COLLIERY DAMS

HISTORY, EMERGENCY MANAGEMENT
REGULATION AND FUTURE



HISTORY OF COMPLIANCE

COLLIERY DAMS
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Decades of Colliery Dam files and studies
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Chase River Study 5 August, 1980
HOWARD DAM NUMBER THREE

Upstream concrete wall on structure

HAZARD SEVERITY

Moderate
(3)

Slight
(2)

Very high
(5)

LIKELIHOOD OF OCCURRENCE

Very Unlikely (A) MEDIUM

Unlikely (B) MEDIUM

Possible (C)

(D)

Very Likely (E)




Chase River Drainage Basin Study
February 1981

a proposal to

THE CITY OF
NANAIMO

Willis Cunliffe DeLCan
Tait

CONSULTING
ENGINEERS &
PLANNERS
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~a proposal to
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34 - 522

Willis
Cunliffe
Tait

COMSLULTMG EMNGREERS £ PLAMKERS

Del.Can

ILI"'\.. 7 L
i == ;___.-" MGNAIND ST BeURCESY '-|-
A L.

EH. | ——— {ATATREAM Sub-B4fin DRANAGE CEHEGN Y OTHEARS

CH.2 —— OETER DESIGM SAES FOR TRURK STORK SEWERS BvLAW ™32

— e STURT AREL BIUNCER =

— = ELIB-BASI EURDG R I 4 |
| — 1 _-:-:_ -

CITY OF mNAMNAIMDO i !

CHASE RIVER WATERSHED

STORM WATER MAMAGEPMER



Upper chase river dam safety review 2003

Golder Assoclates Lid.

500 - 4220 51 Cresi Orive

Bumabw. Brifish Columibia. Canoda VEC A0h
Telephone (604) 296-4200

P |08 ZFE-D25S

REPORT OM

UPPER CHASE RIVER DAM
2003 DAM SAFETY REVIEW

Submined o

Girzater Manaimo Water District

435 Wallace Sureel
MNManalmo, BAC. VIR 376

Revision | Stafus Issmed
[1] [ssued for comment by Water Management Branch 24 Nov 03
Final Added plan from 1744 as revised Fig 1.2 and revised 18 Mlar (s
Fig 3.2.
DISTRIBUTION:

3 Copies - Greater Nanaimo Water District

1 Copy - City of Nanaimo, Engineering Library

1 Copy - City of Nanaimo, Public Works Library

1 Copy - Landand Water British Columbia Victoria
‘Water Management Branch, Dam Safety Office

1 Copy- Land and Water British Columbia, Nanaimo
Wanconver Tsland Region Offies

2  Copies - Golder Associates Ltd, Bumnaby.

March, 2004 05-1411-103

DFFICES ACHOSS RORH AMERCA, SOUTH AMERICA, ELWOPE, AFRICA. ASIA AMND AUSTIRALLA,



Underwater Sonar Profiling Survey
Of Westwood, Middle and Lower Chase Lakes
November 4th and 18th 2003

December 5, 2003

Underwater Sonar Profiling Survey
Of Westwood, Middle
and Lower Chase Lakes
for

November 4th and 18th 2003 The City of Nanaimo

* Information regarding survey
techniques and processing

For The City of Nanaimo

November 47 and 18% 2003

Approval for disclosure of these
practices to third parties must first be
obtained in writing from vt b i

Prepared by

AmquaCoustic Remate Technologies Inc.

AquaCoustic Remote Technologies Ao e Tedmnger i

888 379 7601

InC" December 3, 2003



OPERATION, MAINTENANCE AND SURVEILLANCE (OMS)
MANUAL for CHASE RIVER DAMS

December 5, 2003

THE CITY OF NANAIMO

*Upper Chase River Dam
Middle Chase River Dam
ol ower Chase River Dams

-

Golder
Associates

THE CITY OF NANAIMO

OPERATION, MAINTENANCE AND SURVEILL ANCE
(OMS) MANUAT. for CHASE RITVER DAMS

e Upper Chase River Dam
eM\iddle Chase River Dam
e Lower Chase River Dams

Revision Date Remarks
o Now/03 Drraft for review
1 Apr0d Issued for use, superseding 1992 “Data Books™

Distribution of this manual shown on next page

= Page 1 Revised April 2004



2003 DAM SAFETY REVIEW

REPORT ON UPPER CHASE RIVER DAM

Submitted to: Greater Nanaimo Water District Nanaimo, B.C. VIR 5J6

Issued for comment by Water Management Branch

Added plan from 1944 as revised Fig 1.2.; and revised Fig 3.2.

DIS1IRIBUTION:

3 Copies- Greater Nanaimo Water District
1 Copy - - City of Nanaimo, Engineering Library
1 Copy - City of Nanaimo, Public Works Library

1 Copy - Land and Water British Columbia, Victoria Water Management
Branch, Dam Safety Office

1 Copy- Land and Water British Columbia, Vancouver Island Region
2 Copies- Golder Associates Ltd, Burnaby.

March, 2004 24 Nov03 18 Mar04

03-1411-103



EBA Engineering Consultants Lid.

Creating and Delivering Better Solutions

UPPER CHASE DAM SEISMIC ASSESSMENT
NANAIMO, BC

Submitted To:

CITY OF NANAIMO
NANAIMO, BC

Prepared by:

EBA ENGINEERING CONSULTANTS LTD.
EDMONTON, ALBERTA

Project No. 0802-2800097

May 2005

A relan IS0\ ojects\ 2004\ 8 RO doe

i,

14940 - 123 Avenue, Edmonton, Alberta T5V 184 - Tel: (780) 451-2121 - Fax: (780) 454-5688
Email: edmonton@eba.ca - Web Site: www.eba.ca

UPPER

CHASE

DAM

SEISMIC

ASSESSMENT

2005
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Risk Assessment January 2014
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Colliery Dam (Nanaimo BC)

Risk Assessment
by Dr. Bill Roberds
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Risk assessment 2014 January

Develop Colliery Dams (Nanaimo BC) Plan

m 13 Dec 2013 Meeting

m Objectives - identify optimal dam rehab option plan

m Criteria - including (but not limited to) safety and
financial performance

m Process - conduct risk assessment to appropriately
evaluate potential performance (rather than worst-case
scenario) of any plan, per recent dam safety guidelines

m Risk assessment
m performance model translates inputs =» outputs

m inherent uncertainties in inputs and in model result in
uncertainties in outputs

m quantify uncertainty in terms of probability

m_assess probability objectively or subjectively

21 Jan 2014




Risk assessment 2014 January

Risk Inputs (3 of 10)

m  Dam “Failure” (cont.)
m Dam failure/breach — overtopping (flow rate/duration) relationship
m Middle Dam
m Lower Dam

Status: We do not have any overtopping “breach” analyses for either dam
from previous studies. We need breach analyses at several overtopping
values for each dam in order to subjectively develop the complete
relationship (by interpolation/extrapolation), and subjective assessment of
the uncertainty in that relationship.

m Dam failure/breach — other causes (e.g., piping) relationship
m Middle Dam
m Lower Dam

Status: We do not have any other failure analyses for either dam from
previous studies nor reliable models to do such analyses. We need
subjective assessment of probability of dam failure by other causes (not
seismic or overtopping, €.g., piping).

21 Jan 2014 10
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Risk assessment 2014 January

Risk Inputs (2 of 10)

m Seismic Load
m Exceedance Frequency — Magnitude (pga) relationship

Status: We have this relationship from previous studies, but need to
develop site-specific seismic inputs and subjectively assess uncertainties.

m Dam “Failure”
m Dam failure — seismic (pga) relationship
m Middle Dam

m Lower Dam

Status: We have “performance” of each dam for several pga values from
previous studies. However, we will collect additional geotechnical data from
the ongoing investigation (geophysics & drilling), which will be used to
develop parameters for re-analysis. We need performance at several pga’s
for each dam (also considering previous results) in order to subjectively
develop the complete relationship (by interpolation/extrapolation), and
subjective assessments of: a) the uncertainty in modeled performance; and
b) the probability of failure - performance relationship and the uncertainty in
that relationship. Note: not differentiating degree of dam failure.

21 Jan 2014 8




Risk assessment 2014 January

Risk Inputs (5 of 10)

m Lower Dam Release (cont.)
m Magnitude (flow rate/duration) for Lower Dam overtopping failure in

combination with
m No Middle Dam failure
m Middle Dam overtopping failure
m Middle Dam seismic failure
m Middle Dam failure by other causes (e.g., piping)

Status. We do not have any overtopping “breach” analyses to determine
the magnitude of release for either dam if breached, from previous studies.
We need breach analyses at several overtopping values for each dam (done
elsewhere) in order to subjectively develop the complete relationship (by
interpolation/extrapolation) of dam release magnitude to overtopping value,
and subjective assessment of the uncertainty in that relationship, for each
dam.

21 Jan 2014

13




Risk assessment 2014 January

Risk Model

m  Algorithms (outputs from inputs in chains) implemented in MS Excel with
@ Risk (commercial add-in) to do probabilistic analysis:

m |[nputs expressed probabilistically (representing their uncertainties)

m Outputs calculated probabilistically (representing their uncertainties)
via Monte Carlo simulation (many possible sets of input values are
generated, each with known probability, from which outputs with
known probability are generated)

m Simulation Sequence:
Maximum precipitation and seismic events
=» Dam(s) failure mode (each with particular lower dam release, timing and
warning/no warning)
=» Downstream inundation and downstream population/property

= Downstream damage and casualties
m Status: In development

21 Jan 2014 21 -
——

Maximum precipitation and seismic events



Watershed
upstream
reviews

Has the watershed be studied — hydrology and volumes of water calculated




_ ONG TERM
NVESTMENT AND
NVESTIGATION

 Dam Removal Option- Middle and Lower Dams.

Chris Grapel, M.Eng., P.Eng. ' May 2013
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Hydraulic Capaclty of Precast Concrete Boxes

Under I:BI‘IBII'I © i or
characteristics of reinforced t:unl:rata box sactions of-
far advantages over the circular and non-circular pipe
shapes commonly used for sewars and culvarts. The

cosi-effective

Table 1 Standard Box Sizes

SPAN,
3 45 6 7 8 9 10 112

FEET

ASTM Standard C1433, Precast Reinforcad Concrate
Monolithic Box Sections for Cubserts, Storm Drains
and Sewars and Standard C1577, Precast Reinforced
Concreta Monolithic Box Sections for Culverts, Storm
Drains, and Sewers Designed According to AASHTO 3
LAFD. Tha Amarican Conicrata Pipe =
Info, Precast Concrate Box Sactions, presents the

iopment and werification of the design mathod and 11
standard sizes.

STANDARD DESIGNS

The standard 8 concrede box section produced
under Standards C1433 and C1577 is shown in Figure 7,
and the standard sizes and wall thicknesses are shown
in Tables 7 and 2. The standard sizes have 45-degree
haunches with a lag dimansion equal o the wall thickness.
The availability and |:unsh1)|:hnn dotails Df boo( sactions
should ba
Precast box designs of merthan slandaru ars available
through American Concrete Pipe Association member
companies.

Figure 1 Standard Box Section
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Table2 Standard Thicknesses
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REQUEST FOR PROPOSAL No. 1414

Cost Estimate Peer Review — Colliery Dams Rehabilitation/Renewal

|ssue date: January 30, 2013

Closing Location:
Purchasing Department
2020 Labieux Road
Manaimo, BC V4T 6J9



Many Spillway investigations

Lower Dam Existing Spillway Capacity
o WMC2002 report;
0 14 cross section HEC-RAS Model described and results tabulated, but details about model not available g
0 Reference to prior EBA 1992 study that indicates maximum capacity of 55 m’/sec
o 35.0msec capacity at elevation 73.4 {dam crest)
o 25.0m’/sec maximum capacity without overtopping chute walls due to hydraulic jump
*  Golder 2014 simple broad crested weir calculation:
This is a rough approximation presented only for reference
Equation: q= ot
¢ = 1.45 (from King and Brater)
| = 11 m (existing spillway width excluding center pier)
h=1.8 m (vertical distance from low point in dam crest to spillway crest)
q=385 m’/sec (maximum discharge capacity of existing spillway)
¢ Golder 2014 HEC-RAS Model:
0 Created independently of description of WMC's 2002 model
0 Created using best available topographic information and photographs (to approximate bridge deck
geometry)
o 39.0m*/sec maximum discharge capacity (at elevation 73.38)
0 Hydraulic jump is observed in model similar to WMC's 2002 findings, but our mode indicates that a 39
m’/sec flow is contained (barely) by the existing spillway walls
*  Summary
0 There is very close correlation to each of these three efforts to determine the existing Lower Dam
spillway capacity
0 We have agood handle on the capacity and performance of the existing spillway at the lower dam

[=- I o I & I & R |

o




After numerous reports
confusion on spillway size
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_HSti on flows and capacity
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It is staff’'s professional obligation to provide accurate and relevant
technical, financial and legal advice

From:Susan Clift

Sent:January 22, 2013 11:09

To:Mayor&Council; SENIOR LEADERSHIP TEAM

Cc: Philip Cooper; Bill Sims

FW: Engineering Work for the Colliery Dams Removal Project

Whether the dams will be remediate or removed or reconstructed is a decision that will be completely
up to Council. Itis staff’s professional obligation to provide accurate and relevant technical,
financial and legal advice from which Council can make an informed decision. Council has
asked for more detailed costing information on the alternatives to dam decommissioning. In
considering whether to change the current course of action, Council may weigh such factors as:

* public safety and Council’s liability,

* tolerance for short term and long term risk,

* Initial capital cost,

» tolerance for park disruption,

» tolerance for ongoing costs to upgrade the dams as standards change over time,
» the likelihood of professional assurance and regulatory approvals,

the desires of the affected communities: those that are in the inundation zone, those that are park
users, and the SFN perspective. Staff will use best efforts to pull all of this information together and
provide recommendations in an expeditious manner.

Susan Clift, P.Eng.
Director, Engineering & Public Works 3 MIN FAILURE 150 DEATHS

(250) 756-5301 susan.clift@nanaimo.ca
PROVEN INACCURATE



https://webmail.nanaimo.ca/OWA/redir.aspx?C=1ad3f6f51bfd4c36a43d6200368f81dd&URL=mailto%3asusan.clift%40nanaimo.ca

Planning based on catastrophic failure

Evacuation Routes — Public Directive

COLLIERY DAMS
(UPPER AND LOWER DAMS)

EMERGENCY ACTION PLAN

PREPARED BY: KAREN LINDSAY

Nanaimo Fire Rescue
Emergency Management Division
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3 MIN FAILURE 150 DEATHS PROVEN INACCURATE
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EXERCISE COLLIER COLLAPSE
MASTER SEQUENCE OF EVENTS LIST
SEPTEMBER 20, EXERCISE COLLIER COLLAPSE

EXERCISE COLLIER COLLAPSE_MASTER SEQUENCE OF EVENTS LIST

Set Time From To Input Expected Action or Prompting Questions Teaching Points
1300 Exercise Introduction:; Review of exercise goal, objectives and conduct;

Goal: To practice the ECC Planning Section in managing information and conducting action
planning

Objectives: To review the following:The action planning process;Preparation of a Situation
Report;Management of a master log; andManagement of graphic displays (maps, etc)

Conduct: This exercise will be conducted using the tabletop exercise format. Over approximately
a three-hour period various “vignettes” will be presented to exercise participants describing
specific events. Participants will consider the event, describe their response, and the exercise
director will facilitate a discussion of this response among the other exercise participants.This
exercise will commence with a shift-change at the beginning of the second operational period.
Rather than starting from the beginning of a response, the ECC Planning Section will plan the
third and fourth operational periods. At the same time, they will continue to update the master
event log and graphic displays.

Exercise controllers will simulate non-Planning Section ECC functions.
Review the scenario:

Heavy rainfall threatened the dam structures and in anticipation of a possible collapse an
evacuation of the inundation area was ordered. Predications were accurate and approximately 30
minutes after ordering the evacuation the dams failed. Although the evacuation of the inundation
area was generally successful and most residents were safely moved to higher ground some
people refused to evacuate and a search-and-rescue operation is in progress. Fortunately the
evacuation occurred outside school hours so staff and school evacuation was not required,
however the school has suffered flood damage.Approximately

1000 persons have been evacuated to various locations outside the
inundation area.



October 17, 2012 File: D720001-00/Middle Chase

D720002-00/Lower Chase

Bill Sims, A.Sc.T.
Manager, Water Resources
City of Nanaimo

2020 Labieux Road
Nanaimo BC V9T 6J9

Dear Bill:

Re: Chase River Dam Breach Flood Inundation Study

Thank you for inviting Monty Miedriech, John Baldwin and myself to your Dam Safety Table
Top Exercise on September 20" and 21st and for forwarding to us the Associated Engineering
report entitled Chase River Dam Breach Flood Inundation Study (Inundation Study), dated
July 2012. The Inundation Study has been reviewed by our office and its conclusions and
recommendations were briefly discussed with you and your staff.

The Inundation Study has highlighted an unacceptable deficiency in both the Middle Chase
River Dam and Lower Chase River Dam and states the probability of an extreme failure of
these dams is very high. The Inundation Study concludes a ‘do-nothing’ option is unacceptable
and recommends modifications to the dam that include upgrading, replacement or removal of
the dams. The Inundation Study also recommends reclassifying both the Middle Chase River
Dam and Lower Chase River Dam to an extreme consequence rating based on the estimated
number of casualties resulting from a probable seismic event. Our records have now been
updated to reflect this recommendation.

At this time we are asking for a decision on your course of action for the Middle Chase River
Dam and Lower Chase River Dam by November 30, 2012. Please refer to Section 4 of the
BC Dam Safety Regulation on requirements for upgrading or replacement of the dams and
Section 9 on the requirements for dam removal.

d2
Ministry of Forests, Lands & Water Management Branch | Mailing Address: Location:
Natural Resource Operations Dam Safety Section PO Bax 9340 Stn Prov Govt 39 Floor, 395 Waterfront Cres
Victoria BC VBW 9M1 Victoria BC VBT 5K7
Resource Stewardship Division Telephone: 250-387-3265
Facsimile:  250-952-6792 a

Risk based on flawed
Information

no catastrophic collapse

Page 2
Bill Sims, A.Sc.T.

We are pleased with the level of response the City of Nanaimo has shown towards the findings
of this Inundation Study to date. We look forward to continuing our close working relationship
with you and your staff in resolving this issue.

Yours truly,

‘"‘; c ;{( b \/

Scott Morgan
Dam Safety Section Head

pe: John Baldwin, Dam Safety Officer, West Coast Region

Dam Safety based their risk on the catastrophic collapse that was proven false.



From: Morgan, Scott FLNR:EX [Scott.Morgan@gov.bc.ca]
Sent: November-24-14 7:47 AM 2014 November
To: ‘cliffmarcil@telus.net'

Subject: Middle Chase River Dam and Lower Chase River Dam, Colliery Park DSS St' I I

Ref: 210330

Cliff Marcil 11

Email: cliffmarcil@telus.net

Dear Cliff Marcil: eXtre m e

Re: Middle Chase River Dam and Lower Chase River Dam, Colliery Park

Thank you for your email of November 13, 2014 regarding the dams in Colliery Park, Nanaimo. | have been asked to

respond on behalf of Glen Davidson, Comptroller of Water Rights.

In the Province of British Columbia, dams are regulated under the Water Act, BC Dam Safety Regulation. The objective

of thebReguIation is to minimize the risk of loss of life and damage to property and the environment from a dam breach
y

requiring dam owners to inspect their dams, undertake proper maintenance and ensure that these dams meet current

engineering standards. The Act and Regulation are available under the “Legislation” section of the Dam Safety Program

website: http://www.env.gov.bc.ca/wsd/public_safety/dam_safety/index.html .

Our office is awaiting new information from the City of Nanaimo regarding the consequence classification based on

recent engineering studies. Failure consequence classification is based on the potential for loss of life and impacts to

infrastructure and the economy should one of the dams fail. Until we are able to review the new information, both of the

Colliery Park dams remain classified as extreme failure consequence under the BC Dam Safety Regulation.

As you mention, many engineering studies have been undertaken by the City of Nanaimo on the Colliery Park dams.

Undertaking these studies is consistent with the requirements for a dam owner under the BC Dam Safety Regulation.
The studies have determined there are potential safety hazards for both the Lower and Middle Colliery dams. The
Regulation

requires that should a potential safety hazard be revealed, the dam owner must prepare a plan that identifies and
prioritizes any actions required to correct the potential safety hazard in a timely manner. The City of Nanaimo has
identified a plan and is currently moving forward to address the potential safety hazards found with the Colliery Park
dams. Although our office has not issued specific timelines, we are working closely with the City of Nanaimo to resolve
the issue with the Colliery Park dams in a timely manner.

Yours truly,

flzgté'\goggqagafet Section DSS, Never retracting letters to the newspaper on
’ g catastrophic collapse, 1800 impacted and 150 deaths



2010 INSFCTION COMPLIANCE FORM FOL. JWNERS OF HIGH
& VERY HIGH CONSEQUENCE DAMS

SUEMIT FORN TQ:

By Fay at: 2509526792

DamMName: Midde Chass River Dem

By amall at: dam.safet ov.be.c;
By Mail at: Dam Safety Section, Water Stewardship Division . l A N I 8 2 O I I DA M
395 Waterfront Cres, I |lIll "
Ministry of Envirenment, Victorla BC, VST SKT 1 3
Pleass include contact: name, address, phone # & a-mall:
Mame:  Scott Pamminger, Watar Resources Tachnclogist
Addrass: City of Raneimo, Pubdic VWeorks Yard, 2020 Labisux Red., Mensime, BG, VIT 848

Phone: (2600 T568-6338

E-mall: scoll par'mingor@nanaimo.ca
RECEIVED AT
Please read the infermation overlesf (page 2) befure completing this farm. You wlll find mors
inform atior on our websits: www.eny.gov.be.caiwedipublic_safetyidam_safetyl.

1. Ema your Formal Insnsction for 2010 been comalzted? Ves [£] Na [J

Inspactad By: Owner [, Other £ - Who? BAM Engineering Ltd
Commants:

2. Have any Dam Safety Concerns heen identifled? Yes ] Mo [X] Fyes plaass elaborale,

. I YRS 0

Hae a plan been prepared to addrass the safaty sancern(e)? Yes [] Na [ NAE
Comments:

4. Did you undertake ragisr (see paga 2) Site Survellance? Yea I Nol[]
Comments:

5. Status of your Darn Safety Review? Complete ] Started [ Not Started [
Expected Completion Dale: Cily will b= underiaking next Dam Safety Reviews In 2013,

Additonal comments or suggestions:

Submitted by; _Scott Pamminger _ Dale: 18-Jan-2011 "
Pasilion: _Water Rescurces Technologist Phone: _280-756-6338
E-mail: i ﬁctJt‘..c_arnrniﬂgar@_rlanallrlc.ca

i

1, Has your Formal Inspection for 2010 been completed? Yes [ No ]
Inspacted By; Owner [ ] Other B4 - Wha? BAM Engineering Ltd.
Commenis
2. Have any Dam Safety Concerns been identified? Yes [l No X i yes please elaborata,



2011 INL. ZCTION COMPLIANCE FORM F

rsaﬂ.wrh | HIGH, VERY HIGH & EXTREME CONSEQUENGE CMEgement Branch
Date Raceived:
SUBNMIT FORM T JAN 11 28R

By Malf at: Dam Safaty Section, Yater Menagament Braﬁ
Mirisiry of Forests, Lands and Natural Resoupcd Sheratiors-vistorie-86—
Please use pre-paid, self addressad snvelop gresshelow

By Fox af: 250-652-6782 et :
By email af: dam.safetyibgor.be ca ,% MR, '.: i
LOWER CHASE RIVER DAM 'liEl;:? :mmunamrmcnm:r?

SCOTT PAMMINGER | Pieass Comect Dalw:

CITY OF NARARID
FUELIC 'WCRES YARD
NANAINMD_BC VaTe8

Fibe Huwisar for cormapundence: DT20002-00 Pleaes lichode contact phone #8 o-mall:
era_ 295 T8l 5335

| et aui{'. 1 By 1. S8

Plessa resd the mlurmlllunmﬂunnlnom hisfars mplamwnhﬁrru You wlll find mass il atics on
e wabalio: wesy et goviecaiw cfpuhilc_saivividers_unil

1. Hes your Formal Irspscéion for 2011 bean complated? \’Eﬁlﬂ |
Ingpecied By: Owrer [, Other @,Wh:? By EnEP.ﬁggn'q Lid.
Comments: __ e —_—

2. Hevasny Dam Safaty Goncems Bean identified? Yes |:| Mo o] Fyes pesae elaborate.

. ;

1 mi:::bun preprared to acdress fhe safsty concemis?  Yes [ Na': h-l'ﬂﬂ
Gommenis: - —m £

4, Did you urdertake mgulsr (s2e page 2) Sils Survellance? vea ] W[
Commanis: ;

&, Ma=s s Profassional Engingar complated your Dam Ssfaty Review? m to [Istarted] ]

It “Staned DSR") scheduled complation date i&:

6. Have you submitted your Dam Safety Review? YHM ns1

7. Doyou hava a current OMS & EPFF YEEMNGD

B Haa you complated fha anmisl EPR mﬁm\/?\'md Na[ | Varr insk opatad: 2612

Acdlional sarmends of BUpgaEbons; U‘%ﬁp'ﬁgﬂ EbP _in _peageess

Subriltted by: it Y Date:___Jonuery 5, 2oz
Poetion: _Waler ﬂmmﬁ_&;n_{_ﬂiﬂ_ Phore __ 2%6. 5L . S338
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JAN. 8 2012 DAM
INSPECTION
FOR 2011
RECEIVED AT
DAM SAFETY

NO CONCERNS

I

Has your Formal Inspaction for 2011 bean complated? ves ] No[_|

Inspected By: Owner | |, Other [«
Comments;

Whe? _BMA Eng'mggfmq Lid.

2. Heve any Dam Safety Concerns been idantfisd? Yes 1 No If yas plaase elaborate.
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FEB 24 2012
EMAIL FROM
CITY
DESCRIBES THE
PONDS AND

DSS ASKED...
HELP
NEEDED
TO KEEP FOCUS
ON RISK...
THAT DID NOT
EXIST



From: Morgan, Soft FLAR:EX

et iy, Febnuary 24, 2012 1234 W

To: "Bl Sime’

ot Baitwin, Jonn FLARGEX

Subfect: AF: Reservolr Mo 1 and Collery Dams Roundtable

bl

aven'tfaked o John butknows I wen't b ale o afted the efngeher. Mot Respansie
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Chears
Sott

FEB 24 2012
EMAIL FROM
DSS

DAM SAFETY
OFFER TO
DO OUR BEST
TO HELP
OuUT

RISK THAT DID
NOT EXIST



A" BRITISH
COLUMBIA

The Best Place an Earth

DEFICIENCY CHECKLIST

If you find deficiencies with any component of your dam, use the following table to guide you to the
relevant section of the SELF-HELP GUIDE in the Appendix of the Inspection and Maintenance of Small

Dams booklet.

IS THERE ANY APPARENT...

IF YES THEN...

CRACKS

* embankment cracks on the crest?

e  embankment cracks on the u/s slope?

s embankment eracks on the d/s slope?
VEGETATION GROWTH AND DEBRIS

*  excessive vegetation growth on the embankments?
o floating debris?

& vegetation or debris blocking the spillway channel?
STRUCTURAL PROBLEMS

*  settlement on the crest?

e slough, slides or bulges on the u/s slope?

+  slough, slides or bulges on the d/s slope?

*  slough, slides or bulges on the reservoir shore?

«  slough, slide or erosion of spillway channel?

+ sinkhole on crest?

o sinkhole on ws slope?

e sinkhole on d/s slope?

e  displaced or broken down riprap armor?
SEEPAGE

e wet areas or seepage on the d/s slope or toe?

«  ponded water at the downstream toe?

& wet areas or seepage along d/s abutments?
ANIMAL ACTIVITY

e signs of livestock traffic across dam embankment?
e rodent burrows in dam embankment?

o beaver dams in reservoir or across spillway channel?
OUTLET PROBLEMS

* outlet operating problems?

s deterioration of the outlet conduit?

SPILLWAY PROBLEMS

+  spillway blockage?

e channel blockage?

e inadequate capacity?

Oooop oo 0ODp 0g0o oo0oooooogp ooogp ooo

ooopoops ooop goop ooooooooopooosooo

section 2.4, 2.5& 2.6
section 3.5

section 4.1

section2.1, 34 & 5.2
section 1.2

section 8.2

section 2.7
section 3.6
section 4.2
section 1.1
section 8.1
section 2.8
section 3.7
section 4.4

section 3.2

section 4.3 & 5.1
section 5.2

section 6.1

section 4.5
section 2.2 & 3.3

section 1.3

section 7.1

section 7.2

section 83
section 8.2

section 8.3

how me the money

by
oing the right thing

No deficiencies can be determined by DSS self help guide checklist



EMERGENCY MANAGEMENT

In the Business of Emergencies and
Emergency Management

There is usually no next time, no 2nd chance
And there is no time out



We know some events build slowly!

With FLOODING for example:
there will be a next time, but still no 2nd chance,
or time out




With Pandemic Influenza for example:
there will be a next time, but still no 2nd chance,
or time out



There are far greater concerns facing Nanaimo
drought, water interruptions, earthquakes

Mother Nature's B

IMPACT ON WATER [} S80 BILLION

replacement cost for drinking water, wastewater and

As large towns and cities across Canada <& I’- stormwater infrastructure in Canada reported to be

continue to grow, large paved surfaces and ’ IN “FAIR’ TO ‘VERY POOR® CONDITION
extreme weather conditions dramatically i -

increase the challenge of managing excess ‘

water caused by storms.

78%

believe their
town's water

E
infrastructure is
IN GOOD CONDITION
and don't see a need
for investment

Ry

r *
o
60% &=
of 18-34 year olds would
give up a PAVED DRIVEWAY
y

Canadians say that we should prepare for
8 % THE POSSIBILITY OF A MAJOR DISASTER

that affects storm water management systems

S G 0 0 W =

9/10

Canadians believe
that a major disaster of
the magnitude of
HURRICANE SANDY
1S POSSIBLE IN THEIR

in upkeep

to help water management

159

are very aware of the condition of

%ﬂ ICIPAL WATER INFRASTRUCTURE

e 2013
RBC Canadian
Water Attitudes
Study




Categorized Disasters

Natural Industrial
Eaf' thuake Urban Fire
Flood Hazardous
Forest Fire Materials
Landslide Explosion
Severe Weather Structural
Wind Storm Collapse

Transportation
Social/Political
Bomb Threat
Sabotage/Terrorism
Riot



EMERGENCY PLANNING OBJECTIVES

1. Assess Risks

2. Mitigate Risks 3. Plan for
Response

4. Plan for
Recovery

5. Ensure
Preparedness

6. Evaluate and
Renew Program

Governance

Federal, Provincial, Territorial, (FPT)
Ministers Responsible for
Emergency Management

Federal, Provincial, Territorial, (FPT)
Deputy Ministers Responsible for
Emergency Management

Federal, Provincial, Territorial, (FPT)
Senior Officials Responsible for
Emergency Management (SOREM)

Federal, Provincial, Territorial, (FPT)
Response Working Group

® F F B B B B B BB

Other Federal, Provincial, Territorial (FPT)
Working Groups

Critical Infrastructure

Communications

First Mations, Inuit and Northerners
Prevention/Mitigation

Public Alerting

Response

Recovery

Emergency Preparedness Outreach

Inuit and Northerners

National Emergency Management Training
Committee (NEMTC)

Chemical, Biological, Radiological, Nuclear and
Explosives (CBRNE)

Interoperability

Search and Rescue

LOCAL AND INTERGOVERNMENTAL PLANNING OBJECTIVES

Operational Level



Emergency Program Guide
Strategies for the Six objectives.

Objective 1 — Assess Risks
1-1 Identify and Map Vulnerabilities

1-2 Research Risk Questions, Record Results

1-3 Identify and Map Risk Areas
1-4 Upgrade Risk Assessment Report

Objective 4 — Plan for Recovery

4-1 Establish Recovery Procedures

4-2 ldentify Sources of Assistance

4-3 Adopt Community Redevelopment Plans

Objective 2 — Mitigate Risks

2-1 Identify Mitigation Options

2-2 Promote Fire Safe Community Program
2-3 Mitigate Dangerous Goods Risks

2-4 Facilitate Flood, Landslide Program

2-5 Revise Land Use Plan to Mitigate Risks

Objective 5 — Ensure Preparedness

5-1 Identify ECC Members and Alternates
5-2 Establish ECC Facilities and Equipment
5-3 Train ECC and Other Personnel

5-4 Conduct Exercises and Debrief

5-5 Advise Public on Preparedness

Objective 3 — Plan for Response

3-1 Verify Resource Contact Information
3-2 Update Agency Plans and Agreements
3-3 Plan for Evacuations

3-4 Facilitate ESS Program

3-5 Update Plan

3-6 Verify Response Capabilities

Objective 6 — Evaluate & Renew Program
6-1 Develop Record-Keeping Systems

6-2 Design Annual Report

6-3 Develop and Recognize Volunteers

6-4 Upgrade Program Guide




There are far greater concerns facing our
NANAIMO and region

Aircraft Crash
Atmospheric Hazards
Dam Failure

Disease and Epidemics
Drought

Explosion

Fire

- Urban

- Industrial

Flooding

Hazardous Materials
Landslide or Debris Flows

Lost Persons

Marine incident
Motor Vehicle crashes
Power Outages

Rail Crashes

Seismic Event

Social disturbance
Structural Collapse
Telecommunications failure
Terrorism

Volcanic Ash Fallout
Wildfires

Manifest Local Threats
Getting back to Life or Business as usual.



Simple subjective numeric
risk calculations

Conseguence Probability
o 4 Catastrophic e 4 Certain
3 Major « 3 Probable
e 2 Serious o 2 Possible

e 1 Unlikely

Earthquake 4 x 2 =8 Hazmat 3 x 3 =9



Simple subjective numeric
risk calculations for dams

Consequence Probability

o 4 Catastrophic e 4 Certain

3 Major 3 Probable

e 2 Serious e 2 Possible worst

e 1 Minor g 1Un|iely

. o,
.
LD

- . - = 7y K
10 4 PR - e
11k Saae.

Q1000yr 1x1=1 atworst1x2=2



Risk Assessment - WTSHTF

Aircraft Crash
Atmospheric Hazards

Dam Failure
Disease and Epidemics
Drought
Explosion
Fire
- Urban
- Industrial
Flooding
Hazardous Materials
Landslide or Debris Flows

Lost Persons

Marine incident
Motor Vehicle crashes
Power Outages

Rail Crashes

Seismic Event

Social disturbance
Structural Collapse
Telecommunications failure
Terrorism

Volcanic Ash Fallout
Wildfires

Getting back to Life or Business as usuall



|dentify threats
To Provide framework for

RISK IS ACCEPTABLE

* Under this BC regulation, identifying and managing
emergency plans prepared by risks. _ _
local authorities must reflect » Identify risks associated with
an: a particular course of

...assessment of the relative risk actions designed to deliver a
of occurrence and the potential particular outcome.
impact on people and property e Once identified those risks

of emergencies or disasters... are managed to limit the
potential of adverse results

and achieve the desired
outcomes.

 Risk managementis a
cyclical process.

A~ . -
=iy = -
Al e g=mithiroes
=t ey e e =
e s



Chase river water shed
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REMINDER OF WESTWOOD LAKE,

COLLIERY DAM
"""i-.]t 9 DAMS

ﬂ‘ ok I R s _...:.I"__ | EXIST
WESTWOOD LAKE T TR e Ly IN

3,714,000 n_*:u. I"I"t_'EtI'EF S
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' COLLIERYDAMPARK .
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158,900 cu. metres te




Watershed catchments the ponds

Wes 1, Midele and Lower Chase Lakes Profiling Bashy B0 & 150 Wesrmaed, Middle and Lower Chaze Lales Profiling Sonar Bathvmery PO = 2150

Middle Chase Lake Survey Dlate: 4th Nowember 2003 E:IWE'I' Chase Lake Survey Dater 4 November 2003
& Elration 71 304m

Wkt Eleation: BS4T8m
alva sinactura

Lk hevel on day of survey B8 478
Al madauraments ars Malns

I
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7/ Principles of Risk Management

Global perspective
Forward-looking view
Open communication
Integrated management
Continuous process
Shared product vision
Teamwork

~N o OB W

ASK YOURSELF IF A FEW PRINCIPALS GOT MISSED IN THE PROCESS??



CULTURALLY SIGNIFICANT TREES AND AREA...
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SPILLWAYN PLAN MILLIONS OF $'S PLUS
VERY INTRUSIVE

@
=
Z\

— CHANNEL ARMOURING

PERESTRIAN FOQTRRINT

REROUTED

L.
4 LABYRINTH WEIR

4
3

LABERINTH ESTIMATE TO STARTAT $8
AND LOWER THE LEVEL OF THE LAKE 15 M

e,



THAT'S THE HISTORY
NOW THE FUTURE




MANAGE THE OVERTOPPING???

BY MASSIVE EXCAVATION AND WIDENED SPILLWAY'?



Park beautification
and Dam hardenil_ng_ﬂ______?_._ __

COMMUNITY NEEDS




LOWER COLLIERY DAM
OVERTOPPING

. Qspuuway = 94.3 mlsec » / N o Q1 MU-TR s HN P

BASICALLY RAISE THE
DAM MAX. HEIGHT 1 M.

80.00 100.00

Q1000 AS ACCEPTABLE COMMUNITY RISK



Hardening. Stabilization and Beautification

' ?Ksmway raised
<:""'""\

RIGHT F.rl.ﬁf
SECTTON

». side

Ipl ‘l!:l' LIIl.O '|JEt.

ardened

Existing dam

and dam_ . - ‘ B
f‘edg N ; Line of limits of overtopping |\
] ! o " m 0 3 . L

! — = o RESERVOIR Vil v/ e

LOWER COLLIERY DAM
OVERTOPPING

Qioo0-vr + 23 PP




DAM BENCH/BERM SPILLWAY
ENHANCMENT

e W, o e

\

Example of bench Berm in California for flooding from global warming.



andslide Remediation
Rockfall Mitigation
Bridge Abutments & Retaining Walls
Excavation Shoring
Retaining & Historic Rock Wall Repair
Bluff Stabilization

Micropiles & Ground Anchors

CAN THE DAM
SURVIVE THE
DESIGN FLOCOY

THIS 15 THE CURITENT PATH
R

BUT TH

E AREWEN B U

GeoStabilization to manage the risk




OVERTOPPING RISK MANAGED
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GSI ANCHORING OF THE BERM BENCH




GEOSTABILIZATION FOR THE MIDDLE




What is it?

Cable Cencrefe #is one of the mest up fedote
forms of eresion control Gvailoble. This system of
Integrating strang flexible stainless steel cable
infa high strenglh concrete permits durability end
flexiility.

Coble Concrete &is formed lo cover on orenof 2,41
mix 488 m {8t x 16 11.] and is avalioble in four
welghts: 20, 35 45 and 70 b/ 3. fi. This allows
you to econamically meel the reauirernens of
vaur particular praject.

How doas it wark?

I order ta pravide maximum protection, the
Cabile Concreted mat must feom up with @
palyester aeotexiile bosa cloth.

The needie punched geotextile oliews maisturein
fhe subssoil o drain, preventing bulid v

hydroulic pressure bencath the profective
concrate mat. As this action fakes place, the
suBarode material is held in fct by the weignt of
fhe Cable Concratei and separating agility of the
gectexile.

The hiah strength mot alsa arovides o duroble
shield 1a protect subarade matarkal from high
warler velocities ond wove oction.

How is if installed?

Cable Concraled is exceptionally sasy fo install
abave and balow woler level. On site gssembly s
ot required, therefore abour 20815 are kept toa
minimum,

Wha 1o prepare?
Site preporotion is minimal as fhis System can be

installed on existing sub grade material following
minimal grade preparalion.

what is the Flaxibliity?

I order to provide moximum effectiveness in
erasion control, the profective device must keepa
unifarm aressure o0 1he geotextiie ond sub grode
material of oll fimes, Due fo its intearaled coble
design, Coble Concreted will eosily confarm fa
any surface chonges covsad by freeze-fhow, #le.

‘What is the Stability?

The integrafed cable in Cable Concretes allows
for pasy interiocking f many mErs ta form o
single strang unif to cower any aree required.
Clomping is recammended for maximum
stabllity,

What s the Versatility®
Caibe Concrete® con ensily becul to fit smallar

wrams. frrEquiar shapes or oliew for droinoge
piges,

GEOSTABILIZATION FOR THE MIDDLE DAM

Wt abaut Anchaoring?

The integrated coble in Coble Concretes is sasily
accessible for use in ancherins. Some installatian
may reauire the use of on anchor far extra
shabliity.

What hoppens to the Vegetation regrowth?

Due tatha larae pereentage of open area within
the Canie Concrate® system, vepatation regrawih
Besily pocurs. For best results, soil con e back:
fied 1 just biiow the fos of the DIocks and re:
seeded,

Whot about Vehicle access?

The integrotod cabbe allows external farzes o be
distributed throvghout the system. Maintenance
vehicles con aosily moneuver aver this type of
systern, Vehicle crassing of ereak and rivar beds
e aasiiy Constru, with Cable Concretes,

Addressing the overtopping failure



MIDDLE DAM AND DOWNSTREAM
MITIGATION

Landslide Repair

Lawmched Sodl Mail arrays can stop movement in shallow
landslides—without excawvation, drill cuttings or fluids, or
signitficant site disturbance—and require only one lans

of traffic closure during working hours. That translates to
decreased emvironmental impact, a mwch reduced carbron
footprint and significant project time and oost savings
compared with more traditional repair techniques.

G51® can typically provide design-build-wamanty landsiide
repairs. That means that G51° engineers or techinicians will
provide a no-oost no-obligation visit to amy landshde.

After surveying the site and gathering data, a design and
guaranteaed fied-cost proposal will be submitted to the
client. In emergency situations, we routinely have crews
installing nails three days or fewer after a failure and often
have the mad open to traffic within the week. With ower
1000 landslides repaired to date, no other company has the
expenience, tools, rmpid response time or guarantee of G5

GSI® engineers use the most autting edge imit equilibrium
and finite element analysis programs to evaluate slope
stability. The models are powerful tools, but only when
coupled with proper input data and the egperience and
intuition to understand the results. At amy given time our
team is invodved in several research projects sponsored by
the company or by public entities. That translates into the
newest methods and technologies going from concept

to verification to implementation with no delays and with
significant cost and time savings to our clients.




HISTORIC AND CULTURAL VALUES

Historic Rock Wall Repair

GSI* has an impressive resume of historic rock wall
presarvation projects. Working in conjunction with roadway
owners and local historical societies, owr team of design
engineers, operators and skilled masons can repair and
restore even the most deteriorated of structures.

If the fading is mostly intact, an array of Superiails®

can provide reinforcement fior the strecture. I the wall
has deteriorated badly, 3 combination of permanent
stabdlization and skilled re-stacking of the salvaged stone
can return the wall to its original appearance.

G5I* employs masons who can emulate a wide variety

of stacking pattenns.

raeh Cemtury Rubble Waill Repaic Primceton. AL



GSl financial proposal

Collieries Dam Overtopping Erosion Protection proposal
Based off all that we have been privy to and our extensive experience, our preliminary fee estimates
indicate we can complete all the necessary works to protect

BOTH the Lower and the Middle dams from the catastrophic overtopping failure for $3 Million or less.
this fee would include:

» All engineering and sign off, based off the Golder flood flow calculations, and other
engineering completed to date.

» Supply and installation of the matts, anchors and landscape works required to complete
the works

This total project cost projection indicates a SAVINGS of:
e $5.1+ Million savings, as compared to the Proposed Spillway option, for Lower Dam only,
 $4.2+ Million savings, as compared to the Alternative Overtopping Option, for Lower Dam only.

As mentioned before, GSI fee estimates are an all inclusive cost for the project as a whole and due
to extraordinary efficiencies found within our project delivery model this 50% cost saving are our norm
and not unexpected.

If the City was to give us confirmation that they would entertain our proposal, we would be most
pleased to:

— complete the final design and fee estimate; pro bono,

— Present the proposal to the City in a document format,

— and present our proposal in a live presentation meeting.

Thank you kindly for your consideration.
Sincerely,
Peter Bullock, P.Eng., M.Eng.  Principal Engineer



RISK, MANAGEMENIE Ot
OVERTOPPING
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Evacuation planning mapping,
response and recovery

Unified Command

A B C

| | |
Objectives and Strategy

Hazardous Incident Action Plan
Materials |
Incident :
Operations ol el
Section Chief e

Div. 1 Div. 2 Div. 3
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AND
NOTICES




MANAGE THE RISK




SAFETY FOR SOCIAL EVENTS




PROTECT THE HISTORY

4/30/2006

;'é
Image & 2015 Nanaimos
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Protect the Social Equity




Table 6-1 CDA Dam Safety Guidelines 2007 Socl etal

NOorms

CDA%ACB DAM SAFETY GUIDELINES 2607

of acceptable

Table 6-1: Suggested Design Flood and Earthquake Levels
(for Use in Deterministic Asseéssments) - * risk

N——
b R T T —— T T ——— T
Per gt . . : o ) 3 ;. P T . .
s s e e Faag o ok PR S S L R A P S
L

ﬂ:}F [noi:e 2] i e EDGM[nol:e EY

. l.l.i'.l,.l.. l..l.l. I-,i-,il LTAWEDLI l.il'l.U'U"n.F.’l":ﬂ.L QAL & LVEL IIGEI.L'UEI.I!.ID..I.HI.‘.I..

Noté 6. The EDGM value must be justified to demonstrate conformance to sécietal norms of
acceptable risk. Justification can be provided with the help of failure modes analysis focused
on the pacticular modes that can contribute to failure initiated by a seismic event, If the

justification cannot be provided, the EDGM should be 1/10,000. -

I Mote 3. AEP levels for EDGM are to be used for mean rather than median estimates of the
hazard.

MNote 4. Selected on the basis of incremental flood analysis, exposure, and consequences of
failure.

Note 5. PMF has no associated AEP. The flood defined as “1/3 between 1/1000 year and

§ PMFE” or “2/3 between 1/1000 year and PMF” has no defined AEP.

Note 6. The EDGM value must be justified to demonstrate conformiance to sdcietal norms of
acceptable risk. fustification can be provided with the help of failure modes analysis focused
on the particular modes that can contribute to failure initiated by a seismic event. If the
justification cannot be provided, the EDGM should be 1/10,000.




Societal norms of acceptable risk

Etfective application ot the balanced equity-efticiency approach requires acknowledgment that
both economic etficiency and social equity are legitimate goals that society wants to pursue.

» Windigidual 7isk relates to concerns ot how individuals see the risk trom a particular hazard
atfecting them and their property. It is usually detined as the risk to a hypothetical
member ot the public living in the zone that can be attected in the event that a hazard
occurs. The criteria tor individual risk depend on such tactors as whether or not the
exposure is voluntary, whether the individual derives benetit trom accepting the risk,
whether the individual has some control over the risk, and whether the risk engenders
particular dread.

» (Societal #¥isk gcenerally refers to hazards that, it realized, could impact society and thus
cause socio-political response. Societal risk may be seen as a relationship between the
frequency ot a particular hazard and the number of casualties it the hazard is realized. In
applications dealing with hazards trom engineered installations where the predominant
issue is life safety, societal risk is characterized by graphs showing frequency of events
‘that could cause multiple fatalities.

An action to reduce the risk is clearly necessary it the risk is not acceptable. The ALARP principle



ACCEPTABLE CONSEQUENCES

CDA%ACB DAM SAFETY GUIDELINES 2007 (Revised 2013)

Table 6-1B: Flood and Earthquake Hazards, Standards-Based Assessments 2013 Revision

(Target Levels tor Initial Consideration and Consultation between Owner and Regulator)

Dam Class Annual Exceedance Probability - Annual Exceedance Probability -
[note 1] Floods [note 2] Earthquakes [note 3]
Low 1/100 1/100

Significant Between 1/100 and 1/1000 [note 4] Between 1/100 and 1/1000

High 1/3 between 1/1000 and PMF [note 5] | 1/2475 [note 6]

Very High 2/3 between 1/1000 and PMF [note 5] | 1/2 between 1/2475 [note 6] and 1/10,000 or MCE [note 5]

Extreme PMF [note 5] 1/10,000 or MCE [note 5]

This table addresses two major natural hazards only, and does not consider the many other types of hazard that must
be considered in dam safety assessments,

Acronyms: PMF, probable maximum flood; AEP, annual exceedance probability; MCE, maximum credible earthquake
Note 1. As defined in Table 2-1, Dam Classification (Section 2.5.4)
Note 2. Simple extrapolation of flood statistics beyond 10~ AEF is not acceptable.

Note 3. Mean values of the estimated range in AEP levels for earthquakes should be used. The earthquake(s) with the
AEP as defined in Table 6-1B is then input as the contributory earthquake(s) to develop the Earthquake Design Ground
Motion (EDGM) parameters as described in Section 6.5 of these guidelines.

Note 4. Selected on basis of incremental flood analysis, exposure, and consequences of failure
Note 5. PMF and MCE have no associated AEP.

Note 6. This level has been selected for consistency with seismic design levels given in the National Building Code of
Canada.
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Do the right thing — meet the greater needs

Risk by management of
overtopping

Environment concerns with
limited in stream work

Social equity, park
enhancements and public
safety

Cultural, Historic values
protectec

Financially MOST
economical AND

| east intrusive

Nanaimo’s 4 Pillars of Sustainability

A

Material | Ecological
Prosperity Balance

Economic | Environmental
Health | Responsibility

Cultural
Vitality

Social
Equity

Creativity,
Engagement and | Diversity, Heritage
Justice | and Innovation




And You Know it's Bad Storm Coming When.......

Pleased to take any questions
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