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Preface

The Canadian Dam Association Dam Safety Guidelinesere revised and published in 2007. They
address the various hazards which can lead to dam failure, and present methods for management
of those risks. However, in Canada, more people have died in accidents around dam sites that are
not associated with structural failure of dams. This is a matter of considerable concern to dam
owners, who are seeking guidance on how they can meet their responsibilities to protect public
safety.

TheseGuidelines ér Public Safety Around Damdo not consider the risks to the public from failure
of a dam, or situations related to passage of floods.(See theDam Safety Guideline®r inf ormation
on those risks.) Rather, these guidelines address the risks of accidentsor incidents in which a
member of the public encounters a hazard created by the presence or operation of a dam. These
Guidelines do not address the risks associated with operations other than the actual functioning
of the dam; in a hydroelectric facility, there would be, for example, electrical risks, which are not
covered in these Guidelines.

It is worth noting that large or high dams command a respect from members of the public that
may be greater than for low structures. However, the fact remains that | ow head and small
diversion dams can be equally or more hazardous, becausemany of the hazards associated with
these structures are not readily apparent. These guidelines attempt to point out those hazards,
and suggest ways that the dam owner can reduce risks to the public.



Guidelines for
Public Safety Around Dams (2009) CDA%ACB

1. Principles

s . P

11 . POl UzUwli UxOOUPEDPODUA

The dam owner shall manage the public safety risks caused by a dam, as far upstream and
downstream as the owner has property rights. Beyond this property, t he dam owner shall
asses any specific locations where the hazards are known by the owner to result  directly from
the dam operations. The dam owner shall inform the public and other affected property

owners of the identified hazards associated with the dam and its operations.

Whiletl T Ul wWEEQWET wOEOaAwOEUUUEOOAWOEEUUUDPOT wi EAEVUEUWD OWE
the dam owner has a responsibility to inform other property owners of hazards related to the
existence andoperation of a dam.

1.2 Managed System

The dam owner shall have adocument ed managed system for public safety , at a level of detail
that is appropriate for the associated public safety risks.

The documentation of the public safety management system begins with a statement of the
ownerz policy and commitment to public safety and includes all other necessary elements of a
managed system.

The managed system shouldtake into accountthe O b O1 Uz UwOx1 UEUD B&kE®O WE OE WEREDUD
processes including management of floods and dam safety.

The managed system may apgy to a single dam. One the other hand, an owner may have

complex business decision processes that integrate decision criteria for different risk and a
portfolio of dams.

1.3 Management of Risks

The dam owner shall assess and reduce the risk caused by the presence and operation of a
dam, to the extent that is reasonable given the intended function of the dam as well as the
priorities and values of stakeholders.

All dams pose some level of risk to public safety, regardless of size or impoundment.

Public interaction is fundamental to the mandate for parks and recreation areas that may include
dams and waterways to which the public is encouraged to visit. On the other hand, f or
hydropower and other industrial installations, recreation or navigation use is incidental and the
dam owner may need to restrict or limit public interaction as much as possible because keeping
people away is the most effective way to reduce the risk.
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The risk management process, illustrated in Figure 1, begins with establisi O1 Q0 wdi wodp 1 Uz Uw
policies, process, accountabilities, and decisionrmaking criteria for management of public safety

risks. The acceptable level of risk is a societal value that may change over time and with changed
circumstances. Ultimately, the legal and regulatory systems provide the process for determining

acceptable risk levels and the appropriateness of risk control measures.

Figure 1: Risk Management for Public Safety Around Dams
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2. Outline of Public Safety Management System

General

The public safety management systemat a dam site should include the following, as

illustrated in Figure 2:

1 Planning

1 Implementation

1 Checking and corrective action
1

Review and reporting

Table 1 outlines more specifically the activities that should be included, and how
continual improvement is achieved through the cycle of planning, implementing,
checking, corrective action, review and reporting . These are discussed in the following

sections.
Figure 2t Elements of Public Safety Management System
' ™ "
PLANNING IMPLEMENTATION & OPERATION
Activities associated with developing plans to control safety hazards
and mitigate risks to the public. Activities associated with execution of hazard controf and risk mitigation.
BOARD RISH """ Business Planning
POLICIES MANAGEMENT 1
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“-___________________T __________________ 2 + Engage Employees in process hazards (e.g, access)
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+ Safety legisiation dentiiet and ther Inputs PROCEDURES
manitored « Business Goals
= Corporate requirements * Results of Management Review . ﬁ?;‘:;‘::;‘:m Putlie Safety
-Audit Finding
-Safety Performance
* Improvement Goals
* Public Attitude Surveys
* Incident Review
- / -
I ™ 7
REVIEW CHECKING & CORRECTIVE ACTION
Activities assaciated with Senior Management review to Activities associated with checking to see if hazards are controfled and risks are
determine if safety objectives/fargets and policy have been met. mitigated and correcting problems to prevent fuure incidents.
MONITORING OF —
MANAGEMENT l PERFORMANCE ADIT
* Monttoring of proaciive and reactive = Audit of Safety Management System
measures associated with objectives « Gompliance Aucits
- Review of = Manitoring of public safety plans
- Audits
- Performance Results - — -
- Progress on meeting objectives and planned commitments. INCIDENT 'CONTINUOUS
- Approve continuous mprovement ntiaives | MANAGEMENT IMPROVEMENT
= Fechgniton of sxerelaly perfomisnice I FYbic Sately + Incident/Non-Conformance reporting and + Establish continuous improvement
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Activities Plan Implement Checking & Corrective Action Review & Reporting
Policies, 9 Estabilish policy and Communicate requirements and put | §| Check compliance with policies, roles and Regularly re view policy , governance and
governance and commitment organization in place. responsibilities organization for appropriateness. Report to
organization 1 Establish policy for risk 1 Identify continuous improvement Board of Directors and regulator.

tolerance. initiatives.

9 Define roles and responsibilities

il Take corrective action if needed.

Risk
Assessment

1 Develop procedure for risk
assessment

1 Plan priorities, schedules,
resources

Complete the risk assessment

Check that completed risk assessmentswere
done according to procedure and plan

Periodically r eview risk assessment
procedures and results (i.e. re-assess risks)
Ensure results are properly reported for
decision-making.

Risk evaluation

Confirm criteria/policy for risk

1l Classify risk level for each

1l Check classification of dams against criteria

Review criteria and procedures on how risks

and decision management decisions, eg. risk structure or hazard 1 Verify th at controls are effectively meeting are to be managed, and verify that procedures
making reduction goals for high, medium | q pecide what controls are required the risk reduction goals are followed.

and low risks. 1 Implement control measures Recommend improvement s.
Site specific Develop the written plan 9 Communicate the plan 9 Check Plan requirements against actual Review the site-specific Plan on a regular

Public Safety
Plans

identifying requirements

requirements and expected roles &
responsibilities to staff
1l Install required control s

accomplishments (annual)

basis (35 years).
Recommend improvements to Plans.

Training

Develop training objectives and
criteria

Conduct the training

Verify the effectiveness of the training

Review training criteria and program against
objectives.
Recommend improvements.

Inspection and
maintenance

1 Develop program/plan to
inspect site for hazards,
controls and interactions

91 Develop program/plan to
maintain control measures

1 Monitor the hazards, control
measuresand public interactions
at the site

1 Carry out maintenance program

1 Checkthat inspection & maintenance are
completed as planned, and inspection
results are reported according to procedure

I Check that corrective action is taken on
identified deficiencies

Review inspection and maintenance
procedures and follow -up of results.
Recommend improvements.

Incident Develop incident rep orting Report incidents 9 Check that incidents are being reported 1 Regularly review past incidents for trends,
reporting objectives and criteria consistent with the criteria. and effectiveness of control measures
] Check that corrective action was taken as 9 Recommend improvement s.
required.
Recordsand Establish policies and procedures | Formally record all activities , 1 Check that records aremanaged according | Regularly audit records to verify adequacy of
documentation for document and record recommendations, follow -up and to procedure records
management reporting
Audit Plan audit program Conduct independent audit on a 1 Review audit program and results Senior management review audit results and

regular basis

input results to policies, governance and
organization
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2.2 Policies, Governance and Organization

A managed system begins with commitment and policy at the highest level of the
OPOI Uz UwoOUT EOD 4 E pdiced andisatetygibbld) an®aféctvely |1
delegating roles and responsibilities, senior management erables effective actionand
decision-making. As shown in Table 1, the policy must be communicated and the
organization set up so that roles and responsibilities are clearly understood and the
systems can be established to fifill the commitment and requirem ents.

Senior management needs regular assurance that the management system is

functioning effectively. To have that assurance, they must review the policy and

organization on a regular basis (e.g. yearly) to ensure that the commitment and policy

are up-to-date and are implemented throughout the company. The continuous

POxUOYI Ol OUWEAEOI wEl xI OEUwOOwWUUUOOT wbOUI T UEUBLOOWO
PPUT wOT 1T ws11 EQOUEUVUWEOEwW# OEUOI OUEUDPOOZzZ wi OUWEOOWEEUD
recommended improveme nts for decision-making.

2.3 Risk Assessment

Potential interfaces between the public and the physical features at each dam site
should be assessed through a qualitative risk assessment, with the objective of
identifying opportunities and the need for ri sk reduction.

A more detailed discussion of public safety risk assessment is provided in Section 3.
The methodology presented is intended to guide a line of reasoning for risk -informed
decisions, as well as provide a structure to demonstrate how the dam owner has
exercised due diligence in managing public safety at the dam.

2.4 Risk Evaluation and Decision -Making

The dam owner should develop criteria and procedures for evaluating the results of
the risk assessments. The procedures provide a record othe reasoning behind
decisions whether or not to implement risk control measures. The dam owner must
set the policies and risk criteria (see Section 2.2) that will be applied to determine if a
particular risk is acceptable, or if risk reduction measures are required.

Section 4 provides discussion and examples of risk evaluation and decision-making.

2.5 Site-Specific Public Safety Plans

For any dam site, a site-specific Public Safety Plan should be in place. This cocuments
how the dam owner manages public safety around the dam; it provides direction to
site staff. The Plan should be reviewed and revised periodically to reflect changes
revealed in the periodic risk assessments. Section 6 provides additional discussion of
site-specific Public Safety Plans and a sample template is provided in Appendix A.
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2.6

2.7

2.8

Training

It is important for the dam owner to establish training objectives and criteria for
employees and contractors. The level of training will vary depending on their
responsibility and task. Training should be documented and reviewed on a regular
basis. Employees and contractor need to clearly understand the dam owners
expectations when doing tasks such as:

1  Conducting risk assessments;

1 Performing maintenance and inspections;

1  Operating flow co ntrol equipment; and

1 Reporting incidents.

Inspection and Maintenance Program

The site-specific Public Safety Planshould document the inspection and maintenance
program required for the control measures installed at a facility. This should cover all
physical control measures including signs, fencing, booms and buoys, and audible
and visual warning devices such assirens and strobe lights. Records should be kept of
the completed inspection and maintenance activities and the results of all equipment
tests.

In determining the frequency for inspection and maintenance of control measures,
consideration should be given to the level of risk posed to the public and the degree of
public interaction. Generally, control measures should be inspected at least anmally.
As part of defining the maintenance strategy it may be necessary to test warning alert
devices on a seasonal basis corresponding to the normal spill patterns, for example
prior to spring freshet and prior to periods of high precipitation in the fall

The Public Safety Plan should identify the action to take when unmitigated hazardous
condition s or defective control measures areencountered at a site. The action could
range from recording that a defaced sign needs to be replaced promptly, to

immediat ely assigning personnel to carry out surveillance at a site until a control
measure critical to the safety of the public is repaired.

Incident Reporting

Safety incidents involving members of the public should be recorded and followed up
as appropriate by the dam owner. The incident reports should document both actual
occurrences of fatalities and injuries, and ?Pnear misseO as both provide opportunities
to review the effectiveness of control measures and make adjustments to
accommodate changing patterns of public usage. As a guide, incidents can be
categorized into the following groups:

1 Fatality

1 Potential fatality, involving a high likelihood of exposure to the hazard, and a
high likelih ood of the hazard being present
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1 Potential serious injury, invol ving a low likelihood of exposure to the hazard
including a low probabil ity of the hazard being present

91 Injury requiring medical attention

As part of the reporting process, the accountability and requirements for incident
investigation and follow -up on actions should be defined. This should include the
evaluation of systemic incidents. A typical public safety incident reporting form is
included in Appendix B.

2.9 Records and Documentation

It is important that policies, procedures, or any criteria used to manage public safety
at the site be documented and filed. It is equally important to have records of any
activities performed in managing public safety at the dam with an established
retention period.

The dam owner should have the following records :

1 Site-specific Public Safety Plan
1 Site-specific risk assessments
1 Site-specific hydraulic assessments
1 Reports of incidents, injuries and nearmisses
1 Maintenance and inspection reports.
2.10 Audit

Periodic audits of the management system complete the cycle. The awit provides
verification that the public safety program is following policies and procedures to
meet its objectives Audit conclusions and recommendations should be presented to
the senior management of the organization so that their policies and directio n are
reviewed and updated. This promotes continual improvement in the public safety
management around a dam.
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3.
3.1

3.2

Risk Assessment

Purpose

The risk assessment process includes identification of hazards and controls, and
estimation of the severity and likelihood of potential incidents , drawing on the
knowledge of both dam operations and public interactions at the site. A site visit,
collection of background information, and interviews with  operating staff are
typically required, and ahydraulic assessment may also be necessary.

The quality of the overall risk assessment and the effectiveness of control measures
depend on the degree of site-specific knowledge, which is best obtained from staff
working at the location or engaged in its operation. Th e assessment typically begins
with gathering information such as facility maps, aerial photographs, drawings of the
watershed, spillways, intakes, canals, tailrace areas, extent of reservoir inundation,
past incident report, and property boundaries based on existing available information.

Information Require d
3.2.1 Site Inspection

The site inspection is intended to identify the physical hazards that are present, and to
look for or confirm signs of public usage and interaction with the facilities. A ground
survey of areas which could be hazardous should be carried out to confirm the
presence anddegree of public interaction. Indicators of public usage include worn
pathways, refu se left from camping or other activities, graffiti , and displaced fencing.

3.2.2 Review of Operating Procedures

Operating procedures, especially those representing changes in flows and levels,
should be assessed from the perspective of scenarios that simulate situations and
locations involving public interaction at the facilit y. Consideration should be given to
the following key items:

9 Basis for spill operations or discharge events (i.e. local operation, remote control
or automatic settings)

1 Sluice gate opening increments and timing

=

Automatic triggers for sluice gate opening (e .g. high water level settings) and
subsequent opening procedure

Limit switch settings on sluice gate opening
Integration of audible or visual alerts with sluice gate opening or stoplog removal
Requirements for pre-spill site inspections

Requirements for natifications to downstream stakeholders or reservoir users

= =4 a4 A -2

Hydroelectric generating unit start up procedures including ramp rates
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1 Generating unit load rejection procedures and subsequent initiation of spill events
1 %OEUI EOEUEwW?I EPOUUI »wUI U0UDPOT U
1 Cascadeeffects from other dams

When reviewing the hazards to the public, consideration sh ould be given to the
operating practices and procedures in place for the facility, as well as other factors that
may contribute to any of the hazards. The review of operating pr ocedures should
consider both time-of-day and seasonal patterns in operations which could affect the
frequency, volume, and timing of spill or discharge events.

Spill and generation can be operated in the following modes:

1 Local operation: Saff are required to be physically at the site to operate the
facility. This would include manually removing stop logs, lifting sluicegates or
initiating generation start -up.

1 Remote operation: Control for operation is initiated by operators at a central
control facili ty independent from on -site staff at the equipment being operated.

1 Automatic Operation: Operations are performed independent of operator
intervention, based on automated controls. For example, sluicegate control may
be automated based on water level gaugng at the facility. This often but not
always occurs as a form of asset protection in the event that there is an
interruption in the communication system with the operating control centre.

Operating practices can also create hazards on waterways duringlow water and low
flow conditions, for example during low water years or unit maintenance shutdowns.
The risk assessment should capture these issues ithey are part of the normal
operation of the facility , and they should be identified in the Public Safety Plan for the
site.

3.2.3 Site Interviews and Stakeholder Consultation

Site interviews draw on staff knowledge and experience of the facility operation, and
the degree and type of public interaction at the site. Similarly, consultation with
stakeholder groups (e.g. cottager associations, recreational clubs, municipal officials)
is an important step in identifying areas of use.

Conducting the interviews in a group setting using a site layout drawing to facilitate
the discussion can be a valuable means bidentifying key features of public
interaction. Locations of public access and usage can then be readily verified in the
field during subsequent site inspections.

During the interview, staff and stakeholders should be queried regarding any past

incidenOUwOUw? Ol EVUwODUUI U? wkhT PET aAredlataldvilende @ OEEUUUIT E wE C
past use can provide direction regarding the need for further assessment and

requirements for control measures.
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3.2.4 Hydraulic Assessment

While not always necessary,a hydraulic assessment can assist in identifying hazards
and or the extent of the hazardous area It provid esa clearer understanding of the
reaction of the reservoir, downstream channel and river bed, to changes in flow. It is
when these changes result in hazardaus conditions to the public that they should
becomea concern to the dam owner. Of particular interest are the magnitude and rate
of rise of water levels as well as any increases in velocities caused by constrictions or
changes in the channel geometry.

Hydraulic assessments based on actual flow tests should be considered to assist in

determining the increments of sluice gate opening (or the rate of stop log removal)

that either eliminate the hazard posed by the spill operation, or provide sufficient time

for the public to safely exit the spillway channel. They can prove especially valuable to

understand the priming characteristics of the downstream areas when the spillway

ET EOOI OwOUwWUDYI UwWET EWEEOQWET wUI EVUET Ew0@wWOOwi 0L wdU
hydraulic assessments can be used to establish the time to safely exit the spillway

channel, which in turn will direct the appropriate timing for sounding an audible alert

and or a visual warning.

In planning the hydraulic assessment, consideration should be given to simulating
flows which represent a reasonable worst-case scenario where the public may have
interaction at the site. The intent is to define the extent of dangerous water areas
created specifically by the operation in the immediate vicinity of the dam or
hydroelectric station, in the reservoir, and at downstream reaches of the river. While
fast flowing water can, in itself, present a hazard to the public, these guidelines focus
on hazards created during the changes in levels and flows up until the point where
conditions have stabilized and the public has become acclimatized to the changes.

The results of the hydraulic assessments should be documented in terms of antecedent
conditions, discharge rates, physical water levels and velocities, aswell as visual
observations and photographic record.

Low Head Overflow Dams

A hydraulic assessment should be completed for Low Head Overflow Dams,

sometimesUl | 1 UUI E uwoftBedtFEOYUI 2UMECE OU 2 6 ww3 T 1T wi OEUUwWUT OUQE WE
determining whether a submerged hydraulic jump could exist over the range of flow

rates the dam may be subject to. The existence of a submerged hydraulic jump

constitutes a dangerous water area at the dam.

3.3 Establish Boundaries

The geographic and operational boundaries for the risk assessmentshould be defined
at the start of the assessmenand be clearly documented in the risk assessmentreport
and the site specific Public Safety Plan It is recommended that scaled site plans or

10
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aerial photographs be clearly marked up indicat ing these boundaries and attached to
the risk assessment. Figure 3illustrates typical geographic areasat a hydroelectric
dam site:

il

Upstream areaand Downstream areas-3 1 1 wil RUT OO wOi wOT T w?2#O6pOU0OUI EO
should be defined, such that it ends where no further hazardous changes in flow

OUwYl OOEPUAWEU]l wOOOPOwWEaAwWUT T wOPOI UwUOWET wEUIl EUI
operations. Upstream and Downstream areas must be assessedvherever the

owner has the property rights. Upstream and downstream areas located offthe

owner to be created as a direct result of thedam operations. Changing conditions

in flow and or water levels can introduce hazards , resulting in injury or stranding.

These Iocations are typically associated with narrowing of river channels, shallow

reaches of rivers, rapids and falls.

Headpond t is the designated dangerous water area immediately upstream of the
structure

Structure t typically the crest roofs, tailrace deck and associated equipment.

Spillway - is the designated dangerous water area immediately downstream of the
structure..

Tailrace - is the designated dangerous water area immediately downstream of the
unit(s) discharge.

Figure 3t Typical Hydropower Dam Components for Risk Assessment

These potential locations can initially be identified by local staff member knowledge
and through the use of topographical maps, and later confirmed by a site visit.

11














































































