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Document Overview:

The purpose of this guideline is to provide information on the regulatory requirements to
construct, alter, improve, or replace a dam licensed under the Water Sustainability Act
(WSA). The intention of the regulatory process is to protect people, property, environment
and cultural heritage by ensuring that dams are suitably located, designed and
constructed, with future operation, maintenance and surveillance considered. Dam
owners and engineers should familiarize themselves with the content of this guideline to
understand their roles and responsibilities in the design and construction process.
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Acronyms
AEP Annual Exceedance Probability
B.C. Province of British Columbia
CDA Canadian Dam Association
CDF Construction Design Flood
CEMP Construction Environmental Management Plan
DEP Dam Emergency Plan
DFO Fisheries and Oceans Canada
DSO Dam Safety Officer
DSR Dam Safety Review
DSS Dam Safety Section
EDGM Earthquake Design Ground Motion
EGBC Engineers and Geoscientists B.C.
FEMA Federal Emergency Management Agency
FERC Federal Energy Regulatory Commission
ICOLD International Commission on Large Dams
IDF Inflow Design Flood
IDSRMP Interim Dam Safety Risk Management Plan
IE Independent Engineer
IEM Independent Environmental Monitor
IFC Issued for Construction
IFP Issued for Permit
IFT Issued for Tender
LCC Leave to Commence Construction
LCD Leave to Commence Diversion
LCO Leave to Commence Operation

LLO Low-level Outlet
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LTC
MCE
NRCan
OoMS
PGA
PMF
PMP
PSHA
WSA
USACE

USBR

Leave to Construct

Maximum Credible Earthquake

Natural Resources Canada

Operation, Maintenance and Surveillance
Peak Ground Acceleration

Probable Maximum Flood

Probable Maximum Precipitation
Probabilistic Seismic Hazard Assessment
Water Sustainability Act

US Army Corps of Engineers

US Bureau of Reclamation
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A secondary spillway that is designed to be operated infrequently.
Auxiliary spillways are typically constructed with a sill elevation
higher than the service spillway so that the auxiliary spillway is only
activated if the service spillway is removed from service or at
capacity.

Design event flood that temporary construction diversions should be
able to safely pass (cofferdam, diversion ditches). The CDF is selected
based on the annual exceedance probability of the flood, taking into
consideration the consequence classification of the temporary
diversion. The approach balances the cost of constructing the
temporary diversion with the risks to public safety, the environment
and infrastructure. The CDF should be selected so that there is no
foreseeable loss of life.

Document prepared at the end of construction detailing the work
and the way it was performed. It must be prepared by the Design
Engineer and include a statement certifying that the work was
constructed in a manner that conforms with the design intent.

A professional engineer designated by the Design Engineer to
supervise construction. This role may also be filled by the Design
Engineer.

The B.C. Dam Safety Program and staff who are the regulatory
authority for the Dam Safety Regulation. This includes dam safety
officers, Water Sustainability Act Engineers, Assistant Water
Managers, Water Managers, the Deputy Comptroller of Water Rights
and the Comptroller of Water Rights.

As defined in the Dam Safety Regulation, means

(a) a barrier constructed for the purpose of enabling the storage or
diversion of water diverted from a stream or an aquifer, or both, and
(b) other works that are incidental to or necessary for the barrier
described in paragraph (a).

Changes to an existing dam structure that are not routine
maintenance (refer to the definition for maintenance for additional
context).
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Dam
Consequence
Classification

Dam
Emergency Plan
(DEP)

Dam
Replacement

Debris Boom

Design
Engineer

Dynamic
Analyses

Earthquake
Design Ground
Motion (EDGM)

The dam failure consequence classification as determined by
Schedule 1 of the Dam Safety Regulation. The dam consequence
classification is determined through evaluation of incremental losses
or damages considering loss of life, environmental and cultural
values, and infrastructure and economic values that may result from
a dam failure. The consequence classification is used to determine
design criteria and commensurate standard of care to be exercised
for surveillance, monitoring and reviews.

A document prepared by the dam owner describing the actions to be
taken by the owner if there is an emergency at the dam and
containing information for use by the local emergency authorities. A
DEP is required by Section 9 of the Dam Safety Regulation.

Complete removal and re-construction of an existing dam structure
with a new dam in a similar location.

A floating barrier anchored upstream of a dam that catches floating
debris and prevents the debris from entering a dam spillway or
outlet. This may include log booms, plastic debris barriers or other
structures.

A professional engineer who leads and is responsible for dam
design, dam construction and the construction completion report.
They are responsible for coordinating any other professionals
providing input, and supervision during construction (or delegation
of a Construction Engineer). The Design Engineer role is different
from an Engineer of Record, because after construction is complete,
the Design Engineer may not continue to be involved with evaluating
the safety of the dam.

Engineering computer modeling methods used to evaluate time
varying loading, time varying forces and or non-linear strength
behaviour. For dam design, this may be required for evaluating the
stability of the dam during a seismic event and for reduced strength
conditions.

The most severe level of earthquake ground motion at the location
of the dam for which the dam structure should be able to withstand
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without failure. The dam failure consequence classification should be
used to select the return period of the EDGM.

Engineers and Regulates and governs professional engineers and geoscientists in

Geoscientists B.C. EGBC publishes technical and quality management guidelines
B.C. (EGBC) that are considered established good practice.

Engineer of A professional engineer who retains and accepts professional
Record responsibility for the safety of a dam, including evaluating the

adequacy of the as-built facility relative to the design in
consideration of applicable regulations, criteria and guidelines. This
term has been defined to indicate how this role is different from the
roles of Design Engineer or Professional of Record. The Engineer of
Record has continuous involvement with the dam structure and may
assist the dam owner in formal inspections, analyses of
instrumentation data, maintenance recommendations, assessments,
updates to dam documents and technical assistance for unusual
situations. A Design Engineer may take on the role of Engineer of
Record after the dam is constructed but is not required to. An
Engineer of Record is typically associated with mining dams. The
Dam Safety Regulation does not currently require water dam owners
to retain an Engineer of Record.

Established As defined in the Engineers and Geoscientists B.C. (EGBC)

Good Practice Professional Practice Guideline Legislated Dam Safety Reviews in
B.C., Version 4.0 (2023) means “the current practices or
understanding with respect to dam safety governance, design,
construction, operation, closure and or management, expressed in
the form of industry-accepted guidelines or technical standards, or
as documented lessons learned from recent engineering failures or
successful strategies which may not yet be incorporated into codes
and standards.”

Freeboard Vertical distance between the reservoir still volume surface elevation
and the lowest elevation of the dam crest (or top of impervious core).
Freeboard design criteria can be further defined as Normal
Freeboard and Minimum Freeboard.

Hold Point During construction hold points are set times or events when work is
temporarily stopped to allow for inspection and testing, as part of
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the quality management process. Hold points may be set by the
Design Engineer or as a condition of the authorization process.

See definition for “risk assessment for determining High-Risk
professional activities or work”.

As defined in EGBC Quality Management Guideline Documented
Independent Review of High-Risk Work, Version 2.0 (2023), is “a
documented evaluation of the concept, details and documentation
based on a qualitative examination of the documents containing all
relevant and material information before the professional activity or
work is submitted to those who will be relying on it, and where the
evaluation is performed in accordance with the bylaws and this
guide by an appropriately qualified and experienced professional
registrant who has not been involved in the professional activity or
work”. Independent review is required for work that the Design
Engineer determines is High-Risk or may also be requested by the
DSS if an order is provided under Section 27 of the Dam Safety
Regulation.

The most severe inflow flood (peak, volume, shape, duration and
timing) for which a dam and its associated facilities should be able to
safely pass. The dam failure consequence classification should be
used to select the magnitude of the IDF (Annual Exceedance
Probability (AEP) or Probable Maximum Flood (PMF)).

An IDSRMP is used to temporarily supplement an Operation,
Maintenance and Surveillance (OMS) Manual. The plan should
identify hazards created by the work or activity, outline relevant
potential failure modes, describe methods to mitigate or manage the
identified hazards, describe enhanced surveillance during or after
the work or activity and identify if specific reservoir operational
procedures are needed.

A conduit through the dam or abutment to allow for controlled
release of the reservoir.

An overarching Order provided to the dam owner that they may
begin construction or a phase of construction. This Order may
include conditions as required by the statutory decision maker, for

September 2026, Version 2.0
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example specific hold points where Leave to Construct (LTC) are
required.

A single Order provided to the dam owner for one of several specific
tasks under an LCC. This Order may include conditions as required
by the statutory decision maker.

An Order provided that allows the dam owner to divert water to fill
the dam reservoir.

An Order provided after the successful first filling of a reservoir that
allows a dam owner to operate their facility.

Work that is minor in scope and does not cause negative impacts on
the stream or reservoir and does not create risks to the dam
structure. This often involves replacing a component with a similar
component (described as replacing like-with-like) or minor surficial
repairs. Routine maintenance is typically described in an accepted
OMS Manual for the dam. Routine maintenance does not require an
authorization, change approval or Order under Section 12 of the
Dam Safety Regulation.

The difference of elevation between the lowest elevation of the top
of the dam (or top of impervious core) and the maximum water level
of the reservoir during passage of the IDF, considering waves (setup
and runup).

A body of water, including a canal or any other body of water created
or altered as a result of the construction of any work, that is used or
where there is a reasonable likelihood that it will be used by vessels,
in full or in part, for any part of the year as a means of transport or
travel for commercial or recreational purposes, or as a means of
transport or travel for Indigenous peoples of Canada exercising
rights recognized and affirmed by section 35 of the Constitution Act,
1982, and

(a) there is public access, by land or by water;

(b) there is no such public access but there are two or more riparian
owners; or
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(c) Her Majesty in right of Canada or a province is the only riparian
owner.

The difference of elevation between the lowest elevation of the top
of the dam (or top of impervious core) and the maximum reservoir
operating level considering waves (setup and runup).

A manual, prepared by the dam owner, that describes the operation,
maintenance and surveillance procedures for the dam. An OMS
Manual is required by Section 8 of the Dam Safety Regulation.

As defined in the Water Sustainability Act “includes a decision or
direction, whether or not the decision or direction is given in writing,
but does not include a request”.

In the Province of B.C., a professional engineer is:

a professional engineer as defined in the Professional Governance
Act and prescribed in the Engineers and Geoscientists Regulation, or
a holder of a limited licence under the Engineers and Geoscientists
Regulation that permits the person to practice professional
engineering and who is acting within the scope of the limited licence.

Review completed by the Dam Safety Section (DSS) of the provided
dam design Submittal Package. The intent of the review is to assess
compliance with the Dam Safety Regulation and considers guidance
established by the DSS, EGBC and other industry established good
practice. The regulatory review may involve detailed evaluation of
technical information. Part of the review process may involve
additional Independent Review, in the case of the work being
identified as a High-Risk activity or if ordered by the DSS as per
Section 27 of the Dam Safety Regulation.

As presented in EGBC Quality Management Guideline Documented
Independent Review of High-Risk Work, Version 2.0 (2023), a
documented process involving, 1) identifying hazards 2) evaluating
the identified hazards based on severity and likelihood of the
consequences to determine a risk level, and 3) comparing the
determined risk level to risk tolerance criteria (as defined by codes,
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Activities or standards and other requirements). The assessment must be based

Work on the determined risk level before mitigation measures have been
incorporated. A risk assessment must be completed by the qualified
professional prior to the initiation of work or professional activity.
Refer to the EGBC guideline for additional information.

Service Spillway A spillway that is designed for normal operations and water levels.
(Primary
Spillway)

Statutory Government staff who make evidence-based decisions on

Decision Maker applications based on best available science. Decisions related to
dam construction, alterations, improvements or replacement are
made by statutory decision makers designated under the Water
Sustainability Act and may include both the DSS and the Water

Licence Authority.
Submittal Documents related to the proposed dam design and construction
Package project that are provided to the DSS for regulatory review of the

project. Details are described in Section 4.0 of this document.

Works Related to dams as defined in the Water Sustainability Act including,
in part:
a) anything capable of or used for
i) diverting, storing, measuring, conserving, conveying,
retarding, confining or using water,
i) producing, measuring, transmitting or using electricity,
b) booms and piles placed in a stream,
c) obstructions placed in or removed from streams or the banks or
beds of streams,
d) changes in and about a stream, and
e) access roads to any of the works referred to in paragraphs (a) to

(d).
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1 Introduction

The purpose of this guideline is to provide information on the regulatory requirements to
construct, alter, improve, or replace a dam licensed under the Water Sustainability Act
(WSA). The intention of the regulatory process is to protect people, property, environment
and cultural heritage by ensuring that dams are suitably located, designed and
constructed, with future operation, maintenance and surveillance considered. Dam
owners and engineers should familiarize themselves with the content of this guideline to
understand their roles and responsibilities in the design and construction process.

New dam construction and alteration, improvement or replacement of an existing dam
requires regulatory approval before work may proceed. The construction of a new dam
requires a water licence to be issued under the WSA. For changes to an existing licensed
dam, a request is submitted under Section 12 of the Dam Safety Regulation (the
Regulation). Both cases require a dam owner to provide a dam design Submittal Package
as described in Section 4.0 of this guideline.

The submittal and regulatory review process described in this guideline is not required for:

e Addressing hazardous conditions at the dam as described in Section 14 of the
Reqgulation. A hazardous condition in relation to a dam means conditions, defects or
insufficiencies of the dam that are, or are likely to become, hazardous to the dam or
may reasonably be anticipated to cause all or part of the dam to become potentially
hazardous to public safety, the environment, or land or other property

e Conducting invasive investigations as described in Section 16 of the Regulation.
Requirements for Invasive Investigations are covered under a separate guideline
issued by the Dam Safety Section (DSS)

e Decommissioning a dam as described in Section 17 of the Regulation. Requirements
for decommissioning are covered under a separate guideline issued by the DSS, which
also contains information that pertains to abandoning a water licence

¢ Maintenance of licensed authorized works necessary for the proper operation of the
dam. As per Section 7 of the WSA, licensees are entitled to perform maintenance.
Maintenance includes repairs and routine activities of a licensed work described in an
accepted Operation, Maintenance and Surveillance (OMS) Manual for the dam, or
replacement of components with similar components (like-for-like). Examples of
projects that are considered maintenance compared to alterations and improvements
include:

o Re-surfacing or re-grading the dam crest
o Replacing a debris barrier

September 2026, Version 2.0
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Mowing grass or cutting vegetation

Replacing riprap

Sealing concrete joints

Lubricating mechanical components

Clearing organic debris from existing ditches
Replacing a spillway gate with the same model of gate

O O O O O O O

Routine tensioning of existing anchors (if specified in OMS Manual)

The work must not plausibly cause negative impacts to a stream or risk to the dam
structure. If the work is non-standard maintenance, may cause risk to the dam structure
or is a significant change of works, this is considered an alteration or improvement and
requires a request under Section 12 of the Regulation and, potentially, a water licence
amendment for change in works.

2 Roles and responsibilities

A dam construction project requires active participation and communication between the
dam owner, the Provincial Statutory Decision Makers including both the DSS and the B.C.
water licence authority (B.C. Water Management Branch or water program area for the
respective natural resource region), the Design Engineer and, if required, the Independent
Engineer (IE) and or Independent Environmental Monitor (IEM). The dam owner is
responsible for obtaining permits required by other government agencies. Details on the
responsibilities for these roles are described in the next subsections.

The work must not plausibly cause negative impacts to a stream or risk to the dam
structure. If the work is non-standard maintenance, may cause risk to the dam structure
or is a significant change of works, this is considered an alteration or improvement and
requires a request under Section 12 of the Regulation and, potentially, a water licence
amendment for change in works.

2.1 Dam owner

The dam owner is responsible for the safe operation and maintenance of the dam and
related works to keep the dam in good operating condition. For dam construction
projects, the dam owner must submit a written request with a supporting Submittal
Package to the DSS. See Section 4.0 for Submittal Package details. The dam owner must
ensure the work does not proceed until a written water licence, Order or change approval
under the WSA has been provided.

The dam owner is encouraged to provide as much time as practicable in advance of
planned construction to ensure the appropriate regulatory reviews, referrals and
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consultation can take place. For large, complex projects, the regulatory review process
may require multiple years. During this process the statutory decision makers’ preference
is for communication to be with the dam owner or their designated agent.

The dam owner is responsible for procuring the services of qualified professional(s) to
prepare components of the Submittal Package. For a dam with a consequence
classification of Significant to Extreme, the design must be prepared by a professional
engineer registered in B.C. For a dam with a Low consequence classification, the services
of a professional engineer are not required for the application process, although strongly
encouraged’.

To avoid delays in the application process, it is incumbent on the dam owner to procure
the services of an engineer with the appropriate training and experience in dam
engineering. The dam owner should exercise due diligence in the selection process, which
may include requesting references, confirming recent design report acceptance and
reviewing a summary of past work of similar scope and complexity. The dam owner may
also review Engineers and Geoscientists BC (EGBC)'s Registrant Directory which publishes
information on areas of practice for registered engineers, as well as disciplinary orders
against an individual or firm.

During construction, the dam owner is responsible for ensuring the work is performed in
accordance with any conditions of the water licence, Order or change approval. The dam
owner is also responsible for ensuring there is appropriate engineering supervision,
providing environmental monitors and for procuring contractors. Contractors should be
experienced in dam construction and water management.

After construction, the dam owner is responsible for submitting relevant documents as
required by the DSS, which may include a Completion Report, Record Drawings, OMS
Manual, and Dam Emergency Plans.

2.2 Design Engineer

Construction of a dam and related works is often a complex undertaking involving
knowledge in many fields of engineering. Work for Significant to Extreme consequence
dams must be completed by a professional engineer.

" For a Low consequence dam, dam owners are cautioned that future development downstream of the dam
could increase the consequence classification which then may require costly modifications to the dam to meet
design standards for a higher consequence dam (able to withstand a larger earthquake and safely pass a
larger flood).
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The design shall be prepared by the Design Engineer, who may be an individual providing
the complete design, or the lead of a multidisciplinary team. The Design Engineer is
responsible for the design, supervision during construction and completion reporting. The
Design Engineer may choose to designate a Construction Engineer to supervise
construction.

The Design Engineer must follow EGBC guidelines and the DSS guidelines. The Design
Engineer should have similar qualifications as those described in EGBC's Professional
Practice Guideline Legislated Dam Safety Reviews Version 4.0 (2023), and experience with
the type and complexity of the dam being designed. The Design Engineer should be well
versed in dam safety guidelines from other organizations including the Canadian Dam
Association (CDA), International Commission on Large Dams (ICOLD) and other industry
recognized bodies.

2.3 Provincial statutory decision makers

The WSA provides the legal framework for water allocation, water authorizations and dam
safety across the province. Construction of a new dam or alterations, improvements or
replacement of an existing dam may require input from statutory decision makers from
both the water licence authority and dam safety section (DSS) of the provincial
government.

Water allocation and authorization decisions are made through the Water Allocation
Section of the Water Management Branch or the water authorizations team in the
applicable natural resource region. The Water Allocation Section is responsible for
provincial-scale hydropower water authorizations overseen by the Comptroller of Water
Rights, including those held by BC Hydro, Rio Tinto, Columbia Power, Teck, Fortis and
other large independent power producers. The authorizations teams in the natural
resource regions handle all other water authorizations. Both teams administer water
authorization applications, amendments and Orders under the WSA, and may be
collectively referred to as the water licence authority.

The DSS administers the Regulation and is responsible for oversight of dam owner
compliance with the Regulation. DSS jurisdiction relates to the dam structure including
design, alteration, improvements, operation, maintenance, surveillance and emergency
response. The DSS may issue Orders or will coordinate with the water licence authority to
issue an authorization or change approval.

Sections 3 and 4 of this guideline provides details on the application processes and how
dam owners submit applications and requests for dam construction to the statutory
decision maker.



Guidelines for Dam Design and Construction

2.4 Independent Engineer and Independent
Environmental Monitor

The services of an Independent Engineer (IE) or Independent Environmental Monitor (IEM)
are procured by the dam owner to support the statutory decision maker in review of the
construction design and monitoring of construction for compliance with the accepted
plans. The dam owner may select the IE or IEM, but the proposed candidate(s) must be to
the satisfaction of the statutory decision maker. A curriculum vitae of the proposed
candidate(s) must be provided for acceptance.

In some instances, an IE and or IEM may be required as a condition of the water licence,
Order or change approval. This is generally for large, complex, or multi-year projects or
when the proposed design is not a recognized industry accepted approach.

A dam owner may also voluntarily choose to retain the services of an IE and or IEM. This
has the benefit of improving the efficiency of requlatory reviews, potentially decreasing
their duration. Ongoing construction oversight by the IE and or IEM also allows the
statutory decision maker to respond faster to challenges and changes that may occur
during construction, possibly reducing regulatory delays.

A provincial guidance document on the role of an IE is being developed and is expected to
be published in the future. Once published, this guideline should be referenced for
additional information. As a general overview, the scope of services for an IE may include:

e Reviewing and summarizing design reports, drawings and schedules

e Making recommendations to the statutory decision maker as to whether dam-related
activities may proceed

e Reviewing reports submitted by the dam owner on the progress of dam construction
activities

e Summarizing any outstanding matters that would make the works a hazard to the
public or the environment

e Issuing a recommendation that a Statutory Decision Maker may issue an LCC or LTC

As a general overview, the scope of services for an IEM may include:

e Ensuring that the Construction Environmental Management Plan (CEMP) and
supplementary plans adequately address potential environmental impacts prior to
construction

e Monitoring construction for adverse impacts on the environment

e Attending meetings with the dam owner and the dam owner’s contractor to develop a
communication strategy to inform workers of environmental considerations
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e Preparing information and reports for the statutory decision maker on compliance of
construction activities with the CEMP and supplementary plans

3 Early planning and coordination

Early coordination is important to allow a project to obtain the required authorization
without unnecessary delays. This may include the retainment of qualified professionals to
help navigate government application and permitting processes, and for ensuring that the
submission package is complete for issuance of an authorization.

3.1 First Nation consultation

British Columbia has a duty to consult First Nations, arising from existing Aboriginal and
Treaty Rights affirmed by Section 35 of the Constitution Act (1982) and Section 3 of the
Declaration on the Rights of Indigenous Peoples Act (SB.C. 2019), on projects that could
affect asserted or proven Aboriginal rights or treaty rights.

The province is responsible for ensuring adequate and appropriate consultation and
accommodation occur and will consult potentially affected First Nations through the
decision-making process. Dam Owners who engage with First Nations should document
conversations and considerations found through the process and provide them to the
provincial government for incorporation into the provincial review and consultation
process.

“(Dam Owners) are encouraged to engage with First Nations as early as
possible in the planning stage to build relationships and for information
sharing purposes. Engagement early in the planning stage provides
opportunities to identify any concerns by First Nations about the proposed
development and or activity and may increase the likelihood of successful
consultation outcomes.” (B.C. Guide to Involving Proponents When
Consulting First Nations, 2024)

3.2 Affected parties

The project’s upstream and downstream impacts shall be reviewed during the application
process. As per Section 13(1) of the WSA, the dam owner will be directed by a statutory
decision maker to give notice of the application to those who may be affected by the work,
including landowners, water rights holders or applicants for water rights whom the
statutory decision maker considers likely to be detrimentally affected.

Public consultation may also be an important component of the dam construction
regulatory review process and is based on the principle that those affected by proposed
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projects should have an opportunity to provide input. Many dams and their associated
reservoirs provide benefits to British Columbians beyond the beneficial use of water
authorized in the water licence. However, substantial changes to the upstream or
downstream area may have a negative effect on the local population, and some projects
may have a significant impact on environmental values in a stream. Therefore, before
proceeding with a project that would affect the upstream or downstream area, the owner
should consider potentially significant adverse environmental, social, economic, health
and cultural heritage impacts. Once identified, prevention or reduction strategies may be
developed.

Upstream users or areas which may be affected by changes to the reservoir elevation may
include:

e Existing WSA authorization and change approval rights holders and applicants
e Riparian and other landowners

e Recreational users

e Aquatic ecosystems

e Heritage sites

e Archaeological sites

e Indigenous interests

Downstream impacts may include:

e Existing WSA authorizations and change approval rights holders and applicants
e Developed areas due to potential changes to water regime

e Fish passage

e Environmental flow needs

e Other aquatic ecosystem impacts (for example, sediment transport)

e Recreational users

3.3 Other government agencies and statutes

The dam owner shall ensure they are adhering to all provincial and federal legislation as
required. For example, road permits, easement permits, mining permits for borrow pits
and land tenure permits. The dam owner is reminded that access to private property,
either overland or by flooding, is not permitted without landowner consent. The dam
owner is responsible for determining and securing access; permission is best documented
through a registered easement.

The next subsections outline other government legislation and agencies which are
frequently involved in dam construction projects (at time of publication of this guideline).
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Additional agencies or acts may apply for a particular project. A dam owner must exercise
their due diligence to ensure they are following all current provincial and federal
requirements.

3.3.1 Environmental assessments

The Environmental Assessment Office administers the Environmental Assessment Act and
Reviewable Projects Regulation. According to Table 9 in Part 5 of the Reviewable Project
Reqgulation (187/2023), the following Water Management Projects require an
environmental assessment?:

e New construction or modifications? to existing dams with a height of 15 m or greater

¢ New construction, modifications to existing dams or decommissioning of a structure
that impounds a reservoir above the natural boundary of the stream, of 10,000,000 m?
or greater

e Modifications to existing dams that would increase the flooded area of the reservoir
by 20 ha or greater

Section 8 of the Environmental Assessment Act (SBC 2018) prohibits another government
agency from granting of an approval for a reviewable project until a valid environmental
assessment certificate or exemption is received. Therefore, if required, a dam owner must
complete the Environmental Assessment process before a water licence, Order or change
approval under the Water Sustainability Act may be issued.

For projects not meeting the above thresholds, environmental impacts must still be
considered for both new dam construction and alteration or improvement to, or
replacement of a dam. Most projects will necessitate a construction environmental
management plan (CEMP) that is developed by a qualified environmental professional.

3.3.2 Archaeological and cultural heritage considerations

Archaeological and cultural heritage sites on both public and private land are protected
under the Heritage Conservation Act, whether they are known or not, and must not be
altered without a permit. Archaeological data and site records about properties are
available in certain situations to specific individuals or groups. In the planning process, a
dam owner should contact the B.C. Archaeology Branch for additional information.

2 Acts and regulations are periodically revised. A dam owner should ensure they are aware and familiar with
the current Reviewable Projects Regulation.

3 Modification may be interpreted as an alteration, improvement or replacement of a dam.
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Be advised that it is an offence for any person to knowingly remove, destroy or alter a
heritage site or object. Upon the discovery of any archaeological material, work must be
stopped, all reasonable precautions taken to avoid direct impact with such material, and
appropriate government agencies notified immediately.

Depending on the size, scope and geographical location of the project, a dam owner may
be required to provide an archaeological impact assessment and or a traditional use
survey of the area affected by the project. A dam owner should assess the archaeological
needs of the project, and complete any assessments deemed prudent in advance of the
project start date to avoid delays.

3.3.3 Canadian Navigable Waters Act

A structure more than 2.5 m high across navigable water is classified as a major work in
the Canadian Navigable Waters Act. An approval from Transport Canada to proceed with
construction of the work may be required.

In addition to the legal requirements, increases in flows can affect navigability by canoe or
kayak and increases in water levels can impact boat launches. Other impacts to motorized
and human-powered craft should be considered as necessary.

3.3.4 Fisheries Act

The Fisheries Act and associated regulation must be followed. The dam owner may be
required to seek permission from Fisheries and Oceans Canada (DFO) for the project.
Requirements from DFO may include minimum flow releases, the addition of fish ladders,
fish passage or habitat mitigation.

4 Application process

There are two different application processes depending on the water licence
requirements of the proposed work:

e Option 1 - A new water licence or amendment to an existing water licence is required.
This is applicable to the construction of a new dam, or for altering the works or
storage volume of an existing dam. For both cases the dam owner must apply for a
water licence or water licence amendment through FrontCounterBC

e Option 2 - If changes are proposed to an existing licensed dam, and a new or
amended water licence is not required, a dam owner may provide a Submittal Package
directly to the DSS

In either option, the dam owner or agent should, at least 30 days before the date on which
the owner expects the construction to begin, submit the Submittal Package to a dam
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safety officer for acceptance. Timing for issuance of an authorization will be dependent on
several conditions, including:

e Completeness of the Submittal Package
e Complexity of the proposed project
e Level of First Nation consultation

4.1 Option 1 - New water licence or amendment
of an existing water licence

Detailed information on applying for a water licence or amendment to an existing water
licence is available in the following guidelines:

e Water Authorization Application Assessment and Processing Guide (PDF, 388KB)
e Water Licence Application Drawing Standards (PDF, 1.5MB)
e Apply to amend water licence

The process is briefly summarized below.

1. Dam owner applies for a water licence or amendment to an existing water licence
and submits a water licence application to FrontCounterBC. The application should
include the dam Submittal Package

2. FrontCounterBC distributes the application to the statutory decision maker for the
water licence

3. FrontCounterBC distributes the Submittal Package information to the DSS for
review. An interim dam failure consequence classification proposed by the dam
owner can be accepted, and the size, scope and complexity of the proposed project
will be reviewed

4. DSS reviews the Submittal Package and may provide a recommendation to the
water licence authority for issuance of a water licence and or conditions required to
issue the water licence

5. Water licence authority initiates a review of the application. This includes ensuring
that notification has been provided to those who may be detrimentally affected by
the project, referrals to appropriate agencies have been made, and First Nations
consultation obligations are completed. In addition, the water licence authority
assesses water supply and demand from the source and, if required, defines
environmental flow needs. The review also considers impacts to the environment
(including land and the aquatic ecosystem) and socioeconomic interests

6. Water licence authority reviews information provided by DSS and other
considerations based on notifications, referrals, consultation and impacts, and may


https://www2.gov.bc.ca/assets/download/CC38A55A571149C5AE964C1570B38C41
https://www2.gov.bc.ca/assets/download/CC38A55A571149C5AE964C1570B38C41
https://www2.gov.bc.ca/assets/download/800D760A9B3340D7B3634EB5BFA4F675
https://www2.gov.bc.ca/assets/download/800D760A9B3340D7B3634EB5BFA4F675
https://www2.gov.bc.ca/gov/content?id=8084FE907CF14D54ADC3B92B92A0FA41
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grant a water licence, or may refuse the application. The water licence may include
conditions for the DSS to issue Order(s) enabling construction

4.2 Option 2 - Alteration, improvement or
replacement of all or part of a dam

1. Dam owner contacts the DSS and provides a formal written Section 12 request to
alter, improve or replace the dam. The request should include the Submittal
Package. Requests should be submitted to dam.safety@gov.bc.ca

2. DSS will review the Submittal Package for completeness and to determine the
extent of required regulatory review. Depending on the consequence classification,
size and complexity of the dam, the regulatory review may include technical
aspects

3. DSS may accept the application and provide a written authorization, Order or
change approval for the work, or may refuse the request

4.3 Issuance of a water licence, Order or change
approval

The statutory decision maker may provide a licence, Order or change approval with
conditions allowing the work to proceed. Examples include:

e A new water licence may be issued that provides authorization to store and use water
from the reservoir created by the dam.
e An Order enabling the work issued under Section 93 of the WSA, such as:

o A Leave to Commence Construction (LCC) Order. This is an overarching
authorization provided to the dam owner so they may begin construction or a
phase of construction, while identifying specific hold points or conditions where
additional Leave to Construct (LTC) Orders are required. For complex projects,
multiple LCCs and LTCs may be required

o A Leave to Construct (LTC) Order. This is a single authorization provided to the
dam owner for one of several specific tasks under an LCC

Examples of conditions include:

e Awater licence clause requiring that the dam design be accepted by a WSA Engineer,
Water Manager or Comptroller prior to work proceeding

e Required retention of an Independent Engineer (IE) and or Independent
Environmental Monitor (IEM)
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e Requirements for completed designs, additional studies, request for information or
monitoring. These conditions may need to be completed after issuance of a water
licence but prior to the issuance of an Order, LCC or LTC for construction

¢ Requirements for documents to be provided during the construction process

The dam owner should review the document in detail to understand the decision and any
conditions that have been requested.

Receiving a licence, Order or change approval does not absolve an owner of any
responsibilities or liabilities. The dam owner must make all necessary notifications, obtain
all other permits, licenses and authorizations required. Other typical permissions a dam
owner may need to obtain include:

e Permission to access Crown or private lands

e Permission to mine and or borrow local material for fill

e Permission for fish salvage

e Authorization to remove fill from site

e Licence to cut timber on Crown lands

e Permit to construct access on Crown lands

e Archaeological overview assessment, archaeological impact assessment or traditional
use survey

During the construction process, the dam owner should continue to communicate with
the DSS on progress and adherence to any conditions. Proactive, open communication
assists the DSS in responding to dam owner requests in a timely manner.

Near the end of construction, the dam owner may need to apply for Leave to Commence
Diversion (LCD) and Leave to Commence Operation (LCO) Orders. The timing of this
application may be specified as a condition in the water licence, Order or change approval.
Additional details on the LCD and LCO process are provided in Section 6.0.

4.4 Refusal of the Submittal Package

If there are errors, deficiencies, missing information or safety concerns, the DSS may
refuse the Submittal Package, and request additional information, clarifications, or
revisions prior to resubmittal of the documents. The dam owner will be notified and
provided with general feedback on the reason(s).

The dam owner can provide this information to their qualified professional(s) to address
the requests for information and improve the Submittal Package. A revised Submittal
Package can then be provided to the DSS. If there are significant or repeated errors or
deficiencies, the DSS may Order an independent review of the revised documents prior to
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resubmittal. In this instance, the independent review report would form part of the revised
Submittal Package.

If the dam owner disagrees with the decision, the dam owner has the right of appeal
through the Environmental Appeal Board. Information on the appeal process is available
through the Environmental Appeal Board website: https://www.bceab.ca/appeal-process/

4.5 Expiration of authorization, change approval
or Order

Construction of a new dam must begin as specified in the water licence. Similarly, an
upgrade of an existing dam must begin as specified by conditions of the authorization,
Order or change approval. If work does not commence prior to the specified expiration
date, the owner may apply for an extension or reapply.

5 Submittal Package

The required components of the Submittal Package are at the discretion of the DSS and
depend on the proposed work and complexity. Descriptions of the Submittal Package
components are described in the subsections below, with further details in Appendices A,
B and C.

Generally, a request for alteration of an existing dam requires less information to be
submitted compared to construction of a new dam or replacement of an existing dam. In
advance of submitting the FrontCounterBC application or Section 12 request, a dam owner
may contact the B.C. Dam Safety Program dam.safety@gov.bc.ca to determine which

Submittal Package components are required for their project.
The Submittal Package may be required to include the following components:

1) Design report including:
a) Design drawings
b) Specifications
¢) Interim Dam Safety Risk Management Plan (IDSRMP)

2) Construction management plan

3) Summary of other permitting, engagement and consultation

4) Construction environmental management plan (CEMP)

5) Draft Operation, Maintenance and Surveillance (OMS) Manual

6) Draft Dam Emergency Plan (DEP)Providing a complete Submittal Package is preferable.
If there is a justifiable reason for providing a partially complete Submittal Package, this
may result in the DSS including a condition that missing components are provided
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before the work may proceed or may result in the project being divided into multiple
LCCs and LTCs. An example of an appropriate reason to provide a partial Submittal
Package is that the Construction Management Plan or IDSRMP will be finalized after
the contractor is selected.

A dam owner may choose to submit a Public Safety Around Dams Plan. This currently is
not a legal requirement under the Regulation, but is encouraged by the DSS, particularly
where the public commonly interacts with the dam facility.

Engineering designs are not required for Low consequence dams unless directed by the
DSS. For Low consequence dams, the dam owner must contact the DSS for a
determination for what is required to be submitted.

5.1 Statements of limitations

Reports prepared by a consultant which include a statement of limitations must list the
Province of B.C. as an approved user for the document or provide a statement that the
Province of B.C. may rely on the report for regulatory purposes.

5.2 Design report

A design report should contain information on engineering investigations, assessments,
analysis and design decisions. The design should be developed in consideration of the
design criteria and information provided in Appendix A of this guideline, as well as other
established good practice. As a reminder, the first step in the dam design process is
determining or confirming the consequence classification of the dam, as this defines the
required design criteria and commensurate standard of care to be exercised.

The design report should be written with the intent that it will be referenced in future Dam
Safety Reviews; therefore, the report should be clearly written, with sufficient detail to
allow the dam owner, DSS and others reviewing the report to understand the methods,
information used and supporting rationale for conclusions, without necessarily visiting the
dam site. The design must be prepared and documented following EGBC's quality
management guidelines.

For alterations or improvements to existing dams, an IDSRMP should be provided with the
Design Report. For large projects with multiple components, multiple IDSRMPs may be
required. Appendix B describes information to include in an IDSRMP.
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5.3 Construction management plan

The construction management plan should describe:

e Construction methods and equipment

e Construction supervision, which identifies the names of people in key roles

e Engineering supervision, which identifies the names of people in key roles

e Schedule, with milestones and hold points identified

e Quality control and quality assurance plan for material testing, including frequency
and documentation

e Change management procedures

e Content and frequency of construction progress reports

e Ifrequired, plans and timelines on how cofferdams and temporary diversions will be
installed and then decommissioned so that flow requirements may be maintained.
This plan should also discuss fisheries, environmental and land ownership
requirements

e Construction emergency response plan (new dam construction) or IDSRMP (alteration
or improvements of an existing dam)

e Plans to demobilize and rehabilitate land and infrastructure disturbed by the
construction of the dam

The level of detail in the plans and schedules should be commensurate to the size and
complexity of the project, as well as the consequence classification of the dam. Small
projects may combine many of these aspects into one overall construction management
document.

The construction management plan would typically be prepared by the Design Engineer or
Construction Engineer, as they will provide engineering supervision during the work. For
more complex projects in which the dam owner has their own engineering team involved,
the plan may be prepared by the dam owner and should include details on how
communication between the Design Engineer, Construction Engineer and dam owner will
be facilitated.

The schedule presented should be realistic based on permitting, environmental windows,
First Nations referrals and when the design package is submitted. The schedule should
consider weather conditions and identify if there are concerns with the potential for winter
construction, including both wet and cold weather. The Design Engineer should be
prepared to modify the schedule and construction requirements in case of inclement
weather. Mitigation measures could include changes to backfill materials, heating,
hoarding or changing lift thickness.
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For new construction, the construction emergency response section should describe the
construction design flood (CDF), as well as actions to take if this design flood is exceeded
(for example, in advance of flood, remove equipment and fuel from site). This plan must
document appropriate measures that will be taken to protect the public, site personnel
and site works, as well as avoid damaging land, works, trees or property of another
person.

In preparing the plan, the dam owner should be mindful of their rights and responsibilities
under Section 29 of the WSA:

29 - Rights and responsibilities of applicants and holders

1) The following persons must exercise reasonable care to avoid damaging land,
works, trees or other property of another person:

a) an applicant for an authorization, change approval, drilling authorization or
permit;

b) the holder of an authorization, change approval, drilling authorization or
permit;

c) a person who, in accordance with the regulations or an order of the
comptroller, a water manager or an engineer, makes changes in and about
a stream or diverts or uses, including stores, water.

2) A person referred to in subsection (1) (a), (b) or (c) must properly inspect,

maintain and repair works constructed, operated or used by the person,

a) in accordance with any prescribed requirements,

b) In accordance with an order, and

c) in a manner that ensures that the works do not cause a significant risk of
harm to public safety, the environment, land or other property.

3) When an authorization, change approval or permit that authorizes the
construction or use of works is abandoned, cancelled or expires, the holder or
former holder, as applicable, of the authorization, change approval or permit
must ensure that the works are deactivated or decommissioned in accordance
with the regulations and orders.

4) A person referred to in subsection (1) (a), (b) or (c) is liable to owners of land or
premises for damage or loss resulting from the construction, maintenance, use,
operation or failure of the person's works.

5) Subject to subsections (1) to (4), a holder of a licence for a power purpose, a
storage purpose, a waterworks purpose or an irrigation purpose may fell and
remove any tree, and remove any rock or other thing, that endangers the
holder's works.
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5.4 Summary of other permitting, engagement
or consultation

The dam owner should include information on other permitting, engagement and
consultation completed for the project. This may include:

e Environmental assessments if the dam is reviewable under the Reviewable Projects
Regulation

e Navigable waters approval from Transport Canada if the project is considered a major
works under the Canadian Navigable Waters Act

e First Nations engagement if initiated by the dam owner. The summary should include
information on timeframe, comments received and if accommodations were made in
response to comments. The government of B.C. will confirm adequate consultation
has been completed

e Discussion summaries and accommodations arising from notification of potentially
affected parties and public consultation

5.5 Construction environmental management
plan

A construction environmental management plan (CEMP) may be required for projects that
may have a material impact on the environment. For example, projects with in-water
works, fish salvage, sediment release, nesting birds, sediment disposal or potential for
spills (unintended release of a hazardous and or dangerous substance). The requirement
for a CEMP may be specified as a condition of the water licence, Order or change approval.
An Environmental Assessment Report may need to be prepared before developing the
CEMP.

A CEMP should:

e Be prepared by a qualified environmental professional

e Describe the construction methods, potential impacts and how impacts will be
minimized and mitigated

e Provide details of environmental monitoring and protection

e Identify the names and roles of key environmental monitors

o Identify requlatory requirements and how these will be met

The CEMP may need to include:

e Details for providing flow to the downstream channel for ecosystems, water users and
water quality, and for handling potential water quality issues
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e Site inventory of species at risk and how these will be protected during construction

e Sensitive environmental species

e Sensitive environmental areas

¢ Environmental monitoring requirements

e Timing windows for protection of fish, wildlife or other elements of the aquatic
ecosystem of the stream specified by a habitat officer as per Section 44 of the Water
Sustainability Regulation, and or for protection of land ecosystems (for example,
nesting birds)

e Sediment and erosion control plan

e Detailed descriptions of mitigation and Environmental Protection Plans (EPPs) for
specific works

e Site restoration plan

e Any other mitigation measures as described in Section 16 of the WSA

5.6 Draft Operation, Maintenance and
Surveillance manual

An OMS manual describes the operation, maintenance and surveillance procedures for the
dam. It should be detailed and specific to the individual dam.

The manual must describe procedures for operation of the dam under normal and
extreme reservoir inflow conditions, and provide technical guidance and procedures for
monitoring, inspection and short- and long-term maintenance.

If instrumentation is installed during the work, the OMS Manual should include
information on:

e Type of equipment or device

e Objective of the instrumentation (hazard or failure mode being monitored)
e Parameters to be measured

e Expected or actual normal measurement values and threshold values

e Required calibration, maintenance and other related activities

e Frequency of instrumentation readings

e Frequency of data downloads

e Data processing, analysis and reporting plan

For threshold values, consider defining values for a warning level and alarm level. The
reason for the thresholds should also be defined (for example anticipated decreases in
Factor of Safety, increased internal erosion risk, or deviation from historical performance).
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Include description of actions that the dam owner should take if a threshold is exceeded,
and how this is linked to emergency levels in the DEP.

An OMS template that is appropriate for small dams without complex operation is
available on the DSS's website. Additional information on preparing an OMS Manual is
available in the CDA guidelines.

5.7 Draft Dam Emergency Plan or emergency
contact information

The dam owner must prepare a DEP providing all the information and instruction needed
to respond to an emergency related to their dam. The plan should include communication
flow charts, roles and contact information, inundation maps and evacuation routes. The
DEP must be a standalone document that is separate from the OMS Manual. A DEP
template is available on the DSS'’s website.

A DEP is required for all dams with a dam failure consequence classification of Significant,
High, Very High and Extreme. The submission of this document is not required for existing
structures undergoing alteration, upgrades or improvement if there is a current DEP that
has been accepted by the DSS, and the reservoir volume in the dam is not changing.

For Low consequence dams, an emergency contact information sheet may be provided
instead of a DEP.

5.8 Public Safety Around Dams Plan

Although not a Dam Safety Regulation requirement, the DSP and the CDA both
recommend the development of a Public Safety Around Dams Plan, which provides
information related to how a dam owner will manage public safety at a dam site and
provides a record of their risk assessment and risk reduction measures. Preparing this
plan may also be a requirement from the dam owner’s insurance provider. For additional
information refer to the CDA Guidelines Public Safety Around Dams (2011) and associated
Technical Bulletins. The plan should be periodically reviewed and updated to reflect
changing conditions and public use patterns.

If a dam owner chooses to prepare a Public Safety Around Dams Plan, this can be provided
to the DSS as part of the Submittal Package.
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6 Construction

6.1 Roles during construction

The dam owner is responsible for ensuring all aspects of construction are carried out
safely according to the conditions of their water licence, change approval, LCC or LTC. The
dam owner must notify all parties affected by the construction activities.

The Design Engineer must ensure adequate engineering supervision during construction.
This responsibility may be delegated to the Construction Engineer. In consideration of
requirements from EGBC, they may also delegate different responsibilities to other
qualified professionals as appropriate.

At the end of construction, the Design Engineer is expected to prepare a construction
Completion Report and Record Drawings* indicating the dam was constructed in a manner
that conforms with the design intent.

At any time, DSS staff, an IE or IEM may inspect the site to confirm that construction is
progressing according to accepted plans, specifications, practices and conditions of the
water licence, Order or change approval. The DSS may Order that construction be stopped
if any discrepancies or problems are noted during the inspections. If work is stopped, the
owner is responsible for all associated costs.

6.2 Kickoff meeting

At the start of construction, the dam owner shall offer to arrange a kickoff meeting with
DSS. The requirements for this meeting will be at the discretion of the DSS and may
include attendance by the dam owner, the Design Engineer, Construction Engineer,
contractor, environmental monitor, IE and or IEM (if required) and other WSA statutory
decision makers. The purpose of the meeting is to discuss the construction project,
schedule, critical concerns and items of note.

6.3 Allowable works prior to acceptance

The mobilization of equipment, stripping and grubbing, and other site access and
preparation work may be acceptable prior to receipt of written LCC or LTC if:

4The Dam Regulation Section 13(1)(b) uses the term “as-built-drawings.” The DSS recognizes that EGBC's
quality management guideline Guide to the Standard for the Authentication of Documents, Version 4.0(2023)
indicates the term “Record Drawing” should be used by registrants instead of “as-built” and will accept Record
Drawings.
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e All work is subject to an issued water licence, Order or change approval

e Changesin and about a stream are not being made without authorization under
Section 11 of the WSA

e The dam structure and area adjacent or appurtenant to the dam are not altered

¢ No permanent features of the dam are initiated and

e All requlatory and land access requirements have been met, including respecting
timing windows for fish wildlife, aquatic ecosystems or bird protection windows

6.4 Conditions and hold points

As part of a project authorization, Order or change approval, construction conditions or
hold points may be required. Hold points may also be established by the Design Engineer
in their construction design and specifications. A dam owner must ensure that conditions
and hold points are adhered to.

6.5 Changes during construction

All projects receiving a water licence, Order or change approval must be constructed in
accordance with accepted design plans and specifications. Any significant changes during
construction from the submitted design should be brought to the attention of the DSS
prior to the work proceeding.

6.6 Regular construction monitoring reports

Monitoring reports that document the construction process should be provided on a
regular basis to the DSS. The frequency of reports should be based on the complexity of
the project. As part of construction planning, the Design Engineer or Construction
Engineer should have a conversation with the DSS and agree on the frequency of
monitoring reporting. Daily or weekly construction reports are generally expected for
most projects. At the end of construction, the monitoring reports should be attached to
the Completion Report, as this information is essential for future Dam Safety Reviews.

Examples of information that should be documented in the monitoring reports include:

e Equipment and people on site

e Weather

e Construction work that occurred during the reporting period

e Construction features that are critical to the stability or integrity of the structure
e Construction methods, and material sources

e Instrumentation installation and calibration

e Instrumentation readings

e Photos showing construction with descriptive captions
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e Lab and or field tests and results

e Descriptions of field changes or modifications

e Descriptions of unexpected or notable conditions encountered

e Descriptions of any non-conformance testing and corrective actions taken

6.7 Regular environmental monitoring reports

During construction, the dam owner may be required to submit regular environmental
monitoring reports prepared by a qualified professional. The required frequency of
submittals will be at the discretion of the DSS and is generally weekly. Depending on
performance, the DSS may request more frequent reports. These reports should comment
on spills (unintended release of a hazardous and or dangerous substance), wildlife
management, sediment and erosion control and other items of interest.

7 Construction completion

7.1 Completion meeting

When nearing substantial completion of construction, the dam owner should offer to
arrange a meeting with DSS staff, other statutory decision makers, the IE and or IEM,
operators, the Design Engineer and the Construction Engineer. Depending on the
complexity of the work and structure, the DSS may decide this meeting is not required.

The purpose of the completion meeting is to review, discuss and resolve any problems or
changes made during construction, the procedure and timing for commencing use of the
works and reservoir, and any other outstanding issues. Authorizations for commissioning
the dam may not be granted until after this meeting has been held and outstanding issues
are addressed to the satisfaction of the DSS.

7.2 First Filling Plan

A Leave to Commence Diversion (LCD) Order allows the dam owner to divert water to fill
their reservoir. A Leave to Commence Operation (LCO) Order may then be issued after the
first filling, testing of systems and monitoring period. The B.C. Water Management Branch
is in the process of preparing a separate guideline on LCD and LCO Orders, which is
expected to be published soon and should be referenced for additional details. The
following section is a general overview.

For new dams, or dams undergoing significant reconstruction, the water licence, Order or
change approval may specify if a First Filling Plan should be submitted before an LCD or
LCO Order is issued. The plan should be provided with sufficient time for the statutory
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decision maker’s review. At minimum, the plan should be provided 30 days prior to the
planned filling date. A longer review period is required for large dams and on-stream
dams.

The First Filling Plan must be prepared and authenticated by a qualified professional. This
may be the Design Engineer or another engineer representing the dam owner. The plan
should include:

e Plans and timelines for how temporary diversions will be decommissioned, and flow
re-established in the waterway, while meeting all regulatory obligations

e Testing and commissioning of equipment

e Maximum safe filling rates. The water licence may also provide information on
maximum allowable diversion rate which must be followed

e Procedures for first filling or re-filling the reservoir and monitoring the reservoir while
it is being filled

e An IDSRMP for first filling of the reservoir (refer to Appendix B for details)

e Monitoring plans and expected instrumentation performance during first filling to
ensure that any potential developing dam safety emergency can be detected and
mitigated

e Discussion on when first filling is considered complete and the facility can transition to
normal operations and surveillance schedule (IDSRMP no longer needed)

e Emergency plan in case a dam safety emergency develops during first filling

e Environmental considerations

IDSRMP should include reference to a Trigger Action Response Plan (TARP) document
which will provide expected, trigger and alarm levels for all instrumentation as well as
response plans under various abnormal conditions, in the case there is a need.

7.3 Completion Report

As per Section 13 of the Regulation, within 30 days® following completion of construction
or modification of the dam, the dam owner should submit to the DSS:

1. Awritten Completion Report on the work and the manner in which it was
performed, and
2. A copy of the as-built drawings (Record Drawings)

5 If the Design Engineer cannot complete the Completion Report and record Drawing within the required
timeframe, the dam owner should contact the DSS to discuss an alternative schedule. This discussion should
occur prior to the due date.
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The report should be prepared and authenticated by the Design Engineer. The report must
include a statement certifying that the work was constructed in a manner that conforms
with the design intent. The detail in the completion report should be commensurate with
the complexity of the dam and project, and should generally include information on:

e Project description

e Construction milestones

e Adverse weather conditions affecting the project

e Construction methods and materials

e Quality assurance and control

e Results from field and laboratory testing

e Instrumentation installation and calibration

e Changes that occurred from the prepared plans and field changes

e Construction monitoring reports

¢ Documentation of foundation conditions approved by the Design Engineer or
Construction Engineer

e Representative photographs

e Discussion of any notable items encountered during construction

e Descriptions of any non-conformance testing and corrective actions taken or effects
on future performance of the structure

e Recommendations for any deficiencies or remaining work that must be addressed
prior to commissioning

7.4 Operation, Maintenance and Surveillance
manual

Section 8 (2) of the Regulation requires that no later than 60 days® after completion of
construction of a new dam, the Dam Owner must provide a finalized OMS manual to the
DSS for acceptance.

For alteration, improvement or replacement of an existing dam, the dam owner should
provide a revised OMS Manual to the DSS for acceptance. This should be provided within 6
months of completion of the work.

6 If the dam owner cannot provide the OMS manual and DEP within 60 days of completion, they should contact
the DSS to discuss an alternative schedule. The discussion should occur prior to the due date.
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7.5 Dam Emergency Plan

Section 9 (2) of the Regulation requires that no later than 60 days6 after completion of

construction of a new dam, the Dam Owner must provide a finalized DEP to the DSS for
acceptance.

For alteration, improvement or replacement of an existing dam, the dam owner should

provide a revised DEP to the DSS for acceptance. This should be provided within 6 months
of completion of the work.

September 2026, Version 2.0
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Introduction

The purpose of this appendix is to outline minimum dam design criteria and
considerations. In some instances, this guideline is more stringent than other guidelines.
If a design standard is not stated, the Design Engineer should follow design criteria
presented in guidelines available from the Canadian Dam Association (CDA), International
Commission on Large Dams (ICOLD) or other internationally recognized agencies and or
organizations (for example, Australian National Committee on Large Dams (ANCOLD), US
Army Corps of Engineers (USACE), et cetera). For small dams, a Design Engineer could also
consider the US Bureau of Reclamation’s (USBR's) textbook Design of Small Dams (1987).
Other guidelines specific to a topic are described in specific sections of this guideline. This
appendix should be considered an overview of design topics. For prescriptive information
on “how to” design a dam an engineer should consult guidelines distributed by other
recognized agencies or organizations.

Dam design criteria have higher standards than those for buildings or roads because
dams have longer lifespans, increasing the likelihood the structure will be exposed to an
extreme event. Additionally, a dam failure can have rapid, catastrophic impacts affecting
large areas, multiple buildings and other infrastructure, and replacing or upgrading a dam
is very complex once the reservoir is full.

Deviations from the minimum design criteria may be considered under special
circumstances, where it can be justified and safety is not compromised. In such cases, the
design report must clearly identify any deviation in design criteria, the reason for it, and
the risk. The proponent is encouraged to discuss potential deviations with the BC Dam
Safety Section (DSS) in advance of submitting a completed design.

In preparing the design report, the Design Engineer must keep in mind that it will form
the basis of future dam assessments and Dam Safety Reviews (DSR) and therefore should
be written so that the information is clear to another qualified professional. The
requirements of EGBC's professional practice guidelines Legislated Dam Safety Reviews in
BC, Version 4.0 (2023) and Site Characterization for Dam Foundations in BC’ Version 1.2
(2016) should also be followed for a dam design report. In particular, the following
sections from these EGBC documents should be kept in mind:

e Design a dam that is reasonably safe, as defined in the DSR guidelines
e Start with the assumption that the geologic conditions at the site are complex and
could present risks to the dam

7 Published under EGBC's former name Association of Professional Engineers and Geoscientists (APEGBC).
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e Summarize design calculations performed to support the technical analyses and
include a complete dataset

e Ensure conclusions are supported by appropriate levels of analysis, clear evidence and
solid rationale, and that any assumptions are clearly stated along with limitations and
confidence limits

e Write clearly, with sufficient detail to allow the dam owner, regulatory authority and
others reviewing the report to understand the methods, information used (including
reference material) and rationale for conclusions, without necessarily visiting the dam
site

e In presenting the calculations and analyses, the engineer should also keep in mind
EGBC's Code of Ethics Principle 7: “Provide professional opinions that distinguish
between facts, assumptions and opinions.” The DSS may not be able to accept reports
where this is not followed, or where large portions of the design rely solely on
opinions and judgment that are not supported by evidence and analysis

How to use this appendix

This appendix provides examples of information or documented analyses which must or
may need to be included in the design report. If a new dam is being constructed or an
existing dam rebuilt, a complete analysis should be documented and presented. If an
existing component is being improved, altered or replaced, the design report may be
limited to the scope of the component and its interaction with the dam structure and
reservoir. The Design Engineer should use their judgment to decide what to include based
on the proposed scope of work. If unclear on what should be submitted, the proponent is
encouraged to have a discussion with the DSS in advance.

The DSS will consider the application incomplete and not acceptable if information is not
included which reasonably should be. If an incomplete or inadequate design is submitted,
this may result in an Order for peer review by an independent engineer prior to
resubmitting.

September 2026, Version 2.0
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Design Report
Example Table of Contents

A design report should generally include, but is not limited to, the following:

1. Introduction and purpose of the work
2. Project description:
a. Site access description
b. Dam description
c. Dam history (for alteration, improvement or replacement of an existing
dam)
Dam failure consequence classification
Design criteria and design basis
Hazards and failure modes
Hydrology and hydraulic analyses (as required)
Geohazard assessment summary (as required)

© N AW

Geotechnical analyses (as required)
9. Structural analyses (as required)
10. Mechanical and electrical components (as required)
11. Instrumentation
12. Construction considerations
13. Design team and qualifications
14. Explanation of whether the work is considered High-Risk
15. Qualification statement and attach CVs
16. Authentication page
17. Appendices:
a. Drawings
Specifications
Borehole, test pit or test hole logs
Test results
Analysis and assessment models
Interim Dam Safety Risk Management Plan

@ 0 aon o

For new dams or dams being rebuilt, an assurance statement from EGBC's
Site Characterization for Dam Foundations in BC (2016)

Evaluation of high-risk work and independent review

As required by EGBC, the Design Engineer must evaluate whether the work they are
performing is a High-Risk activity. In making this decision, they should consider case
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studies presented in Appendix C. Further guidance is available in EGBC's Guide to the
Standard for Documented Independent Review of High-Risk Professional Activities or Work
Version 2.0, (2023). If the work is High-Risk, the engineer must ensure a documented
independent review is completed. Large projects, projects with a consequence
classification of High, Very High or Extreme, and non-standard designs may require
independent review.

The Design Engineer should include a summary of their documented risk assessment with
the design report. The DSS may request a copy of the full evaluation if there are questions
arising from the summary.

Qualification statement

The design work for Significant to Extreme consequence dams must be completed by a
qualified professional engineer or team of engineers. The engineer(s) designing a dam
should have similar qualifications to those described in EGBC's guideline Legislated Dam
Safety Reviews in BC Version 4.0 (2023), and experience with the type and complexity of
dam being designed. A qualification statement and a curriculum vitae (CV) for the Design
Engineer and key people on the design team should be provided with the design report.

Authentication of report

The failure of a dam carries inherent risks. As such, the DSS requests that the report
authentication pages identify:

e Design Engineer. This indicates the Design Engineer has considered and accounted for
the interaction between different components designed by other specialists. For
example, if a spillway is located on an embankment dam, the authentication indicates
the Design Engineer has addressed the credible failure modes associated with the
location of the spillway by receiving design input from hydrotechnical and
geotechnical engineers as appropriate (for example, on spillway capacity, erosion
resistance and structural stability)

e Dam safety work is often multidisciplinary. Where input is required from one or more
professional specialists, each specialist should authenticate the document and qualify
the extent of their responsibility. For example, a dam design report may be
authenticated and signed by a hydrotechnical engineer, geotechnical engineer,
structural engineer, registered professional biologist and or the Design Engineer

e Reports should identify the version number and summarize changes across versions

September 2026, Version 2.0
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Mandatory information - project description

Tables 1 and 2 below must be included in a dam design report. The DSS prefers the
information in these tables to be presented in the order and format shown below, as this
simplifies the processing of dam applications.

Table 1: General project information

Submission date

Dam name

Location (UTM)

Stream name

Dam owner(s)

Water Licence No.

Total licensed storage volume

Project description

Design Engineer (company,
credentials)

Construction Engineer
(company, credentials) (if
applicable)

Design checked and or
reviewed by

Is work High-Risk? (As defined
by EGBC, requiring an
independent reviewer)

Independent reviewer (if
applicable)
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Table 2: Dam details

Dam type(s)
(for example, earth embankment,
concrete arch, et cetera)

Year constructed or planned construction

date
, _ -
Maximum dam height
Dam crest elevation m (datum)
Dam crest length m
m

Dam crest width

Dam access description for construction

Previous developments at dam
pertinent to proposed work

Potentially affected upstream or
downstream dams

Consequence classification confirmed by
Design Engineer

Notes:
For the definition of dam height, refer to Section 1(4) of the Dam Safety Regulation.
For the definition of consequence classification, refer to Section 3 and Schedule 1 of the Dam Safety Regulation

Consequence classification confirmation

The dam should be classified in accordance with Schedule 1 of the Dam Safety Regulation
(“the Regulation”), and in consideration of the DSS's Downstream Consequence of Failure
Classification Interpretation Guideline (2017).

The Design Engineer should assess (or reassess) the dam consequence classification prior
to developing the design. If a change to consequence classification is required, this should
be submitted to the DSS in advance of providing the Submittal Package.

If the volume of water stored by the dam is unclear or uncertain, the Design Engineer is
encouraged to undertake bathymetry to confirm storage volumes.

September 2026, Version 2.0
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If the proposed work will result in a proposed change of consequence classification, this
must be described. For example, if the dam crest height is to be raised to increase the
reservoir volume, a re-determination of the inundation zone and consequence
classification may be required. In such a case, a new water licence may also be required.

A dual consequence classification may be used for the design if the consequences and
losses from flood induced failure are substantially different than sunny day failure (non-
flood failure). The decision to use a dual consequence classification must be clearly
justified with iterative modeling. For regulatory purposes, if a dual classification is
proposed, the higher classification is considered the overall consequence classification for
purposes of determining frequency of surveillance, OMS Manual reviews, DEP reviews and
DSRs.

The design report should include a discussion on the confirmation of the dam
consequence classification. This may include:

e Discussion of the four categories of loss identified in Schedule 1 of the Regulation.

e Consideration of sunny day failure and flood induced failure

e Adetailed dam breach study, or a review and endorsement of an existing dam breach
study

e Creation of inundation maps, or a review and endorsement of existing inundation
maps

The following guidelines could be considered in determining the consequence
classification:

Federal Emergency Management Agency (FEMA), Federal Guidelines for Inundation
Mapping of Flood Risks Associated with Dam Incidents and Failures, P-946 (2013).

FEMA, Selecting and Accommodating Inflow Design Floods for Dams (2013).
Froehlich, D., Embankment Dam Breach Parameters and Their Uncertainties (2008).
Graham, W.J., A Procedure for Estimating Loss of Life Caused by Dam Failure (1999).
USBR, Prediction of Embankment Dam Breach Parameters (1998).

USBR, RCEM - Reclamation Consequence Estimating Methodology, Interim - Guidelines
for Estimating Life Loss for Dam Safety Risk Analyses (February 2014).

Wahl, T.L., Prediction of Embankment Dam Breach Parameters - A Literature Review and
Needs Assessment (DSO-98-004) (1998).

U.S. Army Corps of Engineers (USACE), HEC-LifeSim Life-Loss Estimation Technical
Reference Manual, Version 2.0 (2020).
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Design criteria

The confirmed consequence classification should be used to establish minimum design
criteria for the Inflow Design Flood (IDF) and earthquake design ground motion (EDGM) as
shown in Table 3. A dual consequence classification for selecting the appropriate IDF and
EDGM may be used if clearly justified. Deviations from these design criteria may be
considered but must be clearly stated and justified.

Table 3: Flood and earthquake minimum design criteria

Low 1/100 1/100
Significant **1/200 to 1/1,000 **1/200 to 1/1,000
High 1/3 between 1/1,000 and PMF 1/2,475
Very High 1/10,000 or Maximum
2/3 between 1/1,000 and PMF )
Credible Earthquake (MCE)
Extreme PMF 1/10,000 or MCE
Notes:

*Table is generally adapted from CDA Guidelines (CDA, 2007, revised 2013), further context and guidance can
be found in that document.

**For significant consequence dams, IDF AEP or EDGM return period of less than 1/1,000 must be pre-
approved in writing by the DSS.

Some facilities have natural or constructed diversion channels that bypass the reservoir.
Diversion channels that permanently intercept the IDF and divert it away from the
reservoir and dam must be designed for the IDF based on the dam consequence
classification if the diversion was not in place (the consequence of dam failure if all the
flood flow entered the reservoir). The Design Engineer must also consider if there is a
credible hazard of failure or avulsion of the diversion channel resulting in floodwater
entering the reservoir, in which case the dam spillway should be designed to pass the IDF.

Temporary construction diversion structures (for example, cofferdams and diversion
ditches) shall be designed to accommodate a construction design flood (CDF). The CDF
magnitude should be selected considering the consequence classification of the
cofferdam and by balancing the cost of the diversion with the risk of damage to the public,
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environment and infrastructure. The CDF should be selected so that there is no
foreseeable loss of life.

The cofferdam design should be commensurate with its size, complexity, expected
duration of work and consequence classification. For simple projects with a short duration,
the following minimum standards should be observed:

e CDF for a cofferdam no less than 1/20 AEP
e CDF for a temporary diversion no less than 1/10 AEP

Identification of hazards and failure modes

Credible hazards and failures modes for the dam and reservoir should be identified and,
where possible, mitigated as part of the design process. The level of detail for the hazard
and failure mode analyses should be commensurate with the complexity and failure
consequence classification of the dam.

At a minimum, the hazards and failure mode analysis and matrix available on the DSS web
site should be used. The Design Engineer may decide to follow a more rigorous method
such as Hazard and Failure Modes Analyses, Potential Failure Modes Analyses, Potential
Failure Modes and Effects Analyses and or Failure Modes and Effects Analyses type
assessment, as presented by CDA, USBR and ICOLD. These more rigorous risk reviews may
be warranted for dams with a consequence classification of High to Extreme.

The design report should describe:

e Identified credible hazards and failure modes
e Design mitigations to address or mitigate the identified hazards and failure modes

Hydrology and hydraulic analyses and design

Information to include in Design Report

If the proposed work includes a hydrology or hydraulic component (for example, spillway,
low-level outlet, modifying the dam crest, et cetera), the design report should include a
table of design information similar to Table 4 below.
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Table 4: Reservoir, IDF and freeboard information

2
Watershed and or basin area km
3
Live storage capacity m
3
Dead storage capacity m
2
Reservoir surface area km
Inflow Design Flood (IDF) design
criteria
IDF duration hrs or days
IDF controlled by?
(rainfall or rainfall + snowmelt)
3
Peak IDF m*/s
Reservoir elevation during m (datum)
passage of peak IDF
Dam crest elevation m (datum)
3
Environmental Flow Needs m*/s
3
Spillway design capacity m*/s
m3/s
Low-Level outlet design capacity
Normal Freeboard during normal m
operations (including wind waves)
Freeboard during passage of the
IDF m
(not including wind waves)
Minimum Freeboard during
m

passage of IDF (including wind
waves)
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The following can be used as a checklist for additional elements that may need to be
included in the design report, depending on project-specific requirements:

Reservoir
e Graphs showing stage-storage and stage-area curves

e For new dams or dam raises, a reservoir clearing plan

e Reservoir debris management plan

e Debris barrier design

e Geohazard identification for reservoir and dam (refer to Section 8 of this appendix for
details)

e Inflow diversion design details and design basis

e Loss of storage from sedimentation

IDF calculations
e PMP calculated appropriately using BC Extreme Flood Project data

e Basin defined, land surface cover and runoff coefficient

e Time of concentration

e Ifrequired, IDF based on Probable Maximum Flood (PMF), 1,000-year, 200-year or 100-
year AEP calculated based on runoff

e Hydrograph of inflow

Spillway

e Type of spillway (gated, passive, overflow, fuse plug, et cetera)

¢ Dimensions (crest elevation and length, side slope angles, lower weirs, et cetera)

e Spillway rating curve graph(s). If there are gates, a stage-discharge curve should
consider closed, partially open and fully open gate conditions. For multiple gates,
discharge capacity should consider if one or more of the gates fail to operate

e Foundation conditions and methods of characterization

e Erosion protection and hydrotechnical calculations showing adequacy during
expected maximum flow

e Energy dissipation requirements

e (Cavitation considerations

e Gate type, operation, hoist mechanism and load analyses

e Protection against debris, logs, floating peat islands and ice

e Detailed descriptions of any electrical and mechanical components, along with
information on backup and redundant power sources (refer to Section 11 of this
appendix)

e Flashboard provisions if required
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e Geotechnical considerations for a spillway (evaluation of the side slope stability or
retaining walls)

Low-level outlet (LLO)
e Number of LLOs, type and features

e Description on how the LLO should be operated to meet environmental flow needs

e Invert elevation(s)

e Outlet dimensions (diameter, or height and or width), material, length and other
pertinent dimensions

e Stage storage discharge curve(s) for the LLO(s)

e Location of control gate and type. Details may include type of control, gate stem
diameter and gate stem guides or anchoring

e Protection against ice, waves and vandalism

e Corrosion protection

e Trash racks, fish screens, grates and comments on how these may change the
discharge curves

e Venting and air demand considerations

e Erosion protection and energy dissipation

e (Cavitation considerations

e Load analysis

e Operating constraints

e Ability and approximate timing to draw down the reservoir

e Ability to perform maintenance on the LLO gates in the future

e For upgrade projects that include slip-lining, details on how the remaining annulus will
be filled

e Geotechnical considerations. For LLO construction, this may include pipe bedding,
encasement, compaction and internal erosion prevention methods. The seismic
stability of the pipe should also be evaluated

Freeboard
e Normal operating levels and water levels during passage of the IDF

e Average reservoir depth and fetch length

e Wind gauge data sources, years of available data and limitations. Provide comments
on whether the data source is representative of the site and if there are adjustments
for topography or orographic conditions

e Critical wind direction and frequency

e Critical wind for a 1/1,000-year AEP, and critical wind for 1/2-year, 1/10-year or 1/100-
year AEP

e Significant wave height, peak wave period, wave runup and wind setup
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¢ Normal and minimum freeboard

o If there will be overtopping of a concrete dam, documentation evaluating the stability
of the dam and its foundation during the overtopping event

e Flashboard provisions as required

Diversion and conveyance channels
e Description of the channel and capacity

e Freeboard
e Erosion protection
e Geohazard considerations

Hydrology

A vital component to dam safety is the careful consideration of hydrologic loading. Key to
this is the generation of an IDF. The IDF design criteria for dams range from 1/100-year
AEP to the PMF, based on the dam'’s failure consequence classification. The design criteria
are provided in Table 3 (Flood and Earthquake Minimum Design Criteria) of this document.

The complex geography and meteorology of BC create a challenging environment to
generate meaningful IDFs. To help professionals, the BC Extreme Flood Project was
created to guide and inform the estimation of hydrologic loading on dams and spillways.
The BC Extreme Flood Project offers six guidance documents and two online information
portals. Documents and portals can be found on the British Columbia Extreme Flood

Project page.
The design approach for estimating hydrologic loading on a dam should be selected in

consideration of BC Extreme Flood Project BULLETIN 2022-6 MetPortal Application
Guidance for Freshwater Dams (2022). Guidance documents MetPortal Bulletins 2020-2

through 2020-5 (2022) provide in-depth user documentation for the application of the tool
with watershed models. The analysis must be performed considering the EGBC Practice
Advisory Determining Dam Hydrologic Loading (2022).

If the generation of a PMF is required, three distinct PMF events need to be considered:

1. APMP event following a 100-year storm that sets wet antecedent watershed
conditions

2. A PMP event following an extreme temperature sequence to generate snowmelt
runoff and to set wet antecedent watershed conditions

3. A probable maximum snowmelt flood generated by sustained warm temperatures
on a probable maximum snow accumulation (PMSA) followed by a 100-year storm


https://www2.gov.bc.ca/gov/content?id=288E12AAD76E48DDA832CFFBF063497A
https://www2.gov.bc.ca/gov/content?id=288E12AAD76E48DDA832CFFBF063497A
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Modelling various storm events is an important consideration in hydrological loading
estimates. Two distinct results are to be determined:

1. Peak reservoir inflows and spillway outflows; and
2. Maximum reservoir levels. Watershed peak inflows are generated during storms
whose duration matches their time of concentration

The highest peak flows in smaller watersheds are generated by short, geographically
limited, high intensity rainfall events. The highest peak inflows for larger watersheds are
generated by longer duration, geographically broad, low intensity rainfall events.
Consideration of peak reservoir inflows is most important for reservoirs with small
attenuation capacities. A practitioner should calculate the watershed'’s time of
concentration, then choose the appropriate storm length to generate peak reservoir
inflows. It is also important to model longer duration storms to assess the attenuation
capacity of the reservoir. A spillway may be able to safely convey the peak inflows from a
short, intense storm, but the accumulated inflows from a longer duration storm may
consume the attenuation capacity of the reservoir and cause overtopping of the dam.

The guideline Abrahmason and Petland Probable Maximum Flood Estimator for British
Columbia (2010), may be used to provided preliminary estimates of PMFs. However, it is
inappropriate to only use this method for designing a dam.

Hydraulics

In designing the hydraulic works for a dam, special care must be taken to protect the
waterway. The following objectives should be considered in the design process:

e Control the diversion of water at appropriate rates for water licence and, if necessary,
any competing uses including instream values (for example, fish and aquatic life),
managing freshet flows and without requiring frequent instream work

e Prevent unnecessary blockage or other obstruction of water flow or the passage of
aquatic life

e Mitigate the impact on fisheries and damage caused by debris

e Prevent destruction or deterioration of fish and fish habitat

¢ Minimize impact on the stream channel dynamics, including natural flow regime,
channel grade, accretion or erosion

e Mitigate the likelihood of blockage by beavers (refer to Section 14 of this appendix)

Spillway
Spillways may be passive, use gates for flow control or be a combination of gated and
passive components. A service spillway is the primary spillway structure used to pass
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excess flows. An auxiliary or emergency spillway is a secondary spillway that is designed to
be operated infrequently. Fuse plugs may also be considered in a spillway design.

Spillways are required to pass the IDF, normal flows and maintain appropriate freeboard
water levels. At a minimum, all dams must have one or more spillways. A spillway should
be:

e Sized with a minimum width of 4 m, or 4 m per bay. A smaller width may be
considered based on supporting analyses demonstrating limited potential for spillway
blockage and that 1 m or more of freeboard will be maintained, or that the dam may
be safely overtopped during a flood event

e (Capable of passing the IDF with adequate freeboard if the low-level outlet gates are
closed

e Capable of withstanding the EDGM

e Constructed on natural ground, not embankment fill

e Protected against erosion within the approach channel and at the tailrace or outfall

e Protected against debris build-up or damage (be adequately wide to pass debris and
or have adequate debris management features such as a debris boom and
management plan that can function during the IDF)

e Protected against landslides, livestock damage and trees

e Inareas with active beaver activity, designed to mitigate blockage by beavers

e Open channel spillways are encouraged. Pipes may be acceptable for use as spillways
in specific situations, if the risk and redundancy are managed with a robust and
demonstrated dam safety management system. The use of pipes for spillways should
be pre-approved in writing by the DSS

e Exceptions to this list may be considered by the DSS. For exceptions, a documented
analysis identifying the risks, reasons for the deviation and mitigation plans must be
presented. Ideally, exceptions would be accepted in writing by the DSS prior to a
detailed design being created

Debris

Debris management should be considered as part of the design process. This generally
includes a well constructed and secured debris boom to protect the spillway. A debris
management plan for the reservoir should also be considered. This may include removing
debris from the edges of a reservoir and or routinely removing debris from the boom. The
plan should be documented in the Operation, Maintenance and Surveillance (OMS)
Manual or draft OMS Manual.
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The following should be considered for the design of a debris boom:

Potential materials drawn into the spillway and spillway entrance. Booms are
necessary because floating debris, especially large logs and floating peat islands, can
be drawn into a spillway entrance by high flow or pushed in by wind, blocking the
spillway

High flow velocities, high winds, large waves, large accumulations of debris or ice.
These pressures can exert unexpectedly large forces on a boom, breaking the boom at
a number of locations including the chains, anchors, connections (shackles, bolts, et
cetera) and even the logs or boom members themselves

A broken boom becomes a hazard if it becomes caught in a spillway

The failure of the boom will often take place during a storm event because of the high
loads. This is when protection from a boom is most necessary

For dams of a consequence with High, Very High or Extreme, a debris boom and

anchoring system should be specifically designed by a qualified professional.

Low-level outlet (LLO)

Dams constructed on or obstructing a stream channel or lake outlet may require an LLO.

LLOs allow passage of environmental flows and facilitate drawdown of the reservoir in the

event of a dam safety emergency. An LLO should be:

Sized to draw down the reservoir within a reasonable period of time, considering the
consequence classification. The minimum diameter of a pipe should be 0.6 m

Not be constructed of corrugated metal pipes as these have a short lifespan
Operated with a gate on the upstream side of the dam so that the pipe is not
pressurized when closed

Protected from debris with a trash rack or screen to prevent material entering the
conduit

Designed to provide a watertight seal when closed

Designed to allow complete drainage of the pipe and to prevent flotation

Easily and reliably operable over the full diameter of the pipe, and during changes in
reservoir water levels and conditions

Designed to be adequately vented to mitigate against cavitation and slug flow at
partial openings

Designed so that the pipe may be inspected and maintained

Designed so that water will flow away from the dam and not pond at the toe
Additionally, during high flows water should not erode or undermine the dam
structure or conveyance channels
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Set to discharge at the same elevation as the natural stream channel and be on a firm
foundation. If not at the same elevation as the natural stream channel, provisions
should be made to facilitate drainage and allow dewatering for periodic inspection
and maintenance

Seepage cut-off collars (anti-seep collars) are not considered appropriate mitigation for

internal erosion based on dam failure case studies and must not be used.

For additional information on designing conduits consider the FEMA Guideline 484
Technical Manual: Conduits through Embankment Dams (September 2005).

Freeboard

The purpose of freeboard is to ensure that a safety margin is maintained to prevent
overtopping of the dam from:

Flood water inflow

Waves

Landslide and seismic motion

Settlement

Malfunction of structures (such as spillway blockages)
Other uncertainties in design, construction and operation

Both normal and minimum freeboard should be assessed in determining freeboard
requirements, and the larger condition will be the controlling requirement. Two types of
freeboard are required as described by the CDA Technical Bulletins (2007):

Normal (Gross) Freeboard is the difference in elevation between the lowest part of the
top of the dam or impervious core and the maximum reservoir operating level (full
supply level, often the spillway sill elevation), considering waves (setup and runup)
Minimum (Net) Freeboard is the difference in elevation between the lowest part of the
top of the dam or impervious core and the maximum water level of the reservoir
during passage of the IDF, considering waves (setup and runup)

Regardless of the calculated freeboard requirements, the smallest allowable normal
freeboard for dams should generally be 1 m. Freeboard requirements may be less for

concrete dams if a stability analysis is provided that indicates the dam, abutments and

foundation will be stable during an overtopping event.

Additional freeboard should be considered for dams where water is pumped into the

reservoir, to provide protection in the case of a blocked outlet or sensor failure. The
additional freeboard height should be determined based on pumping rate, surveillance

and consequences.
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Wind setup and wave runup need to be considered when determining the Normal and
Minimum Freeboard. The gauge selected to conduct the wind analyses should be
representative of the dam site if possible. Different wind speed AEPs should be considered
in accordance with CDA guidelines and the dam consequence classification.

Flashboards or removal barriers may be used if a) this conforms with the water licence
and 2) the minimum freeboard is calculated using the top of the flashboard as the starting
reservoir level prior to the IDF.

Hydrology and hydraulic guidelines
The following guidelines may also be considered by the Design Engineer:

Department of Fisheries and Oceans Canada (DFO), Measures to Avoid Causing Harm to
Fish and Fish Habitat (2019).

DFO Interim Code of Practice: End of Pipe Fish Protection Screens for Small Water Intakes
in Freshwater (2020).

DFO, Interim Standard: In-Water Site Isolation (2023).

Henderson, F.M., Open Channel Flow (1966).

ICOLD Bulletins.

Smith, C.D., Hydraulic Structures (1995).

USACE, Shore Protection Manual (1984).

USACE, Coastal Engineering Manual (2006).

USACE, Hydraulic Design of Reservoir Outlet Works (EM 1110-2-1602), (1980).
USACE, Hydraulic Design of Spillways (EM 1110-2-1603) (1992).

USACE, Ice Engineering (EM 1110-2-1612) (2002).

USACE, Low Level Discharge Facilities for Drawdown of Impoundments (ER 1110-2-50)
(1975).

USBR, Hydraulic Design of Stilling Basins and Energy Dissipators (Engineering Monograph
No. 25) (1984).

U.S. Department of Transportation, Hydraulic Engineering Circular No. 14, Third Edition,
Hydraulic Design of Energy Dissipators for Culverts and Drop Structures (2006).

Watt, W.E., Hydrology of Floods in Canada, A Guide to Planning and Design (1989).

September 2026, Version 2.0



B.C. Dam Safety Program

Geohazards and landslides

Geohazards can impact the integrity of a dam system, including the dam, reservoir,
spillway channel and immediate downstream or upstream area. Geohazards that may
need to be considered include landslide, debris flow, debris flood, glacial lake outburst
flood, landslide dam outburst flood, avulsion, scour, rock fall, rock topple, lateral
spreading, subaqueous landslide, earthflow, karst, mine subsidence, snow avalanches and
permafrost.

The Design Engineer should consider:

e A dam should not be constructed on a landslide or in a location that would
foreseeably be damaged by geohazard processes

¢ Dam systems can accelerate existing geohazard processes or increase the risk of a
geohazard process occurring. For example, the spillway may concentrate flow
triggering a landslide or debris flow

e Upstream geohazard processes may release large quantities of debris into a reservoir,
potentially infilling the reservoir, blocking a spillway and or creating a wave that
overtops the dam

e Downstream geohazards may block an outlet channel or destabilize the abutments or
downstream toe of the dam

If the risk of geohazard processes impacting the dam or of the dam accelerating existing
geohazard processes is too large, the dam may not be approved.

A design report should comment on how geohazards were evaluated in the design
process. If a hazard assessment is not required, the reason should be clearly summarized
in the design report. If a geohazard assessment is required, it should be summarized in
the design report. Examples of information that may need to be included:

e Study area where geohazards could occur that could reasonably affect the dam
system and reservoir

e Downstream environment, and whether concentrated flow from the dam could
initiate or accelerate existing geohazard processes

e Identify geohazard processes that could affect the dam, downstream channel,
reservoir and upstream of the reservoir. Describe the method and if required field
checks

e Estimation of the frequency, magnitude, extent and intensity of geohazards

e Risk assessment and potential effects to the dam

e Mitigation measures incorporated into the design
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If a detailed geohazard assessment is required, it should follow and reference EGBC's
guideline Landslide Assessments in BC (2023) and consider Howes and Kenk, Terrain
Classification System for British Columbia (1997). If required the DSS may request the full
geohazard assessment report, in addition to the summary in the design report.

Geotechnical analyses and design
Information to include in Design Report

If the proposed work includes geotechnical components the design report should include
a table of design information similar to Table 5.

Table 5: Geotechnical and seismic evaluation details

Foundation and abutment
characterization method:

Summary description of the foundation:

Summary description of abutments:

Geohazards considered:

Stability analyses method(s):

Earthquake Design Ground Motion
(EDGM) Return Period:

Data source for determining EDGM:

Site designation (Vs30* or Site Class):

Peak Ground Acceleration (PGA) for
EDGM:

Are the dam fill, foundation or
abutments susceptible to reduced
strength conditions (seismic
liquefaction, brittle clays, cyclic
softening, residual strength or static
liquefaction):

Assessed to meet the minimum factors
of safety during static and transient
conditions (high water and rapid

drawdown):
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Assessed to meet the minimum factors
of safety or acceptable deformation,
during seismic conditions:

Assessed to meet the minimum factors
of safety or acceptable deformation,
during post seismic and or reduced
strength conditions:

Estimated maximum crest deformation m
from the EDGM:

Internal erosion through the dam fill,
foundation and abutments is mitigated:

Note: *Vs30 Average shear wave velocity for the top 30 m of soil

The stability of the dam and foundation should be assessed for static and unusual loading
conditions. Adequate methods for evaluation should be selected by the Design Engineer.
For larger dams this may need to include analyses of portions of the slope and global
stability of the slope and foundation. The dam should be designed to meet or exceed the
stability criteria defined in Table 6.
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Table 6: Required minimum factor of safety

Long term steady state seepage,
normal reservoir level. A lower factor

of safety of 1.3 may be acceptable at
the end of construction provided pore
Static 1.5 water pressures are expected to
dissipate within a reasonable
timeframe and confirmation
monitoring is planned.

Transient condition — The potential for static liquefaction
during passage of the 13 during passage of the IDF should be
IDE considered.

Transient condition - full A higher factor of safety is required if

or partial rapid 12t01.3 rapid drawdown occurs once per year
drawdown or more.
The Design Engineer should consider
Seismic 1.0 if Dynamic Analysis is a more
appropriate method for modeling
Reduced strength seismic and reduce strength
(seismic liquefaction, conditions. If dynamic analysis is
brittle clays, cyclic 1.2 performed results should describe
softening, residual predicted and acceptable
strength or static- deformation.

liquefaction)
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The following can be used as a checklist for additional details that may need to be

included in the design report based on project-specific requirements:

Investigation

Description of data sources and investigations reviewed for determining the material
properties

Description of the foundation characterization method. This should conform to the
requirements described by EGBC's guideline Site Characterization for Dam
Foundations in BC Version 1.2 (2016), and for new dams or dams being rebuilt include
the required assurance statement

Description of the foundation and abutment materials, distribution and material
properties

Description of existing dam fill material distribution, and properties

Dam structure
For embankment and rockfill dams:

Dam fill, filter and drain types, zoning and distribution. The purpose of the materials
should also be described

Dam crest width, elevation and length

Dam slope angles, and erosion protection

Dam geometry and material distribution should also be shown on drawings or figures
Dam fill material properties

Specified grain size distribution and compaction requirements for each construction
material. The reason for the value or range should be stated

If required, grouting, pressure relief and rock slope stabilization

Seepage assessment

Hydraulic conductivity of materials

Comparison of modeling results to site observations

Hydraulic gradients

If seepage blankets, cut off trenches, seepage barriers or interception designs are
required, the location and reason should be clearly described and supported by
calculations

If seepage barriers are installed, the potential for concentrated flow and higher
gradients should be commented on

Drainage structures. If these are proposed the location and reason should be
described. Filters and internal erosion protection should be described as required
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Internal erosion assessment
e Internal erosion assessment of the foundation, abutments and the dam structure

e Assessment method and references

e Internal erosion potential should be evaluated considering seepage gradients,
internal stability of the materials, potential for contact erosion and filtering
characteristics of the materials

e Consideration of previous observations of internal erosion

e Conduits and the potential for flaws from animal burrows should also be discussed as
appropriate

e Mitigation methods and designs should be described as required

Stability assessment
e Assumed material strengths and data source. A sensitivity analysis of material

strengths may be appropriate depending on the data source
e Assessed for both drained and undrained material behaviour as appropriate
e Assessed for static, transient, seismic and post-seismic conditions
e Assessed for reduced strength potential

Invasive investigation

The extent of the invasive investigation studies required should be determined in
consideration of the dam design, dam size, dam consequence classification and
complexity of the geological site model. The requirements for an invasive investigation
may be determined by considering the quality of existing data. An invasive investigation
may be required to evaluate and confirm:

e Foundation material conditions, including permeability, strength and consolidation
properties

e Existing phreatic surface and pore water pressures

e Existing embankment dam material properties, including material types, gradation,
permeability, and strength properties

e Installation of instrumentation to collect data to characterize permeability and
hydraulics gradients, or to monitor for credible hazards and failure modes during
construction

e Borrow material suitability, availability and quantity

The foundation and abutments must be characterized by specialists with training in the
medium. Rock foundations and abutments should be characterized by a qualified
professional trained in structural geology. Soil foundations should be characterized by a
qualified professional trained in geological processes and soil mechanics.
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For a new dam design or a dam replacement, the foundation must be characterized in
consideration of EGBC's guideline Site Characterization for Dam Foundations in BC (2016).
The assurance statement from this guideline must be authenticated and attached to the
design report.

For alteration, improvement or replacement to an existing dam, invasive investigation
activities should follow BC DSS Guideline for Submitting Invasive Investigation Plans and
Instrumentation Records (2024).

Dam structure

The following minimum standards should be applied for the design of embankment dams:

e Embankments and other works must be constructed on a prepared foundation free of
any loose soils, organic material, debris, garbage, standing water, ice, snow or other
deleterious materials

e Embankments to be used for vehicle movement should have appropriate materials
and structures on the travel surface

e Seepage drains should be designed and constructed to allow ease of maintenance,
observation, and measurement of flow

e Upstream slopes should be protected against erosion

e Embankment fill should be suitably compacted and have adequate and stable side
slopes capable of resisting erosive forces.

Internal erosion mitigation

Details that should be included in describing a filter design:

e Locations where seepage exits in the dam fill or foundation will be protected by a
filter. If there are locations where this is not required, the reason must be clearly
stated

¢ Range and distribution of grain size for base material to be filtered

e Filtering, permeability, internal stability and constructability requirements of the
designed filter(s)

Geotextiles are not considered appropriate for filter design in most instances. This is
because geotextiles are prone to point hole leakage, are not self-healing, and break down
over time. If a geotextile is proposed for use as a filter this should be discussed with the
DSS in advance. If geotextile will be used, the expected longevity and plans for
replacement should be described in the design report.
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Mitigation measures for internal erosion should be designed following industry standards
of practice. Examples of current industry standards of practice include:

FEMA, Filters for Embankment Dams Best Practices of Design and Construction (2011).

ICOLD, Bulletin 164 Internal Erosion of Existing Dams, Levees and Dikes and their
Foundations (2017).

USBR D-6, Internal Erosion Risks for Embankments and Foundations (2019).

USBR, Design Standard No. 13 Embankment Dams, Ch. 5 Protective Filters (2011).

Seismic assessment

The level of detail for the seismic assessments should be commensurate with the
earthquake hazard for the specific location in BC. Seismic hazard understanding in BC is
changing as additional research is conducted. The DSS expects that the current
understanding of seismic hazards for the dam location will be considered. This may
include a recent site specific probabilistic seismic hazard assessment, or current Natural
Resource Canada (NRCan) seismic hazard model.

Higher risk zones in BC may require that a site-specific assessment is completed rather
than relying on generic parameters. NRCan seismic hazard models are appropriate to use
for Low, Significant and High consequence dams. These can be extrapolated for screening
level studies for dams with a consequence classification of Very High and Extreme.
However, for dams with a consequence classification of Very High and Extreme located in
areas with a large seismic hazard, detailed design should use a site specific Probabilistic
Seismic Hazard Assessment (PSHA).

For areas with a low seismic hazard where limited analyses are required, this rationale
must be clearly justified in the report by comparing the EDGM to case study databases.

The level of analyses required will depend on the dam site conditions, dam structure, dam
complexity and seismic hazard. A screening level analyses may be appropriate for some
cases. In other cases, dynamic analyses including 2D and 3D finite element and finite
difference should be considered. The following may also be required:

e Site specific response assessment considering amplification or dampening from the
foundation conditions
e Structural specific response, considering the height and shape of the dam

Seismic assessment methods for modeling and analyses continue to advance as computer
processing power increases and scientific research advances. A qualified professional
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engineer performing a seismic response of a dam must stay informed and utilize current
methods. Examples of current standards of practice include:

EGBC, Use and Development of Seismic Microzonation maps in BC, Appendix E: Methods
of Seismic Analyses of Soil Liquefaction (2024).

EGBC, Landslide Assessments in BC, Appendix E: Methods of Seismic Analyses of Soil
Slopes (2023).

EGBC, Seismic Retrofit Guidelines (2022).

USBR, Design Standard No. 13 Embankment Dams Chapter 13: Seismic Analyses and
Design (2015).

ICOLD, Selecting Seismic Parameters for Large Dams - Guidelines. ICOLD Bulletin 148
(Revision of Bulletin 72) (2016).

Qualified professionals should be aware that some of the seismic analysis methods
described in CDA's Dam Safety Guideline Technical Bulletins Seismic Hazard Considerations
for Dam Safety (2007), and Geotechnical Considerations for Dam Safety may no longer be
considered current.

Structural analyses

The extent of the structural studies required will depend on the type of dam, complexity of
the structure and consequence classification.

Concrete dams could include roller compacted concrete dams, buttress dams, gravity
dams and arch dams, among others. For concrete dams, or dams with concrete
components the following should be described in the design report:

e Type of concrete dam and material strength

e Loads (for example, dead load, hydrostatic, internal water pressure and foundation
uplift, rock and soil backfill, ice and earthquake) and load combinations (for example,
normal (summer and winter), flood, seismic and post-seismic) considered. The specific
magnitudes of these loads should be described

e Foundation allowable bearing capacity

e Ifrequired, foundation preparation, grouting and anchoring methods

e Stability analyses, for example normal stresses, sliding and rotational

e Overtopping stability considerations

Structural stability analyses should consider loading criteria outlined in the CDA's
Guidelines and Technical Bulletins. These should be combined in accordance with the
nature of their likelihood of occurrence into load combinations corresponding to the
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usual, unusual and extreme load cases. If the loading condition described in the CDA
guidelines is not considered in the design report, the reason it is being excluded must be
stated.

For upgrades to existing concrete dams the following may need to be reported on:

e Concrete quality or coring investigation results
e Aggregate quality
e Rebar quality

Other types of dams also require structural analyses as appropriate. The Design Engineer
should describe the analyses performed and justify the reasons and results. These types of
structures may include:

e Sheet piles

e Impervious membrane

e Asphalt core or facing

¢ Cement-Bentonite or plastic concrete cut-offs

Additional guidelines that may be considered include:

Federal Energy Regulatory Commission (FERC), Engineering Guidelines for the Evaluation
of Hydropower Projects - Chapter 3 - Gravity Dams (2016).

USACE, EM 1110-2-2200 - Gravity Dam Design (1995).

FERC, Engineering Guidelines for the Evaluation of Hydropower Projects - Chapter 11 -
Arch Dams (2018).

USACE, EM 1110-2-2201 - Arch Dam Design (1994).

FERC, Engineering Guidelines for the Evaluation of Hydropower Projects - Chapter 10 -
Other Dams (1997).

USACE, EM 1110-2-2006 - Roller Compacted Concrete (2006).

Mechanical and electrical

Main, alternate and or backup power sources should be described in the design report for
gates and outlets requiring power to operate. If remote operation methods are proposed
these should also be described.

For dams with remote operation capabilities, cyber-security should be considered to
prevent the unintended operation or freezing of the gates. In all cases, a manual over-ride
feature must be available. For additional details on cyber-security refer to the Government
of Canada'’s Cyber Security Guidance webpage. To limit how cyber security information is
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distributed, do not describe the details of a dam’s cyber security in the design report, and
instead describe that this threat has been considered and addressed by the Dam Owner.

Other works

If the dam design or upgrade contains other features, these should be described in
consideration of how the components may interact with the integrity of the dam. For
example, other works may include:

e Control manholes

e Sediment passage outlets

e Fish passage structures

e Hydropower plants

e Powerhouse, pump house or other buildings
e Conveyance channels

e Instrumentation

A dam must have instrumentation to adequately monitor the structure and the area
surrounding and adjacent to the structure, as required by Section 19 of the Regulation.
Dam alteration, improvement or replacement projects should include a review of existing
instrumentation and include improvements as required to meet current industry establish
good practice. Considerations for instrumentation to be included in a dam design:

¢ At a minimum all dams must have instrumentation to consistently measure reservoir
level (for example, clear, stable markings or a staff gauge)

e New construction and rebuilding of an existing dam should add instruments based on
the credible hazard and failure modes for the dam. The following types of instruments
should be considered by the designer and included in the design where appropriate:

o Survey monuments for tracking deformation

o Weirs for measuring seepage flow

o For embankment dams, vibrating wire piezometers, level loggers or standpipe
piezometers, inclinometers or shape arrays

o For concrete structures, piezometers in the dam foundation, joint meters,
tiltmeters and extensometers

o Vibrating wire piezometers and level loggers are preferred over standpipe
piezometers as the collected data provides information on short term
fluctuations in response to storm events and changes in reservoir levels that
may be missed by manually reading standpipes

o Thermistors

o Accelerometers
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e Ifthe Design Engineer decides that instrumentation is not necessary, this must be
clearly stated with the reason and risks identified in the design report

e If new instrumentation is to be installed the design report and drawings should clearly
show installation details, backfill material types, thickness and compaction

e For dams with existing instrumentation, the locations should be clearly identified in
the design report and drawings. Details should be provided on how the instruments
will be protected, extended, removed and replaced, or decommissioned during
construction

To assist in preparing or updating an OMS Manual, the following should also be described:

e Type of equipment or device

e Objective of the instrumentation

e Parameters to be measured

e Expected or actual normal measurement values, and threshold values

e Required calibration, maintenance and other related activities

e Frequency of instrumentation readings or data downloads

e Data processing, analysis and reporting plan (minimum frequency of annual)

Animal control

For dams on reservoirs with an active beaver population, the hazard the animals create
should be considered and mitigated in the design for spillways, channels and LLOs.

Burrowing animals damage a dam structure by creating holes in the dam. Smaller
burrowing animals may attract larger burrowing animals. The burrows can create
preferential seepage pathways and cause instability. Burrowing animals should be
controlled, and the burrows backfilled. Depending on the size and number burrows, the
work may be completed as maintenance or may require additional engineering designs. If
there is a substantial number of animal burrows or large animal burrows, the work should
be designed by an engineer. This work requires the Dam Owner to submit an application
or request for alteration or improvement of dam to fulfill the requirements of Section 12 of
the Regulation.

The following guidelines can be referenced for information on beaver exclusion methods
and backfilling animal burrows:

FEMA, Technical Manual 473 - Technical Manual for Dam Owners, Impacts of Animals on
Earthen Dams (2005).
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Vegetation removal

The appropriate vegetation cover for a dam is low-growing grasses, moss or ground cover
that is regularly mowed. Trees and other dense or tall vegetation growth are not
acceptable on any dam structure because:

¢ Roots may penetrate the dam structure, creating preferential seepage flow paths, or
may clog drains and filters. This could lead to an increased risk of internal erosion

e Trees falling over may pull up a large root ball, creating a void in the dam which may
result in instability

e Trees and shrubs may block a spillway, reducing flow capacity

e Trees provide habitat that may attract burrowing animals

e Trees and vegetation obstruct the dam surface, preventing complete visual inspection

Tree and vegetation growth on the structure, near the abutments and within 5 m of the
downstream toe should be removed. Additional tree clearing near the dam toe may be
required for large dams.

Repairs are required for dams on which trees have grown on the structure. The repairs
must be designed and supervised by an engineer, so that any damage the trees have
caused to the structure can be identified and mitigated. This work requires the Dam
Owner to submit an application or request for alteration or improvement of dam to fulfill
the requirements of Section 12 of the Regulation. The design report should include details
on:

e Size of stump, type of tree and expected root growth and or penetration depth

e How the stumps will be removed

e Size of rootlets that will remain

e Backfill gradation and compaction in consideration of filtering and drainage
requirements for the dam

e Residual risk and recommendations for the dam structure

Examples of current standards of practice that could be referenced include:

FEMA, Technical Manual 534 - Technical Manual for Dam Owners, Impact of Plants on
Earthen Dams (2005).

Government of South Australia, TG0650 - Tree Clearance and Remediation in Earth Dams
(2021).
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Construction considerations

The following construction considerations related to the dam design should be described

in the design report or in the specifications.

Quality Assurance and Quality Control methods and frequency

Subgrade or foundation approval methods

Hold points that the Design Engineer, Construction Engineer or a person under their
direct supervision must approve before construction continues

Process for documenting design changes

Expectations for engineering field reviews and supervision. This should include
comments on how work will be documented and approved in the field, for
documentation in the completion report

If required, water inflow diversion, dewatering, and cofferdam construction
Care of water during construction, provide details on diversion of water, site
dewatering and runoff management

Drawings

Design drawings must be included as part of the Design Report. Drawings should be

legible, at a scale appropriate to the size of the dam and labeled to assist in
understanding. Drawings should be specific to the dam and proposed work.

Drawings typically required for dam construction include:

Project location map

General site arrangement showing the dam, access, laydown or restricted areas. It
may be helpful to include historical observations such as seepage or distress features
(slumps, fractures, boils, et cetera)

Details of geotechnical investigations, including embankment zone(s) and materials
including core, filters, drains, buried drainage pipes and foundation and or abutment
contacts. Foundation details such as soil and rock types and contacts. The anticipated
phreatic surface in the dam and foundation should also be shown

Details of structures in plan, profile and cross section

For a dam upgrade, details should be clear to distinguish between existing conditions
and proposed upgrades

Instrumentation locations showing existing and proposed instrumentation. For new
instrumentation details should be provided for how instrumentation will be installed
and backfilled

Spillway alignment in profile and cross sections

Environmental protection details
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e Dewatering routes

e Borrow pit locations, fill disposal and stockpiling areas

e Details for fill placement, compaction and key-in

e Construction methodology steps to demonstrate construction sequencing and
constructability

The design drawing package should be complete to the DSS's satisfaction, and each
drawing authenticated. Design drawings may be any of the following?:

e Issued for Permit (IFP) - Documents prepared and deemed ready for permit purposes

e Issued for Tender (IFT) - Documents prepared for any procurement process related to
professional engineering and or professional geoscience works, including any
addenda incorporated in documents during bidding process

e Issued for Construction (IFC) - Documents prepared and deemed ready for
construction, implementation of use, including reissued bid documents where no
changes were made during bidding

If IFT or IFP drawings are provided in the Submittal Package, the dam owner must submit
the IFC drawings at least 30 days prior to the expected start of construction for acceptance
by the DSS.

Conceptual discussions with the DSS can be completed in advance of providing a
Submittal Package. In this case, Issued for Discussion or Issued for Concept drawings that
are not authenticated may be provided to facilitate the discussion.

Specifications

The written specifications should include detailed written directions on how the work will
be performed and monitored. Examples of information that could be included in the
specifications are Quality Control and Quality Assurance testing requirements including
frequency, minimum field-testing results, hold points, safety requirements, environmental
protection measures, material supplier requirements, dewatering, material disposal and
final site cleanup. For smaller projects, the specifications may be included as notes on the
drawings.

Interim Dam Safety Risk Management Plan
Refer to Appendix B for information on the IDSRMP.

8 Definitions are from EGBC, Guide to the Standard for Authentication of Documents, Version 4.0 (2023)
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Appendix B - Interim Dam Safety Risk
Management Plan (IDSRMP)

An IDSRMP is a written plan that provides specific details on changes to operation, or
enhanced surveillance, when there is work or temporary operational changes at a dam
that have the potential to impact the safe functioning of the dam. The plan should identify
potential hazards and risks, describe methods to mitigate or manage the identified risks,
describe enhanced surveillance during or after the work, and identify if reservoir
operational procedures are needed.

An IDSRMP should be authenticated by a qualified professional familiar with the structure
and proposed work or change.

The IDSRMP is used to temporarily supplement an Operation, Maintenance and
Surveillance (OMS) Manual. It should be saved and or stored with an OMS Manual, until
the enhanced surveillance requirements or operational changes are complete.

A Dam Emergency Plan (DEP) should be available before the work occurs. The IDSRMP
should strive to consider and mitigate hazards and risks to avoid creating a condition
where the DEP is activated. The IDSRMP can include responses on when to activate a DEP.

The intention of an IDSRMP is to focus on concerns related to the structural safety of the
dam. Environmental spills or releases should be covered in a separate environmental
protection or management plan.

An example table of contents for an IDSRMP:

Briefly describe the work

Schedule for the work and when the IDSRMP is expected to apply
Reservoir level required for the work

Hazards and risks to the dam that the proposed work may create
Mitigation measures and response actions for the identified hazards

o vk wnN =

Enhanced surveillance methods and responsibilities, for before, during and after

the work

7. Contact information for key personnel, including the order of contact and their
specific roles or responsibilities in the context of the work

8. Authentication page identifying who prepared and reviewed the plan

September 2026, Version 2.0
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Additional information for an IDSRMP that is specific to construction may include:

o If equipment will be used on the dam crest, describe considerations of loading
conditions to avoid destabilizing the structure or slumping

e Ifreservoir drawdown will occur describe allowable rate and monitoring

e Instruments that will be monitored during the work for unexpected response. Include
defined set threshold values and action plans for unexpected response and changes.

e Emergency supplies that will be available on site during the work

e Isthere cellphone reception available at the dam site or are other communication
methods required

o If spillway gates will be removed from service during work, describe magnitude and
AEP of the storm event the remaining open spillway can safely pass, and plans and
timing to return the gates to service

Examples of hazards, risks and mitigation measures for an invasive investigation are
summarized in Table 1. These are general examples and should be adjusted to be specific
to the dam type, reservoir and project specific risks. Project specific monitoring thresholds
should be included.

In preparing the preventative mitigation measures and response actions, the qualified
professional should keep in mind that the observational method may be acceptable for
mitigating and responding to hazards, however if the observational method is used, the
expected performance and pre-planned responses to deviations in performance must be
clearly documented. The following quote by Dr. Peck® should be considered:

“The [observational] method is not without its pitfalls and limitations. It
should not be used unless the designer has in mind a plan of action for every
unfavourable situation that might be disclosed by the observations. The
observations must be reliable, must reveal the significant phenomena, and
must be so reported as to encourage prompt action. The possibility of
progressive failure may introduce a serious element of uncertainty.”

“Potentially the most serious blunder in applying the observational method is
the failure to select in advance appropriate courses of action for all
foreseeable deviations of the real conditions, as disclosed by the
observations from those assumed in the design. If the engineer suddenly
realizes that the observations show the job to be heading for trouble against

° Peck, R.B. “Advantages and Limitations of the Observational Method in Applied Soil Mechanics,” Ninth
Rankine Lecture, Geotechnique 19, No. 2 171-187, 1969.
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which he has no defense, he must reach crucial decisions under the
pressures of the moment. If he is very unlucky he may find that there is no
adequate solution at all. Had he originally considered all the possibilities, he
would have concluded in advance that if certain unfavourable conditions
prevailed he would not be able to carry out the design, and he would not
have embarked on a design vulnerable to such conditions.”
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Table 7: IDSRMP Example hazards, mitigation, monitoring or observations, and response actions for
dam construction.

Flood event
occurs that
exceeds the
Construction

Plan and select CDF annual
exceedance probability based
potential consequences and risk
Consider if cofferdam or
diversions could be easily
extended or altered

Routinely check weather forecast
and prepare as required

Rate of rise in the reservoir
Cofferdam or diversion
overtopping

Evacuate work area and remove
equipment

Secure work area

Add additional diversions or
cofferdam

Pumping or opening a LLO to
lower water level in advance

?CeDs::g)m Flood Use bulk bags or tiger dam to
secure specific areas from
flooding.

Activate DEP
Quality control and quality «  Water level Stop filling
assurance during construction * Piezometer response Slow filling rate

First filling of Detailed inspection of structure + Changes to dam slope or Drain reservoir

reservoir and reservoir prior to filling abutments Buttress structure

Plan to fill at slow rate
Plan hold points during filing

Cracking
Landslide in reservoir

Spillway gates
out of service
during work

Gate removed from service due
to expected interference
between drill mast and operation

Weather forecast or
measurements
Rate of rise in the reservoir

Plan to delay program if weather
conditions are unfavourable
Active recall plan to return gate
to service
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Plan to identify risk of gate being
removed

Plan work at time of year when
there is a low likelihood of
spilling being required

Plan to monitor weather forecast

Dam or
appurtenant
structure is
damaged from
improper
operation of
equipment

Procure services of qualified and
experienced contractor

Request work plan methodology
Clear daily communication with
operators on planned work

Flag or hoard off areas where
equipment should not access
and or dig

Full-time on-site supervision

Observe equipment working in
area they should not be
Observe cracking or damage of
dam structure

Material available to backfill a
damaged area

Lower reservoir

Repair damage

Qualified professional to assess
damage and implement repairs

Loss of remote
operating
capabilities

Test and or drill for controls

Mark equipment, instruments,
communication devices, et cetera
and add physical barricades
Ensure local manual override
works

Gates do not respond when
operated
Loss of signal at control building

Stop work
Manually open gates
Repair damage
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Critical
instrumentation
damaged

Plan to avoid existing
instruments, casing or cables.
Locate and or survey pre-work
utility

Instrument stops functioning
during work

Cables or casing observe in spoil
pile

+ Stop work
« Evaluate if work can continue

* Evaluate need for instrument and

without instrument

replacement options

Soil densification
for liquefaction
improvement.
Impact may
cause changes in
seepage
pathways or
static liquefaction
destabilizing the
dam.

Select densification method to
minimize potential for static
liquefaction

Plan work to allow dissipation of
high pore water pressure

Field testing

Install instrumentation to
monitor response

Instrumentation measurement
exceeds planned threshold
Observe change in seepage rate,
or turbidity observed in seepage

+ Stop work. Allow pore water
+ Change compaction type, energy

* Lower reservoir

pressure to dissipate

or timing

Pile driving could
cause static
liquefaction

Select driving method to
minimize risk (diesel hammer
instead of vibratory)

Install instruments to monitor
response

Field trial

Instrumentation measurement
exceeds planned threshold
Observe change in seepage rate
or turbidity

Slope instability

+ Stop work. Allow pore water

+ Change or adjust method
« Buttress dam toe
* Lower reservoir

pressure to dissipate
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Encountered
core, filter or
drain

Background review
Survey and mark features of the
dam

Change in excavation material
Turbidity observed in seepage
near the toe of the da

Change in piezometer
measurements

Stop excavation, if this was not
planned

Determine appropriate repair
and or backfill methods
depending on observations and
dam

Enhanced surveillance measures
depending on situation

Instability or

Consider weight of equipment
and safe access for dam
Plan for stress relief and to avoid

Movement of the dam
Cracks forming on the dam crest
or slope

Stop work
Evaluate stability of dam
Lower reservoir level

slumping heave and hydraulic fracture Change in water level in a Add buttressing to dam toe
piezometer Engineering assessment of safety
of dam
No planning mitigation available Ground shaking felt Stop work, evacuate dam
Read piezometers for change in Visually inspect dam from
pressure that could indicate distance
Earthquake liquefaction has occurred Reassess stability

Cracks forming on the dam crest
or slope.
Settlement
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Appendix C - Considerations for
determining if dam design work is high-
risk

As required by EGBC, a qualified professional must evaluate if the work they are
performing is a High-Risk activity. For dam design work, the decision on whether the work
is High-Risk is made by the Design Engineer. As presented in the EGBC “Guide to the

Standard for Documented Independent Review for High-Risk Professional Activities or
Work,” v.2, (2023), this means a documented process involving,

1. identifying hazards

2. evaluating the identified hazards based on severity and likelihood of the
consequences to determine a risk level, and

3. comparing the determined risk level to risk tolerance criteria (as defined by codes,
standards and other requirements)

The determination on whether the work is High-Risk is based on the determined risk level
before mitigation measures have been incorporated. Additionally, the risk assessment
must be completed by the qualified professional prior to initiating the work or
professional activity.

If the work is determined to be High-Risk, the qualified professional must ensure that their
work is independently reviewed. A review may be:

Type 1 - review by a qualified professional within the same organization
Type 2 - reviewed by a qualified professional external to their organization

The intention of the review is to provide confidence in the work by providing additional
perspectives and consideration. All qualified professionals have their own inherent skills
and experiences, so by having additional perspectives and discussions the risk can be
better managed.

Although the risk of significant harm may seem to be of a high standard, many
engineering and geoscience activities, if performed incorrectly pose such a risk. Due to the
nature of registrant activity, even small oversights can pose significant harms. For
example, if a dam is constructed with design flaws, such as a low-level outlet valve on the
downstream side or seepage collars, these design flaws have associated long term risks
that may not be realized for decades but once realized could result in dam failure or are
challenging and costly to repair. Qualified professionals should evaluate the safety and
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potential harm of their work for the entirety of its applicable project life cycle, which
means considering long-term hazards with the same concern as immediate hazards.

The Dam Safety Section (DSS) specifically requests that in determining if work is High-Risk,
qualified professionals must not use the rationale that dam failures rarely occur, so the
likelihood of failure is low, resulting in the risk being low. This logical sequence is
inappropriate as it does not capture the unique characteristics of each specific dam and
the work.

Dams have a failure consequence classification rating system that provides guidance on
design criteria and the commensurate standard of care to be exercised. The consequence
classification system must be considered by the Design Engineer in their determination on
whether the work is High-Risk. The Design Engineer should also be aware that any dam
failure or incident will likely be widely reported in the media. Photographs of dam failures
can be devasting, graphic and rapidly distributed on social media without context. These
types of incidents degrade the public trust and reputation of engineers to keep the public
safe.

September 2026, Version 2.0



	Table of Contents
	Acronyms
	Definitions
	1 Introduction
	2 Roles and responsibilities
	2.1 Dam owner
	2.2 Design Engineer
	2.3 Provincial statutory decision makers
	2.4 Independent Engineer and Independent Environmental Monitor

	3 Early planning and coordination
	3.1 First Nation consultation
	3.2 Affected parties
	3.3 Other government agencies and statutes
	3.3.1 Environmental assessments
	3.3.2 Archaeological and cultural heritage considerations
	3.3.3 Canadian Navigable Waters Act
	3.3.4 Fisheries Act


	4 Application process
	4.1 Option 1 – New water licence or amendment of an existing water licence
	4.2 Option 2 – Alteration, improvement or replacement of all or part of a dam
	4.3 Issuance of a water licence, Order or change approval
	4.4 Refusal of the Submittal Package
	4.5 Expiration of authorization, change approval or Order

	5 Submittal Package
	5.1 Statements of limitations
	5.2 Design report
	5.3 Construction management plan
	5.4 Summary of other permitting, engagement or consultation
	5.5 Construction environmental management plan
	5.6 Draft Operation, Maintenance and Surveillance manual
	5.7 Draft Dam Emergency Plan or emergency contact information
	5.8 Public Safety Around Dams Plan

	6 Construction
	6.1 Roles during construction
	6.2 Kickoff meeting
	6.3 Allowable works prior to acceptance
	6.4 Conditions and hold points
	6.5 Changes during construction
	6.6 Regular construction monitoring reports
	6.7 Regular environmental monitoring reports

	7 Construction completion
	7.1 Completion meeting
	7.2 First Filling Plan
	7.3 Completion Report
	7.4 Operation, Maintenance and Surveillance manual
	7.5 Dam Emergency Plan
	Acknowledgements
	Appendices
	Appendix A – Dam design criteria and considerations
	Appendix B - Interim Dam Safety Risk Management Plan (IDSRMP)
	Appendix C - Considerations for determining if dam design work is high-risk




