF IQALUIT. 

8.3 The City of Iqaluit will pay the Goods and Services Tax (GST). 

8.4 Provided all terms and conditions on the part of the Consultant have been complied with, each 
invoice will be paid thirty (30) calendar days after receipt of the invoice, or thirty (30) calendar days 
after delivery of the services, whichever is later. 

8.5 The CITY OF IQALUIT may, in order to discharge lawful obligations or to satisfy lawful claims against 
the Consultant or a Subconsultant arising out of the execution of work, pay any amount, which is due 
and payable to the Consultant under the contract, if any, directly to the obligee of and the claimants 
against the Consultant or Subconsultant. 

9. INSURANCE AND LIABILITY  

9.1 The Consultant’s liability to the City of Iqaluit for claims arising out of this Agreement, or in any way 
relating to the Services, will be limited to direct damages and to the re-performance, without 
additional compensation, of any Services not meeting a normal professional standard of care and 
such liability will, in the aggregate, not exceed the amount of $1,000,000.00. The limitations of 
liability will apply, to the extent permitted by law, whether Consultant’s liability arises under breach 
of contract or warranty; tort, including negligence; strict liability; statutory liability; or any other 
cause of action, and will extend to and include Consultant’s directors, officers, employees, insurers, 
agents and sub-consultants. 

 
9.2 In no event will either party be liable to the other party for indirect or consequential damages 

including without limitation loss of use or production, loss of profits or business interruption. 
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9.3 The Consultant shall, without limiting his obligations or liabilities hereto, obtain, maintain and pay for 
during the period of this agreement, the following insurance with limits not less than those shown: 

a) Workers' Compensation insurance covering all employees engaged in the work in 
accordance with the statutory requirements of the Territory or Province having jurisdiction 
over such employees. If the Consultant is assessed any additional levy, extra assessment or 
super-assessment by a Workers' Compensation Board as a result of an accident causing 
injury or death to an employee of the Consultant or any sub-consultant, or due to unsafe 
working conditions, then such levy or assessment shall be paid by the Consultant at its sole 
cost and is not reimbursed by the CITY OF IQALUIT. 

b) Employer's liability insurance with limits not less than $500,000 for each accidental injury to 
or death of the Consultant’s employees engaged in the work.  If Workers' Compensation 
insurance exists, then in such event, the aforementioned Employer's Liability insurance shall 
not be required but the Comprehensive General Liability policy referred to in item (d) herein 
shall contain an endorsement providing for Contingent Employers' Liability insurance. 

c) Motor Vehicle, water craft and snow craft standard liability insurance covering all vehicles 
and/or craft owned or non-owned, operated and/or licensed by the Consultant and used by 
the Consultant in the performance of this agreement in an amount not less than one million 
dollars ($1,000,000.00) per occurrence for bodily injury, death and damage to property; and 
with respect to busses limits of not less than one million dollars ($1,000,000.00) for vehicle 
hazards and not less than one million dollars ($1,000,000.00) for Bodily Injury to or death of 
one or more passengers and loss of or damage to the passengers property in one accident.) 

d) Comprehensive General Liability Insurance with limits of not less than two million dollars 
($2,000,000.00) (inclusive) per occurrence for bodily injury, death and damage to property 
including loss of use thereof.  Such insurance shall include but not be limited to the following 
terms and conditions:  

• Products & Completed Operations Liability * 

• Consultant’s Protective Liability 

• Blanket Contractual Liability 

• Broad Form Property Damage 

• Personal Injury Liability 

• Cross Liability 

• Medical Payments 

• Non-owned Automobile Liability * 

• Contingent Employers Liability * 

• Employees as Additional Insureds * 

*WHERE APPLICABLE 
 

e) Professional Liability Insurance with limits of not less than two hundred fifty thousand 
dollars ($250,000.00) per claim and five hundred thousand dollars ($500,000.00) in the 
annual aggregate, to cover claims arising out of the rendering of or failure to render any 
professional service under this contract or agreement. 
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All policies shall provide that thirty days written notice be given to the CITY OF IQALUIT prior to any 
cancellations of any such policies. 

The Comprehensive General Liability Insurance policies shall name the CITY OF IQALUIT and any permitted 
sub-consultants as additional insureds only with respect to the terms of this contract and shall extend to 
cover the employees of the insureds hereunder. 

The Consultant shall be responsible for any deductibles, exclusions and/or insufficiency of coverage 
relating to such policies. 

The Consultant shall deposit with the CITY OF IQALUIT prior to commencing with the work a certificate of 
insurance evidencing the insurance(s) required by this clause in a form satisfactory to the CITY OF IQALUIT 
and with insurance companies satisfactory to the CITY OF IQALUIT. 

IN WITNESS WHEREOF the parties hereto have set their hand and seals as of the date and year entered 
below. 

 

FOR THE CITY OF IQALUIT:  FOR THE CONSULTANT: 
 

    
__________________________   __________________________ 
Name/Title   Name/Title 
 
__________________________  __________________________ 
Signature   Signature 
 
__________________________  __________________________ 
Date   Date 

 
__________________________  __________________________ 
Witness   Witness 

 

 

END OF APPENDIX E 
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APPENDIX F – SIGNING SHEET 

I/We, agree that we have received addenda ____ to ____ inclusive, and the Proposal Pricing 
includes provisions set out in such addenda. 

I/We confirm agreement to conform to the confidentiality requirements as indicated in 
Supplementary Conditions SC1 – Confidentiality. 

I/We confirm agreement to conform to the conflict of interest requirements and disclosures as 
indicated in Supplementary Conditions SC2 – Conflict of Interest. 

Signer must have authority to bind the company. 

Signed, and delivered at this ______ day of __________ 2023. 

 

Signature of Name (Authorized official or principal who has authority to bind the company) 

 

 

Legal Company Name 

 

 

Address:  # Street, Municipality, Province/ Territory, Postal Code 

 

 

Name: Print or Type 

 

 

Title 

 

 

Email 

 

 

Telephone # 

END OF APPENDIX F 
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APPENDIX G – SITE SURVEY SCOPE OF WORK 

The Consultant will be required to complete topographical surveying as specified within this 
RFP.  The Consultant shall provide results of all investigations and coordinate its work with the 
City for incorporation into the final design.  Although the Consultant shall ultimately determine 
the scope and level of survey required for this assignment, the following minimum requirements 
are anticipated: 

The Consultant will: 

• Carry out on-site reviews and field work required for, and to complete, the design of this 
project including survey work required to locate / identify existing features, utilities, 
obstructions, etc. and as required to provide measurements for tender quantities. 

• Carry out total area survey as necessary to inform and define the work.   

• Verify the accuracy and correctness of any digital mapping and control points provided 
by the City or publicly available. 

• Verify elevation and position data to confirm all critical existing pipe inverts, outlet invert 
elevations, potential conflicts, and surface features potentially affecting the proposed 
works. 

• Identify all existing features, including watercourses and overflow invert levels, which 
may affect the work.   

• Perform detailed inventory of existing infrastructure and features to ensure that 
construction reinstatement will closely match existing conditions. 

• Coordinate with the City for access to the Site. 

• Prepare a traffic control plan for any work affecting the roadway in accordance with this 
RFP. 

 

END OF APPENDIX G 
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APPENDIX H – PHASE 1 ENVIRONMENTAL SITE ASSESSMENT SCOPE OF WORK 

The consultant shall complete a Phase I Environmental Site Assessment (ESA) in accordance 
with the Government of Nunavut Guideline for Contaminated Site Remediation (2009) and CSA 
Standard Z768-01 (R2016).  The Phase I ESA will be performed in parallel with other 
investigations.  The consultant shall coordinate with the City for access to the Site and prepare 
a traffic control plan for any work affecting the roadway in accordance with this RFP. 

 

END OF APPENDIX H 
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APPENDIX I – GEOTECHNICAL INVESTIGATION SCOPE OF WORK 

The Consultant will be required to coordinate with all utilities and with the City to allow for 
execution of the work.  The successful Bidder shall provide the results of all investigations 
(including service locates) and coordinate its work with the City for incorporation into the final 
design. 

FIELD COMPONENT 

• Coordinate with the City for access to the Site. 

• Prepare a traffic control plan for any work affecting the roadway in accordance with this 
RFP. 

• The suggested total number of boreholes required to complete the assessment is six (6) 

• Assume average refusal depth of 2.5 m.  Borehole locations to be determined from a 
review of background information, a site visit and/or consultation with the Project 
Manager/City staff, to determine the probable location of future infrastructure and areas of 
potential environmental or underground utility concern.  Relocate to avoid obstructions as 
necessary, recording actual location on plan. 

• Ensure that all underground services are located before excavation and provide all 
required locates to the City representative prior to excavating.  Provide the City and 
Project Manager with a copy of locates performed ahead of the work. 

• Record geodetic elevation of ground surface at borehole locations and relate to a known 
benchmark.  Identify label borehole locations on future design drawing plans. 

• Report/notify before equipment is removed from the Site, the following: 

▪ Extremely poor or unexpected soil conditions are encountered. 

• Obtain samples of each soil type encountered, the first sample being at a depth not 
greater that 750 mm and succeeding samples at not more than 1500 mm increments of 
depth.  Record whether samples are dry, moist, or wet. 

• Restore Site to its original state upon completion of on-Site work. 

• The geotechnical program included as part of this RFP is for pricing purposes. If, in the 
Proponent’s professional experience and discussions with the City, it is determined that 
some or all geotechnical work may not be required, then the scope of work can be 
adjusted accordingly through the contract change order process. For the purposes of this 
RFP, pricing for the requested geotechnical program as outlined in the RFP shall be 
supplied. 

 
REPORTING 

• The Geotechnical Report shall take into consideration the following factors: projected 
temperature increase, precipitation, extreme weather events and the rise of sea level.   
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• Submit a soil investigation report, complete with a Site Plans identifying the borehole 

locations and the proposed road footprint. 

• Include (but not be limited to) in the report the following: 

• A detailed description of the soil investigation, including details of the method of 

soil boring used, a description of the general geology of the area and a drawing 

showing the actual location and elevation of the boreholes. 

• A description of the physical properties, cohesion and friction angles, soil 

constraints for at rest, active and passive conditions, unit weights for the various 

soil strata, found in each borehole and the elevation of the stabilized water table. 

• Summarize the results of all relevant boreholes, in a coordinated series of logs. 

• Any special conditions or irregularities. 

• Water conditions and flow rates for drainage, including effect of weather. 

• Recommended pavement structure, inclusive of subgrade preparation and 

drainage requirements. 

• Advice on any special construction difficulties that may be encountered. 

• Any additional information of interest or significance. 

• All reports should be supported with photographs whenever possible and submitted in 
PDF format. 

 

END OF APPENDIX I 

END OF RFP 
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A WATER DISTRIBUTION SYSTEM 

A-1 GENERAL 

These guidelines are intended as a guide only. The Design Engineer is responsible to 

ensure that the water system is designed and constructed according to accepted 

engineering practice.   

These Guidelines shall not be considered as a substitute for a detailed material and 

construction specification prepared by the Design Engineer. 

These Guidelines only apply in areas where underground water servicing is specified. 

A-2 ORGANIZATIONS ISSUING STANDARDS: 

ASTM-American Society for Testing and Materials 

AWWA-American Water Works Association 

CSA-Canadian Standards Association 

NFPA-National Fire Protection Association 

NSF-National Sanitation Foundation 

Fire Underwriter’s Survey 

A-3 WATER MAINS 

A.3.1 Flow Requirements 

1. Average Daily Demand - 400 L/person/day 

2. Population Density (residential) - 3.5 persons/residence 

3. Maximum Daily Demand - 2 × Average Demand 

4. Peak Hourly Demand - 4 × Average Demand 

5. Minimum Residual Water Pressure During Peak 

Hour Flow 

 

- 

 

350 kPa (50 psi) 

6. Minimum Residual Water Pressure During 

Maximum Day + Fire Flow 

 

- 

 

140 kPa (20 psi) 

7. Minimum Residual Water Pressure Maximum 

Day Flow (for operation of residential fire 

sprinklers) 

 

 

- 

 

 

350 kPa (50 psi) 
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A.3.2 Pipe Sizing 

1. Sizing of water mains shall be determined by hydraulic network analysis.  Results 

shall be submitted to the City Engineer for approval. 

2. The minimum size for a distribution main shall be 200mm.  Lines must be sized to 

accommodate the anticipated land use. 

3. The minimum size for a recirculation line shall be 50mm.  Lines must be sized to 

accommodate the anticipated land use. 

4. The maximum velocity under normal operating conditions shall not exceed 3.0 m/s. 

5. Hazen-Williams “C” value shall be 120 for H.D.P.E. pipe. 

6. Analysis shall be made to ensure that there is a minimum residual pressure of 350 kPa 

(50 psi) under Peak Hour Demand conditions. 

7. Separate analysis shall be made to ensure that there is a minimum residual pressure of 

140 kPa (20 psi) under Maximum Day Demand plus Fire Flow Conditions. 

A.3.3 Water Main Alignment and Location 

1. Water mains shall be located within the road right-of-way and outside the 

carriageway. 

2. Water mains shall be located a minimum of 230mm outside of insulation to outside of 

insulation horizontally and 300mm from invert to obvert vertically from any sewer 

line. 

3. Public Utility Lot (PUL) widths shall be at least 6.0m for a single utility and 8.0m for 

two utilities.  

4. Water distribution and transmission systems in new subdivisions shall be looped. 

A.3.4 Required Depth for Water Mains  

1. The water main shall have a minimum depth of cover of 2.5m measured from 

finished grade to the top of pipe. 

2. Water mains shall cross above sewer where ever possible.  Water mains crossing 

below sewers shall require special approval from the City Engineer. 

3. Water mains crossing above the sewer with sufficient clearance to allow for proper 

bedding and structural support of the pipes.  Pipe clearance when passing over any 

sewer shall be a minimum of 300mm separation between the top of the sewer pipe 

and the bottom of the water main. 

4. Water mains crossing under sewers shall be a minimum of 500mm separation 

between the bottom of the sewer pipe and the top of the water main.  Efforts shall be 

made to pass over the sewer when possible. 
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A.3.5 Water Pipe Material 

General 

1. Approved materials shall be as per City of Iqaluit standards. 

2. Only new materials shall be deemed acceptable.  All materials found to be defective 

or damaged shall be replaced at the no cost to the City.  The pipe shall not be more 

than two years old at the time of installation. 

3. Records of quality control testing performed by the manufacturer shall be made 

available upon request. 

4. All pipe and joint lubricants must be certified for potable water use in accordance 

with N.S.F. Standards. 

Polyethylene 

1. All pipe materials and fabrication shall conform to AWWA C901 or C906, as 

applicable 

2. Polyethylene pipe shall conform to CSA B137.1 and ASTM F714, D3035, D3350 

3. Water main shall be HDPE DR11 (Series 160, 1100 kPa) 

4. All pipe to have a 50mm thickness shop cast polyurethane insulation and black jacket. 

5. Moulded fittings shall conform to ASTM D2683 or D3261 

6. Fabricated fittings shall be manufactured from pipe of the same series as that used in 

the piping system. 

7. Pipe shall be joined by thermal butt-fusion, flange assemblies or compression type 

fittings. 

8. Compression couplings shall be used with stainless steel inserts. 

9. Couplers shall be Victaulic Type 995 for use with HDPE piping or approval equal. 

10. Valves shall be cast iron gates valves with flanged connections. 

11. Each pipe length shall be marked for use with potable water, the manufacturer’s 

name, nominal pipe size, dimension ratio, material grade, manufacturing standard, 

and a code indicating the date and place of manufacture. 

Steel Fittings 

1. Fittings for H.D.P.E pressure pipe shall conform to AWWA C200 and C208 with a 

minimum working pressure of 1035 kPa and a yield point strength of 207 Mpa. 

2. Slip-on flanges of forged steel shall conform to AWWA C207, Class D and flat faced 

or weld-neck flanges shall conform to ANSI B16.1, Class 125. 

3. Use stainless steel double threaded studs with two nuts, ASTM A307, Grade B. 

4. Full-faced rubber gaskets shall be used with 1035 kPa working pressure. 
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5. Weldolets and threadolets of forged steel shall comply with ASTM A105. 

6. Welding of shop-fabricated fittings shall conform to CSA Z662. 

7. The exterior of all fittings shall be factory coated with an epoxy coating conforming 

to AWWA C213. 

A.3.6 Water Main Installation 

1. The pipe installation shall be conducted in compliance with the pipe manufacturer’s 

specifications. 

2. Align pipes carefully from access vault to access vault.  Keep joints free of mud, 

gravel and foreign material and ensure that the joint is complete as outlined in the 

manufacturer’s specifications.  Deflections shall not exceed those permitted by the 

manufacturer. 

3. The pipe must be thoroughly flushed of all dirt, stones and pipe lubricant when 

complete. 

4. The alignment of pipes less than 900mm in diameter shall not be more than 150mm 

of the designated alignment.  

5. The invert of pipe shall not deviate from the design grade by more than 40mm. 

A-4 VALVES 

A.4.1 Materials 

1. All water valves shall be certified to National Sanitation Foundation (NSF) Standard 

61 – Drinking Water System Components: Health Effects and Standard 14 – Plastics 

and Plumbing System Components. 

Pressure Reducing Valves 

1. Valves 200mm and smaller shall be of single diaphragm type.  Valves 250mm and 

larger shall be double diaphragm type. 

2. Valves shall be globe style, hydraulically operated, pilot controlled with flanged cast 

iron body to ANSI B16.1, Class 125.  Valves shall have type 304 stainless steel seat 

and stem. 

Flow Control Valves 

1. Valves shall be diaphragm type, globe or angle style with cast iron body and bronze 

trim. 

2. Provide an “O” ring seat seal on main valve and strainer and needle valve on pilot 

inlet lines. 
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Air Valves 

1. All air valves shall conform to AWWA C512 with cast iron body and stainless steel 

float.  Minimum working pressure shall be 1035 kPa. 

A.4.2 Valve Location and Spacing 

1. The location and spacing of valves should be such that when the system is in 

operation: 

• No more than two hydrants will be put out of service by a water main shutdown 

• No more than four valves are required to effect a shutdown 

• No more than 20 lots are out of service due to a water main shutdown 

2. Valves should be no greater than 250m apart.  

3. Valves shall be located in access vault. 

4. Valves shall be located at both ends of a main passing through a utility lot or 

easement and shall be placed 500mm from the property line. 

5. Valves shall be the same size as the corresponding main. 

6. All valves locations shall be reviewed and approved by the City Engineer and the Fire 

Department. 

A.4.3 Valve Installation 

1. Valves, valve casings and fittings shall be installed in accordance with the 

manufacturer’s specifications. 

2. Upon completion, all valve casings must be checked to ensure that they are plumb 

and that the operating nut can be turned properly. 

A-5 HYDRANTS 

A.5.1 Materials 

1. All hydrants shall be 200mm Crane McAvity M-67 inline fire hydrants unless 

otherwise approved by the City Engineer. 

2. All hydrants shall be certified to NSF Standard 61 – Drinking Water System 

Components: Health Effects and Standard 14 – Plastics and Plumbing System 

Components. 

3. Compression type hydrants shall be supplied conforming to AWWA C502 for dry 

barrel fire hydrants. 

4. Hydrant shall be designed for 1035 kPa working pressure. 
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5. Hydrants shall have one pumper connection, 146mm outside diameter, and two hose 

connections (63.5mm) with MPSH thread at least 415mm above the ground flange.  

Nipples shall be provided with caps without chains or cables.  The hose and pumper 

caps and hydrant valve shall open clockwise. 

6. Hydrants shall consist of a minimum 2.45m barrel with 300mm extension. 

7. Hydrants shall have a 200mm cast iron outside diameter inlet elbow with bell end and 

harnessing lugs.  Elbow shall be flanged to the barrel. 

8. Valve stem in hydrant head to have “O” ring seals. 

9. Operating nut shall be three sided, each side being a 36.5mm long arc. 

10. Hydrants shall have stainless steel bolt assemblies throughout. 

11. External paint shall conform to AWWA C550 – corrosion resistant fluorescent red. 

A.5.2 Hydrant Location and Spacing 

1. The maximum spacing between hydrants shall be 120m for residential areas  

2. For school, industrial or commercial areas hydrant spacing shall be such as to provide 

complete coverage to the building from a maximum distance of 90m.   

3. For sprinkled buildings, a hydrant shall be located within 45m of the building siamese 

connection. 

4. All hydrants to be placed inside access vaults as per City of Iqaluit standards. 

5. Hydrants and access vaults shall be located at the projection of the property lines 

where possible.  

6. Hydrant spacing shall be approved by the Fire Department. 

A.5.3 Hydrant Installation 

1. Hydrants shall be installed in accordance with the manufacturer’s specifications and 

AWWA M17. 

2. Upon completion, all hydrants must be checked to ensure that they are plumb and that 

the operating nut is functioning properly. 

A-6 COUPLINGS AND ADAPTORS 

1. Bolted sleeve couplings shall conform to AWWA C219 with ductile iron or carbon 

steel bodies with epoxy coating conforming to AWWA C213 or AWWA C550 as 

applicable.  Coupling shall have a minimum operating pressure of 1035 kPa.  Linings 

shall be in accordance with AWWA C210, C213 or C550 and be suitable for use with 

potable water. 

2. Flange adapters shall conform to AWWA C219 with ductile iron or carbon steel 

bodies with epoxy coating conforming to AWWA C210, C213 or C550 as applicable.  
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The minimum operating pressure shall be 1035 kPa.  Flanges shall conform to 

AWWA C207, Class D.  Linings shall be in accordance with AWWA C210, C213 or 

C550 and be suitable for use with potable water. 

3. Couplings for grooved and shouldered joints shall conform to AWWA C606 and shall 

have operating pressures, coatings and linings as above. 

A-7 TRENCHING BEDDING AND BACKFILLING 

1. All trenching and backfilling shall be completed in strict accordance with 

Occupational Health and Safety Guidelines.  

2. If unsuitable soil conditions are encountered, proper measures for dealing with the 

conditions shall be identified either on the design drawings or as a brief report to the 

City Engineer prior to construction. 

3. Modified Granular C pipe bedding shall be utilized in suitable soil conditions.  

Bedding sand shall have minimum depth of 100mmm below the pipe, shall extend up 

both sides to the trench wall and provide a minimum cover of 300mm above the pipe.   

4. Test pits are to be excavated every 15m to a depth of 450mm below the invert of the 

pipe to check for the presence of silt. Subexcavate 450mm below the invert of the 

pipe when silt is found and backfill with Granular B compacted to 95% Standard 

Proctor Density. 

5. The minimum trench width measured at the pipe springline shall be the pipe outside 

diameter plus 450mm.  The maximum trench measured at the pipe springline shall be 

the pipe outside diameter plus 600mm.  The City Engineer must be notified if the 

trench must be excavated deeper or wider than specified. 

6. Excavated material shall be stockpiled at a safe distance from the edge of the trench. 

7. The Design Engineer shall identify areas where the trench excavation requires 

sheathing, shoring or bracing in order to protect workers, property or adjacent 

structures. 

8. Trench excavations shall be kept free of water. 

9. Utility trenches shall be adequately compacted. 

Native backfill under existing or proposed roads or laneways shall be compacted to: 

• 98% standard proctor density from subgrade to 1.5m below subgrade or original 

ground, whichever is lower; 

• 95% standard proctor density greater than 1.5m from the subgrade or original 

ground, whichever is lower; 

to a distance equal to the trench depth past the shoulder. 

Granular backfill under existing or proposed roads or laneways shall be compacted to 

95% of standard proctor density throughout the entire trench depth below subgrade to 

a distance equal to the trench depth past the shoulder. 
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Backfill in all other areas shall be compacted to 95% standard proctor density. 

Subgrade and base course compaction for roadway construction shall be as specified 

in Section D – Roadways, Walking Trails and Snow Mobile Trails. 

If the above standards cannot be achieved due to a large variation in soil types 

throughout the development, the City Engineer may at his sole discretion, establish a 

more appropriate standard on an individual case basis.   

10. If the minimum compaction standards cannot be met due to abnormal weather or wet 

ground conditions, the City Engineer may establish a more suitable standard on a site-

specific basis provided adequate justification is presented. 

11. All landscaping, pavement structures, sidewalks, curb and gutter damaged or 

removed during trenching shall be restored or replaced unless otherwise directed by 

the City Engineer. 

12. All debris, surplus fill and unused materials must be removed form the site. 

A-8 INSPECTION AND TESTING 

1. All water installations shall be subject to inspections by the City Engineer prior to 

issuance of the Substantial Certificate of Completion and Final Certificate of 

Completion. 

2. Visual inspections of all lines are required prior to Substantial Certificate of 

Completion.  Any deflections, sags obstructions and other defects affecting the 

performance of the line shall be corrected and the line re-inspected prior to 

Substantial Certificate of Completion. 

3. All material testing (backfill densities and concrete testing) shall be performed by an 

accredited agency and certified by a Professional Engineer.  All test results shall be 

submitted to the City Engineer with a report indicating any deficiencies and 

remediation. 

A.8.1 Testing 

1. The Fire Department shall be responsible for pressure and flow testing of the entire 

water system.  If discrepancies are found, the Design Engineer shall indicate the 

corrective action that must undertake to remedy the deficiency. 

A-9 DISINFECTION 

1. Water mains are to be disinfected and flushed in accordance with AWWA C651. 

2. Fill section of main to be disinfected with a chlorine solution, and measure the 

starting residual. 

3. Disinfect for 24 hours and measure residual.  If no chlorine is measured repeat the 

disinfection procedure. 
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4. When disinfection is completed, test for bacteria. 

5. When the City Engineer has approved the bacteria test, flush water mains and safely 

discharge the water so that no downstream damage occurs. 

6. If repairs are made on any section of pipe, disinfection shall be repeated. 

7. The mains shall not be commissioned and put into use until the bacteriological 

sample results are approved by the City Engineer.  

A-10 OPERATION OF BOUNDARY VALVE & EXISTING HYDRANT 

1. City representatives shall be notified at least 24 hours in advance of valve operation 

requirements.  City personnel shall operate the boundary valves. 

2. Use of fire hydrants, tap faucets or the like, connected to the City’s treated water 

supply is strictly forbidden.  Any violations will result in appropriate fines as 

stipulated in the bylaws.  All water used in the performance of the work must be 

obtained from truck fill stations as directed by the City. 
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B SANITARY SEWER SYSTEM 

B-1 GENERAL 

These guidelines are intended as a guide only. The Design Engineer is responsible to 

ensure that the sanitary sewer system is designed and constructed according to accepted 

engineering practice.   

These Guidelines shall not be considered as a substitute for a detailed material and 

construction specification prepared by the Design Engineer. 

These Guidelines only apply in areas where underground sanitary servicing is specified. 

B-2 ORGANIZATIONS ISSUING STANDARDS: 

ASTM – American Society for Testing and Materials 

CSA – Canadian Standards Association 

B-3 SANITARY SEWERS 

B.3.1 Flow Generation Rates 

The sanitary system shall be of sufficient capacity to carry peak flows plus an inflow and 

infiltration allowance.  The flow and factors listed below shall be used as minimum 

requirements in the design of the sanitary sewer systems. 

1.  Average Sewage Flow - 400 L/person/day 

2.  Population Density (residential) - 3.5 persons/residence 

3.  Peak Sewage Flow - Average Flow x Peaking Factor 

4.  Peaking Factor - 1 + 14/(4+P
1/2

) (residential) 

(Harmon’s Formulas) where P = the contributing 

design population in thousands 

where P<1, a peaking factor of 4.5 shall be used 

3.0 (non-residential) 

The total design peak flow rates for the sanitary sewer shall be the sum of the peak flow 

rates plus all extraneous flow allowances. 



 

CITY OF IQALUIT 

MUNICIPAL DESIGN GUIDELINES 

October 2004  11 of 37  

B.3.2 Gravity Sewer Pipe Sizing 

The following design factors shall be used in determining the sanitary sewer pipe sizes: 

1.   Minimum pipe size - 200mm diameter 

2.   Manning’s Formula “n” - 0.013 

3.   Required sewer capacity - Estimated Peak Design Flow 

0.86 

4.   Minimum flow velocity - 0.6 m / sec (during average flow) 

5.   Maximum flow velocity - 3.0 m / sec 

9. Minimum design slopes 

Sewer Diameter (mm) Minimum Design Slope 

200 0.40% 

250 0.28% 

300 0.22% 

375 0.15% 

450 0.12% 

525 and greater 0.10% 

9. Minimum slopes shall be increased by 50% on all curved sections. 

9. The minimum grade of the first upstream leg shall not be less than 1.0%. 

9. It is recommended that all sanitary sewers be designed with a slope of 0.5% or 

greater, wherever possible. 

B.3.3 Sanitary Sewer Alignment and Location 

1. Sewer mains shall be located within the road right-of-way and outside the 

carriageway. 

2. Sanitary sewers shall be located a minimum of 230mm outside of insulation to 

outside of insulation horizontally and 300mm from obvert to invert vertically from 

any waterline. 

3. Public Utility Lot (PUL) widths shall be at least 6.0m for a single utility and 8.0 for 

two utilities. 

4. Curved sewers shall run parallel to the road centre line. 
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B.3.4 Required depth for sanitary sewers 

1. Sanitary sewers shall be installed at a sufficient depth to meet the following 

requirements: 

2. The main shall have a minimum depth of cover to ensure the mains are in permafrost.  

No main shall be installed with less than 3.0m of cover measured from finished grade 

to the top of the pipe. 

3. Gravity mains shall have sufficient depth to allow all buildings to drain by gravity to 

the sewer.  Service lines shall have a minimum cover of 2m from the finished lot 

surface to the top of pipe at the property line. 

4. Sanitary Sewers shall cross below water mains where ever possible.  Sewers crossing 

above water mains shall require special approval from the City Engineer. 

5. Sanitary sewer crossing above the water main with sufficient clearance to allow for 

proper bedding and structural support of the pipes.  Pipe clearance when passing over 

any sewer shall be a minimum of 300mm separation between the top of the sewer 

pipe and the bottom of the water main. 

6. Sanitary sewers crossing above water mains shall be a minimum of 500mm 

separation between the bottom of the sewer pipe and the top of the water main.  

Efforts shall be made to pass under the water main when possible. 

B.3.5 Sanitary Sewer Materials 

1. Only new materials shall be deemed acceptable.  All materials found to be defective 

or damaged shall be replaced at no cost to the City. 

2. Where specific products are specified, it is intended that approved equals are also 

acceptable.  Approval must be obtained by the City Engineer prior to installation. 

3. Polyethylene pipe and fitting shall conform to the following: 

• DR11 Polyethylene pipe shall conform to CSA B137.1 and ASTM D3035, D3350 

• Minimum pressure rating of 1100 kPa (series 160) 

• Moulded fittings shall conform to ASTM D2683 or D3261 

• Fabricated fittings shall be manufactured from pipe of the same series as that used 

in the piping system. 

• Pipe shall be joined by thermal butt-fusion, flange assemblies or compression type 

fittings. 

• Flanges shall be stainless steel or epoxy coated ductile iron conforming to ASTM 

A536-80 with stainless steel nuts, bolts and washers. 

• Compression couplings shall be used with stainless steel inserts. 

• Outlet sleeve saddle shall be Robar type 6626 or approved equal. 
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• Valves shall be cast iron gates valves with flanged connections. 

• Each pipe length shall be marked with the manufacturer’s name, nominal pipe 

size, dimension ratio, material grade, manufacturing standard, and a code 

indicating the date and place of manufacture. 

B.3.6 Sewer Installation 

1. The pipe and gasket installation shall be conducted in compliance with the pipe 

manufacturer’s specifications.  Installation of HDPE pipe and fittings shall conform 

to CSA-B137.1. 

2. Pipe installation shall start at an access vault and work upstream to the next access 

vault. 

3. Align pipes carefully when jointing.  Keep joints free of mud, gravel and foreign 

material and apply sufficient pressure to ensure that the joint is complete as outlined 

in the manufacturer’s specifications.  Complete each joint before laying the next 

length of pipe.  Deflections shall not exceed those permitted by the manufacturer. 

4. The pipe must be thoroughly flushed of all dirt, stones and pipe lubricant when 

complete. 

5. The alignment of pipes shall not be more than 150mm off the designated alignment.  

6. The invert of the pipe shall not deviate from the design grade by more than 6mm plus 

20mm per metre of diameter of sewer pipe. 

B-4 SANITARY CLEANOUT DESIGN AND LOCATION 

1. Clean outs shall be located at the end of each line, at all changes in pipe size, grade 

and alignment. 

2. Clean outs shall be located in all access vaults. 

3. The maximum distance between clean outs shall not exceed 120m. 

4. The drop across access vaults should be of sufficient magnitude to account for any 

energy losses in the access vault. 

5. Pipe deflections of less than 45º require a drop of at least 30mm 

6. Pipe deflections of 45º to 90º require a drop of at least 50mm 

7. Invert drops for pipes larger than 600mm or for high flow situations shall be assessed 

on an individual basis 

8. The obvert elevation of a sewer entering a manhole shall not be lower than the obvert 

elevation of the outlet pipe. 

9. Pipe deflection in the manhole shall not be greater than 90º. 

10. Risers for service lines shall be required when sewer mains exceed 4 metres in depth. 
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B-5 TRENCHING, BEDDING AND BACKFILLING 

1. All trenching and backfilling shall be completed in strict accordance with 

Occupational Health and Safety Guidelines. 

2. If unsuitable soil conditions are encountered, proper measures for dealing with the 

conditions shall be identified either on the design drawings or as a brief report to the 

City Engineer prior to construction. 

3. Modified Granular C pipe bedding shall be utilized in suitable soil conditions.  

Bedding sand shall have minimum depth of 100mm below the pipe, shall extend up 

both sides to the trench wall and provide a minimum cover of 300mm above the pipe.   

4. Test pits are to be excavated every 15m to a depth of 450mm below the invert of the 

pipe to check for the presence of silt. Subexcavate 450mm below the invert of the 

pipe when silt is found and backfill with Granular B compacted to 95% Standard 

Proctor Density. 

5. The minimum trench width measured at the pipe springline shall be the pipe outside 

diameter plus 450mm.  The maximum trench measured at the pipe springline shall be 

the pipe outside diameter plus 600mm.  The City Engineer must be notified if the 

trench must be excavated deeper or wider than specified. 

6. Excavated material shall be stockpiled at a safe distance from the edge of the trench. 

7. The Design Engineer shall identify areas where the trench excavation requires 

sheathing, shoring or bracing in order to protect workers, property or adjacent 

structures. 

8. Trench excavations shall be kept free of water. 

Native backfill under existing or proposed roads or laneways shall be compacted to: 

• 98% standard proctor density from subgrade to 1.5m below subgrade or original 

ground, whichever is lower; 

• 95% standard proctor density for depths greater than 1.5m from the subgrade or 

original ground, whichever is lower; 

to a distance equal to the trench depth past the shoulder. 

Granular backfill under existing or proposed roads or laneways shall be compacted to 

95% of standard proctor density throughout the entire trench depth below subgrade to 

a distance equal to the trench depth past the shoulder. 

Backfill in all other areas shall be compacted to 95% standard proctor density. 

Subgrade and base course compaction for roadway construction shall be as specified 

in Section D. 

If the above standards cannot be achieved due to a large variation in soil types 

throughout the development, the City Engineer may at his sole discretion, establish a 

more appropriate standard on an individual case basis.   
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9. If the minimum compaction standards cannot be met due to abnormal weather or wet 

ground conditions, the City Engineer may establish a more suitable standard on a site-

specific basis provided adequate justification is presented. 

10. All landscaping, pavement structures, sidewalks, curb and gutter damaged or 

removed during trenching shall be restored or replaced unless otherwise directed by 

the City Engineer. 

11. All debris, surplus fill and unused materials must be removed from the site. 

B-6 INSPECTION AND TESTING 

1. All sewer installations shall be subject to inspections by the City Engineer prior to 

issuance of the Substantial Certificate of Completion and Final Certificate of 

Completion. 

2. Visual inspections of all lines are required prior to Substantial Certificate of 

Completion.  Any deflections, sags obstructions and other defects affecting the 

performance of the line shall be corrected and the line re-inspected prior to 

Substantial Certificate of Completion. 

3. All material testing (backfill densities and concrete testing) shall be performed by an 

accredited agency and certified by a Professional Engineer.  All test results shall be 

submitted to the City Engineer with a report indicating any deficiencies and 

remediation. 

B-7 SANITARY WASTEWATER PUMPING SYSTEMS 

B.7.1 General 

1. Wastewater pumping systems shall only be installed where site constraints restrict the 

gravity collection system from tying to an existing sanitary trunk line.  The 

requirement must be justified in an initial subdivision design report taking the 

development plans for the surrounding area into account. 

B.7.2 Standards and Approvals 

1. The design and construction of the pumping system must meet the requirements of 

other governmental authorities and regulations including Federal, Territorial and 

Municipal.  The Design Engineer is responsible for all submissions and applications 

required for approval. 

B.7.3 Location 

1. The pumping station shall be located in such a manner as to minimize the impact to 

adjacent development in terms of visibility, odour and noise. 



 

CITY OF IQALUIT 

MUNICIPAL DESIGN GUIDELINES 

October 2004  16 of 37  

2. Pumping stations shall not be located in areas subject to flooding during a major 

rainfall event. 

3. Pumping stations shall always be accessible by road. 

B.7.4 Configuration 

1. A wet well configuration with submersible pump or above ground suction head pump 

is preferred. 

2. A wet well/dry well configuration may be considered for larger facilities. 

3. A building will be required for all pumping stations. 

4. A collection access vault shall intercept flow from all incoming sewers before 

discharge to the pumping station.  The station shall receive flow from one inlet only. 

5. Provision shall be made to shut off flow from the collection manhole if required. 

B.7.5 Pumping Station Design 

1. The pumps shall be sized to accommodate the maximum expected flow as determined 

by accepted engineering practice and according to the requirement specified in 

Section B.3.1 - Flow Generation Rates. 

2. Pumping stations shall be equipped with two or more pumps sized such that if one 

pump is out of service, the remaining pump(s) is/are capable of pumping the design 

capacity flow rate.  Pumps shall be identical and interchangeable for a duplex 

pumping station.  Pumps starts shall alternate between pumps. 

3. Pumps shall be provided by a well-recognized manufacturer. 

4. Submersible pumps shall have a non-clog impeller design and flush valves. 

5. Pump motors shall operate on 3-phase power wherever possible.  This requirement 

may be relaxed by the City if 3-phase power cannot be supplied at a feasible cost. 

6. Dead storage shall be minimized while meeting minimum depth requirements 

specified by the pump manufacturer. 

7. Wet wells shall be sized based on accepted engineering practice.  Storage shall be 

provided to minimize the frequency of pump starts but maximum retention time in the 

wet well should not exceed 30 minutes.  The design shall meet pump manufacturer’s 

specifications. 

8. Wet wells shall be sized and equipped to accommodate operator access, maintenance 

and safety requirements. 

B.7.6 Valves and Piping 

1. The minimum diameter for all pump suction and discharge piping shall be 100mm. 
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2. Pipe sizing shall allow for minimum and maximum flow velocities of 0.75m/s to 

3.5m/s respectively within the station. 

3. The minimum pressure rating of piping within the station shall be determined based 

on calculated operating pressures but shall not be less than 900 kPa. 

4. Pumps shall be connected in parallel to a common discharge header located within 

the station.  Check valves and isolation valves shall be installed on the discharge line 

between each pump and the discharge header. 

5. A forcemain isolation valve shall be installed on the main discharge pipe outside the 

wet well. 

B.7.7 Water Supply 

1. Water supply must be provided to the facility for washing/cleaning purposes. 

2. The design shall ensure that the connection between the potable water supply and the 

wastewater pumping station does not cause contamination of the potable water 

supply.  The design shall comply with the conditions stipulated in the Environment 

“Standards and Guidelines for Municipal Waterworks, Wastewater and Storm 

Drainage Systems” for Water Supply and Wastewater Facilities. 

3. Where a potable water supply is to be used for washing/cleaning purposes, a break 

tank, pressure pump and pressure tank shall be provided.  In-line backflow preventers 

are not acceptable.  The potable water shall be discharged to the break tank through 

an air gap at least 150mm above the maximum flood line or the spill line of the tank. 

B.7.8 Alarms and Emergency Backup 

1. Stations shall be equipped with or provided with the feature for future connection of 

remote sensing and telemetry equipment enabling operators to monitor the alarms. 

2. Power must be supplied from two independent sources.  In the event of a power 

failure, secondary power must automatically engage through a diesel generator or 

direct-coupled motor.   

3. Special consideration shall be made to control any possible overflow in a manner 

acceptable to the City and the Department of Environment. 

B.7.9 Access and Maintenance 

1. Permanent hoist equipment and access hatches of sufficient size and capacity shall be 

provided for removal of station equipment.  

2. All access points shall have locking devices. 

3. Ladders shall be non-skid and shall comply with Occupational Health and Safety 

requirements. 

4. Stations shall have adequate interior and exterior lighting. 
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5. An Operating and Maintenance manual shall be provided for the facility.  The manual 

shall include a complete parts list for all mechanical and electrical components 

including control diagrams, schematics and manufacturer’s operation, maintenance, 

service and repair specifications.  Five (5) copies along with all commissioning and 

testing results shall be submitted to the City prior to issuance of the Substantial 

Certificate of Completion. 

B.7.10 Heating and Ventilation 

1. Forced mechanical ventilation is required for dry wells below ground level and for 

wet wells containing screens or mechanical equipment requiring maintenance or 

inspection. 

2. Equipment shall be able to provide at least six air changes per hour.  Provision shall 

be made for ventilation of the wells with portable equipment in case of system failure.  

Ventilation failure alarms are required. 

3. There shall be no interconnection between wet well and dry well ventilation systems. 

4. Multiple air inlets and outlets are recommended for dry wells over 5m deep.  Air 

intakes and outlets shall be designed to function year round and screen openings 

should be sized to avoid frost build-up or clogging. 

5. Air shall be forced into the dry well at a point 150mm above the pump floor and into 

the wet well at a point 150mm above water level. 

6. Automatic heating and dehumidification equipment shall be provided in all dry wells. 

B.7.11 Building Requirements 

1. All lift stations shall be provided with a building to house all electrical and control 

equipment and to provide a workspace for pump maintenance. 

2. Buildings shall be of an adequate size to allow for the required access hatches, hoist 

equipment, ventilation and control equipment while allowing for an appropriate 

workspace for pump maintenance. 

3. Access to the wet well shall not be from within the building. 

4. Building layout and access shall be designed to facilitate the removal of any 

equipment that may require off-site maintenance. 

5. Structural members shall be masonry, concrete or structural steel.  Wood frame 

buildings are not permitted.  Buildings shall comply with the National Building Code. 

6. The design shall incorporate measures to reduce the noise and odour impact on the 

surrounding development. 

7. Buildings shall be designed to blend architecturally with the surrounding 

development. 

8. Windows shall not be permitted in lift station buildings. 
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B.7.12 Forcemains 

1. System head curves shall be developed for each forcemain to be submitted to the City 

Engineer upon request. 

2. The minimum forcemain diameter shall be 100mm. 

3. The pressure rating of the pipe shall be twice the operating pressure or 690 kPa, 

whichever is greater.  

4. The velocity shall be within 0.9 m/sec to 3.5 m/sec.  The minimum velocity for pipes 

larger than 300mm shall be 1.1 m/sec.  Special design provisions in order to stabilize 

the line shall be incorporated when design velocities exceed 3.0 m/sec. 

5. The forcemain design pressure shall allow for the normal static and dynamic 

operating pressures including water hammer effects. 

6. A series of 45º bends shall be used in lieu of 90º bends. 

7. Air release valves shall be installed in access vaults at all relative high points.  

Forcemain grades should be designed in order to avoid the requirement for an air 

release valve wherever possible. 

8. Blow-off valves shall be provided at all low points. 

9. Vacuum relief valves shall be installed wherever necessary in lines designed to drain 

by gravity between pumping cycles. 

10. The forcemain invert at the receiving manhole shall be a maximum of 300mm above 

the highest invert.  The outlet invert of a lagoon inlet manhole shall always be above 

the high water level. 

11. When forcemain length exceeds 1000 metres, cleanouts should be installed in 

concrete access chambers complete with isolation valves and adaptor coupling for 

line flushing. 
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C ACCESS VAULTS 

C-1 GENERAL 

These guidelines are intended as a guide only. The Design Engineer is responsible to 

ensure that the access vaults are designed and constructed according to accepted 

engineering practice.   

These Guidelines shall not be considered as a substitute for a detailed material and 

construction specification prepared by the Design Engineer. 

C-2 ACCESS VAULT DESIGN 

C.2.1 Fabrication 

Steel access vaults (AVs) shall be prefabricated, complete with all piping, fittings, and 

accessories.   

Fabricator to provide shop drawing, to be approved by the Design Engineer. 

Access vaults are to be finished, inspected and tested in the prefabrication shop prior to 

shipping.  A certificate of testing shall be provided for each access vault.  The certificate 

shall include the date of testing, method of testing and test results, and shall be signed by 

the inspector. 

All piping and fittings shall be set horizontally and vertically as shown on the detail 

drawing and in approved shop drawings. 

C.2.2 Materials 

1. Access vault to be constructed of steel plate: 

• Sides (interior and exterior) – 6 mm thick steel plate 

• Cover – 6 mm thick steel plate 

• Bottom – 10 mm thick steel plate 

2. Urethane foam insulation shall be injected from above to prevent the formation of 

voids.  Urethane foam insulation to have the following properties: 

� Density  (kg per cubic metre core) (ASTM D-1622): 35 

� Compressive Strength kPa @ 25°C 10% Deflection measured axially  

(ASTM D-1621-64): 240  

� Thermal Conductivity W/m°C @ 25°C (ASTM D-2326-64T): 0.0187  

� Operating temperature range °C Cyrogenic to +: 93 

� Closed cell content % (ASTM D-2856): 90 min 

� Water absorption gm/1000cc (ASTM D-2856): 12 
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� Dimensional Stability, % (ASTM D2126 Procedure B & E): 3 

3. Pipe Fittings shall be constructed from “Tube Turn”, or approved equal standard wall 

welding fittings and 1,030 kPa (150 psi) flanges).  All fitting shall be hot dipped 

galvanized inside and outside after fabrication. 

4. Flanged cast iron fittings shall be “Grinnell” 1,030 kPa (150 psi), standard fittings, 

coated inside and outside with asphaltic coat tar epoxy paint, or approved equal. 

5. Fabricated steel pipe supports shall be hot dipped galvanized. 

6. Styrofoam insulation shall be Dow Chemical Company HI 410 kPa Styrofoam or 

approved equal. 

7. All bolts and washers shall be cadmium plated. 

C-3 ACCESS VAULT CONSTRUCTION 

1. Access Vaults shall be constructed to a size to allow the required piping and fitting to 

be installed and maintained, and shall have a minimum inside dimension of 1830 

millimetres. 

2. Interior piping and fittings to be set horizontally and vertically as specified on Access 

Vault Design Drawings.  Where an access vault has both water mains and sanitary 

sewers and unless otherwise specified, the water main and sanitary sewer shall be 

grade separated through the access vault. 

3. All interior and exterior surfaces of the access vault, with the exception of the access 

vault top plate, lid and ladder shall be sandblasted and epoxy coated after fabrication 

as follows: 

� Surface Preparation: steel surfaces shall be prepared in accordance to the Steel 

Structures Painting Council specification SSPC #10 near white blast condition. 

� Painting: Access vault to be painted with two coats of epoxy paint, 8mils dry 

film thickness. Interior colour to be off white and exterior colour to be grey.  

Floors painted with Indurall Ruff Stuff 3300 or equal. 

4. Access vault top plate, lid and ladder shall be hot dipped galvanized after fabrication.  

Galvanizing to conform to CSA G164 (minimum 610 g/m
2
). 

5. The access vault cover shall have the words “Confined Space, Entry by Permit Only” 

stencilled on the exterior cover in red epoxy paint. 

C-4 ACCESS VAULT INSTALLATION 

C.4.1 Access Vault Location 

1. Access vaults to be located at alignment or grade changes. 

2. Access vaults shall be spaced at a maximum of 120 metres. 
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C.4.2 Installation 

1. All work to be carried out in a dry excavation. 

2. Access vaults shall be placed on 300 mm of Modified Granular ‘C’ bedding 

compacted to 95% standard proctor, and 38 mm thick Styrofoam insulation base.  

Bedding and Styrofoam to extend 300 mm beyond the base plate.   

3. Base plate to be covered with 38 mm Styrofoam insulation, to extend 300 mm beyond 

the edge of the base plate.  10 mm thick filler piece to be installed between insulation 

below and above base plate. 

4. Access vault to be backfilled with 300 mm modified granular ‘C’, 300 mm above 

insulation and adjacent to access vault. 

5. Access vault shall be installed to maintain design alignments and grades. 

6. Access vault shall extend above grade between 150 to 450 mm. 

7. Damaged to exterior finish shall be repaired by repainting with epoxy paint to match 

manufactured finish.  

C-5 INSPECTION AND TESTING 

1. All materials are subject to inspection and testing at the discretion of the Engineer.  

Any materials found to be flawed or defected shall be rejected and shall be removed 

from the site and replaced.  

2. The Contractor shall provide sufficient notice to the Engineer to allow the Engineer to 

witness and approve the test. 

3. Written certificates shall be issued to the Contractor by the Engineer verifying 

successful completion of testing. 

C.5.1 Static Leakage Test 

1. Upon completion of the fabrication of the inner shell and the installation of the 

piping, and prior to the installation of the exterior shell the access vault shall have a 

static leakage test preformed.  The inner shell shall be support above the floor, 

conduit entries capped and the access vault filled with water.  There shall be no signs 

of leakage after 4 hours.  

C.5.2 Water Pressure Test 

1. Water main piping shall be water pressure tested at 1,380 kPa for four hours.  There 

shall be no leakage or signs of leakage during the testing period. 
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C.5.3 Air Pressure Test 

1. Sanitary sewer piping shall be air pressure/bubble tested at 100 kPa for two hours.  

There shall be no leakage or signs of leakage during the testing period. 

2. Water pressure testing shall be an accepted alternative. 
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D SERVICE CONNECTION 

D-1 GENERAL 

These guidelines are intended as a guide only. The Design Engineer is responsible to 

ensure that the water system is designed and constructed according to accepted 

engineering practice.   

These Guidelines shall not be considered as a substitute for a detailed material and 

construction specification prepared by the Design Engineer. 

These Guidelines only apply where service connections are specified. 

D-2 WATER SERVICE 

D.2.1 General 

1. Separate water service connections shall be provided for each separately titled lot. 

2. The minimum size of a residential water service shall be a 25mm supply and a 25mm 

return placed inside a 100mm insulated carrier pipe.  Non-residential service 

connections shall be sized according to anticipated demand. 

3. Carrier Pipe for all water services shall be installed to the property line at the time of 

initial subdivision development. 

4. Water services complete with service saddles and associated connection kit shall be 

installed at the time of house construction. 

5. The minimum allowable distance between services shall be 1000mm. 

6. Water services greater than 50mm shall be connected and valved inside an access 

vault. 

7. Services shall be located such that they do not conflict with driveway locations. 

D.2.2 Materials 

1. Water service pipe shall be Series 160 SDR9.  Polyethylene tubing conforming to 

AWWA C901 and CSA B137.1. 

2. Compression connections with stainless steel inserts are required for all materials. 

3. All fittings shall be designed for and operating pressure of 1035 kPa. 

4. Water service saddles shall be stainless steel type 304, bronze or a combination.  

Bronze components shall conform to ASTM B62.  Single or double band design. 

5. Service saddles for use on polyethylene pipe shall be Romac type 101, 202, 305 or 

306 series, Robar 2706 or approved equal for use on polyethylene pipe. 

6. Operating rods shall be Type 304 stainless steel with brass cotter pins. 
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D.2.3 Service Installation  

1. Residential water services shall be installed in common trench with the sanitary sewer 

services.   

2. Tapping for residential service connections shall be done with full operating pressure 

in the main.  The tap shall be made within 30º of the pipe crown and graded to service 

trench level.  

3. A tapping valve and sleeve must be used for services 100mm and larger. 

D-3 SANITARY SERVICE 

D.3.1 General 

1. Separate sanitary sewer connections shall be provided for each separately titled lot. 

2. The minimum size of a residential gravity sanitary sewer service shall be 100mm. 

3. Non-residential service connections shall be sized according to anticipated user 

requirements. 

4. The sanitary services including sewer saddles shall be installed to property line at the 

time of the initial subdivision development. 

5. The minimum grade for gravity sanitary sewer service line shall be 2.0% for 100mm 

diameter lines and 1% for 150mm diameter lines and larger. 

6. Services shall be located such that they do not conflict with driveway locations. 

D.3.2 Materials 

1. Water service pipe shall be Series 160 SDR9.  Polyethylene tubing conforming to 

AWWA C901 and CSA B137.1. 

2. Sanitary sewer service saddle to be Robar No. 6626 outlet sleeve saddle – sized to fit 

main and service lateral. 

D.3.3 Service Installation  

1. Residential sanitary services shall be installed in common trench with the water 

services.   

 

 



 

CITY OF IQALUIT 

MUNICIPAL DESIGN GUIDELINES 

October 2004  26 of 37  

E ROADWAYS, WALKING TRAILS, SNOW MOBILE TRAILS 

E-1 GENERAL 

These guidelines are intended as a guide only. The Design Engineer is responsible to 

ensure that the transportation system is designed and constructed according to accepted 

engineering practice.   

These Guidelines shall not be considered as a substitute for a detailed material and 

construction specification prepared by the Design Engineer. 

For each new subdivision development, the appropriate roadway classifications and 

design designation shall be determined during the planning stages in consultation with 

City officials. 

Where conflicts or inconsistencies with the General Municipal Servicing Standards arise 

due to adoption of other transportation planning documents, the more stringent 

requirements shall be satisfied. 

These Guidelines only apply in areas where roadway construction is specified. 

E-2 DESIGN CRITERIA 

1. The trip generation rate for single detached housing in the City of Iqaluit shall be 9 

one-way trips per household.  Trip generation rates for other types of development 

shall be justified by the Design Engineer and approved by City Engineer. 

2. The City of Iqaluit uses the following design designations for subdivision roads.  The 

cross section elements for each of these design designations are shown in drawings at 

the back of this section. 

 Local Undivided   Collector undivided 

 Gravel surfaced   Gravel Surfaced 

3. For the purpose of these servicing standards, all roadways within The City of Iqaluit 

will be considered collector roads or local roads.  Although some may perform minor 

collector functions, local road design designations should apply to most roadways. 

4. The roadway design shall be prepared considering the future requirements, economic 

factors, safety considerations, staging, and other road users not associated with the 

development. 

5. The design speed selected should relate to the expected operating speed on the road 

after improvement.  It should reflect public expectations and include an allowance for 

safety.  The design speed is typically 10 km/hr higher than the anticipated posted 

speed limit. 



 

CITY OF IQALUIT 

MUNICIPAL DESIGN GUIDELINES 

October 2004  27 of 37  

E-3 ROAD STRUCTURE 

1. Roadway structures shall be based on results of a geotechnical investigation.  A report 

shall be submitted specifying the required structure and all design factors including 

design traffic loading and the design life.  The road structures specified in the 

Municipal Standards are intended as minimum standards only.   

E-4 CUL-DE-SACS 

1. The maximum length for any cul-de-sac without a Public Utility Lot (PUL) is 120m 

from the centreline of the intersecting street to the start of the bulb.  Cul-de-sacs in 

excess of 120m shall require a 6.0m minimum wide PUL allowing emergency vehicle 

access and water main looping. 

2. PUL’s provided to allow for emergency access shall be properly graded to ensure 

positive drainage and gravelled to prevent erosion. 

3. Cul-de-sacs should be graded to drain towards the intersection unless a PUL is 

provided to allow drainage to escape to other drainage courses. 

4. The minimum cul-de-sac bulb radius for residential areas is measured to the face of 

the curb or shoulder.  Minimum radius shall be 14 metres. 

E-5 INTERSECTIONS 

1. Intersections shall be designed at 90º wherever possible.  The minimum angle of 

intersection for two roadways shall be 75º unless otherwise approved by the City 

Engineer. 

2. Intersection design shall incorporate accepted sight distances based on the roadway 

classification and good engineering practice. 

3. Minimum intersection spacing shall be 60m measured from centreline to centreline. 

E-6 WALKING TRAILS AND SNOW MOBILE TRAILS 

1. Walking and snowmobile trail alignments and locations within any development must 

allow for adequate public access to Nuna, parks, recreational areas and environmental 

and municipal reserves. 

2. Where trails cross drainage swales, ditches or natural drainage courses, culverts or 

footbridges shall be designed to accommodate a 1:25 year storm without overtopping. 

3. Wherever possible, trails should be centered within the right-of-way.  Trails may be 

offset from the centreline in situations where this will prevent conflicts with utilities 

sharing the same right-of-way. 

4. Trail grading shall ensure positive drainage with a minimum grade of 0.5%.  Grading 

shall be designed in order to incorporate the overall drainage pattern of the 

development. 
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5. Where the trail right-of-way is not shared with other utilities, it shall be a minimum of 

6m wide. 

6. The subgrade must be compacted to a minimum 95% Standard Proctor Density (SPD) 

for a depth of 150mm. 

7. For granular trail, the excavation may require geotextile fabric liner prior to 

placement of the granular material depending on the type of in-situ material.  The 

granular material shall be spread uniformly and compacted to 95% SPD. 

8. Trail surfacing material must be approved by the City prior to installation.  Walkway 

materials shall be selected to minimize the maintenance and replacement costs. 

E-7 DRIVEWAYS 

1. Driveways shall have a minimum clearance of 1.5 metres from any surface feature 

such as hydrants, power poles, curb cocks, etc… 

2. Driveways shall not be situated on intersection turning radius. 

3. For corner lots, the driveways should access the road with the lesser traffic volume, 

wherever possible.  Wherever possible, driveways should not be located within 100m 

of an intersection with the exception of multi-lot subdivision. 

4. For industrial lots, the selection of the driveway location may be delayed until 

parking lot configurations are determined.  A caveat on title will be required to 

inform future owners of their responsibility to pay for the installation while adhering 

to design recommendations. 

5. Residential driveways shall be between 7.5 and 9.0 metres in width.  Industrial 

driveways shall be between 10.0 and 12.0 metres in width.  

6. All driveways shall have the same structure as the adjoining roadway and be 

constructed up to the property line. 

E-8 SIGNAGE 

1. Traffic control signs shall be manufactured and installed in accordance with the latest 

edition of “Uniform Traffic Control Devices for Canada”. 

2. Street addressing signs shall be located within 10.0m of the intersection in the 

direction of the nearside approaching traffic.  Signs shall be offset at least 1.0m from 

the edge of the road and mounted 3.0m to 3.5m above the finished road surface.  

Street addressing signs shall be a minimum size of 15cm x 60cm and a maximum of 

15cm x 90cm.  The lettering shall be 10cm high.  If the address does not fit on the 

maximum size, two signs may be joined with an end bracket and H-clip.  Signs shall 

have silver lettering with a blue background. 

3. All signs shall be placed so as not to obstruct the view of oncoming vehicles. 
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4. Material for temporary signs, such as subdivision layout signs, shall be approved by 

the City prior to installation.   

E-9 DRAINAGE AND CULVERTS 

1. Drainage systems shall meet the flow requirements outlined in Section G for both 

local and collector cross sections. 

2. Ditches for roadways shall have back slopes no steeper than 3H:IV. 

3. Swale and ditch grades shall match the road grades wherever possible. 

4. Swale and ditch grades shall have a minimum grade of 0.5% wherever possible.  

Grades less than 0.5% shall be subject to review and approval by the City Engineer. 

5. Drainage channels shall be provided with ditch checks and/or other means of erosion 

control as necessary. 

6. Ditches shall have a flat bottom, width as per applicable design standard. 

7. Culvert sizing is the responsibility of the Design Engineer.  Culverts and ditches shall 

be designed to accommodate a 1:25 year rainfall event.  Ditches shall be allowed to 

back up during such an event to the height of the subgrade. 

8. Culverts shall be new galvanized corrugated steel pipe with a minimum wall 

thickness of 1.6mm or as required to meet the design loading criteria. 

9. Minimum pipe sizes for various uses are as follows; 

10. Residential Driveway Culvert  400mm diameter 

11. Industrial Driveway Culvert  450mm diameter 

12. Roadway Centreline Culverts  450mm diameter 

13. All culverts shall have appropriate end treatments depending on application.  Inverts 

shall be extended to the toe of the side slope. 

14. The culvert grade shall not be less than the ditch grades at the inlet and outlet. 

15. Culverts shall have a sufficient amount of cover to protect against damage from the 

expected traffic loading.  Minimum cover shall be 300mm or one-half the diameter of 

the culvert, whichever is greater as measured from the finished shoulder grade tot he 

top of the culvert. 

E-10 QUALITY ASSURANCE 

Quality control testing related to the roadway construction shall include but not 

necessarily limited to sieve analysis, densities, mix design, core sampling and concrete 

testing.  Quality control shall be performed by an independent party and certified by a 

professional engineer licensed to practice in the Territory of Nunavut. 
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F TRUCKED WATER AND SANITARY SERVICES 

F-1 GENERAL 

These guidelines are intended as a guide only. The Design Engineer is responsible to 

ensure that the water system is designed and constructed according to accepted 

engineering practice.   

These Guidelines shall not be considered as a substitute for a detailed material and 

construction specification prepared by the Design Engineer. 

These Guidelines only apply in areas where trucked water and sewer servicing is 

specified. 

F-2 WATER SERVICES 

1. All single family residential water storage tanks shall be a minimum of 5,000 litres. 

F-3 SANITARY SERVICES 

1. All single family residential sanitary storage tanks shall be a minimum of twice the 

size of the water storage tanks. 

F-4 SERVICE INSTALLATION 

1. All installations must exceed applicable Nunavut, National Building and Canadian 

plumbing codes 
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G AGGREGATE 

G-1 GENERAL 

The following granular classifications will be used for City of Iqaluit projects. 

G-2 GRANULAR CLASSIFICATIONS 

ASTM Sieve 

Designation 

Percent Passing 

Granular A Granular B Granular C Modified 

Granular C 

200mm - - 100 - 

100mm - 100 - - 

75mm - 95-100 - - 

50mm - - - - 

38.1mm - - - - 

25mm 100 45-100 50-100 - 

19mm 85-100 - - - 

12.5mm 65-90 - - - 

9.5mm 50-73 - - 100 

4.75mm 35-55 25-70 20-100 55-100 

1.8mm 15-40 - 10-100 30-100 

0.425mm - 4-50 - - 

0.300mm 5-22 - 2-65 10-50 

0.075mm 2-8 0-8 0-8 0-10 

 

1. Gradations to be within the limits specified when tested to ASTM C136-84a and 

ASTM c117-84 and are to have a smooth curve without any sharp breaks when 

plotted on a semi-log grading chart. 

2. Granular A and Granular B to be crushed stone or crushed gravel and shall be free of 

clay lumps, cementation, organic material, frozen material and other deleterious 

materials. 

3. Granular C to be crushed stone or gravel or screened stone or gravel and shall be free 

of clay lumps, cementation, organic material, frozen material and other deleterious 

materials. 
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4. Modified Granular C to be crushed stone or gravel or screened stone, gravel or sand 

and shall be free of clay lumps, cementation, organic material, frozen material and 

other deleterious materials. 
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H STORMWATER MANAGEMENT SYSTEM 

H-1 GENERAL 

These guidelines are intended as a guide only. The Design Engineer is responsible to 

ensure that the water system is designed and constructed according to accepted 

engineering practice.   

These Guidelines shall not be considered as a substitute for a detailed material and 

construction specification prepared by the Design Engineer. 

The stormwater management system should be designed with major and minor drainage 

systems.  In general, a minor system consists of swales, ditches and culverts that have 

been designed in order to avoid property damage and flooding due to runoff generated by 

a 1 in 5 year rainfall event.  When the capacity of the minor system is exceeded, the 

major system must provide a continuous overland flow route allowing the excess runoff 

to reach the designated ponding areas or water body. 

H-2 ORGANIZATIONS ISSUING STANDARDS: 

ASTM – American Society for Testing and Materials 

CSA – Canadian Standards Association 

H-3 MINOR SYSTEM 

H.3.1 Flow Rates 

1. The stormwater management system shall be designed as a separate system.  Effluent 

from sanitary sewers or any potentially contaminated drainage shall not be discharged 

in the ditches or swales. 

2. The Minor System shall be designed to accommodate the runoff generated from a 1:5 

year or more frequent rainfall event without overflowing swales or ditches. 

3. The Rational Method shall be used in estimating flows for the design of storm ditches 

and swales for areas less than 65 hectares. 

Q = CIA 

  360 

where  Q = the design peak flow rate in cubic  

  metres per second 

I = the intensity of rainfall in millimetres per  

Hour 

A = the contributing area in hectares 

C = the runoff coefficient 
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4. Minimum runoff coefficients shall be according to the following table: 

Land Use/Surface Characteristics Runoff Coefficient, C 

Residential Lots 0.2 

Undeveloped Land 0.1 

Pavement, concrete, buildings 0.9 

Gravel Roadways 0.3 

5. Due to the large variation in lot sizes for commercial and industrial areas, a weighted 

runoff coefficient for these types of developments can be calculated using the 

following formula: 

C = (0.9 X Impervious Area) + (0.15 X Pervious Area) 

Total Area 

6. The intensity for the rational formula is selected from the available rainfall data using 

the time of concentration (Tc).  Tc is the sum of inlet time and travel time.  The inlet 

time is the time for the overland flow to reach the ditch.  The maximum inlet time for 

residential areas shall be 10 minutes.  Inlet times for commercial or industrial areas 

shall be calculated on a site-specific basis. 

7. For areas larger than 65 hectares, acceptable computer modeling of the area must be 

submitted for review. 

H-4 MAJOR SYSTEM  

H.4.1 General 

The major conveyance system accommodates flows not intercepted by or beyond the 

capacity of the minor drainage system through planned surface flow routes and storage 

facilities.  The intent of the major system is to provide surface flow management in order 

to minimize flooding and property damage from a 1:100 year rainfall event.  The design 

of the major drainage system must not be limited to the immediate development area but 

must consider overland flows that may enter the area from adjacent land as well as down 

stream effects on adjacent development and receiving water bodies. 

H.4.2 Lot Grading 

Proper lot grading is the first step towards a well-planned major drainage system.  The 

goal of the lot grading shall be to ensure that water flows away from the building.  Flow 

from lots shall always have an escape route to a public right-of-way.  The lot-grading 

plan shall develop a proper balance between the road elevation, proposed building 

elevations, surrounding development and existing topography. 
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Generally, the lots shall be designed to drain to adjacent laneways or public right of ways 

without crossing adjacent lots.  An overall drainage plan will be required for all 

subdivisions. 

H.4.3 Swales 

1. Drainage swales on municipal or private property shall be constructed prior to any 

development of subdivision lots.  Complete swale construction shall be a prerequisite 

to the issuance of the Substantial Certificate of Completion. 

2. Drainage swales located on private property shall be covered by an easement in 

favour of the City.  A minimum clearance of 200mm should be provided between the 

edge of the swale and the property line.  Major rainfall event flows shall be contained 

within the easement. 

3. Drainage swales crossing several properties for the collection of runoff shall not be 

permitted unless special circumstances warrant. 

4. The minimum design slope for swales is 1%. 

H.4.4 Roadways 

Grading of streets comprising the major drainage system shall follow the guidelines listed 

below: 

1. Continuity of over flow routes between adjacent developments shall be maintained.   

2. Collectors shall have at least one lane that is not inundated. 

Local roads should not have a depth of water more than 50mm above the crown of the 

road. 
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I STREET LIGHTING 

I-1 STANDARD AND GUIDELINES 

These guidelines are intended as a guide only. The Design Engineer is responsible to 

ensure that the water system is designed and constructed according to accepted 

engineering practice.   

These Guidelines shall not be considered as a substitute for a detailed material and 

construction specification prepared by the Design Engineer. 

The street lighting design shall be in accordance with the “Guide for the Design of 

Roadway Lighting” published by the Transportation Association of Canada (TAC) as 

well as applicable standards published by the Illuminating Engineering Society of North 

America (IES). 

All roadway lighting systems shall be installed in strict compliance with the Canadian 

Electrical Code. 

These Guidelines only apply in areas where street lighting is specified. 

I-2 ENGINEERING DRAWINGS AND APPROVAL 

1. The Design Engineer is responsible for the preparation and submission of design 

drawings prepared by a qualified professional engineer showing the layout, pole 

spacing, types and heights and luminaire wattages.  The street lighting plan shall 

include all surface features and utilities.  The layout, products and materials are 

subject to approval by the City.  

I-3 DESIGN AND OPERATIONS 

1. The Design Engineer shall be responsible to work with the local wires owner for the 

design, supply and installation of the street lighting system. 

2. The responsibility for energizing the street lighting system shall be the responsibility 

of the City. 

I-4 SAFETY 

1. The lighting design shall ensure the proper illumination of conflict areas such as 

intersections and crosswalks.  The design shall be prepared with public safety in 

mind. 

I-5 ENERGY USAGE 

1. The Street lighting design should be optimized to allow for the least possible energy 

consumption while still maintaining acceptable safety standards.  The City of Iqaluit 

encourages the use of the highest efficiency lamps available at the time of installation. 
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I-6 POLE LOCATION 

1. In some cases, the road and lot configuration will dictate the pole layout.  Wherever 

possible, poles should be located at the projection of lot lines.  Pole locations shall not 

conflict with other utilities or approaches.  Spacing shall be selected by the Design 

Engineer and the City Engineer based on the optimum spacing/height/light 

distribution combination but shall not exceed the minimum standards published by 

the TAC. 

2. Pole setbacks shall be as outlined in the TAC guidelines.  Where roadways are 

designated for widening within five years of pole installation, the pole setback shall 

allow for said widening. 

I-7 TYPE OF POLE 

1. Pole types shall be consistent with adjacent developments.  All poles within a new 

development shall be of the same type and height in order to obtain continuity. 

2. All poles shall be resistant to all climatic and environmental conditions encountered 

within The City of Iqaluit. 

I-8 AESTHETIC 

1. Street lighting design shall be compatible with the type of development and proposed 

buildings. 

2. The use of decorative poles shall be subject to approval by the City.  Proposed 

decorative poles and luminaries should share common optical systems and 

components as other decorative items found in existing developments within the City. 

I-9 FOUNDATIONS 

1. Foundations shall be designed based on the specific soil conditions on site.  The 

foundations shall be designed to withstand all loading, wind loading in particular. 
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FOREWORD 
 
Building in the North is indeed different than building in more temperate climates. The Good Building 
Practices Guideline is intended to illustrate those differences. It is aimed at providing architects, engineers, 
building contractors, suppliers, facility administrators and operators with a comprehensive set of guidelines 
for building in the North. 
 
The Good Building Practices Guideline assumes an advisory role, while renewing the challenge to builders 
to be innovative in applying the practices. Builders are encouraged to present alternatives to the 
suggestions detailed in the Good Building Practices Guideline, or to present new or innovative ways of 
resolving technical problems or of reducing building life-cycle costs. 
 
The Good Building Practices Guideline incorporates years of experience in northern construction practices. 
The Good Building Practices Guideline was refined through input from architectural and engineering 
consultants, building contractors, suppliers, facility operators, Community and Government Services and 
client department staff, who worked together to achieve a consensus regarding northern building practices 
that are appropriate, economic and realistic. Simple, straightforward examples are used to illustrate and 
validate the practices.  
 
The guidelines are not intended to replace mandatory codes or regulations, but to supplement the 
National Building Code of Canada, specifically where the GN believes that: 

• More stringent practices should be applied relative to those of the National Building Code of 
Canada or the local municipality 

• Code requirements should be clarified 
• Its experience has demonstrated that conditions particular to remote northern communities require 

an approach different from typical Canadian building industry practice 
• Its proven preferences for specific products, systems or methods should be employed 

 
We are confident that all northern builders will find the Good Building Practices Guideline to be an 
indispensable guidebook, and challenge users to contribute towards its improvement in the next edition. 
 
 
Constance Hourie, Deputy Minister 
Community and Government Services 
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PREAMBLE  

INTRODUCTION 

The Good Building Practices Guideline (GBPG) contains performance guidelines, preferred materials or 
methods, and logistical considerations for the design and construction of northern facilities. Over time, 
certain products or approaches to construction have proven successful and have been adopted by property 
developers, design consultants and builders working in Nunavut. It is hoped that your comments and 
opinions will lead to further revisions and additions that will keep the document current and relevant. 
 
Criteria for Good Building Practices Guideline 
These technical guidelines do not replace any mandatory Codes or Regulations. Rather, they cover the 
following areas: 

a) Where more stringent requirements should apply than the National Building Code of Canada or 
local municipal requirements 

b) Where there is a need to augment or clarify a code requirement 
c) Where conditions peculiar to a remote northern community require an approach different from 

typical Canadian building industry practice 
d) Where specific products, systems or methods have been developed and have been found to be 

superior for northern conditions 
Detailed studies or reference materials are provided in the Appendix or noted within GBPG for interest only, 
and unless otherwise stated, do not constitute a part of the GBPG. 
 
Application of Guidelines 
The GBPG has been prepared as suggested guidelines for obtaining good value and quality buildings. The 
GBPG may be applicable for renovations to existing buildings, tenant improvements in leased facilities, or 
utility buildings. 
 
These guidelines come from studying buildings typical of many buildings found in most communities in the 
Nunavut, which are small-scale low-rise structures designed to accommodate people. The GBPG may be 
less applicable to unusual or highly specialized buildings, or unusually large buildings. 
 
Development of the Good Building Practices Guideline 
The GBPG incorporates collected observations obtained from builders, designers, building operators and 
users. A substantial portion of the information was collected by staff of the Technical Services Division and 
Regional Project Management, in consultation with other stakeholders in the construction industry. 
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REVISIONS 

Periodic reviews will be undertaken to reconfirm, revise or update the content of the Good Building 
Practices Guideline. Your comments and suggestions are invited. Proposed changes or additions should 
be submitted to: 
 

Director, Technical Services, 
Technical Services Division, 
Department of Community and Government Services, 
Government of Nunavut, 
P.O. Box 1000, Station 620 
Iqaluit, Nunavut  X0A 0H0 
 
Phone: (867) 975-5440 
Fax: (867) 975-5378 

Referenced Section # and Section Name: 
 
 
 

A brief description of your proposed change or addition: 
 
 
 
 
 

Rationale (relate experiences that have led you to make this recommendation): 
 
 
 
 
 
 
 
 

Name: 
 

Occupation/Position: 
 

Organization/Firm/Department: 
 

Phone: 
 

Fax: 
 

E-mail: 
 

Date: 
 

Mailing Address: 
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CHAPTER G – GENERAL BUILDING OBJECTIVES 

The primary objective of this publication is to provide a technical reference handbook to help builders 
produce the best value in their respective buildings for the North. Buildings should be designed specifically 
for the northern climate and other physical parameters of the site, as well as for the minimum capital cost 
consistent with lowest life cycle costs. The objective is to encourage improvement over time based on 
proven methods and materials, while supporting improved building performance and new technology. 
 

G.1 LOCAL RESOURCES 

Promoting and actively assisting communities to take on greater responsibility for their economic and social 
well-being is an important objective of the GN. Construction projects provide important opportunities for 
communities to become involved in their own development. 

G.1.1 BUILDING USERS 

Residents of a community can provide valuable information related to site conditions such as snow drifting 
patterns, preferred orientations, anticipated use patterns and examples of successful materials or methods. 

G.1.2 LABOUR 

To facilitate maximum local involvement materials and methods used in building construction should be 
suitable for broad application that will permit training that will be applicable to future projects and avoid the 
use of specialized products or installations. 

G.1.3 EQUIPMENT 

The use of existing equipment benefits the community and can reduce construction costs, as bringing 
equipment into most communities is extremely expensive. Building design and construction methods should 
be suitable for available equipment. 

G.1.4 SUPPLIERS 

Specifications should not unduly restrict local or northern suppliers, and consideration should be given to 
incorporating any locally available products in new buildings. 

G.1.5 OPERATIONS AND MAINTENANCE 

Given the growing number of building projects and the limited numbers of experienced trades people in 
Nunavut, there is both a need and an opportunity to train and develop building maintainers in every 
community. 

G.2 LIFE CYCLE COSTS 

Wherever alternative designs are considered, the alternative representing the lowest life cycle cost should 
be selected. Wherever alternatives are shown to have the same life cycle cost, the alternative with the 
lowest capital cost should be selected. The life cycle costing should be based on the expected design life 
of the building and its systems. For comparative purposes a 40-year design life should be used for 
architectural components and a 20-year design life for electromechanical systems. In some circumstances 
other considerations may overrule: for example, where direct benefits to the community will be realized 
(e.g., incorporating locally available materials); or where a product preference is stated in these guidelines. 
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G.3 ENERGY MANAGEMENT 

Minimizing the energy consumption of public buildings is important in Nunavut where energy costs are 
extremely high: electricity is usually diesel generated and fuel is transported annually to remote locations. 
Where practical and economically feasible, every attempt should be made to implement systems that 
reduce energy consumption. 
 
To implement energy efficiency measures that bring about an actual reduction in energy costs, an overall 
energy cost budget must be evaluated. The energy cost budget is typically based on a reference building 
where minimal energy code efficiencies are met for various types of space usage. Energy reduction options 
can then be compared to the reference to evaluate financial feasibility. 
 
Typically, and especially for new buildings, reference building energy cost budgets are created by generating 
an energy simulation model. These simulations can be developed with various software. Each software has 
its own limitations and should be chosen based on the required application. 
 
When used properly and with the adequate level of detail, energy simulations provide an accurate way of 
evaluating the future cost of operations and provide useful information in helping to make system choices 
during design. 
 
See G6 for comments on the National Energy Code. 
 

G.3.1 HEATING AND VENTILATION 

Recommendations for energy efficiency have been integrated in the applicable sections of the GBPG. 

G.3.2 LIGHTING 

Recommendations for energy efficiency have been integrated in the applicable sections of the GBPG. 
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G.4 APPROPRIATE TECHNOLOGY 

To achieve the previously described goals and produce buildings that perform well and keep occupants 
comfortable, several basic principles have evolved. These principles can help guide building choices to 
ensure they are appropriate for conditions in Nunavut. 

G.4.1 SIMPLICITY AND EFFICIENCY 

Available funding dictates "lean" buildings that minimize extraneous volumes and non-habitable space, 
apart from necessary building service spaces. 
 
In terms of concepts all building design solutions should strive to: 
 

• Produce the minimum gross area necessary to accommodate the stated net program 
• Minimize the enclosed volume and building perimeter required to accommodate the program 
• Facilitate expansion as simply as possible without major disruption to building use 

 
In terms of detailed development, the building design solutions should: 
 

• Be kept simple to improve the speed of erection in a limited construction season and to offer greater 
opportunity for employment of local skills 

• Incorporate materials and methods that will permit quality construction under adverse 
environmental conditions in a limited construction season 

• Limit the variety of materials to minimize the number of specialized trades required on the project 
• Ensure O&M procedures can be easily understood and carried out using readily available 

maintenance products and equipment. 

G.4.2 RELIABILITY 

Essential building systems like heating, ventilation and fire protection must be reliable in the harsh winter 
conditions of Nunavut. Standby equipment and installations that facilitate quick repairs are an essential 
characteristic of building systems. Building components, including interior and exterior finishes, must also 
be rugged enough to withstand the conditions to which they are exposed without the need for frequent or 
specialized repairs. Any equipment or system that needs servicing by specialized trades people or parts 
that are difficult to obtain, is not desirable, though at times necessary. 

G.4.3 STANDARDIZATION 

The intent of the GBPG is to standardize system elements based on proven successes, so that the final 
product is cost effective, energy efficient, readily operable and maintainable by local people. Given the vast 
size and regional variation within Nunavut, buildings must respond to differences in: 
 

• Community settings 
• Climatic zones 
• Transportation systems 
• Site conditions 
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G.5 OTHER DESIGN CONSIDERATIONS 

G.5.1 ARCHITECTURAL STYLE 

It is not the intent of the GBPG to prescribe a 'style' of northern building. It is hoped that the rational 
application of basic design principles in response to program, climate and political imperatives will, in time, 
come to represent a practical style. Finding or creating a particular architectural style appropriate for public 
buildings in Nunavut today is an interesting challenge to designers. Generally, and understandably, many 
of the older, and indeed some of the newer vernacular buildings clearly exhibit a straightforward expediency. 
Directions may be found in building forms that respond demonstratively to all aspects of the environment 
and that are also enriched by culturally inclusive details. 
 
Previous suggestions were that buildings should "fit into the immediate site unobtrusively, with the massing 
and finishes related to the context of the community". Although this can be a justifiable design approach, it 
is nearly impossible to achieve in many small communities in Nunavut when adding large new buildings. It 
should be recognized then, that other approaches are also valid, as long as the design successfully 
addresses the following: 
 
The design must communicate the function of the building 
 

• The design should incorporate recognizable local symbols appropriate to the design 
• Colours, materials and forms are selected to support and enhance other design decisions 
• Massing is consistent with function and context 
• Whether it blends in, contrasts with or dominates a site, the relationship of the building to the site 

should be consistent with its function and local traditions 
• Whether it is private, public, friendly or decorous, the relationship of the building to the street should 

be consistent with the function and local traditions 
• Whether they contrast with or are like adjacent buildings, the relationship between buildings should 

be clear and consistent with the building functions 
 
Finally, the design of public sector buildings, while being stylistically appropriate in small communities, 
should satisfy the demand for buildings that are energy efficient, simple to build and to maintain. 
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G.5.2 OTHER RELATED DOCUMENTS 

"Design" is a word that encompasses a number of activities within the fields of Architecture and Engineering. 
During the design phase of any project several documents are usually produced, each with a specific 
objective - the distinctions between them however can be confusing. The GBPG is meant to document 
performance criteria, preferred materials or methods and logistical considerations and should not be 
confused with other related documents such as functional programs, specifications or design documents. 
The following are examples of the distinctions that can be made between the documents: 
 

Document Example of contents 

Functional Program • a coffee maker and small appliances such as a 
toaster and microwave oven will be used 

GBPG anticipated • recommends use of split receptacles wherever 
coffee making is anticipated 

Specifications GBPG • flooring to be 4.5 mm thick Mondoflex by Mondo 
Rubber 

• sports flooring may be either PVC or rubber 

Submission requirements GBPG • provide consumption estimates for heating and 
electricity 

• energy consumption targets 

 
The interrelationship of all of these design considerations is as important to understand as the distinction 
between them: complete functional/program information is required before the correct technical requirement 
is applied, right material specified, adequate documentation submitted, and installation completed 
satisfactorily. 
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G.6 CODES AND REGULATIONS 

G.6.1 NATIONAL BUILDING AND PLUMBING CODES OF CANADA 

The latest version of the "National Building Code of Canada" adopted by the Nunavut Building Code Act 
and Regulations by the Authority having Jurisdiction must be used. The Authority having Jurisdiction is the 
Office of the Chief Building Official (OCBO). 
 
The OCBO is under the GN Department of Community and Government Services – Safety Services 
Division.  For further information on the building permit application process please contact the OCBO by 
email, building@gov.nu.ca   

G.6.2 MUNICIPAL BYLAWS 

All municipal bylaws and ordinances must be observed in the design and construction of facilities for the 
GN. 

G.6.3 DESIGN 

G.6.3.1 Professionals 

Engineering 
 
The practice of Engineering is regulated by the “Northwest Territories and Nunavut Association of 
Professional Engineers and Geoscientists” and under the authority of the "Engineering and Geoscience 
Professions Act of the Northwest Territories". 
 
Architecture 
 
The practice of Architecture in Nunavut is unregulated. No legislation exists to regulate the design of 
buildings other than the requirements outlined in the National Building Code. However, architects must be 
members in good standing of any Canadian provincial or territorial architectural organization and be a 
registered professional of such organizations. 

G.6.4 SI METRIC REQUIREMENTS 

All new construction for the GN must be designed in SI metric units: the actual materials may be designated 
in metric or imperial, and soft conversion to metric is acceptable. 
 
Note that this requirement may be relaxed when these guidelines are applied to renovation projects and 
where the original documents are in imperial measures: either metric or imperial may be used in this case. 
See notes in the Application of Guidelines section of the Preamble. 
 

G.6.4.1 Soft conversion 

Physical size remains unchanged, products are described to the nearest metric unit. For example, a 24 x 
48 (inches) ceiling tile is 610 mm by 1220 mm (actual size). 
 

G.6.4.2 Hard conversion 

Physical sizes are changed, and products designated in metric. For example, a 24 x 48 (inches) ceiling tile 
is changed slightly in size to become 600 mm x 1200 mm (actual size). 

 

mailto:building@gov.nu.ca
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END OF SECTION 
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CHAPTER L - LANDSCAPE AND SITEWORK 

INTRODUCTION 
 
Reasonable site development conditions include a site that: 
 

• is well drained and not subject to periodic flooding  
• Is not too steeply sloped  
• Does not require excessive fill or levelling  
• Has dimensional proportions suitable to accommodate the shape and size of the proposed building 

with ample setbacks and space for expansion 
• Does not disrupt historical community use patterns 

 
Site work includes all work required to: 
 

• Prepare the site for building foundations  
• Grade the site to promote drainage away from the foundation and to direct spring runoff to a suitable 

drainage course  
• Provide access to the site and building for staff, visitors and services (pedestrian and vehicular 

traffic)  
• Provide sufficient on-site parking  
• Create outdoor activity areas such as playgrounds  
• Create suitable settings for buildings through landscaping 
• Remediation of any contaminated soil 

 

L.1 CODES, STANDARDS AND REGULATIONS 

• Water and sewer:  Refer to local municipality. 
• Garbage removal:  Refer to local municipality. 
• Parking:   Refer to local municipality. 
• Fuel delivery:   Refer to local distributor. 
• Zoning bylaws:  Refer to local municipality. 
• Power:    See Section E 1. 
• Telephone:  See Section E 1.  
• Soil Contamination: See Guidelines for Site Remediation & Hazardous Waste Management. 
• Asbestos:  See Health & Safety Act, Worker’s Compensation Board. 

 
• CSA S501:14 - Moderating the effects of permafrost degradation on existing building foundations  
• CSA S503:15 - Community drainage system planning, design, and maintenance in northern 

communities 
• CSA Plus 4011:19 - Technical guide: Infrastructure in permafrost: A guideline for climate change 

adaptation 
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L.2 INSTALLATION AND MAINTENANCE 

L.2.1 INSTALLATION CONSIDERATIONS 

L.2.1.1 Schedule 

In communities above the tree line, there is a very limited period of time when site work can be done. 
Buildings are often completed in the late winter or spring before the site work can be finished, meaning that 
interim or temporary installations must be planned. 

L.2.1.2 Granular Materials 

Local equipment for hauling, spreading and compacting fill is often limited in small communities. It is 
generally desirable to ensure that fill and grading work can be completed by the local municipality or 
contractors. This benefits the local economy and minimizes the cost. 

L.2.1.3 Local Equipment 

Site work should be designed to ensure work can be completed using existing local equipment and 
operators. 

L.2.2 MAINTENANCE CONSIDERATIONS 

L.2.2.1 Snow Clearing 

The presence of snow and the need to clear snow from a site is the norm in all communities in Nunavut. 
Any aspect of a site that does not function well when covered in snow is unacceptable. 
 
Consider: 
 

• How the snow must be removed (hand or machine). 
• Where removed snow will be piled and the snow drifting patterns that may be affected by the snow 

pile 
• Protection of building, vegetation and fixed site improvements from snow removal equipment 

L.2.2.2 Spring Runoff 

In most of the communities in Nunavut the spring melt occurs suddenly. This water must be directed away 
from the building and into acceptable drainage courses to avoid: 

• Flooding of tank rooms 
• Water or sewage holding tanks floating and connections breaking 
• Granular pads being severely eroded by water seeping under or through the pad, resulting in 

structural damage 

L.2.2.3 Planted Areas 

Skills and interest in maintaining vegetation will vary depending on staff and location, and although it should 
be generally accepted that little effort will be put into maintaining planted areas, it is also a fact that once 
established, indigenous arctic plants and grasses only require some protection from concentrated traffic. 
Successful examples include timber framed raised beds defining walks or vehicular uses. Where 
appropriate, planting can play an important role in protecting slopes from erosion, as well as much needed 
relief from the ever-present gravel pad. 
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L.3 ACCESS 

L.3.1 PEDESTRIAN ACCESS 

Public buildings should be easily identifiable, with prominent, clearly visible entrances. All pathways, ramps 
and stairs leading to entranceways should be easy to keep clear of snow and be protected from vehicle 
traffic.  
 
N.B.C. 3.8.1.2 may require more than one ramp depending on the number of exits from a building. Discuss 
this item with the Office of the Fire Marshal on an individual basis. 
 
 

Recommendation Rationale 

L.3.1.1 Walkways 
 

Finished walkways should be provided; leading from 
the edge of the roadway and all parking areas, to all 
regularly used building entrances. Surfaces should be 
well drained and finished with contained, finely 
crushed granular material, or pavement. 

This minimizes mud tracked into buildings during 
spring and fall. This is particularly important for 
facilities with high public uses such as schools, health 
centres and community recreation facilities. 

All walkways and using material for containment, 
concrete or pavement should be level with 
surrounding grade with proper drainage. 

The intention is to avoid damage during snow removal 
with heavy equipment.  Timbers and concrete curbs 
commonly used for containment of walkways are 
generally destroyed by heavy equipment when above 
the surrounding grade. 

Concrete, paving or grating surfaces should be 
considered at entrances. 

Clean hard surfaces intercept dirt before it is tracked 
into the building. 

Avoid walkways that are immediately adjacent to 
walls of buildings. 

Traffic near the building face can increase the 
incidence of damage to building finishes. 

L.3.1.2 Ramps and Stairs 
 

Whenever possible, eliminate the need for ramps and 
stairs by shaping the site. Grade elevation at the 
entrance should be as close to finished floor elevation 
as possible. 

Sloped grade often permits removal of snow with 
equipment rather than by hand, as is normally the 
case with stairs and ramps. 

One ramped path of travel to the building entrance is 
preferred to provide both stairs and a ramp. Wherever 
possible, a ramp with a straight run should be 
provided. Where space dictates that a ramp must be 
'dog-legged', then stairs may be provided in addition 
to the ramp. 

Stairs and ramps are often installed independently, 
though they lead to a common landing. This creates 
two paths of travel. A single access route can reduce 
costs, reduce snow-clearing requirements and reduce 
the perception that providing ramped access is 
wasteful. 
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Recommendation Rationale 

Note that NBC 3.8.1.2 requires that 50% of all 
pedestrian entrances to a barrier free building must 
have ramps. This should be negotiated with the Office 
of the Fire Marshal on an individual basis. 

 

Areas of fill leading to or from exits must be level and 
contained. 

This controls erosion from normal use. 

Open metal or fibreglass grating is the preferred 
surface material for exterior ramps, stairs and 
landings. Gratings should meet the requirements of 
NBC 3.8.1.3 and CSA B651 M90 "Barrier Free 
Design". 

This allows snow to pass through, diminishing 
accumulations at entranceways. CSA and NBC set a 
standard for the size of grate openings. 

Wood surfaces are acceptable only where traffic is 
light. 

Wood is easily damaged by snow clearing and 
promotes snow and ice build-up and slippery 
surfaces. 

Concrete stairs and ramps are acceptable. Where available, concrete can provide a durable, 
easily cleaned surface. The cost of long ramps and 
high stairs made of concrete may be prohibitive. 

Steel stairs. If steel pipe railings with wire mesh infill 
are used, ensure that the mesh is minimum 6 mm 
diameter in a maximum 50mm grid and held in place 
by spot welds at maximum 150mm o/c. 

Lighter wire and larger grid openings have not 
resisted abuse. 

L.3.1.3 Snow Drifting 
 

Locate entrances and major windows where 
snowdrifts will not normally form. If there are none, 
find another means of reducing the accumulated 
snow. 

Entrances are typically located so that predominant 
winds scour the area. Certain building configurations 
are also prone to snow accumulation, such as inside 
corners. 

Avoid locating entrances and exits at the inside 
corners of buildings. 

Inside corners are prone to snow accumulations. 

L.3.2 VEHICULAR ACCESS 

In many small communities there are no municipal requirements for parking or service vehicle access to 
buildings. In general, requirements should be determined by: 

• Vehicles commonly in use in the community; may include cars, trucks, snowmobiles or all-terrain 
vehicles  

• The requirement for users of Nunavut buildings is to be provided, and where location of exterior 
electrical outlets may be required  

• Type and size of service vehicles and personnel that must be able to approach connection points 
year-round with a minimum of difficulty, i.e., no obstruction by snow, standing water or steep slopes.  
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Recommendation Rationale 

L.3.2.1 Routes and Parking 
 

Fire and regular vehicle access routes and parking 
must accommodate the turning radius of local 
vehicles, including service vehicles and fire fighting 
equipment. 

Normal mode of transportation and type of service 
vehicles vary from community to community. 

Vehicle routes and parking areas on site should be 
clearly marked, using physical barriers that remain 
visible in winter conditions if necessary. 

This is done to identify and control vehicle traffic 
around buildings and to provide some protection for 
pedestrians, landscaping, slopes of building pads or 
buildings. Boulders, logs, heavy timber or fencing can 
all be considered. 

L.3.2.2 Parking Stalls 
 

Minimum dimensions for car or truck parking stall is 
2.5 m x 6 m. 

Use standard parking stall dimensions, especially in 
communities where no area requirements exist. 

Minimum dimensions for an ATV or snowmobile-
parking stall are 2 metres x 2 meters. Consider drive-
through parking spaces. 

ATVs are the most common vehicle in many 
communities - not all are able to back up. 

L.3.2.3 Plug-ins 
 

See Electrical Section E6.3.6.  

L.3.3 SERVICES AND UTILITIES ACCESS 

With winter conditions lasting from 6 to 8 months of the year, it is important that building service points are 
easily accessed by trucks and personnel and protected from snow and ice build-up. Most municipal services 
in Nunavut are delivered by vehicle. Water and sewer systems in any given community can range in service. 
Fuel (primarily heating oil) is delivered exclusively by truck. Power and telephone are generally provided by 
overhead services. 

Recommendation Rationale 

L.3.3.1 Delivery Vehicles 
 

Provide adequate space for delivery vehicles to pull 
completely off main roadway when they are servicing 
a building. 

This keeps service vehicles from blocking traffic. (This 
is a municipal requirement in some communities.) 

It is preferable that roads are designed so that they 
are able to do so without reversing. 

Exhaust in winter blocks vision when reversing. 
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Recommendation Rationale 

L.3.3.2 Service Connection Access 
 

Provide stairs and platforms wherever people must 
access fill points or connect to services located more 
than 1.5 m above ground level. 

This allows delivery people to connect to building 
service points easily and safely. 

Ladders are not acceptable.  

L.3.4 BUILDING ORIENTATION 

Snowdrifts can impede access and exits from buildings, cause excessive structural loads on roofs, block 
windows, and provide easy access to the building roof by unauthorized persons. 

Recommendation Rationale 

L.3.4.1 Snow drifting 
 

Snow drifting around buildings shall be managed 
through careful sitting and design so that problems 
can be avoided. Wind control devices, such as scoops 
or accelerators, will should be avoided unless there is 
absolutely no alternative. 

Although such devices have proven effective, they are 
an expensive alternative to proper siting to take 
advantage of natural wind scouring. In certain 
communities, wind frequently shifts directions, making 
it difficult to rely on scouring by predominant winds. 

 

L.4 FILL AND GRADING 

L.4.1 FILL 

Granular materials can be quarried from suitable local land sites or transported from a remote source and 
stockpiled near the community. Where local supplies have been identified, the contractor or the 
subcontractor must obtain permission to quarry from the appropriate authority: 
 

• The Government of Nunavut (Department of Community and Government Services)  
• The Government of Canada (Indigenous and Northern Affairs Canada)  
• And in many cases ownership may have recently been transferred through the Nunavut Land 

Claims Agreement.  

Recommendation Rationale 

L.4.1.1 Built-up Granular Pads 
 

Provide an impermeable liner on slopes of pads that 
lie in the path of runoff in permafrost areas. 

This is done to divert water around the pad, rather 
than allowing it to seep under or through it, potentially 
degrading permafrost. 

See also S3 "Foundations"  
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L.4.1.2 Excavation 
 

Avoid cutting into existing soils where permafrost is 
present. 

This exposes frozen soil causing degradation of 
permafrost. 

See also S3 "Foundations".  

 

L.4.2 GRADING 

Although frozen for much of the year, building sites can be susceptible to significant damage during spring 
runoff or as a result of ponding: 
 

• Flooded crawl spaces have caused sewage holding tanks to float  
• Structural integrity of foundations has been jeopardized by degrading permafrost  
• Access to building by users or services has been impeded  

 

Recommendation Rationale 

L.4.2.1 Finished Grades 
 

Finished grades should have a minimum 4% slope 
away from the building. 

This provides drainage away from the foundation 
without promoting erosion by runoff 

Finish the area under the building before construction 
begins 

To allow proper drainage and better working 
conditions. Rough surface conditions and puddling 
water make it difficult to work when installing 
plumbing, utilidettes, insulation and soffit under the 
building. Poor working conditions often lead to inferior 
quality when insulating and sealing the floor system, 
which can lead to cold floors and freezing pipes. 

L.4.2.2 Retaining Walls 
 

Where slopes of less than 1:4 cannot accommodate 
grade differences, because of site constraints or 
limited fill materials. Heavy timber retaining walls may 
be considered or gabions (caged riprap). 

Using retaining walls can reduce the total amount of 
fill required; however, is generally a more labour 
intensive and expensive means of stabilizing slopes. 

L.4.2.3 Drainage Channels 
 

Drainage channels/paths must be in place on site 
before spring runoff: this may require temporary 
installation of swales or berms. 

Construction schedules dependent on barge delivery 
generally result in winter construction: the building is 
usually ready for occupancy by spring or early 
summer, but site work cannot be completed until mid 
to late summer. 
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L.5 SITE REHABILITATION AND LANDSCAPING 

A comprehensive landscaping plan must incorporate requirements noted in the sections above. 
Landscaping using lawns, flowerbeds, however, is not a practical consideration in the communities in 
Nunavut. Nonetheless, care needs to be taken in finishing sites around GN buildings for appearance, public 
safety and erosion control. 
 

Recommendation Rationale 

L.5.1  EXISTING VEGETATION 
 

Maintain as much existing vegetation on site as 
possible and protect from vehicular traffic. 

This protects the soil from erosion, insulates 
permafrost and generally improves appearance of 
site. 

L.5.2 VEGETATION – NEW/ADDED 
 

Any plant material added to the site must be hardy, 
suitable for the locality and requires little or no 
maintenance - transplanting of local species is 
encouraged where an acceptable source can be 
found in the community. 

Growing conditions are too harsh for most southern 
plant species commonly used elsewhere in Canada. 
There is little or no tradition of 'gardening' in Inuit 
communities. Resources are currently unavailable for 
extensive maintenance programs. 

Also see Maintenance Considerations (L.2.2).  

L.5.3 SOIL 
 

If soil or topsoil is required, it must be available within 
the community, along with any necessary additives 
(sand, lime, etc.). 

Mixed, prepared topsoil is simply not available in most 
communities. If required in any quantity, costs can be 
high. 

L.5.4 PLAYGROUNDS 
 

Soft, sandy surfaces should be provided wherever 
play structures are installed. Play structures should be 
constructed to applicable standards. 

To provide a safe play area 

L.5.5 LANDSCAPING 
 

Definition of landscape versus pedestrian and 
vehicular areas is important. Timbers and rocks have 
been successfully used for this but must be designed 
with large snow clearing equipment in mind. If 
concealed by snow, these elements will be damaged 
or relocated.  (See 3.2.1) 

Counteracts the tendency for the site and the 
community in general to be a continuous gravel 
surface used universally by pedestrians and vehicular 
traffic 
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Recommendation Rationale 

Edge slopes of gravel pads can be stabilised and 
made more aesthetically pleasing by the addition of 
boulders 150 to 200mm diameter, (if economically 
available). 

Boulders discourage pedestrian traffic thus promoting 
the natural re-establishment of native arctic plants, 
either by transplanting or natural seed migration. 

 
 

END OF SECTION 
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CHAPTER A - ARCHITECTURAL 

INTRODUCTION 

A.1 SITE DEVELOPMENT 

Analyzing site conditions is key in establishing the principle guidelines of a project. The placement and 
orientation of the building on site has to be planned to benefit from maximum natural light and passive solar 
gain, and to respect its immediate natural and built environment. It should be positioned strategically in 
consideration to the existing topography and take advantage of the natural drainage of the site, while 
oriented to minimize snow accumulation at entrances. 
 
Geotechnical and topographical surveys should be obtained prior to the design phase of the project. A 
geotechnical study will give information on the type of soil which will influence the foundation system of the 
building. Permafrost, for instance, must be kept from defrosting because of heat transfer from the projected 
buildings. The topographical survey will permit to understand the exact shape and slopes of the site. The 
location of the building should avoid areas of natural water accumulation. A gentle slope should let water 
drift away from building foundations when on grade.  
 
A preliminary wind and snow accumulation study, along with a sun trajectory analysis at different times of 
the years are tools used to establish the optimal placement of the building. A final wind and snow 
accumulation study should be done after preliminary design to verify the building’s volume response to 
snow and wind in order to mitigate unwanted impact. At entrances, methods such as wind deflectors or cold 
porches can help minimize snow accumulation effects.  
 
Accesses to the building entrances or services (water, sewage, oil) should be practical, safe, easy to 
maintain, enjoyable for the users and linked to the general circulation scheme of the building. Pathway and 
driveways should have a minimal slope of 2% to drain properly. Protecting entrances permits to minimize 
snow removal and allows for easier access to the building during snow events. All entrances, vehicular or 
pedestrian pathways, along with parking areas should be well light to discourage vandalism and increase 
security. 
 
Zoning bylaws must be considered when choosing a site and verified during the design of the building. 
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A.2 INSTALLATION AND MAINTENANCE 

A.2.1 INSTALLATION CONSIDERATIONS 

The minimum possible number of different trades should be involved in construction and maintenance, in 
order to reduce travel costs and coordination inefficiencies. Each sub trade on a job should have 
responsibility for a reasonably large portion of work. Small specialty contracts involve little financial incentive 
for the sub trades involved, and tend to result in poor workmanship and little attention to correction of post 
construction deficiencies 

A.2.2 OPERATION AND MAINTENANCE CONSIDERATIONS 

Four primary O&M cost considerations are: 
 
1. Fuel and power consumption 

Consumption is largely dependent on operating practices; however, the shape, layout, and the quality 
of the exterior envelope of a building can have a significant effect on fuel and power consumption. The 
most efficient exterior envelope shall have the lowest possible surface area enclosing the lowest 
possible volume with the least amount of unusable space, in accordance with the functional program 
of the building. 
 

2. Operation and maintenance of equipment 

The planning and layout of a building must ensure adequate access to mechanical and electrical 
equipment. Accesses for the replacement of major equipment during the life of the building should be 
provided. Standardization of mechanical and electrical equipment within the building and the 
community should be coordinated to reduce the amount of skills and parts needed to maintain this 
equipment. 
 

3. Maintenance of building finish materials 

Choose building materials and finishes that are durable, will reduce the effort required for maintenance, 
and that can be easily repaired or replaced. 
 

4. Custodial services 

The choice of building finishes and floor layout, as well as convenience and adequate size of storage 
for janitorial supplies, will affect regular care taking operations. 
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A.2.3 MAINTENANCE MATERIALS 

The Project Manager should determine, in consultation with Technical Officers and design consultants, 
what maintenance materials and what quantity should be supplied under the construction contract, how 
such materials should be delivered and stored, and how such materials should be accepted into inventory 
for use in the newly completed building.  
 
Recommended maintenance materials include  
 

• Flooring material  
• Pre-finished wall covering materials such as plywood, plastic laminate or veneer-faced materials, 

sheet vinyl  
• Custom-tinted paint to match installed paint  
• Custom-coloured exterior wall cladding materials  
• Replacement parts for door hardware  
• Pre-cut replacement glass for exterior and interior windows  
• Plastic laminates and cabinet hardware  
• Mouldings and fittings for window systems 
• Replacement hardware for operable windows 
• Spare keys 
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A.3 BUILDING ENVELOPE 

The envelope of a building separates the interior environment from the exterior climate. In Nunavut 
temperatures can range from about -45° Celsius in the winter to +35° Celsius in the summer. Hourly wind 
pressures can range from 0.30 kilopascal to 0.80 kilopascal. The climate is generally very dry with 
precipitation mainly in the form of snow. Total annual rainfall in Iqaluit is 200 mm (as compared to 1,935 
mm in Vancouver or 846 mm in Ottawa). Climatic variations within the Nunavut Territory must be recognized 
in building design and construction. Special attention should be given to major differences in climate from 
Kugluktuk in the west to Pangnirtung in the east and Grise Fiord in the north to Sanikiluaq in the south. 
These differences include snow drifting patterns, wind, seasonal temperatures and sunlight.  
 
Careful design and construction are required to ensure airtight, energy efficient building envelopes. 
Suggested minimum standards in GBPG should be followed unless the designer can show that less 
demanding standards will provide savings over the life cycle of the building. The suggestions in this section 
are intended to augment the requirements of NBC Part 5, and NBC9.25.  

A.3.1 AIR MOVEMENT, WATER AND VAPOUR PROTECTION 

Project managers, designers, and constructors of northern buildings need a clear understanding of air, 
vapour and A/V barriers. The requirements of the National Building Code are intended to apply to buildings 
in all parts of Canada. Northern application of the National Building Code requirements can be clarified with 
further reading and study. All aspects of construction in this climate could require some specialized 
adaptations to meet or exceed the requirements stated in the NBC. These adaptations are to be based on 
the climatic data provided in NBC. A suggested reading list is included in Appendix A. 
 

Recommendation Rationale 

A.3.1.1 Control of Rain and Snow Penetration 
 

The requirements of NBC Division B Section 5.6.1 
"Protection from Precipitation" apply. 

 

A.3.1.2 Control of Moisture from Ground 
 

The requirements of NBC Division B Section 5.8 
"Moisture in Ground" apply. 

 

A.3.1.3 Control of Condensation and vapour diffusion 

within the Building Envelope 

 

The requirements of NBC Division B Section 5.5 
apply.  

Locating the vapour barrier on the warm interior side 
of the insulation is recommended. Any moisture that 
accumulates in the wall assembly should be allowed 
to evacuate and dry by natural ventilation and 
drainage of the envelope. 

The objective is to ensure that any water vapour that 
does pass through the vapour barrier is not trapped in 
the envelope. Water vapour that migrates toward the 
exterior can be deposited in the envelope as frost over 
the winter months. The moisture must be able to drain 
or evaporate during the summer when the frost melts. 
Limiting the amount of vapour and condensation and 
allowing for evacuation of the moisture in the building 
envelope is critical. Water should be allowed to drain 
if accumulated. 
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Recommendation Rationale 

A.3.1.4 Air Leakage Rates 
 

The maximum recommended air leakage rate for air 
barrier systems in the north are: is 1.5 ACH@50pa. 

Although the NBC Div. B Sec. 5.4 and Div. B Sec. 
9.25 require all buildings to have an effective air 
barrier system, the maximum leakage criteria 
provided of 0.02 l/s/m2 in NBC Div. B Sentence 
5.4.1.2 (1) applies to buildings in all part of Canada. 
Theoretically, this amount of air leakage will not 
introduce more vapour into an envelope assembly 
than can be 'managed' on an annual cycle. See 
Architectural A3.1.3. 

A.3.1.5 Applicable Building Envelope Design 

Principles in Nunavut 

 

The exterior wall assembly should be designed to be 
the most efficient possible in consideration to the 
project context, such as building function, 
maintenance, construction and operational budget, 
climate, etc.  

 

Building envelopes are to be designed in accordance 
with the Rain screen principles for efficient control of 
moisture infiltration in exterior walls due to wind 
forces. A range of options can be applied to the 
principle to obtain improved techniques such as the 
Pressure Equalized Rain screen principle (PER) or 
the Pressure Equalized Rain Screen Insulated 
Structure Technique (PERSIST).  

The objective of the Rain screen, PER and PERSIST 
Principles is to ensure that wetted exterior surfaces of 
walls are not subjected to constant air pressures. 
Constant air pressure can force water on the exterior 
surface of the wall to move into the interior portions of 
the wall materials through construction joints or other 
fissures. Refer to CBD-40: "Rain Penetration and its 
Control.”  

 To counter this phenomenon, the Rain screen 
principle introduces a cavity between the cladding and 
the sheeting, where wind is allowed to flow and attain 
a pressure level equal to the one applied on the 
exterior of the cladding. 

Cavities behind the exterior cladding should be 
divided into pressure equalization compartments (i.e., 
into zones of air pressure equal to exterior air 
pressure). Each compartment should be no more than 
one storey in height and no more than 6 m wide along 
building faces. At corners, compartments should be 
no more than 2.4 m wide, and closed at the edges. 

The PER principle requires the cavity behind the 
exterior cladding to be divided into compartments. 
This allows for faster equalization of the air pressure 
on both sides of the cladding. This principle is called 
Compartmentalization of the Cavity and it is intended 
to provide better control of wind pressure differences 
between the exterior side of the cladding and the 
interior cavity. Smaller compartmentation reduces the 
likelihood of strong airflows developing inside the 
cavity. Pressure equalization compartments must 
also be drained properly. 
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Recommendation Rationale 

For higher performance of the exterior envelope, the 
insulation can be installed on the exterior side (cold 
side) of the structure. 

When the insulation is installed on the exterior (cold 
side) of the structure and combined with the Pressure 
Equalized Rain screen principal, it is called PERSIST. 
The insulation on the exterior of the structure found in 
the PERSIST principle works well for buildings in 
Nunavut. It minimizes thermal bridges, movement of 
the structure due to temperature changes and 
eliminates structural damage that could occur from 
moisture due to condensation. The installation of the 
A/V barrier on the exterior side of the sheeting allows 
for higher quality installations. 

An effective air barrier system is required (see section 
3.1.6.2). 

During construction, it must be ensured that the air 
barrier is properly installed to prevent air leakage and 
movement within the wall assembly. 

Sufficient drainage of the assembly is required. Ensure that the wall assembly is properly drained and 
maintained dry. The Rain screen, PER and PERSIST 
principles should be adapted to dry arctic climates to 
minimize snow infiltration in wall assemblies. 

A factory sealed envelope design, hence a moisture 
and air tight envelope, is also applicable in the Arctic. 

An air and moisture tight envelope requires 
meticulous assembly and quality control during 
construction to ensure it is well sealed. If properly 
installed, it eliminates all complications due to 
moisture migration and accumulations in the exterior 
wall assemblies. Particular attention is required at 
corner joints detailing. 

 
Due to the specific knowledge needed to install this 
type of system, this method is not suitable for 
residential construction. 

A.3.1.6 Materials and Assembly 

 

1. Vapour Barriers  

Materials or the assembly of materials making up the 
vapour barrier must be:  

See GBPG A3.1.3 "Control of Condensation within 
the Building Envelope.” The purpose of A/Vapour 
barrier is to restrict diffusion (water vapour movement 
through the materials of the assembly).  

• Durable  To meet or exceed the service life of the building.  

• Impermeable and continuous  To meet the requirements of the NBC and reference 
standard CAN/CGSB 51.33 or 51.34.  

• Compatible with other building components  Differences in chemical composition, creep 
behaviour, elastic movement, thermal expansion, 
shrinkage, and moisture changes could result in 
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Recommendation Rationale 

reduced permeability or durability of the vapour 
barrier. 

 To meet requirements described in Architectural 
A3.1.3 above. Materials with low vapour permeance, 
such as plywood sheathing or rigid foamed plastic 
insulation, can act as a barrier to vapour that is 
passing through the assembly. The vapour must be 
allowed to migrate to the exterior by open joints 
between sheets, or by perforating the material, or it 
will risk becoming trapped between water vapour tight 
layers.  

The building envelope must be designed so that 
multiple vapour barriers are avoided. 

Any material with a low permeance rating that is 
located on the low vapour pressure side of the 
insulation cavity, must be installed in such a way that 
vapour can migrate past it to the exterior.  

If the vapor barrier consists of poly installed inside the 
framing of the structure:  

 

Set staples fastening vapor barrier to structure at 
2’ centers.  

To minimize penetration. 

Ensure continuous solid backing behind joints in the 
vapor barrier so the joint will be trapped between the 
backing and drywall, effectively sealing it. 

 

Apply a thin bead of acoustic caulking to all studs and 
plates where they contact the vapor barrier.  

The caulking will seal any punctures made by staples, 
nails and drywall screws. This will also create 
separate dead air chambers in the wall. If there is a 
penetration, the air leak will be contained in a single 
stud bay, rather than traveling along the wall. 

Leave slack in the vapor barrier when installing it, 
especially in the corners.  

It is common for drywall screws to pull through the 
drywall, tearing the poly if it is so tight in a corner that 
it holds the drywall away from the framing. When this 
occurs, it is extremely rare that the drywall is removed 
to repair the poly. 

Don’t allow the use of hammer staplers when 
fastening vapor barrier. 

These easily tear the poly. 

Use acoustic caulking in all joints and penetrations of 
the poly.  

Tape doesn’t always bond well to dusty or cold poly, 
and wrinkles in poly or tape can cause air leakage. 
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Recommendation Rationale 

If poly is inside framing, use 2”x 2” strapping or 
equivalent fastened horizontally to the studs and on 
top of the poly. A semi rigid insulation may be installed 
in this void. 

The insulation will increase the R-value of the wall. 
More importantly electrical boxes and wiring needn’t 
penetrate the poly improving the seal, and drywall 
screws fastened to the 2”x 2”s won’t “pop” as much 
due to wood shrinkage. If a drywall screw misses the 
framing, it won’t puncture the poly. There is a great 
reduction in thermal bridging between the drywall and 
the wall studs. 

In 2 story structures, consider hanging the 2nd level 
floor joists instead of sitting on the top plate of the wall.  

The poly can be installed continuous behind the floor 
joists. This eliminates the practice of wrapping the box 
sill with poly, which puts the vapor barrier on the 
wrong side of the insulation causing condensation 
problems. Also, thermal bridging through the floor 
system is decreased. Sometimes rigid foam insulation 
is fitted between the floor joists and caulked to create 
a seal and become part of the vapor barrier. This is 
very labor intensive and there are numerous joints to 
seal, decreasing the integrity of the building envelope. 

2. Air Barriers  

Materials, or the assembly of materials making up the 
air barrier system, must be:  

The purpose of an air barrier system is to restrict air 
movement.  

• Durable To meet or exceed the service life of the building. 

• Impermeable - Acceptable leakage rates for 
the complete air barrier system are noted in 
Architectural A3.1.4. The air leakage rates of 
some common building materials and 
assemblies can be found in Appendix D.  

To minimize the movement of air through the barrier. 
An air barrier system, consisting of air leakage 
resisting materials and sealed joints, typically fails at 
the joints between different materials or near 
penetrations of the materials. Air leakage resistance 
of the principal materials used should therefore 
typically be greater than the air leakage resistance of 
the complete air barrier system.  

• Materials employed in the construction of the 
air barrier system should have air 
permeance values no more than 1110th of 
the air leakage rate allowable for the 
complete air barrier system.  

Measuring the performance of the entire building 
envelope is difficult; however, the materials 
themselves can be easily tested: these values have 
been suggested by the NRC in the expectation that 
once installed, the air leakage rate of the entire air 
barrier system will be below values noted in 
Architectural A3.1.4.  

• Continuous – Pay special attention to joints, 
corners and penetrations. 

To ensure that there are no leaks and that all parts of 
the building envelope restrict air leakage to a similar 
extent. An opening at anyone location is a failure of 
the entire system.  

• Rigid and strong - To withstand both 
positive and negative air pressures due to 
wind, mechanical equipment and stack 
effect in accordance with NBC 4.1.7. Air 

If it were not rigid and strong, the material would be 
easily displaced by the air pressures acting on it -the 
movement can then cause the material to tear at 
attachment points, or the joints to fail. The structural 
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Recommendation Rationale 

barriers must be designed to transfer such 
pressures to the structural framing while 
undergoing minimal deflection.  

performance of many common materials and 
assemblies can be found in "Structural Requirements 
for Air Barriers" CMHC report No. 30133.0R1.  

• Compatible – with other building 
components. 

Differences in chemical composition, creep 
behaviour, elastic movement, thermal expansion or 
shrinkage or expansion due to moisture changes 
could result in the loss of strength, continuity, 
impermeability or durability of the air leakage barrier. 

  

3. Location of Air and Vapour (A/V) Barriers By locating the A/V barrier (and thus the insulation) on 
the exterior of structural framing, rather than on the 
interior, the following can be achieved: 

• Coincident air/vapour (A/V) barriers located 
on the outside of structural framing are 
recommended. Plywood sheathing located 
on the exterior of the structure with the joints 
sealed with torched on modified bitumen 
strips has been found to be an effective 
coincident A/V barrier. 

• The potential for damage to the structure due 
to condensation is virtually eliminated  

• Interior finishes can be applied directly to 
structural framing (no need for additional 
strapping or protection for the A/V barrier}  

• Penetration of A/V barrier by mechanical and 
electrical systems is reduced to those 
elements that must exit the building  

• With fewer penetrations and use of rigid air 
barrier materials, a good quality installation 
is simpler to achieve. 

•  

• Coincident A/V barriers located on the inside 
of structural framing are acceptable for small 
buildings but not recommended. Except as 
noted under Architectural A3.6.3.2.  

Common practice for smaller buildings, and although 
this assembly meets the requirements of the NBC for 
vapour protection, it requires that a number of 
precautions be taken including:  

 • Plumping and electrical wiring routes in 
exterior floors, walls and roofs must be 
carefully detailed to minimize A/V barrier 
penetrations  

• Interior strapping or other means of 
attaching finish materials may be provided to 
accommodate electrical wiring and outlets 
without the need for air/vapour barrier 
penetration  

 This system is not recommended because it is very 
vulnerable if the A/V barrier is pierced. There is a 
higher probability the membrane will be pierced if 
situated on the interior side of the wall assembly. For 
smaller wood frame buildings with batt insulation 
between studs, it is preferable to have a separate air 
barrier (cold side) and vapour barrier (warm side).  
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4. Sealants 
The performance of sealants is dependent on 
choosing the correct sealant for the substrate as well 
as application under acceptable temperature and 
moisture service conditions.  

Sealants used as part of the air barrier system of the 
exterior wall assembly must be:  

• Serviceable to -50°C in their fully cured state  

• Able to be installed under conditions to be 
encountered during their installation  

• Strong enough to resist the anticipated loads 
without deforming or moving out of position. 

• Elastic and compressible to accommodate 
movement of the joint  

• Chemically compatible with adjacent 
materials  

• Accessible for service  

• Placed in primed joints of proper dimensions 
with backing rod or bond breakers  

 
Construction typically occurs during cool or cold 
temperatures in Nunavut. Silicone and elastomeric 
sealants are available that can be applied at sub-zero 
temperatures and remain serviceable at temperatures 
down to -50 "C. Many other sealants cannot be 
properly applied at sub-zero temperatures and lose 
their ability to fulfil functional requirements at cold 
temperatures.  
 

See also "Canadian Building Digest #155 - Joint 
Movement and Sealant Selection. "  

Silicone or one component elastomeric types that 
meet the above criteria are recommended. Acrylic 
and solvent curing types are not recommended. 
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A.3.2 THERMAL RESISTANCE 

The thermal resistance of the building envelope serves two important functions: to minimize heat loss 
energy consumption, and to prevent moisture condensation on the interior skin of the building envelope. 
The Model National Energy Code for buildings is available from NRC as an advisory document on energy 
performance. It has not been adopted in Nunavut.  
 

Recommendation Rationale 

A.3.2.1 Recommended Values 
 

The standard for thermal resistance of exterior 
building envelope assemblies typically is 
recommended to be:  

• Floors on Grade: RSI 3.5 

• Floors Suspended: RSI 7.0  

• Walls: RSI 5.6  

• Roofs: RSI 8.75 

An acceptable overall level of thermal resistance is to 
be achieved regardless of the type and placement of 
the insulation in the assembly. The recommended 
values provided are benchmark values. Thermal 
resistance of the building envelope is best determined 
by life-cycle cost-benefit analysis. Such analysis may 
determine lower or higher thermal resistance to be 
appropriate for a given building. 

An energy modeling study is recommended to 
determine the amount of insulation in the building 
envelope that will provide energy savings and life-
cycle cost benefits. 

 

However, 1995 ASHRAE Standards increased 
required ventilation rates. Heating the higher volume 
of cold outside air shifted the balance of heating load 
away from envelope losses. In buildings where 
ASHRAE standards apply, capital costs may be 
minimized by reducing envelope R-values in 
consultation with the Client Department and the 
Consulting Engineer. 

 

For unheated or minimally heated buildings, such as 
ice arenas and parking garages, thermal resistance 
may not be a functional requirement of the building 
envelope.  

In buildings or portions of buildings not intended for 
typical human comfort conditions. Thermal resistance 
values may be lower and still meet energy 
consumption standards.  

Seasonal use buildings may have reduced insulation 
specifically designed for the period of the year they 
are to be occupied.  

A.3.2.2 Location of Insulation 

 

All insulation should be located on the cold side of the 
coincident A/V barrier system. 

 

1. Where the coincident A/V barrier is located on the 
exterior side of the structural framing, rigid or 
semi-rigid insulation should be used. 

Insulation applied to the exterior of the building 
structure provides a uniform insulating value over the 
entire building envelope. Compressible inorganic 
insulation can also be used, provided it is protected, 
drained and vented to keep it dry as required by NBC 
5.3.1.3.  



January 2020 Good Building Practices Guideline Third Edition 

 Chapter A – Architectural Page 12 

Recommendation Rationale 

2. Combustible insulation should be appropriately 
fire-stopped. 

 

3. Where the coincident A/V barrier is located on the 
interior side of structural framing, compressible 
inorganic insulation may be used in the structural 
framing space, provided the requirements of 
5.3.1.3 are met. (A layer of insulating sheathing is 
recommended in addition to the insulated 
structural cavities; see Architectural A3.2.3). 

The structural members reduce the overall thermal 
resistance of the assembly. Their thermal bridging 
effect should be minimized by using insulating 
sheathing on their exterior. Thermal resistance varies 
at the junctions of floor and wall, and wall and roof. It 
is difficult to avoid thermal bridging by framing 
members at these locations. Insulating sheathing is a 
practical method for increasing thermal resistance at 
such locations.  

A.3.2.3 Continuity of Insultation 

 

Thermal bridging by structural members needs to be 
recognized and minimized in the building envelope 
design.  

 

1. Where insulation is installed outside the structural 
framing, it should be installed in 2 layers at right 
angles. The insulation may be secured with 2 
layers of girts or strapping installed at right 
angles, or with one outer layer of girts screw-
fastened through the lower layer of insulation into 
structural framing. 
 

The intent is to reduce thermal bridging through girts 
or strapping.  

2. Where insulation is installed within structural 
framing, a layer of insulating sheathing should be 
provided on the exterior of the framing or the 
exterior structural sheathing. 

The intent is to reduce thermal bridging through 
structural members. This is already common practice 
in northern building. 

 

A.3.2.4 Localized Low Temperature 

 

Layout of spaces and detailing of assemblies should 
avoid spaces or compartments that are not readily 
heated. Concealed spaces that are located on the 
warm side of the A/V barrier may require transfer 
grilles to heat the space and keep the surfaces above 
dew point.  

The location of furniture, fixtures and fittings can 
restrict the convection of heat within a space so that 
some surface temperatures on the warm side of the 
A/V barrier may drop below the dew point.  

 
Particular attention should be focused on corners that 
have large exposed exterior surface area relative to 
small interior surface area, and to spaces where 
supplies are stored against exterior walls.  
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A.3.2.5 Combustibility of Insulation 

 

1. The use of non-combustible types of 
insulation such as mineral wool in semi-rigid 
form is recommended. 

This can be implemented as a measure to increase 
resistance to fire spread. 
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A.3.3 BUILDING ENVELOPE – FLOOR ASSEMBLIES 

Where northern buildings are elevated, floors assemblies have an exterior surface on the underside. 
Basements or concrete foundations are possible in only a few locations and for certain uses. On permafrost 
sites, foundation-bearing capacity can be maintained by artificial cooling of the ground. Induced draft cold 
air systems, powered refrigeration or thermosyphon refrigeration are techniques that have been used to 
keep permafrost intact beneath heated buildings. On grade crawlspaces are to be avoided. Above grade 
(suspended) crawlspaces are recommended. 
 

Recommendation Rationale 

A.3.3.1 Air Movement, Water and Vapour Protection 
 

All recommendations of Architectural. 

Section A3.1 applies to building envelope floors. 

Clarifies criteria to be used in evaluating floor 
assemblies with respect to NBC requirements.  

All building envelope floors subject to differentials in 
temperature, water vapour pressure or air pressure 
require air barriers (AB) and vapour barriers (VB) 
meeting the recommendations outlined in 
Architectural A3.1.3 and A3.1.4. 

Floors above open crawl spaces are common in 
continuous and discontinuous permafrost zones in the 
North. The underside of the Floor assemblies 
immediately above grade provide opportunities for air 
leakage, snow infiltration and water vapour diffusion.  

A.3.3.2 Thermal Resistance 

 

See Architectural A3.2 
 

A.3.3.3 Materials and Assembly 

 

1. Air/Vapour Barrier  

A false floor should be considered wherever insulation 
is located within the structural framing of a suspended 
floor and the comfort of users is a consideration, or 
where space is required to accommodate plumbing.  

 
See Architectural A3.1.6. 

A false floor will reduce heat loss due to thermal 
bridging through the floor joists. A false floor is 
suggested for residential and institutional facilities 
such as group homes, and elementary schools where 
children can be expected to be sitting on the floor. 
Drains and water supply pipes should not be placed 
within a suspended floor system, just as they should 
not be installed within exterior walls in northern 
buildings.  

2. Sealants  

See Architectural A3.1.6.4. 

 

 

3. Insulation  

See Architectural A3.2. 
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4. Drainage and Ventilation  

Architectural A3.1.1 and A3.1.3 address precipitation 
and water condensation management.  

Joints of the exterior soffit finish should not be sealed 
in an effort to create an external air barrier. Plywood 
resists water vapour migration so as to create 
A/Vapour barrier if the joints are sealed, creating a 
second vapour barrier in the floor. See Architectural 
A3.1.6.4. 

5. Exterior Finishes  

a) Exterior soffit materials for suspended floors 
shall be:  

The underside of a suspended floor is not generally in 
contact with water, snow or soil, nor is it generally 
visible. Batten strips covering soffit material joints 
prevent snow, dust and insect entry, but allow enough 
air movement to effectively ventilate a suspended 
floor. 

• Durable  
 

• Light weight  
 

• Easily installed  
 

• Easily removable and replaceable for repairs 
to contained services with locally available 
trades skill. 

Materials considered to satisfy these requirements 
include sheet materials such as plywood, exterior 
grade particle and oriented strand board suitably 
battened at the joints, and corrosion protected, ribbed 
sheet metal with lapped mechanically fastened joints 
is recommended where any risk of fire due to 
vandalism exists.  

• Installed with the minimum number of 
exposed joints. 

 

b) Preservative-treated materials for floor soffits 
are recommended where continually high 
moisture levels are anticipated. 

The dry climate of the North, where suspended floor 
systems are typically used, generally makes the use 
of preservative-treated materials only necessary 
where excessive air humidity is expected. 

A.3.3.4 Thermal Break 

 

A thermal break should be provided between 
foundation units and bearing stratum.  

 
See Structural S3. 

Where floor assemblies are elevated above ground 
and present an exterior surface on the underside, a 
thermal break should be provided between piles and 
floor structure to prevent cold spots due to thermal 
bridging in the building envelope and to minimize heat 
loss from building to frozen soils.  
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A.3.3.5 Above Grade Crawl Spaces 

 

1. Open area below the building  

Open area below buildings should be screened with 
durable metal mesh security.  

The objective is to prevent unauthorized and unsafe 
uses of the area below buildings.  

2. Heated Crawl Spaces  

Heated enclosed crawl spaces are recommended for 
protecting and accessing building systems.  All areas 
containing plumbing and mechanical systems should 
be served with an enclosed crawl space. 

Enclosed crawl spaces provide a comfortable work 
environment for future maintenance.  The enclosed 
crawl space also provides a heated space directly 
below the floor, which protects equipment from harsh 
climatic conditions and provides a heated floor 
system.  

Enclosed crawl spaces should be treated as 
environmentally different spaces when temperature 
and humidity conditions of the crawl space will be 
different from adjacent spaces within the envelope. 

The different crawl space environment can result in 
air/vapour leakage, unwanted heat transfer, or 
condensation. Differences between interior 
environments are identified in NBC 5.3, 5.4 and 5.5 
as requiring provisions to stop undesirable heat, air 
and water vapour movement.  

3. Crawl Space Drainage  

A graded slope of 2% or greater to sump points, or 
away from the building, is recommended for all crawl 
space ground surfaces. Any drainage connection or 
water collection device must not break the continuity 
of the ground moisture protection barrier in an 
enclosed crawl space.  

This conforms to NBC Section 5.8, to ensure that 
surface and ground water does not accumulate in 
crawl spaces. The objective is to dispose of surface 
water from spring runoff away from an open crawl 
space, and to collect and dispose of ground water that 
might enter an enclosed crawl space.  

4. Utilidettes  

Where pipes and ducts are incorporated into a 
suspended floor system above an open crawl space, 
provide a suspended utility space or utilidette to 
enclose them within the building envelope. 

Using utilidettes to enclose grouped pipes and ducts 
in a floor system above an open crawl space can 
eliminate the need for an expensive continuous 
suspended utility space.  

It is mandatory that an absolute minimum of 300mm 
clearance be provided between grade and the 
underside of utilidettes or any other horizontal 
structure. 

Frost heave must be isolated from acting on the 
envelope or structure. 
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A.3.4 BUILDING ENVELOPE – WALLS ASSEMBLIES 

Walls make up a large part of a building envelope. Walls usually incorporate a large number of openings 
and penetrations such as doors, windows, ducts and chimneys, and electrical conduits. Care must be taken 
to make the air barrier system in walls continuous at all openings and penetrations, and at joints with floors 
and roofs.  
 

Recommendation Rationale 

A.3.4.1 Air Movement, Water and Vapour Protection 
 

All recommendations of A3.1 apply to building 
envelope wall assemblies.  

Clarifies criteria to be used in evaluating wall 
assemblies with respect to NBC requirements. 

All walls forming part of the building envelope require 
air leakage barriers and vapour diffusion barriers 
meeting all requirements outlined in Architectural 
A3.1.3 and A3.1.4.  

Although this applies primarily to exterior walls 
forming the building envelope, internal walls that 
subdivide buildings may also be subject to differential 
temperature, air and water vapour effects. Examples 
include community arenas, or combined 
office/warehouse and office/fire hall buildings.  

A.3.4.2 Thermal Resistance 

 

Thermal Resistance See Architectural A3.2.1  
 

A.3.4.3 Materials and Assembly 

 

1. Air/Vapour (A/V) Barrier – See Architectural 
A3.1.6.3 and 3.4.3.5 below. 

Note that continuity of the A/V barrier must be 
provided, including special detailing where roof or 
floor A/V barriers are located on a different plane from 
that of the walls 

2. Sealants – See Architectural A3.1.6.4.  

3. Insulation - See Architectural A3.2.2 and A3.2.3.  

4. Drainage and Ventilation - See Architectural 
A3.1.5. 

To meet NBC.5.6.2.1 requirements, consistent with 
application of the Rain screen, PER and PERSIST 
Principles. 
 

5. Heated Crawl Spaces with Exposed Grade  

Careful detailing is required to eliminate any transfer 
of freeze/thaw soil movement to the envelope and/or 
structure 

Compressible ‘void former’ may be considered at 
interface of grade and insulating walls or grade 
beams. Note that the wall A/V barrier must be sealed 
to an interior protected grade A/V barrier.  See also 
Structure 3.1.5. 

A.3.5 EXTERIOR WALL FINISHES 

"Good Building Practice" does not specify where particular materials are to be used: Materials are selected 
by the designer and should conform to the recommendations noted here. Maintenance needs, appearance, 
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durability, ease of repair and availability of repair materials are all considerations made in selecting wall 
finishes.  
 

Recommendation Rationale 

A.3.5.1 General 
 

All siding should be installed so that the requirements 
of Architectural A3.1.5 "Applicable Building Envelope 
Design Principles” are met and adjusted for the dry 
arctic climate.  

Air pressure equalization compartments can be 
created using strapping applied to support the siding. 

Building finishes must be abuse resistant and properly 
supported to limit the potential for damage due to 
vandalism.  

 

Finishes that can be maintained and replaced easily 
should be favoured. 

 

Depending on the function of the building, protect the 
lower portion of the building by using impact resistant 
material, or with appropriate accessories such as 
crash barriers, bollards, landscaping features 
(boulders). 

Frequent damage occurs to the lower portion of 
exterior walls of schools and arenas, areas around 
stairs and landings, corners of garages, loading 
docks, etc. Caulked butt joints are not acceptable.     

All seams in finishes must overlap or be covered to 
prevent leakage. 

 

Siding patterns and edge joints should allow easy 
replacement at areas susceptible to damage. 

 

A.3.5.2 Wood 
 

Board and batten, lap joint, tongue and groove, 
channel or drop siding are acceptable.  

Although wood siding requires regular maintenance, 
it is easily applied and repaired, and A/Variety of 
colours and patterns can be used.  

Joints should be installed vertically to speed water 
draining from the cladding and promote rapid drying 

Horizontal joints retain melt water and rain, wetting 
the wood for longer durations. Research has found 
increased early life cycle splitting, warping and 
staining when wood cladding stays wet.  

Spruce or cedar siding is acceptable, and siding may 
be air-dried or kiln-dried.  

A semi-transparent stain finish is preferred, and solid 
colour stains acceptable. Paint finishes for exterior 
wood may be limited to fascia and trim. 

Factory painted wood siding products with long term 
guarantees are acceptable. 

Commonly used because of acceptable performance 
experience. Paint seals wood and does not allow 
moisture from the concealed side of the rain screen to 
migrate freely outward. As a result, non-breathing 
paint can peel prematurely.  
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Pre-finished plywood siding, such as "Ranch wall", 
minimum 15.5 mm thick is an acceptable siding 
material.  

 

A.3.5.3 Metal Siding 
 

Metal wall siding panels should be factory preformed 
steel sheet, minimum 0.6 mm (24 gauge) base metal 
thickness, zinc coated, pre-finished on weathering 
face.  

Typically used with prefabricated metal buildings such 
as recreational facilities or service buildings. Metal 
siding is susceptible to damage from impact, and 
because repairs are not easily undertaken by local 
maintainers.  Often the damage does not get repaired. 
Wood siding should be considered in areas most 
susceptible to damage, such as entranceways. 

Profile: select from manufacturer's standard profiles. The extra cost of custom profiles or colours is 
generally not warranted for public buildings, and 
delivery time is often increased. 

Colours: should be selected from manufacturer's 
standard colours.  

 

Fasteners: concealed fasteners are preferred.  
 

Aluminum siding is not recommended for northern 
buildings.  

Very susceptible to damage from impact, and subject 
to large thermal expansion and contraction. With large 
temperature ranges in the North, rippling and 'oil-
canning' occur more readily.  

A.3.5.4 Vinyl Siding 

 

Not recommended for northern buildings. Expansion and contraction in varying temperatures 
causes warping, and vinyl also becomes very brittle in 
cold temperatures suffering impact damage easily.  

A.3.5.5 Stucco Finish 

 

Not recommended for use on northern buildings.  
Easily damaged on impact, and materials are 
generally unavailable for repairs.  

A.3.5.6 Fiber Cement Composite Board 

 

Installed with sufficient backing, fibre cement 
composite board should be installed in areas to limit 
the impact from vandals and regular building 
maintenance such as snow clearing. 

Fibre cement composite board is easily damaged 
when not supported fully. Careful selection of the 
location and backing should be considered when 
choosing this type of cladding. Thicker panels should 
be preferred. 
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Fibre cement composite boards have proven to be an 
acceptable alternative to wood or corrugated metal as 
an exterior finish. 

Colour should be embedded in the panel, not applied 
on its surface. Fibre C by Rieder is an example of a 
suitable product.   

It is not recommended to paint fibre cement 
composite board. 

 

A.3.5.7 Exterior Insulated Finishing Systems (EIFS) 

 

This system has had limited testing in Nunavut and 
requires skilled labour to install and maintain. This 
system is not recommended for lower portions of 
buildings, susceptible to high impact. 

EIFS are labour intensive to install and require skilled 
labour to repair. EIFS have very little impact 
resistance. The time window for installation in the 
Arctic is limited. 

A.3.5.8 Fiberglass Panels 

 

Fiberglass panels are recommended as an alternative 
cladding system. The wide variety of colours and 
finishes available offer design alternatives. 

Fiberglass panels have high resistance to moisture 
and temperature fluctuation. Their installation does 
not require specialized man power.  

This system is not recommended for portions of a 
buildings susceptible to high impact. 

Fiberglass panels come in A/Variety of finishes. 
Certain finished do not resist well to scratches and 
should be avoided.  

 
 
 
 
 

 

Fiberglass panels covered with aggregates are an 
esthetical solution to cover-up the above ground 
portion of underground foundations. These panels 
can withstand being buried below grade. 

A.3.5.9 Other Composite Wall Panels 

 

The term ‘Composite wall panel’ is applied to 
A/Variety of products of different characteristics. 
Particular analysis is required for each specified 
product. 

There has been limited testing done on the impact 
resistance of composite wall panels at low 
temperatures. 

Generally, composite wall panels should be used 
where there is limited impact on the panels. This 
generally occurs at higher portions of the building. 

 

A.3.5.10 Engineered Wood Product 

 

Engineered wood products have proven to be an 
acceptable alternative to wood or corrugated metal as 
an exterior finish. 

This product requires low maintenance and is an 
economical alternative to wood siding. 
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A.3.5.11 Prefabricated Insulated Panels (steel, 

fiberglass) 

 

This product has been successfully tested in Nunavut. When budget permits, this system is very efficient in 
arctic climate. It offers optimal thermal continuity and 
airtightness and permits flexibility in shape for the 
building design. However, the product requires long 
lead time. 

 
Specialized labour is required for installation and on-
site adjustments are limited during installation of the 
panels.  

 
Joint detail between panels is critical. It must be 
durable, compressible, and elastic and preserve its 
qualities in arctic temperatures. Exterior fasteners 
should be stainless steel.  

A.3.6 BUILDING ENVELOPE –ROOFS ASSEMBLIES 

Recommendation Rationale 

A.3.6.1 Air Movement, Water and Vapour Protection 
 

All requirements of Architectural A3.1 apply to roof 
assemblies.  

Clarifies criteria to be used in evaluating roof 
assemblies with respect to NBC requirements.  

All roofs are subject to differentials in temperature, 
water vapour pressure and air pressure, and as such 
require air barriers and vapour barriers meeting all 
requirements outlined in Architectural A3. 1.3 and 
A3.1.4.  

Clarifies criteria to be used in evaluating A/V barriers 
with respect to NBC requirements. 

A.3.6.2 Thermal Resistance  
 

See Architectural A3.2.1.  

A.3.6.3 Assembly and Materials 
 

1. Air Vapour (A/V) Barriers  

Coincident air/vapour (A/V) barriers located on the 
outside of structural framing are recommended for all 
buildings located above the tree line.  

Condensation within the roof assembly has caused 
structural damage to a number of roofs across the 
Nunavut: locating the structural roof inside of the A/V 
barrier is a reliable means of avoiding this problem. 
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Venting roof assemblies above the tree line is 
problematic as vents allow snow infiltration.  

 
See Architecture 3.1.6.3 

Protected, fully adhered coincident air/vapour (A/V) 
barrier membranes are recommended.  

With the membrane fully adhered to a structural 
backing, the assembly can meet the A/V barrier 
requirements, and any damage to the membrane will 
not allow moisture to travel laterally between the 
membrane and the backing.  

2. The location of the A/V barrier on the interior of 
roof framing is recommended only for small 
buildings located  

Below the tree line. Great care must be taken to 
ensure continuous A/V barriers, and a means of 
venting the assembly that will minimize snow 
infiltration.  

The use of better performing insulation and 
membrane materials becomes necessary when the 
A/V barriers are located on the exterior of the roof 
framing. These become cost effective on larger 
buildings. The additional cost may not always be 
justifiable for smaller buildings located below the tree 
line. Where A/Ventilated roof system can perform 
satisfactorily.  

3. Sealants 
 

See Architectural A3.1.6.4. 

 

 

4. Insulation 
 

See Architectural A3.2.2, A3.2.3.  

5. Ventilation and Drainage 
 

Wherever fibrous mineral insulation is used in a roof 
assembly. The requirements of NBC 5.4 and 5.5, or 
5.6 must be met.  

It is important that adequate ventilation be provided 
where fibrous mineral insulation is used as its 
insulation value is adversely affected by 
condensation. Snow infiltration through required 
ventilation openings is difficult to avoid; wetting of the 
insulation and roof assembly occurs as soon as 
conditions allow infiltrated snow to melt. 

Whenever possible, drainage should be provided 
from the interior membranes of the assembly to the 
exterior of the building envelope.  

 

Water that accumulates within the assembly due to 
snow infiltration, roof leaks or A/V barrier leaks can 
drain to the exterior.  

6. Roof Coverings  

Shingles 
 

Asphalt shingles are not recommended for use in 
Nunavut. If used, install with slope of 4 in 12 or 

Areas above the tree line are typically very windy. 
Shingles can be blown off and are difficult to replace. 
Asphalt shingles are readily available, generally less 
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greater, or 2.5 in 12 where fully tabbed shingles are 
used.  

expensive, and represent a lower fire hazard than 
Wood shingles.  

Wood shingles are not recommended.  Early deterioration of wood shingles occurs with 
excessive drying and long solar exposure common in 
the North. Combustibility of wood shingles increases 
fire loss risk compared to other water-shedding 
membranes. 

Modified Bitumen Membrane (MBM)   

The 2-ply torched-on MBM roof system is 
recommended for northern buildings.  

The 2-ply torched-on MBM membrane has proven to 
be suitable for installation at sub-zero temperatures 
and has performed well to date. Repairs are relatively 
simple to perform.  

EPDM or Rubber Roofing  
 

Loose-laid membranes are not recommended for use 
on northern buildings.  

These loose-Iaid membranes can allow moisture to 
travel between the membrane and the backing, 
making it difficult to trace leaks.  

Metal Roofing   

Metal roofing is acceptable; the standing seam type is 
recommended for low slope installation. 

This type of roofing has performed well on northern 
buildings provided it is installed properly. 

A.3.6.4 Flat and Low-Slopped Roofs 

 

All roofs are recommended to have a minimum slope 
of 4 % (1:25). 

To ensure positive drainage and avoid ponding. 

A.3.6.5 Stepped Roofs and Offsets 

 

Avoid stepped roofs. If two different roof levels are 
required, a continuous sloping roof section should 
connect them.  

To prevent the occurrence of extensive snow drifting, 
which may cause excessive roof loading and 
protracted wetting of wall segments and roof 
component joints. 

A.3.6.6 Parapet Walls 

 

Avoid the use of parapet walls. Parapets can create an obstruction where snowdrifts 
will form, adding to snow retention on the roof. 

A.3.6.7 Eaves 

 

1. Eave Projections  
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Eaves projections beyond the line of the A/V barrier 
must not weaken the air tightness of the building 
envelope.  

While eaves provide one of the simplest ways to divert 
rain and melt water away from walls, windows, doors 
and the building perimeter, careful design is 
necessary to make sure the A/V barrier joint is 
continuous and to avoid ice damming on eaves. 

Where the A/V barrier is located outside of the 
structural framing, eave projections should be 
supported by structural members, which do not pass 
through the A/V barrier.  

Depending on the roof assembly, the continuity of the 
A/V barrier may be compromised if the structure is 
extended through the building envelope to provide 
eave projections.  

Minimal eave projections ranging from 200 to 300 mm 
are preferred in Nunavut. 

   

Ice build-up renders them ineffective, as well as 
damaging them during spring melt.  

2. Eavestroughs  

Generally, to be avoided 
 

A.3.6.8 Access 

 

Where roof traffic is anticipated, the finish at access 
routes should be slip resistant. 

Access to the roof will be required for inspection, 
cleaning and maintenance of roof equipment and the 
roof system. 

 
Roof access is always required. Plumbing vents 
require clearing during the winter due to ice build-up. 

A.3.6.9 Skylights 

 

Although past technology gave skylights a bad name, 
new roof and flashing systems and high-quality 
insulating skylight materials now make their use more 
acceptable.  Skylights are generally not 
recommended for use in Northern facilities. 

The extent of skylights would be inappropriate if the 
energy lost through the skylight increased the energy 
management budget unreasonably when compared 
to the environmental benefits and energy saved in 
lighting. 

When skylights are acceptable for northern buildings, 
several key design features must be included:  

Skylights (especially translucent structural panels) 
have successfully provided a number of facilities with 
light in areas where windows were not possible.  

1. A Steep slope is required for drainage, i.e., 3.12 
to 6.12. 
 

2. Skylight units should be placed on raised up 
stands above the roof plane a minimum of 200 
mm to allow for drainage, expansion and 
contraction control, and flashing of joints. 

 

3. Adequate ventilation must be provided across the 
interior of the skylight to minimize condensation, 

 
The quality of overhead natural lighting is comparable 
to lighting from windows. Past problems experienced 
with skylights cannot be ignored. Poor detailing with 
resulting condensation has caused damage to interior 
furnishings and property. Inappropriate locations 
allowing direct penetration of sunlight causes 
discomfort to users who often complain of overheating 
and glare. Extensive roof damage has occurred as a 
result of poorly sealed skylight units. 
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and ample condensation gutters must be 
provided. 
 

4. Adequate drip pan is to be provided, allowing 
condensation to evaporate and not overflow. 
Consideration should be given to force air 
movement over the surface, eliminating 
condensation. 
 

The objective is to catch condensation and allow it to 
evaporate.  

5. Framing members should be detailed with a 
secondary drainage plane leading to the exterior. 

Accumulation of water cannot be totally eliminated on 
sloped surfaces. Joints exposed to standing water will 
eventually leak. Secondary drainage relieves the 
water that passes through the primary weather seal.  

6. If clear skylights are proposed, consider 
equipping them with blinds to reduce overly 
strong sunlight. The blinds must be easily 
operable by facility users. 

 

A.3.6.10 Clerestory Windows 

 

Clerestory windows are reasonable alternatives to 
skylights, provided careful design allows them to 
remain clear of snow accumulation. If clerestory 
windows are used they should be not operable. Fixed 
glazing is recommended. 

As for skylights, the use of clerestory windows 
requires extra care, attention and cost. The designer 
must deal effectively with potential climate and 
building envelope problems. Clerestory windows 
often result in a stepped or offset roof design which is 
not recommended for northern buildings.  They also 
generally result in an increased building volume 
impacting heating costs of the building. 

A.3.6.11 Fall Arrest Anchors 

 

Fall arrest anchors are required to be installed on all 
roofs where there is a possibility that future 
maintenance and inspections of the roof would be 
needed. 

Fall arrest anchors should be designed to provide 
support for workers during construction and 
performing maintenance or inspections on the roof 
assembly. These anchors need to be designed so as 
not to interfere with the water shedding ability of the 
roof and should not promote ice build-up. A 
coordination with structure is required. 
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A.4 DOORS, WINDOWS AND METAL WORKS 

Doors and windows can be significant sources of heat loss and of air leakage but are necessary elements 
of the building envelope. Although door and window performance standards have improved considerably 
over the past 20 years, available products are often designed to meet performance requirements found in 
less severe cold weather conditions than are found throughout Nunavut Territory. Care should be taken to 
select doors and windows that will meet the extreme cold weather performance requirements of the North.  

A.4.1 EXTERIOR DOORS AND FRAMES 

Several problems are commonly experienced with exterior doors. Direct heat loss is inevitable, as doors 
are not typically insulated to more than RSI 1.8. Leakage at door edges is also common, as weather seals 
lose flexibility in extreme cold. Excessive air leakage is also common in doors that are loose fitting or difficult 
to close properly, due to lack of alignment between the door and the frame. Door and frame misalignment 
can occur from higher than normal door use, or from structural strain on the walls, such as caused by impact 
damage or even foundation movement. Accesses to the building are recommended to be located in visible 
and well lighted areas, to deter vandalism and insure safety of the users, and strategically placed to 
minimize snow accumulation or exposure to high winds Extended eaves and roof canopies can be used to 
protect the occupants from the weather and falling ice from the building, along with snow guards and water 
deviators. 
 

Recommendation Rationale 

A.4.1.1 Doors 
 

All exterior doors should be insulated metal, 16 gauge 
if steel, and minimum RSI 1.3. For energy 
conservation all exterior doors should be rated for 
climate zone “D.” 

Solid or hollow wood doors cannot achieve this 
minimal level of insulation, and warp easily in extreme 
dry cold.  

It is not practical to use a second storm door at 
entrances in public use buildings to keep warm air 
inside. Vestibules between outer and inner door sets 
are more practical and more durable.  

Warm interior air leaking past the inner doors can 
cause frost to form on the colder outer door edges, 
affecting weather seal operation. 

 Residential grade storm doors wear out quickly from 
the heavy use encountered in public buildings and are 
easily damaged. 

A.4.1.2 Overhead Doors 

 

All overhead doors should be metal with replaceable 
panels. Manufacturer's standard metal gauge doors 
are adequate, unless there is a particular danger of 
impact damage. Where that is the case, use heavier 
16-gauge metal.  

Typical uses for overhead doors include arenas, fire 
halls, and garages. Damaged panels can be easily 
replaced in sections rather than having to replace the 
whole door. Heavier than normal gauge metal 
overhead doors may be special order items needing 
longer order time, but the increased durability reduces 
life cycle cost.  

Overhead doors in insulated walls should have a high 
thermal resistance and can be selected from 
manufacturers' standard products.  

Insulated doors provide the best value in insulated 
walls. Thermal resistance ratings of RSI 1.8 is 
common in plastic foam, insulated metal pan 
overhead doors. Some manufacturers produce a door 
with a higher RSI value and should be considered. 
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Large dimension, flexible. Angled weather seals 
designed for 'extreme exposure' should be installed at 
the exterior head and jambs. Threshold seals should 
be of a material that will not freeze to the floor.  

Weather strip designed for extreme exposure is most 
effective and is more durable.  

Slopes should be provided at the exterior of 
thresholds to ensure water and ice does not 
accumulate. 

To ensure water and ice do not accumulate.  

A.4.1.3 Door Frames 

 

Metal frames are required for exterior doors in public 
buildings. Where steel, minimum 14 gauges, welded 
pressed metal frames are recommended for all 
exterior doors. Knock down frames are not 
acceptable.  

Added strength is required as doorframes can wear 
out early from high volume use in public buildings. 
Additional structural reinforcement connecting the 
doorframe to the wall and floor system is 
recommended.  

All exterior doorframes require a thermal break. 
However, thermally broken frames need to be 
reinforced by the manufacturer when they are to be 
installed in high traffic public use facilities, or other 
facilities that are subject to break-ins.  

The thermal break, although needed because of the 
extreme cold experienced in the Nunavut Territory, 
can weaken the frame where strength is required by 
hinges and latching hardware. Doorframe failure 
arising from wear and tear and from forced entry has 
been an ongoing problem in schools and arenas.  

The available continuous polyvinyl chloride (PVC) 
interlocking thermal break system has been found to 
be the most effective protection in these locations. 

 

Wood frames may be used where security will not be 
compromised.  

Wood frames lose less heat than steel frames; 
however, they are not as strong as steel, and they 
should be used in light duty locations where forced 
entry is not a problem.  

Removable mullions should not be used with double 
doors unless three-point latching is provided for each 
door leaf to secure each leaf to the frame head and 
the threshold plate.  

A removable mullion (positioned in the centre 
between the two leaves of the door) can be forced to 
one side from the exterior and allow easy forced entry 
if the only latching point is on the astragal bar. This 
weak security point can result in exit door chaining, 
which is a serious safety violation. The best way to 
correct this security weak point is to install fixed 
mullion frames or use three-point latching.  

 Consider the use of oversized exterior doors in the 
place of this system. 

A good air barrier seal to the doorframes is essential 
for energy conservation and to minimize corrosion 
from moisture.  

Air leakage out around doorframes is a common 
cause of energy loss. Warm interior air can condense 
at loose air barrier joints, and the resulting water 
causes corrosion of fastenings and rotting of wood 
members in the wall. See Architectural A3.1.3.  
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A.4.1.4 Sealants 

 

See Architectural A3.1.6.4. 
 

A.4.1.5 Glazing in Doors and Sidelights 

 

Sidelight frames should be independent of 
doorframes. 

The intent is to permit replacement of doorframes 
without replacement of the sidelights. The smaller 
independent frames are also easier to transport and 
handle on the site.  

Polycarbonate exterior sull sash protection for the 
sealed unit glazing is preferred solution to the exterior 
glazing in doors and sidelights at building entrances. 
Note that polycarbonate is not allowed as primary 
glazing at exits by NBC (3.4.1.10) 

Typically used for schools, community halls. Health 
centres, court facilities, libraries, airport terminals and 
other public access buildings. 

A.4.1.6 Vestibules 

 

Vestibules are recommended at all main entrances or 
other high traffic entrances. In schools the storage of 
boots as well as the space to put them on and off 
should be provided.  

Vestibules help keep warm interior air inside the 
building, conserving fuel energy. Larger vestibules 
are desirable. All vestibules are recommended to 
have an abuse resistant wall finish on the interior. 

 
When it is possible, the use of an air lock (cold porch) 
can protect the entrances of the building, providing an 
area shielded from winds, snow and water 
precipitation, permitting easier access to the building 
and protecting entrance doors and hardware. 

 
The combination of an air lock (cold porch) and 
A/Vestibule should be considered for more efficient 
energy conservation. 

A.4.2 INTERIOR DOORS AND FRAMES 

See AWMAC, Part 3 – “Wood Doors” 
 

Recommendation Rationale 

A.4.2.1 Doors 
 

Solid core wood doors are preferred for all interior 
locations.  

Hollow core doors are too easily damaged in public 
access buildings, including residential buildings. The 
best life cycle value is found in more durable solid 
core doors.  
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Grade of door should be appropriate to proposed 
finish.  

Paint grade birch veneer plywood faces are 
acceptable for paint finish, 'Select White' appearance 
grade suggested for clear finish.  

Interior doors requiring a fire protection rating (label) 
may be wood or metal.  

Some solid core wood doors are available with 
laboratory-tested ratings and may be appropriate for 
use in some areas of low traffic. 

A.4.2.2 Frames 
 

Interior doorframes may be wood or metal.  Metal frames require less attention over their service 
life than wood and are generally less expensive 
installed.  

Fully welded metal frames are recommended over 
knockdown frames, particularly in high use locations.  

Metal frames are more durable in high use locations 
and therefore more dependable as a part of a fire 
separation. Labelled wood frames should be 
considered only at areas of very light traffic. 

Interior doorframes requiring a fire protection rating 
(label) should be metal and have riveted metal labels. 

 

A.4.2.3 Bi-fold Doors 
 

Bi-fold doors are considered appropriate for use only 
in residential facilities, at door locations with very low 
use rates.  

Sliding mechanisms of bi-fold doors are too 
susceptible to damage from heavy use. Bi-fold doors 
are impractical for most locations and should be 
avoided whenever possible. 

A.4.2.4 Glazing 
 

Restrict the use of glass in the lower portion of doors 
(closer than 600 mm to the finished floor) to well 
supervised locations. Where glass must be used in 
the lower section, it must be tempered. 

Although glass can be important for visibility, the 
lower portion of the door is vulnerable to damage.  

  



January 2020 Good Building Practices Guideline Third Edition 

 Chapter A – Architectural Page 30 

A.4.3 DOOR HARDWARE 

After construction, Regional maintenance staff is often called on to correct or repair door hardware. As 
these repairs often require immediate attention, replacement parts are stocked in the Region. Heavy door 
usage in public access buildings requires reliable, durable and easily repaired hardware.  
 

Recommendation Rationale 

A.4.3.1  
 

Locksets  

Selection should be coordinated with maintenance 
staff so that Regional preferences and standard 
keying systems are accommodated.  

Maintainer preference where Regional keying system 
in place. Limiting hardware to preferred 
manufacturers reduces the stock of maintenance 
materials. 

Other Hardware   

No preferred products.  

A.4.3.2 Overhead Door Openers 
 

Manual operation by chain hoist is preferred. 
Automatic door openers are recommended only 
where they are essential to facility operation. 

Automatic overhead doors require more ongoing 
maintenance and are more susceptible to problems 
than manual doors. The additional cost is not usually 
justifiable. 

A.4.3.3 Power Door Operators 
 

The Office of the Fire Marshal should be approached 
to relax the requirement of NBC 3.8.3.3(5) in 
communities where repairs and maintenance is not 
available in the community.  

These are dealt with on an individual basis. 

A.4.3.4 Exterior Door Latching 

 

At least two point, and preferably three points 
latching, should be considered for all exterior doors. 
Surface bolts combined with a rim device are 
recommended. 

Although more expensive initially than single point 
latching, three-point latching provides higher security 
doors and a more airtight seal: forced entries are a 
recurring problem in public buildings where single 
point rim device latching is used. Recesses tend to 
become blocked by ice. 

A properly sloped threshold plate is required where 
threshold recesses are used.  
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A.4.3.5 Keying 

 

Keying for all buildings to be maintained by PW&S is 
to be done according to the Regional or Area lock 
keying system. Regional Maintainers can advise.  

This allows buildings to be keyed separately for 
security reasons but allows Technical officers to cut 
keys and provide sub-master keys where required.  

A.4.3.6 Hinges 

 

Full-length continuous hinges are recommended on 
exterior main entry doors subject to high traffic 

This is to prevent ‘jacking’ of door or doorframe due 
to wind forces. Reduces O&M costs. Field evaluation 
data supports this requirement for schools and like 
buildings. 

A.4.3.7 Weather Stripping 

 

Brush type is recommended for door bottoms. The rubber type wears rapidly with threshold friction. 

A.4.4 WINDOWS 

The number and size of windows should be carefully designed in northern building envelopes, given the 
extreme climate and because of the potential for vandalism of public buildings. Sizes, type, location, and 
number of windows should be carefully selected to reduce energy costs. The size and shape of windows 
should be uniform and consistent to reduce the required replacement parts. Views and natural light must 
be carefully considered when selecting and locating windows. 
 

Recommendation Rationale 

A.4.4.1 Windows Frame 
 

Insulated frame PVC, vinyl or pultruded fibre 
reinforced plastic (fiberglass) frames are preferred. 

Easy maintenance as there is no need to refinish, and 
the potential for damage to windows by condensation 
is eliminated. 

High quality metal windows with thermal break 
frames, or protected wood windows are acceptable. 

See 4.4.4 

Large windows require special consideration to 
ensure that the frames are adequately reinforced, that 
the hardware mounting is strong enough, and that the 
frame will remain straight and provide an effective 
seal. 

Large windows are not recommended as they are 
difficult to protect and expensive to replace. 
Transportation to remote communities can be by 
small planes that cannot accommodate large 
windows. 

A.4.4.2 Sealants 
 

See Architectural A3.1.6.4.  
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A.4.4.3 Location in Wall Assembly 
 

Windows should be located in the wall assembly such 
that the interior of the frame is located on the warm 
side of the insulation.  

Setting of windows at exterior wall should not create 
a wide interior ledge because this reduces airflow 
over the glass, which can allow condensation or frost 
to build up on the inside of the window. 

The window frame should straddle the plane of the 
A/V barrier. 

The intent of such placement is to provide A/V barrier 
continuity through the window frame without offset.  

A.4.4.4 Operation 
 

Non-operating windows are preferred for northern 
buildings. 

Depending on the building function and the users’ 
needs and preferences, operable windows or non-
operable windows can be specified.  

All operating windows in schools and public buildings 
should be casement or awning type with rugged 
hinges, and rugged camlock handles.  

Impacts on energy due to improper use and poor 
building management make operable windows a 
liability. Operating windows also pose a security risk 
left opened; they can adversely affect Heating and 
Ventilation systems by negatively affecting the 
balance of the system. 

 
If operable windows are specified, quality windows 
with heavy duty and simple hardware are to be 
installed. Casement windows opening towards the 
inside are preferable, with a compressible air barrier 
seal for maximum air tightness. All operable windows 
should have screens. 

 
Crank handles are not acceptable in schools. 
Camlocks have been found to be the most 
maintenance free and to provide the best seal of all 
opening window types. Note that these handles 
require the rigidity of metal or pultruded fibre 
reinforced plastic frame materials. 

Windows must be designed so that they will not be 
blocked by accumulations of snow or ice on sill plates. 
Awning vents located in the top 1/3 of the window are 
preferred and awning vents in the lower 1/3 
discouraged.  

Awning vents in lower 1/3 of frame are more likely to 
allow wind, dust and snow to blow in. Also, ventilators 
in lower portions of windows are less secure and 
ready intrusion points. 

Refer to M8. 1 when windows with an operable panel 
are provided.  
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A.4.4.5 Glazing 

 

All windows should have double- glazed sealed units 
with low "E" coating or triple-glazed sealed units.  

The objective is to obtain the best insulation value 
available and economically justifiable.  

 
Wherever recurring vandalism is identified as a 
potential problem, protection of glazing should be 
provided. Typically used for schools where windows 
are subject to vandalism.  

Shutters or demountable panels may be used to 
protect windows. New 3M type films are offered to 
protect the window from vandalism. Also, a single-
glazed removable sull sash of polycarbonate plastic 
on the exterior face is recommended to protect double 
glazed sealed window glazing.  

Such protection should be considered for all seasonal 
use facilities where vandalism is a potential problem. 
This may also include schools because of shut down 
for the summer.  

Note that combustible glazing is not permitted as 
primary glazing in exit enclosures by NBC (3.4.1.10). 

 

A.4.4.6 Window Vents – Snow and Forced Entry 

 

n high wind locations these have been successfully 
protected with full height hoods that discourage snow 
penetration and prevent forced entry. If wind is not a 
factor, exterior metal louvers are recommended. 

Solid inward opening vents with insect screens have 
worked successfully with exterior hoods or louvers 

A.4.5 METAL WORKS (EXTERIOR AND INTERIOR) 

Recommendation Rationale 

A.4.5.1 Metal Works Treatment 

 

Openwork materials are preferred for stairs and low-
slopped ramps. 

Openwork materials let wind pass through to sweep 
surfaces and limits snow accumulation. 

Special attention must be given to exterior metal 
works treatment. When possible, avoid painting 
surfaces and favour in-shop treatments such as 
galvanization or anodization. 

Applied on-site paints tend to peel over time, requiring 
constant maintenance and the tedious work of 
repainting surfaces regularly. 

 
Galvanization (for steel) and anodization (for 
aluminum) are resistant and long-lasting protections 
to weathering and aging of the material. 
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If unavoidable, it is preferable to use powder coating 
for exterior painted metal works. 

Powder coating is applied in-shop for higher quality 
control and is more durable then applied on site 
standard paint. 

For special interior metal works, such as furniture, in-
shop applications should be selected when possible. 

In-shops paint application allows for higher quality 
control and increased durability. However, there is a 
risk these works can be damaged during shipping. 
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A.5 INTERIOR CONSTRUCTIN AND FINISHES 

Durability and simplicity are desirable qualities in northern buildings. This applies similarly to interior 
construction and finishes, as it does to all building systems. Generally, colour schemes and careful 
placement of building elements must be relied upon to create attractive and pleasing interiors: the range of 
appropriate materials and architectural details can be limited by cost. The occasional special use facility or 
high-profile project may call for more elaborate treatment when materials with very long service life are 
used. Trendy colour schemes that may become dated should be avoided. Increased concern about volatile 
organic gas from finish materials in recent years should encourage all building designers to investigate new 
products and to ensure indoor air quality is not adversely influenced by paints. Carpets. Panel products and 
resilient flooring materials.  

A.5.1 FLOORS 

Although a large number of floor finishes have been used in northern buildings over the years, only a few 
have gained overall acceptance by users, maintenance staff, contractors and designers. This section 
identifies different types of commonly used flooring materials and indicates preferences for some specific 
applications.  
 

Recommendation Rationale 

A.5.1.1 Resilient Flooring 
 

1. Marbleized Linoleum 
 

This is the preferred flooring for most northern 
buildings. 

Linoleum has proven durability, a good range of 
colours, and is easy to maintain. Compared to vinyl 
composite tiles, linoleum is only slightly more 
expensive to install, requires much less maintenance, 
and is far more durable. It should be noted that 
linoleum is too slippery for wet areas such as shower 
rooms. See 5.1.1.2. Linoleum is a sustainable choice. 

Heavy traffic areas:  

Minimum 2.5 mm thickness with welded seams. 

Typical high traffic areas would include all public 
lobbies and corridors. And throughout health centres.  

Medium traffic areas:  

Minimum 1.8 mm thickness with welded seams.  

Typical medium traffic areas would include seasonal 
use facilities, private offices and a few GN facilities 
where traffic would be deemed consistently light.  

 

Light traffic areas:  

Minimum 1.8 mm thickness with welded seams.  

There are few northern public buildings considered to 
have light traffic.  

2. Skid Resistant Sheet Vinyl 2 mm thick, 
homogeneous colour and pattern detail 
throughout thickness of product. Marbleized or 
granite patterns and welded seams are 
recommended. Surface patterned materials or 
cushioned backing are not recommended. 

Typically used in vestibules, washrooms and change 
rooms where floors may remain wet for some time, or 
for residential uses where only small areas required. 
Welded seams are required to provide a durable, 
watertight joint. Products with surface colours and 
patterns should not be selected because they show 
wear too readily in public facilities with medium to 
heavy traffic. Patterns can serve to hide dirt more 
easily than plain colours. Cushioned flooring is not 
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practical because it can be easily damaged by 
furniture.  

Typically used in community or school gymnasiums.  

Heavy-duty vinyl sports flooring with slip resistant 
surface, suitable for surface-painted lines, is 
acceptable.  

 

3. Vinyl Composite Tiles (VCT)  

2.5 mm minimum thickness, colour and pattern detail 
throughout the thickness of the tile. Use marbleized or 
granite patterns.  

Because VCT is easily installed using local labour, 
they are especially appropriate where small quantities 
do not warrant the expense of bringing in a flooring 
subcontractor.  

Do not use vinyl composite tiles in cold porches or 
unheated rooms. Typically, appropriate only in light 
traffic areas in smaller buildings.  

Typical uses would include smaller buildings such as 
offices in maintenance garages or fireballs, DSD field 
offices or summer use staff quarters. Tile shrinkage in 
cold temperatures makes them a poor choice for cold 
areas.  

Tiles should not be used in wet areas or areas subject 
to spills.  

Water and spilled materials can enter the joints and 
deteriorate the adhesive. Spilled fuel oil and 
antifreeze are particularly bad as they also penetrate 
the sub floor and make repairs difficult.  

4. Rubber Flooring  

Rubber flooring is generally not recommended for use 
subject to high water such as vestibules in northern 
buildings.  

Rubber flooring used in public or residential buildings 
has been found to be difficult to clean, and expensive 
to install. There is no inherent advantage that makes 
rubber flooring a better choice than linoleum or vinyl 
where resilient flooring is called for in GN facilities.  

Rubber sports flooring suitable for surface-painted 
lines is acceptable for use in community or school 
gymnasiums.  

Rubber flooring is suitable for sports activities, but 
also allows for community events without requiring 
people to remove footwear: unlike the more traditional 
wood sports floor, rubber flooring is resistant to 
damage from sand or mud tracked in by footwear.  

Vulcanized rubber skate flooring is acceptable for use 
in limited areas of community arenas. 

 

Typically installed only between ice surface and areas 
where skates are put on or removed.  

5. Cork Flooring  

Generally, not recommended in northern buildings. Difficult to maintain, and expensive to install.  There is 
no inherent advantage that makes cork flooring a 
good choice for any particular use in a GN facility. 
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A.5.1.2 Wood Flooring 

 

Generally, not acceptable for use in northern 
buildings. Including gymnasiums, because of the 
typical dry service environment.  

Capital, installation and maintenance costs are high. 
Wood floors in gymnasiums require protective 
coverings when used for community events, which is 
inconvenient for users: where protective coverings 
are not used, floors are easily damaged.  

In high school gymnasiums wood flooring can be 
considered in consultation with the Technical 
Services on an individual basis. 

Evidence indicates an increased level of injuries at the 
senior sports levels due to the non-slip characteristics 
of manmade versus wood floors. 

A.5.1.3 Ceramic Tiles 

 

Generally, not recommended for use in northern 
buildings, unless it can be shown that the advantages 
of durability outweigh the disadvantages of high initial 
cost.  

Although it is recognized that ceramic tiles can be low 
maintenance, easy to clean, and very durable, capital 
costs are generally high in the North (especially due 
to transportation costs). There is also a high risk of 
breakage in transit, and flexible wood structures 
typical of most facilities do not provide the most stable 
substrate for ceramic tiles. Susceptibility to cracking, 
de-bonding and grout repairs can lead to expensive 
maintenance.  

Installation requires skilled trades’ persons, and 
repairs require special attention by maintainers.  

When tile is appropriate, neutral colours should be 
selected and accent colours avoided.  

Examples of where ceramic tile may be appropriate 
would include specialized facilities such as 
laboratories or hospital operating rooms, where the 
tile is applied over stable substrates 

 
The tile finishes will outlast adjacent finishes so the 
colours must be able to work with changes of decor 
and changing colour trends. 

A.5.1.4 Carpeting 

 

Depending on function of building and more 
specifically of the room, carpeting can be used in 
northern buildings.  

Carpet is typically used in libraries, office areas, and 
courtrooms. Not suitably durable or soil resistant for 
use in such areas as kitchens, main entrances, stairs 
or bathrooms.  
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1. Properties  

• Yarn: nylon preferred.  
Durability, appearance and cost of nylon loop have 
been found to be most suited to northern buildings.  

• Pile: loop only -do not use cut pile.  Hardwearing and easier to maintain than cut pile.  

• Density: minimum 12.0 kilotex.  Density is the standard measure of carpet 
"wearability", not carpet weight (i.e., 28 oz. or 32 oz.). 

• Static control: carpets should be rated at less 
than 3.0 kV.  

The dry cold climate of the North promotes static 
build-up, which can be uncomfortable to users and 
damage electronic equipment. 

• Colours: prefer patterned carpets only in 
medium colour ranges. Avoid using solid 
colours, with the exception of accent 
borders.  
 

Patterns do not show wear or dirt as easily as solid 
colours.  

2. Installation 
 

Direct glue-down installation of carpet is generally 
preferred. Avoid using underlay except for limited 
residential lounge areas. 

Gives a tight. Low surface carpet that does not shift or 
stretch under heavy traffic. Although underlay can be 
more comfortable for residential lounge areas. It is not 
suitable for use in most northern buildings.  

3. Warranty of Carpeting  

Heavy Traffic Areas: Minimum 15-year warranty 
required. Typically includes schools or colleges, 
airports, or public corridors in multi-unit housing.  

The manufacturer's warranty is probably the best 
indication of its durability. Warranties typically cover 
wear, anti-static performance, zippering, edge ravel or 
other seam defects. Warranties do not cover damage 
by burns, tears, pulls, cuts, use of improper cleaning 
agents, or inadequate protection from wheeled chairs.  

Medium Traffic Areas: Minimum 10-year warranty 
required. Typically includes community offices. 
Student hostels or group homes.  

Using less durable carpeting will generally result in 
higher life cycle costs because of the high cost of 
shipping materials to Nunavut. 

Light Traffic Areas: Minimum 10-year warranty 
required. There are few northern buildings where light 
traffic carpeting would be durable. 

 

A.5.1.5 Epoxy Floor Finishes 

 

Recommended for use only where continuously wet 
conditions will be encountered in fairly large areas.  

Careful application is required, and it is difficult to 
keep maintenance materials in stock. Shower rooms 
in correctional centres are an example of where epoxy 
flooring may be considered.  

 
Specialized labour is required for installation. 
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A.5.1.6 Concrete Toppings 

 

As mechanical rooms and fan rooms are required to 
have a one-hour fire separation (NU Fire Marshal), 
which often includes the floor, and have a finish that 
can contain water spills and leaks, concrete toppings 
sloped to drain are recommended in these rooms. 

 

A.5.1.7 Floor Paint 

 

Where suitable, should be non-skid finish, and applied 
to marine or exterior grade plywood or concrete.  

Suitable for low traffic, non-public areas where 
protection from water, dirt or spilled oil is required, 
such as mechanical or fan rooms.  

A.5.1.8 Granular or Sand Floors 

 

When arenas are located in areas of permafrost, or 
on sites where subsurface conditions will trap melted 
water:  

1. A liner should be installed below the ice 
surface. 

2. A means of directing melt water away from 
the building should be provided. 

Floors under the ice surface in arenas have typically 
been left as compacted granular or sand fill. Allowing 
melt water to seep through the granular or sand floor 
can result in damage to the foundation system: 
degradation of permafrost by melt water changes the 
soil bearing capacity; increased moisture in the soil 
can increase frost heaving forces. 

A.5.1.9 Base Trims 

 

Integrated base trim are preferred for high-use public 
areas, especially in wet areas.  

Resilient cove/baseboards detach easily from walls 
and require ongoing maintenance. 

Resilient base trim may be used in supervised areas 
such as classrooms, offices or in passive use areas 
of a building, such as storage rooms. Carpet base 
may be considered in fully carpeted areas. 

 

A.5.1.10 Dust Control Devices 

 

Dust control devices (mats, grilles) are recommended 
to be used in entries. 

 

A.5.1.11 Local Materials 

 

Where a suitable local material is available and work 
will contribute to the local economy, that material 
should be given preference if practical. Local 
materials suitable for floors could include stone.  

Can provide opportunities for local employment and 
skill development, as well as results in a more 
distinctive community building. 
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A.5.2 WALLS AND PARTITIONS 

Interior wall surfaces are both very visible and subject to impact damage in many northern buildings. 
Regular maintenance by cleaning, patching and refinishing should rely on local skills. Walls need to be 
reinforced where they are likely to be kicked, hit, bumped or carved. Surfaces should be washable, and 
easily repairable and refinishable by local trades people with materials that can be easily obtained and 
stored.  
 

Recommendation Rationale 

A.5.2.1 Framing of Non-Load Bearing Walls 
 

Wood or steel studs are acceptable for all interior non-
load bearing walls.  

The use of steel studs simplifies work of electrical and 
mechanical trades, is relatively simple to install, and 
may be reusable when renovations are undertaken. 

A.5.2.2 Demountable Wall Systems 

 

Acceptable for use in office areas only. Demountable systems can allow flexibility; however, 
typically some acoustic separation is required, and 
built-in-place walls generally perform better at lower 
cost.  

A.5.2.3 Mechanical and Service Room Walls 

 

1. Heat Transfer  

The preferred means of reducing heat transfer from 
mechanical rooms to occupied rooms is to avoid 
locating them adjacent to one another. Where this 
cannot be avoided, the interior walls separating the 
rooms should be thermally insulated. Coordinate with 
acoustic separation requirements below. 

 

Overheating of rooms adjacent to mechanical rooms 
is a common problem in larger public buildings such 
as schools or health centres. 

2. Acoustic Isolation  

The preferred means of acoustically separating 
mechanical rooms from occupied spaces is to avoid 
locating them adjacent to one another. Where this 
cannot be avoided, walls, floors and ceilings of 
mechanical rooms should be rated to STC 50. 
Whenever possible, the acoustic isolation should 
continue through the floor to eliminate transmission by 
the structure. 

Equipment noise from mechanical rooms disturbs 
users of adjacent spaces in many existing buildings.  

STC (Sound Transmission Class) measures the 
acoustic separation capacity of a wall. The higher the 
STC rating, the better is the sound separation.  

Refer to A9.10.3.1 in the National Building Code for 
examples of STC ratings. See also Mechanical M8. 
2.10 and Electrical E4.2.3 of the GBP.  



January 2020 Good Building Practices Guideline Third Edition 

 Chapter A – Architectural Page 41 

Recommendation Rationale 

A.5.2.4 Gypsum Board 

 

Gypsum board is the preferred wall finish in most 
northern buildings.  

An industry standard providing good fire resistance 
and a smooth, easily repaired surface.  

A.5.2.5 Plywood Backing 

 

Gypsum board finishes should be backed by, or 
surfaced with, plywood in vestibules and washrooms. 
Consider plywood wainscoting in school corridors. 

These areas are subject to damage (i.e., from doors 
or impact damage from users) that gypsum board 
cannot withstand. 

A.5.2.6 Birch Plywood  

 

An acceptable wall finish where durability is important. 
Use select grade for clear finish, or paint grade for a 
painted finish.  

Provides a reasonably durable wall finish.  

Typically used in gymnasiums, change rooms, lobbies 
and foyers to enhance wall appearance. 

A.5.2.7 Wood Panelling 

 

Tongue and groove board finish is acceptable. Wood 
veneer panelling should be limited to communities 
where skilled trades people are available.  

Hardwood veneer panelling requires skilled finish 
carpenters to install and maintain it. Pre-finished vinyl 
veneer panelling should be avoided because it is 
difficult to repair if damaged, and difficult to match in 
replacement. 

A.5.2.8 Prefinished Wallboard 

 

Not recommended for use in northern public 
buildings.  

Appearance and durability concerns; any damage 
requires replacement of entire panels. 

A.5.2.9 Metal Wall Liner Panels 

 

Where metal panels are used as an interior wall finish, 
such panels should be factory preformed steel sheet, 
zinc coated, prefinished on the exposed face. 
Thickness should be minimum 0.5 mm (26 gauge) 
base metal thickness, where not exposed to traffic 
and 0.6 mm (24 gauge) if within the reach of 
occupants.  

Typically used with pre-engineered metal buildings for 
the interior finish of garages and fire halls. Lighter 
gauge material is easily dented and should only be 
used where there is no exposure to damage. 
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A.5.3 CEILINGS 

Although generally inaccessible to occupants, ceilings do need to be able to withstand abuse in many 
circumstances (schools, gymnasiums, arenas, correctional facilities) and may be subject to periodic 
cleaning (health facilities, kitchens). The effects of ceiling heights, shapes and materials on acoustic and 
lighting design must also be considered.  
 

Recommendation Rationale 

A.5.3.1 Drywall 
 

Seamless construction such as Gypsum board is 
sometimes preferred, however in teaching areas 
consideration must be given to reverberation time 
making hearing difficult. 

Industry standard but acoustics may prevent its use. 

A.5.3.2 Exposed Roof Decks 

 

An acceptable ceiling finish where tongue and groove 
board deck is used.  

Typically used in gymnasiums and school classrooms 
but may be considered wherever roof assembly 
allows decking to be exposed and such a finish is 
appropriate. Does provide an acceptable degree of 
sound absorption. 

A.5.3.3 T – Bar Suspension Grid 

 

Suspended ceiling system recommended only where 
large ceiling areas need to be covered, and where the 
ceiling material does not provide part of the thermal, 
moisture or air barrier functions of the building 
envelope.  

Acoustic units (lay-in tiles) can provide a practical 
finish concealing ducts and wiring and providing some 
sound absorption. They are mainly intended for 
ceilings where access to the plenum space above is 
routinely needed.  

Avoid using suspended ceilings with lay-in boards in 
public use areas where the ceiling is less than 2.5 m 
high, or in areas that require frequent cleaning. 

Susceptible to impact damage and very difficult to 
clean. 

A.5.3.4 Textured Ceiling Finishes 

 

Not recommended for use in northern buildings. Easily damaged, and difficult to refinish.  

A.5.3.5 Metal Ceiling Liner Panels 

 

Where metal panels are used as an interior ceiling 
finish, panels should be factory preformed steel sheet, 
zinc coated, pre-finished on the exposed face.  

Typically used with pre-engineered metal buildings as 
an interior finish for garages and fireballs. 

Thickness should be minimum 0.5 mm (26 gauge) 
base metal thickness, where not exposed to traffic, 
and 0.6 mm (24 gauge) if within the reach of 
occupants. 

Lighter gauge material is easily dented and should 
only be used where there is no exposure to damage.  
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A.5.4 PAINTING AND WALL COVERING 

Recommendation Rationale 

A.5.4.1 Acrylic/latex Paints 
 

Water-based, low or no VOC acrylic latex paints are 
preferred for use in northern buildings. 

Environmental and health concerns have encouraged 
manufacturers to develop water-based paints that can 
now compete with oil-based paints for durability. 
Painting trades people are also beginning to stipulate 
the use of water-based products because of health 
concerns. Minimizing the availability of harmful 
products (including solvents) is also an important 
concern in many northern communities. 

A.5.4.2 Alkyd Paints 
 

Oil-based paints are not recommended for interior 
applications.  

Most oil-based paints products can be replaced by an 
equivalent water-based paint product for the desired 
application. 

 
Alkyd-based paints are more demanding in 
application and their use is hazardous to the health 
due to fumes. However, it is a product that can 
withstand freezing during shipping and storage. 

A.5.4.3 Special Coatings 

 

Special coatings are to be used only where they will 
be applied to a reinforced drywall, plywood or 
concrete surface. As noted above, water-based 
products are preferred.  

The purpose of special coatings is generally to 
provide A/Very damage resistant finish, and so the 
substrate should be equally resistant. 

A.5.4.4 Vinyl Wall Coverings (VWC)  

Vinyl wall coverings recommended are for: 

• Visible public areas where appearance is 
important and painted wall finishes would show 
wear quickly 

• Areas where posters, notices, etc., will be affixed 
to walls 

VWC provide a more durable surface than painted 
drywall. Tape or tacks can be used on vinyl wall 
surfaces with less visible damage than would occur 
on a painted surface. Although durable, vinyl wall 
coverings can be damaged by impact; they are 
expensive; installation requires more skill than 
painting. Although more difficult to clean, textured 
surfaces almost totally conceal tack marks. 

Where used in high traffic areas, VWC could be 
installed so that the lower portion of the wall (up to 
about 1.2 m) can be replaced independently.  

Advances in coating technology have resulted in 
durable spray-applied coatings to refinish vinyl wall 
coverings in place. 
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Recommendation Rationale 

Avoid using vinyl wall coverings where frequent 
cleaning will be required, such as near wet areas and 
service counters. 

 

A.5.4.5 Solid Surfacing 

 

Solid surfacing is recommended for wall covering in 
visible public areas.  

When budget permits, it is durable, non-porous, wear 
resistant, and allows flexibility in design. It is easy to 
maintain and can be sanded lightly to restore its 
surface. Its seamless and resistant surface is 
appropriate for health care and high traffic areas. 
Example of this type of product are, amongst others, 
Corian (by Dupont), Wilsonart (by Richelieu) or 
Formica Solid Surface 

A.5.4.6 Ceramic Tiles 

 

Generally, not recommended for use in northern 
buildings, unless it can be shown that the advantages 
of durability outweigh the disadvantages of high initial 
cost, cracking and debonding susceptibility, and 
problematic grout maintenance, in which case tiles 
may be proposed and considered.  

Although it is recognized that ceramic tiles can be low 
maintenance, easy to clean, and very durable, capital 
costs are generally high in the North (especially due 
to transportation costs). There is also a high risk of 
breakage in transit, and flexible wood structures 
typical of most GN facilities do not provide the most 
stable substrate for ceramic tiles. Installation requires 
skilled trades people, and repairs require special 
attention by maintainers. 

When tiles are appropriate, neutral colours should be 
selected and accent colours avoided.  

Examples of where ceramic tiles may be appropriate 
would include specialized facilities such as 
laboratories or hospital operating rooms where 
applied over stable substrates. It has also been 
successfully used for wall protection in limited areas 
such as at classroom sinks and at urinals. 

 The tile finishes will outlast adjacent finishes, so they 
must be able to work with changes of decor and 
changing colour trends. 
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A.6 FINISH CARPENTRY 

Finish carpentry requires specialized trades skills often scarce in northern communities. For this reason, as 
well as for cost considerations, the extent of finish carpentry in northern buildings is usually limited and 
plain: complex details are generally difficult to execute on remote buildings and should be avoided. AWMAC 
(Architectural Woodwork Manufacturers Association of Canada) Standards should be used as a quality 
benchmark for finish woodwork.  
 

A.6.1 CABINETS AND SHELVING 

Refer to AWMCA Quality Standards for Architectural Woodwork, Part 2 "Casework", Part 1 "Quality Grades 
and Material Standards", Part 5 "Factory Finishing", and Part 6 "Installation". 
 

Recommendation Rationale 

A.6.1.1 Casework 
 

Custom grade casework, including drawers, shelving, 
doors and edge banding as described in AWMAC Part 
2.  

AWMAC establishes only two grades: custom and 
premium. Premium would rarely be necessary or 
justifiable. 

Cabinet Doors:  
 

Plywood doors are acceptable if they do not exceed 
450 mm (w) x 1200 mm (h) in size.  

For larger doors: Hollow core doors or composite 
boards are both acceptable.  

Large plywood doors often warp. 

A.6.1.2 Clear Finish 

 

1. Materials  

Where a clear finish is to be used, birch veneer 
hardwood plywood is preferred. To be Select White or 
Red, as described in AWMAC Part 1, Section 8.  

Reasonable appearance and cost.  

2. Matching  

Book matching is preferred. Slip matching is 
acceptable. Random matching is not acceptable. 

 

A.6.1.3 Paint Finish 

 

Where a paint finish is to be used, paint grade 
plywood, as described in AWMAC Part 1, Section 8, 
is acceptable.  

Where a smooth surface is important, but wood grain 
appearance is not. 
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Recommendation Rationale 

A.6.1.4 Hardware 

 

Finish:  

• Brushed metal or plastic coated preferred  
Good quality, durable and simple hardware is best 
suited to public use buildings, where long life is 
expected.  

Cabinet hinges:  

• Concealed 180-degree hinges preferred  

 

Drawer glides:  

• Ball bearing type preferred  

 

Cabinet door and drawer pulls: 

• Simple design preferred  

 

A.6.1.5 Shelving 

 

The use of pre-manufactured shelving systems is 
preferred to custom millwork for most northern 
buildings, particularly in libraries, resource centres 
and storage rooms. Metal storage shelving should be 
considered as an alternative to built-in shelving where 
appearance is not critical.  

Pre-manufactured shelving is generally less 
expensive than custom millwork and provides users 
with more flexible furnishings. 

1. Supports  
 

Generally, to be supported on metal standards for 
adjustable shelf brackets.  

To give users some flexibility.  

2. Materials and Finishes  

• Clear finish birch plywood or plastic laminate 
finish complete with hardwood edge banding 
is preferred in all public or visible locations.  

Visible shelving is typically required in schools, 
community offices, health care centres and public 
reception areas.  

• Tempered glass shelving should be limited 
to display cabinets.  

Display shelving is used in a limited application in 
schools and community centres, but would more often 
be found in visitor centres, cultural centres or 
museums. Because glass needs to be kept very 
clean, and may be subject to breakage, its use may 
be minimized.  

• Factory painted metal shelves are preferable 
for storage rooms or low visibility locations. 
Melamine or painted wood shelves are 
acceptable. 

Less expensive alternatives to clear finished wood 
where appearances are not as important. Typically, 
acceptable for storage rooms, garages, fire halls or 
seasonal use buildings. 
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NOTE: 
 
Special attention must be paid to ensure acclimatizing of wood prior to installation, because of the extremely 
dry climate in the North. 

A.6.2 COUNTER TOPS 

These can be a major visual element in rooms, making the choice of colours and patterns important Refer 
to AWMAC, Part 1, Section 11 and Part 2, Section 7.  
 

Recommendation Rationale 

A.6.2.1 Counter Tops 
 

Self-edge type, with back splash and side splash 
sections site installed and sealed using transparent 
silicone sealant. Hardwood edge may be appropriate 
in some applications. 

 

Avoid the use of post-formed laminate counter tops 
with integral back or side splashes. 

Experience has shown that post-formed counter tops 
are often damaged in transit; and exposed edges at 
nosing/overhangs are easily chipped.  

A.6.2.2 Plastic Laminate 
 

General-purpose grade, complete with backing 
sheets, velour or suede finish. Texture patterns 
preferred in all high-use areas. Solid colours 
acceptable only in low-use areas. Generally, avoid 
using wood grain laminate patterns.  

Typical high-use areas include kitchens and 
washrooms of all public use or residential buildings. 
Library counters, visitor center information counters 
and classrooms. Low-use areas, where solid colours 
are acceptable, would typically include office 
reception counters, courtrooms. Seasonal-use 
buildings and staff washrooms. Wood grain patterns 
are difficult to repair and match for replacement.  

A.6.2.3 Chemical Resistance 
 

Where chemical resistance is required, laboratory 
grade plastic laminate should be used. 

Typically required in school science labs, health 
centres, labs and film development rooms, and DSD 
labs.   

A.6.2.4 Solid Surfacing 
 

Solid surface is an interesting material for counter 
tops. 

When budget permits, it is durable, non-porous and 
wear resistant. It is easy to maintain and can be 
sanded lightly to restore its surface. Example of this 
type of product are, amongst others, Corian (by 
Dupont), Wilsonart (by Richelieu) or Formica Solid 
Surface.  
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A.6.3 MISCELLANEOUS FINISH CARPENTRY 

 
Refer to AWMAC Part 1 "Quality Grades and Material Standards", Part 4 "Frames, Panelling and 
Specialties", and Part 6 "Installation". 
 

Recommendation Rationale 

A.6.3.1 Grade 
 

Custom grade as described in Part 4, AWMAC 
standards.  

Birch and oak are hard enough to withstand 
scratching or denting, whereas pine is soft and 
susceptible to damage from everyday activities. 

Recommend clear birch or oak throughout. Avoid 
pine. Consider using American Poplar as an option for 
paint grade trim. It has very few knots, machines well, 
is A/Very stable and durable wood, and accepts paint 
very well with virtually no knots or sap bleeding 
through. It is generally less expensive than softwood, 
and as tough as hardwood. It must be painted as its 
natural color varies from yellow to green to a purplish 
color. 

 

A.6.3.2 Coat Racks 

 

Ensure spacing and size of pegs are adequate for 
heavy winter parkas, coveralls etc. Pegs should be 
nominal 25mm diameter with rounded ends and 
mechanically anchored. 

Typically provided in schools, community offices and 
group homes.  

Parka hooks in school corridors should be installed 
with a protective shelf to help prevent head height 
injuries. 

Wood dowel coat hooks mounted at child access 
heights can present an eye injury hazard.  

A.6.3.3 Radiation Covers 

 

Pre-manufactured metal radiation cabinets are 
preferred for most public buildings: wood 
cabinets/covers are acceptable only for special use 
public buildings if a simple means of removing 
sections to allow cleaning of fins and access to valves 
is provided: covers that require dismantling of 
millwork to access valves are not acceptable. Wood 
radiation cabinets/covers are not recommended for 
use in high use facilities such as arenas and schools. 

Higher initial cost than standard metal cabinets. The 
design of wood cabinets in past installations has 
made it impossible to clean the fins without 
dismantling woodwork.  Experience shows that a lot 
of garbage and debris is dropped into radiation 
cabinets making ready access for cleaning essential. 
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A.7 SPECIALTIES 

A.7.1 WASHROOM ACCESSORIES 

Durability and damage resistance are important because washroom accessories are often subject to abuse. 
Including scratched or applied graffiti. Accessories should normally be surface- mounted or freestanding 
for ease of installation. However. Recessed accessories may be considered in small washrooms where 
reduced volumes are adequate.  
 

Recommendation Rationale 

A.7.1.1 Shower Surrounds 
 

Glass fibre, reinforced acrylic moulded units, or PVC 
units are preferred. Integral grab-bar system or the 
ability to attach standard grab bars is recommended.  

Pre-moulded units are easily cleaned, easy to install, 
and provide a durable surface.  

The thresholds in handicapped access manufactured 
units exceed NBC allowable height. Unless the floor 
system allows the stall to be recessed, a ramp 
integrated with the non-slip vinyl floor finish is 
recommended. Avoid using ceramic tiles or 
prefinished panel materials requiring jointing on site. 

PVC is more difficult to clean than acrylic and typically 
has a shorter service life. 

A.7.1.2 Washroom Accessories 

 

Preferred washroom accessories manufactured by:  

• Bobrick  
• Twin Cee  
• Frost Metal  
• Watrous Sales  

These brands have proven to be an acceptable 
standard for public buildings.  

A.7.1.3 Backing 

 

Backing must be installed for all furniture. Equipment 
and hardware to be mounted on walls. 

Secure, safe and vandal-resistant installation.  
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A.7.2 SIGNAGE 

A sign section was developed and added to the Visual Identity Guideline for the GN and approved by the 
Department of Executive and Intergovernmental Affairs.  It should be used where applicable.  The following 
recommendations are based on the GN Visual Identity Guideline and best practice based on historical 
information. 
 

Recommendation Rationale 

A.7.2.1 Language 
 

Signs provided to help user and visitor orientation 
should be integrated signs in all Official Languages of 
Nunavut and international graphic symbols as 
appropriate 

All languages should be displayed as described in 
section 4.0 (Official Languages) of the Visual Identity 
Guideline.   

A.7.2.2 Exterior Signs 
 

Sign material and installation method should be 
selected on a site-specific basis as per the Visual 
Identity Guideline. Signs must be visible, functional, 
durable and aesthetically pleasing  

Exterior signs should conform to section 4.1 (Primary 
Identification Signs) of the GN Visual Identity 
Guideline for the purpose of consistency. 

A.7.2.3 Interior 

 

1. Name Plates  

Material consistent with that used on directory boards 
should be used. 

Name Plates should conform to section 4.2 (Directory 
Boards) of the GN Visual Identity Guideline for the 
purpose of consistency. 

Colours can be coordinated with building interiors. 
 

2. Directory Boards  

Sign material and installation method should be 
consistent with the Visual Identity Guideline. 

Directory Boards should conform to section 4.2 
(Directory Boards) of the GN Visual Identity Guideline 
for the purpose of consistency. 

A.7.2.4 Regulatory, Warning and Information Signs 

 

Regulatory, Warning and Information Signs should be 
implemented as per CAN-CSA-Z321 (Signs and 
Symbols for Occupational Environments) and 
ISO7001 (Public Information Symbols). 

All signs of this nature should be installed as required 
in the interest of safety. 

Evacuation Plans and Evacuation Layouts are 
required in all buildings. 

Standards for Evacuation Plans and Evacuation 
Layouts are available from the Government of 
Nunavut and should be included in specifications. 
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A.7.3 WINDOW COVERING 

Window coverings are commonly included in construction contracts rather than with furnishings. Blinds and 
blackout curtains can be used to control day lighting admitted into rooms in public use buildings; in 
residential applications, curtains and blinds are provided both to control outdoor lighting and for privacy 
considerations. Daylight control is particularly important during the summer months when most northern 
communities experience 18 to 24 hours of daylight for 4 months of the year. Bedrooms in residential facilities 
need to be able to be darkened effectively with curtains or blinds provided, as well as any rooms where 
photographic slides or other projected images may be used. 
 

Recommendation Rationale 

A.7.3.1 Draperies 
 

Should be machine washable. Dry cleaning is not available in most northern 
communities. 

A.7.3.2 Blinds 
 

Adjustable vertical blinds are preferred. Perforated 
plastic (non-toxic) or metal blinds are preferred.  

Note that vertical blinds may require stacking room 
beyond the window opening to access opening vents. 

Roll down blinds with operating chains and end tracks 
are also acceptable in supervised locations. 

Horizontal blinds are acceptable.  

Vertical blinds do not collect dust as readily as 
horizontal blinds. Plastic or metal are simple to clean 
as compared to fabric blinds.  

Solar shades or room darkening shades can be used 
for daylight control. 

Solar shades or room darkening shades are a 
practical way to control natural light within a 
reasonable budget. They should be considered in 
specific locations such as hospital rooms or air 
terminal observation decks. 

Avoid using fabric blinds unless the fabric is easily 
cleanable. 

Some fabric blinds have tightly woven smooth 
textured surfaces allowing vacuum cleaning.  

 
Caution: Some flame-retardant treatments can be 
washed out through cleaning. Selection of fabrics 
must take this into account. 
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A.7.4 APPLIANCES 

Built-in appliances are commonly included in construction contracts rather than with furnishings.  
 

Recommendation Rationale 

A.7.4.1 Kitchen Appliances 
 

Preferred manufacturer of stoves, fridges, freezers 
and other kitchen appliances should be confirmed 
with local building/asset management agencies. 
Standard sizes and energy efficient models should be 
selected.  

The objective is to simplify the number of parts 
stocked, so maintainers can become familiar with 
repairs.  

A.7.4.2 Laundry Equipment 

 

Preferred manufacturer of washing machines, dryers 
or other laundry equipment should be confirmed with 
local building/asset management agencies. Standard 
sizes and energy efficient models should be selected. 

The objective is to simplify the number of parts 
stocked, so maintainers can become familiar with 
repairs.  
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A.8 COORDINATION 

This section highlights structural, mechanical, electrical, or site considerations that are particularly affected 
by, or affect, architectural design.  
 

A.8.1 MECHANICAL EQUIPMENT 

Recommendation Rationale 

A.8.1.1 Space Requirements 
 

Adequate space should be provided in mechanical 
rooms for plumbing, heating and ventilation 
equipment, including required clearances and access 
for maintenance. See notes in Mechanical Section.  

Cramped mechanical rooms with minimal clearances 
and inadequate access for maintenance have been a 
common shortcoming of northern building designs.  

 

Space in wall and floor assemblies is often required 
to accommodate plumbing and ducts. Great care 
must be taken that these spaces do not interrupt the 
continuity of the building envelope.  

Providing adequate space can be problematic where 
long plumbing runs are required, and structural floor 
space is limited.  

A.8.1.2 Location 

 

The location of mechanical equipment, grilles and 
louvers, and servicing points must consider effect on 
equipment performance and be coordinated with 
structural systems and architectural finishes.  

The location of equipment should satisfy both 
requirements: giving one consideration priority over 
the other is unacceptable.  

A.8.1.3 Access 

 

Control and maintenance of heating and ventilation 
system requires access to controls and equipment. 
Access panels may need to be provided in ceilings 
and walls. 

Fairly frequent access is required, especially when 
building is newly occupied, and operator is becoming 
familiar with system.  

A.8.1.4 Windows 

 

Heat gain and heat loss through windows must be 
taken into consideration by heating and ventilation 
system designers.  

Changes to architectural design may not necessarily 
be passed on to mechanical consultants. When 
ventilation systems cannot manage heat gains, the 
facility can become very uncomfortable for occupants.  

 
  



January 2020 Good Building Practices Guideline Third Edition 

 Chapter A – Architectural Page 54 

A.8.2 ELECTRICAL EQUIPMENT 

Recommendation Rationale 

A.8.2.1 Space Requirements 
 

Adequate space is required for electrical equipment, 
including required clearances and access for 
maintenance. This may require coordination with 
mechanical design. See Electrical Section.  

Cramped electrical/mechanical rooms with minimal 
clearances and inadequate access for maintenance 
have been a common shortcoming of GN building 
designs.  

A.8.2.2 Access 

 

Pull and junction boxes need to be accessible in the 
event electrical changes are required.  

Although access is not frequently required, lack of 
access means that ceilings and walls will have to be 
patched any time they must be accessed. Designers 
should observe electrical section of this publication 
and the Canadian Electrical Code requirements. 

A.8.2.3 Electrical Outlets 

 

Outlets located on exterior walls, roofs and floors, and 
conductors that run through the building envelope 
must be positioned so that they do not interrupt the 
continuity of the building envelope, or they must be 
efficiently sealed. 

 

A.8.3 LIGHTING DESIGN 

Recommendation Rationale 

Fixture locations need to be coordinated with 
structural and mechanical elements.  

The objective is to avoid the need for on-site changes 
and to prevent lighting obstructions. 

Fixture styles should be coordinated with decorative 
or architectural themes.  

Fixtures should be selected collaboratively by the 
electrical designer and the architectural designer.  

Day lighting zones and electrical lighting zones should 
be coordinated.  

Adequate daylight can make electric lighting 
redundant at times; however, energy savings can only 
be realized if electric lighting can be selectively turned 
off when not required. 
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A.8.4 RECESSING OF FITTINGS 

 
 
 

END OF SECTION 

Recommendation Rationale 

Where risk of injury to persons exists because fittings, 
hardware, or similar items are mounted within two 
metres of the floor level, such fittings on walls shall be 
recessed.  

 

The intent is to prevent bodily harm to persons and/or 
damage to equipment. Typical locations where this is 
important are school gymnasiums and other sport 
activity rooms. 
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CHAPTER S - STRUCTURAL 

INTRODUCTION 
 
Structural design of northern buildings must encompass several conditions not typically found in the rest of 
Canada. Permafrost is the most significant geophysical factor, however, strategic factors due to climate 
and location play an even greater part. Equally significant are the wind loads in Nunavut. Seismic loads are 
negligible in some areas of Nunavut and more significant in others. Transportation costs can constitute a 
large portion of overall project costs. Size restrictions apply such as weight and volume and should be 
minimized for sealift, barge or air freight. Providing designs that encourage local labour and use and 
develop construction skills is an important long-range strategy for lowering northern construction labour 
costs. 
 
A short construction season demands structures that can be erected quickly so buildings can be closed in 
before winter. Simple wood frame construction has been found to satisfy most northern building conditions. 
Pre-engineered metal buildings are common because steel framing also satisfies many northern building 
conditions. Structural concrete is seldom used because of difficulty with quality control, climate and the 
higher cost of winter hoarding, materials, freight cost, variable aggregate resources and lack of batch plants 
in small communities. However, as trade skills, materials, batching plants and roads all become more 
readily available, structural concrete will become more economical. 
 

S.1 CODES, STANDARDS AND REGULATIONS 

• National Building Code of Canada 
• Consolidation of Engineers and Geoscientists Act - Nunavut, NAPEG 
• CSA S500:14 - Thermosyphon foundations for buildings in permafrost regions 
• CSA S501:14 - Moderating the effects of permafrost degradation on existing building foundations  
• CSA S502:14 - Managing changing snow load risks for buildings in Canada’s north 
• CSA Plus 4011:19 - Technical guide: Infrastructure in permafrost: A guideline for climate change 

adaptation 
• CSA Plus 4011.1:19 - Technical guide: Design and construction considerations for foundations in 

permafrost regions. 
• BNQ 2501:500 - Geotechnical site investigation for building foundations in permafrost zones 

 

S.2 LOGISTICS 

S.2.1 TRANSPORTATION AND HAND 

Equipment available to move materials is often limited in small communities. Suitable local equipment may 
be required for other essential uses around the community, so work must be scheduled carefully. In larger 
communities this may be less problematic, but it is important to know what equipment will be available in 
the community before design starts. All components should be sized small enough and light enough so 
they can be moved to the site and erected with available equipment. Getting materials to the building site 
at the right time can be more difficult in communities served by annual sealift or summer barge, or only by 
winter roads. 
 

S.2.2 SCHEDULE 

The construction season is much shorter in the North than elsewhere in Canada. Closing buildings in before 
severe winter conditions set in is critical. Structural work must proceed quickly and smoothly; extra care 
must be taken to ensure it is also completed correctly in one operation. Material delivery schedules and 

http://www.napeg.nt.ca/files/Acts-Bylaws/Engineers%20and%20Geoscientists%20Act%20-%20NU.pdf
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seasonal soil conditions generally determine optimum foundation work schedules. Variables include the 
transportation system to be used (barge, sealift, air, all weather road or winter road) and the foundation 
system selected (piles, shallow footings, buried footings or slab). Site preparation may be performed a year 
in advance to permit consolidation of placed fill. Foundation work can be installed in advance of the 
superstructure to meet delivery or other scheduling constraints. This is particularly appropriate with 
foundation designs that are not affected by their remaining in place without the superstructure load in place.  
 

S.2.3 STANDARDIZATION 

The size and type of structural elements used in a building should be standardized. This may help decrease 
waste and will simplify erection procedures, reducing erection time and complexity. Whenever possible. 
Simplify detailed design and minimize the number of operations required to install components. Simple 
details are likely to bring about a better building.  
 

S.2.4 GREEN BUILDING PRODUCTS 

Use Green Building Products that comply with Canadian standards and resource materials endorsed by 
the Canadian Green Building Council. Green materials are products of environmentally-friendly, energy-
efficient and resource-efficient technology. 
 

S.3 FOUNDATIONS 

Historical climatic patterns are no longer reliable predictors for future climatic patterns. The ground 
temperature regime influences differential settlement, frost heaves and frost jacking. Mean annual ground 
temperatures are reflected directly by the mean annual air temperatures. Thus, the geotechnical report at 
each location should emphasize current climatic conditions. Refer to BNQ 2501:500 - Geotechnical site 
investigation for building foundations in permafrost zones.   
 
Permafrost soils often have high water content and, as a result, remain stable only when frozen. As noted 
in the National Building Code, foundation design for permafrost soils requires the services of "a person 
especially qualified in that field of work". Geotechnical investigations should be undertaken as soon as a 
site is identified, and well in advance of design.  
 
Foundation systems for most northern buildings are designed for typically light structural loads, recognizing 
the limits imposed by partially or permanently frozen soils. Refer to CSA Plus 4011.1:19 - Technical guide: 
Design and construction considerations for foundations in permafrost regions. 
 
Buildings are typically raised above grade to protect the permafrost from deterioration caused by building 
heat loss. Thermosyphons have also been installed in a number of northern buildings to maintain 
permafrost, while allowing buildings to be set on grade. Basements are practical only in locations where 
well-drained soil is free of permafrost, or where bedrock is near enough to the surface to be used for 
bearing.  
 

S.3.1 PILES 

Steel pipe piles have become one of the most common foundation systems used in the North. Considered 
one of the most stable and low maintenance systems, piles also allow the heated building envelope to be 
raised above frozen ground, which can decrease the build-up of drifting snow at the base of the building. 
Wherever possible, piles are socketed into bedrock, but in areas of permafrost, piles can be supported by 
the frozen soil. Developments in the use of "ad freeze" piles have included adding welded rings to increase 
bearing capacity. Saline permafrost found near the sea shoreline has different bearing characteristics than 
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freshwater permafrost and must be treated differently. Increased salinity decreases the strength of the 
permafrost and increases the deformation of foundations in permafrost. Saline permafrost is widely 
distributed beneath coastal communities in Nunavut. Scheduling of piling work has to take into 
consideration the availability of materials and equipment in the community, as well as seasonal soil 
conditions that might impede construction. It is best if piles are installed while soils are frozen and before 
early summer, so that the site will bear the traffic of equipment, bored holes will be less prone to sloughing, 
and foundations are ready for a construction start in the summer or fall (particularly when materials arrive 
by sealift in July or August).  
 
 

Recommendation Rationale 

S.3.1.1 Site Preparation 
 

Avoid cutting into existing slopes to accommodate 
building foundations where permafrost is present. 

Permafrost soils with high water content can melt 
and/or lose bearing capacity when the insulating top 
cover is removed. Very wet permafrost soils may even 
flow when they thaw. Any modification of the terrain 
must carefully address the effect it will have on the 
natural balance of the site. 

S.3.1.2 Piles Types 
 

1. Steel Pipe Piles 
 

Most commonly used and preferred pile system. 
Installed as recommended by Structural Engineers: 
driven to refusal; drilled and frozen in place with slurry 
or grout; or socketed to bedrock.  
 

2. Wood Piles 
 

Equipment and expertise are readily available, and 
experience has proven steel pipe piles perform 
satisfactorily in most cases.  

 

Non-existent in new construction.  

3. Concrete Piles  

Not recommended Concrete piles are seldom used because it is difficult 
to assure adequate concrete quality in most northern 
communities, and because of the problems related to 
casting concrete in frozen ground.  

S.3.1.3 Active Layer Bond Breakers 

 

Polyethylene sheets coated with heavy grease or heat 
shrink sleeve should be provided as a bond breaker 
on all surfaces of steel piles that reside in the active 
layer. This is true for all steel piles, whether adfreeze 
or pinned to bedrock. 
 

Seasonal freezing of the active layer, as deep as 3 
metres in some areas of the North, can subject piles 
to considerable uplift force as the active layer freezes. 
The dead load of a typical one or two storey building 
is not adequate to counteract uplift force, so bond 
breakers are usually used to keep the ice from 
adhering to and lifting the steel piles. Although bond 
breakers can initially reduce forces acting on piles by 
as much as 75%, the long-term performance of 
grease or poly wrap is not known.  
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Recommendation Rationale 

S.3.1.4 Piles Caps 

 

Adjustable pile caps are recommended for use 
wherever piles cannot be pinned to bedrock and in 
soils that expand dramatically during freezing and 
thawing such as silts, clays and fine sands.  

There is always a potential for pile movement 
because underground soil characteristics can 
change, or long- term creep of ad freeze piles can 
occur. Adjustable pile caps permit levelling of 
differential settlement.  

S.3.1.5 Grade Beams 

 

If used in conjunction with piles, water-resistant void 
form is required below grade beams to allow the 
ground to move without pushing the grade beam up.  

Void form creates a cushion between the soil and the 
underside of a grade beam. When frost expands the 
soil, the void form is compressed, absorbing forces 
that could otherwise lift the structure. Closed cell foam 
materials are recommended as they re-expand to 
maintain the void and do not readily absorb water.  

S.3.1.6 Multipoint Foundation Frames 

 

Multipoint foundation frames are structurally sound 
and an affordable alternative that has been 
successfully used in problematic regions, i.e., any 
terrain including unstable soil and permafrost. It 
provides solid solutions for areas that experience 
shifting and changing terrain. It is a support system 
for one- and two-storey buildings. 

 

S.3.1.7 Monitoring Performance 

 

As permitted by the owner, install equipment to 
measure, record, verify and report foundation 
settlement rates for research purposes to benefit the 
academic and design communities. 

Information gathered on the performance of pile and 
thermosyphon foundations is valuable to the design 
and academic communities. 

S.3.2 SHALLOW FOOTINGS 

Shallow footings are generally constructed on gravel pads or a layer of suitable sandy soil in the North. The 
pad must be designed with adequate thickness to protect the thermal equilibrium of the frozen ground and 
mitigate against the thawing of the underlying permafrost. In moisture or ice rich soils, thermosyphons are 
to be installed to maintain the frozen soil beneath the footing. Consideration should be given to constructing 
shallow foundations in the fall in order to allow the cold winter temperatures to freeze the disturbed subsoil 
area. Adequate diversion of surface runoff water away from the building is essential for long-term stability 
on this type of foundation. 
 

Recommendation Rationale 

S.3.2.1 Site Preparation 
 

1. Avoid cutting into existing slopes to 
accommodate building foundations where permafrost 
is present. 

Permafrost soils with high water content can melt 
and/or lose bearing capacity when the insulating top 
cover is removed. Very wet permafrost soils may even 
flow when they thaw. Any modification of the terrain 
must carefully address the effect it will have on the 
natural balance of the site.  
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Recommendation Rationale 

S.3.2.2 Granular Pads 
 

Where granular pads are installed as a part of a 
foundation system on a sloping site or a site 
susceptible to ponding or surface water accumulation, 
consider using an impermeable geosynthetic liner to 
divert surface water from the foundation. 

Surface water and freeze-thaw will consolidate and 
heave granular materials. The objective is to divert 
water around the pad, rather than allow it to seep 
under or through it, and potentially degrade 
permafrost or form ice lenses that may cause frost 
heaving.  

S.3.2.3 Footing (Preserved Wood Foundations) 
 

Generally, in Nunavut shallow foundations such as 
footings are pressure preservative treated wood pads 
installed on grade on gravel pads. Concrete is 
acceptable where quality of concrete can be assured; 
precast concrete is recommended. 

Wood can be easily shipped and assembled and can 
also be easily adjusted on site to line up with column 
grid lines. 
 
Wood preservation treatment must comply with CSA 
O80.15,"Pressure Treatment of Wood for Building 
Foundation Systems, Basements and Crawl Spaces 
by Pressure Processes". 

S.3.2.4 Adjustment 

 

Pressure preservative treated wood pads are used in 
combination with adjustable wedges (shims) or screw 
jacks. The wedges are also preserved wood. An 
allowance of 100 mm to 150 mm of vertical 
adjustment is recommended. A minimum clear height 
of 600 mm must be available for maintenance. 

Annual height adjustment should be anticipated, and 
adequate clearance is essential for workers who may 
be under the building for several hours at a time.  

S.3.2.5 Thermosyphon Foundation System 

(Thermosyphons) 

 

Wherever thermosyphons are installed as part of the 
foundation system.  

Refer to CSA S500:14 – Thermosyphon foundations 
for buildings in permafrost regions.   

The design, construction and monitoring of 
thermosyphon systems are not covered in the 
Canadian national codes and regulations. Empirical 
evidence indicates, however, that satisfactory 
performance is predicated on avoidance of such 
factors as: a) poor design/construction of the granular 
pads on which the thermosyphon evaporator pipes 
are founded, b) inadequate construction details, poor 
construction scheduling, and c) inadequate insulation 
design. 

• The cooling medium should be a material 
that, if leaked below the foundation, will not 
degrade the permafrost or cause other 
environmental long-term effects.  

The objective is to prevent accumulation of persisting 
chemicals in the sub base below a building where 
their presence may interfere with maintaining the 
permafrost.  

• The system should allow for loops to be 
isolated. 

The objective is to isolate failed thermosyphons from 
functioning units.  
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Recommendation Rationale 

• Radiators must be protected from damage by 
vehicles and be situated away from warm air 
exhaust vents. 

 

• Thermistors and temperature reading 
equipment should be permanently installed 
as part of the foundation system. 

The objective is to ensure that equipment is available 
to allow building operators to regularly monitor the 
operation of the thermosyphons as outlined in the 
"Maintenance Management System (MMS) Manual. "  

 

S.3.3 BURIED FOOTINGS 

Buried footings are typically used in conjunction with a granular pad in areas of permafrost. Because the 
footings are installed bearing on frozen soil, work must be scheduled so that it does not result in melting or 
softening of frozen materials beneath footings. In Nunavut the most common type is spread footings (posts 
and pads) generally constructed in shallow excavations in the granular pad. Posts and pad design for light 
structures typically include an air space between the main floor and gravel pad in areas of permafrost. 
Footing and pier/pilaster design for larger buildings should extend below the level of deepest thaw or freeze 
penetration. Provide for air circulation to avoid heat loss through the floor of the building. 
 

Recommendation Rationale 

S.3.3.1 Site Preparation 
 

Avoid cutting into existing slopes to accommodate 
building foundations where permafrost is present. 

Permafrost soils with high water content can melt 
and/or lose bearing capacity when the insulating top 
cover is removed. Very wet permafrost soils may even 
flow when they thaw. Any modification of the terrain 
must carefully address the effect it will have on the 
natural balance of the site.  

S.3.3.2 Granular Pads 
 

Refer to S3.2.2 and L4.1.1 "Built-up Granular Pads  

S.3.3.3 Active Layer Bond Breakers 
 

Polyethylene sheets coated with heavy grease should 
be provided as a bond breaker on all surfaces of piers 
that pass through the active layer. 

The objective is to minimize uplift forces on the pier 
that may be caused by seasonal freezing and 
expansion of the soil in the active layer.  

S.3.3.4 Footings 

 

Pressure preservative treated wood pads are rarely 
used as buried footings in Nunavut, but preferred, if 
applicable. Concrete is acceptable only where the 
quality of the concrete can be assured. 

Wood can be easily shipped and assembled and can 
also be easily adjusted on site to line up with column 
grid lines.  

S.3.3.5 Adjustment 

 

Where adjustable wedges or screw jacks are used in 
conjunction with a shallow buried spread footing, an 
allowance of 100 mm to 150 mm of vertical 

Annual height adjustment should be anticipated, and 
adequate clearance is essential for workers who may 
be under the building for several hours at a time.  
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Recommendation Rationale 

adjustment is recommended. A minimum clear height 
of 600 mm must be available for maintenance. 
 
 

S.3.3.6 Thermosyphon Foundation System 

 

Refer to Section S 3.2.5.  

S.3.4 STRUCTURAL SLABS 

Concrete slabs would seem an ideal choice for many buildings such as garages, fire halls or warehouses 
given that they act both as a foundation system and provide a durable, smooth floor surface. Problems 
caused by heat transferring from the building to underlying frozen soils must be overcome or the slab will 
fail in a time. Extreme care is required during the installation of the heat removal systems beneath the 
concrete: once the slab is in place, inspections and repairs become difficult.  
 

Recommendation Rationale 

S.3.4.1 Site Preparation 
 

Avoid cutting into existing slopes to accommodate 
building foundations where permafrost is present.  

Permafrost soils with high water content can melt 
and/or lose bearing capacity when the insulating top 
cover is removed. Very wet permafrost soils may even 
flow when they thaw. Any modification of the terrain 
must carefully address the effect it will have on the 
natural balance of the site.  

S.3.4.2 Ventilated Slabs 
 

1. Natural Ventilation  

Naturally ventilated slab foundations are not 
recommended.  

Ventilation can easily fail if ventilators are blocked by 
snow or fill with water. This will result in a detrimental 
heat transfer from the building to the underlying 
permafrost. 
 

2. Mechanical Ventilation  

Mechanically ventilated slab foundations are not 
preferred.  

Similar problems as for natural ventilation systems, 
with added risk of mechanical failures and increased 
maintenance requirements, and higher initial cost. 

S.3.4.3 Thermosyphon Foundation System 

 

Refer to Section S 3.2.5.   
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S.4 WOOD STRUCTURES 

Due to their versatility and general availability, conventional wood frame structures are appropriate for many 
northern conditions. Wood materials have a high strength-to-weight ratio, are more compact and less 
susceptible to damage in transit than some prefabricated assemblies. 

Timber frame structures: are undergoing a resurgence and may appear in the North in due course. The 
insulating skin is separated from the timber frame resulting in an efficient energy conserving structure. 
Using rigid foam panels, the timber frame can now be completely wrapped with a blanket of insulation 
without interrupting the insulation with the frame as in conventional wood frame construction. 

Structural Insulated Panels (SIP): are factory laminated sandwich panels with oriented strand board or 
plywood face materials and an expanded polystyrene (EPS) core. The panels are roof, wall and floor panels 
used as the structural frame and facing of a building when resisting transverse, racking and axial 
compressive loads. The panels are also used to field fabricate wall opening headers. SIP’s produce a tight, 
well-insulated shell that takes less labour to construct than an equivalent stick-framed building. 

S.4.1 FLOORS 

The structural requirements of floors in the North are no different than requirements elsewhere in the 
country, except that special attention must be paid to coordination of structure with the building envelope 
and mechanical systems: floor assemblies must often accommodate thick thermal insulation, plumbing runs 
and ventilation ducts.  
 

Recommendation Rationale 

S.4.1.1 Joists 
 

Consider using plywood web joists, tube web wood 
joists or light wood trusses in place of dimensional 
lumber greater than 210 mm depth.  

Engineered joists provide improved strength-to-
weight ratio, thereby reducing shipping costs, and are 
less prone to shrinkage than dimensional lumber. 
Engineered joists and trusses can also accommodate 
increased spans and may require fewer lines of 
foundation bearing.  

S.4.2 WALLS 

There are no design practices unique to northern environments when it comes to structural systems for 
walls. Although wind pressures can be very high, especially in the central and high arctic, they are similar 
to those experienced in other parts of Canada. The structure must be coordinated with the building envelope 
design to ensure adequate space is provided for insulation, and that elements such as sheathing, and 
blocking are located to benefit both structural and envelope design. Special attention must be paid to the 
structural support of air barriers, particularly at building corners where wind loading is greatest.  

S.4.3 ROOFS 

Structural systems for roofs of northern buildings require no unique design considerations that are not found 
in other parts of Canada. Wind pressures can be very high, especially in the central and high arctic. 
Transient loads from snow accumulation typically are lower in most parts of the North than in mountainous 
regions of Canada. The roof structure must be coordinated with building envelope design to ensure 
ventilation, air barrier and vapour barrier functions are satisfied, and particularly since high air humidity and 
moisture levels will cause rapid deterioration of wood structural members. When insulation systems are 
installed above the primary deck, fastening systems must be designed to resist the wind uplift forces acting 
upon the insulation and roof finish.  

S.4.3.1 Roof Slope – Refer to Section A 3.6. 



January 2020 Good Building Practices Guideline Third Edition 

 Chapter S – Structural Page 9 

S.5 STEEL STRUCTURES 

Steel is the material of choice for industrial, commercial and institutional (ICI) buildings in Nunavut. The 
building system utilizes rigid frames (common in metal building systems) or columns and beams (in 
conventional steel construction) as the primary structural elements. Metal Building Systems (also known as 
pre-engineered/prefabricated steel frame buildings) are common in the North. Some popular types of rigid 
primary frames are: tapered beam system; single-span rigid frame; multipin rigid frame and single span 
truss. The many different types and number of distributors have made prefabricated metal buildings 
competitive and an option worth considering for certain types of buildings. These include garages, fire halls, 
arenas and warehouses, which are all buildings with fairly simple spatial requirements, easily defined and 
require large open spaces. Conventional and custom steel structures may be appropriate for larger non-
combustible buildings. Structural sheet steel products such as roof deck, floor deck and cladding 
complement the structural steel primary frame of a building. These large-surface elements often perform 
both structural and non-structural functions, thereby enhancing the overall economy of the design. Before 
deciding to use a steel structure, the designer must be satisfied that equipment is available in the community 
to move and lift components into place, that shipping costs are reasonable in comparison to wood systems, 
and that local labour and businesses can provide resources. Bolted connections are preferable to extensive 
specialized field welding.  
 
Not well known in the North yet is Lightweight Steel Framing (LSF) from coated sheet steel products. Cold-
formed sheet steel is an easy to handle, economical, non-combustible, high quality alternative to more 
traditional framing materials. Lightweight Steel Framing offers a strong, accurate, dimensionally stable and 
durable framing system. LSF alone can provide all the necessary structural elements or it can be used in 
combination with other materials for greater building diversity and scope. Lightweight Steel Framing is an 
increasing popular choice in structures such as schools, assisted care residences and office buildings. 
 

S.5.1 FLOORS 

No special structural requirements. See recommendations of S4. Of interest as well, composite deck is 
made of fluted steel sheets supporting a concrete slab. The composite deck initially acts as a stay-in-place 
form for the concrete floor slab. After the concrete cures the composite steel deck and the concrete interlock 
creating a composite slab. This interlocking is achieved through a system of embossments rolled into the 
webs and flutes of the deck. 
 
A deep composite deck is a similar product to the regular composite deck but is up to 203 mm deep. This 
deeper section, combined with additional reinforcing steel and concrete, creates a floor system that can 
achieve spans over 9 m. The long spans provide additional flexibility and efficiencies in the structural 
framing system.  

S.5.2 WALLS 

No special structural requirements. See recommendations of S4. The wide variety of cladding profiles, paint 
systems and colours provides for complete architectural expression. Sheet steel can also be integrated 
with other building materials for added variety. Sheet steel wall assemblies are a durable and economical 
solution. The cavity can be sized to accommodate as much thermal insulation as required while maintaining 
the integrity of the building enclosure. 
 
Insulated metal panels are designed to creatively meet diverse wall applications because these wall panels 
are made up of controlled polyisocyanurate foam insulation sandwiched between prefinished sheet steel 
exterior and interior sheets. The combination of polyurethane foam and steel facings results in a light, 
attractive and easy-to-install structural panel with exceptional insulating characteristics. Panels are also 
available with mineral wool insulation that is suited to buildings that require fire-rated walls.  
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S.5.3 ROOFS 

No special structural requirements. See recommendations of S4. Fluted steel sheets are used in the 
construction of a roof as the supporting structural member on which the built-up roofing system is placed. 
Roof deck is most commonly used in a flat (horizontal) roofing configuration but can also be used for sloping 
roofs. The in-plane strength of the deck can also be utilized as a steel deck diaphragm to act as the 
horizontal bracing for the structure, often eliminating the need for discrete bracing.  

S.5.4 PERMANENT ROOF ANCHOR SYSTEM 

Design and install permanent roof anchor systems on all new buildings for compliance with both applicable 
CSA Standards and the Occupational Health and Safety Regulations of the Workers Safety and 
Compensation Commission of Nunavut. Upon completion of a new building, alterations/renovations or 
repairs to existing roofs, the Consultant/Contractor shall forward the roof anchor Installation Sign-off, the 
Roof Anchor Manual, and the Roof Anchor Plan to the Owner as part of the Building Maintenance Manual. 
 
Relevant Standards: 
 

• CSA Standard Z259.15, Anchorage Connectors (Under Development) 
• CSA Standard Z259.16-04 Design of Active Fall-protection Systems 
• CSA Standard CAN/CSA-Z271, Safety Code for Suspended Elevating Platforms 
• CSA Standard Z91-02, Health and Safety Code for Suspended Equipment Operations 
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S.6 CONCRETE 

The use of concrete is challenging in the Canadian North because granular materials, mixing equipment 
and testing facilities are not available in many communities. Unstable soil conditions and a limited 
construction season can also make using concrete problematic as a structural material. In communities 
where ready-mix concrete is available, or where very small quantities are required so as to make hand 
batching feasible, concrete may be considered for some structural elements. Typically, this is limited to 
foundation elements, which are covered in Section S3 above.  

S.6.1 FLOORS 

S.6.1.1 Slabs - Refer to S 3.4 "Structural Slabs" and S 5.1 "Floors" for composite floors. 

S.6.2 WALLS 

Concrete walls are not recommended for use except where no other assembly can be used to meet NBC 
requirements, or where it can be shown that concrete would be the most economical choice. Precast 
concrete panels as wall finish, concrete tilt-up construction and concrete masonry walls are recommended 
where geotechnical conditions result in suitable foundations and transportation costs are reasonable. 

S.6.3 ROOFS 

Concrete roofs are not recommended, except where no other assembly can be used to meet NBC 
requirements, or where it can be shown that concrete would be most economical choice.  
 
 

 
END OF SECTION 



April 2017 Good Building Practices Guideline Third Edition 

 

TABLE OF CONTENTS 
 

M.1 CODES AND REGULATIONS 

M.2 OPERATION AND MAINTENANCE 

 M.2.1 GENERAL 

 M.2.2 ACCESS 

 M.2.3 MAINTENANCE PREVENTION 

 M.2.4 PREDICTIVE MAINTENANCE 

 M.2.5 SPARES 

 M.2.6 STANDARDIZATION 

 M.2.7 OPERATION & MAINTENANCE MANUALS 

M.3 IDENTIFICATION 

 M.3.1 PIPE PAINTING & IDENTIFICATION 

 M.3.2 EQUIPMENT IDENTIFICATION 

 M.3.3 VALVES AND CONTROLLER IDENTIFICATION 

M.4 PLUMBING AND DRAINAGE 

 M.4.1 DOMESTIC WATER – PIPED SERVICE 

 M.4.2 DOMESTIC WATER SUPPLY – TANKS 

 M.4.3 DOMESTIC HOT WATER (HW) SUPPLY 

 M.4.4 DOMESTIC WATER SYSTEM 

 M.4.5 SANITARY WASTE AND VENTING 

 M.4.6 SEWAGE DISPOSAL – PIPED SERVICES 

 M.4.7 SEWAGE DISPOSAL – HOLDING TANKS 

 M.4.8 FIXTURES AND BRASS 

M.5 FIRE PROTECTION 

 M.5.2 FIRE PROTECTION SYSTEMS 

 M.5.3 STANDPIPE SYSTEMS 

 M.5.4 OPERATION AND MAINTENANCE 



April 2017 Good Building Practices Guideline Third Edition 

 

M.6 FUEL SUPPLY 

 M.6.1 GENERAL 

 M.6.2 TYPICAL ARRANGEMENTS 

 M.6.3 FUEL OIL DELIVERY AND STORAGE 

 M.6.4 OIL SUPPLY (DISTRIBUTION) 

M.7 HEATING 

 M.7.1 FORCED HOT AIR SYSTEMS 

 M.7.2 HYDRONIC HEATING SYSTEMS 

 M.7.3 UNIT HEATERS 

 M.7.4 SCHEMATICS 

M.8 AIR DISTRIBUTION 

 M.8.1 NATURAL VENTILATION 

 M.8.2 MECHANICAL VENTILATION 

 M.8.3 AIR CONDITIONNING 

 M.8.4 ENERGY RECOVERY AND DEMAND CONTROL SYSTEMS 

 M.8.5 SERVICE FACILITIES 

M.9 AUTOMATIC TEMPERATURE CONTROLS 

 M.9.1 GENERAL 

 M.9.2 CONTROL COMPONENTS 

 M.9.3 VENTILATION UNIT CONTROL 

 M.9.4 HYDRONIC HEATING CONTROL 

 M.9.5 MECHANICAL ALARMS 

 M.9.6 OPERATION AND MAINTENANCE 
 
 



January 2020 Good Building Practices Guideline Third Edition 

 Chapter M – Mechanical Page 1 

CHAPTER M - MECHANICAL 

INTRODUCTION 
 
People have come to expect a closely controlled, comfortable indoor environment and ample supplies of 
hot and cold running water in the buildings where they live and work. At the same time high energy costs 
have resulted in the need to make efficient use of energy. These two factors have led to the use of 
increasingly sophisticated mechanical systems, particularly with respect to heating and ventilation. 
However, in the Arctic, operation and maintenance of sophisticated mechanical systems can be difficult as 
qualified or experienced trades people are not always available in small communities, and response time 
can be slow if someone has to be brought in.  
 
For this reason, 'simple and reliable' mechanical systems are desired in all buildings. Of course, the 
demands made of a system limit just how simple it can be. There are no trouble-free systems. Guidelines 
and recommendations covered in this section include installations that have been found to be acceptable 
by CG&S to date, balancing the sometimes-conflicting demands for comfort, energy conservation, simplicity 
and reliability.  
 

M.1 CODES AND REGULATIONS 

National Building Code  
See G6 "Codes and Regulations"  

 
Other Related Documents  
 
Documents referenced by the NBC or this document include:  
 

• ASHRAE Handbooks and Standards  

• National Fire Code   

• National Plumbing Code  

• SMACNA (Sheet Metal and Air Conditioning National Association)  

• CGSB-41-GP-22 Process Equipment: reinforced polyester. Chemical resistant, custom-contact 
moulded  

• Nunavut Impact Review Board (NIRB)  

• Installation Code for Oil Burning Equipment CAN/CSA-B139-09 

• CAN/CSA-B149.1-05 for Natural Gas and Propane Installations  

• CAN/CSA-B214 Installation Code for Hydronic Heating Systems  

• Department of Health Building Standards for Potable Water and Sewage Holding Tanks  

• National Hydronic Design Standard  

• American Society of Plumbing Engineers -Data Book  

• ASHRAE 62 -2001 Ventilation for Acceptable Indoor Air Quality  

• National Fire Protection Association (NFPA) 
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M.2 OPERATION AND MAINTENANCE 

M.2.1 GENERAL 

 
See G1 "Local Resources" and G4 "Appropriate Technology'. 
 

M.2.2 ACCESS 

Along with the selection of equipment and systems, the design of mechanical systems must consider how 
location and access can affect the simplicity and reliability of mechanical systems. For example, the quality 
and frequency of servicing can be adversely affected if it must be carried out in cramped and uncomfortable 
spaces, especially when heavy winter clothing is worn. Ducts or equipment concealed in ceiling or floors 
should be located in such a way that servicing is possible with ease. Mechanical rooms and crawl spaces 
should be designed to provide adequate space for servicing or replacement of all equipment.  
 
In mechanical equipment spaces, adequate service access is required for the transport of equipment, 
material and tools in or out of the space. Vertical or ship ladders are not an acceptable means of access to 
any equipment room above the main floor. It is dangerous to climb a ladder while carrying tools or materials. 
A full staircase is to be provided, preferably one accessed from outside of the building so as to avoid the 
need to transport equipment through the building. 
 
For equipment (i.e., fans) suspended from the ceiling in any space, adequate servicing access is to be 
provided for maintenance and repairs. This may require the installation of a platform or portable lift (and the 
allowance for adequate storage space for the unit). Fall restraint equipment may also be required. 
 

M.2.3 MAINTENANCE PREVENTION 

Design facilities and select equipment requiring minimal maintenance and ease of service when necessary. 

M.2.4 PREDICTIVE MAINTENANCE 

Determine the life expectancy of facility and equipment components in order to replace them at the optimum 
time. (If the building is going to outlast its major components. let's have this clearly stated up front so 
everyone knows where they stand).  

M.2.5 SPARES 

Regional Maintainers should determine, in consultation with designers, what spares should be provided. 
Replacement equipment and parts are often difficult to transport to small remote communities. 
 
A minimum two-year supply of spare parts is to be supplied for specific equipment. Some codes mandate 
a minimum number of spare parts to be kept at all times on the premises (NFPA, for example, requires 
spare parts for fire dampers).  

M.2.6 STANDARDIZATION 

In the interest of maintenance, the equipment for any particular function should be of one manufacturer and 
compatible with the existing O&M parts inventory currently used in the Region or community. 
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M.2.7 OPERATION & MAINTENANCE MANUALS 

Manuals are to be prepared in accordance with good engineering practices. It is recommended to follow 
ASHRAE Guideline1.4-2014, Procedures for Preparing Facility Systems Manuals, when preparing the 
specifications for a given project. Documentation requirements should be integrated into the project 
specifications to guarantee that they are included in the contractor’s bids. 
 
Given the remoteness and limited accessibility at certain times of the year, O&M manuals are essential to 
support the maintenance staff in their efforts. Also, O&M manuals are the most important tool for training. 
A draft version of the O&M manuals should preferably be submitted for comments prior to training and 
updated versions should be submitted prior to Substantial Completion.  
 

M.3 IDENTIFICATION 

Operating and maintaining mechanical systems require an understanding of their systems components, 
including movement of fluids, air and mechanical parts. Nameplates, tags and arrows can all be used to 
assist quick identification. Consistent identification in all publicly owned buildings is required so that 
maintainers and operators can orient and familiarize themselves easily within any building in any community 
across Nunavut.  
 

M.3.1 PIPE PAINTING & IDENTIFICATION 

Refer to Community and Government Services Standard Colour and Identification Schedule (see 
Appendices). 
 

Recommendation Rationale 

M.3.1.1 Text 

 

Complete spellings of material names in English 
should be used.  

Not everyone will be familiar with abbreviations. 

M.3.1.2 Locations 

 

Locate pipe markers and direction arrows on piping 
systems where they are visible from the floor of the 
usual operating areas or readily accessible points:  

• Beside each valve  

• Where pipes penetrate walls, floor and 
ceilings.  

This is done for the sake of convenience. 

M.3.1.3 Extent of Colour 

 

Paint the piping its entire length in all mechanical 

rooms. Elsewhere, piping is to be identified by using 

bands of classification colour (either paint or tape) at 

selected points including:  

• Where pipes penetrate walls, floor and 

ceilings  

• Every 5 metres in concealed spaces  

This allows for convenient and consistent 
identification. 
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Recommendation Rationale 

M.3.1.4 Labels 

 

Labels are to be made from plastic coated cloth with 
protective over coating and wrap-around tape or of 
the plastic 'snap-on' type.  

Stick-on types are not to be used because they falloff 
after the adhesive dries.  

 

M.3.2 EQUIPMENT IDENTIFICATION 

Refer to Community and Government Services Standard Colour and Identification Schedule (see 
Appendices). 
 

Recommendation Rationale 

M.3.2.1 Equipment 

 

Use laminated plastic plates with a black face and 
white centre, minimum size 90 x 40 x 2.4 mm 
engraved with 12 mm high lettering for major 
equipment, 6 mm high for other equipment. All tags 
and identification labels are to be mechanically 
fastened to equipment by rivets, bolts or chains, not 
by adhesives. 

These requirements result in high legibility and 
permanence.  

 

M.3.3 VALVES AND CONTROLLER IDENTIFICATION 

Refer to Community and Government Services Standard Colour and Identification Schedule (see 
Appendices). 
 

Recommendation Rationale 

M.3.3.1 Valve Tags 

 

Metal or plastic tags with 12 mm stamped code 
lettering and numbers filled with black paint are to be 
used. 

These requirements result in high legibility and 
permanence.  

Ensure that all concealed valves, instrumentation and 
controllers are identified with Avery coloured adhesive 
dots (i.e., above ceilings). 

This provides a means of quickly identifying the 
precise location of these devices. 

M.3.3.2 Instrumentation and Controllers 

 

Use laminated plastic plates with a black face and 

white centre, minimum size 90 x 40 x 2.4 mm. 

engraved 6 mm high letters, mechanically fastened 

using pop rivets, screws or bolts (not adhesives).  

These requirements result in high legibility and 

permanence.  
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Recommendation Rationale 

M.3.3.3 Valve List 

 

A typewritten valve list corresponding to 'as-built' 
plans to be framed under clear acrylic sheet (such as 
plexiglass) and mounted securely on wall with four 
screws is to be provided. 

This provides maintainers with a permanent reference 
assisting maintainers to become familiar with an 
installation, and eases trouble-shooting. 

M.3.3.4 Flow Diagram 

 

A single-line flow diagram showing various elements 
of the system including major valves corresponding to 
'as-built' plans is to be provided. The diagram is to be 
framed under a clear acrylic sheet (such as 
plexiglass) and mounted securely on the wall with four 
screws. 

This provides maintenance staff with a permanent 
reference to assist them in becoming familiar with an 
installation and in easing troubleshooting. 

M.3.3.5 Motorized Damper Position Identification 

 

Use laminated plastic plate with black face and white 
centre, minimum 100 x 50 x 2.4 mm. Engrave with 
6 mm wide arrows indicating open and closed position 
of motorized dampers. Plate to be mounted adjacent 
to the damper and mounted securely on the ductwork 
or insulation. 

Provides maintenance staff with a permanent 
reference to assist them in becoming familiar with an 
installation and in easing troubleshooting. 
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M.4 PLUMBING AND DRAINAGE 

The selection of the type of plumbing system has a significant impact on mechanical construction costs and 
building life cycle costs.  

 
Some factors to consider are:  

 

• Does the community have a municipal system?  

• If it has a municipal system, whether to connect to it or not.  

• If a tanked system is selected, what is the size of the water tank and where in the building will it be 
located?  

• If the building has a fire sprinkler system, what is the size of the tank needed for fire suppression?  

• If a tanked sewage system is selected, what is the size of the sewage tank and where in the building 
or outside the building will it be located?  

 
These requirements generally apply to systems contained within the building. The documents "Water 
Supply and Waste Disposal Systems for Arctic Communities" 
(http://pubs.aina.ucalgary.ca/arctic/Arctic26-2-149.pdf)  
 
"Water and Sewer Service Connections in Permafrost Areas of the NWT", Wilson & Cheema, 1987 
(http://www.nrcresearchpress.com/doi/pdf/10.1139/l89-034)  
 
"Good Engineering Practice for Northern Water and Sewer Systems", December 2017 
(https://www.maca.gov.nt.ca/sites/maca/files/resources/goodengpractice.pdf) 
 
Should be referred to for a more complete discussion of municipal servicing requirements affecting building 
construction contracts. 

M.4.1 DOMESTIC WATER – PIPED SERVICE 

Less than 20% of all communities in Nunavut have piped service where water lines are either buried or 
carried in aboveground utilidors. Water treatment in all communities consists of the addition of chlorine 
and/or filtration and is the responsibility of the municipality. Even though Nunavut has abundant fresh water, 
capital and operating costs of delivering water are high, making conservation very important.  
 

Recommendation Rationale 

M.4.1.1 Municipal Connection 

 

Connection to a municipal system is preferred, when 
available.  

While usually more costly, especially when an access 
vault (AV) is required, connection to the municipal 
system has the following advantages:  
• Lower cost than water truck delivery  
• The building will not run out of water  

M.4.1.2 Water Meters 

 

Water meters are to be installed only in buildings 
that are connected to a municipal water system.  

Metering of water is required for buildings connected 
to a municipal water supply in order to monitor water 
consumption. Buildings supplied by a truck delivery 
system do not require water meters, as the truck 
meter meters the water and billings reflect 
consumption. 

http://pubs.aina.ucalgary.ca/arctic/Arctic26-2-149.pdf
http://www.nrcresearchpress.com/doi/pdf/10.1139/l89-034
https://www.maca.gov.nt.ca/sites/maca/files/resources/goodengpractice.pdf
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M.4.2 DOMESTIC WATER SUPPLY – TANKS 

Water delivery by truck for storage in holding tanks located within buildings is common in all communities 
in Nunavut. Deliveries are generally made once or twice a week following a regular schedule. Conservation 
is especially important where tanked water supplies are used. The space required to store adequate water 
for a building can be considerable. Coordinate with the structural designer for proper tank support.  
 

Recommendation Rationale 

M.4.2.1 Environmental Health Standards 

 

For water storage tanks issued June 1992, are to be 
followed. (Refer to Appendices.) 

Note: these standards were developed in 
consultation with Housing Corporation, CG&S, and 
the Office of the Fire Marshal. 

M.4.2.2 Potable Water Supplies 

 

1. Consumption Estimates  

In the case of additions to existing buildings, actual 
consumption during the preceding three years will 
form the basis for determining sufficiency of existing 
tank capacity. 

Actual water consumption may deviate significantly 
from the estimates used to determine the tank 
capacity for the existing facility and often is much 
lower than originally anticipated. The lower 
consumption is often due to changes in usage (of 
showers) and the substitution of low consumption 
fixtures during earlier renovations. The project brief 
should provide appropriate guidance.  

The following are the recommended minimum 
acceptable amounts to be used in calculating the 
estimated total daily consumption of potable water for 
new buildings:  

Consumption estimates for new buildings are 
normally based on program information or 
engineering standards; however, such information is 
not always available or appropriate for conditions in 
Nunavut.  

2. Residential Occupancies 
 

90 litres/resident/day except that 25 litres/staff/day is 
sufficient for non-resident staff. 

 

This is the CGS standard for residential occupancies.  

3. Non-residential Occupancies 
 

25 litres/person/day. This is based on a review of actual consumption 
figures for existing buildings. 

4. Supply 
 

A seven-day supply should be provided where total 
daily consumption is estimated at less than 600 litres 
(calculated on normal building operation). 

This would apply to residences with up to six residents 
or non-residential buildings with up to 24 occupants. 
The maximum tank size would be 4,200 litres (about 
1,000 gallons). Previous CGS direction was to size 
tanks for a minimum two-week supply; however, this 
was based on the need to provide adequate water for 
emergencies, which is not necessary for all facilities. 
Smaller tank sizes will help to ensure the tank will be 
replenished with fresh water at least once a week, and 
that capital and O&M costs will be minimized.  



January 2020 Good Building Practices Guideline Third Edition 

 Chapter M – Mechanical Page 8 

Recommendation Rationale 

A three-day supply should be provided in all buildings 
where total daily consumption is estimated at more 
than 600 litres (calculated on normal building 
operation). 

This would normally apply to residences with more 
than 6 residents or non-residential buildings with more 
than 24 occupants. Smaller tank sizes will help to 
ensure the tank will be replenished with fresh water at 
least once a week and minimize capital and O&M 
costs. 

M.4.2.3 Emergency Water Supplies 

 

Potable water storage capacity may be increased up 
to a maximum 10-day supply if:  

It is generally preferable to keep water supplies to a 
minimum in order to maintain a fresh water supply. 
Tanks are generally in a warm mechanical room or 
crawl space and water can stagnate in that time.  

A building is designated as a community reception or 
evacuation centre under the "Emergency Measure 
Act", or  

There are currently no regulations governing water 
supplies that must be provided in buildings 
designated as community reception or evacuation 
centres. The ten-day supply is suggested by CGS, as 
interruption to water delivery service could occur 
during severe winter storms. Typically, this would 
apply to schools (which are often considered as 
community evacuation or reception centres), but this 
could apply to other community buildings as well.  

 See notes in Appendices. 

A prolonged shortage of water would require the 
relocation of residents. 

Typically, this would apply to any long-term care or 
detention facilities, and student or staff residences.  

M.4.2.4 Fire Protection Sprinkler System Reserve 

 

See Section M5.2.   

Separate Tanks  

Potable water Supplies must be stored in dedicated 
tanks, separate from any water Supplies reserved for 
fire protection 

Complaints about the quality of potable water in 
schools where large reserves of water for fire 
protection have been combined in a single tank (or 
series of tanks) have been numerous.  Combining 
large water supplies in one tank also makes cleaning 
operations cumbersome and expensive.  Potable 
water storage tanks require frequent cleaning, while 
fire protection water supply tanks do not. 

M.4.2.5 Tank Construction 

 

All water storage tanks should be fibreglass or plastic 
and constructed to CGS8-41-GP-22 standards.  

The CGSB standard is a more suitable standard for 
water storage tanks, replacing the previous 
requirement for water storage tanks to meet AWWA 
C950.  The rated test pressures of the AWWA 
standard far exceed those required for an 
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Recommendation Rationale 

atmospheric tank, and construction to CGSB ensures 
better longitudinal strength of pipe tanks. 

To prevent over pressurization of the tank when the 
overfill pipes freeze, an interior vent line on water 
tanks is required. 

The CGSB standard does not state a working 
pressure.  Tank manufacturers have stated they 
cannot build straight walled tanks to meet high-
pressure requirements.  Pressure requirements of 
tanks should be limited to the head in the tank, plus a 
slight margin of safety.  Low profile tanks must meet 
CGSB standards. 

 Newer water trucks in the community are capable of 
delivering water at very high volumes and pressure.  
This should be a consideration in tank selection, 
arrangement and placement. 

Galvanized steel, aluminium and concrete are not 
permitted. 

The Canadian Plumbing Code does not approve 
galvanized steel, aluminium and concrete. 

M.4.2.6 Location of Domestic Water Tanks 

 

Potable water tanks must be located in a heated area 
where the temperature is kept between 5 and 15°C. 

This prevents tank contents from freezing or from 
becoming tepid. 

Avoid locating tanks in the same room as boilers or 
furnaces. 

If potable water supply is warm, it is objectionable to 
users and promotes bacteria and algae growth. 

Buried water storage tanks are not acceptable. They make access difficult for maintenance. 

Small Tanks (up to 4,200 litre capacity)   

1. Locating small tanks enclosed within occupied 
building areas (may include a basement) are 
preferred.  

The tank needs to be small enough to be located in 
an occupied building area where it is easily accessible 

2. Locating small tanks in a heated crawl space are 
acceptable. 

Where a heated crawl space is available, the space 
may serve as a service space. It is preferable if the 
tank's location in the crawl space takes advantage of 
any natural slope on the building site. The objective is 
to limit the raising of the main floor level to 
accommodate tanks and access clearance and 
reduce ramp and stair access requirements.  

3. Locating small tanks in a suspended tank room 
are acceptable but are to be avoided where 
possible. 

A suspended tank room is acceptable where the 
building footprint must be minimized and space 
cannot be made available within the occupied building 
area, and where a heated crawl space cannot be 
provided due to soil conditions. This generally results 
in the main floor level being raised considerably 
above grade and can result in the need for extensive 
ramp and stair construction.  
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Large Tanks (over 4,200 litre capacity)  

1. Locating large tanks in a heated crawl space or 
basement is preferred. 

Tanks of this size take up considerable space and 
locating them beneath the main floor does not 
increase the building footprint. Although the main floor 
level may have to be raised to accommodate tanks 
and access clearance (resulting in additional costs for 
stairs and ramps), this is generally preferable to 
increasing the main floor area, building envelope size 
and structural capacity. 

2. Locating large tanks in a suspended tank room 
are acceptable. 

Where a heated crawl space or basement cannot be 
provided because of soil or site conditions, a 
suspended tank room is acceptable. This generally 
results in the main floor level being raised 
considerably above grade and can result in the need 
for an extensive ramp and stair construction. As much 
as possible, suspended tank rooms should be located 
to take advantage of any natural slopes of the building 
site.  

3. Locating large tanks in the occupied building area 
may be considered. 

The cost of providing the main floor area with 
adequate structural support and site limitations makes 
this alternative undesirable.  

Additional floor area must be considered but making 
the tanks more accessible for maintenance purposes 
can be considered added value. 

M.4.2.7 Fill and Vent Piping 

 

Fill and vent piping is to be Schedule 80 PVC within 
the building and change to copper pipe where it 
penetrates exterior walls or fire separations.  

Plastic pipe gets very brittle in cold outdoor 
temperatures and can easily crack or break. See NBC 
3.1.9.1 and 3.1.9.4 regarding penetrations of fire 
separations.  

The fill pipe is to be located so water delivery 
personnel do not have to pass a sewage pump-out 
connection when connecting the hose from vehicle to 
fill pipe.  

This reduces the risk of the water hose being dragged 
through spilled sewage at pump-out location. Fill and 
pump-out service points are to be determined based 
on the access route, with water fill point being the first 
accessible to arriving vehicles.  

Fill and vent piping to be graded back to tanks.  This is done so that water drains back to the tank, 
rather than spilling on the ground where it freezes and 
creates a hazard for water delivery personnel.  

Vent outlets are to be located on the side of water 
tanks or extended 100 mm into the top of the tank. 

Vent outlets may reduce the effective capacity of the 
tank; however, they are necessary to vent and protect 
the tank from damage.  

Provide dual venting for all water tanks: a 75 mm 
primary vent to the exterior of the building, and a 75 
mm secondary vent terminating at an interior drain 
(i.e. over janitor sink).  

Frozen condensation from the tank can block the 
exterior vent through the winter months and create the 
potential for the tank to rupture during filling.  
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Vents terminating outside the building may be 
screened where dual venting is provided. Otherwise 
terminate with an elbow to comply with Environmental 
Health Standards.  

Environmental Health Standards suggest both means 
of preventing dust, birds and insects from entering 
tank, but it should be noted that a screen fine enough 
to exclude insects during summer months will freeze 
over in the winter, and the second vent is required for 
relief. 

M.4.2.8 Water Tank Level Alarms 

 

The domestic water tank must be provided with a 
high-level float-type switch wired to an exterior "Tank 
Full" light located adjacent to the fill point. A low-level 
float-type switch is also to be provided which turns off 
the domestic water pressure system when the water 
tank level is low. It is wired to an exterior "Tank Empty" 
light located adjacent to the fill point. 

This will guarantee that public buildings are supplied 
with fresh water when needed, thereby helping water 
distribution to be prioritized. This also protects the 
pump from burning out. 

M.4.3 DOMESTIC HOT WATER (HW) SUPPLY 

Hot water use can account for a significant portion of a building's energy costs. Systems must be selected 
based on initial capital costs as well as operating costs of the equipment. 

Recommendation Rationale 

M.4.3.1 Oil Fired Domestic Hot Water Heaters 

 

Install Indirect domestic water heaters where the 
building heating is provided by hydronic heating. This 
can be utilized in areas where the boilers are not shut 
down on a seasonal basis. 

This would reduce the requirement for an additional 
chimney and fuel oil piping to the extra appliance. As 
the heating boiler is being operated throughout the 
year, the domestic hot water can be produced at a 
minimal cost. 

Dedicated, oil-fired HW heaters should be used where 
fuel oil is used for the building heating system. 

This type of heater has the lowest operating cost 
where large quantities of domestic hot water are 
required, and where it can be tied into the same fuel 
supply used for the building heating system. They are 
typically installed in schools and recreation facilities 
with showers, and in residential facilities including 
student hostels, long-term care facilities and group 
homes.  

 
Fuel oil usually costs substantially less than 
electricity.  

See "Electric HW Heaters" Mechanical M 4.3.2  In some instances, a combination of oil-fired and 
electric HW heaters should be considered for the 
same facility. In all cases, electric use should be 
minimized considering that electricity is produced by 
oil-fired power plants. 

On-demand oil fired heating systems should be 
considered in applications where the demand for hot 
water is minimal. 

This minimizes fuel consumption. 
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High efficiency burners only (80% or better) are to be 
used.  

This minimizes fuel consumption.  

Non-combustible block bases with 6 mm steel plates 
are to be used under all oil-fired HW heating 
equipment installed on combustible floors.  

Past experience has shown that even equipment 
approved for use on a combustible base has burned 
into the floor.  

The high limit control on fuel oil-fired domestic water 
heaters is to be the manual reset type. 

This provides safety protection shutdowns 

Refer to Section M 7.2.2 for chimney and vent 
requirements. 

 

M.4.3.2 Electric HW Heaters 

 

The use of Electric HW Heaters should be avoided 
when possible. 

These are typically selected for smaller buildings such 
as maintenance garages, fire halls, community offices 
and air terminal buildings with low HW use, in 
conjunction with forced air heating systems. The use 
of on-demand oil fired HW Heaters should be 
considered for these applications. (See 4.3.1 Oil-Fired 
Domestic Hot Water Heaters) 

Small under-the-counter, electric, domestic hot water 
heaters may be used alone or in addition to an oil- 
fired HW heater. Electric HW heaters should also be 
considered where a few fixtures must be located 
some distance from a central domestic HW source, 
and a recirculating system would otherwise be 
needed to maintain HW.  

The high cost of a recirculating system is not 
justifiable where the fixtures use is not high. Local 
heaters should be considered for complex or multi-
purpose buildings where hot water is required at 
remote areas of the buildings. Typically, this would 
include public washrooms where HW is only required 
for hand washing.  

M.4.3.3 Temperature 

 

See National Energy Code for Buildings, "Measures 
for Energy Conservation in New Buildings". 

 

1. When less than 50 percent of the total design 
flow of a service water heating system has a 
design discharge temperature higher than 
60°C, separate remote heaters or booster 
heaters shall be installed for those portions of 
the system with a design temperature higher 
than 60°C. 

This system allows primary domestic HW heaters to 
be set at lower temperatures to save energy. This is 
typical for buildings such as air terminal buildings, 
schools, offices, libraries and service buildings where 
large volumes of hot water are not required. This is a 
more cost-effective method of providing tempered 
water than having two separate domestic storage and 
distribution systems. 

2. Tempered water is required for showers, 
lavatories and classroom sinks in elementary 
schools and similar applications. The 
tempered water is to be provided by using a 
pressure balanced mixing valve located at the 
fixture and set at 42°C. 
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M.4.3.4 Provision for Monitoring Performance 

 

1. Provide thermometers in domestic hot water 
supply. Thermostats and gauges provide information for the 

building maintainers to monitor the system's 
performance.  

2. Provide pressure gauge(s) at domestic hot 
water recirculation pumps. 

 

M.4.4 DOMESTIC WATER SYSTEM 

Domestic water pressure is provided either by a municipal system or by individual pressure pumps when 
buildings are equipped with holding tanks. Although freezing of water circulation lines was a common 
problem in older buildings, changes to standard design principles have decreased this risk. Increased 
insulation and air tightness of new buildings, concentration of plumbing fixtures locations, and keeping 
plumbing lines out of exterior walls are now accepted as common practice in cold climates.  
 

Recommendation Rationale 

M.4.4.1  

 

Insulation is not required on domestic cold-water 
piping systems where the domestic water is supplied 
from a storage tank in the building.  

Insulation is not required on cold water piping 
because water supplied from ambient temperature 
domestic water tanks will not be cold.  

Insulation is not required on small domestic hot water 
piping systems that do not have domestic hot water 
circulating pumps.  

Small domestic hot water systems that do not have 
circulating pumps (i.e., a demand system) realize little 
benefit from insulation. This reduces the installed 
cost.  

M.4.4.2  

 

Domestic hot water recirculating lines should be 
provided only where heat loss due to the distance of 
fixture from HW tank would cause users to waste 
more water than they need waiting for hot water, and 
where HW requirement at the fixture is estimated at 
more than 30 litres per day. 

These are typically required wherever showers, baths 
or laundry facilities are provided, and hot water use is 
high. The cost and complexity of recirculating systems 
is generally not warranted in the case of small 
buildings where only a minimal amount of hot water is 
used.  

When required, recirculating lines are to be controlled 
by a time clock and kept off during unoccupied hours. 
Pump is to be smallest kW possible.  

This reduces energy requirements. 

Extend the circulating line directly to the fixture or 
group of fixtures to ensure hot water is readily 
available. 

Running circulating lines down corridors still requires 
wasting water before hot water is available at the 
fixture(s). Also, this will reduce the length of “dead 
legs”, thus reducing the risk of Legionella developing 
in tempered water.  
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M.4.4.3 Drain Valves 

 

All water pipes must be pitched and drain valves must 
be provided at all low points. 

The Canadian Plumbing Code allows pipes to be 
blown out with air or drained by valves at low points. 
CGS prefers drains as this simplifies operation for 
maintainers. 

M.4.4.4 Location 

 

Avoid locating water piping in the exterior walls.  This reduces the potential for pipes to freeze.  

Domestic water piping is to be installed only in the 
heated portion of the building.  

Domestic hot and cold water lines installed in 

utilidettes are difficult to heat trace and tend to freeze. 

M.4.4.5 Tees 

 

Use factory tees only. Do not use a T-drill.  Factory tees can be repaired without replacing the 
tee. Repairs to T -drill require special equipment that 
may not be available to maintainers. 

M.4.4.6 Access 

 

Easy access must be provided to all valves and 
faucets.  

This allows maintainers to respond to any problems 
or to repair equipment. 

M.4.4.7 Domestic Water Pressure Pump 

 

Domestic Water Pressure Pump. 

Pump to be typically selected to operate at 140-280 
KPa.  

Higher-pressure 210-350 KPa pumps are not needed 
in most small buildings.  

Typically use shallow well jet pump.  These pumps are readily available. 

Isolating valves are to be provided for each pump. These valves will facilitate maintenance on pumps 
and eliminate the requirement for draining large 
portions of the network. 

M.4.4.8 Domestic Water Pressure Tank 

 

Bladder type pressure tanks are preferred. Non-bladder type tanks tend to become water logged, 
making the system ineffective. 

M.4.4.9 Provision for Monitoring Performance 

 

The standard pump-mounted pressure gauge on the 
discharge is acceptable in most instances. 

Provides indication of system operation parameters to 
the operator.  
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M.4.5 SANITARY WASTE AND VENTING 

The combination of the extremely cold climate and the need to use low volume fixtures in most public sector 
buildings can cause drainage problems. The goal is for the design to keep the drainage system operational 
with minimal use of supplementary heating such as heat traces, and to also ensure easy access to clean-
outs, so that when problems occur (generally blockages), they can be quickly corrected.  
 

Recommendation Rationale 

M.4.5.1 Grade 

 

All waste lines 75 mm and smaller must be graded a 
minimum of 2 %.  

Although this is the minimum allowed by the NBC 
within a building, actual grades achieved in 
construction have commonly been inadequate in this 
respect.  

M.4.5.2 Location of Drain Lines 

 

Do not locate drainage lines in exterior walls. This requirement reduces the potential for freezing of 
drain lines.  

M.4.5.3 Trap Seal Primers 

 

If a floor drain is provided for occasional use, a trap 
seal primer is required. 

Traps dry out and allow odours into the building. 
Typically, this occurs in floor drains of mechanical 
rooms and change rooms. 

M.4.5.4 Clean-outs 

 

Clean-outs are required at all changes in direction 
greater than 45° on sanitary waste lines.  

Note: This exceeds requirements of the Canadian 
Plumbing Code but is considered necessary because 
there have been so many cases of blocked drains in 
public buildings. 

M.4.5.5 Roof Vents 

 

A freeze protection device with heat provided from the 
building hydronic heating system or with an approved 
electrical heat trace device suitable for the material 
being heated and which is certified to the proper CE 
Code Part II (CSA C22.2) standard and which is 
supplied with electricity, as required by the CE Code, 
from a GFI protected circuit, is required. 

These types of vents will not block with ice.  This 
eliminates the need to access the roof and inspect 
vents on a scheduled basis.  

M.4.5.6 Special Traps and Piping 

 

1. Plaster Traps  

Plaster traps should be installed on sinks used for any 
biology, horticulture or art activities.  

Required because of potential for blockage by 
materials going into the sink. Typical locations include 
schools, colleges, adult education facilities, group 
homes; health care centres, workshops, young 
offender facilities and hospitals.  
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2. Grease Interceptors  

Interceptors must be installed wherever deep-frying 
equipment may be used.  

Typically required wherever commercial kitchen 
equipment is installed, such as in correctional facilities 
and hospitals, and in community kitchens located in 
community halls and gyms.  

3. Acid Dilution Traps and Piping  

Acid dilution traps and tanks must be installed 
wherever acids are used, and they must be 
independently vented.  

Acid dilution tanks are typically required in photo 
developing facilities and science rooms that may be 
included in schools or health centres.  

All piping and fittings used in these applications must 
be resistant rated for the application, such as acid 
resistant and fuse sealed.  

The use of proper piping and fittings will extend the 
service life of the system.  

M.4.5.7 Lift Stations and Pumps 

 

To the extent possible, the use of sewage lift stations 
and sumps should be avoided. However, where 
provision of such is unavoidable, they should be 
designed as follows: 

 

The systems are maintenance intensive and there is 
a risk that if the station fails, flooding will result. 

1. Lift Stations  

Lift stations are to be provided with duplex pumps, a 
full-access manhole with lift-out rail assembly, and 
four float switches for the following alarms: 

• Pump 1 off 

• Pump 1 on 

• Pump 2 on 

• High level alarm 

 

The high-level alarm is to be an audible and visual 
alarm. 

 

 

2. Sumps  

Sumps are to be provided with: 

• A sump pump piped to drain the sump, with a 
check valve on the riser to prevent backflow 
into sump. 

• A fill-access manhole. 

• A float switch wired to provide an audible 
alarm and visual alarm in the event of pump 
failure. 
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M.4.6 SEWAGE DISPOSAL – PIPED SERVICES 

Less than 20% of all communities in Nunavut have piped sewer systems (either buried or in above- ground 
utilidors). Where they are in place, the owner is responsible for all costs associated with connecting a new 
building to existing mains. Work required generally extends beyond the property line and is completed as 
part of the general construction contract.  

 
In every community with piped services, there are usually some areas still served by truck. Consultation 
with the municipality is essential to determine the capability and capacity of existing services, and to 
become aware of any planned changes or improvements to the system that may affect the project.  
 

Recommendation Rationale 

Refer to the "Water Supply and Waste Disposal 

Systems for Arctic Communities"(http://pubs. 

aina.ucalgary.ca/arctic/Arctic26-2-149.pdf) 

Complete description and standard details are 
included in these manuals.  

"Water and Sewer Service Connections in 
Permafrost Areas of the NWT", Wilson & Cheema, 
1987 (http://www.nrcresearchpress.com/ 
doi/pdf/10.1139/l89-034). 

 

"Good Engineering Practice for Northern Water and 
Sewer Systems", 2017 
(https://www.maca.gov.nt.ca/sites/maca/files/resourc
es/goodengpractice.pdf). 

 

 

M.4.7 SEWAGE DISPOSAL – HOLDING TANKS 

Where piped services are not available, soil conditions make septic fields a viable option in very few 
locations in Nunavut. The majority of public sector buildings rely on holding tanks serviced by pump-out 
trucks operated by the municipality. Frequency of pump-out service varies with communities and may be 
dependent on equipment available. Tanks can be located either in an enclosed crawl space within the 
building, or sometimes buried outside the building. This system is dependent on regular servicing to function 
properly; sewage must be emptied as often as water is delivered. Coordinate with the structural designer 
for proper tank support.  
 

Recommendation Rationale 

M.4.7.1 Health Standard 

 

Refer to Environmental Health "Building Standards -
Sewage Holding Tanks" June, 1992 and included in 
the Appendices.  

 

M.4.7.2 Capacity 

 

Sewage holding tanks are to be sized relative to the 
capacity of the domestic potable water supply only 
(i.e., excluding reserve for fire protection), as follows:  

• Large/complex buildings: equal 

• Small/simple buildings: 1.5 times  

This is a clarification of Environmental Health 
Standards, which could be interpreted to include fire 
and emergency reserves. It also clarifies and modifies 
the previous interpretation of the 1.5 times capacity 
requirement, which was intended to apply to small 
buildings only, and not to buildings with large tanks, 
such as schools or complex occupancies. 

http://pubs.aina.ucalgary.ca/arctic/Arctic26-2-149.pdf
http://pubs.aina.ucalgary.ca/arctic/Arctic26-2-149.pdf
http://www.nrcresearchpress.com/doi/pdf/10.1139/l89-034
http://www.nrcresearchpress.com/doi/pdf/10.1139/l89-034
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.maca.gov.nt.ca%2Fsites%2Fmaca%2Ffiles%2Fresources%2Fgoodengpractice.pdf&data=02%7C01%7CNPisco%40GOV.NU.CA%7C5e69c537921c4a342c7008d79acbe37a%7C72ebbe777a8049bd8767a19d08ab746c%7C0%7C0%7C637148072789041722&sdata=y2l0Phv3lOaCduSKk9CscNyMW3NbMsvWPBW4pJcID%2FQ%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.maca.gov.nt.ca%2Fsites%2Fmaca%2Ffiles%2Fresources%2Fgoodengpractice.pdf&data=02%7C01%7CNPisco%40GOV.NU.CA%7C5e69c537921c4a342c7008d79acbe37a%7C72ebbe777a8049bd8767a19d08ab746c%7C0%7C0%7C637148072789041722&sdata=y2l0Phv3lOaCduSKk9CscNyMW3NbMsvWPBW4pJcID%2FQ%3D&reserved=0
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M.4.7.3 Full Indicator 

 

The sewage tank must be provided with a high-level 
float type switch, wired to an exterior "Tank Full" light 
located adjacent to the emptying point, to turn off the 
domestic water pressure system when the sewage 
tank is filled to capacity.  

This specifies the type of device referred to in 
Environmental Health Standards. 

M.4.7.4 Construction 

 

All sewage-holding tanks are recommended to be 
either fibreglass, polyethylene or CPVC. 

This specifies the type of device referred to in 
Environmental Health Standards. 

M.4.7.5 Removal of Solid Matter 

 

Environmental Health Standards state that, "Sewage 
holding tanks shall be designed and constructed to 
allow the complete removal of solid matter that can be 
expected to settle in any part of the holding tank".  

A clarification provided by Environmental Health 
notes that this was intended to mean removal by 
sewage pump-out vehicles. They are concerned over 
reports that sewage tanks have, on occasion, been 
cleaned out manually, and will be looking to see that 
tanks are designed to allow sludge to be effectively 
removed by the vacuum truck - whether by sloping the 
tanks or by having extra access points. 

M.4.7.6 Location of Sewage Holding Tanks 

 

To prevent tank contents from freezing, tanks must be 
located in a heated area, or be double walled, 
insulated and heat traced. The following preferences 
should serve as a guide: 

  

See Figures 4-4 and 4-5.  

1. Tanks buried outside the building are acceptable 
wherever the soil conditions and water table 
permit.  

This installation allows sewage tanks to be located 
close to roads for servicing and does not require 
additional building space.  When installed in this 
manner, tanks and connections should be placed 
away from all doors, windows and fresh air intakes.  

2. Tanks enclosed within the building (including 
enclosed crawl spaces) are acceptable where 
gravity flow is provided. The use of lift stations 
and/or grinder pumps is not generally acceptable.   
Areas intended for tank storage require a 
containment under and around holding tanks to 
prevent damage to insulation and sheating in the 
event of a spill. 

This is typical of most public sector buildings in areas 
of permafrost. Lift stations and grinder pumps 
increase maintenance problems and costs.  

3. Tanks located in unheated crawl spaces are not 
acceptable. 

Heat trace would be required to prevent contents from 
freezing and would result in high electrical operating 
costs.  
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4. Tanks located on grade or partially buried are 
acceptable. These tanks must be double walled. 
Insulated and heat traced. 

The placement of the tank on grade is usually less 
costly overall than locating the tank in a tank space. 
When installed in this manner, tanks and connections 
should be placed away from all doors, windows and 
fresh air intakes.  

Where a boiler exists, the tank should be heat traced 
with the heating glycol system.  

Heating provided by the boiler is less costly than 
electricity, despite the higher construction cost.  

Tanks located on grade or partially buried must be 
prevented from lifting during periods of high ground 
water conditions.  

Movements of over 100 mm due to frost heaving are 
not uncommon.  

Provide flexible piping to the tank to allow for 
differential movement between the tank and the 
building.  

If problems occur, repair of a tank under the building 
is very expensive.  

Tanks may be positioned under buildings. Any take installed under a building must be fully 
accessible to allow for potential removal and 
replacement. 

M.4.7.7 Pump-out Vent Piping 

 

The sewage tank pump-out suction line is to be 
graded back to the sewage holding tank and securely 
anchored to the building.  

This prevents sewage spills on the ground around the 
pump out.  

Sewage tank pump-out suction line is to be located 
away from all doors, windows and fresh air intakes. 

This will prevent sewage odours and truck exhaust 
from entering the building during sewage tank pump-
out. 

 
Pump-out piping is to be:  

• Black iron piping outside the building and 
extending 2 metres into the building 

Plastic pipe is not to be used outside, as it is subject 
to cracking or breaking at very cold temperatures. 

The length of black iron pipe into the building could be 
heat traced with the heating glycol system if deemed 
necessary, depending on building type or 
environmental conditions of the site. 

• Schedule 80 PVC within the building (with 
the exception of the first 2 metres)  

 

• Insulated within 2 metres of the building   

• Securely anchored to the building   

• Heat tracing (optional)  

Cap and chain are to be installed on the pump-out 
Suction line quick connect fitting.  

This is in addition to the requirements noted in 
Environmental Health Standards.  

A secondary vacuum relief vent is required on all 
sewage holding tanks. A spring loaded check valve 
set to 14 KPa must be used. 

In the event the tank vent is blocked. The check valve 
provides a relief to prevent the tank from collapsing 
while it is being pumped out. 

M.4.7.8 Utilidette Piping 

 

All utilidette piping should be PVC. Heat tracing Should be provided hydronically. 
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M.4.8 FIXTURES AND BRASS 

Fixtures are generally required to be low consumption type to conserve water used and waste water 
produced. This requirement is most important for buildings with water and sewage holding tanks.  
 

Recommendation Rationale 

M.4.8.1 Colour 

 

All vitreous china or fibreglass plumbing fixtures are 
to be white. Coloured fixtures should only be 
considered under special circumstances. 

General appearance and to make matching simple if 
replacement is necessary. 

M.4.8.2 Fittings and Trim 

 

Triple chromium-plated, exposed fitting and trim to be 
used  

Quality and durability are required for public use 
buildings.  

1. Infrared Sensing Plumbing Trim 
 

This is acceptable where the higher cost can be 
justified. The trim must be wired to the building power 
source. 

Infrared sensing trim has been tried in several 
installations and works satisfactorily. The benefits are 
a cleaner public washroom, less odours, and lower 
water usage. Battery-powered sensors should not be 
used. 

2. Spring-Loaded Faucets 
 

Spring-Loaded faucets are not acceptable. Spring-Loaded faucets discourage users from using 
them. 

M.4.8.3 Sinks 

 

Stainless steel sinks are preferred.  Stainless steel sinks are required, because enamel 
finishes would be subject to damage in typical 
kitchens, health centres, correctional facilities and 
schools.  

P-traps for copper piping are to be cast brass. ABS or 
PVC traps are to match the installed drainage piping.  

Lighter gauge traps require frequent replacement.  

All faucets should have flow restrictors to ensure low 
water use.  

This reduces water consumption and waste. 
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M.4.8.4 Hand Basins 

 

Stainless steel basins are preferred for all high use 
public facilities.  

Stainless steel basins are typically required in 
schools, community recreation facilities, air terminal 
buildings, and in all corrections facilities. Fixtures 
must be durable enough to withstand the level of 
abuse they are often subject to in these types of 
buildings. Basins in schools and community 
recreation facilities are frequently damaged.  

Vitreous china or stainless steel basins are 
acceptable in all non- public use facilities.  

Non-public use facilities are less prone to vandalism.  

Enamel on steel and plastic or fibreglass basins are 
not acceptable.  

These components have an inadequate service life in 
public buildings. 

All faucets and showerheads are to have flow 
restrictors to ensure low water use. 

This reduces water consumption and waste. 

M.4.8.5 Toilets and Urinals 

 

All toilet fixtures should be low water use type (6 litres 
or less). All urinals are to be low water use type.  

The objective is to reduce water use. Dual-flush 
fixtures are now widely available and are acceptable 
for many applications.  

Vitreous china toilet fixtures are preferred. Fibreglass 
or plastic models are acceptable only in very low-use 
facilities. 

Fibreglass and plastic models are not durable enough 
for most public use buildings, although they may be 
acceptable for installation in facilities normally 
occupied by fewer than 6 people.  

Use of propane-fired incinerating toilets is not 
acceptable.  

Propane supply is generally difficult, and installation 
and maintenance costs are high.  

The toilet seats in schools and community recreation 
facilities should be extra heavy, open front, seat ring 
type only.  

Toilet seats in arenas and schools have been high 
vandalism targets.  

M.4.8.6 Drinking Fountains 

 

Drinking fountains must be self-contained refrigerated 
type. Remote refrigeration units are not acceptable.  

Water is wasted when people run the water to empty 
warmed water from lines. Self-contained units are 
easier to access for maintenance and repairs.  

M.4.8.7 Hose Bibs 

 

Hose bibs must be keyed. Non-freeze. Self-draining 
type. 18 mm complete with stop and drain valves, 
backflow preventer, inside building.  

They are simple to drain in preparation for winter.  
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M.4.8.8 Shock Absorbers 

 

Manufactured water hammer arresters, c/w isolating 
valves, are required at all groups of fixtures.  

Shock absorbers reduce water hammer and damage 
to fixtures and piping.  

 
 
Figure M.4 - 1 – Typical Water Tank 
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Figure M.4 - 2– Water Tank in Crawlspace 

 

 

 

Figure M.4 - 3– Tube Tank in Crawlspace 
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Figure M.4 - 4– Sewage Tank in Heated Space 

 

 

 
Figure M.4 - 5– Sewage Tank Outside 
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M.5 FIRE PROTECTION 

Firefighting in most Nunavut communities can be challenging, and many obstacles can limit the success of 
any firefighting operation. Fire is devastating in itself but a fire in a small remote community will displace 
residents and businesses for an extended period of time. The basic principles in this section are designed 
to ensure occupants and property are protected, or at least to limit the devastating effects of fire. 
 

Recommendation Rationale 

M.5.1.1 Room Temperature Operation 

 

ULC approved, rechargeable fire extinguishers are 
acceptable for use in all facilities that are occupied on 
a daily basis, are not subject to sudden temperature 
drops, are always maintainable at ambient 
temperature above freezing, and are equipped with 
low temperature alarms. Extinguishers are to be ABC 
rated. 

Please note CGS previously required that all buildings 
be equipped with extinguishers rated for service to -
40°C. High insulation levels and air tight construction 
have greatly reduced the risk of indoor temperatures, 
in any regularly occupied building, reaching extreme 
freezing temperatures. ABC rated extinguishers 
require less maintenance than other types allowed by 
code, such as pressure water types.  

Kitchen fire extinguishers are to be type K to protect 
cooking operations. Kitchens shall also be protected 
with standard ABC rated extinguishers for other 
hazards in the kitchen where the type K extinguisher 
cannot provide protection (i.e. toaster). 

Type K is to supplement kitchen exhaust hood fire 
suppression systems. 

M.5.1.2 Low Temperature Operation 

 

Wherever there is a potential for the temperature 
where the fire extinguisher is kept to fall below 
freezing, extinguishers must be multiple purpose dry 
chemical extinguishers rated for -40°C.  

Typical applications are maintenance garages, fire 
halls, warehouses or any other facility that may not be 
occupied daily; where opening of large garage doors 
can cause temperatures to drop quickly; or anywhere 
extinguishers are intended for outdoor use. 

 

M.5.2 FIRE PROTECTION SYSTEMS 

Fire sprinkler systems are automatic fire protection systems designed to control fires and keep a fire within 
the area of origin until firefighters arrive and suppress the fire. Sprinkler systems have been installed in 
many new public sector buildings since 1985, either as required by code or regulation, at the request of 
the Fire Marshal, or at the request of the GN funding department. 
 

Recommendation Rationale 

M.5.2.1 General Requirements 

 

Fire sprinkler design shop drawings and hydraulic 
calculations must be submitted and reviewed by the 
Office of the Fire Marshal prior to installation, with as-
built drawings and calculations signed by a 
professional engineer.  

The Nunavut Fire Marshal is the authority having 
jurisdiction.  
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Fire sprinkler systems shall be designed and installed 
in accordance with NBC and NFPA 13. Fire sprinkler 
systems are permitted to be designed and installed in 
accordance with NFPA 13D and NFPA 13R if the 
building meets the application requirements found in 
these standards. 

 

Schools shall be classified as light hazard 
occupancies. The following rooms/areas in schools 
shall be classified as Ordinary Hazard Group I: 
science labs, equipment rooms, service rooms, trade 
teaching labs, workshops, and engine repair labs. 

 

Dry systems are generally unacceptable for GN 
facilities.  

If not serviced regularly, valve seats can stick, and the 
system may malfunction.  

 
As an alternative:  

 1. Antifreeze sprinkler system: this system can 
be expensive for large systems and is limited 
with the concentration of glycerine or 
propylene glycol, which limits the minimum 
temperature of the protected area. 

 2. Wet sprinkler system: where the piping is 
installed in a temperate enclosed area and 
dry type sprinkler head is used. Dry sprinkler 
heads shall be tested or replaced every 10 
years. 

 3. The dry sprinkler system is the most 
economical solution for large areas to be 
protected and for room temperature 
below -27°C. 

All crawl spaces shall be protected with fire sprinklers. 
Crawl spaces, unless used for storage or other 
occupancy type, shall be classified as light hazard. 
Independent of sprinkler protection, crawl spaces 
shall be fire stopped in accordance with NBC 
requirements. 

 

All concealed spaces shall be sprinklered. 
 

M.5.2.2 Sprinkler Heads 

 

Quick response heads rated to 74°C are required. 
Except as noted below.  

By responding quickly, the hazard can be quickly 
extinguished, and the quantity of water reserved for 
fire protection can be reduced.  

High temperature heads rated at no less than 1OO°C 
are required in mechanical equipment rooms, such as 
generator and boiler rooms.  

Temperatures can often be excessive in these areas, 
which could lead to premature activation of the 
sprinkler head. 

Dry pendant heads are required in entrance foyers 
and vestibules.  

There is a greater potential for freezing in 
entranceways where doors are opening to the 
outside. Dry heads must be tested or replaced every 
10 years. 
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A glycol loop is required wherever sprinkler piping is 
installed in crawl spaces close to outdoor air vents, 
louvers or intakes.  

Pipes in these locations are subject to freezing.  

New sprinkler systems containing antifreeze require 
that only factory premixed antifreeze solutions be 
used. The maximum allowable concentration of 
glycerine is 48% by volume, which limits the room 
temperature to a minimum of -27°C for these systems. 
The maximum allowable concentration of propylene 
glycol is 38% by volume, which limits the room 
temperature to a minimum of -20°C for these systems.  

 For existing buildings, following NFPA25, existing 
antifreeze systems shall be tested every year and if 
the concentration of glycerine exceeds 50%, and 
propylene glycol exceeds 40%, the system shall be 
drained completely and replaced with an acceptable 
solution. 

M.5.2.3 Piped Water Service Systems 

 

Systems supplied from piped water service systems 
shall have incoming water main sized to provide flow 
rate required for occupancy of building calculated as 
required by relevant NFPA document. The incoming 
main shall be common for sprinkler water and 
domestic water but will be sized to provide the greater 
flow requirement for either system. 

When a single main less than 6 inches in diameter 
serves both domestic and fire systems, the domestic 
demand should be added to the hydraulic calculations 
for the fire system at the point of connection unless 
provisions have been made to isolate the domestic 
demand. 

A ULC-approved backflow prevention assembly shall 
be provided on the sprinkler side of the system to 
prevent backflow into domestic water system.  

Required by the National Plumbing Code. 

An excess pressure pump and a retarding chamber or 
flow switches with a built-in time delay are to be 
provided as methods of preventing false alarms 
during water surges, etc. 

Water pressure in municipal and pumped mains 
systems are known to fluctuate considerably. 

M.5.2.4 Pumps and Controllers 

 

Fire pumps and controllers must be ULC listed. This 
is to conform to the requirements of NFPA 20. 

 

All fire pump systems shall be designed such that 
access to and usage of regularly required testing 
features shall be easy and not require any provision 
of additional equipment. 

Code-required system testing should be performed so 
there is minimal extra work for the maintainer. As an 
example, drainage tests should be able to run without 
the need to run a hose connection to the exterior of 
the building. 
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M.5.2.5 Water Reserve – Tanked Water Supply 

 

Coordinate with the structural designer for proper tank 
support.  

 

Wherever an automatic sprinkler system is installed, 
water supply calculations must be approved by the 
Fire Marshal, but can generally be based on the 
following:  

 

1. Buildings where NFPA 13D applies will 
require a capacity calculated by multiplying 
the required flow rate by the required duration 
of flow as laid out in NFPA13D. 

This will apply to one- and two-family dwellings only. 

2. Buildings where NFPA 13R applies will 
require a capacity calculated by multiplying 
the required flow rate by the required duration 
of flow as laid out in NFPA13R. 

This will apply to one- and two-family dwellings and 
manufactured homes. 

3. Buildings where NFPA 13 applies will require 
a capacity calculated by multiplying the 
required flow rate by the required duration of 
flow laid out in NFPA 13 dependant on the 
occupancy classification of the building 
(except schools, wherein certain areas are to 
be designed to Ordinary Hazard Occupancy 
Group. 

Typically, this will apply to small gymnasiums, 
community offices containing council chambers, 
courthouses, visitor centres, group homes and 
libraries where sprinkler systems are installed.  

 
This will apply to all public buildings which require 
sprinkler protection as laid out in NBC part 3 latest 
edition, excluding those noted previously. 

 
The Nunavut Fire Marshal has the authority to require 
a building to be sprinklered. 

 
Designers are advised to confirm sprinkler 
requirements with the Office of the Fire Marshal for 
ALL building designs. 

Tankage to be provided with means of drainage and 
access to the tank for periodic cleaning. 

This is a code requirement. 

Firewater storage tanks are to be provided with a fire 
water low level alarm float switch wired to a trouble 
signal at the fire alarm panel to indicate if water level 
in the firewater tank has fallen to less than required. 

Water evaporation reduces the water volume 
available to fight a fire. 

M.5.2.6 Carbon Dioxide 

 

(Co2) Use is limited as to where it is required for 
commercial range hoods, unless approval is given to 
use where special electronic equipment is installed.  

It is difficult to clean up.  
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Wet chemical fire suppression systems are installed 
to protect commercial cooking operations. These fire 
suppression systems shall be installed in accordance 
with NFPA 96, "Ventilation Control and Fire Protection 
of Commercial Cooking Operations". 

Easier to clean up.  

M.5.2.7 Halon 

 

Not permitted.  Halon use is restricted because of environmental 
damage (destroys ozone) and transportation hazards. 

M.5.2.8 FM-200 

 

FM-200 Systems are permitted for use in LAN rooms 
and other areas containing sensitive materials. 

FM-200 systems require specialized installation and 
maintenance.  The economics of each installation 
should be reviewed before installing an FM-200 
system. 

M.5.2.9 NOVEC 1230 

 

NOVEC 1230 systems are permitted for use in LAN 
rooms and other areas containing sensitive materials. 

NOVEC 1230 systems require specialized installation 
and maintenance. The financial feasibility of each 
installation should be reviewed before installing a 
NOVEC 1230 system. 

M.5.2.10 Tees 

 

Use factory tees only. Do not use a T-drill.  Factory tees can be repaired without replacing the 
tee. Repairs to T -drill require special equipment that 
may not be available to maintainers. 

 

M.5.3 STANDPIPE SYSTEMS 

Standpipe systems provide a system of fire hoses throughout a building. They are not normally required in 
Nunavut buildings due to size and height as per the National Building Code of Canada. Standpipe systems 
shall be designed and installed in accordance with NBC and NFPA 14. Standpipe systems must be 
submitted and reviewed by the Office of the Fire Marshal prior to installation. 
 

Recommendation Rationale 

Standpipe systems should be considered for large 
buildings even though they are sprinklered and not 
required by code. 

The addition of hose cabinets in large buildings may 
provide an improved initial attack ability to fight fires 
in a large building. 
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M.5.4 OPERATION AND MAINTENANCE 

M.5.4.1 Spare Parts 

The following spare parts are to be provided as per the requirements of NFPA 13 for sprinkler systems: 
 

• Not less than 6 spare heads of each type installed for a building up to 300 heads total 

• Not less than 12 spare heads of each type installed for a building from 300 to 1,000 heads total 

• Not less than 24 spare heads of each type installed for a building over 1,000 heads total 

• A head wrench suitable for each type of head installed 

• A list of the sprinklers installed on the property shall be posted and shall include the following 
information: sprinkler identification number (SIN), general description, quantity and issue date. 
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M.6 FUEL SUPPLY 

M.6.1 GENERAL 

Electrical power, which is generated by diesel power plants in Nunavut, is usually far too expensive a 
heating method to realistically serve the North.  

 
A new method of heating buildings, using heat recovery from Qulliq Energy Corporation power plants, is 
being used and should be considered where the proposed building is near QEC power plant. However, 
even where heat recovery is available, diesel fuel would likely be used to provide a base amount of heat to 
the buildings. Refer to the Energy Chapter.  

 
Diesel fuel has been specially designed to flow at temperatures as low as -50°C. Most northern communities 
receive an annual supply of this fuel by barge. It is stored in a collection of large tanks (a grouping of which 
is called a fuel storage facility), for distribution (via truck) to required facilities and buildings for the 
community's use.  

 
The following information is intended to introduce readers to some of the unique characteristics and 
challenges of storing and safely distributing fuel in Nunavut.  
 

M.6.2 TYPICAL ARRANGEMENTS 

All oil installations must be in compliance with the latest edition of the CSA B-139 Installation Code for Oil-
Burning Equipment and other applicable codes and regulations. 
 
It will be the designer’s responsibility to ascertain and comply with the most stringent requirements of all 
relevant codes. 
 
The storage and handling of fuel oil for building heating systems generally falls into 4 types of installations:  
 

M.6.2.1 Fuel Storage Tanks Less Than 2, 500 Litres (500 gal) Located Outside Building 

Fuel oil tanks located outside the building are usually mounted adjacent to the building on a tank stand 
1,500 mm minimum from any means of egress from the building and from any property line.  

 
The height of the external tank is set to minimize the need of the burner pumps to lift the fuel oil to the 
burner. Thus, the tank stand is specified to sit the tank at or above the mechanical room floor height.  
 
A ladder or stair should be provided to allow the fuel truck driver access to fill the tank. Fuel fill lines and 
vent lines are normally located on top of the fuel tank. The vent line is fitted with a vent whistle and must 
be terminated a minimum of 2400 mm above finished grade. The tank stand must be supported on a non-
combustible support. 
 
Oil should be heated to an appropriate temperature to be ready for use in oil-burning appliances. Typically, 
fuel flows by gravity from the outside storage tank to the appliance. If the portion of pipe inside the heated 
building is short, a large diameter pipe or warming pipe is provided to allow the fuel oil time to warm up. 
Also, it is important that the fuel distribution inside the building be equipped with bottom containment to 
capture any fuel leaks that might occur.  



January 2020 Good Building Practices Guideline Third Edition 

 Chapter M – Mechanical Page 32 

Figure M.6 - 1 – Fuel Tank Located Outside 

 

 

M.6.2.2 Fuel Storage Tanks Less Than 2,500 Litres (550 gal) Located Inside Building 

When total fuel storage is less than 2,500 litres (550 Igal), the fuel may be stored inside or outside of the 
building. Storing the fuel inside the building is not the best option. It is generally more expensive as 
adequate space is usually unavailable and adequate clearances of 1500 mm to burners needs to be 
maintained.  

 
Fuel oil stored inside the building must be located on the lower floor. Location of the fuel tank in a crawl 
space is prohibited. Fuel fill lines and vent lines are run out through the building wall. The vent line is fitted 
with a vent whistle and should be at least 2400 mm above ground, within hearing distance of the fuel truck 
operator and a minimum of 3,000 mm from windows and fresh air intakes.  
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Figure M.6 - 2– Fuel Tank Located Inside 

 

 

M.6.2.3 Fuel Storage Tanks Over 2,500 litres (550 gal) Located Outside Building 

Fuel tanks over 2,500 litres (550 gal) located outside the building must be contained by a double walled 
environmental tank, which must be located a minimum of 3000 mm from the building and 3000 mm from 
property lines.  

 
These storage tanks are located above ground, as soil conditions in the majority of the arctic communities 
are not suitable for underground (buried) tanks, and environmental protection guidelines are cost 
prohibitive, and as such are not permitted.  
 
The larger fuel tanks are usually mounted at grade (their large size makes mounting them on any acceptable 
stand impractical).  

 
These fuel tanks must comply with CSA-B139, be ULC approved, and come complete with stairs, fill fittings, 
vents, etc. There are several types of fuel tanks available.  

 
The site will dictate the tank arrangement that should be chosen. If the outside fuel storage tank (located 
at grade) is significantly below the mechanical room, then a dual transfer pump package system should be 
used (Figure M.6-3). If the fuel storage tank is located significantly above the mechanical room, then again 
transfer pumps should be used. If the tank is approximately level with the mechanical room, then transfer 
pumps are not required (Figure M.6-4).   
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Figure M.6 - 3– Fuel Tank Greater than 2500 Litre Located Outside with Transfer Pump 

 

 
 
Figure M.6 - 4– Fuel Tank Greater than 2500 Litre Located Outside, Gravity Fed 
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M.6.2.4 Fuel Storage Tanks Over 2,500 Litres (550 gal) Located Inside Building 

If large quantities of fuel need to be stored inside buildings due to property line restrictions or other 
considerations, a fuel vault must be used. This is rarely done and thus is not discussed in detail here. 
Underground fuel storage tanks are not acceptable, as explained above. 
 
 

M.6.2.5 Value Engineering 

The most important consideration affecting the fuel system is the selection of the amount of storage capacity 
that the system should contain. If excessive amounts of fuel are stored, building construction costs will be 
significantly higher. If too little fuel is stored, then delivery cycles will be excessive and may begin to 
overload the local delivery service and possibly result in increased fuel costs. 
 

M.6.3 FUEL OIL DELIVERY AND STORAGE 

Fuel delivery is either by contract with the Petroleum Products Division of the Community and Government 
Services, or through private distributors.  
 

Recommendation Rationale 

M.6.3.1 Fuel Meters and Gauges 

 

Totalizing fuel oil meters are not required unless one 
tank is serving more than one unit in the same building 
and meters are required to monitor consumption for 
each unit. 

Meters allow maintainers to monitor fuel consumption; 
however, fuel is metered by the truck meter and 
billings reflect consumption. 

All tanks should be equipped with a remote reading 
level gauge. 

The Code requires some means of measuring the fuel 
in the tank, and the remote gauge can be located in 
the mechanical room where it is easy for the 
maintainers to monitor. 

M.6.3.2 Tanks 

 

1. Primary Tanks  

If under 2,500 litres, either a circular horizontal tank or 
up to two 1,250 litre oval tanks may be used. 

A supply tank with a capacity of 2,500 L (550 gal) or 
less located outside the building shall be provided 
with: 

 
a) A secondary containment designed for 

outdoor use having a capacity at least equal 
to that of the largest surrounded tank; or 

 
b) A double bottom with interstitial monitoring 

between the walls, unless the supply tank is 
a non-metallic tank in compliance with ULC 
ORD-C80.1; 

 
c) A protection fence whenever the tank 

supplies fuel for an emergency power 
generator as per CSA C282 standard. 
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If over 2,500 litres, double-walled, self-contained, or 
self-bermed fuel storage tanks are required. 

A dike is required by code for tanks over 2,500 litres, 
whereas a self-contained tank is usually less costly 
and provides the best flexibility in its location and 
relocation in the future.  

2. Auxliary Tanks  

Auxiliary tanks may be up to 1,250 litres (275 Igal) in 
size. Auxiliary tanks shall be horizontal type. A 
separate, dedicated auxiliary tank is required 
whenever there is an emergency generator.  

An auxiliary tank is required if a transfer pump system 
is used and is required if an emergency generator is 
in the building. An auxiliary tank provides storage for 
the purpose of warming fuel oil for use by oil-burning 
appliances and for an emergency generator. It 
provides the minimum 2-hour fuel requirement for 
operating the generator (when nothing else works). 

3. Stands  

Fuel storage tank stands should be fabricated from 
steel. Timber stands are not acceptable. 

Although required by code, this is sometimes 
overlooked. 

Coordinate with the structural designer for proper tank 
support. 

 

 

4. Oil-Warning Pipe  

An oil-warming pipe is to be used in all applications 
where a day tank is not installed and where gravity 
feed from an exterior storage tank is possible. The 
pipe is to be constructed of standard schedule 40 pipe 
and is not to exceed 45 litres. 

When an oil pipe enters a building, the first one or two 
metres of the pipe will build up frost on the outside of 
the pipe as the fuel warms up. To facilitate this 
process, usually an oil-warming pipe is installed. 
However, if there is an auxiliary tank, the auxiliary 
tank will act as the warm-up pipe. In the case of where 
there is a crawl space, the pipe looping through the 
crawl space will act as a warm-up pipe. 

Warming pipe to be equipped with a manual bleed 
valve at high point and a drain valve at low point. 

 

 

5. Fittings on Oil Tanks  

Plastic fittings on oil tanks are not allowed. These fittings tend to leak. 

M.6.3.3 Fuel Tank Capacity 

 

Primary Tanks 
 

1. A 2-week supply, calculated at continuous 
maximum operating load (including heat and 
standby power), is the minimum required 
wherever a standby generator is to be installed, 
or a long disruption in heating would require 

Even with regular fuel delivery, blizzards or storms 
can make delivery difficult for periods up to 2 weeks.  
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Recommendation Rationale 

relocation of residents, or could potentially 
damage essential equipment. 
 

2. A one-week supply, calculated on continuous 
maximum operating load, is the minimum 
required for all buildings that are not essential in 
the event of power failures and can be prepared 
for freezing conditions (i.e., water lines drained). 
 

Current codes and regulations will dictate the 
requirements for auxiliary tanks. 

3. For additions to existing buildings, actual fuel 
consumption over the preceding three years is to 
be ascertained to determine whether fuel storage 
capacity needs to be increased. 

Actual fuel consumption may be higher or lower than 
anticipated originally. Projected fuel consumption 
may or may not increase significantly, depending on 
whether previous envelope and/or ventilation 
upgrades were undertaken. 

M.6.3.4 Location and Access 
 

Primary Tanks  

Suitable platforms with steps and handrails are to be 
provided for filling exterior tanks.  

This provides a safe condition for the fuel deliverer.  

Buried fuel tanks are unacceptable for public sector 
buildings.  

Soil conditions do not permit buried tanks in most 
arctic locations and environmental protection 
requirements make them costly.  

Tanks of up to 1, 800 litres capacity may be installed 
within the heated building envelope.  

Where space can be provided to allow the tanks to be 
concealed, the potential for spills makes this option 
undesirable.  

No fuel tanks are to be located in crawl spaces.  This is because spills might go undetected in crawl 
spaces.  

Wherever possible, elevate the primary storage tank 
to allow the tank to gravity feed to the fuel burning 
appliances. Ensure the tank and piping are installed 
at an appropriate elevation and grade to allow the 
contents of the tank to be fully utilized.  

A gravity feed fuel oil system is the most cost-effective 
means of providing fuel oil to a building.  

M.6.3.5 Spill Protection 
 

1. Exterior Tanks 
 

If a fuel tank is required to have spill protection 
because of its size, the tank is to be of the horizontal 
type for above ground installation. The containment 
dike is to be closed off and secured with a removable 
cover, and the tank is to be enclosed on all sides by a 
fence, leaving adequate access on all sides of the 
tank for maintainers and to permit fuel delivery.  

The Environmental Protection Act specifies when spill 
protection must be provided; unprotected dikes are a 
safety hazard, as they can fill with water.  

 
Fencing will further discourage access and tampering 
by unauthorized persons. If the tank is supplying fuel 
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for an emergency power generator, fencing is 
mandatory. 

 
A fence is not required if the containment access 
covers cannot be removed.  

2. Interior Tanks  

Containment with 110% capacity is required beneath 
all interior tanks. An equivalent approved double 
walled storage tank can be used as well. 

Interior tanks are usually located in mechanical 
rooms. Such rooms normally have painted plywood 
floors that would permit seepage of fuel into the floor 
assembly if the fuel were not contained.  

3. Auxiliary Tanks  

Auxiliary tanks must be vented to the exterior tank. 
Vents must not be trapped. 

This eliminates the possibility of the tank level controls 
failing to stop the transfer pumps and overfilling the 
interior tank, such that the tank overflows out of the 
vent pipe onto grade. If this arrangement cannot be 
achieved, then additional safety controls should be 
incorporated into the transfer pump controls. 

M.6.4 OIL SUPPLY (DISTRIBUTION) 

Recommendation Rationale 

M.6.4.1 Fuel Temperature 

 

Fuel stored in exterior tanks should be warmed before 
reaching the burners, by providing either an auxiliary 
tank, an oil warming pipe or an extended run of supply 
pipe in the mechanical room that is long enough to 
allow oil to warm to room temperature.  

Oil burners will operate at a higher efficiency when 
fuel oil is at room temperature.  

M.6.4.2 Transfer Pumps 

 

Two bulk fuel oil transfer pumps are required 
wherever an auxiliary fuel tank is installed that will be 
controlled by electric liquid level controllers for on-off 
automatic pump operation.  

This is to transfer fuel from exterior primary tank to 
interior auxiliary tanks.  

Pressure gauges and a pressure relief valve (integral 
or external) are to be installed on all fuel transfer 
pumps. 

One pump is operational, the other a standby pump 
that can be put into operation quickly and easily. 
Pressure gauges allow the monitoring of pump 
performance. 

Standby fuel pumps are to be installed and sized to 
handle 100% of full system load. Do not use 
automatic start/alternators; use hand selector 
switches only.  

In the event of a pump failure, a maintainer should be 
called to the facility to become aware that the primary 
pump has failed. The standby pump is permanently 
installed to ensure it is there when needed, and the 
system can be quickly and easily switched over. 
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M.6.4.3 Piping 

 

1. Materials  

All exterior fuel oil piping is to be Schedule 40 steel 
screwed pipe, minimum 50 mm size, valved at the 
tank and immediately inside the building, and properly 
supported. Buried lines should be welded when used 
-however their use is to be avoided whenever 
possible. 

All fittings must be rated at 907.2 Kg (2,000 Kbs).  The 
connection shall consist of Teflon tape and gasoila 
thread sealant with PTFE.  

  

The use of an ULC-approved, double-walled, 
environmental pipe is required for any buried pipe. 

2. Two Pipes Systems  

Where an auxiliary tank is installed, a two-pipe system 
(supply and return) is preferred for all oil-burning 
equipment. 

  

This eliminates problems with air locks and returning 
the fuel to an interior tank maintains it at room 
temperature.  

3. Gravity Feed  

If fuel is gravity fed to burners directly from an exterior 
tank, do not use a two-pipe system.  

 

This would cause preheated fuel to be returned to the 
exterior tank and produce condensation in the tank.  

4. Drip Leg  

A valved 50 x 50 mm nipple and cap is to be installed 
on all fuel tank piping with installation as follows: tank, 
valve, 90°elbow, tee (branch to building), valve, 
50 x 50 mm nipple and cap. 

This will serve as a dirt pocket and allows 
condensation to be drained from the tank to prevent 
water and ice build-up in the tank and piping.  

M.6.4.4 Flex Connectors 

 

Exterior fuel piping (supply and return) should have 
braided steel flex connectors installed prior to pipe 
entering building.  

This prevents stress caused by differential settlement 
of the tank and building.  

Adequate steel support shall be provided from the 
exterior fuel tank to the building. Support to be 
anchored to a concrete base or steel pipe. 

Tanks over 2,500 litres are located at 3,000 mm from 
the building and piping is installed at a high level. 
Installing the piping at a high level permits easier 
access for maintenance around the tank.  

Flexible connectors should be long enough to allow 
for the expected differential movement. A length of at 
least 600 mm is preferred.  

Movements of up to 100 mm are not uncommon. 
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The burner is to be connected to the fuel piping, with 
flexible connectors. Using either Type K copper or 
braided steel flexible connectors.  

The burner is disconnected and reconnected during 
routine maintenance. The flexible connector allows 
this to be done easier. The use of braided steel 
connector is preferred, as the copper connector will 
kink over time.  

Braided steel flexible connectors are required on the 
supply and return lines to the emergency generator.  

 

M.6.4.5 Isolating Valves 

 

Each piece of fuel-burning equipment must have 
isolating valves.  

This will allow equipment to be disconnected for 
maintenance or replacement.  

On a two-pipe system, the return line must not have 
an isolation valve.  

The code does not allow a valve on the return line.  

Fusible valves are to be used for all supply lines to all 
oil-burning equipment, including generating plants.  

The CSA B139 code specifies only heating equipment 
as requiring fusible valves. As generating plants are 
common in larger public sector buildings, it is 
important to note that fusible valves are also a 
requirement on fuel lines to generators to stop flow of 
fuel in case of fire. 

M.6.4.6 Pressure Gauges 

 

Provide dial type pressure gauges with a 90 mm 
diameter dial scaled to the application intended and 
located at the discharge of each pump.  

Pressure gauges installed at appropriate locations 
assist the building operators in system operation and 
performance evaluation. Incremental cost of gauge 
installation is offset by operational efficiency.  

Provide an isolation valve for each gauge, a snubber 
for pulsating operation and a diaphragm for corrosive 
service applications.  

 

M.6.4.7 Filters 

 

An adequate oil filter is to be provided at each oil 
burner. 

Filters ensure clean fuel to all burners. 
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M.7 HEATING 

Minimizing the energy consumption of public buildings is important in Nunavut where fuel costs are 
extremely high. Added to this, the severe climate means that heating must be provided over much of the 
year. The number of degree-days below 18°C can reach 12,594 in Resolute, as compared to an average 
of 3,000 in Vancouver or 5, 782 in Edmonton.  
 
All buildings, except seasonal-use buildings or cold storage facilities require some type of heating system. 
Buildings can have their own heating system or be heated by a central plant located in or nearby the 
facilities. In some locations it may be possible and practical to use recovered heat from a local power plant 
to heat individual or groups of buildings. 
 
Fuel sources other than fossil fuel should be considered if practical and available. The reduction of 
greenhouse gas emissions should be a design priority. 
 

Recommendation Rationale 

The design objective for indoor space temperature in 
occupied areas during winter conditions is 21°C. 

It is intended that heating systems be properly sized 
for the actual requirements of the building.  

 ASHRAE 55 – Thermal Environmental Conditions for 
Human Occupancy provides calculation methods on 
how to evaluate the Mean Radiant Temperature in 
buildings to achieve comfort. This method shows that 
using radiant heat allows set points to be reduced in 
rooms to achieve the same level of comfort.  

Whenever possible, implement temperature setback 
within buildings during unoccupied periods.  

This reduces energy consumption  

The outdoor air design temperature shall be 
according to the 2.5 % January design temperature 
indicated in the most recent supplement to the 
National Building Code. Similar data from 
Environment Canada for specific communities that 
are not listed in the supplement were added in the 
Appendices. 

This advises the design industry of acceptable 
building design criteria in Nunavut.  

M.7.1 FORCED HOT AIR SYSTEMS 

Forced hot air heating systems are as common in Nunavut as elsewhere in the country. However, as few 
buildings in Nunavut have basements, counter-flow furnaces are generally required with ducts located in a 
raised floor. Although forced hot air systems are not suitable for all types and sizes of facilities, their 
relatively simple servicing requirements make them a good choice in many circumstances.  
 

Recommendation Rationale 

M.7.1.1 Furnace Type 

 

Two speed fans are required where ventilation is 
provided by the furnace.  

This provides continuous air circulation and reduces 
the stratification of air.  

Where a separate ventilation system is installed, a 
one-speed fan is to be provided.  

Continuous use of the furnace fan is redundant and 
undesirable considering high electrical costs.  
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Provide stainless steel heat exchangers on forced hot 
air heating systems where more than 10% outdoor air 
for ventilation is required, and/or where the entering 
air temperature is below 13°C.  

Standard heat exchangers tend to corrode and fail 
prematurely when exposed to low inlet air 
temperatures.  

Refer to Mechanical M7.2.2 for chimney and vent 
requirements.  

 

Non-combustible block bases with 6 mm steel plates 
are to be used under all oil-fired heating equipment 
installed on combustible floors.  

Past experience has shown that even equipment 
approved for use on a combustible base has burned 
into the floor. 

M.7.1.2 Combustion Air 

 

All fuel-burning appliances require a properly sized 
combustion air supply.  

This is a code requirement. 

M.7.1.3 Heating Capacity 

 

Forced air heating is suitable only for buildings where 
multiple heating zones are not required.  

Typically used for small buildings such as fire halls, 
garages, small office buildings, small health centres 
or residences. Not considered suitable for use in 
arenas or gyms, or where more than one furnace 
would be required to provide separate heating zones. 

M.7.1.4 Distribution 

 

Ducts located in a raised floor are preferred over 
those located in ceiling spaces. 

Better heat distribution when hot air is introduced at 
lower levels and avoids penetration of building 
envelope assembly.  

Where exposed ducts are acceptable, they may be 
located overhead.  

Generally, results in poor heat distribution, but this 
may be acceptable in some situations where comfort 
levels are not critical. Depending on the application, 
ceiling fans can be used to eliminate stratification of 
hot air. Ceiling fans are not expensive and are easy 
to maintain.  

 

M.7.2 HYDRONIC HEATING SYSTEMS 

This is the most commonly used heating system in public sector buildings because of its ability to heat large 
areas with multiple heating zones. It provides better control and comfort than forced air systems. See figures 
7.1, 7.2 and 7.3. 
 
The total boiler plant size is one factor in determining how many qualified operators there should be. In 
some communities in Nunavut, sufficient or qualified staff may not be available for the plant size.  
 
When selecting the type of hydronic heating system for buildings in Nunavut, consider the building size, 
complexity and special requirements. Ease of maintenance practices should be considered when designing 
for all mechanical equipment. 
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M.7.2.1 Boilers 

 

Two oil-fired, cast irons, wet base boilers, suitable for 
use with propylene glycol heating solution, are 
preferred. Each boiler is to be sized to handle 50% of 
the design load.  Exceptions should be noted for 
facilities which may require heating capacities in 
excess of these amounts (example: health facilities). 

Sizing the two-boiler heating plant to no more than 
100% of the building design heating load is intended 
to ensure that the heating plant capacity  

Will not exceed the actual building-heating load. The 
heating plant will operate more efficiently when not 
oversized.  

Multiple passes, forced draft, fire-tube boilers are 
preferred in larger buildings where the boiler required 
exceeds 250 kW.  

 

Only retention head type burners are to be used.  They are the most efficient burners available.  

The high limit control on boilers is to be the automatic 
reset type.  

In cases where there is not a daily inspection carried 
out on the boilers, it is undesirable to have the boilers 
remain shut down until the high limit is reset manually. 
If not reset promptly, considerable damage could 
result to the building from frozen piping and fixtures.  

Single stage firing arrangement (not high. low) is 
required on boilers.  

During extreme cold conditions, single stage firing 
reduces the danger of damaging boiler venting from 
condensing products of combustion.  

Consideration should be given to installing hour 
meters on each boiler.  

Provides runtime indication to operating personnel for 
lead/lag operation and maintenance.  

The use of condensing boilers could be considered to 
allow lower operating water temperatures and better 
efficiency.  

Water temperatures below 60°C are not possible in 
regular cast iron boilers due to condensation. But 
significant energy savings may occur when lower 
temperatures are used. Designer must ensure that 
condensing boilers will be supplied with low-sulphur 
oil meeting the boiler manufacturer’s requirements. 
Otherwise, severe corrosion could occur within the 
boiler’s heat exchanger.  

A boiler installation permit is required for any new or 
retrofit installation for which the Nunavut Boiler and 
Pressure Vessels Act & Regulations applies (for 
boilers greater than 30 kW or 102,364 btu/h. 

As required by the Nunavut Boiler Safety Section 
Policy Directive. 

M.7.2.2 Chimneys and Vent Connectors 

 

A separate chimney for each oil- burning appliance is 
preferred.  

Although this may increase the number of 
penetrations through the building envelope, shared 
chimneys are always oversized.  

Note: Although the terms 'stacks' for 'chimneys' and 
'breechings' for 'vent connectors' are commonly used, 
CSA Standard B139 no longer includes these terms 
in its definitions.  
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Forced draft appliances require pressure rated 
chimneys.  

 

Provide a base tee for cleaning access to all 
chimneys. 

 

All connections and bends are to be “swept” type.  

Chimney lengths should be minimized and kept within 
the heated building envelope as much as possible, 
with the exposed exterior length also kept to a 
minimum.  

Cold chimneys result in condensation forming in the 
chimney due to moisture produced from combustion 
gases. The condensate freezes and builds up over 
the winter and can eventually block the chimney. 
Such condensate is also very corrosive and will lead 
to the premature failure of the chimney. Backpressure 
due to blockage or leakage through perforations can 
result in dangerously toxic conditions. 

Where vent connectors are necessary, they are to be 
installed to permit easy removal for cleaning.  

Promotes more regular cleaning and inspection of 
vent connectors and chimneys.  

Vent connectors must be insulated.  Insulation is required on vent connectors to prevent 
accidental burns to maintenance staff. The insulation 
must be easily replaceable, or there is a risk that it will 
be improperly replaced.  

Each oil-burning appliance is to be provided with its 
own barometric draft regulator.  

The pressure in the chimney varies considerably 
because of wind conditions, stack effect from 
temperature difference, and (in the case of multiple 
fuel-burning appliances) according to how many fuel- 
burning appliances are operating at a time. 
Barometric dampers eliminate one major variable and 
stabilize draft conditions for each fuel-burning 
appliance.  

Cleanouts are required on all changes of direction of 
the vent piping for fuel-burning appliances. 

All portions of venting are to be easily accessible for 
cleaning.  

M.7.2.3 Combustion Air 

 

Where possible, bring the air in at a low point in the 
mechanical room and duct to an outlet at a high level 
close to the ceiling.  

This installation controls the amount of cold air drawn 
in for oil-burning equipment and avoids cold air from 
flooding in at floor level, which can freeze water lines.  

If combustion air cannot be ducted within the 
mechanical room to a high-level outlet, then the air 
must be preheated using a unit heater. Quantities of 
preheated air are required (i.e. after expansion) to be 
calculated as per CSA B139, considering that special 
engineering practice is necessary in the extremely 
cold climate of Nunavut. Calculations are to be based 
on maximum heating loads, not including standby 
generators.  

Combustion air intakes are commonly oversized and 
colder air than necessary is brought into mechanical 
rooms. This can result in the freezing of water lines 
and pumps located in the mechanical room. It is 
important to recognize the extremely cold 
temperature of outdoor air and problems associated 
with bringing it directly into a building. A 33% 
reduction is recommended to recognize the 
expansion of cold air to demand temperature. 
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M.7.2.4 Heating Fluids 

 

1. Glycol  

A glycol and water mix is the preferred fluid for use in 
hydronic heating systems.  

Based on past experience, systems using 100% 
water were prone to freezing resulting in high 
maintenance costs and disruption to users. Glycol can 
be tested regularly and inhibitors (di-potassium 
phosphate) added as required. The use of glycol is 
sometimes questioned because of its corrosive 
effects, which can damage equipment. It has been 
suggested that water may in fact not pose the same 
threat of frequent freeze-ups as it once did, given the 
improved quality of building insulation and air 
tightness. However, until this has been studied 
further, the GN is unwilling to change the practise of 
using glycol, which has generally proven to work well.  

The heating fluid used in all hydronic-heating systems 
is to be a premixed 50 % concentration by volume of 
Dowfrost HD propylene glycol.  

Ethylene glycol is toxic, and cases of poisoning have 
occurred in the past in several communities in 
Nunavut. Alternatives to Dowfrost HD will not be 
considered until those products can be shown to be 
of equivalent and consistent quality.  

Dowfrost HD is currently the only product acceptable 
to the GN. The selection of Dowfrost as the only 
acceptable product allows for ease in training, fewer 
types of test kits and easier storage in the community. 
A premixed glycol solution will eliminate problems 
encountered with the on site mixing of glycol utilizing 
local water. Water in a community that has more than 
50 ppm of hardness ions, Ca++ or Mg++, or more than 
25 ppm of chloride and sulphate, is considered 
unsuitable for use as part of the heating fluid. Water 
quality varies unpredictably between seasons and 
communities. A premixed glycol solution will ensure 
proper thermal and corrosion inhibiting 
characteristics.  

2. Glycol Fill  

Glycol fill provides a convenient and adequate means 
of charging hydronic heating systems by using either 
a motor driven pump or an automatic pressure-
controlled makeup system. The pressure relief valve 
on the boilers is to be piped back to a polyethylene 
glycol fill tank.  

Manual vane type pumps have proven to be 
unsatisfactory. Since most hydronic heating systems 
do not have continuous supervision, it is preferable to 
have system pressure maintained for as long as 
possible in cases of leaks. Piping the glycol relief back 
to the glycol tank avoids wasting glycol whenever the 
pressure relief valve is activated.  

A manual diaphragm type pump would be acceptable 
on hydronic heating systems sized at less than 117 
kW. Manual vane pumps should not be used. 

Manual diaphragm pumps work satisfactorily. 
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M.7.2.5 Circulation 

 

1. Piping  

Primary/secondary piping loops, which allow constant 
flow on both loops under varying load demands, are 
preferred for systems supplying over 117 kW. A single 
loop is acceptable for systems up to 117 kW.  

The continuous flow of heating fluid through the boiler 
and the controlled flow of heating fluid through the 
heating loop avoids subjecting boilers to temperature 
shocks. 

 The use of variable flow pumps for the secondary 
pumping system will reduce energy use in buildings. 
This type of control is only recommended on larger 
systems where Direct Digital Control (DDC) is 
available.  

Unions, isolating valves and drains are to be provided 
at all heating equipment connections.  

They facilitate the isolation of heating coils, heat 
exchangers, pumps, and heating zones for periodic 
maintenance and/or repair.  

Isolation and by-pass valves are to be installed so that 
the flow through each heating coil in an air handling 
system can be adjusted, even if the secondary coil 
circulating pump and/or the three-way control valve is 
out of service.  

It must be possible to operate the system manually 
when the three-way control valve is removed for 
maintenance or repairs. The forced shutdown of 
systems could result in loss of ventilation and heating 
in certain applications.  

Hydronic system piping arrangements are to be 
designed to maintain full and balanced flow through 
each boiler when it is operating. Provide balancing 
valves in each boiler circuit to facilitate balancing of 
the system.  

This prevents damage to boilers by overheating of 
boiler sections or tubes.  

The T-drill pipe fitting system is not acceptable. There has been a history of failures of T-drill joints.  

All glycol systems, once completed, are to be flushed 
and degreased. 

 

Avoid using mechanical fittings (i.e., grooved joints) 
on glycol heating piping even if suitable gaskets are 
used. Black iron (welded or screwed) and copper are 
the preferred choice. 

 

Since use of the 50/50 glycol/water heating fluid is not 
common in other parts of the country, designers easily 
overlook this. 

2. Equipment  

Pumps and other heating equipment must be selected 
while keeping the different properties of glycol vs. 
water in mind. For example. Expansion tanks must 
have an ED PM bladder that is compatible with 
propylene glycol, and the tank must be sized to 
accommodate the increased expansion of glycol over 
water. 

 

Standby pumps are to be installed with each pump 
and sized to handle 100% of a full system load. Do 
not use automatic starters, but rather a manual 
selector switch only.  

In case of pump failure. A maintainer must come out 
and is then made aware that the primary pump has 
failed. The standby pump is permanently installed to 
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ensure it is there when needed. And the system can 
be quickly and easily switched over. 

Circulation pumps are to be sized to circulate water 
through all boilers in multiple boiler installation.  

This assures there will be a continuous flow through 
all boilers under all operating conditions.  

Circulating pumps are to have mechanical seals. Do 
not use packings.  

Provides a reliable seal.  

Isolation valves are required on the suction and 
discharge of all pumps. 

This will facilitate operation and maintenance. 

One set of strainers is required for each building 
heating system.  

Strainers catch suspended particles in the system as 
they circulate. Strainers are not required at every 
pumped loop.  

Side stream filters with sight glass are required for 
each hydronic heating system over 117 kW 
(400,000 Btu). However. side stream filters are 
beneficial for all heating systems. Each side stream 
filter is to be provided with one case of replacement 
10-micron filters.  

Side stream filters provide an economical, effective 
means of keeping the heating fluid clean. Sight 
glasses provide a means of determining cleanliness 
of the heating fluid.  

 
Smaller heating systems are less likely to require 
continual cleaning, and it is not cost effective to 
provide side stream filters.  

 
3. Insulation  

Insulation is required on all circulation piping located 
in mechanical rooms. Insulation may be omitted from 
valves. Unions and strainers where piping is 63 mm 
and smaller. Removable prefabricated insulation is to 
be used at all valves and unions on all piping over 63 
mm.  

Heat from uninsulated piping can cause overheating 
of the mechanical room, wasting energy and creating 
uncomfortable working conditions for maintenance 
personnel.  

 Periodic access to valves and unions requires 
removal and replacement of insulation at these 
locations, in such a way that it does not damage 
adjacent pipe insulation.  

4. Jacketing  

All visible insulated piping or that located in 
mechanical rooms is to be covered with a jacket 
suitable to the location and the environment in which 
it is installed. Outside piping is to be covered with 
aluminum jackets. 

Jackets protect insulation. 

M.7.2.6 Distribution 

 

1. Wall Fin Radiation  

Wall fin covers or enclosures are to be sloping top 
model, minimum 14-gauge steel.  

Sloped tops prevent people from placing things on 
them and obstructing heat. The heavier gauge steel 
will be less easily damaged than standard gauge 
covers.  
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When permanent cabinets or built-in furniture must be 
located against the same wall as radiation units, 
appropriate inlet and riser vents are to be installed 

Cabinets obstruct airflow, and vents will alleviate this 
problem.  

A shut-off valve is required for each zoned section of 
radiation.  

This allows the zones to be isolated for repairs.  

A balancing valve must be provided on the return line 
for each zone of radiation.  

Allows for proper balancing of the heating system.  

Isolation valves and unions are to be provided on both 
sides of zone valves and a piggyback drain valve is to 
be provided on the discharge side of the zone valve. 

This reduces the chance of systems becoming air 
locked and potential damage to carpeted areas.  

In low traffic vestibules and entrances/exits, wall fin 
radiation is preferred over a force flow unit. The wall 
fin radiation is to be controlled by a zone valve and a 
wall thermostat c/w tamper proof metal. 

 

This reduces both overheating in the area and 
installation costs. 

2. Force Flow Units  

Force flow units are required for typical high traffic 
vestibules and entrances. Floor and wall mounted 
models should be recessed where structural 
conditions allow.  

Force flow heating units provide quick heat recovery 
in high traffic areas, such as entrances.  

Heating is controlled by cycling the fan and/or a 
control valve.  

 

The control valve is necessary to prevent overheating 
of the spaces.  

3. Radiant Floor System  

Where it is important that a warm floor be provided 
and in-floor heating is approved, a radiant floor 
system may be used. 

The functional program should clearly outline this 
requirement, which will generally be considered 
where body contact with the floor will be usual (e.g., 
kindergartens or play rooms).  

The radiant floor piping must have an oxygen barrier.  The oxygen barrier prevents oxygen from entering the 
heating system and causing premature system failure 
due to corrosion.  

4. Radiant Ceiling Panels  

Radiant ceiling panel heating systems may be used in 
specific building locations and building types.  

Radiant ceiling panel systems allow the walls to be 
free of radiation cabinets and/or convectors, thus 
increasing the viable floor area and improving floor 
cleaning and maintenance. 

5. Radiant Wall Panels  

These may be used instances, but it is important to 
ensure that furniture or other objects will not block the 
path of the radiant heat. 

 

 

As an alternative, ceiling panels can be used when 
room usage permits.  
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6. Fuel-fired Radiant Heat  

This type of heating may be used in buildings such as 
arenas and garages. However, it is not particularly 
efficient, so it is not recommended if there is a better 
alternative. 

 

 

7. Air Curtains  

In facilities which include large overhead door 
openings such as fire halls and garages and 
entrances to a building without a vestibule area, it is 
recommended to provide air curtains across the 
openings (e.g. Enershield type). 

 

Air curtains block outdoor air from entering into the 
facility and cooling down the area. Reheating the 
space takes a considerable time and is uncomfortable 
for occupants. 

M.7.2.7 Provisions for Monitoring Performance 

 

1. Low Heating Fluid Cut-offs Devices installed to 
allow testing of low water fuel cut-offs must allow 
testing without draining the boiler. 
 

This minimizes the loss of the heating medium and 
protection of the equipment.  

2. Thermometers 
 

Provide thermometers scaled to the application 
intended in the following locations:  

Thermometers installed in appropriate locations 
assist the building operators in system operation and 
performance evaluation.  

• Heating fluid supply and return to each heat 
generating device  

• Chilled water supply and return to each 
cooling coil  

• Return piping from each heating zone  
• Supply and return piping to each main 

heating coil (not required on reheat coils) 
• Converging side of 3-way control valves  

 

In piping systems. Brass or stainless steel bulb wells 
complete with thermal grease are required. 
Thermometers to be located in a visible and readable 
location. 

 

 

3. Gauges  

Provide dial type pressure gauges located to measure 
pump suction and discharge pressure of each pump.  

 

M.7.2.8 Alarms 

 

1. Air Vents  
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Manual air vents should be installed at all high points 
of hydronic heat piping throughout the building and 
provided with clearly identified access covers.  

Because propylene glycol quickly deteriorates the 
seat of auto vents, their use should be limited to the 
mechanical room where leaks will not damage 
carpeting.  

2. Bibbs near Boilers 
 

An 18 mm combination cold and hot water hose 
connection is required close to boilers. Hose bibbs 
must be equipped with hose vacuum breakers.  

This is needed for flushing of boilers. Vacuum 
breakers are required to prevent backflow and to 
eliminate the potential for the contamination of the 
potable water supply.  

3. Access to Valves  

Access doors to all control valves and isolation valves 
are required.  

 

Provides ease of maintenance.  

4. Radiation Fins  

Radiation cabinets should be secure, but easily 
removable by maintainers. 

 

Provides ease of maintenance.  

5. Air/Dirt Separator  

Hydronic heating systems are to be provided with an 
air/dirt separator. 

Air/dirt separator removes microbubbles that flash 
after the fluid passes through the boilers. These 
microbubbles are responsible in large part for 
corrosion in heating systems. This simple accessory 
greatly reduces the amount of air trapped in the 
heating loops and reduces the use of chemicals. 

M.7.3 UNIT HEATERS 

Recommendation Rationale 

M.7.3.1 Unit Heaters 

 

Hydronic unit heaters are to be used only for spaces 
that are normally unoccupied, such as mechanical 
rooms, large storage areas, etc., where noise levels 
are not a consideration. Unit heaters are to be hung 
with appropriate vibration isolation. Balancing, 
isolation, drain valves, air vent and unions are 
required on unit heaters. Unit heaters are to be 
equipped with fan guards.  

Unit heaters are an inexpensive, yet effective means 
of providing a controlled heat source in unoccupied 
spaces but are generally considered too noisy for 
other applications.  

Heating is to be controlled both by cycling the fan and 
closing of a control valve.  

The control valve is necessary to prevent overheating.  

In garages and fire halls, unit heaters are, when 
possible, to be wall mounted at an elevation which 
allows for easy maintenance access. 

Unit heaters in these types of facilities have ceilings 
at an extra high level to provide clearance for vehicles 
housed below. This high-level mounting installation 
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Unit heaters are not to be mounted higher than 
3 meters from the floor unless a work platform or 
manlift is provided. 

results in access and safety issues. Legislation calls 
for scaffolding, manlifts and other safety features to 
be used if equipment is mounted above a specific 
height. 

M.7.3.2 Operation and Maintenance 

 

1. Spare Parts  

The following spare parts are to be provided: 
 

• One set of belts for each piece of machinery 
• One spare pump for each type and size of 

pump in the system 
• One additional sealed drum of glycol 

Dowfrost HD 
• One motor and fuel pump for each type of oil 

burner installed 
• One additional High/Low limit control 
• Two additional water temperature 

thermometers 

 

M.7.4 SCHEMATICS 

The following schematics provide various boiler and heating loop configurations. Typically, and preferably 
used in the North. 
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Figure M.7 - 1– Single Boiler, Double Pump 
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Figure M.7 - 2– Double Boiler, Double Pump 
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Figure M.7 - 3– Primary-Secondary Boiler System 
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M.8 AIR DISTRIBUTION 

Air quality of a reasonable standard is a basic human need, not a luxury. As buildings have become 
increasingly air tight in the interest of reducing energy consumption, the supply and control of ventilation 
has grown to be increasingly important. When ventilation is inadequate, as has been experienced in some 
public sector buildings, users are not only uncomfortable, but may experience health problems. The 
extreme cold experienced during much of the year in Nunavut can make it more difficult and costly to 
achieve adequate ventilation than in other areas of North America. Toxic and noxious chemicals released 
by building materials and finishes, dust, moulds and microbiological organisms, as well as air used by 
occupants, must be removed by the ventilation system.  

M.8.1 NATURAL VENTILATION 

Building users commonly believe that opening windows provides the most satisfactory form of ventilation 
in a building, even though this is not really a very effective way of introducing adequate fresh air or ensuring 
even distribution during winter months. Blasts of cold air, often accompanied by snow particles, coming in 
through a window are not tolerated. This is not to say that natural ventilation is undesirable; however, 
opening windows is probably not the best means of providing it, if users expect consistently comfortable 
conditions. A properly designed system relying on natural airflows can provide adequate ventilation without 
adding to the mechanical and electrical complexity of a building.  
 
For occupied buildings that require ventilation, the harsh climate of the Arctic makes mechanical ventilation 
the only practical alternative during the heating season. Systems that require the opening of windows or 
portholes as part of the mechanical ventilation system design have proven to be unsatisfactory in the winter. 
However, since natural ventilation is often the only means of cooling in the summer, natural ventilation 
strategies should be considered whenever the need for cooling arises in the summer. 
 

Recommendation Rationale 

M.8.1.1 Supply 

 

Whatever the means of supply air it must prevent 
entry of snow and dust.  Any filters or screens required 
to do so must be easily accessible and easy to clean. 
Locate supply air source well away from oil tanks, 
sewage pump outs, parking lots and other source of 
odour and toxic gases. 

Ventilation hoods are often used in place of operable 
window sections. They are typically used for 
residential occupancies or small offices where users 
are capable and willing to control ventilation. 
Operable windows are preferred for summer use 
buildings only.  

M.8.1.2 Exhaust 

 

Exhaust must be located to create an even flow of 
fresh air through rooms, without creating 
uncomfortable or disruptive drafts.  Exhaust is to be 
located well away from the supply source, eliminating 
any possibility of cross-contamination. 

A common shortcoming of natural ventilation is that 
air is not mixed, or air currents are so great that paper 
flies off tables and desks! As stipulated for natural air 
supply, users must be capable and willing to control 
exhaust.  

M.8.2 MECHANICAL VENTILATION 

Most public use buildings are too large or configured in such a way that natural ventilation systems are not 
feasible. Consequently, mechanical systems are needed to ensure that adequate ventilation is provided in 
most public sector buildings. The climate also makes mechanical means of ventilation preferable for much 
of the year. The quantity and temperature of outdoor air brought into a building need to be adjusted 
frequently to suit changing outdoor conditions and indoor requirements. Automatic controls can perform 
this function for the building users, while keeping simplicity in mind as an O&M objective. 
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In the interest of cost savings, designers are encouraged to consider more energy-efficient ventilation 
strategies while continuing to meet the requirements of ASHRAE 62.1 and maintaining optimum occupant 
comfort levels for indoor air quality.  
 
The heat required for ventilation air is often the largest contributor to a building’s heating load. Heat recovery 
between exhaust and ventilation air is viable in most systems and should always be considered. 
 

Recommendation Rationale 

M.8.2.1 Choice of Systems 

 

1. Natural air supply and mechanical exhaust: 
Limited to use in residential or seasonal use 
buildings.  

The system relies on the users. It generally consists 
of opening windows for supply and turning on kitchen 
or bathroom fans for exhaust. It is considered 
unsuitable for buildings used by the public, or by 
groups of people who will not likely take on 
responsibility of controlling ventilation or is concerned 
with energy conservation.  

2. Mechanical air supply and natural exhaust:  

Limited to use in small residential, group homes or 
seasonal use buildings, where a forced air furnace is 
provided for heating.  

This system relies on the users to control the exhaust. 
Hence, it's not considered suitable for public use 
buildings, or for groups of people who will not likely 
take on responsibility of controlling ventilation or be 
concerned with energy conservation. This approach 
has been used in several recent school projects with 
unsatisfactory results.  

3. Mechanical air supply and mechanical exhaust:  

To be used in most buildings. A two-fan system is 
required.  

Both supply and exhaust can be automatically 
controlled using temperature sensors and time clocks 
and do not rely on users. Although improper 
maintenance, or operational difficulties (which may be 
design related) can lead to user complaints, this is not 
a problem exclusive to mechanical systems.  

M.8.2.2 Outdoor Air Supply 

 

1. Supply   

Outdoor air is to be calculated based on ASHRAE 
62.1 (year as referenced in the current version of 
NBC). Outdoor air is calculated for various types of 
occupancy by providing a minimum outdoor air flow 
per person in each individual space. When the exact 
number of persons is not known, minimum density is 
provided. 

 

 

 

 

 

NBC references ASHRAE 62-2001. Ventilation 
systems are to be sized to provide ventilation to the 
area served based upon the normal occupancy of that 
area. Ventilation systems sized for the occasional 
peak occupancy within gymnasiums or community/ 
assembly halls, result in oversized heating plants and 
ventilation equipment, which have higher capital 
costs, higher operating and maintenance costs, and 
are inefficient as well.  

 



January 2020 Good Building Practices Guideline Third Edition 

 Chapter M – Mechanical Page 57 

Recommendation Rationale 

 

2. Free Cooling  

Air volumes and system arrangement must allow up 
to 100% outdoor air to be used for preventing 
overheating of occupied spaces.  

Most new buildings are very energy efficient, and 
even at quite low temperatures (i.e., -10°C to -15°C), 
there may be a need to cool the building during 
occupied hours in order to dissipate internal heat 
gains from lights, equipment and people.  

3. Outdoor Air Intakes  

Outdoor air intakes must be provided with downturn 
hoods designed to eliminate the potential for the 
system to draw snow in or to become blocked by 
snow.  

See Figure 8.1  

This is intended to prevent the air intake from filling up 
with snow (a frequent occurrence where precautions 
have not been taken).  

To ensure acceptable indoor air quality is maintained 
within buildings at all times, the location of outdoor air 
intakes is critical. Location of roadways, parking and 
service points and prevailing wind to the building must 
be considered at design.  

Many problems and even closure of buildings have 
recently occurred when vehicle exhaust, diesel 
fumes, sewage gases and products of combustion 
were drawn into the building through the outdoor air 
intakes.  

Considerations should include: Designers must take into consideration the location of 
roads near the building’s fresh air intake. In some 
communities in Nunavut, fine sand will generate a 
dust cloud around the building resulting in filter 
clogging. 

• Intake hoods to have sufficient vertical length 
(minimum 600 mm) under the louver and 
velocity (maximum 1.5 mls). 

To ensure contaminants including snow, wind and 
insects do not enter the ventilation system, these 
parameters should be considered.  

• Hoods to be set out approximately 200mm 
from the wall surface, not tight up against it. 

Winds hitting the face of the building can force snow 
up into the hood. Setting the hood out from the wall 
reduces the potential for snow entry during windy 
conditions.  

• Hoods mounted high enough to avoid 
becoming blocked by snow accumulations 
expected in the selected location. 

A review of snow drifting patterns must be done when 
locating the air intake, as drifts may impede system 
operation for many months of the year. Setting the 
hood out from the wall reduces the potential for snow 
entry during windy conditions.  

• Outdoor air intakes located on the sides of 
buildings scoured by the wind or, where 
possible, on the underside of the building 
where it is swept clear of snow. 

This reduces the chance of bringing in objectionable 
odours, vehicle exhaust or flue gases from chimneys, 
with the outdoor air.  

• Do not install insect screen on outdoor air 
intakes if a properly sized hood cannot be 
provided. 

Insect screening becomes blocked by snow and 
insects can be trapped in filters. This happens most 
frequently when the hood is undersized and the 
velocity at the louver face is high.  

• Outdoor air intakes should be separated to 
the greatest degree possible with a minimum 
distance of 10 meters from all trucked service 
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points, including sewage pump-out, water fill 
and fuel delivery, and from chimneys and 
exhaust outlets. 

Side wall louvers are not recommended. Potential for snow to enter the systems during windy 
conditions. 
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Figure M.8 - 1– Outside Air Intake 

 

 

Recommendation Rationale 

4. Dampers  

Outside air dampers are to be low leakage type and 
rated for extremely low temperature. 

 

This limits the infiltration of outdoor air. 

5. Insulation  

Insulate outdoor air ducts using external duct 
insulation from the louver up to the air handling unit. 

The use of duct liner in an outside air intake duct 
contravenes currant ASHRAE recommendations. 

M.8.2.3 Air Mixing 

 

Packaged mixing boxes are not recommended. Conventional equipment is designed for conditions 
typical of the southern portion of Canada or the 
central U.S.A. In Nunavut, where outdoor air 
temperatures may be as low as -50°C, mixing of cold 
outdoor air with room temperature air is more difficult 
than standard equipment is designed to handle.  

The following guidelines are suggested in order to 
ensure thorough mixing in most severe conditions:  

 

• Arrange mixing dampers so the coldest air 
stream (outdoor air) is located physically 

This promotes the mixing of warm and cold air by 
taking advantage of the principles of convection.  
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above the warmer (return air) point of 
connection.  

• Use opposed blade type dampers  This promotes the mixing by directing streams of air 
towards each other.  

• Locate connection points at least 3 metres 
upstream from the heating coil with at least 
one duct elbow before the mixed air duct 
connects to the air handling apparatus.  

This practice gives air more distance in which to mix 
before reaching the heating coil.  

Air blenders or stratification eliminators are 
recommended to ensure mixing of (cold) outdoor air 
and return air.  

Packaged air handling units with integral mixing 
boxes are not designed for arctic winter conditions. 
Their use should be avoided where possible. During 
extreme cold conditions, good mixing is important to 
enable air-handling systems to operate normally, 
without nuisance tripping from low temperature 
controls. Effective temperature control is difficult to 
achieve without good mixing.  

Exhaust and relief air ductwork is to be insulated for a 
length of three (3) metres from the louver connection.  

Insulation prevents the formation of condensation on 
ductwork that is exposed to cold outdoor air when the 
system is operating or shutdown. 

M.8.2.4 Air Distribution 

 

1. Diffusers  

Ceiling diffusers, adjustable for horizontal and 
downward flow, located at the midpoints of 
approximately equal divisions of room area, are 
preferred. The use of several supply registers located 
along the longest interior wall, blowing towards the 
perimeter wall, is an acceptable alternative.  

Other systems such as fixed horizontal diffusers or 
floor registers do not promote proper air flow under all 
conditions and may result in stratification in the winter, 
which is to be avoided. 

Floor diffusers (for return or forced hot air heating 
systems only) are to be heavy gauge, not the 
domestic type (unless it is for a residence).  

Residential grilles and registers are unsuitable for 
buildings such as schools, where they may be easily 
damaged or manipulated. Registers designed for 
residential use are of a light gauge metal and 
incorporate balancing dampers, which are easily 
adjusted, possibly resulting in avoidable air balance 
problems.  

Displacement ventilation systems introduce air at a 
low level into rooms through displacement supply 
registers. The airflow is at low velocities and at a 
temperature only slightly lower than that of the room. 
For example, air at 18°C is supplied to a room 
temperature of 21°C. This type of diffusion promotes 
better air quality and comfort. 

 

Air diffusers located in the floor and blowing through 
the baseboard radiation are unacceptable unless the 
baseboards are specifically designed for this use.  

Air supply through the baseboard radiation does not 
permit proper air diffusion and temperature control. 
Some radiation baseboards are designed to provide 
displacement ventilation. These specialized 
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baseboards separate the heating convection effect 
and the ventilation supply.  

2. Dampers  

Balancing dampers are required on all main branches 
at each branch duct takeoff. Dampers to be in-Iine 
mounted and locking quadrant type. Splitter dampers 
are not acceptable for use as a balancing device. 
Volume control dampers at diffusers are not an 
acceptable means of controlling air volume.  

Line mounted dampers provide a reliable means of 
balancing. Results of adjustments made with splitter 
dampers are unpredictable, as the airflow in the main 
ducts as well as in the branch duct is changed. 
Dampers placed adjacent to supply outlets contribute 
to high noise levels because of the high velocity of air 
at that point.  

3. Flexible Ductwork  

Flexible ductwork shall be limited to short lengths 
within one metre of equipment to be connected. 
Flexible duct is to be fastened to the sheet metal 
ductwork and diffuser with an approved tie wrap or 
metal clamp (not with duct tape). 

 

Improperly fastened and excessive lengths of flexible 
ductwork create air delivery problems by increasing 
pressure drops in the ductwork, and in many 
instances when fastened with duct tape, the tape falls 
off.  

4. Flexible Connections  

Flexible connections of approved, fire resistant design 
is required at the suction and discharge connections 
of fans and air handling units. Fan equipment is to be 
installed so that the connecting ductwork is lined up 
with the fan inlet or outlet and the flexible connection 
does not obstruct the airflow.  

Flexible connections reduce the noise and vibration 
from the fan equipment from being transmitted 
through the building structure to the occupied spaces. 
The fan performance is adversely affected if the 
ductwork connection is offset, or if the flexible 
connection projects into the air stream. This results in 
increased energy consumption as well as reduced fan 
performance.  

5. Branch Take-off Ducts  

Branch take-off ducts to each air supply or exhaust 
outlet are to be a minimum 0.5 metre, located in an 
accessible location with a duct mounted balancing 
damper positioned near the take-off fitting.  

Supply or exhaust (return) air outlets that are mounted 
directly on the main branch ductwork tend to have 
uneven velocities and are noisy and Uncontrollable. 
Balancing dampers located too close to the actual air 
outlets cause noise.  

6. Duct Sealant  

An approved duct sealant is to be used for sealing 
ductwork, such as Duro Dyne duct sealant. Duct tape 
is not acceptable.  
 

Duct tape is not satisfactory for sealing ducts as it 
loses adhesive properties, particularly on cold ducts.  

7. De-stratification Fans  

Consider use of de-stratification ceiling fans in 
applicable high ceiling areas (i.e., garages, theatres, 
etc.) Size for total area coverage. Provide protective 
guards over fans where they may be subject to 
damage.  
 
 
 

Allows for better-tempered air distribution during 
heating and cooling seasons. Reduces energy cost 
and improves space comfort.  
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8. Thermal insulation  

Thermal insulation is to be provided on outdoor air 
intakes up to the heating coil and on exhaust ducts 
leading outside. 

 

 

9. Jacketing  

Jackets must be provided on all exposed ductwork 
and in mechanical rooms. 

 

 

10. Acoustic Insulation  

Acoustic insulation is to be provided on all transfer 
ductwork and wherever fan and duct noise may be a 
problem. 

 

 

11. Silencers  

Silencers are to be provided when required to meet 
noise criteria levels outlined in the Design Brief or in 
the Functional Program. 

If there are no requirements outlined in the Functional 
Program, designers are encouraged to follow 
ASHRAE guidelines regarding acceptable noise 
levels for each type of room usage. 

M.8.2.5 Air Exhaust 

 

1. Location  

Outdoor exhaust vents are to be located where they 
will not be susceptible to snow accumulation, or 
discharge directly into prevailing wind. Avoid locating 
in vicinity of the outdoor air intake (i.e., within 10 
metres).  

 

Snow accumulation can hamper or eliminate exhaust 
capability. A review of snow drifting patterns must be 
done when locating exhaust, as drifts will impede 
system operation for many months of the year.  

2. Insulation  

The exhaust air stack must be insulated where 
contact is made with outside air. 

This reduces the amount of condensation that may 
freeze and build up, reducing the size or possibly 
closing off the exhaust opening. 

3. Local Exhausts  

Local exhausts should be provided in all rooms and 
spaces where high levels of contaminants or odours 
are generated.  

They are typically provided in industrial arts rooms, 
change rooms, washrooms and kitchens.  
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Recirculating exhaust systems, such as range hoods, 
are not acceptable.  

If the recirculation air filters are not maintained, the 
system tends to be ineffective.  

• Individual major exhaust fans are to be 
interlocked with the air handling system.  

Unless air is being brought in at the same time it is 
being exhausted from the building, a strong negative 
pressure can be created in the building.  

• Local exhaust fans must not discharge into 
boiler rooms.  

Unstable draft conditions will affect burner 
combustion efficiency.  

• Areas having manually controlled exhaust 
fans are to be provided with timed switches.  

This avoids the possibility of exhaust fans being left 
operating unintentionally for long periods of time. 

M.8.2.6 Maintenance 

 

600 mm x 600 mm access doors are required for fresh 
air dampers.  

This allows operators and maintainers access for 
adjustments and repairs.  

300 mm x 300 mm access doors are required for fire 
dampers and should be located no further than 
500 mm from the fire dampers.  

Ensure that fire dampers are easily accessible. Also, 
a schedule of fire dampers installed should be 
provided with the O&M manual and their exact 
location be clearly indicated on as-built drawings.  

500 mm x 500 mm access doors are required for:   

• Exhaust air dampers  

• Return air dampers 

• Filters, coils  

• Balancing dampers  

• Mixing boxes  

• Reheat boxes  

• Turning vanes  

 

Isolating and balancing valves must be installed so 
that the flow through each heating coil in the air 
handling system can be adjusted with the coil 
circulating pump operating or not.  

 

Adequate access and space should be provided to 
allow complete removal of heating coils. 

It must be possible to operate the system manually if 
the three-way valve must be removed for 
maintenance or repairs.  

Provide enough unions and valves to allow complete 
removal of heating coils. 

Basic maintenance requirements. 

Provide access panels upstream and downstream of 
heating coils, adequately sized to allow for cleaning. 

 

M.8.2.7 Provisions of Monitoring Performance 

 

1. Balancing  
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Instrument test holes, drilled on site and sealed with 
duct plugs, are preferred to test ports for ventilation 
system balancing.  

Test ports are costly and not required frequently 
enough to warrant extra expense. Test holes can be 
drilled on site by the balancing contractor where and 
as required, eliminating the need for coordination with 
other subcontractors.  

2. Adjusting Outdoor Air  

Instrumentation must be installed to allow operators 
to regularly monitor temperatures of outdoor air, 
mixed air and supply air. Dial type thermometers are 
preferred.  

By monitoring temperatures. The correct proportions 
of outdoor air and mixed air can be set to ensure 
suitable supply air temperature. When this is not 
possible, users may be subjected to uncomfortable 
conditions. Other types of thermometers can be 
difficult. 

  
Each air-handling unit is to have supply air, mixed air, 
return air and outdoor air monitoring. 

Provides indication to building operator of system 
performance.  

M.8.2.8 Heat Recovery Systems 

 

Due to the need for energy efficiency in buildings, 
energy recovery ventilators (ERV’s) are to be used 
wherever savings from their use can be demonstrated 
to provide acceptable payback against the added 
capital costs of provision of the system. 

 

Package energy recovery ventilators are acceptable 
for small facilities such as community air terminal 
buildings, small offices, etc. They must be provided 
with a pre-heat coil on the outdoor air intake to counter 
defrost cycles. 

ERV’s in small buildings are recommended for their 
low installation cost. Unit could be set to operate on 
intermittent timing. 

Heat pipes and glycol heat recovery runaround loops 
may be acceptable for larger facilities. 

 

M.8.2.9 Filters 

 

All air shall be filtered before entering coils, equipment 
or occupied spaces, using throwaway, standard size 
filters.  

The intent is to prevent dust build-up and make it 
simple to replace filters regularly.  

Filtering shall be achieved by one set of filters, not by 
a summer-winter filter arrangement.  

A summer-winter filter bank arrangement is 
unsatisfactory because it is based on allowing entry 
of snow into the air handling system. Where this has 
been tried, the maintainers sometimes may not be 
aware that they are to remove one set in each season.  

On recirculating air systems, provision should be 
made for having filters capable of an 80% average 
efficiency. Typically, only 60% efficiency air filters 
should be installed. 

While the lower efficiency filters may not be needed 
to meet current codes, sufficient space in the 
ventilation system should be provided to 
accommodate higher efficiency filters.  
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Filter size, number and design are to be permanently 
labelled (lamicoid) on the unit near the filter access 
door. 

This makes it easier for maintenance staff and 
ensures that proper filters are re-supplied. 

M.8.2.10 Acoustic Control 

 

1. Duct Lining  

Acoustic lining should be avoided. Duct work with an acoustic liner is almost impossible 
to clean. Duct lining has been identified as a source 
of contaminant in the air stream. Its use should be 
minimized, and silencers should be used instead.  

2. Acoustic Separations  

All components of the mechanical ventilation system 
must be designed so that sound level will be within 
noise criteria limits recommended by ASHRAE.  

Mechanical noise and vibration of fans and pumps 
can be objectionable to building occupants. NBC 
6.2.1.1 requires HVAC systems to conform to good 
engineering practice such as described in the 
ASHRAE Handbooks and Standards.  

M.8.2.11 Mechanical Room Cooling 

 

In mechanical rooms and boiler rooms, provide 
mechanical make up and/or exhaust systems to 
maintain the rooms at acceptable operating 
temperatures. 

Mechanical and boiler rooms operating at continuous 
high temperatures will shorten the service life of 
mechanical and electrical components and create 
uncomfortable working conditions for operation and 
maintenance personnel.  

M.8.3 AIR CONDITIONING 

Although outdoor air temperatures can rise above comfortable indoor levels during the summer months, 
the additional cost of providing air conditioning is rarely justifiable for the short period of time it will be 
required. There are instances, however, where it may be justified because important normal operations 
would otherwise be disrupted.  
 

Recommendation Rationale 

M.8.3.1 Cooling 

 

For most of the year, varying the amount of outdoor 
air introduced into the system, and adjusting the heat 
supplied to heating coils can control the supply air 
temperature. Free cooling is generally adequate for 
the hottest days of the year.  
 

The additional expense of cooling equipment must be 
weighed against the benefit of cooling. Where cooling 
may be needed only for a few days of the year, the 
use of cooling equipment is discouraged because of 
the added capital and O&M costs.  

When even the maximum amount of outdoor air (see 
M8.2.2.2 "Outdoor Air Supply" -reference to free 
cooling) will produce supply air above 18°C for an 
extended period of time, the need for cooling 
equipment should be reviewed.  
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Where air conditioning is installed, equipment must be 
designed in conformance with the ACNBC Canadian 
Heating, Ventilation and Air Conditioning Code.  

Provision must be made for the proper shutdown in 
fall and start-up in the spring. 

M.8.3.2 Humidification 

 

Humidification is not typically required or 
recommended in public sector buildings. 

Humidification systems in the North have historically 
proven to be very difficult to operate and maintain 
because of the continual attention required to ensure 
efficient and proper operation. During extremely cold 
outdoor temperatures, the humidification levels in a 
building must be kept low to prevent excessive 
condensation on windows and to prevent 
deterioration of the building envelope. This reduces 
the benefits of humidifying the building and 
contradicts the rationale for providing a humidification 
system in the first place. 

Where humidification is deemed necessary and 
specifically stipulated as a functional program 
requirement, it should be steam-generated, and the 
system equipped with controls that automatically 
reset the humidity level to the outside air temperature. 
Supply water to the system must be properly treated.  

Steam-generated humidification is more reliable than 
atomization systems, which regularly malfunction due 
to calcium build-up. A proper water supply to the 
humidification system is required to ensure long-term 
system operation. 

M.8.4 ENERGY RECOVERY AND DEMAND CONTROL SYSTEMS 

Higher energy costs coupled with growing concerns regarding indoor air quality have placed increased 
demands on energy recovery and control system technologies. A method of maintaining good indoor air 
quality and conserving energy is to control the ventilation rate according to the needs and requirements of 
building occupants.  

 
Technologies such as Demand Control Ventilation (DCV), Direct Digital Control (DDC), new energy 
recovery equipment and associated controls provide opportunities to reduce energy consumption.  
 

Recommendation Rationale 

M.8.4.1 General 

 

When designing new building systems, whether 
heating, ventilation, and/or services, every effort 
should be made to incorporate energy recovery 
and/or control systems. Consideration should be 
given when weighing possible marginally higher 
installation costs versus overall operational cost 
reductions, especially on smaller systems. Provide 
the client/user with a capital cost recovery summary 
as part of the system design and analysis.  

Reduces size of primary load equipment (i.e., boilers, 
chillers, burners, pumps, etc.), thereby reducing 
overall energy consumption. In many new buildings, 
the cost savings resulting from the reduction of 
cooling tonnage and/or heating equipment size, alone 
offsets the initial cost of thermal recovery units. 
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M.8.4.2 Energy Recovery 

 

Device – General  

When electing heat recovery equipment, select 
devices that recovery sensible heat. 

Sensible heat is the most readily recoverable energy, 
especially considering the low humidity levels 
encountered in the North. 

Heat wheels can recover latent as well as sensible 
heat whereas heat pipes, heat exchangers and glycol 
loops cannot. Note that heat wheels cannot be used 
where there is danger of cross-contamination 
between airflows. The efficiency of heat wheels is 
higher than that of heat pipes or glycol loops. 
However, the use of heat wheels should be avoided 
in remote communities because they may be too 
complex for local maintainers. 

 

Use counter-flow type energy recovery equipment 
only.  

Generally, counter-flow provides the greatest 
temperature difference and heat transfer rate across 
the recovery exchanger.  

Designer must bear in mind the project location and 
maintenance preferences when selecting types of 
heat recovery systems. 

When selecting, consider such factors as installation 
and operational costs, ease of operation, simplicity 
and maintenance, etc.  

M.8.4.3 Demand Control Systems 

 

On large volume systems (i.e., greater than 4000 
cfm), maximize usage of demand control ventilation 
(DCV) systems using sensory controls (i.e., CO2 
sensors; time control and/or occupancy sensors). 
CO2 control is best utilized in rooms where 
occupancy variation is high and/or unpredictable. 
Timed control is best used in situations where the 
occupancy load and load variations of a building are 
known over time, while occupancy sensors are best 
utilized in low occupancy, intermittent use areas.  

When properly located and installed, DCV systems 
offer greater payback than energy recovery systems 
and generally range from two to five years.  

M.8.4.4 Variable Frequency Drives (VFDs) 

 

VFDs can be used to control mechanical equipment 
such as pumps and fans. Installation of VFDs is to be 
coordinated with the Electrical Designer. A VFD 
should be rated to match the electrical characteristics 
of the motor, the starter and the circuit protection.  

The use of a VFD to control mechanical equipment 
that has fluctuating patterns of use can result in 
energy savings. The Mechanical Designer will 
determine the need for a VFD, and it is the 
responsibility of the Electrical Designer to ensure that 
its installation is in accordance with electrical codes 
and standards.  
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M.8.5 SERVICE FACILITIES 

 

M.8.5.1 Air Curtains 

 

Overhead garage or service doors which are often 
used should be provided with air curtains. Air curtains 
supply a flow of air down over the door openings when 
doors are open. This reduces infiltration and saves 
energy. 

Where air curtains are installed on overhead doors, 
significant heating energy savings can result. 
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M.9 AUTOMATIC TEMPERATURE CONTROLS 

An automatic temperature control system properly designed, installed, maintained and operated provides 
the best possible occupant comfort and the most efficient mechanical system operation.  
 

M.9.1 GENERAL 

Recommendation Rationale 

Conventional, low voltage (24 volt) electric control 
systems are acceptable for most buildings.  

Electric controls are simpler to operate and to service, 
especially in more remote communities. 

Direct Digital Control systems with electronically 
operated control devices may be used in larger type 
buildings (e.g., schools, health centres, hospitals, 
etc.). 

The control industry is changing more and more to 
DDC controls. The systems are now robust enough 
and easy enough to operate in remote communities. 
The ability to be diagnosed remotely over a modem 
has advantages in remote communities. 

M.9.2 CONTROL COMPONENTS 

Recommendation Rationale 

M.9.2.1 Components – General 

 

All controls, regardless of type, are to be calibrated in 
degrees Celsius, whenever possible.  

The GN has standardized on the metric system. It is 
confusing to have mixed markings on controls.  

CSA approval is required for all control equipment, 
including alarm panels.  

 

Stand-offs are required for all duct- mounted controls 
and accessories mounted on externally insulated 
ducts.  

Stand-offs are intended to keep these items fully 
accessible for operation and servicing. 

M.9.2.2 Thermostats and Sensors 

 

Thermostats and/or sensors located in gymnasiums 
are to be located 2400 mm above the floor and be 
complete with a heavy-duty metal guard.  

Gym thermostats and sensors need to be protected 
against damage, and the students need to be 
protected from sharp comers. Gyms are used for 
public functions, which requires that they have 
tamper- proof covers.  

In cases where a space thermostat controls a heating 
control valve and a variable air volume or cooling 
control in sequence, there is to be a dead band of 2°C 
between the heating and cooling.  

The intent is to optimize energy consumption by 
avoiding simultaneous heating and mechanical 
cooling, or heating and free cooling.  

Thermostats located in public areas must have 
vandal-proof guards.  

This prevents intentional or unintentional tampering 
by building users.  

Locking type thermostats are to be used in public 
facilities where maintainers only should be able to 
adjust temperatures.  

Where there are a variety of users, it is often 
preferable to allow only maintenance staff to control 
temperature in public areas of facilities such as 
arenas, lobbies, public washrooms, public areas of air 
terminal buildings.  
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Locking type thermostats are not to be used where it 
is desirable to allow users to adjust room 
temperatures (refer to functional program for 
direction). Where users should be able to adjust room 
temperatures, range limits are to be used to restrict 
the amount of adjustment above or below 
predetermined values.  

In many cases it is more appropriate to allow users to 
adjust room temperatures (rather than having them 
rely on maintainers for minimal adjustments). 
Examples include health Centres, staffed areas of 
schools (offices, classrooms), and community offices. 
Range limits would protect against overheating.  

Low voltage electric heating thermostats are to be 
SPST (single pole, single throw, i.e., similar to 
Honeywell T86A).  

In cases where SPDT (single pole. double throw) 
thermostats have been used, the wiring has 
sometimes been installed incorrectly. The SPST 
thermostats are simpler, and less likely to be installed 
incorrectly.  

M.9.2.3 Control Valves 

 

Control valves (i.e., two- and three-way control valves 
for heating or cooling coils) are to be sized based on 
a Cv rating required to provide a pressure drop of 21 
kPa or other rationale to ensure that there will be no 
'hunting' at low flow rates.  

Incorrectly sized control valves result in poor 
controllability.  

Normally open, electrically operated heating zone 
valves are to be used. Do not use thermostatic valves. 

This allows for flow through heating system in the 
event of an actuator failure. Thermostatic valves are 
not recommended, as they require ongoing 
calibration.  

M.9.2.4 Flow Switches 

 

Flow switches are to be vane type on piping 50 mm 
and smaller. Paddle type flow switches will be 
acceptable on larger piping. 

On smaller piping sizes, paddle type flow switches are 
difficult to install properly and do not function 
adequately. The sensitivity cannot be adjusted, 
resulting in nuisance alarms.  

M.9.2.5 Control Transformers 

 

The number of control devices, i.e., low voltage 
electric zone control valve for heating radiation, is to 
be calculated for each given transformer, based on 
the type of device.  

Limiting the number of control devices on a circuit 
avoids excessive voltage drop for each controlled 
device and premature failure. 

M.9.2.6 Damper Actuators 

 

Independent damper actuators are to be appropriately 
sized and installed on each outdoor air, return air and 
relief air control damper. 

Where a common damper actuator is used a long 
connecting rod is sometimes required, which is nearly 
impossible to set up, and the quality of control is 
reduced. 
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Recommendation Rationale 

M.9.3.1 Outdoor Air 

 

The amount of outdoor air brought in to the system is 
to be controlled by a mixed air temperature sensor 
with its minimum settings to the recommended 
ASHRAE 62.1 minimum requirement. 

Outdoor air (normally cold) is mixed with room 
temperature return air to produce supply air (mixed 
air). The amount of outdoor air is varied to provide 
more or less cooling as needed but never less than 
the minimum code requirements. 

M.9.3.2 Return Air 

 

In no case should the heating coil in the air handling 
system be controlled by the thermostat in the return 
air duct.  

Normally air returns to the mixing chamber from user 
areas and will therefore be at or above 20°C. If for any 
reason it falls below this, the heating coil activates and 
the ventilation system ends up acting as a heating 
system (like a forced air system), rendering the 
hydronic heating system thermostat controls 
ineffective. 

M.9.3.3 Supply Air (Mixed Air) 

 

A supply air controller is required to control the 
temperature of the supply air to between 13 -16°C. 
For most of the year, varying the amount of outdoor 
air introduced into the system can control the supply 
air temperature. When the maximum amount of 
outdoor air will produce supply air above 18°C for 
extended periods of time, the need for cooling 
equipment should be reviewed. See Mechanical M8.3 
"Air Conditioning".  

Air is normally supplied at a high level in a room or 
space. If it is supplied at a temperature equal to or 
warmer than the room, it tends to remain at a high 
level in the room and not come down into the occupied 
space where it is needed. 

The mixed air controller in the air handling system 
(controlling outside and return air dampers) must be 
the averaging type. 

The averaging type sensor avoids inaccurate 
measurement by averaging colder or warmer air 
streams.  

An automatic reset type freeze stat located 
downstream of the heating coil must be provided and 
set at 5°C. 

The automatic reset type freeze stat is required to 
reduce the likelihood of air handling systems shutting 
down and remaining off during cold weather 
extremes.  

M.9.3.4 Heating Coils 

 

The thermostat controlling the heating coil in each 
AHU (air handling unit) should be located a minimum 
of three metres downstream of the coil in the supply 
air duct and preferably downstream of the supply fan.  
 

The distance from the coil ensures the thermostat 
reads the actual supply air temperature (not the 
temperature immediately next to the heating coil).  

Fast response type controllers should control heating 
coil control valves.  

Without fast response controllers, the control valve 
hunts from full open to full closed position, never 
reaching a position of equilibrium, resulting in the 
overheating of occupied spaces.  
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Electric, modulating controls are preferred for heating 
coils. And they must remain energized even when the 
AHU fan is shut down.  

If the controls are de-energized when the air handling 
system is shut down, the heating medium circulates 
freely to the heating coil (given that normally open 
valves are preferred) when it is not required, and often 
the result is overheating. 

M.9.3.5 Time Clock 

 

The operation of mechanical equipment with 
intermittent usage such as ventilation units is to be 
controlled by operator/user-activated time clocks 
appropriately located in the area being served. The 
timers should be manual spring- wound type or 
electronic countdown type with operating ranges 
selected to match the occupancy of the area served.  

Operator/user-activated timers that are conveniently 
located in the area served ensure that the mechanical 
equipment will operate only as required, thus reducing 
energy consumption and reducing operating and 
maintenance costs.  

Where it is not possible or appropriate to provide the 
above user-activated control, provide a 7-day 
programmable time clock c/w quartz control clock and 
battery back- up.  

This is intended to ensure that mechanical equipment 
is programmed to operate only during occupied 
periods and to shut down during unoccupied periods. 
It also reduces operating and maintenance costs.  

M.9.3.6 Typical Ventilation Unit Control 

 

A typical direct digital control system has been 
developed for ventilation unit control. The control 
strategy can be applied to many ventilation units, both 
small and large. Refer to Figure 9.1. 

A typical ventilation control strategy will provide some 
consistency in operation and maintenance. 

M.9.3.7 Typical Direct Digital Control (DDC) Sequence of Operation 

The ventilation system will start by pressing the system start push button PB-1 located in the general office, 
gymnasium, or area served. The vent unit will start and operate for the predetermined number of hours as 
pre-programmed in the DDC and will then shut down (a gym vent unit would typically be set to operate 4 
hours). If additional time is required, the unit can be restarted by pushing the start button PB-1 again.  
 
The DDC controller will start the supply fan with the HAND-OFF-AUTO switch in the AUTO position via 
digital output DO-1. The return fan, associated exhaust fans and heating coil circulating pumps will be hard 
wired to operate with the supply fan. Supply fan start up will notify the DDC by digital input D1-2, wired to 
the auxiliary contact of the supply fan starter.  
 
Upon confirmation of start up from D1-2, the vent unit will operate on 100% return air for a preset purge 
time to stabilize temperatures (i.e., 5 minutes). At the end of the pre-programmed purge time, the supply 
air control loop will assume control of the mixed air dampers, DA-1, 2,3. The mixed air dampers will be 
ramped to the minimum or control position over a preset time (i.e., 10 minutes).  
 
The supply air control loop, with inputs from supply air temperature sensor TS-1 and return air temperature 
sensor TS-2, will modulate the heating coil valve V-1 in sequence with the mixed air dampers DA-1, 2,3 to 
maintain the supply air temperature at the proper set point as determined by the return air reset loop. A 
supply air temperature reset potentiometer ADJ-1, located beside the DDC panel, will allow the operator to 
INCREASE or DECREASE the supply air temperature, within limits (i.e., 3°C), to suit specific building 
requirements.  
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CO2 sensors can be used as part of Demand Control Ventilation (DCV) strategies. Typically, the indoor 
CO2 level is compared to the outside level. Based on the room’s usage, an acceptable CO2 differential is 
determined. Outdoor ventilation is then modulated to meet the acceptable CO2 differential. Designers 
should refer to ASHRAE requirements when designing such systems. 
 
Direct mount and readout analog thermometers TI-1, 2, 3, 4 will provide the operator with outdoor, mixed, 
supply and return air temperatures. A magnehelic type differential pressure gauge, FI-1, mounted on the 
unit, will provide indication of the differential pressure or loading of the vent unit filters. A differential pressure 
switch, DP-1, sensing filter loading will input to the DDC controller a dirty filter condition.  
 
A low limit control loop with inputs from the supply air temperature sensor TS-1, located downstream of the 
supply fan, will shut down the vent unit upon sensing a low supply air temperature, after a 5-minute time 
delay.  
 
The following user adjustable set point and control parameters will require password access  
 

• Ventilation unit run time (2, 4, 10 hours, etc.) 

• Purge time at system start (10 minutes)  

• Mixed air dampers ramp time (10 minutes)  

• Minimum outdoor air position (15, 20, 30%, etc.) 

• Supply/return air temp reset schedule  

• Remote supply air temperature reset adjustment span (3°C)  

• Low limit supply air temperature set point adjustment (2°C)  
 
Provide continuous trending at 30-minute intervals for the following points:  
 

• Supply air temperature  

• Outdoor air temperature (one sensor per project) 

• Return air temperature 

• CO2 reading  

• Filter status (CLEAN/DIRTY)  

• Supply fan status (ON/OFF)  
 

M.9.3.8 Typical DDV Sequence of Operation Diagram 

Provide a modem module connection on buildings where required to allow off-site monitoring of the system 
performance. 
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Figure M.9 - 1– Ventilation System Control Schematic 
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Figure M.9 - 2– Direct Digital Controller Identification 

 

 
 

M.9.4 HYDRONIC HEATING CONTROL 

Recommendation Rationale 

M.9.4.1 Radiation Control 

 

The radiation zone is to be controlled by a low-voltage 
room thermostat controlling the normally open (NO) 
modulating control valve.  

This provides a cost-effective radiation zone control.  
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Recommendation Rationale 

All heating loops, including those installed in 
washrooms and storage rooms, are to be provided 
with individual or zone control, and not 'run wild.'  

The small additional initial cost of providing control is 
much less than the long-term energy savings, given 
the high cost of heating energy. 

M.9.4.2 Force Flow Control 

 

The force flow unit is to be controlled by a line voltage, 
low-range, wall-mounted thermostat complete with 
locking metal guard. Provide control valves on units 
where overheating of the area may occur when the 
fan is off.  

This provides a cost-effective control of force flow 
units.  

M.9.4.3 Unit Heater Control 

 

The unit heater is to be controlled by a line voltage, 
low-range, wall-mounted thermostat complete with 
locking metal guard.  

This provides a cost-effective control of unit heaters.  

Provide control valves on units where overheating of 
the area may occur when the fan is off. 

 

The room thermostat is to be located on the wall, but 
not directly in the air stream from the unit and shall be 
provided with a locking guard. 

 

M.9.4.4 Boiler Temperature Control 

 

Provide indoor/outdoor controls for boilers with 2 or 3 
step settings.  

Seasonal adjustments to boiler temperatures can 
occur automatically (increased in cold weather, 
decreased in warmer weather), thereby increasing 
energy efficiency.  

 If existing domestic HW tanks are dependent on 
boilers, do not use this method of control. 

M.9.5 MECHANICAL ALARMS 

Recommendation Rationale 

M.9.5.1 Mechanical Alarms 

 

Mechanical alarms should be minimized and 
restricted to essential building conditions. Low 
building temperature is the only condition that is 
considered to be 'critical' and that must activate the 
automatic dialer and/or outdoor alarm light.  

Elaborate alarm systems, which are costly to install 
and maintain, have caused many nuisance call-outs 
and may become ignored. The probability of false 
alarms is reduced with only one (I e., low building 
temperature) alarm designated as critical. 
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M.9.6 OPERATION AND MAINTENANCE 

M.9.6.1 Identification 

When a DDC system is installed, all addressable components must be provided with a permanent lamicoid 
identification label. 
 
Provide framed glazed schematics for all systems to be mounted on a wall adjacent to the system. A 
complete sequence of operation is to be included for all systems. 
 
 
 

END OF SECTION 
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CHAPTER E - ELECTRICAL 

INTRODUCTION 
 
Electrical energy in 25 isolated communities of Canada’s largest territory is primarily provided by the Qulliq 
Energy Corporation’s stand alone and unconnected power diesel generation systems resulting in very high 
energy cost. The unique northern operating environment requires the optimum mix of special industry 
proven; design considerations for installation of efficient and reliable electrical systems and equipment while 
ensuring safe, economical, optimised operational efficiency leading to a longer lifespan of equipment and 
investment sustainability. Since the late 1980s electricity has been available in every community in the 
Nunavut. Electric lighting, appliances, telecommunication and computer equipment are now typical in 
buildings across the territory. As well, the construction of increasingly airtight buildings, in the interest of 
reducing fuel costs, has resulted in an increased use of electricity to power mechanical systems and 
controls. Automatic controls balance the conflicting requirements for comfort, energy conservation, 
simplicity and reliability. 
 

E.1 CODES AND REGULATIONS 

E.1.1 REFERENCE DOCUMENTS 

All Electrical installations & equipment are to meet strict compliance with the stringent most requirements 
of the latest edition of the applicable codes and regulations including, but not necessarily limited to the 
following: 
 

• National Building Code of Canada (NBC)  
• Government of Nunavut Safety Services Division 1 Building Code Act 2 
• Government of Nunavut Fire Prevention Act 2 
• Government of Nunavut Technical Standards and Safety Act 
• Canadian Electrical Code (CEC)  
• Underwriters Laboratories Canada (ULC)  
• Underwriters Laboratories Incorporated (ULI Canada)  
• Canadian Standards Association (CSA)  
• Illuminating Engineering Society of North America (IESNA) Lighting Handbook 10th Edition 
• Institute of Electrical and Electronics Engineers (IEEE)  
• GN Electrical Mechanical Safety Section -Electrical Bulletins 
• Government of Nunavut's (CGS-IPS) Structured Cabling Guidelines Version 1.6 – August 2015 
• National Fire Code of Canada (NFC) 
• National Energy Code of Canada for Building 2015 (NECB)  
• Electrical and Electronic Manufacturer's Association of Canada (EEMAC) 
• National Electrical Manufacturers Association (NEMA) 
• Telecommunications Industries Association (TIA) 
• American National Standards Institute (ANSI) 
• American Society for Testing and Materials (ASTM) 
• Insulated Cables Engineers Association (ICEA) 
• Aerodrome Standards and Recommended Practices (TP312E) 
• International Electrical Testing Association (ANSI /NETA ATS) 

(Standard for Acceptance Testing Specifications for Electrical Power Equipment & System)  
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Related offices include:  
Protection Services Divisions and Safety Services – Community and Government Services 

• Qulliq Energy Corporation (QEC) 

• NorthwesTel 

• Arctic Cable (Local Cable Television Authority)  
 

E.1.2 MATERIAL STANDARDS 

All electrical equipment, assemblies and materials is to be approved by Canadian Standards Association 
(CSA), Warnock Hersey, ULI ULC Canada & ETL Testing Laboratories Inc. or any other accredited agency 
approved in accordance with the Govt. of Nunavut’s Electrical Protection Regulations by the Chief Electrical 
Inspector, Safety Services, CGS Safety Services Division. 

  

 
Rational 
To ensure the electrical service & distribution equipment, devices, assemblies and materials including 
appliances and wiring products installed in Nunavut buildings conform to specific national standards 
recognized by the Intertek, Underwriters Laboratory, Standards Council of Canada (SCC)and Canadian 
Standards Association's Canadian product certification. 
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E.2 OPERATION AND MAINTENANCE 

E.2.1 GENERAL 

See G1 and G4. 
 

E.2.2 ACCESS 

Electrical systems generally require relatively little maintenance. However, easy access to equipment that 
must be serviced is important. Access hatches and spaces to be provided for all electrical equipment are 
required to ensure a safe working area to service or replace electrical equipment.  
 

E.2.3 SPARES 

Regional Maintainers should determine, in consultation with the Technical Officer, Project Manager and 
design consultants, what spare parts should be provided. The following is a recommended list of regular 
and emergency spare parts that should be stored in each facility for communities that are not on the road 
system:  
 

• set of each type of manual starter heater  

• 3 spare fuses of each type used (i.e., 600 V and below) 

• 5 spare fuses of each type used (i.e., control fuses)  

• 1 spare coil of each starter size  

• 1 spare control transformer of each type used  

• 5 spare pilot lights of each type used (i.e., fire alarm panels, MCCs, transfer switch), 10 of 
each if they are incandescent  

• Spare LED lamps equal to 10% of the number used in the facility. Specify an integer 

number of lamps rounded to the nearest case 

• 5 spares of each other type or size of lamps used 

• 5 % spare 1P-15 Amp breakers within each panel board, minimum of 2 

• 5 % breaker spaces within each panel or distribution board, minimum of 2 

 
If a generator is required, provide:  

• 5 spare oil filters  

• 5 spare fuel filters  

• 5 spare air filters  

• 3 air cleaner elements 

• 3 set of fuses for control panel 

• 2 spare fan belts of each type used  

 

Where metric size nuts and bolts are used, provide one set of sockets complete with ratchet handle and 
set of combination. 
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E.2.4 MAINTENANCE TOOLS 

Provide complete sets of specialized tools required for adjustment and maintenance of equipment supplied. 

 
Rationale: 
 
Spare parts are often difficult, if not impossible, to get within many communities, and there is often a long-
time lapse required to send in spare parts. As a minimum an inventory of spare parts as listed, if maintained, 
should cover most of the regular and emergency maintenance required on electrical systems during a 
facility's lifetime. Spare parts used for repair during warranty period are to be replaced at the end of the 
warranty period. 
 

E.2.5 STANDARDIZATION 

In the interest of maintenance and economy, it would be prudent to ensure that all distribution panels, 
equipment, assemblies and materials, interior, exterior, exit and emergency lighting fixtures and controls, 
pumps, starters heating systems and ancillaries including appliances and power outlets devices and wiring 
products installed in Nunavut buildings be of the same manufacturer throughout each facility. 

 

E.2.6 CSA CODE REQUIREMENTS 

CSA specific requirements of CSA-282/CSA, Z32 & Z-462-12 regarding spare parts, special tools, log 
books, for testing & maintaining systems, and workplace electrical safety. These requirements are to be 
included in the project specifications for the information and implementation by contractors. 
 

E.2.7 OPERATION AND MAINTENANCE MANUALS (O&M MANUALS) 

At present, manuals are to be prepared in accordance with good engineering practice.  
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E.3 IDENTIFICATION 

Clear identification of electrical equipment is particularly important for the electrical system. Local 
maintainers and trades people should be able to quickly understand and locate related system equipment. 
Consistent identification in all public sector buildings is recommended to ensure that maintainers and 
operators can easily become familiar with any public sector building in any community.  
 
Nameplates of equipment shall be easily visible and easily readable after installation. 
 
The language should be English. There are four official languages (including dialects) in the Nunavut. 
However, for operations and maintenance staff and trades people, an understanding of English is required, 
and therefore English is the language recommended for identification of components and systems.  

 
Various levels of identification can be incorporated within a specific building. According to the Canadian 
Electrical Code, annunciation of main distribution panels, sub-panels, motor control centers, and motor 
starters is required. Additional steps in identification are listed below for possible implementation.  
 

   

Tape style identification 

 

Heat shrink identification 

 

Printable sleeves 

 

 

E.3.1 IDENTIFICATION 

Colours of conductors shall be as specified in the Canadian Electrical Code. 
 

Recommendation Rationale 

Self-laminating conductor markers may be used to 

identify conductors at all panel boards, motor control 

centers, junction boxes, terminal cabinets and outlet 

boxes. The numbering system can include circuit 

numbers on power circuits. In low voltage and control 

system wiring, the numbering should match the 

control diagrams. 

Circuit numbers are useful to identify wiring for 
trouble-shooting and to avoid accidents by 
preventing contact with energized conductors. 
Due to the increasing complexity of electrical 
systems, it has become important to identify 
wiring with control diagrams of the system, to be 
able to trace wiring when correcting operation 
and maintenance problems. The minimal cost of 
identifying the conductors is paid back during 
trouble-shooting, and during training of 
maintainers or when modifying the system.  

E.3.1.1 Power Distribution Identification 

 

Provide comprehensive single line diagram of the 
power distribution system as part of the contract 
documents complete with the following: 

This ensures the safety of maintenance & 
emergency response personnel (e.g. fire 
fighters) to provide a clear understanding of 
installed systems and where to de-energize 
equipment when servicing. 
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Recommendation Rationale 

• Configuration, type, voltage current rating of 
all switchgear, transformers panel boards & 
motor control centres. 

 

• Type, frame size, trip size, interrupting rating 
of all overcurrent protective devices. 

 

• Available fault current at all switchgear, 
switchboards, panel boards and MCC's. 

 

• Type Size and current ratings of services & 
feeders. 

 

• Connected load and anticipated demand 
load at all switchgear, switchboards, panel 
boards and MCC's. 

 

• Provide copies of "as-built" single line 
diagrams as part of the Operating and 
Maintenance Manuals. 

 

 
Figure E.3 - 1- Sample Single Line Diagram 

 

E.3.2 RACEWAY/JUNCTION BOX IDENTIFICATION 

Recommendation Rationale 

E.3.2.1 Junction Boxes 

 

Provide identification of the enclosed systems by 
painting the junction cover plates. See Electrical 
System Identification Tables E-1 and E-2. 

This is useful when tracing system conduits, 
locating devices and system components when 
troubleshooting or when problems making 
additions or deletions to the system.  
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Recommendation Rationale 

E.3.3 EQUIPMENT IDENTIFICATION 

 

See Electrical System Identification Tables E-1 and 
E-2. 

 

E.3.3.1 Panel Directory 

 

Computer generated or typewritten panel directories 
are required. 

Hand written directories vary in legibility and 
durability. 
 

Room numbers used for circuit identification should 
be those that are identified on the contract 
documents. 

Maintainers should have access to the original & 
subsequent drawings for reference. The room 
numbers are required by other sections of the 
GBP. 
 

At times both a room name and number may be used. Common names of rooms that are unlikely to 
change may also be used for quick identification. 
E.g.: Mechanical Room, Electrical Room, 
Janitorial etc. 
 

The directory should allow for identification of any 
future loads added to the panel. A copy of the file 
should be included in the O& M manual. 

This provision would provide ease of future 
updating the directory when changes are made. 

E.3.3.2 Terminal Cabinets 

 

In terminal cabinets for control wiring and low voltage 
wiring, identify terminal and wiring with appropriate 
labeling. Provide a computer generated or 
typewritten panel directory. 

This is done for operations and maintenance staff 
(maintainers to factory representatives) to be 
able to quickly trouble shoot problems and to add 
and delete parts of the system. 

E.3.3.3 Labels and Lamacoids in Service Rooms 

 

Mechanically fasten all lamacoids in service areas 
and mount adjacent to, not on, controllers. Fasten all 
on equipment either by mechanical means or with 
adhesive backing. Ensure lamacoid is applied on 
clean level surface. 

Mounting labels not on controllers ensure 
identification is not painted over during 
maintenance activities. 

Alternative: provide lamacoids on cover and inside 
enclosure, instead of “adjacent to” when two (2) or 
more panel boards of the same size are installed side 
by side or in the same room. 

Relays in control cabinets must be identified for 
maintenance and trouble-shooting.  

Type D labels should be provided for relays in control 
cabinets.  

 

E.3.3.4 Control Diagrams 

 

Copies of the control diagrams of the enclosed 
system may be located within enclosures designated 
for such and an additional copy provided within the 
appropriate section of the O & M manual. 

Many simple or complex control systems are 
located in public sector building. No matter the 
complexity, control diagrams provide the 
electrical or maintenance staff with the 
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Recommendation Rationale 

information they need to understand the proper 
operation of the system. The minimal cost of 
providing control diagrams is paid back during 
future trouble shooting, and during training of 
maintainers or when modifying/repairing the 
system. 

 

E.3.4 RECEPTACLE IDENTIFICATION 

Circuit and panel may identify receptacles only when it is important that a building user unfamiliar with the 
electrical system be able to quickly re-set breakers. 
 

Recommendation Rationale 

E.3.4.1 See Electrical System Identification 

Tables E-1 and E-2 

 

 This is typically required in basic health care 
areas of health centers, patient care areas of 
hospitals and industrial arts rooms of schools. 

E.3.4.2 Receptacle Labels 

 

Mount labels adjacent to, not on the cover plate of the 
receptacle 

This practice ensures identification if the cover 
plates are removed (i.e., during painting). 
 

Use Lamacoids Printed labels may be easily painted over, 
whereas lamacoids are raised off the wall surface 
and even if painted over remain readable 
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ELECTRICAL SYSTEM IDENTIFICATION TABLE E-1 

LABELS AND LAMACOIDS 

Component Type Information 

 
Main distribution centre 
 
Main breaker 
Sub distribution panel 

 
A 
 

A 
A 

 
Year installed, name of facility, names of electrical engineer 
and electrical contractor 
Voltage, phase, amps 
Name of panels it is feeding (i.e., Panel A, Panel B) 

 
Panel boards 

 
A 

 
Panel designations (i.e., A, B, C or EA, EB, EC for panels 
fed from emergency power) 

 
Terminal cabinets 
i.e., telephone, low voltage 

 
B 

 
Indicate equipment controlled 
(i.e., Telephone Rooms 1-12, Intercom Rooms 1-7) 

 
Equipment 
i.e., motors, fans, pumps, etc. 

 
 

 

SEE MECHANICAL IDENTIFICATION STANDARDS 

 
Disconnect switches 

 
B 

 
Indicate equipment controlled and voltage 

 
Starters / contactors  

 
B 

 
Indicate equipment controlled and voltage 

 
Motor control centres 

 
B 

 
Indicate equipment controlled and voltage 

 
Transformers 

 
B 

 
Circuit and panel designations 

 
Relays 

 
D 

 
Circuit and panel designations 

 
Junction boxes, pull boxes  

D 

 
Circuit and panel designation for power. 
Contents for low voltage  
(i.e., TV rooms 1-12 or security rooms 1,2 & 7) 

 
On/Off switches 
 
Fire alarm devices (i.e., pull 
stations, end of line) 

 
C 
 

C 

 
If it is not obvious, then indicate area being served  
(i.e., service spaces or grouped switches) 
Zone number and device number in that zone  
(i.e., Zone 1-#3, Zone 10 - #7) 

 
Receptacles: 
$ standard duplex 
$ GFCI 
$ surge suppression 
$ special receptacles 

 
 

D 
D 
D 
D 

 
Indicate: 
$ panel / circuit designation 
$ panel / circuit designation 
$ panel / circuit designation 
$ panel / circuit designation and voltage, phase, amps 

 

Label Letter Height Type  Colours 

 
Type A 

 
9.5 mm 

 
Riveted lamacoid 

 
white lettering / black background 

 
Type B 

 
6.0 mm 

 
Riveted lamacoid 

 
while lettering / black background 

 
Type C 

 
3.0 mm 

 
Adhesive lamacoid 

 
white lettering / black background 

 
Type D 

 
3.0 mm 

 
Adhesive label 

 
black lettering  

Note: for fire alarm comp0nents background shall be red.
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ELECTRICAL SYSTEM IDENTIFICATION TABLE E-1 

COLOURS 

Component 
Conductors 
or Cables 

Raceways and 
Junction Boxes1 

Receptacles  Other 

 
Normal power: 

- 120/208, 240 volts 
- 347/600 volt 

 
 

Code 
Code 

 
    

Gray  
Sand 

 
 
As specified 
by designer 

 
 

 
Emergency power: 

- 120/208, 240 volts 
- 347/600 volt 

 
    

Code 
Code 

 
    

Orange 
Sand 

 
     

Red (see Note 3) 
n/a 

 
 

 

Low voltage and Safety: 
- switching / controls 
- emergency  
- exit lighting 
- security / panic 
- mechanical alarms 

 
See Note 2 
 
 
 

 

    
Black 
Orange 
Orange 
Blue 
Amber 

 

 
 
 

 

     
 
 
Exterior 
Strobe (blue) 
Strobe (amber) 

 
Fire alarm: 

 
Red 

 
Red 

 
 

 
Exterior Strobe 
(red) 

 

Communications  
and Security:  
- structured wiring   
- telephone 
- intercom and sound 
- television and cable 
- CCTV 
- Access Control 
- Intrusion Alarm 
 

 
See Note 2 
Blue 
Olive / Gray 
Brown 
Black 
Beige 
 

 

 
White 
White 
White 
Brown 
Brown 

 
 

 
 

 

• Low voltage cable can be purchased with various colors of the exterior jackets allowing quick 
identification for tracing of the installed cabling for security, nurse call, intercom, data, video, 
telephone, television, CCTV, DDC cabling within an area. 

• All junction boxes pull boxes and their covers must be painted according to the color-coding 
schedule. Color coding is not necessary for visible surface mounted junction boxes as they can be 
easily traced. 

• Only receptacles that form part of an Essential Power Supply are required to be red. 
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E.4 POWER SUPPLY 

Qulliq Energy Corporation (QEC) supplies electricity in most communities In Nunavut by diesel generators 
operated. Fuel is re-supplied annually, and power costs are very high. Voltage fluctuations are typical, as 
are power outages. Three-phase power is not available in all communities. Power is supplied to consumers 
primarily by overhead service with larger buildings being supplied by underground conductors from pad 
mounted transformer.  
 

Service Sizing  
Size main services & service transformers according to the connected load or estimated load, whichever is 
greater. Calculate connected load by using demand factors as dictated by the type of load plus an allowance 
for future load. Calculate estimated loads based on basic power loads plus additional loads anticipated for 
heavy power usage areas. 

E.4.1 PUBLIC UTILITIES 

Power is supplied and distributed by Qulliq Energy Corporation (QEC). 
 

Recommendation Rationale 

E.4.1.1 Consumption Targets 

 

See specific sections regarding energy consumption 
requirements (i.e., lighting motors). 

See General G6.1 National Energy Code. 

E.4.1.2 Underground Service 

 

Overhead services are preferred. However, if an 
underground service is necessary, teck cable is 
preferred. In non-permafrost areas, the cable needs 
to be placed below the frost especially if the soil is 
frost susceptible. In permafrost, or if the cable must 
be placed in the active layer, it must be surrounded 
by non- frost susceptible soil. 

Overhead services are preferred as they are 
easy to repair and maintain. If the service is 
underground, teck cable is easier to install and 
less expensive compared to conduit, especially 
in cold weather. Teck cable is flexible enough to 
take the stress of frost heaving and installation 
over uneven or rocky ground. In permafrost 
areas, surrounding fill should be of a type that 
does not bond to the wires (because frozen soil 
tends to contract and crack, causing buried lines 
to pull apart when the line on each side of the 
crack is frozen tightly in the soil).  
 

This can be accomplished by surrounding the 
screened sand on all sides be gravel, which will 
ensure drainage of water out of the sand. 

Underground service conductors over 75 meters 
should be installed inside a PVC sleeve. 

By providing a PVC sleeve for long underground 
service runs, the increased potential of 
movement from frost heaving, will decrease the 
stress on the installed cable. 

 

E.4.2 AUXILIARY POWER 

Reliability of power supply for equipment is more important in cold climates than in moderate climates 
because of the dire consequences of failure. Systems depend on electricity for boilers, pumps, fire 
protection and heating controls. Power failures in northern communities are not uncommon due to extreme 
weather conditions or equipment failures, which can incapacitate the community generator. For this reason, 
generators are often required in public sector buildings where essential services must be maintained. 
Emergency generators, where required by NBC, need to meet stringent requirements. "Standby" or 
"auxiliary" power supplies are optional and sized according to desired load requirements.  
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The importance of reliability is mentioned, not so much for community functions, but because of the 
dependence on electricity for building systems.  
 

Recommendation Rationale 

E.4.2.1 Where Required 

 

Emergency power is only to be provided in buildings 
where required by the National Building Code of 
Canada. Provide standby power where the facility 
program drives the requirements for a generator. 

Emergency power has specific code 
requirements above and beyond those for 
standby power. 

E.4.2.2 CSA C282-12 

 

This standard "Emergency Electrical Power Supplies 
for Buildings" is suitable as a guide for standby 
generation. For emergency generators, it is expected 
that CSA C282 will be followed 

The standby power is provided in most of GN 
facilities as a backup for convenience, not safety, 
and shutdown can be scheduled, making a 
manual by-pass unnecessary. Installing a 
"standby" or "auxiliary" generator to C282 
maintains reliability 

E.4.2.3 Components Required 

 

When generators are required, they should be:   

• Fueled by a dedicated day tank, located in 
the service room, capable of operating the 
generator under full load for four hours 

 

• Day tank to be fed by the same fuel tank 
provided for the heating system  

 

• Liquid-cooled with mounted radiator fan and 
water pump (integral radiator only)  

 

• Air-cooled with integral cooling fan and 
cooling ducting where conditions make an 
air-cooled generator practical  

 

• Skid mounted with double wall sub base fuel 
tank complete with day tank feature, transfer 
pump system, leak detection and low fuel 
alarm.  

Must also include:  

 

• Glow plug and timer  
 

• Steel springs and/or rubber pads as 
recommended by the manufacturer  

 

• Remote annunciator package for 
critical functions  

 

• Thermostatically controlled recirculating 
block heater fed from boiler heat 
exchanger 
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Recommendation Rationale 

• Integral radiator  
 

• Hospital or critical grade muffler 
 

• Flexible exhaust section complete 
with guard to prevent accidental 
contact. 

 

• Battery, automatic battery charger, 
cable and rack  

 

• 12 volts electric start 
 

Generator package should also include:   

• eye wash station  

• heavy duty acid resistant elbow length 
rubber gloves 

 

• heavy duty acid resistant apron  

• hydrometer  

E.4.2.4 Capacity 

 

Where emergency generators are required by code, 
they must be sized to carry the following only: 

 

• Fire protection system (including fire pump 
and jockey pump)  

Besides code requirements, emergency 
generators allow buildings to continue operating 
with minimal disruption. In many instances the 
entire electrical system can function on 
emergency power, as there is little cost or 
operational advantage to reducing lighting and 
receptacle capacities. Refer to the facility 
program to determine which lighting and power 
loads are essential. Subject to emergency 
lighting design of specific building.  

• Complete heating system including fuel 
pumps, controls, boilers and zone valves 

• Exit lighting 

• Domestic water pumps  

• Sanitary pumping 

• Lighting (including bathroom lighting in 
buildings where there are young children 
the aged or the infirm) 

• Power loads deemed necessary by the 
program requirements  

• Loads required by the National Building 
Code to be powered from an emergency 
power supply  

E.4.2.5 Automatic Exercising 

 

Automatic exercising of the emergency or standby 
generators is not required. 

In the past there was concern that maintenance 
staff were either non-existent or untrained for 
testing the generator regularly. Consequently, 
time clocks were installed to ensure the 
generator was cycled regularly to ensure proper 
operation. With qualified maintainers in all 
communities and the requirement of CSA C282 
and the Maintenance Management System 
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(MMS) to record and log all instrument readings 
during a weekly test, the time clock is redundant.  

E.4.2.6 Timer 

 

Provide a timer (holdover timer or "time delay, 
emergency to normal") with a minimum lag time of 10 
minutes before retransfer from generator power to 
normal power after normal power restarts. This 
feature is a component of the automatic transfer 
switch settings. 

This allows time for the normal power to stabilize. 
It is especially important when generators have a 
'Warm- up" period of 3-5 minutes before 
accepting a load, as the effect of a second 
blackout would be a further delay for power to 
resume. (The generator cycles through a cool-
down period, then a warm-up cycle starts again).  

E.4.2.7 Location 

 

All generators must be installed in a separate room 
with a 2-hour fire rating.  Access to allow potential 
removal or replacement of the generator must be 
provided. Locate generator away from noise-
sensitive areas and at grade level. 

This is a code requirement as per C282.00. 

E.4.2.8 Portable Generator 

 

Portable generators are not recommended. Where a generator is required, it should be 
permanently installed to ensure reliability and 
regular maintenance. If it were portable, there 
would be a good possibility that it would not be 
readily available when needed. Portable units 
can also be hazardous if improperly installed, 
grounded or exhausted. 

E.4.2.9 Load Banks 

 

Permanently connected, stepped load banks with 
customer metering to monitor generator loading is 
recommended for hospitals & correctional facilities. 

Permanently connected stepped load banks 
provide a means for maintenance staff to 
properly exercise generators on a weekly and 
yearly basis avoiding "wetstacking" from small 
building loads. 

Emergency, auxiliary or standby generators 300Kw 
and over should also have permanently installed 
stepped load bank. 
 

 

Where the building load is not adequate for the yearly 
testing of code required emergency generators, 
means to safely install a portable load bank should 
be provided. 

This provision will provide a safe way of 
connecting portable load banks on yearly basis  

 
Where the emergency generator set is required and 
a permanent load bank is not installed, then provide 
a suitable junction point between the generator & the 
transfer switch for the connection of a portable load 
bank. 

 
This provision will minimize disturbance to the 
building operation and improve maintainability 
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E.4.2.10 CSA Z32-15 

 

This standard for "Electrical Safety and Essential 
Electrical Systems for Hospitals" has been adopted 
for health care facilities in Nunavut.  

The intended use of a health care facility must be 
determined and designed to meet the chosen 
needs. 

E.4.3 RENEWABLE ENERGY (SUN, WIND) 

The seasonal availability of solar and wind energy in the North is often much higher than southern locations 

annually. However renewable energy systems should only be considered where life cycles costs could be 

shown to be lower than other alternatives. 
 

Refer to the Energy section. 

 

E.4.4 CONSUMER SERVICE AND DISTRIBUTION 

Recommendation Rationale 

E.4.4.1 Electrical Service Rooms 

 

1. Separate Room 
 

A separate electrical room is recommended for all 
facilities that have services of 600 V and larger and/or 
400 A and larger. 

Services greater than 600 V and/or400A are of 
such a size that a separate room is desirable to 
consolidate electrical equipment. Separating it 
from the mechanical equipment generally 
ensures better access for maintenance 
operations, as well as provides a cleaner 
environment required for electrical equipment 
that often includes communications equipment, 
transformers, etc.  

Wherever auxiliary power is provided, electrical 
panels and equipment may be located in the 
generator room, with the exception of motor control 
centers, which are ideally located within sight of 
equipment being served. 

As a separate room is already required for the 
generator, electrical equipment can be located 
there. Motor control centres are usually better 
placed in the mechanical room so the controls 
are within in sight of many of the motors they 
control. 

A separate electrical room is recommended in 
facilities where the mechanical space is excepted to 
reach temperature that will be higher than 30 deg. C. 

Electrical and electronic equipment and in 
particular breakers are temperature sensitive 
and should not be located in spaces where their 
performance will be compromised. 

Rooms that serve a dual function such storage or 
corridor & electrical room should be avoided. 

Architectural designers assume that electrical 
equipment is static and wish to use this "empty" 
space for other purposes such as pathways to 
other rooms. This can easily create a dangerous 
situation such as a door being opened into an 
electrician working on an electrical enclosure. 
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E.4.4.2 Service Size 

 

Calculation of service shall be as per the CEC, with 
no over sizing of service, unless specific mention of 
future additions is made. Include calculation on 
drawing. 

Service size calculations from the CEC are 
generally. 

Very conservative with best practice margin 
errors adding to the CEC numbers. If a major 
renovation takes place in the future, and there is 
no spare capacity, then the service will need to 
be upgraded at that point in time. 

Sizing & trip settings of the main service breaker must 
be considered carefully as the available fault current 
in many communities is very low, and as a result a 
fault may not clear within a reasonable time. Include 
available fault current at the service entrance on the 
single line diagram. 

A low available fault current means two things: 
most interrupt ratings will be sufficient and 
instantaneous trip setting need to be set so that 
they open the circuit. Many moulded case circuit 
breaker have an instantaneous trip setting 10-12 
times nominal, and this may be too high to 
actually open quickly. Local conditions need to 
be considered to ensure that protective devices 
function properly. 

Transformers Applications K-type Delta-Wye for Non-

linear Loads: Conforming to UL 1561 standard. An 
analysis of whether or not to install transformers 
should be contingent on a life cycle cost benefit 
analysis. 

K-type transformers (K4, K13, K20, etc.) are 
isolation transformers. The number indicating the 
factor (K4, K13, K20 etc.) is the multiplication 
factor of the losses due to the Foucault currents 
in the windings that this transformer can support. 

Transformers Applications K-type Delta-Wye for Non-

linear Loads: Consider the application of “Harmonic 
Mitigating Transformers” especially for an office 
environment with a high concentration of computer 
loads by performing a cost-benefit analysis 
comparing the cost of conventional or K- rated 
transformers. 

K-type transformers are designed to support the 
supplementary losses due to the harmonic 
current circulating in the windings.  

Actually, it is less costly overall to provide harmonic 
mitigating transformer to feed several hundred 
computers than it is to improve the operation of the 
SMPS in each computer. This is especially true when 
we consider that the added cost of the improved 
SMPS will reappear every three years when a new 
computer system is purchased. 

 

The inherent ability of Harmonic Mitigating 
Transformers to cancel harmonic currents within their 
windings can result in quantifiable energy savings 
when compared with the losses that would exist if 
conventional or K- rated transformers were used. The 
average premium cost of an HMT over a K- rated 
transformer, the typical payback in energy savings is 
1 to 4 years when loading is expected to be in the 50% 

to 65% range. HMT not only meets NEMATP-1 
minimum efficiencies at 35% load but also in the 
entire operating range from 35% to 65%. In this 
manner, we can assure energy savings not only at 
lightly loaded conditions but also at more heavily 

They become line conditioners if they are 
equipped with special electrostatic screens and 
peak cut-off hybrid filters on the secondary & the 
primary. 
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loaded conditions when harmonics have their most 
significant influence on losses.  

To minimize harmonic problems in new installations, 
avoid the old approach of using a large central 
transformer with a 120/208V secondary and long 4-
wire risers or radial runs through the building. The 
impedances of these long runs are high so that 
harmonic currents flowing through these impedances 
will create high levels of voltage distortion and 
neutral-to-ground voltage.  

 

To prevent these problems, an effective rule of thumb 
is to limit each 120/208V run length to that which 
would produce a 60Hz voltage drop not greater than 
1/2% to 3/4%. Combining the use of Harmonic 
Mitigating Transformers with short 120/208V feeder 
runs and double ampacity neutrals will ensure 
compatibility between the distribution system and the 
non-linear loads. 

Careful consideration during the design phase 
can help to anticipate and avoid the working 
space being used for storage space. 

IEEE Recommended Practices and Requirements for 
Harmonic Control in Electrical Power Systems. This 
standard recommends maximum acceptable limits 
for both voltage and current harmonics to prevent 
problems that can result from heavy non-linear 
loading. The limits for harmonic currents are 
designed to minimize the amount of voltage distortion 

these currents would produce in the power system. 

 

 

K4  

• Electric discharge lighting 
 

• Some UPS with input filtering, no Bypass  
 

• Induction heating equipment  
 

• PLC and solid-state control 
 

K13  

• UPS w/o input filtering, with Bypass 
 

• Telecommunication equipment  
 

• Multi-wire receptacle circuits  

i. In general care areas of health in hospital 
facilities and class rooms in schools, etc.  

 

ii. Supporting inspection or testing equipment of 
trade school/college & CGS maintenance 
workshops and laboratories etc. 

 

iii.  Automated modern/electronic office buildings  
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E.4.4.3 Working Space 

 

Adequate space around electrical equipment is to be 
provided. Minimum working space around electrical 
equipment is 1.0 meter. Coordination with the other 
disciplines (especially mechanical) is essential. 

Past experience with unacceptable clearances 
has resulted in need for on-site changes. We 
intend to ensure that safe working space is 
provided around electrical equipment (i.e., 
including space to stand beside panel boards 
while disconnecting breakers). 

Entrance to and exit from the working space around 
electrical equipment must be kept clear of all 
obstructions.  

 

E.4.4.4 Components 

 

Standard of acceptance for power systems is Eaton 
Cutler Hammer, Square D, Schneider or Siemens. 

This reduces inventory and allows maintenance 
staff to become familiar with the products.  

Standard of acceptance for control equipment is 
Allen Bradley, Cutler Hammer, Square D, Eaton, 
Schneider or Siemens. 

 

E.4.4.5 Spare Capacity 

 

Provide a minimum of 20% as empty spaces in panel 
boards (i.e., 8 spare spaces in a 40-circuit panel 
board). 

This provides circuits for future loads and avoids 
creating a hazardous condition caused by 
overloading the panel board. Additional capacity 
is required for additional loads expected over the 
lifetime of the building (e.g., computers). 

 Note: These are minimum requirements (I. e., 
facilities planned for future expansion may 
require a larger capacity). 

E.4.4.6 Customer Metering 

 

Provide a digital customer meter where service size 
is in excess of 200kVA that can provide power quality 
metering, such as harmonic content, phase 
imbalance transients, protection from phase reversal, 
overvoltage, under voltage as well as Kwh 
consumption etc. capable of being tied in to the 
building system. 

The meter provides invaluable O &M data. This 
can be used to verify utility invoices, provide a 
quick history for maintenance person and allow 
for O&M staff to realize problems by reading 
through the data on their prescribed PM 
programs and logged evidence of power quality 
problems originating off site. 

 
Provide digital customer meter where the service size 
is in excess of 75kVA that can provide consumption, 
demand, voltage and current information 

 
Digital metering is an excellent tool for 
troubleshooting and other general maintenance 
activities. 
 

Provide digital customer demand meter for 
emergency power to register the maximum demand 
on the generator. 

This will provide information for the Owner when 
adding loads on the generator is considered. 
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E.4.4.7 Power Quality 

 

For larger systems that support many loads, the 
requirements of all loads need to be considered, as 
well as the potential interactions between them, to 
decide the appropriate enhancement equipment and 
system design construction. 

 

E.4.4.8 Variable Frequency Drives 

 

Provide drives complete with harmonic distortion line 
filters which limit total harmonic current distortion to 
less than IEEE 519 standard requirements where the 
drive terminals are the point of common coupling, but 
in no case more than 3%. 
 

Additional line filtering is often required to reduce 
the propagation of harmonics and radio 
frequency interference (RFI) to other equipment. 

Coordinate motor selections with mechanical to 
ensure inverter duty motors are provided. 
 

These motors can withstand repetitive voltage 
spikes that are 3.1 times the rated RMS voltage. 

Use pulse width modulated technology drives. Locate 
drives within 7 meters of load. 

Select drives with proven maintenance 
capabilities. 

E.4.4.9 Separation from Disturbance 

 

Keep equipment that causes electrical disturbances 
(motors & VFDs Variable frequency drives in HVAC 
applications and Industrial pumping (water/waste 
water) electrically separated from electronic 
equipment susceptible to electrical disturbances 
(such as computers servers’, terminals, monitors, 
printers, fax machines, telecom systems 
photocopiers and communication equipment etc.) 
Provide electrical protection and line power 
conditioning for affected equipment as follows: 

Determine the extent and severity of electrical 
service disturbances including voltage sags, 
surges, short term and long-term transients and 
outages. Consultation with the QEC in order to 
determine the likely incidence of these 
disturbances. 
 
Identify electronic equipment and system likely to 
be affected by disturbances and the extent of 
protection necessary for normal operation. 

• Surge protectors: electronic or varistors 
surge arrestors for equipment affected by 
transients. 

 

• Isolation transformers: electro statically 
shielded transformers for equipment affected 
by transients and noise. 

 

• Regulated power supplies: for equipment 
and systems affected by transients, noise, 
voltage sags and surges. 

 

• Electronic filters: for equipment affected by 
power line noise. 

 

• Uninterruptible power supplies: for 
equipment requiring continuity of service. 

 

• All electronic based systems are to be on 
power conditioning UPSs. 
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E.4.4.10 Uninterrupted Power Supplies 

 
Provides equipment with the highest level of 
power protection available. 

For equipment requiring continuity of service.  
Identify electronic equipment and system likely to 
be affected by disturbances and the extent of 
protection necessary for normal operation. 
 

All electronic based systems are to be on Smart 
Online 3-Phase Intelligent, True On-Line UPSs 
power conditioning System. 

An analysis of whether or not to install these 
systems should be contingent on a life cycle cost 
benefit analysis. 
 

Provide wall mounted shelves for UPS units that are 
supplying fixed wall mounted equipment. 

Wall mounting above the floor surface allows 
ease of area cleaning procedures, and a more 
protected location. 
 

When grouping computer or equipment in a single 
room, consider consolidating all UPS power 
requirements in to a centralized unit feeding a small 
panel. 

Regular servicing of a single larger unit can be 
more cost effective than servicing many small 
units. This also provides a higher level of 
protection from the electrical supply that may 
have variable quality. 
 

Where available supply building system such as 
telephone, public address, alarm systems, security 
systems, networking systems etc.; from a UPS, but 
also from a generator. 

Providing electrical redundancy to systems that 
are needed for proper operation of the building 
during utility power failures provides a greater 
level of reliability. 
 

Where a UPS is fed from a genset, provide a 
minimum of 15 minute back up, where no genset is 
present,30 minutes would be the minimum. 

Generators do not always start, and this provides 
sufficient time to shut equipment down. Because 
of the frequency of outages, the larger capacity 
batteries will also last longer before requiring 
replacement. 

E.4.4.11 Transient Voltage Surge Suppression 

(TVSS) 

 

Transient voltage surge suppression (TVSS) should 
be provided on building with electronic equipment in 
accordance with UL-1449/1499-rated. However, 
surge arrestors for lightning strikes are generally not 
required. 

The Nunavut Territory has low incidence of 
lightning strikes, so surge arrestors would only be 
considered an asset on buildings where electrical 
reliability is critical. Power quality though is not 
generally high, so some form of TVSS at the 
service entrance will reduce the exposure of 
equipment inside the building to harmful surges. 
 

Sensitive electronic equipment should be protected 
from surges, both those generated from other 
equipment and those originating from the utility 
service. This can be accomplished at the service 
entrance, panel boards, and at receptacles. 

This is due to primarily to new power conversion 
technologies, such as the Switch-mode power 
supply (SMPS), which can be found in virtually 
every power electronic device (computers, 
servers, monitors, printers, telecom systems, 
photocopiers, VFDs, lighting controls, building 
automation systems) means that we have more 
harmonic content that can negatively affect the 
building systems. 
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Evaluation of where to place TVSS will depend on the 
application. 

TVSS properly located will provide protection 
from internal sources of harmonics, voltage 
spikes and transients. 
 

Computer room distribution panel boards should use 
surge protection bolted directly to the buss. 

The cost of providing TVSS in minimal compared 
to the potential of equipment and/or data lost due 
to poor power quality issues. 

All units should indicate status in event of TVSS 

failure. 
 

 

Point of use devices at workstations or integral to the 
receptacles may also be incorporated 

Bolting TVSS directly to the buss bars locates the 
surge suppression devices in the most effective 
location and provides downstream protection to 
many devices. 
 

 
 
 
TVSS Cascading Grid of Multiple Suppressions  
 
The primary protector at the service entrance 
performs the initial “coarse” suppression and then the 
secondary protector at a sub-panel or on a low 
voltage circuit performs a “fine” suppression, limiting 
the transient to harmless levels. This “cascading grid” 
of multiple suppression levels insures that there will 
be no equipment damage. By connecting the TVSS 
modules at each power panel in the distribution 
system, the TVSS filters transients from both load 
and supply sides and effectively provide “isolation” of 
each load from any load on another circuit. When 
used downstream in a cascaded configuration, the 
panel mounted TVSS will provide the best protection 
for critical loads. 
 

Status of equipment ensures protection is 
provided. 
 
 

E.4.4.12 Harmonic Distortion and Noise 

 

Identify non-linear loads including: switch mode 
power supply (SMPS), (typically found in computers, 
servers, monitors, printers, fax machines, 
photocopiers, telecom systems etc.), UPS, rectifiers, 
variable frequency drives and electronic ballasts. 
Determine the effects of these loads on the power 
distribution system. 
 

TVSS receptacles or within power bars is a 
relatively inexpensive method of providing good 
protection to single location equipment. 
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Provide harmonic filtration, either integral with the 
equipment or separately, to limit total harmonic 
distortion from each piece of equipment to less than 
15%. Limit the harmonic distortions to comply with 
current edition of IEEE 519. 
 

Linear loads (heating, incandescent lighting, etc.) 
do not go well with non-linear loads (computers, 
laser printers, and photocopiers). 

Provide transient protection and harmonic filtering in 
power supply to Data and Communication Systems 
and computer labs. 

In the non-linear family, computers, do not get 
along well with the electrical properties of laser 
printers and photocopiers which consume a 
great amount of current in an abrupt and irregular 
fashion, affecting the voltage. The voltage 
fluctuations that they provoke can seriously 
damage a computer or can even simulate a 
blackout. 

Provide transformer isolation between large 
harmonic generating loads and the balance of the 
distribution system. 
 

 

Use separate neutrals or increase size of neutral of 
branch circuits where necessary. 

 

E.4.4.13 Location of Disconnects & Panels 

 

Do not recess disconnects and panels INSIDE cold 
exterior walls.  

The thermal overloads and breakers trip based 
on a heat/time characteristic. If the equipment is 
below freezing, the time to trip is extended and 
no longer offers proper protection.  

E.4.4.14 Panel Boards – Spare Conduit 

 

For flush mounted panels, stub 3 spare 19 mm 
conduit out to the ceiling space and/or crawl space 
(whichever is accessible afterwards). 

The intent is to provide ready access to the panel 
boards for future circuitry requirements. 

E.4.4.15 Breakers 

 

Wherever possible use breakers rather than fuses.  Tripped breakers can be reset; burned-out fuses 
must be replaced. Replacement fuses are not 
readily available in most communities, which can 
lead to the serious consequences associated 
with loss of power in cold climates. Fuses may be 
specified only where a large interrupting rating is 
required. 

E.4.4.16 Location of Receptacles 

 

1.  Receptacles Facing Up  

Receptacles must not be mounted facing up, either 
inside or on shelving units, work surfaces or 
counters. The only exception permitted is a floor box 
with a hinged cover.  
 

Dirt accumulation or spilled substances could 
create problems (e.g., in home economic rooms 
and science rooms).  
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2.  Receptacles in Exterior Walls  

Where possible, avoid locating outlets in exterior 
walls if the air-vapor barrier must be broken to 
accommodate the devices.  

It is not always possible in large rooms with 
exterior walls (i.e., gyms, assembly halls), but the 
intent is to reduce the number of penetrations. 
(Note: this is not a concern where walls are built 
or strapped on the warm side of the air- vapor 
barrier). Careful attention to maintaining the 
vapour seal is required to avoid air and moisture 
infiltration. 

E.4.4.17 Provision of Branch Circuits 

 

1.  Counter Receptacle  

At least one 3-wire branch circuit (split receptacle) or 
20 Amp T slot receptacle should be provided at 
counter work surfaces. 

This will prevent the overloading of a circuit. and 
allow a variety of equipment to be used on work 
counters. These requirements border on 
adequacy provisions, but experience shows that 
if there isn't a degree of adequacy in the electrical 
installation, they quickly become unsafe. 
Examples include adult education classrooms, 
school lounges, and. office work counters etc. 

2.  Refrigerator, Microwave, Freezer  

Each receptacle installed for a refrigerator, 
microwave oven or freezer is to be supplied by a 
separate branch circuit.  
 

Same as Electrical E4 4.12.1. 

3.  Circulation Pump, Heat Trace  

Each water circulation pump and heat trace outlet is 
to be supplied by a separate branch circuit. Heat 
trace circuits to be supplied by a GFCI circuit breaker. 
 

This prevents the freezing of the facility water 
supply due to a fault in other electrical 
equipment.  

4. Circuits feeding receptacles in a class room 
should not share a circuit with receptacles in 
other class rooms. 

 

If a circuit trips in one classroom, it should leave 
other classrooms unaffected. 

5. Circuits feeding receptacles in common 
corridors for cleaning equipment should not 
share the circuit with in other areas. Install T 
slot receptacles. 

Modern cleaning equipment can over load 
circuits that are shared by other devices causing 
nuisance tripping. T slot receptacles can provide 
adequate power requirements for a variety of 
present or future labor-saving cleaning 
equipment. 
 

6. A minimum of one circuit should feed 
receptacles within an enclosed office space 

Initial design of circuitry & receptacles, if not 
adequate for future needs within an may result in 
poor power quality, extension cord usage, or 
additional circuits having to be added at a future 
date. Personal use photocopiers and laser 
printers may be future requirements. 

 
7. Drinking Fountains 

See Mechanical M4.8.6.  
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E.4.4.18 Electrical Boxes 

 

1. Sectional Boxes 
 

Avoid ganging together of sectional boxes.  Joined sectional boxes can come apart during 
rough in, which eliminates the grounding 
between boxes.  

2. Floor boxes 
 

Use floor-mounted receptacles only if there is no 
alternative to providing power to equipment. Unless 
a raised floor system has been installed, whose 
purpose is to provide floor mount receptacles. 

Flush-mounted floor boxes with removable 
covers are undesirable because the covers are 
often misplaced, leaving the receptacle exposed 
(Facing up), which is an Electrical hazard. 

 
If construction allows, they should be flush-mounted 
type complete with hinged covers. 

 
Floor boxes that are flush-mounted are less 
obtrusive and less of a "tripping" hazard 
compared to surface-mounted floor boxes and 
are able to accommodate both line voltage and 
low voltage wiring. 
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E.5 GROUNDING AND BONDING 

Grounding by connecting to municipal water mains, as is typical in most of urban Canada, is seldom possible for 
buildings in the Nunavut. In areas supplied by municipal water mains the water lines are insulated and not in contact 
with the ground due to the cold winter conditions. Buildings within most isolated communities are provided by 

individually tanked water and sewage system. Means of adequately grounding facilities are covered by the CEC; 
the preferences stated reflect the northern experience with different situations encountered in public sector 

buildings. Historically practice has been to reduce the size of ac distribution neutral conductors. Present 
usage patterns of automated office equipment can be at odds with the original ac distribution system design 
assumptions, which have resulted in misoperation of sensitive electronic equipment and excess heating of 
ac distribution elements. 

• Size all grounding conductors to carry the fault current necessary to trip the over current devices 
protecting the loads, panel boards, and feeders associated with the grounding system.  

• For installations with more than 12 computers circuit provide a separate panel fed via an isolating 
transformer with an electrostatic shield. Do not use common neutrals. 

• Provide a separate ground wire from each computer circuit to the branch circuit panel board. 
 

E.5.1 ORDER OF PREFERENCE 

Recommendation 
 

Rationale 

Order of preference is as follows:  

1. Exothermic (cad) weld to a minimum of 4 
steel piles. 

The large surface area of a steel foundation 
system that is contact with the ground and 
commonly used in the north can provide the best 
ground possible in northern areas. Cad welding 
provides a permanent connection. 

2. Minimum 9.5 mm (3/8") bolts (copper, bronze 
or brass) tapped and threaded to a minimum 
of 4 Steel piles. 

 
The electrical resistance of the ground in arctic or 
sub-arctic areas is extremely variable (1 to 1000 
ohms for a standard 19 mm by 3.0 m grounding 
rod). The sensitivities of frozen ground are 
inadequate to meet the electrical code 
requirements. The choices given indicate the 
options in order of preference for providing the 
best possible ground system. 

3. Ufer ground 
 
Consideration must be given at the design stage 
to pick the best possible system, avoiding 
dissimilar metals from galvanic action set up 
under certain soil conditions. 

4. Plate electrodes 

5. Municipal piped water system 

Where low ground resistance is critical or standard 
means will not obtain a reasonably low ground 
resistance consider the use of additives. 

Additives will degrade over time, reducing the 
effectiveness of grounding system, however they 
may be warranted in some situations. 

 

E.5.2 CSA Z32-09 ELECTRICAL SAFETY IN PATIENT CARE AREAS" 

Assume procedures as noted in Electrical E6.3. 7.  
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E.6 WIRING 

E.6.1 USE OF CONDUIT 

Technical Services Division previously required all wiring to be run in conduit. This was viewed as a 
worthwhile investment as it simplified any unforeseen expansion or changes. In practice not all facilities 
make use of this feature over their lifetime. The need for conduit has now been reviewed and modified as 
noted below. 
 

Recommendation Rationale 

E.6.1.1 Conduit Use 

 

1. Surface-mounted conduit 
 

Surface-mounted conduit is acceptable in service 
buildings (i.e., garages, fire halls), in recreational 
buildings (arenas, etc.) and in spaces concealed from 
the public or not accessible.  

This clarifies where surface conduit is 
acceptable. Spaces such as service rooms and 
closets, plenums, etc., are not normally seen, so 
surface conduit use in these areas is acceptable. 

2. Concealed Conduit 
 

Install conduit concealed wherever possible to 
provide clean wall and ceiling surfaces. 

Surface conduit should be avoided wherever 
possible to reduce wall and ceiling trim and 
painting requirements in new and renovated 
buildings and maintain visual appeal. 

3. Wood Frame Construction 
 

• Where a conduit is not required by the Code 
but is installed in a wood frame construction 
for the expansion, the conduit may be 
terminated in junction boxes convenient to 
each room (i.e., above T -bar ceilings, in 
crawl spaces, etc.). NMD90 or armored 
cable may then be used as wiring to the 
power outlets from this junction box. 

The intent is to reduce construction costs and yet 
allow some flexibility in wood frame construction 
by providing a "grid" system of conduit and 
junction boxes. Facilities where future electrical 
requirements are most likely to change include 
maintenance shops. Offices, schools, and health 
care buildings. 

• Conduit is not required for long runs where 
only a single circuit is used (i.e., exterior 
lights, exit lights, emergency battery pack 
remote heads). 

 

 

Conduit to allow for expansion of electrical power 
systems is typically not required for residential 
facilities such as student residences or group 
homes, arena support space areas, gymnasiums 
or community halls, garages, warehouses or fire 
halls. 

• Non-Combustible Construction Conduit may 
be terminated in junction boxes convenient 
to each room (i.e., above T-bar ceilings, in 
crawl spaces, etc.)  Armoured cable may 
then be used as wiring to the power outlets 
from this junction box. 

 
The intent is to reduce construction costs and yet 
allow some flexibility in non-combustible 
construction by providing a “grid” system of 
conduit and junction boxes. 

• In Slab Conduit, ensure adequate depth in 
slab to avoid fasteners. 

Conduits need to be protected from mechanical 
fasteners. 

• Coordinate with mechanical heat lines. 
Proximity to in slab heating lines can result in de-
rating of conductors. 
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Recommendation Rationale 

E.6.1.2 Cable Tray 

 

Cable tray is desirable where many structured wiring 
cables will be installed. Basket tray should also be 
installed where there is a strong potential for frequent 
changes to structured wiring, or where multiple 
systems (i.e.: security, CCTV) may be added at a 
later date. 
 

Cable tray allows for very fast installation and for 
ease of changes in the future. Data requirements 
are changing very quickly, and the tray allows for 
a neat installation for retrofits. 

Cable tray should be designed for future additions.  

A minimum of 21mm conduit from the basket tray 
location should be installed to the point of use. 

A 21 mm conduit provides ample room for a 
variety of cables that may be terminated at one 
point of use within a room. 

E.6.1.3 J Hooks 

 

It is also acceptable to branch off a cable tray system 
at right angles using J-hooks for support in concealed 
spaces (above T bar ceilings). 

J-hooks provide an approved means of 
attachment for a variety of cables when few are 
required to a point of use. This cabling system 
also improves cabling organization above 
ceilings. 
 

Install 21 mm conduit sleeve within wall to allow for 
cable installation. 

Conduit provision allows for ease of installation 
and future cabling upgrades. 

E.6.1.4 Surface Mount Raceway 

 

Preference is to concealed raceways, although areas 
that are being renovated, or frequently upgraded, 
where the wall finish is not being removed, surface 
mount raceway may be used, provided the 
appearance is matched to other architectural finishes 
in the space. 
 

In areas that experience frequent renovation the 
visual appearance of surface mount raceway can 
be offset by lower cost of the renovations and 
flexibility of surface mounted raceways. 

Surface mount raceway would also be acceptable for 
short runs to feed non-permanent pieces of 
equipment such as intelligent whiteboards. 

These installations are often changed, frequently 
require different connections than previous 
generations and are often installed by non-
electricians. Architecturally finished surface 
mount raceways provides a way to run cords in a 
tidy and inconspicuous manner. 

E.6.1.5 Telephones 

 

Telephone cabling be run in structured wiring type 
cable and follow the latest editions of all applicable 
codes including GN-(CGS-IPS)-Structured Cabling 
Guidelines (latest version). 

This allows for greatest flexibility in ever 
changing cable requirements, as each client 
department is often responsible for all wire 
installation. Structured wiring also allows for 
future changes to telephone technology. 
 

Where twisted pair telephone lines are installed in a 
facility, cables should be installed in conduit where 
exposed to mechanical injury. 

The installation of conduit provides mechanical 
protection and for future changes within a 
building. 
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E.6.1.6 Owner Equipment 

 

Group wiring and cables for centrally controlled or 
networked equipment in a common conduit or 
raceway. Conduit should be sized to allow for some 
expansion. 

Examples of systems where this should be 
applied include computer LANs, intercom 
systems (independent of telephone), sound 
systems, and television. Equipment and systems 
should be identified in facility programs. 

E.6.1.7 Air Vapor Barrier 

 

Conduit penetrations through air/vapour barriers 
need to be sealed inside and outside of the conduit. 

See Architectural. Sealing prevents air and 
moisture penetration that can detrimentally affect 
installed electrical systems and wiring. 

 

E.6.2 WIRE AND CABLE 

Recommendation Rationale 

E.6.2.1 Type and Size 

 

1. Copper wiring only, thermoset type insulation 
R90, RW90 (XLPE) 

Compared to TW or thermoplastic insulation, 
thermo set XLPE insulation provides a wider 
range of acceptable operational temperatures 
encountered in northern building. XLPE 
insulation is also more robust and thus not as 
susceptible to installation damage. 
 

Cable types NMD90, AC90 or Teck90. All wiring to be 
minimum #12 gauge with the exception of control 
wiring and low voltage wiring. 

#12 is specified to prevent voltage drop 
problems associated with #14. Heat (I2R) losses 
are reduced. 

It is to be noted that NMD90 cabling is only FT1 rated. 
It cannot be installed in a return air plenum. 

This note is provided for information purposes to 
ensure where NMD is installed in a wood 
structured building which is not installed in a 
return air plenum. 
 

2. Control wiring and low voltage wiring (i.e., fire 
alarm) can be as per minimum code 
requirements. 

This confirms that minimum code requirements 
are acceptable for control and low voltage 
wiring. 

3. FAS cable is acceptable for fire alarm 
systems in wood frame construction. 

 

4. Structured wiring that does not meet the 
flame spread rating the NBC requires should 
be removed during renovations. 

Older Cat 3 cables or non-plenum rated cables 
that have been installed in plenum spaces need 
to be removed to reduce fire load and smoke 
development. 
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E.6.3 WIRING DEVICES 

See Electrical E2.4 "Standardization".  

 

Capacity and rating of cable should be considered 
during schematic design. 

Rapid changes in industry mean that any 
specific preference for capacity of structured 
cabling (i.e.: Cat 6) could easily be outdated 
prior to new GBP’s being issued. 

Recommendation Rationale 

E.6.3.1 Grade 

 

Wiring devices should be "Specification Grade" or 
better for all applications.  

Residential quality is not durable enough for 
public buildings. 

The following set the Standard of Acceptance:   

• Standard receptacle:   Hubbell 5262, (15 
Amp) or 5362 (20 Amp). 

• Specification grade Surge suppression 
receptacleHubbe1l-5260-SA c/w blue nylon 
face. 

• Ground fault receptacle: Hubbell GF151LA 
(15 Amp) or GF20ILA (20 Amp T slot). 

• Tamper resistant receptacle: Cooper, 
Hubbell. 

• Or Leviton Specification grade Standard 
switch: Cooper, Hubbell or Leviton 
Specification grade. 

 

E.6.3.2 Color 

 

Wiring devices (receptacles and switches) should be 
of the same color throughout the building. Preference 
is user defined. Exceptions:  

The intent is to standardize the color for 
replacement and stocking purposes yet allow 
some flexibility for the designer's choice (i.e., 
ivory, white, brown). 

• Surge protection outlets Blue  

• Emergency outlets Red  

• Isolated ground Orange 

 

E.6.3.3 GFCI Outlets 

 

Interior ground fault receptacles may be the 
receptacle type that have "test" and "reset" on face of 
receptacle.  

GFCI receptacles are much less expensive than 
GFCI breakers, and also more likely to be tested 
regularly because the "test" is readily 
accessible.  
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Exterior ground fault receptacles will need to be 
protected by a GFCI breaker, not from within the 
receptacles itself. 

GFCI receptacles do not function properly in 
cold temperatures, and exterior receptacles that 
require GFCI protection must have the GFCI 
protection a warm location. 

E.6.3.4 Cover plates 

 

Stainless steel, enamel finish metal is the preference, 
however nylon receptacle plates will be considered. 

Stainless steel plates are typically used in 
schools, health centers and detention facilities, 
as they are the least susceptible to damage. 
Enamel finish metal or nylon is acceptable for 
most other uses including student residences, 
offices, group homes and treatment centers. 
 

Bakelite is not recommended. Bakelite plates are not durable. 

Recess wall receptacles within gymnasiums 
approximately 1/2'' from front wall. 

This reduces impact forces on receptacles 
resulting in broken receptacles and bent cover 
plates that can become a safety hazard. 

E.6.3.5 Crawl Space 

 

Receptacles may be provided in all enclosed crawl 
spaces. Locate receptacles adjacent to all equipment 
or mount receptacles so that any point in the area is 
not more than 25 m horizontally from a receptacle.  

The NBC does not clearly cover requirements 
for crawl spaces, which are a common feature in 
buildings. These receptacles may be required to 
provide power for “trouble lights,” pumps and/or 
repair equipment. 
 

Regardless of enclosed crawlspace heights, do not 
install NMD cabling on bottom cord of floor joists. 
Provide protection by location of cabling or by 
mechanical means. 
 

Enclosed crawlspaces are typically used for 
maintenance activities or material storages. 
NMD cabling is much more prone to mechanical 
damage than armored cable or conduit. 

Install GFCI protection on crawlspace receptacles. Moisture and standing water can be found in 
many crawlspaces during seasonal variations. 
GFCI protection provides increased safety to 
maintenance person. 

E.6.3.6 Outdoor Plug-ins (see also 6.3.3) 

 

Receptacles should be provided if they are a program 
requirement. 

Minimize the use of exterior electrical cables; 
keep outlets above snow level. 

Flush Mount exterior electrical outlets on the building 
unless otherwise stipulated and ensure that they are 
mounted above the level of winter snow 
accumulation. 

Flush Mounting has been found to be less 
susceptible to vandalism. Mounting on buildings 
is also desirable because people tend to leave a 
walking space between the vehicle and the 
building in order to access the receptacle. 
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Parking rails with receptacles are preferred. Post may 
be used only where necessary or unavoidable. 

Install rails at or above vehicle grill height, as 
people will be a lot more cautious when 
approaching. 

Parking outlets should be split receptacles if they 
serve 2 parking stalls. 

Vehicles in the North generally have a block 
heater, oil pan heater, battery blanket, and may 
also have an in-car warmer. The loads require a 
separate circuit for each parking stall. 
 

Where only few exterior receptacles are required for 
vehicles, use intelligent receptacles that are 
programmable with a delayed response to initial 
connected loads, are temperature sensitive and 
adjustable. 
 

Providing an intelligent receptacle can reduce 
energy cost due to unnecessary use. 

When more than 10 automobile stalls or spaces are 
required, consider installing a control system that 
provides power to the outlets in the following manner: 

This is required for energy conservation. 

• Above -16°C: No power. (Cycle power (i.e., 
20-30 min. on, 20-30 min off). 

 

• Below -32°C: Continuous power. 
 

The controller can be either a centralized panel or an 
intelligent receptacle. 

 

When 10 or more outlets are provided, at 
temperatures between -20°C and -32°C, the outlets 
could be cycled in such a manner that only one-half 
of the outlets are energized at any given time. 
 

This is required for energy conservation. It 
reduces demand charges. 

A separate set of car plug controls needs to be 
designed for propane and diesel driven vehicles 
where these types of vehicles will be plugged in. 

Propane and diesel driven vehicles require more 
heating. 

Mechanically protect exposed low temperature 
thermostat sensors so they are exposed to the wind 
and isolated from sources of heat. (e.g., a wire mesh 
guard or similar device). 

 

E.6.3.7 CSA Z32-15 “Electrical Safety and Essential 

Electrical Systems for Hospitals” 

 

Receptacles need to conform to requirements as 
follows: 
 

 

Hospitals grade receptacles are identified by a green 
dot on the receptacle face. These receptacles should 
only be installed in patient care areas to differentiate 
from receptacles installed outside of these basic, 
intermediate or critical care areas. 

It is our intent to clearly identify receptacles that 
must be installed and tested to Z32 
requirements, and thereafter tested on a regular 
basis by maintenance staff. 
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Classifications of care areas within a Community 
Health Care Center must be confirmed with the 
appropriate authority prior to finalizing design. 

Hospital grade receptacles that have not been 
installed to Z32 requirements should either be 
replaced with the specification grade, or the 
wiring upgraded to meet Z32 installation 
requirements. This ensures medical staffs are 
properly informed of the nature of the installed 
system. 

E.6.3.8 Specialty Installations 

 

Recess wall receptacles within gymnasiums 
approximately ½” from front wall surface. 

This reduces impact forces on receptacles 
resulting in broken receptacles and bent cover 
plates that can become a safety hazard.  
 

Use recessed duplex receptacles for shelf type 
microwave installations. 

Provides additional space for microwave cord 
connection and protection for cord cap. 
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E.7 LIGTHING AND LIGHTING DESIGN 

This section deals with lighting not only as it relates to building electrical systems, but also as it relates to 
architectural and interior design. "Lighting Design" is defined in the Illumination Engineers Society 
Handbook as, "Providing light for the visual tasks to be performed and creating a balanced, comfortable, 
and aesthetically appealing environment coordinated with the decorative and architectural theme. 
 
GN encourages a greater focus on lighting quality and new approaches to integrated building designs. 
Strategies include an emphasis on room surface reflectance, glare control, lighting commissioning and 
proper maintenance. Many time-proven strategies will become more prevalent in GN projects, like "design 
with climate", day lighting and task/ambient lighting. There are also more technological options that improve 
both quality and energy conservation, especially in the area of glare control, lamp efficiencies and lighting 
controls. A greater level of lighting design expertise and design team integration is required to achieve the 
qualitative and functional needs of a project's lighting, while meeting these new and restrictive energy 
codes. 
 

E.7.1 INTERIOR LIGHTING 

Artificial lighting requirements are not much different in Nunavut than anywhere else in North America, 
although the potential for day lighting is more limited during winter months. The use of "energy saving" 
lamps, fixtures, and switching devices which allow discreet control, is important because lighting accounts 
for a large portion of electrical costs. The use of new and innovative products, however, should be carefully 
considered in terms of cost, availability and maintenance on a Regional scale. The role played by lighting 
in enhancing the architectural setting, orientation and atmosphere is to be recognized. 
 

Recommendation Rationale 

E.7.1.1 Illumination Levels  

 

Lighting intensity should be to the recommended 
minimum of the current edition of the Illuminating 
Engineering Society's (IES) Lighting Handbook & 
various Recommended Practices specific to building 
types & NECB or the minimum as required by the 
Safety Act, whichever is the most stringent. 
Recommended IES illumination levels are shown in 
Appendix F.  

Facilities such as schools or health facilities have 
recommended practice documents that detail 
many considerations that should be made when 
designing lighting layouts beyond the simple 
intensity at the work plane. 

E.7.1.2 Energy Efficiency  

 

Designers are encouraged to stay within the energy 
budgets for lighting as set out in ASHRAE/IES 90.1. 
For guidance, refer to Appendices, which includes 
excerpts from the National Energy Code for Buildings 
(NECB) 2015 which was based on ASHRAE/IES 
90.1. 

Costs for electrical energy in the northern 
environment are high. The goal is energy 
efficiency. The National Energy Code for 
Buildings (NECB) 2015 addresses the efficient 
use of energy by building. An "energy effective" 
strategy is one that conserves energy while 
meeting all appropriate standards for lighting 
quality, so the most efficient fixture is not always 
the best selection. A building-wide approach can 
best reduce your energy consumption. 

E.7.1.3 Daylight  

 

Integrate daylighting early in design. Daylight is a 
desired amenity, design electric lighting to 

Minimum lighting levels must be calculated 
based on northern winter conditions when day 
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Recommendation Rationale 

complement the daylight direction and distribution. 
Consider control strategies when designing the 
electric lighting system. Where daylight can 
contribute to illumination for a significant portion of 
the annual occupied hours in most interior spaces but 
does not save energy unless the lights are dimmed 
or turned off and the artificial lighting levels should be 
adjustable to be able to take advantage of day 
lighting. 
 

lighting is not possible in most communities in 
Nunavut. Where daylight can provide adequate 
illumination to a room or a portion of a room, 
there must be the capacity to turn off redundant 
electrical lighting, if any energy savings are to be 
achieved. Large areas with rows of fixtures 
controlled by a single switch for example, do not 
normally allow the flexibility required. 

Lifecycle costing should be performed, as well as 
attempt to outline the qualitative aspects of day 
lighting justifications. 

The maximum number of fixtures controlled by a 
switch should be determined. Use occupancy 
sensors, dimming ballasts whenever 
economically feasible. Dimming in relation to day 
lighting not only saves more energy but is far less 
distracting to occupants than multiple-level 
switching.  
 

 Low angle sunlight and snow accumulation are 
items that affect northern buildings and 
differentiate this from southern applications. In 
general, understanding of daylighting in northern 
building is poor, although it is clear that there is a 
benefit well beyond the economic benefit. 

E.7.1.4 Indirect Lighting  

 

Indirect lighting should only be considered where 
the quality of the lighting is the most important factor 
in the lighting design. 

For most public sector buildings, the life cycle 
cost is the most important factor. Typical 
applications such as school gyms and entrance 
foyers should not be considered for indirect 
lighting unless the additional life cycle cost is 
insignificant (i.e., <5%).  

 
Fixture that are a combination of direct and indirect 
lighting are preferred due to the high cost of energy 
in the north. 

 

 
Where indirect lighting is appropriate, reasonably 
uniform ceiling luminance is to be achieved.  

 
If this is achieved, occupants may face in any 
direction without being subject to excessive 
ceiling reflections on the tasks. 

E.7.1.5 Valence Lighting or Spot Lighting: 

 

Uses only for task lighting, display cases and walls 
that are intended to be features or where dramatic 
lighting is important. 

Minimize this practice because of poor 
lumen/watt ratio obtainable and the tendency to 
pick up irregularities of wall surfaces such as 
painted drywall. 

E.7.1.6 Video Display Terminal (VDT) Lighting  

 

Where VDTs are used, lighting fixture lenses should 
be low-glare parabolic type. 

Visual comfort means little or no glare. Glare 
from reflective and convex screens can be 
annoying and even painful for the operator. It is 
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Recommendation Rationale 

often difficult to position the VDT to prevent 
reflections on the screen.  

E.7.1.7 Night Lights 

 

Night lighting should be designed to prevent energy 
waste by a careful examination of the true needs for 
afterhours lighting. Provide night lighting only where 
minimum lighting for safety or security is required at 
night and where light switches are not conveniently 
located. Some combination of dawn-to-dusk 
operation only of lights at entry doors, combined with 
low-level lighting activated by occupancy sensors, 
should be considered. 

The high cost of electricity limits the use of night 
lighting. Appropriate uses are group home 
hallways (for safety) or arena lobbies (for 
security) where switches are normally located at 
a central panel or in a closed-off room. 

 Night lights can also be linked with occupancy 
sensors in low-use areas. 

E.7.1.8 Luminaires 

 

1. Polycarbonate luminaires are ideal for use 
in change rooms and ancillary washrooms. 

There is a high potential for vandalism in some 
washrooms and change rooms (i.e., arenas, 
schools). 

2. Over-counter Lighting 
 

Provide task lighting over separately switched 
counters (i.e., valance lighting under cupboards). 

Work at counter tops often requires good lighting 
for tasks (e.g., nursing stations -writing reports, 
kitchens -reading recipes) and helps in 
overcoming shadows cast by the body from 
general room lighting. 

3. Task Lighting  
 

Wherever possible, provide built- in task lighting to 
supplement the ambient lighting for critical seeing 
tasks, rather than providing high ambient lighting.  
 

 

Balance the task and ambient lighting levels. The 
light levels supplemented by the task lighting should 
be no more than two times the light levels supplied 
by the ambient overhead system. For exhibit or 
display functions, this ratio can increase to 3-4 times 
task versus ambient. Office lighting designs that 
provide 300 lux ambient can be supplemented by an 
adjustable task light that can provide an additional 
200 to 400 lux on the task and be within acceptable 
luminance ratios. 
 

This assists in energy conservation and 
accommodates the need for higher lighting levels 
due to task visual difficulty, glare, etc. Typical 
applications are desks in student or senior 
residences, as well as airport control towers. 
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4. Arena / Curling Fixtures 
 

All luminaries in unventilated (less than 3 air changes 
/ hour) arenas / curling rinks need to be suitable for 
use in wet locations.  

High humidity due to flooding of rinks and the 
lack of mechanical ventilation causes severe 
condensation and frost build-up. 
 

 Reduced glare, no lens shrinkage, reduced 
cleaning and design provides improved 
operating temperature. 

5. Indirect T Bar Fixtures 
 

Provide improved optics over deep louvered 
parabolic fixtures. 

 

E.7.1.9 Light source  

 

1. Light emitting diodes (LED) as indicated in 
luminaires schedule on drawings. 

 

2. Color temperature of 3000 to 3500oK for 
warm ambient lighting with a CRI of 80 
minimum. 

Special applications may include hospital 
operating rooms and light sensitive display areas 
in museums. 

3. Color temperature of 4000oK for cool 
ambient lighting with a CRI of 80 minimum. 

 

E.7.1.10 LED Drivers 

  

1. Drivers for LED should be as indicated in the 
luminaires schedule shown on the drawings.  

 

2. All LED drivers should be 100% compatible 
with the lighting control system. 

 

3. Drivers should have an operating 
temperature of -25o C to 50o C for outdoor 
luminaires. 
 

4. LED lamps should be specified by the 
luminaire manufacturer; Rated 50,000 hours. 
 

5. Minimum warranty for LED modules and 
drivers should be 5 years. 

 

E.7.1.11 Plastic Luminous Panels 

 

Use acrylic prismatic lenses with a minimum 
thickness of 0.125" (K12) mounted within a frame.  

This identifies the standard of acceptance. A 
framed lens is not prone to falling out of the 
fixture due to lens shrinkage or vibration. 
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E.7.1.12 Lighting Controls  

 

1. Except as permitted in 7.1.12.2, all interior 
lighting systems shall be provided with 
manual, automatic, or programmable 
controls.  

This is an adoption of requirements outlined in 
the National Energy Code for Buildings.  

2. Controls are not required where: 
The goal is energy efficiency.  

• continuous lighting is required for safety or 
security purposes, or  

 

• lighting is emergency or exit lighting. 
 

• Each space enclosed by walls or ceiling 
height partitions shall be provided with 
controls that, together or singly, are capable 
of turning off all the hard-wired lights within 
the space. 

 

• Where practical, subdivide spaces to allow 
greater flexibility and energy saving where 
possible. 

The goal is energy efficiency. 

E.7.1.13 Location of Controls   

 

1. Except as provided in 7.1.13.2 and 3, lighting 
controls shall be:  

This is an adoption of requirements outlined in 
the National Energy Code for Buildings.  

 
The goal is energy efficiency.  
 

• located next to the main entrance or 
entrances to the room or space whose 
lighting is controlled by those controls; 

Requiring controls to be located at the entrances 

to the spaces served will not only encourage the 

use of the controls but will reduce the likelihood 
that circuit breakers will be used for that purpose.  

• located in such a way that there is a clear line 
of sight from the control to the area lighted; 
and  

• Readily accessible to persons occupying or 
using the space.  

2. Low voltage relay cabinets are ideally wall 
mounted near electrical panels supplying 
lighting circuits. 

This provides ease of access for maintenance 

and setting of controls. 

E.7.1.14 Type of Controls  

 

1. Low Voltage Switching (LVS) Consider LVS 
wherever there are multiple circuits and the 
switching is desirable from multiple locations. 

This is not economical where there are few 

circuits. This is typically used in schools, health 

centers and correctional facilities. 
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Install programmable controls to provide afterhours 
sweep off capabilities. 

This provision ensures fixtures are not left on 
after normal operational hours. Flick warning 
allows after hours use. 

Install low voltage switching in all the cases where 
347-volt lighting fixtures are in use. 

This provision limits access to increased hazards 
when cover plates are removed for painting or 
electrical maintenance. 

Network panels in facilities with multiple low voltage 
control panels. 

This provision allows ease of trouble shooting, 
programming/setting changes for maintenance 
staff. 

2. Motion Sensors switches. 
 

Passive Infrared Sensors (PIR) or dual technology 
sensors should be used to control lighting in all rooms 
that may be left unoccupied for extended periods of 
time (i.e., classrooms, offices, washrooms gyms, 
boardrooms, utility/storage rooms, garages, janitor 
rooms) except for crawlspaces. 

They provide energy efficiency and security. 
Motion sensors sensors should be used when 
the reduced energy consumption makes the 
increased capital cost worthwhile. The cost of 
electricity, type of fixture and space function will 
determine when motion sensors should be used. 
Motion sensors are not acceptable where lights 
going off unexpectedly may cause life safety 
issues. 

They should be installed where: 
 

• The SIMPLE payback period is less than 5 
years (assume the sensor will switch off the 
lights for 100 hours/year), or  

The length of time the lights will be shut off by the 
sensor is usually unknown; so, to make the 
calculation and comparisons possible, the shut 
off period effected by the sensor has been 
standardized (based on 30 minutes/day x 200 
days). 
 

• Automatic lights are required for security 
reasons. 

In case of malfunction or inadequate coverage, 

the occupants must be able to override the lights. 

• The PIR sensors require an override option.  
 

• Ceiling mounted sensors are preferred to 
cover large areas.  

This is because they provide full 360˚ coverage 

and are less likely to be subject to tampering. 

3. Key Operation 
 

Keyed lighting switches are not recommended. 
Keys are easily lost, and lights are then left on 
unnecessarily resulting in wasteful energy 
consumption.  

4.  Service Space Lighting  
 

Wherever lighting is provided in typically unoccupied 
spaces, (i.e., crawl spaces) a pilot light, indicating 
whether service lights are "on", may be conveniently 
located at the entrance to the service space. 

Lights can be left on inadvertently for extended 
periods of time, and nobody would be aware, 
because that space is not normally used. 
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5. Daylight Harvesting  
Where daylight study justifies, install daylight 

controls for energy efficiency. 
Perform life cycle cost analysis.  

6. Power Pack Installations 
Access difficulties to power packs can create 

unsafe working environments when 

troubleshooting 347-volt lighting circuits. 

 

Where life cycle cost analysis recommends motion 
sensors or daylight sensors, relays may be mounted 
above T bar ceilings. Restrict to 120-volt lighting 
controls. Low voltage wiring needs to be installed 
where not susceptible to mechanical damage from 
sharp edges and vibrations. 

 

E.7.1.15 Protection of Light Fixtures  

 

1. Wire Guards  
 

Luminaries require wire guards if located in areas 
where they are subject to damage.  

Protection of luminaries in such locations is 
necessary to prevent lamps from being damaged 
by moving objects during games or during 
storage of equipment, and to prevent subsequent 
injury to persons. Guards may be required in 
gyms, service areas, storage areas, industrial 
arts classrooms, and locker rooms and for 
exterior lights.  

2. Safety Chains/Cables 
 

Suspended fixtures in recreational/sports facilities 
must not rely on support directly from an outlet or box 
or fixture hanger; provide safety chains/cables.  

This is required to ensure that luminaries cannot 
fall down when impacted by moving objects.  

 

E.7.2 EXTERIOR LIGHTING 

Exterior lighting should be provided for safety and security reasons only (i.e., only install exterior lighting 
where they are required by code or by function as determined by the facility program). The high cost of 
electricity in Nunavut makes the use of any decorative lighting undesirable.  
 

Recommendation 
 

Rationale 

E.7.2.1 Luminaires  

 

LED Exterior Lighting luminaires to replace Metal 
Halide and High-Pressure Sodium luminaires. 
 

 

The operating temperatures shall be from -50o C to 
50o C for outdoor applications. 
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Recommendation 
 

Rationale 

 
Polycarbonate are well suited for all exterior lights. 
For all facilities consider the use of vandal resistant 
luminaires. 

 
This reduces breakage due to high potential of 
vandalism. Some facilities experience very high 
rates of vandalism and it may be warranted to 
install fixtures and metal guards that will stand up 
to significant abuse. 

 
Luminaires IESNA dark sky compliant and layout to 
avoid light trespass to adjacent property.  

 
Reduce energy cost. 

E.7.2.2 Light Source  

 

1. Light emitting diodes (LED) as indicated in 
luminaires schedule on drawings. 

 

2. Colour temperature of 3500oK with a CRI of 
80 minimum. 

 

E.7.2.3 Controls  

 

1. Exterior Lighting Controls  
This is an adoption of requirements outlined in 
the National Energy Code for Buildings. 
 

Except as provided in E7.2.4.2, exterior lighting shall 
be controlled by: 

Controllers allow for user defined flexibility 
between providing security, safety and energy 
concerns which can vary depending upon 
location, operational hours and facility type. 

• Lighting schedule controllers; 
 

• Photo cells (PEC) located so that the PEC is 
not covered in snow during the winter or 
adversely affected by the lights it controls 
(on/off cycling); or 

The goal is energy efficiency. 

• A combination of lighting schedule 
controllers and photocells. 
 

This provision will simply operational and 
maintenance requirements. 

Locate PEC on north side of building  The intent is to allow flexibility within various 
types of facilities. 

If networked low voltage control systems are 
employed in a facility, integrate the exterior lighting 
control. 

 

2. Lighting Schedule Controllers  
 

• Controllers required in 7.2.4.1 shall be of the 
automatic type or otherwise capable of being 
programmed for 7 days and for seasonal 
daylight schedule variations.  

Power outages occur relatively frequently, and 
maintenance of the schedule is desirable for 
appropriate operation. 

 This reduces maintenance cost. 



January 2020 Good Building Practices Guideline Third Edition 

 Chapter E – Electrical Page 41 
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Rationale 

• Schedule controllers should be of a type that 
does not derive its time base from the AC 
power line frequency. 

The small isolated utility power systems in all 
Nunavut communities typically have poor 
frequency stability that is not suitable for clock 
time bases. 

• Back-up. 
 

All lighting schedule controllers shall be 
equipped with back-up provisions to keep 
time during a power outage of at least 4 
hours. 

 

• Daylight Saving Changes Capable of 
automatic setting changes. 
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E.7.3 EMERGENCY LIGHTING 

Recommendation Rationale 

E.7.3.1 Emergency Lighting Locations 

 

Emergency lighting should be installed in areas 
required by the NBC, as well as service spaces (i.e., 
generator rooms, mechanical rooms, usable crawl 
spaces and washrooms). 

This will allow servicing in service areas when 
power supply fails; lighting for egress from 
service areas, crawl spaces and washrooms 
should be maintained as outlined in the NBC. 
The provision of lighting in stairwells is for 
occupant safety during the time it takes for an 
emergency generator to provide power for 
lighting. 
 

Where emergency generators provide lighting 
ensure that emergency battery pack powered 
luminaires are provided in the generator room and 
transfer switch locations. 
 

This is a requirement of C282. 

Even if Emergency generators provide lighting, install 
additional battery powered luminaires in stairwells. 

The provision of lighting in stairwells is for 
occupant safety during the time it takes for an 
emergency generator to provide power for 
lighting. 

E.7.3.2 Location of Battery Packs 

 

Emergency packs should be installed in service 
spaces, corridors, stair cases or other spaces easily 
accessible to O& M staff. 

Battery packs must be frequently tested and 
should not be located in areas where they may 
be subject to vandalism, such as school 
washrooms. 
 

 This will provide emergency lighting while HID 
lights "restrike". HID lighting with quick restrike 
lamps and integral quartz lamps which provide 
instant illumination during the restrike cycle are 
an acceptable alternative. 

E.7.3.3 Auto-test 

 

Automated self-diagnostic circuitry card (auto-test) 
should be provided for emergency lighting in facilities 
with centralized battery pack unit(s). 

The auto-test system automatically tests the 
central battery pack unit monthly. Burned-out 
lamps are automatically sensed to indicate 
replacement required. The auto-test system is 
economical on central battery pack systems. 

E.7.3.4 Remote Heads 

 

When located in gymnasiums provide securely 
mounted and adequate protection around remote 
heads. 

High impact sports require not only strong wire 
guards covering fragile devices, but these guards 
need adequate backing to prevent damage to 
wall finishes. 
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E.7.4 EXIT SIGNS 

Recommendation Rationale 

E.7.4.1 Luminaire 

 

The exit sign shall conform to CSA C22.2 N0.141, 
CSA C860 and to NBC 3.4.5.1(2) standards. 

 

Unit should be extruded aluminum housing and face 
plates.  

This is acceptable because of its low energy 
consumption. 

The exit sign should be illuminated with LEDs, with 
no external transformer required, a 25-year life 
expectancy. 10-year warranty, a DC voltage option 
and a power consumption of 2 watts per face.  

 

Sign should be standard with two green pictogram 
films per face for direction selection. 

 

E.7.4.2 Guards 

 

When located in gymnasiums provide securely 
mounted and adequate protection for fixture. 

High impact sports require not only strong wire 
guards covering fragile devices, but these 
guards need adequate backing to prevent 
damage to wall finishes. 
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E.8 OWNER/COMMUNICATION EQUIPMENT 

While standard equipment, such as telephones, is typically anticipated during building design, computers 
are now also common in many building types. Current and future equipment use requiring cable or special 
wiring must be routinely considered during design. Cable tray may be suitable for projects to consolidate 
all low voltage cable requirements.  
 

 
Figure E.8 - 1- Typical Layout for Communication Equipment 

 

E.8.1 TELEPHONES AND INTERCOMS 

Northwestel provides telephone services across Nunavut. The utility provider's responsibility is generally to 
the demarcation point (lightning protection box) usually located within a building. This is the point of 
interconnection between the utility service wiring, and the property owner's internal wiring and equipment. 
Communication systems vary from simple two or three line telephone distribution systems to multiple-phone 
use with teleconferencing and video capability. VoIP (Voice over internet Protocol) use is also gaining 
popularity. 
 

Recommendation Rationale 

E.8.1.1 Telephone Requirements  

 

Supply and installation of cabling beyond the 
demarcation point located at the utility providers 
entrance to the building is the building owners or 
tenants responsibility. 
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E.8.1.2 Pathways 

 

Pathways are to be provided as outlined in the 
Canadian Electrical Code, and TIA 568, 569 and GN- 
Structured Cabling Guidelines (Latest Version). 
Cabling is to terminate at a backboard in a service 
room with a dedicated duplex outlet. 

This is done to ensure that a telephone service 
and raceway system is installed within every 
building and that a consistent location is chosen 
for terminations. 

 The duplex outlet is for the NorthwesTel power 
filter. (A quad receptacle shared with the Cable 
TV is not acceptable as the size of plugs c/w 
transformers restricts plugging both power 
supplies into a quad outlet.) 

E.8.1.3 Raceways  

 

E.8.1.4 Communication Rooms 

 

Separate communications rooms should be provided 
only when the complexity of the communications 
systems warrants it, as described in GN-Structured 
Cabling Guidelines. 
 

 

The following are guidelines for space requirements: Health centers may require space for video 
conferencing and associated equipment for 
medical and educational support. 
 

1. Buildings with 10 or fewer phone lines: 
Modern telephone equipment can withstand a 
wide range of environmental conditions. Small 
and medium-sized key systems can operate in 
almost any interior environment. 

min. 600 mm x 600 mm wood backboard. It can be 
installed in a mechanical or electrical room. 

2. Buildings with more than 10 phone lines: 

min. 1200 x 2400 mm wood backboard. It can be 
installed in a mechanical or electrical room. 

3. Ensure adequate space is provided for future 
growth of network equipment, RF amplifiers, 
Security equipment, Sound amplification etc. 

Large systems, especially Private Branch 
Exchange (PBX) with many tie lines, require a 
more controlled operating environment. 

E.8.1.5 Installation 

 

Use star topology for wiring layout. Simplest systems to trouble shoot and 
administrate. Problems with wiring are isolated to 
specific outlet.  

E.8.1.6 Power Requirements for Telephone System 

 

The community telephone distribution system has 
power back up for continued operation through utility 
power failures. This system provides the power 
needed for line connected handsets to continue to 
function. 
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Wireless hand set end equipment requires a UPS or 
emergency power to continue operation. 

Key service units (KSU) which provides onsite 
telephone exchange and an interface with utility 
service provider requires a UPS for power 
filtering and back up during power failures. VoIP 
networking equipment also requires its own 
power supply for continued operation. 

 
Building owned equipment that is operated and 
maintained by various departments requires carefully 
designed UPS for continued operation. 

 

 

 
Figure E.8 - 2- Typical Schematic for School Communications Layout 

E.8.2 COMPUTERS 

Computers require power, routes for networking cables and telephone line connections to allow 
communication by modem. Electrical design should ensure the system could accommodate future 
expansion without significantly increasing construction costs. Linear loads (heating, incandescent lighting, 
etc.) do not go well with non-linear loads (computers, laser printers, and photocopiers). In the non-linear 
family, computers, do not get along well with the electrical properties of laser printers and photocopiers 
which consume a great amount of current in an abrupt and irregular fashion, affecting the voltage. The 
voltage fluctuations that they provoke can seriously damage a computer & other sensitive equipment or 
can even simulate a blackout. Consider the use of K-factor distribution transformers as it has become a 
popular means of addressing harmonic related overheating problems where electronic ballasts, drives, 
personal computers, telecommunications equipment, broadcasting equipment and other similar power 
electronics are found in high concentrations. It should be noted that this benefit can usually only be obtained 
during initial installation. It would be unlikely that the savings would justify retrofit. 
 

Recommendation Rationale 

E.8.2.1 Networking  
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Wherever computers are identified as a current or 
future requirement in a facility program, allow for 
expansion in conduit as outlined in E.6.1.  
 

This allows for changes and future expansion.  

A minimum 21 mm conduit linking computer 
workstations to hub or cable tray locations and a 
21 mm conduit from the cross connect to the 
telephone backboard is recommended. 

Conduit infrastructure allows for a wide variety of 
cable requirements i.e., from a basic single 
twisted pair of wires (basic modem, networking, 
communication link), or a 4 pair cable (Category 
5 data cabling), or coaxial cable, or fiber optical 
cable from each workstation.  

Where conduit is used, a minimum 21 mm conduit 
linking computer workstations to hub or cable tray 
locations. 
 

 

A 21 mm conduit from the cross connect to the 
communication backboard is recommended. 

 

E.8.2.2 Structured Cabling 

 

Structured cabling for data and telephone drops to be 
Category 6 as per GN’s Structured Cabling 
Guidelines (Latest Version).  Drops to be terminated 
at jacks and patch panels. 

Category 6 cabling is the current standard of 
acceptance for horizontal wiring. Category 6A or 
fiber should only be used where required on a 
specialized basis (i.e. Video Conferencing, Tele- 
health, Network Backbone etc.). Refer to GN’s 
Structured Cabling Guidelines (Latest Version). 

E.8.2.3 Telecommunication Outlets  

 

Telecommunication outlets to be grouped. (i.e. 
combination Data/Voice Jacks). 

Provides a more economical and compact 
installation when devices are grouped. 

E.8.2.4 Wireless Networking 

 

Where wireless systems are to be used, allow for 
wireless access points consisting of wired LAN drops 
with adjacent power receptacles located to ensure 
adequate signal strength.  

This allows for accommodation of repeater 
stations to propagate network signals. 

 Initial construction should allow for provision of 
required physical infrastructure for future 
wireless system. 
 

Wireless network setup and security provisions are to 
be installed and maintained by the building’s users. 

The open nature of wireless networking poses a 
risk that requires ongoing user intervention to 
ensure security is maintained. 

E.8.2.5 Harmonic Distortion and Noise 

 

Harmonics produce an increase in the resistance of 
the conductor (skin effect) and, in turn, an abnormal 
common mode (neutral-ground) voltage difference. 

 

1. Identify non-linear loads including: switch 
mode power supply (SMPS), (typically found 
in computers, servers, monitors, printers, fax 

The Switch-mode Power Supply (SMPS) is found 
in most power electronics today. Its reduced size 
and weight, better energy efficiency and lower 
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machines, photocopiers, telecom systems 
etc.), UPS, rectifiers, variable frequency 
drives and electronic ballasts. Determine the 
effects of these loads on the power 
distribution system. 

cost make it far superior to the power supply 
technology it replaced. 

2. Provide harmonic filtration, either integral 
with the equipment or separately, to limit total 
harmonic distortion from each piece of 
equipment to less than 10%. Limit the 
harmonic distortions to comply with current 
edition of IEEE 519. 

Harmonic distortion are primarily due to new 
power conversion technologies, such as the 
Switch-mode Power Supply (SMPS). The SMPS is 
an excellent power supply but it is also a highly 
non-linear load. 

3. Provide transient protection and harmonic 
filtering in power supply to Data and 
Communication Systems and computer labs. 

 

4. Provide transformer isolation between large 
harmonic generating loads and the balance 
of the distribution system. 

The most common form of distorted current is a 
pulse wave form with a high crest factor. 
Typically, these high current pulses will cause 
clipping or flat-topping. 
 

5. Use separate neutrals or increase size of 
neutral of branch circuits where necessary. 

Actually, it is less costly overall to provide a 
harmonic mitigating transformer to feed several 
hundred computers than it is to improve the 
operation of the SMPS in each computer. This is 
especially true when we consider that the added 
cost of the improved SMPS will reappear every 
three years when a new computer system is 
purchased. 

E.8.2.6 Transient Voltage Surge Suppression (TVSS)  

 

Provide transient voltage surge suppression (TVSS) 
integral with the distribution equipment. Coordinate 
suppression with anticipated energy levels and 
sensitive loads. 

Dissipation of high-energy transients from 
lightning is typically provided at the main service 
point where the energy is first received from the 
utility power line in the event of a strike.  
 

Provide surge suppression in the following manners: 
Install surge suppression on utility incoming mains. 
For areas containing a large group of electrically 
sensitive loads, provide surge protection on panel 
boards serving the area. 
 

This provides protection from internal sources of 
harmonics, voltage spikes, and transients.  

Provide individual pieces of sensitive equipment, not 
otherwise protected, with local surge suppression 
module (computer power bar or wall plug-in style). 

 

 

Coordinate surge suppression devices within the 
same power distribution system. 

 

E.8.2.7 Computer Circuits:  
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Electronic office space or electronic equipment such 
as computers, electronic communications micro-
processors equipment review the requirements for 
supplemental electrical protection of electronic 
equipment with the GN’s Technical Services Division. 

Determine the extent and severity of electrical 
service disturbances including voltage sags, 
surges, short term and long-term transients and 
outages. 

 Identify electronic equipment and system likely to 
be affected by disturbances and the extent of 
protection necessary for normal operation. 

• Generally, supply only two computer work 
station per circuit. Review the options for 
circuiting with Technical Services Division. 

Actually, it is less costly overall to provide a 

harmonic mitigating transformer to feed several 
hundred computers than it is to improve the 

operation of the SMPS in each computer. This is 

especially true when we consider that the added 

cost of the improved SMPS will reappear every 

three years when a new computer system is 

purchased. 

• Do not use common neutrals. Provide a 
separate, isolated ground for each circuit. 

• For installation with more than12 computers 
grade circuit; provide a separate panel fed 
via an isolating transformer with an 
electrostatic shield. 

• Provide a separate ground wire from each 
computer circuit to the branch circuit panel 
board. 

• Provide an isolated ground buss in each 
branch circuit panel board supplying 
electronic loads. 

• Size all grounding conductors to carry the 
fault current necessary to trip the over 
current devices protecting the loads, panel 
boards, and feeders associated with the 
grounding system. 

 

E.8.3 TELEVISION AND CABLE 

Recommendation Rationale 

E.8.3.1 Cable Installation  

 

Where televisions or television monitors are identified 
as a current or potential future requirement in a 
facility program, assume cable connection may be 
required and allow for capacity in common conduit as 
outlined in Electrical E6.1.  
 

Typically used in classrooms, visitor centers and 
museums, group homes or detention facilities.  
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Wherever cable television is identified as a current or 
future requirement, run individual cables to each TV 
outlet from a main television service backboard 
located in a service room, c/w a separate circuit 
duplex receptacle.  

The intent is to ensure that the required television 
service will be installed at a consistent location 
and to identify that a conduit system is not always 
required, but that cables are not to be looped to 
outlets (to prevent a cable malfunction affecting 
more than one outlet). The duplex receptacle is 
required for a plug-in transformer or RF (radio 
frequency) amplifier.  
 

Labeling of cabling is required at both ends of all cable 
runs. 

Cable labeling provides ease of cable management 

and troubleshooting. 

 

 
Figure E.8 - 3- Typical School RFTV Distribution System 

E.8.4 CLOCKS 

Recommendation Rationale 

Battery powered clocks are preferred. Class change 
signal clocks may be powered by an AC source but 
should not derive the time base from the AC line 
frequency.  

Power outages and the frequency of fluctuations 
in cycles/second (Hertz) of diesel-generated 
power adversely affect the accuracy of 120-volt 
clocks.  

 
  



January 2020 Good Building Practices Guideline Third Edition 

 Chapter E – Electrical Page 51 

E.9 ALARM SYSTEMS 

The primary purpose of an alarm is to issue a warning, preferably before any major damage occurs. 
Although fire and security alarms are typical across Canada, mechanical system alarms are also commonly 
used in Nunavut. Alarm systems must be suited to the community and its resources: in some communities 
resident maintainers may be able to respond quickly when alerted; in other communities residents are 
expected to notify the Hamlet, who in turn can notify the area maintainer, who may have to fly or drive in.  
 

E.9.1 FIRE ALARMS SYSTEMS 

Where clarification is required on fire alarm systems, consult with the Nunavut Fire Marshal early in design. 
Systems should be as simple as possible (i.e., factory service technician should not be needed to program 
the fire alarm system).  
 

Recommendation Rationale 

E.9.1.1 Supplier Qualifications  

 

The system supplier (i.e. manufacturer or the 
manufacturer's authorized agent) must have an office 
established for a minimum of 5-years with full in-
house technical service and maintenance 
capabilities.  
 

This is intended to clarify the qualifications 

required to supply a fire alarm system.  

Suppliers using third party in subcontracted 
maintenance services are not acceptable. 

 

E.9.1.2 Product Manufacturers  

 

Fire alarm systems should be supplied by one of the 
following suppliers:  

To ensure competitive bidding, yet limit the 
number of systems and replacement parts, the 
GN has specified 3 suppliers.  • Simplex  

• Notifier  
• Edwards  

Substitutions are not recommended.   

E.9.1.3 Types of Fire Alarm Systems  

 

• Fire alarm systems should not exceed the 
requirements of the NBC.  

This keeps the systems as simple as possible 
and meets minimum Code requirements. 

• Exception: Buildings designated, as 
emergency shelters must have a fire alarm 
system, although not necessarily required by 
Code.  

People may be required to sleep overnight or 
longer in an emergency shelter, which 
necessitates a safe haven.  

If programming is required, it must be site 
programmable with a non-volatile memory (i.e., 
lithium battery back-up for programming).  
 

This maintains programming memory in the 

event of loss of normal and battery power.  

Addressable systems may be capable of remote 
programming. 
 

This feature is useful for replacement of any 
devices without incurring the cost of air travel. 
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E.9.1.4 Strobes/Sirens  

 

See Electrical E9.6  

E.9.1.5 Manual Pull Station  

 

To be installed in every floor area near every required 
exit, including crawl space exits.  
 

This is a clarification of the Code requirements. 
 

Manual pull stations in gymnasiums must be fully 
recessed.  

The intent is to prevent injury to people and 
damage to pull stations in gyms. 

E.9.1.6 Fire Alarm Notification Devices 

 

Horn strobe devices should be used in place of bells. 
Devices need not be red. 

The intent is to ensure audibility and visibility 
where required. Red horn/strobes often take 
away from architectural look. 

E.9.1.7 Fire Alarm Verification 

 

Verification is to be carried out in accordance with 
Can/ULC-S537 and Office of the Fire Marshal.  

This will clarify verifying agent qualifications.  

E.9.1.8 Central Monitoring Stations  

 

Use only where required by the National Building 
Code 3.2.4.7 and the Nunavut Fire Marshal.  

This is intended to clarify which projects require 
central monitoring with a DACT (Digital Alarm 
Communicator Transmitter). Consult the 
Nunavut Fire Marshal to determine which 
communities have local monitoring systems 
meeting this requirement of the building code. 

E.9.1.9 Auto Dialers  

 

For local fire alarm notification, digital dialers 
described in E9.5 may be used to dial local fire phone 
systems. It is to be noted that these dialers do not 
meet Central Monitoring Station requirements. 

In emergency fire situations, local people need to 
be contacted immediately. Many OPX (Off 
Premise Exchanges) fire phone systems address 
this requirement for quick response.  

 

E.9.2 COMMUNITY FIRE SIRENS 

Recommendation Rationale 

E.9.2.1 Standard of Acceptance  

 

Federal Signal Corporation for items listed below: Most of the community fire alarm sirens in 

Nunavut are now of this type and this 

manufacturer. 

• Sirens 
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• Model Eclipse 8 
 

• Controls 
 

• PGA (Predetermined General Alarm) timer 
or equivalent 

 

• Motor Starter 
 

• Use RC5 Motor Starter (heavy duty relays, 
capable of handling the operating current) or 
equivalent 

 

• Exercise Clock 
 

• Model 75 or equivalent 
The experience has been that this motor driven 

siren has given the fewest problems if exercised 
daily. 

 

E.9.3 MECHANICAL SYSTEM ALARMS 

Failures of mechanical and especially heating systems can have serious consequences during long, cold, 
winter months. The sooner maintainers can be alerted to a problem, the sooner they can make repairs or 
switch the building over to standby systems while effecting repairs.  
 

Recommendation Rationale 

E.9.3.1 Mechanical Alarm Annunciators  

 

• Locate the primary annunciator panel in the 
mechanical room.  

The intent is to ensure that information is 
provided for building operators and maintainers.  

• The secondary, remote panel is required to 
alert building users to mechanical problems. 

Typically required in schools, community halls, 
large residential facilities, and health center 
where responsible users can notice and alert 
maintainers. Not required in fire halls, garages, 
or seasonal use facilities.  

E.9.3.2 Nuisance Tripping  

 

Ensure mechanical alarms are not initiated by a 
power interruption of less than 30 seconds. 

False alarm signals produced during a power 
interruption have created a nuisance both for 
local staff and personnel contacted by the auto 
dialer. 

E.9.3.3 Auto Dialers 

 

See Electrical E9.5.  

E.9.3.4 Alarm lights and Audible Alarms 

 

See Electrical E9.6.  
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E.9.4 SECURITY SYSTEMS 

 
Recommendation 
 

Rationale 

E.9.4.1 Intrusion Alarm Systems 

 

Where a security system is a program requirement, 
monitor entrances, exits, corridors, and accessible 
openings. 
 

Intrusion alarms are typically installed when 
there is a danger of burglaries because of 
building contents, or as a means of reducing 
incidences of vandalism. 

Monitor rooms with high value of controlled contents.  

1. Device Wiring 
Computer labs, specialized equipment storage or 
pharmacies require controlled access. 
 

Provide each device with individual conductors to 
main security panel. 

Separate wiring allows isolation of failed 
individual devices rather than total failure of the 
system. It also provides identification of 
individual device status for troubleshooting 
purposes. 

2. Door Contacts 
 

Mount within the door frame during new construction. Mounting door contacts within frame provides 
excellent mechanical protection to door contact 
devices. 
 

Install door contacts for all the exterior doors. Motion sensors do not confirm door position. 

Experience has shown that motion sensors can 

be positioned and not noticed until after 

incidents. Door contacts are not as easily 

defeated. 

3. Alarm Signal 
 

If there is a sound system within the facility, connect 
the alarm to the tone generator to sound a continuous 
tone upon receiving an intrusion alarm signal. 

Sound system tone generator, if available is a 
desirable deterrent. 

4. Partitionable 
 

 

Provide partitions to allow separation of areas within 
a building. This provides access to one area, while 
continuing to secure other areas. For example, 
schools with night use requirements (i.e., gyms). 

Many communities make good use of 
schools/gyms in the evening, and therefore, 
access to some areas is required at night without 
setting off the intrusion alarm. 

5. Enabling Systems 
 

 

Time clocks or internal time settings may be used to 
automate the arm and disarm process for buildings 
that have regular schedules. 

This provision insures the facility is secured 
through the normally unoccupied times. 

6. Access Means 
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Access may be provided by a variety of means; key 
switch, keypads, key fobs, card access etc. 

Keys may be used to reduce the number of 
people in the community knowing the access 
code. 

E.9.4.2 Video Monitoring 

 

Installation of such system should be discussed with 
the client and based on the building program.  

 

1. Privacy 
 

Before installing a CCTV system, check local laws 
regarding privacy and recording. 

Never install video surveillance anywhere there 
is a reasonable expectation of privacy such as 
bathrooms, locker rooms, changing rooms, 
medical examination rooms etc. 
 

2. Cameras 
Each application requires a specific type of 
camera that will provide satisfactory image 
quality. 

• Outdoor cameras may require infrared 
illuminators to allow night vision. If the 
camera is a pan / tilt / zoom, a heated 
enclosure is needed to operate properly in 
our northern environment. 
 

• Inside cameras that are exposed to brightly 
lit and dark areas will require a wide dynamic 
range and dual shutter speeds for picture 
clarity. 
 

• Aisle cameras may require a long lens, 
positioned to face away from light sources. 
 

• Large open areas may require day/night 
cameras with wide angle lens. 

 

3. Recording 
 

Digital Video Recorders (DVR) allows greater 
flexibility for recording space and network access 
from remote location. Ensure equipment is located in 
a ventilated, secure environment suitable for 
continuous operation. 
 

Operational environment will affect the durability 
of the installed equipment. 

Setup recording to only save images when motion is 
detected. 

This feature will allow for considerable extra 
recording backup time. 

E.9.4.3 Access Control Systems 

 

Proximity type sensors are acceptable. Preference is 
given to door strike hardware. Magnetic door locks 
are to be avoided wherever possible. 

Access control systems simplify the processes of 
ensuring secure access to various parts of a 
building. This can easily be done using the 
system's database. This has significant 
advantages over key and lock, but in small 
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E.9.5 ALARM LIGHTS AND AUDIBLE ALARMS 

Recommendation Rationale 

E.9.5.1 Exterior Alarm Lights  

 

1. Lights or strobes should be located on high 
point of buildings, clearly visible from the 
roadway. 

Lights can, be used either to indicate a building 
condition, or to act as an alarm indicating a critical 
condition requiring immediate attention. Intended 
as a supplement to the auto dialer. The intent is 
to avoid confusion with landing lights, vehicle 
lights, etc. 
 

Exception: Strobe alarm lights are not to be installed 
on arctic airports.  

Color-coding is standardized on public sector 
buildings. Blue strobes are typically used for 
security systems and panic systems in health 

centers, it may become an encumbrance that is 
simply bypassed. 
 

Access control should not be used outside of the 
larger centres in GN. 

Maintenance of these systems requires a level of 
expertise not commonly found within isolated 
communities. 
 

Copies of the control diagrams should be located 
within enclosures designed for such and an 
additional copy provided within the appropriate 
section of the O & M manual. 

This is to assist future maintenance 
requirements. 

E.9.4.4 Patient Wandering Systems 

 

These systems are typically used in health centers.  

Locate wiring diagrams and sequence of operation 
within front cover of main panel as well as O & M 
manual. 
 

This is to assist future maintenance 
requirements. 

Ensure patient wandering detection ranges are 
configured with the assistance of the building user. 

This ensures proper operation in accordance 
with facility requirements. 

E.9.4.5 Panic Alarm Systems 

 

These systems are typically used in health centers.  

Where panic alarm systems are program 
requirements, they must be complete with a 
strategically placed audible alarm connected to the 
auto dialer. Call buttons should be of industrial 
quality. 
 

Typically, panic alarms are installed in health 
centers where a member of staff may be alone 
with clients and may require immediate 
assistance in case of emergency. 

Copies of the control diagrams should be located 
within enclosures designed for such and an 
additional copy provided within the appropriate 
section of the O & M manual. 

This is to assist future maintenance 
requirements. 
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Recommendation Rationale 

centers and correctional facilities, where staff may 
be alone with clients and could require immediate 
assistance. 

2. Color of lights  
 

• Fire alarm: red  

• Mechanical alarm: amber  

• Security/panic: blue  

• See 3.4.1 Table E-2  

 

E.9.5.2 Sirens/Horns  

 

• Exterior audible alarms are required for fire 
alarm systems and security systems.  

Audible alarms can unnecessarily disturb the 
entire community. However, a fire condition is a 
critical condition that makes this disturbance 
necessary. Security system audible alarms are a 
deterrent as it draws attention to the building and 
the people nearby. 
 

• A siren is not required for mechanical 
systems.  

With auto dialers and the strobe lights, the audible 
is not as necessary for mechanical systems (e.g., 
while air handling unit low temperature is a 
problem, it does not require disturbing the 
community).  

E.9.5.3 "High Water" Light  

 

High water level in a holding tank is indicated by 
using an illuminated amber light mounted at the water 
fill pipe. Water fill indicating lights should be LED 
type. Standard of acceptance is Ledtronics, 120 V 
AC, Edison screw base.  

Water delivery pumps are controlled at the 
vehicle. The light indicates that the tank is full, and 
that the driver should stop pumping.  

 LED lights have low energy consumption and low 
maintenance requirements.  
 

Install a two-lamp fixture. This provision ensures at least one lamp will 
illuminate in the event of a lamp failure.  
 

 
Locate in a visible location convenient to the 
operator. 

Water delivery pumps are controlled at the 
vehicle. The light indicates that the tank is full, and 
that the driver should stop pumping. 
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E.10 MOTORS 

E.10.1 CHARACTERISTICS 

 
Recommendation Rationale 

Motors must meet the specified minimum efficiencies 
in National Energy Code for Buildings (NECB) unless 
it can be shown that a lower efficiency motor will yield 
lower life cycle cost. 
 

 

Installation of high efficiency motors should be 
installed where life cycle costs may be demonstrated. 

This is done in the name of energy conservation. 

Match voltage rating of motor with supply voltages, 
i.e., use 200 V motors for 208 V services. 

 

E.10.1.1 Motor Starters - 3 phase 

 

1. Provide single phase protection for all motors 
5 hp or larger with magnetic starters c/w solid 
state adjustable overload sections offering 
phase loss protection. 

Although 240 V motors may function on 208 V, 
experience has shown that they burn out faster 
than 200 V motors. 

2. Provide 'Hand" option and "Running" 
indicator to allow for ease of O & M. If DDC 
is present, use CT's to indicate motor status 
in DDC. 

This prevents costly motor replacement of large 
motors due to single phasing. 

3. Where number of three phase starters in a 
given location exceed four, give strong 
consideration to MCC installation. 

These functions may be used rarely but are 
invaluable for troubleshooting purposes. 

4. Where multiple 600 volt motors are installed, 
provide full sized motor starters within an 
MCC. 

 

5. Copies of the control diagrams should be 
located within enclosures designed for such 
and an additional copy provided within the 
appropriate section of the O & M manual. 

This ensures that the failure of one starter does 
not detrimentally affect other starters in the same 
enclosure and provides improved maintenance 
safety. 

 This provision is to assist future requirements. 

6. All motor starters to be combination c/w 
lockable handle. 

This provision provides increased safety during 
any future requirements. Combination starter 
equipped with a breaker. 

E.10.1.2 Motor Starters- Fractional Horsepower 

 

1. Provide thermal motor protection switches 
for fractional horsepower motor loads 
serving pumps. 

 

2. Provide a pilot light on all thermal motor 
protection switches. 

Although motors have built in motor protection, 
this provision assists in notifying maintenance 
staff of equipment status. 
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3. Provide lockable toggle plates. 
This provision provides a visible indication of 
power and state of thermal element. 
 

4. Use hinged lockable covers on suitably sized 
junction boxes to enclose control and motor 
relays and/or sensors. If mounting thermal 
motor protection switch in junction box cover, 
mount independent of switch cover. 

This provision provides increased safety during 
any future requirements. 

5. Do not use float switches to interrupt motor 
current where long distances from storage 
tanks to motors loads are required. 

Secure mounting of motor protection switch 
allows safe access to the thermal elements. 

E.10.1.3 Motor Terminations 

 

Standard wire should be used where wiring to motors 
ends in a terminal strip. 

Installation of motor control relay may reduce 
voltage drop to motor loads during startups, 
providing them with the proper operating voltage. 

E.10.1.4 Variable Frequency Drives 

 

Install in conjunction with Direct Digital Control 
systems for fixed mechanical loads 5 horsepower 
and larger, or where variable control is determined 
beneficial by the designer, or where energy savings 
can be proven (e.g., heat circulation pumps). 
 

This is required because solid wiring to terminal 
strips in motors tend to become loose due to 
motor vibrations. 

Provide drives complete with harmonic distortion like 
line and load side reactors & filters which limit total 
harmonic current distortion to less than IEEE 519 
standard requirements where the drive terminals are 
the point of common coupling, but in no case more 
than 15%. 

The intent is to allow for energy conservation. 
 
 
 
 
 

 
 
Ensure motor matches VFD and is suitable for 
inverter duty. Use pulse width modulated technology 
drives. 

 
This provision reduces harmonic distortion from 
feeding back into the power system. 

 
Locate drives with in 7 meters of load. 

 

 
Provide integral bypass for all VFD’s. 

 
This allows for equipment operation in the case of 
VFD failure. 

E.10.1.5 Soft Starters 

 

Large motors with frequent start/stop should have 
soft starters, especially in smaller communities. 

Frequent start/stop can have a significant effect 
on the electrical supply in small communities, 
where a large motor starting can cause voltage 
fluctuations. 

E.10.1.6 Power Factor Correction 

 

Power factor correction of motor loads should be 
considered and applied if the nature of the load is 

Power factor correction can lower overall power 
and demand charges from the utility. 
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E.10.2 DISCONNECTS 

 
  

supportive of correction, and the designer can show 
an acceptable cost payback. 
 
Correct power factor to 95% where normal loading 
yields power factor below 90%. 
 

 

Provide power factor corrections to individual motors 
10kW and larger or groups of motors totaling 50kW 
or larger. 

 

 
Locate capacitors close to motor load, usually 
downstream of starters. 

 

 
Where switchable capacitor banks are used, take the 
following precautions: 

 

• First in, first out switching. 
 

• Provide time delay between switch steps. 
 

• Prevent overcorrecting and cycling. 
 

• Conduct harmonic analysis and, where 
necessary, provide harmonic de-tuning. 

 

Recommendation Rationale 

A lockable disconnecting means to isolate a motor 
should be located within sight of and within 9 m of the 
motor and the machinery driven thereby.  

The intent is to permit safe operation and 
maintenance.  

E.10.2.1 Motor Disconnects in Public Areas  

 

Motor disconnect switches in public areas should be:  This prevents young children from shutting off 
motors (e.g., cabinet unit heaters in vestibules) 
that must operate to prevent property damage 
(e.g., prevent sprinkler heads from freezing and 
busting).  

1. Installed at 2.1 m above the floor, or above 
the ceiling tile close to equipment servicing. 

 

2. Provided with a ventilated lockable cover or 
within manufacturers equipment where 
possible. 

Protecting the switches by location is preferred 
over lockable covers to avoid the cost and 
inconvenience of keyed covers. 

E.10.2.2 Sprinkler Pumps 

 

Sprinkler jockey pump must be fed by the generator. Ensure operation of the jockey pump during utility 
power failures. 
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E.11 MISCELLANEOUS 

E.11.1 AUTOMATIC DOOR OPENERS 

See Architectural A4.3.2 and A4.3.3. 
 

E.11.2 HEAT TRACE 

 
Recommendation Rationale 

Where possible, hydronic heat trace system should 
be installed instead of electrical heat trace. 

Where heat trace is required, hydronic provides 
the greatest energy efficiency. 
 

All electrical heat trace is to be controlled by a 
temperature controller that limits its operation during 
high ambient conditions. 

Even self-limiting heat trace only regulates its 
temperature within a narrow range and, if allowed 
to run in a high- ambient environment, can cause 
overheating of the cable and possibly ignite 
adjacent materials. A temperature controller is a 
requirement of the Nunavut Electrical / 
Mechanical Safety Section. 
 

Where heat trace is required for water and sewer 
connections, it should be the self-limiting type. 

This is required for energy efficiency and 
premature failures of heat trace cable. 
 

If used on polyethylene pipe, the heat trace must be 
T-rated for such application. 

This applies to the typical heat trace system for 
standard GN water and sewer connections in 
permafrost areas to ensure "melt-down" does not 
occur. 
 

For water re-circulation lines, where heat trace is 
used as a backup, the heat trace should be activated 
upon a loss of flow. 

This prevents freeze-up when the circulation 
pump fails. The heat trace should be sized to 
ensure that it would be of a sufficient size to thaw 
the pipe. 
 
Depending on the application, the heat trace can 
also be manually activated when used as a 
backup. 
 

A pilot light should be used to indicate the heat trace 
is on. 

The intent is to alert/confirm operation. 

 
 
 
 
 

END OF SECTION 
 
 



January 2020 Good Building Practices Guideline Third Edition 

 

TABLE OF CONTENTS 
 
 
 

CHAPTER N - ENERGY 

INTRODUCTION 

N.1 ENERGY DESIGN CONSIDERATIONS 
N.1.1 ENERGY SOURCE 
 N.1.1.1 .... HEAT RECOVERY FROM QULLIQ ENERGY CORPORATION (QEC) POWER PLANTS 
 N.1.1.2 ..................................................................... HEAT RECOVERY: COGENERATION 
 N.1.1.3 ............................................................................................ RENEWABLE ENERGY 
N.1.2 BUILDING DESIGN 
 N.1.2.1 ............................................................................................. BUILDING CONTROLS 
N.2.1 GENERAL 
N.2.1.1 General 

N.2 ENERGY MODELLING 

N.3 ENERGY CONSUMPTION 

N.4 ENERGY MANAGEMENT 
N.4.1 ENERGY AUDIT 
N.4.2 ENERGY TRAINING 
N.4.3 SUB-METERING 

 
 
 
 
 
 



January 2020 Good Building Practices Guideline Third Edition 

 Chapter N – Energy Page 1 

CHAPTER N - ENERGY 

N.1 INTRODUCTION 

 
Buildings are a significant source of energy consumption and greenhouse gas emissions and hence brings 
up significant costs to building owners and our environment respectively. Heavy reliance on fossil fuels for 
both heating buildings and electricity generation has resulted in some of the highest utility costs in Canada 
and buildings consume a significant portion of this energy. Furthermore, due to remoteness of Nunavut, 
GN purchases fossil fuel for whole year during sealift season which poses other challenges of transportation 
and storage. Volatility in oil market lead to an added risk on our energy prices. With growing demand for 
energy sources due to added infrastructure every year, being energy efficient is solution to our problems 
for powering Nunavut in a sustainable manner.  
 
Primary objective of energy efficient buildings is to consume less energy while subsequently reduce 
greenhouse gas emissions. This can be achieved by choosing energy efficient systems while also making 
sure to have best practices in place for energy efficient use of those systems.  
 
Energy efficiency measures are addressed throughout various sections of the GBPG. The present section 
supplements the energy information from the GBPG and outlines various items which could be included in 
the design of a facility to make it more energy efficient.  
 
The recommendations in this document could relate to financial incentives and act as a guide for those 
involved in the construction process.  
 
References 
 
Documents referenced by the NBC or this document include: 
 

− IES Lighting Handbook 10th Edition 
− National Energy Code for Building for Canada 
− Canada Green Building Council’s LEED  
− ASHRAE Handbooks and Standards 
− ASHRAE 90.1-Energy Standard for Buildings Except Low-Rise Residential Buildings 
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N.2 ENERGY DESIGN CONSIDERATIONS 

N.2.1 ENERGY SOURCE 

Energy source options must be determined and evaluated early in the building design process. Fuel oil for 
heating buildings while electricity generated from fossil fuels has been the traditional choice of energy 
sources in Nunavut. However, designers are encouraged to look for energy efficient and clean energy 
alternatives for energy sources early in the design process.  

N.2.1.1 HEAT RECOVERY FROM QULLIQ ENERGY CORPORATION (QEC) POWER PLANTS 

The GN has Memorandum of Understanding (MOU) with QEC in regard to recovering heat from QEC power 
plants. This MOU provides for heat recovery systems to be provided by QEC, who will meter and charge 
the building owner for the heat provided. The charges for the system may result in 10 to 15% saving to the 
building. 
 

 
Figure N.3 - 1: Residual Heating System 

 
Some of the benefits of residual heat systems are: 
 

− Direct Cost Savings. Where the total costs of building and operating a residual heat distribution 
system allow the energy to be sold to the customer at a rate that is less than the customer's cost 
of equivalent heating fuel, a direct savings is realized in annual building operating costs. If a system 
can provide enough energy to significantly reduce operation of the customer boiler system, the 
customer may realize a savings in boiler maintenance and/or capital investment costs.  

− Long Term Community Infrastructure Cost Savings. A system providing thermal energy to 
buildings normally supplied by oil-fired heat can cause a significant deferral of fuel storage facility 
upgrades. 

− Environmental Concerns. Production of greenhouse gas emissions and other pollutants is 
directly related to the amount of fossil fuel consumed by the community. A given percentage 
reduction in consumption of fossil fuels results in an identical decrease in emissions.  

− There is no increase in electrical production fuel required by the power plant. There is some 
reduction of transportation and handling hazard, especially where fuel is delivered to the community 
by sealift and truck.  

− Noise pollution caused by radiator fans is often reduced substantially, especially during the winter, 
when thermal demand on the system is greatest.  
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N.2.1.2 HEAT RECOVERY: COGENERATION 

Cogeneration is the simultaneous production of heat energy and electrical or mechanical power from the 
same fuel in the same facility. Cogeneration greatly improves overall system efficiency by recovering “waste 
heat” from combustion processes that would otherwise be released to the environment. The recovered heat 
can be used for space heating through a district heating grid and thus offset the total amount of fuel oil 
required. 
 

Recommendation Rationale 

Evaluate the effectiveness of recovering heat from 
diesel-powered electricity generation. Consider the 
application of a district heating grid and perform a 
cost-benefit analysis comparing the cost of 
implementing the new technology with the amount of 
fuel oil for heating which would be offset through 
cogeneration. 

The distribution pattern of buildings in the Nunavut 
community may constraint the effectiveness of a 
district heating grid. Buildings need to be in close 
proximity and the feed lines must be well insulated to 
avoid subsequent losses. Cogeneration may be better 
suited to larger (multi-residential, commercial, 
institutional and industrial) buildings. 

N.1.1.3 REVEWABLE ENERGY 

Considering the high cost of producing electricity with an oil-fueled generator and that renewable energy 
technologies are becoming more and more accessible; these systems should be considered for various 
applications.  
 
Renewable energy can also be used for solar pre-heating air or water, thus reducing the amount of fuel 
used for that purpose. 
 

Recommendation Rationale 

• Where buildings can be connected to a grid, 
solar energy technologies that generate 
electricity should be evaluated. 

Until Independent Power Producer Program from 
QEC has commenced, electricity generation should 
be evaluated based on a study of load/production 
considering overall storage.  

• Systems that use solar energy primarily to 
provide lighting should be evaluated considering 
that typically natural daylight can be used to 
provide adequate lighting when solar energy is 
available. 

In the summer months natural daylight is available. 
Solar panels are not effective in the winter due to 
short daylight hours and interference due to snow. 
Some buildings require artificial lighting all year long, 
thereby making this system a good alternative.  

• Solar energy technologies that generate 
electricity may be considered for remote and/or 
summer-use facilities such as: parks buildings, 
field research stations and fire towers. 

The cost of operating and fueling generators in 
remote locations in the North is usually very 
expensive. Alternative energy is expensive also but 
may be viable because it has very low operational 
costs. 

• All electrical loads need to be reduced to an 
absolute minimum by using the most efficient 
hardware and appliances available, before 
renewable energy hardware should be 
considered. 

The initial cost of buying a renewable energy system 
is normally the largest component of the life cycle 
costs. As the initial cost is proportional to the size of 
the loads imposed on the system, reducing the loads 
will help minimize the life cycle costs of the system.  



January 2020 Good Building Practices Guideline Third Edition 

 Chapter N – Energy Page 4 

Recommendation Rationale 

• Renewable energy should be used to reduce the 
load on traditional energy sources. 

Solar Wall technology preheats intake air and 
minimizes the fuel oil required to heat air to suitable 
temperatures. This solution is simple to integrate into 
the architecture of a building and has proven to be 
effective. It is considered a very low maintenance 
technology since it has no moving parts. Also, some 
of these systems serve as intake hoods.  

Direct combustion to generate energy from waste is 
an option which both manages solid waste as well as 
contributes to reducing heating fuel oil requirements. 
Costs and emissions from incineration need to be 
carefully considered. 

• Where wind turbines are installed, they will 
generally require a separate power source. 

Most wind turbines are induction generators and 
require excitation from a separate power source. 

• Solar hot water heaters can be used for certain 
applications. 

Vacuum tube solar heaters are the most efficient. 
They absorb heat by means of radiation and as such 
are not affected by the outdoor temperature. These 
systems can be helpful in reducing the overall fuel 
consumption of a building. 

 

N.2.2 BUILDING DESIGN 

 
Building envelopes must achieve higher effective insulation values and air tightness, with properly-installed 
vapour and air barriers with minimal thermal bridging. 
 
Electrical energy usage should be minimized by using LED lighting, daylight harvesting and occupancy-
based lighting controls, smart parking receptacles for exterior parking, variable speed drives for fan motors 
and pumps, high efficiency motors, Energy Star rated appliances, and similar features. Electrical demand 
charges should be considered in the energy cost budget projections.  
 
Heating and ventilation systems consumes most of the heating energy. The required amount of fresh air 
and total airflow may be minimized while maintaining sufficient quantities of outdoor air using displacement 
ventilation air supply or other efficient systems. The use of heat recovery devices, such as heat wheels, 
glycol run-around loops, and similar heat recapture devices on exhaust air systems is recommended to be 
evaluated during design. Variable Air Volume (VAV) systems for both single and multi-zone AHUs with 
demand control, where feasible, must be deployed. Removable valve covers are recommended for all 
uninsulated pipe fittings in boiler room for boiler heating piping network including valves, strainers, pumps 
etc.   
 
High efficiency boilers, with modulating burners for larger applications, must be selected. Boiler controls for 
boiler and heating pumps must also be looked at to meet heating demand while keeping the boilers at the 
lowest possible firing rate. 
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N.2.2.1 BUILDING CONTROLS 

Installing Building Automation Systems (BAS) is one of the most effective energy efficiency initiatives for 
most of the buildings. BAS can reduce operating costs by automatically controlling the heating/cooling, 
ventilation, air quality, lighting and security systems. The computerized systems can be essentially 
programmed to monitor every aspect of heating, ventilation and lighting systems.  
 
Higher energy cost coupled with growing concerns regarding Indoor Air Quality have placed increased 
demands on energy recovery and control system technologies. A method of maintaining good indoor air 
quality and conserving energy is to control the ventilation rate according to the needs and requirements of 
building occupants. Technologies such as Demand Control Ventilation (DCV), Direct Digital Control (DDC), 
new energy recovery equipment and associated controls provide opportunities to reduce energy 
consumption. 
 
BAS need to be selected for simplicity and ease of operation. Building operators must be properly trained 
on BAS for effective operation and regular service. The building operator should understand the system’s 
logic and monitor abnormalities, fine tuning and override functions. 
 
BAS should be intercommunicable, BACnet-based controller or system of controllers. Installation of BAS 
and associated devices should be intended for connection to the GN’s wide area network. Structured 
cabling scope must conform with GN’s latest structured cabling requirements.  
 
The intended system architecture within a building shall be a collection of daisy-chain Ethernet connected 
application controllers (advanced or application specific) supervised by a single BACnet/IP enabled Building 
Controller. The building level building controller shall contain a collection of trend log objects that capture 
data from each of the BACnet objects that are used for monitoring and control. 
 
The devices installed are to be accessible both remotely and locally using a desktop or laptop computer 
connected to the Government of Nunavut’s wide area network, with graphical elements being downloaded 
from the installed system on demand when accessing the system by means of web browser i.e. no software 
resides on the access computer aside from latest version web browsing software (Chrome, Firefox, Internet 
Explorer). 
 

Recommendation Rationale 

When designing new building systems, whether 
heating, ventilation, and/or services, every effort 
should be made to incorporate energy recovery 
and/or control systems. Consideration should be 
given when weighing possible marginally higher 
installation costs versus overall operational cost 
reductions, especially on smaller systems. Provide 
the client/user with a capital cost recovery summary 
as part of the system design and analysis.  

Reduces size of primary load equipment (i.e., boilers, 
chillers, burners, pumps, etc.), thereby reducing 
overall energy consumption. In many new buildings, 
the cost savings resulting from the reduction of 
cooling tonnage and/or heating equipment size, alone 
offsets the initial cost of thermal recovery units. 
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N.3 ENERGY MODELLING 

The National Energy Code of Canada for Buildings (NECB) set outs the minimum acceptable measures for 
energy efficiency in design and construction of new buildings and additions to existing buildings. The Energy 
Code includes both prescriptive and performance requirements. It outlines how an energy efficient building 
should be designed, and as such should be considered as an important reference document. 
 
CAN-QUEST is the software that was developed by NRCAN to demonstrate the performance path 
compliance with the NECB 2011. This software can be a useful tool in evaluating the future performance 
of a building during design and comparing various design options. The software can be downloaded at 
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-buildings/energy-management-resources-
buil/energy-management-software-new-buildings/22468 
 
Designers and Project Managers are therefore encouraged to become familiar with the NECB. 
 
New GN projects are required to go undergo Energy Modelling Workshops, depending on the size of the 
project. The purpose of the workshop is to evaluate and analyze efficiency options to arrive at an optimum 
cost benefit package within project budget. Building energy simulations are a useful tool to provide feedback 
to the design team, quantifying the capital and operating impact of various alternative design scenarios 
(e.g., glazing selection insulation levels, mechanical system selection, lighting levels, etc.)  
 
The building simulations help to optimize the systems type and sizing, while confirming the impacts of 
various energy performance strategies. The goal is to optimize the design by selecting the most efficient 
types of systems for a given type of building. GN has developed ‘Energy Modelling Guidelines’, included in 
appendix K, which sets out expectations regarding energy modelling for GN new construction and capital 
renovation projects. 
  

https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-buildings/energy-management-resources-buil/energy-management-software-new-buildings/22468
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-buildings/energy-management-resources-buil/energy-management-software-new-buildings/22468
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N.4 ENERGY CONSUMPTION 

Energy consumption is largely dependent on operating practices; however, the shape, layout, and the 
quality of the exterior envelope of a building can have a significant effect on fuel and power consumption. 
Generating stations and distribution systems are in 25 communities and serve approximately 11,000 
residential and commercial customers. Any new building in a community adds to the overall infrastructure 
requirements and can significantly impact capital investment of these infrastructures.  
 
Also, considering that most buildings will be operational for more than 40 years, the best way to reduce 
energy consumption is to address this topic during the design phase. Evaluating future energy consumption 
at the design stage by comparing various options will provide insight for the design team. The design team 
can in turn have a positive impact on energy consumption before the building is even constructed.  
 
Some energy efficient solutions are more expensive than standard systems. As such, these solutions are 
usually overlooked because of budgetary constraints. However, an integrated approach can generate 
savings in the construction budget (for example, a better insulated building will yield a smaller heating 
system).  
 
Moreover, designers are encouraged to evaluate options based on a life cycle approach. Energy savings 
for the life of the building can then be compared to the capital cost investment of the energy efficient 
solution. This design approach based on energy efficiency will ensure that design teams always thrive to 
reduce energy consumption of buildings to the benefit of the communities.  
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N.5 ENERGY MANAGEMENT 

Energy management includes minimizing the environmental impact of energy usage, improving the energy 
security of individuals, organizations and communities, improving the comfort of homes and buildings and 
extending the life of equipment, systems and buildings. The management of purchased electrical power, 
heating fuel and water as well as the management of electrical power, heat and treated water produced 
internally at a facility or place of operations and the management of fuel used in the transportation of people, 
goods and materials, are fundamental to energy management. 
 
Minimizing the energy consumption of public buildings is important in Nunavut where energy costs are 
extremely high: electricity is usually diesel generated and fuel must be transported annually to remote 
locations. Effective energy management involves establishing an energy policy, performing regular energy 
audits, targeting, monitoring and sub-metering energy consumption, making improvements to operations 
and maintenance procedures and training building staff and occupants in the energy efficiency features of 
the building.  

N.5.1 ENERGY AUDIT 

An energy audit should include costs, savings and payback period. It can be done for the entire building or 
for specific systems. An individual systems audit is best suited for instances where funding is limited, where 
energy savings are needed quickly or where management are aware of energy and performance problems 
with respect to a major energy-using system. A full building audit is recommended if a building is complex 
or is older and is scheduled for major renovation. It will make it possible to determine the combination of 
measures that provides the greatest return on investment. By accurately predicting the impact of measures, 
including their interaction with other building systems, this indicates what systems are in need of upgrading 
and what those upgrades should be.  
 
A full energy audit of the building includes reviewing historical energy consumption data, the establishment 
of new consumption baselines and the identification of any anomalies. A full audit will outline baseline 
energy consumption levels at the outset of the program so that comparisons with future consumption levels 
can be used to measure the success of the program. Energy consumption data averaged for a two-year 
period is usually sufficient to establish baselines. Weather-dependent components of the energy 
consumption should be adjusted to reflect normal conditions and adjustments can also be made to reflect 
changes to the building, equipment or occupancy schedules that may have occurred during the baseline 
period. 

N.5.2 ENERGY MONITORING AND BENCHMARKING 

In order to effectively manage energy consumption in both existing and new buildings, the first step is to 
track energy use in buildings. Energy monitoring enables the tracking, recording, and visualization of energy 
consumed by facility or portfolio of facilities. Whereas building energy benchmarking is the ongoing review 
of your organization's energy consumption to determine if your building's energy performance is getting 
better or worse. 
 
All buildings are recommended to be provided with the means to monitor electricity and fuel oil use. In most 
cases, energy use can be determined from fuel delivery records, or fuel and electrical meter readings. 
Electrical meters and fuel meters are normally installed on the electrical and fuel supply to each building. 
 
However, if fuel or electricity is used for two or more significant purposes in a building, it may be helpful to 
meter fuel or electrical use at each large piece of equipment to identify the pattern of energy use.  
 
During the building design phase, theoretical building energy efficiency can be predicted and optimized with 
the help of design tools such as the operational program, technical design guidelines, and computer 
modeling. Energy consumption targets may be useful to benchmark desired performance for a particular 
type of building. For example, the targets will vary for a school versus a health centre. 
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Ongoing monitoring will help to ensure that factors such as staff turnover, inadequate maintenance, 
improper operating procedures and faulty equipment do not negatively impact the results of the energy 
management program. 

N.5.3 ENERGY TRAINING 

Given the growing number of building projects and the limited numbers of experienced trades people in 
Nunavut, there is both a need and an opportunity to train and develop building maintainers in every 
community. When an energy management plan is established, a fully-trained committee should be created 
to verify, monitor and maintain the effectiveness of the program. Furthermore, as an organization and its 
functions evolve, new facilities, equipment and staff may be required. Also, new, more efficient technologies 
are constantly being introduced and manufacturers of energy-consuming equipment are constantly 
improving the efficiency of their products. Therefore, the committee must be continuously aware of new 
technologies and equipment and continue to look for new energy management opportunities. The 
committee should also be fully involved in any plans for building renovations or equipment acquisitions as 
it may be cost-effective to implement energy management opportunities in conjunction with these projects 
whereas it would not have been cost-effective to pursue the opportunities as stand-alone projects. 
 
It is also important to keep employees apprised of the positive impact of their participation in the energy 
management program. Bulletin boards and newsletters are just a couple of ways that staff can be kept 
apprised of the progress of the program. Regular energy-management training sessions can be a catalyst 
for boosting morale and facilitating an ethic of continuous improvement. 

N.5.4 SUB-METERING 

Tenants have varying energy profiles, depending on the nature of the work, and the hours (e.g. shift work). 
Metering should be provided for every major tenant of the building, whether or not they are charged 
separately. Being aware of how much energy they consume encourages conservation and efficiency. It 
also enables management to factor in energy charges in a fair manner. The building should have sub-
meters for monitoring major energy uses to establish building load profile and demand structure. To perform 
load profiling, specific measurements must be obtained within the facility to pinpoint the particular areas 
that are causing the peak loads.  Sub-metering can also single out problem areas and facilitates making 
targeted repairs. 
 

END OF SECTION 
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APPENDIX A: BUILDING STANDARDS - POTABLE WATER HOLDING TANKS 

 
 
Note: The following two pages are extracts from documents issued by Environmental Health, 
Department of Health and Social Services, in June 1992.  
 
 
 

1. Water holding tanks shall be water tight and constructed of material that is not subject to decay or 
corrosion and has been approved for use for drinking water storage by an authority acceptable to the 
Health Officer.  

 
2. Water holding tanks shall be designed to resist deformation or rupture due to induced hydrostatic 

pressure.  
 

3. Water holding tanks must be provided with a drain or tap, situated in such a manner that the entire 
contents of the tank can be drained by gravity.  
 

4. Water holding tanks shall be provided with a means of access for inspection and cleaning. Access holes 
shall have a minimum inside diameter of 450 mm, be provided with watertight, childproof cover and be 
easily accessible. On large tanks, the number of access holes shall be as required under the Safety Act 
and regulations.  
 

5. To exclude dust, birds, insects and animals, water holding tank vents and overflows must either be 
screened or must terminate with an elbow fitting located a minimum distance of three times the diameter 
of the pipe away from the opening of the pipe. Ground level vents/overflows must terminate in an 
inverted U position, the opening of which is a minimum of 600 mm above the ground surface.  
 

6. Water holding tanks shall be provided with a fill pipe, which is accessible to the water delivery truck from 
the outside of the building, and which is equipped with a self-closing cover or enclosed in a box with a 
self-closing cover. The water tank filling point shall be separated from the sewage suction pipe by a 
minimum distance of 1.5 m measured horizontally and shall be located one metre above the sewage 
tank suction pipe.  
 

7. All piping associated with water holding tanks must conform to the requirements of the Canadian 
Plumbing Code.  
 

8. The building's water distribution system shall be equipped with an automatic device so that it shuts down 
when the sewage tank is filled to a level as described in the Sewage Holding Tank Standards. This 
device should be designed and situated to discourage tampering.  
 

9. Water holding tanks installed and buried below ground surface must be located not less than 15 m from 
the sewage holding tank.  
 

10. When the capacity of a water holding tank is greater than 15 times the estimated normal daily water flow 
for the building, the building shall be provided with either:  
 

a)  A separate holding tank for potable water storage, or  
b)  An automatic device for disinfecting the water downstream of the storage tank, or  
c)  Some other suitable method, acceptable to the Health Officer that will ensure the water at 

the taps meets the requirements of the Guidelines for Canadian Drinking Water Quality.  
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Building Standards - Sewage Holding Tanks 
 

 
Note: This is the second of two pages extracted from documents issued by Environmental Health, 
Department of Health and Social Services, in June 1992.  
 
 

1. Sewage holding tanks shall be designed and constructed in accordance with the standards set by the 
Canadian Standards Association (CSA). The design and construction of tanks greater than 4500 L must 
be certified by a professional engineer.  
 

2. Poured-in-place concrete holding tanks shall be designed, reinforced and constructed in accordance 
with CSA standards and the concrete design provisions of the National Building Code.  

 
3. Prefabricated sewage holding tanks shall be designed and constructed in accordance with the standards 

set by the Canadian Standards Association and bear the CSA seal of compliance.  
 

4. Sewage holding tanks shall be equipped with a suction pipe ending with a quick connect fitting to allow 
the sanitary removal of the tank’s contents. The size and type of the fitting shall be consistent with local 
conditions.  
 

5. Sewage holding tanks shall be designed and constructed to allow the complete removal of solid matter 
that can be expected to settle in any part of the holding tank.  
 

6. Sewage holding tanks must be provided with a means of access for inspection and repairs. Access 
holes shall have a minimum inside diameter of 450 mm and be provided with a watertight, secure cover.  
 

7. All piping associated with the sewage holding tank must conform with the requirements of the Canadian 
Plumbing Code.  
 

8. The building drainage system shall be adequately vented to prevent siphoning traps during removal of 
the tanks contents.  
 

9. Sewage holding tanks shall be equipped with an apparatus or device that causes the building's water 
distribution system to shut down when the sewage tank is nearing capacity. This device shall be set to 
activate at a level where there is free remaining storage capacity for a volume of wastewater equalling 
the combined volume of all fixtures in the building.  
 

10. Sewage holding tanks installed and buried below ground surface must be located not less than 15 m 
from any subsurface portion of the potable water system.  
 

12. The working capacity of a sewage tank shall not be less than one and one-half the total volume of the 
water holding tank or tanks.  
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APPENDIX B: CLIMATIC DESIGN DATA 

 
 
 

Climatic Design Data for some Nunavut communities are unlisted in the National Building Code. 
Climatic Data for these 15 communities are therefore included in this Appendix for reference.  
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APPENDIX C: AIR PERMEABILITY OF COMMON MATERIALS AND ASSEMBLIES 
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APPENDIX D: COMMUNITY EMERGENCY SHELTERS 

 
 
 
Definition  
 
Although commonly referred to as “community emergency shelters”, buildings intended for use by a 
community during a civil emergency should. In fact, be known as “reception” or “evacuation’ centres. For 
information about the Civil Emergency Measures Act, contact the Coordinator of Emergency Measures 
Organization, Department of Community and Government Services.  
 
Building Designation  
 

• There is no complete listing of designated buildings in communities in Nunavut; however, CGS is 
currently collecting this information. Regional Directors (CGS) should be contacted to confirm 
buildings are designated in each community.  

 

• The local authority determines which buildings in a community should be designated.  
 

• The Minister of CGS approves civil emergency plans submitted by the local authority (usually the 
municipal council).  

 
Building Requirements  
 

• The Department of Health and Social Services is responsible for operation of “reception” or 
“evacuation” centres.  

 

• There are no written requirements for designated community shelters: it is recommended, 
however, that auxiliary power generators be capable of operating the entire building. There is no 
special requirement to increase water storage.  
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APPENDIX E: STANDARD COLOUR AND IDENTIFICATION SCHEDULE - MECHANICAL SYSTEMS 

 
The following copy is provided for information.  

 

Community and Government Services  
 

STANDARD COLOUR AND IDENTIFICATION SCHEDULE 
      
 

FIRE PROTECTION PIPING  
 

 Fire Protection 
Water 

➔  

 Sprinkler ➔  

 Fire Dry Standpipe ➔  

 Carbon Dioxide ➔  

 Halon ➔  

 

MEDICAL GAS PIPING  
 

 Nitrogen ➔  

 Medical Air ➔  

 Medical Vacuum ➔  

 Nitrous Oxide ➔  

 Oxygen ➔  

 

FUEL AND GAS PIPING 
 

 Propane Gas ➔  

 Natural Gas ➔  

 Fuel Oil Supply ➔  

 Fuel Oil Return ➔  

 Fuel Oil Overflow   

 Gasoline ➔  

 Diesel Oil ➔  

 Chlorine ➔  

 

TANK FARM PIPING 
 

 Fuel Oil ➔  

 Gasoline ➔  

 JP- 4 ➔  

 AVGAS 100/130 ➔  

 

HAZARDOUS PIPING 
 

 Domestic Hot 
Water Supply 

➔  

 Domestic Hot 
Water Return 

  

 Glycol Supply ➔  

 Glycol Return   

 Glycol Feed   

 Boiler Blow Down ➔  

 Heating Water 
Supply 

➔  

 Heating Water 
Return 

➔  

 High Pressure 
Steam 

➔  

 Low Pressure 
Steam 

➔  

 High Pressure 
Condensate 

  

 Low Pressure 
Condensate 

  

 Cond. Pump 
Discharge 

➔  

 Waste Heat 
Recovery Supply 

➔  

 Waste Heat 
Recovery Return 

  

 

LOW HAZARD PIPING 

 
 Cold Water ➔  

 Raw Water ➔  

 Treated Water ➔  

 Circulating Water ➔  

 Backwash Water ➔  

 Make-up Water ➔  

 Drain Water ➔  

 Cooling Water ➔  

 Chilled Water 
Supply 

➔  

 Chilled Water 
Return 

  

 Condenser Water 
Supply 

➔  

 Condenser Water 
Return 

  

 Refrigerant Liquid ➔  

 Refrigerant Suction ➔  

 Low Pressure Air ➔  

 Plumbing Vent ➔  

 Roof Drain ➔  

 Sanitary Drain ➔  

 
 
 
 
 
 
 
 

COLOUR CLASSIFICATION 

 
 RED – 1 – GP – 12C – 509 

– 102 

 YELLOW – 1 – GP – 12 –
505 – 101 

 GREEN – 1 – GP – 12C – 
503 - 107  

 BLUE – 1 – GP – 12C202 - 
101  

 ORANGE – 1 – GP – 12C – 
508 - 101  

 GALWAY GREEN – 1 – GP 
– 12C – 503 - 111 

 

VALVE AND DAMPER 
FINDERS 

 
FIRE PROTECTIVE 
VALVES FIRE/SMOKE 
DAMPERS 

HVAC VALVES 
 

PLUMBING VALVES 
 

AIR VALVES PRESSURE 
REGULATORS 
 

MODULATING DAMPERS 
VAV BOXES 
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APPENDIX F: LIGHTING LEVELS BY ACTIVITY, BUILDING AREA OR TASK 

 
The principal source of recommended lighting levels is the current Illuminating Engineering Society (IES) 
Lighting Handbook. For tasks and activities not listed here, please refer to the following IES Lighting 
Handbooks. 
  
 
IES Recommended Practice Lighting for Hospitals and Health Care Facilities-ANSI/IESNA RP-29-06 
IES Recommended Practice for Sports and Recreational Area Lighting-IESNA RP-06-01 
IES Recommended Practice on Lighting for Educational Facilities-ANSI /IES RP-3-00 
IES American National Standard Practice for Office Lighting- ANSI/IESNA RP-1-04  
IES Design Criteria for Lighting Interior Living Spaces - IESNA RP-11-1995 
IES Lighting & Visual Environment for Senior Living - ANSI/IES RP-28-07 
IES/ASHRAE Advanced Energy Design Guide for K-12 School Buildings 
 
Illuminance levels are given in lux and as such are intended as target values with minor deviations (+/-
15%) expected. These target values also represent maintained values. In all cases the recommendations 
in the following table are based on the assumption that the lighting will be properly designed to take into 
account the visual characteristics of the task. 
 
Lighting Level Adjustment 
 
The light levels in the following pages are based on the assumptions that the worker's average age is 
under 40, the speed and/or accuracy of the task is not critical, and the reflectance of the task background 
is above 30% (greater than 70% in health centre operation areas, examination and treatment rooms). The 
sum of the weighting factors (see the IES Handbook) is between -1 and 1, and therefore the lighting 
levels in this table are appropriate. If there is a change in these assumptions, see the IES Handbook for 
guidance. 
 
Task Lighting 
 
The table lists light levels for specific tasks as well as location. In the cases where this task lighting level 
is very high, it is often impracticable and wasteful to light the entire room to the recommended value. The 
general lighting level for areas where tasks are regularly performed may be reduced, but not below a 
minimum of 200 lux. Supplementary lighting should then be used in combination with the general lighting 
to achieve proper illumination of the given task. 
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 Lighting Levels by Activity, Building Area or Task 
 
 

Activity, Building Area or Task Lighting 

Level (Lux) 

Activity, Building Area or Task Lighting 

Level (Lux) 

Airports  Curling (cont.)  

 Hangar apron  10  Recreational  

 Terminal building apron    Tees  200 

  Parking area  10   Rink  100 

  Loading area  20 Dance halls  75 

  (vertical illuminance)  Educational facilities  

Air terminal buildings   Classrooms  

 Baggage checking  300   General  400 

 Boarding area 150-300   Industrial arts shops  500 

 Concourse    Science laboratories  500 

  General  50  Libraries  

  Seating  150   Reading area  500 

 Ticket counters  300   Stack  300 

 Waiting room and lounge  150   Office  500 

Auditoriums   Corridor  150 

 Assembly  300  Offices  300 

 Social activity 50-75  Mechanical rooms  300 

Badminton   Washrooms  150 

 Tournament  500  Gymnasiums  300 

 Club  300  Storage rooms  300 

 Recreational  200  Stairwells  75 

Basketball   Computer rooms  300 

 College intramural and high   500  Science labs  500 

 school  Firehalls  300 

 Recreational (outdoor)  200 Garages  

Building (construction)   Parking only  55 

 General construction  100  Service repairs  750 

 Excavation work  20 Health care facilities  

Building exteriors   Corridors  

 Building surrounds  10   Nursing areas – day  

 Entrances    Nursing areas – night  

  Active pedestrian and/or    Dental suite  

  conveyance)    General  500 

   Day  100   Instrument tray  1 000 

   Night  50  Exam and treatment rooms  

 Inactive (locked, infrequent  use)  10   General  300 

Conference rooms    Local  1 000 

 Conferring (critical seeing,   300  Nursing stations  

 Refer to individual task)    General  

Curling     Day  500 

 Tournament     Night  100 

  Tees  1 000   Desk  500 

  Rink  750  Operating areas delivery, recovery  
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Activity, Building Area or Task Lighting 

Level (Lux) 

Activity, Building Area or Task Lighting 

Level (Lux) 

Health care facilities (Continued)  Reading  

 Patients’ rooms (good to high    Copied tasks  

 colour rendering capability should    Micro-fiche reader  75 

 be considered in these areas)    Xerograph  300 

  General (variable switching  100  Handwritten tasks  

  or dimming)    #2 pencil and softer leads  300 

  Critical examination  500   Ball point pen black  300 

  Observation  100   Red, green blue  400 

  Reading  300  Printed tasks  300 

  Toilets  300   8- and 10-point typeface  750 

  Stairways  150   Telephone books  300 

  Toilets  150   Typed originals  

  Utility Room  300 Residences  

 Waiting areas   General, conversation and   75 

  General  150  relaxation  

  Local for reading  300  Passage areas  75 

Hockey, ice (indoor)   Dining  75 

 Amateur hockey in NT (note   750  Ironing  200 

 amateur hockey in IES is 500 lux)   Kitchen Work  

 Recreational  500   Non-critical  150 

Libraries    Critical seeing  500 

 Reading and carrels   Laundry  200 

 Individual study areas (See   Reading  400 

 “Reading”)   Desk  

 Book stacks (vertical 760 mm     Primary task plane, casual  300 

 above floor)    Primary task plane, study  500 

 Active stacks  300 Schools (See “Educ. Facilities”)  

 Inactive stacks  75 Skating  

 Card files  750  Ice rink, indoor  200 

Locker rooms  50  Ice rink, outdoor  30 

 Showers  100 Stairways  150 

 Vanities  150 Tennis, table  

Offices   Club  300 

 General (see also “Reading”)  300  Recreational  100 

 Lobbies, lounges and reception  150 Volleyball  

 areas    Tournaments  500 

 Mail sorting  300  Recreational  300 

 Offset printing and duplicating  300 Warehouses  75 

 area    Inactive  150 

 Video display terminals (may need  150  Active  

 to shield or reorient task)    Rough, bulky items  300 

Parking    Small items  

 (Depends on activity level)  5-20 Washrooms  150 

Playgrounds  50   
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APPENDIX G: VISUAL IDENTITY STANDARD 
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APPENDIX H: MECHANICAL EQUIPMENT -STANDARD OF ACCEPTANCE 

 
The following equipment manufacturers are considered to be equivalent and acceptable for specification 
purposes, providing that they meet or exceed all capacity ratings, performances, efficiencies, etc., and 
that they are able to be integrated into the system design without exceeding space limitations, and 
providing that their substitution for the specified product does not result in changes to related equipment 
that would increase the cost or reduce the overall performance of the system.  
 

Mechanical Equipment Type Standard of Acceptance 

Acoustic Sealant Duro Dyne 

Air Handling Units Engineered Air, Trane, VanEE 

Air Curtains Enershield 

Air to Air Energy Recovery Equipment Venmar 

Automatic Air Vents Maid O’Mist, Amtrol 

Automatic Temperature Controls Honeywell, Johnson, Siemmens 

Boilers Weil McLain, Burnham, Veissmann 

Centrifugal Fire Pumps Armstrong Pumps 

Chimneys Slkirk, Metalbestos, Excel 

Circulating Pumps Grundfos 

Domestic Hot Water Heaters Areo, John Woods 

Domestic Water Holding Tank Equinox 

Drinking Fountains Haws, Elkay 

Expansion Tanks Amtrol, Hamlet 

Energy Management Controls System EMCS Honeywell 

Filters Farr Air, Fram, American Air 

Flexible Duct Connections Duro Dyne 

Fuel Oil Transfer Pumps Viking, Webster 

Grilles and Diffusers EH Price 

Heating Fluid Dowfrost HD Propylene glycol 

Hydronic Pumps Grundfos 
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Mechanical Equipment Type Standard of Acceptance 

Insulation Fiberglas Canada, Johns Manville, Knauf, 
Manson, Owens Corning, PlastFab 

Oil Burners Riello, Carlin, becket 

Outdoor/Exhaust Air Dampers Tamco, Westvent 

Plumbing Vent Arctic Vent 

Plumbing Fixtures and Trim Bradley Corporation, Kindred, Symmons 
Indutries 

Plumbing Fixtures (Washroom) Crane Plumbing Company, Kohler Company, 
Maxx Company, American Standard, Symmons 
Industries 

Radiant Heating and Cooling Panels Twa, Frenger Runtal 

Side Stream Filters Armteck 

Sprinkler Equipment Viking, Grinnel 

Tanks Clemmer, Westeel, Kingland, Granby 

Sewage Holding Tank Equinox 

Time Switches Paragon, Tork 

Thermometers Marsh, Taylor, Trerice 

Valves Crane, Kitz, Toyo, Red & White, Grinnels 
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APPENDIX I: SEISMIC DESIGN REQUIREMENTS 

 
For analysis of Earthquake Loads and Effects, with view to the National Building Code of Canada, obtain 
the applicable Spectral Acceleration Data for the Community from the link below: 
 

http://www.earthquakescanada.nrcan.gc.ca/hazard-alea/interpolat/index-en.php 

 

 

http://www.earthquakescanada.nrcan.gc.ca/hazard-alea/interpolat/index-en.php
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APPENDIX J: ELECTRICAL EQUIPMENT - STANDARD OF ACCEPTANCE 

 
The following equipment manufacturers are considered to be equivalent and acceptable for specification 
purposes, providing that they meet or exceed all capacity ratings, performances, efficiencies, etc., and 
that they are able to be integrated into the system design without exceeding space limitations, and 
providing that their substitution for the specified product does not result in changes to related equipment 
that would increase the cost or reduce the overall performance of the system. 
 

A. Electrical Equipment Type - Acceptable Product Manufacturer Standard 
 
Service Entrance Switchboards Eaton, Square D, Siemens Schneider 
(120/208V 3Ø 4W, 347/600V 3Ø 4W, 60 Hz) Electric 
Panel boards Schneider Electric, Eaton, Siemens 
Moulded Case Circuit Breakers Eaton, Square D, Schneider Electric, General 
Electric 
 
Wiring Devices 
Switches (commercial specification grade) Hubbell, Leviton, Pass & Seymour, Bryant, Arrow Hart 

Duplex/Single Receptacles Hubbell, Pass & Seymour, Bryant, Arrow Hart, 
Cooper  
(Industrial specification grade) 
Ground Fault Circuit Interrupters Hubbell, Leviton, Siemens, Eaton, Schneider 
Electric 
Lighting Control System devices Lutron Nova, Synergy, SIMPLY5, nLight 
(Occupancy, dimming & switching) 
 
Lighting Equipment General Electric, Philips, Cree, Cooper 
Interior lighting (lamps) Osram Sylvania, General Electric, Philips 
Exterior Lighting (high pressure sodium) General Electric, Philips, Cree, Lithonia Lighting 
Exit Signs & Emergency Lighting LED Lumacell, Emergi-Lite, Aim-Lite 
Intelligent Parking Lot Controller (IPLC) Vantera M210 complete with weatherproof cover 
(Smart parking stall power receptacle) 
Power Generation Kohler, Cummins, Caterpillar 
Automatic Transfer Switches Eaton, Thompson Technology 
Fire Alarm Systems (Addressable) Simplex, Edwards, Notifier 
Motor Control Centre Allen Bradley Canada, Eaton, Siemens 
Kitchen Appliances/Laundry Equipment KitchenAid, Whirlpool, Maytag, Inglis, Admiral 
"Energise" rated appliances) 
Disconnect Switches - Fused And Non-fused: Eaton,Siemens, Schneider 
Contactors: Eaton,Siemens, Schneider 
Motor Starters: Eaton,Siemens, Schneider 
Variable Frequency Motor Controllers: Allen Bradley,Eaton, Schneider 
Grounding: Erico,Thomas & Betts, OZ-Gedney 
Hangers and Supports for Electrical Systems: Erico,Thomas & Betts 
Splitters, Junction, Pull Boxes And Cabinets: Hoffman,Hammond, Ace 
Outlet Boxes, Conduit Boxes and Fittings: Thomas & Betts, OZ-Gedney,Wiremold 
Conduits, Conduit Fastenings and Conduit Fittings: IPEX,Thomas & Betts, OZ-Gedney 
Wireways and Auxiliary Gutters: Hoffman,Thomas & Betts 
Wire and Box Connectors: Hoffman,Thomas & Betts,OZ-Gedney 
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1. MANUFACTURER'S INSTRUCTIONS: Compliance with manufacturer's written recommendations or 
specifications including product technical data & bulletins, product catalog installation instructions, product carton 
handling, storage and installation instructions, and data sheets. 
 

2. QUALIFICATIONS ACCEPTABLE SUPPLIER/ MANUFACTURER: The System must have an office 
established for a minimum of five years with full in house technical Services & maintenance capabilities 
 

3. EQUIPMENT AND DEVICES: CSA/ULC/ULI listed, certified, labeled and supplied by single manufacturer 
 

4. SUPPORT SERVICES: Provide manufacturer/dealer advice, information and support services for 2 year 
 

5. UNIFORMITY OF MANUFACTURER should be maintained throughout the project 
 

6. WARRANTY: For all materials the warranty period shall be 12 months 

 
 



 

January 2020 Good Building Practices Guideline Third Edition 

 Appendix K Page 1 

APPENDIX K: GOVERNMENT OF NUNAVUT, ENERGY MODELLING GUIDELINES 
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1.0 Introduction 

The Government of Nunavut (GN) Energy Modelling Guidelines outline requirements of Energy 
Modelling for the purpose of showing compliance with ‘Performance Path’ as prescribed in the 
National Energy Code of Buildings (NECB) 2015 Part 8, for all new development projects initiated 
by GN. This document is not intended to be an exhaustive set of technical and administrative 
requirements or best practices for energy modelling, and these guidelines are to be used in 
addition to the applicable requirements for energy performance modelling as written in the NECB 
2015 Part 8. This document provides energy modelling guidelines for GN internal new 
development projects only and does not serve in any capacity as territorial guidelines for Nunavut. 
The main objectives of the Energy Modelling Guidelines are to: 
(a) Provide clarity on GN’s expectations pertaining to energy modelling while supplementing 

GN’s Good Building Practices Guideline; and, 

(b) Standardize Energy Modelling practice and reporting; 

Software limitations shall not limit the accuracy of energy modelling to show compliance with the 
NECB 2015; consultants are expected to overcome software limitations with appropriate 
engineering calculations. All other modelling inputs not discussed in these guidelines shall be 
based on good engineering practice. 
 

1.1. Acronyms used in this guideline 

SDSER – Schematic Design Stage Energy Report 
DDSER – Design Development Stage Energy Report 
HPCER – 100% Construction Energy Report 
GN – Government of Nunavut 
NECB – National Energy Code of Buildings 
 

2.0 Submission Requirements 

SDSER, DDSER and HPCER are required at Schematic Design stage1, Design Development 
stage1and at least 7 business days before 100% Construction design review stage1 respectively 
for new development. Although formal energy model simulation report is only required during 
three stages as mentioned but GN reserves the right to request changes to energy model to 
explore more energy efficiency during any phase of the design process, particularly during early 
stages. This shall be accomplished by adjusting energy simulation model created with requested 
changes and providing updated energy simulation results to GN design team. 
 

2.1. SDSER and DDSER Submission 

The SDSER is aligned with ‘Stage 1 – Schematic Design Phase’ while DDSER is aligned with ‘Stage 
2 – Design Development Phase’, as outlined in Design Review Stages and Submissions. Since every 
building design specific detail of various equipment may not be known at Schematic Design stage, 
Energy Modeller shall make assumptions based on prescriptive requirements of NECB 2015 

                                                      
 
1 To learn more about various design review stages, please refer to ‘Government of Nunavut Design Review Stages 
and Submissions’. 

https://gov.nu.ca/sites/default/files/good_building_practices_guideline.pdf
https://gov.nu.ca/sites/default/files/design_review.pdf
https://gov.nu.ca/sites/default/files/design_review.pdf
https://gov.nu.ca/sites/default/files/design_review.pdf
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wherever building system or part of a building system has not been fully specified. All assumptions 
around mechanical and electrical systems should be documented in the Mechanical and Electrical 
design briefs. 
 
Once SDSER has been submitted to and reviewed by GN, energy model should be updated based 
on feedback, if any, to be further carried forward to Design Development stage. 

 
Both DDSER and SDSER must report the summer and winter peak demand. The simulated 
summer peak demand and winter peak demand for the proposed design must not be greater 
than the simulated summer peak demand and winter peak demand for the reference 
building. 
 

2.1.1. Submission Requirements 

- Energy Modelling Report completed and signed by the energy modeller and licenced 

Architect, C.E.T., B.E.M.P., or Professional Engineer. 

- Electronic simulation files 

- Related supporting drawings and calculations 

- Presentation to GN for SDSER and DDSER submissions  

- Other documents as may be required 

2.2. HPCER Submission 

HPCER is aligned with ‘100% Construction Documents Submission’ stage and is essentially a fine-
tuned version of DDSER. This implies that DDSER serves as an input to FER. FER reflects the 
building’s final design including any changes made during ‘Stage 3 - Construction Document 
Phase’, as outlined in Design Review Stages and Submissions. FER should be submitted at ‘100% 
Construction Document Submission’ stage.  
 

2.2.1. Submission Requirements 

- Energy Modelling Report completed and signed by the energy modeller and licenced 

Architect, C.E.T., B.E.M.P., or Professional Engineer. 

- Electronic simulation files 

- Related supporting drawings and calculations 

- Modelling notes: General, Building Level, Plant Level, System Level, Occupancy and 

Minimum Outdoor Air Rates and Warnings, Errors and Troubleshooting 

- All external calculations (done outside of modelling software to support the model input) 

whether be done by hand or electronic. If applicable, calculation for model work-around, 

exceptional calculations, process energy savings, renewable energy systems, district energy 

systems, or other required calculations 

- Outdoor Air calculations spreadsheets 

https://gov.nu.ca/sites/default/files/design_review.pdf
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- Architectural, Mechanical and Electrical Drawings and Specifications (issued for 

construction) 

- Product cut-sheet(s) / spec sheet(s) 

- Other documents as may be required 

3.0 Acceptable Energy Modelling Software 

Energy mode should be completed using any of the following software: 

• eQUEST version 3.65 or higher 

• CAN-QUEST version 1.2 or higher2 

• Energy Plus 

3.1. Weather File 

Projects shall use the Canadian Weather year for Energy Calculation (CWEC) 2016 weather file. 
The weather files for NU are available online from Environment Canada here: 
https://drive.google.com/open?id=1aKY4sUCJbJ_LYu-jVW9dcPiU_B4FWXh0 
 

                                                      
 
2 Since CAN-QUEST performs proposed design modelled building comparison with NECB 2011, therefore energy 
modelling done using CAN-QUEST must demonstrate 10% less overall building energy use for proposed building. 

https://drive.google.com/open?id=1aKY4sUCJbJ_LYu-jVW9dcPiU_B4FWXh0
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APPENDIX L: NORTHERN INFRASTRUCTURE STANDARDIZATION INITIATIVE – OVERVIEW OF STANDARDS 

 

 
 

 
Item for Discussion: 

This document provides an overview of the Northern Infrastructure Standardization Initiative (NISI), as well 
as a brief synopsis of the standards and guidance documents developed through the program. 
 

Background on the Northern Infrastructure Standardization Initiative 

Canada’s north is on the frontline of climate change. As temperatures increase, the area is seeing more 
permafrost thaw, severe storms, precipitation, melting sea ice and coastal erosion. Adapting and repairing 
buildings in the north can create a heavy financial burden for communities. Northern communities need 
mechanisms to help them reduce infrastructure’s vulnerability to the impacts of climate change. 
As Canada’s national standardization body, SCC is helping to develop solutions and strategies that keep 
Canadians healthy and safe while also protecting the environment and economy. SCC is working with 
communities and experts from across northern Canada to support the development of standards that are 
effective in addressing climate change impacts to northern infrastructure design, planning and 
management. Each standard will help building owners and operators – as well as those responsible for 
public and community infrastructure – build and maintain infrastructure in a changing climate. 
The establishment of the Northern Advisory Committee (NAC) has been key to the success of NISI.  SCC 
works with the expertise of this committee in order to establish roadmaps and identify solutions. NISI 
standards and guidance documents are available online at no charge to Canadians.  

 

Available NISI Standards: 

What follows is an overview of each of the standards and the guidance document produced under NISI.   

 
CSA S500:14 - Thermosyphon foundations for buildings in permafrost regions 
This standard helps to ensure the ongoing stability of thermosyphon-supported foundations of new buildings 
constructed in regions of permafrost. It supports users by: (a) describing the life cycle of thermosyphon 
foundations (e.g., installation, monitoring, design, maintenance), (b) providing guidance on how to 
maximize the life-time of these systems, (c) specifying what materials should be used in thermosyphon 
foundations, and (d) describing performance expectations of thermosyphon foundations alongside 
monitoring and maintenance requirements that should be considered.  

Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=CAN%2FCSA-S500-14   

 
CSA S501:14 - Moderating the effects of permafrost degradation on existing building foundations 
This standard outlines the procedures to maintain, assess and mitigate permafrost loss to existing buildings. 
It supports users by: (a) outlining measures to maintain permafrost underneath or next to buildings, (b) 
providing structural assessment practices for areas impacted by changing permafrost, (c) describing steps 
to mitigate permafrost degradation, and (d) specifying monitoring and maintenance practices. 

Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=CAN%2FCSA-S501-14 

 

https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CAN%2FCSA-S500-14
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CAN%2FCSA-S500-14
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CAN%2FCSA-S501-14
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CAN%2FCSA-S501-14
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CSA S502:14 - Managing changing snow load risks for buildings in Canada’s north 
This standard describes safe snow removal methods from the rooftops of buildings in Canada’s North, and 
aims to reduce the risk of high snow loads to buildings and occupants. It supports users by describing: (a) 
maintenance procedures to reduce the impact of high snow loads on buildings, (b) practices to remove 
snow, and (c) assessment and monitoring practices to understand snow load risks on community 
infrastructure.  

Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=CAN%2FCSA-S502-14 

 
CSA S503:15 - Community drainage system planning, design, and maintenance in northern 
communities 
This standard provides guidance on planning, design, construction, rehabilitation and maintenance of 
drainage systems in Canada’s North. It supports users by: (a) outlining techniques to implement and plan 
community drainage systems that consider how the climate is changing, (b) promoting health and safety in 
Canada’s northern communities, (c) providing solutions that reflect local capacity and financial barriers, and 
(d) describing practices for community planning with the goal of conserving community infrastructure.  

Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=CAN%2FCSA-S503-15 

 
CSA S504:19 - Fire resilient planning for northern communities 
Many northern communities, particularly isolated communities, have limited resources to protect 
themselves against accidental wildfires (which are being compounded by climate change). This standard 
helps individuals plan for fire resilience by providing requirements for community planning, building design, 
appropriate materials for new designs, and more.  
 
Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=CSA%20S504%3A19 
 
CSA PLUS 4011:19 - Technical guide: Infrastructure in permafrost: A guideline for climate change 
adaptation 
This guideline is for decision makers working in permafrost regions, who have a role in planning, 
purchasing, developing, or operating community infrastructure. It assists non-technical experts by providing 
guidance and information on: (a) different foundation types for community infrastructure in permafrost, (b) 
a process to ensure that climate change is considered when siting and designing foundations, (c) climate 
change trends in the north, and (d) permafrost as an environmental variable that should be considered 
when designing infrastructure.  

Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=2703076 

 
CSA Plus 4011.1:19 - Technical guide: Design and construction considerations for foundations in 
permafrost regions 
This guideline accompanies CSA Plus 4011 and provides more detailed technical information on the 
attributes of the various foundation systems, selection criteria, ground conditions, and related issues that 
should be considered with building foundations in permafrost. The guideline is intended to assist 
developers, designers, the general public, and others understand the permafrost terrain of Canada, as well 
as the general selection process and choices for permafrost foundations and their limitations. 
 

https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CAN%2FCSA-S502-14
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CAN%2FCSA-S502-14
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CAN%2FCSA-S503-15
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CAN%2FCSA-S503-15
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CSA%20S504%3A19
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CSA%20S504%3A19
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=2703076
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=2703076
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Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=CSA%20PLUS%204011.1%3A19  
 
CSA W203:19 - Planning, design, operation and maintenance of wastewater treatment in northern 
communities using lagoon and wetland systems 
Most northern communities use lagoons to store wastewater for a significant portion of the year. This 
standard specifically addresses the planning, design, operation, and maintenance of intermittent/seasonal 
discharge lagoon and wetland systems that are most appropriate for use in Northern regions, where effluent 
discharge is either difficult or not possible in colder months. The standard helps communities with all the 
lifecycle phases of a wastewater system, from planning, designing, constructing, maintaining, and all the 
way to closure/remediation of wastewater facilities and wetlands. 
 
Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=CSA%20W203%3A19 
 
CSA W205:19 - Erosion and sedimentation management for northern community infrastructure 
Northern communities have seen increased ground erosion, which can lead to unstable foundations for 
nearby buildings. This standard applies to the management of erosion and sedimentation risks, including 
the evaluation, planning, design, implementation, monitoring, and maintenance of erosion and 
sedimentation risk management strategies and mitigation measures for new and existing infrastructure in 
northern communities. The standard provides steps to manage erosion and sedimentation risks in coastal 
and lakeshore environments, open-channel environments, and terrestrial environments.  
 
Website Link: 
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&ccl
cl=en_US&sku=CSA%20W205%3A19 
 
BNQ 2501:500 - Geotechnical site investigation for building foundations in permafrost zones 
This standard describes how to perform geotechnical site investigations so that the results can be used to 
design building foundations. It takes into consideration - in a risk management framework - the conditions 
at the building site including local and distinct permafrost characteristics, seasonal and inter-annual climate 
conditions, and projected climate conditions over what will be the service life of the building foundations. 

Website Link:  
https://www.bnq.qc.ca/en/standardization/civil-engineering-and-urban-infrastructure/geotechnical-site-
investigation-for-building-foundations-in-permafrost-zones.html  
 
NISI Standards Under Development 

What follows is an overview of the NISI standards that are under development.   

CSA S505:20 - Techniques for dealing with high winds and snow drifting as it pertains to northern 
infrastructure (available March 2020) 
Community members have noted that wind conditions have been changing as a result of the warming 
climate. This standard will provide guidance to building operators and owners when dealing with changing 
wind patterns and strengths, and their impacts on snow drifting. 
CSA - Solid waste sites in northern communities: from design to closure (available Fall 2020) 
Solid waste management in the North faces unique challenges given the geographic, climatic, 
transportation and resource differences between southern and northern Canada. This standard will help 
with the sustainable design, operation, and management of northern solid waste facilities, considering all 
phases of their life-cycles, and assessing current risks with respect to service life extension. 
BNQ 9701-500 - Risk-based approach to community planning in northern regions (available 2021) 
When determining the best places to build new community infrastructure, it is important to identify the 
hazards and vulnerabilities of potential construction areas, as well as the potential future climate risks.  This 
standard will help communities understand the pros and cons of developing infrastructure in different areas. 

https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CSA%20PLUS%204011.1%3A19
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CSA%20PLUS%204011.1%3A19
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CSA%20W203%3A19
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CSA%20W203%3A19
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CSA%20W205%3A19
https://store.csagroup.org/ccrz__ProductDetails?viewState=DetailView&cartID=&portalUser=&store=&cclcl=en_US&sku=CSA%20W205%3A19
https://www.bnq.qc.ca/en/standardization/civil-engineering-and-urban-infrastructure/geotechnical-site-investigation-for-building-foundations-in-permafrost-zones.html
https://www.bnq.qc.ca/en/standardization/civil-engineering-and-urban-infrastructure/geotechnical-site-investigation-for-building-foundations-in-permafrost-zones.html


NortherN  
INfrastructure  
staNdardIzatIoN  
INItIatIve

Northern Infrastructure Standardization Initiative 
(NISI) fosters the development of technical  
standards for sustainable, adaptive infrastructure 

design, construction and maintenance to address  
impacts from a changing climate (e.g. severe and  
erratic weather-related events, degrading permafrost), 
resulting in more resilient northern infrastructure.

The Standards Council of Canada, with support from 
Aboriginal Affairs and Northern Development Canada 
and with funding provided by the Government of  
Canada, is working with those on the front lines  
of Northern adaptation to ensure a protected,  
sustainable future for generations to come.

NIsI staNdards thermosyphon foundations 
for buildings in permafrost 
regions

Moderating the effects of 
Permafrost degradation  
on existing Building  
foundations

Managing changing snow 
Load risks for Buildings  
in canada’s North

community drainage  
system planning, design,  
and maintenance in  
northern communities

overvIew Thermosyphons are essentially a 
heat-transfer device, which draw heat  
out of the ground. The warmth of the 
ground causes the liquid contained in the 
thermosyphon tubes to evaporate into gas 
which then rises to the top of the tube, 
where the heat it carries is dissipated into 
the air; this cycle is continuous and auto-
matic.. Thermosyphon foundations help  
to preserve permafrost underneath critical 
infrastructure. 

Permafrost is ground (soil or rock) that  
remains at or below a temperature of 0oC 
for two or more consecutive years. The 
layer of material above the permafrost that 
thaws and refreezes annually is called the 
active layer. Permafrost degradation may 
cause the foundation of a building to  
become unstable.  

Snow overloading occurs when the  
weight of the snow on the roof of a  
building approaches or exceeds its  
original design capacity to withstand  
heavy snow conditions.  

Community drainage planning in the North 
is unique due to long periods of extremely 
low temperatures; exceptionally large and 
remote drainage basins; permafrost; small, 
isolated communities with low population 
density; and consideration for the social 
and cultural context of land use. 

ratIoNaLe  
for staNdard

•	 Increased	use	of	thermosyphons.	
•	 Recent	performance	failures
•	 No	publically	available	guidance,	 

set of best practices, or commonly  
accepted set of key principles for  
how to design, install, commission,  
or monitor thermosyphons foundation. 

•	 Need	to	understand	how	to	integrate	 
climate change information into the  
design of thermosyphon supported 
foundations.

•	 Increased	impacts	of	permafrost	 
degradation.

•	 Climate	change	will	further	contribute	 
to the degradation of permafrost,  
amplifying the destabilizing impact  
on building foundations. 

•	 Potential	major	losses	of	capital	 
investments and critical services.

•	 Improper	operations	and	maintenance	
practices can accelerate permafrost 
degradation. 

•	 Increased	snowfall,	and	changing	
snow-water equivalent and more winter 
rain events are resulting in heavier snow 
impacting snow load weight. 

•	 Increased	risks	to	the	health	and	safety	
of occupants from building roof failures.  

•	 More	attention	is	required	to	ensure	 
that snow loads are adequately  
incorporated into the design and  
maintenance of buildings. 

•	 Consideration	of	changing	climate	 
impacts for the lifespan of structures.

•	 Accelerated	degradation	of	northern	
community infrastructure due to ad-hoc 
development of community drainage 
planning; increased maintenance and 
replacement costs.

•	 Need	to	develop	and	implement	 
drainage plans that account for both 
site-level and community-wide  
snowmelt / ice melt / rainfall-induced 
runoff conditions.

•	 Runoff	events	can	contribute	to	the	loss	
of roads / bridges, and the degradation 
of permafrost. 

•	 No	generally	accepted	guidance	for	 
development and maintenance of  
northern community-wide drainage 
plans.

soLutIoNs Standardization will help ensure that  
thermosyphon foundations are sited,  
designed, installed, and monitored  
correctly, ensuring the long-term  
performance of thermosyphon-supported 
foundation systems under changing  
environmental conditions.

Engineering-based interventions can  
play important roles in moderating and  
remediating the impacts of permafrost  
degradation on building foundations;  
ensuring the building maintains its function 
and usefulness in communities.

Communities need a standardized  
protocol to establish ongoing practices  
to reduce snow overloading risks over 
the lifespan of the building, which include 
pre-season roof snow removal planning 
and building maintenance to reduce risks 
of collapse and extend the life of the roof.

As precipitation levels in various regions  
of the North continue to change, a new, 
comprehensive standard is expected to 
contribute to a needs-based toolkit for  
designing, building, and maintaining  
drainage systems, thereby helping to  
reduce the vulnerability of community  
infrastructure. 

Key eLeMeNts •	 Performance,	monitoring,	and	 
maintenance expectations.

•	 Materials	specifications.	
•	 Information	regarding	the	technology	

throughout its life cycle. 
•	 Guidance	to	maximize	the	long-term	 

viability under changing environmental 
conditions.

•	 Measures	to	maintain	permafrost	 
beneath	and	adjacent	to	existing	 
buildings or structures.

•	 Assessment	protocol.	
•	 Mitigation	techniques.	
•	 Guidance	on	long-term	performance	 

of foundation rehabilitation.

•	 Snow	overload	planning	and	 
maintenance procedures.

•	 Detection,	monitoring,	and	assessment	
of snow overloading risk for buildings.

•	 Guidance	on	snow	removal	from	 
roofs safety.

•	 Techniques	to	plan	for	and	implement	
community drainage systems. 

•	 Practices	for	site	and	community	 
planning to conserve community  
infrastructure. 

•	 Provide	implementable,	low	cost	 
respecting local constraints on  
capacity and resources.  

eNd users •			Owner	and	operators	(building	and	land)			•			Contractors			•			Design	professionals,	planners	and	reviewers			•			Engineers			•			Educators			•			Regulators			•			Inspectors 
•			Community	maintainers			•		Community	administrators
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Executive Summary  

The City of Iqaluit has engaged EXP Services Inc. (EXP) to develop a hydraulic model of the City’s water distribution 

network to gain a detailed understanding of the current system operations. Once calibrated, the model becomes an 

asset which can provide essential hydraulic and thermal information for a wide variety of analysis or investigation. 

The model becomes a vital tool for the City to conduct system troubleshooting, design planning, expansion or 

upgrading.  

Water for the City is supplied from Lake Geraldine to the Water Treatment Plant and stored in a nearby reservoir 

prior to being distributed into seven service loops or districts throughout Iqaluit. Two districts, Plateau and Road to 

Nowhere, are pressurized via separate booster stations. The remaining five districts, Federal Road, Lower Base, 

Uivvaq, Lower Iqaluit and Happy Valley, are supplied by gravity from the reservoir. The reservoir consists of two 

equal-size tanks with a combined capacity of 4.1 million litres. 

The objectives of the first project phase are to collect all the system data necessary required to develop a working 

model and a fully calibrated hydraulic & thermal model of Iqaluit’s water system. The purpose of this report is to 

provide details on the development of both models, summarize the results of the field-testing program, provide an 

interpretation of results, current system operation findings, and considerations for model calibration. 
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1 Introduction 

The City of Iqaluit engaged EXP Services Inc. (EXP) to develop a hydraulic model of the City’s water distribution 

network to gain a detailed understanding of the current system operations, and provide a tool for system 

troubleshooting, system expansion planning, system upgrade planning, as well as for the design of expansions and 

upgrades.  The water model will ultimately become an essential tool for a wide variety of planning and operational 

water distribution improvements.  

Water for the City is supplied from Lake Geraldine to the Water Treatment Plant and stored in a nearby reservoir 

prior to being distributed into seven service loops or districts. Two districts, Plateau and Road to Nowhere, are 

pressurized via separate booster stations. The remaining five districts, Federal Road, Lower Base, Uivvaq, Lower 

Iqaluit and Happy Valley, are supplied by gravity from the reservoir. The reservoir consists of two equal-size tanks 

with a combined capacity of 4.1 million litres. An overview of the water distribution system is provided in Figure 1. 

 

Figure 1 - City of Iqaluit Water Distribution System Overview 
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The objectives of the first phase was to collect all the system data necessary to develop a fully working and fully 

calibrated hydraulic and thermal model of Iqaluit’s water system. This report provides details on the development of 

both models, summarizes the results of the field-testing program, provides an interpretation of results, current 

system operation findings, and considerations for model calibration. Images of each of the seven water districts along 

with access vault and manhole numbering are provided in Appendix A. 

A second phase of the project is planned for applying the hydraulic model for developing water system improvements 

as well as plan for the identification and prioritization of needed improvements to the Iqaluit water system. 

 

2 Methodology 

2.1 Background Data Collection 

The first task undertaken was to gather and review all background information provided by the City including reports, 

guidelines, codes, regulations, maps, drawings, planning documents, flow tests and available measured data.  Of 

particular interest in the background information was the data being recorded by the systems SCADA system, which 

provides real time information on the systems operation.  A gap analysis was then undertaken to identify missing 

information required for development of the hydraulic model and communicated to all parties involved in the 

project.  The gap analysis identifying the missing information was issued in the progress report in November 2020.  

2.2 Hydraulic Model Development 

The hydraulic model was created in the AutoCAD version of Bentley WaterGEMS using the following drawings 

provided by the City of Iqaluit as reference: 

1. “MasterDrawing.dwg” dated May 27, 2019, and 

2. “Iqaluit - 2019 Overall Utility Atlas.dwg” dated October 9, 2021. 

Additional background layers were created and added to the model such as a satellite imagery for assisting with 

identifying locations and a contour map to provide elevation data for the model components and the topography of 

the City. 

2.2.1 Physical Attributes 

The pipe lengths throughout the hydraulic model were determined by scale from the 2019 Overall Utility Atlas 

drawing except for buildings such as the booster stations and reheat buildings. Record drawings were used at building 

locations to determine the piping layout, length, diameter, material and installation date. Physical attributes such as 

pipe diameter, material, and installation date were acquired using the Iqaluit Water Distribution Network schematics 

for each district which was previously prepared by EXP in 2018 as well as the 2011 Updated Annex 1 – Inventory of 

Watermains Access Vault and Recirculation lines. This information also provided the locations of valves as well as the 

intended operational status (i.e. open or closed).  

Elevations in the model throughout the distribution system were determined using a combination of extracted 

elevations from the contour mapping in the model as well as record drawings for water and sewer construction. 

Hazen Williams coefficients for calculating head loss through each pipe section were initially assigned according to 

standard published values for various pipe materials from the Material Library provided in the Bentley WaterGEMS 

software. These values represent new pipe conditions which reduce over time from the date of installation due to 

potential corrosion, tuberculation, biofilm, and scaling inside the pipe. Initial Hazen Williams head loss coefficients 

for the various pipe materials in the water model based on the Bentley WaterGEMS software defaults for brand new 

pipe are summarized in Table 1 below. 
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Table 1 - Hazen Williams head Loss Coefficient based on Pipe Material 

 Hazen Williams Head 
Loss Coefficient (C)  

Brand New Pipe 

Asbestos 
Cement 

140 

Copper 135 

Ductile Iron 
(DI) 

130 

Polyethylene 
(PE) 

150 

PVC 150 

Steel 140 

 

In addition, nominal pipe diameters are used throughout the hydraulic model as opposed to the actual inside 

diameter and minor losses attributed to fittings and valves are not explicitly defined. Common hydraulic modeling 

practice allows for adjustments to the Hazen Williams coefficients to account for the head loss attributed to these 

parameters as it dramatically reduces the level of effort required to define them throughout the entire hydraulic 

model.  

The Hazen Williams head loss coefficient values will be adjusted during calibration of the model to account for 

variations in nominal versus actual inside pipe diameter, fittings and pipe age based on comparisons of model 

predicted to collected field data. The unique service connections required in Iqaluit to provide freezing protection 

(i.e. two connections to the main and a recirculation pump) will increase the head loss throughout the system more 

than for similar systems in warmer climates. Therefore, lower Hazen Williams coefficients are expected for pipe 

materials in the Iqaluit system than for published estimates for pipes with similar age in southern geographic 

locations. 

2.2.2 Operational Parameters 

Operational parameters for the system such as pump curves, operating tank levels and operating setpoints were 

acquired through a variety of sources as follows: 

1. 2004 Process Operation and Maintenance Manual for the Iqaluit Water Treatment Plant with 2018 Updates, 

2. Record drawings for Boosters Stations No. 1 and 2, water treatment plant and reservoir, 

3. Shop drawings for Booster Stations No. 1 and 2 pumps and control valves, 

4. Site inspections from previous work in Iqaluit,   

5. Discussions with system operators, and 

6. SCADA data collection obtained in cooperation with the City’s SCADA consultant. 

2.2.3 Water Demand 

The allocation of user demands throughout the distribution system was based on the 2020 City of Iqaluit’s Estimated 

Sanitary Flow data spreadsheet prepared by EXP. The information from this flow data is considered a conservative 

assumption for domestic demand rates. The sanitary sheet also details the location throughout the network in which 

demands are imposed on the system. An overall assumption is that the average water supply throughout the City is 
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approximately equal to the sanitary flow collected. This approximation was used as metered data for users is not 

readily available for a consistent time period. The sanitary flow also includes fixed flows at constant bleed locations 

in the system which encourage flow to prevent freezing of the watermain or sewer system. Bleed locations were 

provided by the City and included within the system demands. The total estimated daily average flows based on the 

sanitary data is 5.25 ML/day (1,916,250 m³/year). 

Water demands in the model are based on average user consumption. In reality, water usage varies over time and 

generally follows a repeating 24-hour cycle called a diurnal demand pattern. Each municipality often has its own 

unique pattern based on time of day, climate, user types and usage patterns. The diurnal pattern is useful in the 

hydraulic model for identifying peak times of usage and fluctuations in flows and pressures throughout the system 

over time.  

SCADA data of the flows being discharged from the reservoir on June 11, 2021 were used to develop the diurnal 

pattern for the City of Iqaluit. The date was selected as a recent typical weekday without any large non-typical user 

demands such as flow testing or known system breaks. The discharge flow recorded in the SCADA system at 2-minute 

intervals was compared to the average discharge flow for that day to develop multipliers for the pattern. These usage 

trends were applied to all the user demands in the hydraulic model except for known fixed demands at bleed 

locations. The total measured average flow was 3.54 ML/day (extrapolated to 1,292,100 m³/year) on June 11, 2021.  

Historical data for raw water consumption for the City of Iqaluit is provided in Table 2 below. It was taken from the 

Water Audit memo by EXP dated May 29, 2018. 

Table 2 - Historical Raw Water Consumption 

Year Raw Water 
Consumption (m³/year) 

2012 871,670 

2013 930,360 

2014 990,140 

2015 1,088,690 

2016 1,249,150 

 

The historical consumption data indicates that the water usage measured on June 11, 2021 is likely more 

representative than the assumed values from the 2020 sanitary flow data which was expected to be conservative. 

Although historical trending in Table 1 indicates significant annual growth rates between 2012 and 2016, however, 

since this time the City has strived to reduce user consumption as well as system loss. Therefore, the user demands 

in the hydraulic model developed from sewer flows were adjusted by a factor of 67.0% (1,292,100 m³/year / 

1,916,250 m³/year) for 2021. 

The City provided a list of structures within the network which are imposing a water bleed to prevent system freezing.  

Water recirculation and heating are the preferred means of freeze protection, however certain systems 

configurations, such as piping dead ends require water bleeds to maintain constant flow through the watermain. 

Bleed locations are summarized in Table 3 below. It is our understanding all operational bleeds are coupled with a 

flowmeter to determine rates and quantities. The operational flow rates have not yet been received, and for model 

advancement a flow rate of 0.15L/s has been assumed at each bleed location. 
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Table 3 - Structure Locations for Bleeds 

Bleed List Provided by the City 

May 21, 2021 October 5, 2019 

AV629 AV620 

AV358 AV416 

AV235 AV235 

AV239 AV239 

AV240 AV240 

AV207 AV226 

MH41 AV271 

MH61 MH63A 

MH39 MH42 

MH74 MH73 

MH76 MH76 

MH48  

 

Considerations for the impact of COVID-19 restrictions are necessary to determine the City’s true average day usage 

and trending. For example, the effect of travel restrictions imposed in Nunavut have likely changed the City’s current 

water usage patterns. These trends shall be revisited later once a more typical average day condition is imposed. 

2.2.4 Field Calibration Plan 

A field execution plan was developed to gather system data for calibration of the hydraulic model via flow testing in 

all 7 districts of the system.  The flow testing plan was adjusted in consultation with the City of Iqaluit staff through 

four revisions as conducting fire flow testing at the desired locations was deemed unachievable. In general, this was 

due to the identification of broken or frozen hydrants which required repair.  The total number of hydrant flow tests 

recommended for the field calibration plan was 16. Locations and access vault/manhole numbers for the associated 

hydrants are provided in Figure 2. The results of the flow testing that has been completed to date are summarized in 

Appendix B.  
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Figure 2 - Hydrant Flow Test Locations 

 

Operational data retrieved through the SCADA system was also extracted for analysis. Instrument readings from 

within Booster Station No.1 and 2 (BS1 & BS2), which record pressure, temperature, and flow are essential for 

calibration as well as troubleshooting. Upon approval from the City, and working closely with the City’s SCADA 

consultant, data collection activities were expanded to include EXP read-only access to the City SCADA system to 

assist with defining critical operational parameters needed for model calibration.  

As noted above, the calibration plan relies heavily upon determining the appropriate Hazen Williams coefficient for 

each pipe. Although theoretical Hazen Williams Coefficient (C) value ranges are provided based on each pipe type, 

they don’t account for age and years in service as well as inside pipe diameter and system minor losses. 

Appurtenances such as valves (and disk status), bends, tees, service saddles, reducers, etc. have a considerable effect 

on performance especially under high flow conditions (i.e. fire flow). Therefore, the applicable C values will vary 

depending on the local system schematic and details. Estimates for C value ranges from calibration are based on 

typical published values for different pipe material, diameter, age and level of attack on the pipe which compensates 

for changes in internal pipe diameter. Internal pipe diameter can be affected by tuberculation, build up in the pipe 

or by ice formation in cold climates. Typical examples of Hazen Williams C values taken from the Advanced Water 

Distribution Modeling and Management text by Bentley Institute Press are provided in Appendix C for reference. 
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The planned calibration strategy started with the Plateau district to determine initial Hazen Williams coefficient 

values. This district was the ideal starting point because of the available instrumentation within Booster No.2 (BS2) 

and the simplicity of the district piping. The use of parameters and conditions which are verified/quantified through 

instruments from BS2 is preferred to the alternative of relying on assumptions regarding the City’s current system 

operation. The details of the physical infrastructure within the Plateau network are available in great detail, especially 

when compared to all other City districts. The level of detail incorporated within the model with respect to pump 

curves and on/off status, elevations, pipe age, pipe size, pipe length, bends, valves, etc. drastically reduces the margin 

of error due to assumptions. Through SCADA, data is available from BS2 on pressure, flow and temperature for both 

the supply and return piping entering/exiting BS2. Therefore, quantifying the difference between output and input 

parameters for both flow and pressure which influence the calculation of a C value reflective for the distribution 

system. The C values determined for Plateau would be considered as a high-end benchmark value when comparing 

to other districts simply based on the pipe age and years in service. Plateau is a network entirely composed of HDPE 

pipe which has been in service for approximately 10 years. This will be beneficial for comparison when analyzing 

other water districts which have larger information gaps coupled with a lack of available instrumentation to confirm 

operating conditions.  Relying on data from the Plateau network will enhance the accuracy of any assumptions 

necessary in the other districts throughout the City.  

The results of recent assignments in the Plateau network have confirmed the operation of various distribution system 

components, and it is believed that linear network is functioning as intended. The following parameters and 

characteristics of Plateau were desirable for initial validation of the calibration process. 

• Complete record drawing package with detailed information on elevation, pipe length, size, etc.. 

• Findings of the Plateau Water Audit completed in October 2020 revealed that the water within the network 

was well accounted for. This validates assumption of: 

o No major system leaks present 

o Flow paths and recirculation is occurring 

• The Plateau Network Valve exercising program was completed in November 2020 and all valves were fully 

exercised and to be left in the desired operational position.  

o All disks are fully open and not partially closed creating unnecessary head loss. 

o Network’s water flow path should be as design intended. 

• The energy grade line of the network is driven by newer pumps with known parameters. 

• Instruments within the station appear to be functioning appropriately. 

The goal for achieving an acceptable level of model calibration from field data is based on the calibration criteria 

recommended in the Advanced Water Distribution Modeling and Management text by Bentley Institute Press. It 

states that the model should predict the hydraulic grade line (HGL) to within 1.5 to 3 meters at calibration data points 

for a water system with pipe diameters of 600 mm and smaller during fire flow tests and to the accuracy of the 

elevation and pressure data during normal demands. 

It also recommends the model be able to reproduce water tank fluctuations to within 1 to 2 meters for extended 

period scenarios (EPS) and match water treatment plant and/or pump station flows to within 10 to 20 percent. These 

initial targets may be difficult to achieve due to the lack of instrumentation throughout the water network. Therefore, 

focusing on portions of Iqaluit’s network with instruments such as the Plateau district is desired to validate the 

calibration results.  Acceptable calibration may be achieved when the model is deemed to be a reasonable 

representation of the system when the cost of performing additional field tests exceeds the value of further 

calibration efforts.  
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2.3 Thermal Model Development 

2.3.1 Model Structure and Input 

The thermal model was created using Microsoft Excel spreadsheets for each of the water districts in Iqaluit. Heat loss 

calculations used in the thermal model development incorporate methods given in the Cold Climate Utilities Manual 

(1996). 

The thermal model has a “Master” spreadsheet where inputs are imported from the hydraulic model for the entire 

water distribution network during the critical low flow period where the system is most vulnerable to freezing. The 

spreadsheets for each individual water district are automatically populated with inputs from the “Master” 

spreadsheet, using the Excel VLOOKUP function. The data from the hydraulic model can be simply exported from the 

hydraulic model and pasted into the “Master” spreadsheet within the thermal model. The input hydraulic (flow) data 

required for each pipe segment to model the thermals of the water system are summarized as follows: 

• Pipe Label 

• Pipe Start Node 

• Pipe Stop Node 

• Pipe Diameter 

• Pipe Material 

• Pipe Length 

• Flow Rate in Pipe Segment 

The collection of information relating to the physical attributes of the pipes throughout the distribution network 

were described in the previous section on hydraulic model development.  

Flow rates of the circulating pumps at the re-heat stations is vital for the development of the thermal model for each 

district. The recirculation rates, together with the thermal capacity of the boilers, must be capable of adding sufficient 

tempered water to replace the heat loss within the distribution system. Adequate hydraulic capacity is required to 

ensure that water returns to the re-heat station prior to cooling below 5°C. Information on the existing circulation 

rates and boiler capacities of the re-heat stations was provided by the City.  

Another important input required for the thermal model analysis is the location and flow rate of existing bleeds 

within the distribution system. In certain water districts, due to phasing of development or condition of existing 

infrastructure, bleeds are utilized to maintain sufficient circulation during low flow periods to prevent watermains 

from freezing. For example, AV10 within Uivvaq or AV 210 within the Federal district. The City intended to provide 

the location and flowrates of all existing bleeds for thermal analysis of the existing network condition. The locations 

have been provided but flow rates are outstanding for the Phase 1 report. Without this information, the thermal 

model will estimate the minimum bleed flow rates required to mitigate the risk of freeze.  

2.3.2 Flow Scenario and Assumptions 

The flow scenario used for analysis in the thermal model is the assumed lowest flow period throughout the City’s 

diurnal consumption pattern. Trending data indicates this occurs around 3am daily and would be the period where 

the greatest heat loss occurs within the distribution network. This is due to minimal water demands and low flow 

rates throughout the network. The lower velocities through the pipes correspond to greater time and thus heat loss 

in the distribution system before the water returns to a re-heat station or to a water bleed location.   

Several assumptions are necessary for developing estimates on heat loss. Critical piping norms applied are: 

• All pipes are wrapped in 50-mm of polyurethane insulation. 
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•  The pipes are assumed to have no resistance to heat loss; only the insulation is assumed to provide any 

thermal resistance.  

• Outside pipe diameters were calculated based on schedule pipe sizes.  

• Service connections typically consist of 25-mm service and re-circulation lines installed inside a 100 mm 

insulated HDPE duct.  For heat loss estimates, the two lines were treated as a single 50-mm diameter pipe, 

20 m in length.  

• The total number of service connections was estimated using City mapping for each water district.  

On an annual basis, the ground temperature below the active layer in Iqaluit marginally varies, thus in theory pipes 

appropriately buried, are encased in a steady state temperature within permafrost. The ambient temperature 

selected for heat loss calculations in Iqaluit is –10°C.  The thermal conductivity (K) value of 0.024 W/m/°C was 

selected from the Cold Climate Utilities Manual (1996) for typical polyurethane insulation. Greater conductivity 

values are used to simulate insulation deterioration, based on the year of pipe installation. 

2.3.3 Thermal Model Calibration Plan 

The calibration plan for the thermal model was to rely on values obtained from existing instruments to validate the 

assumptions utilized for the unknowns within the heat loss calculations.  Therefore, starting with Plateau network 

and analyzing logged temperature depressions from Booster Station No.2’s (BS2) instruments.   BS2 actively logs the 

output (supply) as well as the input (return) temperatures from the Plateau distribution network.  Comparing these 

temperature depressions with output (supply) and input (return) flow rates enables the validation of assumptions 

used for heat loss calculation. Thus, with all the known details of the Plateau network the parameters assumed in 

the heat loss calculations would be appropriately adjusted to reflect the real time temperate readings; the thermal 

conductivity of polyurethane insulation (K) and ambient temperature surrounding the pipe. 

As noted above, Plateau is the desired benchmarking point as there is minimal gaps in information on the current 

distribution system parameters. Therefore, thermal values determined as part of the Plateau analysis would be 

considered as optimum values as the age of the materials (newer) and the construction practices applied, Plateau’s 

distribution piping is likely the most thermally efficient distribution district. For older parts of the City’s network, it is 

anticipated that factors such as increased insulation deterioration over time as well as shallower burial depths 

increasing exposure to lower ambient temperatures would further increase the rate of heat loss throughout those 

districts. Thus, applying scaled assumptions derived from the Plateau district’s results for heat loss could be used for 

reasonably estimating heat loss in other districts which lack instrumentation. 

The ultimate City-wide thermal model entirely relies on flow data from the hydraulic model. Therefore, calibration 

of the hydraulic model is required before the complete thermal model can be properly calibrated.   

3 Findings/Observations 

It is important to understand that interpreting the results of the data gathered in the field requires considerable 

assumptions around the wholistic system functionality. Validation of these assumptions will enhance the accuracy of 

the model during the calibration stage. Using data to calibrate a model which is schematically not representative of 

the field configuration is of no value to the application of the water model. Confirming the operational functionality 

of key infrastructure such as normally closed valves, Pressure Reducing Valves (PRV), pump status, system 

bleeds/demands, known frozen sections, etc. is essential when calibrating the system with the data collected. For 

example, the cause for unanticipated flow test results could be a function of a wide variety of variables such as pump 

failure/inefficiency, incorrect post design system modifications, or excessive system head loss caused by a partially 

closed valve. To collect additional information, the fire flow testing program was modified to include additional 

monitoring locations along the supply line. The City’s Public Works Department provided two resources to monitor 
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pressure or pump operation during the flow tests of critical infrastructure for further analysis and interpretation of 

the flow test result. 

3.1 Hydraulic Model Comparisons to SCADA Trends 

A comparison of the measured reservoir discharge flow from the SCADA system to the calculated reservoir discharge 

flow from the hydraulic model over a 24-hour period is shown in Figure 3. The measured flow data for the same 24-

hour period that was used to develop the diurnal pattern for the model was used in the comparison to evaluate the 

difference in actual versus predicted flow from the reservoir. The graphical illustration in Figure 3 indicates that the 

discharge flow in the model is predicted to be on average 0.1 ML/day lower than measured by the SCADA on that 

date during low demand time from 12 AM to 6AM. A possible explanation is that all the fixed flows from bleeds have 

not been accounted for in the model due to inaccurate flow data for operational bleeds or that the bleed rates are 

operating at significantly higher flow rates than assumed. There are also 16 peaks in flow which coincide with the 

truck fills at Booster Station No.1. The time, duration and flowrate for the truck fill consumption pattern was derived 

directly from the measured SCADA data. It indicated that each truck is filled at a rate of 73.6 L/s (1,167 USgpm) for 

approximately 3 minutes. It should be noted the BS1 station was designed to have truck fill operations flow at a rate 

of approximately 25 L/s.  

The measured and calculated reservoir levels for the same time period are shown in Figure 4. It indicates that the 

model predicts the initial filling of the reservoir at a similar rate as the measured data. However, the model predicts 

the reservoir will initially fill faster than the measured data and one extra fill cycle is required than measured. This is 

an indication that model user demands may be too high between approximately 12 am and 8 am. It is anticipated 

that the misalignment between model predicted and actual operational measurements of the tank level trends is a 

combination of these factors. Thus, incorporating unidentified system bleeds operating in the field coupled with 

modifications to the user demand pattern during that time period would improve the alignment of model calculated 

versus measured tank level trends. 

Figure 3 - SCADA Measured versus Model Calculated Reservoir Discharge Flow 
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Figure 4 - SCADA Measured versus Model Calculated Reservoir Level 

 

 

3.2 Field Tests 

A contractor (Narwhal Plumbing) was engaged to execute the field calibration plan throughout the Iqaluit water 

network. Upon reviewing the data of the first few flow tests in March 2021, there were concerns regarding the 

contractor’s results as all tests were significantly less than anticipated in both districts tested, which were Plateau 

and Federal Road. EXP was not present during the testing and had not previously worked with this contractor, thus 

there was concern for human error. A collective decision was made to pause flow testing until more favorable 

conditions (i.e. non-freezing). 

A summary of the fire flow test results is provided in Appendix B.  Test IDs 1-1, 2, 3-1 & 4-1 were conducted with flow 

testing equipment with a 1.5” flow nozzle which is significantly smaller than the traditional 2.5” port on the hydrant. 

The smaller diameter port exponentially reduces the flow experienced during a test and in turn reduces system head 

losses. Ideally flow tests impose greater system head changes as this enhances the accuracy when projecting system 

performance data. The contractor purchased new flow testing equipment which utilizes a 2.5” port for the remaining 

tests. 

As a means of quality control, the subsequent flow test was scheduled in the presence of EXP in June 2021. The test 

ID 10-1 was conducted at AV402 in Lower Iqaluit with the new 2.5” flow test kit and Narwhal’s test execution 

methodology was deemed appropriate. The flows calculated by the pressure observations during the tests could not 

be validated by other instruments due to the absence of a flowmeter in the Lower Iqaluit and Lower Base networks; 

the results were assumed to be correct. The contractor was instructed to advance the testing program, and re-do 

tests 1,2,3, & 4. The findings of the testing results are discussed below as part of each districts evaluation. 

3.2.1 Plateau District & Booster Station No. 2 – Hydraulic Findings 

It was assumed there were two potential causes for the poor flow test results experienced on March 8th, 2021 at 

test location ID 1 & 2 within the Plateau network. The first, the contractor did not properly complete the tests, or 

alternatively, the emergency pump within Booster Station No. 2 (BS2) did not engage during the tests. By collecting 
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and reviewing SCADA data from the period when the tests were completed, it was uncovered that the flow 

experienced during the tests at the hydrants was appropriate with the flows recorded through BS2’s flow meters. 

This also confirms the in-field test results and therefore procedure.  Data logged from within BS2 also confirmed the 

City’s emergency pump within BS2 did not automatically engage during the test conditions, and solely the booster 

and jockey pumps were operational for these results. This was immediately flagged to the City and it is EXP’s 

understanding this problem has been resolved. 

On July 19th,2021 test ID 1-1 was re-done at AV629 and recorded as test ID 1-2 in the Plateau district. Additionally, 

City staff were present at two locations, one at AV 624 to monitor the difference between static and residual pressure 

and secondly to ensure the engagement of the fire pump (P-305) within BS2. The contractor made an error in 

recording the pressures, however the information collected by the City during the test was of value. It was confirmed 

that the fire pump (P-305) automatically engaged and ran during the test. Review through SCADA of the flowmeter 

(FIT-312) immediately downstream of P-305 confirmed there was no discharge from the pump conveyed throughout 

the Plateau network. Reviewing the schematics, and logic control it was suggested the City investigate a solenoid & 

pressure control valve (SV 306 & PCV-306) pairing used for pressure relief downstream of the pump. Upon pump P-

305 start up, PCV-306 is in the open position, and after a period of time SV-306 is energized to close PCV-306 forcing 

all water through FIT 312 and out to the demand in the Plateau Network.  If high output pressures are experienced 

PCV-306 activates to relieve pressure build up. See Figure 5 below illustrating the suspected conditions experienced 

during the flow testing within the Plateau network, water was circulating within the Fire Pumps pressure relief system 

as SV306 & PCV-306 may not be functioning or set properly. 

Figure 5 - Schematic Water Flow from P-305 during Flow Test 

 

The City was also immediately notified, and it is our understanding the City is investigating and planning to repair the 

problem. Upon correction of the issues noted above, the fire flow testing in Plateau may be attempted again. The 

current test results at both locations within Plateau, ID 1 & 2 are not valid for model calibration. As an order of 

magnitude, available fire flows of roughly 100L/s to 150L/s are anticipated at these locations respectively. 

On Tuesday September 8th, EXP visited BS2 to attest to the current condition of the station. A fire hydrant was 

opened at AV 629, and the fire pump automatically engaged as a pressure drop occurred. It was observed that the 

solenoid valve indicator slid into the open position, but it did not appear the PCV closed. The station data recorded 

a consumption flow (domestic and flowing hydrant) of approximately 30 L/s during the event of which only 

approximately 5 L/s was recorded by flowmeter FIT 312 on the discharge piping of the fire pump. Additionally, 

pressure data logged during this event indicated that the pressure leaving the station was reduced by roughly 40psi 

during this flow event. Upon investigation and repair, all flow testing in Plateau will need to be repeated once the 

fire pump is discharging higher system flow rates.   
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3.2.2 Plateau District & Booster Station No. 2 – Thermal Findings 

Temperature data was collected from the SCADA system from the treated water storage discharge at the Water 

Treatment Plant and BS2. Upon review, several irregularities were identified which indicated that the system is not 

operating as intended, and ultimately the data could not be relied on to validate assumptions necessary for 

calibration of the thermal model. Figure 6 below presents the temperature data recorded from July 21st to July 28th, 

2021. The irregularities identified in the data are summarized as follows: 

• Water temperature leaving Booster BS2 are excessively high. The stations heating system is intended to 

operate and maintain a maximum output temperature setpoint of +/- 10oC.  

o Historical trending review from January 2020 indicated that excessive heat input was also occurring. 

o Heating beyond this point could pose a potential health risk, decrease residual chlorine 

concentrations, and is simply inefficient. Data collected in July of 2021 indicates that water 

temperatures during low flow periods had exceeded 25oC. 

o The City was immediately notified upon discovery, and it is our understanding that the boilers were 

temporarily deactivated, and the issue is under investigation/repair.  

• Temperature data also indicates minimal temperature depression is occurring between the supply and return 

flow of BS2 (i.e. average depression recorded is less than 0.5oC). 

• During low flow periods, water would leave the station and circulate the distribution loop in approximately 

6hrs based on anticipated velocities. There is no time delay in the trending data of output (supply) and input 

(return) flows throughout the day 

• The designed recirculation flow rate for the station was 4.5 L/s. Flowmeter FIT-310 trending indicates the 

system recirculation flow is operating continuously at 2 L/s.  

• Water temperature leaving the Water Treatment Plant (WTP) was increasing beyond the optimal maximum 

set point as well. 
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Figure 6 - BS2 Temperature Trending 

 

The recent temperature data reviewed suggests potential operational issues within the system which should be 

investigated further. The following comments are provided: 

• BS2’s heating equipment is continuously heating the water beyond the maximum set point of ±10oC. Further 

investigation is required to ensure logic control functionality, as well as equipment and glycol system 

operation/status.  

• A short circuit between the supply and return distribution mains is believed to be the cause for the lack of 

temperature depression between output (supply) and input (return) flows. A potential cause for this 

operational issue is a short circuit created within AV 601 from the Arctic College Expansion service 

connection. This is the first structure downstream of BS2. See Figure 7 below.  

o Water flowing in the supply main should be approximately 10oC, and the recirculation main would 

have cooled water returning to BS2 during periods of low flow periods at approximately 5oC for heat 

input. 

o Potential for the recirculation pump within the Arctic College expansion to blend warmer water from 

the supply piping and discharging into the cooler water returning to BS2 in the recirculation piping 

 All services supply and return piping needs to be connected to the same distribution main 

(supply or recirculation). 

o Repair is required; potential solution: extend service return main to laterolet on “Supply Main 

Leaving BS2” 
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Figure 7 – AV 601 Photo taken December 17, 2020 

 

3.2.3 Road to Nowhere District and Booster Station No. 1 (BS1) – Hydraulics 

Flow testing was conducted within the Road to Nowhere district on July 21st and 22nd. A total of 4 locations were 

tested throughout the network, with the City monitoring two additional locations for each test. During the tests, the 

fire pump did not engage automatically, and it required manual activation. Reviewing SCADA data from the 

instruments within BS1 during the test period, a comparison with the field results and data from within BS1 are 

provided below in Table 4. 

Table 4 - Summary of Road to Nowhere Results 

Flow Test 

ID # 
Date Time 

Pressure 

Hydrant 

Flow 

Hydrant 

Static 

Pressure 

(psi) 

Residual 

Pressure 

(psi) 

Flow 

Observed 

(L/s) 

Supply to 

BS1  

10-FIT-01 

(L/s) 

13 21-Jul-21 7:45am AV341 AV342 65 15 34 39 

14 21-Jul-21 8:15am AV329 AV331 80 50 73 74 

15 22-Jul-22 7:45am AV521 AV522 65 15 53 55 

16 22-Jul-22 8:15am AV507 AV509 48 0 30 32 

 

Comparing the field collected data and the results acquired through SCADA of the instruments within BS1 between 

July 21st and 28th, the following observations are noted:  
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• Flowmeter 20-FIT-01 appears out of service and not trending. The location is on the discharge piping of all 

booster and fire pumps. Therefore, the rate of water leaving BS1 supplying the Road to Nowhere users is 

unknown. 

• Flowmeter 10-FIT-01 is on the piping supplying water from the WTP into BS1 (i.e. suction side of all boosters 

and the fire pump). Data recorded through this flowmeter should equal the combined consumption 

throughout the Road to Nowhere network, the truck fill at BS1 and a portion of Happy Valley. This is 

presented above in Table 4. 

• Fire flow testing results are validated by BS1 instruments which recorded consumption flows during these 

testing events. 

• Supply leaving BS1 entering Road to Nowhere distribution piping steadily operates at 120 psi during domestic 

usage at the point of discharge. However, during the flow tests, the pressure gauge indicates pressures fall 

and remain below 100 psi for all tests. This indicates additional head is not being added into the system by 

P-105. 

• Upon awareness of the poor results, the City was notified of risks: 

o Reduced fire protection throughout distribution network. 

o Pressure readings recorded during flow testing were below 20psi and contamination potential. 

The results from all the flow tests downstream of BS1 are all considerably less than anticipated. The fire pump, P-105 

is set to operate at 160 L/s at 83m of total dynamic head.  All flow test results above will not be valid for calibration 

purposes. It is assumed there is an issue with the Pressure Relief Valve (20-PRV-01) that is not functioning properly 

within BS1. It is our understanding that the City is investigating and repairing. Upon completion, flow testing in the 

Road to Nowhere network will need to be completed again.  

3.2.4 Road to Nowhere, Lake, and Expansion Area District & Booster Station No. 1 – Thermal Findings 

Data was collected from the SCADA system for recent temperature readings from the treated water storage discharge 

and BS1. Upon review, several irregularities were identified which indicated that the system is not operating as 

intended, and ultimately the data could not be relied on for calibration of the thermal model. Figure 8 below presents 

the temperature data recorded from July 21st to July 28th, 2021. 
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Figure 8 - BS1 Temperature Trending 

 

The recent temperature data reviewed suggests potential operational issues within the system which should be 

investigated further. The following comments are provided: 

• There is no temperature depression between supply and return temperature readings; under normal 

operation, roughly a 5o depression would be anticipated. 

• As water temperature from the WTP’s storage’s reservoir increases throughout the period, BS1’s heating 

equipment continues to add heat beyond intended set points.  

• Temperature depression from the WTP storage reservoir discharge to the BS1 inlet appears appropriate. 

3.2.5 Federal Road – Hydraulic Findings 

As noted above the March 2021 flow test results in the Federal Road Loop, Test ID 3 and 4, were both significantly 

less than anticipated. Initially there was concern regarding the contractor’s ability to conduct the tests. Upon 

validating the methodology utilized in the Plateau test results, it was assumed that the contractor’s execution was 

likely appropriate, and the results experienced in early March 2021 through the 1.5” port were valid. The contractor 

did note that the flow from the hydrants was unstable during the tests. The cause of this system inconsistency is 

unknown and therefore, the contractor’s s results for Tests 3-1 and 4 along Federal road will not be considered for 

calibration. The City had also been notified of poor system performance results along the Federal Road near the 

airport during this period by others. As a means of validating these claims, the City performed additional flow testing 

at AV 4A through an experienced contractor. The City’s verification flow test results from May 2021 are included as 
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Test ID 3-2 and the results are as anticipated for this portion of the Federal Road network. Additionally, Test ID 4-2 

was re-done in July 2021 and the results are deemed appropriate. 

3.2.6 Lower Base & Lower Iqaluit – Hydraulic Findings 

Test ID  10-1, completed in June 2021, was in front of Northmart which is located on the theoretical main supply for 

the Lower Base district. These hydrants were recently tested in December 2020 by a different contractor and the 

June 2021 results were near identical. Additionally, the City provided recent test results from an adjacent upstream 

hydrant from February 2021, these results are displayed as Test ID 10-2. The data captured is interesting and requires 

further investigation to validate assumptions for several reasons: 

• The performance results at Test 10-1 were unable to provide the suggested, 3,600 L/min available fire flow 

for residential areas as defined Good Engineering Practice for Northern Water and Sewer Systems. However, 

the results at Test 10-2 (even though upstream of test site 10-1) were considerably better then 10-1 and the 

results exceeded these suggested values.  

• The difference in the flow values when comparing adjacent test sites, 10-1 and 10-2 is greater than 

anticipated. Based on the results from test site 10-2, the results at 10-1 (further downstream) should be 

greater than what was actually observed, therefore more head loss is occurring.  

o There is 150mm piping in service between these locations, the City’s current standard is a minimum 

of 200mm piping for all watermain distribution. Using the currently uncalibrated model, assuming 

flows of 50 L/s (792 USgpm), upsizing this piping from 150mm to 200mm would reduce the frictional 

losses and thus increase the residual pressure in the main by approximately 6 psi at this location. 

This in turn would provide greater available flows whilst maintaining a minimum of 20 psi. Under the 

conditions of Test 10-1, an order of magnitude estimate is roughly 10% greater flow rates. 

• It is possible that there are significant demands within Lower Iqaluit (bleeds, excessive users, breaks, leaks, 

etc.) which are not properly being imposed in the model. It is suggested that data from Sewage Lift Station 

No.2 (LS#2) be captured as a means of validating the Lower Iqaluit water demands since LS#2 only collects 

sewage from within Lower Iqaluit. It is our understanding that LS#2 is not connected to the City’s SCADA 

system and thus flow data is requested directly from the City.  

• The current version of the uncalibrated water model predicted significantly higher residual pressures when 

mirroring the max day plus fire flow conditions experienced during flow test 10-1 (i.e. demand of 50 L/s at 

AV 401). 

o This indicates a potential that the piping supply path may not be functioning as designed and 

additional unnecessary system loss is occurring. There is the possibility that water supplied during 

flow test at 10-1 flowed through a different path than the theoretically intended manner. The cause 

and route are currently not confirmed; however, it was suggested by EXP that further flow testing 

be done with additional pressure gauges strategically installed throughout the system. This would 

be to record residual pressures during the higher flow rates, as this would aid in determining the 

actual flow path. 

• Based on EXP’s recommendation, Test 10-3 was completed in August 2021 with additional pressure 

monitoring provided by the City to attempt to identify pressure drop locations in the supply main to the 

Lower Base district and potential causes of reduced available fire flow capacity at Northmart. 

o Test 10-3 results yielded flows of 58 L/s (3480 L/min) at AV402 in front of Northmart which is a 

considerable improvement over both Tests 10-1 and 10-2. The projected available fire flow at this 

location is 75 L/s (4500 L/min) with 20 psi residual which exceeds the 3,600 L/min available fire flow 

recommended for residential areas as defined Good Engineering Practice for Northern Water and 

Sewer Systems. 
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o Performance improvements in excess of 50% when comparing February and June values against late 

August 2021. It is believed this increase is attributed to the melting of ice built up within the pipe 

wall and thus reducing the head losses previously experienced. 

 The piping upstream is shallow buried, ductile iron pipe which utilizes first generation pipe 

insulation. Known recent freeze problems in the area. Project undertaken in the winter of 

2020 to repair frozen sections of piping at MH 8. 

 Review of trending data indicated that the water temperature leaving WTP increased by 

approximately 5o during late July. See figure 7 & 8 above. This event coupled with ground 

thaw conditions at that time aided in thawing of ice buildup along the inside of the pipe. 

 Formation of ice is not uniform in water flowing through pipes according to Gilpin (1977b; 

1979; 1981). It forms as cyclical ice bands in pipes with a tapered flow passage as shown in 

Figure 9 below.  

o Additional pressure monitoring during Test 10-3 indicated a pressure drop of 50 psi at Pt H. This is a 

considerable head loss in the system which supplies both the Lower Base and Lower Iqaluit districts 

and therefore directly impacts the level of service to each of those districts. This should be 

investigated further to determine if perhaps instrument readings or recorded pressures were 

incorrect or to identify the source of the head loss (i.e. partially closed valve or other restriction). 

This can be accomplished by repeating a flow test in this area and monitoring the pressure drop at 

this location and additional locations upstream to identify a section of piping where larger than 

anticipated or excessive head loss is occurring. 

 In conversations with City staff, it is our understanding that approximately 10 valves 

throughout the water distribution network were replaced in the fall of 2021. During these 

valve replacements, it was noted that a butterfly valve within AV 306 was in a partially closed 

position although it should have been fully opened. The extent (angle) of this closure is 

unknown but depending on the degree of disk closure, a considerable head loss would be 

created across the valve for any high flow rate required downstream. AV 306 is a critical 

structure that is close to the WTP and thus at the beginning of the distribution network, and 

therefore any excessive head loss at this location affects all downstream locations. 

Figure 9 – Ice Bands Formed During the Freezing of Flowing Pipe (from Gilpin, 1977b, 1979, 1981) 

 

Although the water distribution system near site 10 is now operating at a higher service performance capacity 

(particularly fire flows are 50% greater than prior), the improvements observed at this location in late August would 

also enhance flows to at all downstream testing locations as well. Therefore, the testing in Lower Base as well as 

Lower Iqaluit will need to be re-done as it is expected that the system can perform at a higher capacity then observed 

during prior flow testing. 
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3.2.7 Happy Valley Hydraulic Findings 

The fire flow testing results from test location 11 indicated the Happy Valley network was not functioning properly. 

During the flow test, the residual pressure in the watermain dropped to nearly 0psi. The City was immediately 

notified of the event and the concerns to fire protection and contamination risks. At this location, it was anticipated 

that the water distribution system would be capable of providing flows in the range of 60L/second.  These test results 

indicate a major obstruction(s) in the conveyance network along the flow path. Potential obstructions such as a valve 

which should be open, is set in a near fully closed position or a main line pipe is near completely frozen and operating 

at a drastically reduced diameter. Considering the additional information collected by the City during this test, 

additional findings can be made: 

• The obstruction of flow is likely present between MH 96 and AV 232, closed valve or frozen piping possible. 

• Based on the pressure readings, the flow experienced during the test was supplied from a PRV within AV 

223.  

The second flow testing site within the Happy Valley network was not advanced until the system is repaired and 

restored to an appropriate level of service. 

Reviewing old piping records, only certain drawings indicated the presence of a 200mm watermain piping connecting 

BS1 to MH 72. This piping would have been installed after the original design and installation of the Happy Valley 

network. The presence and operation of this buried (outside BS1) piping hydraulically interconnects Happy Valley 

with the Road to Nowhere district as well as the truck fill station at BS1. The operational status of this 200mm 

connection has a significant increase on the theoretical performance for the entire Happy Valley Network, it’s 

presence and the status needed to be confirmed for inclusion or exclusion from the model. Reviewing SCADA data 

from BS1 during the flow test conducted at location 11, indicated that this pipe is operational and conveying water 

to Happy Valley. See the figure 10 below illustrating the interconnection within Booster No. 1.  

Figure 100 – Happy Valley, Road to Nowhere, and Truck Fill shared supply watermain 
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3.3 Overall System Findings 

The hydraulic model can be further refined to closer reflect measured data by quantifying the fixed flow from bleeds 

during the low demand period between 12 AM and 6AM. As noted above, EXP has requested this information. 

For information purposes, the measured water temperature variation at the reservoir discharge location over the 

same 24-hour period has been provided in Figure 9. It indicates very little variation throughout the day and an 

average water temperature of 7.5 °C. This average water temperature will be useful for future heat loss calculations. 

Figure 111 - Reservoir Discharge Temperature 

 

As noted above, recent maintenance activities by the City discovered the presence of a butterfly valve located inside 

AV306 where the disc was seized in a partially closed/open position creating unnecessary head loss. The valve has 

been replaced therefore reducing head loss through this location. The system performance downstream, particularly 

during high flow events, would be negatively impacted to a degree dependent on the angle in which the disc was 

positioned relative to the distribution main. This is to highlight that there are likely other unnecessary head losses 

occurring throughout the network. 

4 Conclusions and Recommendations 

A working hydraulic model has been established for the City of Iqaluit water distribution system. However, an 

acceptable level of calibration of the hydraulic model has not been achievable as recommended by published 

guidelines due to issues with the collect of field test data. Issues were identified by comparing field test results to 

SCADA collected operational data. In particular, the following issues were identified as compromising field test data 

and require action by the City to resolve prior to the collection of further field data for calibration purposes. 

1. Ensure that the solenoid and pressure control valve (SV 306 & PCV-306) pairing downstream from the fire 

pump are operate properly and allow flow from the fire pump to supply flow to the Plateau district.  
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2. Investigate the operation of the heat addition system in Booster Station No.2 and recirculation system in the 

Plateau district. Repair as required to return to original design intent and maintain water temperatures 

within acceptable limits. 

3. Repair or replacement of flowmeter on the discharge piping from Booster Station No. 1 (20-FIT-01) to allow 

for measurement and trending of flows for solely the Road to Nowhere district. 

4. Ensure proper functioning of the fire pump in Booster Station No.1 (P-105) and pressure relief valve (20-PRV-

01). 

5. Investigate the operation of the heat addition system in Booster Station No.1 to determine why there is no 

temperature depression between supply and return temperature readings. 

In addition, bleed locations throughout the system were identified by the City but flow measurements have not been 

provided at each location. In the absence of this data, assumed flows are required to be simulated in the hydraulic 

model. Therefore, any available flow data at bleed locations will assist calibration efforts. Similarly, it is 

recommended that flow data from Sewage Lift Station No.2 (LS#2) be captured as a means of validating the Lower 

Iqaluit water demands since LS#2 only collects sewage from within Lower Iqaluit. Since it is not connected to the 

City’s SCADA system, flow data is requested directly from the City. 

The plan moving forward is to repeat flow tests in the Plateau district once operational issues in Booster Station No.2 

are resolved. The field results will be used to calibrate the Plateau district in the model since the physical attributes 

of the infrastructure as well as operational data are known in greater detail in this district compared to the remainder 

of the system. The Hazen Williams C values, which are a function of head losses throughout the piping network, 

determined for Plateau would be considered as a high-end benchmark when comparing to other districts simply 

based on the pipe age and years in service.  This can proceed with the resolution of item 1 noted in the above list.  

This report concludes Phase 1 of the project at this stage with the objective of a working model achieved, but a 

calibrated model not achieved because system operational issues need addressed prior to conducting further field 

flow tests required for model calibration. Phase 2 will resume model calibration in conjunction with the City’s efforts 

towards restoring and resolving the identified operational issues identified throughout the flow testing conducted in 

each district. 

Once acceptable calibration of the Plateau district is achieved, subsequent districts will be evaluated utilizing 

Plateau’s C values as a guideline for calibration or field troubleshooting. It is anticipated that the majority of the flow 

tests will need to be conducted again. Resolution of the outstanding items noted in the list above in addition to flow 

data requested will increase the likelihood of successfully calibrating the remaining water districts.  

Continuation of thermal modeling is dependent on flow data from the calibrated model along with the resolution of 

items 2 and 5 noted above. Therefore, thermal modeling will continue in Phase 2 as well.  
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District Plan Overviews 
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Appendix B – 

Flow Test Results to Date 



Test 

ID #

Used for 

Model 

Calibration

Date Time District
Pressure 

Hydrant

Flow 

Hydrant

Static 

Pressure 

(psi)

Residual 

Pressure 

(psi)

Pitot 

Pressure 

(psi)

Hydrant 

Coefficient

Port Size 

(inches)

Flow 

Observed 

(L/s)

Project Flow 

at Residual 

20psi (L/s)

Additional 

Monitoring
Static (psi)

Residual 

Presure (psi)

Additional 

Monitoring
Static (psi)

Residual 

Presure (psi)

1-1 No 8-Mar-21 8:00am Plateau AV 628 AV 629

1-2 No 20-Jul-21 8:00am Plateau AV 628 AV 629 AV 624 60 8 BS2
Fire Pump 

on?
Yes

2 No 8-Mar-21 8:30am Plateau AV 633 AV 634 132 66 48 0.9 1.5 26.4 35.2

3-1 No 8-Mar-21 8:05am Federal Road AV 2 AV 3 90 60 46 0.9 1.5 25.8 40.9

3-2 Yes 4-May-21 8:07am Federal Road AV 5A AV 4A 94 46 33 0.9 2.5 60.8 76.8

4-1 No 9-Mar-21 7:39am Federal Road AV 208 AV 212 102 41 31 0.9 1.5 21.2 24.9

4-2 Yes 19-Jul-21 7:45am Federal Road AV 208 AV 212 100 24 46 0.9 2.5 71.8 73.8 AV 213 110 60 AV 202 117 55

5 No 20-Jul-21 7:45am Lower Base AV 437 AV 438 113 15 16 0.9 2.5 42.3 41.2 AV 407 103 42 Pt A2 120 70

6 Yes 15-Jul-21 7:45am Uivvaq AV 52A AV 11 107 15 14 0.9 2.5 39.6 38.4

7 Yes 15-Jul-21 8:00am Uivvaq AV 445 AV 446 103 31 28 0.9 2.5 56 60.5

8 No 16-Jul-21 7:45am Lower Iqaluit MH 32B MH 32A 120 33 20 0.9 2.5 47.3 51 BLDG 222 120 60 MH 36 120 60

9 No 16-Jul-21 8:00am Lower Iqaluit AV 25A MH 36 115 43 22 0.9 2.5 49.7 57.7 BLDG 222 120 60 MH 38 120 60

10-1 No 2-Jun-21 8:00am Lower Iqaluit AV 401 AV 402 110 37 17 0.9 2.5 42.3 47.4

10-2 No 23-Feb-21 8:05am Lower Iqaluit PT A1 AV 401 107 39 27 0.9 2.5 55 62.8

10-3 Yes 19-Aug-21 8:00am Lower Iqaluit AV 401 AV 402 110 55 30 0.9 2.5 58 75.6 AV 407 108 42

11 No 20-Jul-21 7:45am Happy Valley AV 231 AV 232 67 0 8 0.9 2.5 30 25 AV 224 79 36 MH 70 62 58

12 No 20-Jul-21 8:15am Happy Valley MH 74 MH 90

13 No 21-Jul-21 7:45am Rd to Nowhere AV341 AV 342 65 15 10 0.9 2.5 33.5 31.5 Bstr #1 AV 347

14 No 21-Jul-21 8:15am Rd to Nowhere AV 329 AV 331 80 50 48 0.9 2.5 73.3 106.6 AV 503 AV 357

15 No 22-Jul-21 7:45am Rd to Nowhere AV 521 AV 522 65 15 25 0.9 2.5 52.9 50 AV 509 AV 347

16 No 22-Jul-21 8:15am Rd to Nowhere AV 507 AV 509 48 0 4 0.9 2.5 29.9 22.4 AV 512 AV 341

Not Received

Not Received

N/A

N/A

N/A

Manual Engagement of 

Pump (P-105) Required

N/A

Error in recording field data, additional monitoring results and SCADA data still of value for test

Contractor did not complete due to prior test

Hydrants frozen and inaccessible.

N/A

N/A

N/A

N/A

N/A
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SECTION A – TENDER CALL 

1. INTRODUCTION 

1.1 The City of Iqaluit Department of Public Works and Engineering (the City) is 
issuing a Request for Tender (RFT) for qualified Proponents to provide 
construction services as further outlined in this RFT document. The purpose and 
objective of this project is to insert description of project purpose and objective. 

2. BACKGROUND 

2.1 Location: 

Iqaluit is the capital of Nunavut and is located at the south end of Baffin Island, 
Frobisher Bay 64°31’N latitude and 68°31'W longitude. Access to Iqaluit is 
provided by regular scheduled commercial aircraft year-round, snowmobile trails 
from other Baffin Island communities in the winter, and sealift from the port of 
Montreal in the summer. 

2.2 Geology and Terrain: 

Iqaluit‘s location is above the tree line and within the continuous permafrost zone 
of Canada. The region generally consists of glacially scoured 
igneous/metamorphic terrain. In some locations, a thin layer of organic material is 
found. 

2.3 Climate: 

Iqaluit has an Arctic climate with January and July high and low mean 
temperatures of –21.5° C/ -29.7°C (high/low) and 11.4° C/3.7° C (high/low) 
respectively. The annual precipitation is made up of 19.2 cm of rainfall and 255.0 
cm of snowfall. The prevailing winds are northwest at 16.7 km/hr. 

3. TENDER CALL 

3.1 Proponents must submit their Tenders by electronic bid submission only, through 
MERX Canadian Public Tenders. MERX can be accessed via the following 
website link – https://www.merx.com/.  Tenders must address tenders to: 
 
City of Iqaluit 
Att: Sumon Ghosh 
Director of Engineering and Capital Planning 
901 Nunavut Drive, P.O. Box 460 
Iqaluit, Nunavut, X0A 0H0 
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3.2 Tenders are required to conform to the conditions below. For further instructions 
on how to submit an electronic bid through MERX, refer to the MERX Electronic 
Bid Supplier Guide, via the following link – 
https://marketing.merx.com/Support/EBSGuide.pdf. Alternatively, you can 
contact MERX customer service at 1-800-964-6379. 

3.3 Bidders must obtain a unique PIN number from MERX in order to upload 
electronic bid submission documents. It is important to keep this PIN number in a 
permanent location as it will be required each time you wish to submit a bid 
response to a call to tender.  

3.4 Electronic Tenders are to be received before [Month] [Day], [Year] – [time] PM 
EST local Iqaluit time. 

3.5 The final decision on whether to accept late Bids is at the City’s discretion. 

END OF SECTION 
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SECTION B – TENDER CONDITIONS 

1. SUBMISSION REQUIREMENTS 

1.1 The Tenderer shall complete all documents pertaining to this Contract in ink or in 
type.  

1.2 If the Tenderer is a corporation, an authorized officer of the corporation shall sign 
and seal  the Form of Tender.  

1.3 If the Tenderer is a partnership, a minimum of two partners shall sign the Form of 
Tender and signatures shall be witnessed.  

1.4 If the Tenderer is a sole proprietorship, the sole proprietor shall sign the Form of 
Tender and the signature shall be witnessed.  

1.5 The Tenderer shall submit its Tender by the date and time specified in Part I of 
the Tender.  

1.6 The Tenderer shall submit to the City in their complete bid submission: 

.i Completed Form of Tender Form, which includes: 
 

.a Appendix A – Consent of Surety. 

 

.b Appendix B – Cost Submission Form. 
 

.ii Bid bond. 

Failure to submit the required items identified in (ii) and (iii) may present a Major 
or Minor Irregularity on the bid. Refer to 1.7 and 1.8 on how Major and Minor 
Irregularities are to be addressed. The City shall be the sole judge of whether or 
not a Tender contains irregularities. 

1.7 Bidders will be automatically disqualified for any Major Irregularities on their bid 
submission. Major Irregularities are defined as deviations from the competitive 
procurement process request that affects the price, quality, quantity or delivery, 
and is material to the award. 

1.8 Tender irregularities that are Minor Irregularities will be handled in the first 
instance by conferring with the Tenderer to seek clarification. Minor Irregularities 
are defined as deviations from the competitive process request, which affects 
form, rather than substance. The effect on the price, quality, quantity or delivery 
is not material to the award. The bidder will be given the opportunity to adjust the 
irregularity and continue in the process. However, if an unsatisfactory irregularity 
remains after consulting with the Tenderer, the Tenderer may be disqualified. 
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1.9 The Tenderer shall submit electronic files through MERX for both their Security 
Deposit and Consent of Surety, alongside the electronic tender submission. 

1.10 The successful Tenderer shall submit to the City the following documents within 
five (5) business days of the day the City notifies the successful Tenderer that 
the documentation should be sent to the City.: 

 .i Valid City of Iqaluit Business License. 

 .ii Form of Tender forms, which include 

  .a Appendix C – Subcontractors List. 

  .b Appendix D – Equipment List. 

  .c Appendix E – Product Suppliers List. 

  .d Appendix F – Labour & Equipment Rates. 

2. INQUIRIES AND AMENDMENTS 

2.1 All inquiries concerning this RFT are to be directed by email only to: 
 

Jared Wright 
Colliers Project Leaders 
Email: jared.wright@colliersprojectleaders.com 
 
Jan Rawling 
Colliers Project Leaders 
Email: jan.rawling@colliersprojectleaders.com 

2.2 The deadline for submitting inquiries is [Month] [Day], [Year] – [time] PM EST 
local Iqaluit time. 

2.3 Written addendums issued as part of this RFT, in response to inquiries, will be 
posted publicly on the City’s website and on MERX. Verbal explanations or 
instructions will not be binding. 

2.4 Tenderers assume all risk of delivery of amendments.  Without limiting the 
foregoing, the City shall  not  be  held  liable  for  any  claim,  demand  or  other  
action  should  a  transmission  be interrupted, not received in its entirety, 
received after the Closing Time, received by another electronic means other than 
specified through MERX, or for any other reason over which the City does not 
have control. 
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3. SECURITY DEPOSIT  

3.1 Every submission shall be accompanied by a security deposit payable to the City 
of Iqaluit, in an amount not less than 10% of the total Tender amount. The 
security deposit shall be in the form of one of the two following security deposit 
options and shall be submitted with the tenderer’s electronic tender submission.:  

 

3.2 OPTION #1: A Digital Bid Bond 

 

.i Tenderers shall submit a copy of the Digital Bid Bond and follow the 

submission instructions as stated above in Section 1.9. 
 

.ii If Tenderer’s are using this option, the Tenderer and the Tenderer’s 

Surety should refer to the digital bonding information on Surety 

Association of Canada’s website. Information at this site includes: 
  

.a A list of third parties that provide online surety digital bond 

services, such as Mobile Bonds or Xenex. The City does not 

endorse or promote any third-party digital bond service provider. 
 

.b An Industry Checklist which digital bonds provided should meet. 

 

.iii The Digital Bid Bond shall be digitally verifiable. The results of the digital 
verification process shall provide a clear and immediate indication that the 

document received is the true document executed and that the content 

has not been changed or altered.  

 
.iv All instruction details for performing the digital verification of the bond 

should be included with the uploaded bond and be clear and concise. 

 

3.3 OPTION #2: Scanned Paper Bid Bond / Certified Cheque, Bank Draft, Money 

Order (PDF Format) 
  

.i Tenderer’s shall scan and attach a copy of the paper Bid Bond, Certified 

Cheque, Bank Draft or Money Order and follow the submission 

instructions as stated above in 1.9. Tenderer’s will be required to provide 
to the City the original Bid Bond, Certified Cheques, Bank Draft, and/or 

Money Order that were scanned and attached with the tender submission 

within 72 hours of tender close. Failure to provide the above original 

document(s) or to enter into a contract may result in the tenderer being 
barred from future tender opportunities for the City of Iqaluit for an 

indeterminate period of time. 
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.ii If an alternative Bid Bond is used, it is recommended that tenderer’s 

request either an ink seal from their Surety or that they trace over the 
embossed seal prior to scanning to allow for the seal to be visible to the 

City. 

3.4 Bid bonds shall be in the name of the City of Iqaluit as oblige and signed and 
sealed by the Tenderer and by a surety licensed to conduct business as a surety 
in Nunavut.3.5 The City shall not pay interest on security deposits. 

3.6 Bid bonds shall be Bid Bond Form CCDC Document No. 220, latest edition, 
effective until sixty (60) business days after the Closing Date. 

3.7 Security deposits will be returned after delivery to the City of the required 
performance bond and labour and material payment bond by the successful 
Tenderer. 

3.8 If the Contract is not awarded, all security deposits will be returned with 
reasonable promptness after such decision is made by the City. 

3.9 After all executed contracts and bonds are received, and the contract award is 
made, the successful tenderer and the contract value will be posted on the 
MERX website. After contract award, the bid deposit of the successful tenderer 
and all tenderers shall be null and void. 

4. CONSENT OF SURETY 

4.1 Tenderers must submit with the Bid and Bid Bond, a “Consent of Surety,” stating 
that the surety is willing to supply the performance bond and labour and material 
payment bond as specified. 

4.2 A “Consent of Surety” shall be in one of the two following options and shall be 
submitted with the Tenderer’s submission and as instructed above in 1.9. 

 .i The City’s “Consent of Surety” Form provided in Appendix A. 

ii. Other “Consent of Surety” Form used by a Surety company and 
authorized by law to do business in the Territory of Nunavut, and 
acceptable to the City. 

5. PERFORMANCE ASSURANCE  

5.1 The accepted Bid shall provide security (by way of bonds or a security deposit) 
as stated in the Contract Documents. 

5.2 The cost of all security shall be included in the Tender prices. 
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6. ORDER OF PRECEDENCE 

6.1 The following order of precedence will apply: 
 

Order of Precedence 
Issued Addenda 
SERVICE AGREEMENT  
PROCUREMENT AND CONTRACT REQUIREMENTS  
SUPPLEMENTAL CONDITIONS 
GENERAL CONDITIONS 
GENERAL REQUIREMENTS  
TERMS OF REFERENCE/ SPECIFICATION 
DRAWINGS 

7. TERMS AND CONDITIONS 

7.1 Submission of a Bid constitutes acknowledgement that the Tenderer has read 
and agrees to be bound by all the terms and conditions of this RFT. 

7.2 The City will not make any payments for the preparation of a response to this 
RFT. All costs incurred by a Tenderer will be borne by the Tenderer. 

7.3 This is not an offer. The City does not, by virtue of this Tender call, commit to an 
award of a Bid, nor does it limit itself to accepting the lowest price or any Bid 
submitted, but reserves the right to award this Bid in any manner deemed to be 
in the City’s best interest. 

7.4 Tenderers may amend their Bid at any time prior to the closing date time. 
Tenderers may not amend their Bid after the closing date time. 

7.5 The City has the right to cancel this RFT at any time and to reissue it for any 
reason whatsoever, without incurring any liability and no Tenderer will have any 
claim against the City as a result of the cancellation or reissuing of the RFT. 

7.6 The City will not consider any Bid that is delivered to any address or in any 
manner other than that provided in Part I Tender Call of this RFT. 

7.7 If a contract is to be awarded as a result of this RFT, it will be awarded to the 
Tenderer whose Bid for each service, in the City’s opinion, provides the best 
potential value to the City and is capable in all respects to perform fully the 
contract requirements and has the integrity and reliability to assure performance 
of the contract obligations. 
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7.8 If the City decides to award a contract based on a submission received in 
response to this RFT, the Successful Tenderer(s) will be notified of the intent to 
award in writing, and the subsequent execution of a written agreement shall 
constitute the making of a Contract.  Tenderers will not acquire any legal or 
equitable rights or privileges whatsoever until a Contract is signed by both 
parties.  

7.9 Any resulting contract will be in the form of the City’s standard “City of Iqaluit 
Services Agreement” and it will contain the relevant provisions of this Request for 
Tenders, the accepted bid as well as such other terms as may be mutually 
agreed upon, whether arising from the accepted bid or as a result of any 
negotiations prior or subsequent thereto. The City reserves the right to negotiate 
modifications with any Tenderer who has submitted a Bid. 

7.10 A copy of the Services Agreement is included in RFT. 

7.11 Any amendment made by the City to the Request for Tender will be issued in 
writing and posted onto the bidding platform in accordance with Section 2.   

7.12 The Bid and accompanying documentation submitted by the Tenderers are the 
property of the City and will not be returned. Bid bonds will be returned to all 
unsuccessful Tenderers. 

7.13 Tenderers must acknowledge receipt of any addenda issued by the City in their 
Bid on the Section C – Form of Tender document. 

7.14 Tenderers shall disclose in their Bid any actual or potential conflicts of interest 
and/or existing business relationships it may have with the City, its elected or 
appointed officials or employees.  The City may rely on such disclosure. 

7.15 Tenderers and their agents will not contact any member of the City Council, City 
Staff or City Consultants with respect to this RFT, other than the City 
Representative named in Part I Tender Call, at any time prior to the award of a 
contract or the cancellation of this RFT. 

7.16 If an arithmetical error is identified in the submitted Bid between any individual 
price and the price extension (e.g. Unit Price x Quantity of Units), the individual 
price shall govern. The price extension and the total Bid amount will be corrected 
accordingly. 

7.17 For contracts that include multi-phased work which spans more than the current 
fiscal year, authorization to proceed with work phases that are to be completed in 
future years is conditional upon approval of capital spending by the City of Iqaluit 
Council for each future year. Contracts will only be executed for work that has 
approved funding under the current fiscal budget. 
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8. VALIDITY OF OFFER  

8.1 Bids shall remain open for acceptance for a period of not less than sixty (60) 
business days from the closing date of this RFT. 

9. TENDER INELIGIBILITY 

9.1 Bids that are unsigned, improperly executed, submitted to a location or in a 
manner other than specified in this RFT, incomplete, conditional, illegible, 
obscure or contain arithmetical errors, additions not called for, reservations, 
qualifications, erasures, alterations, or irregularities of any kind, or which are 
otherwise not completed or submitted in strict compliance with the Instructions to 
Tenderers, may be rejected by the City whether they constitute as a Major or 
Minor Irregularity. 

9.2 Notwithstanding anything to the contrary herein, the City may in its sole 
discretion elect to retain any such Bid for consideration and may waive any or all 
of the foregoing, on such terms or conditions as the City may consider 
appropriate, even if any of the foregoing would otherwise render the Bid null and 
void and the Bid may be considered in the same manner as Bids that fully 
conform to the requirements of the Tender Documents without qualification. 

10. REVIEW AND ACCEPTANCE OF BID 

10.1 Upon receipt of the Bids, the City in its discretion may elect to conduct a post 
tender meeting with one or more Tenderers to discuss in detail their respective 
bid submission and such other items as the City may consider appropriate or 
necessary without invalidating the procurement process. 

10.2 Before award of the Contract, the Tenderer may be required to provide specific 
information with respect to its legal and or financial status. 

10.3 THE LOWEST OR ANY TENDER WILL NOT NECESSARILY BE ACCEPTED. 

10.4 Notwithstanding any custom of the trade to the contrary, the City reserves the 
right to reject the lowest Bid, even if the lowest Bid is a compliant Bid, accept any 
Bid or part thereof, negotiate any aspect of any Bid, advertise for new Bids, 
negotiate a contract as the City deems to be most advantageous to the City’s 
interest without incurring any liability, and to award a contract to whomever the 
City in its sole and absolute discretion deems appropriate and solely in the best 
interest of the City and no Tenderer will have any claim against the City as a 
consequence.  Unless required otherwise, the City shall not, at any time, be 
required to disclose any information to the Tenderers regarding the City’s 
consideration and evaluation of Bids. 
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10.5 Following acceptance by the City, a written Notice of Award will be issued to the 
successful Tenderer.  If the Tenderer fails for any reason to execute and return 
the Articles of Agreement within seven (7) working days of receipt for signature of 
the Articles of Agreement from the City, or fails to provide the performance bond 
and labour and material bond or other security deposit stipulated in GC 11 or to 
satisfy such other terms and conditions specified hereunder within any period 
specified, or such extension of time as may be granted by the City, then the City 
reserves the right to terminate the Tenderer’s right to complete the Contract and 
to award the Contract to whomever the City considers appropriate. The bid bond 
shall forthwith become payable. 

10.6 The City shall not be obligated in any manner to the successful Tenderer 
whatsoever until the Contract has been awarded and the Contract has been duly 
executed by the parties. 

10.7 If the City receives no Bids satisfactory to the City in its sole discretion, the City 
reserves the right in its sole discretion to negotiate a contract for the whole or any 
part of the Work with any one or more persons whatsoever, including any one or 
more of the Tenderers, or to postpone or cancel this Bid and then issue a new 
tender, or to cancel or postpone some or all of the Work. 

10.8 The City shall not, under any circumstances, be responsible for any costs, 
expenses, loss, damage or liabilities, whether direct, indirect, consequential or 
economic in nature, incurred by a Tenderer as a result of, in connection with or 
incidental to: 

 

.i The tendering of the work; 
 

.ii Costs incurred for the preparation of this Bid; 

 

.iii The acceptance or rejection of any Bid; or 
 

.iv The exercise by the City of its rights under this RFT. 

10.9 By participation in the tendering process, the Tenderer on its own behalf and on 
behalf of all firms, corporations and individuals comprising the Tenderer, agrees 
that none of the City or its directors, officers, employees, agents and other 
representatives shall by liable to any Tenderer, or any firm, corporation or 
individual comprising the Tenderer, including in contract, tort, statutory duty, duty 
of fairness, duty of care, law, equity or otherwise, for any claims, direct or 
indirect, whether for costs, expenses, losses or damages, or loss of anticipated 
profits, or for any matter whatsoever, incurred in preparing and submitting a Bid, 
or negotiations of a Contract, or in any way arising in connection with the Bid 
Documents. 
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The Tenderer further agrees on its own behalf and on behalf of all firms, 
corporations and individuals comprising the Tenderer, that the award of the 
Contract is in the sole discretion of the City and in no event shall the Tenderer or 
any firms, corporations or individuals comprising the Tenderer seek injunctive or 
other relief to prevent or delay the award of the Contract or the performance of 
any Work or services in relation thereto. 

11. UNBALANCED TENDERS 

11.1 The Tenderer shall not submit an unbalanced Tender. 

11.2 The City shall have the right to: 
 

.i Deem a Tender to be unbalanced; and 

 

.ii Reject a Tender which may be, in its opinion, unbalanced. 

12. COLLUSION 

12.1 The Tenderer shall not engage in collusion of any sort and, in particular, shall: 
 

.i Ensure that no person or other legal entity, other than the  

Tenderer, has any undisclosed interest in the Tenderer’s Tender; and 

 
.ii Prepare its Tender without any knowledge of, comparison of figures with 

or arrangement with any other person or firm preparing a Tender for the 

same work. 

13. RIGHT TO ACCEPT OR REJECT TENDERS 

13.1 Notwithstanding any other provision in this Contract, the City shall have the right 
to: 

 

.i Accept any Tender; 
 

.ii Reject any Tender; and 

 

.iii Reject all Tenders. 

13.2 Without limiting the generality of 13.1, the City shall have the right to: 
 

.i Accept an irregular Tender; 
 

.ii Accept a Tender which is not the lowest Tender; and 

 

.iii Reject a Tender even if it is the only Tender received by the City. 
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13.3 Acceptance of the Tender shall occur at the time the City awards the Tender and 
not necessarily at the time the award is communicated to the successful 
Tenderer. 

14. CONTRACT DOCUMENTS 

14.1 The Tenderer shall obtain and review all Contract Documents as listed in the 
Form of Tender and all Addenda issued by the City pertaining to this Contract. 

15. COMMENCEMENT AND COMPLETION OF WORK 

15.1 The Tenderer, in submitting the Bid, agrees that the Tenderer can complete the 
Work by the date for completion stated in the Tender Form. 

16. OMISSIONS, DISCREPANCIES AND INTERPRETATIONS 

16.1 Tenderers finding discrepancies or omissions in the drawings or terms of 
reference or having doubt as to the meaning or intent thereof, shall at once notify 
the Purchasing Coordinator who will, if necessary, send written instructions or 
explanations to all Tenderers. 

16.2 Oral interpretations made to any Tenderer shall not affect a modification of any 
provision of the Tender Documents. Only addenda written and issued by the City 
can be considered. 

16.3 The City reserves the right in its sole discretion at any time, and for whatever 
reason to, by Addendum, modify, amend or otherwise change the Tender 
Documents. Any such Addendum shall be issued in writing and shall be 
expressly identified as an Addendum to these Tender Documents.  All such 
changes shall become part of the Tender Documents and their effects shall be 
reflected in the Tender prices.  The City also reserves the right in its sole 
discretion to cancel this Tender at any time. 

17. IRREVOCABILITY OF OFFER 

17.1 The Tenderer shall not revoke its offer until after the expiration of sixty (60) 
business days after the opening of Tenders by the City. 

17.2 If the Tenderer revokes its offer prior to the expiration of sixty (60) business days 
after the Tender opening, the Tenderer shall forfeit its Tender security deposit, 
but this shall not prohibit the City from pursuing and other legal remedy which it 
may have. 
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18. ALTERNATIVES & EQUALS 

18.1 Where requested in this RFT, Tenderers may propose alternatives or equals to 
the stated scope of work. In case alternate or equals are requested in this RFT, 
the following will apply: 

.i Where the Tender Documents stipulate a particular product, alternatives 
or equals will be considered by the City up to ten (10) calendar days prior 
to the Closing Time. 

.ii When a request to substitute an allegedly equal product is made to the 
City, the City may approve the substitution either as an equal or as an 
alternative and will issue an Addendum to all Tenderers.  If a product is 
approved as equal, all Tenderers may use that product in place of the 
specified product.   If the product is approved as an alternative, Tenderers 
shall base their prices upon the specified product and shall indicate in the 
Bid the change in price which will apply if use of the alternative product is 
allowed. 

.iii In their submission of alternatives to products specified, Tenderers shall 
include and allow for any changes required in the Work to accommodate 
such alternative products.  A later claim by the Contractor for an addition 
to the Contract Price because of changes in the Work necessitated by 
use of alternative products shall not be considered. 

.iv Where selected products are stipulated in the Tender Documents the Bid 
shall be based on the use of only these selected products. 

.v Bids with alternative products will not be considered, unless the 
alternative has been approved by the City and communicated to the 
Bidders through an Addendum as noted in 18.1(ii). Bids with alternatives 
that have not been approved by the City will be deemed non-compliant.   

.vi Submissions shall provide sufficient information to enable the City to 
determine the acceptability of such products. 

.vii Provide complete information on required revisions to other work and 
products to accommodate each alternative product, and the amount of 
addition or reduction from Tender prices, including required revisions, for 
each alternative product. 

.viii Unless a bid for an alternative product is submitted in this manner and 
later accepted, provide the product specified. 
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19. PUBLIC OPENING 

 19.1 A public opening of bids will / will not be completed for this competition. 

19.2 The public opening of bids will occur immediately following the closing time 
stipulated in section 27.4.  

19.3 A public opening will be completed at insert location where public opening is 
being held. Due to current COVID-19 restrictions, the public opening it will be 
conducted virtually via zoom/ conference call. Bidders are to use the following 
instructions to participate in the virtual public opening: 

- Virtual Public Opening Time: [Month] [Day], [Year] – [time] PM EST 
 

- Conference Call #: 1-855-703-8985 
 

- Conference Meeting ID: 336 649 2470 

20. TENDER SIGNING 

20.1 The Bid must be executed under seal by the Tenderer. 

20.2 If the Tenderer is an individual or a partnership, the Bid shall be executed by the 
individual or a partner in the presence of a witness and the signatory must show 
the capacity in which he or she signs (e.g.: “Partner” or “Proprietor”). 

20.3 If the Tenderer is a corporation, the Bid shall be executed under the seal of the 
company, affixed in the presence of the authorized officers or two directors. 

20.4 If the Tenderer is a joint venture, each party to the joint venture shall execute the 
Bid under seal in the manner appropriate to such party. 

21. APPENDICES TO FORM OF TENDER 

21.1 Tenderers shall complete all Appendices attached to the Form of Tender and 
submit these with the Tender. 

22. PROVISIONAL ITEMS 

22.1 Provisional items shall mean items for which only very approximate quantities 
have been included in the tender documents. No work for which "Provisional" 
items are allowed shall be commenced without written instructions from the City. 

22.2 Once a Tenderer has been chosen by the City for the Project, it shall be open to 
the City to accept, reject or negotiate the Tenderer’s bid for any provisional item 
contained in the Bid.  Should the City choose to reject the successful Tenderer’s 
bid for such provisional work, it shall be open to the City to call for new Bids for 
this work and the successful Tenderer for the Project may submit a Bid if he so 
chooses. 
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23. SUCCESSFUL TENDERER – BONDS  

23.1 The successful Tenderer and its surety shall provide: 
 

.i A performance bond signed and sealed by the Tenderer’s surety; and 
 

.ii A labour and material payment bond signed and sealed by the Tenderer’s 

surety; 

 
Each in the amount of at least fifty percent (50%) of the total Tender price. The 

cost of Bonds shall be included in the Tender price. 

23.2 The surety of the successful Tenderer and the bonds referred to in 23.1 must be 
originals and shall be to the satisfaction of the City. 

24. SUCCESSFUL TENDERER – WORKERS’ SAFETY AND COMPENSATION 
COMMISSION CERTIFICATE OF CLEARANCE 

24.1 The successful Tenderer shall provide the City with a valid Workers’ Safety and 
Compensation Commission Certificate of Clearance to the satisfaction of the 
City. 

25. SUCCESSFUL TENDERER – EXECUTION OF ARTICLES OF AGREEMENT 

25.1 The successful Tenderer shall execute in accordance with Section 1, in triplicate, 
the Articles of Agreement provided in the Contract Documents. 

25.2 The successful Tenderer shall forward the executed Articles of Agreement to the 
City. 

26. SUCCESSFUL TENDERER – INSURANCE  

26.1 The successful Tenderer shall provide the City with an original Certificate of 
Insurance for each type of insurance coverage required by GC12.3 and any 
additional coverage specified in the Supplementary Conditions. 

26.2 The Contractor shall carry insurance in the amount of at least insert value 
(depending on size/ scale of work). 
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26.3 The Contractor shall carry insurance, which names the following as additional 
insureds: 

 
  Address 

 
 
City of Iqaluit 

 901 Nunavut Drive, P.O. Box 460, 
Iqaluit, NU, X0A 0H0 

 
Colliers Project Leaders 

  
2720 Iris Street, Ottawa, ON, K2C 
1E6 

Insert Consultant Name (if 
applicable) 

 Insert Consultant Address (if 
applicable) 

   
   

27. SUCCESSFUL TENDERER – TIME FOR COMPLETION 
 

27.1 The successful Tenderer shall Substantially Perform the work by [Month] [Day], 

[Year] and this shall be the first date for the calculation of Liquidated Damages 

per Section 28. 
27.2 The successful Tenderer shall Complete the Work by [Month] [Day], [Year] and 

this shall be the second date used for the calculation of Liquidated Damages as 

per Section 28. 

27.3 The successful Tenderer acknowledges that time shall be deemed to be of the 
essence of the Contract. For the Tenderer’s purpose of establishing a scheduled 
for the Work, it is anticipated that the Contract Award will be complete 30 
calendar days after the opening of Tenders by the City, and then the Commence 
Work Order will be issued 3 business days after the Contract Award is complete. 
Milestone dates associated with the Contract will be adjusted, when possible, 
due to any delays caused by the City during the Contract Award and/or issuance 
of the Commence Work Order. 
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27.4 The Contract general timelines have been identified below. 
 

 

ACTION DATE 

Opening/Bid Call Date for RFT Select Bid Call/Opening Date 
 

Deadline for Submitting Inquiries 
[Month] [Day], [Year] – [time] PM 
EST 

Deadline for Inquiry Response Select Date 

Closing Date for RFT 
[Month] [Day], [Year] – [time] PM 
EST local Iqaluit time 

Public Opening Date 
 

[Month] [Day], [Year] – [time] PM 
EST 

Approvals Select Date 

Contract Award Date  Select Date 

Commence Work Date 
Select Date 
(3 days after contract award) 

Project Kick-Off Date Select Date 

Substantial Performance Date [Month] [Day], [Year] 

Warranty Start Date Select Date (if applicable) 

Warranty End Date Select Date (if applicable) 

Completion Date [Month] [Day], [Year] 

28. SUCCESSFUL TENDERER – LIQUIDATED DAMAGES 

28.1 Liquidated damages shall be in the amount of: 
 

INSERT AMOUNT IN TEXT DOLLARS ($insert amount in dollars) per calendar 

day beyond the Substantial and Completion Dates, as determined in Section 27. 

29. SUCCESSFUL TENDERER – SUBMISSION OF DOCUMENTATION 

29.1 The successful Tenderer shall submit the documentation required in 1.1.10 within 
five (5) business days of the day the City notifies the successful Tenderer that 
the documentation should be sent to the City. 

29.2 If the successful Tenderer fails to comply with 29.1 the City may, in its sole 
discretion, withdraw its acceptance of the Tender and the Tenderer shall have no 
recourse whatsoever against the City. 
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30. SUCCESSFUL TENDERER – COMMENCEMENT OF THE WORK 

30.1 The successful Tenderer shall not commence the Work until it has received a 
Commence Work Order issued by the City. 

31. COVID-19 MITIGATION MEASURES (CMM) 

31.1 Definitions: 

.i COVID-19 Mitigation Measures (CMM) means measures required to be in 
compliance with the CMM Guidelines. 

.ii “CMM Guidelines” means all guidelines and regulations published by the 
Government of Nunavut Department of Health and the Canadian 
Construction Association COVID-19 Standardized Protocols for All 
Canadian Construction Sites, Version 4, April 16, 2020 regarding 
measures to mitigate COVID-19.  

.iii “COVID-19 Change” means any change in the work caused by or 
attributable to changes in CMM or changes made to applicable laws, 
ordinances, rules, regulations, or codes of authorities having jurisdiction 
that pertain to the control of COVID-19 that come into force after the time 
of Bid Closing. 

31.2 Instructions to Bidders: 

.i If, in the Owner’s sole opinion, substantial changes to the CMM 
Guidelines occur within five (5) business days of the Tender Closing, the 
Owner may adjust the Tender Closing as the Owner deems appropriate 
to allow for adjustment for these changes. 

.ii By submitting a Bid, the Contractor acknowledges its willingness and 
ability to execute the Work under the CMM in force as of the Bid Closing. 

.iii The Bidder shall ensure that all of its subcontractors are aware of the 
CMM and the CMM Guidelines. 

.iv The Bid is to assume that the CMM as of the date of Bid Closing are to be 
in effect up to and including [Month] [Day], [Year], following which the 

additional scope of work required to meet the Canadian Construction 

Association COVID-19, Standardized Protocols for All Canadian 

Construction Sites, Version 4, April 16, 2020 should be assumed to be 
substantially eliminated. 

.v The incremental cost of any COVID-19 Change will be addressed as a 
Claim for Change in Contract Price. 
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.vi Notwithstanding the foregoing, the Bidder acknowledges its obligation to 
adhere to the CMM Guidelines and any subsequent revision as part of its 
responsibility for health and safety on the Work Site. 

31.3 Site-Specific Health and Safety Plan 

.i The Site-Specific Health and Safety Plan, as defined in Section K of the 
General Requirements (PART VI), is to specifically define CMM, a COVID 
Safety Plan, and is to comply with CMM Guidelines. The Site-Specific 
Health and Safety Plan is to be updated promptly after the CMM 
Guidelines are updated. 

.ii The Site-Specific Health and Safety Plan must consider best practices 
and requirements for construction sites, as provided by the Government 
of Nunavut (GN) and the Workers Safety and Compensation Commission 
(WSCC). 

31.4 Site Shutdown Plan 

.i “Site Shutdown Plan” means a plan outlining the shutdown procedures for 
the project in the event of a shutdown directive from the City or governing 
authority relating to COVID-19.  

.ii The Site Shutdown Plan” shall address items such as how the site will be 
made safe, how any materials or equipment will be stored or removed, 
plans regarding any portion or work that requires ongoing monitoring and 
how the site will be kept secure. Associated timelines required for 
execution of the plan are to be identified. These procedures are to be 
updated as required as the project progresses. 

31.5 Schedule Impact 

.i If the Contractor is delayed in completion of the Work by Force Majeure 
or by changes to the CMM, then the time of completion shall be extended 
by the Town for a period of time equal to the time lost due to such delays. 
Force Majeure is defined as labour disputes, strikes, lockouts, fire, 
unusual delay by common carriers or unavoidable casualties, or such 
other cause beyond the reasonable control of the Contractor. The 
Contractor's lack of funds is not a cause beyond the Contractor's control. 
For clarity, any issues or delays in any way arising from or related to 
COVID-19 (or any similar or related disease), except for delays as a 
result of changes to the CMM, are expressly excluded and do not fall 
under the definition of Force Majeure. The Contractor agrees that the 
scheduling requirements of the Contract are reasonable in light of any 
issues that may arise from COVID-19's impact on the Work and the 
Project, and that the Contractor may not rely on COVID19 (or any similar 
or related disease) in any manner as a Reason or cause for delay except 
for delays as a result of changes to the CMM. 
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.ii Notwithstanding the foregoing, no extension shall be made for delay 
unless the Contractor provides to the City written notice within five (5) 
Working Days of the commencement of the Force Majeure or 
commencement of the changes to the CMM. 

31.6 Cost Impact 

.i In the case of a shut-down or suspension of the Work resulting from 
changes to the CMM Guidelines, the Contractor shall provide the City the 
value of any change in the Contract Price and/or Contract Time. 

.ii In the case of a shut-down or suspension of the Work resulting from 
changes to the CMM Guidelines, the Contractor is to provide, not less 
than monthly, and more frequently if requested, an accounting of actual 
incremental costs incurred for any Work required to maintain the Work 
Site in a safe and secure state. 

.iii Any adjustments to the Contract Amount associated with re-starting the 
Work is to be quantified within thirty (30) calendar days of such time that 
authorization to re-commence the Work has been provided. 

.iv When the change to the Work is caused by changes to the CMM 
Guidelines the City will pay net actual costs only. No allowance for mark-
up, contributions to overhead, profit, or stand-by charges will be 
considered. Labour rates shall include only the actual wage paid to the 
employee, plus the payroll burden. The Contractor will mitigate cost and 
time impact to the Contract Amount and the Work Schedule. The 
Contractor is to provide detailed supporting documentation to substantiate 
reasonable incurred impact to the Contract Amount and the Work 
Schedule. 

.v No consideration will be given to adjustment of the Contract Amount or 
Work Schedule where the impact to the Contract Amount or Work 
Schedule is as a result of the Contractor’s failure to comply with the CMM 
Guidelines. 

 
END OF SECTION 
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SECTION C – FORM OF TENDER 
 

Date:   

Submitted By: Name:  

 Address:  

   

Telephone:   
 

To: City of Iqaluit 

City Hall 
Iqaluit, Nunavut 

  

Project: Project Title: PROJECT TITLE 
Project Number: 2023-RFT-XXX 

 

The undersigned Tenderer, having carefully examined the Tender Documents and the Site, and 
having full knowledge of the Work and of the materials and products to be furnished and used, 

hereby agrees to provide all necessary materials, products, supervision, labour and equipment 

and perform and complete all Work and fulfill everything for the stipulated lump sum price of: 

 

(Total in Words) 

 
Dollars $ 

 
in Canadian funds, which price includes all specified cash and contingency allowances and the 

applicable taxes in force at this date excluding GST. 

 

We have included herewith the security deposit and Consent of Surety as required by the 

Instructions to Tenderers. 
 

The undersigned also agrees: 

 

1. That the provisions of the Instruction to Tenderers apply, including without limitation 
provisions that provide that City is in no way obligated to accept this Bid, the City may at 

its sole discretion to accept any Tender or part thereof or waive any defect, irregularity, 

mistake or insufficiency and accept any Tender or alternative bid, in whole or in part, which 

is deemed by the City to be most favourable to its interest, and that limit the City’s liability. 
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2. That the estimate of quantities shown in Tender Documents serves only to provide a basis 

for comparing Bids and that no representations have been made by either the City or their 
Agent that the actual quantities correspond therewith, and further, that the City has the 

right to increase or decrease the quantities in any or all items and to eliminate items 

entirely from the Work. 

 
3. That this Bid is made without knowledge of the Bid prices to be submitted for the Work by 

any other company, firm or person.  

 

4. That this Bid is made without connection or arrangement with any company, firm or person 

submitting a bid for the Work. 
 

5. That this Bid is made without any undisclosed connection or arrangement with any other 

company, firm, or person having an interest in this Bid or in the proposed contract. 

 
6. That this Bid is irrevocable for sixty (60) business days after the Closing Time and that the 

City may at any time within such period accept this Bid whether any other contract has 

previously been awarded or not and whether acceptance of another Bid has been given 

or not. 
 

7. If this Bid is accepted by the City, to execute the Articles of Agreement and to present to 

the City the required security (by way of bonds or a security deposit) as stated in the 

General Conditions within seven (7) calendar days after the date of Notice of Award. 
 

8. If this Bid is accepted within the time stated herein, and we fail to execute the Articles of 

Agreement and provide the required Bonds or security deposit, or we request to withdraw, 

the security deposit provided with the Bid shall be forfeited as damages to the City by 
reason of our failure, limited in amount to the lesser of the face value of the deposit or the 

difference between this Bid and the price the Contract is signed. 

 

9. In the event our Bid is NOT accepted within the time stated herein the required security 
deposit shall be returned to the undersigned in accordance with the provisions in the 

Instructions to Bidders, unless a mutually satisfactory arrangement is made for its 

retention and validity for an extended period of time. 

 
10. That payment for the Work done will be made on the basis of the quantities measured by 

the City or its Agent and at the Bid prices shown in the Tender Form which shall be 

compensation in full for the Work done under the terms of the Contract. 

 
11. That payment of the contingency allowance or portion thereof will only be made in the 

event that the City or its Agent authorizes work, in which case the amount of payment will 

be determined as specified in the General Conditions.  Any unused portion thereof will be 

retained by the City. 
 



 

CONSTRUCTION SERVICES 

PART I – PROCUREMENT AND CONTRACT REQUIREMENTS 
2023-RFT-XXX 

  

 

 
Template Version V.7 – Updated January 6, 2023 

 Page 24 of 35 

 
 

12. To commence and proceed actively with the Work on Site within seven (7) business days 

of the date of the execution of the contract, and to substantially perform the Work by 
[Month] [Day], [Year] subject to the provisions of Section 6 of the General Conditions for 

extension of the Contract Time. 

 

13. That should the undersigned fail to complete the Work in the time specified above, he shall 
compensate the City of Iqaluit in accordance with GC 6 of the General Conditions. 

 

14. That the undersigned has carefully examined the Work described herein, has become 

familiar with local conditions and the character and extent of the Work, has carefully 

examined every part of the proposed contract and thoroughly understands its terms and 
conditions, has determined the source of supply and transport of the materials required, 

has investigated labour conditions and has arranged for the continuous performance of 

the Work described in the Tender Documents. 

 
15. Appendices: 

 

15.1 Appendix A – Consent of Surety 

15.2 Appendix B – Cost Submission Form 
15.3 Appendix C – List of Subcontractors 

15.4 Appendix D – List of Equipment 

15.5 Appendix E – List of Product Suppliers 

15.6 Appendix F – Labour and Equipment Rates 
 

16. Addenda 

 

16.1 The following Addenda have been received. The modifications to the Tender 
Documents noted therein have been considered and the effects are included in the 

Tender prices. 

 

Addendum #:  Date:  

Addendum #:  Date:  

Addendum #:  Date:  

Addendum #:  Date:  

Addendum #:  Date:  

Addendum #:  Date:  

Addendum #:  Date:  

 

This Tender is executed under seal at ______________________ this _______________day of 

_____________________ 2023. 
 

Name of Firm:  

  
Address: 
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FOR INDIVIDUAL OR PARTNERSHIP: 

 
SIGNED, SEALED AND DELIVERED by: 

 

   
(Seal) 

(Tenderer – Please Print)  (Signature of Tenderer)  

 

In the presence of: 
 

 

(Witness – Signature) 

 

Name:  

  
Address:  

  

Occupation:  

 

 

FOR LIMITED COMPANY: 
 

The Corporate Seal of: 

 

 
(Seal) 

(Tenderer – Please Print)  
 

Was hereunto affixed in the presence of: 

 

 

Authorized Signing Officer and Title 

 
 

Authorized Signing Officer and Title 
 

Note: If the Tender is by a joint venture, add additional forms of execution for each member of 

the joint venture in the appropriate form or forms as above. 

 
 

END OF SECTION 
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APPENDIX A – CONSENT OF SURETY 
 

Herewith is the Consent of Surety of the Tender submitted. 

 

By:  

To: The City of Iqaluit 

Dated:  2023 and which is an integral part of the Tender 
 

 

CONSENT OF SURETY COMPANY 
 

Should it be required, the undersigned Surety Company hereby consents and agrees with the 

City to become bound as Surety in all performance bonds and labour and material payment bonds 

required by the Tender Documents, all for the fulfillment of the Contract for the Work covered by 
the annexed Tender, which may be awarded to: 
 

(Name of Tenderer) 
 

(Address) 
 

At prices set forth in the attached Tender. The said Surety is legally entitled to do business in 

Nunavut. 

 
The Corporate Seal of: 
 

(Surety – Please Print) 
 
Was hereunto affixed in the presence of: 
 

(Authorized Signing Officer)      Title 
 

(Authorized Signing Officer)      Title 
 

 

END OF SECTION 
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APPENDIX B – COST SUBMISSION FORM 
 

Date:    

   

Project Name: PROJECT TITLE  

   

I/We,   

 (Company Name) 

Of   

 (Business Address) 

 

have fully inspected the Site and examined all the conditions affecting the Work.  I/we have also 

carefully examined all documents prepared for this Contract including Addenda thereto; and 

hereby offer to furnish all labour, materials, plant, equipment and services for the proper 

execution and completion of the items listed below, in accordance with the Contract Documents, 
including all Addenda thereto which are acknowledged hereinafter for the above project for the 

sums separately indicated as follows: 
 

Item Description Qty Unit Unit Price Total 

1.     $ 

2.     $ 

3.     $ 

4.     $ 

5.     $ 

 Insert row if required     

Sub-Total: $ 

GST: $ 

TOTAL: $ 
 
 
 

END OF SECTION  
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APPENDIX C – LIST OF SUBCONTRACTORS 

Re: Bid for PROJECT TITLE  

1. This List of Subcontractors Form is acknowledged and agreed to form an integral part of 
the Bid for: 

PROJECT TITLE 

2. The Subcontractors listed below will remain unchanged and will be used to perform the 
work of the trade section indicated, unless the Owner gives written permission to change 
one or more of the Subcontractors. Where subcontractors are not intended to be used 
for the work of the trade section indicated, the term “By Own Forces” is inserted. 

3. Each Subcontractor listed below has been consulted and is fully acquainted with the 
extent and nature of the Work, the contract conditions and requirements, the proposed 
construction schedule, and has agreed to execute the Work in accordance with the 
terms of the Contract and for the Bid Price amount shown. 

 

TRADE SECTION SUBCONTRACTOR COMPANY NAME 

  

Insert Scope Section/ Discipline   

  

Insert Scope Section/ Discipline   

  

Insert Scope Section/ Discipline   

  

Insert Scope Section/ Discipline   

  

Insert Scope Section/ Discipline   

  

Insert Scope Section/ Discipline   

  

Insert Scope Section/ Discipline   

  

Insert Scope Section/ Discipline   

  

Add rows if required. 
                                                                    

END OF SECTION 
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APPENDIX D – LIST OF EQUIPMENT 

Re: Bid for PROJECT TITLE  

1. This List of Equipment Form is acknowledged and agreed to form an integral part of the 
Bid for: 

PROJECT TITLE 

 

EQUIPMENT SIZE MAKE MODEL 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Add rows if required. 

                                                                

END OF SECTION 
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APPENDIX E – PRODUCT SUPPLIERS 

 

Re: Bid for PROJECT TITLE  

1. This List of Product Suppliers Form is acknowledged and agreed to form an integral part 
of the Bid for: 

PROJECT TITLE 

 

PRODUCT PRODUCT SUPPLIER 

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Insert Product   

  

Add rows if required. 

 

END OF SECTION 
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APPENDIX F – LABOUR AND EQUIPMENT RATES 

 

Re: Bid for PROJECT TITLE  

1. This List of Product Suppliers Form is acknowledged and agreed to form an integral part 
of the Bid for: 

PROJECT TITLE 

2. The rates listed below will remain unchanged and will be used to measure payment for 
additional work, not include in the Contract Documents. 

 

POSITION RATE 

Insert Position   

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Insert Position  

Add rows if required. 

 

EQUIPMENT RATE 

Insert Equipment   

Insert Equipment  

Insert Equipment  

Insert Equipment  
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EQUIPMENT RATE 

Insert Equipment  

Insert Equipment  

Insert Equipment  

Insert Equipment  

Insert Equipment  

Insert Equipment  

Insert Equipment  

Insert Equipment  

Insert Equipment  

Insert Equipment  

Insert Equipment  

Add rows if required. 

                                                                    

END OF SECTION 
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SECTION D – ARTICLES OF AGREEMENT 

THIS AGREEMENT MADE IN DUPLICATE THIS ________ DAY OF __________ 2023 

BETWEEN: 

THE CITY OF IQALUIT 

(“the City”) 

-and- 

______________________________ 

(“the Contractor”) 

 

ARTICLES OF AGREEMENT 

IN CONSIDERATION of the mutual promises and obligations contained in the Contract 
Documents, the City and the Contractor agree as follows: 

A.1 CONTRACT DOCUMENTS 

1.1 The documents forming the Contract between the City and the Contractor, referred to 
herein as the Contract Documents shall consist of: 

a) these Articles of Agreement; 
 

b) the document attached hereto entitled “General Conditions”; 

 

c) the document attached hereto entitled “Supplementary General Conditions”;  
 

d) the documents attached hereto entitled “Plans and Specifications”; 

 

e) the documents attached hereto entitled “Tender Documents”; and 
 

f) any amendment  or  variation  of  the  Contract  Documents  that  is  made  in 

accordance with the General Conditions. 

 
1.2 The City will designate a representative for the purposes of the Contract. 

1.3 In the Contract: 

a) “Fixed Price Arrangement” means that part of the Contract that prescribes a lump sum 

as payment for performance of the Work to which it relates; and  
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b) “Unit Price Arrangement” means that part of the Contract that prescribes the product 

of a price multiplied by a number of units of measurement of a class as payment for 
performance of the Work to which it relates. 

 

1.4 Any of the provisions of the Contract that are expressly stipulated to be applicable only to 

a Unit Price Arrangement are not applicable to any part of the Work to which a Fixed Price 
Arrangement is applicable. 

1.5 Any of the provisions of the Contract that are expressly stipulated to be applicable only to 

a Fixed Price Arrangement are not applicable to any part of the Work to which a Unit Price 
Arrangement is applicable. 

A.2 DATE OF COMPLETION OF WORK AND DESCRIPTION OF WORK 

2.1 The Contractor shall between the date of these Articles of Agreements and [Month] [Day], 

[Year] in a careful and workmanlike manner, diligently perform and complete the following 
Work: 

 INSERT DESCRIPTION OF WORK 

A.3 CONTRACT PRICE 

3.1 Subject to any increase,  decrease, deduction or set-off that may be made under the 

Contract, the City shall pay the Contractor at the times and in the manner set out or 
referred to in the General Conditions. 

3.1.1 the sum of $ ________________________ in consideration for the performance 

of the  Work  or  the  part  thereof  that  is  subject  to  a  Fixed  Price  Arrangement, 
excluding goods and services tax (GST); and 

3.1.2 a sum that is equal to the aggregate of the products of the number of units of 

measurement  of  each  class  of  labour,  plant  and  material,  as  certified  by the 
Engineer, multiplied in each case by the appropriate unit price that is set out in the 

Unit Price Table in consideration for the performance of the Work or the part 

thereof that is subject to a Unit Price Arrangement, excluding goods and services 
tax (GST). 

3.2 For the information and guidance of the Contractor and the persons administering the 

Contract on behalf of the City, but not so as to constitute a warranty, representation or 

undertaking of any nature by either party, it is estimated that the total amount payable by 
the City to the Contractor for the part of the Work to which a Unit Price Arrangement is 
applicable will not exceed _________________________, GST excluded. 

3.3 A3.1.1 is applicable only to a Fixed Price Arrangement. 

3.4 A3.1.2 and A3.2 are applicable only to a Unit Price Arrangement. 

3.5 The Contract Price shall exclude Goods and Services Tax. 
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A.4 ADDRESSES 

4.1 For all purposes of the Contract, the Contractor’s address shall be deemed to be: 

 

 

 

4.2 For all purposes of the Contract, the City’s address shall be deemed to be: 

 City of Iqaluit 

 P.O. Box 460 
 Iqaluit, Nunavut, X0A 0H0 
 

SIGNED, SEALED AND DELIVERED in the presences of: 

CONTRACTOR: 

Per:     

 Signature  Witness 

    

    

 Name  Date 

    
    

 Position   

    

Per:    

 Signature  Witness 
    

    

 Name  Date 

    

    

 Position   

MUNICIPAL CORPORATION OF THE CITY OF IQALUIT 

Per:     

 Mayor  Date 
    

Per:    

 Chief Administrative Officer  Date 
   

END OF SECTION 
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CITY OF IQALUIT SERVICES AGREEMENT 

 

 BETWEEN:  THE MUNICIPAL CORPORATION OF THE CITY OF IQALUIT 

(hereinafter referred to as the "CITY OF IQALUIT") 

OF THE FIRST PART 

 AND:     .      <CONTRACTOR NAME> 

         (hereinafter referred to as the "Contractor") 

OF THE SECOND PART 

WHEREAS the CITY OF IQALUIT has requested the Contractor to provide <description of services>; 

AND WHEREAS the Contractor has agreed to provide such services to the CITY OF IQALUIT in its bid dated 
<Bid Submission Date>; 

AND WHEREAS the CITY OF IQALUIT and the Contractor wish to set out the terms and conditions relating 
to the provision of such services; 

THEREFORE the CITY OF IQALUIT and the Contractor agree as follows: 

1. SERVICES AND PAYMENT    
 
1.1 The Contractor agrees to provide to the CITY OF IQALUIT those services set out in the job description 

and scope of work provided on <RFT Date>. A copy of the bid is attached as Appendix "A".  
 

1.2 The CITY OF IQALUIT agrees to pay for the services described above, a total amount not greater than 
<Bid Value>, for the provision of professional services based on the Bid dated <Bid Submission Date>.  

 
2. TERM 

 
2.1 This Contract shall commence on the <Contract Commence Date> and terminates on the <Contract 

Termination Date> unless otherwise terminated in accordance with the provisions of this Contract.   
 

3. NOTICE AND ADDRESS 
 
3.1 Any notice required to be given herein or any other communication required by this contract shall be in 

writing and shall be personally delivered, sent by facsimile, or posted by prepaid registered mail and shall 
be addressed as follows: 
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i) If, to the CITY OF IQALUIT: 
 
Rod Mugford 
Chief Administrative Officer 
City of Iqaluit 
P.O. Box 460 
Iqaluit, NU 
X0A 0H0 
Fax: 979-5922     
 
Reference: 
 
ii) If to the Contractor at: 
 
<Contractor Representative – Name> 
<Contractor Organization Name> 
<Contractor Address> 

 
3.2 Every such notice and communication, if delivered by hand, shall be deemed to have been received on 

the date of delivery or if sent by prepaid registered mail shall be deemed to have been received on the 
seventh day after posting, or if by facsimile, 48 hours after the time of transmission, excluding from the 
calculation weekends and statutory holidays. 

 
4. COMPLETE AGREEMENT 

 
4.1. This Contract and its attachments constitute the complete Contract between the parties. Except as 

provided herein, it supersedes and shall take effect in substitution for all previous agreements. It is 
subject to change only by an instrument executed in writing by the City. 

 
4.2. If this Contract arises from a request for proposals or tender call, the provisions of the request for 

proposals or tender call and the Contractor’s bid or proposal submission are incorporated into this 
Contract and may be used to clarify, explain or supplement this Contract, but shall not be used to 
contradict any express terms of this Contract.  

 

4.3. In the event of a conflict between this Contract, the Contractor’s bid or proposal submission, and the 
City's original tender bid instructions or Request for Proposals, the more recently prepared 
document shall govern to the extent of such inconsistency.    

 
5. GENERAL TERMS 

 
5.1. Any information obtained from or concerning any department of the CITY OF IQALUIT or clients of any 

department of the CITY OF IQALUIT, by the contractor, its agents or employees in the performance of 
any contract shall be confidential.  The Contractor shall take such steps as are necessary to ensure that 
any such information is not disclosed to any other person and shall maintain confidential and secure all 
material and information that is the property of the CITY OF IQALUIT and in the possession of or under 
the control of the Contractor.  This clause survives the termination of this contract. 

 
5.2. Time shall in every respect be of the essence. The Contractor shall deliver the services specified in the 

contract and according to the project schedule on costs. The CITY OF IQALUIT may grant reasonable 
extensions to the Contractor for delays, if the Contractor can show those delays were caused by 
circumstances beyond the control of the Contractor. 

 

5.3. The Contractor is an independent Contractor with the CITY OF IQALUIT and nothing in this contract 
shall be construed or deemed to create the relationship of employee and employer or of principal and 
agent between the CITY OF IQALUIT and the Contractor.  The Contractor is solely responsible for 
payments of all statutory deductions or contributions including but not limited to pension plans, 
unemployment insurance, income tax, workers' compensation and the Nunavut Payroll Tax. 

  



 

CONSTRUCTION SERVICES 

PART II – SERVICE AGREEMENT 

 
 

 
 
Template Version V.3 – January 6, 2023 

Page 3 of 6 

 
 

5.4. This contract shall be interpreted and governed in accordance with the laws of Nunavut and the laws of 
Canada as they apply in Nunavut. 

 

5.5. No waiver by either party of any breach of any term, condition or covenant of this contract shall be 
effective unless the waiver is in writing and signed by both parties.  A waiver, with respect to a specific 
breach, shall not affect any rights of the parties relating to other or future breaches. 

 

5.6. The failure of either party at any time to require the performance of any provision or requirement of this 
contract shall not affect the right of that party to require the subsequent performance of that provision or 
requirement. 

 

5.7. Title to any report, drawing, photograph, plan, specification, model, prototype, pattern, sample, design, 
logo, technical information, invention, method or process and all other property, work or materials which 
are produced by the Contractor in performing the contract or conceived, developed or first actually 
reduced to practice in performing the contract (herein called "the Property") shall vest in the CITY OF 
IQALUIT and the Contractor hereby absolutely assigns to the CITY OF IQALUIT the copyright in the 
property for the whole of the term of the copyright.  The Contractor shall not be responsible for any loss 
or damage suffered by the City of Iqaluit or any third parties resulting from any unauthorized use or 
modification of the property, errors in transmission of the property, changes to the Property by others, 
the consequences of design defects due to the design of others, or defects in contract documents 
prepared by others, and the City of Iqaluit agrees to defend, indemnify, and hold the Contractor 
harmless from and against all claims, demands, losses, damages, liability and costs associated 
therewith. Subject to the foregoing, the Property may be relied by the City of Iqaluit for design and 
construction work undertaken by other parties with respect to the Services provided that such parties 
verify the accuracy and completeness of the Property to their satisfaction.   

 
5.8. It is intended that all provisions of this agreement shall be fully binding and effective between the 

parties, but in the event that any particular provision or provisions or a part of one is found to be void, 
voidable or unenforceable for any reason whatever, then the remainder of the agreement shall be 
interpreted as if such provision, provisions, or part thereof, had not been included. 

 

5.9. This contract may be extended by the written consent of the parties. 
 

5.10. The CITY OF IQALUIT may delegate any of its authority and undertaking pursuant to this contract to 
any employee or contractor the CITY OF IQALUIT by notice in writing to the Contractor. 

 

5.11. This contract shall enure to the benefit of and be binding on the respective administrators, successors 
and assignment of each of the parties hereto. 

 

 
6. CONTRACTOR RESPONSIBILITIES 

 
6.1. The Contractor shall indemnify and hold harmless, the CITY OF IQALUIT, its officers, employees, 

servants and agents from and against all claims, actions, causes of action, demands, losses, costs, 
damages, expenses, suits or other proceedings by whomsoever made, brought or prosecuted in any 
manner based upon or related to the negligent acts, errors, or omissions of the Contractor under this 
contract. 

 
6.2. The Contractor shall be liable to the CITY OF IQALUIT for any loss or damage to property or equipment 

that is supplied to or placed in the care, custody or control of the Contractor for use in connection with 
the contract if such loss or damage is attributable to the negligence or deliberate acts of the Contractor 
or its employees or agents. 

 

6.3. If, in the opinion of the CITY OF IQALUIT acting reasonably, the Contractor is in default in respect of 
any obligation of the Contractor hereunder, the CITY OF IQALUIT may rectify such default and pursue a 
claim against the Contractor for any direct costs associated with any such remediation, including a 
reasonable allowance for the use of the CITY OF IQALUIT’s own employees or equipment. 
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6.4. The Contractor may not assign or delegate work to be done under this contract, or any part thereof, to 
any other party without the written consent of the CITY OF IQALUIT.  In the case of a proposed 
assignment of monies owing to the Contractor under this contract, the consent in writing of the CITY OF 
IQALUIT must be obtained.   

 

6.5. The Contractor shall keep proper accounts and records of the services for a period of 3 years after the 
expiry or termination of this agreement.  At any time during the term of this contract or during the three 
years following the completion or termination of this agreement, the Contractor shall produce copies of 
such accounts and records upon the written request of the CITY OF IQALUIT. 

6.6. The Contractor shall notify the CITY OF IQALUIT immediately of any claim, action, or other proceeding 
made, brought, prosecuted or threatened in writing to be brought or prosecuted that is based upon, 
occasioned by or in any way attributable to the performance or non-performance of the services under 
this contract. 

6.7. If at any time the Contractor considers their estimates indicate costs will exceed the project budget they 
will immediately advise the City of Iqaluit.  If in the opinion of the City of Iqaluit, acting reasonably, the 
excess is due to design, costs factors or matters under the control or reasonably foreseeable by the 
Contractor, the CITY OF IQALUIT may require the Contractor to do everything by way of revision of the 
design to bring the cost estimate within the project budget.  Costs of completing such revisions shall be 
based upon a level of compensation reasonably appropriate to the circumstances, including the reason 
for the revisions.   

6.8. Except as required in the performance of services set out in this agreement, the Contractor must 
maintain as confidential all data and information made available to the Contractor, the CITY OF 
IQALUIT, or any other parties which is generated by or results from the Contractor’s performance of the 
Services described in this Contract.  All such data and information is the property of the City of Iqaluit.  
This clause shall survive the termination of the Contract. 

7. TERMINATION   

7.1. The CITY OF IQALUIT may terminate this contract at any time upon giving written notice to this effect to 
the Contractor if, in the opinion of the CITY OF IQALUIT, the Contractor is unable to deliver the service 
as required, the Contractor’s performance of work is persistently faulty, in the event that the Contractor 
becomes insolvent or commits an act of bankruptcy, in the event that any actual or potential labor 
dispute delays or threatens to delay timely performance of the contract or the (Contractor’s Sub-
Contractor) defaults or fails to observe the terms and conditions of the contract in any material respect. 

7.2. This contract shall terminate as of the day for termination set out in the written notice and the Contractor 
shall forthwith invoice the CITY OF IQALUIT for work performed to the date of termination. 

7.3. Any invoice submitted by the Contractor pursuant to clause 7.2 shall be reviewed by the CITY OF 
IQALUIT to assess the amount which is properly due and owing for work done by the Contractor prior to 
termination. 

 

8. FINANCIAL   

8.1. The CITY OF IQALUIT, having given written notice of a breach, may withhold or hold back in whole or 
in part any payment due the Contractor without penalty, expense or liability, if in the opinion of the 
Contracting Authority, the Contractor has failed to comply with or has in any way breached an obligation 
of the Contractor.  Any such hold back shall continue until the breach has been rectified to the 
satisfaction of the CITY OF IQALUIT. 

 
8.2. The CITY OF IQALUIT may set off any payment due the Contractor against any monies owed by the 

Contractor to the CITY OF IQALUIT. 
 
8.3. The City of Iqaluit will pay the Goods and Services Tax (GST). 
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8.4. Provided all terms and conditions on the part of the Contractor have been complied with, each invoice 
will be paid thirty (30) calendar days after receipt of the invoice, or thirty (30) calendar days after 
delivery of the services, whichever is later. 

 

8.5. The CITY OF IQALUIT may, in order to discharge lawful obligations or to satisfy lawful claims against 
the Contractor or a Sub-Contractor arising out of the execution of work, pay any amount, which is due 
and payable to the Contractor under the contract, if any, directly to the obligee of and the claimants 
against the Contractor or Sub-Contractor. 

 

9. INSURANCE AND LIABILITY  

 

9.1. The Contractor’s liability to the City of Iqaluit for claims arising out of this Agreement, or in any way 
relating to the Services, will be limited to direct damages and to the re-performance, without additional 
compensation, of any Services not meeting a normal professional standard of care and such liability 
will, in the aggregate, not exceed the amount of $1,000,000.00. The limitations of liability will apply, to 
the extent permitted by law, whether Contractor’s liability arises under breach of contract or warranty; 
tort, including negligence; strict liability; statutory liability; or any other cause of action, and will extend to 
and include Contractor’s directors, officers, employees, insurers, agents and sub-contractor. 

 
9.2. In no event will either party be liable to the other party for indirect or consequential damages including 

without limitation loss of use or production, loss of profits or business interruption. 
 

9.3. The Contractor shall, without limiting his obligations or liabilities hereto, obtain, maintain and pay for 
during the period of this agreement, the following insurance with limits not less than those shown: 

 

a) Workers' Compensation insurance covering all employees engaged in the work in accordance 

with the statutory requirements of the Territory or Province having jurisdiction over such 

employees. If the Contractor is assessed any additional levy, extra assessment or 

super-assessment by a Workers' Compensation Board as a result of an accident causing 

injury or death to an employee of the Contractor or any sub-contractor, or due to unsafe 

working conditions, then such levy or assessment shall be paid by the Contractor at its sole 

cost and is not reimbursed by the CITY OF IQALUIT. 

 

b) Employer's liability insurance with limits not less than $500,000 for each accidental injury to or 
death of the Contractor’s employees engaged in the work.  If Workers' Compensation 
insurance exists, then in such event, the aforementioned Employer's Liability insurance shall 
not be required but the Comprehensive General Liability policy referred to in item (d) herein 
shall contain an endorsement providing for Contingent Employers' Liability insurance. 

 
c) Motor Vehicle, water craft and snow craft standard liability insurance covering all vehicles 

and/or craft owned or non-owned, operated and/or licensed by the Contractor and used by 
the Contractor in the performance of this agreement in an amount not less than one million 
dollars ($1,000,000.00) per occurrence for bodily injury, death and damage to property; and 
with respect to busses limits of not less than one million dollars ($1,000,000.00) for vehicle 
hazards and not less than one million dollars ($1,000,000.00) for Bodily Injury to or death of 
one or more passengers and loss of or damage to the passengers property in one accident.) 

 
d) Comprehensive General Liability Insurance with limits of not less than $2,000,000.00 (inclusive) 

per occurrence for bodily injury, death and damage to property including loss of use thereof.  
Such insurance shall include but not be limited to the following terms and conditions:  

 Products & Completed Operations Liability * 

 Contractor’s Protective Liability 

 Blanket Contractual Liability  
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 Broad Form Property Damage 

 Personal Injury Liability 

 Cross Liability 

 Medical Payments 

 Non-owned Automobile Liability * 

 Contingent Employers Liability * 

 Employees as Additional Insureds * 

  *WHERE APPLICABLE 
 
e) Professional Liability Insurance with limits of not less than two hundred fifty thousand dollars 

($250,000.00) per claim and five hundred thousand dollars ($500,000.00) in the annual 
aggregate, to cover claims arising out of the rendering of or failure to render any professional 
service under this contract or agreement. 

 

All policies shall provide that thirty days written notice be given to the CITY OF IQALUIT prior to any 
cancellations of any such policies. 

The Comprehensive General Liability Insurance policies shall name the CITY OF IQALUIT and any 
permitted sub-contractor’s as additional insureds only with respect to the terms of this contract and shall 
extend to cover the employees of the insureds hereunder. 

The Contractor shall be responsible for any deductibles, exclusions and/or insufficiency of coverage 
relating to such policies. 

The Contractor shall deposit with the CITY OF IQALUIT prior to commencing with the work a certificate 
of insurance evidencing the insurance(s) required by this clause in a form satisfactory to the CITY OF 
IQALUIT and with insurance companies satisfactory to the CITY OF IQALUIT. 

IN WITNESS WHEREOF the parties hereto have set their hand as of the date and year entered below. 

 
FOR THE CITY OF IQALUIT: FOR THE CONTRACTOR: 
 

 
__________________________  __________________________ 
Name/Title  Name/Title 

__________________________ __________________________ 
Signature  Signature 

__________________________ __________________________ 
Date   Date 
 
__________________________ __________________________ 
Witness  Witness 
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1. GENERAL PROVISIONS 

1.1 Definitions 

 

The following terms, whenever used in the Contract Documents, shall mean: 

a) “Adjustment”: a change in either the Contract Price or the Contract Time, or both, 
in accordance with the applicable provisions of the Contract Documents; 

 

b) “Applicable  Laws”: any and all applicable  laws, rules, regulations, by-laws, codes 

and orders of any and all government bodies, agencies, authorities and courts; 
 

c) “Arbitrator”: the person appointed under GC 9.3(a); 

 

d) “Articles of Agreement”: the executed Articles of Agreement; 
 

e) “Change Order”: a written instrument prepared by the City Representative and 

signed by the City and the Contractor stating their agreement upon: 

 
i. a change in the Work, and 

 

ii. the method and/or the amount of Adjustment, if any; 

 
f) “City”: the party defined as such in the Articles of Agreement; 

 

g) “City Representative”: A Consultant, Owner’s Agent, and/ or Engineer  designated 

as such in the Articles of Agreement, or such other person designated as such by 
the City from time to time, who will be responsible for administering the construction 

contract; 

 

h) “Claim”: any or all of: 
 

i. a demand or assertion by the City or the Contractor seeking an 

interpretation of Contract terms, an Adjustment, or other relief with 

respect to the terms of this Contract; 
 

ii. other disputes and matters in question between the City and the 

Contractor arising out of or relating to this Contract; and 

 
iii. allegations by the City or the Contractor of errors or omissions on the part 

of the City Representative; 

 

i) “Completion Date”: the date of Substantial Performance of the Work, as certified 
by the City Representative; 
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j) “Construction Schedule”: the Construction Schedule referred to in GC 3.6, 
including revisions thereto as provided in GC 3.6, GC 10.2(d) or otherwise required 

by the City Representative; 

 

k) “Consultant”: a person retained by the City to act as the City’s Representative; 
 

l) “Contract”: the undertaking by the parties to perform their respective duties and 

discharge their obligations as set out in the Contract Documents which represents 

the entire agreement between the parties; 
 

m) “Contract Documents”: the documents referred to in the Articles of Agreement 

and amendments agreed on by the parties in writing; 

 
n) “Contract Price”: the sum stated in the Articles of Agreement and as may be 

amended during the progress of the Work; 

 

o) “Contract Time”: the time stated in the Articles of Agreement, and as may be 
amended during the progress of the Work, elapsing from the date of 

commencement of the Work until the date of Substantial Performance of the Work, 

as certified by the City Representative; 

 
p) “Contractor”: the party defined as such in the Articles of Agreement; 

 

q) “Day”: a calendar day; 

 
r) “Engineer”: a person retained by the City to act as the City’s Representative; 

 

s) “Final Completion”: when the Work has been performed in accordance with the 

Contract Documents, as certified by the City Representative; 
 

t) “GC”: an acronym reference to a clause in these general conditions of this 

Contract; 

 
u) “Holdback  Payment  Certificate”:  a  certificate  issued  in  accordance  with GC 

5.6; 

 
v) “Lien Holdback”:  has the meaning given in GC 5.2(a)(i); 

 

w) “Owner’s Agent”: a person retained by the City to act as the City’s Representative; 

 
x) “Project”: the total construction of which the Work to be performed under this 

Contract may be the whole or a part; 

 

y) “Referee”: the person appointed under GC 9.2(a); 
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z) “Site”: the land or actual place designated in the Contract Documents for the 
performance of the Work; 

 

aa) “Subcontractor”: a party having a direct contract with the Contractor for the 

performance of any part of the Work, or to supply products worked to a special 
design for the Work; 

 

bb) “Substantial Performance”: when the Work has progressed to the point where, in 

the opinion of the City Representative as evidenced by the certificate of Substantial 
Performance, it is sufficiently complete, in accordance with the Contract 

Documents, so that the Work can be utilized for the intended purpose; 

 

cc) “Supplier”: a party having a direct contract with the contractor to supply products 
not worked to a special design for the Work; 

 

dd) “Work”: all or any part of the construction and services required by the Contract 

Documents, including all labour, materials, equipment and services provided or to 
be provided by the Contractor to fulfill his obligations under this Contract. 

 

1.2 Documents and Interpretation 

 

a) It is the intent of the Contract Documents to include all labour, materials, 

equipment and services necessary to perform the Work in accordance with the 

Contract Documents.  Any labour, materials, equipment and services that may be 

reasonably inferred from the Contract Documents or from prevailing custom or 
trade usage as being required to produce the intended result, will be furnished and 

performed by the Contractor, whether or not specifically called for. 

 

b) The  Contract  Documents  are  complementary,  and  what  is  required  by  one 
document shall be as binding as if required by all. 

 

c) This Contract represents the entire agreement between the City and the Contractor 

and supersedes all prior negotiations, representations and agreements, either 
written or oral. 

 

d) When words or phrases which have a well-known  technical or construction 

industry or trade meaning are used in the Contract Documents and are not 
otherwise defined, they shall be interpreted in accordance with that meaning. 

 

e) The Contract Documents shall not be construed to create a contractual relationship 

of any kind between: 
 

i. the City Representative and the Contractor, a Subcontractor, a Supplier, 

a subcontractor or its or their agent or employee, or other person 

performing any of the Work; 
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ii. the City and a Subcontractor, a Supplier, or their agent, employee, or 
other person performing any of the Work, or 

 

iii. between any persons or entities other than the City and the Contractor. 

 
The City Representative shall however, be entitled to demand performance and 

enforce the obligations of the parties under this Contract, to facilitate performance 

of the City Representative’s duties. 

 
f) Clarifications and interpretations of the Contract Documents shall be issued by the 

City Representative as provided in GC 4.1. 

 

g) In the event of any inconsistency or conflict between provisions of the Contract 
Documents, the following shall apply: 

 

i. documents of later date shall govern over earlier documents of the same 

classification; 
 

ii. figured   dimensions   shown   on   drawings   shall   govern   over   

scaled dimensions; 

 
iii. drawings of larger scale shall govern over those of smaller scale; 

 

iv. specifications shall govern over drawings; 

 
v. the general conditions shall govern over the specifications; 

 

vi. supplementary   general   conditions   shall   govern   over   the   general 

conditions, and 
 

vii. the Articles of Agreement shall govern over all documents. 

 

h) The City shall provide the Contractor with as many sets of Contract Documents as 
are reasonably required for the performance of the Work. 

 

i) The Contractor shall maintain a set of drawings on the Site and record accurately 

and legibly all deviations caused by Site conditions and written instructions or 
change orders ordered by the City Representative. The Contractor shall also keep 

one copy of all current Contract Documents and shop drawings on the Site, in good 

condition. These documents shall be available to the City Representative 

throughout the duration of the Work. 
 

j) All Contract Documents, including copies, and all models furnished by or to the 

Contractor are and shall remain the property of the City and are not to be used on 

other work. The Contract Documents are not to be copied or revised in any manner 
without the City’s written consent.  
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k) The division into sections, the table on contents, and the heading in the Contract 
Documents, other than in the drawings and specifications, form no part of this 

Contract but are inserted for convenience of reference only. 

 

l) Any reference to a statutory provision shall include any subordinate legislation 
made and from time-to-time amended, extended or re-enacted. 

 

m) Unless otherwise indicated, all dollar amounts referred to in this Contract are in 

lawful money of Canada. 
 

n) If any provision of this Contract is determined to be invalid or unenforceable in 

whole or in part, such invalidity or unenforceability shall attach only to such 

provision and everything else in this Contract shall continue in full force and effect, 
In the event that any provision of this Contract, as amended from time to time, shall 

be deemed invalid or void, in whole or in part, by any court of competent 

jurisdiction, the remaining terms and provisions of this Contract shall remain in full 

force and effect. 
 

o) The schedules, appendices and attachments to this Contract are an internal part of 

this  Contract  and  a  reference  to  this  Contract  includes  a  reference  to  the 

schedules, appendices and attachments. 
 

p) The language of the specifications and other documents comprising this Contract 

is in many cases written in the imperative for brevity.   Clauses containing 

instruction, directions or obligations are directed to the Contractor and shall be 
construed and interpreted as if the words “the Contractor shall”  immediately 

preceded the instructions, directions or obligations. 

 

q) Unless the context otherwise requires, wherever used herein the plural includes 
the singular, the singular includes the plural, and each of the masculine, feminine 

and neuter genders include all other genders. 

 

r) Unless otherwise provided in this Contract, all accounting and financial terms used 
in this Contract shall be interpreted and applied in accordance with Canadian 

generally accepted accounting principles, consistently applied from one period to 

the next. 

s) References containing terms such as: 
 

i. “hereof,” “herein,” “hereto,” “hereinafter,” and other terms of like import 

are not limited in applicability to the specific provision within which such 

references are set forth but instead refer to this Contract taken as a 
whole; and 
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ii. “includes” and “including”, whether or not used with the words “without 
limitation” or “but not limited to”, shall not be deemed limited by the 

specific  enumeration  of  items  but  shall  in  all  cases  be  deemed  to  

be without  limitation  and  construed  and  interpreted  to  mean  

“includes without limitation” and “including without limitation”; 
 

t) Whenever the terms “will” or “shall” are used in this Contract in relation to the 

Contractor they shall be construed and interpreted as synonymous and to read “the 

Contractor shall”. 
 

1.3 Notices 

 

a) Where a notice is required by the Contract Documents to be given in writing to the 
Contractor, it may be delivered personally to the Contractor or his site 

superintendent, or delivered or sent by mail or facsimile transmission to the 

Contractor’s address set out in the Articles of Agreement or to his office at or near 

the Site. 
 

b) Where a notice is required by the Contract Documents to be given in writing to the 

City Representative, it may be delivered personally, by email, or delivered or sent 

by mail or facsimile transmission to the City Representative’s address set out in the 
Articles of Agreement, or to the office of the City Representative at or near the Site. 

 

c) Notwithstanding the foregoing provisions of this GC 1.3, each party shall use the 

most expeditious method of giving the written notice or communication. 
 

d) A written notice or communication sent by mail shall be deemed to have been 

received ten (10) calendar days from the date of posting. Whenever a notice or 

communication is sent by facsimile transmission, acknowledgement from the 
receiving party must be given to the other party that the notice or communication 

has in fact been received, for it to be effective; this acknowledgement may be 

made verbally, in person or by telephone. If no such acknowledgement is given, it 

shall be deemed to have been received and be effective ten (10) calendar days 
from the date the original document was sent. 

 

1.4 Rights and Renders 

 

a) No obligations or responsibilities of any kind by or on behalf of the City shall be 

implied into the Contract Documents if in the opinion of the City Representative, it 

is not reasonable under the circumstances to imply that such obligations or 

responsibilities form part of the Contract Documents. 
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b) Any failure by the City or the City Representative  to  enforce  or  to  require  the  
strict performance  of any of the provisions of this Contract  shall not, in any way 

constitute a waiver of those provisions and affect or impair those provisions or any 

right the City has at any time to avail itself of any remedies the City may have for 

any breach of these provisions or to require the Work to be performed in 
accordance with the Contract Documents. 

 

c) Except  as  expressly  provided  in  the  Contract  Documents,  the  duties  and 

obligations  imposed  by the Contract  Documents  and the rights and remedies 
available thereunder shall be in addition to and not a limitation of any duties, 

obligations, rights and remedies otherwise imposed or available by law. 

 

1.5 Assignment 

 

This Contract, or any part of it, or any benefit or interest in it, shall not be assigned by 

either party without the prior written consent of the other party, which consent shall not 

be unreasonably withheld.  Notwithstanding the foregoing, the City has the right, in the 
event of any default by the Contractor, to assign all its rights and remedies against the 
Contractor to the Government of Nunavut. 

1.6 Applicable Law 

 

This Contract shall be deemed to have been made in Nunavut and shall be governed by 

and  interpreted  in  accordance  with  the  laws  of  Nunavut  and  the  laws  of  Canada 
applicable therein. 

 

1.7 Successors and Assigns 

 

This Contract shall ensure to the benefit of and be binding upon the parties hereto and 
their lawful heirs, executors, administrators, successors and assigns. 

2. CITY’S OBLIGATIONS 

2.1 Payment 

 

Subject to any other provision in the Contract Documents, the City shall make payments 
to the Contractor at the times and in the manner set out in GC 5. 

2.2 Site Availability 

 

a) The City shall furnish, as indicated in the Contract Documents, the lands upon 

which the Work is to be performed, rights-of-way and easements for access to the 

Site and any other lands designated for the use of the Contractor. The Contractor 

shall provide and pay for any additional lands and access the Contractor may 
require, in accordance with GC 3.10(a). 
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b) Except for permits and fees which are the responsibility of the Contractor under GC 
3.13, the City shall obtain and pay for necessary approvals, easements and 

charges required for the development of the Site and for the use or occupancy of 

permanent structures or for permanent changes in existing facilities. 

 
2.3 Consultant, Owner’s Agent, and/ or Engineer as City Representative 

 

a) Unless otherwise provided in the Contract Documents, the City shall communicate 

with the Contractor through the Consultant, and the Contractor shall communicate 
with the City through the Consultant. 

 

b) If the contract with the Consultant is terminated, the City shall promptly appoint a 

replacement. 
 

2.4 Reference Points 

 

The City shall establish physical reference points for construction on the Site which are, 
in the opinion of the City Representative, necessary to enable the Contractor to proceed 

with the Work. The Contractor shall safeguard such reference points in accordance  with 

GC3.11(b). 

 
2.5 Materials Supplied by the City 

 

Any materials, instructions, information or services required to be supplied by the City 

under this Contract shall be furnished with reasonable promptness to avoid delay in the 
orderly progress of the Work. 

2.6 Control of the Work 

 

Neither the City nor the City Representative shall supervise or have control or authority 

over, nor be responsible for, the Contractor’s means, methods, techniques or 

procedures of construction. Neither the City nor the City Representative will be 

responsible for the Contractor’s failure to perform the Work in accordance with the 
Contract Documents, nor for its failure to comply with Applicable Laws. 

2.7 Limitation of Liability 

 

In no event, including without limitation if the City breaches its obligations under this 

Contract, shall the City be liable to the Contractor, its Subcontractors, its Suppliers, or 

any other parties engaged directly or indirectly by or acting on their behalf, for indirect 
loss, consequential loss, loss of business opportunity or loss of anticipated profit. 
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3. CONTRACTOR’S OBLIGATIONS 

3.1 General Obligations 

 

Notwithstanding any omissions from the Contractor’s tender, the Contractor is required 

to perform all of the Work required by the Contract Documents, including any Work 

which can be reasonably inferred from them as being necessary to produce the intended 
result. The Contractor is to perform the Work within the Contract Time, in accordance 
with the Construction Schedule referred to in GC 3.6. 

3.2 Independent Contractor 

 

The Contractor is an independent contractor and shall have complete control of the 

Work. The Contractor shall effectively direct and supervise the Work to ensure 

conformance with the Contract Documents. The Contractor shall be solely responsible 
for all construction means, methods, techniques, sequences and procedures and for 

coordinating all parts of the Work, except as may be otherwise specified in the Contract 
Documents. 

Nothing in this Contract shall be construed to mean that the Contractor is an employee, 
agent or other representative of the City. 

3.3 Review of Contract Documents 

 

a) By executing this Contract, the Contractor represents that the Contractor has 

reviewed the Contract Documents and has verified the dimensions, quantities and 
details  described  in  them.    Failure  to  discover  or  correct  errors,  omissions, 

conflicts or discrepancies which ought to have been discovered by such a review 

shall not relieve the Contractor from full responsibility for unsatisfactory Work, 

faulty   construction   or   improper   operations   resulting   therefrom,   nor   from 
rectifying such conditions at the Contractor’s expense. 

 

b) If the Contractor proceeds with the Work in the face of an error, inconsistency or 

omission  that  the  Contractor  discovered,  or  that  a  competent  Contractor 
reasonably experienced in the Work would have discovered, without additional 

instructions from the City Representative, then the Contractor shall at the 

Contractor’s cost remove or replace any incorrectly constructed Work. 

 
3.4 Site Conditions 

 

a) By executing this Contract, the Contractor represents that the Contractor  is 

familiar with the conditions under which the Work is to be performed. The 
Contractor further represents that the Contractor understands the requirements of 

the Contract Documents and what effects the Site conditions will have on the 

Work. The Contractor’s failure to visit the Site will not excuse the Contractor from 

the responsibility which otherwise would have been assumed, had the Contractor 
visited the Site.  
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b) Following the start of the Work, if the subsurface conditions are substantially 
different from what could reasonably have been expected, based on a reasonable 

and  proper  examination  of  the  Site  by  the  Contractor  and  the  information 

provided in the tender documents, if any, the Contractor must promptly notify the 

City Representative in writing prior to performing the Work. The Contractor may 
make a claim for changed site conditions in only accordance with GC 9.1. 

 

3.5 Temporary Structures 

 

The Contractor shall have the sole responsibility for the design, erection, operation, 

maintenance and removal of temporary structures and other temporary facilities and the 

design and execution of construction methods required in their use. The Contractor shall 

engage and pay for professional engineering personnel, registered to practice in 
Nunavut, skilled in the appropriate discipline, to perform these functions where required 

by law or by the Contract Documents and in all cases where such temporary facilities 

and their method of construction are of such a nature that professional engineering skill 

is required to  produce  safe  and  satisfactory  results.  The  Contractor  shall  submit  
engineered documents to the City Representative, for review, before commencing 
temporary work. 

3.6 Schedule 

 

a) Within fourteen (14) calendar days of executing the Articles of Agreement and as a 

condition of the first progress payment, the Contractor shall submit to the City 
Representative for review, a proposed    Construction    Schedule    showing    the    

anticipated    time    of commencement and completion of each of the major 

activities of the Work to be performed.   This   Construction   Schedule   shall   

include   the   sequence   and coordination of the various operations and the 

estimated time required for the Work and shall provide sufficient detail to permit the 
City Representative to monitor the progress of the Work. The Contractor shall 

revise the proposed Construction Schedule as requested by the City 

Representative, and the Contractor shall perform the Work in strict adherence to 

the Construction Schedule, including revisions thereto required by the City 
Representative, unless it is changed in accordance with the terms of this Contract. 

 

b) If at any time it should appear to the City Representative that the actual progress of 

the Work does not conform to the Construction Schedule, the Contractor shall 

produce at the   City Representative’s   request,   a   revised   Construction   

Schedule   showing the modifications necessary to ensure completion of the Work 
in accordance with the previously approved Construction Schedule and shall 

promptly adopt acceptable additional means and methods of construction, at no 

cost to the City, which will make up for the time lost and will ensure completion in 

accordance with the revised Construction Schedule. 
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c) If the Contractor fails or refuses to revise the Construction Schedule as required by 
this GC, this Contract may be terminated at the City’s option, in accordance with 

GC 10.3. 

 

d) The  City Representative’s  review,  comments,  consent,  acceptance  or  approval  
to the Construction Schedule shall not relieve the Contractor of any of the 

Contractor’s obligations under this Contract. 

 

3.7 Superintendent 

 

a) The Contractor shall assign a competent superintendent and necessary assistants, 

one or more of whom shall be in attendance at the Site at all times during the 

progress of the Work.  The superintendent and necessary assistants, if any, shall 
be designated in writing to the City Representative and shall act as the 

Contractor’s authorized representative at the Site. All written or oral 

communications to the superintendent shall be deemed to have been given to the 

Contractor. The superintendent shall only be replaced after the Contractor has 
received written approval from the City. 

 

b) The City may order the removal from the Work of any superintendent, supervisor, 

foreman or other employee who is in the opinion of the City, unfit for the Work, 
unskilled in the work assigned to him or otherwise unsuitable. Any person so 

removed shall not be re-employed on the Work by the Contractor or by a 

Subcontractor. 

 
3.8 Subcontractors 

 

a) The Contractor shall not employ any Subcontractor without the approval of the 

City. Once the names of the proposed Subcontractors have been submitted, the 
Contractor shall not change these Subcontractors without the advance written 

consent of the City. If any changes are made without consent, this Contract may be 

terminated at the City’s option, in accordance with GC 10.3. 

 
b) The City, through the City Representative, may, at any time during the 

performance of the Work, object to the use of a Subcontractor and direct the 

Contractor in writing to employ a different Subcontractor satisfactory to the City 

Representative. 
 

c) The Contractor shall be fully responsible to the City for the acts and omissions of 

Subcontractors, their agents, employees, and all parties engaged by the 

Contractor or its Subcontractors for the provision of work or the supply of materials. 
 

d) The Contractor agrees to incorporate the terms of the Contract Documents into all 

the Contractor’s subcontract agreements. 
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e) The Contractor shall maintain good order and discipline among the Contractor’s 
employees and the Subcontractors engaged in the Work.  The Contractor shall not 

employ, or permit Subcontractors to employ, workers who are not skilled in the 

assigned task.   The Contractor shall employ sufficient workers to perform the 

Work in compliance with the Construction Schedule. 
 

3.9 Other Contractors 

 

a) The City reserves the right to let separate contracts with other contractors or 
workers, or to undertake work using the City’s own forces to do other work. If other 

contractors, workers or the City’s own forces are sent onto the Site, with or without 

plant and material, the Contractor shall, to the satisfaction of the City, grant access 

to and cooperate with such persons and, in accordance with usual construction 
practice, coordinate the Work with the other work and connect to other work as 

specified or shown in the Contract Documents. 

 

b) The Contractor shall at all times remain the Constructor, with regards to the Health 
and Safety Act requirements. The City and other contractors entering the 

Contractors site shall be responsible for adhering to the Contractor’s Health and 

Safety policy. 

 
c) If the sending of other contractors, workers or the City’s own forces onto the Site 

results in a delay in the performance of the Work, which could not have been 

reasonably foreseen or anticipated by the Contractor when executing the Articles 

of Agreement, the Contractor may make a claim therefor in accordance with GC 
6.2 and 9.1. 

 

d) If the Contractor discovers any deficiencies in any other work which might affect 

the Work, the Contractor shall immediately report such deficiencies to the City 
Representative and then confirm such report in writing. 

 

3.10 Use of the Site 

 

a) The Contractor shall make every effort to confine the Contractor’s equipment and 

plant, storage of materials and operations to limits indicated by the Contract 

Documents, by a specific direction of the City Representative or by Applicable 

Laws and shall not unreasonably occupy the Site. Where the Contractor requires 
additional land for the erection of temporary facilities and storage of materials, 

including access to them, the Contractor shall arrange for such and assume all 

costs and liabilities arising therefrom. 

 
b) The Contractor shall not load or permit to be loaded on any part of the Work, a 

weight or load or force that will endanger its safety or exceed the design loads. 
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c) The Contractor shall not interfere in any way with the work or scheduling of any 
other contractor, worker or employee of the City.  Subject to GC 3.9(b), in order to 

avoid or minimize such interference, the City may in its absolute discretion, 

establish schedules or methods and shall notify the Contractor accordingly. 

 
3.11 Survey 

 

a) The Contractor shall provide the City Representative with assistance, as required, 

to make any surveys and measurements, and to establish or check lines and 
grades. 

 

b) The Contractor shall safeguard all points, stakes, grade marks and benchmarks 

made or established on the Work. The Contractor shall bear the expense of re- 
establishing them and for rectifying Work improperly installed due to the 

Contractor’s  failure  to  safeguard  such  points,  stakes  and  marks.  Additional 

surveys and staking required by the Contractor to perform the Work, shall be 

provided by the Contractor at its expense. 
 

3.12 Protection of the Work, Property and the Public 

 

a) The Contractor shall be responsible for protecting the Work, the City’s property at 
the Site including the Contract Documents and any plant and material, including 

plant and material supplied by the City to the Contractor, against loss or damage 

from any cause but subject to GC 3.15(c). In particular, the Contractor shall take 

necessary precautions, at the Contractor’s expense, to ensure that: 
 

i. no person, adjacent property, right, easement or privilege is injured, damaged 

or nfringed by reason of the Contractor’s activities in performing the Work; 

 
ii. pedestrian and other traffic on any public or private road or waterway is not 

unduly impeded, interrupted or endangered by the performance or existence 
of the Work; 

iii. fire hazards in or about the Work or the Site are minimized; 

 
iv. adequate medical services are available to all persons employed on the Work 

at all times during the performance of the Work; 

 

v. adequate sanitation measures are taken in respect of the Work; and 
 

b) The City Representative may order the Contractor to do such things and to perform 

such additional Work as the City Representative considers reasonable and 

necessary to ensure compliance with or to remedy a breach of GC 3.12(a) and the 
Contractor shall comply with the directions of the City Representative, at the 

Contractor’s expense.  
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3.13 Permits 

 

a) The Contractor shall procure and post at the Site all permits, certificates and 

licenses required for the construction of the Work and shall be responsible for all 

fees in respect thereof.  
 

a) The Contractor will be responsible for procuring and coordinating all permits issued 

by the City’s Public Works and Engineering Department. Such permits include: 

 
i. Water & Sewer Service Connection/ Disconnection Permit 

 

ii. Utility Permit 

 
iii. Road Closure Permit 

 

Permit applications must be submitted to the City twenty (20) business days prior 
to the start of the works.  

3.14 Applicable Laws 

 

a) The Contractor shall perform the Work and give any required notices in full 

compliance with all Applicable Laws, ordinances, rules, regulations, codes and 

orders of the municipal and other authorities having jurisdiction which are in or 

come into force during the performance of the Work. 
 

b) The Contractor shall have due regard for the protection of the environment in the 

performance of the Work and shall not place any materials, including without 

limitation, hazardous materials, or dispose of any such materials, or perform any 

Work in a manner contrary to applicable federal or territorial or municipal 
environmental laws and regulations, either at the Place of the Work, or at any other 

place or property. 
 

3.15 Material and Plant Supplied by City 

 

a) The Contractor is liable for any loss or damage to material, plant or real property 
that is supplied or placed by the City in the care, custody and control of the 

Contractor for use in connection with the Work, whether or not that loss or damage 

is attributable to causes beyond the Contractor’s control. 

 
b) The Contractor shall not use any material, plant or real property placed in the 

Contractor’s care, custody and control by the City, except for the purpose of 

performing the Work. 

 
c) The Contractor is not liable to the City for any loss or damage to material, plant or 

real property if that loss or damage results from and is directly attributable to 

reasonable wear and tear.  
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3.16 Equipment, Plant and Material Supplied by Contractor 

 

a) Unless otherwise specified in the Contract Documents, the Contractor shall furnish 

and assume full responsibility for all materials, equipment, labour, transportation, 

construction equipment and machinery, tools, appliances, fuel, power, light, heat, 
telephone, water, sanitary facilities, temporary facilities and all other facilities and 

incidentals necessary for the performance, testing, finishing, start-up and 

completion of the Work. All materials, equipment, facilities, etc., furnished by the 

Contractor shall be maintained in a working, clean and sanitary manner. 
 

b) Materials  provided  shall  be  new  unless  otherwise  specified  in  the  Contract 

Documents.   Products that are not specified shall be of a quality best suited to 

their purpose and use, as approved by the City Representative. 
 

c) All equipment, plant and material owned by the Contractor and to be incorporated 

in the Work, from the time of initial delivery to the Site, shall be deemed to be the 

property of the City; provided always that the vesting of such property shall not 
prejudice the right of the Contractor to the sole use of the said equipment, plant 

and material for the purpose of performing the Work nor shall it affect the 

Contractor’s responsibility to operate and maintain the same in accordance with 

the Contract Documents. The City shall not at any time be liable for the loss of, 
damage to or risk of loss of any of the Contractor’s equipment, plant or materials. 

 

3.17 Workers’ Compensation Act 

 

a) The Contractor shall comply with and ensure compliance at time of tender by all 

Subcontractors, with the requirements of the Workers’ Compensation Act, 

R.S.N.W.T. 1988, c. W-6, as duplicated for Nunavut by s. 29 of the Nunavut Act.  

The Contractor and its Subcontractors shall maintain accounts in good standing 
with the Workers’ Safety and Compensation Commission.   The   Contractor   shall   

provide   verification   from   the Workers’ Compensation Board that the 

Contractor’s account is in good standing prior  to  the  release  of  holdbacks,  at  

the  end  of  the  warranty  period  and  as requested by the City Representative. 
The City may refuse to make a payment to the Contractor unless the Contractor 

furnishes evidence from the Workers’ Compensation Board that the Contractor’s 

account is in good standing. 

 
b) If the City receives a notice from the Workers’ Compensation Board that the 

Contractor’s accounts, or any Subcontractors’ accounts are not in good standing, 

or if a demand for payment is received, the City may suspend payments due to the 

Contractor until a letter of clearance is obtained or the City has paid the amount on 
behalf of the Contractor. 
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c) If the City is required to pay any amount to the Workers’ Compensation Board on 
behalf of the Contractor, or any Subcontractor, the City may deduct the amount 

from any amount owing to the Contractor under this or any other contract, or may 

demand a reimbursement by the Contractor to the City for the amount paid by the 

City. 
 

d) If at any time the performance of the Work is stopped because the Contractor 

unreasonably fails or refuses to comply with a regulation or order issued pursuant 

to the Workers Compensation Act, then such failure or refusal shall be considered 
a default under this Contract, and this Contract may be terminated at the City’s 

option, in accordance with GC 10.3. 

 

3.18 Occupational Health and Safety 

 

a) The Contractor shall be solely responsible for construction safety at the Site as and  

to  the  extent  required  by  the  Safety  Act, in effect at time of tender, and any 

other applicable construction safety legislation, regulations and codes, any City 
safety Policies, as amended from time to time, and by good construction practice. 

 

b) In any case where, pursuant to the provisions of the Safety Act, R.S.N.W.T. 1988, 

c. S-1, as duplicated for Nunavut by s. 29 of the Nunavut Act, the Director of 
Inspections or a Safety Officer orders the Contractor or any Subcontractor 

performing the Work, to cease work because of failure to install or adopt safety 

devices directed by the regulations made under the said Act, or required by it, or 

because the Director of Inspections or a Safety Officer is of the opinion that 
conditions of immediate danger exist that would likely result in injury to any person, 

the City may exercise its right to terminate this Contract or suspend the Work  

immediately,  in  accordance  with  GC 10,  until  the  default  or  failure  is 

corrected. 
 

3.19 Cutting and Patching 

 

a) The Contractor shall do all cutting, fitting or patching of the Work that may be 
required to tie in properly with the work of other contractors shown in, or 

reasonably inferable from the Contract Documents. 

 

b) The Contractor shall not endanger any existing Work by cutting, patching or 
otherwise, and shall not cut or alter the work of any other contractor save with the 

consent of the City Representative and then only to the extent permitted by the City 

Representative. 

 
c) The Contractor hall  not unreasonably withhold from the City or a separate 

contractor the Contractor’s consent to cutting or otherwise altering the Work in 

accordance with any direction given by the City Representative. 
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3.20 Defective Work 

 

a) Defective work, whether the result of poor workmanship, use of  defective products  

or damage through carelessness or other act or omission of the Contractor or any 

Subcontractor, and whether incorporated in the Work or not, which has been 
rejected by the City Representative as failing to conform to the Contract 

Documents,  shall  be  removed  promptly  from  the  Work  and  replaced  or  re- 

executed by the Contractor in accordance with the Contract Documents, at the 

Contractor’s expense. 
 

b) Where any part of the Work is damaged by such removals, replacements or re- 

execution, it shall be made good, promptly, at the Contractor’s expense. 
 

c) Where the Contractor fails to correct defective or rejected work within the time 

limits specified by the City Representative, the City may correct defective or 
rejected Work and deduct the cost of same from the Contract Price, or may 

terminate this Contract in accordance with GC 10.3. 
 

d) In cases of emergency, the City may take whatever action it deems necessary to 

correct defective or rejected Work and deduct the cost of same from the Contract 

Price. 

 
e) If, in the opinion of the City Representative, it is not expedient to correct defective 

work or work not done in accordance with the Contract Documents, the City may 

deduct from the Contract Price the difference in value between the Work as done 

and that required by this Contract, as determined and certified by the City 
Representative. 

 

3.21 Testing and Inspection 

 

a) Unless otherwise specified in the Contract Documents, the Contractor shall not rely 

on the City’s testing program, for the Contractor’s own quality control, but shall 

perform such testing as may be required to ensure that the Work complies in all 

respects with the Contract Documents. 
 

b) The Contractor shall promptly provide the City Representative with two copies of all 

certificates, inspection and testing reports required by the Contract Documents or 

ordered by the City Representative. 
 

c) The City Representative may conduct quality control testing regarding the 

acceptability of materials used in the Work and the Contractor shall furnish for the 

City Representative’s approval such samples as the City Representative may 
reasonably require, at the Contractor’s expense. 
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d) The City Representative may order retesting of questioned Work. If such retesting 
shows the Work to comply with the provisions of this Contract, the City shall pay 

the cost of retesting. If the retesting shows that through the fault of the Contractor 

the Work does not so comply, the Contractor shall pay all associated costs. Testing 

which is paid for by the City shall not be subject to direction or control by the 
Contractor. 

 

e) The City Representative shall at all times have access to the Work and the 

Contractor shall provide proper facilities for such access and for inspection. If any 
Work should be covered without the approval or consent of the City 

Representative, it must, if required by the City Representative, be uncovered for 

examination and subsequently recovered, both at the Contractor’s expense. 

 
f) Any inspection of the Work by the City Representative or the failure of the City 

Representative to make any inspection, or: 

 

i. the thoroughness or lack of thoroughness of any inspection made by the City 
Representative; 

 

ii. the failure of the City Representative to observe defective workmanship or 

materials either by the Contractor or a Subcontractor; 

 

iii. the failure to direct the attention of the Contractor or Subcontractor, or of any 
other person, to the inadequacy of the manner in which this Contract is being 

performed, or 

 

iv. the inadequacy or insufficiency of any equipment or material used in the 

performance of or incorporated in the Work, 
 

shall not relieve the Contractor from the responsibility for any failure to supply 

materials and complete the Work strictly in accordance with the Contract 
Documents. 

3.22 Site Cleanliness 

 

a) The Contractor shall maintain the Site in a tidy condition and free from the 

accumulation of waste material and debris, to the satisfaction of the City 

Representative. 

 
b) Before the issuance of a certificate of Substantial Performance, the Contractor 

shall remove all the Contractor’s tools and material not required for the remaining 

Work, and all waste material and other debris, and shall ensure that the Work and 

the Site are clean and suitable for occupancy or use by the City, unless otherwise 
directed by the City Representative. 
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c) Before the issuance of a certificate of Final Completion, the Contractor shall 
remove  from  the  Site  all  the  Contractor’s  tools  and  material  and  any  waste 

material and other debris, to the satisfaction of the City Representative. 

 

d) If the Contractor fails or refuses to remove all such tools, materials, equipment and 
waste within a reasonable time after achieving Final Completion then, on written 

notice from the City Representative to the Contractor specifying a reasonable time 

to remedy such failure or refusal, the City may do or cause to be done the removal 

and all reasonable resulting costs incurred by the City may be deducted from any 
amounts owing by the City to the Contractor. 

 

e) The Contractor’s obligations described above do not extend to waste material and 

other debris caused by the City’s agents or other contractors. 
 

3.23 Claims Against and Obligations of the Contractor 

 

a) The Contractor shall pay out and discharge all its lawful obligations and shall 
satisfy all lawful claims against it arising out of the performance of the Work at least 

as often as this Contract requires the City to pay the Contractor. 

b) The Contractor shall, in accordance with the Contract Documents and whenever 

requested to do so by the City Representative, make a statutory declaration 
regarding the existence and condition of any obligations of and claims against the 

Contractor, any Subcontractors, or Suppliers.  Upon request by the City, the 

Contractor shall provide letters from its Subcontractors and Suppliers regarding the 

status of any accounts with the Contractor and the details of any claims, if any. 
 

c) The City may, in its absolute discretion, and at any time prior to the final release of 

holdbacks, in order to discharge lawful obligations of and satisfy lawful claims 

against the Contractor, any Subcontractors or Suppliers arising out of the 
performance of the Work, pay any amount that is due and payable to the 

Contractor pursuant to this Contract, directly to the obligees of and the  claimants  

against,  the  Contractor,  Subcontractor or Supplier. When the parties involved in 

the claim are in agreement on the validity and amount of the claim, the City may 
treat this as a lawful claim. 

 

d) Where no agreement is reached between the parties as referred to above, the City 

may withhold payment, without any obligation to pay interest, until the validity and 
amount of the Claim is established by legal proceeding. The City may, in its 

absolute discretion, bring the matter before the Nunavut Court of Justice by way of 

Interpleader, and shall dispose of the funds withheld in accordance with the 

direction of the Court. 
 

e) A payment made pursuant to this provision is, to the extent of the payment, a 

discharge of the City’s liability to the Contractor under this Contract and may be 

deducted from an amount payable to the Contractor under this Contract. 
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3.24 Patent Rights 

 

The Contractor shall indemnify the City from and against all claims, liabilities and 

proceedings for or on account of infringement of any patent rights, design trademark or 

name or other protected rights in respect of the Contractor’s equipment, materials or 
tools used for or in connection with, or for incorporation into the Work, and from and 
against all damages, costs, charges and expenses whatsoever relating thereto. 

3.25 Royalties 

 

Except where otherwise stated, the Contractor shall pay all tonnage and other royalties, 

rent  and  other  payments  or  compensation,  if  any,  for  obtaining  building  materials 
required for the Work. 

3.26 Records to be Kept by Contractor 

 

a) The Contractor shall maintain complete records of the Contractor’s estimated and 

actual costs of the Work together with all tender calls, quotations, contracts, 

correspondence, invoices and receipts. In accordance with the terms of this 

Contract, these documents shall be available for audit and inspection by the City or 
by persons acting on behalf of the City when requested. The Contractor shall 

furnish any such person with any information it may require from time to time in 

connection with these records. 

 
b) Records maintained by the Contractor shall be kept intact for six years following 

the end of the warranty period or such other period of time as directed by the City 

Representative. 

 
c) The Contractor shall ensure that all of its Subcontractors comply with the above 

requirements. 

 

3.27 Public Ceremonies and Signs 

 

a) The Contractor shall not permit any public ceremony in connection with the Work 

without the prior written consent of the City. 

 
b) The Contractor shall not erect or permit the erection of any sign or advertising on 

the Site without the prior written consent of the City. 

 

3.28 Non-Compliance by Contractor 

 

a) If the Contractor fails to comply, within a reasonable time, with any decision or 

direction given by the City Representative, the City may employ such methods as 

the City deems advisable to do that which the Contractor failed to do. 
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b) The Contractor shall pay the City the total of all costs, expenses and damages 
incurred or sustained by the City by reason of the Contractor’s failure to comply 

with any decision or direction referred to above, including the cost of any method 

employed by the City. Where the amounts owing to the Contractor under this 

Contract are insufficient to cover such costs, the Contractor shall pay the balance 
to the City immediately. 

 

4. ADMINISTRATION BY CITY REPRESENTATIVE 

4.1 City Representative’s Duties and Authority 

 

a) The City Representative will administer this Contract on behalf of the City as 
provided in the Contract Documents. 

 

b) The City Representative will be the City’s representative until the Work has been 

completed in accordance with the Contract Documents. 
 

c) Except as expressly stated in the Contract Documents, the City Representative 

shall have no authority to relieve the Contractor of any of the Contractor’s 

obligations under this Contract. 
 

d) The City Representative will be the initial interpreter of the requirements of the 

Contract Documents and judge of the acceptability of the Work performed and 

shall deal with Claims as they arise, in accordance with GC 9.1. 

 
e) If any error, inconsistency, or omission in the Contract Documents is discovered, 

the City Representative shall provide directions or clarifications to the Contractor. 

 

f) During the progress of the Work, the City Representative shall have authority to 
reject Work that, in the City Representative’s opinion, does not conform with the 

requirements of the Contract  Documents,  or  to  issue  written  additional  

instructions  regarding  the Work which may, in the opinion of the City 

Representative, be necessary to supplement or clarify the Contract Documents. 
Such additional instructions shall be consistent with the intent of the Contract 

Documents, shall not entitle the Contractor to an Adjustment and shall be binding 

upon and be carried out promptly by the Contractor. 

 
g) Wherever, under this Contract, the City Representative is required to exercise 

discretion by: 

 

i. rendering a decision, opinion or consent; 
 

ii. expressing satisfaction or approval; 

 

iii. determining value; or 
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iv. otherwise taking action which may affect the rights and obligations of the City 
or the Contractor, 

the City Representative shall do so impartially, consistent with the terms of 

this Contract and having regard to all of the circumstances. Any such 

decision, opinion, consent, expression of satisfaction or approval, 
determination of value or action, may be opened up, reviewed or revised as 
provided in GC 9. 

4.2 Observing the Work 

 

The City Representative will visit the Site at intervals appropriate to the stage of 

construction to become generally familiar with the progress and quality of the completed 
Work and to determine in general if the Work is being performed in a manner indicating 

that the Work, when completed, will be in accordance with the Contract Documents. 

However, the City Representative will not be required to make exhaustive or continuous 

on-site inspections to check the quality or quantity of the Work. On the basis of such on-
site observations, the City Representative will keep the City informed of the progress of 

the Work and will endeavour to guard the City against defects and deficiencies in the 
Work. 

4.3 City Representative’s Decision 

 

Except as provided in GC 4.1(g), neither the City Representative’s authority or 

responsibilities under GC 4 or under any other provision of the Contract Documents nor 
any decision made by the City Representative in good faith either to exercise or not 

exercise such authority or responsibility, shall create, impose or give rise to any duty or 

responsibility owed by the City Representative to the Contractor, any Subcontractor, 
Supplier, or to any surety for or employee or agent of any of them. 

5. PAYMENT AND COMPLETION 

5.1 Progress Payments 

 

a) At the end of each calendar month, or such other period as is agreed to between 

the City Representative and the Contractor, the Contractor shall deliver to the City 

Representative a written progress claim that describes the Work that has been 
completed and any material that was delivered to the Site but not yet incorporated 

into the Work since the last progress claim. The Contractor’s progress claim shall 

be submitted on the last day of the month, for the month which progress is being 

claimed. If the last day coincides on a weekend or holiday, it will be issued on the 
following business day. 

 

b) The City Representative shall, within fourteen (14) business days of receipt of the 

Contractor’s progress claim, review the claim and prepare a certificate for payment 
which may take the form  of  an  endorsement  on  the  progress  claim.  If  the  

City Representative  amends  the progress claim, he will promptly notify the 

Contractor in writing, giving reasons for the amendment.  
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c) Where the Contractor does not submit a progress claim or where the City 
Representative does not endorse the Contractor’s progress claim, the City 

Representative may calculate the progress payment and prepare a certificate for 

payment by the City. Where unit prices apply, payment will be calculated on the 

basis of the unit prices specified in the Contract Documents and the units of Work 
completed as determined by the City Representative. Where a lump sum price 

applies, payment will be calculated on the basis of the City Representative’s 

estimate of the percentage of the Work completed. 

 
d) The progress certificate will show, to the end of the period covered by the progress 

claim, the estimated value of all labour and materials incorporated into the Work, 

GST monies paid, all materials stored at the Site and all Change Orders certified 

by the City Representative. The certificate shall also show the aggregate of 
previous payments and the amounts withheld. The gross amount shown on such 

certificate, less the aggregate of all payments to date and sums withheld, shall 

become due and be payable by the City to the Contractor within thirty (30) calendar 

days following receipt by the City of the progress certificate. 
 

e) The estimates referred to above shall not bind the City or the City Representative 

in any manner in the preparation of the final estimate of the Work done, but shall 

be held to be approximate only and shall in no case be taken as an acceptance of 
the Work or as a release of the Contractor from the Contractor’s responsibilities 

under this Contract. 

 

f) If for any reason the City disputes the net amount shown for payment on a 
progress certificate the City shall, within the time specified in this GC, pay to the 

Contractor any amount not disputed and also deliver to the Contractor and the City 

Representative written reasons for any deductions. 

 
5.2 Contract Holdbacks 

 

a) The City will retain Contract holdbacks in accordance with the following: 

 
i. ten percent from each progress payment made prior to the issuance of the 

first   Holdback   Payment   Certificate   by   the   City Representative   (the   

“Lien Holdback”), and 

 
ii. five percent Owners Offset from any payments made to the Contractor 

following the issuance of the first Holdback Payment Certificate, other than 

from holdback payments. 
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5.3 Substantial Performance 

 

a) When the Contractor considers the Work ready to be utilized for its intended 

purpose, the Contractor may apply in writing to the City Representative to issue a 

Certificate of Substantial Performance. The Contractor shall prepare and submit 
with its application a comprehensive list of deficiencies and/or incomplete items to 

be completed or corrected, a statutory declaration as per GC 3.23(b) and 

particulars of, or a waiver of, all outstanding claims against the City, arising out of 

the Work.  The Contractor shall proceed promptly to complete and correct the 
items on the list.  Failure to include an item on this list does not alter the 

Contractor’s responsibility to complete the Work in accordance with the Contract 

Documents. 

 
b) Following the receipt of an application from the Contractor for a certificate of 

Substantial Performance, the City Representative shall, with reasonable 

promptness, make an inspection and assessment of the Work. Within seven (7) 

calendar days of the inspection, the City Representative shall notify the Contractor 
of his approval, or reasons for, disapproval of the application. If the City 

Representative determines that the Work is substantially completed, he shall issue 

a certificate of Substantial Performance to the City and the Contractor. A list of 

items to be completed or rectified shall accompany the certificate. If the City 
Representative does not consider the Work to be substantially completed, he shall 

notify the Contractor in writing of the reasons why and list the items to be 

completed or rectified, of which the City Representative is aware. 

 
c) The  City  may  deduct  from  the  Contract  Price,  or  any  amounts  due  to  the 

Contractor, the costs associated with the City Representative being called upon to 

perform more than one inspection for the purpose of determining Substantial 

Performance, when in the opinion of the City Representative, the Work was clearly 
not yet substantially complete. 

 

d) The certificate of Substantial Performance shall establish the date of Substantial 

Performance and shall fix the time within which the Contractor shall complete or 
correct all items on the list accompanying the certificate. Warranties required by 

the Contract Documents shall commence on the date of Substantial Performance, 

unless otherwise provided, in the certificate of Substantial Performance. 

 
e) Similarly, in accordance with the procedure set out above, the City Representative 

may in its absolute discretion, issue a Certificate of Substantial Performance in 

respect of any part  of  the  Work  which  has  been  both  completed  to  the  

satisfaction  of  the City Representative and which the City has elected to occupy 
or use prior to completion. 
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f) In addition to other holdbacks as provided by the Contract Documents, when 
considering Substantial Performance, the City may hold back from payments 

otherwise due to the Contractor the amount that is two times of the amount of a 

reasonable estimate, as determined by the City Representative, on account of 

deficient or defective Work already paid for.   This holdback may be held, without 
interest, until such deficiency or defect is remedied.  The items of defect or 

deficiency and the amounts of related holdback shall be listed separately on the 

payment certificate. 

 
5.4 Final Completion 

 

a) Following Final Completion of the Work, including any testing, the Contractor shall 

provide the City Representative with the following: 
 

i. a statutory declaration as referred to in GC 3.23(b) that: 

 

A. the Work has been completed in accordance with the Contract 
Documents; and 

 

B. no claims exist or alternatively setting out the particulars of any claims 

relating to personal injury or death or property loss or damage arising 
out of the Work, and any alleged infringement by the Contractor of a 

patent or other property right in performing this Contract; and 

 

ii. particulars of, or a waiver of, all outstanding claims against the City, arising 
out of the Work. 

 

b) Following receipt of the documents referred to in GC 5.4(a), the City 

Representative shall, with reasonable promptness, conduct an inspection and 
assessment of the Work to verify that the Work has been completed in accordance 

with the Contract Documents. Within fourteen (14) calendar days of receipt of the 

above documents, the City Representative shall either issue a certificate of Final 

Completion to the City and the Contractor or a list of items to be completed or 
rectified, of which the City Representative is aware. The City may deduct from 

monies owed to the Contractor the costs associated with the City Representative 

being called upon to perform more than one inspection. 

 
c) Receipt by the Contractor of the certificate of Final Completion shall entitle the 

Contractor to payment in accordance with GC 5.5. 
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5.5 Final Progress Payment 

 

a) The final progress payment certificate will be prepared following the issuance of 

the certificate of Final Completion. The final progress payment certificate will show 

the total amount payable to the Contractor, less any amounts retained. 
 

b) The final progress payment amount shall be paid by the City to the Contractor 

within thirty (30) calendar days following receipt by the City of the final progress 

payment certificate. 
 

5.6 Holdback Release 

 

a) Forty-five (45) calendar days following the date of the issuance of the certificate of 
Substantial Performance by the City Representative, the Contractor may apply to 

the City for release of fifty percent of the Lien Holdback.   The Contractor shall with 

such application provide the City Representative with a statutory declaration as 

referred to in GC 3.23(b), with the content referred to in GC 5.4(a)(i), and the 
particulars of a waiver of, all outstanding claims against the City, arising out of the 

Work.  The City Representative shall, within fourteen (14) calendar days’ receipt of 

the Contractor’s application, issue a Holdback Payment Certificate or a list of items 

to be rectified prior to payment. 
 

b) Following the release of fifty percent of the Lien Holdback in accordance with GC 

5.6(a), the Contractor may apply in writing for release of the remainder of all 

Contract lien holdback funds retained by the City, provided an irrevocable letter of 
credit, in a form acceptable to the City and from a bank and branch acceptable to 

the City, for the same amount is presented for the City’s consideration. The City 

may, in its absolute discretion, accept or reject the Contractor’s irrevocable letter of 

credit in place of the remainder of all Contract holdback funds. 
 

c) The irrevocable letter of credit referred to in this provision must be for the same 

amount as the remainder of all Contract lien holdback funds and must remain in 

place until expiry of the warranty period referred to in GC 11.4. Should the 
Contractor’s irrevocable letter of credit be scheduled to expire prior to the end of 

such warranty period, the City may, at any time within the fourteen (14) calendar 

days prior to the expiry date, call upon and draw down the irrevocable letter of 

credit, unless the Contractor presents a renewal thereof with an expiry date be 
beyond the warranty period. 

 

d) One year following the date of the issuance of the Certificate of Substantial 

Performance by the City Representative, the Contractor may apply to the City for 
release of the remainder of all Contract holdbacks or the return of irrevocable 

letters of credit, if any. The City Representative shall, within fourteen (14) calendar 

days of receipt of the Contractor’s application, issue a Holdback Payment 

Certificate or a list of items to be rectified prior to payment.  



 

CONSTRUCTION SERVICES 

PART III – GENERAL CONDITIONS  

 
 

 
 
Template Version V.2 – January 6, 2023 

Page 30 of 51 

 

e) The City may withhold from monies owing to the Contractor, an amount equal to 
the City Representative’s estimate of the value of all outstanding deficiencies. 

 

f) Subject to any applicable lien legislation requirements, holdback payments shall 

become payable or irrevocable letters of credit shall be returned by the City to the 
Contractor, within thirty (30) calendar days following receipt by the City of the 

Holdback Payment Certificate. 

 

5.7 Delay in Making Payment 

 

a) Delay by the City in making payments when they are due pursuant to  this 

provision shall not be a breach of this Contract by the City. 

 
b) Unless  otherwise  stated  in  this  Contract,  when  the  City  delays  in  making  a 

payment that is due pursuant to this clause, the Contractor shall be entitled to 

receive simple interest on the amount that is overdue, at the prime lending rate of 

the main banker of the City. 
 

5.8 Right of Set-off 

 

Without limiting any right of set-off or deduction given or implied by law or elsewhere in 
the Contract Documents, the City may set-off any amount payable to the City by this 
Contractor against any amount payable to the Contractor under this Contract. 

6. TIME AND DELAYS 

6.1 Time of the Essence 

Time is of the essence of this Contract, including without limitation the dates and time 
limits stated in the Contract Documents. By executing this Contract, the Contractor 
confirms that this Contract Time is a reasonable period for performing the Work. 

6.2 Delays 

 

a) Where a delay occurs in the progress of the Work and: 

 

i. the delay is attributable to or within the control of the Contractor or its 
Subcontractors or was reasonably foreseeable by them at the time this 

Contract was entered into, the Completion Date will not be adjusted. The 

Contractor will be liable to the City for all costs and expenses incurred by the 

City, as well as for any losses resulting from the City’s inability to utilize the 
Work for its intended purpose resulting from the delay, and the City may 

deduct such costs from payments owing to the Contractor under this 

Contract; 

 
ii. the delay is due to an act or neglect by the City, the City Representative, or 

other contractor, or of an employee of any of them, then the Contractor may 

make a Claim therefor, in accordance with GC 9.1, or  
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iii. the cause for the delay does not fall within the circumstances described in (i) 
or (ii) above, the Contractor may make a Claim for an Adjustment in the 

Contract Time (but not for an Adjustments of the Contract Price), in 

accordance with GC 9.1. This shall be the Contractor’s sole and exclusive 

remedy for such delays. 
 

b) In no event will adverse weather be considered to be a cause of delay beyond the 

Contractor’s or its Subcontractors’ control or not reasonably foreseeable by them at 

the time this Contract was entered into. 
 

7. ASSESSMENTS AND DAMAGES FOR LATE COMPLETION 

7.1 Late Completion 

 

a) For the purposes of this General Condition, “period of delay” means the number of 

days commencing on the Completion Date fixed by the Articles of Agreement and 
ending on the day immediately preceding the day on which the certificate of 

Substantial Performance is issued but does not include any day within a period of 

extension granted pursuant to GC 9.1 and 6.2, or any other day on which, in the 

opinion of the City Representative, completion of the Work was delayed for 
reasons beyond the control of the Contractor. 

 

8. CHANGE ORDERS 

8.1 Changes in the Work 

 

a) Without invalidating this Contract, the City may, through the City Representative, 

direct in writing the Contractor to make changes in the Work by adding to, deleting 
from or revising the Work. 

 

b) When no Change Order has been issued by the City Representative, and the 

Contractor claims that any of the Work being performed or proposed constitutes a 
change in the Work entitling the Contractor to an Adjustment, the Contractor may 

make a Claim therefore in accordance with GC 9.1. 

 

c) Changes in the Work directed by the City shall not be initiated, and shall not be 
carried out by the Contractor, without the prior written authorization of the City 

through the City Representative. 

 

d) Upon receipt of a Change Order from the City Representative, the Contractor shall 
promptly proceed with the Work involved under the applicable provisions of the 

Contract Documents, except as specifically provided in the Change Order. 
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e) The City Representative may in writing direct the Contractor to proceed with the 
Change notwithstanding that a Change Order has not been prepared or agreed at 

the time of such direction, and upon receipt of such direction the Contractor shall 

promptly proceed with the Work as aforesaid.  If the parties fail to agree upon the 

price for such  Change,  the  price  therefor  shall  be  as  set  out  in  GC  8.2(f)  or  
(i),  as applicable. 

 

f) If notice of any change in the Work is required by the provisions of any bond to be 

given to a surety, the Contractor will be responsible for giving such notice, and the  
amount  of  each  applicable  bond  shall  be  adjusted  accordingly.  For  the 

purposes of this provision, the Contractor will be considered to be the surety’s 

agent. 

 
8.2 Valuation of Changes 

 

a) When a change results in a decrease in the Work, the Contract Price shall be 

decreased by an amount to be determined by the City Representative, with such 
decrease valued in the same manner as if it were an increase. 

 

b) When a change causes an increase  in the Work, the Contract  Price shall be 

increased in accordance with this provision. 
 

c) If this Contract specifies unit prices for changes to the Work, and the City 

Representative concurs in their use on a particular change or portion thereof, then 

the Contractor shall be paid for such change or portion, a sum determined by 
applying the unit prices to the actual quantum, as measured by the City 

Representative, determined after completion of the Change. 

 

d) Where this Contract specifies force account rates for labour, equipment and 
materials, and the City Representative concurs in their use on a particular change 

or portion thereof, then the Contractor shall be paid for such change or portion, a 

sum determined by applying the force account rates to the number of hours of 

labour and equipment expended and quantities of materials utilized. The 
Contractor shall present records of the work done to the City Representative for 

approval, at the times and in the manner specified by the City Representative. 

 

e) If there are changes, or portions of changes, for which unit prices or force account 
rates are not applicable or specified, then the Contractor shall propose to the City 

Representative a fixed price for such changes or portions. Upon agreement by the 

City on the amount thereof, the proposed fixed price shall become the sum the 

Contractor shall be paid for such change or portion. 
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f) If the Contractor and the City are unable to agree on a fixed price, then the 
Contractor shall be reimbursed its costs for performing the changes as directed by 

the City Representative, consistent with the following: 

 

i. wages,  salaries  and  travelling  expenses  of  the  Contractor’s  employees 
while actually engaged on the Work, excluding any and all expenses of head 

office personnel; 

 

ii. workers’ compensation assessments, unemployment insurance premiums, 
pension plan payments and paid holidays; 

 

iii. rental cost of machinery and equipment that is used in the performance of the 

Work, or an allowance for depreciation if owned by the Contractor; 
 

iv. operation and maintenance costs for machinery and equipment used in the 

performance of the Work, other than costs of repairs arising out of defects 

existing before it was brought on to the Site; 
 

v. cost  of  materials  necessary  for  and  incorporated  into  the  Work  or 

consumed in the performance of the Work; 

 
vi. cost of premiums for all bonds and insurance; 

 

vii. other expenses incurred by the Contractor as approved in advance by the 

City Representative for the proper performance of the Work; 
 

viii. Subcontractor  costs  calculated  in  accordance  with  GC 8.2(f)  (i  to  vii) 

above; and 

 
ix. an allowance for profit and all other expenditures or costs, including 

overhead, general administration costs, financing and interest charges, and 

every other cost, charge and expense, in an aggregate amount that is equal 

to twenty percent of the expenses referred to in GC 8.2(f) (i to vii), and equal 
to ten percent of the expenses referred to in GC 8.2(f) (viii) above. 

 

g) Whenever the cost of any Work is to be determined in accordance with GC 8.2(f), 

the Contractor will establish and maintain records in accordance with GC 3.26. 
 

h) Pending final determination of cost, amounts not in dispute shall be included in 

progress payments. 

 
i) If the method of valuation of any increase cannot be promptly agreed upon, the 

City Representative   shall   determine   the   method   of   valuation   and   issue   

a   written authorization for the change setting out the method of valuation. 

 
  



 

CONSTRUCTION SERVICES 

PART III – GENERAL CONDITIONS  

 
 

 
 
Template Version V.2 – January 6, 2023 

Page 34 of 51 

 

8.3 Contingency Allowance 

 

a) The Contract Price includes the contingency allowance, if  any, stated in the 

Contract Documents. 

 
b) Expenditures under the contingency allowance shall be authorized in the same 

manner as for a Change Order in accordance with GC 8, and the value shall be 

determined in accordance with GC 8.2. 

 
c) The unexpended portion of the contingency allowance shall be credited to, and 

paid to, the City as a condition of achieving Substantial Performance, unless 

otherwise agreed to by the City. 

 

9. DISPUTE RESOLUTION 

9.1 City Representative’s Decision 

 

a) Where a Claim arises out of, or in connection with this Contract or the performance 

of the Work, whether during the performance of the Work or after its completion 

and whether before or after termination of this Contract, the Claim shall, in the first 
place, be referred in writing to the City Representative in accordance with this 

provision. 

 

b) A written notice stating the general nature of the Claim shall be delivered by the 

party making the Claim to the other party and to the City Representative promptly, 
and in no event later than seven (7) calendar days after the occurrence of the 

event giving rise to the Claim. Any Work for which a Claim has been made, shall 

be kept readily accessible and shall not be covered up without the express 

permission of the City Representative. 
 

c) Notice of the extent of the Claim with supporting data shall be delivered within 

fourteen (14) calendar days after such occurrence. The Contractor shall keep 

contemporaneous records as may reasonably be necessary to support the 
Contractor’s Claim, which may be inspected by the City Representative, as he 

deems necessary. 

 

d) The City Representative shall review the information submitted, consult with the 
parties and make reasonable efforts to obtain agreement between the City and the 

Contractor regarding the Claim. The parties agree that, both during and after the 

performance of the Work, each of them shall use their best efforts to resolve any 

disputes arising between them by amicable negotiations, and shall provide frank, 
candid and timely disclosure of all relevant facts, information and documents to 

facilitate those negotiations. The City Representative may request the parties to 

refer the matter to more  senior  levels  of  management  within  their  

organizations,  in  an  effort  to resolve the Claim.  
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e) Where the City and the Contractor reach an agreement on the Claim, the City 
Representative will, where appropriate, prepare a Change Order for the City’s 

approval, which shall be sufficient to effect a change in this Contract, in 

accordance with the terms of the Change Order and the Contract Documents. 

 
f) If the City and the Contractor cannot reach an agreement regarding the Claim, the 

City Representative shall decide the matter and notify the parties in writing of his 

decision, within fourteen (14) calendar days of the last submission, and in no event 

later than thirty (30) calendar days following the date of the occurrence giving rise 
to the Claim. Valuation of Adjustments in the Contract Price shall be determined by 

the City Representative in accordance with GC 8.2. 

 

g) Unless this Contract has already been terminated, the Contractor shall, in every 
case,  roceed with the Work with all  due diligence and the City and the Contractor 

shall give effect forthwith to every such decision of the City Representative unless 

and until the same shall be revised, as hereinafter provided. 

 
h) Where either party disputes the decision of the City Representative or where the 

City Representative fails to notify the parties of his decision in accordance with GC 

9.1(f) then either party may, within fourteen (14) calendar days, notify the other 

party of its intention to refer the matter to the Referee in accordance with GC 9.2 or 
Arbitrator in accordance with GC 9.3, as application.   No referral may be made 

unless such notice is given. Notices shall be copied to the City Representative for 

information. 

 
i) If the City Representative has given notice of his decision as to a matter in dispute 

to the parties and no notice of intention to refer the matter to the Referee has been 

given by either the City or the Contractor within thirty (30) calendar days, the City 

Representative’s decision shall become final and binding upon the parties. 
 

j) No act by the claimant shall be construed as a renunciation or waiver of any of its 

rights or  recourses  provided  the  claimant  has  given  the  required  notices  and 

carried out the instructions specified. The presentation of a Claim shall not be 
grounds for delay or interruption of the Work. 

 

9.2 Appointment of Referee 

 

a) If the City and the Contractor agree to appoint a Referee, the City and the 

Contractor shall name, within thirty (30) calendar days of the parties signing this 

Contract, a Referee who may be called upon during the performance of, or after 

the completion of the Work, to settle any Claims or disputes arising under this 
Contract. Where the Referee appointed in accordance with this provision refuses to 

act, is incapable of acting or dies, the parties shall name a new Referee at the 

earliest opportunity. Should the parties be unable to agree on a Referee within the 

time specified, the City Representative whose decision shall be final, shall name a 
Referee.  
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b) Where either party has disputed a decision of the City Representative in 
accordance with GC 9.1(h), the Referee shall review the decision of the City 

Representative and may, if he deems it appropriate, require the parties to supply 

him with further information or documentation, giving each party an opportunity to 

respond. The Referee may inspect the Work after giving reasonable notice to each 
party of the time he intends to do so. 

 

c) Not later than thirty (30) calendar days after receipt of the last documentary 

submission, where the matter has not been resolved in accordance with GC 9.2(b), 
the Referee shall issue his written decision with reasons to the parties. 

 

d) The costs of retaining the Referee shall be shared equally between the City and 

the Contractor, unless the Referee directs otherwise.  The City may deduct such 
costs assessed against the Contractor by the Referee, from any amount due and 

payable by the City to the Contractor under this Contract. 

 

9.3 Appointment of Arbitrator 

 

a) If the parties agree to appoint a Referee, then within fourteen (14) calendar days 

after the Referee has rendered his decision, either party may, by written notice to 

the other party and to the City Representative for information, refer the decision of 
the Referee to arbitration pursuant to this GC 9.3.   If the parties have not agreed 

to appoint a Referee, then within the fourteen-day period referred to in GC 9.1(h), 

either party may refer to decision of the City Representative to arbitration pursuant 

to this 9.3.  Upon any such referral, the parties shall appoint a single Arbitrator, for 
arbitration in accordance with the Arbitration Act, R.S.N.W.T. 1988, c. A-5, as 

duplicated for Nunavut by s. 29 of the Nunavut Act, subject to the following 

provisions: 

 
i. the Arbitrator shall have the authority to call upon the Referee to give 

evidence during the arbitration proceedings, including all documentation 

prepared by the Referee or reviewed by him; 

 
ii. the decision of the Arbitrator shall be final and binding upon the parties who 

covenant that their disputes shall be so decided by arbitration alone and not 

by recourse to any court by way of action at law; 

 
iii. arbitration proceedings may be commenced prior to or after completion of the 

Work, provided that the obligations of the City, the City Representative and 

the Contractor  shall  not  be  altered  by  reason  of  the  arbitration  being 

conducted during the progress of the Work; 
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iv. before the arbitration proceeds on the substantive issues, a budget for the 
proceedings shall be established by the Arbitrator and each party shall 

deposit, as security for costs, a sum equal to half of such budget with the 

Arbitrator, who shall thereupon deposit such funds in an interest bearing trust 

account with a chartered bank. Subject to the award and payment of costs as 
hereinafter provided, the balance of the security deposits and interests shall 

be properly returned to the respective parties; and 

 

v. the cost of arbitration may be awarded against the parties hereto or against 
any one of them as the Arbitrator may decide. 

 

b) If a Claim involves the Work of a Subcontractor, either the City or the Contractor 

may join such Subcontractor as a party to the arbitration between the City and the 
Contractor. The Contractor shall include in all its subcontracts specific provision 

whereby its Subcontractors consent to being joined in an arbitration between the 

City and the Contractor involving the Work of such Subcontractors. Nothing in this 

provision nor in the provision of such subcontracts consenting to joinder shall 
create any claim, right or cause of action in favour of the Subcontractors as against 

the City or the City Representative, that does not otherwise exist. 

 

c) If no notice is received within the time limits set out or referred to in GC 9.3(a), the 
decision of the Referee shall be final and binding on the parties. 

 

d) The Contractor agrees that it shall join other arbitration proceedings with respect to 
the Project, as requested in writing by the City. 

 

9.4 Adherence to Provisions 

 

a) The provisions, including without limitation, procedure and sequences, outlined in 

GC 9.1 to 9.3 for the resolution of disputes shall be strictly adhered to by both 

parties. 

 

10. WITHDRAWAL, SUSPENSION AND TERMINATION 

10.1 Withdrawal of the Work 

 

a) After giving the Contractor seven (7) calendar days written notice within which the 

Contractor may remedy any delay or default specified, the City may, through the 

City Representative, withdraw the Work from the Contractor where the Contractor 
is not diligently performing the Work to the satisfaction of the City Representative 

or has not completed the Work within the time specified in this Contract. 
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b) On withdrawal of the Work, the City may: 
 

i. take possession of all plant, equipment and materials  on the Site and 

ordered by the Contractor for the Work but not yet delivered to the Site; and 

 
ii. complete the Work withdrawn from the Contractor. 

 

c) Withdrawal of the Work by the City does not terminate this Contract and does not 

relieve the Contractor of its obligation to complete the remainder of the Work. 
 

d) The Contract Price will be reduced by the value of the Work withdrawn, as 

determined by the City Representative. The Contractor shall be liable to the City for 

all extra costs incurred by the City to complete the Work withdrawn from the 
Contractor, including all amounts set out in GC 10.3(d) notwithstanding that the 

Contractor may not be in default hereunder, and the City may deduct such costs 

from payments owing to the Contractor under this Contract. 

 
10.2 Suspension of the Work 

 

a) The City may through the City Representative suspend the progress of the Work at 

any time by giving the Contractor a written notice, which shall include the reason 
for the suspension. 

 

b) Where such a suspension results in a delay in the progress of the Work, the rights 

of the parties shall be determined in accordance with GC 6.2(a)(i), (ii) or (iii) as 
applicable, and shall be based on the reason for the suspension. 

 

c) During  the  period  of  suspension,  the  Contractor  shall  protect,  preserve  and 

maintain the Work in a manner satisfactory to the City and shall not remove any 
part of the plant, equipment and materials from the Site without the prior written 

consent of the City. 

 

d) Following  the  suspension,  the  Construction  Schedule  shall  be  revised  by  the 
Contractor, for approval by the City, and the Work shall be completed as provided 

in the revised schedule. 

 

e) Where the Work or any part thereof is suspended on the written instructions of the 
City and if permission to resume Work is not given by the City within a period of 

thirty (30) calendar days from the date of suspension, the Contractor may request 

permission from the City to proceed with the Work. If the City does not grant 

permission within fourteen (14) calendar days’ receipt of the Contractor’s written 
request, the Contractor may elect to treat the suspension, where it affects only part 

of the Work, as an omission of such Work by giving a further notice to the City to 

that effect or, where  it  affects  the  whole  of  the  Work,  treat  this  Contract  as  

having  been cancelled by the City, in accordance with GC 10.4.  
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10.3 Termination by City 

 

a) Without limitation, any or all of the following actions by or circumstances relating to 

the Contractor shall constitute default on the part of the Contractor: 

 
i. committing or threatening to commit any act of insolvency or bankruptcy, 

voluntary or otherwise; 
 

ii. having a receiver appointed on account of insolvency or in respect of any 

property; 

 
iii. making a general assignment for the benefit of creditors; 

 

iv. failing to comply with or persistently disregarding statutes, regulations, bylaws 

or directives of competent authorities relating to the Work; 
 

v. failing  to  comply  with  any  requests,  instruction  or  direction  of  the City 

Representative; 

 
vi. failing to pay accounts relating to the Work as they come due; 

 

vii. failing to prosecute the Work with skill and diligence; 

 
viii. assigning or subletting this Contract or any portion thereof without the 

required consent from the City; 

 

ix. failing or refusing to correct defective or deficient Work; and 

 
x. being otherwise in default in carrying out any of its obligations under this 

Contract, whether such default is similar or dissimilar in nature to the causes 

listed previously. 

 
b) The Contractor shall immediately advise the City in writing of any default listed in 

GC 10.3(a) 
 

c) If the Contractor is in default under this Contract, the City shall be entitled to any or 

all of the following: 

 
i. take  possession  of  all  Work  in  progress,  materials  and  construction 

equipment at the Site, at no additional charge for the retention or use of the 

construction equipment; 

 
ii. eject and exclude from the Site all personnel of the Contractor and any 

Subcontractor; 
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iii. terminate the City’s utilization of the Contractor to perform the Work; 
 

iv. finish the Work by whatever means the City may deem appropriate under the 

circumstances; and 

 
v. withhold any further payments to the Contractor until the Contractor’s liability 

to the City is ascertained. 

 

d) The Contractor shall be liable to the City for: 
 

i. the extra expense of finishing the Work, including compensation to the City 

for additional engineering, managerial and administrative services; 

 
ii. the cost of correcting deficiencies in that portion of the Work performed by the 

Contractor; and 

 

iii. all other loss, damage and expense occasioned to the City by reason of the 
Contractor’s default, 

 

and the City may deduct such amounts from payments owing to the 
Contractor under this Contract. 

e) Any action by the City under this GC 10.3 shall be without prejudice to the City’s 

other rights or remedies under any security held by the City for performance of this 
Contract by the Contractor. 

 

10.4 Contract Cancellation 

 

a) The City shall have the right which may be exercised from time to time, with or 
without cause, and on fourteen (14) calendar days’ written notice to the Contractor, 

to cancel any uncompleted or unperformed portion of the Work. In the event of 

such cancellation, the Contractor shall be entitled to the following: 

 
i. reimbursement at this Contract rate for all items completed and delivered; 

 

ii. reimbursement for the costs to the Contractor for Work in progress and 

expenses incurred in the course of the Work, plus a reasonable return on 
such costs and expenses; and 

 

iii. reimbursement for costs and expenses directly caused by the cancellation. 

 
b) Title to all Work for which reimbursement is made shall vest in the City. 
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c) The City shall not be liable to the Contractor for indirect loss, consequential loss, 
loss of business opportunity or loss of anticipated profit on the cancelled portion or 

portions of the Work. 

 

d) This section shall not apply to situations in which the City is entitled to terminate 
this Contract by reason of default by the Contractor. 

 

10.5 Termination by Contractor 

 

a) If the City should be adjudged bankrupt, or makes a general assignment for the 

benefit of creditors because of the City’s insolvency, or if a receiver is appointed 

because of the City’s insolvency, the Contractor may, without prejudice to any 

other right or remedy the Contractor may have, by giving the City or receiver or 
trustee in bankruptcy notice in writing, terminate this Contract. 

 

b) If the Work should be stopped or otherwise delayed for a period of thirty (30) 

calendar days or more under an order of a court or other public authority and 
providing that such order was not issued as the result of an act or fault of the 

Contractor or of anyone directly or indirectly employed or engaged by the 

Contractor, the Contractor may, without prejudice to any other right or remedy the 

Contractor may have, by giving the City notice in writing, terminate this Contract. 
 

c) If the Contractor terminates this Contract under the conditions set out above, the 

Contractor shall be entitled to be paid for all work performed including reasonable 

profit,  for  loss  sustained  upon  products  and  construction  machinery  and 
equipment, and such other damages as the Contractor may have sustained as a 

result of the termination of this Contract. 

 

11. BONDS AND WARRANTY 

11.1 Obligations to Provide Contract Security 

 

a) The Contractor shall promptly provide to the City the surety bonds called for in the  
Contract  Documents,  not  later  than  ten  (10) business days  following  receipt  

by  the Contractor of the letter of acceptance. 

 

b) Such bonds shall be issued by a duly licensed surety company authorized to 
transact the business of suretyship in Nunavut and shall be maintained in good 

standing until the fulfillment of this Contract. 

 

c) Prior to or at the time of making a Claim under such bonds, the City shall send 
written notification to the Contractor, stating the nature of the default for which a 

Claim is being made. 
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11.2 Prescription of Acceptable Contract Security 

 

a) The Contractor shall deliver to the City: 

 

i. a performance bond and a labour and material payment bond each in an 
amount that is equal to and not less than fifty percent of the Contract Price 

referred to in the Articles of Agreement; or 

 

ii. a security deposit in an amount that is equal to ten percent of the Contract 
Price referred to in the Articles of Agreement. 

 

b) The performance bond and the labour and material payment bond referred to in 

GC 11.2(a)(i) shall be in a form as approved by the Federal Treasury Board 
(Federal Contracts). 

 

c) A security deposit referred to in GC 11.2(a)(ii) shall be in a form of: 

 
i. an irrevocable letter of credit in a form acceptable to the City and from a bank 

and branch acceptable to the City; or 

 

ii. a certified cheque or bank draft from a bank acceptable to the City and made 
payable to the City. 

 

d) Should the Contractor’s irrevocable letter of credit be scheduled to expire prior to 

the Completion Date set out in the Articles of Agreement, the City may, at any time 
within the fourteen (14) calendar days prior to the expiry date, call upon and draw 

down the irrevocable letter of credit, unless the Contractor presents a renewal 

thereof with an expiry date beyond the anticipated date for Final Completion, as 

determined by the City Representative. 
 

11.3 Return of Security Deposit 

 

a) Following issuance of the certificate of Substantial Performance, the City may, in 
its absolute discretion, release all or part of the security deposit referred to herein. 

 

b) Following issuance of the certificate of Final Completion, the Contractor shall, 

subject to the terms of this Contract, be entitled to the remainder of any security 
deposit. 

 

c) Interest shall not be paid on security deposits. 
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11.4 Warranty 

 

a) The Contractor warrants and guarantees that the Work is and shall be free from all 

defects or deficiencies in, or arising from, materials or workmanship in any part of 

the Work for the period of one year from the date of Substantial Performance of the 
Work, as certified by the City Representative, or such longer period as may be 

specified in the Contract Documents for certain products or Work. 

 

b) The Contractor shall promptly correct, at its own expense, defects or deficiencies in  
the  Work  which  appear  prior  to  and  during  the  warranty  described  in GC 

11.4(a). The Contractor shall correct and pay for all damages resulting from 

corrections made under this provision. 

 
c) Work performed to correct defects or deficiencies shall be warranted and 

guaranteed to be free from defects or deficiencies, on the same basis as the 

original Work,  for a period of one year from the day said work was completed. 

 
d) The City or the City Representative shall promptly give the Contractor written 

notice of observed defects and deficiencies. 

 

e) If any defects or deficiencies in the Work appear at any time prior to the end of the 
warranty period, the City Representative may instruct the Contractor to search for 

the cause thereof. If such defect or deficiency is one for which the Contractor is 

liable, the cost of the Work carried out in searching shall be at the Contractor’s 

expense, and it shall in such case remedy such defect or deficiency at its own cost; 
otherwise it shall be at the City’s expense. 

 

f) In an emergency or to prevent an emergency or if the Contractor neglects for any 

reason to correct defects or deficiencies within a reasonable time, the City may 
perform the Work or direct another party, on the City’s behalf, to do the Work. All 

costs associated with the correction of such defects or deficiencies shall be paid for 

by the Contractor and the City may deduct such costs from amounts owing to the 

Contractor. 
 

12. INDEMNIFICATION AND INSURANCE 

12.1 Indemnification by Contractor 

 

a) The Contractor shall defend, indemnify and save harmless the City and the City 

Representative, their agents and employees from and against all claims,  

demands, losses, costs, damages, actions, suits, or proceedings arising out of or 
attributable to the Contractor’s performance of the Work, or by reason of any 

matter or thing done, permitted or omitted to be done, by the Contractor, its 

Subcontractors, its Suppliers or their agents or employees, whether occasioned by 

negligence or otherwise. Such indemnity shall survive completion or termination of 
this Contract.  
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b) Nothing contained in the Contract Documents or any approval, express or implied, 
of the City Representative or City shall relieve the Contractor of any liability for 

latent defects or any liability which may be imposed by law. 

 

12.2 Indemnification by City 

 

The City shall, subject to any law that affects the City’s rights, powers, privileges or 

obligations, indemnify and save the Contractor harmless from and against all claims, 

demands, losses, costs, damages, actions, suits or proceedings arising out of his 
activities under this Contract that are directly attributable to: 

 

a) lack of or a defect in the City’s title to the Site whether real of alleged; or 

 
b) an infringement or an alleged infringement by the Contractor of any patent of 

invention or any other kind of intellectual property occurring while the Contractor 

was performing any act for the purposes of this Contract employing a model, plan 

or design or anything related to the Work that was supplied by the City to the 
Contractor. 

 

12.3 Policies of Insurance 

 

Without restricting the generality of GC 12.1, the Contractor shall provide and maintain 

the insurance coverages listed in this provision. Unless otherwise stipulated, the duration 

of each insurance policy shall be from the date of commencement of the Work until the 

date of issuance of the certificate of Final Completion. Prior to commencement of the 
Work, the Contractor shall provide the City with confirmation of coverage in the format 

attached as Appendix A to these General Conditions, and, if required, a certified true 

copy of the policies certified by an authorized representative of the Insurer.   The 

Contractor shall ensure that any Subcontractors comply with the insurance requirements 
outlined in this GC 12.  The insurance coverages required are as follows: 

a) General Liability Insurance 

 
Contractor’s comprehensive general or commercial general liability insurance shall  

have limits of not less than five million dollars ($5,000,000) per occurrence with a 

property damage deductible not exceeding two thousand five hundred dollars 

($2,500). The insurance provided shall be no less broad than the insurance 
provided by IBC Form 2100 or its equivalent replacement and shall include a 

standard non-owned automobile policy including a blanket contractual liability 

endorsement. To achieve the required limit, umbrella or excess liability insurance 

may be used. All liability coverage shall be maintained for completed operations 
hazards from the date of Final Completion of the Work, as set out in the certificate 

of Final Completion, on an ongoing basis for a period of not less than six years 

from the date of such certificate. 
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The City shall be added as an additional insured with respect to liability arising out 
of the operations of the named insured. The policy shall be endorsed to provide the 

City with not less than thirty (30) calendar days’ written notice in advance of any 

cancellation, change or amendment restricting coverage. 

 

b) Automobile Liability Insurance 

 

Automobile liability insurance in respect of licensed vehicles shall have limits of not 

less than five million dollars ($5,000,000) inclusive per occurrence for bodily injury, 
death, and damage to property and covering all licensed vehicles owned or leased 

by the Contractor, endorsed to provide the City with not less than fifteen (15) 

calendar days’ written notice in advance of any cancellation, change or 
amendment restricting coverage. 

c) Property and Boiler and Machinery Insurance 

 

i. “All risks” property insurance shall be in the joint names of the Contractor, the 

City and the City Representative, insuring not less than the sum of the 

amount of the Contract Price and the full value of all labour, tools, equipment 

and materials that are to be provided by the City for incorporation  into  the  
Work,  with  a  deductible  not  exceeding  two thousand five hundred dollars 

($2,500). The insurance provided shall be no less broad than the insurance 

provided by IBC Form 4042 or its equivalent replacement. The policy will 

contain a waiver of rights of subrogation against all those insured by the 
policy. Such coverage shall be maintained continuously until the date the 

certificate of Final Completion is issued or an earlier date specified by the 

City; 

 

ii. the policy will allow for partial or total use or occupancy of the Work. If 
because of such use or occupancy the Contractor is unable to provide 

coverage, the Contractor shall notify the City in writing prior to such use pay 

for property and, if necessary, boiler insurance insuring the full value of the 

Work as in (i) above, including coverage for such use or occupancy and shall 
provide the Contractor with proof of such insurance. The Contractor shall 

refund to the City the unearned premium applicable to the Contractor’s policy 

upon termination of coverage; 

 
iii. where, due to the nature of the Work, the full insurable value of the Work is 

substantially less than the Contract Price, the City may, at its sole discretion, 

reduce the amount of insurance required or waive the course of construction 

insurance requirement; 
 

iv. where such risks exist, the Contractor shall provide boiler and machinery 

insurance insuring not less than the replacement value of boilers, pressure 

vessels and other objects insurable under a boiler & machinery policy and 
forming part of the Work;  
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v. the policies shall provide that, in the event of a loss or damage, payment shall 
be made to the City and the Contractor as their respective interests may 

appear. The Contractor shall act on behalf of the City for the purpose of 

claiming the amount of loss or damage from the Insurers.   When the extent 

of the loss or damage is determined, the Contractor shall proceed to restore  
the  Work.  Loss  or  damage  shall  not  affect  the  rights  and obligations of 

either party under this Contract except that the Contractor shall be entitled to 

such reasonable extension of Contract Time relative to the extent of the loss 

or damage in accordance with the terms of this Contract; and 
 

vi. the Contractor shall  be  responsible  for  deductible  amounts  under  the 

policies except where such amounts may be excluded from the Contractor’s 

responsibility in accordance with the Contract documents. 
 

d) Aircraft and Watercraft Liability Insurance 

 

Where such risks exist, the Contractor shall obtain aircraft and watercraft liability 
insurance with respect to owned or non-owned aircraft and watercraft if used 

directly or indirectly in the performance of the Work, including use of additional 

premises, and shall have limits of not less than two million dollars ($2,000,000) 

inclusive per occurrence for bodily injury, death and damage to property including 
loss of use thereof, and limits of not less than two million dollars for aircraft 

passenger hazard. Such insurance shall be in a form acceptable to the City. The 

policies shall be endorsed to provide the City with not less than fifteen (15) 

calendar days’ written notice in advance of any cancellation, change or 
amendment restricting coverage. 

e) Contractor’s Equipment Insurance 

 

The Contractor shall give proof of insurance in a form acceptable to the City of “all 

risks” Contractor’s equipment insurance coveting construction machinery and 

equipment used by the Contractor for the performance of the Work, including boiler 

insurance on temporary boilers and pressure vessels. The insurance shall be in a 
form acceptable to the City and shall not allow subrogation claims by the insurer 

against the City. The policies shall be endorsed to provide the City with not less 

than fifteen (15) calendar days’ written notice in advance of cancellation, change or 
amendment restricting coverage. 

f) Other Insurance 

 

The Contractor shall provide, maintain and pay for any additional insurance 

required to be provided by law, or which the Contractor considers necessary to 

cover risks not otherwise covered by insurance specified in the Contract 
Documents. 
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12.4 Insurance General 

 

a) All required insurance policies shall be with insurers licensed to underwrite 

insurance in Nunavut and signed by representatives licensed to do so for 

insurance in Nunavut. 
 

b) The Contractor shall require and ensure that its Subcontractors maintain liability 

insurance comparable to that required above. 

 
c) If the Contractor fails to provide or maintain insurance as required by this General 

Condition or elsewhere in the Contract Documents, then the City shall have the 

right to provide and maintain such insurance and give evidence to the Contractor 

and the City Representative. The Contractor shall pay the cost thereof to the City 
on demand or the City may deduct the costs from monies which are due or may 

become due to the Contractor. 

 

d) Where an insurer fails or refuses to pay any claims under an insurance policy 
covering the activities of the Contractor or a Subcontractor relating to or arising out 

of the Work, the Contractor shall not be released from any liability arising under 

this Contract. 

 

13. LOCAL AND INUIT INVOLVEMENT 

13.1 Requirements for Inuit, Local and Nunavut Content 

 

a) The Contractor shall, in the performance of the Work, employ Inuit, Local and 

Nunavut workers and use Inuit, Local and Nunavut content to the greatest extent 

possible and at a minimum, no less than the amounts tendered by the Contractor 

in Appendix J-2 “Substantiation of Bid Adjustment” of the tender.  Workers shall 
meet  all  levels  of  proficiency,  qualification  and  expertise  as  dictated  by 

Applicable Laws and/or as defined in the Contract Documents. 

 

b) The Contractor shall provide to the City Representative a schedule indicating the 
anticipated total monthly value of all Inuit, Local and Nunavut content and labour to 

be expended  in  the  execution  of  the  Work.    This  schedule  shall  provide  the 

benchmark for ensuring compliance by the Contractor with the requirements for the 

use of Inuit, Local and Nunavut content during the performance of the Work. 
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13.2 Requirement for Community Meetings 

 

a) If required under this RFT (if the NNI Policy applies), The Contractor shall arrange 

meetings on a monthly basis, or other basis as may be mutually agreed by the 

parties to this contract, to monitor the use of Inuit, Local and Nunavut labour and 
Inuit, Local and Nunavut content.  The Contractor shall give the City five (5) 

business days’ notice of all meetings called under GC 13.2.   The Contractor shall 

take reasonable steps to ensure that these meetings include the following 

representatives: 
 

i. a community representative who has been designated to speak on behalf of 

the community (if available); 

 
ii. a community manpower representative (if available); 

 

iii. the Contractor; and 

 
iv. the City Representative. 

 

b) In addition to the community meetings contemplated in GC 13.2(a), the Contractor 

shall arrange a community meeting prior to the start of the Work which shall be 
arranged on the same terms as indicated in GC 13.2(a) and at that meeting shall: 

 

i. provide a schedule referred to in GC 13.1(b) above to the community 

representative; 
 

ii. request from the community manpower representative or from the City if no 

community manpower representative has been delegated, a list of workers 

available in the community; and 
 

iii. identify specific types of workers required during the project such as 

plumbers, painters or electricians and how many of those workers are 

required and when they are required and based on information received in 
accordance with GC 13.2(b)(ii) maintain a list of community manpower. 

 

c) At the community meetings contemplated in GC 13.2(a), the Contractor shall: 

 
i. provide  employment  reports  identifying  workers  used  during  the  past 

month (to substantiate information provided on Appendix J-2 “Substantiation 

of Bid Adjustment”); 

 
ii. provide a schedule referred to in GC 13.2(b)(i), or such schedule as 

amended, if necessary; and 
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iii. provide a consolidated report at the time of Substantial Performance, which 
shall confirm the total amount of Inuit, Local and Nunavut content used. This 

report will identify Inuit, Local and Nunavut payroll separately.  This 

consolidated  report  shall  be  a  condition  precedent  to  the  release  of 

payment. 
 

d) The City shall attend all community meetings organized by the Contractor in 

accordance with this GC 13.2 and when requested by the Contractor shall identify 

and contact potential community workers who may be available to be employed on 
the Work, identify alternate workers if those workers initially identified are not 

available to work, and assist in confirming the residency of local workers. 

 

13.3 Monitoring the Level of Inuit, Local and Nunavut Labour 

 

a) The Contractor is responsible to ensure that every worker identified as Local or 

Nunavut meets the qualifying requirements, which are, for Nunavut, being 

ordinarily resident in Nunavut for the past 12 months, and for Local being a 
Nunavut resident ordinarily resident in the subject community for the past 4 

months.  The Contractor may be required to provide proof of residency of workers 

at any time throughout the course of performing the Work. 

 
b) Reasonable proof of Nunavut and Local residency shall be any of the following: 

 

i. being  listed  on  the  Nunavut  Tunggavik  Inc.  (NTI)  enrolment  list  and 

provision of a physical address where residing; 
 

ii. if the last 12 months have been spent as ordinarily resident in Nunavut and a 

physical address of such residence has been provided, then 

 
A. provides a valid Nunavut Health Care Card effective at least 9 months 

prior to start date of employment on the Work; and/or 

 

B. provides another accepted proof of residency such as: a Nunavut 
General Hunting License, a Nunavut Driver's Licence, a lease or rental 

receipt, or a certified Schedule T222 Income Tax return from the 

previous year or proof that Income Tax was paid in the Nunavut during 

the previous tax year; or 
 

iii. is included on a list of approved Local or Nunavut residents verified by the 

municipality of their residence. 

 
c) The Contractor is responsible to ensure that every worker identified as Inuit is on 

the NTI Inuit enrolment list or would qualify to be on the list. 
  



 

CONSTRUCTION SERVICES 

PART III – GENERAL CONDITIONS  

 
 

 
 
Template Version V.2 – January 6, 2023 

Page 50 of 51 

 

d) If requested by the City to do so, the Contractor shall obtain a signed consent form 
from workers which verifies their residency and permits the City to obtain any and 

all information required to support the worker's claim of residency and/or Inuit 

status.   A worker does not need to comply with the requirements of this clause if 

the worker is on the NTI Inuit enrolment list. 
 

13.4 Requirement for Using Hotels or Bed and Breakfast 

 

a) If performance of the Work is undertaken where a Commercial Room and Board 
Facility (as defined below) exists within a Community (as defined below), the 

Tenderer is required to use a Commercial Room and Board Facility to house and 

feed all workers directly employed by the Contractor, any Subcontractor or agent or 

any other business working on the Project.  The Contractor, Subcontractor, agent 
or other business are not required to use Commercial Room and Board Facilities 

for workers who are Local Residents. 

 

b) In this Contract: 
 

i. “Commercial Room and Board Facility” means a Hotel or a Bed and 

Breakfast  (Tourist Home) that holds a Tourist Establishment Licence issued 

by the Government of Nunavut under the Travel and Tourism Act. 
 

ii. “Community” means a community in which the Work (as defined in the 

Contract) is being performed and includes the entire area within a 20- 

kilometer radius of that community. 
 

c) The Commercial Room and Board Facility must: 

 

i. meet the applicable requirements under the Public Health Act, and of the 
Eating or Drinking Place Regulations; and 

 

ii. meet all applicable requirements of the Public Health Act the Fire Prevention 

Act and applicable regulations thereunder, and any other applicable 
Government of Nunavut or federal legislation. 

14. TRANSPORTATION OF MATERIALS 

14.1 Marine Transport Resources 

 

a) Whenever marine (water) transport is to be utilized, the Contractor may use, and 

space may be booked directly with the following carrier: 

 
i. Nunavut Sealink and Supply (NSSI), 

By ships loading at the Montreal area Port of Ste-Catherine 
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ii. Nunavut Eastern Arctic Shipping (NEAS) 
By ships loading at the Port of Valleyfield, Salaberry-de-Valleydfield 

 

b) The annual shipping rates offered by marine carriers are dependent upon 

anticipated cargo quantities including the materials for construction projects; 
therefore,  Contractors may tender using the published sailing schedules and rates 

available from the above marine carriers. 

 

c) In exceptional or extraordinary circumstances, where the specified marine carrier’s 
sailing schedule is in substantial conflict with the Construction Schedule, the City 

will review the circumstances, taking into account the adverse impact on the 

project and the specified marine carrier’s interests, and the City may provide 

authorization to allow the relevant cargo to be shipped with a marine carrier other 
than the specified marine carrier, depending upon the circumstances; and such 

authorization must be writing. 

 

d) If a Contractor uses a marine carrier other than the City contracted marine carrier 
without the City’s written authorization to do so, the Contractor shall be responsible 

for extra freight cost, administrative costs or any other costs, incurred by the City 

which result directly or indirectly from the Contractor's failure to use the City 

specified marine carrier as set out in this GC 14. The Contractor shall also be 
responsible to refund to the City any monies saved by the Contractor by using a 

marine carrier other than the specified marine carrier as set out in this GC 14. 

 
END OF SECTION 
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Amend the General Conditions as follows: 

 

Add the following Definitions (if applicable): 

 

.1 Insert definition 

 

.2 Insert definition 

 

Add SCX Insert Supplementary Condition Title 

 

SC X Insert Supplementary Condition Title 

 

.1 Insert condition 

 

.2 Insert condition 
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1. INTRODUCTION  

1.1 General Summary 

Update items as they pertain to the Work that will be taking place – DELETE WHEN 
FINISHED. 

1.1.1 This section outlines in general the work to be done under the Contract at insert 
location/ address, as shown on the contract drawings and specified herein. 

1.1.2 Recognize that the Work under the Contract is to be performed in insert 
construction constraints (i.e. working in running plant, road right-of-way, etc.) that 
must be kept in continuous uninterrupted operation. Plan and schedule the Work 
consistent with specified operational constraints and with the objective of 
uninterrupted operation of the insert area/ location. 

1.1.3 Supervise, organize, coordinate and direct all construction operations described 
in the contract documents, regardless of the section in which the works are 
specified. The Contractor shall resolve conflicts arising between trades, sub-
contractors, suppliers, and/or other contractors working in the adjacent area. 

1.1.4 Provide all necessary labour, materials, equipment and services required to 
perform the Work. 

1.1.5 Be responsible for all means and methods required to execute the work. 

1.1.6 Construct and test foundations, structures, pipelines, buildings, tanks, equipment 
and other facilities shown on the contract drawings and specified herein. 

1.1.7 Supply, install, calibrate, and commission all mechanical, electrical, process 
instrumentation and communication equipment shown on the contract drawings 
and specified herein. 

1.1.8 In addition to constructing the works shown on the drawings, design, construct, 
and maintain, unless otherwise specified or shown on the drawings, all temporary 
works and facilities required for the construction of the works. Remove temporary 
works and facilities when construction is completed. Temporary works and 
facilities include, but are not limited to, the following: 

i. All security fencing whether permanent or temporary. 

ii. Shoring and bracing systems for excavation whether part or all is left in 
place or not, shall be designed, approved and stamped by a Professional 
Engineer Licensed in Nunavut. 

iii. Construction access roads and related items. 

iv. Excavation and/or dewatering systems. 
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v. Formwork for concrete. 

vi. Falsework and bracing for formwork or for other parts of the works while 
under construction. 

vii. Bracing and shoring for partially completed steelwork, precast concrete, 
existing structures and pipelines, or other assemblies. 

viii. Scaffolding. 

ix. Curtains or water to control the migration of dust during work inside 
existing buildings or outside. 

x. Protection for existing structures and facilities as necessary for the 
construction to proceed. 

xi. Temporary barriers and enclosures. 

xii. Temporary utilities (water, power, light, instrumentation, heating, 
ventilation services and sanitary facilities, etc.). 

xiii. Piping and equipment support. 

xiv. Snow removal around the job site. 

xv. Temporary vehicular access and parking development, maintenance, and 
restoration. 

1.2 Work Requirements  

1.2.1 The Work must be performed to the requirements described in Part VI – General 
Requirements.  

2. SCOPE OF SERVICES 

2.1 Demolition, Dismantiling and Removal 

Insert all Demolition, Dismantiling and Removal Related Scope of Work items – DELETE 
WHEN FINISHED. 

2.1.1 Insert item(s) 

2.1.2 Insert item(s) 

2.2 Civil 

Insert all Civil Related Scope of Work items – DELETE WHEN FINISHED. 

2.2.1 Insert item(s) 
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2.2.2 Insert item(s) 

2.3 Structural 

Insert all Structural Related Scope of Work items – DELETE WHEN FINISHED. 

2.3.1 Insert item(s) 

2.3.2 Insert item(s) 

2.4 Architectural 

Insert all Architectural Related Scope of Work items – DELETE WHEN FINISHED. 

2.4.1 Insert item(s) 

2.4.2 Insert item(s) 

2.5 Building Mechanical 

Insert all Building Mechanical Related Scope of Work items – DELETE WHEN 
FINISHED. 

2.5.1 Insert item(s) 

2.5.2 Insert item(s) 

2.6 Process Mechanical 

Insert all Process Mechanical Related Scope of Work items – DELETE WHEN 
FINISHED. 

2.6.1 Insert item(s) 

2.6.2 Insert item(s) 

2.7 Electrical 

Insert all Electrical Related Scope of Work items – DELETE WHEN FINISHED. 

2.7.1 Insert item(s) 

2.7.2 Insert item(s) 

2.8 Process Control and Automation 

Insert all Process Control and Automation Related Scope of Work items – DELETE 
WHEN FINISHED. 

2.8.1 Insert item(s) 
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2.8.2 Insert item(s) 

2.9 Other 

Insert all Other Related Scope of Work items – DELETE WHEN FINISHED. 

2.9.1 Insert item(s) 

2.9.2 Insert item(s) 

3. LIST OF DRAWINGS 

Drawings provided by the City are intended to represent the general arrangement of the work 
and may not show all the details of the existing conditions within the work area. 

Do not deviate from the drawings unless authorized in writing by the Engineer of Record. 
 

Drawing No. Rev. No. Title 

As required   

   

   

4. TECHNICAL ATTACHMENTS 
 

File Name Document Title 

As required  

  

  

 

END OF SECTION 
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A. SUMMARY OF WORK 
1. DEFINITION 

1.1 The City of Iqaluit is hereinafter and elsewhere in the Contract Documents referred to as 

the Owner. The contract documents may refer to “the Owner”, “the City of Iqaluit”, “the 

City” and “City”. All these have the same meaning as “the Owner”. 

1.2 The contract documents may refer to “City Representative”, “Engineer”, “Consultant”, 

“Owners Agent” and “Contract Administrator”. All these have the same meaning as “City 

Representative”. 

1.3 Where the word “provide” is used in any General Requirements sections or the Terms of 

Reference, it shall mean furnishing and incorporating a specified item, product, or 

material in the Works, including all necessary labour, materials, and equipment to 

perform the Work required, ready for use by the Owner. 

 
2. GENERAL SUMMARY 

2.1 Recognize that the Work under the Contract is to be performed in a facility, location, area 

that must be kept in continuous uninterrupted operation, or where municipal services 

must be maintained. Plan and schedule the Work consistent with specified operational 

constraints and with the objective of uninterrupted operation of the existing facility, 

structure, and/or service provided by the City. 

2.2 Supervise, organize, coordinate and direct all construction operations described in the 

contract documents, regardless of the section in which the works are specified. The 

Contractor shall resolve conflicts arising between trades, sub-contractors, suppliers 

and/or other contractors working in the adjacent area. 

2.3 Construct and test foundations, structures, pipelines, buildings, tanks, equipment and 

other facilities shown on the contract drawings and specified within the terms of 

reference. 

2.4 Supply, install, calibrate and commission all mechanical, electrical, process, 

instrumentation and communication equipment shown on the contract drawings and 

specified within the terms of reference. Include operating assistance to the Owner as 

described. 

2.5 In addition to constructing the works shown on the drawings and described within the 

terms of reference, design, construct, and maintain, unless otherwise specified on shown 

on the drawings or described in the terms of reference, all temporary works and facilities 

required for the construction of the works. Remove temporary works and facilities when 

construction is completed. Temporary works and facilities include, but are not limit to, the 

following: 

 .1 All security fencing whether permanent or temporary. 

.2 Shoring and bracing systems for excavations whether part of all is left in place or 

not, shall be designed, approved and stamped by a Professional Engineer 

Licensed in Nunavut. 
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.3 Construction access roads and related items. 

.4 Excavation and/or dewatering systems. 

.5 Formwork for concrete. 

.6 Falsework and bracing for formwork or for other parts of the works while under 

construction. 

.7 Bracing and shoring for partially completed steelwork, precast concrete, existing 

structures and pipelines, or other assembly. 

.8 Scaffolding. 

.9 Temporary bypass pumping systems to divert flows away from the work area so 

that services are uninterrupted, while ensuring the work can be performed safely. 

.10 Protection for existing structures and facilities as necessary for the construction 

to proceed. 

.11 Temporary power and/or utilities necessary to existing City buildings and/or 

facilities, in order to ensure services are not interrupted as a result of the work. 

.12 Curtains to control the migration of dust during work inside existing buildings, 

structures, and rooms. 

.13 Temporary barriers and enclosures. 

.14 Temporary utilities (water, power, light, instrumentation, beating, ventilation 

services and sanitary facilities, etc.). 

.15 Piping and equipment support. 

.16 Snow removal around the job site. 

.17 Temporary vehicular access and parking development, maintenance, and 

restoration. 

.18 Regrading of gravel roads affected by construction works. 

2.6 Contractor to be responsible for all means and methods required to execute the work, as 

described in the Terms of Reference. 

 
3. WORK BY OTHERS 

3.1 Coordinate work of other Contractors. Report promptly to City Representative, in writing, 

any defects which may interfere with proper execution of the Work for this contract. 
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4. CODES AND PERFORMANCE REQUIREMENTS 

4.1 Perform work in accordance with National Building Code of Canada (NBC) and any other 

code of territorial or local application provided that in any case of conflict or discrepancy, 

the more stringent requirements shall apply. 

4.2 Meet or exceed the requirements of: 

 .1 Contract documents. 

 .2 General requirements and terms of reference. 

 .3 Addenda. 

 .4 Reviewed Shop Drawings. 

 .5 Field Instructions and Change Orders. 

 .6 Other modifications to Contract. 

 .7 Field test reports. 

 .8 Copy of approved work schedule. 

 .9 Manufacturer’s installation and application instructions. 

 
5. WORK COMPLIANCE 

5.1 Provide all work during its progress and at its completion to the lines, levels, and grades 

shown. 

5.2 Build all work in a thoroughly substantial and workmanlike manner, in accordance with 

the Contract Drawings, General Requirements, and Terms of Reference, subject to such 

modifications and additions as may be deemed necessary during its execution. In no 

case will any work in excess of the requirements of the Drawings, General Requirements 

or Terms of Reference be paid for, unless approved in writing by the City Representative. 

 
6. ENGINEER DESIGN 

6.1 Where general requirements or terms of reference require work to be designed by an 

engineer, engage a professional engineer licensed in the Territory of Nunavut within 

demonstrated experience to design such work. 
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7. DOCUMENTS REQUIRED 

7.1 Maintain at job site, one copy each document as follows: 

 .1 Contract Documents 

 .2 Contract Drawings 

 .3 Addenda 

 .4 Reviewed Shop Drawings 

 .5 List of Outstanding Shop Drawings 

 .6 Change Orders 

 .7 Other Modifications to Contract 

 .8 Field Test Reports 

 .9 Copy of Approved Works Schedule 

 .10 Site Specific Health and Safety Plan and Other Safety Related Documents 

 .11 Current as-built document of construction work in progress 

 .12 Other documents as specified 

 
8. SUBSTANTIAL COMPLETION 

8.1 In addition to the requirements in the General Conditions and Supplementary General 

Conditions, Substantial Completion shall only be issued once the following requirements 

have been addressed to the satisfaction of the City Representative: 

.1 Successful testing, start-up and commissioning of all equipment and/or systems 

specified in the Contract Documents. 

END OF SECTION 
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B. CONTRACTORS USE OF PREMISES 

1. DESCRIPTION 

1.1 This Section specifies requirements for the Contractor’s use of project site during the 

construction. 
 

2. GENERAL 

2.1 Normal working hours shall be Monday to Friday, 7:00am to 5:00pm, excluding 

statutory holidays. No work shall be permitted outside of these hours within the 

Contractor first obtaining written approval from the City Representative and Owner, five 

(5) working days in advance of the planned work. 

2.2 The Contractor shall arrange with the City for easements for construction, storage and 

access to all the Works within the Owner’s property line. 

2.3 Do not enter upon or occupy with workers, tools or materials any land other than public 

streets, roadways, rights-of-way’s or easements shown on the Contract Drawings except 

after written consent has been received from the property owner. 

2.4 The Contractor shall obtain written approval from the City Representative for shutdown 

and tie-in work to existing facilities and structures. The City’s staff will be responsible for 

operations of the existing facilities and structures during the construction period. 

2.5 The Contractor shall obtain written approval from the City Representative for work that 

will be executed within a municipal right-of-way, and for partial or full closure of municipal 

roadways.  

2.6 Do not impede normal operation of existing facilities and structures. 

2.7 A temporary fence and access gate are to be erected to separate the work area from the 

plant operating area as specified herein and as directed by the City Representative. 
 

3. STAGING AREA 

 
3.1 The staging area will be identified on the contract drawings or provided by the City 

Representative at the pre-construction meeting. 

 

3.2 Locate construction trailers, laydown areas, and temporary buildings under the direction 

of the City Representative. 

 

4. WORK AREA 

 
4.1 Contractor shall clearly delineate the entire perimeter of his working area with a sturdy 

metal fence of at least 1.8m height, with sufficient access gates, complete with signage 

identifying company name, site contact telephone number, and emergency contact 

information prior to commencement of any work. 
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4.2 All points of entry into the Contractor’s working area, including stair and walkways, shall 

be similarly controlled by sturdy barriers and signage. Do not impede emergency egress 

from any area. 

 

4.3 Confine operations within easements for construction, storage and access. 

 

4.4 Install, secure and maintain fencing along working and storage areas, access routes and 

both sides of easements. 

 

4.5 Do not enter upon or occupy any land with labour, tools or materials other than the 

easements for construction except after written consent has been received from property 

owner. 

 

4.6 Do not encumber site with materials or equipment. 

 

4.7 Where the work takes place in different areas of the facilities, structures, or work areas at 

different times of the contract, a ‘rolling’ definition of working area can be utilized. 

 

5. STORAGE 

 
5.1 Contractor shall provide suitable storage areas, as well as security if needed, for 

construction materials. Storage and security of construction materials will be the 

responsibility of the Contractor. 

 

5.2 Contractor shall obtain permission from the City Representative before storing any 

materials in any new facility or work areas under construction. 

 

5.3 Excess materials resulting from any or all excavations are the property of the Owner. Its 

disposal by the Contractor as part of the contract shall be as directed by the Owner 

unless the Owner waives this requirement. Under this circumstance, the contractor shall 

be responsible for the disposal of any or all of the excess materials. 

 

6. ENTRY OF OWNER’S STAFF INTO CONTRACTOR’S WORKING LIMITS 

 
6.1 The Owner may require access to the work site during the construction period for the 

purpose of maintaining normal operation of City infrastructure and services. Cooperate 

with the Owner in scheduling construction activities to facilitate the Owner’s usage and to 

minimize conflict. 

 
6.2 Maintain the entire works free of debris, snow and ice at all times, including access to all 

buildings, facilities and structures which continues to be operated and/or maintained by 

Owner’s staff. 

 

6.3 Prepare a written procedure regarding the entry of Owner’s staff into the construction site 

and submit to the City Representative for review. The procedure must be communicated 

to all operating staff who may enter the construction site. 
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6.4 The existing facilities and/or structures operate 24 hours per day, 7 days per week. In the 

event of conflict between construction activities and general operations, operations shall 

have priority. Take every precaution to avoid interfering within routine operation and 

maintenance.  

END OF SECTION 
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C. COORDINATION 

1. CONSTRUCTION COORDINATION WITH CITY OPERATIONS STAFF 

 
1.1 The existing facilities, structures and systems operate 24 hours a day, 7 days per week. 

In the event of a conflict between construction operations and routine City operations, 

City operations have priority. Take every precaution to avoid interfering with routine 

operation and maintenance activities. Reschedule construction activities, if required, 

without change to the contract price. 

 

1.2 Coordinate activities on the site and in the existing buildings/ facilities/ structures with the 

City Representative. 

 

1.3 Perform work continuously during critical shutdowns, connections and changeover, and 

as required to prevent interruption of City operations. 

 

1.4 The Contractor must identify work activities that may impact the operation and 

maintenance activities of the City operations staff, in advance of the scheduled work, at 

least 5 business days prior to the work. The Contractor shall submit to the City 

Representative a detailed work plan listing work activities for the next 14 calendar days, 

detailing the works that will affect City operations staff.  

 

1.5 Do not close lines, open or close valves, or take other action which would affect the 

operation of the existing systems, except as specifically required by the Contract 

Documents and only after the prior authorization of the City Representative has been 

obtained. 

 

1.6 Coordinate the proposed work with the City Representative prior to process shutdowns. 

Under no circumstances stop the work at the end of a normal working day if such action 

may cause a cessation of any facility or structure operating process. In such cases, 

remain on site until the necessary work is complete.   

1.7 Coordinate activities on the site and in the existing buildings/ facilities with the City 

Representative. 

1.8 Perform work continuously during critical shutdown, connection and changeover, and as 

required to prevent interruption of the facility operation or City services. 

1.9 Shutdown of existing facilities/ structures and tie-ins: 

.1 When the Contractor requires a part of an existing facility, structure or process 

system shutdown for execution of construction activities, a formal shutdown 

request must be made in writing at least 14 calendar days in advance of the 

requested shutdown date. The shutdown request shall describe in detail the 

proposed method, and the procedures proposed to accomplish each portion of 

the Work that requires an interruption to the operation of the existing facility, 

structure or system. The Contractor shall not begin any such Work until it has 

received written acceptance of the methodology and approach from the City 

Representative. The Contractor shall include in its plan the specific number of 

work hours to complete each facility interruption, along with measures to mitigate 

risk to the City.  
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.2 The Contractor participating in the planning and execution of the shutdown shall 

coordinate with the City staff on the planning of the shutdown activity. The 

Contractor and City staff shall work together to establish a shutdown specific 

energy and equipment lockout strategy that is required for each shutdown of 

existing facilities, structures, and systems for all work that includes the 

Contractor’s work to connect new systems to the existing facilities and structures. 

The operator is not obliged to provide the shutdown within the 14-day period if 

the effectiveness of the plant operations could be compromised. The operator will 

not unreasonably delay or refuse to make the plant processes or systems 

available for the Contractor’s construction activities. A delay or refusal shall be 

based on the operator’s opinion that the performance of the plant will be 

compromised. 

.3 At each location where tie-in is required, the Contractor shall provide a complete 

system of temporary works including bulkheads, pumps, power, equipment, and 

labour as necessary to maintain facility/ structure/ system operations, and to 

allow for construction of the new structures/ systems. 

.4 All temporary equipment, tools, materials, labour, and miscellaneous equipment 

must be scheduled and available at the Site in advance of any shutdowns. The 

Owner will not be responsible for delays or claims as a result of the Contractors 

lack of coordination. 

.5 The City reserves the right to cancel any scheduled shutdown if system or 

weather conditions dictate, at no additional cost to the City. 

.6 Prior to making major tie-ins to existing process units and structures, 

demonstrate that the equipment installed in all new structures is fully functional. 

Connections to existing works will not be permitted until all equipment in the new 

adjacent works operates to the satisfaction of the City Representative. No claim 

for delay will be entertained due to unsatisfactory operation of any equipment. 

.7 Operations provided by City staff: 

.i Access to City facilities and structures. 

.ii Opening and closing of existing valves and gates in existing buildings, 

structures, or systems. 

.iii Isolation of existing process piping. 

.8 In the event any existing facility or structure is damaged, changes mode of 

operation or there is a risk of actual process upset due to the Contractor’s work 

activity, the Contractor shall stop work immediately, contact the City Operations 

representative, report the incident to the City Representative, and make the 

Contractor’s on-site resources available at the request and direction of the City 

Operations Representative at no extra cost to the project to mitigate any 

damage.   

.9 Contractor shall supply and maintain all appropriate and necessary equipment for 

confined space entry operations in accordance with applicable regulations. 
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.10 The Contractor shall coordinate confined space entry operations where multiple 

parties are involved in accordance with the Nunavut Safety Act and Occupational 

Health and Safety Regulations. 
 

2. COORDINATION OF TRADES AND SUBCONTRACTORS 

2.1 The Contractor shall ensure cooperation with and between the trades and Subcontractors 

to ensure that the Work is carried out expeditiously and in a satisfactory manner. The 

Contractor shall be responsible for all extra costs arising from failure to properly 

coordinate the Work with the work of others 
 

2.2 Coordinate civil, structural, architectural, mechanical, electrical, and instrumentation and 

work for the equipment and systems being constructed. Planning and coordinate the 

work in a timely manner so that the work proceeds expeditiously. 

 

2.3 Extras will not be considered, based on differences of interpretation of the terms of 

references, as to which trade shall supply and install certain items or materials. Such 

coordination is entirely the responsibility of the Contractor. 

 

3. COOPERATION WITH OTHER CONTRACTORS 

 
3.1 Other contracts may be awarded to construct adjacent work to which this contract work 

connects. 

 

3.2 At the interference with other contracts, jointly plan and coordinate with other contractors 

the work so that the project: 

 

 .1 Will not be delayed. 

 

 .2 Will not be endangered in any way. 

 

 .3 Will be correctly connected. 

 

.4 Will not cause the City to be designated as the “Prime Contractor” as set out in 

the Safety Act. 

 

3.3 Where any equipment is supplied by the Owner, coordinate unloading, transfer, 

installation, testing and placing into operation. 

 

3.4 Where other work is in progress within or adjacent to the limits of this Contract, cooperate 

and coordinate with other Contractor(s), Utility Companies and the City of Iqaluit, and 

allow reasonable, free access to their work at all times. 

 

3.5 Cooperate and make suitable working arrangements with other Contractor(s). 

 

3.6 Notify the City Representative in advance and obtain approval in writing from the City 

Representative for all arrangements made with other Contractor(s). 
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4. UTILITY NOTIFICATION AND COORDINATION 

 
4.1 Coordinate the Work with various utilities within Project limits. The Contractor shall notify 

applicable utilities prior to commencing the Work. The Contractor shall also notify the 

applicable utilities if any damage occurs, or if conflicts or emergencies arise during the 

execution of the Work. 

 

4.2 Should any piping, sewers, cables or similar services be encountered during performance 

of the work that are not known from the City or other utility companies records, the 

Contractor shall notify the City Representative and the appropriate utility agency and 

shall not proceed with their removal or cutting until direction has been provided. 

 

5. WORKING WITIN THE A CITY EASEMENT AND/OR RIGHT-OF-WAY  

 

5.1 For construction work that will be taking place within a City easement and/or right-of-way, 

the Contractor must submit to the City Representative a completed City of Iqaluit Utility 

Permit application, along with all supplementary documents, for review and approval with 

the Department of Public Works and Engineering.  

5.2 Supplementary documents shall include:  

.1 Brief work plan methodology describing the work that will be taking place within 

the easement and/or right-of-way, the means of construction, temporary 

structures that will be used, the equipment that will be used. 

.2 Schedule outlining duration of work, along with all phases and activities that will 

comprise the work. 

.3 Traffic control plan (if applicable). 

5.3 Utility permits must be submitted 20 business days in advance of the planned Work. The 

Contractor will not be granted an extension of time to the Contract, should they fail to 

submit a permit application within the timelines stipulated. 

5.4 No work can proceed until approval has been provided in writing by the City 

Representative.  

5.5 The Contractor must account for the time to review and approve permit applications 

within their construction schedule. 

5.6 Pay relevant permit fees and charges. 
 

6. PARTIAL OR FULL CLOSURE OF A MUNICIPAL ROADWAY 

6.1 For construction work that will require a partial or full closure of a municipal roadway, the 

Contractor must submit to the City Representative a completed City of Iqaluit Road 

Closure Permit Application, along with all supplementary documents, for review and 

approval with the Department of Public Works and Engineering.  
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6.2 Supplementary documents shall include:  

.1 Brief work plan methodology describing the work that will be taking place within 

the easement and/or right-of-way, the means of construction, temporary 

structures that will be used, the equipment that will be used. 

.2 Schedule outlining duration of work, along with all phases and activities that will 

comprise the work. 

.3 Traffic control plan. Refer to Section E Special Project Procedures regarding 

traffic control plan requirements. 

6.3 Road closure permits must be submitted 20 business days in advance of the planned 

Work. The Contractor will not be granted an extension of time to the Contract, should 

they fail to submit a permit application within the timelines stipulated. 

6.4 No work can proceed until approval has been provided in writing by the City 

Representative.  

6.5 The Contractor must account for the time to review and approve permit applications 

within their construction schedule. 

6.6 Pay relevant permit fees and charges. 
 

7. WATER AND SEWER CONNECTIONS/ DISCONNECTIONS 

7.1 For tie-in to City water and/or sewer infrastructure, the Contractor must submit to the City 

Representative a completed City of Iqaluit Water & Sewer Connection/ Disconnection 

Permit Application, along with all supplementary documents, for review and approval with 

the Department of Public Works and Engineering.  

7.2 Supplementary documents shall include:  

.1 Brief work plan methodology describing the work that will be taking place within 

the easement and/or right-of-way, the means of construction, temporary 

structures that will be used, the equipment that will be used. 

.2 Schedule outlining duration of work, along with all phases and activities that will 

comprise the work, along with dates/ times when City operations support is 

required to shutdown/ isolation of City systems. 

.3 Traffic control plan (if applicable). Refer to Section E Special Project Procedures 

regarding traffic control plan requirements. 

.4 By-pass plan (if applicable). Refer to Section E Special Project Procedures 

regarding by-pass plan requirements. 

7.3 Utility permits must be submitted 20 business days in advance of the planned Work. The 

Contractor will not be granted an extension of time to the Contract, should they fail to 

submit a permit application within the timelines stipulated. 
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7.4 No work can proceed until approval has been provided in writing by the City 

Representative.  

7.5 The Contractor must account for the time to review and approve permit applications 

within their construction schedule. 

7.6 Pay relevant permit fees and charges. 
 

8. WORKING IN EXISTING BUILDINGS 

8.1 Obtain permission in writing from the City Representative prior to commencing work 

within an existing City building and/or facility, at least 7 business day prior to the start of 

work. The Contractor is to notify the City Representative what work will be taking place 

within the existing building, along with the measures that will be taken in order to ensure 

separation of work from City operations. Refer to Section E Special Project Procedures 

work permits. 

 
8.2 The Contractor shall be responsible for enforcement of fire protection methods and 

procedures and adherence to local fire regulations, including any applicable requirements 

of the Safety Act and Occupational Health and Safety Regulations during the execution of 

the Work. 

 

8.3 The Contractor shall ensure that existing fire protection and alarm systems are not 

obstructed, shut-off or made inactive at any time for the duration of the Contract. The 

Contractor shall not use any fire hydrant, standpipe or hose system for other than fire 

protection purposes. 

END OF SECTION 
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D. REGULATORY REQUIREMENTS 

1. SUBMITTALS 

1.1 Quality Control Submittals: Submit certificates from inspecting authorities for electrical 

work and pressure piping, etc. 
 

2. APPLICABLE CODES 

2.1 Comply with the latest edition of the following statues and codes and all amendments 

thereto: 
 

 .1 The Nunavut Building Code Act and Regulations. 

 

 .2 National Building Code of Canada. 

 

 .3 Safety Act and Occupational Health and Safety Regulations. 

 

 .4 Nunavut Boilers and Pressure Vessel Act and Regulations. 

  

 .5 Canadian Electrical Code. 

  

 .6 Nunavut Electrical Protection Act. 

 

 .7 Nunavut Gas Protection Act.  

 

 .8 Codes and Standards of the National Fire Protection Association (NFPA). 

 

 .9 Nunavut Environmental Protection Act. 

 

 .10 Nunavut Waters and Nunavut Surface Rights Tribunal Act. 

 

 .11 City of Iqaluit Municipal Design Guidelines. 

 

 .12 City of Iqaluit By-Laws: 

   

  .i By-Law No. 200 Water & Sewer Services. 

 

  .ii By-Law No. 137 Highway Obstructions. 

 

  .iii By-Law No. 138 Highway Occupancy. 

 

  .iv By-Law No. 319 Highway Traffic. 

 

2.2 The Contractor shall conform to and enforce strict compliance with the Safety Act and 

Occupational Health and Safety Regulations. For purposes of the Safety Act and 

Occupational Health and Safety Regulations, the Contractor will be designated the 

“Prime Contractor” and assumes the responsibilities of the “Prime Contractor” as set out 

in the Act and its regulations. 
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3. PERMITS, APPROVALS, AND LICENCES 

 
3.1 Apply for, obtain, and pay for all permits, approvals, and licenses required for the project, 

including but not limited to: 

 
 .1 Canadian Standards Association (CSA). 

 

 .2 Field certification of equipment. 

 

.3 Electrical supply and inspection authorities including Government of Nunavut 

Electrical Safety authority. Contractor shall apply for permit, and review of 

installations. 

 

.4 City of Iqaluit utility permits. 

 

.5 City of Iqaluit road closure permits. 

 

.6 City of Iqaluit water and sewer service connection/ disconnection permits. 

 

.7 Government of Nunavut Building permits. 

 

.8 Government of Nunavut Boiler and Pressure Vessel permits. 

 

.9 Government of Nunavut Gas and Liquified Petroleum Gas permits. 

 

.10 Other permits required for the work from governing federal, territorial and 

municipal authorities having jurisdiction. 

  

3.2 Arrange for regular inspections and a final inspection with: 

  

 .1 The territorial electrical safety inspector. 

 

 .2 The territorial building inspector. 

 

3.3 Arrange for all other regular inspections and final inspections. 

 

3.4 The Contractor shall be solely responsible, without limitations, for any delays arising from 

the Contractor's failure to plan for the required inspections and to ascertain the 

availability of the Permit/Approval/Licensing Inspectors to complete the required 

inspections for the Works under this Contract. The related costs and expenses incurred 

by the Contractor shall be borne by the Contractor, with no change in the Contract Price 

and/or Contract Time. 

END OF SECTION 
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E. SPECIAL PROJECT PROCEDURES 

1. UTILITIES 

 
1.1 The Contractor's attention is drawn to the presence of utilities on and around this site.  

The locations of utilities as shown on the Contract Drawings are approximate only and 

are not guaranteed.  The Contractor shall be responsible for obtaining a stake-out of the 

utility from the company involved.  The Contractor shall co-ordinate his work with the 

Utility Company and the Owner of concerned, should there be any bracing, removal or 

relocation of the pole lines or underground utility required.  There will be no additional 

payment to the Contractor for any delays due to the relocation of utilities. 

 
2. LIMITS OF CONSTRUCTION 

 
2.1 The Contractor shall note that all work is to be contained within the limits of construction 

as noted in the Contract Documents. Trespassing outside these limits is not allowed. 

These requirements will be strictly enforced. 

 

2.2 The Contractor shall coordinate the use of premises for staging, construction, storage 

and access area under the direction of the City Representative. 

 

3. WORK PERMITS 

 
3.1 When working in existing City facilities, buildings, and structures, the Contractor is to 

abide by the Owner’s Location Work Permit.  Contractor's site representatives will be 

expected to attend an initial meeting to complete this Permit together with the Owner at 

minimum every 7 business days in advance or with every change in location or nature of 

the work, to review safe work procedures as it relates to work within the existing facility.  

No work will be allowed to take place in existing facilities until the Location Work Permit 

procedure is utilized. 

 
3.2 Provide a detailed work plan and schedule outlining all proposed tasks and timing for the 

related work. Meet with the City Representative and Owner as may be required to clarify 

and coordinate activities and timing. The City will review the request and return with 

comments if any. 

 

4. TRAFFIC CONTROL  

 

4.1 The Contractor shall develop a site-specific Traffic Control Plan (TCP) as per the site 

condition and submit to the City Representative for review and approval. TCP must be 

submitted 7 business days prior to start of construction work. 

 

4.2 Contractor shall follow all standards traffic control procedures in accordance with the 

requirements of the Safety Act and Occupational Health and Safety Regulations. 

 

4.3 Comply with requirements relevant to City of Iqaluit By-Laws with respect to road 

obstructions and occupancy. 
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4.4 When working on travelled ways: 

.1 Place equipment in position which presents minimum interference and hazard to 

travelling public. 

.2 Keep equipment units as close together as working conditions permit and 

preferably on same side of travelled way. 

.3 Do not leave equipment on travelled way overnight. 

4.5 Do not close any lanes or roads without approval of City Representative via a Road 

Closure permit. Before re-routing traffic erect suitable signs and devices approved by City 

Representative. 

4.6 Keep travelled ways graded, free of pot-holes and of sufficient width for required number 

of lanes of traffic. 

4.7 Keep travelled ways free of snow: 

 .1 Pile snow in designated location(s). 

 .2 Do not pile snow on construction site or on adjacent property. 

4.8 As indicated, provide graveled detours or temporary roads to facilitate passage of traffic 

around restricted construction area: 

.1 Do grading for detour in accordance with City Representative’s written approval. 

4.9 Provide and maintain road access and egress to property fronting along Work under 

Contract and in other areas as indicated, unless other means of road access exist that 

meet approval of City Representative. 

4.10 Provide and maintain signs, flashing warning lights and other devices required to indicate 

construction activities or other temporary and unusual conditions resulting from Project 

Work which requires road user response. 

4.11 Supply and erect signs, delineators, barricades (concrete jersey barriers) and 

miscellaneous warning devices as required by the City of Iqaluit. 

4.12 Place signs and other devices in locations approved by City Representative. 

4.13 Meet with City Representative prior to commencement of Work to prepare list of signs 

and other devices required for project. If situation on site changes, revise list to approval 

of City Representative. 
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4.14 Continually maintain traffic control devices in use by: 

.1 Checking signs daily for legibility, damage, suitability and location. Clean, repair 

or replace to ensure clarity and reflectance. 

.2 Removing or covering signs which do not apply to conditions existing from day to 

day. 

4.15 Provide competent flag persons and properly equipped as Directed by City 

Representative. 

.1 When public traffic is required to pass working vehicles or equipment that block 

all or part of travelled roadway. 

.2 When it is necessary to institute one-way traffic system through construction area 

or other blockage where traffic volumes are heavy, and traffic signal system is 

not in use. 

.3 When workmen or equipment are employed on travelled way over brow of hills, 

high snowbanks, around sharp curves or at other locations where oncoming 

traffic would not otherwise have adequate warning. 

.4 Where temporary protection is required while other traffic control devices are 

being erected of taken down. 

.5 For emergency protection when other traffic control devices are not readily 

available. 

.6 In situations where complete protection for workers, working equipment and 

public traffic is not provided by other traffic control devices. 

.7 At each end of restricted sections as directed by City Representative. 

.8 Delays to public traffic due to contractor’s operators: maximum 15 minutes. 

4.16 Where roadway, carrying two-way traffic, is restricted to one lane, for 24 hours each day, 

provide portable traffic signal system. Adjust, as necessary, and regularly maintain 

system during period of restriction. Signal system to meet requirements of Part IV of 

Manual of Uniform Traffic Control Devices for Streets and Highways. 

4.17 Maintain existing conditions for traffic throughout period of contract except that, when 

required for construction under contract and when measures have been taken as 

specified and approved by City Representative to protect and control public traffic. 

4.18 Maintain existing conditions for traffic crossing right-of-way. 

.1 Maintain existing conditions for traffic crossing right-of-way except when required 

for construction. 

.2 Delays to public traffic: maximum 15 minutes. 
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5. WORK IN HAZARDOUS AREAS 

 
5.1 Before commencing the day’s work and while working in areas that may contain an 

explosive, toxic or oxygen deficient atmosphere, test for explosive, toxic gases, and 

oxygen deficiencies. If a hazardous condition is found, make the work area safe before 

commencing or continuing work. 

 

.1 Provide and maintain a suitable detection meter. Use this meter continuously. 

Calibrate the meter to sound an alarm at a preset warning level. 

 

.2 Recalibrate the meter at times recommended by the manufacturer. 

 

5.2 Smoking is not permitted in the hazardous areas and other areas designated by the City. 

The Contractor shall post “No Smoking” signs as required.  

 

5.3 Use non-sparking tools in areas where an explosive atmosphere may exist. 

 

5.4 Perform work in hazardous locations in accordance with the requirements of the Safety 

Act and Occupational Health and Safety Regulations. 

 

5.5 It is the Contractor’s responsibility (as Prime Contractor) to establish the classification of 

the work areas for the purpose of this contract. 

 

5.6 Work Procedures for Hazardous Locations: 

  

 .1 Contractor is a Prime Contractor on this project and is responsible for site safety. 

 

.2 Construction activities that occur in hazardous locations require continuous 

combustible gas monitoring by the Contractor when the potential for a hazardous 

atmosphere exists. 

 

5.7 Metering for Toxic, Combustible Gas, H₂S and Oxygen Deficiency: 

 

.1 Utilize a suitable portable gas detection meter to continuously monitor for toxic 

gases, combustible gases, hydrogen sulfide and oxygen deficiency in the 

surrounding atmosphere. Set meter to sound alarm at a preset warning level. 

The Contractor shall demonstrate to the City Representative that the meter has 

recently been calibrated by a certified technician and is adequately functional for 

the intended purpose. 

 

 5.8 Meter Operator: 

 

.1 When the potential for a hazardous atmosphere exists  have a competent worker 

operate and read the portable meter continuously while construction activities 

occur in the designated hazardous locations. This meter operator is not permitted 

to assist in the construction activity in any way. Locate meter operator in the 

immediate vicinity of construction activity. If work in two or more different 

hazardous locations is required at the same time, provide the additional meter 

operator and meter. 
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5.9 Logbook: 

 

 .1 Maintain a logbook with: 

 

  .i Date. 

 

  .ii Name of meter operator. 

 

  .iii Explosive gas and oxygen deficiency readings every ½ hour. 

 

 .2 Construction activity type: 

 

  .i Location of construction activity. 

 

.ii Submit logbook to the City Representative when construction is 

complete. 

 

5.10 Firefighting Equipment: 

 

.1 Provide and maintain suitable firefighting equipment when working in the 

designated hazardous locations. Train personnel in the use of firefighting 

equipment. 

 

6. WORK IN CONFINED SPACES 

 
6.1 For the purposes of this Contract, the following areas in existing operating process areas 

are identified as confined space locations: 

 
 .1 Access vaults (AV’s). 

 

 .2 Manholes (MH’s). 

 

 .3 Tanks, vessels, and sumps 

 

6.2 All work and entry into the identified Confined Spaces is to be done in accordance with 

the Nunavut Safety Act, R.S.N.W.T. 1988,c.S-1 – 2016, and the Nunavut Occupational 

Health and Safety Regulations, R-003-2016 – 2016. 

 

6.3 The Contractor is responsible for all duties to ensure the work performed in the confined 

spaces is carried out in accordance with the Nunavut Safety Act, R.S.N.W.T. 1988,c.S-1 

– 2016, and the Nunavut Occupational Health and Safety Regulations, R-003-2016 – 

2016. The Contractor is responsible for all actions to ensure the duties imposed on 

employers by the Nunavut Safety Act, R.S.N.W.T. 1988,c.S-1 – 2016, and the Nunavut 

Occupational Health and Safety Regulations, R-003-2016 – 2016 are performed to 

protect the health and safety of all workers working in the confined spaces. 
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For all confined space entries, involving workers from any employer, the Contractor is 

responsible for all coordination for work activities, confined space assessment, 

development of entry plans, permitting, supply of equipment for atmospheric testing and 

monitoring, ventilation, access and egress, entry, monitoring, control, rescue planning, 

and the initiation and implementation of rescue procedures in accordance with the 

Regulations. 

 

6.4 The Contractor shall maintain all appropriate documentation required under the 

Regulation and provide daily copies to the City Representative. 

 

6.5 The Contractor shall supply all required safety, monitoring, control and personal 

protective equipment required for confined space entry operation, including, but not 

limited to entry and rescue equipment, atmosphere monitors (see Section 5) and 

breathing apparatus/ respiratory protection. 

 

6.6 The Contractor shall ensure that all workers entering or interacting with the identified 

confined spaces are appropriately trained and that proof of training is provided upon 

request. 

 

7. STORAGE AND PROTECTION OF MATERIALS AND EQUIPMENT 

 
7.1 Protect materials and equipment after unloading, from weather, dust, dirt and moisture, 

both before and after erection and placing. Observe manufacturer's written instructions 

for temporary storage. 

 

7.2 Maintain equipment in good condition, as per manufacturer’s instructions. 

 

7.3 Provide manufacturer's written instructions for the storing of equipment during the 

construction period, well in advance of equipment delivery. 

 

7.4 Store specialty items to ensure protection from damage to materials or finish. 

 

7.5 Store materials subject to water absorption off the ground. Protect materials from other 

damage due to environmental conditions using waterproof covers. 

 

7.6 As work proceeds and upon completion, promptly clean up and remove from site surplus 

materials resulting from foregoing work. 

 

8. DISPOSAL OF MATERIAL OFF-SITE 

 
8.1 Material designated to be removed from the site must be promptly removed. 

 

8.2 Make necessary arrangements for environmentally safe transportation and ultimate 

disposal in compliance with all applicable Regulations and Guidelines at no cost to the 

City, unless noted otherwise. 

 

  



 

CONSTRUCTION SERVICES 

PART VI – GENERAL REQUIREMENTS 

 
 

 
 
 
Template Version V.2 – January 6, 2023 

Page 26 of 84 

 

8.3 Carry out additional chemical analysis of site materials suspected to be contaminated 

and determine applicable Regulations and Guidelines as may be required to determine 

the environmental quality of materials encountered and to determine suitable means for 

transportation and ultimate disposal. Notify the City Representative of concerns and 

provide copy of test results. Payment for haulage and disposal fees for contaminated 

excavated material will be considered Extra Work to this Contract as required. 

 

8.4 Removal all waste material to the City’s West 40 Landfill. Contractor will be responsible 

for all costs associated with loading, transportation and haulage, and tipping fees from 

the project site to the landfill.  

 

9. ENVIRONMENTAL CONSIDERATIONS DURING CONSTRUCTION 

 
9.1 Equipment Fueling: 

 

.1 Designate an area within the working limits, a minimum of 30 meters away from 

open water courses, to be used exclusively for fueling construction equipment. 

 

.2 Submit for review a plan for the interception and rapid clean-up of fuel spills 

should they occur. 

 

.3 Maintain the apparatus for cleaning up fuel spills on site. 

 

9.2 Cleaning Equipment: 

 

.1 Keep construction equipment clean so that no debris is deposited on the City 

roadways. 

 

.2 Contain construction debris in a designated area within the working limits. 

 

.3 Dispose of debris off-site. 

 

9.3 Noise Control: 

 

.1 Use only vehicles and equipment equipped with effective muffling devices.  

Provide noise barriers on stationary engines and compressors. Provide noise 

barriers on stationary engines and compressors. 

 

.2 Comply with City of Iqaluit Noise By-Law. 

 

.3 Consider noise attenuation measures in the approach and submissions for noise 

generating activities. 
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9.4 Dust Control: 

 

.1 Use water, or other methods to control dust as directed by the City 

Representative. Do not use chemical means of dust control without prior written 

approval from the City Representative. The use of petroleum products will not be 

allowed at any time. 

 

.2 Submit dust control plan detailing proposed methods to control dust on site for 

the review and acceptance by the City Representative. 

 

10. PROTECTION OF EXISTING STRUCTURES AND PROPERTY 

 

10.1 The Contractor will be held fully responsible by the City for any damage to utilities, 

properties, buildings, homes or structures adjacent to or in the general area of the work, 

through settlement of ground, vibration or shock resulting from any cause relating to the 

work carried out under this Contract. Make good and repair such damage at own 

expense. 

 

10.2 Refer to Section N – Preservation and Protection. 

 
11. EROSION AND SEDIMENT CONTROL 

 
11.1 Prepare and implement a separate detailed erosion and sediment control plan for the 

duration of the work. 

 

11.2 Correct all erosion control deficiencies noted by the City Representative. Maintain 

appropriate measures in place until the construction is fully completed. 

 

11.3 Cooperate with the City Representative and the Owner for periodic inspections (during 

and after construction). 

 

12. DAMANGE BY VEHICLES AND OTHER EQUIPMENT 

 
12.1 If at any time, in the opinion of the City Representative, damage is being or is likely to be 

done to any road, highway, improvements or property therein, other than such portions 

as are part of the work, by the Contractor's vehicles or other equipment whether licensed 

or unlicensed, the Contractor shall, on the direction of the City Representative and at the 

Contractor's own expense, make changes in or substitutions for such vehicles or other 

equipment or shall alter loadings or shall in some manner remove the cause. 

 

13. PROPERTY OWNER’S LETTER OF RELEASE 

 
13.1 The Contractor will be required, when instructed by the City Representative, to provide a 

letter from the Owner and/or Owners of property adjacent to the work or on which the 

work was constructed, clearly stating that the reinstatement work carried out by the 

Contractor has been completed satisfactorily. 

 

13.2 This letter of release will only be required where damage has been caused to private 

property or where work takes place on private property or easement. 
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14. UTILITY OWNER’S LETTER OF RELEASE 

 
14.1 The Contractor will be required, when instructed by the City Representative, to provide a 

letter from the owners of utilities stating that all services damaged during construction of 

the work have been satisfactorily repaired. 

 
15. INCLEMENT WEATHER 

 
15.1 Make adequate protection and take all necessary precautions at times of inclement 

weather. 

 

15.2 Inclement weather or extra work caused by such weather will not be accepted as reason 

for additional payment or an extension to the time of completion. 

 

16. SNOW PLOWING 

 
16.1 The Contractor shall be responsible for snow and ice removal in the designated 

construction area and related access roads for each group of primary clarifiers as well as 

Contractor’s staging and storage area at its own cost. 

 

16.2 Snow plowing shall be under the direction of the City Representative and shall not block 

any municipal roadways, easements, access roads or driveways for the general public or 

City operating staff to access. 

 

16.3 Snow is to be disposed of at the designated snow disposal area, as directed by the City 

Representative. 

END OF SECTION 
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F. CONSTRUCTION SEQUENCING 

1. GENERAL 

 
1.1 The Work is to be completed in the time stated in the Form of Tender. In this regard, the 

Contractor is responsible for scheduling the sequencing of work. 

 

1.2 This Section includes mandatory construction sequencing constraints and a suggested 

general sequence of construction that will satisfy the mandatory constraints required in 

the execution of the Work. 

 

1.3 The Contractor shall plan to perform the work activities in such a sequence that does not 

necessitate the removal from service any essential part or component of the existing 

works without first having a temporary facility to enable continuous normal operation of 

the existing water pollution control plant and process or has fully commissioned new 

facilities that are capable of operating in place of the part or component of the existing 

works that the Contractor must demolish and/or modify. 

 

1.4 The Contractor’s sequencing of work shall consider the submission of technical 

submittals and shop drawings for review and approval, prior to the commencement of 

work in the field. 

 

1.5 The Contractor’s schedule shall incorporate a logical sequence of construction activities, 

such that the work be completed in a manner that is safe, efficient, and interruption free 

as per the time stated in the Form of Tender. 

 

2. COORDINATION 

 
2.1 It is noted that the proposed works must be constructed so as not to interfere with or 

cause any un-scheduled interruption of operation of existing City process systems and 

services. 

 

2.2 Coordinate the requirements of this Section with the other requirements of the Contract 

Documents. 

 

2.3 Refer to Section C for other coordination requirements. 

 

3. SERVICES PROVIDED BY THE CONTRACTOR 

 
3.1 The Contractor shall coordinate the construction activities with the City Representative in 

advance as per Section C. 

 

3.2 The Contractor shall provide the required temporary construction, drainage, grading, 

sedimentation and erosion control measures for the construction area. 

 

3.3 The Contractor shall provide the necessary temporary power, pumping facilities, 

ventilation equipment, pipes, valves, fittings, diversions, temporary bulkheads, or any 

other equipment and systems, as required during construction. 
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4. SERVICES PROVIDED BY THE CITY 

 
4.1 The City will undertake all necessary isolations and shut-downs of operating equipment 

and systems. 

 

4.2 The City will provide access to existing City buildings, facilities, and structures. 

 
5. SEQUENCE OF CONSTRUCTION 

 
5.1 Prior to mobilization, the Contractor will be required to adhere to the following sequencing 

requirements: 

 

.1 Submit technical submittals to the City Representative for review and approval. 

Technical submittals will consist of the following: 

 

 .i Contractor Site-Specific Health and Safety Plan. 

 

 .ii Contractor trade certificates and training records. 

 

 .iii Construction schedule. 

 

 .iv Traffic Control Plan (if applicable). 

 

 .v Erosion and Sediment Control Plan (if applicable). 

 

 .vi Quality Assurance and Quality Control Plan. 

 

.2 Obtain confirmation from the City Representative that the technical submittals 

presented above have been approved. 

 

5.2 The City Representative may choose to delay mobilization activities, at no additional cost   

or impact to the project schedule, should the specified technical submittals not be 

submitted and approved prior to the start of mobilization activities. 

 

5.3 Prior to initiating construction activities in the field, the Contractor will be required to 

adhere to the following sequencing requirements: 

 

.1 Submit relevant shop drawings to the City Representative for review and 

approval prior to commencing the installations in the field. 

 

.2 Obtain confirmation from the City Representative that the shop drawing(s) have 

been approved. 

 

.3 Commence relevant installations related to approved shop drawings in the field. 

 

5.4 The City Representative may choose to reject the installations in the field, at no additional 

cost or impact to the project schedule, if the relevant shop drawings are not approved 

prior to installation in the field. 
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5.5 The City Representative will be provided five (5) business days to review relevant 

technical submittals and shop drawings. The City assumes only one (1) round of reviews 

for technical submittals and shop drawings. The Contractor will not be granted an 

extension of time or a change to the contract price, should the Contractor not address all 

review comments from the first submission, and require a subsequent review of a second 

or further resubmission(s). 

 

5.6 Prior to backfilling an excavated trench where new civil installations or repairs have taken 

place, allow for the inspection of the works by the City Representative. Should the 

Contractor backfill the site, while failing to present the works and provide indication to the 

City Representative that the works are ready for an inspection,  the Contractor will be 

required to re-excavate the site in order to allow for an inspection of the works to take 

place at no change to the contract price and no extension to the contract schedule. 

END OF SECTION 
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G. PAYMENT PROCEDURES 

1. TERMS OF PAYMENT 

1.1 Make applications for payment on account as provided in Agreement as Work 

progresses. 

1.2 Applications for payment will be made monthly. 

1.3 The date for Contractors submission of monthly application for payment shall be on the 

last business day of the month. 

1.4 The Contractor shall be reimbursed on a monthly basis in accordance with the 

instructions provided in the Bid Form. 

1.5 For administrative purposes, the monthly application for payment shall be in the form of a 

progress payment and must indicate: 

 .1 Contract/ Project Title. 

 .2 City of Iqaluit Service Contract number. 

 .3 Progress payment number. 

 .4 Date progress payment issued. 

 .5 Period progress payment covers. 

1.6 The Contractor is to provide all relevant back-up material to validate the work that is 

being claimed in the monthly progress payment. This includes, but is not limited to, daily 

timesheets for labour and equipment, material costs, back-up invoices, etc. For work 

completed on a time and materials basis where daily timesheets are produced, the 

Contractor must present timesheets to the City Representative at the end of each 

workday for review and approval. 

1.7 The City shall reimburse Contractors for mark-ups from sub-contractors and/ or suppliers 

for parts, materials, and labour up to a maximum of 15%. Back-up invoices from sub-

contractors and/ or suppliers/ vendors must be submitted as part of monthly application 

for payment. Monthly progress claims will be returned if back-up invoices are not 

provided. 

1.8 No payment will be made for the cost of work incurred to remedy errors or omissions for 

which the Contractor is responsible. 

1.9 Additional work that has been completed outside the scope of services identified in the 

contract, without written approval from the City Representative via the change order 

process, will not be paid. Contemplated changes must be presented to the City 

Representative for review. Should the contemplated change be endorsed, it will be 

presented to the City for approval via a change order. Once approved, the Contractor 

may proceed with the work in the field. Failure to comply with this requirement may result 

in no payment. 
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1.10 All progress payment claims are to be submitted to the City Representative; they are not 

to be submitted to the City’s Finance Department. 

1.11 The City will pay all invoices on a Net 30 basis, meaning payments will be made by the 

City within Thirty (30) calendar days of receipt and acceptance of the invoice, or the 

receipt and acceptance of the goods or services, whichever is later. 

 
2. SCHEDULE OF VALUES 

2.1 Make schedule of values out in such form and supported by such evidence as City 

Representative may reasonably direct and when accepted by City Representative, be 

used as basis for applications for payment. 

2.2 Include statement based on schedule of values with each application for payment. 

Schedule of values to follow Terms of Reference sections outline. 

2.3 Support claims for products delivered to Place of Work by not yet incorporated into Work 

by such evidence as City Representative may reasonably require establishing value and 

delivery of products. 

 
3. APPLICATION FOR PAYMENT 

3.1 Each month prepare a draft application for payment in the form of a progress payment 

claim for review and acceptance by the City Representative before submitting the 

monthly application for signature and payment. 

3.2 Application for payment must show a schedule of values, for each item of approved 

breakdown of Contract Price established in the Contract, the following: 

 .1 Percentage and value of Work completed to date. 

 .2 Percentage and value of Work previously approved for payment. 

 .3 Percentage and value claimed this payment period. 

 .4 Percentage and value of Work remaining to be completed. 

.5 Include separate line items for each approved Change Order executed, along 

with the information requested in 3.2(1), 3.2(2), 3.2(3), and 3.2(4). 

3.3 Application for payment must include timesheets, back-up invoices from sub-contractors 

and/ or suppliers/ vendors, whichever applies. Where mark-ups apply per the Contract, 

ensure they are clearly shown. 

3.4 Include an updated cash flow expenditure forecast with the application for payment. 

3.5 Submit application for payment to the City Representative on the last business day of 

each month. 

3.6 To assist the Contractor with preparation of application for payment, the City 

Representative is available to meet with the Contractor on an agreed date each month, 

on or prior to last day of month, to review progress of Work. 
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3.7 The Contractor and City Representative shall agree on quantity of Work performed and 

due for payment. Once quantity has been agreed upon, Contractor shall submit the final 

application for payment along with a corresponding invoice for the amount being claimed. 

3.8 The following shall be included for the first application for payment: 

 .1 Approved monthly progress claim. 

 .2 Coinciding invoice. 

 .3 A copy of Workers Safety Compensation Board Certificate of Clearance. 

 .4 Updated construction schedule. 

 .5 Updated cash flow projection. 

3.9 The following shall be included for the second application for payment and onwards: 

 .1 Approved monthly progress claim. 

 .2 Coinciding invoice. 

 .3 A copy of Workers Safety Compensation Board Certificate of Clearance. 

.4 Statutory Declaration certifying that payment has actually been made in full to all 

subcontractors, suppliers, workmen, and others for labour, materials, and 

services required by Contract up to and including latest progress payment. 

.5 Updated construction schedule. 

.6 Updated cash flow projection. 

3.10 The City shall not release monies for Payment Certificates until the Contractor has 

provided all of the supporting documentation, as specified herein. 

3.11 Deviations from the above specified requirements or incomplete submissions shall 

require resubmission of the application for payment. 

 
4. NONPAYMENT FOR REJECTED OR UNUSED PRODUCTS 

4.1 Payment will not be made for the following: 
 

.1 Loading, hauling, and disposing of rejected material. 

 

.2 Quantities of material wasted or disposed of in a manner not called for under 

Contract Documents. 

 

.3 Rejected loads of material, including material rejected after it has been placed by 

reason of failure of Contractor to conform to provisions of Contract Documents. 

 

.4 Material not unloaded from transporting vehicle. 
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.5 Defective Work not accepted by Owner. 

 

.6 Material remaining on hand after completion of Work. 

END OF SECTION 
  



 

CONSTRUCTION SERVICES 

PART VI – GENERAL REQUIREMENTS 

 
 

 
 
 
Template Version V.2 – January 6, 2023 

Page 37 of 84 

 

H. PROJECT MEETINGS 

1. GENERAL 

1.1 The City Representative will schedule the project meetings throughout progress of the 

Work.  

1.2 The City Representative will prepare meeting agenda with regular participant input and 

distribute the written notice of each meeting, preside at meetings, record minutes to 

include significant proceedings and decisions, and reproduce and distribute copies of 

minutes within five (5) business days after each meeting to participants and parties 

affected by meeting decisions. 

1.3 Representatives of Contractor, Subcontractor and suppliers attending meetings shall be 

qualified and authorized to act on behalf of the party each represents. 

 
2. PRECONSTRUCTION MEETING 

2.1 After award of Contract, the City Representative will request a meeting of parties in 

contract to discuss and resolve administrative, health and safety procedures and 

responsibilities. 

2.2 Preconstruction meeting will be held via teleconference. Teleconference instructions will 

be provided by the City Representative. 

2.3 Preconstruction meeting agenda may include the following, as a minimum: 

 .1 Introductions. 

 .2 Project Initiation. 

  .i Service Contract Review. 

  .ii Securities/ Bonds. 

  .iii Insurance. 

  .iv WSCC Certificate of Clearance. 

 .3 Safety. 

  .i Site Safety Requirements. 

  .ii WSCC “New Operations & High Hazard Work” Notice. 

.iii Joint Health and Safety Committee or Occupational Health and Safety 

Representative. 

.iv Site Audits, Inspections and Incident Reporting. 

v. Training, Qualifications and Trade Certificates. 
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 .4 Project Execution Requirements . 

 .i Summary of Work. 

 .ii Working Hours, Working Days 

 .iii Construction Sequencing/ Coordination. 

 .iv Contractor’s Use of Premises. 

 .v Authorities Having Jurisdiction (GN/ Federal permits and inspections). 

 .vi Special Project Procedures (Work Permits, Traffic Control, etc.). 

 .vii Project Meetings. 

 .viii Submittals and Shop Drawings. 

 .ix Payment Procedures. 

 .x Change Orders. 

 .xi Quality Control. 

 .xii Closeout Requirements. 

.5 Project Schedule.  

 .i Schedule Submission. 

 .ii Key Milestone Dates. 

 .iii Substantial Completion Submission Requirements. 

 .iv Warranty (if applicable). 

.6 Communication Structure 

 .i Stakeholder Representation. 

 .ii Communication Flow. 

 .iii Communication of Changes in Scope, Schedule or Cost. 

 .iv Site Communication Memos – RFI’s, SI’s, CCN’s. 

.7 Document Control 

.8 Other Business and Questions. 
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 2.4 Attendees will include: 

.1 Owner’s representatives. 

.2 City Representative. 

.3 Contractor’s project manager. 

.4 Contractor’s resident site superintendent. 

.5 Contractor’s quality control representative. 

.6 Others as appropriate. 

 
3. PROGRESS MEETINGS 

3.1 City Representative will schedule regular progress meetings at site, conducted bi-weekly 

to review the Work progress, progress schedule, shop drawings and technical submittal 

schedule, application for payment, contract modifications, and other matters needing 

discussion and resolution. 

3.2 Progress meetings will be held via teleconference. Teleconference instructions will be 

provided by the City Representative. 

 3.3 Project progress review meeting agenda may include the following, as a minimum: 

.1 Introductions. 

 .i Confirm Acceptance of Previous Meeting Minutes. 

.2 Safety. 

 .i Safety Share. 

 .ii Site Safety Audits, Inspections and Incident Reporting. 

.3 Submittals and Shop Drawings. 

 .i Status of Technical Submittal Submissions/ Reviews. 

 .ii Status of Shop Drawing Submissions/ Reviews. 

.4 Site Communications. 

 .i Request for Information (RFI) – Status Update/ Outstanding Items. 

 .ii Site Instructions (SI) – Status Update/ Outstanding Items. 

.iii Contemplated Change Notices (CCN) – Status Update/ Outstanding 

Items. 
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.5 Financial. 

 .i Progress Claims – Status Update/ Outstanding Items. 

 .ii Change Orders – Status Update/ Outstanding Items. 

 .iii Service Contract Financial Review. 

.6 Work Progress. 

 .i Work Completed (Since Last Meeting). 

 .ii Work Planned (Three-Week Look-ahead/ Schedule) Review. 

 .iii Issues/ Concerns/ Risks and Mitigation Measures. 

 .iv City/ Engineer Coordination Requirements. 

.7 Quality Control. 

 .i Contractor Activities. 

 .ii Status of Permitting and Inspections. 

.8 Other Business and Questions. 

3.4 Attendees will include: 

 .1 Owner’s representative. 

 .2 City representative. 

 .3 Contractor’s project manager. 

 .4 Contractor’s site superintendent. 

 .5 Others as appropriate. 

 
4. OTHER MEETINGS 

4.1 In accordance with Contract Documents and as may be required by the Owner and/or 

City Representative. 

4.2 Brief meetings attended by the Contractor’s key personnel, the City Representative and 

as required, the Owner’s representative, may be coordinated in order to help assist with 

other project related discussions such as isolation requirements, critical path tasks, 

schedule, quality, commissioning, claims, deficiencies, etc. in order to help with the 

progress of the work. The Contractor is to accommodate other meetings at no additional 

cost to the contract. 
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4.3 Meetings will be held via teleconference. Teleconference instructions will be provided by 

the City Representative. 

END OF SECTION 
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I. CONSTRUCTION PROGRESS SCHEDULE 

1. CONTRACTOR’S RESPONSIBILITIES 

1.1 Prepare and submit to the City Representative a Construction Progress Schedule 

including a comprehensive work breakdown schedule complete with sequencing or 

implementation of each work tasks and work packages within five (5) business days of 

award of Contract. The schedule must reflect working days/ hours as per the contract. 

The schedule must show the following as a minimum: 

.1 Mobilization and other preliminary activities such as installation of site fencing, 

trailer, signage, traffic control measures, etc. 

.2 Submission of shop drawings, technical submittals, product data, material lists 

and samples. 

.3 Delivery of any critical equipment and/or materials that will be key to the Works. 

.4 Submission of key requests to the City such as isolation requests and City permit 

applications. 

.5 Isolation and/or shutdown of City processes or systems by City Operations 

personnel, implementation of temporary by-pass systems, etc. 

.6 Commencement and completion of work of each section of the terms of 

reference for each of the contract components as required y and described in the 

plans and terms and reference. 

.7 Critical hold points which require the inspection and/or witness of the works by 

the City Representative, as described in the contract documents. 

.8 Testing activities, commissioning, start-up and operating of the new equipment 

and/or systems. 

.9 Substantial performance and final completion dates within time period required 

by the Contract Documents. 

.10 Demobilization 

1.2 Schedule shall represent a practical plan to complete the work within the Contract period 

and shall convey the plan to execute the work. Schedules as developed shall show the 

sequence and interdependencies of activities required for complete performance of the 

work. 

1.3 Use extra forces and equipment, or revise method of operation when progress of work is 

not sufficient to meet Project Schedule.  

1.4 Reviews of work progress based on Construction Schedule, will be conducted by the City 

Representative and schedule updated by Contractor in conjunction with and subject to 

approval of the City Representative. 
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1.5 Construction schedule shall be updated monthly with the payment schedule for the 

duration of the Contract. 

1.6 Failure to include any element of work required for performance of the Contract or failure 

to properly sequence the work shall not excuse the Contractor from completing all work 

within the Contract Time. 

1.7 All schedule submittals, excluding monthly progress reports, are subject to approval by 

the City Representative. The City Representative retains the right to withhold appropriate 

monies (up to the full value of the current progress payment) from progress payments 

until the Contractor submits an acceptable construction progress schedule. Update 

schedule updates acceptable to the City Representative. 

1.8 Certify in writing and have signed by major subcontractors that the construction progress 

schedule have been discussed in detail with all major subcontractors and major suppliers 

as it relates to their respective work and submit a copy of the certificate to the City 

Representative. 

1.9 All schedules shall be developed utilizing industry standard “best practices” including, but 

not limited to: 

 .1 No open-ended activities. 

.2 No use of constraints other than those defined in the Contract Documents 

without the prior approval of the City Representative. 

 .3 No negative leads or lags. 

.4 No excessive leads or lags without prior justification and approval from the City 

Representative. 

.5 For individual schedule construction activities, do not exceed 14 calendar days in 

duration without prior approval of the City Representative. Subdivide activities 

exceeding 14 calendar days in duration to an appropriate level. 

.6 Sufficiently describe schedule activities to include what is to be accomplished in 

each work area. Express activity durations in whole days. Clearly define work 

that is to be performed by subcontractors. 

.7 Create the schedule in conformance with the work-hours, constraints, and 

Activity Code Structure, set forth in these Contract Documents. 

.8 Activity Code Structure 

.i Each activity shall be identified with codes including as a minimum: 

  .a The party responsible for performing the work. 

.b Where work is to be subcontracted, the subcontractor to be 

responsible for performing the work. 
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2. CONSTRUCTION SEQUENCING 

2.1 Contractor is instructed to perform this work without disrupting current operating facilities, 

structures, and/or City services when applicable. 

2.2 Contractor to prepare schedule and duration of all anticipated by-passes or shutdown of 

any existing facility. Schedule to be reviewed by the Owner for approval. Furthermore, 

the Contractor shall provide notice as described in Section C - Coordination to the Owner 

for each and every scheduled by-pass, tie-in to and shutdown of existing facilities, 

structures, processes, or systems. Required notice plus the Owner’s approval are 

required for all non-scheduled by-passes, tie-in to and shutdowns. 

2.3 Any and all un-scheduled shutdown is the responsibility of the Contractor. Thus, all or 

any additional labour, testing, material and equipment required by the Owner to correct or 

assist in coordination and correction of deficiencies as a result of an un-scheduled shut 

down is at the Contractor’s costs.   

 
3. MONTHLY CONSTRUCTION SCHEDULE UPDATE 

3.1 Submit once per month, a monthly construction progress schedule update showing the 

progress of the work to date. The updated progress schedule must be submitted with the 

monthly progress payment application. 

3.2 Include with the update an electronic back-up of the native schedule file. 

3.3 Payment will not be made without an approved construction progress schedule, and 

monthly construction progress schedule update. 

3.4 The monthly construction progress schedule update shall have a data date as of the last 

day of the corresponding month (i.e. for schedules submitted at the beginning of 

February the data date shall be January 31). 

3.5 Incorporate actual progress, start dates, completion dates, and progress up to the data 

date in the schedule update. All changes and revision made in the monthly construction 

progress schedule update shall be addressed in the narrative accompanying the 

submittal. 

3.6 Change Orders will be addressed in accordance with the General Conditions and 

incorporated into the Contract construction progress schedule as individual schedule 

activities. 

3.7 Payment will not be made without current approved monthly construction progress 

schedule update. 

3.8 Any changes made to the schedule shall also include changes to the cost loading/ 

expenditure forecast. All the remaining activities to be completed shall equate to the 

remaining cost of the Work. Any addition or deletions to activities to the schedule will 

require subsequent revisions to ensure that the schedule continues to correlate to the 

current Schedule of Values. 
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3.9 If according to the current updated Contract construction progress schedule, the work is 

fourteen or more days behind the Contract completion date, or the schedule contains 

fourteen or more days of negative float, considering all granted time extensions, submit, 

prior to the next progress payment, a revised recovery schedule, showing a work plan to 

complete the work within the original schedule period. Include with the submittal a 

detailed narrative describing the means and methods proposed to achieve the work in the 

time period. The City Representative may withhold approximate progress payments until 

a revised schedule, acceptable to the City Representative, is submitted by the Contractor 

at no additional expense to the Owner. 

 
4. RE-BASELINE CONTRACT CONSTRUCTION PROGRESS SCHEDULE  

4.1 If, in the opinion of and at the request of the City Representative, the work has 

significantly fallen behind and/or the nature or plan of the work has changed from that 

which was originally portrayed in the Contract construction progress schedule, a Re-

Baselined construction progress schedule shall be submitted that portrays the plan to 

complete the remaining Contract Work. 

4.2 The Re-Baselined construction progress Contract Schedule shall be cost-loaded and be 

the basis for all subsequent monthly construction progress schedule updates. 

 
5. THREE-WEEK LOOK-AHEAD 

5.1 Submit a Gantt chart format depicting the intended work activities for the upcoming three-

week period plus one-week retrospective look on a weekly basis. 

5.2 All activities in the Three-Week Look-Ahead Schedule must correlate to an activity in the 

current monthly construction progress schedule update either as a one-to-one match, or 

as a subset of activities whose cumulative duration correlate to an activity in the monthly 

construction progress schedule update.  

5.3 Note and explain in writing all deviations, including but not limited to sequences of work, 

timing, and durations or activities, from the Contract construction progress schedule or 

monthly construction progress schedule updates. These deviations must be addressed in 

the following monthly construction progress schedule update. 

5.4 Portray all activities clearly and legibly on the schedule and include logical activity 

numbers. 

5.5 Submit the schedule at the bi-weekly construction progress meeting. 

 
6. MONTHLY EXPENDITURE/ CASH FLOW FORECAST 

6.1 Submit, on a monthly basis, an update to the monthly expenditure/ cash flow forecast. 

The cash flow forecast is to be submitted as part of the Contractors monthly progress 

payment application. 

6.2 The Monthly Expenditure/ Cash Flow Forecast shall be presented in a manner that best 

illustrates how the Contractor intends to invoice, on a monthly basis, based on the 

Contractor understanding of the Work, methodologies to be used, and the Contract 

construction progress schedule. 
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7. REVIEW, UPDATE AND REVISIONS 

7.1 Allow for the City Representative review and comments according to the following 

schedule from the date of receipt. 

  .1 Draft Contract construction progress Schedule: 7 calendar days 

  .2 Contract construction progress Schedule: 4 calendar days 

  .3 Monthly construction progress schedule Updates: 4 calendar days 

  .4 Three-Week Look-Ahead Schedule: 2 calendar days 

7.2 Make all corrections to the schedule requested by the City Representative and resubmit 

the schedule for approval if requested. If the Contractor does not agree with the City 

Representative’s comments, provide written notice of disagreement within five (5) 

business days from the receipt of City Representative comments for the Preliminary 60-

day, Contract Construction Progress Schedule, Monthly Construction Progress Schedule 

Updates, and Three-Week Look-ahead Schedules. City Representative’s comments for 

which the Contractor disagrees shall be resolved in a meeting held for that purpose, if 

necessary. 

 
8. REQUESTS FOR TIME EXTENSIONS 

8.1 Be responsible for submitting a written request for all extensions of Contract Time in 

accordance with the General Conditions. Requests not submitted in writing, without the 

required documentation and not submitted in a time consistent with the General 

Conditions will not be considered. 

8.2 Include in the request documentation and written justification for the extension of time, 

supporting evidence and specific references to the schedule. 

8.3 Also include with request an analysis of a calendar time-scaled Construction Progress 

Schedule and reports depicting the time impact basis of the request with the affected 

areas prominently highlighted. Use only the most current accepted schedule at the time 

the impact occurred when determining time extension request. 

8.4 If the City Representative finds that the Contractor is entitled to an extension of time of 

any completion date under the provisions of the Contract, the City Representative’s 

determination of the total number of days extension will be based upon the current 

analysis of the Contract Construction Progress Schedule and upon data relevant to the 

extension. Extensions of time for performance under all of the provisions of the Contract 

will be granted only to the extent that equitable time adjustments for the activity or 

activities affected exceed the total float along the paths involved of the accepted and 

current Contract Construction Progress Schedule. 

END OF SECTION 
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J. SUBMITTAL PROCEDURES 

1. SUMMARY 

1.1 This section defines the submittals to the Owner, or their designate, necessary before, 

during and after construction, which include as a minimum: 

.1 Site-Specific Health and Safety Plan. 

.2 Construction Progress Schedule. 

.3 Shop Drawings for permanent and temporary works. 

.4 Product data and samples. 

.5 QA/QC tests and reports. 

.6 Concrete mix design. 

.7 Erosion and Sediment Control Plan. 

.8 Selective Demolition Plan and Schedule. 

.9 Guaranties and Warranties. 

.10 Traffic Control Plan. 

.11 Temporary works plans (i.e. By-Pass Plan, Servicing Plan, Water Management 

Plan, Shoring/ Bracing Plan, Critical Lift Plan, etc.). 

1.2 For submittals facsimile transmissions will not be acceptable. 

1.3 Do not proceed with work until the City Representative reviews relevant submissions. 

1.4 Refer to individual sections for other submission requirements. 

 
2. ADMINISTRATIVE 

2.1 Submit to the City Representative a list of all submittals and shop drawings for review 

within seven (7) business days of the Award of the Contract. Submit within reasonable 

promptness and in orderly sequence so as not to cause delay in Work. Failure to submit 

in ample time is not considered sufficient reason for an extension of Contract Time and 

no claim for extension by reason of such default will be allowed. 

2.2 Work affected by submittals shall not proceed until review is complete. 

2.3 Present shop drawings, technical submittals, product data and reports in SI Metric units. 

2.4 Present shop drawings, technical submittals, product data and reports in the English 

language. 
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2.5 Where items or information is not produced SI Metric units, converted values are 

acceptable. 

2.6 Review submittals prior to submission to City Representative. This review represents that 

necessary requirements have been determined and verified, or will be, and that each 

submittal has been checked and coordinated with requirements of Work and Contract 

Documents. Submittals not stamped, signed, dated and identified as to specific project 

will be returned without being examined and shall be considered rejected. 

2.7 Notify the City Representative, in writing at time of submission, identifying deviations from 

requirements of Contract Documents stating reasons for deviations. 

2.8 Verify that field measurements and affected adjacent work are coordinated. 

2.9 Contractor's responsibility for errors and omissions in submission is not relieved by City 

Representative’s review of submittals. 

2.10 Contractor's responsibility for deviations in submission from requirements of Contract 

Documents is not relieved by the City Representative’s review. 

2.11 Keep one reviewed copy of each submission on site for reference during the 

construction. 

2.12 Refer to other individual sections for specific requirements on shop drawings submission. 

 
3. PROCEDURES 

3.1 Direct all submittals to the City Representative. 

3.2 Unless indicated otherwise, submit one (1) electronic copy of all submittals. 

3.3 Electronic Submittals: 

.1 Each electronic submittal shall be searchable in Adobe Acrobat Portable 

Document Format (PDF). 

.2 Electronic submittal that contains more than 10 pages in PDF format shall 

contain internal book marking from an index page to major sections of the 

document. 

.3 PDF files shall be set to open “Bookmarks and Page” view. 

.4 Include a copy of the Transmittal of Contractor’s Submittal form with each 

electronic submittal. 

.5 Submit new electronic files for each resubmittal. 

.6 Detailed procedures for handling electronic submittals will be discussed at the 

preconstruction meeting. 

.7 Submittals without electronic copies will be rejected by the City Representative. 
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3.4 List of Submittals: 

.1 Within seven (7) working days of Contract Award, submit a complete list of 

anticipated submittals and shop drawings, as per the requirements of the 

contract. 

.2 For each section of the general requirements and terms of reference, the 

Contractor shall provide a table listing all the submittals anticipated for that 

section of the Contract. The table shall include the following information: 

 .i General Requirements or Terms of Reference Section. 

 .ii Total number of submittals for this Section. 

 .iii Shop drawings associated with each submittal. 

 .iv Revision and status for each submittal. 

3.5 Transmittal of Submittal: 

 .1 Accompany each submittal with a transmittal letter, containing: 

  .i Project title and number. 

  .ii Date of submittal. 

.iii Names of Contractor, Subcontractor or Supplier, and manufacturer as 

appropriate. 

.iv Numbering and Tracking System: 

    .a Sequentially number each submittal. 

   .b Resubmission of submittal shall have original number with  

   sequential alphabetic suffix. 

.v Name, tag No. and quantity of equipment/ system included in each 

submittal. 

.vi General Requirement and Terms of Reference Section and paragraph to 

which submittal applies. 

.vii Deviation or variation from Contract Documents. 

.viii Contractor’s stamp, signature and statement to certify that the submittal 

has been reviewed, checked, and approved for compliance with Contract 

Documents. 
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.ix Include the Contractor’s written response to each of the City 

Representative’s review comments with resubmission of submittals 

stamped “Revise and Resubmit”. 

.x Other pertinent data. 

3.6 Processing Time: 

 .1 Time for review shall commence on City Representative’s receipt of submittal. 

.2 The City Representative will act upon the Contractor’s submittal and transmit 

response to Contractor not later than five (5) working days after receipt, unless 

otherwise specified. 

.3 Resubmittals will be same review time unless otherwise specified. 

.4 No claims will be allowed that arise because of delays in re-submissions and 

review of shop drawings. 

3.7 Resubmittals: 

 .1 Clearly identify each correction or change made and include revision date. 

.2 Provide clear response to each itemized comment by the City Representative on 

the submittal, whether or not action has been taken, and description of action. 

.3 No adjustment of Contract Times or Price will be allowed due to delays in 

progress of Work caused by rejection and subsequent resubmittals. 

.4 The Contractor is noted that the first two submission of each submittal (original 

submittal and subsequent resubmittal) will be reviewed at no charge to the 

Contractor. Any cost for processing/ reviewing submittals which have been 

reviewed two times or more will be deducted from the contract amount owed to 

the Contractor. 

3.8 Incomplete Submittals: 

.1 The City Representative will return entire submittal for the Contractor's revision if 

preliminary review deems it incomplete. 

.2 When any of the following are missing, submittal will be deemed incomplete: 

 .i Transmittal of Contractor's submittal, completed and signed. 

 .ii Insufficient number of copies. 

 .iii All requested information is not provided. 

.iv Submittals missing Professional Engineer's seal and signature, where it 

is required. 

END OF SECTION  
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K. HEALTH AND SAFETY REQUIREMENTS 

1. REFERENCES 

1.1 Canada Labour Code, Part 2, Canada Occupational Safety and Health Regulations. 

1.2 Nunavut Safety Act, R.S.N.W.T. 1988, c-S-1 most recently amended and in force June 

19, 2016. 

1.3 Nunavut Occupational Health and Safety Regulations, R-003-2016, most recently 

amended and in force June 19, 2016. 

 
2. GENERAL REQUIREMENTS 

2.1 The Contractor shall hold the responsibility of Prime Contractor, as described in the 

Nunavut Safety Act, and shall be solely responsible for construction safety, ensuring 

compliance to the Safety Act and Regulations.  

2.2 Perform site specific safety hazardous assessment related to project. 

2.3 Develop written site-specific Health and Safety Plan based on hazard assessment prior 

to commencing any site Work and continue to implement, maintain, and enforce plan until 

final demobilization from site. 

2.4 The Contractor shall file a New Operations & High Hazard Work notice for the Works with 

the Workers’ Safety and Compensation Commission (WSCC) prior to commencement of 

Work. Submit relevant documents to City Representative, providing indication that notice 

has been submitted. The Contractor will not be allowed to commence construction 

activities until notice has been filed and acknowledged by WSCC. Failure to submit a 

notice and provide record of such communication to the City Representative prior to the 

start of Works will not be considered sufficient reason for an extension of Contract Time 

and no claim for extension by reason of such default will be allowed. The New Operations 

& High Hazard Work notice must be posted at the construction site as per requirements 

of the Safety Act. 

2.5 Meet or exceed the latest revision of all Local, Federal, Territorial laws, regulations, 

standards, and industry best practices relating to health and safety. 

2.6 Be solely responsible for safety of the Work under this Contract and for complying with 

and ensuring that every person on the Site complies with the requirements contained 

within the Contract Documents and regulatory requirements.  

2.7 Perform the Work, or ensure that it is performed, in a manner to avoid risk of injury, 

security or damage to persons or property, adjacent property, or environment. 

2.8 Provide safe access, egress, and equipment in accordance with Occupational Health and 

Safety Regulations for entry into all areas by the employees, subcontractors, City, and 

Consultant. Where hazardous areas or confined space entry exists, implement 

procedures defined by the latest revision of the applicable Occupational Health and 

Safety Regulations or the Electrical Code. 
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2.9 Prior to the commencement of the Work, review and become fully familiarized with all 

Local, Territorial, and Federal regulatory requirements and the following documentation: 

i. Nunavut’s Safety Act and applicable regulations. 

ii. Nunavut’s Workers’ Compensation Act and applicable regulations. 

iii. Nunavut’s Environmental Protection Act and application regulations. 

iv. Canadian Electrical Code. 

v. Contract Documents. 

2.10 The Contractor shall be solely responsible for construction safety for this Contract and for 

complying with and ensuring that every person on the Site complies with the measures 

and requirements contained in: 

i. Nunavut’s Safety Act and applicable regulations. 

ii. Nunavut’s Workers’ Compensation Act and applicable regulations. 

iii. Nunavut’s Environmental Protection Act and application regulations. 

iv. Canadian Electrical Code. 

v. Contract Documents. 

2.11 In event of a conflict between any provisions of the above authorities, the most stringent 

provision shall govern. 

2.12 Provide and maintain first aid, hygiene, washrooms, potable water, and fire protection 

equipment at the Site in accordance with the applicable regulatory requirements. The 

Contractor shall designate trained employees to be in charge of first aid on the Site. 

2.13 Establish, maintain, and mark clear routes, paths and points for routine and emergency 

exit to, from and within the Site for personnel and vehicles. 

2.14 The Contractor shall erect signs relating to safety on the Site, and signs or notices 

required by the applicable territorial and local regulations or by the Contract Documents. 

2.15 Erect signage acceptable to the City at all entry points to the Site to advise personnel 

entering the Site of the requirements respecting the use and wearing of personal 

protective equipment. And the Contractor shall ensure compliance with these 

requirements. 

2.16 Erect signage acceptable to the City at all entry points to the Site to advise the 

employees, Subcontractors and other individuals entering the Site that: 

i. All personnel and employees on the Site are required to comply with safety 

policies, procedures and instructions of the Contractor. 
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ii. That any personnel failing to adhere to the safety policies, procedures and 

instructions of the Contractor may be removed from the Site and denied further 

access. 

2.17 The Contractor shall post warning signs at hazardous areas or where hazardous 

materials are stored and install protective barriers. The Contractor shall instruct 

personnel of proper safety procedures. 

2.18 The Contractor shall identify all areas which are considered to be hazardous locations 

and comply withal requirements of the Government of Nunavut Labour Standards Office. 

2.19 Smoking is not permitted in hazardous areas or other areas as designated by the City. 

The Contractor shall post “No Smoking” signs as required. 

2.20 The Contractor shall inspect the physical condition of the workplace at least weekly, or as 

often as required by territorial health and safety regulatory requirements, in order to 

ensure that the Work is performed safely and that the Site is maintained in accordance 

with the territorial regulatory requirements and the Contract Documents. The Contractor 

shall prepare and maintain a documented record of each inspection describing the scope 

of inspection and findings. Copies of all safety inspections shall be kept on Site and 

available for review by the City Representative. 

2.21 Safety equipment such as gas detection equipment for explosive or toxic gases or 

oxygen deficiency, fall protection devises, etc., shall be made available by the Contractor 

to the City Representative for the access to the site when required. The Contractor shall 

be responsible for the coordination of the multiple-party access to the hazardous and 

confined space on the Site. 

2.22 Ensure adequate coordination and communication between all parties on site in regard to 

safety. 

2.23 In addition to Occupation Health and Safety Act and applicable Regulations reporting 

requirements, report all incidents, near misses, spills, environmental damage, and 

property damage to the City Representative immediately within four (4) hours of the 

event. An incident investigation must be conducted, and a copy of the complete report 

provided to the City Representative within 24 hours.  

2.24 Ensure that all employees and subcontractors are competent, as prescribed by the 

applicable legislation, in performing the Work and have been trained on the Contractor’s 

Site-Specific Health and Safety Plan and COVID-19 Mitigation Plan prior to starting Work 

on the Contract. The Contractor shall make available all training records for the City 

Representative’s review. 

2.25 The Contractor shall ensure all workers that perform work be certified under the Trades 

and Qualifications and Apprenticeship Act for their specific work activity. No worker shall 

perform a type of work unless he/ she is certified to do so. 

2.26 The Contractor shall appoint a competent person, as defined by the Safety Act, as a 

supervisor. 

2.27 The Contractor shall appoint a Joint Health and Safety Committee or Occupational Health 

and Safety Representative, as defined by the Safety Act, for the project. 
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2.28 The supervisor shall supervise the work at all times either personally or by having an 

identified assistant do so personally. The assistant must comply with all the same 

requirements that the supervisor is held to. 

2.29 The supervisor shall inspect the work site and equipment associated with the project at 

least once a week. A copy of the inspection report must be provided to the City 

Representative.  

2.30 The Contractor shall remove waste material and debris from the work site(s) to a disposal 

area at least once a day or more frequently if necessary, to prevent the creation of a 

hazardous condition. 

2.31 The Contractor shall ensure that a First Aid kit is provided and maintained on site at all 

times, in accordance with relevant health and safety regulations.  

2.32 The Contractor shall ensure that fire-extinguishing equipment is provided and maintained 

on site at all times, in accordance with relevant health and safety regulations.  

2.33 The Contractor shall ensure that all vehicles, machinery, tools and equipment used on 

the work site are operated and maintained in accordance with relevant health and safety 

regulations. 

2.34 The Contractor will be required to conduct weekly safety audits, in order to ensure 

compliance to the Site-Specific Health and Safety Plan. Safety Audit reports are to be 

submitted to the City Representative on a weekly basis. 

2.35 City Representative may respond in writing, where deficiencies or concerns are noted 

and may request re-submission with correction of deficiencies or concerns. 

2.36 Ensure applicable items, articles, notices and orders are posted in conspicuous location 

on site in accordance with Acts and Regulations of Territory having jurisdiction, and in 

consultation with City Representative. 

3. SUBMITTALS 

 3.1 Make submittals in accordance with Section J – Submittal Procedures. 

3.2 The Contractor shall submit a Site-Specific Health and Safety Plan within seven (7) 

business days after the Award of the Contract, to address the requirements of the above 

referenced regulations and contract documents. 

3.3 A Site-Specific Health and Safety Plan must be in place prior to the start of construction 

activities. If a Site-Specific Health and Safety Plan has not been submitted prior to the 

start of the Works, the City Representative may issue a stop work order, until one is 

presented which meets the requirements of the regulations and contract documents. 

Failure to submit a Site-Specific Health and Safety Plan within the required timelines, 

which meets the requirements of the contract, will not be sufficient reason for an 

extension of Contract Time or additional compensation, and no claim for extension or 

additional costs by reason of such default will be allowed.  
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3.4 The Contractor shall provide a health and safety plan which as a minimum will include: 

 .1 A Site-Specific Health and Safety Management Plan, includes: 

  .i Introduction, roles and responsibilities for: 

   .a Site Supervisor 

.b Project Manager 

.c Site Safety Coordinator  

   .d Site Workers 

.e Occupational Health and Safety Representative 

   .f Joint Health and Safety Committee 

  .ii Contractor Project/ Contract Organizational Chart 

.iii Training and certification of workers. 

.iv Orientation for new works or visitors to site. 

  .v Project hazard assessment and safety procedures. 

  .vi Safety meetings format and schedule. 

  .vii Site safety audits, inspections, and incident reporting. 

  .viii Workplace hazardous materials information. 

  .ix Tagging and lock out procedures. 

  .x Confined space entry procedure. 

  .xi Work on or near live apparatus. 

  .xii Hot works procedures. 

  .xiii Posting of information. 

  .xiv Housekeeping. 

.2 A Hazardous Identification Plan, includes primary environmental hazards, 

personal conduct and hygiene, potential hazards which include: 

  .i Survey work in traffic. 

  .ii Physical. 

  .iii Working at heights. 
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  .iv Fire and explosion. 

  .v Confined space entry. 

  .vi Cranes, hoists, and rigging. 

  .vii Crane suspended personnel platforms. 

  .viii Biological. 

  .ix Stress and fatigue. 

  .x Noise. 

  .xi Cold Weather. 

  .xi Wildlife 

.xii Personal security. 

  .xiii Adverse weather conditions. 

  .xiv Other site activities. 

 .3 A Personal Protective Equipment Inventory, which includes: 

  .i Requirements for all site personnel. 

  .ii Selection, maintenance and continual assessment. 

 .4 An Emergency Preparedness and Response Plan, which addresses: 

  .i First aid. 

  .ii Fire protection. 

  .iii Critical injury. 

  .iv Accident or incident. 

 .5 A COVID-19 Mitigation Plan, which addresses: 

  .i Isolation and quarantine. 

  .ii Social distancing. 

  .iii Hand washing and hygiene. 

  .iv Masks. 
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.6 The plan shall be reviewed by all works prior to the start of work. The Contractor 

must obtain sign-off from all workers providing acknowledgement that the plan 

has been reviewed.  

.7 The plan shall be posted in a visible location on the work site prior to the 

commencement of any work. 

4. CHEMICALS 

4.1 The Contractor must provide a list of all chemicals to be used on site and a copy of the 

Material Safety Data Sheet (MSDS) for each chemical to the City Representative prior to 

being brought onto the job site. 

4.2 The Contractor must ensure each chemical container brought on site is clearly labelled 

with the identity of the chemical, information for the safe handling of the chemical and the 

location of the MSDS. 

4.3 The Contractor must ensure adequate measures are taken to control the distribution, 

within the application area or throughout the building, of fumes/ vapours before applying 

flammable, noxious or volatile materials. 

4.4 The Contractor may be required to schedule the application of hazardous materials which 

might affect the well-being of any workers or disrupt work of other contractors and cannot  

be adequately controlled to prevent such occurrences to evening or weekend periods. 

4.5 The Contractor must ensure workers wear the required personal protective equipment 

(respiratory protection, protective clothing, hand protection, eye/face protection, etc.) 

when working with chemicals. 

4.6 The Contractor must ensure the safe use and disposal of all chemicals that they are 

using. No chemicals and/or chemical waste product shall be disposed of on site without 

prior approval of City Representative. 

4.7 The Contractor may not store chemicals and compressed gas cylinders on site without 

approval of the City Representative.  If approved, the contractor must ensure 

incompatible chemicals are stored separately. 

5. DESIGNATED SUBSTANCES / HAZARDOUS WASTE 

5.1 The Contractor shall provide a work plan for the removal of designated substances, in 

accordance with all applicable legislation, for review and approval to the City 

Representative. 

5.2 The Contractor shall provide evidence of competency with regards to the Environmental 

Protection Act and its regulations, a copy of safe handling work plan prior to commencing 

with work in the area. 

5.3 The Contractor shall register the project as a waste generator site, if not already 

registered, for the waste that will be generated as a result of the work activities related to 

the project. 
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5.4 The Contractor shall ensure and provide evidence that all hazardous wastes removed 

from the sites sent to a licensed waste disposal site by a licensed carrier and advise the 

responsible individual when necessary testing is to be carried out. 

5.5 The Contractor shall retain copies of all hazardous waste manifests on file. 

5.6 The Contractor shall inspect the project daily to monitor compliance with designated 

substances and hazardous waste regulations. 

5.7 The Contractor shall provide access to the responsible individual for review of all  

inspection reports. 

6. FALL PROTECTION 

6.1 The Contractor shall comply with the requirements of Sections 57 to 59 of R.R.N.W.T. 

1990, c.S-1. 

6.2 The Contractor shall provide, upon request, proof of worker training in the use of their fall 

protection systems. 

6.3 The Contractor shall be responsible for supplying and maintaining all equipment needed 

to perform this role. 

7. CONFINED SPACE ENTRY 

7.1 The Contractor shall comply with the requirements of Section 36 to 37 of R.R.N.W.T. 

1990, c.S-1. 

8. LADDERS 

8.1 The Contractor shall comply with the requirements of Sections 246 to 259 of R.R.N.W.T. 

1990, c.S-1. 

8.2 The Contractor shall be responsible for supplying and maintaining all equipment needed 

to perform this role. 

9. WELDING/ CUTTING 

9.1 The Contractor shall comply with the requirements of Sections 154 to 167 of R.R.N.W.T. 

1990, c.S-1. 

9.2 The Contractor shall be responsible for supplying and maintaining all equipment needed 

to perform this role. 
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10. SCAFFOLDING 

10.1 The Contractor shall comply with the requirements of Sections 260 to 327 of R.R.N.W.T. 

1990, c.S-1. 

10.2 The Contractor shall design, erect, inspect, maintain and use scaffolding equipment 

materials, and components in accordance with CAN/CSA-S269.2-M87 (Access 

Scaffolding for Construction Purposes). 

10.3 The Contractor shall be responsible for supply and maintaining all equipment needed to 

perform this role. 

11. MOBILE EQUIPMENT 

11.1 The Contractor shall comply with the requirements of Sections 200 to 242 of R.R.N.W.T. 

1990, c.S-1. 

11.2 The Contractor shall be responsible for supplying and maintaining all equipment needed 

to perform this role. 

12. CONSTRUCTION TOWERS AND HOISTS 

12.1 The Contractor shall comply with the requirements of Sections 433 to 464 of R.R.N.W.T. 

1990, c.S-1. 

12.2 The Contractor shall provide, upon request, proof of worker training in the safe operation 

of the crane or similar hoisting device. 

12.3 The Contractor shall make available all logbooks, inspection records and tests for cranes 

of similar hoisting devices, upon request. 

12.4 The Contractor shall be responsible for supplying and maintaining all equipment needed 

to perform this role. 

13. EXCAVATING AND TRENCHING 

13.1 The Contractor shall ensure no person enters and excavation unless another worker is 

working above ground close to the excavation of to the means of access to it. 

13.2 The Contractor shall arrange the locating of buried services prior to commencing an 

excavation. 

13.3 The Contractor shall comply with the requirements of Sections 396 to 432 of R.R.N.W.T. 

1990, c.S-1. 

14. UNFORESEEN HAZARDS 

14.1 Should any unforeseen or peculiar safety-related factor, hazard, or condition become 

evident during performance of Work, and follow procedures in place for Employee’s Right 

to Refuse Work in accordance with Acts and Regulations of Territory having jurisdiction. 

Advise City Representative verbally and in writing. 
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15. CORRECTION OF NON-COMPLIANCE 

15.1 Immediately address health and safety non-compliance issues identified by authority 

having jurisdiction or by City Representative. 

15.2 Provide City Representative with written report of action taken to correct non-compliance 

of health and safety issues identified. 

15.3 City Representative may stop Work if non-compliance of health and safety regulations is 

not corrected. Delays due to a stop work caused by non-compliance of health and safety  

regulations will not be considered sufficient reason for an extension of Contract Time 

and/or Price, and no claim for extension by reason of such default will be allowed. 

END OF SECTION 
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L. QUALITY CONTROL 

1. CONTRACTOR’S RESPONSIBILITY 

1.1 The Contractor is to implement their own field quality control system that will include, but 

is not limited to, the following activities: 

.1 Shop drawings, technical submittals, product data and sample reviews. 

.2 Compaction of backfill and granular base courses. 

.3 Concrete testing, aggregate testing and cement testing for both cast-in-place 

concrete, and precast concrete items. 

.4 Concrete mix design. 

.5 Welding of structural steel and pipe joints. 

.6 Pressure testing of pipes. 

.7 Torque of high-strength bolts. 

.8 Load tests of structural items. 

.9 Subgrade examination for load bearing capability if required. 

.10 Instrumentation calibration and testing. 

.11 Performance testing of equipment. 

1.2 The Contractor is responsible to coordinate and execute the necessary quality control 

systems, as per the instructions stipulated in the contract documents, in order to validate 

that the work meets the requirements of the contract documents. 

1.3 The Contractor is responsible for providing results obtains from the inspection of testing 

of works as per the relevant field quality control systems, in order to validate compliance 

with the instructions provide in the contract documents. 

1.4 Failure to submit relevant inspection and testing results to validate work conformance to 

the contract documents may render the work non-conforming and may require the 

Contractor to reperform the work. Delays and additional costs due to rework and re-

performance of tests will not be considered sufficient reason for an extension of Contract 

Time and/or Price, and no claim for extension by reason of such default will be allowed. 

 
2. SUBMITTALS 

2.1 Make submittals in accordance with Section J – Submittal Procedures. 

2.2 The Contractor shall submit a Quality Assurance & Quality Control Plan within ten (10) 

business days after the Award of the Contract. 
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2.3 A Quality Assurance & Quality Control Plan must be in place prior to the start of 

construction activities in order to ensure that necessary quality control systems are in 

place for the works. The Quality Assurance & Quality Control Plan must be reviewed by 

all Contractor workers in the field. 

2.4 The Quality Assurance & Quality Control Plan Inspection must include the following 

sections at a minimum: 

 .1 Introduction and project description. 

 .2 Contractor key personnel 

.3 Roles and responsibilities of Contractor, City Representative, and Owner.  

 .4 Submittals (shop drawings, technical submittals, product data, etc.). 

  .i Submittal schedule. 

  .ii Process, review and acceptance. 

 .5 Quality control systems. 

.6 Inspection and verification requirements. 

 .7 Acceptance criteria. 

 .8 Sample inspection and test forms. 

.9 Construction deficiencies. 

 .10 Documentation process. 

2.5 The Contractor shall include relevant inspection and testing milestones within the 

Construction Progress Schedule. Relevant milestones must also be captured in the 

Contractor’s Three-Week Look-Ahead Schedule. 

 
3. INSPECTION 

3.1 Allow City Representative access to Work. If part of Work is in preparation at locations 

other than Place of Work, allow access to such Work whenever it is in progress. 

3.2. Give timely notice requesting inspection if Work is designated for special test, inspections 

or approvals by City Representative instructions, or law of Place of Work. 

3.3 If Contractor covers or permits to be covered Work that has been designated for special 

tests, inspections or approvals before such is made, uncover such Work, have 

inspections or tests satisfactorily completed and make good such Work.  
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3.4 City Representative may order any part of Work to be examined if Work is suspected to 

be not in accordance with Contract Documents. If, upon examination such work is found 

not in accordance with Contract Documents, correct such Work and pay cost of 

examination and Documents, correct such Work and pay cost of examination and 

correction. If such Work is found in accordance with Contract Documents, Owner shall 

pay cost of examination and replacement. 

 
4. INDEPENDENT INSPECTION AGENCIES 

4.1 Unless indicated otherwise, independent Inspection/ Testing Agencies may be engaged 

by City Representative for purpose of inspecting and/or testing portions of Work. Cost of 

such services will be borne by Owner. 

4.2 Employment of inspection/ testing agencies does not relax responsibility to perform Work 

in accordance with Contract Documents. 

4.3 If defects are revealed during inspection and/or testing, appointed agency will request 

additional inspection and/or testing to ascertain full degree of defect. Correct defect and 

irregularities as advised by City Representative at no cost to Owner. Pay costs for 

retesting and reinspection. 

 
5. ACCESS TO WORK 

5.1 Allow inspection/ testing agencies access to Work, off site manufacturing and fabrication 

plants. 

 5.2 Cooperate to provide reasonable facilities for such access. 

 
6. PROCEDURES 

6.1 Notify appropriate agency and City Representative in advance of requirement for tests, in 

order that attendance arrangements can be made. 

6.2 Submit samples and/or materials required for testing, as specifically requested in 

specifications. Submit with reasonable promptness and in an orderly sequence so as not 

to cause delay in Work. 

6.3 Provide labour and facilities to obtain and handle samples and materials on site. Provide 

sufficient space to store and cure test samples. 

 
7. REJECTED WORK 

7.1 Remove defective Work, whether result of poor workmanship, use of defective products 

or damage and whether incorporated in Work or not, which has been rejected by City 

Representative as failing to conform to Contract Documents. Replace or re-execute in 

accordance with Contract Documents. 

7.2 Make good other Contractor’s work damaged by such removals or replacements 

promptly. 
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7.3 If in opinion of City Representative it is not expedient to correct defective Work or Work 

not performed in accordance with Contract Documents, Owner may deduct from Contract 

Price difference in value between Work performed and that called for by Contract 

Documents, amount of which shall be determined by City Representative. 

 
8. REPORTS 

 8.1 Submit inspection and test reports to City Representative. 

 8.2 Provide copies to Subcontractor of work being inspected or tested. 

 
9. SPECIAL INSTRUCTIONS 

 9.1 Compaction Testing: 

.1 Complete compaction tests as per the requirement of the Contract Documents, 

when performing trenching, bedding and backfilling work. 

.2 All material testing (backfill densities and concrete testing) shall be performed by 

an accredited agency and certified by a Professional Engineer. All test results 

shall be submitted to the City Representative with a report indicating any 

deficiencies and remediation. 

9.2 Pressure Tests: 

.1 Complete pressure tests for new pipeline installations to verify installation meets 

required design and operating scenarios. 

.2 Visual inspections of all lines are required prior to Substantial Certificate of 

Completion. Any deflections, sags obstructions and other defects affecting the 

performance of the line shall be corrected and the line re-inspected prior to 

Substantial Certificate of Completion.  

END OF SECTION 
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M. TEMPORARY UTILITIES 

1. INSTALLATION AND REMOVAL  

1.1 Provide temporary utilities controls in order to execute work expeditiously. 

1.2 Remove from site all such work after use. 

 
2. DEWATERING 

2.1 Provide temporary drainage and pumping facilities to keep excavations and site free from 

standing water. 

 
3. WATER SUPPLY 

 3.1 Provide continuous supply of potable water for construction use. 

3.2 Arrange for supply and appropriate utility company and pay all costs for installation, 

maintenance and removal. 

 3.3 Pay for utility charges at prevailing rates. 

 
4. TEMPORARY HEATING AND VENTILATION 

4.1 Provide temporary heating required during construction period, including attendance, 

maintenance and fuel. 

4.2 Construction heaters used inside building must be vented to outside or be non-flameless 

type. Solid fuel salamanders are not permitted. 

4.3 Provide temporary heat and ventilation in enclosed areas as required to: 

 .1 Facilitate progress of Work. 

 .2 Protect Work and products against dampness and cold. 

 .3 Prevent moisture condensation on surfaces. 

.4 Provide ambient temperatures and humidity levels for storage, installation and 

curing of materials. 

4.4 Provide adequate ventilation to meet health regulations for safe working environment. 

4.5 Ventilating: 

.1 Provide local exhaust ventilation to prevent harmful accumulation of hazardous 

substances into atmosphere of occupied areas. 

.2 Dispose of exhaust materials in manner that will not result in harmful exposure to 

persons. 
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.3 Prevent accumulations of dust, fumes, mists, vapours or gases in areas occupied 

during construction. 

.4 Ventilate storage spaces containing hazardous or volatile materials. 

 .5 Ventilate temporary sanitary facilities. 

.6 Continue operation of ventilation and exhaust system for time after cessation of 

work process to assure removal of harmful contaminants. 

4.6 Permanent heating system of building may be used when available. Be responsible for 

damage to heating system if use is permitted. 

4.7 On completion of Work for which permanent heating system is used, replace filters, 

seals, etc. to ensure system is ‘like-new’ at substantial completion. 

4.8 Pay costs for maintaining temporary heat, when using permanent heating system. 

4.9 Maintain strict supervision of operation of temporary heating and ventilating equipment 

and be responsible for damage to Work due to failure in providing adequate heat and 

protection during construction. 

 
5. TEMPORARY POWER AND LIGHT 

5.1 Pay for temporary power during construction for temporary lighting and operating of 

power tools. 

5.2 Arrange for connection with appropriate utility company. Pay all costs for installation, 

maintenance and removal. 

5.3 Temporary power for electric cranes and other equipment requiring in excess of above is 

responsibility of Contractor. 

5.4 Provide and maintain temporary lighting throughout project. Ensure level of illumination 

on all floors and stairs is not less than 162 lx. 

5.5 Connect to power supply in accordance with Canadian Electrical Code and provide 

meters and switching. 

5.6 Electrical power and lighting systems installed under this Contract may be used for 

construction requirements only with prior approval of City Representative provided that 

guarantees are not affected. Make good damage to electrical system caused by use 

under this Contract. Replace lamps which have been used for more than 3 months. 

 
6. TEMPORARY COMMUNCATION FACILITIES 

6.1 Provide and pay for cell phone usage for own use. Provide and pay for connection to 

Internet for own use. 
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7. FIRE PROTECTION 

7.1 Provide and maintain temporary fire protection equipment during performance of Work 

required by governing codes, regulations and bylaws. 

7.2 Burning rubbish and construction waste materials is not permitted on site. 

END OF SECTION 
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N. PRESERVATION AND PROTECTION 

1. DESCRIPTION 

1.1 This Section specifies requirements for preservation and protection of existing and new 

utilities, services, buildings and structures. 

 
2. GENERAL 

2.1 Comply with all requirements and regulations of the City of Iqaluit and Utility Companies, 

especially those pertaining to protective work, inspection and safety. 

 
3. MAINTENANCE AND PROTECTION OF EXISTING UTILITIES, SERVICE, STRUCTURES AND 

PROPERTIES 

3.1 The Contractor will be held fully responsible by the Owner for any damage to utilities, 

services, properties, buildings, or structures adjacent to or in the general area of the 

work, through settlement of ground, vibration or shock resulting from any cause relating 

to the work carried out under this Contract. Make good and repair all such damage at 

own expense. 

3.2 The Contractor shall supply and install the shoring, bracing and support system at his 

own judgment and at his own cost to protect the existing utilities, services, buildings and 

structures from damage for the duration of the construction. The cost for this item shall be 

included in the tender price and the contractor shall not make any claim against the 

Owner for extra work on this item. 

3.3 Confirm all underground services to locate, stake and clearly mark in the field all services 

which are located on or near the line of the proposed work. 

3.4 Sustain in their places and protect from direct or indirect injury, all water and gas mains, 

sewers and drains, conduits, cables, service pipes, poles, sidewalks, curbs, 

embankments, structures, equipment and other property in the vicinity of the work. 

3.5 Sustain and support structures that are uncovered, weakened, endangered or 

threatened. 

3.6 Notify the City Representative immediately (and follow up in writing) if and when any 

damage to such facilities occur during the planned execution of work. Provide all 

necessary written documentation such as incident reports, accident reports, investigative 

reports and preventative measures to be implemented within 48 hours of any incident 

taking place, in a format that clearly identifies details such as the report author, his/her 

role in the project, the company the author represents, date, signature, etc., all on 

Company letterhead. 

3.7 Repair immediately all items that are damaged during construction, at no cost to the 

Owner. 

3.8 Immediately report all damages occurred on the plant's property, existing services and 

structure during construction to the City Representative. 
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3.9 Prevent dust and dirt from entering existing buildings or areas where equipment is stored 

or is operating. 

3.10 Prevent dust, water or other deleterious substances from entering areas with existing 

electrical, heating, ventilating, pumping and other equipment. The Contractor will be held 

responsible for any damage caused by work carried out under this Contract. 

3.11 Where existing wall sections are removed or where pipes are installed through existing 

walls or where any dust-generating operation is necessary, provide a suitable temporary 

wall or enclosure suitably reinforced and sealed to prevent dust or water entering the 

area. When work is completed, remove temporary dust control device and thoroughly 

clean all areas affected by the work. 

3.12 Control groundwater level to prevent damage to any pipe or structure due to water 

pressure during and after construction and until the completed works are accepted. 

3.13 Control vibration levels to prevent damage to concrete work during construction, existing 

structures, equipment, and utilities. Control use of vibration producing construction 

techniques or equipment.  

 
4. PROTECTION, SOUNDNESS AND REPAIR OF NEW CONSTRUCTION 

4.1 Protect all newly constructed work from damage. Prevent heavy loading of newly 

constructed work and repair all damage. Construct all works watertight and correct all 

imperfect work. 

4.2 If, in the final inspection, any deficiencies are found, repair or replace the defective work. 

Be responsible for satisfactory maintenance and repair of all work undertaken for the 

specified guaranteed maintenance period. Protect and store all equipment supplied under 

this Contract. 

 
5. PROTECTION AGAINST FREEZING 

5.1 Furnish all necessary temporary hoarding, heating equipment and fuel for heated 

workspaces where required, in order to ensure installation of equipment and materials 

are performed per the specifications and guidelines of manufacturer.  

 
6. SURVEY MONUMENTS 

6.1 Maintain survey monuments, iron bars, round iron pipes and stakes for marking property 

boundaries and locations. 

6.2 Where monuments, pipes or stakes are located on the line of the trench or within the 

limits of the work, the Contractor shall report to the City Representative. 

6.3 Do not remove survey monuments without receiving prior approval. Pay for or replace 

monuments which were removed without approval. 

END OF SECTION 
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O. MATERIALS AND EQUIPMENT 

1. GENERAL 

1.1 Provide all materials and equipment new. Reconditioned equipment is not acceptable.  

1.2 Co-operate with other trades prior to installation of work under the contract. Should the 

Contractor fail to do so, such works, if required, shall be removed, relocated and/or 

modified as directed by the City Representative, without additional cost to the Owner. 

1.3 Should the Contractor fail to correspond with requests, or should they misdirect other 

trades, such corrections and/or additional work, as directed by the City Representative 

shall be at the Contractor's expense. 

1.4 Work shall be performed in accordance with the Safety Act and Regulations.  

 
2. SUBMITTALS 

2.1 Make submittals in accordance with Section J – Submittal Procedures. 

2.2 Submit shop drawings and product data sheets, as described in the Contract Documents, 

for all civil, structural, architectural, building mechanical, process mechanical, electrical, 

instrumentation and communication installations. 

 
3. EQUIPMENT DELIVERY AND INSPECTION 

3.1 Deliver products in accordance with accepted current progress schedule and coordinate 

to avoid conflict with the Work and conditions at site. Coordinate the delivery of materials 

and equipment in advance of the work in order to ensure there are no impacts to 

downstream installation activities. 

3.2 Deliver products in undamaged condition, in manufacturer’s original container or 

packaging, with identifying labels intact and legible. Include on label, date of manufacture 

and shelf life, where applicable.  

3.3 Unload products in accordance with manufacturer’s instructions for unloading or as 

specified. Record receipt of products delivered to the site. Inspect for completeness and 

evidence of damage during shipment. 

3.4 Remove damaged products from site and expedite delivery of identical new undamaged 

products, and remedy incomplete or lost products to provide that specified, so as not to 

delay progress of the Work. 

 
4. HANDLING, STORAGE, AND PROTECTION 

4.1 Handle and store products in accordance with manufacturer’s written instructions and in a 

manner to prevent damage. Provide manufacturer’s recommended maintenance during 

storage, installation, and until products are accepted for use by Owner. 
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4.2 Arrange storage in a manner to provide easy access for inspection. Make periodic 

inspections of stored products to assure that products are maintained under specified 

conditions, and free from damage or deterioration. Keep running account of products in 

storage to facilitate inspection and to estimate progress payments for products delivered, 

but not installed in the Work. 

4.3 Store electrical, instrumentation, and control products, and equipment with bearings in 

weather-tight structures as per manufacturer’s instructions. Protect electrical, 

instrumentation, and control products, and insulation against moisture, water, and dust 

damage. Connect and operate continuously all space heaters furnished in electrical 

equipment. 

4.4 Store fabricated products above ground on blocking or skids and prevent soiling or 

staining. Store loose granular materials in well-drained area on solid surface to prevent 

mixing with foreign matter. Cover products that are subject to deterioration with 

impervious sheet coverings; provide adequate ventilation to avoid condensation. 

4.5 Store finished products that are ready for installation in dry and well-ventilated areas. Do 

not subject to extreme changes in temperature or humidity. 

4.6 Hazardous Materials: Prevent contamination of personnel, storage building, and site. 

Meet requirements of product specification, codes, and manufacturer’s instructions. 

END OF SECTION 
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P. CONSTRUCTION FACILITIES 

1. MOBILIZATION 

1.1 Mobilization shall include, but not be limited to, the following items: 

  .1 Obtaining required permits. 

  .2 Filing necessary notices with WSCC. 

.3 Moving in the Contractor’s field offices and equipment required within the first 

month after issuance of the Commence Work Order. 

.4 Providing temporary construction fencing to prevent unauthorized access to the 

work area before starting construction on site. 

.5 Providing temporary construction roads and signage if required. 

.6 Providing temporary construction power, wiring, and lighting facilities. 

.7 Providing onsite communication facilities, including telephones and internet 

services. 

.8 Providing onsite sanitary facilities and potable water facilities as specified and as 

required by Laws and Regulations, and governing agencies. 

.9 Arranging for and erection of Contractor’s work and storage yard including 

temporary fencing. 

.10 Posting required notices and establishing safety programs and procedures. 

.11 Coordinate safety programs and procedures with the Owner. 

.12 Having Contractor’s superintendent at site full time. 

.13 Removing debris and trash, etc. as needed for Contractor to gain access to do 

his Work. 

1.2 Use area designated for Contractor’s temporary facilities as shown in the Contract 

Documents. 

 
2. INSTALLATION AND REMOVAL 

 2.1 Provide construction facilities in order to execute work expeditiously. 

 2.2 Remove from site all such work after use. 

 
3. SCAFFOLDING 

3.1 Provide and maintain scaffolding, ramps, ladders, platforms and temporary stairs. 
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4. HOISTING 

4.1 Provide, operate and maintain hoists cranes required for moving of materials and 

equipment. Make financial arrangements with Subcontractors for use thereof. 

 4.2 Hoists cranes shall be operated by qualified operator. 

 
5. STAGING AREA 

5.1 The staging area (the Contractor’s laydown area) as shown within the contractor 

documents. 

 
6. SITE STORAGE/ LOADING 

6.1 Confine work and operations of employees by Contract Documents. Do not unreasonably 

encumber premises with products. 

6.2 Do not load or permit to load any part of Work with a weight or force that will endanger 

the Work. 

6.3 Ensure that any aerosol or gas products are stored according to manufacturer’s written 

instructions in a securely locked facility. 

 
7. CONSTRUCTION PARKING 

7.1 Parking will be permitted on site provided it does not disrupt performance of Work or 

interfere with access, egress and parking for neighboring sites, or local traffic. 

7.2 Provide and maintain adequate access to project site. 

7.3 Build and maintain temporary roads where indicated or required and provide snow 

removal during period of Work. 

 
8. SECURITY 

8.1 Provide and pay for responsible security personnel to guard site and contents of site after 

working hours and during holidays. 

 
9. OFFICES 

9.1 Provide office heated to 22°C, lighted 750 lx and ventilated, of sufficient size to 

accommodate site office, eating area for workers, and furnished with drawings laydown 

table. Furnish site trailer as required. 

9.2 Provide a clearly marked and fully stocked first-aid case in a readily available location. 

9.3 Subcontractors may provide their own offices as necessary. Direct location of these 

offices to be approved by the City Representative. 
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10. EQUIPMENT, TOOL AND MATERIALS STORAGE 

10.1 Provide and maintain, in a clean and orderly condition, lockable weatherproof sheds for 

storage of tools, equipment and materials. 

10.2 Locate materials not required to be stored in weatherproof sheds on site in a manner to 

cause least interference with work activities. 

10.3 Stored materials and debris on site must be secured and contained within the 

construction site, so not to disturb the general public. 

 
11. SANITARY FACILITIES 

11.1 Provide lockable sanitary facilities for work force in accordance with governing 

regulations and ordinances.  

11.2 Post notices and take such precautions as required by local health authorities. Keep area 

and premises in sanitary condition. 

 
12. CONSTRUCTION SIGNAGE  

12.1 Provide and erect, within 5 working days prior to construction mobilization, a project sign 

in a location designated by the City Representative. 

12.2 Provide a construction sign 1220 x 2440mm, of plywood construction painted with exhibit 

lettering produced by a professional sign painter. Details of sign message to be provided 

to City Representative for review/ approval prior to fabrication. Wording shall in in 

Inuktitut, English and French official languages. 

12.3 Provide site sign temporary mounting comprising foundation, framing, and supports. 

12.4 Direct requests for approval to erect a Contractor signboard to City Representative. For 

consideration general appearance of Contractor signboard must conform to project 

identification site sign. Wording shall in in Inuktitut, English and French official languages.  

12.5 Signs and notices for safety and instruction shall be in all Nunavut official languages 

graphic symbols. 

12.6 Maintain approved signs and notices in good condition for duration of project, and 

dispose of off-site on completion of project, or earlier if directed by City Representative. 

 
13. CLEAN-UP 

13.1 Remove construction debris, waste materials, packaging material from work site daily. 

13.2 Clean dirt or mud tracked onto paved or surfaced roadways. 

13.3 Store materials resulting from demolition activities that are salvageable. 

13.4 Stack stored new or salvaged material not in construction facilities. 

END OF SECTION 
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Q. TEMPORARY BARRIERS AND ENCLOSURES 

1. INSTALLATION AND REMOVAL 

1.1 Provide temporary controls in order to execute Work expeditiously. 

1.2 Remove from site all such work after use. 

 
2. GUARD RAILS AND BARRICADES 

2.1 Provide secure, rigid guard rails and barricades around deep excavations, open shafts, 

open stair wells, open edges of floors and roofs. 

2.2 Provide concrete jersey barriers for use as barricades around deep excavation sites, and 

as a means to separate vehicular traffic. 

2.3 Provide as required by governing authorities. 

 
3. WEATHER ENCLOSURES 

3.1 Provide weather tight enclosures to unfinished door and window openings, tops of shafts 

and other openings in floors, walls, and roofs. 

3.2 Close off floor areas where walls are not finished; seal off other openings; enclose 

building interior work for temporary heat. 

3.3 Design enclosures to withstand wind pressure and snow loading. 

 
4. DUST TIGHT SCREENS 

4.1 Provide dust tight screens or insulated partitions to localize dust generating activities, and 

for protection of workers, finished areas of Work and public. 

4.2 Maintain and relocate protection until such work is complete. 

 
5. ACCESS TO SITE 

5.1 Provide and maintain access roads, crossings, ramps and construction access routes as 

may be required for access to Work. 

5.2 Provide temporary fencing around perimeter of Work site, in order to delineate 

construction site from the public. 

 
6. PUBLIC TRAFFIC FLOW 

6.1 Provide and maintain competent signal flag operators, barricades and lights as required 

to perform Work and protect the public. 

6.2 Refer to Section E – Special Project Procedures (Traffic Control). 

 
  



 

CONSTRUCTION SERVICES 

PART VI – GENERAL REQUIREMENTS 

 
 

 
 
 
Template Version V.2 – January 6, 2023 

Page 77 of 84 

 

7. FIRE ROUTES 

7.1 Maintain access to property including overhead clearances for use by emergency 

response vehicles. 

 
8. PROTECTION FOR OFF-SITE AND PUBLIC PROPERTY 

8.1 Protect surrounding private and public property from damage during performance of 

Work. 

8.2 Be responsible for damage incurred. 

 
9. PROTECTION OF BUILDING FINISHES 

9.1 Provide protection for finished and partially finished building finishes and equipment 

during performance of Work. 

9.2 Provide necessary screens, covers, and hoardings. 

9.3 Be responsible for damage incurred due to lack of or improper protection. 

END OF SECTION 
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R. CLOSEOUT PROCEDURES 

1. SECTION INCLUDES 

1.1 Administrative procedures preceding preliminary and final inspections of Work. 

 
2. INSPECTION AND DECLARATION 

2.1 Contractor’s Inspection: Contractor and all Subcontractors shall conduct an inspection of 

Work, identify deficiencies and defects, and repair as required to conform to Contract 

Documents. 

i. Notify City Representative in writing of satisfactory completion of Contractor’s 

Inspection and that corrections have been made. 

 ii. Request City Representative’s Inspection. 

2.2 City Representative’s Inspection: City Representative and Contractor will perform 

inspection of work to identify obvious defects or deficiencies. Contractor shall correct 

Work accordingly. 

2.3 Completion: submit written certificate that following have been performed: 

i. Work has been completed and inspected for compliance with Contract 

Documents. 

ii. Defects have been corrected and deficiencies have been completed. 

iii. Equipment and systems have been tested, adjusted and are fully operational. 

iv. Certificates required by other Regulatory Agencies have been submitted. 

v. Operation of systems have been demonstrated to Owner’s personnel. 

vi. Work is complete and ready for final inspection. 

2.4 Final Inspection: when items noted above are completed, request final inspection of Work 

by Owner, City Representative, and Contractor. If Work is deemed incomplete, complete 

outstanding items and request reinspection. 

2.5 Declaration of Substantial Performance: when Owner and City Representative consider 

deficiencies and defects have been corrected and it appears requirements of Contract 

have been substantially performed, make application for certificate of Substantial 

Performance. No later than 21 calendar days after receipt of application, City 

Representative will review Work to verify validity of application, and no later than 7 

calendar days after completing review, will notify Contractor if Work or designated portion 

of Work is substantially performed. 

2.6 Commencement of Lien and Warranty Periods: date of Owner’s acceptance of submitted 

declaration of Substantial Performance shall be date for commencement for warranty 

period and commencement of lien period unless required otherwise by lien statute of 

Place of Work.  
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2.7 Final Payment: when Owner and City Representative consider final deficiencies and 

defects have been corrected and it appears requirements of Contract have been totally 

performed, make application for final payment. If Work is deemed incomplete by Owner 

and City Representative, complete outstanding items and request reinspection. City 

Representative will, no later than 21 calendar days after receipt of an application for final 

payment, review Work to verify validity of application. City Representative will give 

notification that application is valid or give reasons why it is not valid, no later than 7 

calendar days after reviewing Work 

2.8 Payment of Holdback: after issuance of certificate of Substantial Performance of Work, 

submit an application for payment of holdback amount in accordance with terms of 

payment. 

END OF SECTION 
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S. CLOSEOUT SUBMITTALS 

1. SECTION INCLUDES 

 1.1 As-built, samples, and terms of reference. 

 1.2 Equipment and systems. 

 1.3 Product data, materials and finishes, and related information. 

 1.4 Operations and maintenance data. 

 1.5 Spare parts, special tools and maintenance materials. 

 1.6 Warranties and bonds. 

 1.7 Final site survey. 

 
2. SUBMISSION 

2.1 Make submittals in accordance with Section J – Submittal Procedures. 

2.2 Prepare inspections and data using personnel experience in maintenance and operation 

of described products. 

2.3 Copy will be returned after final inspection, with City Representative’s comments. 

2.4 Revise content of documents as required prior to final submittal. 

2.5 Provide evidence as to type, source and quality of products provided as part of the Work. 

2.6 Defective products will be rejected, regardless of previous inspections. Replace products 

at own expense. 

2.7 Pay costs of transportation. 

 
3. AS-BUILTS AND SAMPLES 

3.1 In addition to requirements in General Conditions, maintain at the site on record copy of: 

 i. Contract Drawings. 

 ii. Terms of Reference. 

 iii. Addenda. 

 iv. Change Orders and other modifications to Contract. 

 v. Reviewed shop drawings, product data, and samples. 

 vi. Field test reports. 
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 vii. Inspection certificates. 

 viii. Manufacturer’s certificates. 

3.2 Store record documents and samples in field office apart from documents used for 

construction. Provide files, racks, and secure storage. 

3.3 Label record documents and file in accordance with Section number listings in List of 

Contents of this Project Manual. 

3.4 Maintain record documents in clean, dry and legible condition. Do not use record 

documents for construction purposes. 

3.5 Keep record documents and samples available for inspection by City Representative. 

 
4. RECORDING ACTUAL SITE CONDITIONS 

 4.1 Record information on set of blue line opaque drawings. 

4.2 Provide felt tip marking pens, maintaining separate colours for each major system, for 

recording information. 

4.3 Record information concurrently with construction progress. Do not conceal Work until 

required information is recorded. 

4.4 Contract Drawings and shop drawings: legibly mark each item to record actual 

construction. 

 
5. EQUIPMENT AND SYSTEMS 

5.1 Each Item of Equipment and Each System: include description of unit or system, and 

component parts. Give function, normal operation characteristics, and limiting conditions. 

Include performance curves, with engineering data and tests, and complete 

nomenclature and commercial number of replaceable parts. 

5.2 Panel board circuit directories: provide electrical service characteristics, controls, and 

communications. 

5.3 Include installed colour coded wiring diagrams. 

5.4 Operating Procedures: include start-up, break-in, and routine normal operating 

instructions and sequences. Include stopping, shut-down, and emergency instructions. 

Include summer, winter, and any special operating instructions. 

5.5 Maintenance Requirements: include routine procedures and guide for troubleshooting; 

disassembly, repair, and reassembly instructions; and alignment, adjusting, balancing, 

and checking instructions. 

5.6 Providing servicing and lubrication schedule, and list of lubricants required. 

5.7 Include manufacturer’s printed operation and maintenance instructions. 
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5.8 Include sequence of operation by controls manufacturer. 

5.9 Provide original manufacturer’s parts list, illustrations, assembly drawings, and diagrams 

required for maintenance. 

5.10 Provide installed control diagrams by controls manufacturer. 

5.11 Provide Contractor’s coordination drawings, with installed colour coded piping drawings. 

5.12 Provide charts of valve tag numbers, with location and function of each valve, keyed to 

flow and control diagram. 

5.13 Provide list of original manufacturer’s spare parts, current prices, and recommended 

quantities to be maintained in storage. 

5.14 Include test and balancing reports as specified in Section J – Quality Control. 

5.15 Additional requirements: as specified in individual terms of reference sections. 

 
6. MATERIALS AND FINISHES 

6.1 Building Products, Applied Materials, and Finishes: include product data, with catalogue 

number, size, composition, and colour and texture designations. Provide information for 

re-ordering products. 

6.2 Instructions for cleaning agents and methods, precautions against detrimental agents and 

methods, and recommended schedule for cleaning and maintenance. 

6.3 Moisture-protection and Weather-exposed products: include manufacturer’s 

recommendations for cleaning agents and methods, precautions against detrimental 

agents and methods, and recommended schedule for cleaning and maintenance. 

6.4 Additional Requirements: as specified in individual terms of reference sections. 

 
7. SPARE PARTS 

7.1 Provide spare parts, in quantities specified in individual terms of reference sections. 

7.2 Provide items of same manufacturer and quality as items in Work. 

7.3 Deliver to site; place and store in location designated by City Representative. 

7.4 Receive and catalogue all items. Submit inventory listing to City Representative. Include 

approved listings in Maintenance Manual. 

7.5 Obtain receipt for delivered products and submit prior to final payment. 

 
8. MAINTENANCE MATERIALS 

8.1 Provide maintenance and extra materials, in quantities specified in individual terms of 

reference sections. 
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8.2 Provide items of same manufacturer and quality as items in Work. 

8.3 Deliver to site; place and store in location designated by City Representative. 

8.4 Receive and catalogue all items. Submit inventory listing to City Representative. Include 

approved listings in Maintenance Manual. 

8.5 Obtain receipt for delivered products and submit prior to final payment. 

 
9. STORAGE, HANDLING AND PROTECTION 

9.1 Store spare parts, maintenance materials, and special tools in manger to prevent 

damage or deterioration. 

9.2 Store in original and undamaged condition with manufacturer’s seal and labels intact. 

9.3 Store components subject to damage from weather in weatherproof enclosures. 

9.4 Store paints and freezable materials in a heated and ventilated room. 

9.5 Remove and replace damaged products at own expense and to satisfaction of City 

Representative. 

 
10. PRE-WARRANTY CONFERENCE 

10.1 Meet with City Representative, to develop understanding of requirements of this section. 

Schedule meeting prior to contract completion, and at time designated by City 

Representative. 

10.2 City Representative will establish communication procedures for: 

 i. Notification of construction warranty defects. 

 ii. Determine priorities for type of defect. 

 iii. Determine reasonable time for response. 

10.3 Provide name, telephone number and address of licensed and bonded company that is 

authorized to initiate and pursue construction warranty work action. 

10.4 Ensure contact is located within local service area and warranted construction, is 

continuously available, and is responsive to inquiries for warranty work action. 

 
11. WARRANTIES AND BONDS 

11.1 Separate each warranty or bond with index tab sheets keyed to Table of Contents listing.  

11.2 List subcontractor, supplier, and manufacturer, with name, address, and telephone 

number of responsible principal. 
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11.3 Obtain warranties and bonds, executed in duplicate by subcontractors, suppliers, and 

manufacturers, within ten (10) working days after completion of the applicable item of 

work. 

11.4 Except for items put into use with Owner’s permission, leave date of beginning of time of 

warranty until the Date of Substantial Performance is determined. 

11.5 Verify that documents are in proper form, contain full information, and are notarized. 

11.6 Co-execute submittals when required. 

11.7 Retain warranties and bonds until time specified for submittal. 

END OF SECTION 
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EXECUTIVE SUMMARY 

The City of Iqaluit is re considering its long-term servicing strategy for the piped water and sewer infrastructure. To 
explore alternative strategies, the City retained EXP to undertake a study with the objective of comparing above-
ground (AG) utility infrastructure as an alternative to maintaining its current below-ground (BG) system. A 
comparison of BG versus AG piped systems will enable the City to objectively re consider its long-term strategy in 
response to climate change impacts that may be influencing the serviceable of the below ground system.  

Key tasks for this assignment included: review of Iqaluit BG and Inuvik AG systems including available 
repair/maintenance history; development of services conditions for a piped water and sewer system; existing Iqaluit 
water and sewer piped inventory update based upon age and available repair history; feasibility-level study and 
opinions of probable costs comparing AG and BG servicing scenarios for a retrofit of existing servicing districts;  and 
feasibility-level study and opinions of probable costs comparing AG and BG servicing scenarios for a new 
development area (Area B); and an options evaluation. 

To evaluate the feasibility of both BG and AG systems, four scenarios were evaluated and assessed: 

• Scenario 1A – existing Iqaluit servicing area – BG replacement 

• Scenario 1B – existing Iqaluit servicing area – AG retrofit 

• Scenario 2A – new development in Iqaluit (Area B) – BG servicing 

• Scenario 2B – new development in Iqaluit (Area B) – AG servicing 

 

Permafrost and Climate Change Considerations 

Permafrost stability influenced by climate change impacts is the main consideration in the design and sustainability 
for new and existing infrastructure in Iqaluit. In general, median and annual air temperatures, and annual 
precipitation rates are expected to increase which will impact the rate of permafrost degradation. 

ice-rich permafrost is sensitive to settlement and displacement. In Iqaluit, spatial distribution of warm ice-rich 
permafrost is extremely variable and there is an overall trend of increasing active layer thickness. Key factors related 
to permafrost degradation include geology, subsurface water flows, surface ponding, snow cover, paved surfaces 
(active layer 1.2m natural ground vs 2.9m paved at airport). LeBlanc et al. (2015) noted that an overall increase in 
active layer thickness of 30 cm was observed between 1988 and 2015. However, spatial variability and numerous 
factors make it difficult to predict the rate of active layer is increasing. Paved surfaces lead to faster rates of 
permafrost thaw and deepening of the active layer. The addition of fill and thick snow cover can result in increased 
ground temperatures and increased active layer thickness. 

 

Servicing Scenario 1A (BG replacement of existing water and sewer systems) 

To estimate the replacement costs of the existing Iqaluit BG water and sewer system (Scenario 1A), an update of the 
existing assets/inventory was completed, and replacement costs were provided based on documented age of this 
infrastructure. Scenario 1A would then be compared with Scenario 1B which entailed developing a conceptual design 
for a new AG retrofit of the existing Iqaluit servicing area (Scenario 1B). 

The main findings from Scenario 1A (BG replacement of existing system) include the following: 
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• The pipes and AVs in Iqaluit range in installation date from the 1970s to present and consists of 
approximately 23 km of water main, 25 km of sewer piping, 9 km of recirculation lines, 355 AVs/MHs and 
1200 existing service connections. 

• With an assumed and generally accepted service life of 40 years, a substantial portion of the linear 
infrastructure in Iqaluit is approaching the end of its service life 

• Opinions of probable costs were completed for Scenario 1A. Estimates account for replacement costs based 
on documented age of infrastructure. It was assumed that pipes and AVs have a design-life of 40 years before 
requiring replacement, $3,000/m for pipe replacement, $200,000 for new AVs and a 40% contingency was 
applied due to large number of unknowns 

• Opinion of Probable Costs Total for Scenario 1A = $338,348,423 

 

Servicing Scenario 1B (AG retrofit of existing water and sewer systems) 

Scenario 1B involved a proposed AG piped water and sewer system based on Inuvik’s (NWT) AG system, the only 
fully AG water and sewer system in Canada. The main findings from Scenario 1B include the following: 

• The conceptual design for the AG system requires approximately 58 km of water main to service 7 water 
districts, each looped network to provide freeze protection, 48 km of sanitary sewer, an additional pumping 
station to service Tundra Valley/Ridge, 130 road crossings, 6900 adfreeze piles, 450 line valves, 450 sewer 
cleanouts, 220 access points, and 1200 service connections 

• With the AG system, there were various conflicts with Iqaluit General Plan (e.g. open space, attractive design, 
promoting pedestrian environment, conflicts with snowmobile/walking trails, etc.), significant rebuilding of 
the existing roads would be required, excessive modifications and raising of the existing buildings would be 
required (approximately 1200 service connections) 

• Opinions of Probable Costs for Scenario 1B were completed. Scope of work included water distribution, 
sewage collection, site work, service connection installation, jacking up of buildings to meet grade, removal 
of existing AVs and decommissioning the existing BG system. 

• Opinion of Probable Costs Total for Scenario 1B = $625,575,210 

 

Comparison of Operation and Maintenance (O&M) Efforts for Iqaluit’s BG system and Inuvik’s AG system 

To compare O&M efforts between Iqaluit’s existing BG system and Inuvik’s AG system, City of Iqaluit Public Works 
and City of Inuvik Repair History were compiled and reviewed. Repair records available directly to EXP proved to be 
very limited and incomplete. Additionally, posted O&M budgets provide limited details regarding O&M. 

For Inuvik’s AG system, the original design was built with wood piles which over time, are deteriorating from wood 
rot in the active layer, and as well are experiencing frost jacking. Replacement of the old system with newer adfreeze 
technology has been ongoing for the past 25 years and will continue as funding is made available.   The new design 
standard for AG Inuvik is expected to be very robust, however it is not known how the system will perform into the 
future, particularly with climate change and the warming of Inuvik’s ice rich permafrost. The O&M issues noted 
include: rebuilding of road crossings; issues with piles where the adfreeze bond is not sufficient; and cathodic erosion 
of the brass fittings. One maintenance concern that has not been fully realized in Inuvik is that the current 
geotechnical recommendation for the pile depth may be upward of 16m in response to climate change warming of 
Inuvik’s ice rich permafrost. However, due to excessive cost of installing the piles at the full 16 m depth, this 
recommendation will not be implemented in the near future and piles in Inuvik will still be installed at a depth of 8 
m with provisions for freeze protection such as thermal syphons. It is expected that significant efforts will be required 
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to manage any movement in the future. This may require the installation of thermosyphons or adjusting/cutting piles 
as required to relevel the utilidor. 

In general, both Iqaluit BG and Inuvik AG systems require considerable efforts with respect to funding and human 
resources to maintain and operate – based on information available to EXP there does not appear to be a significant 
advantage for either servicing option with respect to repair and maintenance history. The estimated annual heating 
requirements for a BG system (Scenario 1A) is 3,650,000 kWh/year. At $0.50/kWh, estimated annual costs for heat 
input is approximately $1,825,000. For an AG system, heat input is not required in the summer months. However, 
due to the extremes of winter temperatures and wind, during winter, AG servicing will experience approximately 3 
times the heat loss experienced by a BG system. Estimated annual heating requirements for an AG system (Scenario 
1B) is 8,640,000 kWh/year. At $0.50/kWh, estimated annual costs for heat input is approximately $4,320,000. 

 

Options Evaluation for Scenarios 1A and 1B 

An options evaluation was completed for the BG (Scenario 1A) and AG (Scenario 1B) options for retrofitting the 
existing Iqaluit area. Topics of consideration for the options evaluation included constructability, maintenance, social 
factors, increasing available housing, impacts on permafrost and cost factors. 

• Scenario 1A (BG retrofit) scored 958 out of a total possible score of 1570 compared to 706 for Scenario 1B 
(AG retrofit).  

• BG servicing (Scenario 1A) is the preferred servicing option for the existing area of Iqaluit based upon the 
Options Evaluation. 

• The main reasons that AG servicing is not recommended include the following: 

• Significant efforts to install suitable service connections for an AG system which includes raising the 
foundations on all of the existing homes 

• Numerous road crossings would be required (1m cover at these crossings) – this would require 
significant granular materials and rebuilding of the existing roadways. Road crossings would also 
impact existing surface drainage. 

• Rear yard servicing is challenging with existing lot allowances, has various encroachment issues and 
challenges with accessibility for maintenance and snow removal 

• Numerous conflicts with the objectives of the City’s General Plan 

• Excessive costs ($626M vs. $389M) 

 

New Development (Area B) – BG Servicing Option – Scenario 2A 

The feasibility of BG and AG systems were also evaluated for a future development area (Area B) in Scenarios 2A (BG) 
and 2B (AG). Conceptual servicing layouts for Area B were developed for both BG and AG systems. For Scenario 2A 
(New development – BG system): 

• The BG servicing layout was updated based on the original design layout that was developed for Area B in 
2014 (EXP/Fotenn) 

• The estimated opinion of probable costs including a 30% contingency for Area B (Scenario 2A – BG system) 
is $40,310,400.  Based on a total developable area of 13.11 hectares, the on-site cost of development is 
$307/m2 of developable land. 
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New Development (Area B) – AG Servicing Option – Scenario 2B 

For Scenario 2B (New development – AG system), a new AG servicing layout was designed to maximize the efficiency 
of a rear-yard utilidor (i.e double-loading for a rear-yard utilidor). Development was designed in cul-de-sac 
formations and short city blocks similar to how lots are developed in Inuvik. The AG servicing layout for Area B 
requires 15 road crossings, a 3,100 m utilidor corridor, 445 adfreeze pilings, 95 expansion joints, and 50 line anchors. 

• The estimated opinion of probable costs including a 30% contingency for Area B (Scenario 2B – AG system) 
is $59,278,245.  Based on a total developable area of 10.62 hectares, the on-site cost of development is 
$558/m2 of developable land 

 

Options Evaluation for New Development (Area B) – Scenarios 2A and 2B 

A comparison of the BG and AG servicing options for the future development area, Area B is shown in the table 
below. 

Table: Area B Above- and Below-Ground Comparison. 

Item 
Below-Ground 
(Scenario 2A) 

Above-Ground 
(Scenario 2B) 

Length of roads 2,657 m 3,753 m 

Amount of Developable Land 13.11 Ha 10.62 Ha 

Number of Units 490 units 417 units 

Number of People 1,715 persons 1,459 persons 

Length of Water & Recirc Mains 3,500 m 3,473 m 

Length of Sewer Mains 2,850 m 2,711 m 

Cost of On-Site Works $40,310,400 $59,278,245 

Cost of On-Site Works per Developable Land $307 /m2 $558 /m2 

 

An options evaluation was completed for the BG (Scenario 2A) and AG (Scenario 2B) options for the new development 
area, Area B.   

• Scenario 2A (BG servicing) scored 1021 out of a total possible score of 1570 compared to 760 for Scenario 2B 
(AG servicing). 

• BG servicing (Scenario 2A) is the preferred servicing option for the new development area (Area B) based 
upon the Options Evaluation. 

• The main reasons that above-ground servicing is not recommended for the new development area include 
the following: 

• Above-ground servicing decreases the amount of developable land and # of housing units compared 
to below-ground servicing (13.11 Ha vs. 10.62 Ha, and 490 units vs. 417 units) 

• Above-ground servicing would increase the length of roads and paved surfaces 

• Challenges to maintain minimum slopes for sanitary service connections (for gravity flow from house 
to main)   

• Numerous road crossings would be required – this would require additional granular materials. Road 
crossings would also impact existing surface drainage. 
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• Rear yard servicing is challenging with available lot allowances, has various encroachment issues and 
challenges with accessibility for maintenance and snow removal 

• Numerous conflicts with the objectives of the City’s General Plan (snowmobile trails and accessibility 
to land) 

• Cost considerations ($59.3M vs. $41.3M) 

Feasibility Study Recommendation 

For both the existing servicing area retrofit (Scenario 1A vs 1B) and the new development, Area B (Scenario 2A vs 
2B), the preferred servicing option is a below ground piped system based upon the Options Evaluations. 

 

Long Term Strategy for Existing Water and Sewer 

Some of the main issues that have been noted with maintaining Iqaluit’s existing water and sewer system include 
the following: aging infrastructure approaching the end of its design life; operational challenges with breaks and 
repairs; water loss from unintended leaks/breaks and unaccounted water; water bleeds; unintended flow patterns 
and unknown operation of the system; limited system operational knowledge; permafrost thawing; and climate 
change impacts. 

Key potential strategies that have been identified include: 

i. Asset management Plan 

• The City is in progress with developing an Asset Management Plant (AMP) and overall condition 
assessment which will help the City with the identification of water and sewer assets and 
updating the current state of these assets in terms of age, condition, performance, and level of 
service. This tool can help develop an Infrastructure Renewal and Capital Funding program to 
ensure timely replacement of aging infrastructure. 

• Based on EXP’s 2018 inspection program, one of the main issues noted was leakage from 
numerous mainline valves. In many instances, valves were leaking, were seized (causes head 
losses if seized in unseated position) or were set in the wrong position. Inspections and timely 
replacement of these valves should be considered a priority 

• As with any asset management program, development of an organized document control and 
information management system are essential 

 

ii. Municipal Guidelines and Preventative Maintenance Program 

• The existing municipal design standards were last revised close to 20 years ago back in 2004. 
Updates to the design standards/guidelines includes: pipe materials and specifications; 
mitigations for differential movement of pipes/AVs; additional insulation below AV base; flexible 
couplings; mitigations for challenging ground conditions; modified pipe trench details; 
construction techniques for dewatering trench; modified backfill and compaction specifications; 
and standardizing repair maintenance standards and protocols. 

 

iii. SCADA Upgrades 

• It has been documented that operating data generated by the water and sewer systems from 
the instruments recording flow, pressure, and temperatures, etc. is erroneous in a significant 
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number of cases and may require a recommissioning of elements of the system to generate 
accurate data 

• SCADA upgrades and recommissioning is ongoing and should be prioritized to generate and 
collect accurate data. Key points for this upgrade include: real-time knowledge to monitor 
operational status of the utilidor system as well as the individual district loops; collection of 
pressure and flow readings to monitor pipe breaks and leaks – integration for Water Model; 
temperature readings at specific points in the distribution to help monitor thermal requirements 
to help reduce ice buildup/blockages or over-heating and identification for the status of critical 
valves (e.g. Open/Close) in the water distribution system to confirm proper function (and flow 
patterns) of the system and district loops 

 

iv. Water Model Development 

• A working hydraulic model has been established for the City of Iqaluit water distribution system. 
However, an acceptable level of calibration of the hydraulic model has not been achievable as 
recommended by published guidelines due to issues with hydrant testing data identified in 
comparison to SCADA collected operational data.  

• High priority for the required actions (noted in Water Model Phase 1 Findings Report) to advance 
the calibration of the water model 

 

v. National Research Council of Canada Research and permafrost monitoring 

• NRC assignment’s objective is to investigate the impact of climate change on permafrost 
degradation, and its effects on Iqaluit’s belowground infrastructure.  

• The NRC assignment will include installation of field instrumentation, which will collect data on 
differential settlement. These sensors will include strain-gauges, thermistors, pressure cells and 
heat-flux sensors, and will be wired to accessible dataloggers.  

• As of October 2022, some of the sensors will be installed in one of the new AVs as part of the 
AV205 – 211 Sewer Upgrades project. 
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1 Introduction 

1.1 Objectives 

The City of Iqaluit is contemplating a long-term strategy for its water and sewer infrastructure. The objective of this 

study is to explore above-ground utility infrastructure as an alternative to maintaining its current below-ground 

system. A comparison of below-ground versus above-ground utilidor systems will enable the City to consider its long-

term strategy in response to changing ground condition which are manifesting in a more dynamic permafrost 

environment for the below-ground system.   Recommendations will include practical and technical aspects of each 

system.  The main tasks of this assignment included the following: 

• Complete a desktop review of previous reports, studies, investigations, and scientific papers regarding the 
current state of Iqaluit’s utilidor, climate data, and above-ground utilities in other communities 

• General description and overview for below-ground infrastructure based on Iqaluit’s system water and sewer  

• General description and overview for above-ground infrastructure based on Inuvik’s utilidor water and sewer 
system  

• Develop service conditions for both a below-ground and above-ground servicing scheme based on standards 
and best practices available from Government sources, independent technical documents, and EXP’s in 
house knowledge 

• Evaluation and inventory update of the existing below-ground infrastructure assessment based upon age 
and available repair history 

• Feasibility-level study for comparing below-ground and above-ground servicing scenarios for both a (i) 
retrofit of the existing servicing districts and for (ii) a new development area (Area B) in Iqaluit 

• Review and develop constructability issues and challenges for both above-ground and below-ground systems 

• Collect and review available maintenance records about Iqaluit’s below- ground and Inuvik’s above-ground 
infrastructure 

• Opinions of probable cost estimates for the following scenarios 

• Scenario 1A – existing servicing area – below-ground replacement 

• Scenario 1B – existing servicing area – above-ground retrofit 

• Scenario 2A – new development (Area B) – below-ground servicing 

• Scenario 2B – new development (Area B) – above-ground servicing 

• Options Evaluation for both the existing service district and new development 

1.2 Data Collection and Review 

EXP collected, reviewed and collated available and relevant background information for northern utilidor systems 

including reports, guidelines, bylaws, codes, regulations, maps, schematics, drawings, works orders, and scientific 

papers.  A broad base of resources were used in sourcing this information, making full use of EXP’s forty-five year 
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historical perspective on northern water and sanitation systems. The full reference list has been provided in Appendix 

A. 
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2 Background – Iqaluit 

2.1 History of Iqaluit’s Water and Sewer System 

The City of Iqaluit’s original water conveyance and sewage collection system was originally an above-ground system 

of utilidors developed as part of the original Frobisher Bay military base and subsequently the development of the 

community of Frobisher Bay, which became the community of Iqaluit in 1987. This distribution system is no longer 

in service, and all evidence of this existing system has since been decommissioned and removed. The construction 

of the above-ground water distribution system to serve the Astro Complex was a major innovation and introduced 

the concept of recirculation and reheating to the City. In the 1970’s buried services and improved pipe materials, 

along with looping to facilitate circulation, was introduced. By the end of the 1970’s, all the fundamental concepts 

still incorporated in the design of water systems in Arctic climates were in place. These concepts included buried, 

below-ground high-density polyethylene (HDPE) pre-insulated piping installed as a looped system with reheat and 

recirculation. 

   

Figure 2-1. Old, decommissioned box utilidor in Iqaluit (left), and current below-ground system exposed during excavation 
(right). 

A substantial extension of the piped water system was in place by the mid 1980’s. The introduction of access vaults 

(AVs) which are prefabricated, double walled, insulated metal units to replace the previous concrete manholes, was 

also done during this period. These structures provided a more robust access point for the water and sewer systems 

in consideration of the permafrost ground conditions, as well as watertight systems.  The structures also provided 

better separation between the water and sewer systems, installation efficiency was improved, and commissioning 

was easier as the vaults were tested at the factory prior to shipment. 

The 1990’s solidified the looped distribution system layout as the preferred configuration for the water system. The 

benefits of looping offset the modest cost increase. These benefits included improved fire flow and the improved 
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redundancy of supply following individual segment failure. As well, substantial effort was invested in the investigation 

of localized collapse of sanitary sewer piping. The outcomes of the investigations determined that deeper burial 

depth (3 m minimum) would provide a more stable thermal environment and reduce pipe collapse compared to the 

previous shallow-buried pipe. The increased depth was also found to improve the conditions of the watermains as 

the pipes were now deep enough that seasonal temperature variations were minimized. 

2.2 Demography 

With a population of more 7,400 people (2021 Census), Iqaluit is the largest community in Nunavut. According to the 

2021 Census, Iqaluit has the highest population of Inuit (3,900) of all Canadian cities over 5,000 people. The working 

age population (15 to 64) makes up 72.7 % of the total City population, with 23.6% of the population under 15, and 

3.8 % of the population over 65. Just over 45 % of people in the city reported that Inuktitut was their mother tongue, 

with 69 % reporting that English was the language spoken most often at home (2016 Census).  

2.3 Geography 

Iqaluit is located at the head of Frobisher Bay on Baffin Island, Nunavut (63°45’N and 68°33’W). The city encompasses 

an area of approximately 52 km2. Iqaluit is underlain by metamorphic and igneous bedrock, and the surficial cover is 

unconsolidated glacial deposits (Iqaluit, 2007). The southern and western parts of the community have a thicker layer 

of these deposits, and the northern and eastern either a thinner cover of glacial deposits or exposed bedrock. 

Glaciomarine deposits of sand with gravel, clay and silt compositions is the main surficial material. The older 

neighborhoods including Lower Iqaluit and the Airport area are on flat land, surrounded by hills and Precambrian 

shield rocky plateaus (LeBlanc et al, 2015).  Cryosols, a common cold climate soil, covers the region. The dominant 

vegetation is willow and heath, with extensive areas of mosses, grasses and sedges (Iqaluit, 2007). A map of the 

surficial geology of Iqaluit is shown in Figure 2-5 (LeBlanc et al, 2015). 

2.4 Air Temperature and Precipitation 

Air temperatures in the Arctic are rising faster than the global average, warming at twice the global pace for the past 

50 years, with higher temperature increases in the winter (AMAP, 2017). However, variability in the space and time 

of warming in the Arctic regions is large. Figure 2-2 shows spatial patterns of historical Arctic warming between 1961 

to 2014 in the cold season (left) and warm season (right), with Iqaluit (shown as a star symbol) experiencing between 

1°C to 4°C of warming (AMAP, 2017). 
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Figure 2-2. Spatial patterns of historical Arctic warming between 1961 to 2014 (AMAP, 2017). 

 
Between 1946 and 1992 mean annual air temperature (MAAT) in Iqaluit followed a cooling trend of 0.03 °C/yr, 

followed by 0.09 °C/yr of warming between 1993 and 2014 (LeBlanc et al, 2015). For the period 1975 to 2005 the 

MAAT in Iqaluit was -9.2°C, with seasonal averages of -13.6°C in spring, 5.8°C in summer, -4.9°C in fall, and -24.3°C in 

winter (Climate Atlas Report, 2019). Average Iqaluit monthly temperatures for 2021 are given in Table 2-1 

(Environment Canada).  

Table 2-1. Average Iqaluit monthly temperatures in 2021 (Environment Canada). 

Month Mean Monthly Temperature (°C) 

January -17.9 

February -19.5 

March -23.2 

April -8.6 

May -2.2 

June 2.9 

July 8.5 

August 7.2 

September 2.3 

October 0.7 

November -9.4 

December -14.0 
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Future temperature projections are dependent on numerous factors, with greenhouse gas (GHG) emissions from 

human-sources a critical driving force. Projections are given for different scenarios based on the level of 

anthropogenic GHG emissions – low, medium and high. The projected changes in temperature from 30 climate 

models were assessed by AMAP, with the median results plotted in Figure 2-3 below. In Iqaluit the median air 

temperature in the 2050’s is predicted to increase between 4°C and 7°C in the winter relative to 2017 temperatures.  

 

Temperature Change 

 

Figure 2-3. Median projected changes in Arctic air temperatures from 30 climatic models (AMAP, 2017). 

The AMAP results are validated by the Climate Atlas Report (2019) for Iqaluit, which predicts mean annual 

temperature and seasonal temperatures for the years 2021 to 2050 (Table 2-2). The high Representative 

Concentration Pathway (RCP) of 8.5 assumes a large amount of carbon dioxide emissions will continue to result from 

the burning of fossil fuels, while the low RCP scenario (4.5) assumes a drastic reduction of emissions leading to a 

stabilized concentration of GHGs in the atmosphere by the end of this century. The Climate Atlas Report model 

consolidates predictions from 24 different global climate models covering a range of predicted values – the low, 

mean, and high predictions are the lowest, highest, and average of these models. The annual temperature in Iqaluit 

is forecast to rise in both high and low climate scenarios for all prediction models (Table 2-2). The range of predicted 

annual temperature increase in Iqaluit is between 0.6°C and 4.7°C. 
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Table 2-2. Low, mean, and high precipitation predictions for High Carbon Climate Future and Low Carbon Future scenarios in 
Iqaluit (Climate Atlas Report). 

Variable Period 
Mean 
(1976-
2005) 

High Carbon Climate Future 
(RCP 8.5) 

Low Carbon Climate Future 
(RCP 4.5) 

Low 
(2021-
2050) 

Mean 
(2021-
2050) 

High 
(2021-
2050) 

Low 
(2021-
2050) 

Mean 
(2021-
2050) 

High 
(2021-
2050) 

Precipitation (mm) Annual 450 399 504 617 401 497 611 

Precipitation (mm) Spring 82 53 89 128 54 88 127 

Precipitation (mm) Summer 162 103 178 258 113 178 250 

Precipitation (mm) Fall 129 95 145 201 94 143 200 

Precipitation (mm) Winter 77 56 93 136 55 89 130 

Mean Temperature (°C) Annual -9.2 -8 -6.4 -4.5 -8.6 -6.9 -4.8 

Mean Temperature (°C) Spring -13.6 -13.7 -11.2 -8.5 -14.3 -11.7 -8.8 

Mean Temperature (°C) Summer 5.8 5.8 7.6 9.6 5.6 7.4 9.5 

Mean Temperature (°C) Fall -4.9 -4.3 -2.3 -0.4 -4.8 -2.8 -0.8 

Mean Temperature (°C) Winter -24.3 -23.6 -19.9 -15.5 -24.5 -20.6 -16.2 

Date of Last Spring Frost Annual June 21 May 28 June 10 June 25 May 29 June 11 June 27 

Date of First Fall Frost Annual Sept 7 Sept 2 Sept 20 Oct 8 Aug 30 Sept 17 Oct 4 

Frost-Free Season (days) Annual 74 74 98 120 69 95 116 

 

The total annual precipitation in Iqaluit from 1997 to 2021 is shown in Figure 2-4 (Environment and Climate Change 

Canada). The annual mean precipitation for the period of 1976 to 2005 is 450 mm, with seasonal means of 82 mm in 

the spring, 162 mm in summer, 130 mm in fall, and 77 mm in winter (Climate Atlas Report, 2019). 

 

Figure 2-4. Total annual precipitation in Iqaluit from 1997 to 2021 (Environment and Climate Change Canada). 

Annual precipitation appears to be increasing in the Arctic by an estimated 1.5 to 2.0 % per decade (AMAP, 2019). 

The biggest increase in precipitation is observed during the winter cold season. Humidity is also increasing at both 

the surface and the atmosphere, due to longer periods of water without ice cover and the inflow of moist air from 
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mid-latitudes (AMAP, 2019). For Iqaluit, the Climate Atlas Report predicts low, mean, and high precipitation using 

both a high and low carbon scenario for the period 2021 to 2050 (Table 2-2). In both the low and high carbon 

scenarios, the annual precipitation is expected to increase in both mean and high prediction models.  

 
Figure 2-5. Surficial geology map of Iqaluit (LeBlanc et al, 2015). 

2.5 Geotechnical Conditions 

2.5.1 Permafrost 

In the Arctic, permafrost near the surface has warmed by more than 0.5°C since 2007 (AMAP, 2017). Active layer 

thickness is increasing at most Arctic observation sites resulting in the thawing and degradation of near-surface 
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permafrost (AMAP, 2017). The area of near-surface permafrost is projected to decrease 20 % by the year 2040, and 

up to 66 % by 2080 under a high greenhouse gas emissions scenario (AMAP, 2017). Permafrost warming is most 

pronounced in continuous permafrost zones. The City of Iqaluit is located in a region of continuous permafrost, 

meaning the permafrost is present everywhere except for some lakes and rivers that do not freeze to the bottom 

(Figure 2-6) 

 

Figure 2-6. Permafrost distribution in Canada. 

The type and quantity of ice present within the permafrost has large implications on thawing and settlement 

potential. The spatial distribution of ice-rich permafrost in Iqaluit is extremely variable, and strongly related to 

surficial geology (LeBlanc et al, 2015). A Homeowner’s Guide to Permafrost in Nunavut provides a map of Iqaluit 

relating the geology to the likelihood of ice-rich permafrost presence (Figure 2-7).  
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Figure 2-7. Soil type and likelihood of ice-rich permafrost in Iqaluit. 

Ice rich permafrost contains excess ice in the soil’s pore space which may cause significant settlement when thawed 

with the formation of voids. LeBlanc et al (2015) found that bedrock and course sediment geology is associated with 

much lower settlement. Fine sediments are generally more ice-rich and therefore more thaw sensitive and likely to 

result in differential settlement and displacement. Displacement values of 2 to 8 cm were associated with 

glaciomarine deposits (seen in the Apex and Airport areas), nearshore sediments (under Lower Iqaluit and west shore 

of Frobisher Bay), and till blanket (such as built-up areas and natural terrain).  

Other factors that influence thawing and settlement patterns including subsurface water flowing through the active 

layer and changes in surface water levels. The variability between permafrost sites with similar sedimentation is due 
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to surface conditions, such as thick snow cover insulating the ground in the winter and subsequently warming the 

ground.  

The Iqaluit General Plan (2020) indicates that a decrease in permafrost and an increase in active layer thickness are 

the most significant climate-related concerns for Iqaluit’s infrastructure. Iqaluit is in a region of low to moderate 

hazard potential for infrastructure damage due to thaw of near-surface permafrost by mid-century, as assessed by 

Hjord et al (2018) using a consensus of three indices (settlement, risk zonation, and analytic hierarchy process-based).  

RADARSAT-2 InSAR was used by Short el al (2013) to determine surface displacement around the Iqaluit airport in 

the summer of 2011. Two thaw tubes were used to measure settlement and verify the InSAR technique, one (T1) 

located in poorly drained marine sediments often saturated with ponding at the surface and the other (T2) in well-

drained glacio-fluvial sediments (Figure 2-8). The settlement recorded was 11.8 cm at T1 and 1.9 cm at T2, indicating 

that thaw settlement in the region can be significant and that surface ponding has a large effect on displacement. 

 

Figure 2-8. Surficial displacement around Iqaluit airport in summer of 2011, showing locations of the thaw tubes (T1 and T2) 
(Short et al., 2013) 
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A study on the Iqaluit airport found faster rates of thaw front penetration and thicker active layers under paved 

surfaces, determining this as a “probable cause for water retention of a perched water table (subsurface water) over 

the permafrost observed during drilling operations” (Mathon-Dufour & Allard, 2015). This water retention can impact 

the ice content of the active layer, which in conjunction with the higher solar radiation absorption of pavement leads 

to an increase in ground temperature and risk of permafrost degradation (Mathon-Dufour & Allard, 2015). In the 

same study, active layer thicknesses at the airport were measured as 1.24 m in natural ground and 2.94 m below 

paved surfaces for 2010-2015. 

2.5.2 Ground Temperatures 

Ground temperature varies with depth in the active layer but remains relatively constant in permafrost. At a depth 

of 15 m, mean annual ground temperature (MAGT) was found to be between -3 and -6°C in Iqaluit (LeBlanc et al, 

2015). The variability in ground temperature near the surface can be seen in the profiles for three permafrost 

monitoring sites in Iqaluit, over five climatic years (Figure 2-9). Factors affecting MAGT include the addition of fill 

material warming the ground and thick snow cover insulating the ground. In areas of thick snow cover, the ground 

was 2 to 2.4°C warmer at a 10 m depth (LeBlanc et al, 2015). 

 

Figure 2-9. Ground temperature profiles for three permafrost monitoring sites in Iqaluit, recorded over five climatic years 
(LeBlanc et al, 2015). 
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2.5.3 Active Layer Depths 

LeBlanc et al (2015) measured active layer thickness in Iqaluit as the maximum summer thaw depth by linear 

interpolation of the temperature profile near 0°C using temperature data from thermistor cables. The biggest active-

layer thickness measured at the thermistor cable sites near the Iqaluit Airport, between 2010 to 2014, was 2.94 m. 

During this period, the active layer thickness decreased by 14 to 19 cm at some of the test sites, which aligns with 

cooling air temperatures during that period. However, the active layer increased despite cooling air temperatures at 

one of the test sites, thought to be due to the surface moisture conditions, where wet ground enhanced active layer 

thickening. No clear trend in active layer thickness between 2010 and 2015 was found, with differences thought to 

be due to site specific variability. However, data from 1988 indicates that the overall increase in active layer thickness 

to 2015 is about 30 cm (LeBlanc et al, 2015). It is generally understood that the active layer will further increase with 

increasing ambient air temperatures. 

2.5.4 Sea Level and Coastal Erosion 

Iqaluit experiences some of the highest tides in Canada which can reach up to 11.5 m (above Chart Datum) at high 

tide – this equates to a topographic elevation of approximately 5.5 m above sea level. Any construction near the 

shoreline is potentially vulnerable to tidal action and/or potential flooding. 

Coastal erosion depends on the movement of the ocean – coastal flooding and wave actions degrade the coast, 

eroding the surface (Elias, 2021). Erosion generally happens in the warmer months, between May and September, 

as the frozen shoreline in the winter is protected from erosion until the spring melt (Elias, 2021). Iqaluit is predicted 

to experience a decrease in water levels, as the glaciers which weigh the land down are melting causing isostatic 

rebound. The land level rising counteracts the rising sea level and results in an overall net relative decrease in sea 

level. Nearshore and beach that is underlain by permafrost is more susceptible to high rates of erosion as the thaw 

consolidation creates room for eroded sentiment (Couture et al, 2003). 

2.6 Summary of Climate Change Impacts on Iqaluit 

• Median winter air temperature in Iqaluit is predicted to increase 4 to 7 °C by 2050 (relative to 2017) 

• Median annual air temperature in Iqaluit is predicted to increase 0.6 to 4.7 °C by 2020 

• Annual precipitation in Iqaluit is predicted to increase up to 167 mm by 2050 in a high carbon future scenario 
(annual mean precipitation for the period of 1976 to 2005 is 450 mm) 

• Expected decrease in permafrost and an increase in active layer  
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• LeBlanc et al. (2015) noted that an overall increase in active layer thickness of 30 cm was observed between 
1988 and 2015. However, spatial variability and numerous factors (snow cover depth, ice-rich deposits, 
surface water characteristics, etc.) make it difficult to predict the rate of active layer is increasing 

• Areas of poorly drained marine sediments have high risk of significant thaw settlement 

• Paved surfaces lead to faster rates of permafrost thaw and deepening of the active layer 

• The addition of fill and thick snow cover can result in increased ground temperatures and increased active 
layer thickness 

• Nearshore construction is vulnerable to flooding and tidal action 
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3 Existing Water and Sewer Systems 

3.1 Existing Water Supply, Treatment and Distribution System and Servicing Area 

The first generation of water infrastructure was installed in the community in the 1960’s at the time when the military 

presence was decreasing, and an Arctic community was forming. The water and sewer system now consists of a raw 

water supply reservoir (Lake Geraldine), a water treatment plant, treated water storage reservoirs, two water 

booster stations, a water distribution system, and four re-heat and re-circulation stations. 

Lake Geraldine reservoir, which is replenished by the Lake Geraldine catchment area supplies raw water for the City. 

During the spring and summer, water runoff fills the reservoir from the watershed. During the winter, there is no 

overland flow so there must be sufficient storage in the reservoir for over-winter consumption. Water is stored for 

over-winter consumption within the Lake Geraldine reservoir.  Replenishment of the reservoir using the Niaqunngut 

River and more recently from Qikitiqtalik Lake prior to the winter season has occurred annually since 2018   to provide 

sufficient over-winter water volumes.  

 

Figure 3-1: Reservoir Replacement Diagram 
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From the reservoir, water is transmitted by gravity to the water treatment plant (WTP). Treated water is stored in a 

nearby clearwell, consisting of two equal-size tanks with a combined capacity of 4.1 million litres, prior to being 

distributed to seven water service loops or districts: 

i. Plateau (Phase I, II and III) 

ii. Federal Road 

iii. Lower Base 

iv. Uivvaq 

v. Lower Iqaluit 

vi. Happy Valley 

vii. Road to Nowhere (including Lake Subdivision) 

Two districts, Plateau and Road to Nowhere, are pressurized via separate booster stations. The remaining five 

districts (Federal Road, Lower Base, Uivvaq, Lower Iqaluit and Happy Valley) are supplied by gravity from the 

clearwell. Currently, the community areas of North 40 (northeast of Federal Road district), Tundra Valley, the lower 

half of Tundra Ridge, and Apex are not on piped water and sewer service – these areas rely on trucked service 

deliveries. An overview of the water distribution system is provided in Figure 3-2. 

To prevent the water from freezing in the distribution system, re-heat stations continuously circulate and temper the 

water. Water bleeds are also used maintain circulation and provide freeze protection.   
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Figure 3-2. City of Iqaluit water districts. 

3.2 Existing Sanitary Sewer System 

The City of Iqaluit’s sewage system was also first installed in the 1960’s and currently includes a network of below-

ground gravity sewers, two sewage pumping lift stations, forcemains, and a wastewater treatment plant.  

The City is divided into three sewer gravity networks, as shown in Figure 3-3. The light blue zone composed of the 

Plateau, Federal Road, and part of Lower Base, drains by gravity to the wastewater treatment plant. The yellow zone, 

composed of Uivvaq, Happy Valley, and Road to Nowhere, drains by gravity to Lift Station #1, where it is pumped 

uphill through a forcemain to the wastewater treatment plant. The light green area is Lower Iqaluit, which drains by 

gravity to Lift Station #2, where the sewage gets pumped through a forcemain towards Lift Station #1, and then 

further pumped to the wastewater treatment plant. 
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Figure 3-3. City of Iqaluit gravity fed sewer networks. 

3.3 City Wide Public Works Map 

The Public Works map (Figure 3-4) shows the City of Iqaluit’s current watermain and sanitary sewer infrastructure. 

Commercial and industrial developments which do not utilize large volumes of water are encouraged to develop 

outside of the utilidor service area to reserve serviceable land for industries and homes that require it. The City’s 

General Plan does not support expanding the utilidor into areas currently on trucked services, but instead promotes 

further developing the City’s core. All new residential, commercial, and institutional development is intended to be 

serviced by the utilidor. 
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4 Service Conditions – Population and Water/Sewer Demands 

4.1 Population 

The 2016 population of Iqaluit was 7,740 and the 2021 population 7,429 – showing a population decrease of -4 % 

(Census Canada). Using a 2014 base estimate population of 7,542 persons, the Nunavut Bureau of Statistics projects 

populations to the year 2035. The Community Population Projections predicts a population of 9,329 in Iqaluit by 

2035 (Table 4-1). The population was further projected to the year 2045 using the 2034 to 2035 growth rate. Given 

that the last Census (2021) showed a decline in population, and the predicted 2022 population is almost 900 persons 

higher than the actual 2021 population, these projections are considered conservative. 

Table 4-1. Iqaluit population projection to 2045. 

Year Population  Year Population 

2014 7,542  2034 9,265 

2022 8,318  2035 9,329 

2023 8,427  2036 9,393 

2024 8,524  2037 9,458 

2025 8,615  2038 9,524 

2026 8,694  2039 9,589 

2027 8,767  2040 9,656 

2028 8,859  2041 9,722 

2029 8,925  2042 9,790 

2030 8,993  2043 9,857 

2031 9,062  2044 9,925 

2032 9,132  2045 9,994 

2033 9,202    

 

4.2 Water Demands 

4.2.1 Municipal Guidelines for Water/Sewer Demands 

The City of Iqaluit Municipal Design Guidelines recommends an average water daily demand of 400 L/capita/day 

(lpcd) for their piped water/sewer design. This value of 400 lpcd accounts for residential and non-residential uses 

(commercial/industrial) and additional flows such as bleeds for freeze protection. The water distribution system must 
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provide sufficient flows for two purposes: delivery of water from the source to the various consumers via building 

water services, and sufficient flows (quantity and duration) for fire protection. Therefore, the system is generally 

sized to meet peak demand periods which includes peaking conditions for maximum day demand with fire flow and 

peak hour demand. Flow requirements as per the City of Iqaluit Municipal Guidelines (2014) includes: 

• Average daily demand = 400 lpcd 

• Population Density (residential) = 3.5 persons / residence 

• Maximum daily demand = 2 x average demand 

• Peak hour demand = 4 x average demand 

• Minimum residual water pressure during peak hour flow = 350 kPa (50 psi) 

• Minimum residual water pressure during maximum day + fire flow = 140 kPa (20 psi) 

• Minimum residual water pressure maximum day flow (for operation of residential fire sprinklers) = 350 kPa 
(50psi) 

 

Sewer generation rates are generally assumed to be equal to the water consumption rates for a community – this 

includes the projected residential and non-residential usage as described above. For the sanitary system, the 

minimum design requirements based on the City of Iqaluit Municipal Guidelines (2014) include: 

• Average daily demand = 400 lpcd 

• Population Density (residential) = 3.5 persons / residence 

• Peak sewage flow = average flow x peaking factor 

• Using Harmon’s formula 

• Peaking factor (residential) = 1 + 14/(4+P1/2) where P = the contributing design population in thousands 

• Peaking factor (non-residential) = 3.0 

The total design peak flow rates shall be the sum of the peak flow rates plus all extraneous flow allowances. 

Table 4-2. Average sanitary flows for sewer design in Iqaluit. 

Average Flows 

Single Family Homes 400 L/c/d 

Apartments 400 L/c/d 

Sports Facility 15 L/seat 

Office / Commercial 2.5 L/m2/d 

Hospital 900 L/bed/d 

Schools 70 L/student/d 

Hotels/Residence 225 L/bed/d 

Restaurant 125 L/seat 
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4.2.2 Current Water Demands 

Iqaluit’s drinking water comes from the Lake Geraldine Reservoir, which is fed by the Lake Geraldine reservoir 

catchment area. Historical data for raw water consumption from the Nunavut Water Board for the City of Iqaluit is 

provided in Table 4-3 below. Water is taken from Lake Geraldine at a near constant rate throughout each year.  

Table 4-3. City of Iqaluit annual raw water consumption (Nunavut Water Board). 

Year Population 
Raw Water 

Consumption (m3/year) 
Water Consumption per 

Capita (lpcd) 

2012 7,013 871,670 341 

2013 7,123 930,360 347 

2014 7,343 990,140 369 

2015 7,456 1,088,690 400 

2016* 7,740 1,249,150 442 

2017 8,105 1,208,200 408 

2018 8,239 1,190,700 395 

2019 8,220 1,202,168 401 

2020 8,284 1,040,740 344 

2021* 7,429 1,163,133 429 

  *census populations, the rest are estimated or projected 

 
The historical water consumption per capita ranges from 341 to 429 lpcd. For the years 2016 and 2021 the population 

data is based on the Stats Canada Census instead of estimations or projections, and for these years the water 

consumption was 442 and 429 lpcd, respectively. As part of the 2021 Water Model assignment (EXP, 2021), using 

SCADA flow data on June 11, 2021, an average flow of 3.54 ML/day was measured (extrapolated to 1,292,100 

m3/year). This equates to a daily consumption rate of approximately 425 lpcd. These daily consumptions rates are all 

comparable to the municipal guideline of 400 lpcd, thus the design consumption value of 400 lpcd is deemed 

appropriate. 

4.3 Future Development Plans 

The City of Iqaluit General Plan (2020) outlines the proposed extension of piped service to some existing 

communities, as well as future development regions, shown as striped areas in Figure 4-1 below. The General Plan 

also notes that the areas of Tundra Valley, Apex and the West 40 (south area towards the seaport) will continue to 
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be serviced by trucked services for the long term given the significant cost of extending piped servicing. Customers 

requiring more than 2,000 L/day of water must be connected to the piped system, unless an exception is approved 

by City Council.  

 

Figure 4-1. Proposed extension of piped service areas (City of Iqaluit). 

 

The General Plan mandates that future developments be on piped services and not trucked services. The proposed 

future development areas for the City are shown in Figure 4-2. This includes Area A, Area B, Area C, Federal Road IOL 

areas, as well as infill and redevelopment within the core area. Development potential information for these 

development areas is provided in Table 4-4 below. Detailed development schemes for IOL (Parcel E) and Area B have 

been made and are included in the General Plan, showing proposed density distribution and lot layout. These two 

areas are assumed to be the first areas that will be developed. 
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Figure 4-2. City of Iqaluit proposed future development areas. 

 

Table 4-4. Development potential of proposed future development areas and core area redevelopment in Iqaluit. 

Development Area Area (ha) 
Commercial / 

Institutional (ha) 
Residential 

(ha) 
Potential 

Housing Units 
Increase in 

Population * 

Area A 22.4 7.7 14.7 440 - 515 1540 - 1803 

Area B 21.8 6.5 15.3 460 - 535 1610 - 1872 

Area C 3.3 3.3 0 0 0 

Federal Road IOL Area 7.2 3.6 3.6 300 - 400 1050 - 1400 

Infill/Core Area Redevelopment 7.1 2.9 4.2 250-300 875 - 1050 

TOTAL 61.8 24.0 37.8 1450 - 1750 5075 - 6125 

*assumes population density of 3.5 people per residence 
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4.3.1 Projected Water and Sewer Demands 

The daily water demand and extrapolated annual water demand projections, based on the population projections 

discussed previously, are given in Table 4-5. Water and sewer flow rates should be the same for both piped below-

ground or above-ground servicing. As per the Municipal Guidelines, an average daily water use rate of 400 lpcd was 

used in the calculations. The City is currently undergoing several water conservation initiatives to reduce water 

consumption, so these projections are considered conservative. 

Table 4-5. Iqaluit Annual Water Demand Projections to 2045 using medium growth rate. 

Year Population * 
Daily Water Use 

Rate (lpcd) 
Daily Water Demand 
Projection (m3/day) 

Annual Water Demand 
Projection (m3/year) 

2022 8,318 400 3,327 1,214,428.00 

2023 8,427 400 3,371 1,230,342.00 

2024 8,524 400 3,410 1,244,504.00 

2025 8,615 400 3,446 1,257,790.00 

2026 8,694 400 3,478 1,269,324.00 

2027 8,767 400 3,507 1,279,982.00 

2028 8,859 400 3,544 1,293,414.00 

2029 8,925 400 3,570 1,303,050.00 

2030 8,993 400 3,597 1,312,978.00 

2031 9,062 400 3,625 1,323,052.00 

2032 9,132 400 3,653 1,333,272.00 

2033 9,202 400 3,681 1,343,492.00 

2034 9,265 400 3,706 1,352,690.00 

2035 9,329 400 3,732 1,362,034.00 

2036 9,393 400 3,757 1,371,378.00 

2037 9,458 400 3,783 1,380,868.00 

2038 9,524 400 3,810 1,390,504.00 

2039 9,589 400 3,836 1,399,994.00 

2040 9,656 400 3,862 1,409,776.00 

2041 9,722 400 3,889 1,419,412.00 

2042 9,790 400 3,916 1,429,340.00 

2043 9,857 400 3,943 1,439,122.00 

2044 9,925 400 3,970 1,449,050.00 

2045 9,994 400 3,998 1,459,124.00 

* population projection based on medium annual growth rate of 2.87% 
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5 Iqaluit – Existing Below-Ground Utilidor System Components 

5.1 General Description of Below-Ground System 

Belowground piping is the recommended whenever possible in Arctic climates (Good Engineering Practices, 2017), 

as the pipes are protected from the extremes of ambient temperature, do not disrupt lots and roadways, and are 

not subject to vandalism. Below-ground servicing is a well-developed technology that has been applied in several 

parts of the Arctic, in particular, Dawson City for over 100 years.  Engineered refinements to Dawson and other 

systems have occurred since the installation of the early systems. The communities of Iqaluit and Resolute have been 

operating below-ground systems since the mid 70’s and Rankin Inlet has been operating a piped system since the 

mid 80’s. The design of below-ground servicing in the Arctic has benefited from more than 45 years of evolution of 

the various components of the water and sewer systems, the operation and maintenance of these components and 

the construction of the systems.  This includes a system of insulated water and sewer mains, a network of dual water 

mains for water recirculation, access vaults for water and sewer, dedicated hydrants, and service connections for 

water and sewer to the individual buildings. The operation and maintenance of these components includes 

maintaining recirculation flow, heat injection and frequent thawing operations. 

Burial Depth and Pipe Bedding 

Historically, mains were initially installed at relatively shallower depths (< 2m) and within the active layer, however 

the increasing experience with the soil dynamics of the active have pushed the depth of burial as well as provisions 

for reestablishing and protecting the permafrost zone once the below-ground system has been installed. The current 

water and sewer main construction practice is to typically install the mains with a minimum 3 m of cover from the 

finished grade to the top of the pipe. This is done to reduce the influence of seasonal thawing processes of permafrost 

acting on the pipe, and to reduce pipe deformation and collapse due to external pressure during freeze back.  

A typical trench detail is shown below for a trench containing a water main, recirculation line and sanitary sewer 

(Figure 5-1).  Following the Iqaluit Municipal Guidelines, a minimum 230 mm horizontal spacing between pipes 

(outside insulation to outside insulation) is required to allow for compaction and 450 mm (or 300 mm minimum) 

from obvert (sanitary) to invert (watermain) vertically from any waterline. 
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Figure 5-1. Typical Standard Trench Detail (from left to right, recirculation line, water main, sanitary sewer) 

Freeze Protection 

Freeze protection, which can include both passive (insulation) and active (heat trace, water heating, circulation and 

bleeding) protection, is a design standard for Arctic water systems. Passive insulation is a recommended freeze 

protection system, which is supplemented by other provisions. This insulation is closed-cell factory-applied 

polyurethane that is suitable for below-ground and above-ground systems.  

Heat tracing the water mains is not normally utilized due to the high electrical load associated with its use and the 

high cost of electricity in the Arctic.  As well, heat tracing remains somewhat of an unreliable freeze protection 

method because of potential failures of the heat tracing cables.  For these reasons, its use is not recommended in 

the Good Engineering Practice for Northern Water and Sewer System. However, heat tracing may have utility for 

some specialty service connections or to provide additional redundancy and should be evaluated on a building-by-

building basis. 

The Good Engineering Practice for Northern Water and Sewer System also discourages the use of bleeding water as 

a method of freeze prevention due to the high cost of obtaining, treating and delivering of the water, as well as the 

impacts to the costs associated with the additional sewage generated. For the water system, bleed water should not 

be considered as a method of freeze protection for a potable water system. 

The use of water circulation and heat injection are the most common methods of freeze protection in a northern 

water system. The system is based on maintaining a continuous flow of water in a predetermined pattern (normally 

a loop). Continuous pumping of the water creates kinetic energy which keeps the water in the pipe from freezing.  
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The pump house must also incorporate a method of heat injection for reheat to offset the heat lost in the water 

distribution system. The capacity of the reheat station must be sufficient to replace the heat loss in the distribution 

system and to ensure that the water is returned at a reasonable temperature. The capacity of the reheat station is 

governed by the thermal capacity of the boilers. The boilers should have sufficient capacity with one boiler out of 

service to replace the heat loss in the distribution system.  

Pipe Material  

Above ground pipes were originally enclosed in insulated wood or metal frame structures but have evolved to the 

current practice of individually insulated pipes. Pipe material should be selected based on corrosion resistance, 

roughness coefficient, soil conditions, beam strength, freeze-back forces of the soil, potential freeze damage and 

overall cost (capital and O&M). 

Over the decades a variety of pipe types have been used including asbestos cement, cast iron, HDPE pipe, corrugated 

metal pipe (for sewers), copper (for water), ductile iron, lead (for water), polyvinyl chloride (PVC), welded steel, and 

high-density polyethylene (HDPE). Wood stave pipe was also a material used in some of the original systems.  HDPE 

is the recommended material when there is high risk of freezing, as it can normally go through the freeze-thaw cycle 

without damage. As well, HDPE is corrosion resistant and not as affected by extreme cold. When using HDPE, the 

design should follow the Plastics Pipe Institute’s Handbook of PE Pipe with consideration for Arctic conditions. HDPE 

has a high thermal expansion coefficient which needs to be considered if the piping will be exposed to a wide range 

of temperatures, whether during service life or due to temperature change from construction to operation. To 

prevent pipe collapse, a maximum DR (diameter/wall thickness ratio) of 17 is recommended, otherwise the inner 

walls are prone to collapse due to freeze-back forces. The Iqaluit Municipal Guidelines specify the use of HDPE DR11 

(Series 160, 1100 kPa) for water and sewer piping. Butt-fused joints are necessary to obtain leak-free connections 

with at least the same strength as the pipe itself but does require specialized machines and trained operators. 

Electrofusion of joints is also acceptable, providing leak-free joints without special equipment. 

Access Vaults (AVs) 

Access vaults (AVs), which are high-cost structures, form an essential part of the below-ground system. AVs are 

prefabricated, double walled, insulated metal units, installed so the base of the AV is at least 0.5 m below the base 

of the pipes. The typical temperature within the AVs is between 5 and 10°C, which is the result of the heat radiated 

from the sewer main going through the AV. Although the base of the AV is insulated to provide a thermal break, the 

above freezing ambient temperature within the AV may cause some long-term thaw below the AV. If thawing occurs, 
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the stability of the AV may be compromised because of differential movement and can cause additional stresses on 

the pipe connections at the outside of the vaults.  

 

Figure 5-2. A typical Access Vault (AV) cross-section. 

An Iqaluit AV with bollards, a marker, and a hydrant is shown below in Figure 5-3. The top of the AV is above ground 

grade (left), and the inside has an access ladder leading down to the piping and valves (right).   

 

   

Figure 5-3. A typical Iqaluit Access Vault as seen from the street (left), and the inside (right). 

Accessing sewer and water mains for the recovery and repair of frozen piping is necessary. AV locations must be 

selected to provide access to operating equipment while minimizing exposure to damage from traffic and snow 

removal. Typically, the maximum spacing between access vaults is 120 m. This length has been established based on 
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practical operational lengths for thawing frozen sections of pipe. Access points are critical to the operation of the 

network systems to provide points to install thawing/melting equipment. 

  



EXP Services Inc. 
Project Number: FRN-22008277-A0 

Date: 2022-12-16 
City of Iqaluit, Nunavut 

Permafrost – Above & Below Ground Infrastructure Study (FINAL) 

 

 

42 
 

6 Existing Belowground System in Iqaluit 

6.1 General Description 

The current system configuration in Iqaluit is a below-ground system, typically located within the road right-of-way.  

A general overview of the Iqaluit below-ground system was presented in Section 5, above. 

A preliminary update of the existing water and sewer inventory in Iqaluit has been completed (Appendix B) to provide 

an opinion of probable costs to upgrade the existing below-ground system.  Note that this inventory update is based 

on a desktop review of the available background documents and is solely focused on the installation dates and age 

of the existing infrastructure.  

Visual field inspections for most of the system were last completed in 2018. As part of the 2018 study, some 

recommendations were provided to fix major leaks to conserve water. However, there are several outstanding issues 

and actions required to return the system back to its intended functionality and an updated exhaustive field program 

would be required to document current field conditions and to provide accurate information on the current condition 

of the existing infrastructure. Additional discussion on this topic is presented in Section 12. 

6.1.1 Existing Water Piping 

The water system in Iqaluit consists of approximately 23 km of watermains and 9 km of recirculation lines. Typical 

water piping details for Iqaluit include: 

• All pipes are wrapped in 50-mm of polyurethane insulation. 

• Service connections for a typical single dwelling consist of 25 mm service and recirculation lines installed 
inside 100 mm insulated HDPE ducting. Larger service lines are required for higher-demand buildings. 

• Water mains and recirculation mains range in size from 50 mm to 300 mm depending on flow requirements. 

• Minimum size for distribution mains should be 200 mm according to Iqaluit’s Municipal Design Guidelines 

• Minimum size for recirculation lines should be 50 mm  

• Piping is HDPE, except for limited sections of ductile iron from the original pipe installations of the 1970s. 

6.1.2 Existing Sewer Piping 

The sewer system in Iqaluit consists of approximately 25 km of sewer piping and 1.5 km of forcemain. Typical sewer 

piping details for Iqaluit include: 

• Sewer mains range in size from 150 mm to 350 mm, designed depending on anticipated sanitary flows.  

• Piping is HDPE, except for limited sections of ductile iron. 

• Forcemain is 200mm HDPE. 
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6.1.3 General – Existing Below-ground Distribution System 

Inventory was documented grouped according to the community districts: 

• Plateau (Phase I, II and III) 

• Federal Road 

• Lower Base 

• Lower Iqaluit / Uivvaq 

• Happy Valley 

• Road to Nowhere (including Lake Subdivision) 

 

 

Figure 6-1: Iqaluit Distribution Districts 

There are over 320 access vaults (AVs) and manholes (MHs), as well as 22 access points (PTs) in Iqaluit (Table 6-1). 

Most access vaults and manholes are equipped with a hydrant for fire protection.  
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Table 6-1. Inventory of access vaults, manholes, and access points In Iqaluit's utilidor. 

Service Area AVs MHs PTs ATBs Total 

Road to Nowhere 20 - - - 20 

Lake District 39 - - - 39 

Happy Valley 21 32 1 - 58 

Federal District 37 - 1 4 42 

Lower Iqaluit 8 60 6 - 74 

Plateau III 24 - - - 24 

Plateau I & II 24 1 5 - 30 

Lower Base 55 8 9 - 72 

Iqaluit Total 228 101 22 4 355 

 

6.2 Installation Dates of Existing Belowground Pipes and AVs 

Figure 6-2 below provides an estimated installation dates for the existing belowground distribution system in Iqaluit. 

The pipes and AVs in Iqaluit range in installation date from the 1970s to present. Access vaults were introduced as a 

replacement to the concrete manholes in the 1980s, which means most of the existing access vaults have been in 

service for more than 30 years. With a generally accepted service life of 40 years, a substantial portion of the linear 

infrastructure in Iqaluit may be approaching the end of its service life. Ultimately, the service life and the associated 

replacement are dependent upon the condition of an individual pipe which is evaluated upon direct and indirect 

assessments of its condition.  

In the updated inventory (Appendix B), pipes and AVs older than 40 years old have been highlighted and identified 

for replacement in design Year 0. In general, the following observations regarding installation age are: 

• Plateau I and II – infrastructure is on average approximately 20 years old (approx. 30% over 30 years) 

• Note that 30 years indicate that the infrastructure may be nearing the end of its service life 

• Plateau III – infrastructure is on average approximately 15 years old (0% over 30 years) 

• Road to Nowhere – infrastructure is on average approximately 20 years old (approx. 30% over 30 years) 

• Lake Division – some infrastructure over 30 years old (approx. 40% over 30 years) 

• Federal Road – some infrastructure is reaching end of intended design life; replacement and installation of 
new infrastructure is ongoing (20% over 30 years old) 

• Happy Valley – 100% of infrastructure over 30 years 

• Lower Iqaluit –100% of infrastructure over 30 years 

• Lower Base – majority is past intended design-life (approx. 80% of infrastructure is over 30 years) 
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6.3 Opinion of Probable Costs– Replacing Existing Belowground System (Scenario 1A) 

As part of the inventory update task, a preliminary capital phasing plan has been developed to provide an opinion of 

probable costs to upgrade the existing belowground utilidor over a 40-year design horizon. Note that these estimated 

costs solely account for replacement of infrastructure based on installation date.  

As mentioned in the sections above, a visual inspection was last completed in 2018.  There are several outstanding 

issues and ongoing projects required to return the system back to its intended functionality. An updated, exhaustive 

field program would be required to document current field conditions and to provide accurate information on the 

current condition of the existing infrastructure. Thus, the opinion of probable costs presented below are to only be 

used for the purposes of this report to screen the above-ground and below-ground servicing options for the full 

replacement of the existing system. Recommendations to obtain higher levels of accuracy, document actual field 

conditions and future studies are discussed in the final section of this report. 

The following assumptions have been made in developing the capital phasing estimates (over 40 years): 

• Pipes and AVs have a design-life of 40 years before requiring replacement 

• Estimates only account for replacement costs based on age of infrastructure (i.e. replacement after 40 years) 

• $3,000/m of installed pipe replacement (pipe supply & install, trenching and backfill works) 

• $200,000 for the installation of new AVs 

• 40% contingency has been applied due to large number of unknowns 

 

Table 6-2: Iqaluit Opinion of Probable Costs and Preliminary Capital Phasing to Replace Existing Belowground Infrastructure 
(Scenario 1A) 

Design 
Year 

0 1 2 3 4 5 6 7 8 9 

Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Road to 
Nowhere 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Lake $0 $0 $0 $0 $246,000 $0 $0 $1,464,000 $8,199,000 $0 

Happy 
Valley 

$16,901,000 $0 $0 $468,000 $14,835,000 $0 $0 $3,007,000 $773,900 $0 

Federal 
Road 

$0 $0 $0 $3,752,000 $704,008 $0 $0 $2,240,022 $0 $0 

Lower 
Iqaluit 

$32,582,000 $0 $0 $0 $1,566,000 $0 $0 $0 $516,000 $0 

Plateau III $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Plateau I 
and II 

$285,000 $0 $0 $0 $1,865,000 $850,000 $0 $3,248,000 $591,000 $0 

Lower 
Base 

$6,573,000 $0 $0 $3,334,300 $8,929,000 $2,544,000 $0 $1,085,000 $14,191,000 $0 

Sub-Total $56,341,000 $0 $0 $7,554,300 $28,145,008 $3,394,000 $0 $11,044,022 $24,270,900 $0 

Contingenc
y (40%) 

$22,536,400 $0 $0 $3,021,720 $11,258,003 $1,357,600 $0 $4,417,608 $9,708,360 $0 
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TOTAL $78,877,400 $0 $0 $10,576,020 $39,403,011 $4,751,600 $0 $15,461,631 $33,979,260 $0 

           
Design 
Year 

11 12 13 14 15 16 17 18 19 20 

Year 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 

Road to 
Nowhere 

$0 $0 $0 $0 $0 $0 $0 $11,885,800 $0 $0 

Lake $0 $0 $0 $0 $7,310,000 $8,741,000 $3,929,000 $0 $0 $0 

Happy 
Valley 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Federal 
Road 

$6,291,015 $0 $3,303,000 $0 $0 $0 $0 $0 $0 $0 

Lower 
Iqaluit 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Plateau III $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Plateau I 
and II 

$0 $0 $3,793,000 $0 $0 $0 $0 $0 $0 $0 

Lower 
Base 

$0 $234,000 $4,026,000 $0 $0 $504,000 $2,889,000 $0 $0 $600,000 

Sub-Total $6,291,015 $234,000 $11,122,000 $0 $7,310,000 $9,245,000 $6,818,000 $11,885,800 $0 $600,000 

Contingenc
y (40%) 

$2,516,406 $93,600 $4,448,800 $0.0 $2,924,000 $3,698,000 $2,727,200 $4,754,320 $0.0 $240,000 

TOTAL $8,807,421 $327,600 $15,570,800 $0 $10,234,000 $12,943,000 $9,545,200 $16,640,120 $0 $840,000 

 
Design 
Year 

21 22 23 24 25 26 27 28 29 30 

Year 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 

Road to 
Nowhere 

$0 $0 $4,543,500 $0 $0 $0 $0 $0 $0 $0 

Lake $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Happy 
Valley 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Federal 
Road 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Lower 
Iqaluit 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Plateau III $3,238,300 $0 $1,713,900 $0 $6,839,800 $0 $0 $9,589,000 $0 $0 

Plateau I 
and II 

$4,380,000 $0 $1,590,000 $0 $0 $0 $736,000 $0 $0 $4,759,000 

Lower 
Base 

$0 $2,066,900 $0 $0 $0 $0 $2,309,000 $0 $0 $0 

Sub-Total $7,618,300 $2,066,900 $7,847,400 $0 $6,839,800 $0 $3,045,000 $9,589,000 $0 $4,759,000 

Contingenc
y (40%) 

$3,047,320 $826,760 $3,138,960 $0.0 $2,735,920 $0.0 $1,218,000 $3,835,600 $0.0 $1,903,600 

TOTAL $10,665,620 $2,893,660 $10,986,360 $0 $9,575,720 $0 $4,263,000 $13,424,600 $0 $6,662,600 

 
Design 
Year 

31 32 33 34 35 36 37 38 39 40 

Year 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 

Road to 
Nowhere 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Lake $0 $0 $0 $0 $0 $1,860,000 $0 $0 $0 $0 

Happy 
Valley 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Federal 
Road 

$0 $0 $0 $3,059,000 $0 $0 $5,563,000 $0 $0 $0 
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Lower 
Iqaluit 

$0 $0 $1,434,000 $0 $0 $0 $357,000 $0 $446,000 $1,548,000 

Plateau III $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Plateau I 
and II 

$0 $0 $0 $0 $0 $1,390,000 $0 $0 $0 $0 

Lower 
Base 

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Sub-Total $0 $0 $1,434,000 $3,059,000 $0 $3,250,000 $5,920,000 $0 $446,000 $1,548,000 

Contingenc
y (40%) 

$0.0 $0.0 $573,600.0 
$1,223,600.

0 
$0.0 

$1,300,000.

0 
$2,368,000.

0 
$0.0 

$178,400.

0 
$619,200.0 

TOTAL $0 $0 $2,007,600 $4,282,600 $0 $4,550,000 $8,288,000 $0 $624,400 $2,167,200 

GRAND TOTAL – REPLACE EXISTING BELOWGROUND UTILIDOR (Year 2022 to Year 2062) $338,348,423 

 
The total capital cost (opinion of probable costs) for the full replacement of the existing belowground utilidor (over 

40-year design horizon) is estimated at approximately $339 Million. 
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7 Above-Ground Utilidor System Components 

7.1 General Description of Above-Ground System 

Good Engineering Practice (2017) notes that the trend since the late 1970’s is to utilize buried pipes whenever 

possible as below-ground pipes are not subject to the extremes of ambient temperature and do not disrupt lot and 

roadways.  

   

Figure 7-1. Above-ground utilidor in Inuvik, Nunavut (left) and Sisimiut, Greenland (right). 

   

In Arctic Canada, only the community of Inuvik utilizes a fully above-ground system. This method involves individually 

insulated pipes instead of boxed utilidors so that the pipes are easier to seal against water and air infiltration. Due to 

the exposed nature of the individual piping, mechanical and ultraviolet protection must be included in the design. 

These protections can include metal jackets or shallow buries. 

Above-ground servicing is comprised of various system details including a pipe support system and appropriate 

enclosures for system appurtenances.  The design of an above-ground servicing system should consider the following: 

• The piping requires cradling to avoid sagging between supports.  The method of providing this support will 
be discussed below. 

• The piping itself serves as structural beams, carrying the gravity loads of water, cement mortar lining, 
insulation, jacket, snow, and ice, as well as the pipe itself. To provide enough strength, the pipes are usually 
Schedule 80 (12 mm wall thickness) with a cement mortar lining for corrosion resistance. 

• The profile of the piping must be integrated into the final grading of the site to ensure appropriate gradients 
for the sanitary sewers.  This leads to substantial fill and cut requirements to maintain suitable gradients.   

• In locations where piping must be installed across low areas such as watercourses, a design for a support 
system such as a trestle must be developed. 

• The piping and piping support must be integrated into the lot grading.  
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• Mechanical and ultraviolet protection must be provided for the piping.  This can take the form of a metal 
jacket, or shallow bury. 

• Valves, hydrants, and sewer clean-outs must be enclosed in structures that are unique and integral to the 
above-ground piping.  

• The design of road crossings requires careful attention to detail, including providing a suitable casing for the 
crossing, adjustment to road grade to accommodate the crossing and provision for drainage at the crossings 
of the road ditches.  A minimum cover of approximately one meter is required at road crossings. 

• The risk of changes in profile due to annual freeze and thaw of the active layer should be considered.  This is 
especially important for the sanitary sewer. Frost blisters and deformations/subsidence of the ground and 
roadway structures can be a concern. 

• Gravity drainage of sanitary sewage from the existing buildings requires allowance for the main diameter, 
fittings at the main and house, and slope from the house to the main. The resulting floor elevation is 
approximately a minimum of 1.2 metres above the main invert. This has a bearing upon the gravel fill quantity 
required to develop unserviced lots and the requirements for pumping from within the buildings for existing 
buildings.  

An appropriate method of supporting the piping and maintaining pipe profiles must be selected.  The alternatives 

are: 

• Support Option 1 – Gravel berm 

• Support Option 2 - Metal space frame 

• Support Option 3 – A system of adfreeze piles and supports 

7.1.1 Support Option 1 – Gravel Berm 

The gravel berm alternative is attractive from a cost point of view.  However, this initial attraction is offset by a list 

of issues.  The gravel support would be installed well in advance of development on the lots, resulting in a substantial 

drainage barrier.  Prior to development, the lots will likely form shallow ponds situated between the roads and the 

above-ground services.  The gravel piping support will represent a firm constraint that must be integrated into the 

final grading of the lots.  A gravel support system is also vulnerable to seasonal frost heave and thaw settlement, 

leading to an ongoing operation and maintenance requirement to regrade piping.  Upon completion of lot 

development, it is likely that much of the above-ground system will transition into a shallow bury installation due to 

the fill placement on the lots.  Shallow bury systems tend to capture the worst characteristics of both below-ground 

and above-ground systems.  The issue of potential freeze and thaw instability causes this to be an unsuitable 

alternative for technical reasons. 
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Figure 7-2. Above-ground pipe supported by berm (Handbook of PE Pipe, 2008). 

7.1.2 Support Option 2 – Metal Frame 

The metal space frame system alternative requires much less gravel than a berm and creates fewer impediments to 

drainage.  However, like the gravel berm alternative this system is susceptible to frost heave and thaw settlement, 

which gives rise to an ongoing operation and maintenance obligation to regrade piping.  Following lot development 

and placement of building pads it is likely that much of this system will be buried.  The provision for pipe profile 

adjustment must recognize this.  There is also substantial cost associated with a space frame pipe support system.  

The risk potential for freeze and thaw instability also causes this to be an unsuitable alternative for the forementioned 

technical reasons. 

7.1.3 Option 3 – Adfreeze Piles and Support 

In Inuvik, wood piles were originally used as the supports for above-ground piping, with the assumption that the 

frozen ground would prevent the wood from rotting. Unfortunately, this was not the case, and the wood piles rotted 

over time, as well as experienced significant movement due to heave and thaw forces. The limitations of the wood 

pile system and the evolution of the metal pile system has led to the exclusive use of adfreeze piles as the preferred 

pipe support system. This above-ground system appears to be the least vulnerable to heave and thaw and presents 

the least impediment to drainage and lot development. Despite being the most costly alternative, this system has 

been selected as the sole recommendation for above-ground installations with a high likelihood of freeze and thaw 

instability. Examples of adfreeze pile and support systems for above-ground installation is shown in Figure 7-3. 
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Figure 7-3 – Adfreeze piles and pipe support system for above-ground water and sewer system (Town of Inuvik) 

The adfreeze pilings include a roller “cradle” pipe support, which accommodates the horizontal movement of the 

pipe due to thermal expansion and contraction. The cradles also allow for vertical adjustments to be made as 

necessary to counteract potential movement of the pilings due to permafrost action. 

The service connections in an adfreeze pilings support system are via a service box, attached to the utilidor near each 

building (Figure 7-4). The water and sewer services run through the box, and a common carrier pipe called a utilidette 

carries the services to the building. A similar configuration is used for hydrant servicing. 

 

  
Figure 7-4 - Service connection enclosure for above-ground water and sewer system (Town of Inuvik) 

7.2 Service Connection Location – Rear Yard vs Front Yard Servicing 

Since above-ground piping cannot be within road allowances like below-ground services, the piping much cross 

through property lots either in front-yard or rear-yard configurations. 
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7.2.1 Rear Yard Servicing 

There are some positive implications that arise from the decision to install servicing in the rear yards.  These include 
the following: 

• Rear-yard servicing is not at risk and less exposed to damage from road related hazards such as traffic and 
snow removal. 

• With rear-yard servicing, the front yards remain unencumbered. This permits flexibility during development 
with issues such as access and driveway location. 

• Rear-yard servicing reduces the risks of damage to the servicing systems during lot development and building 
construction. 

Potential considerations that must be recognized with rear-yard servicing include the following: 

• Access for operations and maintenance reasons can be more challenging. This applies to both routine 
operations and emergency repairs. Because of the narrow envelope of the service corridor access issues 
include a lack of vehicle access. In some instances, winter access will be challenging due to snow drifting. 

• The rear yards represent a very confined space should excavation for repair purposes be required.  This is 
especially a concern following the construction of storage sheds and drainage ditches in the rear yards. 

• There is a public safety question relating to access to fire hydrants. Hydrant locations must be carefully 
selected to facilitate accessibility during a fire emergency. 

7.2.2 Front-Yard Servicing 

For front-yard servicing, the piping is installed within the portion of the lot immediately adjacent to the right-of-way, 

as is typical of below-ground infrastructure.  Benefits associated with front-yard servicing include the following: 

• The servicing can be installed largely independent of the development of the adjacent lots. Construction 
activity is generally limited to the road rights-of-way. 

• There is greater flexibility in terms of future lot development. This includes adjustments to site grading and 
granular pad adjustments. 

• The servicing is accessible from the roads. This applies to both routine operation and emergency repairs.  Any 
necessary excavation can be conducted without access to, or disruption of, rear yards. 

• Hydrants will generally remain accessible throughout the year. 

Potential considerations that must be recognized with front yard servicing include the following: 

• Locations of structures should be selected to minimize impact upon site access – may require excessive 
road/driveway crossings. 

• Structures, such as access vaults, are at risk of damage from surface maintenance operations, including snow 
removal. 

• Integration of features such as access vaults into the road right-of-way can be challenging in areas with 
narrow right-of-way widths. 
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7.2.3 Front-Yard versus Rear-Yard Servicing Within the Context of Iqaluit 

The evaluation of the general merits of rear-yard versus front-yard servicing has not identified any specific items that 

would preclude the selection of either rear- or front-yard servicing. Thus, the servicing location should be chosen 

based on the suitability and constructability with respect to site-specific considerations within Iqaluit.  

Considerations that have bearing upon the general selection of front-yard vs. rear-yard servicing include the 

following: 

• In general, service connections for most of the City’s buildings are located at the front or side of the buildings.  

• Numerous roads specifically in the Lower Base and Lower Iqaluit neighborhoods have narrow right-of-ways 
and there is not sufficient space within the front lots. 

• Front-yard servicing requires a utilidor crossing at each driveway whereas rear-yard servicing only needs 
crossings at the roadway  

• To facilitate servicing houses on both sides of a road, there would need to be a utilidor on each side of the 
road – double loading is not possible with a front-yard utilidor. 

 

Based upon these points, for an above-ground system there are no compelling reasons for the selection of front-yard 

servicing scenario for the City of Iqaluit. Rear-yard servicing is the recommended scenario for above-ground systems. 
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8 Retrofitting Existing Iqaluit Area (Brownfield Layout) – Scenario 1B 

8.1 General – Above-ground Retrofit Scenario 

An above-ground servicing scenario was created for the existing service area for Iqaluit (Scenario 1B). The service 

and flow conditions for the above-ground layout are the same as for the current below-ground system. The City’s 

Municipal Guideline for water demands and sanitary flows also apply to the above-ground system. The design choices 

for the aboveground system are based on the Town of Inuvik’s best practices. 

8.2 Above-ground Utilidor Network (Water and Sewer) 

8.2.1 Service Area 

The above-ground servicing scenario includes all areas currently serviced by the existing below-ground infrastructure, 

but also extends the service to the tip of Federal Road / North 40 and Tundra Valley, areas currently on trucked 

services (shown outlined in Green on Figure 8-1). Apex area remains on trucked services. The sewer servicing of 

Tundra Valley and Tundra Ridge requires the addition of a lift station and a forcemain, as the area drains by gravity 

to a low elevation point at the southeast point of Tundra Valley. 

8.2.2 Water and Sewer Network 

The conceptual above-ground, rear-yard water distribution network is comprised of 7 districts: Federal Road 1; 

Federal Road 2; Lower Base; Lower Iqaluit; Happy Valley / Tundra Ridge; Lake Subdivision; Road to Nowhere; Plateau; 

and Water Treatment Plant. Each district is a looped network to facilitate recirculation and prevent freezing. In total, 

approximately 58,000 m of water mains are required. A map of the above-ground water network is shown in Figure 

8-2. 

The conceptual above-ground rear-yard sanitary sewer network is a gravity system that has four main drainage areas. 

The northwest neighborhoods (Plateau, Federal Road areas) drain directly to the wastewater treatment plant (WTP). 

The Lower Iqaluit and Uivvaq neighborhoods drains to Lift Station #1, where it is pumped by forcemain to the 

wastewater treatment plant. The Lower Iqaluit and Happy Valley neighborhoods drain to Lift Station #2, where it is 

pumped to network connecting to pump station #1 and then further pumped to the WTP. The Tundra Valley / Tundra 

Ridge areas drain to a low elevation point, which would require an additional pump station and forcemain to connect 

the network to Lift Station #2. In total, approximately 48,000 m of sanitary sewer, and a minimum of 1000 m of 

sanitary forcemain are required. A map of the above-ground sewer network is shown in Figure 8-3. 





FIGURE 8-2. Conceptual Iqaluit above-ground water network.
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8.2.3 Piping 

Above-ground piping is subjected to a much larger operating temperature range than below-ground buried piping. 

The above-ground pipes would be exposed to the full range of air temperatures seen in Iqaluit – anywhere from a 

maximum of 25°C down to - 40°C, not considering wind chill. As well, because the piping is suspended between 

supports, the piping itself is a structural member, carrying the gravity loads of water, cement mortar lining, the pipes, 

insulation, jacket, fittings, and snow and ice. The current best practice is 50 mm urethane insulation over steel pipes 

with a metal jacket. The pipes should be Schedule 80 (12 mm wall thickness) with a cement mortar lining to provide 

corrosion resistance. 

8.2.4 Access Points 

The above-ground system does not require full access vaults since the pipes are exposed and accessible. However, 

line valves and sewer cleanouts need to be included to allow for system adjustments, cleaning, and dethawing. 

Conservatively assuming two pipes along the network length, and a line valve and sewer cleanout installed at each 

of the 218 total junctions/access points on the map, a total of approximately 436 line valves and 436 sewer cleanouts 

are required for the proposed aboveground network. 

8.2.5 Hydrants 

As per the Good Engineering Practice Guidelines, hydrants must be on the roadside. The Iqaluit Municipal Guidelines 

stipulates that hydrants should be located no further than 120 m apart in residential neighborhoods, and no more 

than 90m in school, industrial, or commercial areas. For a rear-yard servicing scenario, this presents a design 

challenge. As seen in Figure 8-4, hydrant access extensions need to be frequently included to bring the water piping 

to the roadside for hydrant access at the roads. These extensions will need to fit between houses on existing lot lines. 

Only water needs to be circulated to the roadside for hydrant access, so the access points are located on the main 

utilidor, with only water mains circulated to the roadside with a hydrant box placed at the road end of the extension. 

 



EXP Services Inc. 
Project Number: FRN-22008277-A0 

Date: 2022-12-16 
City of Iqaluit, Nunavut 

Permafrost – Above & Below Ground Infrastructure Study (FINAL) 

 

 

60 
 

   

Figure 8-4. Above-ground water piping with hydrant access extensions in Plateau subdivision (left), and picture of Inuvik 
hydrant access box near road crossing (right). 

8.2.6 Adfreeze Pilings 

The proposed above-ground utilidor retrofit would require approximately 58,000 m of water and recirculation mains, 

and 48,000 m of sewer mains. The length of the utilidor corridor is approximately 48,000 m. The Town of Inuvik 

recommends a standard distance of 7 m between the utilidor pilings. For the Iqaluit above-ground system, this 

equates to at least 6,857 piles, each drilled to a depth of 8 m. Current best practice is to coat the piles with heavy 

grease and wrap with polyethylene to maintain a non-bonding surface between the ground and pile. The piles are 

backfilled with a sand slurry to help the bottom section of the pile freeze into the existing permafrost regime. The 

pipes would be suspended in roller system cradles on the pipe support to allow for vertical contraction and expansion 

of the pipe. 

  

Figure 8-5. Adfreeze piling supports installed in Inuvik. 
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8.2.7 Line Anchors 

The movement of pipes is additionally controlled by line anchors, spaced every 70 m (Figure 8-6). For the Iqaluit 

above-ground system, this equates to 1,490 line anchors spaced throughout the system.  

 

Figure 8-6. Line anchors installed in Inuvik. 

8.2.8 Expansion Joints 

To accommodate the horizontal expansion and contraction of the steel pipe, an expansion joint is needed between 

line anchors or every 70 m (Figure 8-7). Assuming an expansion joint every 70 m results in a total of 1,490 expansion 

joints fitted in the above-ground Iqaluit network piping.  

 

Figure 8-7. Expansion joints installed in Inuvik. 
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8.2.9 Service Connections 

In total, the Iqaluit above-ground system requires 1,168 service connections, assuming one connection per building. 

Each service connection includes a service box, attached to the utilidor near the building. From this service box a 

common carrier pipe called a utilidette carries water and sewer services to each building, as shown in Figure 8-8. The 

utilidette pipe bundle is typically made of PEX for the water and PVC for the sewer piping within the common pipe.  

 

Figure 8-8. Service connections in Inuvik. 

8.3 Freeze Protection Philosophy 

Active freeze protection is primarily provided by recirculation and heat addition (from the existing heating stations). 

Passive freeze protection is provided through pipe insulation. Each individual steel pipe is covered with a layer of 50 

mm polyurethane insulation, surrounded by a metal jacket.  

The service box, attached to the utilidor near each building, provides a common space where radiated heat from the 

sanitary system provides additional freeze protection. The utilidette – the pipe running from the service box to each 

building – is a common carrier pipe with both the water and sewer laterals within, accomplishing the radiating effect. 

For redundancy, the utilidette is typically outfitted with heat tracing for secondary freeze prevention.  

Above-ground servicing is exposed to the extremes of winter temperatures and wind. During the coldest periods of 

the winter, above-ground servicing will experience approximately 3 times the heat loss of that experienced by a 

below-ground system. A preliminary heat loss analysis will be presented in subsequent sections to provide 

preliminary heating requirements and to determine whether the existing heating stations will be able to meet 

recirculation requirements, or whether increasing the heating capacity of the existing system is required. 
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8.4 Lot Allowances 

An above-ground rear-yard utilidor has impacts on the neighbor accessibility and yard-space. The above-ground 

service laterals effectively cut-off yards from each other, similar to fencing. For Iqaluit residents, this would be a 

significant change from the current open-style backyards. As well, the 6m right-of-way for the utilidor mains and 

service laterals reduces the yard space for each house. As seen in the figure below, yard space is greatly reduced 

when using an above-ground design (Figure 8-9). 

 

 

Figure 8-9. Inuvik back-yards with utilidor and utilidettes limiting yard space. 

 

As well, the utilidor corridor needed for rear-yard installation and maintenance is 6 m, so this corridor width will 

need to be cleared, requiring the relocation of some outbuildings and houses. An example of an Iqaluit city block 

with the 6 m rear-yard corridor outlined in red is shown in Figure 8-10. Evident in the image are several outbuildings 

within the corridor, as well as a few of the houses, which would need to be moved. Most of the existing lots within 

Iqaluit have storage sheds or other structures that would require relocation with an above-ground system. 
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Figure 8-10. Example of Iqaluit 6 m rear-yard corridor. 

In addition to the rear-yard utilidor corridor, the utilidor would need to be accessible from the road. Because the 

above-ground service laterals run from the utilidor to each building, it is not possible to drive along the utilidor in a 

continuous fashion – access for repairs or maintenance to any specific section would need to be from the road and 

along each building.  

The hydrant access extensions are another lot allowance consideration for the retrofit of Iqaluit. Because water for 

fire protection needs to be on the road-side, and the city blocks in Iqaluit are longer than the permissible distance 

between hydrants, the water main needs to be looped to the road. To meet fire protection standards, the above-

ground system has 52 fire hydrant access extensions running between existing lots, bringing water to the road-side. 

These hydrant access extensions would also require a 6 m access corridor, which encroaches on what is currently 

private property, as seen in Figure 8-11.  

   

Figure 8-11. Hydrant access extension needed in the Happy Valley neighborhood of Iqaluit, shown in purple (left), and the 
current clearance between buildings 1669 and building 1671 (right).  
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8.5 Constructability 

An above-ground retrofit in Iqaluit would require two distinct activities – installing the new rear-yard utilidor and 

decommissioning components of the below-ground utilidor in the road right-of-way. Although abandoning piping is 

not a desirable outcome, the excavation, removal of piping, and refilling of the existing trenches is not necessary to 

implement an above-ground utilidor system. Therefore, the below-ground piping will likely be abandoned, and only 

the access vaults will be removed since they are partially above-ground. The installation of the above-ground utilidor 

includes: clearing and brushing of the utilidor alignment; excavation to the subgrade of the utilidor; preparation work 

pad and drainage related work; drilling and installing adfreeze piles; and the installation of the mains and utilidettes 

with all components. It is expected that the construction of the above-ground system could be done independently 

while maintaining continuous operation of the existing below-ground system.  

Where the existing ground is to be excavated 250 mm or more for grading, the standard practice is to sub-excavate 

by a further 200 mm, install 100 mm of rigid close cell insulation, and bring the ground elevation back up to grade 

(Figure 8-12). The insulation provides a thermal barrier to additional permafrost degradation. 

 

Figure 8-12. Rigid close cell insulation installed in Inuvik. 

Retrofitting an existing community with above-ground servicing requires an extensive analysis of the alignment so 

that the utilidor can maneuver around the buildings and be able to provide service connections to each building. 

Over 100 road crossings would be required which would significantly impact traffic operations during construction. 

Minimum cover at these road crossings is 1 m – this would require significant rebuilding of the existing roads to 

provide sufficient cover and maintain suitable slopes at these crossings. 
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Another major constructability consideration for the above-ground system in Iqaluit is the gradation required to 

maintain gravity sewer service. The minimum floor height in each building must be high enough to drain by gravity 

to the sewer utilidor. An above-ground utilidor would raise the gravity main at least 3 m from the current below-

ground elevation, so existing houses would be required to be jacked up to maintain the gradation from house to 

utilidor. This is a substantial task, assuming one building per service connection, 1,168 buildings would need to be 

raised. If lifting of the building is not feasible, the building would require a sump and lift pump, which adds cost and 

complexity to the system. 

Rear-yard servicing of waterfront buildings is a concern. The allowance for set-back from the waterfront may not be 

met, as well as some of the piping along these areas would be at sea level and at significant flood/tidal risk. As seen 

in Figure 8-13, the utilidor running behind the buildings on Sinaa Street would be at sea level, which is below the 

elevation of Lift Station #2. A different utilidor solution would need to be designed for these waterfront properties. 

 

Figure 8-13. Rear-yard servicing of Sinaa Street requires a sea-level utilidor. 

8.6 Iqaluit General Plan 

An above-ground rear-yard utilidor has implications for several of the objectives in the Iqaluit General Plan: 

Table 8-1. Above-ground retrofit implications for several Iqaluit General Plan objectives. 

General Plan Objectives Above-Ground Retrofit Implications 

Recognizing and protecting the Arctic 
way of life by ensuring adequate open 
space between and within built up areas. 

An above-ground system limits the open space within built 
up areas. 



EXP Services Inc. 
Project Number: FRN-22008277-A0 

Date: 2022-12-16 
City of Iqaluit, Nunavut 

Permafrost – Above & Below Ground Infrastructure Study (FINAL) 

 

 

67 
 

Promoting attractive & well-designed 
development  

The utilidor resembles a metal “centipede”, weaving 
between all buildings, not generally considered an 
attractive addition to the cityscape. 

Ensuring security and safety through 
design 

Safe play areas for children within easy walking distance of 
home without having to cross busy roads will require 
designing frequent utilidor crossings. As well, the utilidor 
itself poses a hazard for children playing in and around it, 
which will need to be considered.  

Protecting access to the land & sea  

The above-ground system behind all buildings creates a 
barrier circumnavigating the entire City. Access to land and 
sea will have to be accommodated through extra 
infrastructure including walking and snowmobile bridges. 

A distinctive core area with enhanced 
pedestrian environment and gathering 
spaces 

The above-ground system is not conducive to a pedestrian 
environment since it blocks walking path availability and limits 
space available for outdoor gathering. 

Land use planning decisions will be based 
on the General Plan and municipal by-
laws. 

Since an above-ground system does not fit into the current 
General Plan objectives and visions, the by-laws and 
General Plan would need to be revised if the City were to 
consider any above-ground utilidors. 

No development is permitted within 30.5 
m along the shoreline of the seacoast. 

This objective precludes the waterfront buildings in Iqaluit’s Core 
Area from rear-yard service. 

Identified walking trails will be protected 
through legal easements or land 
acquisition, where possible (Figure 8-14, 
red). 

These trails require at least 25 pedestrian-specific utilidor 
crossings, not including accessing the pathways from back-
yards, as it can be accessed now. 

Snowmobile trails, independent of the 
road network, will be protected (Figure 
8-14, blue). 

This will require at least 23 snowmobile crossings, not including 
accessing the trail from back-yards, as it can be accessed now. 
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Figure 8-14. Iqaluit above-ground utilidor map with protected walking and snowmobile trail right-of-ways. 

8.7 Opinion of Probable Costs– Above-ground System Utilidor Retrofit (Scenario 1B) 

The on-site infrastructure costs associated with the above-ground retrofit of Iqaluit considered for this analysis are 

the water distribution system, sewage collection system, utilidor site work, service connection and utilidette 

installation, jacking up of buildings to meet grade, removal of existing Avs and decommissioning the existing below-

ground system. The total estimated cost (opinion of probable costs) for the above-ground retrofit of Iqaluit is 

summarized in Table 8-2 and provided in Appendix C. The total capital cost (opinion of probable costs) for the above-

ground utilidor retrofit of Iqaluit is approx. $578 Million including a 30% contingency. 

Table 8-2. Opinion of Probably Costs Summary of Iqaluit Above-Ground Utilidor Retrofit (Scenario 1B) 

Item Description Unit Quantity  Unit Price  Amount 

1 Mobilization & Demobilization  L.S 1 $700,000 $700,000 

2 Raise Buildings to allow for Gravity Sanitary Service Ea 1,168 $35,000 $40,880,000 

3 Hydrants Ea 136 $13,500 $1,836,000 

4 Line Valves Ea 436 $12,000 $5,232,000 

5 Sewer Cleanout Ea 436 $5,000 $2,180,000 
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6 
Steel Pile Supports (1 Pile and Crossbeam for 2 pipes) PS 
- 219mm pile 8.5 m deep Ea 6,858 $11,500 $78,867,000 

7 
Schedule 80 Cement Mortar Steel Water Mains - 200 
mm m 57,225 $1,600 $91,560,000 

8 
Schedule 80 Cement Mortar Steel Sewer Mains - 250 
mm m 47,078 $1,900 $89,448,200 

9 Expansion Joint - 200 mm Ea 818 $11,000 $8,992,500 

10 Expansion Joint - 250 mm Ea 673 $13,000 $8,749,000 

11 Fittings - Flanges, Bends, Tees Ea 700 $10,000 $7,000,000 

12 
Steel Line Anchor (2 Pile and Frame) 273 mm pile 8 m 
deep Ea 1,491 $26,000 $38,766,000 

13a Site Work – Clearing, Grading - Excavation, Export, Fill cu.m 48,000 $200 $9,600,000 

13b Site Work – Clearing, Grading - Grade Cut Insulation cu.m 48,000 $500 $24,000,000 

14 Service Box Ea 1,168 $8,500 $9,928,000 

15 Service Connections - Supply Utilidette Pipe Bundles Ea 1,168 $11,000 $12,848,000 

16 Install Utilidette Pipe Bundle Ea 1,168 $6,000 $7,008,000 

17 
Service Connection Freeze Protection- heat cable 
utilidette/ hydronic heat loop Ea 1,168 $6,500 $7,592,000 

18 Utilidor Bridge - vehicle Ea 130 $135,000 $17,550,000 

19 Remove AVs Ea 355 $45,000 $15,975,000 

20 Decommissioning existing system L.S 1 $500,000 $500,000 

21 Road Reinstatement contingency L.S 1 $1,000,000 $1,000,000 

22 Drainage reinstatement contingency L.S 1 $1,000,000 $1,000,000 

            

  SUBTOTAL       $481,211,700 

  Add 30% Contingency       $144,363,150 

  TOTAL       $625,575,210  
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9 Operation and Maintenance – Repair History – Case Study Comparison 
Between Iqaluit and Inuvik 

9.1 Iqaluit Maintenance and Repairs Records – Information Sources 

To estimate the cost of repairs and understand the limitations of the current below-ground system in Iqaluit, EXP 

pursued multiple portals of information gathering. The information gathered was compiled to create as complete of 

a picture of the repair history as possible. The portals pursued are briefly described below:  

• City of Iqaluit – Annual Budgets 

• The City of Iqaluit’s annual budgets from 2012 to 2021 were reviewed. In the water and sewer fund, there is 
a single line expense item named ‘Transmission and distribution (utilidor)’. It is assumed that this item is 
associated with the O&M costs for the utilidor system. Additional details on these line items have not been 
provided. 

• City of Iqaluit Financial Records  

• The City of Iqaluit’s Senior Finance Officer provided 5-year financial records for the “Emergency 
Contingencies”, “Utilidor Infrastructure”, and “Contracted Cost” accounts. Limited information was available 
and unfortunately, it was not possible to determine which line items relate specifically to utilidor repair and 
maintenance, and many of the largest cost line items were not associated with a specific Contractor to follow 
up with. Without a way to further gather details on the line items in the financial records, it was not possible 
to utilize them in a repair assessment.  

• City of Iqaluit Public Works  

• The City of Iqaluit’s Public Works department was able to provide 2-year utilidor repair records. The provided 
spreadsheet included location, date, cost, and cause of leak. Public Works confirmed that they had not been 
able to find any records of repairs dating back further than 2 years. Of the 32 items on the list, three were 
Tower Contracting digs, and the rest were confirmed to be from Nunavut Excavating, the holder of the City 
“As & When” contract for the last two years. 

• Nunavut Water Board Annual Report Spill Records  

• All sewage spills and leaks in the City of Iqaluit are required to be reported to the Nunavut Water Board and 
are subsequently published in the Annual Reports each year. The items in the report that were relevant to 
utilidor repairs were pulled and put in a table, for cross-referencing with other information gathered. 

• Contractor Records 

• Nunavut Excavating  

• Nunavut Excavating was not able to provide records for this report. Nunavut Excavating is the main company 
involved with the City’s “As & When” contract which is responsible for repairing the utilidor as required 

• Pilitak / Kudlik  

• Pilitak provided 5-year work order history which consisted of six repairs, each with year, associated costs and 
brief work description. Also provided was a map of where these repairs took place. 

• Tower Contracting 

• Tower provided a map of repairs they did over the last 5 years, with brief description and location. No cost 
information was obtained. 
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9.1.1 Repairs by Location and Type 

Using the information provided by Iqaluit’s Public Works department, Pilitak, and Tower Contracting, a map showing 

the locations of repairs over the last 2 years was created. Figure 9-1 gives the locations, and cause of repairs. In 

general, some of the older areas such as Lower Base, Happy Valley and Lower Iqaluit appear to be more prone to 

repairs as expected. However, repair information is limited, and these patterns are not conclusive.  
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FIGURE 9-1. Iqaluit 2-Year Repair Events
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From the gathered information, repairs were categorized by type. In total, 38 repair events were recorded in the last 

2 years. Of these events, the most frequent occurrences were related to failures at the flange/butt weld (10 repairs), 

and leaks or failures at the service connection (10 repairs).  

Table 9-1. Iqaluit 2-year repair history by type. 

Repair Category # of Repairs 

Flange / Butt Weld 10 

Service Connection Leak / Replacement 10 

Boulder on Line 2 

Pinhole Leak 3 

Robar coupling failure 5 

Stub End 2 

Valve Replacement 2 

Other 4 

Total 38 

 

 

9.1.2 Cost of Repairs 

A summary of the cost of repairs from Iqaluit’s Public Works records and Pilitak’s records are provided in Table 9-2. 

Datasets for the repair history is extremely limited and only the years 2020 and 2021 had year-round records 

provided. According to these two sources, the total cost of repairs in 2020 was $38,078 and in 2021 it was $185,200. 

The cost of repairs on record for the first five months of 2022 is already at $545,237. Given the discrepancy between 

these values, these annual costs for repair are not considered comprehensive or conclusive by any means. 

Table 9-2. Cost of Repairs in Iqaluit. 

Year Source Amount Period Covered Total 

2022 Public Works  $ 545,136.57  Only January to May  $ 545,136.57  

2021 
Pilitak  $     5,856.00   

 $ 185,200.09  
Public Works  $ 179,344.09  2 line items without cost 

2020 Public Works  $   38,077.79  3 line items without cost  $   38,077.79  

2019 
Pilitak  $ 167,297.00   

 $ 199,337.86  
Public Works  $   32,040.86  only end of December 
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9.1.3 City of Iqaluit – Annual Budgets 

The City of Iqaluit’s annual budgets from 2012 to 2021 were reviewed. In the water and sewer fund, there is a single 

line expense item on Schedule 3 of the annual statements named ‘Transmission and distribution (utilidor)’. It is 

assumed that this item is associated with the total O&M costs for the utilidor system. Additional details on these line 

items have not been provided or are not available.  Table 9-3 below resents the annual expenses for the ‘Transmission 

and distribution (utilidor)’ line item as an estimate of the total O&M costs of the Iqaluit distribution system.  

Table 9-3: Iqaluit Annual Budgets - Water and Sewer Fund, Transmission and Distribution (Utilidor) Expenses 

Year Transmission and Distribution (Utilidor) Expenses 

2021 (Budget) $2,615,400 

2020 (Budget) $2,999,900 

2019 (Actual) $7,697,796 

2018 (Actual) $3,883,055 

2017 (Actual) $1,886,021 

2016 (Actual) $2,169,547 

2015 (Actual) $2,941,555 

2014 (Actual) $2,640,229 

2013 (Actual) $2,385,012 

2012 (Actual) $2,006,366 

 

With the exception of 2019, in Iqaluit, ‘transmission and distribution (utilidor)’ expenses range from $1.9M to $3.9M 

per year. In 2019, this value was much higher and noted as $7.7M. Further clarification is requested from the City to 

confirm these values. 

9.1.4 Heating Requirement Estimates - Belowground 

Based on some of the reheat and thermal work that EXP has been involved in with the existing utilidor system, a 

high-level estimate of the total heat input from the boilers has been completed. This includes the heating equipment 

at Building 222, Trigram, Reheat Station No.1 and Booster Stations No. 1 and No.2. Note that the ultimate City-wide 

thermal model relies on the calibrated hydraulic water model which is still under development. It is estimated that 

approximately 1000 kW of total heat input from the boilers is required for the reheat system (existing below-ground 

utilidor). Assuming a 12-hr/day operation, annual heat input required from the boilers is approximately 1000kW x 

10hr/day x 365days/year = 3,650,000 kWh/year. Assuming $0.50/kWh, estimated annual cost for heat input is 

approximately $1,825,000. 
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9.2 Inuvik Maintenance and Repairs Records  

9.2.1 Operation & Maintenance 

One of the main advantages with an above-ground system is that the utilidor is already at surface and can be accessed 

for repairs and maintenance without excavation. This provides advantages of access and locating leaks along the 

lines. By using rear-yard servicing, this reduces the risk of damage to the utilidor from snow removal operations along 

the roadside.  

However, one of the main challenges is ensuring that utilidor corridor and right-of-ways are cleared and maintained 

throughout the season. The above-ground, rear-yard infrastructure will cause snowdrifts in many areas making snow 

removal around the utilidor quite challenging (Figure 9-2). As noted previously, snow removal around the utilidor, 

without damaging the piping or piles, is crucial. Thick snow cover warms the ground and has negative impacts on 

preserving the permafrost layer. Late lying snow cover will also cause drainage issues during the spring melt. 

 

Figure 9-2: Snowdrift and Snow Removal Challenges Aboveground Utilidor Inuvik 

Whether the responsibility of clearing the utilidor access corridors falls on the City or individual property owners 

would need to be clearly defined, with provisions in place to ensure the clearing is always done. With an above-

ground system, the infrastructure is much more exposed to the public and is at higher risk of vandalism. A large 

communications and public outreach program would be required to educate the public on the new system.  

In Inuvik, the old above-ground system originally developed in 1958 was built on wood piles with the initial thought 

that the cold temperatures would preserve the wood. However, over the years, the wood piling has rotted. Another 

problem with the original utilidor is that over time all of the wooden piles have experienced frost jacking and/or 

rotting, causing damage to the utilidor itself.  A large majority of the town’s capital budget is spent on removing this 
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old wood pile system and replacing it with the newer adfreeze pile technology. The ultimate intent is to replace the 

entirety of the wooden-pile system. Due to the relativeness newness of the new utilidor system (steel-pile), it is not 

known how the system will age. Thus, the full life-cycle and maintenance costs of this system are not available and 

are still being realized. A few O&M issues have already been noted with this system including: 

• Road crossing culverts need to be rebuilt especially in areas where a significant change in grade affects the 

thermal regime of the foundation – typically occurs within 5-10 years 

• Issues with piles where the adfreeze bond is not sufficient to prevent frost jacking – frost jacking/heaving 

occurs causing the soil to swell, displacing the utilidor and causing damage to the infrastructure. This 

occurred much more with the older wooden pile system but can still occur with the newer adfreeze piles 

• Cathodic erosion of the brass fittings which requires replacement of the fittings 

• One maintenance concern that has not been fully realized in Inuvik is that the recommended geotechnical 

pile depth is 16m. However, due to excessive cost of installing the piles at the full 16 m depth, piles in Inuvik 

are being installed at a depth of 8 m. It is expected that significant efforts will be required to manage any 

movement in the future. This may require thermosyphons or adjusting/cutting piles as required to relevel 

the utilidor. 

o Note that anecdotal commentary mentioned that between 1989 to 2009, no significant grade 

adjustments were required   

9.2.2 Cost of Repairs and Maintenance 

The Town of Inuvik provided annual costs associated with their above-ground utilidor, as shown in Table 9-4. Records 

provided are limited and considered incomplete and inconclusive. The bulk of the costs in recent years are associated 

with the ongoing replacement of the wooden box utilidor with a new steel pile system.  It should be noted that the 

population of Inuvik is just over 3000 people – the community and utilidor system is about one half the size of Iqaluit’s. 

Table 9-4: Town of Inuvik Utilidor Repair and Maintenance Costs 

Description 
Repairs & Maintenance 

- Utilidor 
Primary Water 

Tempering Repairs 
Utilidor Replacement - 

Wood Box 
Total 

2021 $293,745  $175,938  $2,652,339  $3,122,022 

2020 $342,705  $168,698  $178,251  $689,654 

2019 $327,387  $141,006  $22,722  $491,115 

2018 $272,799  $150,705  $0  $423,504 

2017 $344,581  $198,813  $1,287  $544,681 
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2016 $311,569  $101,632  $5,274,400  $5,687,601 

2015 $187,186  $262,470  $185,712  $635,368 

2014 $18,996  $173,642  $1,682,801  $1,875,439 

2013 $7,340  $40,000  $1,984,458  $2,031,798 

2012 $53,570  $40,000  $1,601,481  $1,695,051 

2011 $24,855  $40,000  $1,536,069  $1,600,924 

2010 $249,138  $40,000  $1,456,597  $1,745,735 

2009 $0  $40,000  $1,931,150  $1,971,150 

2008 $0  $40,000  $1,722,562  $1,762,562 

2007 $0  $43,310  $1,210,231  $1,253,541 

9.2.3 Heating Requirement Estimates – Above-ground (Retrofitting Existing Iqaluit Service Area) 

An estimate of the heating requirements for the aboveground system has been completed. For an aboveground 
system, the following heating considerations are to be considered: 

 
• Heat input for the water supply is not required during the summer season. 

• Above-ground servicing is exposed to the extremes of winter temperatures and wind. During the coldest 
periods of the winter, above-ground servicing will experience approximately 3 times the heat loss of that 
experienced by a belowground system 

• Note that heat input in Inuvik is offset by heat generated at the power plant 

 

As noted in the previous below-ground section, the estimated heat input for the existing below-ground system 

(Scenario 1A) is approximately 1000 kW of total heat input from the boilers. Based on the exposure of the above-

ground system, heat requirements would be approximately 3 times the heat loss of the below-ground system during 

the winter months (1000 kW x 3 = 3000 kW for an assumed 8 months) and would not require heat input during the 

summer months (assumed 4 months). A rough estimate for the above-ground heating input would then be 3000 kW 

x 12 hr./day x 8 months x 30 days/month = 8,640,000 kWh/year. Assuming $0.50/kWh, estimated annual cost for 

heat input for the above-ground system (Scenario 1B) is approximately $4,320,000. 

9.3 Summary and Conclusions on Repair History Comparison 

• City of Iqaluit Public Works and City of Inuvik Repair History has been reviewed. Repair records available 
directly to EXP are very limited and incomplete. Additionally, posted O&M budgets through the internet are 
also limited and incomplete. Both systems require considerable efforts with respect to funding and human 
resources to maintain and operate – based on information available to EXP there does not appear to be a 
significant advantage for either servicing option with respect to repair and maintenance history  

• Estimated annual heating requirements for a below-ground system (Scenario 1A) is 3,650,000 kWh/year. At 
$0.50/kWh, estimated annual costs for heat input is approximately $1,825,000 
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• For an above-ground system, heat input is not required in the summer months. However, due to the 
extremes of winter temperatures and wind, during winter, above-ground servicing will experience 
approximately 3 times the heat loss experienced by a below-ground system 

• Estimated annual heating requirements for an above-ground system (Scenario 1B) is 8,640,000 kWh/year. 
At $0.50/kWh, estimated annual costs for heat input is approximately $4,320,000 
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10 Future Development Area – Area B (Greenfield) – Scenario 2A 

10.1 General Information – Area B 

There is a high demand for new developments and increased housing in Iqaluit. The older neighborhoods (Lower 

Base, Lower Iqaluit, Happy Valley) occupy most of the available flat land within the City. Newer subdivisions (Tundra 

Valley, Road to Nowhere) have typically been built on level section of ridges at higher elevations.  

Development of new lands typically requires building on challenging terrain as flat land near existing infrastructure 

is becoming increasingly scarce. The shape of future development areas is constrained by natural features such as 

steep slopes, waterbodies, and rock outcrops. One viable new development area that has been identified is Area B 

(Figure 10-1, red). This area has been identified as the next development area and is a 30.9 ha area (14.9 Ha of 

developable land) located along the Road to Nowhere, directly east of the Lake Subdivision and north of 

Niaqunngusiariaq Road, Toonik Pond and the AWG Arena.  

 

Figure 10-1. Iqaluit future development Area B shown in red. 

Area B forms a bowl of land, with the bowl bottom surrounded by an elongated waterbody. The slopes in Area B 

range from 2 to 20 %. A terrain analysis undertaken by Fotenn Consultants in 2013 identified parcels of land that 

were most favorable for development within Area B. The lands straddling Road to Nowhere and extending along the 
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north side of the waterbody are described as moraine veneer and gently sloping, with good to moderate drainage 

conditions and predominantly low ice content, and therefore these are the “favorable” lands for development. The 

remainder of Area B is “conditionally favorable” to” unfavorable” and therefore not suitable for development. A 

slope analysis determined that there is a band of steep land across the southern portion of Area B which is also 

unsuitable for development. However, a cut through this section to facilitate a road connection south is feasible. The 

western section of Area B contains a ravine with drainage and is not considered suitable for development. The pink 

region in Figure 10-2 shows the 14.9 ha of developable land within Area B. 

 

Figure 10-2. Notable Area B features (left) and land suitable for development in pink (right). 

As part of the Area B 2015 Development Scheme (City of Iqaluit, 2015), a preliminary neighborhood design for Area 

B was completed which retains the existing drainage corridors. The 10-year housing need for Iqaluit has been 

estimated at 1,050 to 1,270 units – the development potential of Area B is estimated at 490 units (approximately 

42% of the total 10-year housing need). The proposed development contains a mix of uses and residential densities 

(low-, medium- and high-density). In addition to the residential land use, a new school site is proposed at the north 

end of the neighborhood and on the south side of Road to Nowhere. Two areas are reserved for commercial 

development to the east of the school and close to Toonik Pond.  

Substantial infrastructure will be required to develop Area B, including a water distribution system, sewage collection 

network, and roads. The development of Area B requires downstream improvements to the existing sewer system, 
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to convey the additional flow generated within the new development. Additionally, upgrades to the raw water 

supply, water treatment, treated water storage, and water distribution network may be required. These upgrades to 

the water and sewer systems outside of Area B are equivalent in both the below-ground and above-ground 

development scenarios and therefore outside the scope of this report, so will not be considered in either analysis. 

10.2 Below-ground Utilidor – Proposed Layout for Area B (Scenario 2A) 

A conceptual below-ground utilidor layout was completed for Area B by EXP and Fotenn Consultants in 2014. The 

Development Scheme for Iqaluit’s Next Neighborhood program provides details on the vision, planning, and density 

distribution of the proposed development. The design principles for the development consider safety, the 

environment, community design, and neighborhood identity, through 19 specific principles which are met by the 

below-ground development scheme. 

10.2.1 Road Network 

The proposed road network within the development is comprised of a 25 m right-of-way (ROW) collector road and 

20 m ROW residential roads. The road network is approximately 295 m of collector road and 2,362 m of residential 

roads. Typical Area B residential and collector road cross-sections are shown in Figure 10-3, and the proposed road 

network in Figure 10-4. The below-ground water and sewer mains are within these road allowances on the 

designated parking/shoulder side of the road (Figure 10-3). This arrangement utilizes front-yard servicing which 

effectively services units on either side of the road right-of-way, resulting in double-sided loading of the below-

ground utilidor.  
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Figure 10-3. Typical Area B residential road cross-section (above) and collector road (below). 
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Figure 10-4. Area B Below-Ground Proposed Road Network.
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10.2.2 Water System (Below-ground) – Scenario 2A 

A preliminary layout for the below-ground water distribution within Area B has been developed and is shown in 

Figure 10-5. The water distribution within Area B incorporates looped piping, which facilitates circulation and reheat 

of the water within the network as the primary freeze prevention measure. The layout of the water distribution 

system minimizes the amount of recirculation mains to minimize additional piping costs. The development connects 

to the existing infrastructure at AV 518. The phasing of the development is planned so that no temporary piping will 

need to be installed, as the service areas can be expanded to new phases by connecting to existing AVs within each 

previously developed phase.  

Improvements previously made to Booster Station No. 1 included the ability to provide sufficient capacity to support 

Area B. However, Area B is lower in elevation than the remainder of the area serviced by Booster Station No. 1, so a 

pressure regulation facility is required in the development. A reheat and circulation station is also recommended to 

maintain adequate freeze protection. In total, 24 new access vaults are needed in the proposed below-ground Area 

B network, each equipped with a fire hydrant. The water mains are 200 mm Series 160 pre-insulated HDPE piping, 

and a total of approximately 3500 m of water mains would be installed in the below-ground design. 
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Figure 10-5. Area B Below-Ground Proposed Water Network.



EXP Services Inc. 
Project Number: FRN-22008277-A0 

Date: 2022-12-16 
City of Iqaluit, Nunavut 

Permafrost – Above & Below Ground Infrastructure Study (FINAL) 

 

 

86 
 

10.2.3 Sanitary Sewer System (Below-ground) – Scenario 2A 

The most appropriate discharge point to the City’s existing sewer system for Area B is AV 518, located on the Road 

to Nowhere. However, because Area B is lower in elevation than AV 518, the system will drain by gravity to a central 

point, and a new sewage lift station is required to pump the sewage to AV 518 where it can connect to the existing 

network. A 600m forcemain is needed to link the lift station to AV 518. The sewer mains are 250 mm Series 160 pre-

insulated HDPE piping, and a total of approx. 3,500 m of sewer mains would be installed in the below-ground design. 

The preliminary sewer layout for an above-ground Area B system is shown in Figure 10-6. There is freeze risk 

associated with both the gravity sewers and forcemain, especially during the early stages of development. This is 

mitigated by locating higher density housing at the upper end of the sewer system. 
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Figure 10-6. Area B Below-Ground Proposed Sanitary Sewer Network.
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10.2.4 Density Layout – Belowground 

 The distribution of land uses is summarized in Table 10-1. Area B below-ground distribution of land uses (Scenario 

2A) A total of 80% of the land is dedicated for residential development and 20% for non-residential or mixed-use 

development. The table does not include playgrounds, parks, the water pumping and sewage lift stations. In total, 

490 units are created in the belowground Area B layout, which equates to housing for 1,715 people, assuming 3.5 

people / unit. 

The low-density designation permits low-density residential uses such as single-detached, semi-detached and duplex 

dwellings. This designation is distributed throughout Area B, creating a small supply of low density lots per phase. 

The medium density designation permits ground-oriented multi-family housing such as four-plexes, six-plexes, row 

dwellings, and stacked row dwellings, but excludes apartment type units. The high-density designation permits larger 

apartment buildings. 

Table 10-1. Area B below-ground distribution of land uses (Scenario 2A) 

Land Use Area (ha) Density (units/ha) Units 

Low Density 3.67 22 83 

Medium Density 5.19 50 259 

High Density 1.69 90 148 

Institutional 1.87   

Commercial 0.69   

All residential land uses 10.55 46 490 

All land uses 13.11 37 490 
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The Area B rendering of the proposed development (below-ground) shows the proposed lot layout, including building 

type (Figure 10-8). The demonstration plan has approximately 89 low density buildings, 24 medium density buildings, 

and 4 high density buildings, along with an institutional building. Some of the low and medium density buildings are 

in commercial zoning. 

 

Figure 10-8. Area B Rendering of Proposed Development (Belowground Scenario – Scenario 2A) 

10.2.5 Opinion of Probable Costs (Area B Below-ground) – Scenario 2A 

The on-site infrastructure costs associated with the below-ground development of Area B considered for this analysis 

are the road networks, water distribution system, sewage collection system and drainage work. The on-site costs will 

comprise of all works within the boundary of Area B, including major infrastructure such as the pressure regulating 

station for the water distribution system and sewage lift station for the sewage collection system. To this opinion of 

probable costs analysis, installation of service connections, roadside ditching and road culverts are included with the 

cost estimated for the road network. 

The total estimated opinion of probable costs for on-site works for the development of Area B is summarized in Table 

10-2 and provided in Appendix E. The estimated opinion of probable costs including a 30% contingency for Area B 

(below-ground) is $40,310,400.  Based on a total developable area of 13.11 hectares, the on-site cost of 

development is $307/m2 of developable land. 
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Table 10-2 – Opinion of Probable Costs for Below-Ground Area B On-site Works (Scenario 2A) 

Item Description Unit Quantity  Unit Price  Amount 

1 Mobilization & Demobilization L.S 1 $300,000 $300,000 

2 Supply and deliver Access Vaults Ea 25 $170,000 $4,250,000 

3 Install Access Vaults Ea 25 $40,000 $1,000,000 

4 Modify Existing Access Vault Ea 1 $50,000 $50,000 

5 Supply and deliver insulated 200mm HDPE Pipe (WAT) m 3,350 $700 $2,345,000 

6 Supply and deliver 250mm insulated HDPE Pipe (SAN) m 3,000 $800 $2,400,000 

7 Install 200mm 2 Pipe Trench m 1,150 $1,300 $1,495,000 

8 Install 200mm 3 Pipe Trench m 750 $1,400 $1,050,000 

9 Install 200mm 4 Pipe Trench m 450 $1,600 $720,000 

10 Supply and Deliver and Install Service Connections  Ea 150 $13,000 $1,950,000 

11 Pressure Regulating Station - Booster Station Ea 1 $2,750,000 $2,750,000 

12 Sewage Pumping Station Ea 1 $2,500,000 $2,500,000 

13 Supply, Deliver and Install 50mm Asphalt sq.m 22,250 $150 $3,337,500 

14 Supply, Deliver and Install Gran "A" - 100mm depth cu.m 3,070 $100 $307,000 

15 Supply, Deliver and Install Gran "B" - 200mm depth cu.m 6,400 $90 $576,000 

16 Supply, Deliver and Install Gran "C" cu.m 11,000 $80 $880,000 

17 Rock Excavation cu.m 1,500 $200 $300,000 

18 General Fill cu.m 33,500 $100 $3,350,000 

19 Supply and Install Culverts m 250 $550 $137,500 

20 Drainage Ditches m 2,620 $500 $1,310,000 

            

  SUBTOTAL       $31,008,000 

  Add 30% Contingency       $9,302,400 

  TOTAL       $40,310,400 

 Estimated Cost per m2 (13.11 ha)    $307/m2 

 

10.3 Above-ground Utilidor – Proposed Layout for Area B (Scenario 2B) 

10.3.1 Design Considerations 

The aboveground greenfield layout is designed to maximize the efficiency of a rear-yard utilidor (i.e double-loading 

for a rear-yard utilidor). In a traditional grid lot arrangement (typical in existing Iqaluit lots), with an above-ground, 

rear-yard utilidor, neighborhoods end up surrounded by roads resulting in single-loaded roadways.  
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As seen in Figure 10-9, a design feature employed in Inuvik for developments is a unique cul-de-sac type 

arrangement, which maximizes the double-loading of the utilidor while minimizing utilidor road-crossings. The 

diameter of these cul-de-sacs is generally 250 m or wider, which is wider than the narrow strips of developable lands 

in Area B, so this design approach would not be feasible for the Area B development lands. 

Another unique design feature of the Inuvik layout are the relatively short city blocks. The bulk of the Town is divided 

into small blocks, with hydrants placed at each road crossing (Figure 10-9, right). By providing frequent access to the 

utilidor, hydrants can be placed directly on the water main without the need for the hydrant access extensions seen 

in the Iqaluit above-ground layout. This design choice was employed in the Area B above-ground development.  

   

Figure 10-9. Inuvik neighborhood cul-de-sac design (left), and short blocks (right). 

10.3.2 Road Network 

The proposed road network for the above-ground layout is comprised of a 25 m right-of-way (ROW) collector road 

and 20 m ROW residential roads. However, there will be no buried utilities within the roadway. The road network 

circumnavigates the developable land, resulting in single-sided road loading on many of the roads. This layout has 

355 m of collector road, and 3,398 m of residential roads (compared to 295 m of collector roads and 2362 m of 

residential roads for the below-ground layout). The community blocks are shorter to allow for hydrant access, 

resulting in short roads crossing the neighborhood. A preliminary road network can be seen in Figure 10-10. 
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Figure 10-10. Area B Above-Ground Proposed Road Network.
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The above-ground utilidor requires numerous road crossings. There are two types of road crossings – pipe bridges 

(elevated) and culvert crossings (on-grade). An elevated pipe bridge requires 4 x 273 mm piles drilled 10 m deep, and 

cost approximately $180,000CAD each. On-grade culvert crossings, which have water, sewer, and drainage culverts 

installed, are preferentially used if there are sufficient granular quantities within the communities to allow for their 

implementation. Typical cost for a culvert crossing is approximately $135,000 each. For the purposes of this analysis, 

it is assumed culvert crossings can be employed throughout Area B. The preliminary above-ground layout requires 

15 of these utilidor culvert crossings. An example of a utilidor road crossing as used in Inuvik is shown in Figure 10-11. 

 

Figure 10-11. Utilidor bridge in Inuvik. 

10.3.3 Utilidor Corridor 

In the rear-yard above-ground servicing scenario, the utilidor runs behind the buildings. This results in the need for 

a utilidor corridor of minimum 6 m between back lots, allowing enough room for installation and servicing of the 

utilidor. The above-ground utilidor corridor, seen in the Road Network Figure, is approximately 3,110 m, which 

requires 445 adfreeze pilings installed, 95 expansion joints, and 50 line anchors. 

10.3.4 Water System (Aboveground) 

A preliminary layout for the above-ground water distribution for Area B has been developed and is shown in Figure 

10-12. Similar to the below-ground network, the above-ground water distribution within Area B incorporates looped 

piping, which facilitates circulation of the water within the network as the primary freeze prevention measure. The 

layout of the water distribution system minimizes the amount of recirculation mains to minimize piping costs. The 

development connects to the existing infrastructure at AV 518. The phasing of the development is planned so that 
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no temporary piping will need to be installed, as the service areas can be expanded to new phases by connecting to 

existing access points at junctions within each previously developed phase. 

The same elevation considerations are applicable to the above-ground system as for the belowground, so a pressure 

regulation facility is included in the design. The above-ground system is exposed to a much larger temperature range 

than the belowground system, so the temperature of the water must be carefully considered and maintained through 

the reheat and circulation station. Fire hydrants will be located next to utilidor bridges, minimizing the need for 

hydrant access extensions. In total, 26 hydrants will be installed on the water main, with only one hydrant extension 

required. The water mains are 200 mm dia., Schedule 80 cement mortar steel pipes. A total of 3,473 m of water and 

recirculation mains are required in the above-ground design layout. 

10.3.5 Sanitary Sewer System (Above-ground) 

As with the above-ground design, the most appropriate discharge point to the City’s existing sewer system for Area 

B is AV 518, located on the Road to Nowhere. However, because Area B is lower in elevation than AV 518, the system 

will drain by gravity to a central point, and a new sewage lift station is required to pump the sewage to AV 518 where 

it can connect to the existing sewer network. In the above-ground layout, a 400 m forcemain is needed to link the lift 

station to AV 518. The sewer mains are Schedule 80 cement mortar steel pipes piping, and a total of 2,711 m of sewer 

mains would be required for the Area B above-ground design. 

As with the below-ground system, there is freeze risk associated with both the gravity sewers and forcemain, 

especially during the early stages of development when there is less flow. This is partially mitigated by locating higher 

density housing at the upper end of the sewer system, and in the case of above-ground, through heat tracing of the 

utilidette servicing connections. 
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Figure 10-12. Area Above-Ground Proposed Water Network.
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Figure 10-13. Area B Above-Ground Proposed Sewer Network.
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10.3.6 Density Layout – Aboveground 

The amount of each density designation added per phase of development is similar in both the above- and below-

ground designs. The high-density designation is the same area of land as in the below-ground, with slight variation 

in shape due to the change in road and utilidor network layouts. The narrower strips of developable land are low 

density designated, allowing for the smaller lot division associated with single dwellings. The medium density zones 

are primarily mid-size land areas, allowing for the larger buildings. As well, the same general areas are set aside for 

institutional and commercial as for below-ground. The map of the Area B proposed density distribution is shown in 

Figure 10-14. 

The distribution of land uses is summarized in Table 10-3. A total of 84% of the land is dedicated for residential 

development and 16% for non-residential or mixed-use development. The table does not include playgrounds, parks, 

the water pumping and sewage lift stations. The total units created in the above-ground Area B layout is 417 units 

(compared to 490 for the below-ground arrangement), which equates to housing for 1,459 people, assuming 3.5 

people / unit. 

Table 10-3. Area B above-ground distribution of land uses (Scenario 2B) 

Land Use Area (ha) Density (units/ha) Units 

Low Density 3.22 22 71 

Medium Density 4.06 50 203 

High Density 1.59 90 143 

Institutional 1.21   

Commercial 0.54   

All residential land uses 8.87 47 417 

All land uses 10.62 39 417 
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Figure 10-14. Area B Above-Ground Density Distribution.
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10.3.7 Opinion of Probable Costs Estimate (Area B Above-ground) – Scenario 2B 

The costs associated with the above-ground development of Area B considered for this analysis are the construction 

of the road networks, above-ground water distribution system and sewage collection system and drainage works. 

The on-site costs will comprise of all works within the boundary of Area B, including major infrastructure such as the 

pressure regulating station for the water distribution system and sewage lift station for the sewage collection system. 

Service connections, roadside ditching, road culverts and utilidor crossings are included with the cost estimated for 

the road network. The opinion of probable costs for on-site works for the development of Area B with above-ground 

utilidor infrastructure is summarized in Table 10-4 and provided in Appendix F.  

The opinion of probable costs including a 30% contingency for Area B (above-ground utilidor) is $59,278,245.  

Based on a total developable area of 10.62 hectares, the on-site cost of development is $558/m2 of developable 

land. 

Table 10-4- Opinion of Probable Costs for Above-Ground Area B On-site Works (Scenario 2B) 

Item Description Unit Quantity  Unit Price  Amount 

1 Mobilization & Demobilization  L.S 1 $700,000 $700,000 

2 Hydrants Ea 26 $13,500 $351,000 

3 Line Valves Ea 26 $12,000 $312,000 

4 Sewer Cleanout Ea 26 $5,000 $130,000 

5 
Steel Pile Supports (1 Pile and Crossbeam for 2 Pipes) – PS 
219mm pile, 8.5m deep Ea 445 $11,500 $5,117,500 

6 Modify Existing Access Vault Ea 1 $50,000 $50,000 

7 Schedule 80 Cement Mortar Steel Water Mains - 200 mm m 3473 $1,600 $5,556,800 

8 Schedule 80 Cement Mortar Steel Sewer Mains - 250 mm m 3,111 $1,900 $5,910,900 

9 Expansion Joint - 200 mm Ea 50 $11,000 $550,000 

10 Expansion Joint - 250 mm Ea 45 $13,000 $585,000 

11 Fittings - Flanges, Bends, Tees Ea 150 $10,000 $1,500,000 

12 Steel Line Anchor (2 Pile and Frame) 273 mm pile 8 m deep Ea 50 $26,000 $1,300,000 

13a Site Work - Excavation, Export, Fill cu.m 3,111 $200 $622,200 

13b Site Work - Grade Cut Insulation m 3,111 $500 $1,555,500 

14 Service Connections - Supply Utilidette Pipe Bundles Ea 140 $11,000 $1,540,000 

15 Service Connection Freeze Protection- heat cable utilidette/ 
hydronic heat loop Ea 140 $6,500 $910,000 

16 Service Box Ea 140 $8,500 $1,190,000 

17 Pressure Booster Station Ea 1 $2,750,000 $2,750,000 

18 Sewage Pumping Station Ea 1 $2,500,000 $2,500,000 

19 Utilidor Bridge - Culvert Crossing - vehicle Ea 15 $135,000 $2,025,000 

20 Utilidor Bridge - Culvert Crossing - snowmobile Ea 1 $135,000 $135,000 



EXP Services Inc. 
Project Number: FRN-22008277-A0 

Date: 2022-12-16 
City of Iqaluit, Nunavut 

Permafrost – Above & Below Ground Infrastructure Study (FINAL) 

 

 

101 
 

21 Supply, Deliver and Install 50mm Asphalt sq.m 3,200 $150 $480,000 

22 Supply, Deliver and Install Gran "A" - 100mm depth cu.m 4,400 $100 $440,000 

23 Supply, Deliver and Install Gran "B" - 200mm depth cu.m 9,170 $90 $825,300 

24 Supply, Deliver and Install Gran "C" cu.m 15,760 $80 $1,260,800 

25 Rock Excavation cu.m 2,145 $200 $429,000 

26 General Fill cu.m 47,987 $100 $4,798,700 

27 Supply and Install Culverts m 359 $550 $197,450 

28 Drainage Ditches m 3,753 $500 $1,876,500 

            

  SUBTOTAL       $45,598,650 

  Add 30% Contingency       $13,679,595 

  TOTAL       $59,278,245 

 Estimated Cost per m2 (10.62 ha)    $558/m2 

 

10.4 Summary – Area B Development – Aboveground vs. Belowground Servicing  

Due to the terrain constraints, the shape of the development, and design considerations, the above-ground layout 

significantly differs from the below-ground layout. In comparison to the below-ground servicing layout, the above-

ground layout utilizes similar length of water, recirculation and sewer mains, but requires an additional 1,096 m of 

roads. Due to the extra length of roads in the above-ground development, there is 2.49 ha less of developable land, 

resulting in 73 less units within the Area B development.  A summary comparison of the capital cost and 

constructability of the below- and above-ground Area B greenfield servicing scenarios is given in Table 10-5 below. 

Table 10-5. Area B Above- and Below-Ground Comparison. 

Item 
Below-Ground 
(Scenario 2A) 

Above-Ground 
(Scenario 2B) 

Difference from Below- 
to Above- 

Length of roads 2,657 m 3,753 m + 1,096 m 

Amount of Developable Land 13.11 Ha 10.62 Ha - 2.49 Ha 

Number of Units 490 units 417 units - 73 units 

Number of People 1,715 persons 1,459 persons -256 persons 

Length of Water & Recirc Mains 3,500 m 3,473 m - 27 m 

Length of Sewer Mains 2,850 m 2,711 m -139 m 

Cost of On-Site Works $40,310,400 $59,278,245 +$18,967,845 

Cost of On-Site Works per Developable Land $307 /m2 $558 /m2 +$251 /m2 
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11 Options Evaluation Scheme 

11.1 Methodology and Ranking Criteria 

Below-ground and Above-ground servicing options will be evaluated for both (i) retrofitting the existing Iqaluit area 

(i.e. Brownfield) and for (ii) the new development area, Area B (i.e. Greenfield).  

• Scenario 1A – existing servicing area – below-ground replacement 

• Scenario 1B – existing servicing area – above-ground retrofit 

• Scenario 2A – new development (Area B) – below-ground servicing 

• Scenario 2B – new development (Area B) – above-ground servicing 

 

Each servicing option will be compared based on appropriate scoring and weightings to determine the preferred 

servicing option for the retrofit and the new development area. The evaluation will consider factors of Technical, 

Operational, Socio-Economic and Economic Feasibility. Within these factors, sub-criteria have been identified and 

are provided in the table below. 

The evaluation applies a weighting to the specific criteria items. The weighting used is 1 through 10, with 10 being 

the strongest weighting for a given criteria. The categories are then scored according to the criteria from 1 through 

10, with 10 being the highest score. The relative weights of the criteria are based upon an objective perspective on 

this project. Relative weighing and scoring will be reviewed and discussed with the City of Iqaluit. 

Table 11-1: Options Evaluation - Ranking Criteria 

Criteria Weighting Factor (1-10) 

CONSTRUCTABILITY 

Building service connection considerations (impact to existing 
houses) 

9 

Drainage considerations 8 

Fire Protection Considerations 6 

Alignment around buildings and building access 6 

Waterfront set-back 8 

MAINTENANCE 

Access for recovery and repair - excavation requirements 7 

Access for recovery and repair - lot 7 

Snow removal considerations and snow impacts 6 

Thawing access 6 

Freezing and Heating Considerations 8 

Spill Considerations 5 
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Maintaining grades  6 

Vandalism risk 3 

SOCIAL FACTORS 

Promoting attractive and well-designed development 6 

Ensuring security and safety / improving outdoor safety 6 

Protection of access to land/sea, walking and snowmobile trails 9 

OTHER CONSIDERATIONS 

Increase available housing 9 

Permafrost degradation and tundra preservation 7 

Minimizing roadways and traffic considerations 5 

Social Design - Equality of Design 6 

COSTS 

Capital 9 

Annual O&M 9 

Heating Costs 6 

 

11.2 Options Evaluation 

The Options Evaluation tables for both the (i) retrofit servicing (brownfield – Scenario 1A and 1B) and (ii) new 

development Area B (greenfield – Scenario 2A and 2B) are provided Table 11-2 and Table 11-3, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IQALUIT - RETROFIT - SERVICING OPTIONS (BROWNFIELD) - OCT 2022
SCENARIO 1A and 1B

B/G - Maintaining Existing (Scenario 1A) A/G - Retrofit Existing (Scenario 1B)
Weight Score Total Score Total

Building service connection considerations 
(impact to existing houses)

Minimal retrofit work required - Service connections for existing homes are unaffected with below-
ground servicing. Establishing minimum grades to ensure gravity flow for the sewer service can typically 
be accomodated. 

Buried service mains can follow profiles that are largely independent of surface features.  These mains can 
underpass roads and surface drainage without interference with these surface features

Significant retrofit work required - Retrofitting existing buildings with an above-ground service connection 
will require lifting the buildings to provide gravity drainage from existing tanks to the utilidor, or outfitting 
each building with a lift pump. For Iqaluit this means 1,168 buildings must be raised or outfitted with a lift 
pump.

In the retrofit each building would need to be connected to a new service lateral, which will require a 
disruption to services. 

9 8 72 3 27

Drainage considerations
Below-ground piping is buried in the road right-of-way. Given sufficient cover above the pipe, servicing 
generally does not affect ditch design.

Above-ground piping requires road crossings and significantly impacts drainage considerations. These 
crossings are culvert bridges, with the utilidor culvert running under and across the roadway. These 
utilidor crossings would also cross the ditches, and care must be taken to ensure ditch run-off does not 
interfere with the utilidor crossing.

8 7 56 5 40

Fire Protection Considerations

Hydrants are currently placed on Access Vaults (typically 120m maximum spacing), where they are readily 
accessible on the road-side.

Flow and pressure considerations are expected to be the same for both B/G and A/G

Hydrants must be accessible from the road for fire protection. In the case of rear-yard servicing this 
requires the addition of specialized fire hydrant access loops, bringing water to the road. 52 of these loops 
are needed in Iqaluit between existing buildings and will require a clearance corridor between the lots.

6 6 36 5 30

Alignment around buildings and building 
access

No or minimal impact with existing B/G system

Retrofitting requires extensive analysis of the alignment so the utilidor can manouever around buildings 
and be able to provide service connection to each building  

Access to buildings has to be considered when designing the utilidor, since it is a physical impediment 
which cannot be crossed except at utilidor bridges

6 7 42 4 24

Waterfront set-back No or minimal impact with existing B/G system
Some areas of the City along the waterfront do not have enough rear-yard setback (30.5 m) from the 
water for installation of a rear-yard utilidor.

8 6 48 4 32

Access for recovery and repair - excavation 
requirements

requires excavation and re-instatement does not require excavation or re-instatement 7 5 35 9 63

Access for recovery and repair - lot
The buried front-yard service laterals are generally located in the road ROW and accessible, but require 
excavation and re-instatement.

The entire utilidor needs to be accessible by vehicle for repairs. For rear-yard servicing this needs to 
include a utilidor right-of-way wide enough to accommodate vehicles along the length of the utilidor, and 
access corridors along the side of each lot. Consultation with private landowner required

7 7 49 5 35

Snow removal considerations and snow 
impacts

Snow cover increases ground temperatures and can contribute to thawing of permafrost. In the case of 
buried infrastructure, the removal of snow overlaying the pipes is crucial to maintain the integrity of the 
permafrost within the pipe trench. Since buried pipes are in the road right of way, access for clearing 
shouldn't be an issue but a management plan is necessary to make sure snow isn't piled on the ground 
above.

Potential risk of damage to exposed infrastrcuture (e.g. access vaults) by snow clearing equipment.

Snow removal is necessary around above-ground piping to ensure that access is possible for repairs and 
maintenance. The rear-yard location of above-ground piping, along with the service laterals running to 
each house, makes access for snow removal difficult. 

Snow will drift around section of A/G utilidor - the insulating effect may cause warmer ground 
temperatures and increased rates of permafrost degradation

Challenging to keep utilidor corridor free of snow and to manuever equipment around piles and anchors

6 7 42 5 30

Thawing access Access Vaults provide access for thawing equipment, and are readily accessible at the roadside.
Thawing access is at designated access points located at piping junctions, and are readily accessible so 
long as the maintenance corridor is cleared for vehicles and equipment. It is expected that locating leaks 
and freezing spots are easier in an A/G system

6 5 30 9 54

Freezing and Heating Considerations

Below-ground piping is buried in near constant temperature permafrost, which is a few degrees below 
freezing, so risk of freezing is present year-round (approximately minus 10 to 15 degrees Celcius in 
Iqaluit). Freeze prevention in the water system is achieved through heated, recirculated water and 
intentional bleeds. 

Freeze prevention in the sanitary system depends on the heat from the pipe contents. Should the sanitary 
flows be below design capacity, there is risk of freezing.

Heat input for tempering of water supply required year round

Above-ground piping is only at risk of freezing during colder months, when air temperature is below 
freezing.
As with below-ground systems, freeze prevention in the water system is through heater, recirculated 
water. Heat loss is greater due to the colder air temperatures (approx. minus 45 degrees Celcius in Iqaluit).

Exposed to extremes of temperature and wind - during coldest periods of winter, experiences 3 times the 
heat loss of an belowground system.

Each utilidette carrying the service laterals requires heat tracing. Due to the smaller pipe size and the lack 
of recirculation, pipes will freeze without the tracing.

Heat input for tempering of water not required in the summer (~4 months), however, much higher heat 
input requirements are required in winter (~8 months)

It is possible that booster stations will be necessary to meet recirculation requirements - this requires the 
additional installation of junction buildings.

8 7 56 4 32

Spill Considerations
Piping failures leads to belowground spills which may be difficult to locate. Spills may go undetected for 
long periods.

Piping failures leads to spills of the contents on the surface. In the case of the watermain, this represents a 
risk of considerable damage including erosion of building gravel pads, disruption of drainage and flooding 
of buildings
 which are highly visible and generally easy to locate.

5 5 25 6 30

Maintaining grades 
Grades are often small (1-2%) and piping is ideally below the active layer. Shifts in the piping due to 
settlement can affect the grades. Identification of grade adjustments are likely not as apparent compared 
to an A/G system

System on top of the full depth of the active layer. This is the most vulnerable location vertically for 
movement due to annual freeze and thaw. Resulting heave and settlement can adversely affect piping 
gradients over the long term, requiring ongoing maintenance. Cradle supports can be adjusted to counter-
act this up to an extent...

The above-ground utilidor cradles can be adjusted to help maintain grade when shifts occur.
The above-ground utilidor can be designed to follow a grade that differs from the ground by adjusting the 
height of piles.

6 6 36 8 48

Vandalism risk Utilidor is buried - low risk of vandalism
Above-ground utilidors are highly visible. Vandalism risk is high. Security and safety measures may need to 
be implemented to prevent vandalism.

3 8 24 3 9

Promoting attractive and well-designed 
development

The B/G utilidor is not visible except for the top of the access vaults. An above-ground utilidor resembles a metal "centipede", weaving between the buildings. 6 5 30 2 12

Ensuring security and safety / improving 
outdoor safety

B/G infrastructure is buried and not accessible to the public
Safe play areas within easy walking distance of the home without having to cross busy roads will require 
frequent utilidor crossings. As well the exposed utilidor itself poses a hazard for children playing in and 
around it.

6 7 42 4 24

Protection of access to land/sea, walking and 
snowmobile trails

B/G configuration have been incorporated into the Iqaluit General Plan and adheres to the value of 
protecting access to land/sea, walking and snowmobile trails

Significant disruption to access. Walking and snowmobile trails will require utilidor crossings.
The rear-yard above-ground system would create a barrier circumnavigating the entire city - access to the 
land and sea would have to be accomodated through extra infrastructure including walking and 
snowmobile bridges.

9 7 63 3 27

Increase available housing N/A N/A 9 0 0 0 0

Permafrost degradation and tundra 
preservation

Trenching works can disrupt permafrost. 

Wet conditions during construction can further melt the permafrost near the excavation.

Infrastructure installed directly on active layer (most susceptible to settlement impacts

Snow cover and inability to remove snow around the A/G utilidor could increase ground warming and 
accelerated permafrost degradation

7 6 42 5 35

Minimizing roadways and traffic 
considerations

Trenching works can cause traffic disruptions

Traffic impacts for B/G and A/G are deemed to be similar

Large number of traffic crossings would be required which would cause traffic disruptions - additional 
granular resources

5 7 35 5 25

Social Design - Equality of Design New infrastructure would match existing level of service
Challenging optics - retrofit would be completed in phases and new developments could be perceived as 
having a 'newer and better' sysem compared to the existing B/G

6 7 42 5 30

Capital
Opinion of probable costs to replace Iqaluit with a new B/G servicing system is estimated at approximately 
$389M.

Opinion of probable costs to retrofit Iqaluit with an A/G servicing system is estimated at approximately 
$626M

9 8 72 4 36

Annual O&M
limited information/records have been provided for the existing Iqaluit system -O&M findings are 
inconclusive

limited information/records have been provided for the existing Inuvik system -O&M findings are 
inconclusive

9 5 45 5 45

Heating Costs
Annual heating requirements estimated at approximately 3,650,000 kWh/year. At $0.50/kWh, estimated 
annual cost for heat input = $1,825,000/year

Annual heating requirements estimated at approximately 8,640,000 kWh/year. At $0.50/kWh, estimated 
annual cost for heat input = $4,320,000/year

6 6 36 3 18

(1570) 958 706TOTAL

CONSTRUCTABILITY
 B/G - Existing (Scenario 1A) A/G - Retrofit (Scenario 1B)

MAINTENANCE

SOCIAL FACTORS

COSTS

OTHER CONSIDERATIONS



IQALUIT - AREA B - SERVICING OPTIONS (GREENFIELD) - OCT 2022
SCENARIO 2A and 2B

Area B - B/G - Scenario 2A Area B - A/G - Scenario 2B
Weight Score Total Score Total

Building service connection considerations

B/G piping grades are more flexible to accommodate new building service grades/elevations.

Buried service mains can follow profiles that are largely independent of surface features.  These mains can 
underpass roads and surface drainage without interference with these surface features

Buildings will need to be built on piles high enough to maintain grade for gravity drainage to the above-
ground utilidor. Special consideration must be taken to estalbish minimum grades for gravity sewer 
service.

9 8 72 3 27

Drainage considerations
Below-ground piping is buried in the road right-of-way. Given sufficient cover above the pipe, servicing 
generally does not affect ditch design.

Above-ground piping requires road crossings and significantly impacts drainage considerations. These 
crossings are culvert bridges, with the utilidor culvert running under and across the roadway. These 
utilidor crossings would also cross the ditches, and care must be taken to ensure ditch run-off does not 
interfere with the utilidor crossing.

8 7 56 5 40

Fire Protection Considerations

Hydrants will be placed on Access Vaults (typically 120m maximum spacing), located along the road side, 
where they are readily accessible.

Flow and pressure considerations are expected to be the same for both B/G and A/G

To accommodate hydrants on the roadside, city blocks are designed in shorter intervals so that hydrants 
can be placed at utilidor road crossings.
Hydrants are in-line boxes on the water main.

6 6 36 5 30

Alignment around buildings and building 
access

No or minimal impact with existing B/G system

Retrofitting requires extensive analysis of the alignment so the utilidor can manouever around buildings 
and be able to provide service connection to each building  

Access to buildings has to be considered when designing the utilidor, since it is a physical impediment 
which cannot be crossed except at utilidor bridges

6 7 42 4 24

Waterfront set-back N/A N/A 8 6 48 4 32

Access for recovery and repair - excavation 
requirements

requires excavation and re-instatement does not require excavation or re-instatement 7 5 35 9 63

Access for recovery and repair - lot
The buried front-yard service laterals are generally located in the road ROW and accessible, but require 
excavation and re-instatement.

The entire utilidor needs to be accessible by vehicle for repairs. For rear-yard servicing this needs to 
include a utilidor right-of-way wide enough to accommodate vehicles along the length of the utilidor, and 
access corridors along the side of each lot. Consultation with private landowner required

7 7 49 5 35

Snow removal considerations and snow 
impacts

Snow cover increases ground temperatures and can contribute to thawing of permafrost. In the case of 
buried infrastructure, the removal of snow overlaying the pipes is crucial to maintain the integrity of the 
permafrost within the pipe trench. Since buried pipes are in the road right of way, access for clearing 
shouldn't be an issue but a management plan is necessary to make sure snow isn't piled on the ground 
above.

Potential risk of damage to exposed infrastrcuture (e.g. access vaults) by snow clearing equipment.

Snow removal is necessary around above-ground piping to ensure that access is possible for repairs and 
maintenance. The rear-yard location of above-ground piping, along with the service laterals running to 
each house, makes access for snow removal difficult. 

Snow will drift around section of A/G utilidor - the insulating effect may cause warmer ground 
temperatures and increased rates of permafrost degradation

Challenging to keep utilidor corridor free of snow and to manuever equipment around piles and anchors

6 7 42 5 30

Thawing access Access Vaults provide access for thawing equipment, and are readily accessible at the roadside.
Thawing access is at designated access points located at piping junctions, and are readily accessible so 
long as the maintenance corridor is cleared for vehicles and equipment. It is expected that locating leaks 
and freezing spots are easier in an A/G system

6 5 30 9 54

Freezing and Heating Considerations

Below-ground piping is buried in near constant temperature permafrost, which is a few degrees below 
freezing, so risk of freezing is present year-round (approximately minus 10 to 15 degrees Celcius in 
Iqaluit). Freeze prevention in the water system is achieved through heated, recirculated water and 
intentional bleeds. 

Freeze prevention in the sanitary system depends on the heat from the pipe contents. Should the sanitary 
flows be below design capacity, there is risk of freezing.

Heat input for tempering of water supply required year round

Above-ground piping is only at risk of freezing during colder months, when air temperature is below 
freezing.
As with below-ground systems, freeze prevention in the water system is through heater, recirculated 
water. Heat loss is greater due to the colder air temperatures (approx. minus 45 degrees Celcius in Iqaluit).

Exposed to extremes of temperature and wind - during coldest periods of winter, experiences 3 times the 
heat loss of an belowground system.

Each utilidette carrying the service laterals requires heat tracing. Due to the smaller pipe size and the lack 
of recirculation, pipes will freeze without the tracing.

Heat input for tempering of water not required in the summer (~4 months), however, much higher heat 
input requirements are required in winter (~8 months)

It is possible that booster stations will be necessary to meet recirculation requirements - this requires the 
additional installation of junction buildings.

8 7 56 4 32

Spill Considerations
Piping failures leads to belowground spills which may be difficult to locate. Spills may go undetected for 
long periods.

Piping failures leads to spills of the contents on the surface which are highly visible and generally easy to 
locate.

5 5 25 6 30

Maintaining grades 
Grades are often small (1-2%) and piping is ideally below the active layer. Shifts in the piping due to 
settlement can affect the grades. Identification of grade adjustments are likely not as apparent compared 
to an A/G system

System on top of the full depth of the active layer. This is the most vulnerable location vertically for 
movement due to annual freeze and thaw. Resulting heave and settlement can adversely affect piping 
gradients over the long term, requiring ongoing maintenance. Cradle supports can be adjusted to counter-
act this up to an extent...

The above-ground utilidor cradles can be adjusted to help maintain grade when shifts occur.
The above-ground utilidor can be designed to follow a grade that differs from the ground by adjusting the 
height of piles.

6 6 36 8 48

Vandalism risk Utilidor is buried - low risk of vandalism
Above-ground utilidors are highly visible. Vandalism risk is high. Security and safety measures may need to 
be implemented to prevent vandalism.

3 8 24 3 9

Promoting attractive and well-designed 
development

The below-ground utilidor is not visible except for the top of the access vaults. An above-ground utilidor resembles a metal "centipede", weaving between the buildings. 6 5 30 2 12

Ensuring security and safety / improving 
outdoor safety

B/G infrastructure is not accessible to the public and out of sight
Safe play areas within easy walking distance of the home without having to cross busy roads will require 
frequent utilidor crossings. As well the exposed utilidor itself poses a hazard for children playing in and 
around it.

6 7 42 4 24

Protection of access to land/sea, walking and 
snowmobile trails

B/G configuration have been incorporated into the Iqaluit General Plan and adheres to the value of 
protecting access to land/sea, walking and snowmobile trails

Significant disruption to access. Walking and snowmobile trails will require utilidor crossings.
The rear-yard above-ground system would create a barrier circumnavigating the entire city - access to the 
land and sea would have to be accomodated through extra infrastructure including walking and 
snowmobile bridges.

9 8 72 3 27

Increase available housing
Amount of developable land = 13.11 Ha
# of Units = 490

Amount of developable land = 10.62
# of Units = 417
Number of units decreases by 73 units (256 people) with A/G servicing

9 8 72 6 54

Permafrost degradation and tundra 
preservation

Trenching works can disrupt permafrost. 

Wet conditions during construction can further melt the permafrost near the excavation.

Infrastructure installed directly on active layer (most susceptible to settlement impacts. A/G layout has 
more roads - paved surfaces have faster rates of thaw.

Snow cover and inability to remove snow around the A/G utilidor could increase ground warming and 
accelerated permafrost degradation

7 6 42 5 35

Minimizing roadways and traffic 
considerations

Estimated length of roads for B/G Servicing requires approximately 2.7km of road Estimated length of roads for B/G Servicing requires approximately 3.8km of road 5 7 35 5 25

Social Design - Equality of Design New infrastructure would match existing level of service
Challenging optics - new developments could be perceived as having a 'newer and better' sysem 
compared to the existing B/G

6 7 42 5 30

Capital Opinion of probable costs estimated at approximately $41.3M Opinion of probable costs estimated at approximately $59.3M 9 6 54 4 36

Annual O&M
limited information/records have been provided for the existing Iqaluit system -O&M findings are 
inconclusive

limited information/records have been provided for the existing Inuvik system -O&M findings are 
inconclusive

9 5 45 5 45

Heating Costs
Annual heating requirements estimated at approximately 306,600 kWh/year. At $0.50/kWh, estimated 
annual cost for heat input = $154,000/year

Annual heating requirements estimated at approximately 604,800 kWh/year. At $0.50/kWh, estimated 
annual cost for heat input = $302,000/year

6 6 36 3 18

(1570) 1021 760

COSTS

TOTAL

Area B - A/G (Scenario 2B)Area B - B/G (Scenario 2A)

MAINTENANCE

SOCIAL FACTORS

OTHER CONSIDERATIONS

CONSTRUCTABILITY
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11.2.1 Options Evaluation Results – Existing Area (Brownfield) – Scenario 1A vs. 1B 

Scenario 1A (below-ground servicing) scored 958 out of a total possible score of 1570 compared to 706 for Scenario 

1B (above-ground servicing). Thus, below-ground servicing (Scenario 1A) is the preferred servicing option for the 

existing area of Iqaluit. The main reasons that aboveground servicing is not recommended include the following: 

• Significant efforts to install suitable service connections for an above-ground system which includes raising 
the foundations on all of the existing homes 

• Numerous road crossings would be required (1m cover at these crossings) – this would require significant 
granular materials and rebuilding of the existing roadways. Road crossings would also impact existing surface 
drainage. 

• Rear yard servicing is challenging with existing lot allowances, has various encroachment issues and 
challenges with accessibility for maintenance and snow removal 

• Numerous conflicts with the objectives of the City’s General Plan 

• Excessive costs ($626M vs. $389M) 

 

11.2.2 Options Evaluation Results – New Development (Greenfield) – Scenario 2A vs. 2B 

Scenario 2A (below-ground servicing) scored 1021 out of a total possible score of 1570 compared to 760 for Scenario 

2B (above-ground servicing). Thus, below-ground servicing (Scenario 2A) is the preferred servicing option for the 

new development area (Area B). The main reasons that above-ground servicing is not recommended for the new 

development area include the following: 

• Above-ground servicing decreases the amount of developable land and # of housing units compared to 
below-ground servicing (13.11 Ha vs. 10.62 Ha, and 490 units vs. 417 units) 

• Above-ground servicing would increase the length of roads and paved surfaces 

• Challenges to maintain minimum slopes for sanitary service connections (for gravity flow from house to main)   

• Numerous road crossings would be required (1 m cover at these crossings) – this would require additional 
granular materials. Road crossings would also impact existing surface drainage. 

• Rear yard servicing is challenging with available lot allowances, has various encroachment issues and 
challenges with accessibility for maintenance and snow removal 

• Numerous conflicts with the objectives of the City’s General Plan (snowmobile trails and accessibility to land) 

• Cost considerations ($59.3M vs. $41.3M) 
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12 Long-Term Strategy for the Below-ground Infrastructure 

The following section presents a discussion on some of the identified issues with the existing below-ground utilidor 

infrastructure in Iqaluit and a high-level long-term strategy focused on improving these issues. Some of the main 

issues that have been identified with the existing below-ground utilidor infrastructure include: 

• Aging infrastructure 

• Operational challenges with breaks and repairs 

• Water loss from unintended leaks/breaks and unaccounted water 

• Water bleeds 

• Unintended flow patterns and unknown operation of the system 

• Improving System Operational Knowledge 

• Permafrost thawing 

 
Key strategies in improving these issues include the following: 

• Asset management Plan 

• Development of Infrastructure Renewal program (timely replacement of aging infrastructure) 

• Information Management (Documentation and Record Keeping) 

• Municipal Guidelines and Preventative Maintenance Program 

• SCADA Upgrades 

• Water Model Development (hydraulic and thermal modelling) 

• NRCAN research and permafrost monitoring 

12.1 Asset Management Plan – Development of Infrastructure Renewal Program 

In general, large sections of the existing below-ground infrastructure is old and nearing the end of its service life. The 

water distribution network in some parts of Iqaluit (Lower Iqaluit/Happy Valley/Lower Base) were constructed more 

than 40 years ago, using small diameter ductile iron piping and concrete MHs.  This material is more vulnerable to 

deterioration than the HDPE piping.  Although the piping is still currently in operation, it is approaching the end of its 

useful service life.  As a long-term plan, the replacement of this ageing infrastructure and development of a 

systematic infrastructure renewal program is appropriate. 

It is our understanding that the City is in the process of developing an Asset Management Plant (AMP) and overall 

condition assessment which will help the City with the identification of water and sewer assets and updating the 

current state of these assets in terms of age, condition, performance and level of service.  
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From the 2018 inspection program, one of the main issues that was noted was leakage from numerous mainline 

valves. In many instances, valves were leaking, were seized (causes head losses if seized in unseated position) or were 

set in the wrong position (e.g. open when should have been closed, etc.). Inspections and timely replacement of 

these valves should be considered a priority. 

The challenges with aging infrastructure in Iqaluit are evident. In the context of the AV9A MH27 watermain 

emergency replacement project that was completed on January 31, 2021 by EXP, an AMP would have provided 

information concerning age, materials, performance, which would have triggered a replacement of those assets with 

a more appropriate timeframe rather than advancing construction in the middle of an Arctic winter. 

Additionally, the City should ensure that staff members (and consultants) are adequately trained in the inspection 

and installation of new infrastructure. 

As with any asset management program, document control and information management is essential. The City has 

a history of personnel turnover and it is important to not lose valuable information during these transitions. 

Additionally, all staff would greatly benefit from appropriate avenues to capture, review, and save information on 

the City’s distribution network. This applies to; work permits, designs, as-builts, inspections, functionalities, 

inventories, complaints, preventative maintenance schedules, warranties, material inventories, etc. This assignment 

is no easy undertaking and would likely require the implementation of some software as well as appropriate policies 

and resources to manage. 

12.2 Municipal Guidelines and Preventative Maintenance Program 

It is important that new construction meets the standards and requirements provided in the City’s municipal design 

guidelines. Currently, the municipal design standards were last revised close to 20 years ago back in 2004. Due to the 

frequency of specific challenges relating to water loss occurrences as well as changes to the environment such as 

climate change, modifications to current design standards may warrant review. Examples of standards to review 

could be piping material requirements, mitigation for challenging ground conditions, maintenance repair standards, 

structure anchoring requirements, burial depths, and flexible connections between the structures and the mains. 

Some of these items are discussed below. 

Pipe Material 

As noted in the AMP section above, some of the oldest pipes of the system were made of ductile-iron piping. Priority 

should be to replace these ductile-iron sections with industry (and Municipal) standard high-density polyethylene 

(HDPE).  
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The majority of the water distribution piping in Iqaluit is now composed of HDPE, joined using fusion techniques. This 

should continue to be the standard. HDPE has several favourable properties such as flexibility, strength, and corrosion 

resistance. The City’s current commissioning process also requires in-field pressure testing post-fusion and prior to 

any new piping being put into service. The newly fused piping must pass hydrostatic testing of a multiple of 1.5 times 

pipes rating, and thus over 2 times the anticipated operating pressures in the system. These commissioning practices 

are implemented to confirm the integrity of the fused joints as well as the pipe.  

Flexible Couplings and Differential Movement Mitigations 

Watermain breaks and leaks occur on an occasional basis within the City’s distribution network.  These usually lead 

to an immediate loss of a large quantity of water and a drop in pressure, especially mainline breaks.  Commonly, 

these breaks tend to occur at the exterior flanged connections to the maintenance structures. It is presumed that 

the cause can be related to some form of differential movement.  

Two additional technology advances are now being implemented relating to potential differential movement of the 

AV structures. This includes installing additional insulation beneath the steel base of the AV, which protects the 

permafrost below the AV from thawing, and the use of flexible couplings in the piping connect to the AVs to 

accommodate the differential movement. Strategically placed board insulation beneath the steel base will help 

protect the permafrost, which provides a stable base for the AVs and resists differential movement. The second 

advancement is the use of flexible couplings (Figure 12-1 - Victaulic Style 257) which will also accommodate some 

degree of differential movement (should it occur) without imposing significant stresses on the pipe connections to 

the AVs. Installing AVs deeper in permafrost could also protect the structures from shifting. Although these actions 

are occasionally being implemented on new construction projects, they are not yet included in the current Municipal 

guidelines (2004). 

 

Figure 12-1: Flexible Coupling (Victaulic Style 257) 

There are occasional leaks from service connections. Due to the manner in which the system is constructed, 

combined with the installation in frozen soil, leaks at service connections are usually obvious. The volume of water 

loss at these locations is usually modest, but leaks at service connections give rise to other issues including damage 
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to served buildings and water introduction into the insulation system for the water main piping.  Repairs to leaking 

service connections are considered to have a high priority for reasons other than the reduction of water loss. 

Mitigations for Challenging Ground Conditions 

When soils have high ice content, they are susceptible to significant movement with thaw and refreezing.  Some of 

these problems can be minimized by using modified designs and modified construction techniques. 

Long term reliable service from the sanitary sewer requires the maintenance of a stable profile, and therefore the 

piping should ideally be installed below the active layer in the permafrost.  This avoids the placement of the piping 

in a zone where the soil is subjected to movement due to annual freeze and thaw.  If ground conditions are not 

favourable, special provisions are required to ensure that the installed pipe is independent from the active layer soil 

dynamics. This includes over excavating the pipe trench at least 0.5 m below and laterally from the sides of the pipes, 

using well-graded sand, gravel or other thaw-stable material within the pipe zone, installing board insulation over 

the pipe zone and using high-pressure rated piping material (i.e. DR11 insulated HDPE pipe). 

The observations made during the replacement of segment between AV207 and AV208 in 1996 suggested that the 

ground conditions in the active layer were poor, and special design provisions were needed for future construction 

in the neighborhood. These provisions included attention to the dewatering of the construction trench, and 

supplementary insulation in the trench to make sure that the installed pipe stayed independent from the active layer 

and was not prone to freeze thaw dynamics of the active layer. 

For very wet trench conditions, a coarser material may be preferable. It should consist of well-graded, rounded to 

sub-rounded, natural gravel with a maximum size of 50 mm, and less than 8 percent by weight passing the 75 µm 

sieve with a maximum size of 50 mm.  

Backfill placed under and around the pipe should be placed in 150 mm lifts and compacted to 90 percent of Standard 

Proctor maximum dry density. Extreme care should be used in compaction of fill within the pipe zone. Heavy 

compaction effort within the pipe zone may induce unacceptable stresses in the pipe. 

Pipe bedding needs to be properly designed to not only resist freeze-back forces, but also withstand the load of 

backfill and potentially vehicle traffic. If necessary to decrease the active layer depth to ensure piping is encased in 

permafrost, a rigid foam board insulation can be included as a component of the backfill.  

Where ice-rich soils are encountered at the base of the AV excavation, the subgrade should be over-excavated to the 

base of these soils, or at least 450 mm, and at least 300 mm radially from the edge of the vault. Where the underlying 

soils are noted to be non-ice-rich and non-silty, a minimum of 150 mm layer of compacted bedding should be placed 
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to provide a stable foundation for the AVs. The remainder of the vault excavation should be backfilled with bedding 

sand, compacted to at least 95 percent Standard Proctor maximum dry density. 

Repair Maintenance Standards 

In Iqaluit over the past decade, several emergency repairs were completed during the winter months. This proves 

challenging since in cold temperatures as the typical fusion techniques used with HDPE are difficult to execute and 

the quality of the weld is greatly reduced. In some recent events, there has been improved success using mechanical 

robar couplings for temporary repairs to hold through the winter and then coming back in the summer months to 

complete a permanent fusion weld. However, there are no repair maintenance standards in the current version of 

the Municipal guidelines and thus, should be revisited. 

12.3 SCADA Upgrades 

It has been documented that operating data generated by the water and sewer systems from the instruments 

recording flow, pressure, and temperatures, etc. is erroneous and may require a complete recommissioning of 

elements of the system to generate accurate data. In addition, the collection of this data about the operation of the 

system (flow, pressure, temperatures, etc.) is incomplete due to issues with the SCADA systems. The City is 

considering the scope of the system recommissioning, and is in the process of upgrading the system-wide Supervisory 

Control and Data Acquisition (SCADA) with the goal of being able to provide real-time knowledge and data to monitor 

the operational status of the utilidor system. The accurate operate of the system instruments and the collection of 

various data sets will be important with the integration of the Water Model activities. Key points include: 

• Real-time knowledge to monitor operational status of the utilidor system – monitor the entire utilidor water 
and sewer linear infrastructure as well as the individual district loop (e.g. Plateau, Airport loop, Road to 
Nowhere, etc.) 

• Collection of pressure and flow readings to monitor pipe breaks and leaks – this information will be valuable 
for the Water Model integration 

• Temperature readings at specific points in the distribution to help monitor thermal requirements to help 
reduce ice buildup/blockages or over-heating which can be a public health risk and increases the rate of 
permafrost degradation 

• Identification for the status of critical valves (e.g. Open/Close) in the water distribution system to confirm 
proper function (and flow patterns) of the system and district loops 

12.4 Water Model Development (Hydraulic and Thermal Modelling) 

A working hydraulic model has been established for the City of Iqaluit water distribution system. However, an 

acceptable level of calibration of the hydraulic model has not been achievable as recommended by published 

guidelines due to issues with field test data identified in comparison to SCADA collected operational data.  
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The issues provided below have been noted in the Iqaluit Utilidor Water System Hydraulic Model Development 

Findings – Phase 1 (dated September 17, 2021, EXP). In particular, the following issues were identified as 

compromising field test data and require action by the City to resolve prior to the collection of further field data for 

calibration purposes. 

1. Confirm that the fire pump (P-305) located in Booster Station No.2 engages when the discharge pressure 

from the booster station drops below 120 psi for 2 minutes. 

2. Ensure that the solenoid and pressure control valve (SV 306 & PCV-306) pairing downstream from the fire 

pump are operate properly and allow flow from the fire pump to supply flow to the Plateau district.  

3. Investigate the operation of the heat addition system in Booster Station No.2 and recirculation system in the 

Plateau district. Repair as required to return to original design intent and maintain water temperatures 

within acceptable limits. 

4. Repair or replacement of flowmeter on the discharge piping from Booster Station No. 1 (20-FIT-01) to allow 

for measurement and trending of flows to the Road to Nowhere district. 

5. Ensure proper functioning of the fire pump in Booster Station No.1 (P-105) and pressure relief valve (20-PRV-

01). 

6. Investigate the operation of the heat addition system in Booster Station No.1 to determine why there is no 

temperature depression between supply and return temperature readings. 

 

In addition, bleed locations throughout the system were identified by the City, but flow measurements have not been 

provided at each location. In the absence of this data, assumed flows are required to be simulated in the hydraulic 

model. Therefore, any available flow data at bleed locations will assist calibration efforts. Similarly, it is 

recommended that flow data from Sewage Lift Station No.2 (LS#2) be captured as a means of validating the Lower 

Iqaluit water demands since LS#2 only collects sewage from within Lower Iqaluit. Since it is not connected to the 

City’s SCADA system, flow data is requested directly from the City. 

The plan moving forward is to repeat flow tests in the Plateau and Road to Nowhere districts once operational issues 

in Booster Pumphouse No. 1 and Booster Station No.2 are resolved. The field results will be used to calibrate these 

districts in the model since the physical attributes of the infrastructure as well as operational data are known in 

greater detail in these districts compared to the remainder of the system due to recent projects in those areas.  This 

can proceed with the resolution of items 1 and 2 noted in the above list.  
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Once acceptable calibration of the districts is achieved, subsequent districts will be evaluated. Resolution of the 

outstanding items noted in the list above in addition to flow data for bleeds and from Sewage Lift Station No.2 will 

be required to calibrate the remaining water districts. Additional flow testing and pressure monitoring at Pt H and 

locations upstream are required to evaluate the conditions observed in Test 10-3 and calibrate the Lower Iqaluit and 

Lower Base districts. 

Continuation of thermal modeling is dependent on flow data from the calibrated model as well as the resolution of 

items 3 and 6 noted above. 

12.5 National Research Council of Canada Research / Permafrost Monitoring 

A key assignment to better understand the impacts of permafrost degradation on Iqaluit’s infrastructure is currently 

being undertaken through a separate research assignment with the National Research Council of Canada (NRC) titled 

‘Permafrost Degradation Effects on Utilidor Infrastructure – Climate Change Effects on Buried Infrastructure’. 

The assignment’s objective is to investigate the impact of climate change on permafrost degradation, and its effects 

on underground utilidor infrastructure.  It will provide information on how climate change is affecting the stability of 

permafrost and determine whether it’s causing premature failure of underground infrastructure.   

The NRC assignment will include installation of field instrumentation, which will collect data on differential 

settlement within the permafrost zone that Utilidor infrastructure is currently installed.  Various sensors will be 

installed at key locations including select Access Vault’s (AV), connecting pipework and soil surroundings.   

These sensors will include strain-gauges, thermistors, pressure cells and heat-flux sensors, and will be wired to 

accessible dataloggers.  As of October 2022, some of the sensors will be installed in one of the new AVs as part of 

the AV205 – 211 Sewer Upgrades project. 
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13 Summary 

13.1 Objectives 

The City of Iqaluit is contemplating a long-term strategy for its utilidor infrastructure. The objective of this study is to 

explore above-ground utility infrastructure as an alternative to maintaining its current below-ground system. A 

comparison of below-ground versus above-ground utilidor systems will enable the City to consider its long-term 

strategy, as recommendations include practical and technical aspects of each system.  The main tasks of this 

assignment included the following: 

• Complete a background review of Iqaluit’s utilidor, climate data, and above-ground utilities in other 
communities. 

• Develop service conditions for both a belowground and aboveground servicing scheme 

• Feasibility-level study for comparing belowground and aboveground servicing scenarios for both a (i) retrofit 
of the existing servicing districts and for (ii) a new development area (Area B) in Iqaluit 

• Review and develop constructability issues and challenges for both aboveground and belowground systems. 

• Gather 5-Year Work Records about Iqaluit’s belowground and Inuvik’s aboveground infrastructure. 

• Opinions of probable cost estimates for the following scenarios 

• Scenario 1A – existing servicing area – belowground replacement 

• Scenario 1B – existing servicing area – aboveground retrofit 

• Scenario 2A – new development (Area B) – belowground servicing 

• Scenario 2B – new development (Area B) – aboveground servicing 

• Options Evaluation for both the existing service district and new development 

 

13.2 Climate Change Impacts 

The Iqaluit General Plan (2020) indicates that a decrease in permafrost and an increase in active layer thickness are 

the most significant climate-related concerns for Iqaluit’s infrastructure. Iqaluit is in a region of low to moderate 

hazard potential for infrastructure damage due to thaw of near-surface permafrost. Anticipated climate change 

impacts include: 

• Median winter air temperature in Iqaluit is predicted to increase 4 to 7 °C by 2050 (relative to 2017) 

• Median annual air temperature in Iqaluit is predicted to increase 0.6 to 4.7 °C by 2020 

• Annual precipitation in Iqaluit is predicted to increase up to 167 mm by 2050 in a high carbon future scenario 
(annual mean precipitation for the period of 1976 to 2005 is 450 mm) 

• Expected decrease in permafrost and an increase in active layer  
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• LeBlanc et al. (2015) noted that an overall increase in active layer thickness of 30 cm was observed between 
1988 and 2015. However, spatial variability and numerous factors (snow cover depth, ice-rich deposits, 
surface water characteristics, etc.) make it difficult to predict the rate of active layer is increasing 

• Areas of poorly drained marine sediments have high risk of significant thaw settlement 

• Paved surfaces lead to faster rates of permafrost thaw and deepening of the active layer 

• The addition of fill and thick snow cover can result in increased ground temperatures and increased active 
layer thickness 

 

13.3 Service Conditions 

The projected water and sewer demands for the City of Iqaluit in the year 2045 are: 

• Population = 9,994 

• Daily water use rate = 400 lpcd 

• Daily water demand projection = 3,998 m3/day 

• Annual water demand projection = 1,459,124 m3/day 

• The service and flow conditions for the above-ground layout are the same as for the existing below-ground 
system. The City’s Municipal Guideline for water demands and sanitary flows also apply to both systems. 

 

13.4 Existing Below-ground System – Retrofitting Existing Servicing Area 

• An inventory update for the existing Iqaluit belowground water and sewer distribution was completed. The 
water system in Iqaluit consists of approximately 23 km of watermains and 9 km of recirculation lines. The 
sewer system consists of approximately 25 km of sewer piping and 1.5 km of forcemain. There are 
approximately 355 access vaults/manholes in the existing network. 

• The pipes and AVs in Iqaluit range in installation date from the 1970s to present. In general, the following 
observations regarding installation age are: 

• Plateau I and II – infrastructure is on average approximately 20 years average (approx. 30% over 30 years) 

• Plateau III – infrastructure is on average approximately 15 years old (0% over 30 years) 

• Road to Nowhere – infrastructure is on average approximately 20 years average (approx. 30% over 30 years) 

• Lake Division – some infrastructure over 30 years old (approx. 40% over 30 years) 

• Federal Road – some infrastructure is reaching end of intended design life, replacement and installation of 
new infrastructure is ongoing (20% over 30 years old) 

• Happy Valley – 100% of infrastructure over 30 years 

• Lower Iqaluit –100% of infrastructure over 30 years 

• Lower Base – majority is past intended design-life (approx. 80% of infrastructure is over 30 years) 
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13.4.1 Opinion of Probable Costs – Replacing Existing Belowground System (Scenario 1A) 

An opinion of probable costs to upgrade the existing belowground utilidor over a 40-year design horizon was 
completed. Note that these estimated costs solely account for replacement of infrastructure based on installation 
date. An updated exhaustive field program would be required to document current field conditions and to provide 
accurate information on the current condition of the existing infrastructure.  

• The total capital cost (opinion of probable costs) for the full replacement of the existing belowground utilidor 
(over 40-year design horizon) is estimated at approximately $339 Million. 

 

13.5 Above-ground System – Retrofitting Existing 

• An above-ground servicing scenario was created for the existing service area for Iqaluit. The design choices 
for the above-ground system are based on the Town of Inuvik’s utilidor design and best practices (adfreeze 
piles and supports). 

• Each water district is a looped network to facilitate recirculation and prevent freezing. In total, approximately 
58 km of water mains are required. 

• The conceptual above-ground rear-yard sanitary sewer network is a gravity system that has four main 
drainage areas which also utilize the two existing Lift Stations. The Tundra Valley / Tundra Ridge areas drain 
to a low elevation point, which would require an additional pump station and forcemain to connect the 
network to Lift Station #2. In total, approximately 48 km of sanitary sewer, and a minimum of 1000 m of 
sanitary forcemain are required. 

• For the above-ground system, it is estimated that for the 48km utilidor corridor a total of 219 access points, 
436 line valves, 436 sewer cleanouts, 6900 piles (spaced 7m apart and drilled to a depth of 8m), 1490 line 
anchors and expansion joints would be required. 

• In total, the Iqaluit above-ground system requires approximately 1,200 service connection. Each service 
connection includes a service box, attached to the utilidor near the building. 

 

13.5.1 Opinion of Probable Costs – Replacing Existing Below-ground System (Scenario 1B) 

• The on-site infrastructure costs associated with the above-ground retrofit of Iqaluit considered for this 
analysis are the water distribution system, sewage collection system, utilidor site work, service connection 
and utilidette installation, jacking up of buildings to meet grade, removal of existing AVs and 
decommissioning the existing belowground system 

• The total capital cost (opinion of probable costs) for the above-ground utilidor retrofit of Iqaluit is approx. 
$578 Million including a 30% contingency. 

 

13.6 Operations and Maintenance Discussion 

• City of Iqaluit Public Works and City of Inuvik Repair History has been reviewed. Repair records and O&M 
budgets are extremely limited and incomplete for both cities. Both systems require significant efforts to 
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maintain and operate – based on information available to EXP there does not appear to be a significant 
advantage for either servicing option with respect to repair and maintenance history  

• Estimated annual heating requirements for a below-ground system (Scenario 1A) is 3,650,000 kWh/year. At 
$0.50/kWh, estimated annual costs for heat input is approximately $1,825,000 

• For an above-ground system, heat input is typically not required in the summer months. However, due to 
the extremes of winter temperatures and wind, during winter, above-ground servicing will experience 
approximately 3 times the heat loss experienced by a below-ground system 

• Estimated annual heating requirements for an above-ground system (Scenario 1B) is 8,640,000 kWh/year. 
At $0.50/kWh, estimated annual costs for heat input is approximately $4,320,000. 

 

13.7 Future Development Area – Area B (Greenfield) 

• One viable new development area that has been identified is Area B. The proposed development contains a 
mix of uses and residential densities (low-, medium- and high-density). 

• Below and above-ground layouts have been developed for the Area B servicing options 

• Scenario 2A – new development (Area B) – below-ground servicing 

• Scenario 2B – new development (Area B) – above-ground servicing 

• The on-site infrastructure costs associated with the development of Area B considered for this analysis are 
the road networks, water distribution system, sewage collection system and drainage works. 

• The estimated order-of-magnitude capital cost including a 30% contingency for Area B (below-ground – 
Scenario 2A) is $40,310,400.  Based on a total developable area of 13.11 hectares, the on-site cost of 
development is $307/m2 of developable land. 

• The estimated order-of-magnitude capital cost including a 30% contingency for Area B (above-ground utilidor 
– Scenario 2B) is $59,278,245.  Based on a total developable area of 10.62 hectares, the on-site cost of 
development is $558/m2 of developable land. 

 

A summary comparison of the capital cost and constructability of the below- and above-ground Area B greenfield 

servicing scenarios is given in Table 13-1 below. 

Table 13-1. Area B Above- and Below-Ground Comparison. 

Item 
Below-Ground 
(Scenario 2A) 

Above-Ground (Scenario 
2B) 

Difference from 
Below- to Above- 

Length of roads 2,657 m 3,753 m + 1,096 m 

Amount of Developable Land 13.11 Ha 10.62 Ha - 2.49 Ha 

Number of Units 490 units 417 units - 73 units 

Number of People 1,715 persons 1,459 persons -256 persons 

Length of Water & Recirc Mains 3,500 m 3,473 m - 27 m 

Length of Sewer Mains 2,850 m 2,711 m -139 m 

Cost of On-Site Works $40,310,400 $59,278,245 +$18,967,845 

Cost of On-Site Works per Developable Land $307 /m2 $558 /m2 +$251 /m2 
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13.8 Options Evaluation (Scenarios 1A/1B and Scenarios 2A/2B) 

Options evaluated include: 

• Scenario 1A – existing servicing area – below-ground replacement 

• Scenario 1B – existing servicing area – above-ground retrofit 

• Scenario 2A – new development (Area B) – below-ground servicing 

• Scenario 2B – new development (Area B) – above-ground servicing 

 
Each servicing option was compared based on appropriate scoring and weightings to determine the preferred 

servicing option for the retrofit and the new development area. The evaluation considered factors of Technical, 

Operational, Socio-Economic and Economic Feasibility. 

For the existing servicing area (Brownfield) – below-ground servicing (Scenario 1A) is the preferred option. Out of 

a total possible score of 1570, belowground servicing was scored at 958 compared to 706 for the above-ground 

option. 

For the new development area, Area B (Greenfield) – below-ground servicing (Scenario 2A) is the preferred option. 

Out of a total possible score of 1570, below-ground servicing was scored at 1021 compared to 760 for the 

aboveground option 

13.9 Long-Term Strategy for the Below-ground Infrastructure 

Some of the main issues that have been identified with the existing below-ground utilidor infrastructure include: 

• Aging infrastructure 

• Operational challenges with breaks and repairs 

• Water loss from unintended leaks/breaks and unaccounted water 

• Water bleeds 

• Unintended flow patterns and unknown operation of the system 

• Improving System Operational Knowledge 

• Permafrost thawing 

 
Key strategies in improving these issues include the following: 

• Asset management Plan 
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• Development of Infrastructure Renewal program (timely replacement of aging infrastructure) 

• Information Management (Documentation and Record Keeping) 

• Municipal guidelines and Preventative Maintenance Program 

• SCADA Upgrades 

• Water Model Development (hydraulic and thermal modelling) 

• NRCAN research and permafrost monitoring 
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14 Legal Notification 

This report was prepared by EXP Services Inc. for the account of the City of Iqaluit. 

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the 
responsibility of such third parties.  EXP Services Inc. accepts no responsibility for damages, if any, suffered by any 
third party as a result of decisions made or actions based on this project.  
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Table 1. Iqaluit Data Collection 

Title Year Author(s) Location Type Category Status 

2020 Overall Utility Atlas Sewer Capacity 2020 EXP Iqaluit Report Utilidor  

2020-2030 Iqaluit Recreation Master Plan completed 
for the City of Iqaluit 

2021 GH Collaborate Iqaluit Report Other  

Area A Development Plans  City of Iqaluit 
Northern Futures 

Iqaluit Report Utilidor  

Area B Development Scheme  City of Iqaluit 
Northern Futures 

Iqaluit Report Utilidor  

Assessment of Sewer Collapse Problems - Iqaluit 1990 Hardy BBT Limited Iqaluit Report Utilidor  

Assessment of Water and Sewage Expenditures - 
Iqaluit 

1996 
Camillus Engineering 
Consultants Ltd 

Iqaluit Report Utilidor  

AV 305 - Watermain Repairs Memo 2020 EXP Iqaluit Report Utilidor  

Capital Works Assessment 
-Federal Road Initial Findings Report 
-Happy Valley Findings Report 
-Lower Base Findings Report 
-Lower Iqaluit Findings Report 
-Plateaus Findings Report 
-Road to Nowhere Expansion and Lake Findings 
Report 
-Uivvaq Loop Findings Report 

2019, 
2020 

EXP Iqaluit Report Utilidor  

City of Iqaluit - Access Vault/Manhole Inventory 2012 EXP Iqaluit Report Utilidor  

City of Iqaluit - Access Vault/Manhole Inventory 2011 Trow Iqaluit Report Utilidor  

City of Iqaluit - Strategic Plan Update 2019 City of Iqaluit Iqaluit Report Other  

City of Iqaluit - Water and Sewer Study 2002 Trow Iqaluit Report Utilidor  

City of Iqaluit Budget, Consolidated Financial 
Statements 

2019, 
2020 

City of Iqaluit Iqaluit Report Utilidor  

Climate Atlas of Canada - Iqaluit, Nunavut 2019 Prairie Climate Centre Iqaluit Report Environmental  

Community Infrastructure Planning and Management 
- Iqaluit 

1990 City of Iqaluit Iqaluit Report Utilidor  

Design Brief - Rehabilitation of Access Vault 305 2012 EXP Iqaluit Report Utilidor  

Development of a Master Drainage Plan - Final 
Submission 

2019 Nuami Stantec Iqaluit Report Utilidor  

Draft Report on Iqaluit Sewer Monitoring Program 1993 HBT AGRA Limited Iqaluit Report Utilidor  

Drinking Water Management Plan Reports 
-Water Audit 
-Water Demand Strategy Discussion Paper 
-Water Loss Memo 
-Drinking Water Management Program - Final 

2019 EXP Iqaluit Report Utilidor  

Final Sewer Capacity 2019 EXP Iqaluit Report Utilidor  

General Plan Background Report 2017 Northern Futures Iqaluit Report Other  

IOL Parcel E Development Plans  City of Iqaluit Iqaluit Report Utilidor  

Iqaluit AV 305 Remediation - Memo 2012 EXP Iqaluit Report Utilidor  

Iqaluit Core Area and Capital District Redevelopment 
Plan 

2004 City of Iqaluit Iqaluit Report Utilidor  

Iqaluit General Plan 2020 City of Iqaluit Iqaluit Report Utilidor  

Iqaluit Population 
2016, 
2021 

Census Canada Iqaluit Report Other  

Iqaluit Population Projections  Nunavut Bureau of Statistics Iqaluit Report Other  

Iqaluit Sewer and Water Service Record 1989 
Oliver, Mangione, McCalla & 
Associates Ltd 

Iqaluit Report Utilidor  

Iqaluit Sewer Slopes  EXP Iqaluit Report Utilidor  

Iqaluit Water Storage Pre-Feasibility Study 2020 EXP Iqaluit Report Utilidor  

Municipality of Iqaluit Water and Sewer Study 1989 Reid Crowthers & Partners Iqaluit Report Utilidor  

Nunavut Water Board Annual Reports - Iqaluit 
2012 - 
2020 

Nunavut Water Board Iqaluit Report Utilidor  

Plateau Development Scheme 2004 City of Iqaluit Iqaluit Report Utilidor  

Preliminary Future Development Area Selection 
Report 

2013 
Fotenn 

EXP 
Iqaluit Report Utilidor  

Sewer Protection Study - Option Analysis Results 2019 Nuami Stantec Iqaluit Report Utilidor  

The City of Iqaluit's Climate Change Impacts, 
Infrastructure Risks & Adaptive Capacity Project 

2007 
Debbie Nielson 
City of Iqaluit 

Iqaluit Report Utilidor  

Utilidor - Water Treatment Plan to Apex Road 1994 Reid Crowthers & Partners Iqaluit Report Utilidor  

Utilidor Pipeline Upgrades - MH22 to MH19 - 
Request for Tender 

2021 City of Iqaluit Iqaluit Report Utilidor  

Utilidor Water Distribution Upgrades - Phase 1 2021 EXP Iqaluit Report Utilidor  

Water System Hydraulic Model Development 
Findings 

2021 EXP Iqaluit Report Utilidor  

City of Iqaluit - Municipal Design Guidelines 2004 City of Iqaluit Iqaluit Guidelines Utilidor  

As-Builts Drawings  City of Iqaluit Iqaluit Drawings Utilidor  

Surficial Geology Map 64 - Iqaluit 2012 Allard et al., Iqaluit Map Environmental  

Iqaluit - 2020 Overall Utility Atlas Sewer Capacity 2020 EXP Iqaluit Map Utilidor  

Map of Iqaluit Sewer and Water Systems  2018 City of Iqaluit Iqaluit Map Utilidor  

Snowmobile Trail Map 2020 City of Iqaluit Iqaluit Map Utilidor  

Utilidor Map booklet 2009 Trow Iqaluit Map Utilidor  

Iqaluit Utilidor Schematics 2018 EXP Iqaluit Schematics Utilidor  

City of Iqaluit Sanitary Sheet Update - Final 2020 EXP Iqaluit Sheet Utilidor  

Inventory of Sewers and Forcemains - Technical 
Annex 2 Water and Sewer Study 

2011 EXP Iqaluit Sheet Utilidor  

City of Iqaluit 5-year utilidor work records 2022 Tower Excavating Iqaluit Records Utilidor Incomplete 

City of Iqaluit 5-year utilidor work records 2022 Kudlik / Pilitak Iqaluit Records Utilidor  

City of Iqaluit 5-year utilidor work records 2022 Nunavut Excavating Iqaluit Records Utilidor Not Available 

City of Iqaluit 5-year utilidor work records 2022 
City of Iqaluit Financial 
Department 

Iqaluit Records Utilidor Incomplete 

City of Iqaluit 5-year utilidor work records 2022 
City of Iqaluit Public Works / 
Engineering 

Iqaluit Records Utilidor Incomplete 

Iqaluit Utilidor Study Sensor Plan 2021 NRC Iqaluit Presentation Utilidor  

Apex Road, Iqaluit - Sanitary Sewer Replacement 1997 Ken Johnson Iqaluit Paper Utilidor  

Assessment of permafrost conditions in support of 
the rehabilitation and adaptation to climate change of 
the Iqaluit airport, Nunavut, Canada 

2015 
Mathon-Dufour, Allard & 
LeBlanc 
GeoQuebec 2015 

Iqaluit Paper Environmental  

DInSAR seasonal and surface displacement in built 
and natural permafrost environments, Iqaluit, 
Nunavut, Canada 

2015 
LeBlanc et al 
GeoQuebec2015 

Iqaluit Paper Environmental  

Exposure to Coastal Hazards in a Rapidly 
Expanding Northern Urban Centre, Iqaluit, Nunavut 

2015 
Hatcher & Forbes 
Arctic 

Iqaluit Paper Environmental  

Geophysical characterization of permafrost terrain at 
Iqaluit International Airport, Nunavut 

2015 
Oldenborger & LeBlanc 
Journal of Applied Geophysics 

Iqaluit Paper Environmental  

Ground temperature sand spatial permafrost 
conditions in Iqaluit, Baffin Island, Nunavut 

2015 
LeBlanc et al 
NRC 

Iqaluit Paper Environmental  

Iqaluit, Nunavut - Sewer Main Replacement in 
Permafrost 

2021 EXP, City of Iqaluit, Colliers Iqaluit Paper Utilidor  

RADARSAT-2 InSAR for Monitoring Permafrost 
Environments: Pangnirtung and Iqaluit 

2013 
Short et al 
IEEE Radar Conference 

Iqaluit Paper Environmental  

Environment Canada - Iqaluit 2021 Government of Canada Iqaluit 
Online 
Resource 

Environmental  



Iqaluit sewer lines overdue for massive overhaul: 
public works director 

2014 Nunatsiaq Iqaluit Media Utilidor  

Iqaluit, federal government inching ahead on $214M 
water funding agreement 

2022 Nunatsiaq Iqaluit Media Utilidor  

Sewage in the sink: Frozen utility lines in Iqaluit 
cause chaos for Stoneridge residents 

2022 CBC Iqaluit Media Utilidor  

People at the tidal flats: coastal morphology and 
hazards in Iqaluit, Nunavut 

2014 
Scott Hatcher 
Memorial University of 
Newfoundland 

Iqaluit Thesis Environmental  

Perceptions of Water among the Inuit Community in 
Iqaluit, Nunavut: An Anti-Colonialist, Feminist 
Political Ecology 

2017 
Victoria Watson 
York University 

Iqaluit Thesis Other  

 

Table 2. Inuvik Data Collection 

Title Year Author(s) Location Type Category Status 

Inuvik Region Hazard Identification Risk Assessment 2014 
Northwest Territories Municipal 
and Community Affairs 

Inuvik Report Utilidor  

McElhanney Utilidor Assessment Inuvik 2020 Town of Inuvik Inuvik Report Utilidor Not Provided 

Town of Inuvik Audited Financial Statements 2020 Town of Inuvik Inuvik Report Utilidor  

Town of Inuvik Interim Budget 2021 Town of Inuvik Inuvik Report Utilidor  

Utilidor Replacement in Inuvik 2010 EXP Inuvik Report Environmental  

Town of Inuvik - Utilidor Annual Operating Cost 2022 Town of Inuvik / McElhenney Inuvik Records Utilidor Not Provided 

Town of Inuvik - Utilidor build costs 2022 Town of Inuvik / McElhenney Inuvik Records Utilidor  

Town of Inuvik - Utilidor design / construction 
guidelines 

2022 Town of Inuvik / McElhenney Inuvik Records Utilidor Not Available 

Town of Inuvik - Utilidor O&M overview 2022 Town of Inuvik / McElhenney Inuvik Records Utilidor Not Available 

Town of Inuvik 5-year utilidor work records 2022 Town of Inuvik / McElhenney Inuvik Records Utilidor Not Availabe 

Town of Inuvik Utilidor As-Builts / Design Drawings 2022 Town of Inuvik / McElhenney Inuvik Records Utilidor Not Availabe 

Town of Inuvik Website nd Town of Inuvik Inuvik 
Online 
Resource 

Utilidor  

Town of Inuvik Facebook 2020 Town of Inuvik Inuvik Media Utilidor  

Veteran town councilor and ‘squeaky wheel’ 
announces run for Inuvik mayor 

2021 NNSL Inuvik Media Utilidor  

Town of Inuvik bylaw 2657 2020 Town of Inuvik Inuvik Bylaw Utilidor  

 

Table 3. General (Arctic) Data Collection 

Title Year Author(s) Location Type Category Status 

Arctic Change 2014 Poster Abstracts 2014 ArcticNet General Report Environmental  

Arctic Climate Change Update 2019 2019 AMAP General Report Environmental  

Climate Change, Permafrost, and Impacts on Civil 
Infrastructure 

2003 

US Arctic Research 

Commission 
Permafrost Task Force 

General Report Environmental  

CPTED nd SafeNow General Report Other  

Good Building Practices Guideline 2020 Government of Nunavut General Report Utilidor  

Introduction to Utilidors, Power Distribution and 
Communication Systems in Cold Regions 

2013 Paul Guyer General Report Utilidor  

New Utilidor Design, Hamlet of Resolute Bay, Pre-
Design Report 

2012 EXP General Report Utilidor  

Nunavut and Nunatsiavut: From science to policy. 
An integrated Regional Impact Study (IRIS) of 
climate change and modernization 

2012 
Allard & Lemay 
ArcticNet 

General Report Environmental  

Snow, Water, Ice and Permafrost in the Arctic 
(SWIPA) 

2017 AMAP General Report Environmental  

Subdivision Design Manual - Guidelines and 
Standards for Nunavut Communities 

2019 Government of Nunavut General Report Utilidor  

Surficial geology and preliminary land cover mapping 
of Hall Peninsula, Nunavut 

2018 
T. Tremblay 
Canada-Nunavut Geoscience 
Office 

General Report Environmental  

A novel freeze protection strategy for shallow buried 
sewer pipes: temperature modelling and field 
investigation 

2017 
Pericault et al 
Water Science & Technology 

General Paper Utilidor  

Adaptive capacity to manage permafrost degradation 
in Northwest Greenland 

2021 
Jungsberg et al 
Polar Geography 

General Paper Environmental  

Air-convection-reflective sheds: A mitigation 
technique that stopped degradation and promoted 
permafrost recovery under the Alaska Highway, 
south-western Yukon, Canada 

2022 
Gagnon et al 
Cold Regions Science and 
Technology 

General Paper Environmental  

Assessment of climate change impacts on buildings, 
structures and infrastructure in the Russian regions 
on permafrost 

2019 
Streletskiy et al 
Environmental Research 
Letters 

General Paper Utilidor  

Community water quality data across Nunavut: an 
introduction to available data for community water 
supplies 

2021 
Elliott et al 
Canada-Nunavut Geoscience 
Office 

General Paper Environmental  

Consequences of permafrost degradation for Arctic 
infrastructure - bridging the model gap between 
regional and engineering scales 

2021 
Schneider von Deimling et al 
The Cryosphere 

General Paper Environmental  

Degrading permafrost puts Arctic infrastructure at 
risk by mid-century 

2018 
Hjort et al 
Nature Communications 

General Paper Environmental  

Design and Performance of the Direct-Bury Water 
and Sewer Utilities in Barrow Alaska 

1985 Hazen et al General Paper Utilidor  

New climate models reveal faster and larger 
increases in Arctic precipitation than previously 
projects 

2021 
McCrystall et al 
Nature Communications 

General Paper Environmental  

On the hazards to infrastructure in Canadian north 
associated with thawing of permafrost 

2003 
Couture et al 
Geohazards 

General Paper Environmental  

Thawing Permafrost in Arctic Coastal Communities: 
A Framework for Studying Risks from Climate 
Change 

2021 
Larsen et al 
Sustainability 

General Paper Environmental  

Understanding effects of Permafrost Degradation 
and Coastal Erosion on Civil Infrastructure in Arctic 
Coastal Villages: A Community Survey and 
Knowledge Co-Production 

2022 
Liew et al 
Marine Science and 
Engineering 

General Paper Environmental  

Water systems, sanitation, and public health risks in 
remote communities: Inuit resident perspectives from 
the Canadian Arctic 

2015 
Daley et al 
National Library of Medicine 

General Paper Other  

Permafrost Information Network 2020 
Permafrost Information 
Network 

General 
Online 
Resource 

Environmental  

Simulating erosion processes in permafrost 
landscapes under a warming climate – a risk 
assessment for ecosystems and infrastructure within 
the Arctic 

2022 Alfred-Wegener-Institut General 
Online 
Resource 

Environmental  

AK Natives on the front line - water sewer 
infrastructure 

2020 Coffee and Quaq General Media Utilidor  

A Homeowner's Guide to Permafrost in Nunavut 2013 Government of Nunavut General Guidelines Environmental  

Cold Regions Utilities Monograph 1996 ASCE General Guidelines Utilidor  

Fire Protection in the Northwest Territories 1993 
Northwest Territories Municipal 
and Community Affairs 

General Guidelines Utilidor  

Good Engineering Practice for Northern Water and 
Sewer Systems 

2017 
Government of Northwest 
Territories 

General Guidelines Utilidor  

Municipal Infrastructure Capital Standards and 
Criteria Manual 

2012 Nunavut General Guidelines Utilidor  
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Appendix B – Iqaluit Water & Sewer Inventory Tracker and 
Opinion of Probable Costs (Scenario 1A) 

  



Road to Nowehere - Water and Sewer Inventory (OCT 2022) 1 of 13

ROAD TO NOWHERE - WATER AND SEWER INVENTORY (OCT 2022) 200000

3000

PIPES Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

AV Start AV End Type (WAT,RECIRC,SAN) Pipe Length (m) Pipe Dia. (mm) Material Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046

AV509 AV508 WAT 121.1 200 PE 2004 18 $363,300 $363,300
SAN 121.1 200 PE 1999 23 $363,300 $363,300

AV508 AV507 WAT 109.2 200 PE 2004 18 $327,600 $327,600
SAN 109.2 200 PE 1999 23 $327,600 $327,600

AV507 AV506 WAT 89.2 200 PE 2004 18 $267,600 $267,600
SAN 89.2 200 PE 1999 23 $267,600 $267,600

AV506 AV505 WAT 133.2 200 PE 2004 18 $399,600 $399,600
SAN 133.2 200 PE 1999 23 $399,600 $399,600

AV509 AV510 WAT 74.8 200 PE 2004 18 $224,400 $224,400
SAN 74.8 200 PE 1999 23 $224,400 $224,400

AV510 AV511 WAT 112.1 200 PE 2004 18 $336,300 $336,300
SAN 112.1 200 PE 1999 23 $336,300 $336,300

AV511 AV512 WAT 97.7 200 PE 2004 18 $293,100 $293,100
SAN 97.7 200 PE 1999 23 $293,100 $293,100

AV512 AV513 WAT 97.8 200 PE 2004 18 $293,400 $293,400
SAN 97.8 200 PE 1999 23 $293,400 $293,400

AV513 AV514 WAT 104.2 200 PE 2004 18 $312,600 $312,600
SAN 104.2 200 PE 1999 23 $312,600 $312,600

AV514 AV505 WAT 54 200 PE 2004 18 $162,000 $162,000
SAN 54 200 PE 1999 23 $162,000 $162,000

AV514 AV515 SAN 96 200 PE 1999 23 $288,000 $288,000
AV515 AV502 SAN 103 200 PE 1999 23 $309,000 $309,000

AV505 AV504 WAT 79.4 200 PE 2004 18 $238,200 $238,200
SAN 79.4 200 PE 1999 23 $238,200 $238,200

RECIRC 75.3 200 PE 2004 18 $225,900 $225,900
AV504 AV515 WAT 86.3 200 PE 2004 18 $258,900 $258,900

SAN 89.3 200 PE 1999 23 $267,900 $267,900
RECIRC 83.6 200 PE 2004 18 $250,800 $250,800

AV504 AV503 WAT 97.2 200 PE 2004 18 $291,600 $291,600
SAN 97.2 200 PE 1999 23 $291,600 $291,600

RECIRC 99.4 200 PE 2004 18 $298,200 $298,200
AV503 AV502 SAN 94.1 200 PE 1999 23 $282,300 $282,300

RECIRC 94.1 250 PE 1999 23 $282,300 $282,300
AV502 AV501 SAN 121.9 200 PE 1999 23 $365,700 $365,700

RECIRC 121.9 250 PE 1999 23 $365,700 $365,700

AV503 AV516 WAT 63.1 250 PE 1999 23 $189,300 $189,300
SAN 63.1 200 PE 1999 23 $189,300 $189,300

AV516 AV517 WAT 81.2 250 PE 1999 23 $243,600 $243,600
AV517 AV518 WAT 90 250 PE 1999 23 $270,000 $270,000

SAN 90 200 PE 1999 23 $270,000 $270,000
AV516 AV519 SAN 95 200 PE 1999 23 $285,000 $285,000
AV519 AV520 SAN 92 200 PE 1999 23 $276,000 $276,000
AV518 AV520 WAT 82 200 PE 1999 23 $246,000 $246,000

SAN 82 200 PE 1999 23 $246,000 $246,000

TOTALS $12,429,300 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $7,885,800 $0 $0 $0 $0 $4,543,500 $0 $0

AVs
AV Name Installation Year Age

AV501 1999 23 $200,000 $200,000
AV502 1999 23 $200,000 $200,000
AV503 1999 23 $200,000 $200,000
AV504 1999 23 $200,000 $200,000
AV505 1999 23 $200,000 $200,000
AV506 1999 23 $200,000 $200,000
AV507 1999 23 $200,000 $200,000
AV508 1999 23 $200,000 $200,000
AV509 1999 23 $200,000 $200,000
AV510 1999 23 $200,000 $200,000
AV511 1999 23 $200,000 $200,000
AV512 1999 23 $200,000 $200,000
AV513 1999 23 $200,000 $200,000
AV514 1999 23 $200,000 $200,000
AV515 1999 23 $200,000 $200,000
AV516 1999 23 $200,000 $200,000
AV517 1999 23 $200,000 $200,000
AV518 1999 23 $200,000 $200,000
AV519 1999 23 $200,000 $200,000
AV520 1999 23 $200,000 $200,000

Total 20
AV 20 TOTALS $4,000,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,000,000 $0 $0 $0 $0 $0 $0 $0
MH 0
PT 0
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LAKE SUBDIVISION  - WATER AND SEWER INVENTORY (OCT 2022)
3000

PIPES Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

AV Start AV End
Type 

(WAT,RECIRC,SAN)
Pipe Length (m)

Pipe Dia. 
(mm)

Material Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061

AV358 AV357 WAT 79 200 PE 1998 24 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 79 200 PE 1998 24 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 79 150 PE 1998 24 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV357 AV356 WAT 78 200 PE 1998 24 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 78 200 PE 1998 24 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 78 150 PE 1998 24 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV356 AV351 WAT 106 200 PE 1998 24 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 106 200 PE 1998 24 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 106 150 PE 1998 24 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV351 AV352 WAT 99 200 PE 1998 24 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 99 150 PE 1998 24 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV352 AV353 WAT 70 200 PE 1998 24 $210,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $210,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 70 150 PE 1998 24 $210,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $210,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV353 AV354 WAT 59 200 PE 1998 24 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 59 200 PE 1998 24 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 59 150 PE 1998 24 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV353 AV355 WAT 78 200 PE 1998 24 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 78 200 PE 1998 24 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV355 AV345 WAT 97 200 PE 1998 24 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV351 AV343 WAT 65 200 PE 1998 24 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 65 150 PE 1998 24 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV343 AV342 WAT 61 200 PE 1997 25 $183,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $183,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 61 150 PE 1997 25 $183,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $183,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV342 AV341 WAT 81 200 PE 1997 25 $243,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $243,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 81 150 PE 1997 25 $243,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $243,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV341 AV344 SAN 80 150 PE 1997 25 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV344 AV345 WAT 92 200 PE 1998 24 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 92 200 PE 1998 24 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 92 150 PE 1997 25 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV345 AV346 WAT 56 200 PE 1998 24 $168,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $168,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 56 150 PE 1997 25 $168,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $168,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV346 AV347 WAT 88 200 PE 1998 24 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 88 200 PE 1998 24 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 88 150 PE 1997 25 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV346 AV348 WAT 111 200 PE 1998 24 $333,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $333,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 111 150 PE 1997 25 $333,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $333,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV348 AV349 WAT 86 200 PE 1998 24 $258,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $258,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 86 200 PE 1997 25 $258,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $258,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV349 AV350 WAT 89 200 PE 1998 24 $267,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $267,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 89 200 PE 1997 25 $267,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $267,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV350 AV334 WAT 58 200 PE 1998 24 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 58 200 PE 1997 25 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV341 AV340 WAT 106 200 PE 1997 25 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 106 150 PE 1997 25 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV340 AV339 WAT 50 200 PE 1997 25 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 50 150 PE 1997 25 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV339 AV338 WAT 72 200 PE 1990 32 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 72 150 PE 1997 25 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV338 AV337 WAT 75 200 PE 1990 32 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 75 200 PE 1990 32 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 75 150 PE 1990 32 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV337 AV336 WAT 100 200 PE 1990 32 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 100 200 PE 1990 32 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 100 150 PE 1990 32 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV338 AV335 WAT 73 200 PE 1990 32 $219,000 $0 $0 $0 $0 $0 $0 $0 $0 $219,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 73 150 PE 1990 32 $219,000 $0 $0 $0 $0 $0 $0 $0 $0 $219,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV335 AV334 WAT 102 200 PE 1990 32 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 102 200 PE 1989 33 $306,000 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV334 AV333 WAT 82 250 PE 1990 32 $246,000 $0 $0 $0 $0 $0 $0 $0 $0 $246,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 82 200 PE 1990 32 $246,000 $0 $0 $0 $0 $0 $0 $0 $0 $246,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 82 200 PE 1986 36 $246,000 $0 $0 $0 $0 $246,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV333 AV331 WAT 45 250 PE 1990 32 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 45 200 PE 1990 32 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 45 200 PE 1989 33 $135,000 $0 $0 $0 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV331 AV332 WAT 97 250 PE 1990 32 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 97 250 PE 1990 32 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 97 150 PE 1989 33 $291,000 $0 $0 $0 $0 $0 $0 $0 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV332 AV A WAT 102 250 PE 2018 4 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0
RECIRC 102 250 PE 2018 4 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0

SAN 102 200 PE 1999 23 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV A AV B WAT 101 250 PE 2018 4 $303,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $303,000 $0 $0 $0

RECIRC 101 250 PE 2018 4 $303,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $303,000 $0 $0 $0
SAN 101 200 PE 1999 23 $303,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $303,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV B AV C WAT 107 250 PE 2018 4 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $321,000 $0 $0 $0
RECIRC 107 250 PE 2018 4 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $321,000 $0 $0 $0

SAN 107 200 PE 1999 23 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV C AV D SAN 69 200 PE 1999 23 $207,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $207,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV331 AV330 WAT 108 250 PE 1990 32 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 108 200 PE 1990 32 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 108 200 PE 1989 33 $324,000 $0 $0 $0 $0 $0 $0 $0 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV330 AV329 WAT 93 250 PE 1990 32 $279,000 $0 $0 $0 $0 $0 $0 $0 $0 $279,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 93 200 PE 1990 32 $279,000 $0 $0 $0 $0 $0 $0 $0 $0 $279,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 93 200 PE 1989 33 $279,000 $0 $0 $0 $0 $0 $0 $0 $279,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV329 AV500 WAT 43 250 PE 1990 32 $129,000 $0 $0 $0 $0 $0 $0 $0 $0 $129,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 43 200 PE 1990 32 $129,000 $0 $0 $0 $0 $0 $0 $0 $0 $129,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 43 200 PE 1989 33 $129,000 $0 $0 $0 $0 $0 $0 $0 $129,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV500 AV328 WAT 51 250 PE 1990 32 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 51 200 PE 1990 32 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 51 200 PE 1999 23 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV328 AV D WAT 25 250 PE 1990 32 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 25 200 PE 1990 32 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 25 200 PE 1999 23 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV521 AV522 WAT 126 200 PE 1999 23 $378,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $378,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 126 200 PE 1999 23 $378,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $378,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV522 AV523 WAT 68 200 PE 1999 23 $204,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $204,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 68 200 PE 1999 23 $204,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $204,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV523 AV339 WAT 121 200 PE 1997 25 $363,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $363,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 121 150 PE 1997 25 $363,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $363,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

TOTALS $23,949,000 $0 $0 $0 $0 $246,000 $0 $0 $1,464,000 $5,799,000 $0 $0 $0 $0 $0 $0 $4,710,000 $7,341,000 $2,529,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 ######## $0 $0 $0

AVs Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

AV Name Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061
AV A 1999 23 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV B 1999 23 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV C 1999 23 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV D 1999 23 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV328 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV329 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV330 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV331 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV332 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV333 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV334 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV335 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV336 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
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AV337 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV338 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV339 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV340 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV341 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV342 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV343 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV344 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV345 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV346 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV347 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV348 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV349 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV350 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV351 1998 24 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV352 1998 24 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV353 1998 24 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV354 1998 24 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV355 1998 24 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV356 1998 24 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV357 1998 24 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV358 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV500 1999 23 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV521 1999 23 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV522 1999 23 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV523 1997 25 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total 39
AV 39 TOTALS $7,800,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,400,000 $0 $0 $0 $0 $0 $0 $2,600,000 $1,400,000 $1,400,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 0
PT 0
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HAPPY VALLEY  - WATER AND SEWER INVENTORY (OCT 2022)
3000

PIPES Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

AV Start AV End Type (WAT,RECIRC,SAN) Pipe Length (m) Pipe Dia. (mm) Material Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046

TAC1 TAC2 WAT 104 300 PE 1989 33 $312,000 $0 $0 $0 $0 $0 $0 $0 $312,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
TAC2 TAC3 WAT 90 300 PE 1989 33 $270,000 $0 $0 $0 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
TAC3 TAC4 WAT 107 300 PE 1989 33 $321,000 $0 $0 $0 $0 $0 $0 $0 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
TAC4 AV326 WAT 101 300 PE 1989 33 $303,000 $0 $0 $0 $0 $0 $0 $0 $303,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV95 MH68 WAT 16 200 PE 1989 33 $48,000 $0 $0 $0 $0 $0 $0 $0 $48,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 16 50 PE 1989 33 $48,000 $0 $0 $0 $0 $0 $0 $0 $48,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH68 MH69 WAT 104 200 PE 1979 43 $312,000 $312,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 104 50 PE 1979 43 $312,000 $312,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 104 200 PE 1979 43 $312,000 $312,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH69 MH70 WAT 77 200 PE 1979 43 $231,000 $231,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 77 200 PE 1979 43 $231,000 $231,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH70 MH71 WAT 77 200 PE 1979 43 $231,000 $231,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 77 200 PE 1979 43 $231,000 $231,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH71 MH72 WAT 117 200 PE 1979 43 $351,000 $351,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 117 200 PE 1979 43 $351,000 $351,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH72 AV326 WAT 35 200 PE 1989 33 $105,000 $0 $0 $0 $0 $0 $0 $0 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH72 MH100 WAT 153 200 PE 1979 43 $459,000 $459,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV327 AV326 WAT 170 250 PE 1990 32
RECIRC 170 200 PE 1990 32 $510,000 $0 $0 $0 $0 $0 $0 $0 $0 $510,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV327 MH100 SAN 21.3 200 PE 1990 32 $63,900 $0 $0 $0 $0 $0 $0 $0 $0 $63,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH100 MH99 WAT 90 200 PE 1979 43 $270,000 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 90 200 PE 1979 43 $270,000 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH99 MH98 WAT 60 200 PE 1979 43 $180,000 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 60 200 PE 1979 43 $180,000 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH98 MH97 WAT 51 200 PE 1979 43 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 51 200 PE 1979 43 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH97 MH96 WAT 30 200 PE 1979 43 $90,000 $90,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 30 200 PE 1979 43 $90,000 $90,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH96 AV216 WAT 69 200 PE 1986 36 $207,000 $0 $0 $0 $0 $207,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 69 200 PE 1985 37 $207,000 $0 $0 $0 $207,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV216 AV217 WAT 48 200 PE 1986 36 $144,000 $0 $0 $0 $0 $144,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 48 200 PE 1985 37 $144,000 $0 $0 $0 $144,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV217 AV237 WAT 39 200 PE 1986 36 $117,000 $0 $0 $0 $0 $117,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 39 200 PE 1985 37 $117,000 $0 $0 $0 $117,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV237 AV238 WAT 91 200 PE 1986 36 $273,000 $0 $0 $0 $0 $273,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 91 200 PE 1986 36 $273,000 $0 $0 $0 $0 $273,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV238 AV227 WAT 44 200 PE 1986 36 $132,000 $0 $0 $0 $0 $132,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV227 AV228 WAT 125 200 PE 1986 36 $375,000 $0 $0 $0 $0 $375,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 125 200 PE 1986 36 $375,000 $0 $0 $0 $0 $375,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV228 AV229 WAT 88 200 PE 1986 36 $264,000 $0 $0 $0 $0 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 88 200 PE 1986 36 $264,000 $0 $0 $0 $0 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV229 AV230 WAT 77 200 PE 1986 36 $231,000 $0 $0 $0 $0 $231,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 77 200 PE 1986 36 $231,000 $0 $0 $0 $0 $231,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV230 AV231 WAT 33 200 PE 1986 36 $99,000 $0 $0 $0 $0 $99,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 33 200 PE 1986 36 $99,000 $0 $0 $0 $0 $99,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV231 AV232 WAT 99 200 PE 1986 36 $297,000 $0 $0 $0 $0 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 99 200 PE 1986 36 $297,000 $0 $0 $0 $0 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV232 AV233 WAT 60 200 PE 1986 36 $180,000 $0 $0 $0 $0 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 60 50 PE 1986 36 $180,000 $0 $0 $0 $0 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 60 200 PE 1986 36 $180,000 $0 $0 $0 $0 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV233 AV234 WAT 92 200 PE 1986 36 $276,000 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 92 50 PE 1986 36 $276,000 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 92 200 PE 1986 36 $276,000 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV234 AV235 WAT 103 200 PE 1986 36 $309,000 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 103 50 PE 1986 36 $309,000 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 103 200 PE 1986 36 $309,000 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV234 AV226 WAT 71 200 PE 1986 36 $213,000 $0 $0 $0 $0 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 71 75 PE 1986 36 $213,000 $0 $0 $0 $0 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 71 200 PE 1986 36 $213,000 $0 $0 $0 $0 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV226 AV227 WAT 126 150 PE 1986 36 $378,000 $0 $0 $0 $0 $378,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 126 50 PE 1986 36 $378,000 $0 $0 $0 $0 $378,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 126 200 PE 1986 36 $378,000 $0 $0 $0 $0 $378,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV226 AV225 WAT 65 200 PE 1986 36 $195,000 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 65 75 PE 1986 36 $195,000 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 65 200 PE 1986 36 $195,000 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV225 AV239 WAT 65 150 PE 1986 36 $195,000 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 65 50 PE 1986 36 $195,000 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 65 200 PE 1986 36 $195,000 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV225 AV224 WAT 98 200 PE 1986 36 $294,000 $0 $0 $0 $0 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 98 75 PE 1986 36 $294,000 $0 $0 $0 $0 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 98 200 PE 1986 36 $294,000 $0 $0 $0 $0 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV224 AV240 WAT 45 150 PE 1986 36 $135,000 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 45 50 PE 1986 36 $135,000 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 45 200 PE 1986 36 $135,000 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV224 AV223 WAT 78 200 PE 1986 36 $234,000 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 78 75 PE 1986 36 $234,000 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 78 200 PE 1986 36 $234,000 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV223 MH96 RECIRC 110 75 PE 1986 36 $330,000 $0 $0 $0 $0 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV223 MH91 SAN 45 200 PE 1979 43 $135,000 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV223 PT A4 WAT 15 150 PE 1979 43 $45,000 $45,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH96 MH93 WAT 20 150 PE 1979 43 $60,000 $60,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 20 200 PE 1979 43 $60,000 $60,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH93 MH92 WAT 79 150 PE 1979 43 $237,000 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 79 200 PE 1979 43 $237,000 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH92 PT A4 WAT 20 150 PE 1979 43 $60,000 $60,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 10 200 PE 1979 43 $30,000 $30,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

PT A4 MH91 WAT 36 150 PE 1979 43 $108,000 $108,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 36 200 PE 1979 43 $108,000 $108,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH91 MH89 WAT 87 150 PE 1979 43 $261,000 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 87 200 PE 1979 43 $261,000 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH89 MH88 WAT 107 150 PE 1979 43 $321,000 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
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MH88 MH87 WAT 38 150 PE 1979 43 $114,000 $114,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 38 200 PE 1979 43 $114,000 $114,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH87 MH86 WAT 55 150 PE 1979 43 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 55 200 PE 1979 43 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH86 MH85 WAT 58 150 PE 1979 43 $174,000 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 58 200 PE 1979 43 $174,000 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH85 MH73 WAT 55 150 PE 1979 43 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH73 MH74 WAT 97 150 PE 1979 43 $291,000 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 97 200 PE 1979 43 $291,000 $291,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH74 MH75 WAT 98 150 PE 1979 43 $294,000 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 98 200 PE 1979 43 $294,000 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH75 MH90 WAT 50 150 PE 1979 43 $150,000 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH90 MH76 WAT 35 150 PE 1979 43 $105,000 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH76 MH69 RECIRC 33 50 PE 1979 43 $99,000 $99,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH68 MH77 SAN 35 200 PE 1979 43 $105,000 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH77 MH78 SAN 45 200 PE 1979 43 $135,000 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH78 MH79 SAN 77 200 PE 1979 43 $231,000 $231,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH79 MH94 SAN 70 200 PE 1979 43 $210,000 $210,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH75 MH94 SAN 43 200 PE 1979 43 $129,000 $129,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH94 MH80 SAN 35 200 PE 1979 43 $105,000 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH80 MH88 SAN 65 200 PE 1979 43 $195,000 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH80 MH81 SAN 55 200 PE 1979 43 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH81 MH82 SAN 71 200 PE 1979 43 $213,000 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH82 MH83 SAN 31 200 PE 1979 43 $93,000 $93,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH89 MH83 SAN 65 200 PE 1979 43 $195,000 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

TOTALS $24,384,900 $10,701,000 $0 $0 $468,000 $11,235,000 $0 $0 $1,407,000 $573,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AVs Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

AV Name Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046

MH95 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH68 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
TAC1 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
TAC2 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
TAC3 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
TAC4 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV326 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH72 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV327 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH100 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH99 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH98 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH97 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH96 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV216 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV217 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV237 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV238 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV227 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV228 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV229 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV230 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV231 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV232 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV233 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV234 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV235 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV226 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV225 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV239 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV224 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV240 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV223 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT A4 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH92 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH91 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH93 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH89 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH83 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH82 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH81 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH80 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH79 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH78 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH77 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH69 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH76 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH90 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH75 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH74 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH73 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH70 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH71 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH94 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH85 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH86 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH87 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH88 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total 58
AV 21 TOTALS $11,600,000 $6,200,000 $0 $0 $0 $3,600,000 $0 $0 $1,600,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 32
PT 1
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FEDERAL ROAD  - WATER AND SEWER INVENTORY (OCT 2022)
3000

PIPES Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Start AV End Type (WAT,RECIRC,SAN) Pipe Length (m) Pipe Dia. (mm) Material Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

AV1 AV2 WAT 102 200 PE 1985 37 $306,000 $0 $0 $0 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV2 AV3 WAT 96 200 PE 1985 37 $288,000 $0 $0 $0 $288,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV3 AV4 WAT 125 200 PE 1985 37 $375,000 $0 $0 $0 $375,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 133 200 PE 1985 37 $399,000 $0 $0 $0 $399,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV4 AV4A WAT 86 200 PE 1985 37 $258,000 $0 $0 $0 $258,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV5 PT E SAN 35 200 PE 1985 37 $105,000 $0 $0 $0 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT E AV4 SAN 80 200 PE 1985 37 $240,000 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV4A AV5 WAT 26 200 PE 1985 37 $78,000 $0 $0 $0 $78,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV5 ATB04 WAT 145 200 PE 2016 6 $435,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $435,000 $0 $0 $0 $0 $0 $0
ATB04 ATB03 WAT 38 200 PE 2016 6 $114,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $114,000 $0 $0 $0 $0 $0 $0

SAN 38 200 PE 2016 6 $114,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $114,000 $0 $0 $0 $0 $0 $0
ATB03 ATB02 WAT 118 200 PE 2016 6 $354,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $354,000 $0 $0 $0 $0 $0 $0

SAN 118 200 PE 2016 6 $354,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $354,000 $0 $0 $0 $0 $0 $0
ATB02 ATB01 WAT 25 200 PE 2016 6 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $75,000 $0 $0 $0 $0 $0 $0

SAN 25 200 PE 2016 6 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $75,000 $0 $0 $0 $0 $0 $0
ATB01 AB264 WAT 123 200 PE 2016 6 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $369,000 $0 $0 $0 $0 $0 $0

SAN 123 200 PE 2016 6 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $369,000 $0 $0 $0 $0 $0 $0
AV264 AV3 WAT 120 200 PE 1993 29 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV264 AV263 WAT 110 200 PE 1993 29 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 110 200 PE 1993 29 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV263 AV262 WAT 67 200 PE 1993 29 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 67 200 PE 1993 29 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV262 AV261 WAT 22 200 PE 1993 29 $66,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $66,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 22 200 PE 1993 29 $66,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $66,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV261 AV260 WAT 87 200 PE 1993 29 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 87 200 PE 1993 29 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV260 AV259 WAT 71 200 PE 1993 29 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 71 200 PE 1993 29 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV259 AV258 WAT 95 200 PE 1993 29 $285,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $285,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 95 200 PE 1993 29 $285,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $285,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV258 AV257 WAT 87 200 PE 1993 29 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 87 200 PE 1993 29 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $261,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV257 AV256 WAT 104 200 PE 1993 29 $312,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $312,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 104 200 PE 1993 29 $312,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $312,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV256 AV255 WAT 91 200 PE 1993 29 $273,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $273,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 91 250 PE 1989 33 $273,000 $0 $0 $0 $0 $0 $0 $0 $273,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV255 AV254 SAN 76 250 PE 1989 33 $228,000 $0 $0 $0 $0 $0 $0 $0 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV254 AV253 SAN 93 250 PE 1989 33 $279,000 $0 $0 $0 $0 $0 $0 $0 $279,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV253 AV252 SAN 110 250 PE 1989 33 $330,000 $0 $0 $0 $0 $0 $0 $0 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV255 AV215 WAT 55 200 PE 1986 36 $165,000 $0 $0 $0 $0 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV215 AV214 WAT 113 200 PE 1986 36 $339,000 $0 $0 $0 $0 $339,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AVF AVE WAT 75 300 PE 2019 3 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0
RECIRC 75 300 PE 2019 3 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0

SAN 75 200 PE 2019 3 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0
AVE AV421 WAT 76 300 PE 2019 3 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $228,000 $0 $0 $0

RECIRC 76 300 PE 2019 3 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $228,000 $0 $0 $0
SAN 76 200 PE 2019 3 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $228,000 $0 $0 $0

AV421 AV663 SAN 16 200 PE 2019 3 $48,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $48,000 $0 $0 $0
AV663 AV664 SAN 80 200 PE 2019 3 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0
AV664 AV665 SAN 110 200 PE 2019 3 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $330,000 $0 $0 $0
AV665 AV666 SAN 68 300 PE 2019 3 $204,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $204,000 $0 $0 $0
AV666 AV667 SAN 86 300 PE 2019 3 $258,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $258,000 $0 $0 $0
AV667 AV668 SAN 92 300 PE 2019 3 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $276,000 $0 $0 $0
AV668 AV669 SAN 55 300 PE 2019 3 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $165,000 $0 $0 $0
AV669 AV670 SAN 111 300 PE 2019 3 $333,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $333,000 $0 $0 $0
AV670 AV253 SAN 50 300 PE 2019 3 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $150,000 $0 $0 $0
AV253 AV252 SAN 110 250 PE 1989 33 $330,000 $0 $0 $0 $0 $0 $0 $0 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV1 AV423 WAT 101 200 PE 1985 37 $303,000 $0 $0 $0 $303,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV423 AV422 WAT 109 300 PE 1995 27 $327,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $327,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV422 AV421 WAT 130 300 PE 1995 27 $390,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $390,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV421 AV420 WAT 108 300 PE 1995 27 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV420 AV419 WAT 111 300 PE 1995 27 $333,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $333,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV419 AV418 WAT 128 300 PE 1995 27 $384,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $384,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV418 AV417 WAT 115 300 PE 1995 27 $345,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $345,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

TOTALS $16,512,000 $0 $0 $0 $2,352,000 $504,000 $0 $0 $1,440,000 $0 $0 $0 $4,491,000 $0 $2,103,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,259,000 $0 $0 $3,363,000 $0 $0 $0

AVs Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Name Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

AV F 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV E 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0

AV 421 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV 663 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV 664 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV 665 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV 666 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV 667 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV 668 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV 669 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV 670 2019 3 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0
AV253 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV1 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV423 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV422 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV420 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV419 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV418 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV417 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV2 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV3 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV4 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV5 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT E 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV4A 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
ATB04 2016 6 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0
ATB03 2016 6 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0
ATB02 2016 6 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0
ATB01 2016 6 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0
AV264 1993 29 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV263 1993 29 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV262 1993 29 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV261 1993 29 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV260 1993 29 $200,001 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,001 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV259 1993 29 $200,002 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,002 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV258 1993 29 $200,003 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,003 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV257 1993 29 $200,004 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,004 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV256 1993 29 $200,005 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,005 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV255 1989 33 $200,006 $0 $0 $0 $0 $0 $0 $0 $200,006 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV254 1989 33 $200,007 $0 $0 $0 $0 $0 $0 $0 $200,007 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV215 1986 36 $200,008 $0 $0 $0 $0 $200,008 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV252 1989 33 $200,009 $0 $0 $0 $0 $0 $0 $0 $200,009 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total 42
AV 37 TOTALS $8,400,045 $0 $0 $0 $1,400,000 $200,008 $0 $0 $800,022 $0 $0 $0 $1,800,015 $0 $1,200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $800,000 $0 $0 $2,200,000 $0 $0 $0
MH 0
PT 1

ATB 4
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LOWER IQLAUIT  - WATER AND SEWER INVENTORY (OCT 2022)
3000

PIPES Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Start AV End Type (WAT,RECIRC,SAN) Pipe Length (m) Pipe Dia. (mm) Material Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

MH53 MH52 WAT 114 150 PE 1978 44 $60,000 $60,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 114 200 PE 1978 44 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH52 AV52A WAT 30 200 PE 1978 44 $273,000 $273,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 30 200 PE 1978 44 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV52A AV11 WAT 71 200 PE 1978 44 $270,000 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 71 200 PE 1978 44 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV11 MH49 WAT 67 200 PE 1978 44 $300,000 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 67 200 PE 1978 44 $300,000 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH49 AV10 WAT 30 200 PE 1978 44 $270,000 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 30 200 PE 1978 44 $270,000 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV10 MH7 SAN 55 200 PE 1978 44 $120,000 $120,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH51 MH50 SAN 65 200 PE 1978 44 $120,000 $120,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH50 MH49 SAN 60 200 PE 1978 44 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $165,000
MH84 MH9 SAN 100 200 PE 1979 43 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT F PT G WAT 20 200 PE 2015 7 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $321,000 $0 $0 $0 $0 $0 $0 $0

SAN 20 200 PE 2015 7 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT G PT H WAT 91 200 PE 2015 7 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $105,000 $0 $0 $0 $0 $0 $0 $0

SAN 91 200 PE 2015 7 $81,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $81,000 $0 $0 $0 $0 $0 $0 $0
PT H MH9A WAT 90 200 PE 2015 7 $186,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $186,000 $0 $0 $0 $0 $0 $0 $0

SAN 90 200 PE 2015 7 $141,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $141,000 $0 $0 $0 $0 $0 $0 $0
MH9A MH8 WAT 100 200 PE 2021 1 $246,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $246,000 $0

SAN 100 250 Ductile Iron 1978 44 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH8 MH7 WAT 90 150 Ductile Iron 1977 45 $60,000 $60,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 90 250 Ductile Iron 1978 44 $195,000 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH7 PT A2 WAT 40 150 PE 2019 3 $156,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $156,000 $0 $0 $0

SAN 40 250 Ductile Iron 1978 44 $111,000 $111,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PTA2 AV400 WAT 55 150 PE 2019 3 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 55 250 PE 1986 36 $192,000 $0 $0 $0 $0 $192,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV400 AV401 WAT 107 200 PE 1990 32 $192,000 $0 $0 $0 $0 $0 $0 $0 $0 $192,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$219,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $219,000
AV400 PT B SAN 35 250 PE 1986 36 $342,000 $0 $0 $0 $0 $342,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

PT B MH5 SAN 27 250 Ductile Iron 1986 36 $342,000 $0 $0 $0 $0 $342,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH5 MH12 SAN 62 200 Ductile Iron 1986 36 $90,000 $0 $0 $0 $0 $90,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH12 MH28 SAN 47 200 Ductile Iron 1977 45 $90,000 $90,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH12 MH13 SAN 82 200 Ductile Iron 1977 45 $213,000 $213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH13 MH22 SAN 45 200 Ductile Iron 1977 45 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$213,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $213,000
AV400 MH6 WAT 20 150 PE 2019 3 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $201,000 $0 $0 $0
MH6 MH14 WAT 65 150 PE 1977 45 $201,000 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH14 MH15 WAT 52 150 PE 1977 45 $90,000 $90,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH15 MH 22 WAT 37 150 PE 1977 45 $90,000 $90,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $165,000
MH22 MH21 WAT 64 150 Ductile Iron 1977 45 $195,000 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 64 200 Ductile Iron 1977 45 $180,000 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
FORCESAN 64 150 PE 2022 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH21 MH20 WAT 73 150 Ductile Iron 1977 45 $300,000 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 73 200 Ductile Iron 1977 45 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

FORCESAN 73 150 PE $60,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $60,000
MH20 MH19 SAN 62 200 Ductile Iron 1977 45 $60,000 $60,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

FORCESAN 62 150 PE 2022 $273,000 $273,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH19 MH23B SAN 55 200 Ductile Iron 1977 45 $273,000 $273,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

FORCESAN 55 150 PE $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $270,000
MH23B MH23 SAN 22 200 Ductile Iron 1977 45 $270,000 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH23 MH30 SAN 27 200 Ductile Iron 1977 45 $300,000 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $300,000
MH20 AV19A WAT 65 150 Ductile Iron 1977 45 $270,000 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV19A MH23B WAT 45 150 Ductile Iron 1977 45 $270,000 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH23B AV23A WAT 35 150 Ductile Iron 1977 45 $120,000 $120,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV23A MH30 WAT 45 150 PE 1977 45 $120,000 $120,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH30 MH31 WAT 47 150 Ductile Iron 1978 44 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 47 200 Ductile Iron 1977 45 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH31 MH32 WAT 61 150 Ductile Iron 1978 44 $321,000 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 61 200 Ductile Iron 1977 45 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH32 MH32A WAT 62 150 PE 1978 44 $105,000 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 62 200 Ductile Iron 1977 45 $81,000 $81,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH32A MH32B WAT 91 150 PE 1978 44 $186,000 $186,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 91 200 Ductile Iron 1977 45 $141,000 $141,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH32B MH63B SAN 72 200 Ductile Iron 1977 45 $246,000 $246,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH63B MH63A SAN 70 200 PE 1979 43 $135,000 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH63A MH63 WAT 27 150 PE 1979 43 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 28 200 PE 1979 43 $60,000 $60,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH32B MH63A WAT 126 150 PE 1979 43 $195,000 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$156,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $156,000
MH63 MH62 WAT 59 150 PE 1979 43 $111,000 $111,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 59 200 PE 1979 43 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH62 MH61 WAT 54 150 PE 1979 43 $192,000 $192,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 54 200 PE 1979 43 $192,000 $192,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH61 MH60 WAT 99 150 PE 1979 43 $192,000 $192,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 99 200 PE 1979 43 $219,000 $219,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH60 MH59 WAT 42 150 PE 1979 43 $219,000 $219,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 42 200 PE 1979 43 $219,000 $219,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH59 MH48 WAT 51 150 PE 1979 43 $186,000 $186,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH48 MH47 WAT 44 150 PE 1978 44 $186,000 $186,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 44 200 PE 1978 44 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH47 MH46 WAT 57 150 PE 1978 44 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 57 200 PE 1978 44 $66,000 $66,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH46 MH46A WAT 41 150 PE 1979 43 $81,000 $81,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 41 200 PE 1979 43 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH46A MH46B WAT 74 150 PE 1979 43 $195,000 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 74 200 PE 1979 43 $135,000 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH46B MH58 WAT 40 150 PE 1979 43 $105,000 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH58 MH60 WAT 95 150 PE 1979 43 $135,000 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 95 200 PE 1979 43 $285,000 $285,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH63 MH65 WAT 72 150 PE 1979 43 $216,000 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 72 200 PE 1979 43 $216,000 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH65 MH66 WAT 48 150 PE 1979 43 $144,000 $144,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 48 200 PE 1979 43 $144,000 $144,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH66 MH39 WAT 19 150 PE 1978 44 $57,000 $57,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH39 MH48 WAT 51 150 PE 1978 44 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 51 200 PE 1978 44 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH39 MH38 WAT 60 150 PE 1978 44 $180,000 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 60 200 PE 1978 44 $180,000 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH38 MH37 WAT 51 150 PE 1978 44 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 51 200 PE 1978 44 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH37 MH36 WAT 79 150 PE 1978 44 $237,000 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 79 200 PE 1978 44 $237,000 $237,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH36 MH35 WAT 55 150 PE 1978 44 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 55 200 PE 1978 44 $165,000 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH35 MH24A WAT 25 150 PE 1977 45 $75,000 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH35 MH33 SAN 25 200 PE 1978 44 $75,000 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH33 MH23 SAN 40 200 Ductile Iron 1977 45 $120,000 $120,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH33 MH24A SAN 13 200 Ductile Iron 1977 45 $39,000 $39,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH24A MH24 WAT 15 150 Ductile Iron 1977 45 $45,000 $45,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 15 200 PE 1977 45 $45,000 $45,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH24 AV25A WAT 76 150 Ductile Iron 1977 45 $228,000 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH24 AV25 SAN 67 200 PE 1977 45 $201,000 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV25A MH26 WAT 119 150 Ductile Iron 1977 45 $357,000 $357,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV25 MH26 SAN 113 200 PE 1977 45 $339,000 $339,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH26 MH27 WAT 46 150 Ductile Iron 1977 45 $138,000 $138,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 46 150 PE 1977 45 $138,000 $138,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV27 MH8 WAT 25 150 Ductile Iron 1977 45 $75,000 $75,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV24A AV23A WAT 41 150 PE 1977 45 $123,000 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

$0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH46 MH45 WAT 51 150 PE 1978 44 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 51 200 PE 1978 44 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH45 MH43 WAT 51 150 PE 1978 44 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 51 200 PE 1978 44 $153,000 $153,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH43 MH42 WAT 115 150 PE 1978 44 $345,000 $345,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 115 200 PE 1978 44 $345,000 $345,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH42 PT A WAT 84 150 PE 1978 44 $252,000 $252,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 84 150 PE 1978 44 $252,000 $252,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 84 200 PE 1978 44 $252,000 $252,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH42 MH41 WAT 23 150 PE 1978 44 $69,000 $69,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH41 MH40 WAT 95 150 PE 1978 44 $285,000 $285,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 95 200 PE 1978 44 $285,000 $285,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH40 MH40A WAT 108 150 PE 1978 44 $324,000 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 108 50 PE 1978 44 $324,000 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 108 150 PE 1990 32 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $324,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
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MH40 MH24A WAT 57 150 PE 1978 44 $171,000 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 57 200 PE 1978 44 $171,000 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH43 MH44 SAN 41 200 PE 1978 44 $123,000 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH44 MH40 SAN 48 200 PE 1978 44 $144,000 $144,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

TOTALS $23,649,000 $19,182,000 $0 $0 $0 $966,000 $0 $0 $0 $516,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $834,000 $0 $0 $0 $357,000 $0 $246,000 $1,548,000

AVs Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Name Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

MH53 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH52 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV52A 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH51 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH50 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH49 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV11 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV10 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH7 2022 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT F 2015 7 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0
PT G 2015 7 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0
PT H 2015 7 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0

MH 9A 2021 1 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0
MH8 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT A2 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV400 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT B 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH5 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH12 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH28 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH13 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH84 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH6 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH14 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH15 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH22 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH21 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH20 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH19 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV19A 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH23B 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV23A 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH23B 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH30 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH31 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH32 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH32A 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH32B 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH63B 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH63A 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH63 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH62 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH61 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH60 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH59 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH48 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH47 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH46 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH46A 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH46B 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH58 1979 43 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH65 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH66 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH39 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH38 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH37 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH36 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH35 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH24A 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH33 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH24A 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH24 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV25A 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV25 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH26 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH27 1977 45 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH45 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH43 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH42 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT A 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH41 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH40 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH40A 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH44 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total 74
AV 8 TOTALS $14,800,000 $13,400,000 $0 $0 $0 $600,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $600,000 $0 $0 $0 $0 $0 $200,000 $0
MH 60
PT 6
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PLATEAU III  - WATER AND SEWER INVENTORY (OCT 2022)
3000

PIPES Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Start AV End Type (WAT,RECIRC,SAN) Pipe Length (m) Pipe Dia. (mm) Material Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

AV 629 AV 628 WAT 101.6 250 PE 2010 12 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 101.6 200 PE 2010 12 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 101.6 200 PE 2010 12 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 628 AV 627 WAT 72.9 250 PE 2010 12 $218,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $218,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 72.9 200 PE 2010 12 $218,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $218,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 72.9 200 PE 2010 12 $218,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $218,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 627 AV 626 WAT 89.2 250 PE 2010 12 $267,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $267,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 89.2 200 PE 2010 12 $267,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $267,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 89.2 200 PE 2010 12 $267,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $267,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 626 AV 625 WAT 101.6 250 PE 2010 12 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 101.6 200 PE 2010 12 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 101.6 200 PE 2010 12 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $304,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 625 AV 625 WAT 54.6 200 PE 2010 12 $163,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $163,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 54.6 200 PE 2010 12 $163,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $163,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 624 AV 623 WAT 102.7 200 PE 2010 12 $308,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $308,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 102.7 200 PE 2010 12 $308,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $308,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 623 AV 622 WAT 38.7 200 PE 2010 12 $116,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $116,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 38.7 200 PE 2010 12 $116,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $116,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 625 AV 622 WAT 115.4 250 PE 2010 12 $346,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $346,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 115.4 200 PE 2010 12 $346,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $346,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 622 AV 621 WAT 44.3 250 PE 2010 12 $132,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $132,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 44.3 200 PE 2010 12 $132,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $132,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 44.3 200 PE 2010 12 $132,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $132,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 621 AV 620 WAT 86.2 250 PE 2010 12 $258,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $258,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 86.2 200 PE 2007 15 $258,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $258,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 86.2 200 PE 2010 12 $258,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $258,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 620 AV 619 WAT 102.8 250 PE 2010 12 $308,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $308,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 102.8 200 PE 2007 15 $308,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $308,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 102.8 200 PE 2010 12 $308,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $308,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 619 AV 615 WAT 116.7 250 PE 2010 12 $350,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $350,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 116.7 200 PE 2007 15 $350,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $350,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 116.7 200 PE 2010 12 $350,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $350,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 615 AV 614 WAT 85.9 250 PE 2007 15 $257,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $257,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 85.9 200 PE 2007 15 $257,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $257,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 613 AV 614 WAT 98.3 250 PE 2007 15 $294,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $294,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 98.3 200 PE 2007 15 $294,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $294,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 613 AV 612 WAT 85.7 250 PE 2007 15 $257,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $257,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 85.7 200 PE 2007 15 $257,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $257,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 612 AV 616 WAT 68.3 250 PE 2007 15 $204,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $204,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 68.3 200 PE 2007 15 $204,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $204,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 616 AV 617 WAT 76.6 250 PE 2007 15 $229,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $229,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 79.7 200 PE 2007 15 $239,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $239,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 618 AV 617 WAT 71.9 200 PE 2007 15 $215,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $215,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 64.5 200 PE 2007 15 $193,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $193,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 615 AV 618 WAT 65.4 200 PE 2007 15 $196,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $196,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 73.9 200 PE 2007 15 $221,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $221,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 617 AV 610 WAT 109.5 250 PE 2007 15 $328,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $328,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 110.3 200 PE 2007 15 $330,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $330,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 112.7 200 PE 2007 15 $338,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $338,100 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 608 AV 610 WAT 106.2 250 PE 2003 19 $318,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $318,600 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 103.4 200 PE 2005 17 $310,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $310,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 611 AV 608 WAT 55.6 250 PE 2003 19 $166,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $166,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 53.8 200 PE 2005 17 $161,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $161,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 55.5 250 PE 2003 19 $166,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $166,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 610 AV 609 WAT 98.1 200 PE 2003 19 $294,300 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $294,300 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 97.9 200 PE 2005 17 $293,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $293,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 609 AV 606 WAT 86.6 200 PE 2003 19 $259,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $259,800 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 84.8 200 PE 2005 17 $254,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $254,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 608 AV 607 WAT 61.8 250 PE 2003 19 $185,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $185,400 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 60.4 200 PE 2005 17 $181,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $181,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 607 AV 606 WAT 73.9 250 PE 2003 19 $221,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $221,700 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 69.5 200 PE 2005 17 $208,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $208,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 606 AV 605 WAT 103 250 PE 2003 19 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 101.5 200 PE 2005 17 $304,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $304,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 105.4 200 PE 2003 19 $316,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $316,200 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

TOTALS $16,581,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,238,300 $0 $1,713,900 $0 $5,239,800 $0 $0 $7,389,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AVs Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Name Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

AV 629 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 628 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 627 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 626 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 625 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 624 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 623 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 622 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 621 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 620 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 619 2010 12 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 615 2007 15 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 614 2007 15 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 613 2007 15 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 612 2007 15 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 616 2007 15 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 617 2007 15 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 618 2007 15 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 610 2007 15 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 608 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 611 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 607 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 606 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 609 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total 24
AV 24 TOTALS $4,800,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,000,000 $0 $0 $0 $1,600,000 $0 $0 $2,200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 0
PT 0
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PLATEAU I & II  - WATER AND SEWER INVENTORY (OCT 2022)
3000

PIPES Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Start AV End Type (WAT,RECIRC,SAN) Pipe Length (m) Pipe Dia. (mm) Material Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

AV 605 AV 604 WAT 133 250 PE 2003 19 $399,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $399,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 133 200 PE 2003 19 $399,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $399,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 133 200 PE 2005 17 $399,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $399,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 604 AV 603 WAT 103 250 PE 2003 19 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 103 200 PE 2003 19 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 103 200 PE 2005 17 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 603 AV 602 WAT 139 300 PE 2003 19 $417,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $417,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 139 250 PE 2003 19 $417,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $417,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 139 200 PE 2005 17 $417,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $417,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 602 AV 612 WAT 57 250 PE 2012 10 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 57 250 PE 2012 10 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 57 250 PE 2009 13 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 612 AV 613 WAT 55 250 PE 2012 10 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 55 250 PE 2012 10 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 55 200 PE 2009 13 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 613 AV 631 WAT 123 250 PE 2012 10 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 123 250 PE 2012 10 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 631 AV 632 WAT 102 250 PE 2012 10 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 102 250 PE 2012 10 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 632 AV 633 WAT 80 250 PE 2012 10 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 80 250 PE 2012 10 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 80 200 PE 2012 10 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 633 AV 634 WAT 60 250 PE 2012 10 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 60 250 PE 2012 10 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 60 200 PE 2012 10 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 632 AV 635 SAN 60 200 PE 2012 10 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 635 AV 200 SAN 99 200 PE 2012 10 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 406 AV 200 WAT 12 200 PE 1989 33 $36,000 $0 $0 $0 $0 $0 $0 $0 $36,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 406 AV 300 WAT 202 300 PE 1989 33 $606,000 $0 $0 $0 $0 $0 $0 $0 $606,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 300 AV 301 WAT 84 250 PE 1986 36 $252,000 $0 $0 $0 $0 $252,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 84 200 PE 1987 35 $252,000 $0 $0 $0 $0 $0 $252,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 301 AV 302 WAT 33 200 PE 1987 35 $99,000 $0 $0 $0 $0 $0 $99,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 33 200 PE 1987 35 $99,000 $0 $0 $0 $0 $0 $99,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
ARC COLL AV 302 WAT 37 150 Ductile Iron 1986 36 $111,000 $0 $0 $0 $0 $111,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 303B AV 302 SAN 49 150 PE 1989 33 $147,000 $0 $0 $0 $0 $0 $0 $0 $147,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 303B AV 304B SAN 109 150 PE 1989 33 $327,000 $0 $0 $0 $0 $0 $0 $0 $327,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 301 AV 303 SAN 92 250 PE 1989 33 $276,000 $0 $0 $0 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 303 AV 600 WAT 40 300 PE 1986 36 $120,000 $0 $0 $0 $0 $120,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 40 250 PE 1986 36 $120,000 $0 $0 $0 $0 $120,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 600 AV 601 WAT 75 300 PE 2003 19 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 75 250 PE 2003 19 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 75 200 PE 2005 17 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 601 AV 602 WAT 80 300 PE 2003 19 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 80 250 PE 2003 19 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 80 200 PE 2005 17 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 600 AV 304 WAT 41 300 PE 1986 36 $123,000 $0 $0 $0 $0 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 41 250 PE 1986 36 $123,000 $0 $0 $0 $0 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 304 AV 305 WAT 72 300 PE 1986 36 $216,000 $0 $0 $0 $0 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 72 250 PE 1989 33 $216,000 $0 $0 $0 $0 $0 $0 $0 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 305 PT A WAT 57 250 PE 1990 32 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $171,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

PT A PT L WAT 140 250 PE 1990 32 $420,000 $0 $0 $0 $0 $0 $0 $0 $0 $420,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

PT A PT O WAT 58 200 PE 2018 4 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $174,000 $0 $0 $0 $0
PT O PT B WAT 38 200 PE 2018 4 $114,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $114,000 $0 $0 $0 $0
PT B PT C WAT 34 200 PE 2018 4 $102,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $102,000 $0 $0 $0 $0
PT B PT D WAT 60 250 Asbestos Cement 1970 52 $180,000 $180,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT D PT E WAT 35 250 Asbestos Cement 1970 52 $105,000 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 305 AV 306 WAT 32 300 PE 1995 27 $96,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $96,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 32 300 PE 1995 27 $96,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $96,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 45 200 PE 1995 27 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 306 AV 307 WAT 90 250 PE 1995 27 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 90 250 PE 1995 27 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 90 200 PE 1995 27 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 306 TAC 1 WAT 116 300 PE 1995 27 $348,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $348,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 103 MH 104 WAT 140 200 PE 1989 33 $420,000 $0 $0 $0 $0 $0 $0 $0 $420,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 140 50 PE 1989 33 $420,000 $0 $0 $0 $0 $0 $0 $0 $420,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 307 WTP WAT 318 250 PE 1995 27 $954,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $954,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 318 250 PE 1995 27 $954,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $954,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

TOTALS $17,487,000 $285,000 $0 $0 $0 $1,065,000 $450,000 $0 $2,448,000 $591,000 $0 $0 $0 $0 $3,393,000 $0 $0 $0 $0 $0 $0 $0 $3,180,000 $0 $1,590,000 $0 $0 $0 $336,000 $0 $0 $3,759,000 $0 $0 $0 $0 $0 $390,000 $0 $0 $0 $0

AVs Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Name Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

AV 605 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 604 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 603 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 602 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 612 2009 13 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 613 2009 13 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 632 2012 10 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 635 2012 10 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 406 2012 10 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 200 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 633 2012 10 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 634 2012 10 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 601 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 600 2003 19 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 303 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 301 1987 35 $200,000 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 300 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 302 1987 35 $200,000 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 303B 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 304B 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 304 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 305 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 306 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 104 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 307 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

PT O 2018 4 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0
PT B 2018 4 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0
PT C 2018 4 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0
PT D 2018 4 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0
PT E 2018 4 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0

Total 30
AV 24 TOTALS $6,000,000 $0 $0 $0 $0 $800,000 $400,000 $0 $800,000 $0 $0 $0 $0 $0 $400,000 $0 $0 $0 $0 $0 $0 $0 $1,200,000 $0 $0 $0 $0 $0 $400,000 $0 $0 $1,000,000 $0 $0 $0 $0 $0 $1,000,000 $0 $0 $0 $0
MH 1
PT 5
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LOWER BASE  - WATER AND SEWER INVENTORY (OCT 2022)
3000

PIPES Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Start AV End Type (WAT,RECIRC,SAN) Pipe Length (m) Pipe Dia. (mm) Material Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

AV 245 AV 244 SAN 114 300 PE 1987 35 $342,000 $0 $0 $0 $0 $0 $342,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 244 AV 243 SAN 111 300 PE 1987 35 $333,000 $0 $0 $0 $0 $0 $333,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 243 AV 242 SAN 63 300 PE 1987 35 $189,000 $0 $0 $0 $0 $0 $189,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 242 AV 241 SAN 110 300 PE 1987 35 $330,000 $0 $0 $0 $0 $0 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 241 AV 211 SAN 50 300 PE 1987 35 $150,000 $0 $0 $0 $0 $0 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 251 AV 211 SAN 63 250 PE 1989 33 $189,000 $0 $0 $0 $0 $0 $0 $0 $189,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 211 AV 210 SAN 97.1 200 PE 1985 37 $291,300 $0 $0 $0 $291,300 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 211 PT I FORCESAN 19 200 PE 1978 44 $57,000 $57,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

PT I PT H FORCESAN 46 200 PE 1978 44 $138,000 $138,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT H PT G FORCESAN 6 200 PE 1978 44 $18,000 $18,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT G PT F FORCESAN 61 200 PE 1978 44 $183,000 $183,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT F PT E FORCESAN 76 200 PE 1978 44 $228,000 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT E PT D FORCESAN 161 200 PE 1978 44 $483,000 $483,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT D P.S. #1 FORCESAN 245 200 PE 1978 44 $735,000 $735,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

P.S. #1 AV 437 SAN 52.3 200 PE 2004 18 $156,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $156,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
P.S. #1 MH 2 SAN 74 250 Ductile Iron 1976 46 $222,000 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 2 MH 3 SAN 95 250 Ductile Iron 1976 46 $285,000 $285,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 3 MH 4 SAN 78 250 Ductile Iron 1976 46 $234,000 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 3 AV 403 SAN 41 200 PE 1990 32 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 4 MH 5 SAN 75 250 Ductile Iron 1976 46 $225,000 $225,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 437 AV 438 WAT 78 200 PE 1990 32 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 78 200 PE 1994 28 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 438 AV 439 WAT 80 200 PE 1990 32 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 80 200 PE 2004 18 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 439 AV 440 WAT 70 200 PE 1990 32 $210,000 $0 $0 $0 $0 $0 $0 $0 $0 $210,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 80 200 PE 2004 18 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 440 AV 410 WAT 90 200 PE 1990 32 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 90 200 PE 2004 18 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 411 AV 410 WAT 72 200 PE 1990 32 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 72 200 PE 1999 23 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 410 AV 409 WAT 103 200 PE 1990 32 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 103 200 PE 1990 32 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 103 200 PE 1999 23 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 437 AV 409 WAT 78 200 PE 1990 32 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 52 200 PE 2004 18 $156,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $156,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 408 AV 409 WAT 120 200 PE 1990 32 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 120 200 PE 1999 23 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 407 AV 408 WAT 67 200 PE 1990 32 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 67 200 PE 1999 23 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 207 AV 407 WAT 120 200 PE 1990 32 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 120 200 PE 1999 23 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $360,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 210 AV 209 WAT 80 150 PE 1986 36 $240,000 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 80 50 PE 1986 36 $240,000 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 80 250 PE 1985 37 $240,000 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 207 AV 206 WAT 92 200 PE 1986 36 $276,000 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 92 75 PE 1986 36 $276,000 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 92 250 PE 1989 33 $276,000 $0 $0 $0 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 209 AV 208 WAT 62 150 PE 1986 36 $186,000 $0 $0 $0 $0 $186,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 62 50 PE 1986 36 $186,000 $0 $0 $0 $0 $186,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 62 250 PE 1985 37 $186,000 $0 $0 $0 $186,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 208 AV 207 WAT 90 200 PE 1986 36 $270,000 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 90 75 PE 1986 36 $270,000 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 90 350 PE 1995 27 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 212 AV 208 WAT 80 200 PE 1986 36 $240,000 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 80 200 PE 1985 37 $240,000 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 213 AV 212 WAT 94 200 PE 1986 36 $282,000 $0 $0 $0 $0 $282,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 94 200 PE 1985 37 $282,000 $0 $0 $0 $282,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 213 AV 270 WAT 124 200 PE 1986 36 $372,000 $0 $0 $0 $0 $372,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 124 50 PE 1986 36 $372,000 $0 $0 $0 $0 $372,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 124 200 PE 1999 23 $372,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $372,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 270 AV 300A WAT 65 200 PE 1986 36 $195,000 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 65 50 PE 1986 36 $195,000 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 65 200 PE 1999 23 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $195,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 300A AV 271 WAT 41 200 PE 1986 36 $123,000 $0 $0 $0 $0 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 41 50 PE 1986 36 $123,000 $0 $0 $0 $0 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 41 200 PE 1999 23 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $123,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 435 AV 434 WAT 59 200 PE 1990 32 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 59 200 PE 2004 18 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $177,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 411 AV 431 WAT 58 200 PE 1990 32 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 58 200 PE 1999 23 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 411 AV 435 WAT 99 200 PE 1990 32 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 66 200 PE 1999 23 $198,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $198,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 434 AV 433 WAT 50 200 PE 1990 32 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 50 200 PE 2004 18 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 433 AV 432 WAT 106 200 PE 1990 32 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 106 200 PE 2004 18 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 432 AV 431 WAT 53 200 PE 1990 32 $159,000 $0 $0 $0 $0 $0 $0 $0 $0 $159,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 53 200 PE 2004 18 $159,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $159,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 411 AV 412 WAT 55 200 PE 1990 32 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 55 200 PE 1999 23 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $165,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 412 AV 404 WAT 45 200 PE 1990 32 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 72 200 PE 1999 23 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $216,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 404 AV 402 WAT 115 200 PE 1990 32 $345,000 $0 $0 $0 $0 $0 $0 $0 $0 $345,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 115 200 PE 1990 32 $345,000 $0 $0 $0 $0 $0 $0 $0 $0 $345,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 402 AV 403 WAT 58 200 PE 1990 32 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 58 200 PE 1990 32 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 402 AV 444 SAN 36 200 PE 2009 13 $108,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $108,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 402 AV 401 WAT 106 200 PE 1990 32 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $318,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 400 AV 401 WAT 107 200 PE 1990 32 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $321,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 445 AV 444 SAN 74 200 PE 2009 13 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 402 PT. K SAN 47 200 CSP 1995 27 $141,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $141,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT. K PT. L SAN 168 150 1998 24 $504,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $504,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT. I MH 102 SAN 67 200 CSP 1995 27 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $201,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT. K PT. I SAN 80 200 CSP 1995 27 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $240,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH 102 PT F-2 SAN 42 200 DR32.5 1995 27 $126,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $126,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT F-2 PT E2 SAN 100 200 DR32.5 1995 27 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 450 AV 451 WAT 102 200 PE 1995 27 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 102 200 PE 2002 20 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 452 AV 451 WAT 98 200 PE 1995 27 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 98 200 PE 2002 20 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $294,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 445 AV 446 WAT 74 200 PE 2009 13 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 74 200 PE 2009 13 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 446 AV 447 WAT 76 200 PE 2009 13 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 76 200 PE 2009 13 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $228,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 447 MH 101 WAT 35 200 PE 2009 13 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $105,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 447 AV 452 SAN 58 200 PE 2009 13 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $174,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 101 AV 452 WAT 24 200 PE 1995 27 $72,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $72,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 452 MH 55 WAT 31 150 PE 1978 44 $93,000 $93,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 55 MH 54 WAT 110 150 PE 1978 44 $330,000 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 110 200 PE 1978 44 $330,000 $330,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 54 MH 53 WAT 102 200 PE 1978 44 $306,000 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 102 200 PE 1978 44 $306,000 $306,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 404 AV 405 WAT 100 200 PE 1990 32 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 100 200 PE 1990 32 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 405 AV 205 WAT 103 200 PE 1990 32 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 103 200 PE 1990 32 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 207 AV 206 WAT 100 200 PE 1986 36 $300,000 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 100 75 PE 1986 36 $300,000 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 100 200 PE 1989 33 $300,000 $0 $0 $0 $0 $0 $0 $0 $300,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 206 AV 205 WAT 123 200 PE 1986 36 $369,000 $0 $0 $0 $0 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 123 50 PE 1986 36 $369,000 $0 $0 $0 $0 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 123 200 PE 1985 37 $369,000 $0 $0 $0 $369,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 205 AV 204 WAT 78 200 PE 1986 36 $234,000 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 78 50 PE 1986 36 $234,000 $0 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 78 200 PE 1985 37 $234,000 $0 $0 $0 $234,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 204 AV 203 WAT 74 200 PE 1986 36 $222,000 $0 $0 $0 $0 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 74 50 PE 1986 36 $222,000 $0 $0 $0 $0 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 74 200 PE 1985 37 $222,000 $0 $0 $0 $222,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 203 AV 450 WAT 31 200 PE 1986 36 $93,000 $0 $0 $0 $0 $93,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 203 AV 300 SAN 40 200 PE 1989 33 $120,000 $0 $0 $0 $0 $0 $0 $0 $120,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 202 AV 201 WAT 90 75 PE 1986 36 $270,000 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

RECIRC 90 200 PE 1986 36 $270,000 $0 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 90 200 PE 1985 37 $270,000 $0 $0 $0 $270,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 201 AV 414 WAT 99 300 PE 1990 32 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 99 200 PE 1990 32 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $297,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 205 AV 413 WAT 83 200 PE 1990 32 $249,000 $0 $0 $0 $0 $0 $0 $0 $0 $249,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 83 200 PE 1990 32 $249,000 $0 $0 $0 $0 $0 $0 $0 $0 $249,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 413 AV 414 WAT 88 150 PE 1990 32 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
SAN 88 200 PE 1990 32 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $264,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 415 AV 414 WAT 50 200 PE 1990 32 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
RECIRC 50 150 PE 1990 32 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $150,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

SAN 45 1990 32 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $135,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 414 AV 416 WAT 92 300 PE 1995 27 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $276,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
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TOTALS $34,885,200 $4,173,000 $0 $0 $2,334,300 $6,729,000 $1,344,000 $0 $885,000 $9,591,000 $0 $0 $0 $234,000 $2,226,000 $0 $0 $504,000 $2,889,000 $0 $0 $600,000 $0 $1,866,900 $0 $0 $0 $0 $1,509,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AVs Design Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

AV Name Installation Year Age Replacement Cost Year 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

AV 245 1987 35 $200,000 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 244 1987 35 $200,000 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 243 1987 35 $200,000 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 242 1987 35 $200,000 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 241 1987 35 $200,000 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 211 1987 35 $200,000 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 251 1989 33 $200,000 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 210 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

PT I 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT H 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT G 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT F 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT E 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT D 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 437 2004 18 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 2 1976 46 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 3 1976 46 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 4 1976 46 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 403 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 212 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 438 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 439 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 440 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 410 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 411 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 409 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 408 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 407 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 207 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 210 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 209 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 208 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 206 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 213 1985 37 $200,000 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 270 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

AV 300A 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 271 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 434 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 435 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 431 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 433 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 432 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 412 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 404 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 402 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 444 2009 13 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 401 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 445 2009 13 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

PT K 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT L 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
PT I 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

MH 102 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 450 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 451 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 452 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 446 2009 13 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 447 2009 13 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 101 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 55 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 54 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 53 1978 44 $200,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 206 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 205 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 204 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 203 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 450 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 201 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 414 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 202 1986 36 $200,000 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 416 1995 27 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 413 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
AV 415 1990 32 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total 72
AV 55 TOTALS $14,400,000 $2,400,000 $0 $0 $1,000,000 $2,200,000 $1,200,000 $0 $200,000 $4,600,000 $0 $0 $0 $0 $1,800,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $800,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
MH 8
PT 9
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ORDER OF MAGNITUDE COSTING - SUMMARY - IQALUIT - REPLACEMENT OF EXISTING UNDERGROUND UTILIDOR (OCT 2022)

Area 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 TOTALS
2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062

PIPES $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $7,885,800 $0 $0 $0 $0 $4,543,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $12,429,300
AVS $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,000,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,000,000

TOTAL $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $11,885,800 $0 $0 $0 $0 $4,543,500 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $16,429,300
PIPES $0 $0 $0 $0 $246,000 $0 $0 $1,464,000 $5,799,000 $0 $0 $0 $0 $0 $0 $4,710,000 $7,341,000 $2,529,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,860,000 $0 $0 $0 $0 $23,949,000
AVS $0 $0 $0 $0 $0 $0 $0 $0 $2,400,000 $0 $0 $0 $0 $0 $0 $2,600,000 $1,400,000 $1,400,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $7,800,000

TOTAL $0 $0 $0 $0 $246,000 $0 $0 $1,464,000 $8,199,000 $0 $0 $0 $0 $0 $0 $7,310,000 $8,741,000 $3,929,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,860,000 $0 $0 $0 $0 $31,749,000
PIPES $10,701,000 $0 $0 $468,000 $11,235,000 $0 $0 $1,407,000 $573,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $24,384,900
AVS $6,200,000 $0 $0 $0 $3,600,000 $0 $0 $1,600,000 $200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $11,600,000

TOTAL $16,901,000 $0 $0 $468,000 $14,835,000 $0 $0 $3,007,000 $773,900 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $35,984,900
PIPES $0 $0 $0 $2,352,000 $504,000 $0 $0 $1,440,000 $0 $0 $0 $4,491,000 $0 $2,103,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,259,000 $0 $0 $3,363,000 $0 $0 $0 $16,512,000
AVS $0 $0 $0 $1,400,000 $200,008 $0 $0 $800,022 $0 $0 $0 $1,800,015 $0 $1,200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $800,000 $0 $0 $2,200,000 $0 $0 $0 $8,400,045

TOTAL $0 $0 $0 $3,752,000 $704,008 $0 $0 $2,240,022 $0 $0 $0 $6,291,015 $0 $3,303,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,059,000 $0 $0 $5,563,000 $0 $0 $0 $24,912,045
PIPES $19,182,000 $0 $0 $0 $966,000 $0 $0 $0 $516,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $834,000 $0 $0 $0 $357,000 $0 $246,000 $1,548,000 $23,649,000
AVS $13,400,000 $0 $0 $0 $600,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $600,000 $0 $0 $0 $0 $0 $200,000 $0 $14,800,000

TOTAL $32,582,000 $0 $0 $0 $1,566,000 $0 $0 $0 $516,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,434,000 $0 $0 $0 $357,000 $0 $446,000 $1,548,000 $38,449,000
PIPES $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,238,300 $0 $1,713,900 $0 $5,239,800 $0 $0 $7,389,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $16,581,000
AVS $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,000,000 $0 $0 $0 $1,600,000 $0 $0 $2,200,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,800,000

TOTAL $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,238,300 $0 $1,713,900 $0 $6,839,800 $0 $0 $9,589,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $21,381,000
PIPES $285,000 $0 $0 $0 $1,065,000 $450,000 $0 $2,448,000 $591,000 $0 $0 $0 $0 $3,393,000 $0 $0 $0 $0 $0 $0 $0 $3,180,000 $0 $1,590,000 $0 $0 $0 $336,000 $0 $0 $3,759,000 $0 $0 $0 $0 $0 $390,000 $0 $0 $0 $0 $17,487,000
AVS $0 $0 $0 $0 $800,000 $400,000 $0 $800,000 $0 $0 $0 $0 $0 $400,000 $0 $0 $0 $0 $0 $0 $0 $1,200,000 $0 $0 $0 $0 $0 $400,000 $0 $0 $1,000,000 $0 $0 $0 $0 $0 $1,000,000 $0 $0 $0 $0 $6,000,000

TOTAL $285,000 $0 $0 $0 $1,865,000 $850,000 $0 $3,248,000 $591,000 $0 $0 $0 $0 $3,793,000 $0 $0 $0 $0 $0 $0 $0 $4,380,000 $0 $1,590,000 $0 $0 $0 $736,000 $0 $0 $4,759,000 $0 $0 $0 $0 $0 $1,390,000 $0 $0 $0 $0 $23,487,000
PIPES $4,173,000 $0 $0 $2,334,300 $6,729,000 $1,344,000 $0 $885,000 $9,591,000 $0 $0 $0 $234,000 $2,226,000 $0 $0 $504,000 $2,889,000 $0 $0 $600,000 $0 $1,866,900 $0 $0 $0 $0 $1,509,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $34,885,200
AVS $2,400,000 $0 $0 $1,000,000 $2,200,000 $1,200,000 $0 $200,000 $4,600,000 $0 $0 $0 $0 $1,800,000 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $0 $0 $0 $0 $800,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $14,400,000

TOTAL $6,573,000 $0 $0 $3,334,300 $8,929,000 $2,544,000 $0 $1,085,000 $14,191,000 $0 $0 $0 $234,000 $4,026,000 $0 $0 $504,000 $2,889,000 $0 $0 $600,000 $0 $2,066,900 $0 $0 $0 $0 $2,309,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $49,285,200

Sub-Total $56,341,000 $0 $0 $7,554,300 $28,145,008 $3,394,000 $0 $11,044,022 $24,270,900 $0 $0 $6,291,015 $234,000 $11,122,000 $0 $7,310,000 $9,245,000 $6,818,000 $11,885,800 $0 $600,000 $7,618,300 $2,066,900 $7,847,400 $0 $6,839,800 $0 $3,045,000 $9,589,000 $0 $4,759,000 $0 $0 $1,434,000 $3,059,000 $0 $3,250,000 $5,920,000 $0 $446,000 $1,548,000
Contingency (40%) $22,536,400.0 $0.0 $0.0 $3,021,720.0 $11,258,003.2 $1,357,600.0 $0.0 $4,417,608.8 $9,708,360.0 $0.0 $0.0 $2,516,406.0 $93,600.0 $4,448,800.0 $0.0 $2,924,000.0 $3,698,000.0 $2,727,200.0 $4,754,320.0 $0.0 $240,000.0 $3,047,320.0 $826,760.0 $3,138,960.0 $0.0 $2,735,920.0 $0.0 $1,218,000.0 $3,835,600.0 $0.0 $1,903,600.0 $0.0 $0.0 $573,600.0 $1,223,600.0 $0.0 $1,300,000.0 $2,368,000.0 $0.0 $178,400.0 $619,200.0

TOTAL $78,877,400 $0 $0 $10,576,020 $39,403,011 $4,751,600 $0 $15,461,631 $33,979,260 $0 $0 $8,807,421 $327,600 $15,570,800 $0 $10,234,000 $12,943,000 $9,545,200 $16,640,120 $0 $840,000 $10,665,620 $2,893,660 $10,986,360 $0 $9,575,720 $0 $4,263,000 $13,424,600 $0 $6,662,600 $0 $0 $2,007,600 $4,282,600 $0 $4,550,000 $8,288,000 $0 $624,400 $2,167,200 $338,348,423

Plateau I and II

Lower Base

Road to Nowhere

Lake

Happy Valley

Federal Road

Lower Iqaluit

Plateau III



EXP Services Inc. 
Project Number: FRN-22008277-A0 

Date: 2022-12-16 
City of Iqaluit, Nunavut 

Permafrost – Above & Below Ground Infrastructure Study 

 

 

 

 

Appendix C 
 

Appendix C – Iqaluit Above-Ground Retrofit Opinion of 
Probable Costs (Scenario 1B) 

  



Item Description Unit Quantity Unit Price Amount
Above-Ground Install

1 Mobilization & Demobilization L.S 1 $700,000 $700,000
2 Raise Buildings to allow for Gravity Sanitary Service Ea 1,168 $35,000 $40,880,000
3 Hydrants Ea 136 $13,500 $1,836,000
4 Line Valves Ea 436 $12,000 $5,232,000
5 Sewer Cleanout Ea 436 $5,000 $2,180,000
6 Steel Pile Supports (1 Pile and Crossbeam for 2 Pipes)

6a PS - 219mm pile 8.5 m deep Ea 6,858 $11,500 $78,867,000
7 Schedule 80 Cement Mortar Steel Water Mains - 200 mm m 57,225 $1,600 $91,560,000
8 Schedule 80 Cement Mortar Steel Sewer Mains - 250 mm m 47,078 $1,900 $89,448,200
9 Expansion Joint - 200 mm Ea 818 $11,000 $8,992,500

10 Expansion Joint - 250 mm Ea 673 $13,000 $8,749,000
11 Fittings - Flanges, Bends, Tees Ea 700 $10,000 $7,000,000
12 Steel Line Anchor (2 Pile and Frame) 273 mm pile 8 m deep Ea 1,491 $26,000 $38,766,000
13 Utilidor Site Work: Clearing, Grading, Layout

13a Excavation, Export, Fill cu.m 48,000 $200 $9,600,000
13b Grade Cut Insulation cu.m 48,000 $500 $24,000,000
14 Service Box Ea 1,168 $8,500 $9,928,000
15 Service Connections - Supply Utilidette Pipe Bundles Ea 1,168 $11,000 $12,848,000
16 Install Utilidette Pipe Bundle Ea 1,168 $6,000 $7,008,000

17
Service Connection Freeze Protection- heat cable utilidette/ hydronic 
heat loop Ea 1,168 $6,500 $7,592,000

18 Utilidor Bridge - vehicle Ea 130 $135,000 $17,550,000

Below-Ground Removal
19 Remove AVs Ea 355 $45,000 $15,975,000
20 Decommissioning existing system L.S 1 $500,000 $500,000
21 Road Reinstatement contingency L.S 1 $1,000,000 $1,000,000
22 Drainage reinstatement contingency L.S 1 $1,000,000 $1,000,000

SUBTOTAL $481,211,700
Add 30% Contingency $144,363,510

TOTAL $625,575,210

IQALUIT EXISTING AREA - RETROFIT - ABOVEGROUND SERVICING - CLASS D COST ESTIMATE (OCT 2022)
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Appendix D – Summary of Sewer Repairs from Nunavut Water 
Board 

  



SUMMARY OF SEWER REPAIRS FROM NUNAVUT WATER BOARD   

Year Date Location Type Cause Follow-Up Action 

2020 April 6 House 281 Sewage Partial Blockage Road crew cleaned up 

2020 April 6 AV5 Sewage Blockage Road crew cleaned up 

2020 April 30 AV5 Sewage Pipe Break Road crew cleaned up 

2020 July 6 Lift Station 1 Sewage Overflow Event Road crew cleaned up 

2020 Sept. 22 AV244 to WWTP Sewage Pipe Break Nunavut Excavating Job for the City 

2020 April 6 House 281 Sewage Partial Blockage Road crew cleaned up 

2019 Jan 5 House 140 Sewage Collapsed Line Scheduled weekly blasting 

2019 Feb 8 AV337 Sewage Collapsed Line Scheduled weekly blasting 

2019 Feb 18 AV415 Sewage Collapsed Line Scheduled weekly blasting 

2019 Feb 18 AV356 Sewage Collapsed Line Scheduled weekly blasting 

2019 Feb 18 MH01 Sewage Collapsed Line Scheduled weekly blasting 

2019 March 1 MH01 Sewage Collapsed Line Scheduled weekly blasting 

2019 March 4 MH01 Sewage Collapsed Line Scheduled weekly blasting 

2019 March 17 MH82 Sewage Overflow Event Scheduled weekly blasting 

2019 March 18 Inukshuk School Sewage Damage due to weather Repairs to Service Line 

2019 Mach 19 House 2713 Sewage Damage due to weather Repairs to Service LIne 

2019 March 29 AV340 Sewage Overflow Event Scheduled weekly blasting 

2019 March 29 AV340 Sewage Overflow Event Scheduled weekly blasting 

2019 March 23 AV340 Sewage Overflow Event Scheduled weekly blasting 

2019 March 28 Lift Station 1 Sewage Overflow Event Blasting / Site Remediation 

2019 March 29 AV05 Sewage Collapsed Line Scheduled weekly blasting 

2019 April 1 AV05 Sewage Collapsed Line Scheduled weekly blasting 

2019 April 10 House 140/144 Sewage Damage due to weather Repairs to service line 

2019 Sept 19 House 1000 Sewage Collapsed Line Repairs to Service Line 

2019 Nov 17 MH 82/81 Sewage Collapsed Line Scheduled weekly blasting 

2018 Feb 18 House 525 Sewage Collapsed Sewer Line Scheduled weekly blasting 

2018 Mar 18 House 128/MH 65 Sewage Collapsed Line Scheduled weekly blasting 

2018 Mar 21 House 128/MH 65 Sewage Collapsed Line Scheduled Weekly blasting 

2018 Mar 23 H 405 / MH181 Sewage Collapsed Line Replaced Collapsed Line 

2018 Mar 23 H 409 / MH181 Sewage Overflow MH Maned MH until pipe was replaced 

2018 Mar 24 H 405 / MH181 Sewage Frozen Line Replaced Collapsed Line 

2018 April 2 H 409 / MH181 Sewage Frozen Line Replaced Collapsed Line 

2018 April 24 MH90 Sewage Frozen Line Scheduled weekly blasting 

2018 Oct 16 Lagoon Sewage Clogged Pipe Pipe was cleared. City discussed 
issue with Contractor & Consultant. 

2017 Mar 5 House 525 Sewage Sewer line plugged Sewer flow was diverted from 
plugged pipeline to an alternate 
route to avoid further back up after 
flushing of line was attempted. 
House was cleaned up by contractor 
under home owner orders and 
spilled waste was scraped up and 
disposed of in City lagoon  
 

2017 September 6 Sewage Lagoon 
Dumping Station 

Sewage Overflow at dump station Sewer flow diverted to lagoon to 
prevent further spillage 

2017 November 24 AV 214 Sewage Blocked sewer line Contractor clean up and sewer truck 
to dispose of waste at discharge 
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Appendix E – Area B Below-Ground – Opinion of Probable 
Costs (Scenario 2A) 

  



Item Description Unit Quantity Unit Price Amount
1 Mobilization & Demobilization L.S 1 $300,000 $300,000
2 Supply and deliver Access Vaults Ea 25 $170,000 $4,250,000
3 Install Access Vaults Ea 25 $40,000 $1,000,000
4 Modify Existing Access Vault Ea 1 $50,000 $50,000
5 Supply and deliver insulated 200mm HDPE Pipe (WAT) m 3,350 $700 $2,345,000
6 Supply and deliver 250mm insulated HDPE Pipe (SAN) m 3,000 $800 $2,400,000
7 Install 200mm 2 Pipe Trench m 1,150 $1,300 $1,495,000
8 Install 200mm 3 Pipe Trench m 750 $1,400 $1,050,000
9 Install 200mm 4 Pipe Trench m 450 $1,600 $720,000

10 Supply and Deliver and Install Service Connections Ea 150 $13,000 $1,950,000
11 Pressure Regulating Station - Booster Station Ea 1 $2,750,000 $2,750,000
12 Sewage Pumping Station Ea 1 $2,500,000 $2,500,000
13 Supply, Deliver and Install 50mm Asphalt sq.m 22,250 $150 $3,337,500
14 Supply, Deliver and Install Gran "A" - 100mm depth cu.m 3,070 $100 $307,000
15 Supply, Deliver and Install Gran "B" - 200mm depth cu.m 6,400 $90 $576,000
16 Supply, Deliver and Install Gran "C" cu.m 11,000 $80 $880,000
17 Rock Excavation cu.m 1,500 $200 $300,000
18 General Fill cu.m 33,500 $100 $3,350,000
19 Supply and Install Culverts m 250 $550 $137,500
20 Drainage Ditches m 2,620 $500 $1,310,000

SUBTOTAL $31,008,000
Add 30% Contingency $9,302,400

TOTAL $40,310,400

AREA B DEVELOPMENT - BELOWGROUND SERVICING - CLASS D COST ESTIMATE (OCT 2022)
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Appendix F – Area B Above-Ground – Opinion of Probable 
Costs (Scenario 2B) 

 

 

 

 

  

 

 
 

 

 



Item Description Unit Quantity Unit Price Amount
1 Mobilization & Demobilization L.S 1 $700,000 $700,000
2 Hydrants Ea 26 $13,500 $351,000
3 Line Valves Ea 26 $12,000 $312,000
4 Sewer Cleanout Ea 26 $5,000 $130,000
5 Steel Pile Supports (1 Pile and Crossbeam for 2 Pipes)

5a PS - 219mm pile 8.5 m deep Ea 445 $11,500 $5,117,500
6 Modify Existing Access Vault Ea 1 $50,000 $50,000
7 Schedule 80 Cement Mortar Steel Water Mains - 200 mm m 3473 $1,600 $5,556,800
8 Schedule 80 Cement Mortar Steel Sewer Mains - 250 mm m 3,111 $1,900 $5,910,900
9 Expansion Joint - 200 mm Ea 50 $11,000 $550,000

10 Expansion Joint - 250 mm Ea 45 $13,000 $585,000
11 Fittings - Flanges, Bends, Tees Ea 150 $10,000 $1,500,000
12 Steel Line Anchor (2 Pile and Frame) 273 mm pile 8 m deep Ea 50 $26,000 $1,300,000
13 Utilidor Site Work: Clearing, Grading, Layout

13a Excavation, Export, Fill cu.m 3,111 $200 $622,200
13b Grade Cut Insulation m 3,111 $500 $1,555,500
14 Service Connections - Supply Utilidette Pipe Bundles Ea 140 $11,000 $1,540,000

15
Service Connection Freeze Protection- heat cable utilidette/ 
hydronic heat loop Ea 140 $6,500 $910,000

16 Service Box Ea 140 $8,500 $1,190,000
17 Pressure Booster Station Ea 1 $2,750,000 $2,750,000
18 Sewage Pumping Station Ea 1 $2,500,000 $2,500,000
19 Utilidor Bridge - Culvert Crossing - vehicle Ea 15 $135,000 $2,025,000
20 Utilidor Bridge - Culvert Crossing - snowmobile Ea 1 $135,000 $135,000
21 Supply, Deliver and Install 50mm Asphalt sq.m 3,200 $150 $480,000
22 Supply, Deliver and Install Gran "A" - 100mm depth cu.m 4,400 $100 $440,000
23 Supply, Deliver and Install Gran "B" - 200mm depth cu.m 9,170 $90 $825,300
24 Supply, Deliver and Install Gran "C" cu.m 15,760 $80 $1,260,800
25 Rock Excavation cu.m 2,145 $200 $429,000
26 General Fill cu.m 47,987 $100 $4,798,700
27 Supply and Install Culverts m 359 $550 $197,450
28 Drainage Ditches m 3,753 $500 $1,876,500

SUBTOTAL $45,598,650
Add 30% Contingency $13,679,595

TOTAL $59,278,245

AREA B DEVELOPMENT - ABOVEGROUND SERVICING - CLASS D COST ESTIMATE (OCT 2022)
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1.0 INTRODUCTION 

 
This Development Scheme is a Neighbourhood Plan which was approved by the City of Iqaluit 
Council. Through this plan, the City of Iqaluit will increase the supply of serviceable land and 
opportunities for growth. The Development Scheme is rooted in a community vision based on the long-
term directions established in the City of Iqaluit General Plan, the Iqaluit Sustainable Community Plan 
and the direction provided to the City by Iqalummiut throughout the consultation process. The purpose 
of a Development Scheme is to guide land uses for the neighbourhood and establish policies to ensure 
appropriate development. Anticipated build-out of this neighbourhood spans over a 10-year horizon 
once Phase 1 lots are disposed.  
 

Vision Statement 
Iqaluit's next neighbourhood has a positive neighbourhood identity and is an integral part of our 
community. The neighbourhood design is inclusive - it supports a range of land uses and housing 
options. The neighbourhood supports the health and well-being of residents by providing spaces for 
traditional, cultural and recreational activities and by maintaining access to the land. 

 
The requirements for Development Schemes are outlined in the Nunavut Planning Act and in Policy 1 
of Section 8.4 of the 2010 General Plan. The subject lands are identified as “Future Development Area 
B” in the 2010 Iqaluit General Plan (By-law 703). 

Planning Context 

Iqaluit is experiencing rapid demographic growth and an acute housing shortage. There is a high 
demand for public housing, a low vacancy rate for apartments and a strong demand for vacant low 
density lots, as demonstrated at the time of lot disposal. Iqalummiut households are diverse in size, 
income and demographic composition.  

Construction costs are high and servicing new neighbourhoods is becoming increasingly costly. Access 
to the private housing market is increasingly becoming out of reach for many Iqalummiut.  

Land development is constrained by a challenging terrain. There is limited land suitable for 
development in Iqaluit. The land selected for Iqaluit's next neighbourhood is located along Road To 
Nowhere, directly east of the Lake Subdivision, north of Niaqunngusiariaq Road, Toonik Pond and 
AWG Arena, and west of the Niaqunnguk River. The greater area provides recreational opportunities 
to Iqalummiut, including snowmobiling, skiing and skating in the winter and spring months and 
swimming in Niaqunnguk River in the summer.  

The neighbourhood is designed to respond to the natural landscape. The area selected for the 
neighbourhood is shaped like a bowl, and features significant drainage and snowdrifting. The 
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neighbourhood’s design retains the majority of existing drainage corridors and ensures that 
development is not proposed in areas where snowdrifting cannot be mitigated. Roads are designed in 
response to the design of piped services, which require positive drainage to function. The main north-
south road is proposed at an angle to ensure that roads are not too steep. 

The Development Scheme Highlights 
 
The Development Scheme represents an important part of Iqaluit's growth for the next ten years. With 
the ten-year housing need for Iqaluit recently estimated at 1,050 to 1,270 units, the 490 units estimated 
for this new neighbourhood represent approximately 42% of the required supply. The new 
neighbourhood also reserves land for commercial and institutional uses, exceeding the estimated ten-
year requirement of 1.8 hectares. 
 
The new neighbourhood is proposed to contain a mix of uses and residential densities. Housing types 
will range from low-density to high-density, in a variety of forms and lot sizes. This range of housing 
options is offered to reflect Iqaluit's diversity, allowing opportunities for different types of households 
to establish in the new neighbourhood. Approximately 12 waterfront lots are proposed, which will 
contain single-detached dwellings on large lots. Approximately 71 additional low-density units will be 
located throughout the neighbourhood. Medium-density housing units such as townhouses and 
triplexes will also be dispersed throughout the area, totalling approximately 259 units. A portion of the 
lands north of Road To Nowhere will be reserved for high-density housing types such as apartments 
and stacked row dwellings, with approximately 148 units.  
 
Additionally, a new school site is proposed at the north of the new neighbourhood, on the south side of 
Road To Nowhere. Two areas will also be reserved for commercial development to the east of the 
school and near Toonik Pond. These will provide business and shopping opportunities for residents.  
 
The current uses of the land were considered through the preparation of the neighbourhood design. 
Through its Land Use Concept Plan, the Development Scheme provides new gathering places and 
walking trails for the community and supports the enjoyment of existing green spaces, outdoor 
activities, and snowmobile trails. The new neighbourhood will include two municipal playgrounds, 
along with recreational spaces at the school site. 
 
The Land Use Concept Plan is attached as Schedule A and describes land uses, environmental 
protection areas, open space areas, watercourse setbacks, road and trail networks, and phasing of 
development. The Servicing Concept Plan (Schedule B) illustrates the location of the water and sewer 
servicing infrastructure and distribution network. A Phasing Plan is included as Schedule C, which 
illustrates the general timeline for development. A Transportation Plan, including roads, Walking 
Trails, and Snowmobile Trails, is included as Schedule D. 
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2.0 OVERVIEW OF PLANNING PROCESS 
 
The key steps undertaken in the planning process are outlined below: 
 

  

Community Engagement #1 – Selecting a New Development Area June 18-19, 2013 

Development Area Selection Report August, 2013 

Council motion to select Development Area  September 10, 2013 

Community Engagement #2 – Issues, Concerns, Needs, Past 
Practices, & Design Principles 

October 8-11, 2013 

Community Engagement #3 – Alternative Concept Plans November 25-27, 2013 

Community Engagement #4 – Draft Development Scheme  
(Council Workshop, Open House and consultation at Northmart) 

June 2014 

Development Scheme to City of Iqaluit Council April 2015 

 
Community members participated in a consultation session to share ideas about the features and design 
of the new neighbourhood. Many of the suggestions were drawn from the successes and challenges 
experienced in Iqaluit’s most recently developed neighbourhood, the Plateau Subdivision.  
 
There have been four Community Engagement events, with approximately 20-40 members of the 
community in attendance at each session. The October and November 2013 sessions included 
Roundtable sessions with community stakeholders, each with approximately 10-15 invitees. 
Additionally, in June 2014, City Staff consulted with approximately 200 Iqalummiut at Northmart and 
held an Open House the same month. Council workshops were held throughout the process. The design 
of the neighbourhood incorporates many of the suggestions heard at these public events, which 
highlighted a desire for sustainable growth that expands housing options and retains existing qualities 
of the land. In addition, the City consulted with agencies on an as-needed basis. 
 
The new neighbourhood incorporates several lessons learned and suggestions, including: 
 

 The existing Snowmobile Trail network, connecting Iqaluit to Pangnirtung and Tarr Inlet 
shall be retained; 

 Some large lots will be included along the waterfront to increase the diversity of housing 
options and preserve visual sightlines to the waterbody; 

 Commercial / mixed-use development will be included in the neighbourhood design; 

 Land will be reserved for a new school; 

 Larger playground spaces will be provided to allow for a wider range of recreational 
activities and increase the amount of open space in the neighbourhood;  
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 An 0.8-metre gap will be required beneath houses to prevent snow drifting (exceptions may be 
granted in certain cases); 

 Solar orientation will be encouraged to promote passive heating and light from the sun, where 
feasible; 

 Separated pedestrian walkways will be included on some streets to improve connections and 
encourage walking;  

 Roads will be paved to improve travel conditions and reduce damage to vehicles; and 

 Some streets will accommodate on-street parking to provide visitor parking in the 
neighbourhood. 

 
This Development Scheme is the first step in the development process for the new neighbourhood. 
After receiving Council approval, detailed engineering designs can begin, with lot disposal anticipated 
for 2016 or 2017. The City will also carry out consultations with community members to name the new 
neighbourhood and its streets in the future. Once the new neighbourhood name is found, this Plan shall 
be updated through a resolution from Council. 
 

3.0 SUSTAINABLE COMMUNITY PLAN (2014) 

 
In January 2014, Iqaluit City Council adopted the Iqaluit Sustainable Community Plan. The plan is an 
umbrella document for the City of Iqaluit, and is intended to guide City activities and plans. The 
Sustainable Community Plan contains many actions to move the community towards a better long-term 
future by reinforcing the three central relationships: relationship to the environment, relationship to 
social and family wellbeing, and relationship to a productive society. The Action Plan (Part 2) specifies 
that the City of Iqaluit will use the Plan to “guide decision-making and to incorporate sustainability in 
the work of the municipality.” 
 
There are links to 7 Municipal Goals in the Sustainable Community Plan that are addressed by 
implementing Municipal Actions in this Development Scheme. 
 
The Development Scheme actively responds to these Municipal Goals: 

 Enhance energy guidelines for future development 

 Increase available housing 

 Promote affordable home ownership 
 
The Development Scheme addresses aspects of these Municipal Goals: 

 A beautiful community 
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 Improve outdoor safety 

 Ensure the community is physically accessible to everyone 

 Positive neighbourhood identity 
 

The Development Scheme is a Neighbourhood Plan. The design aspires to support both the 
community’s traditional, cultural and recreational requirements and its needs for more serviced land to 
support demographic growth. The Scheme intentionally contributes to the community's long-term 
vision to create a new neighbourhood in Iqaluit that is safe, caring, connected, and respectful of our 
land, each other and ourselves.  
 

4.0 LAND USE POLICIES AND DESIGN PRINCIPLES 

 
The following policies will apply to the lands identified on the Land Use Concept Plan in Schedule A. 
Land uses identified on the Land Use Concept Plan are conceptual and may be changed without an 
amendment to this Plan, provided the proposed use is consistent with the land use designation on 
Figure B of the General Plan. Changes in land use may require an amendment to the Zoning By-law.  
 

Table 1: Distribution of Land Uses 
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The distribution of land uses is summarized in Table 1. Table 1 illustrates that a total of 80% of the 
land is dedicated for residential development and 20% is for non-residential or mixed-use development. 
Table 1 does not include playgrounds, and additionally excludes water pumping and sewage lift 
stations. 
 

4.1 Land Use Policies 

 
4.1.1 Open Space, Parks & Picnic Area 

The Open Space designation protects land from development and 
forms a greenspace network that connects to adjacent 
neighbourhoods. These spaces create environmental value by 
including setbacks from waterbodies, and by accommodating 
drainage courses and snowdrift zones. These spaces also provide 
recreational opportunities, including space for formal 
Snowmobile Trails and Walking Trails. These trails are shown 
conceptually on Schedule A, including protection of major 
Snowmobile Trails leading to Pangnirtung and Tarr Inlet. 
 
The Land Use Concept Plan includes two municipal playgrounds 

and a recreational play area on the proposed school site:  
 

 A large playground approximately 1,300 m2 in size will be centrally located in the middle of 
the neighbourhood. This space could include play structures and a hard surface for either 
basketball and/or ball hockey. Cultural representations in playground design will be 
considered. 

 A second playground at the south end will be located next to Toonik Pond and connected to 
Walking Trails. 

 A recreational area, located at the school site, will complement the two municipal playgrounds. 
Similar to other school sites in Iqaluit, it is anticipated that the school site will include play 
structures. 
 

A picnic area with associated parking is proposed on the east side of Toonik Pond at the south end of 
the new neighbourhood. The picnic area is located near existing development and facilities to ensure 
accessibility for Elders and people with disabilities. The parking could be used for those wanting to 
picnic or swim, or to use the playground proposed beside the pond. An additional parking lot is 
proposed along Road to Nowhere, providing access to the Walking Trail along Niaqunnguk River. The 
Open Area Zone (OR) is proposed for these lands. 
 



Development Scheme for Iqaluit's Next Neighbourhood 

  page 8 

4.1.2 Institutional 

The Institutional designation is reserved for buildings that provide a community service. The range of 
uses will include educational, recreational, servicing infrastructure, government services, daycare, 
place of worship, arts studio and greenhouses. Institutional lots are located on relatively large and flat 
sites, close to primary roads or intersections, and with good visibility from the surrounding 
neighbourhood pursuant to Section 8.6 of the General Plan. 
A school is anticipated for the large lot along the Road To 
Nowhere with additional land for another use. A second lot 
is located at the south end of the neighbourhood, which will 
enjoy a prime location next to Toonik Pond and a 
playground. Two small lots are dedicated for a new water 
booster and reheat station and sewage lift station which are 
needed to provide piped services to the new 
neighbourhood. The Public / Institutional Zone (P) is 
proposed for lands under this designation. An exception 
will be placed on this zone to prohibit uses that do not meet 
the intent of the designation (e.g. government offices). 
 
The City will explore the potential for the provision of a ski chalet or cabin in the neighbourhood to 
support this recreational activity. The location of this facility will be determined through additional 
consultation. An amendment to this Plan will not be required to allow this facility. 
 
4.1.3 Commercial 

The Commercial designation is intended for commercial 
activities. Residential uses that are located above the 
ground floor of a building may also be permitted in this 
designation. There are two areas identified for 
commercial development, one area along the Road To 
Nowhere and the other east of Toonik Pond. A 
Neighbourhood Business Exception Zone (B3[x]) is 
proposed for lands under this designation. The 
Exception Zone would provide for additional permitted 
uses that are considered compatible with the 
neighbourhood such as a retail store, educational 
facility, and business services and conditional uses such 
as a greenhouse. The Exception Zone may restrict the 
floor area of certain uses.  
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4.1.4 Residential – Low Density 

The Residential – Low Density designation permits low-density 
residential uses such as single-detached, semi-detached, and duplex 
dwellings. These lands are distributed throughout the development 
area to allow a small supply in each phase of development. The Low 
Density Residential Zone – Full Services (R1) is proposed for lands 
under this designation. 
 
4.1.5 Residential – Waterfront 

The Residential – Waterfront designation is intended for single-
detached dwellings on relatively large lots that are strategically 
located to allow more visibility from the surrounding area to the 
waterbody. Buildings will be restricted to two storeys in height. A 
Low Density Residential Zone – Full Services, Special Exception 
Zone 2 (R1[x]) is proposed for lands under this designation. The 
Special Exception Zone will restrict uses to single-detached 
dwellings and regulate minimum lot areas, lot frontages, and side 
yard setbacks to ensure that the intent of the designation is achieved. 
 

4.1.6 Residential – Medium Density 

The Residential – Medium Density designation permits ground-oriented multi-family housing forms 
such as fourplexes, sixplexes, row dwellings, and stacked row dwellings, but does not include 
apartment type units. The Medium Density Residential Zone (R2) is 
proposed for lands under this designation. The easternmost block of 
the land within this designation is associated with a “Potential 
Expansion” area. These lands are considered marginal for development 
due to rock outcrops which may create cost, road slope and servicing 
constraints. As part of the criteria for lot disposal, applicants will be 
required to assess the feasibility of expanding the lot into the “Potential 
Expansion” area.  In this case, the land may also be considered a 
Medium Density Cluster. 
 
4.1.7 Residential – Medium Density Cluster 

The Residential – Medium Density Cluster designation is intended for 
clustered development of medium-density ground-oriented building forms 
such as fourplexes, sixplexes, row dwellings, and stacked row dwellings. 
These Clusters are located in areas where the depth of the lot and access to 
the lot make this the most efficient form of development. The Residential 
Cluster Zone (RC) is proposed for lands under this designation.  
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4.1.8 Residential – High Density 

The Residential – High Density designation permits 
apartment dwellings, but may also include medium density 
forms of development such as sixplexes, eightplexes, row 
dwellings and stacked row dwellings. The High Density 
Residential Zone (R3) is proposed for lands under this 
designation. The block of land within this designation at 
the northwest of the development area is associated with a 
“Potential Expansion” area. These lands are considered 
marginal for development due to rock outcrops which may 
create cost, road slope and servicing constraints. As part of 
the criteria for lot disposal, applicants will be required to 
assess the feasibility of expanding the lot into the 
“Potential Expansion” area.   
 

4.2 Land Use Design Principles 

The Design Principles used to guide the preparation of Land Use Concept Plan were drawn from 
previous planning initiatives (primarily the Sustainable Community Plan and General Plan), lessons 
learned from development of the Plateau Subdivision, an analysis of development constraints and 
environmental risks, and through the ideas, concerns and aspirations expressed by Iqalummiut, City 
Council, City Staff, organizations and businesses.  
 
Table 2 evaluates the performance of the Land Use Concept Plan against each Design Principle. 
 
Table 2: Performance of Land Use Concept Plan with Design Principles 

 Design Principle Land Use Concept Plan 

Safety  

1 Ensure appropriate setbacks from environmental 
risks: 
a. Snowdrift areas where snowfencing would not 

be effective. 
b. Major drainage courses. 

 Development was not proposed in areas where the 
snowdrifting risk could not be mitigated by a future 
snowfence. 

 A 20-metre easement is provided for the major east-west 
drainage course through the central part of the 
development area.  

2 Provide a minimum of two access roads to new 
neighbourhood to ensure access for emergency 
services 

 Two access points to the development area are provided, 
linking Niaqunngusiariaq Road and Road To Nowhere. 

Environment  

3 Protect waterbodies with a 30-metre open space 
setback to maintain community access, maintain 
setbacks from homes, and protect water quality. 

 A 30-metre setback is provided from water bodies. 

4 Design to respond to wind and snow conditions.  A Wind and Snow Assessment identified areas of 
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 Design Principle Land Use Concept Plan 

anticipated heavy snowdrifting that cannot be mitigated by 
snowfencing – these areas are excluded from the 
development area.  

5 Create lots that help achieve orientation to the 
sun. 

 Due to the terrain, the design of the road network was 
driven primarily by the slope of the land and servicing 
constraints, not the solar orientation. Some lots are 
oriented to the south, although others are not.  

 The use of Clusters will provide more flexibility to achieve 
solar orientation where appropriate and feasible. 

6 Design to respond to natural drainage.  The neighbourhood design responds to the topography of 
the area’s overall “bowl” shape. Drainage easements are 
included to accommodate the natural drainage from north 
of the Lake Subdivision. A 20-metre easement is provided 
for the major east-west drainage course, with at least 6 
other breaks in the design to allow for proper drainage.  

7 Protect the quality of water running into 
Niaqunnguk River. 
 
 
 

 The setbacks from waterbodies will help protect water 
quality in Niaqunnguk River. 

Community Design  

8 Target the accommodation of approximately 420 
new homes which represents the projected 10-
year need for new residential development in the 
City after accounting for vacant lots, Core Area 
redevelopment, and Inuit-Owned Lands 
development.  

 Development potential is estimated at approximately 490 
units. 

9 Target a minimum average residential density of 
40 units/ha. 

 The average residential density is estimated at 46 units/ha. 

10 Provide a choice of dwelling types to reflect 
diversity of needs and affordability. 

 The neighbourhood will have a mix of housing types, 
including single-detached, row dwellings, and apartment 
units. 

11 Provide land for community uses, commercial 
uses, and open spaces that are well-connected to 
the residential uses. 

 20% of developable lot area is reserved for non-residential 
uses, commercial, an area for a new school, and an 
Institutional area in the southern part of the 
neighbourhood. 

12 Reserve the following development sites (ie. 
school site and recreation site) for community 
uses: 
a. Large and relatively flat sites 
b. Central locations 
c. Good views. 

 An appropriate site (large, flat, central, elevated) is 
reserved for a school. 

 An additional Institutional area is located at the south end 
of the development area, adjacent to an open space and 
nearby the existing institutional node Niaqunngusiariaq 
Road. 

13 Target a range of housing densities in each Phase 
of development. 

 Phasing allows flexibility and includes low- and medium-
density development lots in each phase. High-density 
development is planned in Phase 1 and “Future Phasing.” 
The lands designated high-density in “Future Phasing” 
along Road To Nowhere can be brought online at any time 
to respond to demand. 

14 Achieve a good transition between low, medium 
and high density residential uses. 

 High-density housing is located along the Road To 
Nowhere, while low-density housing is generally located 
at the southern portion of the development area. In all 
cases, high-density housing backs onto Open Space. 
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 Design Principle Land Use Concept Plan 

 Medium-density housing is distributed consistently 
throughout the development area. 

15 Consider the snowdrifting impacts of high-density 
lots on downwind lots. 

 High-density lots are located north of Road To Nowhere 
and at a high elevation which will serve to mitigate 
snowdrifting impacts. 

16 Lots closest to the waterbody should be reserved 
for residential and recreational uses. 

 Lots near the waterbody are reserved for large-lot 
residential uses and community uses. 

 The large central playground, Walking Trails and picnic 
area are located around the waterbody. 

17 Front 30% of lots should not have a slope 
exceeding 10%. 

 Lots are configured to meet this principle. 

Neighbourhood Identity  

18 Create focal points (eg. gathering place, 
community use, landmark) for the new 
neighbourhood.  

 The prominent school site, commercial uses, playgrounds, 
and community use next to Toonik Pond will create focal 
points in the neighbourhood. Cultural representations in 
playground design will be considered. 

19 Provide recreational opportunities for residents, 
such as a playground, outdoor rink, or court. 

 2 playgrounds (centrally located playground and Toonik 
Pond playground), Walking Trails, picnic area around 
Toonik Pond, and a recreational area associated with the 
school site are proposed to provide recreational 
opportunities. 

 

5.0 DEVELOPMENT POLICIES 

 

5.1 Transportation Policies 

 
5.1.1 Roads 

Roads will be classified in accordance with the road classification policies in the General Plan. The 
Road To Nowhere is currently designated as a Collector Road on Figure D of the General Plan and 
terminates at the approximate location where the north-south road intersects with the Road To 
Nowhere. This Development Scheme extends the Collector Road designation for Road To Nowhere to 
the eastern edge of the community. The Collector Road cross-sections are illustrated in Figures 1 and 2. 
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Figures 1 & 2: Cross-sections for Road To Nowhere (Collector Road) 

 
For the main north-south connector road through the neighbourhood, the proposed road cross-section is 
illustrated below. The road includes a 20-metre-wide cross-section and accommodates parallel on-
street parking on the side of the road with the utilidor, and a pedestrian walkway on the other side. 
Parking is permitted behind or in front of the utilidor, but not beside (represented with an “X” in the 
cross-sections). The cross-section allows sufficient space for travelling vehicles, parked vehicles, 
pedestrians, drainage, and utilities to coexist safely. The pedestrian walkways will be reserved for the 
exclusive use of pedestrians, as established in Policy 3(c) in Section 6.2 of the General Plan. These 
walkways will link the institutional node along Niaqunngusiariaq Road to the south with the school and 
high-density residential uses along the Road To Nowhere in the north. Cross-sections for the north-
south road are illustrated in Figures 3 and 4. 

 
 

 
Figures 3 & 4: Cross-sections for north-south road 
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Remaining Local Roads will be designed to a minimum 20-metre road allowance and will not 
accommodate an increased gravel bed width for on-street parking or a separated pedestrian walkway. 
Minimum 1-metre-wide shoulders will be provided on each side of the vehicle lanes. 
 

 

 
Figures 5 & 6: Cross-sections for Local Roads 

 
Roads will be paved in order to eliminate the raising of dust and reduce road maintenance costs for the 
City. The detailed design process for roads will include consultation with the Nunavut Disabilities 
Society and the City of Iqaluit Accessibility Committee. Road paving will be included in the 
development costs. 
 
5.1.2 Walking Trails 

Proposed Walking Trails are shown on the Land Use Concept Plan. 
These trails are distinct from Snowmobile Trails, and measures will be 
introduced to discourage snowmobile use and minimize conflicts (eg. 
posts, trail markers, boulders).  
 
A Walking Trail is proposed to link the school site with the main 
north-south road. This Trail will be developed in consultation with the 
Iqaluit District Education Authority regarding the location and design 
of the Trail. A recreational Walking Trail is also proposed around the 
waterbody and to link Road To Nowhere to Niaqunnguk River. A 
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crossing bridge may be considered to complete the loop at the eastern end of the waterbody, which 
must be designed to avoid conflict with the Snowmobile Trail. The Trail is also proposed to extend to 
the popular swimming spot on the Niaqunnguk River.  
 
A Walking Trail is also proposed around Toonik Pond, connecting to the proposed Picnic Area and 
providing off-road access to the proposed playground and the existing residential area to the west. This 
Trail will also function as a pedestrian short-cut between the neighbourhood and the Core Area.  
 
5.1.3 Snowmobile Trails 

The Snowmobile Trail links are shown on the Land Use Concept Plan in Schedule D. It is intended 
that an east-west route traverse through the neighbourhood along its existing path, which facilitates 
access to the land. Conflicts between snowmobiles and 
pedestrians will be minimized. The two snowmobile 
crossings across roads will be properly marked with 
signage to improve their safety and to signal to municipal 
workers to avoid piling snow in these areas. Appropriate 
grading to access the road bed at crossing points will be 
implemented to ensure good visibility and reduce 
snowmobile speeds. As the snowmobile road crossings are 
located in the same easement as the major east-west 
drainage course, the grading must be designed in a way that 
does not impede drainage.  
 

 
 
Table 3 shows the performance of the Transportation Concept Plan with regards to key design 
principles. 
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Table 3: Performance of Transportation Concept Plan with Design Principles 

 Design Principle Transportation Concept Plan 

 
1 Provide safe movement for snowmobiles and 

consider primary snowmobiles routes (ie. Tarr Inlet 
& Pangnirtung Trails) that traverse the development 
area. 

 Two snowmobile routes are being retained through the 
development area. 

 Ramps for road crossings and signage will be 
implemented to ensure safe travel.  

2 Provide safe movement for pedestrians.  Pedestrian walkways are to be included along the 
development area’s two primary roadways: Road To 
Nowhere and the main north-south access road. These 
walkways provide safe routes for all users, including 
community members with disabilities. 

3 Integrate neighbourhood movement networks (road, 
Snowmobile Trail, Walking Trail) with community-
wide networks. 

 The road network connects to Road To Nowhere in the 
north and Niaqunngusiariaq Road in the south. 

 The Snowmobile Trails link to existing trails to the east 
and west. 

 Walking Trails link to roads that are intended to have 
defined pedestrian walkways. 

4 Ensure road slopes generally do not exceed 8%, to a 
maximum of 10%. Roads with slopes of 10% should 
be no longer than 200 m in length. 

 The design meets the maximum road slope design 
principle.   

5 Align main roads in the direction of the prevailing 
winds, where possible, to reduce snowdrifting. 

 The design of the road network was driven primarily by 
the slope of the land and servicing constraints, not to 
achieve alignment with prevailing wind direction. Some 
sections of road are aligned but the majority are not. 
Proposed snow fencing will help to mitigate snow 
drifting.   

6 Align roads to follow natural drainage patterns, 
where possible.  

 Roads follow natural drainage patterns, where feasible. 
Drainage from the north can be ditched into the north-
south connector to the small waterbody. East-west 
drainage runs within a 20-metre easement, as road 
connections are not practical in this location. 
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5.2 Servicing & Drainage Policies 

 
5.2.1 Servicing 

The development will be serviced with a piped water and sewer utilidor system, similar to other parts 
of the City. A new water pressure regulation and reheat station will be required to service the 
development, in addition to a new sewage lift station. The anticipated location of this infrastructure and 
the piped system with anticipated access vault locations is identified on the Servicing Concept Plan in 
Schedule B. The water station and sewage lift station are identified on the Land Use Concept Plan in 
the Institutional land use designation. To improve fire safety for the development area, each utilidor 
access vault will be equipped with a fire hydrant.  
 
5.2.2 Drainage 

Existing spring run-off drainage courses have been integrated into road design and alignment where 
possible to avoid areas to be developed. The main east-west drainage course has been retained in its 
original alignment and will be accommodated within a 20-metre drainage easement that can also 
accommodate a Snowmobile Trail during the winter months. There are 6 other drainage easements 
identified on the Land Use Concept Plan to facilitate drainage. These easements will be designed with a 
minimum width of 8 metres to allow proper drainage during the Spring and Summer months. Detailed 
drainage plans will be prepared during detailed engineering design for each Phase of development.  
 

5.3 Phasing of Development 

The Phasing of Development is shown in Schedule C. A phased approach is proposed for the 
development area to ensure manageable costs to the City and to deliver land in accordance with 
demand. There are three phases of development proposed: Phase 1, Phase 2, and Future Phases. Since 
the water station and sewage lift station must be installed in Phase 1, the location of Phase 1 recognizes 
and takes advantage of the location of this major infrastructure.  
 
Phase 1 provides a mix of all land uses including different densities of residential development, the 
school site, and commercial areas. Depending on the size of the school, a portion of the Institutional 
land in Phase 1 may also accommodate a second institutional use. If demand for residential land is 
high, the “Future Phasing” lands further along the Road To Nowhere could be included in Phase 1. 
This opportunity should be explored during the Phase 1 Proposal Call, since a greater disposal of lots in 
Phase 1 will reduce interest costs on the major infrastructure needed to service the entire development 
area.  
 
Phase 2 represents the addition of a new servicing loop that avoids constructing any interim 
infrastructure that would be redundant at the time of build-out. If demand is high for low-density 
residential land, the cul-de-sac road identified as “Future Phases” could be constructed during Phase 2.  
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Future Phasing represents the remaining lands that may be added to either Phase 1 or Phase 2 
development depending on the demand for land, or as a stand-alone phase (i.e. Phase 3). Included in 
Future Phasing is the southern portion of the neighbourhood.  
 
Two areas are reserved for “Potential Expansion.” These are lands that are marginal for development 
due to rock outcrops which may create cost and servicing constraints. 
 
Table 4 summarizes the extent of development by land use for each phase. 
 
Table 4: Development of Land Uses by Phase 
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5.4 Lot Development Standards 

The table below outlines lot development standards that will apply to all development in the 
Development Area. This includes site layout considerations, building design, and building systems.  A 
discussion of the proposed building system standards is described below.   
 

 Lot Development Standards 

Site Layout 

1 Building entrances should avoid facing the northwest prevailing winds since these will have the highest potential for 
cold air infiltration into the building.  Where an entrance must face northwest, a wind screen will be constructed. 

Building Design 

2 As part of this Development Scheme, the City will adopt Energy Standard Requirements. The Energy Standard 
Requirements will be adopted at a later date through an amendment to this Plan. 

3 A wind study shall be required for all buildings three or more storeys in height, or with a length greater than 25m, or 
with a gross floor area greater than 500m

2
. 

4 Building design shall provide 0.8 metres of clearance beneath the building to prevent snow drifting against building 
faces (i.e. no solid skirting or enclosed storage below buildings). The Development Officer may grant exceptions if 
the applicant can demonstrate that downwind effects are minimized by site layout and building design, where slab-
on-grade construction is used, or where site topography creates hardship in achieving this standard. 

5 Buildings shall be designed to respect and respond to the topography of the site. Stepping of the building to reduce 
massing and excessive pile height will be required. 

6 Residential units shall be encouraged to maximize solar exposure in active areas (such as the living room and 
kitchen).  Passive areas in which light, views and heat are less important (such as storage areas, utility rooms, and 
bedrooms) should be located towards the building’s northern facades. Avoid placement of accessory buildings in 
front of south-facing windows, where possible. 

7 All ground-oriented residential development shall incorporate wind lock entries (vestibules) into dwelling unit 
design to help prevent energy loss and to provide storage space, particularly to support land-based economy 
activities. 

Building Systems 

8 All windows installed must be ENERGY STAR® qualified windows under the Natural Resources Canada (NRCan) 
EnerGuide Program. 

9 All buildings will use oil-fired water heaters instead of electric water heaters. 

10 All buildings will use Heat Recovery Ventilators (HRV) as a ventilation standard. 

11 No buildings shall be permitted to have electric baseboard heating as the primary heating system. 

 

5.5 Affordable Housing 

The City would like to improve access to housing for lower-income groups in the City.  In keeping 
with General Plan policy, a target minimum of 7% of the leasable lot area will be affordable, according 
to the income percentile established by Council. At this time, affordable housing is housing that is 
affordable to the 50th income percentile.   
 
As part of this Development Scheme, the City will adopt an Affordable Housing policy. The 
Affordable Housing policy will be adopted at a later date through an amendment to this Plan. 
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5.6 Radar Site Influence Areas 

The 150-metre and 300-metre Radar Site Influence Areas are indicated on the Concept Plan in 
Schedule A. The buffers respond to Policy 8 of Section 5.11 of the General Plan, which ensures non-
interference with the air navigation communications system (NAV Can VOR/DME site) located at the 
top of Niaqunngusiariaq Road through: 
 

a) Prohibition of any development, obstructions, buildings, or equipment within a 150-metre 
radius of the antenna array; and 

b) Restrictions on development (ie. materials and height) within a 300-metre radius of the antenna 
array in accordance with provisions set out in the Zoning By-law. 

c) Notwithstanding the above, development applications that do not comply with NAV Canada 
standards may be considered subject to NAV Canada’s review and acceptance. 

 
As part of its Zoning By-law amendment process, the City will engage in additional consultation with 
NAV Canada. 
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6.0 DEMONSTRATION PLAN 

 

 
Looking west 

 

 
Looking southeast 
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Looking north 

 

7.0 MONITORING 

 
In implementing the policies of this Development Scheme the following should be monitored and 
reviewed at the beginning of each phase of development: 
 

 The effectiveness of lot development standards in each phase of development, and make 
modifications where required; 

 Housing demand and needs; 
 Demand for non-residential development lots; 
 The success of call for proposals; 
 The success implementing the affordable housing policy; 
 Impact of development on snow, wind and drainage patterns; and 
 Recurrent issues/challenges in the development review process that may need to be addressed 

with Zoning By-law amendments or other corrective measures. 
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Schedule A – Land Use Concept Plan 
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Schedule B – Servicing Concept Plan 
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Schedule C – Phasing of Development 
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Schedule D – Transportation Plan 
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