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Recommendations: 

1. THAT the Request for Decision report titled "Village of Lions Bay Official Community Plan 

Designation Bylaw No. 408, 20081 Amendment Bylaw No. 525, 2018 - Consideration of First 

Reading and Scheduling of a Public Information M eeting" dated April 6, 2018 be received; 

2. THAT the Table of DPA Guidelines attached be endorsed as a communication tool i 

3. THAT Vil lage of Lions Bay Official Community Plan Designation Bylaw No. 408, 2008, 

Amendment Bylaw No. 525, 2018 be read a first timei 

4. THAT Vil lage of Lions Bay Official Community Plan Designation Bylaw No. 408, 2008, 

Amendment Bylaw No. 525, 2018 is consistent with the Village of Lions Bay 2017-2021 Five 

Year Ffnancial Plan and the MVRD Integrat ed Solid Waste and Resource Management Plani 

5. THAT a public information meeting regarding Village of Lions Bay Official Community Plan 

Designation Bylaw No. 408, 2008, Amendment Bylaw No. 525, 2018 be held at 7:00 p.m. on 

Thursday, April 19, 2018 at Broughton Hall, 400 Centre Road, Lions Bay. 

Attachments: 

A. Table of Development Permit Area (DPA) Guidelines; 

B. Vil lage of lions Bay Official Community Plan Designation Bylaw No. 408, 2008, Amendment 

Bylaw No. 525, 2018. 



THE MUNIC IPALITY OF THE VILLAG E OF LIONS BAY 

on what they need to do so that their land may be used safely for the use intended. The bylaw 

also addresses from a community perspective the minimum safety standards to be achieved for 

new development. 

Summary of Changes: 

A number of changes have been incorporated into the draft bylaw t o better reflect the 

information and recommendations contained throughout the Cordil leran Report, to ensure that 

the guidelines are not overly prescriptive and to respond to comments and concerns raised at 

the public meet ing and in feedback received since then. 

In many cases the changes made are for clarity and consistency in wording of gl.lidelines. The 

Cordilleran Report was further reviewed and some additional guidelines and t ext that were not 

included in the draft (by reason of oversight or misunderstanding) are now included. 

In addition, all maps were updated after receipt by the Municipality of additional LiDAR 

mapping covering portions of the Municipality which were not previously included. 

This summary will start with changes to the bylaw which address two concerns raised at the 

public meet ing: 

1. How property owners can dea l with hillslope risks originating beyond the boundaries of 

the Vil lage is at least partially addressed in a revised section 10.4.4.2 which, while 

acknowledging that specific technica l analysis should be undertaken, it is not always 

possible or feasible to do so. In such cases, " In lieu of hard data, expert judgment 

supported by sound geomorphic reasoning must be relied upon." Similarly, the bylaw 

now notes that it is very difficult to predict individual landslide paths given the complex 

micro terrain above Lions Bay. However, use of high resolution LIDAR t opography would 

aid defining specific travel paths for various landslide volumes and rheologies. [Rheology 

is the study of the flow of matter. An understanding of a rock's rheological properties 

t ells us how it behaves when a force is applied to it .] Property owners wishing to 

develop will have some options for assessing risk beyond t he Village boundary while the 

Municipality seeks cooperat ion from the Province to undertake further study of hazards 

originating on Crown land above the Village. 

2. Regarding guidelines that may be at cross-purposes where there are multiple hazards 

affecting a property, language has been included in section 10.5.3.3 to ensure a 

coordinated approach ls taken where there may be conflicting object ives. Language in 

the guidelines has also been softened. For example, wildfire mit iga tion practices or 

condit ions, including non-structural roof and siding replacements, should now be 

"considered" as opposed to "required" . Clarification is also included to indicate that 

geohazards will usually take precedence over wildfire hazard, "where potent ially 



THE MUNICIPALITY OF THE VILLAG E OF LIONS BAY 

10. At the public meeting, Mr. Friele indicated to the Planning Consultant that the word ing 

regarding guidelines for DPA 2A and DPA 28 should be similar, especially with respect to 

the "tanking" comment and in terms of making reference to scour protection. 

Guidelines In sections 10.3.2.2 and 10.3.3.3.2 now read t he same in this respect. 

11. In sections 10.3.4.2 and 10.3.4.3 there was some confusion about ravine setbacks in DPA 

2C. The Professional Geoscientist noted that there is no minimum 15 m setbacks from 

ravines and that it is recommended that, for land within 30 metres of ravine crests, the 

minimum setback be determined by the qualified registered professional on a site 

specific basis. References to 15 and 30 metre setbacks have been deleted from the DPA 

2C guidelines. 

12. Section 10.4.2 Landslide Safety Policy has been revised to include specific reference to 

Table A of section 10.1.1. 

13. With respect to section 10.4.5.2 Rockfall guidelines, specific statements in the 

Cordilleran Report (guidelines 2, 3 and 4 In the revised bylaw) were mistakenly omitted 

or not recognized by the Planning Consultant as guidelines. 

14. In the steep slopes DPA 3C, a guideline has been included from the Cordiileran Report 

outlining basic considerations for a qualified professional1 s report. 

15. In addition to softening t he language regarding Wildfire Hazard DPs, the application of 

DPA 4 Wildfire Haza rds has been amended so that Development Permits will only be 

required for development/construction that requires a building permit. 

Options: 

1. Receive the report, endorse the changes to t he draft bylaw, read the bylaw a first and 

second time and set the public hearing date for March 8, 2018 per the recommendations at 

the beginning of this report. 

2. As above, with potential changes to the recommended amendments; 

3. Otherwise as Council may direct. 

Preferred Option: The first option to accept the recommendations as per the beginning of the 

report. 

Organizational and Intergovernmental Implications: 

The Local Government Act requires that amendments to Official Community Pl~ns be 

considered by the Council with respect to implications for financial and waste management 

plans. This is requ ired after First Reading and before the public hearing. 



Table of Development Permit Area DPA) Guidelines 
Development Permit Aren Applies to Rcuon Minimum requlrements, for oevclopment Permit• 
1: ocean natur~I haiard Areas lower than 8 rn Above Sea Level /\fea potl!nllally subject Habitable space located above the slte speclnc FCL as dctennlned 
areas (ASL) potentially subject to coastal to tOBHal erosion and Uy QRP 
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cllmota d1~nge and rising sea li.vel d ranRo and sea level rbe 

"2: Crl'Ck A: Mltlaa1ed Are~1 or tht res1>ecllvo rans Mav be subject to residual Uulldlng des1aned 10 withstand debris flood impacts with the top 
11alur~I debrl1 fa11 down!tre~m or flood flood hazard or concrete steel relrlforced foundMlons established 1rn 01 1nora 
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ueai ere.st and erosion hn ards Management or on·slto storm woter dr~lnagc monaeernont nnd 
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3: Slope A: Open· From Highway 99 upslope Lo the! lllah to Very Mlgh Landslide Risk Alsessment for upslope ha1ards potenclally allecling a 
m1tur~I slop~ municipal ~unduv 1>otenllal consequente sllc, and seismic slope fliblllty for foundation soils, enstneered slope! 
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aruas wulls and other measures determined by QRP. 
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threshold used In llC. compliance wlth Worksafe Regs and roqulrcmonts under DPA3A 
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•Ust ~nd Indemnity Covenonts renulred for DPAs 1, 2 &J. •sne B~l1w for 1ddltlon1I OP rcaulrements and ~iwmpllons. 



READ A THIRD TIME 

ADOPTED 

Mayor 

Corporate Officer 

Certified a true copy of 
Bylaw No. 525, 2018 as adopted. 

Corporate Officer 



10.0 Development Permit Areas 

10.l General 

Schectuie A 

Village of Lions Bay Official Community Plan Designation Bylaw 

No. 408, 2008, Amendment Bylaw No. 525, 2018 

10.1.1 Introduction - Purpose and Policy 

The technical study by Cordllleran Geosclence titled "The Village of lions Bay, Natural Hazards Development Permit 
Area Strategy: Coastal, Creek and Hillslope Hazards", dated January 18, 2018 (the "Cordllleran Report", available from 
the Village of lions Bay by request or from the Village of Lions Bay onllne Reports and Documents Library at llonsbay.ca), 
Identifies land potentially subject to geological natural hazards. The study notes that Jn Lions Bay, given the steep 
terrain and the coastal maritime setting there are a number of geohazards that may affect the communlty, Including 
coastal hazards, creek hazards and hlllslope hazards. 

At. described In the Cordilleran Report, a hazard Is a phenomenon With the potential to cause harm; It Is usually 
represented by a magnitude and recurrence Interval (Table 1). 

Cordilleran Report, Table 1: Qualitative hazard frequency categories 

Qualitative 
frequency 
Very high 

High 

Moderate 

Low 

Very low 

Annual 
return 
frequency 
>1:20 

1:100 to 
1:20 

1:500 lo 
1:100 

1:2500 to 
1:500 
<1:2500 

Probability 
>90% In 
SO years 

40%to 
90% In SO 
years 

10% to 
40% In SO 
years 
2% to 10% 
in 50 years 
<2% In 50 
years 

Comments 
Hazard Is well within the lifetime of a person or 
typical structure. Clear fresh signs of hazard are 
present. 
Hazard could happen within t he lifetime of a 
person or structure. Events are Identifiable from 
deposits and vegetation, but may not appear 
fresh. 
Hazard within a given lifetime Is possible, but 
not likely. Signs of previous events may not be 
easily noted. 
The hazard is of uncertain significance. 

The occurrence of the hazard Is remote. 

Consequence (Table 2) is a product of factors, Including whether a given hazard will reach a site, whether elements at 
risk (e.g., houses/people) will be present when the site Is affected by the haiard, how vulnerable the elements at risk 
are to the hazard affecting the slte, and the value of the elements at risk or the number of persons exposed. 



In the circumstances, the Munlclpality considers tt1at the level of risk tolerance for new development ought to consider the 

scale of such development in comparison to generally accepted levels of risk tolerance for existing development, as Indicated 

ln the first line of Table 11. If new development is within a smaller scope as described In the first two types of application In 

Table A below, then it is reasonable to set a safety standard which Is generally appropriate for existing development. 

Typically, as noted In the Cave Report from t he Fraser Valley Regional District, such smaller scale development ls ln the 

nature of infill or extension of existing development w hich may already be subject to the same hazard. Accordingly, balancing 

concerns for safety with economic, social and polltlca l considerat ions, the levels o f risk tolerable and acceptable to the 

VIiiage of Lions Bay in respect of new development Is in accordance with the risk thresholds set out In Table A below. 

Table A: Risk Tolerance Polley for New Development, VIiiage of Lions Bay 

Risk tolerance thresholds In accordance with development type: 

Type of Application 

Building Permit or 
Land Alteration Permit 
for development on existing 

RSl parcel as permitted by zoning 

Subdivision and/or Rezoning 
to create ll or fewer 

fee simple or strata parcels 
{Including the original parcel) 

Subdivision and/or Rezoning 
to create 5 or more 
fee simple or strata parcels 
{Including the original parcel) 

1:10,000 
+ALARP 

x 

x 

• Ratios denote annual probability of lnd lvldual loss of life 

1:100,000 

x 

•FQS >1.3 
(st<itlc) 

x 

x 

.. FOS means Factor of Safet y, generally In relation to engineered slopes ;ind ravines 

+ ALARP means As Low As Reasonably Practicable 

*FOS >1.5 
(static) 

x 

For a risk to be ALARP, It must be possible to demonstrate that the cost Invo lved In reducing the r isk further would be grossly 

disproportionate to the benefit gained. In Lions Bay, this principle of mitigation ls to be applied across all Development Permit 

Areas (DPAs), particularly where t he level of hazard uncertainty ls significant. Qualified Registered Professio nals wlll be 

responsible for Indicating that all methods to reduce risk to As low As Reasonably Practicable have been considered or Implemented. 

The M unicipality specifically and explicitly chooses not to set a risk tolerance threshold In respect of existing development In 

Lions Bay. The risk tolerance policy set out herein is Jn respect to new development only, including any application for 

subdivision of land, any application for rezoning, and any application for a Development Permit, howsoever triggered or 

required. 



10.1.3 Activities that Require a Development Permit 

1. In a Development Permit Area: 

a. land within the area must not be subdivided; 
b. construction of, addition to or alteration of a building or other structure must not be started; 

c. land within the area must not be altered; 

unless the owner first obtains a development permit or an exemption under section 10.1.4 applies. 

2. For the purpose of section 10.1.3.1, 

a. construction of, addition to or alteration of a bui lding or other structure includes, but is not limited to: 

I. new building construction; 

II. bullding additions and alterations; 

Ill. construction of, addition to or alteration of accessory buildings and structures, Including pools, hot tubs, 

sheds and other structures; and 

Iv. construction of, addition to or alteration of retaining walls 1.2 metres or htgheri 

b. alteration of land includes, but Is not limited to: 

1. site clearing or removal of vegetation; 

II. landscaping, Including planting and clearing; 

111. site grading; 

iv. tree removal; 

v. placement of fi ll, or disturbance of soils. rocks or other native materials; 

vi. creation of impervious and semi-Impervious surfaces, such as patios and driveways; 

vii. Installat ion, construction or alteration of flood protection or erosion protection works. 

3. The Municipality may impose in a development permit, any condition permitted by law In order to ensure compliance 
with the guidelines set out In this document. 

4. Where a parcel ts designated as being within more t han one type of development permit area, a single development 
permit may be issued, provided that the guidelines for all applicable development permit areas are addressed in the 
development permit. 

10.1.4 Exemptions 

The followlng activities are exempt from the requirement to obtain a development permit: 

1. publtc works, services and maintenance activi ties carried out by, or on behalf of, the VII/age of Lions Bay, and 

approved by the CAO; 

2. non-structural repalrs or renovations, tncludtng roof and other exterior repairs or replacements; 

3. repair or replacement of an existing deck, provided that the location and dimensions do not substantively 

change; 



2. Where applicable, a report by a qualified registered professional should Include the following: 

r. Report name and date; 

II. Client lnformatlon; 

ill. Quallfled registered professional Information (training, experience, Insurance); 

Iv. Property Information (legal and civic); 

v. Description of development proposal; 

vi. Review of relevant Village of Lions Bay bylaws and other statutory requirements; 

VII. Review of background Information (site-specific and overview archived & provided by the Villaee of Lions 

Bay and others); 

viii. Description of geologic and geomorphlc setting; 

ix. Description of field work conducted on and, if required, beyond the proposed developrnent; 

x. identification of natural ha~ards or other hazards identified in background reports and field work. 

Includes also a description of all potential hazards and rationale for excluding some; 

xi. Provides site plan and other mapping required to show hazards affecting, minimum scale 1:5000; 

xii. Provides maps, Illustrations and diagrams to Illustrate risk scenarios referred to In the Report; 

xiii. For all hazards, separate and In aggregate, analyses of the georlsk affecting the proposed development 

and evaluation against the Village of Lions Bay safety policy; 

xiv. Discusses the effect of changed conditions to slope stability caused by the project, by future potential 

natural factors or land-use (fire, forestry) or climate change; 

xv. Discusses uncertainties and describes any residua I risk that would remain; 

xvi. Provides technica lly justified siting constraints or protective measures, as required; 

xvii. States whether all methods to reduce risk to As Low As Reasonably Practicable (ALARP) have been 

considered or Implemented; 

xviii. Provides Implementation steps for the Identified structural mitigation works (in terms of design, 

construction and approval). Where protective works are recommended, the report must Identify where 

follow up field verification Is required to ensure conformance to design. 

xix. Sta tes that Nthe land may be used safely for the use Intended" with siting constraints, protectives 

measures or restrictive covenant, as stipulated In the report. 

xx. Provides permission to VIiiage of Lions Bay to incl~1de the Report In the online geo-ha2ard report library 

(as background information, not for other parties to rely on); 

xxl. Acknowledges that report may be attached to covenant registered on title to the property; 

xxli. Provides time limitation or condition statement to describe extent the VIiiage of Lions Bay may rely on 

the Report for development approvals, and when resubmittal Is recommended; 

X)(ill. Provides an assurance statement (after APEGBC 2010, 2012); 

xxlv. Signed and sealed by coordinating qualified registered professional. 

3. For sites loca ted within multiple hazard DPAs, a coordinated approach will be required to ensure recommended 

prescriptions do not conflict and the overall pr<>ject objectives are successfully met. 

4. Where a report by a qualified registered professional Identifies protective works or measures to mitigate 

hazard(s} affecting a lot, those works or measures must not transfer risk to any other lots. 



10.2 OPA 1 - Coastal Zone Hazards (Map 3} 

10.2.1 Just ification 

Ocean front land In the VIiiage of Lions Bay Is subject to hazards such as flooding of low-lying terrain, erosion and 

Instability of oceanfront slopes. Coastal zone hazards are expected to be exacerbated over the coming decades by sea 

level rise. DPA 1 ls Intended to designate sites that should be assessed by a qualified registered professional to address 

coastal flood hazards, but does not preclude development. For Coastal Zone Hazards, year 2100 high water mark 

(HWM), and site specllic factors such as wave effects, storm surge, shoreline erosion, shore face stability and associated 

setbacks should be conslqered. 

10.2.z Extent 

DPA 1 extends from the existing natural boundary of the sea to a height of 8 metres CGO (Canadian Geodet ic Datum) 

and Is outlined on Map 3. The S metre level is conservatively selected to represent a potential future Flood Construction 

Level (FCL). DPA 1 includes all lots fronting the ocean within the Village of Lions Bay. 

10.Z.3 Background 

In the Village of Lions Bay, many steep slopes Into the sea are rock controlled or are fill slopes below the railway fine. 

These are not a stability concern for residential development . Most residentia l lots on surflclal materia ls are located on 

bouldery debris fan deposits of Magnesia, Alberta ahd Harvey Creeks, and while the shorefronts may be steepened to 

70-80% by wave attac~. the sea scarp Is not tall (<6 m) and materia ls are coarse and relative ly resistant to erosion at 

the t imescale of the life of a structure (e.g., 100-years). 

The sites most vulnerable to erosion are those low-lying areas at the south end of Brunswick Beach Road, where housing 

has been developed on a gravel tombolo that has linked a small rock outcrop with t he mainland. The beach gravels 

forming the tombolo stand j ust above the HWM, being formed by storm waves, and the terrain between the north and 

south facing beaches Is slightly lower, just at the high water mark (HWM). Future breaching and erosion of these beach 

ridges places all these low-lying areas at risk. 

10.2.4 Guldeffnes and Requirements 

1. Within DPA 1, development applications shall Include a coasta l f lood hazard assessment prepared by a qualified 

registered professional to define the year 2100 shoreline position and the derived flood construction level, 

appropriate setback and any necessary mitigation work. Determination of the Year 2100 flood construction level 

shall follow the Ausenco Sandwell "Combined Method" as referenced in the Flood Hazard Area Land Use 

rvianagement Guidelines. The FCL Is determined as the sum of: 

•Allowance for future sea level rise to the year 2100; 

• Allowance for regional uplift, or subsidence to the year 2100; 

• Higher high water large tide (HHWLT); 

• Estimated storm surge for the Designated Storm with an annual exceedance probability of 1:200, or 

1:500 as per t he Ausenco Sandwell method referenced In the flood Ha.zard Area Land Use Management 

Guidelines; 



10.3 DPA 2 • Creek Hazards 

10.3.1 Justification 

In the Village of Lions Bay, OPA 2, Creek Hazards Include consideration of flooding, debris flood Ing and debris flow from 

large creeks with existing debris flow hazard mitigation (Magnesia, Alberta, Harvey), unmitigated creeks {upper 

Bayview} and ravine hazards arising from deeply channelized unmitigated creeks and escarpment slope Instability (parts 

of Battani and Rundle). Small creeks captured In part by the residential drainage network of ditches, culverts and storm 

sewers (upper School Yard Creek) are addressed In the DPA 3C · Slopes >30%. 

10.3.2 DPA 2A- Mitigated Debris Fans 

10.3.2.1 Extent 

DPA 2A is shown on Map 4 and Includes land on the formerly active portion of the Magnesia Creek fan and the 

composite Alberta/Harvey Creek fans that could be affected should e)(istlng mitigation structures become 

overwhelmed by a large, rare event 

10.3.2.2 Guldellnes and Requirements 

1. For debris fan hazards In DPA 2A, a description of the magnitude and frequency of the hazards, and risk 

assessment, Including evaluation against life safety thresholds established by the Village of Lions Bay Is 

required. 

2. At a minimum, until residual risk Is better understood by detailed study, and as per development on 
alluvial fans (Wt.AP 2004, 2018), house foundations should be designed to withstand debris flood 
impacts with the top of concrete stee l reinforced foundations established a minimum of 1 m above 
finished grade, with foundations protected from scour, and by mitigating the possibility of water Ingress 
by lift. This Involves the establishment of a flood construction level for habitable space a minimum of 1 
m above finished grade, or the design should Include measures to prevent water ingress. For e>eample on 
the downslope side there could be openings such as doors or garage doors as long as the ground Is contoured 
to prevent water Ingress. 

10.3.3 DPA 2B - Upper Bayview Creek Fan 

10.3.3.1 Justification 

DPA 28 Is vulnerable to debris flow and stream flooding Including chan11el shifting (avulsion). Should the 

historically diverted channel jump Its banks, then the flow could further erode the gullies downslope, causing 

similar instablllty and Impacts to lots downslope as those e><perlenced during development In 1972. Channel 

blockage at the point of the 1972 diversion could redirect the creek back Into Its natural channel, thereby 



10.3.4.3 Guidelines ancl Requirements 

1. For land within 30 metres of ravine crests In DPA 2C, a description of the magnitude and frequency of 

the hazards, and risk assessment, Including evaluation against life safety thresholds established by the 

Village of Lions Bay. 

2. A qualified registered professional's report shall include the following: 

a. a recommendation of required setback from the ravine crest, and a demonst ra tion of suitability 

for the proposed use; 

b. a field definition of the required setback from the top of a ravlne or other steep slope; 

c, where building sites are located within ravines, a landsllde assessment will be required for ravine 

slopes affecting the site, and to establlsh FCLs and other measures based on flood, debris flood 

and debris flow from affecting creeks; and 

d. the required setback to top of bank and 1·ecommendatlons relating to construction design 

requirements for the above development activities, on-site storm water drainage management, 

on-site sewage disposal and other appropriate land use recommendatlons. 

e. seismic slope stability assessments will be required to asses-s foundation stability. 



1. Applicants wlll be requirea to provide a prellmlnary assessment report and may be required to provide 

a detailed assessment report prepared by a qualified registered professional In accordance with the 

subsequent guidelines and requirements as appllcable. 

2. Some background Information on potential slope hazards In some areas Is available through the 

Cordllleran Report. The Information in the Cordilleran Report should be referenced as part of any 

development permit appllcatlon. 

3. Development should minimize any alterations to steep slopes, and the development should be designed 

to reflect the site rather than altering the site to reflect the development. 

4. Terracing of land should be avoided or minlmized and landscaping should follow the natural contours of 

the land. 

5. Buildings and structures and landscaping should be located as far as reasonably possible froni steep 

slopes or channel discharge/runoff poin ts at the base of slopes. 

6. Potential slope hazard areas should remain free of development, or, If that Is not possible, then: 

I. appropriate mitigation measures shall be Identified to reduce risk to an acceptable level. and 

II. conditions (for example conditions relating to the permitted uses, density or scale of bulldlng) 

should be recommended as necessary to reduce potential risk to acceptable levels, 

as determined by a qualified registered professional In a preliminary assessment or detailed assessment 

report for the consideration of the munlclpality. 

7. Stepped and artlculated building forms that Integrate and reflect the natural site contours and slope 

conditions should be used, and large unbroken building masses that are unsuitable for sloped conditions 

should be avoided. 

8. The construction of structures, pathways/trails, driveways, utilltles, drainage facilities, septic fields. 

swimming pools, hot tubs, ponds, landscaping or other uses at or near the top or base of steep slopes 

should be avoided. A minimum ten metre buffer area from the top or base of any steep slope should be 

maintained free of development except as otherwise recommended by a qualified registered 

professional. On very steep slopes, this buffer area should be Increased. 

9. Vegetat ion should be maintained and/or reinstated on the slopes and within any buffer zone above the 

slopes to filter and absorb water and minimize erosion. 

10. No fill, Including yard dippings, excavated material, sand or soll, should be placed within ten metres of 

the top of slopes or along pre-existing drainage channels. This applies to ravine slopes as well. 

11. The base of slopes shall not be undercut for building, landscaping or other purposes except in accordance 

with the recommendations of a qualified registered professional and a permit Issued under this section. 

12. f or homes at the base of slopes, It is preferable for bedrooms to be constructed on the downslope side 

of the home. 



conditions. The required factor or safety calculation rererences many data sources, Including (but 

not flmlted to}: 

a. seismic hazard maps and reports; 

b. ground motion data; 

c. seismic Site Class; and 

d. modal magnitude values of the design earthquake. 

Assessment of shallow groundwater conditions and the anticipated effects of infiltration pits, 

footing drains, etc., on local slope stabllity may also be necessary. 

21. Risk Analysis for open-slope slides requires knowledge of the frequency-magnitude model. Stratigraphic 

and radiometric methods should be considered to estimate historic return periods and gauge landslide 

Intensity at the site. Such materials/methods may or may not be present or practicably attained from a 

slngle lot or group of lots. In lieu of hard data, expert judgrnenl supported by sound geomorphic 

reasoning must be relled upon. 

22. The area included Within DPA 3A has complex micro terrain, with very Irregular to hummocky 

topography, and It Is very difficult to predict Individual landslide paths. Thus, whlle some local 

topographic features may shelter or protect certain sites, safe sites cannot be predicted using simple 

ru les, and caution Is warranted. Landsllde modeling by qualified registered professionals using high 

resolu tion LIDAR topography would aid defining specific travel paths for various landslide volumes and 

rheologles. 

23. If required by the outcome of risk analysts and evaluation, siting constraints and/or design of protective 

measures may be required. Sitlhg constraints, may Include consideration of locations to minimize 

exposure to upslope hazards (local highs; sheltering behind topographic features), and/or the 

establishment of setbacks from the crests and/or toes of steep slopes. Protective measures may Include 

aspects of foundation design, lift of habitable space, barrier walls and other measures. 

24. Open slope landslide source areas requiring assessment may exist on a parcel or far upslope of a parcel. 

10.4.4 DPA 38 - Rockfall 

10.4.4.1 Extent 

The DPA 3B area is drawn by projecting a 27.5° rockfall shadow angle from the base of the rock avalanche scarp 

between Magnesia and Alberta Creeks, and from other smaller scattered bluffs in and above Lions Bay. In the 

case of the former, since the rock avalanche headscarp Is located high above the VIiiage, and since the cllrfs are 

tall and potential rockfa ll volumes are reasonably large (e.g., lOs - lOOOs m3), the reach of these events extends 

far downslope, almost reaching the highway In the vicinity of Schoolyard Creek. Elsewhere, the smaller and 

lower elevation bluffs, result In less extensive reach of potential rockfall. DPA 3B Is outlined on Map 8. 

10.4.4.2 Guidelines and Requirements 

In DPA 3B, a report by a quallfled registered professional shall be prepared that Includes the following: 



13. Large slngle plane retaining walls should be avoided, where possible. Where retaining walls are 

necessary, smaller sections of retaining wall should be used. Any retaining structures 1.2 metres or 

higher, or a series of terraced retaining walls with a combined height of greater than 1.2 metres, in 

steeply sloped areas must be designed by a qualified registered professional. 

14. Disturbed slopes should be reinforced and revegetated, especially where gullied or where bare soil ls 

exposed. Planting should be done In accordance with the recommendat ions of a Certlfled 

Hortlculturallst, Landscape Architect or qualified registered Professional Forester. 

15. Native species, Including trees, shrubs and other plants, should be used for any new planting. 

16. Any structural mitigation measures must be designed by a qualified registered professional and 

confirmation must be recelved by the Village of Lions Bay that the mitigation measures were 

lmplemented as recommended. 

17. Water should be diverted away from slopes, yards and structures In a controlled manner and ponding 

should be avoided near slopes. Small unidentified drainages Intercepted by proposed development 

should be conveyed by structures with adequate capacity (i.e. 200 year flood) and lots should be graded 

so that water Is directed away from slopes and toward storm drainage systems as Indicated In the 

following guideline. 

18. Landscaping; and building, roof, pavement, and other Impervious surface drainage should be designed 

and malntalned to shed water away from slopes (especially steep slopes) and shall be connected to a 

storm drainage system, Infiltration pit, or alternative method, recommended by a qualified registered 

professional and approved by the Village of Lions Bay. 

19. The extent of paved or hard·surfaced areas should be limited, and absorbent or permeable surfaces 

should be used Instead to encourage Infiltration where appropriate and reduce runoff. 

20. Where applicable, a report by a qualified registered professional should Include tile following: 

I. For slope hazards, description of the magnitude and frequency of the hazards, and risk 

assessment, Including evaluation against life safety thresholds established by the Village of Lions 

Bay. 

II. If required by the risk assessment, then siting const raints and/or design of protective measures. 

Siting const raints may Include consideration of locations to minlmlze exposure to upslope 

hazards (local highs; sheltering behind topographic features), and/or the establlshment of 

setbacks from the crests and/or toes of steep slopes. Protective measures may include aspects 

of foundation design, lift of habitable space, barrier walls and other measures. However, 

protection for a given lot must not transfer risk to other lots. For this reason, area wide protection 

measures might be considered by the Village of Lions Bay. 

iii. For stability of slopes on or aboltl the proposed development site, assessment of slope failure 

modes and limiting factors of safety, and stability during seismic events. Seismic slope analysis 

requires comparatively detailed knowledge of subsurface bedrock, soil and groundwater 



10.4.5.2 Guldel1nes and Requirements 

1. Applicants wlll be required to provide a preliminary assessment report and may be required to provide 

a detailed assessment report prepared by a qualified registered professional In accordance with the 

subsequent guidelines and requirements as applicable. 

2. Some background Information on potential slope hazards in sorne areas Is available t hrough the 

Cordllleran Report. The Information In the Cordllleran Report should be referenced as part of any 

development permit application. 

3. Development should mlhlrnlze any alteratlons to steep slopes, and the development should be designed 

to reflect the site rather than altering the site to reflect the development. 

4. Terracing of land should be avoided or minimized and landscaping should follow the natural contours of 

the land. 

5. Buildings and structures and landscaping should be located as far as reasonably possible from steep 

slopes or channel discharge/runoff points at the base of slopes. 

6. Potential slope hazard areas should remain free of development, or, If that Is not possible, then: 

i. appropria te mitigation measures shall be identified to reduce risk to an acceptable level, and 

II. cond itions (for example conditions relating to the permitted uses, density or scale of building) 

should be recommended as necessary to reduce potential risk to acceptable levels, 

as determined by a qualified registered professional In a preliminary assessment or detailed assessment 

report for the consideration of the munlclpallty. 

7. Stepped and articulated building forms that Integrate and reflect the natural sit e contours and slope 

conditions should be used, and large unbroken building masses that are unsult.able for sloped conditions 

should be avoided. 

8. The construction of structures, pathways/trails, driveways, utilit ies, drainage facilities, septic fields, 

swimming pools, hot tubs, ponds, landscaping or other uses at or near the top or base of steep slopes 

should be avoided. A minimum ten metre bulrer area from the top or base of any steep slope should be 

maintained free of development except as otherwise recommended by a quallfied registered 

professional. On very steep slopes, this buffer area should be Increased. 

9. Vegetation should be maintained and/or reinstated on the slopes and within any buffer zone above the 

slopes to fllter and absorb water and minimize erosion. 

10. No fi ll, Including yard clippings, excavated material, sand or soi l, should be placed within ten metres of 

the top of slopes or along pre-existing drainage channels. This applies to ravine slopes as well. 

11. The base of slopes shall not be undercut for bu lldlng, landscaping or other purposes except in accordance 

with the recommendations of a qualified registered professional and a permit Issued under this section. 

12. For homes at the base of slopes, It Is preferable for bedrooms to be constructed on the downslope side 

of the home. 



conditions. The required factor of safety calculation references many data sources, Including (but 

not limited t o): 

a. seismic hazard maps and reports; 

b. ground motion data; 

c. seismic Site Class; and 

d. modal magnitude values of the design earthquake. 

Assessment of shallow groundwater conditions and the anticipated effects of lnfiltratlon pits, 

footing drains, etc., on local slope stability may also be necessary. 

21. A report from a qualified registered professional Is required In OPA 3C for excavations, roads, drainage, 

flllslopes and foundations. Local rockfall assessment and mitigation may also be required. Evaluation of 

onslte and nearby municipal drainage structures to identify potential undersizing, blockages and 

overland flow, and design of buildings to prevent water Ingress is also required. 

22. A Risk Assessment by a qualified registered professional Including evaluation against life safety 

thresholds established by Village of Lions Bay may be required. 

23. If required by the risk assessment, then siting constraints should be assessed and/or design of protective 

measures undertaken. Siting constraints include the establishment of setbacks from the crests and/or 

toes of steep slopes. Protective measures may Include engineering design of excavated slopes, flllslopes 

and foundations and other measures. 



Ill. where feasible, a defensible space of 10 metres should be managed around buildings and structures with 

the goal of eliminating fuel and combustible debris, reducing risks from approaching wildfire and 

reducing the potential for building fires to spread to the forest, and the required defensible space may 

be larger ln areas of sloping ground where fire behaviour creates greater risk. 

3. For sites located within multiple haiard DPAs, a coordinated approach will be required to ensure recommended 

prescriptions do not conflict and the overall project objectives are successfully met. Risk associated with 

geohazards should usually take precedence over wildfire risk where potentially conflicting mitigation measures 

are recommended (e.g. vegetation retention for slope stability would take precedence over vegetation removal 

for wildfire protection). 

4. In addition to the exemptions listed ln section 10.1.4, all development is exempt from the requirement to obtain 

a Wiidfire Hazard Development Permit other than the construction and Installation of a new building or 

structure for which a building permit Is required. For the purposes of this DPA, a new building or structure shall 

be Include an alteration to a residentially zoned building where the value of the alteration as specified In the 

applicable building permit Is more than 75% of the replacement value of the building, as determined by 

multiplying the gross floor area of the building by $300. 

5. A report from a qualified registered professional should Include an acknowledgement of receipt of the report 

by the qualified registered professional dealing with the reporting requirements of all other Development 

Permit Areas. 



DPA 1, Includes shore front terrain captured by the 
8 m contour elevation above mean sea-level (CGD) . 

. . t 

Slope theme 

>90% 

70·90% 

60·70% 

S0·60% 



DPA 26, lnclu es t e de rls an ullt y Upper Bayview Cree . 
Hazards affecting Include debris flows and debris floods and 
floods caused by misaligned drainage. BGC 2013 recommended 
structural mitigation of hazards affecting the Upper Bayview 
Creek fan: to date no mitigation has occurred. Measures are 
required to reduce residual risk. 
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>90% 

70·90% 

6Q.70% 



DPA 3A, inclu es a terrain vu nera e to open-slope andsllde, 
as predicted by a 20% slope angle projected from potentially 
unstable terrain, and lying upslope of Highway 99. ' 
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DPA 3C, Includes all terrain except areas s aded brown. 
Larger tracts of <30% terrain are located at Brunswick Point, 
on Harvey/Alberta Creek fan and at Sweetwater Place. 
These areas are exempt (x). 



THE MUNICIPALITY OF THE VILLAGE OF LION S BAY 

Type Request for Decision 

'Title VIiiage of Lions Bay Official Community Plan Designation Bylaw 

No. 408, 2008, Amendment Bylaw No. 525, 2018 - Consideration of First and 

Second Reading and Scheduling of the Public Hearing 

Author Peter Delong, CAO 

I 
Review ed By: Steven Olmstead, 

Planning Consultant 

Date June 10, 2018 I Version 1 

Issued for June 19, 2018 Council M eeting 

Recommendations: 

1. THAT the Request for Decision report titled "Village of Lions Bay Official Community Plan 

Designation Bylaw No. 408, 2008, Amendment Bylaw No. 525, 2018 - Consideration of First 

and Second Reading and Scheduling of the Public Hearing" dated June 10, 2018 be received: 

2. THAT the Table of Natural Hazard Assessment Area Guidelines appended as Attachment A 

to the June 10, 2018 report be endorsed as a communication tool; 

3. THAT Village of Lions Bay Official Community Plan Designation Bylaw No. 408, 2008, 

Amendment Bylaw No. 525, 2018, appended as Attachment C to the June 10, 2018 report 

be read a first and second time; 

4. THAT Village of Lions Bay Official Community Plan Designation Bylaw No. 408, 2008, 

Amendment Bylaw No. 525, 2018 be held to be consistent with the Village of Lions Bay 

2018-2022 Five Vear Financial Plan and the 2010 GVRD Integrated Solid Waste and Resource 

M anagement Plan; 

5. THAT a public hearing regarding Vlll.ige of lions Bay Ofrlclal .Community Plan Designation 

Bylaw No. 408, 2008, Amendment Bylaw No. 525, 2018 be held at 7:00 p.m. on Tuesday, 

July 10, 2018 at Broughton Hall, 400 Centre Road, Lions Bay. 

Attachments: 

A. Table of Natural Hazard Assessment Area (NHAA) Guidelines; 



B. VIiiage of Lions Bay Official Comtnunlty Plan Designation Bylaw No. 408, 2008, Amendment 

Bylaw No. 525, 2018 In revised draft form, Including a clean copy of Schedule A. 

Key Information: 

On Aprll 10, 2018, Village of Uons Bay Official Community Plan Designation Bylaw No. 408, 

2008, Amendment Bylaw No. 525, 2018, came to Council for first reading and referral to a 

Public Information Meeting. As the bylaw was then conceived, it was based on the Introduction 

of Development Permit Areas under section 488 of the Local Government Act (LGA). For a 

variety of reasons, the bylaw did not receive any readings and staff were directed to pursue a 

means of meeting the common law and statutory obligations of the Municipality for 

development In the face of hazardous conditions through means other than Development 

Permit Areas. 

With corporate knowledge of hazards, the Municipality has a duty to warn and, arguably, a duty 

of care in relation to new exposures to such risks. The Municipality requires a policy to address 

these Issues. Under the LGA, section 473 (1): 

an Official Community Plan (OCP) must Include statements and map designations for the 

area covered by the plan respecting: 

(d) restrictions on t he use of land that ls subject to hazardous conditions. 

One way to address these requirements Is through the Implementation of a Development 

Permit scheme under sections 488-491 o f the LGA. As noted above, Council decided not to 

utili2e this legislative regime and requested staff to look for ways to meet these requirements 

through the legislative powers of the Building Inspector and the Approving Officer. 

Under section 56 of the Community Charter and section 86 of the Land Title Act, a Building 

Inspector or Approving Officer may require an appllcant for a building permit or a subdivision to 

provide a report by a professional engineer or geosclentlst experienced In geotechnlcal study 

and geohazards, where it Is considered that construction or subdivision would be In respect of 

lands that are or may be subject to a variety of geotechnica l hazards. 

As well, under section 460 of the Local Government Act, a loca l government that has adopted 

an official community plan or a lOhlng bylaw must, by bylaw, define procedures under which an 

owner of land may apply for: (a) an amendment to the plan or bylaw. Development 

App lications Procedure Bylaw No. 431 meets this requirement and provides the CAO authority 

to require geoha2.ard, wildfire and flood risk assessments in conjunction with zoning (and OCP) 

amendment appllcatlohs as part of the Preliminary Review Process. 

Additionally, Soil Deposit, Soil Removal and Land Alteration Bylaw No. 510, 2018 provides the 

Public Works Manager w ith authority to Impose conditions and require reports, specifications 



and plans from an applicant under that bylaw to ensure that the requirements of land 

alterations permitted therein are rn compHance with that bylaw. 

The attached draft of Village of Lions Bay Official Community Plan Designation l}ylaw No. 408, 

2008, Amendment Bylaw No. 525, 2018 incorporates policy and procedures to enable the 

Municipality to address its common law and statutory obligations whlle providing guidance to 

its employees regarding applications for uNew Development", to the qualified professionals 

who are tasked with reporting on whether the lands in such applica tions are s;i fe for the uses 

Intended, and to its residents who m;iy wish to develop their lands. 

The risk tolerance policy incorporated In the draft bylaw treats small scale development (i.e. 

building permits for RS-1 lands and subdivisions of 4 or fewer lots) similar in terms of risk 

to lerance thresholds to how other jurisdictions view existing development, the Idea being that 

small scale development ls more in the nature of Infill housing or replacement of existing 

housing stock than the Introduction of any significant new housing projects which may bring 

with them substantlally Increased exposures to known hazards. The policy expllcitly stipulates 

that the MunlclpalltY chooses not to set a risk tolerance threshold In respect of existing 

development In Lions Bay. The risk tolerance policy set out Is In respect to New Development 

only. 

New Development, as defined In the bylaw, within any of the hazard areas Identified in the 

Cordilleran Report, triggers the requirement for a natural hazard assessment In accordance 

with the guidelines and requirements set out In the bylaw. These Natural Hazard Ass~sment 

Areas (NHAAs) take the place of the previous Development Permit Areas and all mapping as 

required by section 473 of the LGA Is adopted for the purposes of the NHAAs. 

This framework will provide the CAO, the Building Inspector, the Approving Officer and 

Qualif ied Professionals with a policy and set of procedures that will enable them to address 

appllcatlons for New Development in a clear and consistent manner, If lands are determined by 

a QP to be safe for the use Intended without any conditions, then no section 219 covenant will 

need to be registered in the Land Title Office: If conditions are attached to the QP's report. then 

such a covenant will be required in accordance with Provincial enactments. 

It should be noted that New Development includes a temporary use permit (TUP) for short· 

term rent als. This was inserted after receipt of legal advice. A brleffng on that legal advice can 

be found In the Closed i\genda for CouncWs consideration. 

It should be further noted that Pierre Frlele, t he geosclentist who wrote the Cordllleran Report, 

does not agree with or support the proposed quadrupling of resldentlal density In the Village of 

Lions Bay in the gul~e of existing development under the proposed risk tolerance policy, which 

varies from the District or North Vancouver pollcy In respect or "small-scale developmentH (i.e. 

anything less than a Slot subdivision or rezoning). His considered opinion Is that this type of 



decision should not be undertaken without a Qualified Professional first conducting a thorough 

societal risk assessment to understand: 1) what the existing group risk Is affecting the Village of 

Lions Bay; and 2} what the future group rlsl< will be once the policy Is adopted. Without such an 

analysis being conducted, his view is that policy Is being created and advocated without 

sufficient knowledge, by people (Council) who lack technical expertise, and who are effectively 

making decisions for others regarding tolerable r isk levels Without t he necessary societal risk 

factors being taken Into account. 

Council may wish lo review staff's VIiiage Updat e piece of March 9, 2018 and consider whether 

the Municipality should, In fact, request a Societal Risk Assessment. Staff notes that the 

Province has not yet responded to queries about further investigat ion by the Province of the 

unquantified geohazard risks In and above the VIiiage of Lions Bay. 

Opt ions: 

1. Approve the recommendations as set out at the beginning of this report. 

2. As above, with potential changes to the draft bylawj 

3. Refer the bylaw back to staff with alternative directions; 

4. Direct staff to seek quotes for a Societal Ri sk Assessment, whether the recommendations . 

above are approved or not; 

5. Otherwise as Counci l may direct. 

Preferred Option: The first option to accept the recommendations as per the beginning of the 

report, with consideration for option 4 as well . 

Organltatlonal and Intergovernmental lmpllcatlons: 

The Loco/ Government Act requires that amendments to Official Community Plans be 

considered by the Council with respect to Implications for financial and waste management 

plans. This is required after First Reading and before the public hearing. 

The Chief Financial Officer reviewed the amendments and deterrnlried that they would not 

result In any material Impacts to the Five Year Financial Plan (2018-2022). 

Regarding waste management, this amendment has no Implications with respect to the 2010 

GVRD (Metro) Integrated Solid Wast e and Resource Management Plan. 

Follow Up Action: Staff will place the advertising In a newspaper In accordance with the 

requirements of the Local Government Act and the Community Charter and prepare for the 



public hearing. Communications will also go out via the Village Update and be advertised on the 

Municipality's website. 



Table of Natural Hazard Assessment Area (NHAA) Guldellne.s 
NHAA$ Annllti to ncascn Minimum ruqulrcments for Permits onci Approval$• 
l : Octlan natural han1d Areas tower than 8 m Above Sea Lcvol Area po1or1tlally subject lfablrable space located above the $lie sricctnc FCl as determined 
areal (ASLI patantlally subject 10 COHlftl to coastal croslo11 and byQP 

erosion and othcr (onsequcncllS of otlier lmpam of cllmMto 
cllmate cl!Jn1te and rlslnp, tea level chang.:i Md sea level rlse 

2: Creek A: Mlt(&31cd Areas of tho respcctlvo fati> Moy be subfcc:t to resldu31 Bufldlng des•encd to wlthst.lnd debris llood lmparu with the lnp 
natural debris Ian downstream or nood rtoodhazard at c<>ncrNe steel reinforced foundations esl•blished 1 m or more 
ha1ard areu work.s/barrlcrs ~bovo flnlsh! d grnde, with loundatlons protected from scour, ~nd 
are9< bv mltlR•llnR the posslbllllv or waler Ingress by lift. 

e: Upper 1.ots on Upper Bayview fln;od Sltb)ect Potenllal h~tnrd D~brls flow/debris flood assessment. Bulldlne daslRned l o 
Bayview l o polcntlal debris flood/debris now ldcnllrfQd In OGC withstand debris flood Impacts with the cop of con<rclc srccl 
Far1 area hnzard report from 20l 2 reinforced found•lloni estobllshed J m or more above finished 

grade, with foundations protccicd from scour, ~nd by rult18atlng 
the posslbllltv of water lner~u by llfl. 

C: Ravine L~nd within 30 m of a rav1n~ Ravine slope lnsl<lblfltv Slt1n11 and conditions determined on a site specific basis by QP 
ar .. as trr~ and erosion hazards recommc.ndatlon<. Management or On·Slle storm water draln~ge 

manaKOmtnt and on.site wwa,1e dfsposal are k..v considerations. 

3: Slope A: Open· From Highway 99 upslope to thr 111Rh lo Verv Hleh lA!ndsltdc llilk Aueumcnl for upslope ba1<1rds potentl31fy ~ffetllnR a 
notvrot alopo Munlclp;it boundary potential consc.q1.oenco slti!, ;nd l •hmlt slop• stabtllly ror foundation soll5, enslneercd 'lopH 
Ima rd slide aroes from landtlldc risk and adjacl!llt slopes, Foundation destan, lift or habllablc spocc, bnrrltr 
~rca1 walls and olhorme•sures determined by OP. 

B: Rocklall 27 .s degree rockl~ll shadow anele High to Very HIQh l andslide Rhk Assenmenl by OP for up1lop~ hatards potenttattv 
onws from the base of ll1c rock av•l~nchc polontlal consequence .iHcctlng a site, and ~el3mtc slope MJblllLv lot foundation solb, 

.corp between Maanc1ln nnd Alharta from rockfall rl~k engineered stope1 nnd ndjacunl slopes. 
Creeks, nnd from otl1cr smnflor 
sca11ered bluffs 

C: Slol)6S Slopes >30'1\ ·Seo hlllshnde map Worksafc BC For arcu below Highway !19-complhmce wllh Worksole neu• nnd 
>30'4 requirement and general any site opeclllc QP rnqulreonents. For areas ~bove High111av 9!1-

lhr~hold u.sed In OC. comallance with Worksnfc Regs and requirements under DPA 3C. 
4: WQdflre natUrdl hatard Entire Municipality Wlldnre hamds UIMldmtlon of llre resistive rooflns, $fdtne ~nd deckln& und 
areas vcgetaUon management within l Om of bulldlnRS and structures. 

•u$e and lndemnlLv Covenants regulred for NHAAs l, 2 & 3. • see Bvlow for addltlonal NHAA rc:aulremcnts and eMemptloni. 



Bylaw No. 525, 2018 

A bylaw to amend Official Community Plan Bylaw No. 408, 2008 

WHEREAS the Councll of the Village of Lions Bay has adopted Ofnciat Community Plan Bylaw No. 408, 
2008, as amended; 

ANO WHEREAS Section 473 (1 ) of the Local Government Act states that an official community plan must 
Include statements and map designations for the area covered by the plan respecting: 
(d) restrictions on the use of land that Is subject to hazardous conditions or that Is environmentally 
sensitive to development; 

ANO WHEREAS a Publlc Hearing has been held In accordance wii h Division 3 of Part 14 of the Local 
Government Act; 

NOW THEREFORE the Council of the VIiiage of lions Bay, in open meeting assembled, enacts as follows: 

1. This Bylaw may be cited a~ HVlllane of lions Bay Ofnclal Community Pl;in Designation Bylaw No. 
408, 2008, Amendment Bylaw No. 525, 2018." 

2. "VIiiage of Lions Bay Official Commuhity Plan Bylnw No. 408, 2008" is amended by: 

(a) Adding "(Map 1)" after the t itle: "8.0 Land Use Map'': 

(b) Inserting Section 10 - Natural Halard Assessment Areasarter Section 9 of Ofilcial Community 
Plan Bylaw No. 408, 2008, as amended, the content of w'iich ls contained within Schedule "A" 
ot this Bylaw and which Includes Maps 2·9. 

PURSUANT TO SECTION 475 OF THE LOCAL 
GOVERNMENT ACT CONSUlTlfflON 
REQUIREMENTS CONSIDERED 

READ A FIRST AND SECOND TIME AND 
CONSIDERED IN CONJUNCTION WITH 
THE VILLAGE OF LIONS BAY FINANCIAL 
PLAN ANO ANY APPLICABLE WASTE 
MANAGEMENT PLANS PURSUANT 
TO THE LOCAL GOVERNMENT ACT 

PUBLIC HEARING HELD ON 

July4, 2017 

June 19, 2018 



READ A THIRD TIME 

ADOPTED !Jtily 11, 10 IHI 

Mayor 

Corporate Officer 

Certified a true copy of 
Bylaw No. 525, 2018 as adopted. 

Corporate Officer 



Schedule A 

VIiiage of Lions Bay Official Community Plan Designation Bylaw 
No. 408, 2008, Amendment Bylaw No. 525, 2018 

10.0 Natural Hazard Assessmeht Areas 

10.0.1 Definitions 

"Accessory" means accessory as defined Jn the Zoning By/ow; 

"Buffer" or "Buffer Arca" means an area that remains undeveloped ih order to protect slope stability or tQ provide a 

setback from a natural hazard or riparian area; 

"Council" means the Council of the Munfc/po//ty; 

"Debris Flood" means a flood of water that carries an unusually large amount of sediment and/or wood debris, and 

that is often triggered by severe channel and bank erosion or a Landslide dam outbreak; 

''Debris Flow" means a fast moving, liquefied and channelized Landslide of mh<ed and unconsolidated debris that may 
occur during unusually wet weather on a steep mountain creek with abundant debris sources; 

"Defensible Space" means the area around a structure where Fuel and vegetation should be managed to reduce the 
risk of structure fires spreading to the forest or vice versa and to provide safe working space for fire fighters; 

"Detailed Assessment" means a detailed, site-specific study and field review to delineate hazard areas and provide 

quantitative estimates of hazard or risk, the minimum requiremerits of which Detailed Assessment are set out In this 

policy described as Schedule A, attached to and forming part of the Munlclpality's Official Commurilty Plan Bylaw No. 
408, 2008, as amended; 



"EGBC" means the Engineers and Geosclentlsts of British Columbia or any replacement or successor professional 

association; 

''Elements at Risk" means anything of social, environmental or economic v-alue, lncludlng human lives and well-being 

that may be affected by a natural hazard; 

"Exemption" means an exemption from the requirement for an approval or permit In connection with a given 

development; 

"Fire Resistive Materials" means materials resistant to fire, such as stucco, metal, brick, rock, stone, lumber treated for 

fire resistance and cementltlous products (including hardlplank), but excludes, without limitation, untreated wood, 

aluminum and vinyl products; 

''Fire Retardant Roofing" means Class A and Class B roofing as specified In the Homeowners FlreSmart Manual, BC 

Edition, 2004, Province of B.C .. as the same may be amended or replaced from time to time, or such other roofing as 

may be specified by the M unicipality from time to time; 

"iFreeboard11 means a vertical distance typically added to the designated flood level to account for variation In local 

hydraulic conditions (such as river bend or large boulders In a stream), to allow for wave affects arising from winds, and 

to address uncertainties Inherent In engineering assumptions and calculations, and to Introduce a factor of safety to 

such calculations; 

"Fuel" means a combustible materlal; 

"Gross Floor Area" means gross floor area as defined In the Zoning Bylaw; 



"Habitable Space" means any room or space within a building or structure, which room or space Is or can be used for 

human occupancy, commercial sales, or storage of goods, personal property or mechanical or electrical equipment 

(including furnaces); 

"Landslide" means a movement of rock, debris or earth down a slope, and can be the result of wet weather, erosion, 

earthquake or other natural sequences of events and/or human activities; Landslides may be rapid or slow moving, and 

include landslip, rock falls, rock slumps, rockslides, rock avalanches, avalanches, rock creep, debris falls, debris slides, 

debris flows, debris floods, debris torrents, mud flows, earth falls, earth slumps, earth slides, earth f lows, earth creep, 

flow slides and subsidence; 

"Municipality" means, depending on the context, the municlpal corporation of the VIiiage of Lions Bay or all of tl~e land 

falling Within the jurlsdlctlonal boundaries of the Village of Lions Bay; 

''New Building or Structure" means a building or structure, excluding an Accessory building or structure, that generally 

contains Habitable Space and that ls newly constructed or being constructed, or ihtended to be constructed, or that Is 

or is be1ng or is intended to be substantially reconstructed, and shall Include: 

(a) a retaining wall as set out the Zoning Bylaw; 

(b) a pool as set out In Building Bylaw No. 234, 1994, as amended; or 

(c) an alteration to a resldentlally 2oned bulldlng where 

(I) the footprint of the build Ing Is to be Increased by 2S% or more, or 

(II) the value of the alt eration as specified fn the applicable building permit is more than 50% of the replacement 

value of the building, as determined by multiplying the Gross Floor Area of the building by $300; 

" New Development'' means: 

(a) construction of a New Building or Structure requiring a bulldlng permit; 

(b) construction of a retaining wall over 1.2 meters In height, or a series of terraced retaining walls with a combined 

height of greater than 1.2 metres; 



(c) development requiring a permit under Soll Deposit, Soil Removal and Land Alteration Bylaw No. 510, 2018 (the 

"land Alteration Bylaw"); 

(d) subdivision; 

(e) rezoning; or 

(f) a temporary use permit for the purpose of short-term rentals; 

" Preliminary Assessment" means a preliminary or overview assessment by a Quallfled Professional to determine the 

extent1 location or presence of a hazard, the probability of a hazardous event affecting an clement at risk, and whether 

a DetaUed Assessment is required; 

"Quallffed Professional" or "OP'' means a professional with appropriate education, training and experience, fully 

Insured and In good standing with the relevant professional association, and means: 

(a) for the purposes of the NHAAs 2A, 2B, 2C, 3A, 38, and 3C, a specialist Professional Engineer or Professional 

Geosclentlst, as appropriate, With experience or training In geotechnlcal and geohazard assessments, Landslides, 

river hydraulics and hydrology and, where appropriate, specialist engineering expertise In connection with selection 

and design of appropriate mitigation works; and 

(bl for the purpose of NHAA 4, a Registered Forest Professional qualified by training or With at least two years' 

experience Jn the assessment, fuel management prescription development and mitigation of Wiidfire ha1ards In 

British Columbia; 

" Ravine" means a narrow, steep-sided valley that ls commonly eroded by running water and has a ravine sldewall slope 

gradient greater than 3:1; 

"Top of Bank" means: 



(a) for a floodplain area con ta hied In a Ravine, the point closest to the boundary of the active floodplain of a stream 

where a break In the slope of the land occurs such that the grade beyond the break Is flatter than 3:1 at any point for a 

minimum distance of 15 metres measured horizontally f rom the break; and 

(b) for a floodplain area not contained In a Ravine, the edge of the active floodplaln of a stream where the slope of the 

land beyond the edge is flatter than 3:1 at any point for a minimum distance of 15 metres measured horizontally 

from the edge; 

"Top of Ravine Bank" means the first significant break in a Ravine slope where the break occurs such that the grade 

beyond the break Is flatter than 3:1 for a minimum distance of 15 metres measured horfzontally from the break, and 
t he break does not Include a bench within the Ravine that could be developed; 

"Watercourse" means any natural or man-made depression with well-defined banks and a bed 0.6 metre or more below 

the surrounding land that serves to give direction to a current of water at least six months of the year, or having a 

drainage area of two square kilometres or more upstream of the point of consideration; 

"Wildfire Mitigation" means any action taken to eliminate or reduce the long-term risk of wildfire; and 

"Zoning Bylaw'' means the Zoning and Development Bylaw No. 520, 2017. as amended, consolidated or re-enacted 

from time to time. 

10.1 General 

10.1.1 Introduction - Purpose and Polley 

The technical study by Cordilleran Geosclence titled "The VIiiage of Lions Bay, Natural Hazards Development Permit 

Area Strategy: Coasta l, Creek and Hfllslope Hazards", dated January 18, 2018 (the "Cordllleran Report", available from 

the VIiiage of Lions Bay by request or rrom the VIiiage of Lions Bay online Reports and Documents Library at lionsbay.ca), 

Identifies land potentially subject to geological natural hazards. The study notes that In Lions Bay, given the steep 



terrain and the coastal maritime setting there are a number of natural hazards that may affect the community, including 

coastal hazards, creek hazards and hlllslope hazards. Where the Cordllleran Report references Development Permit 

Areas (DPAs), this bylaw uses the term Natural Hazard Assessment Areas (NHAAs), but these terms should be 

considered as synonymous in relation to the physical areas mapped as DPAs In the Cordllleran Report and it s technical 

recommendations. 

As described In the Cordllleran Report, a hazard Is a phenomenon with the potential to cause harm; It Is usually 

represented by a magnitude and recurrence Interval (Table 1). 

Cordflleran Report, Table l: Qualitative hazard frequency categories 

Qualitative Annual return 

f~re~q~u~e~n~cy,___~~~f_re~q~u~e~n~cy~~~~~Pr~o~b~a~bl~lf~ty'----~-C~o~m.:...:.;m~e-nt_s~~~~~~~~~~~~~~---,.~ 
Very high >1:20 >90% In SO Hazard Is well within the lifetime of a person or typical 

High 1:100 to 1:20 

Moderate 1:500 to 1:100 

Low 1:2500 to l:SOO 

Very low <1:2500 

years structure. Clear fresh signs of hazard are present. 

40% to90% In 
SO years 

10% to 40% In 
50 years 

2% to 10% in 
50 years 

<2% In 50 
ears 

Hazard could happen within the lifetime of a person or 
structure. Events are identifiable from deposits and 
vegetation, but may not appear fresh. 

Hazard within a given lifetime Is possible, but not likely. 
Signs of previous events may not be easily noted. 

The hazard ls of uncertain significance. 

The occurrence of the hazard Is remote. 



Consequence (Table 2) Is a product of factors, Including whether a given hazard will reach a site, whether Elements at 
Risk (e.g., houses/people) will be present when the site is affected by the hazard, how vulnerable the Elements at Risk 
are to the h;12ard affecting the site, and the value of the Elements at Risk or the number of persons exposed. 

Cordllleran Report, Table 2: Simplified consequence assessment 

Consequ_e~n_ce~_D_e_s_cr~ip_t_io_n~~~~~~~~~~~~~~~~~~~~~~~-
Very High Direct Impact with extensive structural damage; loss of life & limb. 
High Direct or indirect impact with some potential for structural damage; loss of life 

Moderate 

Low 
Very Low 

& limb. 
Indirect debris impact. No structural damage but damage to houses and 
property. 
Minor property damage only. 
Virtually no damage. 

The product of the factors Hazard Frequency and Hazard Cbnsequenre equals Hazard ~sk. 

No activity Is free of risk, and the concept of safety embodies risk tolerance. In Canada and BC there Is no legislated 

guidance for risk tolerance to geohazards, and the term "safe" has not been defined. In considering risk tolerance, an 

Important concept, and one accepted by the VIiiage of Lions Bay (the "Munlcipality'1 ) Is that r isk o f loss of life from 

natural hazards should not add substantially to the combined risk of loss of life to which one is typically exposed (e.g., 

driving, health, recreation, etc). For reference, the risk of injury and death from driving In Canada Is appro>tlmately 

1:1000 and 1:10,000 per annum, respectively (Transport Canada 2011). 

The Municipality wishes to set acceptable levels of risk tolerance with respect to New Development within l he Vfllage 

In the circumstances Identified In the Report. Quoting from the Landslide Risk Polley of the District of North Vancouver, 

"tolerable <1nd acceptable risks are somewhat different: tolerable risks can be tolerated in order to rea lize some benefit, 

but they are not negligible, and should be kept llnder review and roduced further if possible. In contrast, acceptable 

risks are considered broadly accept able to the public and efforts to further reduce risks are not warranted.'' 



As an example, the levels of risk tolerable and acceptable to the District of North Vancouver arc in accordance with the 

risk thresholds set out In Table 11 below. 

Cordllleran Report, Table 11: Landslide risk policy, District of North Vancouver 

1:10,000 FOS >1.3 FOS >1.5 

Type of Aepllcation +ALARP 1:100,000 (static! (static) 
Building Permit (<25% Increase to x x 
Gross Floor Area) 
Building Permit (>25% Increase to x x 
gross Floor Area and/or retaining walls 
>1.2m) 
Re-zoning x x 
Sub-division x x 
New Develoemeht x x 

The oMenslble rationale for differing thresholds (1:10,000 vs 1:100,000) Is that for any form of New Development 

(substantia l addition (>25%), new building, rezoning, sub-division, new development) the extra Involuntary risk posed 

by a hazard should be much less than for existing development (existing bulldh1~, or addition <25%) on the premise 

that risk avoidance through development elsewhere In the municipality Is an option. Nevertheless, 1:100,000 could be 

considered a very high threshold for Uons Bay. The Municipality Is substantially built oul and there are very few options 

w ithin the Village for risk avoidance through location choice. This means that hazards may need to be mitigated through 

other means, such as reinforced or raised foundations, siting considerations within a parcel, design considerations for 

Habitable Space within a structure, rockfall fencing, and other methods of reducing risk. 

In the circumstances, the Municipality considers Lhal the level of risk tolerance for New Development ought to consider 

the scale of such development In comparison to generally accepted levels of risk tolerance for existing development, 

as Indicated in the first line of Table 11. If New Development Is within a smaller scope as described In the first two types 

of application In Table A below, then It Is reasonable to set a safety standard which is generally appropriate for existing 



development (i.e., 1:10,000 plus ALARP). Typically, as noted ln tho Cave (1993) Report from the Fraser Valley Regional 

District, such smaller scale development is in the nature of Infill or extension of exist ing development which may already 

be subject to the same ha2ard. Accordingly, balancing concerns tor safety with economic, social and political 

considerations, the levels of risk tolerable and acceptable to the VIiiage of Lions Bay Jn respect of New Development is 

in accordance with t he risk thresholds set out In Table A below and as eJ<panded upon in the text following Table A. 

Table A: Risk Tolerance Thresholds for New Development, Village of Lions Bay 

Risk tolerance thresholds in accordance with development type: 

Type of Application 

New Development not requiring 
subdivision or rc2onlng 

Subdivision and/or re2oning to create 
4 or fewer fee simple or strata parcels 
(Including the original parcel) 

Subdivision and/or rezoning to create 
S or more fee simple or strata parcels 
(including the original parcel) 

1:10,000 
+ ALARP 

x 

x 

1:100,000 

x 

"FOS >1.3 
(static) 

x 

x 

"'FOS >1.5 
(static) 

x 

* Ratios denote annual probability of individual loss of life per the calculation set out in section 10.4.2 of this bylaw 

• FOS means Factor of Safety, generally In relation to engineered slopes and Ravine sidewall stability 

+ ALARP means As Low As Reasonably Practicable 

For a risk to be ALARP, It must be possible to demonstrate that the cost involved in reducing the risk further would be 

grossly disproportionate to the benefit gained. In Lions Bay, th ls principle of mitigation is to be applied across all Natural 

Hazard Assessment Areas (NHAAs), particularly where the level of hazard uncertainty Is significant. Qualified 



Professionals will be responsible for indicating that all methods to reduce risk to As Low As Reasonably Practicable have been 

considered or Implemented. 

The Municfpalfty specifically and expllcltly chooses not to set a risk tolerance threshold In respect of existing 

development In lions Bay. The rlsl< tolerance policy set out herein Is In respect to New Development only, as defined 

above, howsoever triggered or required. The Municipality's risk tolerance thresholds for both the annual probability of 

individual loss of life and the Factor of Safety should be considered by the Qualified Professional and the Munlclpallty 

for any New Development In NHAAs 2A, 2B, 2C, 3A, 3B, and 3C. Risk tolerance for New Development In NHAAs 1 and 4 

is In accordance with the guide lines and requirements In each of those Natural Hazard Assessment Areas. 

The goal of the NHAA boundary delineation is to categorise natural hazards by landform type and/or process domain 

and creat e a natural hazard planning framework to provide a consistent bas[s for managing natural hazard risks. The 

Cordilleran Report Identifies potential hazards and assesses the potential reach of these hazards. The likelihood or 

magnitude of possible ha2ards Is not explicitly estimated, as that Is the role and responsibility of site specific studies to 

be undertaken by property owners wishing to develop their land, or to be undertaken by senior government as further 

work recommended In the Cordllleran Report. 

Additionally, a Community Wiidfire Protection Plan was prepared for the Village of Lions Bay In 2007 by B.A. Blackwell 

and Associates (the "Blackwell Report'') and lt forms tJ-ie basis for the Wiidfire Natural Hazard Assessment Area, along 

with other Wiidfire Mitigation best practices. 

The following sections outline the NHAA framework for natural hawrd areas in the Village of lions Bay, based on the 

hazards ldentlfied and assessed in the Cordllleran and Blackwell reports. A eenerallzed, process-based approach to 

NHAA delineation is used, with four main categories: 

NHAA 1, Coastal Zone Hazards (flooding and erosion); 

NHAA 2, Creek Hazards (alluvial fans; Ravines, small creeks); 

NHAA 3, Slope Hazards (Open-slope failures, rockfall, and seismic slope stability); and 

NHAA 4, Wildfire Hazard 



Coastal zone hazards (NHAA 1) Include flooding and erosion from a combination of processes lncllldlng tides, storm 

surge, wave action and sea level rise. Creek hazards Include residua! Debris Flow haz.ards on creeks that have flood 

control works (NHAA 2A - Alberta, Harvey and Magnesia Creeks) and flooding, Debris Flow and channel avulslon on 

Upper Bayview Creek (NHAA 28), and channel and slope hazards associated with creek Ravines (NHAA 2C). Three 

categories of slope haiard have been Identified- open .slope failures (NHAA 3A), rockfall hazards (NHAA 38) and terrain 

with slopes >30% (NHAA 3C). All land within the Village of Lions Bay Is Included in the wlldflre hazard area (NHAA 4), 

but particular attent ion should be given to areas within the residentlal-wlldland interface. 

In determining the NHAA bollndarles for the hazard categories, It Is recognized that there Is uncertainty in the extent 

of influence of posslble hazards. Therefore, NHAA boundaries were drawn conservatively so as not to exclude terrain 

that could be affected by the range of magnitudes considered within future studies. While boundaries are drawn from 

high-resolution LIDAR·derived mapping products, for proposed development purposes, surveys and professional 

assessment(s) may be needed to confirm lot layout, natural features, and setback recommendations on a site-specific 

basis (e.g., top of Ravine vs . .setbacks). 

10.1.2 Designation of Natural Hazard Assessment Areas 

Under the au thor lty or section 473 (1) (d) of the Local Government Act, the areas outlined on Maps 3·9 are designated 

as Natural Hazard Assessment Areas as follows: 

NHAA 1, Map 3: Coastal Zone Hazards (flooding and erosion); 

NHAA 2, Maps 4, S, and 6: Creek Hazards (alluvial fans; Ravines, small creeks); 

NHAA 3, Maps 7, 8, and 9: Slope Hazards (Open-slope failure.s, rockfall. and seismic slope stability); and 
NHAA 4, WlldOre Hazard {all land within the boundaries of the Village of Lions Bay). 

10.1.3 Activities that Require a Natural Hazard Assessment 

1. In a Natural liazard Assessment Area1 there shall be no New Development permitted unless an Exemption 

applies under section 10.1.4 or the owner first obtains a Natural Hazard Assessment and a permit or approval 

from the Municipa lity. 



2. The Municipality may impose in an approval or permit, any condition permitted by law in order to ensure 

compliance with the guidelines set out In this document. 

3. Where a parcel Is designated as belng within more than one type of NHAA, a single natural hazard assessment 

report may suffice, provided that the guidelines for all applicable NH AAS are addressed In the assessment report. 

10.1.4 E>Cemptlons 

The following activities are exempt from the requirement to obtain natural hazard assessment: 

1. public works, services and maintenance activities ca rried out by, or on behalf of, the VIiiage of Lions Bay, and 

approved by the CAO; 

2. non-structural repairs or renovations, Including roof and other exterior repairs or replacements which do not 

require a building permit; 

3. construction of an Accessory building of less than 10 square metres as permitted by the Zoning Bylaw; 

4. alteration of land which constitutes routine maintena,nce of existing landscaping and lawn areas, or construction 

of Minor Works; Minor Works means the removal or deposit of soil or alteration of land where: 

(I) at any point the depth of the soil removed or deposited does not exceed 1.2 meters; 

(II) the unrestrained slope of the filled or excavated surface does not exceed three (3) horizontal to one (1) 

vertical (30%); 

(ill) retaining walls associated with the work do not exceed a height of 1.2 meters measured from the natural 

ground elevation; and 

(Iv) for deposit of soil, the slope of the existing ground does not exceed thirty percent (30%) at any point or, 

where the existing ground Is filled, the underlying natural ground surface does not exceed thirty percent 

(30%} at any point; 

S. habitat creation, streamside restoration or slmilar habitat enhancement works In accordance With Village of 

Lions Bay bylaws and a plan approved by the CAO; 



6. planting of vegetation, provided that within 10 metres of the Top of Bank or Top of Ravine Oank, or within 10 

metres of any part of a building containing a dwelling, the vegetation should not exceed 9 metres in height at 

maturity; 

7. setbacks may be reduced w!iere coastal zone or rlparfan area regulation setbacks would preclude development 

on a lot provided that reports by QPs be supplied to support any Exemption and/or variance; or 

8. emergency procedures to pre.vent, control or reduce erosion, or other immediate threats to life and property 

provided they are, to the extent possible In the circumstances, undl!rtaken in accordance with the provincial 

Water Act and Wildlife Act and the Federal Fisheries Act, and are reported Immediately to the Munlclpallty. 

10.1.5 Expectations for professional scope and reporting 

1. All professional reports pertaining to NHAAs should be consistent with applicable qualified profession al practice 

guidelines and their various report requirements, and provinclal regulations (as updated from time to time), 

Including but not exclusive to the list below: 

I. Flood Hazard Area Land Use Management Gufdelines (WLAP 2004; amended January 1, 2018); 

II. Guidelines for Legislated Landslide Assessments for Residential Developments in BC (2008, 2010); 

Ill. Guidelines for l egislated Flood Assessments In a Chancine Cllmate in BC (2012, 2017); 

Iv. Riparian Areas Regulation; 

v. BC Building Code; and 

vi, Worksafe BC. 

2. Where applicable, a repon by a Qualified Professional should Include the following: 

I. Report name and date; 

Ii. Client information; 

iii. Q.P's information (training, experience, insurance); 

iv. Property Information (legal and civic); 

v. Description of development proposal; 



vi. Review of relevant Village of Lions Bay bylaws and other statutory requirements; 

vii. Review of background Information (site-specific and overview archived & provided by the VIiiage or Lions 

Bay and others); 

viii. Description of geologic and geomorphl:: setting; 

Ix. Description of field work conducted on and, If required, beyond the proposed development; 

x. Identification of natural hazards or other hazards Identified In background reports and field work. 

Includes also a description of all potential haz.ards and rationale for excluding some; 

xi. Provides site plan and other mapping required to show haiards affecting, minimum sca le -1:5000-

1:101000; 

xii. Provides maps, illustra tions and diagrams to Illustrate risk scenarios referred to in the Report; 

xiii. For all hazards, separate and In aggregate, analyses of the georlsk affecting the proposed development 

and evaluatioh against the Village of Lions Bay safety policy; 

xiv. Discusses the effect of changed conditions to slope stability caused by the project, by future potential 

natural factors or land-use (fire, forestry) or climate change; 

xv. Discusses uncertainties and describes any residual risk that would remain; 

xvi. Provides technically justified siting constraints or protective measures, as required; 

><vii. States whether all methods to reduce risk to As Low As Reasonably Practicable (ALARP) have been 

considered or implemented; 

><viii. Provides implementation steps for the Identified structural mitigation works (In terms of design, 

construction and approval). Where protective works are recommended, the report must Identify where 

follow up field verification Is required to ensure conformance to design. 

xix. States that .. the land may be used safely for the use intended" with siting constraints, protective 

measures or restrictive covenant, as stipulated In the report. 

xx. Provides permission to Village of Lions Bay to include the Report in the onllne geo-hazard report library 
(as background Information, not for other parties to rely on); 

xxl. Acknowledges that report may be attached to covenant registered on title to the property; 



xxll. Provides time limltatlon or condition statement to describe extent t he Village of Lions Bay may rely on 

the Report for development approvals, and when resubmlltal rs r1?commended; 

xxlll. Provides an assurance statement (after APEGBC 2010, 2012); 

xxiv. Signed and sealed by coordinating qualified registered professional. 

3. For sites located within multiple hazard NHAAs, a coordinated approach wlll be required to ensure 

recommended prescriptions do not conflict and the overall project objectives are successfully met. 

4. Where a report by a QP Identifies protective works or measures to mitigate hazard(s) affecting a lot, those works 

or measures must not transfer risk to any other lots. 

5. Where an owner has provided a natural hazard µssessment report by a QP, the CAO or the Approving Officer 

may direct that the report be peer reviewed by a QP selected and retained by the Municipality. The peer review 

wlll be completed at the owner's expense and the owner must pay the invoice for samCl within 30 days of the 

Invoice date. If the Invoice amount is not paid when due, the CAO, at his or her discretion, may direct the Public 

Works Manager, the Building Inspector or a Building Official to Issue a Stop Work Order Notice In respect of any 

Soll Deposit and Removal or Land Alteratlon Permit or Building Permit, as the case may be. The unpaid invoice 

amount may be deducted from a security deposit paid In respect of any development on or subdivision of the 

parcel. 

6. Where a Preliminary Assessment on ly has been provided by an owner, the Municipality may require a Detailed 

Assessment to be provided by the owner at the owner 's cost, whether the QP has recommended one or not. 

10.1.6 Registration of Covenants as to Use and Indemnification 

A covenant as to use and Indemnification, In wording satisfactory to the Municipality and In accordance with Provlncla l 

enactments, will be required to be placed on the land title for all approvals and permits In NHAAs l, 2A, 2B, 2C. 3A, 30 

and 3C where the QP has specified conditions In his or her report In order for the land to be used safely for the use 

intended. The covenant shall Include the report of the OP as a schedule, 



10.1.7 Conditions and Requirements 

All development must comply With the conditions and requirements that may be Imposed by the Munlclpality following 

the review of QP reports as identified In this section. 

10.1.8 Council Reconsideration 

If a bulldlng Inspector is authorized to Issue a building permit in accordance with the conditions specified in a QP's 

report but refuses to do so, the Council may, on application of the parcel owner within 30 days of the building 

Inspector's decision being conveyed to the property owner In writing via email or letter, direct the building Inspector 

to Issue the building permit subject to the requirements of the QP's report after reconsideration In accordance with 

section 35 (S) of Council Procedures Bylaw No. 476, 2015, as amended. 



10.2 NHAA 1 - Coastal Zone Hazards (Map 3) 

10.2.1 Justification 

Ocean front land In the Village of Lions Bay is subject to hazards such as flooding of low-lying terrain, erosion and 

Instability of oceanfront slopes. Coastal ione hazards are e)(pected to be exacerbated over the coming decades by sea 

level r ise. NHAA 1 is Intended to designate sites that should be assessed by a qualified registered professlonal to 
address coastal flood hazards, but does not predude development. For Coastal Zone Hazards, year 2100 high water 

mark (HWM), and site speciOc factors such as wave effects, storm surge, shoreline erosion, shore face stability and 

associated setbacks should be considered. 

10.2.2 Extent 

NHAA 1 e><tends from the existing natural boundary of the sea to a height of 8 meues CGD (canadlan Geodetic Datum) 

and is outlined on Map 3. The 8 metre level is conservatively selected to represent a potentlal future Flood Construction 

Level (FCL). NHAA 1 lnc;ludes all lots fronting the ocean within the Village of Lions Bay. 

10.2.3 Background 

In the Village of Lions Bay, many steep slopes Into the sea are rock controlled or are fill slopes below the railway lrne. 

These are not a stability concern for residential development. Most resldentlal lots on surficial materials are located on 

bouldery debris fan deposits of Magnesia, Alberta and Harvey Creeks, and while the shorefronts may be steepened to 

70-80% by wave at tack, the sea scarp is not tall (<6 ml and materials are coarse and relatively resistant to erosion at 

the t imescale of the life of a structure (e.g., 100-years). 

The sites most vulnerable to erosion are those low-lying areas at the south end of Brunswick Beach Road, where housing 

has been developed on a gravel tombola that has linked a small rock outcrop with the mainland. The beach gravels 

forming the tom bolo stand just above the HWM, helng forrned by storm waves, and the terrain between the north and 

south facing beaches is slightly lower, Just at the high water mark (HWM). Future breaching and erosion of these beach 

ridges places all these low-lying areas at risk. 



10.2.4 Guidelines and Requirements 

l . Within NHAA 1, New Development applications shall Include a coastal flood hazard assessment prepared by a 

quallfled registered professional to define the year 2100 shoreline position and the derived flood construction 

level, appropriate setback and any necessary mitigation work. Determination of the Vear 2100 flood 

construction level shall follow the Ausenco Sandwell "Combined Method" as referenced In lhe Flood Hazard 

Area U!nd Use Management Guidelines. The FCL Is determined as the sum of: 

• Allowance for future sea level rise to the year 2100; 

• Allowance for regional uplift, or subsidence to the year 2100; 

• Higher high water large tide (HHWLT); 

• Estimated storm surge for the Designated Storm with an annual exceedance probability of 1:200, or 

1:500 as per the Ausenco Sandwell method referenced In the Flood Hazard Area Land Use Management 

Guidelines; 

• Estimated wave effects associated with the Designated Storm; and 

• A minimum Freeboard of 0.6 metres. However, because the Combined Method assumes the 

Designated Storm occurs in conjunction with a high tide; the Freeboard may be reduced from 0.6 m to 

0.3 m for situations where the full FCL may be difficult to achieve. 

2. Provincial guidance refers to a 15 m ocean setback, while VIiiage of lions Bay applles a 7.5 m coastal setback 

(subject to potential variations down to 4.5 m in Brunswick Beach). Siting could be further constrained by 

consideration of potential erosion. A faclor of safety analysis may also be required to support foundation design 

and determine building setbacks from escarpment crests. 

3. A report by a Qualified Professional In NHAA 1 shall include recommendations for any structural measures 

required to achieve the FCL or protect against coastal flood hazard (e.g. engineered fill or foundations or coastal 

bank protection or building envelope design). 



4. Where a lot does not have sufficient area to accommodate a dwelling under these siting conditions, a variance 

may be needed to relax setback requirements. This will be determined on a site by site basis, and a report by a 

QP would be required to support any variance. 



10.3 NHAA 2 - Creek Hazards 

10.3.1 Justification 

In the Village of Lions Bay, NHAA 2, Creek Hazards include consideration of flooding, Debris Floods and Debris Flows 

from large creeks with existing Debris Flow hazard mitigation (Magnesia, Alberta, Harvey), unmitigated creeks (upper 

Bayview) and Ravine hazards arising from deeply channelized unmitigated creeks and escarpment slope instability 

(parts of Battani and Rundle). Small creeks captured In part by the residential drainage network of ditches, culverts and 

storm sewers (Upper School Yard Creek) arc addressed In the NHAA 3C - Slopes >30%. 

10.3.2 NHAA 2A· Mitigated Debris Fans 

10.3.2.1 Just ification 

Design of mitigation for Harvey, Alberta and Magnesia Creek hazards In t he 1980s was based on an estimation 

of the largest volume that could reasonably occur during the life o f each structure (the "Design Event"). 

However, present day standards need to consider 500 to 2450 year return periods, especially given potential 

earthquake triggering, and multiple failure mechanisms could lead to larger volumes than the Design Event for 

each creek. This Is supported by recent reviews of small, steep watersheds with areas of 1-7 square kilometres. 

10.3.2.2 Extent 

NHAA 2A is shown on Map 4 and Includes land on the formerly active portion of the Magnesia Creek fan and 

the composite Alberta/Harvey Creek fans that could be affected should existing mitigation structures become 

overwhelmed by a large, rare event. 

10.3.2.3 Guidellnes and Requirements 

1. For debris fan hazards In NHAA 2A, a description of the magnitude and frequency of the hazards, and 

risk assessment, Including evaluation against I lfe safety thresholds established by the VIiiage of Lions Bay 

Is req u I red. 



2. At a m inimum, until resfdual risk is better understood by detailed study, and as per development on 

alluvial fans (WLAP 2004, 2018), house foundations should be designed to withstand Debris Flood 

Impacts with the top of concrete steel reinforced foundations established a minimum of 1 m above 

finished grade, with foundations protected from scour, and by mitigating the posslblllty of water ingress 

by lift. This Involves the establishment of a flood construction level for Hablt;able Space a minimum of 1 

m above finished grade, or the deslfln should Include measures to prevent water ingress. For example on 
the downslope side there could be openings such as doors or garage doors as long as the ground is contoured 

to prevent water ingress. 

10.3.3 NHAA 2B - Upper Bayview Creek Fan 

10.3.3.1 Justification 

NHAA 29 Is vulnerable to Debris Flow and stream flooding Including channel shifting (avu lsion). Should the 

historically diverted Upper Bayview creek channel j ump its banks, then the f low could further erode the gullies 

downslope, causing slmllar Instability and impacts to lots downslope as those experienced during development 

In 1972. Channel blockage at the point of the 1972 diversion could redirect the creek back into Jts natural 

channel, thereby affecting housing at the fan apex. Moreover, a Debris Flow could directly Impact several houses 

near the apex. In either of these scenarios, water and debris could spread throughout the NHAA in unpredictable 

ways. 

10.3.3.2 Extent 

NHAA 20 captures the entire Upper Bayview Creek fan Including areas vulnerable to flooding and slope 

instability in case of mlsallgnment of the diverted channel as outlined on Map 5. 



10.3.3.3 Guidelines and Requirements 

1. For the Upper Bayview Creek fan, a description or the magnitude and frequency of the hazards, and risk 

assessment, including evaluation against life safety thresholds established by the VIiiage of Lions Bay. 

2. Untll comprehensive mitigation of the Upper Bayview fan hazard is in place, the Village of Lions Bay will 

require Debris Flood and Debris Flow assessment by a qualified registered professional, with 

consideration for earthquake triggered Landslides from slopes above, failure of excessive and 

irretrievable road spoil sites, open-slope slfdes, misaligned drainage and local Instability caused by 

misdirected water. 

3. At a minimum, as per development on alluvial fans (WLAP 2004, 2018), house foundations should be 

designed to withstand Debris Flood impacts with the top of concrete steel reinforced foundations 

established a minimum of 1 m above finished grade, with foundations protected from scour, and by 

mitigating the possibility of water Ingress by lift. This Involves the establishment of a flood construction 

level for Habitable Space a minimum of 1 m above finished grade, or the design should Include measures 

to prevent water ingress. For example on the downslope side there could be openings such as doors or garage 

doors as long as the ground Is contoured to prevent water Ingress. 

10.3.4 NHAA 2C - Ravines 

10.3.4.1 Justification 

Ravines are landforms associated with creeks that have become incised into bedrock or thick deposits of surflclal 

material. Typica lly, there Is an abrupt slope break from adjacent terrain onto a steep erosional slope that may 

be susceptible to Landslides. At the toe of slope there may or may not be a floodplain between the toe and the 

creek's natural boundary. Since Ravines are Inherently associated with creeks, they also encompass creek 

hazards. 



10.3.4.2 E11tent 

Land within 30 metres of Ravine crests Is included within NHAA 2C. This NHAA captures Battani and Rundle 

Creeks, and the Ravines upstream of fan aplces on Magnesia, Alberta and Harvey Creeks. 

10.3.4.3 Guidelines and Requirements 

1. For land within 30 metres of Ravine crests In NHAA 2C, a description of the magnitude and frequency or 

the haiards, and risk assessment, lncludlng evaluation against life safety thresholds established by the 

Village of Lions Bay. 

2. A QP's report shall Include the following: 

a. a recommendation of required setback from the Ravine crest, and a demonstration of sultablHty 

for the proposed use; 

b. a fleld definition of the required setback from the top of a Ravine or other steep slope; 

c, where building sites are located within Ravines, a Landslide assessment will be required for 

Ravine slopes affecting the site, and to establish FCLs and other measures based on flood, Debris 

Flood and Debris Flow from affecting creeks; and 

d. the required setback to Top or Bank and recommendat ions relating to construction design 

requirements for the above development activities, on·site storm water drainage management, 

on-site sewage disposal and other appropriate land use recommendations. 

e. seismic slope stability a~cssmenls will be required to assess foundation stability. 



10.4 NHAA 3 - Slope Hazards 

10.4.l Landslide Safety Polley 

Fot all Landslide hazards, the VIiiage of Lions Bay adopts a Landslide safety policy that employs Landslide risk assessment 

for upslope hazards potentially affecting a site, and seismic slope stability for foundation soils, engineered slopes and 

adjacent slopes as determined relevant by the Qualified Professional. Risk assessments may be qualitative or 

quantitative In nature, but the QP must satisfy the Municipality that the risk tolerance thresholds for both annual 

probability of Individual loss of life and Factor of Safety set out In Table A of section 10.1.1 of this bylaw have been met. 

As part of the rlsl< assessment approach, a minimum Landslide magnitude to consider is the 1:500-year event, but larger 

events up to the 1:2450-year earthquake triggered Landslide should be considered where deemed appropriate by the 

QP. Reference shall be made to the Cordllleran Report and to the risk tolerance thresholds adopted by the Village of 

Lions Bay and set out In Table A of section 10.1.1 of this bylaw. 

The risk of annual probability of loss of life to an Individual is calculated In accordance With the following equation: 

R = P11 .. Ps·11 • Pr,s "' V * E , where: 

PH : the annual probability of the Landslide occurring; 

Ps 11 =the spatial probability that the Landslide will reach the individual most at risk; 

PT!S = the temporal probability that the lndlVldual most at risk will be present when the Landslide occurs; 

• V :: the vulnerability, or probability of loss of life If the individual is Impacted; and 

E =the number of people at risk, which Is equal to 1 for the determination of Individual risk. 



Annual Probability of Death for Qualitative Descriptor 
the Individual Most at Risk 

·3 
>10 Very High (Unacceptable) 

10'4 -10-3 High (Unacceptable) 

10-S - 10.4 Moderat e (Tolerable) 

10·6 - 10·5 Low (Acceptable) 

-6 
<10 Very Low {Acceptable) 

Three sub-categories of slope hazards that present a risk to people and property are Identified In sections 10.4.2, 10.4 .3 

and 10.4.4. 

10.4.2. NHAA 3A - Opcn·slope Landslides 

10.4.2.1 J ustlflcatlon 

Open-slope landslides (NHAA 3A) typically Involve fragmented bedrock, organic debris, and mineral sediment. 

A typical slide Is tri(lgered by rockfall from a bluff, byw lndlhrow of large trees on a steep slope, or by slab failure 

of a weathered soil veneer. The headscarp fallure plane is typically >60%, but sometimes as low as 40%, or less. 

Typical, or gehetic steep terrain where Landslide Initiat ion Is most likely has 60-120% slope, and is overlain by a 

veheer/ blanket of till/colluvium. The Initial slip then impacts t imber downslope clearing a swath through the 

forest, and may be very destruct ive to infrastructure. 



10.4.2.2 E11teot 

Open-slope Landslide hazard areas within NHAA 3A are identified on Map 7. NHAA 3A extends from Highway 

99 upslope to the municipal boundary. Source areas are In moderately steep to steep terrain within and above 

the VIiiage of Lions Bay, and require Identification and field assessment as part of the QP report. 

10.4.2.3 Guidelines and Requirements 

In NHAA 3A, a report by a QP should consider the following: 

1. Applicants will be required to provide a Preliminary Assessment r-eport and may be required to provide 

a Detailed Assessment report prepared by a QP In accordance with the subsequent guidelines and 

requirements as applicable. 

2. Some background Information on potential slope hazards In some areas is available through the 

Cordllleran Report. The Information In the Cordllleran Report should be referenced as part of any 

geohazard assessr(lent. 

3. Potential slope hazard areas should remain free of development, or, If that Is not possible, then: 

i. appropriate mitigation measures shall be Identified to reduce risk to an acceptable level, and 

ii. cot1ditlons (for example conditions relating to the permitted uses, density or scale of building) 

should be recommended as necessary to reduce potential risk to acceptable levels, 

as determined by a QP In a Preliminary Assessment or Detailed Assessment report for the consideration 

of the Ml.Jnlcfpallty. 

4. For homes at the base of slopes, It Is preferable for bedrooms to be constructed on the downslope side 

of the home. 

5. Where applicable, a report by a QP should include the following: 

i. For slope hazards, description of the matJnltude and frequency of the hazards, and risk 
assessment, including evaluation against life safety thresholds established by the VIiiage of Lions 

Bay. 



II . If required by the risk assessment, then siting constraints and/or design of protective measures. 

Siting constraints may Include consideration of locations to minimize exposure to upslope 

ha2ards (local highs; shelterfng behind topographic features), and/or the establishment of 

setbacks from the crests and/or toes of steep slopes. Protective measures may Include aspects 

of foundation design, lift of Habitable Space, barrier walls and other measures. However, 

protection for a given lot must not transfer risk t o other lots. 

6. Landslide (open slope or rockfall) risk assessment requires knowledge of a magnitude-frequency model. 

with reference to event return frequencies that may affect the site, including the 500-year and 2500 year 

events, or greater return, as considered appropriate by the QP". Stratigraphic and radiometric niethods 

should be considered to estimate historic. return periods and gauge Landslide intensity at the site. Such 

materials/methods may or may not be present or practicably attained from a single lot or group of lots. 

In lieu of hard data, regional analysis and expert judgment supported by sound geomorphic reasoning 

must be relied upon. 

7. The area Included within NHAA 3A has complex micro terrain. with very Irregular to hummocky 

topography, and it Is very difficult to predict lndMdual Landslide paths. Thus, while some local 

topographic fea tures may shelter or protect certain sites, safe sites cannot be predicted uslng simple 

rules, and caution is warranted. Landslide modeling by Qualified Professionals using high resolution 

LIDAR topography would aid deflnine spe.cifh: travel paths for various Landslide volumes and rheologies. 

8. Open slope Landslide source areas requiring assessment may ei<ist on a parcel or far upslope of a parcel, 

and field assessment of terrain beyond the parcel is typically required. 

10.4.3 NHAA 38 - Rockfall 

10.4.3.1 Justification 

Rockfa ll hazard (NHAA 3B) Is the falling, bouncing and rolling of detached rock fragments from cliffs and steep 

slopes. Natural rockfall source areas are readily identified by slope thematic mapping, keying Into slope areas 

with >70% slopes, and especially bluffs with slopes >90%. Rockfall volumes can range from individual blocks to 



lOOs or 1000s of cubic metres of fragmented rock debris. Over time, rockfall material may form a veneer/blanket 

or apron of material below a source bluff. These deposits arc known as scree or talus. Field assessment of the 

source area is required to characterise rock structure and quantify potential volumes. 

10.4.3.Z. Extent 

The NHAA 3B area Is drawn by projecting a 27.5° rockfall shadow angle from the base of the rock cllff between 

Magnesia and Alberta Creeks, ahd from other smaller scattered bluffs in and above Lions Bay. In the case of the 

former, since the rock cliff is located high above the Vfllage, and since the cliff Is tall and pote1Hlal rockfall 

volumes are reasonably large (e.g., 10s - 1000s m3), the reach of these events extends far downslope, almost 

reaching the highway in the vicinity of Schoolyard Creek. Elsewhere, the smaller and lower elevat ion bluffs, 

result In less extensive reach of potential rockfall. NHAA 30 Is outlined on Map 8. 

10.4.3.3 Guidelines and Requirements 

In NHAA 3B, a report by a QP shall be prepared that includes the followlhg: 

1. Applicants will be required to provide a Preliminary Assessment report and may be required to provide 

a Detailed Assessment report prepared by a QP In accordance with the subsequent guldellnes and 

requirements as applicable. 

2. Some background Information on potential slope hazards In some areas is available through the 

Cordllleran Report. The Information In the Cordllleran Report should be referenced as part of any 

geohazard assessment. 

3. Potential slope hazard areas should remain free of development, or, if that is not possible, then: 

i. appropriate mitigation measures shall be Identified to reduce risk to an acceptable level, and 

II. conditions (for example conditions relating to the permitted uses, density or scale of building) 

should be recommended as necessary to reduce potential risk to acceptable levels, 

as determined by a QP In a Prelrmlnary Assessment or Detailed Assessment report for the consideration 

of the Municipality. 



4, For hornes at the base of slopes, it is preferable for bedroon1s to be constructed on the downslope side 

of the home. 

5. Where applicable, a report by a QP should include the following: 

I. For rockfall hazards, description of the magnitude and frequency of the haz.ards, and risk 
assessment, Including evaluation against life sa fety thresholds established by the VIiiage of Lions 

Bay. 

II. If reqoired by the risk assessme11 L, then siting constraints and/or design of protective measures. 

Siting constraints may include consideration of locations to minimize e)(posure to upslope 

hazards (local highs; shelterlr\g behind topographic features), and/or the establishment of 

setbacks from the crests and/or toes of steep slopes. Protective measures may include aspects 

of foundation design, lift of Habitable Space, barrier walls and other measures. However, 

protection for a given lot must not transfer r isk t o other lots. 

6. Within NHAA 30, a rockfall risk assessment is required. Landslide (open slope or rockfall) risk assessment 

requires knowledge of a magnltude·frequency model, with reference to event return frequencies that 

may affect the site, lncludlng the SOO·year and 2500 year events, or greater return, as considered 

appropriate by the QP. Rockfall modelling should be applied to aid design of protectlon measures. 

Protective measures may Include scaling, boltlne, shot·cretlng application, fencing, or bLJilding 

fortification as determined by a specialist QP. 

8. Rockfall assessments must consider the hazard intensity of fall of Individual blocks to the detachment of 

larger masses up to several thousand m3, such as the prehistoric Kelvin Grove wed~e failure and rockfall 

located off Kelvin Grove Way, on Lots 48, 60 & 61. Specialist bedrock structure and kinematic analysis 

may be required to determine potential event volumes. 

9. Rockfall source areas requiring assessment may exist on a parcel or far upslope of a parcel, and field 

assessment of terrain beyond the parcel Is typically required. 



10.4.4 NHAA 3C · Slopes >30% 

10.4.4.1 Justification 

Worksafe BC regulat ion requires a Natural Hazard Assessment Arca category based on simple slope class. NHAA 

3C Is a slope-based hazard assessment area concerned with stability of foundations, eKcavatlons, 011 slopes, the 

eKlstence of very local rockfall and/or slide hazards, and with consideration of watet control as It affects local 

st ability, erosion and sedimentation. 

10.4.4.2 Extent 

1. NHAA 3C applies to areas where natural average ground slope Is >30%. It Is noted that Part 20.78 of the 

Worksafe BC Occupatlonal l~ealth and Safety (OHS) Regulation (BC Reg. 296/97) states that excavation 

work must be done in accordance with the written Instructions of a Qualified Professional If; 

(I) the excavation Is more than 6 m (20 ft) deep, 

(II) an Improvement or st ructure Is adjacent to the excavation, 

(Iii) the excavation Is subject to vibration or hydrostatic pressure likely to result In ground movement 

hazardous to workers, or 

(iv) the ground slopes away from the edge of the excavation at an angle steeper than a ratio of 3 

horizontal to 1 vertical. 

2. Areas where natural average ground slope 1s >30%, but which have been filled and paved (for example 

the tennis courts and school parking areas) are Included In NHAA 3C. Small areas of gentle terrain exist 

along Bayview Road toward Mountain Drive, but most lots encompass some areas of sleeper slope. Thus, 

these areas are Included in the NHAA. 



10.4.4.3 Guidelines and Requirements 

l. Applicants will be required to provide a Preliminary Assessment report and may be required to provide 

a Detailed A~sessment report prepared by a QP in accordance with the subsequent guidelines and 

requirements as applicable. 

2. Some background Information on potential slope hazards In some areas Is available through the 

Cordilleran Report. The Information In the Cordllleran Report should be referenced as part of any 

geohazard assessment. 

3, Development should minimize any alterations to steep slopes, and the development should be designed 

to reflect t he site rather than altering the site to reflect the development. 

4. Terracing of land ~ hould be avoided or minimized and l3ndscaplng should follow the natural contours of 

the land. 

5. Buildings and structures and landscaping should be located as far as reasonably possible from steep 

slopes or channel discharge/runoff points at the base of slopes. 

6. Potential slope haiard areas should remain free of development, or, if that Is not possible, then: 

I. appropriate mitigation measu re~shall be identified to reduce risk to an acceptable level, and 

ii. conditions (for el<ample conditions relating to the permitted uses, density or scale of building) 

should be recommended as necessary to reduce potential risk to acceptable levels, 

as determined by a QP In a Preliminary /messment or Detailed Assessment report for the consideration 

of the Municipality, 

7. Stepped and articulated buildlhg forms th;it Integrate and reflect the natural site contours and slope 

conditions should be used, and large unbroken bullcHng masses t(iat are unsuitable for sloped conditions 

should be avoided. 

8. The construction of structures, pathways/trails, driveways, utilities, drainage facilities, septic fields, 

swimming pools, hot tubs, ponds, landscaping or other uses at or near the top or base of .steep slopes 

should be avoided. A minimum ten metre Buffer Area from the top or base of any steep slope should be 



maintained free of development except as otherwise recommended by a QP. On very steep slopes, this 

Buffer Area should be Increased. 

9. Vegetation should be maintained and/or reinstated on the slopes and within any Buffer zone above the 

!>lopes to filter and absorb wa ter and mlnlmlz.e erosion. 

10. No f ill, Including yard dippings, excavated material, sand or soil, should be placed within ten metres of 

the top of slopes or along pre-existing drainage channels. This applies to Ravine slopes as well. 

11. The base of slopes shall not be undercut for building, landscaping or other purposes except In accordance 

with the recommendations of a QP and a permit Issued ln accordance with this bylaw. 

12. For homes at the base of slopes, It Is preferable for bedrooms to be constructed on the downslope side 

of the home. 

13. Large single plane retaining walls should be avoided, where possible. Where retaining walls are 

necessary, smaller sections of retaining wall should be used. Any retaining stnictures 1.2 metres or 

higher, or a series of terraced retaining walls with a combined height of greater than 1.2 metres, In 

steeply sloped areas must be designed by a QP. 

14. Disturbed slopes should be reinforced and revegetated, especially where gullied or where bare soil Is 

exposed. Planting should be done In accordance with the recommendations of a Certified 

Hortlculturalist, Landscape Architect or qualified registered Professional Forester. 

15. Native species, Including trees, shrubs and other plants, should be used for any new planting. 

16. Any structural mitigation measures must be designed by a QP and confirmation must be received by the 

Village of Lions Bay that the mitigation measures were Implemented as recommended. 

17. Water should be diverted away from slopes, yards and structures in a controlled manner and ponding 

should be avoided near slopes. Small unidentified drainages intercepted by proposed development 

should be conveyed by structures with adequate capacity (I.e. 200 year flood) and lots should be graded 



so that water Is direc.ted away from slopes ahd toward storm drainage systems as indicated in the 

following guideline. 

18. Landscaping; and bullding, roof, pavement, and other Impervious surface drainage should be designed 

and maintained to shed water away from slopes (especially steep slopes) and shall be connected to a 

storm drainage system, lnflltratlon pit, or alternative method, recommended by a QP and approved by 

the Village of lions Bay. 

19. The extent of paved or hard-surfaced areas should be limited, and absorbent or permeable surfaces 

should be used Instead to encourage Infiltration where appropriate and reduce runoff. 

20. Where applicable, a report by a QP should Include the following: 

I. For slope haiards, description of the magnitude and frequency of the hazards, and risk 
assessment, including evaluatfon against life safety thresholds established by the VIiiage of Lions 

Bay. 

Ii. If required by the risk assessment, then siting constraints and/or design of protective measures. 

Siting constraints may include cohslderation of locations to minimize exposure to upslope 

haz11rds (local highs; sheltering behind topographic features), and/or the establishment of 

setbacks from the crests and/or toes of steep slopes. Protective measures may Include aspects 

of foundation design, lift of Habitable Space, barrier walls and other measures. However, 

protection for a given lot must not transfer risk to other lots. 

Ill. For stability of slopes on or about the proposed development site, assessment of slope failure 

modes and llmlting Factors of Safety, and stability during seismic events. Seismic slope analysis 

requires comparatively deta iled knowledge of subsurface bedrock, soil and groundwater 

cohditions. The required Factor of Safety calculation references many data sovrces, including 

(bu t not limited to): 

a. seismic ha2ard maps and reports: 

b. ground rnotion data; 



c. seismic Site Class; and 

d. modal magnitude values of the design earthquake. 

Assessment of shallow groundwater conditions and the anticipated effects of Infiltration pits, 

footing drains, etc., on local slope stablllty may also be necessary. 

21. A report from a QP Is required In NHAA 3C for excavations, roads, drainage, fillslopes and foundations. 

Local rockfall assessment and mit igation may also be required. Evaluation of onslte and nearby municipal 

drainage structures to Identify potentfal undersizing, blockages and overland flow, and design of 

bulldlngs to prevent water Ingress Is also required. 

23. If required by the risk assessment, then siting constraints should be assessed and/or design of protective 

measures undertaken. Siting constraints include the establishment o f setbacks from the crests and/or 

toes of steep slopes. Protective measures may Include engineering design of excavated slopes, flllslopes 

and foundations and other measures. 



10.S NHAA 4 - Wiidfire Hazard 

10.s.1 Justification 

A Wiidfire Risk Management System (WRMS) was developed by B.A. Blackwell and Associat es In 2007 as part of the 

Village of Lions Bay Community Wiidfire Protection Plan (CWPP). The WRMS Identified the core area of the Village as 

being at moderate to high r isk from wildfire. The entire VIiiage of Lions Bay Is Identified In the CWPP as being a high 

vulnerablllty Interface area with respect to risk from "spotting". The Community Wildfire Protection Plan noted that 

public. safety, and many of the important values, facilities and sb·uctures, may be severely impacted by a niajor fire In 

the Village. 

10.5.2 Extetlt 

Al l land within the Village of Lions Bay is designated as NHAA 4. 

10.S.3 Guidelines at1d Requirements 

While t here are no mandatory requirements for Wildfire Mitigation, tlie following recommendations are applicable for 

assessments required under Nl'-IAA 4: 

1. Consideration should be given to the use of Fire Resistive Materials and construction practices for all subject 

developments In the Wildfire Naturol Hazard Assessment Area: 

I. Fire Retardant Roofing materials should be used, and asphalt or metal roofing should be given 

preference; 

11- decks, porches and balconies should be sheathed or coated with Fire Resist ive Materials; 

Ill. all eaves, attics, roof vents and openings under floors should be screened to prevent the accumulation 

of combustible material, using 3mm, non-combustible wire mesh, and vent assernblie.s should use fire 

shutters or baffles; 

Iv. exterior walls shovld be she<.itheq with Fire Resistive Materlals; 



v. fire-resistive decking materials, such as solid composite decking materials or fire-resistive treated wood, 

should be used; 

vi. all windows should be t empered or double-glazed to reduce heat and protect against wind and debris 

that can break windows and allow fire to enter the bulldinc or structure; 

vii. all chimneys and wood-burning appliances should have approved spark arrestors; and 

viii. building desiBn and construction should generally be consistent with the highest current wildfire 

protection standards published by the National Fire Protection Association or any similar, successor or 

replacement body that may exist from time to time. 

2. The following landscape conditions should be considered within 10 metres of a New Building or Structure 

requiring a building permit: 

I. wildfire risk mitigation and landscaping should be designed and Installed to protect, conserve and 

enhance natural features of the site; 

Ii. If removal of trees or vegetation Is recommended by the QP for the purpose of reducing wildfire risk, 

Village of Uons Bay approval Is required, and replacement trees or vegetation may be required by the 

Municipality; and 

iii. where feasible, a Defensible Space of 10 metres should be managed around buildings and structures 

with the goal of elimlnatihg Fuel and combustible debris, reducing risks from approaching wildfire and 

reducing the potential for building fires to spread to the forest, and the required Defensible Space may 

be larger In areas of sloping ground where fire behaviour creates greater risk. 

3. For sites located within multiple hazard NHAAs, a coordinated approach should be employed to ensure 

recommended prescriptions do not conflict and the overall project objectives are successfully met. Risk 

associated with geohazards should usually take precedence over wildfire risk where potentially conflicting 

mitigation measures are recommended (e.g. vegetation retention for slope stability would take precedence over 

vegetation removal for wildfire protection). 



4. In addit ion to the Exemptions listed In section 10.1.4·, all development Is exempt from the requirement to obtain 

a Wildfire hazard assessment other than the construction and Installation of a New Building or Structure for 

which a building permit Is required. 

5. A report from a QP should Include an acknowledgement of receipt of the report by the QP dealing with the 

reporting guidelines and requirements of all other Natural Hazard Assessment Areas, If applicable. 
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DPA 1, includes shore front terrain captured by the 
8 m contour elevation above mean sea-level (CGD) . 

t 



DPA 2A, includes debris fans formed by Magnesia, A berta and 
Harvey Creeks. The area potentially affected reflects the fact that 
existing mitigation on these channels was not designed to a 
known return period standard, and engineered structures could 
be overwhelmed by rare events. Measures are required to mitigate 
residual risk. Conditional area may be removed once pipe crossing 
grade on left bank is assessed and mitigated. 

Slope theme 

>90% 

70-90% 

60-70% 

50-60% 

30·50% 



DPA 2B, includes the debris fan built by Upper Bayview Creek. 
Hazards affecting include debris flows and debris floods and 
floods caused by misaligned drainage. BGC 2013 recommended 
structural mitigation of hazards affecting the Upper Bayview 
Creek fan: to date no mitigation has occurred. Measures are 
required to reduce residual risk. 



DPA 2C includes ravines and terrain within 30 m of the ravine 
crest. Ravine setbacks can be reduced on a site-specific basis 
following the advice of a Qualified Professional. 



DPA 3A, includes all terrain vulnerable to open-slope landsllde, 
as predicted by a 20% slope angle projected from potentially 
unstable terrain, and lying upslope of Highway 99. 
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DPA 3B, includes all terrain vulnerable to roe fall, as predicted 
by a 50% slope angle projected from potentially unstable, 
steep (70-90% & >90%) rock terrain located upslope, 
as Identified & assessed by a Qualified Professional. 60-70% 

50-60% 

30-50% 



DPA 3C, includes all terrain except areas shaded rown. 
Larger tracts of <30% terrain are located at Brunswick Point, 
on Harvey/Alberta Creek fan and at Sweetwater Place. 
These areas are exempt {x). 





Friday, March 9, 2018 

lFrom the 
Mayor's Desk 
Hello Lions Bay, 

Trees are a fraught issue in Lions Bay. The other two are dogs and parking. Trees are 
very much fraught when they grow into the previous view of the people behind, 
sometimes many streets away. Previously neighbours have been expected to reach 
consensus, but as Lions Bay grows up, that's not always working these days. It's no 
accident that Council recently changed the name of the Trees, Views and Landscapes 
Bylaw. So far it's just the name, but I know that eventually officialdom is going to get 
involved. Some municipalities require a covenant to preserve exist ing views when a 
property changes ownership. Others will only allow construction after a stick frame 
has been erected for neighbours to see what's what. Others places req uire binding 
arbitration. I'm in the very early stages of looking at what a Lions Bay approach might 
be· suggestions are welcome (my email below). In the meantime, tree cutting on 
private land is not under municipal purview, so be very sure what trees you are 
agreeing to cut. We hear too often of residents returning home to find something 
entirely different to what they expected. Marking either the ones to go or the ones 
to stay, doesn't work: marking disappears with the trees. Consider a written 
agreement, or a map, or marked photos, and certainly insist on being there for the 
removal. 

Lions Bay School PAC has engaged a new preschool service, Saplings Outdoor 
Program, to take over when the current Montessori program ends late-June. An 
information session is set for next Tuesday, March 13th 6-7pm at the ex-



Library*. There wi ll be a presentation and a chance for parents to ask any questions 
about the new program starting in September. 

Our CAO has inserted a piece in these pages regarding the proposed new 
Development Permit Area guidelines for our OCP. Important information which I 
hope all will read and provide feedback on as requested. 

Regards, 
l<arl Buhr (mayor.buhr@lionsbay.ca) 

* BTW, Council also seeks suggestions for a new name for the anteroom of the ex­
Library, in time for the first phase of the funded community sign age makeover. It's 
intended to be a community conference room, a gathering space, a moot court.. .. 

FROM THE CAO's DESK 

DEVELOPMENT PERMIT AREAS: PROTECTION OF 

DEVELOPMENT FROM HAZARDOUS CONDITIONS 

In BC, we are blessed with a full bounty of 
dramatic natural landscapes, snowcapped 
mountains ris ing out of deep fjords left by 
retreating glaciers 10,000 years ago, rivers 
and streams rushing down steep slopes back 
to the sea as the sun dips below the horizon, 
painting the western sky with original 
masterpieces on a regular basis. Our license 
plates state the obvious: Beautifu l British 
Columbia. 

In the Village of Lions Bay, at the edge of 
Metro Vancouver in the Sea to Sky corridor, ~ 
we get to experience both splendor and ' \I 
serenity. But creating a settlement on these steep slopes is fraught with hazards ... 
read more. 



DEVELOPMENT PERMIT AREAS: 

PROTECTION OF DEVELOPMENT FROM HAZARDOUS CONDITIONS 

INTRODUCTION 

In BC, we are blessed with a full bounty of dramatic natural landscapes, snowcapped mountains 

rising out of deep fjords left by retreating glaciers 10,000 years ago, rivers and streams rushing 

down steep slopes back to the sea as the sun dips below the horizon, painting the western sky with 

original masterpieces on a regular basis. Our license plates state the obvious: Beautiful British 

Columbia. 

In the Village of Lions Bay, at the edge of Metro Vancouver in the Sea to Sky corridor, we get to 

experience both splendor and serenity. But creating a settlement on these steep slopes is fraught 

with hazards. Early developers did not do the kind of land use planning risk analysis t hat is required 

today. Indeed, t he Vil lage of Lions Bay is a community susceptible to a variety of natural hazards 

and has a history of significant events, including events involving loss of life. Hazards potentially 

Impacting Lions Bay include coastal flooding, debris flows, debris torrents, erosion, landslide, 

landslip, rockfall, and wildfire. 

Lions Bay is not alone in facing these kinds of natural hazards, a fact recognized by the Province of 

BC through the Local Government Act, w hich provides for '1protection of development from 

hazardous conditions" through the designation of Development Permit Areas (DPAs} in Official 

Community Plans (OCPs). This is accomplished through guidelines incorporated into t he OCP which 

are intended to ensure t hat the known hazards are taken into consideration on any development 

applications. It provides a fri:lmework to identify t he hazardous conditions and set out t he 

requirements for qualified professionals to address those hazards In order to enable development 

safely in a hazardous environment. Click here to view the DPA requirements in a table format (see 

document titled "Table of Development Permit Area Guidelines"). 

RISK TOLERANCE 

Clearly, w it hin the Village of lions Bay, there is risk associat ed with any development, including 

existing development. l<nowledge of risk creates an obligation on the part of government to share 

that knowledge and to exercise a duty of care in relation to persons who may be affected by that 

risk. In respect of new development, knowledge of risk requires that such development address the 

risk in a manner which will ensure it meet s acceptable levels of risk tolerance. Gone are the days 

when local government could approve development, pa rticularly in hazardous areas, without 

professional assurance that a development site or structure is safe for the use Intended. 

The concept of safety embodies risk tolerance. In BC, landslide r isk tolerance criter ia are often 

based upon factors of safety, hazard probability, or risk of loss of life. Unfortunately, there are no 



province-wide acceptance criteria, notwithstanding a recommendation in the Coroner's report after 

the fatal 2005 landslide in North Vancouver that Provincial landslide safety criteria be established. 

As the authority having jurisdiction over land use planning, it is therefore the responsibility of the 

Village of Lions Bay to set acceptable levels of risk tolerance with respect to development within the 

Village. 

The District of North Vancouver provides a good example of a municipal policy setting an 

acceptable level of risk tolerance, with existing development having a risk tolerance t hreshold 

based upon risk of loss of life of 1 in 10,000 per annum. This is a similar to one's chances each year 

of dying in a car accident. All other development has a much lower risk tolerance threshold at 1 In 

100,000 per annum. These criteria are consistent with those in Hong Kong, Australia and the United 

l<ingdom, jurisdictions which were researched in the course of North Vancouver's policy 

development. 

Cordilleran Report, Table 11: Landslide rlsl< policy, District of North Vancouver 

Type of Application 

Building Permit (<25% Increase to gross 

floor area) 

Building Permit (>25% increase to gross 

floor area and/or retaining walls >1.2m) 

Re-zoning 

Sub-division 

New Development 

+ ALARP means As Low As Reasonably Practicable 

1:10,000 

+ALARP 

x 

1:100,000 *FOS >1.3 

(static) 

x 

x 

x 
x 
x 

* FOS means Factor ofSafetv, generally In relation to engineered slopes and ravines 

*FOS >1.5 

(static) 

x 

x 
x 
x 

The ostensible rationale for differing thresholds is that for new development, the extra involuntary 

risk posed by a hazard should be much less than for existing development on the premise that risk 

avoidance through development elsewhere is an option. Given that Lions Bay is substantially built 

out and there are very f ew options within the Village for risk avoidance through location choice, 

1:100,000 per annum may be a very high threshold for Lions Bay, depending upon potential options 

for mitigation of risks. 

But what kind of development are we speaking of? Using the North Vancouver policy, a property 

owner looking to build a single fami ly home on bare land, or demolish and rebuild on their lot, 

would be tasked with meeting a safety threshold 10 times as stringent as that which apptied to the 

existing house (and to the neighbouring houses). Did the risk change? Are the lives of new residents 

more valuable or require greater protection than those of existing residents? Or is the intent to 

eventually have all structures meet the higher safety threshold for new development that has been 



accepted in other jurisdictions? In some areas of North Vancouver, there are homes which, if 

redeveloped, will never meet the higher threshold because the risk cannot be further diminished to 

achieve it. (Porter et al., 2009) 

One possible solution would be to limit the application of the more stringent criteria to the approval 

of new subdivisions or rezonings which substantively increase the number of people exposed to the 

risk. Another would be to rely more heavily upon the principle of reducing risk to "as low as 

reasonably practicable" (ALARP). For a risk to be ALARP, it must be possible to demonstrate that the 

cost involved In reducing the risk further would be grossly disproportionate to the benefit gained. In 

Lions Bay, the ALARP principle of mitigation could be applied across all DPAs, particularly where the 

level of hazard uncertainty is significant. Treating less impactful development in a similar manner to 

existing development (subject to the ALARP principle) could be said to represent more of a "risk 

neutral" approach, as opposed to a "risk averse" approach. 

When the expected area impacted by a hazard is small and density of development is low, safety 

thresholds are governed by the estimated level of individual risk. However, when large groups are 

exposed to a hazard, considerations 

applicable to societal risk may 

determine If development is acceptable 

or unacceptable from a risk perspective. 

Societal risk considers the total potential 

for loss of life when all people exposed 

to a hazard are factored into the 

equation. It Is usually described as the 

relationship between the probability of 

a catastrophic incident, expressed as the 

average frequency with which it can be 

expected to occur, and its 

consequences. It is usually represented 

as an F-N graph, where F equals the 

expected frequency of the event and N 

equals the number of fatalities. The 

1 llE·Vl 1---->----+---- --...._--l 
I 10 100 1000 10000 

Number (N) orFat1llHea 

concept is generally expressed with a range of acceptable outcomes, shown here as lying between 

1:1000 and 1:100,000 per annum. In the United l<ingdom, the Health and Safety Executive (HSE), 

which sets maximum tolerable risk for individua l members of the public, has proposed that the 

frequency of SO or more people being killed or seriously injured in a single event should not exceed 

1:5,000 per annum. 

While risk tolerance levels may vary across different jurisdictions, and individual vs. societal risk 

criteria may differ, there are some common principles which have been Identified: 



[[] the incremental risk from a hazard to an individual should not be significant compared to 

other everyday risks the person is exposed to; 

cm the incremental risk from a hazard should be reduced as low as reasonably practicable 

(ALARP); 

rnJ the higher the number of fatalities, the lower the probability of the event occurring needs 

to be in order to be within a tolerable or acceptable range; 

[ill higher risks are likely to be tolerated for existing developments than for new proposed 

developments. (Leroi et al., 2005} 

Statistics Canada reports from 2005 indicate that, over the five preceding years, the age­

standardized risk of loss of life by all causes was about 1:175 per year. It has been noted that the 

impact of moving from a 1:100,000 landslide risk threshold to a 1:10,000 standard was low, making 

a difference of less than 0.2% to the cumulative risk of loss of life. (Porter et al, 2009) This may lead 

one to conclude that a 1:10,000 + ALARP threshold Is perhaps the most reasonable policy approach 

for DPAs 2 and 3 in the Village of Lions Bay, If not as a blanket approach then at least for the forms 

of development which are less significant in nature (eg: single fami ly homes, cottage additions, and 

minor lot splits}. 

WILDFIRE RISKS 

With respect to risk tolerance related to wildfi re, recent events in BC and Alberta should certainly 

give pause to anyone living within or near an urban/wildland interface area. The accumulation of 

forest fuels and the effects of climate change, including more weather extremes, have resulted In 

more, and more severe, wildfire events affecting thousands of residents in BC and Alberta. After the 

record-breaking 2003 fire season, the Filmon Report provided the government of BC with a number 

of recommendations, many of which have not been adopted at our own peril. One of them was: 

that municipalities within fire prone areas should formally adopt the Firesmart 

standard for community protection for both private and public property. At a 

minimum, this standard should be applied to all new subdivision developments. 

Another of the recommendations was to require wildfire-proofing across the Province: 

The BC government should require municipal and regional governments to 

implement building codes and land use requirements that have proven useful 

elsewhere in limiting the impact of Interface fires. 

The draft guidelines in the Lions Bay Wildfire DPA4 are intended to address these goals, to the 

extent reasonable and practicable. They will be amended and re-presented with changes to soften 

the requirements and recognize the potential conflicts between Firesmart goals and slope stability 

goals, as well as to address concerns about applicability to existing development. However, they do 

present a set of "best practices" to help address this potential hazard and it is hoped that they will 

be implemented by property owners whenever and wherever feasible. 



An updated draft of the DPA guidel ines can be viewed here (see document titled "Draft 2 OCP 

Development Permit Area Guidelines"). 

Pde:r DeTa~ 
Chief Administrative Officer 
VIiiage of Lions Bay 
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HAVE YOUR SAY! 

How do you feel about your own risk tolerance levels? 

Do you take everyday risks for granted or do you ever consider them? 

Do you think Lions Bay should be risk neutral or risk averse when it comes to geohazard risk 

tolerance for new development? 

Does it depend on t he type of development, including t he humber of new people exposed to a 

particular risk? 

Should It depend on whether it's above or below the highway? 

How about wi ldfire hazard risk tolerance? 

To what extent should wildfire risk mitigation be mandated vs. voluntary? 

If voluntary, how will your neighbour's choices impact your safety? 

A ease send your comments and questions to feedbad<@lonsbay.ca 



Friday, March 16, 2018 

FROM THE CAO's DESK 

DEVELOPMENT PERMIT AREAS: PROTECTION OF 
DEVELOPMENT FROM HAZARDOUS CONDITIONS 

Hello Lions Bay: 

For those of you who may have missed my 
piece in last week's Village Update regarding 
the proposed Development Permit Areas 
(DPAs) for Protection of Development from 
Hazardous Conditions, I strongly urge you to 
read it here. For a quick overview of the DPA 
framework, click here. And to go straight to 
the draft OCP policy and guidelines, click 
here. To review the Cordilleran Report, which 
provided an overview of geohazards affecting 
property in Lions Bay, click here and then on 
"Village of lions Bay Natural Hazards 
Development Permit Area Strategy: Coastal, 
Creeks and Hillside Hazards". 

Why shou ld you review t his complex material? How does this proposed OCP 
amendment affect you? Well, it might not affect you at a ll ~ if you have no plans to 
ever build on or subdivide or rezone your property. But if you want to do any of t hese 



things, and if you're within one or more of the DPAs, you'll need t o have a qualified 
professional assess your property against the risks identified In the Cordilleran 
Report, and the DPAs themselves, and indicate that the land is safe for the use 
intended. 

Like almost every other municipality, Lions Bay already requires a geotechnical 
review of development applications. However, t hese are presently done with little or 
no guidance as to the safety t hresholds and standards which must be achieved, 
despite best practices set out in the Association of Professional Engineers and 
Geoscientists of BC guidelines. That is because ult imately, those thresholds must be 
established by, in this case, the Village of Lions Bay. 

Moreover, in a place like Lions Bay, those safety assessments must take into 
consideration the numerous hazards presenting both within and beyond the borders 
of the VIiiage which may affect the parcel to be developed. Without a framework for 
assessment and stated policy requirements to be met, the engineer working for an 
individual property owner would be left floundering and having to attempt a 
complete assessment of all hazards with no guidance. This would be more expensive 
and inefficient for property owners in Lions Bay wishing to do something with their 
land. Providing this guidance also benefits t ax payers who have no intention of 
developing their property because it reduces risk to the Municipality. 

The owners of existing development (i.e. your current home) should also be 
interested In t his matter because in t he course of establishing minimum safety or risk 
tolerance thresholds for new development, a minimum ls effect ively established for 
exlsting development. What if your existing home doesn't meet t he min imum risk 
tolerance threshold? That 's a question worthy of another article next week, a 
cliffhanger worthy of inclusion in DPA 3C (steep slopes). Perhaps by t hen we'll have 
some indication from the Province of BC as to their intentions regarding some of the 
unquantified risks associated with haza rds identified in the Cordilleran Report. In the 
interim, we rea lly do want your feedback@lionsbay.ca regarding some of the 
questions asked at the end of last week's article. Thank you. 

Regards, 
Peter DeJong 
Chief Administrat ive Officer 
Village of Lions Bay 



Friday, March 23) 2018 

From the 
Mayor's Desk 
Hello Lions Bay, 

Tuesday, and another marathon Council meeting, this one 'till 11:45 pm, a recent 
record. We received last year's financial results (no major surprises), we reviewed 
correspondence (keep it coming), and we approved the recommendations of t he 
Beach Park Advisory Committee arising from t he recent community survey. Thanks 
to Committee members Oliver Brunke, Mathilde Glldenhuys, Heather Hood, Russ 
M eiklejohn, Robin Spano and Public Works Manager Nai Jaffer, plus Chair Cllr. Ron 
M claughlin plus me. On a $30,000 budget, in time for summer, we will see a new 
kayak rack with 100 spaces on the sout h wooden fence, a beach-level fresh water 
shower, handrails and pavers for the south stone st eps, and temporary patch ing of 
the landscape timber stairs down from the play structures. Larger renovations will be 
implemented over multiple budget years--a billboard this year will display renderings 
of the proposa ls. One recommendation occasioned a gulp: the ugly but loved shady 
cedar and fir near the southerner stone steps are shuffling off their mortal coil, now 
dropping the massive leaders (a horticultural word for branches, apparently) growing 
out of past topping exercises. A recent professional survey also finds signs of rot and 
splitting up in the crown. Staff now judge t he risk of injury and worse from these 
trees unacceptably high, and unfortunately they are coming down before the season 
begins. They had a good innings, and this has been coming, but still. 



Council also approved revamped terms for the Curly Stewart Scholarship 
Award. Applications for Lions Bayers currently in their final year of secondary 
education are now open. Look for the promo piece below for detai ls. 

Staff are getting down to the nltty gritty on 2018's parking provisions. At Lions Bay 
Beach park, the parking lot will be improved for visitor pay parking June - Sep. That's 
all the parking there is for visitors near Lions Bay beach, and when it 's full, it's 
full. Parking over t he ra il line is reserved for residents. What makes pay and res ident 
parking work is enforcement, so expect more and improved of that this year too. 
Parking in most of the Village remains laissez-faire, but sign age updates will say what 
can be done rather than what can't; where a parking type is defined for a given 
stretch of street, it Will be very clear. We tighten up on street parking near the 
Sunset/Mountain hiking trailheads parking and l<elvln Grove Beach and Marine Park, 
for example. 

As before, Annual Parking Permits are required for residents to park in high-demand 
permit areas. From feedback from the 2015 parking survey (remember that?), they 
will now be on tamperproof stock to thwart t heft and prevent use on multiple 
vehicles. They also mount in a new place: on the outside lower left rear 
window. That1s so the parking people don't have to wa ll< between vehicles on the 
street or in parking lots to see if t here's a decal, and so that it's no longer obscured by 
shaded glass ancl glare, and to avoid damaging inside defog t racing. An alternative 
valid location Is the left side of t he rear bumper. Yes, it has to go in one of those two 
places, for t he reasons given, and if It's not, you may as well not have one. This 
approach seems to work for other communities that need to handle high visitor 
demand for scarce parking. Annual Permits w ill come with the June tax bill this year 
(and with the Feb. utility bill from 2019}. Yes, I know that doesn't guarantee that 
t hey all go only to residents, but it 's the simplest admin istratively. They can be given 
to other Lions Bay residents (e.g. tenants), but not sold, and additional permits are 
available for purchase ($40) with proof of residence. Books of Guest Parking Permits 
for parking in permit zones wlll be available from the municipal office for free to 
residents. 

Regards, 
l<arl Buhr (mayor.buhr@llonsbay.ca) 



FROM THE CAO's DESK 

Hello Lions Bay: 

To begin my third and final installment on the topic of Development Permit Areas 
(DPAs) for Protection of Development from Hazardous Conditions, I would like to 
apologize for the insensitive 11cliffhanger11 pun at the end of my last communication. It 
was not appropriate given the seriousness of the topic and I'm sorry to have included 
it. 

If you missed the first piece In the March 9th Vil lage Update, you can read it here. For 
last week's article, click here. For a quick overview of the DPA framework, click here. 
And to go st raight to the draft OCP policy and guidelines with updated maps, clicl< 
here and then on "Draft 3 OCP Development Permit Area Guidelines". To review the 
Cordilleran Report, which provided an overview of geohazards affecting property in 
Lions Bay, click here and then on "Village of Lions Bay Natural Hazards Development 
Permit Area Strategy: Coastal, Creeks and Hillside Hazards" . 

As I noted at the end of last week's article, establishing minimum safety or risk 
tolerance t hresholds for new development may effectively establish a minimum level 
for existing development. But without site specific assessments of risk, it Is very 
difficult to know what level of safety any particu lar property presently meets. 
Ensuring that all properties meet a new development minimum level of safety is a 
process that wil l evolve over time in Lions Bay as people develop or redevelop their 
properties. In t he course of that process, they wi ll obtain t he necessary geotechnical 
reports in accordance with the parameters set by the DPA guidelines. 

In the interim, however, it ls important for the Municipality to designate what level of 
safety wi ll apply to all existing development. For example, in North Vancouver, the 
minimum safety threshold for existing development is 1:10,000 per annum (roughly 
the same risk of death you face each year driving a car). If a property doesn't meet 
that threshold the owner is required to take Immediate steps to bring it up to that 
level. For Lions Bay, this type of regime would be extremely difficult to enforce 
without the site specific assessments necessary to make a determination in each 
case. But it would be very costly for the Municipality to fund that kind of project 
scope and staff is not recommend ing that this be done. 



Therefore, to deal with the issue of risk tolerance for existing development staff is 
proposing (subject to legal review) the potential option of only requiring existing 
development to meet a risk threshold of ALARP, or As Low As Reasonably Practicable. 
For a risk to be ALARP, it must be possible to demonstrate t hat the cost involved in 
reducing the risk further would be grossly disproportionate to the benefit gained. 
Building upon last week's iteration of a draft risk tolerance table in the DPA 
guidelines, an additional line has been inserted at the top of Table A: 

Table A: Risi< Tolerance Policy, Village of Lions Bay 

Risk tolerance thresholds in accordance with development type: 

Type of Application ALA RP 1:10,00011 1:100,000# 
+ALARP 

Existing Development x 
Building Permit or 
Land Alteration Permit x for development on existing 
RSl parcel as permitted by zoning 

Subdivision and/or Rezoning 
to create 4 or fewer 
fee simple or strata parcels x 
(Including the original parcel) 

Subdivision and/or Rezoning 
to create 5 or more x 
fee simple or strata parcels 
(Including the original parcel) 

# Ratios denote annual probability of individual loss of li fe 
+ ALARP means As Low As Reasonably Practicable 

"'FOS >1.3 '"FOS >1.5 
(st.. tic) (static) 

x 

x 

x 

* FOS means Factor of Safety, generally in relation to engineered slopes and ravines 

In Lions Bay, this principle of mitigation could be applied across all DPAs, particularly 
where the level of hazard uncertainty is significant, such as with some of the 
unquantified risks identified on Crown land above and within the Village. At this point 
in time, the Province has reviewed the Cordil leran Report but has not yet decided on 
whether it will undertake further, detai led assessments of those risks. Staff will be 
following up with the Province to pursue this level of inquiry. 



In the interim, we really do want your feedback@lionsbay.ca regarding the questions 
asked at the end of the March 9th article, along with any questions or concerns that 
you may have with respect to this topic. Thank you. 

Regards, 
Peter DeJong 
Chief Administrative Officer 
Village of Lions Bay 

EARLY DISCOUNT APPLICABLE UNTIL MARCH 31 

Boat Space and Dog License renewals are due by January 1, 2018 each year; the early 
discount payment fees are due by March 31, 2018. 

Please be advised that per the Parks and Regulations Bylaw No. 448, 2012, boats will 
be seized after June 1, 2018 if payment has not been received. 
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Recommendation: 

THAT the Information Report, "Public Correspondence re. Development Permit Areas1
' be 

received. 

Attachments: 

(1) Correspondence from Ian Mackie; 

(2) Correspondence from Peter Wreglesworth; 

(3) Correspondence from Heather Mossakowsl<i; 

(4) Correspondence from Jennifer Monroe. 

l<ey Information: 

After the DPA Public Information Meeting on January 30, 2018, Council received feedback 

from a few residents regarding the presentation of the Cordilleran Report and the proposed 

DPA bylaw framework. Those comments are attached to this report. Staff notes t hat the 

correspondence raises many issues for Council's consideration. There are also points that 

staff wishes to address in order to provide context and clarity to the discussion. 

Firstly, with respect to Mr. Mackie's letter, the Cordllleran Report was commissioned to 

provide an "all hazard" review for the Village of Lions Bay. This was necessary because of the 

policy choice made by Council last year through the new zoning bylaw to permit development 

through subdivision, cottages as other opport unities that were identified in the Official 

Community Plan. As pointed out In Mr. Wreglesworth 1s letter, no one is under any Illusions 
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-THE MUN ICIPALITY OF THE VILLAGE OF LIONS BAY 

about there being serious hazards in and around Lions Bay. In order to proceed w ith any 

development, Council must be fully cognizant of such hazards and must provide for a means 

of dealing with them through the mechanisms provided in the Local Government Act -

namely, through Development Permit Areas. 

The methodology employed by Pierre Friele, the author of the Cordilleran Report, was to 

provide a thorough review of all historical factors and available data to identify geohazard 

risks affecting land in Lions Bay, regardless of their origins or any mitigation that has taken 

place up until now. Return periods for hazard assessments are dictated by legislation, 

professional guidelines and other generally accepted criteria. Mr. Friele is not the only expert 

who has expressed concerns about the capacity of the creek hazard mitigation structures 

constructed by the Province in the 1980s. His opinion that there is an unmitigated residual 

risk requi ring further assessment does not mean that there is nothing which can be done by 

the Municipality in the interim. On the contrary, he has provided minimum criteria to address 

the residual risk, with additional mitigating measures, if any1 to be determined by a Qualified 

Registered Professional (QRP). The alternative to this for Council would likely entail a freeze 

on all development within DPA 2A pending Provincial review, which the Province may not 

elect to do. Even if the Province proceeds with such a review, the preliminary data suggests 

that the result will indicate a residual risk. They may not choose to rebuild the structures to 

address such risk. The more likely solution will be that anyone affected by such risk needs to 

take appropriate steps to mitigate the risk, indeed, as recommended by Mr. Friele. 

With respect to the responsibility of the Village of Lions Bay, it is to set acceptable levels of 

risk tolerance with respect to development within the Village. It is not to conduct a full risk 

assessment of how each and every hazard may affect each and every property. That is, and 

has always been, the role and responsibi lity of site specific studies to be undertaken by 

property owners wishing to develop their land. That may not have been entirely clear in the 

first draft of the bylaw, but the amended version will seek to clarify those responsibilities 
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THE MUNI CIPALITY OF THE VILLAGE OF LIONS BAY 

right up front. The fact that there are significant hazards on Crown land for which the risks 

are hard to quantify does add an element of difficulty for the property owner. The 

Municipality has begun the process of seeking Provincial funding of that endeavour, which 

would provide not only financial benefit but also the benefit of consistency of assessment of 

the risk. But again, In the interim, the idea is to give property owners an opportunity to seek 

site specific assessments of their properties should they want to develop sooner, particularly 

if there are favourable features associated with the land. The present requirements for 

Geotechnical reports contain no guidance to the QRP. The proposed bylaw will provide a 

legislative framework and guidance for the QRP to enable site specific risk assessments 

measured aga inst the Municipality's risk tolerance policy. It will provide a clear basis for t he 

QRP to certify whether the land is safe for the use intended. 

Much of what is suggested by Mr. Wreglesworth is covered above and by the bylaw itself. All 

natural hazards originating within Village boundaries are identified and guidel ines for dealing 

with them on a site specific basis are contained within the draft bylaw. The suggestion that 

there is a devolution of authority to QRPs to vary zoning is misplaced. QRPs wil l make 

recommendations as to what they determine is required, but the Municipality retains control 

over varying the zoning bylaw or not, which is done through it s issuance of the DP. The 

particular provisions referenced have been amended to clarify this retention of control by the 

Municipality. 

The comments in all the correspondence regarding the guidelines for the Wildfire Hazard 

DPA4, have been considered and amendments of that DPA reflect more of a ''best efforts" 

framework to provide recommendations on addressing the risks presented by this hazard. 

Respectfully submitted, 

PDJ 
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From: Ian Mackie 
Sent: Wednesday, January 31, 2018 10:27 AM 
To: Council @ Lions Bay <council@lionsbay.ca> 
Subject: Draft Amended OCP 

Mayor And Council 

I wrlte in regards to the report prepared for the Village by Pierre Frlele M.Sc. P. Geo. of Cordilleran 
Geoscience (the "Report'1) and the draft O.C.P.amendment to Incorporate Development Permit Areas(" 
DPA's} 
A review of the Report shows that the author has identified every conceivable risk that he can think of 
that might occur in Lions Bay as infrequently as on a 1:2500 year return basts. 

As stated at the Meeting on January 30, 2018 it appears that the majority of the risks Identified in the 
Report originate on Crown Lands uphill from the Village boundaries. 

The Report includes the following significant statements: 

" No activity Is free from risk and the concept of safety embodies risk tolerance. In Canada 
and BC there is no legislated guidance for risk tolerance to geohazards and the term "safe 11 has not been 
defined. Pl. 

"This report wil l identify potential hazards and assess the potential reach of these hazards. It is 
beyond the scope of work to assess the frequency of occurrence of identified hazards, as that Is typically 
a very detailed assessment, often requiring subsurface examination, stratigraphic analysis ... Thus, this 
report cannot make judgments on hazard or risk acceptability at any given site" P2. 

Illustrative of the fact that the Report does not discriminate in any way between risks is the following 
reference to the multi million dollar remediation of, inter alia, the Alberta Creek 
risk undertaken by the Province in the 1980's: 

"Design of mitigation for Harvey, Alberta and Magnesia Creek hazards In the 19BO's was based on the 
Design Event. Since there was no data available to prepare debris flow frequency ana lysis, the Design 
Event was based on the " largest volume that could reasonably occur during the life of the structure 
... The storage structure volume was then made 15 to 25% larger than the design debris flow. The 
channelled work downstream of catchments was sized to accommodate twice the design event " P 11. 

At page 27 of the Report the author comments on the Alberta Creek remediation by the Province as 
follows: 

"On Alberta Creek lots border the flume on both sides. The lowerflume below 150M elevation has a 
reasonably constant configuration with SM depth and 13 M to crest width, as measured at the bridge on 
lslevlew Place. It is CONCEIVABLE (my emphasis) that events exceeding the Design Event COULD (my 
emphasis) overwhelm this channel with partial overtopplng onto the surface" 

It Is because it ls CONCEIVABLE that the remediation on Alberta Creek COULD be overtopped that this 
area Is included in the DPA as DPA 2A thus requiring expensive professional assessment and flood and 
scour proofing as described in section 10.3.2 of the clraft amended O.C.P. 



This is proposed to be required by the Village without ANY assessment of the risk of t his event 
occurring. This Is contrary to the recommendations made in the Report as follows at page 21: 

"Therefore, it is the responsibility of the Village of Lions Bay to est ablish levels of acceptable risk for 
development approval process " 

Rather than developing any assessment of the risk for each DPA the Village has simply adopted the 
approach of t he author of the Report by inclt,1dlng everything mentioned in t he Report as a risk to be 
addressed by the property owners in the Village. This is a fa ilure on the part of the VI iiage to properly 
assess the risks as is recommended by the author of the Report. 

If t he risk is that the Province has failed to adequately address the risks on the Creeks mentioned, and 
elsewhere, then the Province should immediately be advised of this hazard as it affects not only the 
residents of the Village but also all of the thousands of daily users of the 4 lanes of highway 99 that pass 
through Lions Bay and over the Creeks in question. 

It is premature to require t he property owners in the Village to comply with t he proposed DPA's 
prior to the Province assessing and addressing any risks that may be present. 

To enact the proposed DPA without first obtaining Input from the Province as to the actual risk is to 
burden the property owners of the Village with excessive and potentially unnecessary expense. 

WILDFIRE HAZARD SECTION 10.4.6.2 

This provision does not appear to have been carefully considered in its potential effects. It's 
requirements will apply to any structure In the VIiiage that requires a building permit for repair or 
replacement. This is unreasonable. 

As w ell it appears that it does not apply to lands In t he Village owned by the Village; the Province or 
Highways. These are the owners of significant lands In the Village that have large numbers of trees that 
present a fire hazard . 

Regards 
Ian D. Mackie 
185 lslevlew Place 



February s1h, 2018 

Attention - Village of Lions Bay - Mayor and Council, 

Re: Public Open House - January 3Q!h, 2018 

After reading the extensive materials supplied prior to the open house meeting last Tuesday, and some 

reflecting after that meeting - I would like to share my comments -observations, impresslons and 

concerns respecting the content and the direction Council appears to want to pursue. 

It was noted at the Open House meeting on the 30111, that Council intends to have 151 and 2cd reading at 

the Council meeting tomorrow - I think that this is too aggressive a schedu le for such a complex and far 

reaching agenda. Particularly with what appeared to be less than 50 attendees at the meeting. 

Changes contemplated are the most far reaching, and potentlally very costly that residents are being 

asked to consider- and the Public Process needs to reflect this. The subj ect matter is not easily 

understood by many residents and I believe that at the very least a couple of additional meetings, better 

publication of those meetings, and a far more detailed "context" discussion from the Administration at 

the beginning of each meeting of "why" and "what" the issues are that are driving these considerations 

needs to precede the "expert's" in attendance commentary. In my opinion the intro was too short and 

the reliance on the experts to quick. 

In the absence of such a preamble, I simply assumed that considerations under discussion must be a 

requirement of being a part or Metro - I am told by Counci llor Bains, t hat It Is not. This suggests to me 

that this subject and consideration is under our purview and direction as Residents of Lions Bay. And it Is 

something that we must take financial responsibility for. 

We have all individually decided to live In wonderful Lions Bay, and not for a second has any of us been 

unaware t hat we live on the side of a Mountain and t hat we may be due for an earthquake at some 

point In t ime, and that a 1:500 year and a 1:2500 year geological event could happen - the information 

presented last Tuesday was very interesting to me respecting the geology and fault lines of the 

mountain as well as respecting linking geological time to our own time frame and spans. 

Respecting iurisdiction: 

We are a very small Village of some 560 homes/lots and about 1500 residents. Our legal boundaries are 
fixed, and within them we are responsible. Outside those boundaries t he responsibi lity lies with t he 

Province. 

My own impression from the Presentation last week is that the bu lk of significant hazardous risks to 

Lions Bay would emanate in the areas of Provincially owned land - and that events in these areas could 

be ca tastrophic to Lions Bay in the absence of significant remediation Investments being made by the 

Province at a scale of expenditures like those made after the events of 1983/4. 

Respecting what I do consider to be our own Vi llage responsibility- I do believe that there are areas on 

Village lands that we must identify and attend to, and· that these are in anticipation of events that 

originate on Village property. These involve both public and private lands. A geological review that 

focusses on t he Village lands, and highlights specific areas of concern, such as large rocks susceptible to 



downhil l movement1 poorly constructed rock walls/retaining wa lls on vi llage and private property that 

pose a threat to neighboring property and possible erosion. 

Respecting how this is done - I believe it is the Village's responsibility at the very least is to outline the 

scale and focus of circumstance and remediation for conditions within the Village lands, and preferably 

undertake an inventory of these conditions. 

Respecting Certified Professionals, and Land Owner responsibilities; 

As I understood the presentation of last week, much of t he focus regarding hazardous "events" 

emanated from the steep sloped Provincial lands and possible concurrent/ensuing impacts on the 

Village lands. I believe we need to be very clear respecting Certified Professional focus and context in 

making their recommendations. Certified Professionals looking at Individual private properties without a 

clear sense of what scope/level of hazardous event they are seeking to avert, through t heir observations 

and commentary, could result In a wide range /sca le of recommendations and cost. Potentially to the 

detriment of development. 

My own judgement underlying this comment is that there ls virtually nothing that individual property 

owners can do on their own lands to avert/offset major events originating on the Provincial lands above 

lions Bay. 

Noting item 10.4.2 General Guidelines for Development on Land Subject to Potential Slope Hazard for 

DPA areas 3A,3B,3C, - and item 6. i1 ii, and iii. 

This item places a great deal of scope and responsibility on the Certified Professional and coLI'ld have a 

considerable impact on the scope of development and concurrent value of the land. The new proposed 

process being considered of what can and cannot be done on privately owned v illage lands being 

articulated by multiple individually retained Certified Professionals could have very significant 

unintended consequence's affecting size and design of residences and land value. Item 6 iii notes that 

the CP may rule on building's use, density and size. Currently we have much more certainty - size of lot, 

building areas/site ratios allowed, height and setbacks creating certainty and clarity of value. 

I also wou ld like a discussion respecting what it would take for the Village to be responsible for general 

recommendations (w Professional input) for DPA - 3A, 3B and 3C. rather than encumbering individual 

home owners with considerable costs and potentially a wide range of Certified Professional's 

interpretations of required actions on a site by site basis. 

My last comment relates to concerns regarding the broader "public perception" of Lions Bay and the 

desirability of living here as well concerns that those perceptions may negatively Impact our home and 

land values. With much of the presentation and focus on geological and seismic events etc. on lands 

outside our control, (Provincial lands) we need to be very careful and our focus should be on what our 

responsibilities are as a Village. 

I apologize for any repetition and potential " broad brushing" at this time - the scope of the endeavour 

under consideration is large, complex- and needs to be scaled t o what we can reasonably execute, and 

as a Village wi ll support. 

Peter Wreglesworth> Retired Architect AIBC, FRAIC 



Dear Mayor and council, 
Upon hearing that a bylaw for cutt ing trees 30 feet around buildings is a NOii! This does not comply to 

our lots on a mountain. Also paying five thousand for a geotechnical report is a NO II 11 We need a 
bylaw protecting our trees especially healthy big trees t hat are here for a reason they stabi lize 
preventing slides. 

As a resident for over 40 years having one of the two Rhododendron gardens in the village 
where people have come from all over the world to see rare species and beautiful huge trees that 
naturally soak up lots of underground water, as we do live on t he side of a mountain with lots of 
underground streams. Lions Bay ls unique and cannot be compared to other places we have always 

lived in harmony with nature. 
Sadly clear cutting has began in Lions Bay and the media has become involved again. This is a 

reminder of our slide over 40 years ago due to unsafe logging practises which caused such tragedy for 
the vi llage, you see the slides in our water shed area now I I I have found this old letter from Lions Bay 
Development ltd. 
Lions Bay NEWSLETTER dated August 19, 1959 

Your water system. 
Lions Bay is one of the few communities in Metropolitan Vancouver that has its own independent 

water supply. It is also one of the few systems hat does not require chlorinating. 
The water system installed by the development company, draws its supply from Harvey Creek, feeding 

all sections of the comm unity by gravity flow. The present water licence provides for 175,000 gallons 
per day, and the lowest stream level recorded on Harvey Creek has been 350,000 gallons per day. The 
water system will be turned over to the residents without charge as soon as an Improvement District is 
organized, and the only charges to be levied against the property owners wlll be for maintenance. As 
pumps and reservoirs are not required, these charges should be nominal. 

Laboratory tests have shown that the water supply is pure and chlorinatlon ls not required. Further 
tests will be made regularly to make certain that this purity is maintained. 

We need to ensure Lions Bay respects our natura l landscape it is such a gift. 

Sincerely, 
Heather 



To Whom It May Concern, 
I am very much opposed to the introduction of Development Permit By-Laws in Lions Bay I 
I have reviewed the details of the By-law and will be looking at this Cordilleran Report as well. It's just 
that seeing the details of the new DPA By-law for Lions Bay concerned me so greatly that I felt I wanted 
to send t his email straigh t away to announce my objection. 

I will be looking to hear more at the upcoming Meetings. 

Sincerely, 
Jennifer Monroe 





TH E MUNICIPALITY OF THE VILLAGE OF LIONS BAY 

PUBLIC INFORMATION MEETING 

NATURAL HAZARDS ASSESSMENT STUDY 

FOR DEVELOPMENT PERMIT AREA GUIDELINES 

The public is invited to attend a Public Information Meeting regarding the 

recent natural hazards assessment study and the creation of development 

permit areas and associated guide lines to be held on: 

Date: Tuesday, January 30, 2018 

Time: 7:00 - 9:00 pm 

location: Broughton Hall, 400 Centre Road, Lions Bay 

The purpose of the meeting will be to provide residents with information 

about the natural hazards report and about Lions Bay's initiative to create 

development permit areas for the protection of development from 

hazardous conditions. 

Guidelines for these proposed development permit areas will be introduced 

as a proposed arnendment to the Official Community Plan to deal with 

identified hazards re lated to coastal flooding, creeks, slope stabi lity and 

wildfire . 

Copies of the geoscientist's report and the planning consultant's report can 

be found on our Planning and Development Services page at lionsbay.ca. 

For those who are unable to attend but wish to provide input, please send 
your comments and/or questions to: feedback@lionsbay.ca 



Public Info Meeting "Ground Rules" 

Safe and respectful environment 

• Respect each other's' thinking and value everyone1s contributions. 

• You can respect another person's point of view without agreeing 
with them. 

• We want to hear all points of view. Clapping can be intimidating. 
Regardless of whether you favour or oppose any particular 
statement, we ask that you refrain from clapping so that all 
speakers will feel comfortable making their views known. 

• Be respectful of each speaker and allow the speaker to make his 
or her point without interruption. 

• Focus on the issue, not the individual. challenge the idea, not the 
person 

Share time so that all can participate 

• In the interests of giving the maximum number of people the 
opportunity to speak, please refrain from speaking a second time 
before everyone has a chance to speak a first time 

• Respect the groups' time and keep comments brief and to the 
point. 

• We can discuss detailed issues or property specific issues offline. 



DEVELOPMENT PERMIT AREAS FOR NATURAL HAZARDS 
PUBLIC INFORMATION MEETING AGENDA 

1. Mayor: Thanks everyone for coming out tonight to our Public Information Meeting 

regarding our recent Natural Hazards Assessment Study and the proposed new 

Development Permit Areas. There's water on the table at the north end of the hall and 

of course washrooms are here and exits are there. And without further ado t' ll turn 

things over to our Chief Administrative Officer, Peter DeJong. 

2. Peter: Thank you Mayor Buhr and welcome all to this Public Information Meeting. This 

isn't a Council meeting or a Public Hearing; rather, it 's an opportunity to have local 

geoscientist Pierre Friele present his report: Natural Hazards Development Permit Area 

Strategy: Coastal1 Creek and Hillslope Hazards, for lions Bay. We' ll also have a 

presentation from our Planning Consultant, Steven Olmstead, regarding the draft 

Development Permit Area Guidelines proposed for inclusion in the OCP. There will be an 

opportunity to ask questions and provide comments after the presentations. In 

February, Counci l wil l consider 1st and 2nd reading of a bylaw incorporating the proposed 

guidelines into the OCP and there Will then be a Public Hearing before the bylaw goes 

back to Council for consideration of adoption. 

We have been fortunate to have Pierre Friele and Steven Olmstead working on this 

project for us. Pierre is a professional geoscientist, doing business as Cordilleran 

Geoscience, and a mem ber of the Association of Professional Engineers and 

Geoscientists of BC (APEGBC), licensed under the Engineers and Geoscientlsts Act. He 

specializes in Engineering Geology, typical ly involving landslide hazard and risk 

assessment, flooding and erosion protection, and paleo-environmental reconstruction 

(i.e. studying the landscapes of previous geological epochs). In addition to contract 

work, he has published a number of research papers on the Quaternary geology (last 2.6 

million years or so) and volcanic hazards of the Sea to Sky corridor, including the late­

gladal history of Howe Sound, the evolution of debris flow hazards on the Cheekye fan, 

and landslide hazard and risk at Mount Meager. Pierre lives, works and plays in the Sea 



to Sky corridor and is very familiar with the terrain and geologic features of lions Bay, 

even more so now, I suspect, after having prepared this report. 

Steve is recently retired from the Sunshine Coast Regional District, where he was the 

General Manager of Planning and Development for the past 5 years, after holding a 

similar position in Pemberton for the Squamish-Lillooet Regional District for 12 years. 

Prior to that, he was on the Sunshine Coast, the Central Kootenays and the Cariboo. In 

addition to his 35 years of experience, he holds a Masters in Community and Regional 

Planning from UBC as well as a Diploma in Urban Land Economics (UBC). He's a long­

time member of the Canadian Institute of Planners and is a past Chair of the Association 

of Regional District Planning Managers, along with holding certificates in Local 

Government Administration. And of course he guided us through our recent zoning 

bylaw project, so he's getting to know Lions Bay pretty well. 

Pierre will provide his presentation on his natural hazards assessment study and the 

mapping he has created for the proposed Development Permit Areas; and then Steve 

will provide his presentation regarding the proposed Guidelines, and we' ll wrap up with 

a Q & A session. 

There's a Speaker's List at the front table to avoid any line-ups at the mlc, as well as 

Question Cards for those who'd like to put their thoughts to paper or have someone 

else read out their question. 

If you wish to provide feedback after the meeting, you may do so by sending an email to 

feeback@lionsbay.ca. The materials on which tonight's presentations are based can be 

found via on the Reports and Documents page of our website, or via the link on the 

Planning and Development page. 

3. Pierre: Thank you .... [commences presentation] 

4. Steve: Thanks [commences presentation] . 

5. Pierre/Steve: Question and Answer Session (Peter: Reminder re. speaker's list, question 

cards, etiquette, etc.} 



Village of Lions Bay 
Official Community Plan Designation Bylaw No. 408, 2008, 

Amendment Bylaw No. 525, 2018 
(Development Permits OCP Amendment) 

Public Information Meeting 
Jonuary 30, 2011 

___....,,, ... ......... -~ ... 

Purpose of the Meeting 

To Inform residents of the proposed Development Permit Area maps 
and guidelines to be Incorporated In tile Offlclal Community Plan. 

Format: 

NCKt Steps 

Presentation lollowed by Q &A 

Question grds avdiluble at the front table 
(read or have read on your behalf) 

Background 
The original Lions Bay zoning Bylaw contained provisions regarding 
Development PermlU {DPs). This project was ldemlfled In tile terms of 
reference for the 2016 Zoning Bylaw review and consolldallon project; 
however acJdlllonal geolcchnlcal Information was necessary to be able 
to Implement Development Permits. 

Cordllleran Geosclencc was rct.1lned In the fall or-2017 lo undertake the 
first community wide geotechnlcal usessmeot for Lions Bay. 
Cordlllcran's work forms the technical basis for the Development Permit 
Areas under consideration. 
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Local Government Act Authority for DPs 
Local Government Act requires that OP areas be designated In an 
Otndal Community Plan. 

Designation of development permit area~ 

s. 488 fl) An offidal community plan may dt!!lgnate development 
permit areas for one or more of tho following purposes: 

(bl protection of dovolopmont from hazardous conditions; 

Development permits may olso be Implemented for protection of the 
natural environment; to guide the " form -and charecter" of various 
types of development; p1otcctlon of farming, energy conservation, 
water conservation and reduction of GHGs 

Act ivit ies that Require a Development Permit 

In a Development Permit Area: 

a. land within the area must not be subdivided; 

b. construction of, addition to or alteration of i1 building or other 
structure mun not be started; 

c. land within the area must oot be altered; 

unless the owner first obtains a dovelopmMt permit or an exemption 
under section l applies . 

.. .... "". 

Exemptions 
1, VIII•~• or LloM Doy publk wo1~s •nd HIVl<H and m•lnt•n•f\CI ocllvttl•• 
2. Non .. 1ru<1ur.il ,.P•l11 or "'nov•llotu lfn(ludfn1 rool rop•lt• bul not roof 

repltcemen•.s); 

5. Roplat41mtnt or repair ol •n 01'fnln1 deck (II loc.llon ind dlmoniloru do not 
ch•n~el; 

4. Conlll\ltlfon o( 1n acuuor; bulfdlnu o( lou than 10 <QUlrO mallOS JUbjod 10 

the bulldlna boln~ localed ouUld• any polo.ntlll tlo11a h1Jti1d 1roa •n<l 11 t.111 
10 "''""' aw•v from th• er"\ ol 1ny 1to1p slopa, and pro•lded th•t no ramovol 
of l rou or pl•<om•nl of nu will bt raqul11d; 

.. _ ...... ~ .. 
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Exemptions cont. 
S. /14 mv«urol chon&t, •ddltlon or ronMIUlon ta .. 1>11na conformrns or l•wlully non• 

conlorrntna bulldlncs or struuur-1, provld•d thot lht footprint I• nal OJ(l>o!lllod1 ond 
pnwlded lhot 11 doH nol lfwofYt •ny •ltor•(jo(i Ot l1nd; 

6. Routine m•lnlon•nu or ••lstlna l1nd•e1pln1 •nd !own ..... ; 

7, Habfut trHtk>n, sue1m1ldt rtstontlon ar .llmllar habl~t onh11ncernent WOflu; 

9. Pl1ntln1 or 'fBOltllon, OJ«tpl lor tho pl1ntlnu of ., ... within 10 motru of th• \op 
ol 1 Jll1p •lop• or within 10 motru of any p•rt of 1 bulld111~ con11lnln~ 1 dwtlllna: 

10. Sttb1ck1 m•v bo ruducod who•• coas11I iono or rlp•rl•n 1r11 reaul>tlon 101b-cks 
would predudo de\lelopment on • lot; 

11. £rnetteitty J)ruceduru to PtlfVtnl, t:on,rol or rtd\Ko oroilon-' Of oth•.-imm•dlolt 
thrl'lll to Ill• •nd pr0ponv. 

Expectations for professional scope and reporting 
All proloJSlon•I 11potts ponalnlftjl 10 Dovolopmtnt Pormll Arns 1hould be 
con1ln1n1 with appllc1bfo ptof•ulon1I pr1ct1c• tuldollno nnd lholr YMlo"' report 
requlrtm•nll. ind pr<>11fncr1l 104ul11lons, lncludln1 but not oxdu1lvo lo the 1111 
bo!OWl 

• Flood lt111ard II••• lond Uso M1n1ttmanl Guld1llnO• (WI.AP ioll4), 

• Guidollnct lor Le1l•l1ted landtlldo Ann>mtnu lot Muldent11I Oovolopmenl• In 
BC (2008. 2010), 

• Gurdellnu for 1.1tw1•t11od Flood l\naasmonl• In • Chanclna Cllmll• In 6C (20U, 
20171, 

• ~rporlon ArHI Reauratlon, 

• BC Oulldln~ Codt, 1nd 

• Worksoro BC. 

Qualified Registered Professional Reports 
• lthmlllk.Mlan of nilt.ur;al httif<h Of' othfr hu1rdt Jdtnllf!od ln b1d1:a,ound ttl>Ofb Md 

neld work ln<l~d•• •l•o • d1K•l1><loo ol 1tt po1<01l1I h•md1 11<1d ,.llonolo tor t:Adudi<la ........ 
• f'Of •It h~nrd1o, u:p1r;-1e •nd Jn 1i1111t1•t•, !'nwlysM of lh• a~rbk vtfectin.c the pt0p01td 

dovelopnt1111 and •~lu11Uon .11 .. lmt 1h• V1ll111a uJ lion; Day '"'°'Y poflr;y, 

• Provld11 rtctmkltly j1.nllnet(f sl1Jna con1111 i1iloti or pratcicu~r 1n.,ouu1e1, u requlttd. 

• Pruvldu lmplernont1llgn S\CIJ.1' (or the ld"tttlflcd •tru~u,nl mlll11tlon wot ks (rn tat111~ of 
dffl'1'· contllUttlon and 11ppf0wll. WhcHCI prat~ttlve WOlh 11e 11commo111Jed, lhe 
re11on miu't ld11n11fv wkore f~low UJ'I f111ld vcitltf,o11IDn IJ rcqulnd tn emurq <onform•nce 
todcid911r,. 

· Dhcu\ult 11nce1t1ll1Ue1 ""d de,crlbH any rcnldual risk lhll would rem-.ln 

• Stile. th•C "th1 l1nd mtty bo 1.11ed Uftty for lhe use lnt1ndtc1• with 1lt1n1comtralnh, 
p«>ttctl11t1 meHure1 er httltl«l\fe <ovtn1nt, a• s.llpubted tn the 1eµott 
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Multiple Hazards and Adjacent Properties 

• For sites located wllhln mulllple Hazatd DPAsi a coordinated 
approach between the rcupectlve qualified registered professionals 
wlll be required to ensure recommended prescriptions do not conflict 
and the overall project objectives are successfully met. 

• Where a report by a quallOod realstered professlonel Identifies 
prolectlve works or measures to mitigate ho1ard(sl affecting a lot, 
those works or me~sures must not transfer risk to any other lots. 

. " ~ . 

Lions Bay Natural Hazard OPAs 
Four broad c.tegorles ol Development Permit Area are proposed: 

Coastol Zone Hazards, 

C•eek Haiards, 
Slope Ha1ards and 
WlldOre Haiards. 

Cordlllcton Geosclence undertook the technical :issessment to define 
the boundatll!$ and recommended guldellnes for the first thrl!e 
proposed DPA's whlle the Plannlng Consultant prepared the Wlldflre 
Hamd DPf\ based on the 2007 lions Bay Community Wiidfire 
Protection Plan prepared by Bl~ckwell and Associates and current best 
munlclpal practice. 

DPA 1: Coastal Hazards 
• Ca•1l•I '°"' h1tords !DPA l I lnclud• llaadl"ll 

end erosJan from 0 tCn\blntUot1 of proconH 
if'\dudfnc tfdos, storm sur1t, w•vt Actton wnd 1ea 
level 1lu. 

• OPA l t i<1ends lroni th• ••lnln1 notut~I 
boundary or lht se• ta lht 8 metros CGD 
IC•nodlon Geodallc Datum! 

• Within CPA t, dtvt lapmont 1ppllullan• shall 
fndudt • co,.tol flood hawd u1•ssment 
prtpored by o qu•llrled re&1Jt11ed proreulanal 
lo donn1 Iha y11r 2100 short lint po•flion 1nd 
tha derived flood cansll1l<llon lcvol, app10p1lat• 
.. 1back and •rrv ruocou1rv mlliC•llan work. 

_..,u ' 

.. 

6/28/2018 

4 



DPA 2 - Creek Hazards 
DPA 2A-Mltlgated Debris Fans 

• DPA 2A Includes land on the formerly active 
portion of the Magnesia Creek fan and the 
composite Alberta/Harvey Creek Inns that could be 
affected should existing mitigation structures 
become overwhelmed by a large, rar~ event. 

• All development within OPA 2A must be $upplled 
with appropriate flood prooflng nsalm t pot ential 
overland flows by establli hlng an FCL a minimum 
of 1 m ibove Onlshed grade and construction using 
concrete reinforced foundation to the FCL 

OPA 28-Upper Bayview Creek Fan 

• DPA 2B captures the entire Upper Bayview Creek fan 
lncludlng areas vulnerable to flooding and slope 
Instability In case of misalignment of the diverted 
channel. 

• In DPA 2.B, house loundatlons should be designed to 
withstand debris flood lmpac1s with contretc ~tecl· 
relnforced foundallons, and by mitigating the 
possibility of water Ingress by lift. This Involves the 
e~tabllshment of a flood construction level (FCL) a 
minimum of 1 m above flnlshed grade, requiring 
habi table space to be located obove, or with suitable 
tanking or ha bl table space below. 

c ........ . 

DPA 2c-Ravines 
• A JO rn \ t lW{k from '•'411a u•m d1nn1.1 1he 1tt1 that h1ll\.Wi.Wn 

Ori\ 2C. lhlt OPA CIJ'llUlt• O•U;11'1l 1nd ~ndl• C1ob, •nd lht r.tvttltt 
upurtarn of fao •Pktt Ol'I M•lt'•ift11 Mtftt IM4 ltl"'WClltkL. 

• '4 minimum lSm u ltltck f1otrt IJ\e 1.vt~tUf\l h.t.t1t11rttd lot a~I 
dt"if:'°tHntnt. 

• Aq111Rfi~ ''tAl.ftfd p.ofe~•n-1\ rttt0n '*'•II k1dude 1hr folk>win1: 

(•)a 1ec:onnn11ndtdon of ttqulrtd telbKk from "'' tt-Ant't1'11. 
t nd I krlUHlll~don Of i l.fl\tblhty r0t (f!tl 010,01fd Ult; 

(bl a fttld deJi11ltlon or tl11 ,.qlfirt~ Mlbtc- froll'1 lh• cop o' 1 ravfne 
OJ ottttf 1l•t1P tfOpt; tM 

(CJ I ii! rfflulrcd H lbtcl 10 101, of banJli tnd flcomnu:nc»Uoni 
rtllllrtl 10 canmuctlondt01t1 rtqul1cmenu fu1 U1t t bO'o't 
dtvt lopm1nt u livllltt, on-•ll• •lorm walor dftln~t• IYl&(ltltMeru. 
on..tllo s.ew•&• dlipoHt 11111 Olhtr •rpropiltt• hnd ut<' 
1.t(omm111'11\10M . 

. ,... 1• •. o 
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DPA 3 - Slope Hazards 
Gen<nl Guldl!llnos lor ll<.".!•~upmonl on land Subj.a to• Po1enuo1Slnpe ll•,.,d 

• Davt.lopme"\ thoufd ml11~ml1e 1n" ~llor.1llons to $1eep$1opetf AniJ 1.hft d1v1Sov1t1etH 
t.houkf be dtil1ned ta 1•'1art 11'41: iJtt r1lher thin ah1Jlf\I the sit• to rttOoct the 
deveJOf11nen1 

• rotcntt•I tlOpt!' ho111d " ''' d\Ould t•mnfn free ol dev•lopmon\,. or, H ttlfl It nol 
pou lble, 1hien: 

e) appruprlato m1Uanllon me:uurn shall he Identified 10 11ith1Cn tl\k to 11n acceptlble 
level. Rl'ktor lx>1h 'he \Ubjrcl J11Ctpo1ty ;rnd any 01dl1cent or mtnrby lanch d.uuhJ tin 
1ddum ed; and 

b) t:ottdlUont (tor eMmJ1l1 condlUom nJta1Jn1 ~o th1 porr11l\lod U\b, den1lty or 
u:~I• of bulldh1•) thtlll be hnpoted on mtcem1ry to fet.luce polflnlf,.1 hHrud to 
11tt.ept..blc lovl.IA, 

boch aJ dt.te1mlt1ed by• qu.1lllle1d t•1ln1r.d PfOftJitloMI fn • 111tUt11ln1ry • .ncmmt:nl °' 
~bll.ed ilt1Htm,.nt rftpon: 

.. 

Landslide Safety Policy 

For all landslide hazards, 1hc Vlllase of Lions Bav adopts a landslide 
safely policy that employs Landslide Risk Assessment for upslope 
hazards potenllally affettlng a site, and seismic slope stablllly for 
foundation solls, engineered slo11es and adJoccnt slopes as deter111l11ed 
relt!vant by the qunllfled regl1tc1ed professional. 

Risk assessments may be qunlltallve or quantitative In nature. As part 
or the risk assessment approach, a minimum landslldem~gnllude to 
consider ts 1tie l :SOO·vear event, but lilrger events up to a 1:2450.year 
earthquake t riggered landslide may be considered where deemed 
appropriate by the quellfled registered profe~lonal. 

"' 

DPI\ 3A- Open-slope Landslides 

In DPA !A,• roporl by 1 quolltlod reglsiered prol••Slonal 
should consider the following; 

• D•scrlpllon of lho ma1nllud• ond lro quo114y of lM huords. 

• A Risk Auusmen~ lncludlna evoluotlon •u•lnst hlo .. r. lY 
thrtsholds eslablhhed by V~lauo ol llon1 e.v. 

• If requlrtd by rltk aueurnon~ thin 11tln1 cotntNlnls •nd/or 
de•lcn ol prot1ctlv1 meuures may be roqulrod. 

• For 1brb llfly o f slopu on o r •boul lhe proposed 
development su-, oueumtnt ol • lopD hrlluto modu and 
llmnlna r.ctari of u ftly, •nd 111blllly during sobmlc ovenl>. 

• A.nusmonl or •h•lfow croundw.ilor aondlllon• ind lh• 
onllclp•lod orfacb of lnllllr1llon plls, raollo~ d,.ln.s, ol<., orr 
locol 1lope st1blllly, 

E .. 
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OPA 38 • Rockfall 

·The DPA 38 area Is drawn bv projecting a 27.5° 
rockfall $hadow angle from the b~se of the rock 
al/illanche scarp between M3gne5fa and Alberta 
Creeks, and from other small scattered bluffs In 
and above Lions Bay. 

• In OPA 38, a report by a qua II fled registered 
professional shall be prepared that Includes 
rockfall risk assessments; characterlsatlon or 500· 
year rockfall, or larger, and rock foll modelling to 
aid design of protection measures If requlttd. 
nockfall source areas requiring asse5sment mav 
eMlsl on a property or far upslope. 

OPA 3C · Slopes >30% 

• conih111n1 wl1h Po11n i0.1t or 1ht Works.1f1 IC Otcwp111lon•• llt11"1 
4Hld Stt•ty R11ul1llon tOCHra. )tC(!l1J re:111l1liul\, OM JC appllH IO 
lll~H Wllllf• 1111\lnl IV4111fttl ~JOUA't dope I•,~ 

• A "bk Alu•i.lt111fhl b'I I 1111•11Utd ,,..f\ltrtd p1ofonlon1l hdvdlnt 
tv.tlu•Uon •Plflt\ Ill• •• , .. ty lh,Mhld\ ~tAhllth•d byV~l•J•O' I J6f1, 
Bly rn.,bo required. 

• U 'equlrrd b'f the rblt•\\t.''"'"''- 1tt1n iltittt tOMSlr<ilntS duu:dd br 
•ntned •nd/OI du'in ol p10\fcl1Yt "''""H•• u11do.rtJken. Sltlnc 
C01uh•1nl\, fntY ln(fudt C'Oft,kf1tt11llonof lo<1llon1 to mlnimlr• 
••POtil.Ut lQ UJH.IOPf hltatd• (kKllhl&hw Utellttlnt bthfnd 
1opatf-..phkf•1tutH). and/Of lhet:ttAblmrnent ot Htl>M•• frcun ttwi 
U••b Ind/DI '°'"' af \lHp "0110. PIOICUlVt (ftHlUf .. ftHyfndudt 

::ri::~~::~::•lloft "'"'"'JU\ ot l't•~l•blo 1p.c•. bur er w•ll' •~d 
• Pfolttt£on htr •alv1n lot muslnot '''"'hit ti•• to 01hc1 lot1 

DPA 4 - Wiidfire Hazard 

• A Wildfire Risk Manasement System (WRMS) was developed by B.A. 
Blackwell and Associates In 2007 as part of the VIiiage of Uons Bay 
Commvnity Wild fl re Protection Plan (CWPP). The WRMS Identified 
the core area or the Vlllage as being at moderate to hlnh risk from 
wlldfire. The entire VIiiage of lions B8V fs fdentlned In the CWPP as 
being a high vulneral>lllty Inter race area at risk from "spoiling". 

• All land within the VIiiage of Uons Bay fs designated as DPA 11. 

• Guldellnes Include requirements for fire resistive materials such as 
fire retardant roonnc materials and conwuctlon practices such as 
e~terior walls should be sheathed with nre resistive materials. 

• Landscaping suldellnes for lond within 10 metres of a building. 
114 

,,,.., .. , 

6/28/2018 

7 



6/ 28/ 2018 

Next Steps 

• Consldt"raUon of nrst and second readina-February 6°' 
• Advertise Publlc Hearing In local papers per Local Government Act 
• Public Hearln6 on February 22"" 
• Consideration of 3•d reading and adoption on March 6"' 

'-••• u 

Discussion 

• 1ff 11t• 
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Type Information Report 

Title Village of Lions Bay OCP Amendment - Development Permit Areas 

Author 
Steven Olmstead, 

Reviewed By: Peter DeJong, CAO 
Planning Consultant 

Date January 4, 2018 I Version 1 

Issued for January,,g;' 2018 c..s-c.. -,.,, 

Recommendations: 

THAT the Information Report, "Village of lions Bay OCP Amendment - Development Permit Areas" 

be received. 

AND THAT a public information and consultation meeting be scheduled for January 30, 2018 at 7:00 

p.m. at Broughton Hall, Lions Bay. 

Attachments: 

1. Cordilleran Geoscience report trtled ''The Municipality of the Village of Lions Bay, Natural 

Hazards Development Permit Area Strategy: Coastal, Creek and Hillslope Hazards" and 

dated January 4, 2018; 

2. Draft OCP amendment schedule to incorporate Development Permit Areas. 

Background: 

Lions Bay is a community susceptible to a variety of natural hazards and has a history of significant 

events, including events involving loss of life. Hazards potent ia lly impacting Lions Bay include 

landslide, landslip, rockfall, erosion, debris flows, debris torrents, coastal flooding and wildfire . 

Following the debris torrent events of the early 1980s, Thurber Engineering prepared a report on 

behalf of the Province which looked at stream hazards in Howe Sound, including Lions Bay. The 

Thurber report formed the basis for Provincial construction of infrastructure designed to mitigate 

future flood risk. Since then, while many '1site specific" geotechnical engineering reports have 

been prepared in conjunction with building permit applications, a reconnaissance level of 

technical ana lysis of terrain hazards has never been undertaken. 

In conjunction with the recent zoning bylaw update, reference to Development Permits (DPs) was 

removed from zoning, as Development Permit Areas must be established in the Official 

Community Plan. At the direction of Council, staff put out an RFP and in early fall 2017, a 



THE MUNICIPALITY OF THE VILLAGE OF LIONS BAY 

consultant (Cordilleran Geoscience, Attachment 1) was retained to provide an assessment of 

natural hazards affecting the Village of Lions Bay. Based on the report prepared by Cordilleran 

Geoscience, a draft amendment to the OCP bylaw has been prepared (Attachment 2) to designate 

Development Permit Areas (DPAs) and provide guidelines in t he OCP related to the issuance of 

DPs. The priority is to establish DPAs for protection of development from hazardous conditions. 

The primary objectives of the hazards assessment study project were to: 

a) conduct a review and update of any existing geotechnical information, reports or 

studies pertaining to Lions Bay available to the consultant; 

b) develop DPA descriptions and a map, including the rationale and guidelines for land 

alteration, building construction and subdivision; and 

c) utilize the latest version of the APEGBC (/Guidelines for Landslide Assessments for 

Proposed Residential Developments in BC11 and the BC Building Code. 

Four broad categories of Development Permit Area are proposed: Coastal Zone Hazards, Creek 

Hazards, Slope Hazards and Wildfire Hazards. Cordilleran Geoscience undertook the technical 

assessment to define the boundaries and recommended guidelines for the first three proposed 

DPA's while the Planning Consultant prepared the Wildfire Hazard DPA based on the 2007 Lions Bay 

Community Wildfire Protection Plan prepared by Blackwell and Associates and current best 

municipal practice. For each DP category, the justification for the designation as a development 

permit area is provided; the extent of the DP area is described (and mapped) and guidelines relating 

to development within the DP area are provided. 

Next Steps: 

1. Schedule a public information/consultation meeting for January 30, 2018 

2. Consideration of first and second reading - February 6th 

3. Advertise Public Hearing in the Pique News magazine - February gth and 15tli 

4. Public Hearing on February 22nd 

5. Consideration of 3rd reading and adoption on March 6111• 

Communication Plan: Schedule public Information and consultation meeting. 
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1. Introduction 
The VIiiage of Lions Bay is a residential community localed on the east side of Howe Sound, 
southwestern British Columbia, approximately 1 O km NE of Horseshoe Bay, West Vancouver. It is part of 
the Metro Vancouver Regional District. The first residences were developed in the 1960s and the Village 
was formally incorporated in 1971. 

The liming of development just precedes the beginnings of landslide hazard/risk management in British 
Columbia. At Rubble Creek below the Barrier, near Whistler, the Garibaldi Station subdivision 
expropriation (-1971) and subsequent court case establlshed a precedent for land use decisions based 
on perceived risk {Berger 1973). At the same time (-1974175), t11ere was reversal on subdivision approval 
on Cheekye fan in Squamish; the Cataline subdivision of Lillooet Lake was permitted with conditions with 
respect to debris flow hazards (Plteau 1976); and Sunset Highlands, West Vancouver, was permitted with 
conditions specific to rockfall hazard (Plteau 1981 ). 

At Lions Bay, the sidewall of Howe Sound rises steeply from sea-level to the ridge crest at 1500 tn 
elevation, with the highest peaks being Brunswick Mountain at 1788 m and the West Lion at 1646 m. 
There are several large watersheds which bisect the fjord sidewall and traverse the community, including 
Magnesia Creek. Alberta Creek and Harvey Creek. Smaller creeks include Battani. Lions Brook and 
Rundle creeks. 

Given this steep terrain and the coastal maritime setting there are a number of geohazards that may 
affect the community. These Include coastal hazards, creek hazards and hlllslope hazards. While there is 
existing Provincial legislation that gives local government the authority to require geotechnical 
assessment on a case by case basis when triggered by development proposals, to date, due to 
establishment of the Village before geohazards were regularly considered fn development approvals, the 
Village of Lions Bay has no overarching hazard and risk management framework that allows a consistent 
approach to guide land development. This is the first all-hazard (coast, creek & slopes) review for the 
Village of Lions Bay. 

2. The Concept of Hazard & Risk 
A hazard Is a phenomenon with the potential to cause harm; it is usually represented by a magnitude and 
recurrence interval (see Table 1 ). Consequence (Table 2) is a product of factors, including whether a 
given hazard will reach a site, whether elements at risk (e.g., houses/people) will be present when the site 
is affected by the hazard , how vulnerable the elements al risk are lo the hazard affecting the site, and the 
value of the elements at risk or the number of persons exposed. The product of the factors Hazard and 
Consequence equals Risk. 

No activity Is free of risk, and the concept of safet~1 embodies risk tolerance. In Canada and BC there is 
no legislated guidance for risk tolerance to geohazards, and the term "safe" has not been defined. In 
considering risk tolerance, an important concept is that risk of loss of life from natural hazards should not 
add substantially to those that one is typically subject to (e.g., driving, health, recreation , etc) combined. 
For reference, the risk of death and injury from driving In Canada is approximately 1 :10,000 and 1:1000 
per annum, respectively (Transport Canada 201 1 ). 
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Table 1. Qualitative hazard frequency categories. 

Annual 
Qualitative return 
freguency frequency 
Very high >1:20 

High 1 :100 to 
1:20 

Moderate 1:500 to 
1:100 

Low 1:2500 to 
1:500 

Very low <1:2500 

Probability 
>90% In 50 
years 
40% to 90% 
In 50 years 

10% to 40% 
In 50 years 
2% lo 10% in 
50 years 
<2% in 50 
ears 

Comments 
Hazard is well within the lifetime of a person or typical 
structure. Clear fresh signs of hazard are present. 
Hazard could happen within the lifetime of a person or 
structure. Events are identifiable from deposits and 
vegetation, but may not appear fresh. 
Hazard within a given lifetime Is possible, but not likely. Signs 
of previous events rnay not be easily noted. 
The hazard is or uncertain significance. 

The occurrence of the hazard Is remote. 

Table 2. Simplified consequence assessment. 

Consequence 
Very High 
High 
Moderate 
Low 
Very Low 

Description 
Direct impact with extensive structural damage; loss of life & limb. 
Direct or Indirect Impact with some potential for structural damage; loss of life & limb. 
Indirect debris Impact. No structural damage but damage to houses and property. 
Minor property damage only. 
Virtually no damage. 

3. Project Scope 
The purpose of this report is to review geohazards affecting the Village of Lions Bay and to create a 
geohazard Development Permit Area (DPA) planning framework to provide a consistent basis for 
managing georisk. 

This report will Identify potential hazards and assess the potential reach of these hazards. It is beyond the 
scope or work to assess the frequency of occurrence of Identified hazards, as that Is typically a very 
detailed assessment1 often requiring subsurface examination , stratigraphic analysis, radiometric dating of 
soll layers and advanced computer modelling. Thus, this report cannot make judgements on hazard or 
risk acceptability at any given site. To avoid deeming an area safe, when in fact rare but destructive 
hazards might affect a site, the Development Permit Areas (DPA) framework needs to be conservative, 
erring on the side of caution. 

The primary deliverable will be a natural hazards DPA framework that will provide a rationale for 
development based on existing professional guidelines and regulations. The proposed DPAs are based 
on review of the geomorphic setting, site-specific geotechnical reports. historic alrphotos, high resolution 
topographic mapping and field observallon. 

The work is conducted by Pierre Friele, M.Sc., P.Geo., of Cordilleran Geosclence with technical support 
provided by Gioachlno Roberti . M.Sc. 

2 
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4. Geomorphic Context 

4.1 Bedrock geology 
Bedrocl< geology within Village of Lions Bay consists o f lower-Cretaceous Gambier Group martne 
sedimentary and volcanic rocks (imapbc, https://maps.gov.bc.ca/ess/hm/imap4m/). Outcrops viewed in 
the rield appear primarily lo consist of greenish volcanic rock that is h ighly fractured (decimeter fracture 
spacing) with red oxidation on exposed surfaces. Upslope, the headwaters of Magnesia, Alberta and 
Harvey Creeks are underlain by mid-Cretaceous granodlorite of the Coast Plutonic Complex which has 
Intruded Into the older Gambier rocks. These plutonic rocks are more competent. Prominent northwest 
trending faults and jointing creates structural discontinuities that may be source of Instability. 

4.2 Quaternary history and surficial geology 
Surficfal geology in the area is a product of Pleistocene glaciation and post-glacial erosional processes 
(Blais-Stevens 2008). The last, or Fraser, glaciation began 33,500 years ago (all ages converted to 
calendar from radiocarbon scale) and reached Its peak 17,500 years ago. Howe Sound south or Porteau 
Cove was Ice free by 15,000 yr BP (Fairbanks et al. 2005), but ice retreat was delayed several thousand 
years by grounding, with several minor readvances forming the Porteau end moraine (Frlele and Clague 
2002a, 2002b). The Inner basin of Howe Sound was not ice free until after 12,500 yr BP. According to 
Jackson el al. (2014), glacial marine sedimentation (mud with stones dropped from icebergs) had ceased 
by 10,600 yr BP. 

The weight of Pleistocene Ice depressed the land surface. During deglaciation, the sea flooded the land 
to a level of up to 220 m higher than today. Sea-level fell rapid ly as the land rebounded such l11at by 
about 10,000 years ago sea-level had fallen to 10 m below present. By 5700 years ago sea-level had 
risen to approximately modern levels (Clague el al. 1988). 

Morainal materials deposited during the last glaciation are known as Vashon Drift (a complex or till, 
glaclofluvial and glaciolacustrine sediments) (Photo 1 ).. Glaclofluvial dellaic and glaciomarine sediments 
were deposited up to an elevallon of 220 m (Pholo 2).These sediments are known as Capilano 
Formation. Glaclofluvlal deltalc sediments are found In the gravel quarry at Magnesia Creek (120-140 m 
elevation) and the fan-delta morphology extends upslope to its apex at 280 m elevation, while bouldery 
fan-delta sediments at Harvey Creek extend up to 220 m elevation. Fine grained marine sediments are 
typically found on benchlands, such as the east point of Anvil Island where clays were mined for 
manufacturing of brick. 

Following deglaciation, fluvial and mass wasting processes rapidly reworked glacial sediments. Process 
rates declined over time such thal by no later than 7 ,500 years ago the landscape was similar to today 
(the paraglaclal paradigm; Church and Ryder 1972). In Howe Sound, In subaqueous fjord settings, 
Jackson et al. (2014) reported that in areas removed frorn valley side influence significant deposition had 
ceased by 10,600 yr BP, but In fjord sidewall areas within Influence of debris fan-deltas at Lions Bay 
significant sedimentation did not cease until 5500 yr BP. While mass movement processes were much 
more active In the deglacial and Immediate post glacial periods owing to the steep relief, these processes 
are still active loday (Jordan and Slaymaker 1991; Frlele and Clague 2009). albeit at a much-reduced 
rate. 

Post-glacial sediments, formed in modern colluvial, nuvlal and beach environments, are referred to as 
Salish sediments. In post-glacial time, erosion by streams and mass movement (debris slides, debris flow, 
rockfall, rock avalanche, snow avalanche) will have continued to rework bedrock and soil mantled slopes. 
Steep rockfall ta lus aprons have developed on mid to lower slopes (Photo 3). Magnesia, Alberta and 
Harvey Creeks have become Incised into their respectlve paraglacial debris cones and inset alluvial fans 
have formed at their mouths. 
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4.3 Climate 
Howe Sound ls subject to a maritime climate with moderated temperature regime and winter precipitation 
peak driven by cyclonic storms. Climate Normals (Environment Canada, 2017) for a nearby station, 
Squamish STP at 4 m elevation, are provided in Figure 1. Temperatures are cool from December through 
February, rising to a peak in July and August. There is a pronounced precipitation peak starting in 
October and extending through January, diminishing to a low In June through September. At that station, 
mean annual precipitation Is 2230 mm and the extreme recorded daily precipitation was 128 mm/24 hrs 
on February 1, 1991. 
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Figure 1. Temperature and Precipitation Graph for 1981 to 2010, Canadian Climate Normals, Squamish 
STP (4 m elevation). 

Precipitation is strongly enhanced with elevation as mountain slopes drive air masses upward, a 
phenomenon known as orographic uplift. Climate statistics (2001-2010) for various elevations were 
estimated using the web-based tool ClimateBC (http://www.climatewna.com/ClimateBC Map.aspx) and 
are presented in Table 3. Annually, approximately 2000 mm precipitation falls at sea-level, increasing to 
4000 mm at the ridge crest. Assuming a wet snow density of 50%, then 15 cm of snow, amounting to 5% 
of winter precipitation, may be experienced at sea-level. Increasing to 1 m, or 25% of winter precipitation, 
at mid elevation and 3 m, or 50% of winter precipitation, at the ridge crest. This indicates that at mid and 
high elevations, both rain and rain-on-snow are important drivers of winter runoff. 

Table 3. Climate statistics for Lions Bay, showing the effect of elevation. 

Elevation (m) 
0 
500 
1000 
1500 

Mean annual 
temperature (C) 
9.3 
8.2 
5.7 
3.1 

"' 

Mean annual 
precipitation (mm) 
1938 
2228 
3106 
3872 

Mean winter 
precipitation (mm) 
1552 
1779 
2464 
3055 

Precipitation as snow 
(mm water equivalent) 
83 
158 
635 
1665 
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Intensity-duration-frequency (IDF) curves were prepared for Metro Vancouver by BGC (2009). Their Zone 
8, the North Shore Mountain slope, Is most representative of conditions at Lions Bay. The IDF for Zone 8 
is provided in Table 4. It indicates that a 24hr rainfall of about 100 mm would be considered a 2-year 
storm, while a 100 yr storm could deliver upwards of 200 mm/24 hrs. 

Table 4. Intensity-duration-frequency data (mm/hr) for Zone 8, Metro Vancouver. Source: BGC 2009. 

Duration 
1 hr 
24 hr 
48 hr 
72 hr 

2-year 
14.9 
3.9 
2.9 
2.5 

4.4 Hydrology 

10-year 
23.2 
6.2 
4.6 
3.9 

50-year 
30.4 
8.1 
6.1 
5.1 

200-year 
36.5 
9.8 
7.3 
6.2 

MacKay Creek in North Vancouver provides a good analog for the hydrologic regime in Lions Bay creeks 
(Figure 2). From October through April , the hydrologic base level is driven by rain and rain on snow. and 
sustained from May through June by a snowmelt freshet. Instantaneous storm peaks may occur in any 
season. but typically in the fall and early winter, from October through December. 
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Figure 2. Daily discharge Mackay Creek al Montroyal Boulevard (08GA061 ), 1970-2012. Basin area is 
3.63 km2

, compared to 7, 1.2 and 4.7 km2 for Harvey, Alberta and Magnesia creeks respectively. 
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5. Methods and Materials 

5.1 Background review 
A list of background documents provided by the Village of Lions Bay have been reviewed and 
summarised below and in Appendix 1. 

5.2 Airphoto review 
Table 5 provides a list of alrphotos reviewed for this project. The area Includes Lions Bay and areas to the 
north Including M-Creek. Airphoto flight lines include the years 1939. 1946, 1957, 1968, 1979, 1982, 
1992, 1996 and 2004. 

Table 5. Alrphotos reviewed fn this study. -18RSH3&:70-M BC8t2011:101·105 BC87088:15'-152 BC791M:82.Y 

8CC98t24:101-119 BCB92018;31-40 BCl20S8:70-7S BC79183:2Ae.z41 

BCCH071:104-1011 BC870e8:31·S3 BCIJOll0:125-122 BC1118:10f.101 

BCBl2018:11M15 BC87088:80-81 BC791M:ll0-83 BC7117:214-218 

BC7177:180-181 BC2349:81-41 BC134:84-IO 

BC7115:227·221 A103H:l3-tt BC1A3:19o82 

BC2348:85-78 A10Hl:114·'111 BC143:77·71 
I 

IC2348:18..Jll A10H8;44-4D 

These alrphotos have been reviewed many times by previous authors to Identify landslide events 
affecting torrents channels. In this study, we applied a new photogrammetric technique, Structure from 
Motion (SfM), to generate orthophotos and Digital Elevation Models (DEMs) for subsequent photo years. 
The Intent was to provide a chronology of land development from orthophoto observations, and, following 
the methods outlined by Roberti et al. (2017), to test If DEMs could be differenced to Identify ateas of 
slope movement. The orthophoto analysis provided valid Information but the topographic differencing did 
not provide good results. Due to poor photo quality, and tree cover in areas of Interest, the required DEM 
accuracy could not be achieved. Orthophotos and DEMs are provided for use of Village of Lions Bay. 

5.3 LIDAR base map 
In 2012, airborne LIDAR was flown for Lions Bay. Various products including hlllshade, slope thematic 
and high resolution (e.g., 1 m contour Interval) topographic mapping were derived from the LIDAR. The 
hlllshade model shows ground surface expression in great detail and is utilised to map specific landforms 
and structural features. Slope thematic mapping Is useful in delineating areas with different landslide 
susceptibi lities, as slope Is characteristic of certain landform types, like fans, talus or ravine slopes, and is 
one of the primary factors governing stability. Slope classes used include 0-30%, gentle terrain Including 
debris fans; 30-50%, moderate sloping terrain with variable cover; 50-60% and 60-70%, moderately steep 
terrain with variable cover; and 70-90% for steep terrain, typically rock covered with till and colluvial 
veneer; and >90% slopes typically bedrock outcrop. Topographic maps are slmllarly useful. All derived 
map bases are georeferenced and are used within Tablet devices for field mapping. The Geomorphlc 

r_""i~:•b U Geosclence ~ ..... 
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Map and Developmenl Permit Maps that accompany this report are presented al 1:10,000 scale, with 5 m 
contours, hlllshade and slope theming. For final presentation, slope theming is averaged over 10 m pixels 
to smooth ant11ropogenically terraced topography. 

5.4 Cadastral data 
The Village of Lions Bay has provided shapeflles delineating lots and spreadsheets with various 
information for each. 

5.5 Field traverses (Map 1) 
Field traverse conducted by Cordilleran in Lions Bay Include: 

•On November 9, 2011, the terrain in the vicinity of the water tank near Rundle Creek was examined. 

•On April 26 and May 8-9, 2012, Cordilleran traversed slopes between Alberta and Magnesia Creek to 

assess terrain potentially affected by t he old logging road; now the Harvey Trail. 

•On July 6, 2012, the vicinity of Rundle Creek was t raversed to examine the potential consequence of 

windthrow. 

•On October 26, 2014, Cordil leran conducted a review of a small landslide that occurred directly 

upslope the Harvey Creek water Intake. 

• On June 9, 2016, Cord llleran conducted a revfew of 251 Stewart Road and terrain upslope within the 

newly identified potential rock avalanche scarp. 

•In 2017, as part of this project, field traverses were conducted on October 17, 25, and November 2, 

8, 9 & 29. 

All observation sites from traverses indicated have been plotted on the appended Map 1 to provide an 
Indication of the level of ground trothing. Map 2 provides an overview of Geomorphic Features. Appendix 
3 presents annotated photos from select field observation sites discussed in the report text. Maps 3-9 
delineate Development Permit Areas (DPAs). 

6. Background Reports 

6.1 Channelised torrents and highway cut rockfalls, Howe Sound 
Since the development of the highway in t11e 1960s and the occurrence of numerous destructive debris 
torrents on steep creeks In the early 1980s, rockfa lls and channelized debris flows affecting the highway, 
and mitigation o'f both, have featured in numerous reports. · 

Reports by Hungr and Morgan (1984 ), Hungr et al. (1984 ), Lister et al. (1984 ), VanDine (1985) and Bovls 
and Dagg (1987) describe the steep creek debris flow, or "torrent" phenomenon and provide 
methodologies to identify, assess magnitude and frequency, and design remedial measures. Such 
measures were implemented in Lions Bay In 1985 and 1987 on Magnesia, Alberta and Harvey Creeks, 
and on other steep channels affecting Highway 99 along Howe Sound. 

Reports by Bunce et al. (1997) and Hungr el al. (1999) document the rockfall hazard affecting highway 
and railway corridors In BC with special attention to Highway 99. 

Eisbacher (1983), Evans and Savigny (1994) and Couture and Vanorne (2004) (and others) are field trip 
guidebool<s that draw from earlier reports to present useful summaries of the hazards In the region_ Earle 

r-rd\~8-~ U Geoscle11ce '1 
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(2003) provides a very nice collection of photos documenting the damages caused by the 1980s debris 
flows and the construction of remedial measures. 

The Septer (2006) and Blais-Stevens (2008) reports are catalogues of flood and landslide hazard events 
colla ted from media and other reports. The Septer (2006) document was scanned using the keywords 
Lions Bay, Magnesia, Alberta, and Harvey to create a list of hazards that have affected the lions Bay 
area in historic time (Appendix 2). Aside from the well-known creek and rocl<fall hazards that have 
affected the Lions Bay area, some useful Insight into tt1e Upper Bayview area was gained, documenting 
the timing of the diversion of Lions Brook toward Alberta Creel< and subsequent slope Instabilities that 
resulted In 1972 affecting several properties. 

6.2 Site-specific reports in Lions Bay 
Several site-specific reports conducted within VIiiage of Lions Bay were reviewed for this project. Short 
summaries of each are provided in the Appendix 1. Overall, the reports provide an indication of the types 
of hazard Issues affecting Lions Bay, including rockfall (Golder 1989; Fieber Rock Engineering Services, 
2011 ; Geopacific 2016; Cordllteran 2016); open-slope slides (Cordllleran 2014a; BGC 2012/2013); road 
stability and associated downslope risks (Golder 2006; Cordilleran 2011; Cordilleran 2012b, 2013); creek 
hazards (Hungr 2007; BGC 2012/2013; Cordllleran 2012a, 2012b, 2014b); and coastal processes 
(Westmar 2005). 

7. Development History 
The 1939 airphotos show bright scour on Alberta Creek channel, Implying a recent scouring flood or 
debris flow. In addition, there appeared to be some near shore clearings on HaNey Creek fan, south of 
the creek mouth. These could be old camps, as extensive logging had converted most forest within the 
future Vi llage boundaries to younger seral age stands. A private dock Is apparent on the south end of 
Harvey Creek fan, and hydro right-of-way has also been cleared. On the 1946 photos there is little 
change. By 1957, there was extensive construction in the railway and highway corridors, mining of the 
Magnesia Creek raised delta deposit, and there was the development of logging roads up onto mldslopes 
between Magnesia and Alberta creek, with some large fill/spoil sites evident with sldecast directly into 
Alberta Creek. The logging road did not cross Alberta Creek. By 1968 the subdivisions at Brunswick 
Beach and on the Harvey/Alberta Creek fans below the highway were well established, and there was 
one tier of subdivision road above the highway. Also by 1968, the high elevation logging road system and 
associated clearcuts were pushed Into Magnesia and Harvey Creeks. By 1979 the existing subdivision 
road network was near completion, with only the uppermost length of Oceanview Road pioneered but not 
finished. In 1982, the Kelvin Grove subdivision above and below the highway was under construction. 
Also, notably, Harvey Creek was heavily scoured and bright. The 1992 alrphotos show the extant 
subdivision with protectlve structures completed on Magnesia, Alberta and Harvey Creeks. No substantial 
change was noted on 1996 and 2004 airphotos. 

8. Hazard Identification and Analysis (Map 2) 
Geohazards addressed in this frameworl< include coastal zone hazards; creek hazards and hlllslope 
hazards, as discussed in the subheadings that follow. During the discussion refer to the Geornorphlc 
Features map, attached as Map 2. 

8.1 Coastal zone hazards 
Coastal hazards include ftooding from a combination of processes including tides, storm surge and wave 
action. Landslide or earthquake induced tsunami waves are also important coastal hazards In some 
areas. Also Important in some settings is coastal shoreline erosion. 
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Climate change science indicates that sea-level rise is currently occurring and that the rate Is expected to 
Increase in the near future (e.g. , 20-years) {Englander 2014). Sea level rise Increases the vulnerability of 
lilloral elements at risk to coastal noodlng and erosion. 

8.1.1 Coastal zone flooding 

Coastal flooding Is the product of a number of contributing factors, including astronomically forced tidal 
cycles, storm surge, wind/wave setup, wave run-up onshore, sea-level rise, and possible tsunami. 

Astronomic tide 

Tide cycles are driven by the gravitational forces of astronomical bodies, with repetition over 19-year 
periods. Coastal BC experiences a mixed semidlurnal tidal regime, with two high and two low tides per 
day, with unequal levels for the successive highs and lows. Further, the tide amplitude varies month to 
month, with the deepest cycles in summer and winter. The highest tides are usually experienced in the 
winter. The tide level recommended for assessment of coastal zone flooding is the Higher High Water, 
Large Tide (HHWL T), the average of the 19 annual highest high waters, or 2.05 m CGD 

1
. 

Atmospheric (storm) surge 

Storm surge is caused by rising of the water level during intense low pressure storm systems. In tl1e past 
two deoades, the annual maximum storm surge at Point Atkinson exceeds 0.3 m, while the maximum 
experienced was about 1 rn. For Howe Sound, the predicted 1 :200-year and 1 :500-year storm surge 
values are 1.2 and 1.3 m {Ausenco Sandwell, 2011 ). 

Wave effects 

Jusl as low pressure allows water surface to rJse, the drag by wind can also cause the local water surface 
to rise, and this Is called wind setup. This can be fl.Jrther augmented by wave action, or wave setup. In 
protected waters wind setup is typically small and subsumed with wave setup. 

When waves meet the shoreline lhey typically break, and rush onshore. Wave runup is the vertical reach 
of the break. Wave runup varies greatly with orientation to the wind, subtidal water depth, shoreline slope 
and roughness, and is a value requiring site-specific assessment. 

In the Salish Sea area. these combined wave effects may vary greatly from near zero In protected 
selllngs to > 1 m in exposed sites. 

Sea-level rise 

Global sea-level rise (SLR) allowances are suggested for the 2100 and 2200-year planning horizons 
{+1 .0 m and +2.0 m, respectively)(Ausenoo Sandwell, 2011 ). However, for structures with a short lo 
medium-term design life, a reduced SLR allowance of ~o .5 m was suggested for consideration. Typically, 
residential houses would represent a medium to long-term design life (50 to 100 years), and 1 m SLR 
allowance Is recommended. 

Englander (2014) cautions lhat the lntergovernn1ental Panel on Climate Change {IPCC) only sanctions 
predictions affirmed by complete scientific consensus. that their predicted rate for this century Is actually 
less than observed, and that should lipping point scenarios arise like collapse of the Arctic and Antarctic 
ice shelves, and other factors, coastal sea-level tise will be more rapld and severe than reckoned. This 
century could see double the rate advocated by IPCC and BC provincial guidelines (Ausenco Sandwell, 
2011 ; APEBC, 2017). With this In mind, coastal communities are advised to practice adaptive 
management for Coastal Land-use Planning. 

1CGD, all elevations are rererenoed to Canadian GeodeUc Datum. 

9 



Final V3: January 4, 2018 

Tsunami 

Clague et al. (2003) conclude that megathrust triggered tsunami would attenuate to less than 1 m before 
reaching Georgia Straight. They also concluded that tsunami induced by landslides or delta foreslope 
slumps within coastal Inlets could reach 2 m, but there ls no evidence for them in the late Holocene, and 
therefore they are considered extremely rare. These conclusions were reiterated by Clague and Orwin 
(2005). Jackson et al. (2014) attempted to locate large rocksllde deposits on the floor of Howe Sound that 
might be responsible for generating tsunami waves. They Identified only one rockslide. located off the 
northwest side of Bowen Island, and determined that no evidence exists for such events In the late 
Holocene. After Clague et al. (2003), Westmar (2005) concluded the maximum credible tsunami In Howe 
Sound was cited as 2 m with a return period of 100-1000 years. Their conclusion Is based on judgment, 
and in light of lack of tsunami evidence reported by Clague et al. {1993) and Jackson et al. (2014 ), the 
frequency appears somewhat conservative. Nevertheless, given a 4-5 m tidal range, such an event would 
have to be coincident with HHW to cause damage, resulting in a very tow probability of severe 
consequence occurring. On this basis. local sea-level Flood Construction Level (FCL) estimates do not 
factor In tsunami. 

Combining factors to set the shorellne FCL 

Various future sea-level scenarios may be contemplated using different sea-level rise values, storm surge 
return frequencies, and site-specific estimates of wave setup and runup. Several avallable studies (e.g., 
Ausenco Sandwell, 2011; NHC 2014; KWL 201 4) appear to settle on the use of the base variables, as 
such: 

Higher High Tide: 
500-year Storm Surge: 
Global Sea Level Rise to 2100: 
Total base estimate: 

2.05 m CGD; 
1.3 m CGD; 
1.0 m; 
4.35 m CGD. 

Yet, factors such as wave setup/runup allowance and freeboard are varied according to location exposure 
and uncertainty tolerance, to yield a range of estimates, as such: 

Wave setup/run up Allowance: 0.0 m, 0.3 m, 0.65 m, 1.2 m: 
Freeboard Allowance: 0.3 m, 0.6 m, 1.0 m; 
Final FCL range (average) 4.65-6.55 m (5.6 m) CGD. 

Furthermore, accounting for an additional 1 m sea-level rise allowance to year 2200 provides a planning 
elevation for assessment of 7.55 m CGD, which Is rounded up to 8 m. 

8.1.2 Coastal zone erosion 

Where coastlines are composed of unconsolidated sediment, coastal erosion may be a serious problem. 
Tl,ls may be severely aggravated by sea-level rise. Al Lions Bay, shoreline materials may be of several 
types, Including bedrock. fillslope materials, blocky talus, bouldery debris flow colluvium and beach 
gravel. Erodlblllty will be In part a function of the material calibre (size of clasts), but will also depend on 
steepness of the shore and exposure to wavo and current. Natural colluvlum, such as boulder debris and 
talus are reasonably resistant to erosion. Fillslope materials may be oversleepened and vulnerable to 
erosion. Highly erodible are beach gravels, especially landforms formed by sediment transport (Photo 4). 

8.2 Creek hazards 
The main creeks crossing Village of Lions Bay include Magnesia, Alberta and Harvey Creeks. These 
have large steep watersheds with known debris flow hazard and have been mitigated by use of 
catchment basins or flumes to direct debris to the sea. Other smaller creeks are Battani, School Yard, 
Lions Brook and Rundle. These smaller creeks drain the mountain face between the divides of the larger 
watersheds. 
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8.2.1 Harvey, Alberta and Magnesia Creeks 

Debris flow is the rapid movement of rock, debris and water down a steep confined channel. In the sludy 
area, historic debris flows have ranged from 1000s m3 to several 10,000s m3 in volumes. Velocity of 
debris along its path varies from 3-10 m/s and higher. Due to the large volumes, boulder material with 
logs and high impact velocitfes, debris flows are very destructive phenomenon (Table 6). 

Table 6. Landslide size class ratings describing Impacts for each class (Jakob 2005). Size classes are 
within the range expected for the Village of Lions Bay. 

Class 

2 

3 

4 

5 

Volume 
(m3~ 
<10 

10"-10J 

10a·10'4 

1 0~- 10:, 

10b- 10ij 

Peak 
discharge 

(m3/s) 
<5 

5-30 

30·200 

200-1500 

1500-
12,000 

Potential consequences 
Very localized damage, known to have killed workers in small 
gullies and damaged small buildings. 
Bury cars, destroy small wooden buildings, break trees, block 
culverts, and damage heavy machinery. 
Destroy larger buildings, damage concrete structures, damage 
roads and pipelines, and block creeks. 
Destroy several bulldlngs, destroy sections of infrastructure 
corridor, damage bridges and block creeks. 
Destroy camps and forest up to 2 km

2 
in area, block creeks and 

small rivers. 

Design of mitigation for Harvey, Alberta and Magnesia (Photo 5) creek hazards In the 1980s was based 
on the Design Event (Table 7). Since there was no data available to prepare a debris flow frequency 
analysis, the Design Event was based on the "largest volume that could reasonably occur during the life 
of the structure" (Hungr et al. 1984 ). The method assigned an estimated channel yield rate (m3/m) to the 
tota) channel length in the watershed; 10% might have been added to account for point sources. The 
storage structure volume was then made 15-25% larger than the design debris now (Table 7). The 
channel works downstream of catchments were sized to accommodate twice the design event 

Note that these design criteria were judgment-based, following a Probable Maximum Magnitude (PMM) 
approach (Morgan et al. 1992). The design events and the design storage capacities were not based on 
estimated return periods; therefore, it was not possible to assign return period safety levels to the 
mitigation works. This is critical to understand when considering the residual risk affectir1g residential 
development at V illage of Lions Bay because landslide safe ty evaluation cr1terla (Cave 1983; DNV 2009) 
make explicit reference to return periods <!:500-years. 

Multiple failure mechanisms could lead to larger design events than estimated by the method outlined by 
Hungr et al. (1984). Primarily, significant point source volumes, > 10% of overall channel yield, could be 
added. Potential triggering for a large point failure could be an earthquake, or simply could be the 
combined effect of climate/weather, chemical weathering, time and gravity. Thus, larger, more rare 
events, should be accounted for In the full spectrum of debris flow hazards on Harvey, Alberta and 
Magnesia Creeks. 

A few local examples were examined to assess debris flow frequency-magnitude from similarly sized 
basins. Charles Creek, with a 1.8 km2 wate~shed area, is the most active of the Highway 99 mltlgated 
creek channels (Figure 3). Morgan et al. (1992) presented a reanalysis o f Charles Creek data (n= 10 
events) using probablllstlc methods and judgment. They estimated the 500-year event to have a volume 
on the order of 50,000 m3

, somewhat exceeding the former design event of 29,000 m3
• Jakob (2012) 

again reanalysed Charles Creek (n= 19 events) by fitting and evaluating multiple probablilty distributions. 
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and concluded the 1000-year return event might have a volume on the order of 50,000-60,000 m3
, but 

with the uncertainty ranging from 20,000 to 300,000 m3• The caveat was provided that this Includes only 
debris nows from mobilised talus, and not large point source events. Jakob (2012) also reported on Jones 
Creek, with a 6.8 km2 watershed area, located in the Cascade Mountains, Washington Slate. Based on 
analysis of data derived from test pitting and radiocarbon dated stratigraphy, Jakob estimated volumes for 
the 500-year and 2500-year events of 100,000 m3 and 200,000 m3

, respectively. This review suggests 
that small steep watersheds with areas of 1-7 km2 could have 500-~ear to 2500-year return period 
volumes that exceed the design volumes of 15,500 m3 to 62,500 m for Harvey, Alberta and Magnesia 
creeks. 

Table 7. Geomorphic character and design details for Harvey, Alberta and Magnesia Creeks. After 
Couture and VanDine 2004. 

Item Harvey Alberta Magnesia 
Event record 1969 (debris flood), 1972, 1982, 1983 (debris 1960 (flood), 1962, 

1973, 1981 ~oods) nows) 1981 (debris flows) 
Debris flow Moderately high High Very high 
probability 
Elements at risk Multiple residences, Multiple residences, Multiple residences, 

subdivision roads, highway subdivision roads, access roads, highway 
and railway highway and railway and railway 

Drainage area 7 km2 1.2 km 4.7 km:t 
Ruggedness 50% 110% 65% 
Creek length 5.25 km 2.6 km 4.7 l<m 
Process Domain Debris flood Debris flow Debris flow 
Design debris 62,500 m'J 15,500 m'J 44,500 m3 

now 
Design debris 500 m3/s 350 ma/s 400 m'J/s 
discharge 

107 m:i/s 75.7 m'J/s 200-year flood 22.7 m;i/s 
Debris control Debris basin, barrier and 800 m long flume to sea, Debris basin and 
measure downstream channelization completed in 1988. barrier, completed In 

completed in 1985. 1985. 
Design storage 77,500 m:i n/a 51,500 m;i 
volume 
Spillway design 1000 m"J/s nla 800 ma/s 
ca acit 

Figure 3. Charles Creek retention structure with debris flow Infill. Downloaded from Internet 
(https:/lwww.flickr.com/photos/tranbc/851009557 3 ). 

r-rd'~:·~ \...9. Geosclettu ' 
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Present day standards for residential development would have to consider 500-year and perhaps more 
rare event scenarios (e.g., 1 :2500), especially given potential earthquake triggering. Thus. it Is concluded 
that the degree of safety provided by the mitigation structures at Lions Bay is unknown, and they may be 
undersized when considering modem safety criteria. If this Is the case, there will be some unknown level 
of residual risk affecting fan areas. As channels are highly confined upstream of the structures, the 
residual risk only presents on terrain downslope of the catch basins, where channels lose the 
confinement of deep rock gullies and incised raised fan deposits. 

Water flood and debris flood hazard may present downstream of catchment structures as well . Where an 
engineered flume is present it has more than enough capacity to accommodate water floods and bulked 
debris floods. However, it was noted that for example on Harvey Creek, the engineered flume does not 
extend right to the beach, so in that area lots may be vulnerable to floods and debris floods (Photo 6). 

8.2.2 Other creeks 

Other creeks in the Village of Lions Bay Include Battani Creek, tributary to Magnesia Creek al the 
highway; Schoolyard Creek discharging from municipal drainage below Bayview Road and flowing north 
of the school; Lions Brook, diverted into Alberta Creek just above upper Bayview Road; and Rundle 
Creek, tributary to the sea. Each of these creeks have smaller catchments, <1 km2

, and based on other 
DPA frameworks reviewed (e.g., Roberts Creek; District of North Vancouver), such small basins are not 
often not formally recognised as creeks for DPA designation. Despite this, they may be prone to local 
flooding and debris flow. Battani and Rundle creeks flow within ravines and are captured within the DPA 
framework on that basis. Lions Brook supports an identified hazard and Its fan Is allocated a DPA. 
Schoolyard Creek is not specifically Included in the DPA framework. In addition, there may be other non­
identified drainages that affect properties and need assessment al the site-specific level. These latter 
would be accounted for In assessments required In other OPAs. 

Flooding and or avulsion may occur at road crossings or other places where drainages are Intercepted by 
pipes (i.e., culverls and bridge openings) due to insufficient conveyance of creek flow, or blockage (Photo 
7). Avulsion at road crossings can often result in unexpected overland flooding, as roads and roadside 
ditches tend to convey floodwaters quickly and often directly to driveways and developments. An 
evaluatlon of the conveyance capacity of all creek crossings Is beyond Lhe scope of this projeat. 

8.3 Hillslope hazards 
Hillslope hazards include any non-channelised mass movements events such as snow avalanche, open­
slope debris slides, rocldall or rock avalanche. Also Included are structural features, such as terrain with 
lineaments, that might indicate a deep-seated bedrock Instability. 

8.3.1 Snow avalanche 

Snow avalanche, the rapid movement of snow on steep slopes, occurs primarlly within alpine terrain 
during fall, winter and spring months, but may reach down Into forested terra in along well defined tracks 
in the timber. While snows avalanches occur in headwater areas in Magnesia, Alberta and Harvey 
Creeks1 and may contribute to channelized hazards in those creek basins, the hillslope areas within 
VIiiage of Lions Bay are not considered vulnerable snow avalanche activity. 

8.3.2 Open-slope debris slides 

Open-slope landslides typically involve fragmented bedrock, organic debris. and mineral sediment (Photo 
8). A typical slide Is triggered by rockfall from a bluff, by windthrow of large trees on a steep slope, or by 
slab failure of a weathered soil veneer. The headscarp failure plane is typically .:>60%, bul sometimes as 
low as 40%, or less. 
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Typical, or generic steep terrain where landslide Initiation Is most likely has 60-120% slope, and is 
overlain by a veneer/blanket of 1111/colluvium (e.g., see Rollerson et al. 2001 , 2005). Natural factors that 
contribute to the failure rate are welter climate, higher frequency of extreme rainfall, gullied or escarpment 
landforms, increasing soil moisture, aspect, and fine grained sediments (Rollerson et al. 2001 ). Regional 
storms with severe localised precipitation cells may trigger numerous events (Guthrie and Evans 2004 ). 

The Initial slip then Impacts timber downslope clearing a swath through the forest, and may be very 
destructive to infrastructure (Table 6). Slide types may be differentiated as open-slope, gullied types 
(headwall, sidewall, channel), road-related, or single track versus multiple track events (Fannin and 
Rollerson 1993). 

Volume and damage potential 

Open slope landslides in Coastal BC typically have headscarp dimensions that are 1 O..SO m wide by 0.5-
1.0 m thick. Al Lions Bay slope length of steep slope segments above residential areas range from 150-
600 m long, and longer. If these track dimensions are applied to steep slope lengths, where scour and 
entrainment is predicted, and used to estimate potential slide volumes, then slide volumes affecting 
residential areas may be on the order of 750 m to 30,000 m3

, or Class 2 to 4 events (Table 6). 

Frequency 

No data on open-slope landslide density is available for Lions Bay or Howe Sound. While historic open­
slope failures are known from within valleys tributary to the sound (e.g., M Creek, Bovls and Dagg, 1992; 
Magnesia, Harvey, Alberta and others, e.g., Jakob and Weatherly 2003), historic landslides on U1e valley 
sidewall or fjord ''face units" are not evident. 

Thus, the landslide rate for slopes directly upslope of Lions Bay housing is not known, but appears to be 
less than 1: 100-years based on airphoto Inventory, Google Earth review and personal observation. This Is 
a poor minimum estimate, as a 100-year return Is a high to moderate hazard (Table 1 ), when in fact the 
hazard may be moderate (<1:100 per an11um) to Low (<1 :500 per annum), or less. 

In lieu of known landslide frequency, regional landsllde density may be used to approximate frequency 
(Hantz et al. 2003; Catani et al. 2016). Post logging landslide densities have been studied in Coastal 
British Columbia. Since the slopes above Lions Bay have been logged, this data provides an analog for 
the present study. Regional landslide mapping in the Coast Mountains conducted w1thin a window of 20 
years since logging (Rollerson et al. 2001) Indicates densities on steep terrain of 0.015-0.035 sl/ ha; while 
this doubles to 0.03-0.06 for Cascade Mountains near Chllllwack (Millard et al. 2002), perhaps owing to 
poorer rock types. 

As a first approximation, one can take the low range of the landslide density, or O.G15-0.035 sl/1 ha/20-
years (Rollerson 2001 ), and apply this to Village of Lions Bay. For example, above the VIiiage, between 
Magnesia and Alberta Creek there Is 40 ha of steep terrain that could generate open~slope landslides. 
This ground occupies a belt about 1000 rn wide across the slope and 400 rn horizontal distance along the 
fall line. Assuming a slide width of 20-50 m, then there are 20-50 independent paths. Thus, 0.015-0.035 
sl/1 ha/20yrs portions to 0.03-0.07 slldes per annum for a 40 hectare area. This then needs to be 
allocated to 20-50 Independent slide tracks, suggesting there Is a 1 :500 to 1: 1000 per annum hazard for a 
landslide in any given track. 

Only detailed subsurrace testing could reveal actual landslide rates for the study area. An example of a 
prehistoric debris slide is provided from excavation conducted at Ansel Place exll, Sunset Highlands, 
West Vancouver. At that site, excavation on the east abutment of the overpass exhumed two Douglas fir 
logs burled by slide debris. Radiocarbon dating gave ages of 1090±50 (GSC-6574) and 1060±50 (GSC-
6573) C14 yr BP, or 965 calendar years BP for the landslide that buried the trees (Cordllleran, 2001 ). 
Note, this age appears consistent with lhe Low frequency (Table 1) estimated above. 
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Landslide runout or travel angle 

Landslides will typically travel to the base of slope, with the deposition zone being a 50-200 tn wide belt of 
terrain less than 30% slope (Fannin and Rollerson 1993). Travel angle, H/L, or ratio of total drop to total 
horizontal length or the landslide Is widely used to characterise travel distance (Coromlnas 1996), and this 
measure can be used in terrain hazard mapping as a first order estimate of potential impact areas. 

No landslide travel data exists for the southern windward Coast Mountains. For open-slope slides with 
similar length and volume characteristics to potential open-slope slides at Lions Bay, two data sets were 
examined: one collected from Google Earth review tor 70 landslides near Bella Bella by Cordilleran 
(Unpublished), and a second from Horel (2007) for a sample of 33 landslides on Northern Vancouver 
Island (Table 8). Measured !ravel angles for each slide were binned in 1 o percentile categories and 
cumulative frequencies "farther than" were tallied. Qualitative hazard categories extend from Very High to 
Very Low with cumulative frequency probability in 20 percentile categories: Very low=0-20%; Low=20-
40%; Moderate=40-60%; Hlgh=60-80%; and Very hlgh=80-100%)(Table 8). 

Table 8. Travel angle (H/L) vs frequency of occurrence, cumulative frequency and qualltatlve hazard 
affecting . Data for Bella Bella and Northern Vancouver Island. 

Bella Bella (n=70) (Cordilleran) Northern Vancouver Island (n;33) (Horel} 
Travel angle Cum. Freq. Travel angle Cum. Freq. Qualitative 

mlm robabilit m/m robabillt Ps:H 
0.11 -0.2 0.04 0.11-0.2 0.00 
0.21-0.3 0.10 0.21 -0.3 0.09 
0.31-0.4 0.24 0.31-0.4 0.55 
0.41-0.5 0.41 0.41-0.5 0. 76 
0.51-0.6 0.71 0.51-0.6 0.88 
0.61-0.7 0.80 0.61-0.7 0.94 
0.71-0.8 0.96 0.71-0.8 0.97 
0.81-0.9 0.99 0.81-0.9 0.97 
0.91-1.0 0.99 0.91-1.0 0.97 
1.01-1.1 1.00 1.01-1.1 1.00 

A Quantitative Risi< Assessment (QRA) is applied as a sensitivity analysis lo determine a reasonable 
shadow angle for setting the Open-slope Development Permit Area (DPA) boundary. QRA requires 
estimates of probabilities of the hazard and the consequence to estimate risk, as per the formula below: 

Individual risk = PH*Ps:1/Ps·T*V*E, where 
PH=probability of design event hazard occurring, open-slope landslide: 
Ps:11 = probability of spatial affect given the hazard, landslide travel category; 
Ps:-r = probability of temporal effect given spatial effect, occupancy; 
V = vulnerabillly of struc ture and risk of loss of life to person most at risk In the home; high; 
E = elements at risk = 1 

Since there is no landslide travel data for Howe Sound, probabilities for various reach angles were 
assigned from regional data (Table 8), as such: VH, Ps.11=0.9, H/L>50% slope; H, Ps:H=0.7, H/L Is 40-50% 
slope; M. Ps:H=0.5, H/L is 30-40% slope; L, Ps.H=0.3, H/L is 20-30% slope; and VL, Ps;H=0.1 , H/L <20% 
slope. 

The sensitivity analysis (Table 9) applies three hazard (PH) scenarios to the five reach classes (Ps:H), with 
50% building occupancy (Pr:sl and high vulnerability (V=1 ). Then for any single damage corridor, the 
individual risk Is tolerable (I.e., <1: 10,000) only for Very Low landslide reach probability, or for Increasing 
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reach probabllily (Low to Very High) with increasingly reduced landslide frequency. The risk is only 
acceptable (I.e., <1:100,000) with VL reach probability with PM al 1 :5000, or less. 

Table 9. QRA sensitivity analysis lo validate choice of landslide reach category used to establish PPA. 

Damage corridor ha2ard Risk Estimates 
frequencies (per annum) for a range of hazard levels 

apelied In sensitivity analysis Reach category Rl R2 R3 

1:500 1:2500 1:5000 Qualitative P . Pr:s v E 1:500 1:2500 1:5000 
0.002 0.0004 0.0002 VH 0.9 0.5 1 1 11111 
0.002 0 .0004 0.0002 H 0 .7 o.s l l 14286 
0.002 0 .0004 0.0002 M 0.5 0.5 1 1 20000 
0.002 0 .0004 0.0002 L 0.3 0.5 l 1 16667 33333 
0.002 0.0004 0.0002 VL 0.1 0.5 1 1 50000 -

On the basis of t11e analysis above, to reduce the probability to no less than tolerable (1 :10,000 per 
annum) of Type 1 error, that is, declaring a site free of hazard when in ract hazard exists, it was 
determined that the lower boundary for the open-slope DPA 3A should be established using the lower 
limit of the Low reach probability category, equating to an H/l of 20% ( 11 °). Projecting this slope from 
some potential start zone high on the slope above the subject property captures essentially the entire 
munlclpallly (Figure 4), and it was judged that reach would be reduced by travel obstructions. Road 
benches tend to mitigate open-slope landslide travel distance (Guthrie et al 2009). For any given 
landslide path In Village of Lions Bay there are multiple road crossings (range Is 2-8} and the Highway 99 
road bench. Given the highway Is a four-lane highway, divided and bounded by no-post barriers, It was 
judged these multiple road obstructions will limit reach. The outside edge of Highway 99 was used to 
truncate the runout, with the DPA extending upslope of the highway. 

Slope Profile 
Intersection Stewart and Bayview Rouds 

Ancient landslide headscarp 
I 

Open-slope 
Landslide 

Reach Probubflltles Open-slope _ --...,::~ 
Landslide VL -- - -- --.. 

Travel Angles - - - - -L= ~ _: - ;,..-;: /" .. ----- ...-::: .. / ... - ,,_ ... " M.,,,- ,~ 
\'\/\."' '2~ - - - - .- - - _..... 'H .. .r ,,,,,,,,_..-- ,,, ,' "" 

- - - - - - - .- - _..... "o)o.,. ,<, ...-- , ,,,,,~'v, v 
.. 00/0.- - - - - • .>.\\."'7 \'\I\;::?- - .,., .. ' ! .. 

.- - - Mountain Drlve 
~ ' Approximate rockfall shadow 

Intersection Stewart and Bayview Roads 

200m 

8 
3 

Figure 4. Topographic slope profile through the intersection of Stewart and Bayview Roads. Open-slope 
travel angles are plotted from a hypothellcal start zone on the slope below the cliff and show that runouts 
can extend very far down the slope. 
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8.3.3 Rockfall 

Rockfall ls the falling, bouncing and rolling of detached rock fragments from cliffs and steep slopes. Over 
time, rockfall material may form a veneer/blanket or apron of material below a source bluff. These 
deposits are known as scree or talus. Volumes can range from individual blocks to 1 OOs of cubic metres. 

Natural rockfa ll source areas are readily Identified by slope thematic mapping, keying into slope areas 
wi th 70-90% slopes, and especially bluffs with slopes >90%. A number of steep rock areas were visited in 
the field to confirm rock conditron. 

The Gambler Group rocks within the Village of Lions Bay are typically highly fractured1 with fracture 
spacing of decimeters to meters, with multiple orientations in any rock mass, including steeply dipping 
sets allowing topple, slide and wedge type failure (Photo 9). Field inspection indicates that many bluff 
areas support surfaces with open joints. Thus, In steep terrain, rockfall presents as a common hazard 
affecting downslope areas. The 50-100 m tall cliff above Mountain Drive is a significant rockfall source 
area (Photos 10, 11 ). Rockfall debris Is very common on the slopes above Mountain Drive and Timbertop 
Road (Photos 12, 13). Klohn Leonoff (1992) identified an "ancient slide" of about 5000 m3 volume located 
"about 400 m south of Kelvin Grove Way." No further details were provided, but the slopes directly above 
the highway are mantled with rockfall colluvlum derived from collapse of the bluff spanning Lois 48, 60 & 
61, Kelvin Grove Way (Photo 3). 

A method of identifying areas vulnerable to rockfall 1s the shadow zone concept Introduced by Hungr and 
Evans (1993 ), whereby an angle of 27 .5° Is plotted from the top of a talus slope and extended down to 
where the angle Intersects natural ground, typically somewhat beyond the toe of the talus slope. Hungr 
and Evans (1993) demonstrated that In most cases, 99.9% of rockfall will not exceed this angle of travel. 
However, there are special site conditions that can lead to excess travel, and the method must be used 
with caution. 

Artificial rockcuts may be especially vulnerable to rockfall. This Is evident from the large number of 
rockfalls that have affected Highway 99 and other road systems throughout BC. 

8.3.4 Rock avalanche 

Rock avalanches are large fragmentaf rock failures orig Ina ling In bedrock and traveling rapidly downslope 
as an unsorted mass. Several large rock avalanche deposits are known from Howe Sound. Eisbacher 
(1983) mapped a rock avalanche deposit, with a volume of 300,000-400,000 m3

, draping the benchland 
underlying the Sunset Highland subdivision, West Vancouver. The rockslide originated from the collapse 
of a rock spur at 600 m elevation below Black Mountain on the Howe Sound Crest. The landsllde has not 
been dated, but Piteau (1981) attributed a paraglaclal age. Jackson et al. (2014) document rockslide 
deposits on the sea Ooor orf the northwest side of Gambler Island, with radiocarbon ages indicating an 
early paraglacial age. 

At Lions Bay, on the hlllshade rendering derived from the fecently acquired LIDAR, a prominent cliff 
located north of Alberta Creek has been Identified as a potential rockslide scarp by BGC (2012/2013): 

"A landform that may be a large rook slide is visible on the slope to the north of Alberta 
Creek. Several [house] structures are located on or near the toe of this feature, but 
apparently no ground movement In the area has been reported. It is possible that this 
suspected rock sllde occurred as the slope was debuttressed during glacial retreat and that 
it is not currently active; however. further investigation of this feature may be warranted. 

In 2016 and for this project, Cordilleran traversed the headscarp crest and terrain below to look for 
evidence of ongoing and potential ins1abilfty. The headscarp Is 600 m long and southwest facing, with the 
crest between 550-650 m elevation with cliffs between 30-110 m tall (see Map 2, Geomorphic Features). 
The crest does not show evidence of sackung, but there are sites of open and unfavourable jointing with 
several Identified rockfall sources of 10s m3 to 1000s m3 volume. 
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The slopes below the large landslide scar (see Map 2) are divided into the north half and the south half. 
On the north half, there are 150-300 m long, 60-80% slopes of rubble talus, extending from 450 m 
elevation to a concave break at 200-300 m elevation. The subdivision is on the benchland at the toe, 
extending from 80-250 m elevation. This area ls predominantly rock outcrop with lows covered with till 
and glacloftuvial veneer; only areas fringe to the slope above support f ragmental rocl<fall. There Is no 
extensive rockslfde deposit. 

Below the south end of the landslide scarp Is a distressed slope area, 300 m wide by 300 m long, with the 
Irregularly sloped surface between 370-540 m. The mass consists of fragmented rock with three 
extensional horst and graben structures and a lateral boulder levee on the south margin (see Map 2, 
Geomorphlc Map). The thickness of the mass Is unknown, but could be on the order of 10-20 m. Thus, 
the total volume estimate is 1-2 M m3

• 

On the basis that the lower slopes below about 150 m elevation are largely rock with partial 1111 veneer, It 
was judged that the rockslide was likely a deglaclal event that deposited partially onto the receding ice 
sheet. Only point source rockfall is expected from the modern headscarp. The distressed area In the 
south Is interpreted as a failed rock mass, arrested on the slope during initial failure. Its present state of 
stablllly is not known, and the hazard/risk the feature presents Is uncertain. 

8.3.5 Deep-seated bedrock instability 

Deep seated bedrock Instabilities are locations where gravitational stresses have caused or 
continue to drive slow failure in bedrock slopes. The slopes are said to be sagging, and these 
areas are referred to by the german word "sackung." Sackung are typically identified by extensive 
areas of linear tension cracks and uphill facing scarps, There are many such features tt1roughout 
the Coast Mountains. Jackson et al. {2014) recently idenllfled an extensive area of sacl<ung on 
Bowen Island, with a small part of the slope having failed Into the sea during the deglaclal period. 
Sackung slopes exists In the Britannia Creek watershed within Jane Basin. Both these examples 
are In Gambfer Group rock similar to Lions Bay. 

The 1-2 Mm3 arrested rock mass below the Lions Bay headscarp displays structural features typical of 
sackung. In its case, the tectonic structures formed during initial collapse. However, it Is not known if there 
is ongoing, or perhaps intermittent slow mass movement of this feature. 

Another potential bedrock weakness is an open-downward, horseshoe-shaped headscarp located on the 
divide between Lions Brook and Harvey Creek (see Map 2, Geomorphic Map). This feature ls 250 m wide 
and extends from its crown at 880 m elevation downslope about 150 m distance. The stability of this 
reature Is unknown. 

Just 100 m south of the Village of Lions Bay, the whole slope from sea level to 1100 m elevation shows 
signs of weakness. The area is sided by two linear depressions defining an area about 500 m width and 
dellmitated by a horseshoes-shaped headscarp at the top and by a convex toe al sea level (Figure 5). 
The convex toe dictates the highway path. The stability of this feature is unknown. This area Is outside 
the LIDAR coverage but It has been recognized and mapped on the historic orthophotos. In personal 
communication, this area was previously Identified to Cordllleran Geoscience by Karen Savage, P.Eng .. 
of Horizon Engineering. Even if this feature might not directly affect Village of Lions Bay, It affects the 
highway and may pose significant hazard to the access to the Village of Lions Bay. 

These examples of potential deep-seated lnstablllty require characterisation and assessment by a 
qualified geological engineer. 
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Figure 5. Potential sackung slope Identified just south of Village of Lions Bay. 

8.3.6 Seismic slope instability 

The study area Is vulnerable to seismlcity from a Cascadia subduction zone earthquake as well as more 
frequen tly-occurring crustal earthquakes. The Nationa'I Building Code (2005) and the BC Building Code 
(2012) require building design to conform to the 2% In 50-year i-eturn period event (1 :2475 per 
annum)(Table 1). This standard Is also referenced by APEGBC (2010). 

APEGBC (2010) states: 

"earthquakes can destabilize slopes leading to landslides, can cause liquefaction leading 
to landslides and/or can cause slope displacements. Therefore, seismic slope stability 
analysis, or seismic slope displacement analysis (collectively referred to as seismic slope 
analysis) may be required as part of the landslide analysis." 

It must be emphasized that the seismic slope stability analysis applies to the design of foundations and 
engineered slopes (Photos 14-16). The assessment of natural landslides potentially affecting a site 
considers the frequency and magnitude of historic and prehistoric landslides, as revealed through the 
historic record, peer-reviewed publications, anecdotal evidence and geologic fieldwork. The historical 
record extends back thousands of years and over many earthquake cycles, thereby Implicitly including 
seismicity as a triggering agent. Nevertheless, when considering future triggering of landslides, for 
example within Magnesia, Alberta, Lions Brook and Harvey catchments, or rockfall, then seismic shaking 
at potential start zones should be considered. 

9. Recommended DPA Framework 

9.1 Overview 
The goal of the DPA boundary delineation is to categorise natural hazards by landform type and/or 
process domain. The likelihood or magnitude of possible hazards Is not explicitly estimated, as that is the 
role and responsibility of site specific studies oi- recommended further work. 
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The following sections outline the proposed development permit area (DPA) framework for natural hazard 
areas In the VIiiage of Lions Bay, based on the hazards Identified and assessed in the previous section. A 
generallzed, process-based approach lo DPA delineation Is proposed, with three main categories: 

DPA 1, Coastal Zone Hazards (flooding and erosion); 
DPA 2, Creek Hazards (alluvial fans; ravines, small creeks); and 
DPA 3, Slope Hazards (Open-slope failures, rockfall, and seismic slope stabil ity). 

9.2 Uncertainty 
In determining the DPA boundaries for the hazard categories, It ls recognized that there is inherent 
uncertainty In the frequency-magnitude data upon which the DPA categories have been based, as well as 
uncertainty In the extent of Influence of possible hazards. Therefore, DPA boundaries were drawn · 
conservatively so as not to exclude terrain that could be affected by the range of magnitudes considered 
within future studies. Wtille boundaries are drawn from the high-resolution LIDAR-derlved mapping 
products, for proposed development purposes, surveys and professional assessment(s) may be needed 
to confirm lot layout, natural features. and selback determination on a site-specific basis (e.g., top of 
ravine vs. setbacks). 

9.3 Legislated authority 
By authority vested from the Crown, The VIiiage of Lions Bay may require a Development Permit on lands 
identiOed as being within various DPAs for the following activities: 

1. Subdivision as defined In the Land Title Act and Strata Property Act; 
2. Building Permit under (he Community Charter; and 
3. Land alteration, which includes, but is not llmlted lo the removal and deposition of soils and 

aggregates, construction of retaining walls, paving, and removal of trees. 

9.4 Georisk evaluation criteria 
The Association of Professional Engineers and Geoscienlists of British Columbia are clear that defining 
levels of geohazard safely is "not the role of a Professional Engineer or Professional Geoscientist." 
Rather, acceptable risk must be "established and adopted by the local government or provlnclal 
government after considering a range of social values" (APEGBC 2010, 2012). 

Therefore, It is the responsibility of the Village of Lions Bay to establish levels of acceptable risk for 
development approval process, and then for each hazard being considered, the qualified professional Is 
responsible for estimating the hazard/risk affecting the proposed development, and then comparing this 
esllmated hazard/risk against the established safety criteria. 

9.4.1 Traditional hazard-based geo-safety management in British Columbia 

In British Columbia, geohazards have traditionally been managed using a hazard based approach. For 
hydrologic floods an event with a 200-year return interval Is used as the safety level (WLAP 2004). This 
relatively low level Is used because floods can usually be forecast, allowing residents to prepare by 
evacuation or other means, and also because flooding is less life threatening than other geohazards. 

Floods carrying high volumes of gravel are termed debris floods. These can be more ciamaglng, and 
therefore, some agencies have used a 500-year return interval as the safety level for these events (Cave 
1993; Mo Tl 2009). More recently, APEGBC (2012) recommended consideration of the 1 :2500 year return 
debris flood and debris flow event, where feasible . Reference to the 1 :2500 year return event is based on 

2 APEGBC (2010) makes no recommendallorts regarding use or varlous ha7ard criteria. 
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National Building Code (NBCC 2005), including the requirement to design for earthquake hazards, and 
recognizing the potenllal for earthquake Induced landslides. 

Large landslides witl1 the potential to destroy extensive areas and cause loss of lire, were originally 
considered by Justice Berger (1973), ruling on the risk of landslide from the Rubble Creek Barrier. Justice 
Berger opined that where even a low risk of death might exist, then that risk was deemed unacceptable; 
he recommended that the hazard assessment review geologic evidence extending back over the 10,000-
year length of the post glacial period. That notion was subsequently interpreted and applied by Cave 
(1983) and more recently by Mo Tl (2009) and Clague el al. (2014) to imply that where major catastrophic 
or life threatening events affect a site/community, then the design crlteria should reference the 1:10,000 
per annum event. 

A summary of hazard criteria currently applied In British Columbia was provided by Clague et al. (2015) 
who reviewed global and regional hazard saFety thresholds For the purpose of risk rnanagement within 
District of Squamlsh. They found that 1 :500-year, 1 :2500-year and 1: 10,000-year landslide events should 
be considered (Table 10). 

Cordilleran is of the opinion that for most sites the application hazard acceptability criteria that cite very 
remote hazard thresholds, like 1:10,000 per annum, are not feasible for both scientific and practicable 
reasons (Jal<ob et al. 2018). Stationarity of the process mechanism is a requirement of most statistical 
analyses; the decline of sediment yteld through the paraglacial period ahd natural climate change are 
factors which result In non-stationarity over the 10,000 years of the non-glacial period. While human 
induced climate change ls altering future landslide probabilities. Further, for statistical frequency­
magnitude analysis, a data set of sufficient size and confidence Is required for statlstlcal treatment; while 
for most landslide assessments it is rarely possible as this requires extensive subsurface examination, 
stratigraphic analysis, radiometric dating; and Is conditioned on the sedimentary archive being available 
and complete, when in most cases It is Inaccessible or fragmentary. In this context, the uncertainty in 
frequency-magnitude estimates for extremely rare events may vary over several orders of magnitude. All 
these Issues make inclusion of the 1: 10,000 year return period event highly problematic, except for a few 
exceptional data-rich settings (e.g., Jai<ob and Friele 2010). 

Table 10. Event frequencies that should be considered In landsllde risk assessments, as recommended 
by the Cheekye Expert Panel (Clague et al. 2015). 

Event frequencies used in georisk 
assessment in BC 
10,000-year return period event 

2,500-year return period event 

500-year return period event 

Rationale 
Rubble Creek (Berger 1973)'° 
Regional District of Fraser Valley (Cave 1993) District of Squamlsh 
(2009) 
BC MOTi (2009 revised 2015) 
APEGBC (2012) {for debris flows and debris floods) NBCC (2005) (for 
earthquakes) 
BC MOTi (1993, 2009 revised 2013) 

•Berger actually recommended consideration of a 10,000 year (e.g., Holocene) sample time frame, not a 
return period event. 

9.4.2 Recommended risk assessment, after District of North Vancouver 

Risk Assessment Is a relatively recent approach lo landslide safety assessment In BC. The District of 
North Vancouver (DNV) has adopted a Risk Assessment approach to assess development rollowing the 
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2006 Berkley landslide fatality on Riverside Drive In that municipality. The adopted DNV (2009) policy 
recommendation ls located at hllps://www.dnv.org/programs-and-servlceslrisk-tolerance). 

Assuming a good planning model, consistency In georlsk management policy among communities is a 
preferred planning outcome. District of North Vancouver presents a modern and tried framework for 
managing georlsk, and has set a bar that should be emulated. For all creek and hillslope hazards, il is 
recommended that the VIiiage of Lions Bay adopt georlsk safety policy consistent with the District of 
North Vancouver. With respect to risk tolerance, the District of North Vancouver (2009) report to council 
provided the following discussion and policy: 

"Areas of potential landslide hazard can be assessed using a risk-based approach or by means 
of a factor-of-safety approach. The APEGBC Guidelines (2010) state that "the decision whether 
to carry out and report the results of a landslide analysis quantitatively or qualitatively depends 
on how the adopted level of landslide safety is expressed, and/or the requirements of the 
Approving Authority." A qualitative hazard assessment or partial risk analysis should be performed 
by a Qualified Professional as an initial step In estimating whether a landslide hazard may be 
present for areas Identified on the slope hazard map. If these preliminary analyses demonstrate 
that risks to life are likely broadly acceptable, then further risk assessment may not be required. 

Where a qualltative hazard assessment and/or partial risk analysis demonstrates that risks to life 
are likely tolerable or possibly unacceptable, the District requires that a more detailed risk 
assessment be performed. Where a detailed landslide risk assessment is required by the District, 
the Qualified Professional shall determine which approach Is most appropriate for the local site 
conditions, based on the nature of the potential landslide hazard and Its location relative to the 
area of existing development, re-development, or proposed new development. It Is recognized 
that landslide hazard and risk assessment is not an exact science and that some factors In the 
risk estimation process are subjective by nature. 

Tolerable and acceptable risks are somewhat different: tolerable risks can be tolerated ln order 
to realize some benefit, but they are not negligible, and should be kept under review and reduced 
further if possible. Jn contrast, acceptable risks are considered broadly acceptable to the public 
and efforts to further reduce risks are not warranted. 

The "as low as reasonably practicable (Al.ARP)'' principle applies to risks within lhe tolerable 
range. Under the common-law system, risk reduction should be achieved if reasonable 
opportunities exist. For a risk to be ALARP it must be possible to demonstrate that the cost 
Involved in reducing the risk further would be grossly disproportionate to the benefit gained. 

Society Is generally less accepting of risks today as In the past. The proposed risk tolerance 
criteria takes this into consideration by proposing two-tiered criteria, with more stringent criteria 
for new development. Table 11 below illustrates the application of the proposed policy on risk 
tolerance criteria.'; 

Table 11. Landslide rlsl< policy, District of North Vancouver. 

Type of Application 
Building Permit (<25% increase lo gross 
floor area) 
BUiiding Permit (>25% increase to gross 
floor area and/or retaining walls >1.2m) 
Re-zoning 
Sub-division 
New Development 

1:10,000 
+ ALARP 
x 

FOS >1.3 
1:100,000 (static) 

x 

x 
x 
x 

x 

FOS >1.5 
(static) 

x 

x 
x 
x 
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The lfnk to their geohazard DPA Bylaw 7900 (Part 4) is provided for reference3
. The method employs Risk 

Assessment. Indicating consideration of both hazard and consequence. In the Village of Lions Bay, risk is 
assessed for ocean, creek and hillslope hazards potentially affecting a site, and seismic slope stability for 
foundation soils. engineered slopes and adjacent slopes as determined relevant by the qualified 
professional. The varied tasks encountered In georisk analysis and design of protective measures require 
both P.Geo.and P.Eng. qualifications and experience, with specialist ski ll sets required for specific tasks. 
Risk assessments may be quantitative or qualitative, with the understanding that, as APEGBC (2010, 
Section 3.4,2) notes, 

Quantitative estimates use numerical values or ranges of values, while qualitative estimates 
use relative terms such as high, moderate and low. Both quantitative and qualitative 
estimates can be based on either objective (statistical or mathematical) estimates or 
subjective (professional judgmental or assumptive) estimales, or some combination of both. 

Quantitative esl)mates may be no more accurate than qualitative estimates. The accuracy 
of an estimale does not depend on the use of numbers. Rather. It depends on whether the 
components of landslide hazard and landslide risk analyses have been appropriately 
considered; and on the availability, quality and reliability of required data. 

Further, debris flood and debris now risk assessment should be based on a minimum 500-year return 
period and include higher (1 :2500 year) relurn periods where appropriate and practicable. Cordilleran 
judges that It is unreasonable to expect estimallon of a 1:10,000-year event (see argument in Innovation 
2018) as requ1red by District of Squamlsh, Fraser Valley Regional District or Mo Tl. Flood construction 
levels should be clearly defined with appropriate freeboard to reflect analysis uncertainties and potential 
channel bed aggradation. 

9.5 Expectations for professional scope and reporting 
All professional assessments pertaining to Development Permit Areas should be consistent wi th 
applicable professional practice guidelines and their various report requirements; and provincial 
regulations, including but not exclusive to the list below: 

i. Flood Hazard Area Land Use Management Guidelines (WLAP 2004 ), 
II. Guidelines for Legislated Landslide Assessments for Residential Developments In BC (20081 2010), 
Iii. Guidelines for Legislated Flood Assessments In a Changing Climate in BC (2012, 2017), 
Iv. Riparian Areas Regulation, 
v. BC Building Code, and 
vi. Worksafe BC. 

FVRD, District of North Vancouver and District of Squamish are jurisdictions that have experience 
requiring and reviewing geotechnical hazard reports. In all cases, these jurisdictions have developed 
specific standards for geotechnlcal report content {e.g., District of Squamlsh 2017). Based on their 
experience, where applicable, a report by a qualified professional should include the following: 

1 . Report name and date; 
2. Clienl information; 
3. Qualified professional information (tra ining, experience, Insurance): 
4. Property Information (legal and civic); 
5. Description of development proposal; 
6. Review of relevant local bylaws and other statutory requirements; 

l hllp:/lwww.dnv.orgfsltesfdefau1Vllles/bylawsfBylaw%207900.pdt#pago=203 

r~ ;dnJ¢-o:•~ 
U Geosclence "i 

"""" 
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7. Review of background information (site-speclnc and overview archived & provided by lions Bay and 
others); 

8. Description of geologic and geomorphic setting; 
9. Description of field work conducted on and, if required, beyond the proposed development; 
10. Identification of natural hazards or other hazards Identified in background reports and field work. 

Includes also a description of all potential hazards and rationale for excluding some; 
11 . For all hazards, separate and in aggregate, analyses georisk affecting the proposed development 

and evaluates against the Village of Lions Bay safety policy; 
12. Discusses the effect of changed conditions to slope stability caused by the project, by future 

potential natural factors or land-use (fire, forestry) or climate change; 
13. Discusses uncertainties and describes any residual risk that would remain; 
14. If applicable, states that "the land may be used safely for the use intended" with siting constraints, 

protective measures or restrictive covenant, as stipulated In the report. 
15. Provides technically justified siting consnalnts or protective measures, as required; 
16. Provides implementation steps for the Identified structural mitigation works {In terms of design, 

conslructlon and approval). 
17. Provides site plan and other mapping required to show hazards affecting, minimum scale 1 :5000: 
18. Provides maps, Illustrations and diagrams to Illustrate risk scenarios referred to in the Report; 
19. Recommends restrictive covenants registered against the property title t11al pertain to geo­

hazards, as required; 
20. Provides permission to Village of Lions Bay to Include the Report In the onllne gee-hazard report 

library (as background information, not for other parties to rely on); 
21. Provides time limitation or condition statement to describe extent the Village of Lions Bay may rely 

on the Report for development approvals, and when resubmittal is recommended; 
22. Provides an assurance statement {after APEGBC 2010, 2012); 
23. Signed and sealed by coordinating qualified professional. 

9.6 DPA 1 - Ocean hazards (Map 3) 
Ocean hazards include Oooding of low-lying terrain, and erosion and instability of oceanfront slopes. DPA 
1 extends from the existing natural boundary of the sea to the 8 rn contour line. The 8 m level is 
conservatively selected to represent the future FCL. This captures all lots fronting the sea within the 
Village of Lions Bay. The DPA is intended to identify any sites that should be assessed by a qualified 
professional to address coastal flood hazards, but does not preclude development. For Ocean Hazards, 
site specific factors Including wave effects, year 2100 HWM, shoreline erosion , shoreface stablllly and 
associated setbacks. 

At Village of Lions Bay, many steep slopes into the sea are rock controlled or are fil lslopes below the 
railway line. These are not a stability concern for resldential development. Most lots on surflclal materials 
are located on bouldery debris fan deposits of Magnesia, Alberta and Harvey Creeks, and while the 
shorefronts may be steepened to 70-80% by wave attack, the sea scarp Is not tall (<6 m) and materials 
are coarse and relatively resistant to erosion at the t!mescale of the life of a structure (e.g., 100-years), 

The sites most vulnerable to erosion are those low-lying areas at the south end of Brunswick Beach 
Road, where housing has been developed on a gravel tom bolo that has linked a small rock outcrop With 
the mainland (Photo 5). The beach gravels forming the tombola stand just above the HWM, being formed 
by storm waves, and the terrain between the north and south facing beaches is slightly lower. just at the 
HWM. Future breaching and erosion of these beach ridges places all these low-lying areas at risk. 

Within DPA 1, building siting would require that development applications include a coastal flood hazard 
assessment to define the year 2100 shoreline position and the derived flood construction level and 
appropriate setback. Provincial guidance refers to a 15 m ocean setback, while Village of Lions Bay 
applies a 7.5 m coastal setback. Siting could be further constrained by consideration of potential erosion. 
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A factor of safely analysis may also be required to support foundation design and determine building 
setbacks from escarpment crests. 

Some lots do not have allowable room to accommodate houses under these future conditions, In these 
cases, setback constraints might be exempted, or in other cases land may be deemed non-developable. 
This will need to be determined on a site by site basis, and reports by qualified engineering and/or 
environmental professionals (QPs) would be required to support any exemption and/or variance. 

Note that Englander (2014) cautioned that IPCC projections are low. Nhc (2014) noted that the predicted 
global sea-level estimates may change with time and similarly, they did not factor In potential climate 
change Induced changes in storm intensity and frequency. Accordingly, they recommended adaptive 
management for coastal zone flood planning, with consideration given to potential future increases in the 
estimates of sea-level rise and changes In storm intensily and frequency. 

9.7 DPA 2 ~Creek hazards (Maps 4, 5 & 6) 
In the VIiiage of Lions Bay, DPA 2, Creek Hazards Includes consideration of noodlng, debris flooding and 
debris flow from both large creeks with existing debris Oow hazard mitigation, hazards from unmitigated 
creeks and ravine escarpment slope stability. The debris flow mitigated channels (Magnesia, Alberta and 
Harvey) each have unique site conditions (watershed area, ruggedness, geomorphlc condition) and are 
best treated individually. Similarly, the smaller unmitigated channels cannot be treated in a uniform way 
as in some cases their natural channels are within ravines (parts of Battani and Rundle), or in contrast 
may be unconfined by ravines and completely diverted from their natural course to bypass residences 
(lower lions Brook) or captured ln part by the residential drainage network of ditches, culverts and storm 
sewers (upper School Yard Creek). 

After District of North Vancouver (Bylaw 7900, Part 4, DPA 2A & DPA 3A), the Creek Hazard OPA and 
corresponding Development Permit Area are established lo address the following objectives: 

1. minimize the risk to people and property from creek and slope hazards; 
2. encourage safety in the construction, location and manner of development; 
3. minimize development in high hazard areas due to debris flow, debris flood areas: 
4. mitigate the impacts of flooding within areas already developed; 
5. avoid Increasing the hazard to or vulnerability of others on the floodplain; and 
6. maintain a natural riverine and floodplain regime. 
7. develop safely and minimize the impacts on or near steeply sloped lands, Including the potential 

run out area below steep slopes; 
8. reduce slope hazards and landslfde risk to people and property by carefully managing 

development and construction practices on or near steeply sloped lands; 
9. avoid alteration of steeply sloped lands that may cause increased instability of the tand or 

adjacent areas; 
10. encourage professional design of structures and mitigative works and to ensure field review 

during construction and post-construction certi.flcatlon; and 
11 . encourage on9oin9 maintenance and monitoring of steeply sloped lands. 

An example list of guidelines lo meet these objectives are provided in DNV Bylaw 7900, Part 4, DPA 2C 
& DPA3C. 

DNV Bylaw 7900, Part 28 sets out a list of exemptions. These were recently updated (amended October 
13, 2017) reflecting 8-years of experience with their Risk Mahagemenl system. Most are directly 
applicable and VIiiage of Lions Bay could decide to use In whole or in part (the Village of Lions Bay must 
consider legal third party reliance issues). 

Bylaw 7900, Part 28, Exemption 2, which pertains to the reference plane for the flood cohslruction level 
for habitable space, should be deleted, as for all recognised creeks within VIiiage of Lions Bay, Including 
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Battani, Magnesia, School Yard, Alberta, Lions Brook, Harvey, Rundle, and other smaller non-identified 
creeks Intercepted by residential development (upper School Yard), the FCL should be determined by a 
qualified professional(s) based on consideration of the risk presented by all hazards (Oood, debris flood 
and debris flow). Specialist, multi-disciplinary skill sets may be required, with either or both P.Geo./P.Eng. 

The list of exemptions does not Include the "25% rule" which nevertheless is included in adopted (DNV 
2009} Risk Tolerance criteria (Table 11 ). To be consistent with many community bylaws In BC, the 25% 
ru le should be taken into account In the DP guidelines. 

9.7.1 DPA 2A - Mitigated debris fans (Map 4) 

Without more detailed assessment of debris flow hazard, the level of safety offered by existing mitigation 
is unknown, as is the tolerability or residual risk. Thus, DPA 2A is drawn to capture the Inset fan surface 
that extends up to the catchmenl basin on Magnesia and Harvey creeks, or on Alberta Creek, up to 
Where ravine confinement exists. 

For residential developments, the 1 :500-year and 1 :2500-year return period events need to be considered 
when evaluating life safety. Thus, DPA 2A captures terrain thal could be affected should existing 
mitigation structures become overwhelmed by a large, moderate to low hazard event. 

Note that, consistent with flood-proofing principles for noodplaln areas, since the presence of diking (In 
this case partial debris Oow mitigation) does not guarantee safety, all residential development within 
mitigated areas must still be supplied with appropriate flood proofing as additional protection and/or 
fa ilsafe protection. This principle should be applied within alluvial fan areas within the Village of Lions 
Bay. Measures that may be required on mitigated debris fans Include accounting for potential overland 
flows by establishing an FCL a minimum of 1 m above finished grade and construction using concrete 
reinforced foundation to the FCL (WLAP 2004). House foundations should be designed to mitigate the 
possibllity of water ingress, requiring habitable space to be located above FCLs, or suitable tanking of 
habitable space below FCLs. 

On Magnesia Creek, note that above Highway 99 there are several lots below Crystal Falls that border 
natural stream banks with relief of 2-4 rn above the channel bed. These lots could be vulnerable to debris 
floods from water and debris that passes the decant structure during debris noods, from rare large 
catchment overtopping events or from ravine sidewall failures. Any debris that overtops the bank could 
then be directed down the surface onto the highway and down the Brunswick Beach access to Brunswick 
Beach Road. 

On Alberta Creek, lots border the flume on both sides. The lower flume below about 150 m elevation has 
a reasonably constant configuration with 5 m depth and 13 m crest to crest wid th, as measured at the 
bridge on lslevlew Place. II is conceivable that events exceeding the Design Event could overwhelm this 
channel with partial overtopplng onto the fan surface. Depending on the overtopplng elevation and the 
event magnitude, overflow debris could be directed anywhere on Lhe modern fan. Upstream, between 
150-255 m elevation (255 m elevation Is the upper extent of the engineered flume), the flume is confined 
in ravine sidewalls 10-20 m deep, and there is little chance of debris escape In this section. 

At -260 m elevation there Is a munlclpal water line crossing Alberta Creek. On the right bank, the burled 
pipe follows a bulldozed grade toward Timbertop Road. The channel cross section is 5 rn deep by 1 O m 
wide from the right bank crest to the left bank sidewall, which Is higher. Any overtopplng debris here could 
avulse onto the righ t bank. follow the 3% descending grade and affect houses on Tlmbertop Road and 
downslope. This is an isolated vulnerability, and its potentially affected area is not Included in the DPA. 
Upstream of this point Alberta Creek Is deeply Incised In a bedrock ravine. 

On Harvey Creek, the channel is deeply confined downslope to the former fan apex where the catchment 
structure Is located. Residual risk exists on the fan surface downslope of the catch basin. Below the 
catchment basin the creek is confined within an engineered flume, yet the flume does not extend to the 
sea. Local flood and debris ftood hazard may affect coastal lots adjacent to Harvey Creek (Photo 6). 
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DPA 2A may be revised by more detailed assessment of debris now hazard and risk. This Is anticipated 
to be a project exceeding the scope expected of individual tot owners. This is a responsibility likely 
needing to be undertaken by Village of Lions Bay or another level of government. 

9.7.2 DPA 28· Lions Brook fan (Map 5) 

DPA 28 captures the entire Lions Brook fan Including areas vulnerable to flooding and slope Instability In 
case of misalignment of the diverted channel. This DPA is vulnerable to debris now and stream flooding 
Including channel shifting. Should the diverted channel jump Its banks, then the flow could further erode 
the gullies downslope, causing similar Instability lo that experienced In 1972; while minor sedimentation at 
the point of the 1972 diversion could redirect the creek back Into its natural channel affecting housing at 
the ran apex. Moreover, a debris now could directly impact several houses near the apex. In either of 
these scenarios, water and debris could spread throughout the OPA in unpredictable ways. 

BGC (2013) recommended mitigation of the debris now hazard affecting this area (Appendix 1 ), but to 
date none has occurred. Until mitigation is in place, as part of the development permit process, Vil lage of 
Lions Bay should require debris nood and debris How assessment, with consideration for earthquake 
triggered landslides from slopes above, failure of excessive and irretrievable road spoil sites, open-slope 
slides, mlsallgned drainage and local Instability caused by misdirected water. In addition, covenants 
detailing the landslide risk should be attached to title. 

At a minimum, as per development on alluvial fans (WLAP 2004), house foundations should be designed 
to withstand debris flood impacts with concrete steel reinforced foundations, and by mitigating the 
possibility of water Ingress by lift. This Involves the establishment of a flood construction level (FCL) a 
minimum of 1 m above fin ished grade, requiring habitable space to be located above. or with suitable 
tanking of habitable space below. 

9.7.3 DPA 2C- Ravines (Map 6) 

Ravines are landforms associated with creeks that have become incised Into bedrock or thick deposits of 
surficial material. Typically, there is an abrupt slope break from adjacent terrain onto a steep erosional 
slope. Al the toe of slope there may or may not be a floodplain between the toe and the creek's natural 
boundary. Since ravines are inherently associated with creeks, they are included within creek hazards. 
Ravine areas have been defined following RAR criteria and using ravine crest lines mapped on LIDAR. 

To be consistent with the Riparian Assessment Regulations (RAR). RAR definitions are followed: 

A ravine Is a narrow, steep-sided valley that is commonly eroded by running water and has 
a sidewall slope greater than 3:1 measured between the high water mark of the watercourse 
contained in the valley and the top of lhe ravine bank. Tlie top of the ravine bank Is lhe first 
signlncant break in a ravine slope Where the slope beyond the break Is flatter than 3:1 for a 
minimum distance of 15 meters measured perpendicularly from the break, and the break 
does not include a bench within the ravine that could be developed. The ravine setback area 
Is a 30 m wide strip on both sides of the ravine measured the top of the ravine bank. 

A 30 m setback from ravine crests defines the area that falls within DPA 2C. This DPA captures Battani 
and Rundle Creeks, and the ravines upstream of fan apices on Magnesia, Alberta and Harvey Creeks. 

As mapped, the DPA represents a maximum, cautious delineation. The setback from ravine crest could 
be reduced on the basis of a report from a qualified engineering/environmental professional, considering 
issues such as creek flood and debris flow hazard, factor of safety of the ravine sidewall slope and the 
riparian area regulation. 

Within DPA 2C, as part of the development permit process, for building sites beyond the ravine top of 
bank seismic slope stability assessments will be required to assess foundation stablllly; where building 
sites are located within ravines, a landslide assessment will be required for ravine slopes affecting the 
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site, and lo eslabllsh FCLs and other measures based on flood, debris flood and debris flow from 
affecting creeks. 

9.8 DPA 3 - Slope hazards (Maps 7, 8 & 9) 
Three sub·categories of slope hazards are identified: open-slope fallures, rockfall hazards, and stability of 
foundations and engineered slopes. 

After District of North Vancouver (Bylaw 7900, Part 4.2A, OPA 3), the Slope Hazard DPA and 
corresponding Development Permit Area are established to address the following objectives: 

1. minimize the risk to people and property from slope hazard; 
2. develop safely and minimize the impacts on or near steeply sloped lands, including the potential 

run out area below steep slopes; 
3. reduce slope hazards and landslide risk to people and property by carefully managing 

development and construction practices on or near steeply sloped lands; 
4. avoid alteration of steeply sloped lands that may cause Increased Instability of the land or 

adjacent areas; 
5. encourage professional design of structures and mitigative works and lo ensure field review 

during construction and post.construction certification: and 
6. encourage ongoing maintenance and monitoring of steeply sloped lands. 

An example list of guidelines to meet these objectives are provided in DNV Bylaw 7900, Part 4, DPA3C. 
DNV Bylaw 7900, Part 4, DPA 38 sets out a list of exemptions. These were recently updated (amended 
October 13, 2017) reflecting 8-years of experience with their Risi< Management system. All are directly 
applicable and Village of Lions Bay could decide to use In whole or in part (the Village of Lions Bay must 
consider legal third party reliance Issues). 

The list of exemptions does not Include the "25% rule" which never the less Is included in adopted (DNV 
2009) Risk Tolerance criteria (Table 11 ). To be consistent with many community bylaws In BC, the 25% 
rule should be taken into account in the DP guidelines. 

9.8.1 DPA 3A - Open-slope slides (Map 7) 

On the basis of analysis presented In Section 8.3.2. DPA 3A extends from Highway 99 upslope to the 
municipal boundary. 

Risk Analysis for open·slope slides reQUlres knowledge of the frequency-magnitude model. Stratigraphic 
and radiometric methods must be applied to estimate historic return periods and gauge landslide Intensity 
at the site. Such materials/methods tnay or may not be present or practicably attained from a single lol or 
group of lots. In lieu of hard data, expert judgment supported by sound geomorphlc reasoning must be 
relied upon. 

The area Included within DPA 3 has complex micro terrain, with very Irregular to hummocky topography, 
and It is very dlfffcult to predict Individual landslide paths. Thus, while some local topographic features 
may shed or protect certain sites, safe sites cannot be predicted using simple rules, and caution Is 
warranted. Landslide modeling by QPs using high resolution LIDAR topography would aid defining 
specific travel paths for various landsllde volumes and rheologies. 

If required by the outcome of risk analysis and evaluation, then siting constraints and/or design of 
protective measures may be required. Siting constraints, may include consideration of locations to 
minimize exposure to upslope hazards (local highs; sheltering behind topographic features), and/or the 
establishment of setbacks frotn the crests and/or toes of steep slopes. Protective measures may Include 
aspects of foundation design, lift of habitable space, barrier walls and oiher measures. However, 
proteclion for a given lot must not transfer risk to other lots. 
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Development of frequency-magnitude models and protective measures might be best suited to area-wide 
assessment and mitigation. These tasks should be future work for consideration by the VIiiage of Lions 
Bay or the Provincial Government. 

9.8.2 OPA 38 - Rockfall (Map 8) 

DPA 3B, areas affected by rockfall encompass the 27.5° rockfa ll shadow angle (Hungr and Evans 1993). 
The authors suggest that the sl1adow zone captures 99% of all rockfall events. Thus, the probability of 
escape beyond is low. and the DPA boundary may be regarded as a saieline with Very Low risk beyond. 
Rocl<fall source areas requiring assessment may exist on a property or far upslope. The DPA area Is 
drawn by projecting the shadow angle from the base of the rock avalanche scarp between Magnesia and 
Alberta Creeks, and from other small scattered bluffs in and above Lions Bay. 

Within DPA 3B, the Village of Lions Bay should require rockfall risk assessments, Including 
characterisation of 500-year lo 1 :2500 year return rockfall, and potential earthquake triggered events. 
Rockfall modelling should be applied to aid design of protection measures. Protective measures may 
Include scaling, bolting, shot creting application, fencing as determined by specialist P.Eng. 

Rockfall must consider the hazard Intensity of fall of individual blocks to the detachment of larger masses 
up to several thousand m3

, such as the prehistoric Kelvin Grove wedge failure and rockfall located off 
Kelvin Grove Way, on Lots 48, 60 & 61. Specialist bedrock structure and kinematic analysis may be 
required to dete(mlne potential event volumes. 

Since the Magnesia-Alberta Face unit rock avalanche headscarp (Map 2) Is located high above the 
Village, and since the cliffs are tall (10s m) and potential rockfall volumes are reasonably large (e.g., 10s-
1 OOOs m3}. the reach of these events extends far downslope, almost reaching the highway In the vicinity 
of Schoolyard Creek. Elsewhere, the smaller and lower elevation bluffs with benched terrain below, result 
In less extensive reach of potential rockfall. 

9.8.3 OPA 3C - Slopes >30% (Map 9) 

Various guidelines and precedents set by other jurisdictions requires a DPA category based on simple 
slope class. This slope-based DPA is concerned with stability of foundations, excavations, flllslopes, the 
existence of very local rockfall and/or slide hazards, and with water control. 

Worksafe regulation Section 20.78 of the OHS Regulation ("Regulation'1} states: 

(1) excavation work must be done In accordance with the written instructions of a qualiOed 
registered professional if 

(a) the excavation Is more than 6 m (20 ft) deep, 
(b) an improvement or structure is adjacent lo the excavation, 
(c) the excavation is subject to v ibration or hydrostatic pressure likely to result In grounq 
movement hazardous to workers. or 
(d) the ground slopes away from the edge of the excavation at an angle steeper than a 
ratio of 3 horizontal to 1 vertical. 

Note regulation 20.78{1 )d refers to slopes of 3HD: 1VD, or 33%; this crileria Is rounded down and adopted 
In the DPA framework. Following the Worksafe regulation, DPA 3C applies to areas where natural 
average ground slope was >30%. Most areas In VIiiage of Lions Bay have average slopes >30% and 
require hillslope excavation and fillslope construction to develop building sites. Village of Lions Bay 
should require written reports from quallrled professional for excavations. roads, drainage, fillslopes and 
foundations proposed al these sites. Local rockfall assessment and mitigation may also be required. 
Evaluation of onsite and nearby municipal drainage structures, and design of buildings to prevent water 
ingress is also required. 
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Areas like the tennis courts and local parking are expansive flat areas, but they are buill In part on fill, and 
included in DPA 3C. Small areas of gentle terrain exist along Bayview Road toward Mountainvlew Drive, 
but most lots encompass some areas of steeper slope. Thus, lhese areas are included in the DPA. 

Current guidelines for assessment of slope hazards provided by the National and Provincial Building 
Code and the Association of Professional Engineers and Geoscientists BC (2010), indicate seismic­
initiated slope instability needs to be considered. Seismic slope analysis requires comparatively detalled 
knowledge of subsurface bedrock, soil and groundwater conditions. The required factor of safety 
calculation references many data sources, including but not limited to: 

I. seismic hazard maps and reports; 
Ii. ground motion data; 
Iii. seismic Site Class; and 
iv. modal magnitude values of the desigh earthquake. 
v. assessment of shallow groundwater conditions and the anticipated effects of infiltration pits, 

septic fields, footing drains, etc., on local slope stability. 

With respect to waler control off small non-identified drainages, t11e conveyance capacity of drainage 
structures should be designed for 200-year floods to be consistent with legislated flood assessments 
(APEGBC 2012) for residential areas. It could be required that as part of the development permit 
appllcatlon developers conduct a review of adjacenUnearby storm drainage structures lo identify which 
may be undersized and presenting risk of blockage and overland flow affecting the development site. 

The only areas within VIiiage of Lions Bay exempt from DPA 3C are below Highway 99, along Brunswick 
Beach, Harvey Creek fan excluding sites adjacent to the engineered flume, and Sweetwater Place Inside 
the road center line of Tidewater Way and Periwinkle Place. 

9.9 Additional possible exemptions 
In addition to the Exemptions considered for each DPA In the previous sections, The Village of Lions Bay 
may choose to grant general exemptions in the following circumstances: 

For "Low Importance'' structures, as defined In the BC Building Code: Buildings that represent a low direct 
or Indirect hazard to human life in the event of failure, Including: low human-occupancy buildings, where II 
can be shown that collapse is not likely to cause injury or other serious consequences, or minor storage 
buildings. 

Where the proposed construction involves a structural change, addition or renovation to existing 
conforming or lawfully non-conforming buildings or structures, provided that the footprint of the build Ing or 
structure is not expanded, and provided that It does not Involve any alteration or land. 

A subdivision where an existing registered covenant or proposed covenant with reference plan based on 
a qualified professional 's review, relating to the protection of the environment or hazardous conditions 
outlined in the subject development permit area, Is registered on title or its registration secured by a 
solicitor's undertaking. 

Immediate threats to life and property provided they are undertaken In accordance with th~ provincial 
Water Act and Wildlife Act and the Federal Fisheries Act, and are reported to the Village of Lions Bay. 

Emergency procedures to prevent, control or reduce erosion, or other immediate threats to life and 
property provided they are undertaken in accordance with the provincial Water Act and Wildlife Act and 
the Federal Fisheries Act, and are reported to the Village of Lions Bay. 
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10. Discussion 
In this report for the first lime geohazards affecting Lions Bay have been reviewed and analysed in a 
comprehensive assessment. Since the community was developed before georisk was commonly 
considered a fundamental part of the subdivision process, and since Lions Bay was developed in and 
below steep terrain, It is not unexpected that much or lhe community Is apparently vulnerable to multiple 
geohazards, lncludlng ocean, creek and hillslope hazards. 

The Development Permit Areas (DPAs) proposed in this r·eport are necessarily conservative. This is 
because It Is judged that, given the preliminary level of assessment applied In a complex topographic 
setling, it would be unwise and improper lo attempt to refine and reduce the extent of DPA zones beyond 
the level predicted by the simple empirical tools available. This would amount to provision of a false 
"positive" assessment tor properties thereby excluded. and would expose the consultant and the Village 
of Lions Bay to excess liabillty. The designation of conservative DPA boundaries does not preclude 
development. Rather the boundaries outline Where and in what context more detailed assessments are 
required. 

Further, while ll rnay be appropriate with some DPAs, to allow the developer to carry the burden of a 
more detailed assessment, for the assessment of others, the burden may more logically be the 
responsibili ty of the Village of Lions Bay or a higher level or government. For example, the ocean 
hazards, ravines, rockfall and slopes >30% slope development permit areas are sufficiently refined and 
reasonable such that they may be applied on a site by site basis. On the other hand, the DPAs for 
Magnesia, Alberta and Harvey creek fans and the area potentially affected by open-slope slides are quite 
extensive, and refinement producing consistent results may be most efficiently and fairly pursued as a 
single area wide analysis, rather than repealed assessments conducted by multlple and various 
consultants. This refined analysis should apply more sophisticated tools such as some or all of the 
following methods: subsurface exploration, stratigraphy, radiometric dating, regional analysis, computer 
modelling and risk assessment. 

11. Recommendations for Future Work 
For DPA 1. Ocean hazards, adaptive management Is recommended, applying periodic, ongoing 
monitoring or future sea-level rise by literature review and altention to government guideline updates. 

For all landslide hazards, It Is recommended that Vlllage of Lions Bay adopt a landslide safety policy 
consistent with the District of North Vancouver (DNV 2009). As part of the risk assessment, a minimum 
landslide magnitude to consider is lhe 1 :500-year event, but larger even ls up to the 1 :2450-year 
earthquake triggered landslide should be considered. It Is unreasonable to expect estimation of a 
1 :10,000-year event as required by District of Squamish, Fraser Valley Regional District or Mo Tl. 

It is recommended that Village of Lions Bay assess residual risk affecting OPA 2A. A qualified 
professional should estimate a frequency-magnitude (F-M) model for debris flows on Magnesia, Alberta 
and HaNey Creeks. The F-M model will include consideration of channel yield and point source volumes, 
and the event scenarios may Include event process chains. such as point source failures mobilizing 
channel debris, with peak discharge augmented by temporary jams and outburst. Once developed, the 
runout of various landslide scenarios should be modelled to assess residual risk on the debris fans. 
Modeling should be conducted using high resolullon (0.5-1.0 m contour) topography with various 
landsllde volumes and rheologies. 

It is recommended that the isolated vulnerability at the pipe crossing on Alberta Creek at 260 m elevation 
be assessed and mitigated to provide continuous confinement for the revised design event. 

Even with partial or full mitigation of creek hazards. consistent with flood hazard management on dike 
protected floodplains, development on debris fans of Magnesia, Alberta and HaNey Creeks should 
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employ failsafe mitigation. Al the very least this will entail measures for low hazard areas on alluvial fans 
as recommended by WLAP (2004 ). 

Similarly, DPA 28 for Lions Brook should be revisited, but must consider rockfall, debris flow, open-slope 
slide and potentlal avulsion of the diverted channel; stability or the irretrievable road-related flllslopes 
below the old logging road should be considered. 

It is recommended that Village of Lions Bay refine DPA 3A, open-slope hazards, and hire a qualified 
professional to estimate the frequency-magnitude (F-M) of open-slope landslides affecling Lions Bay and 
to suggest. using computer modeling, more refined runout limits for the design event. Depending on the 
results of a more detailed study, VIiiage of Lions Bay may require proposed developments within the 
revised DPA to Implement site-specific measures, or It may be more practicable that Village of Lions Bay 
implement area wide protection. Alternatively, a higher level of govetnment might be lobbied to effect 
these recommendations. 

Similarly, It might be reasonable for Village of Lions Bay or the Province to conduct a VIiiage or 
neighbourhood wide rockfall analysis and Implement extensive protection strategy, as done a-priori at 
Sunset Highlands as a condition of development. 

Potentially large but uncertain sackung hazards loom above parts of Lions Bay and Highway 99. These 
features require more detalled assessment to determine If they are stable or represent potential 
catastrophic hazards. Remote sensing using high resolution radar and optical satellites and LIDAR 
imagery is being applied to screen for unstable terrain, by differencing images and digital elevation 
models produced from sequential acquisitions. Interferometric Synthetic Aperture Radar (lnSAR) satellite 
technique can detect cm/mm-scale displacements of slow deforming slopes over large areas. This 
technique has been applied to obtain multi-year national scale ground deformation map and it has been 
proven applicable for landslide early warning systems. If screening with LIDAR, optical satellite and 
lnSAR. were to Identify movement, these same techniques can be applied to monitor the slopes. 
Analytical methods are then available to predict catastrophic failure providing an effective early warning 
system framework. 

Where existing harries exist in areas potentially affected by hazards, there may be a duty Lo warn. The 
Village of Lions Bay is advised to carry out public education and make hazard information available lo all 
landowners and to prospective purchasers by means of various methods like public meetings, Information 
mail out, and having material available on the Village website. The permit approval process should also 
be used as a trigger to attach save harmless covenant on tllle. The Village of Lions Bay is advised to 
consult with a lawyer for advice on these rnatters. 

An archive of area-wide and site-specific hazard/risk reports should be created and made available to 
professionals conducting georlsk assessment reports. This will allow professionals to become Informed 
about previously identified hazards, and will promote efficiency and consistency of results and 
recommendations. 
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Appendix 1. Summaries of site specific reports at Lions Bay 

Golder Associates Ltd., 1989. Kelvin Grove Developments, Rock Slope Stablllly on Lot 48. Report to 
Village of Lions Bay, l,ions Bay. 

Four natural bluff areas were identified as potential rock fall hazards on Lot 48 and adjacent areas, 
Including Lots 58-70 inclusive. Rockfall was described as fragmental blocks In the range of 0.5 m to 1 O m 
diameter. Potential triggering mechanisms were listed as water or Ice pressures developing during 
periods of wet or cold weather, tree roots growing In a crack and causing it to open, or an earthquake. 
Stabilization work was recommended before development work proceeded. 

Westmar, 2005. Tsunami probability and magnitude study, summary report. Report to Village of Lions 
Bay, Lions Bay. 

This was a literature review to determine tsunami hazard at Lions Bay. It was concluded that while 
mechanisms can be postulated (Hamilton and Wigen 1987), there Is no geological or historical evidence 
of tsunami within Georgia Basin(Clague el al. 1994 ), mega thrust earthquake Induced tsunami generated 
al the continental margin would attenuate to - 1 m before reaching Lions Bay (Clague et al. 2003), local 
sources for landslide induced tsunami are not evident, and events such as submarine slope failure at 
Squamish delta would not amplify in the deep water offshore at Lions Bay. The maximum credible 
tsunami was cited as 2 m with a return period of 100-1000 years. Given a 4-5 m tidal range, such an 
event would have to be coincident with HHW to cause damage, resulling in a very low probability of 
severe consequence occurring. 

Golder Associates Ltd., 2006. Slope condition assessment phase 4 & 5 access road, Lions Bay.Report to 
Village of Lions Bay, Lions Bay. 

This report provides flllslope pullback recommendations to remedlate roadfill instability that had 
developed on Oceanview Road. Apparently, the work was completed immediately. 

Hungr Geotechnlcal Research Inc, 2007.Aerial inspection of the check dam on Alberta Creek. Report to 
BC Ministry ofTransportation, Burnaby, BC. 

In 2007, the administrator of the Village of Lions Bay expressed concerns about the check dam on 
Alberta Creek al about 700 m elevation. Hungr stated the check dam was built for a temporary purpose 
before the completion of the concrete lined debris chute channel In 1985. Its foundation and abutments 
are anchored Into strong rock and it was well built with a design life of more than 100-years. They are left 
to naturally fill with debris to full capacity, and thereby protect the structure from dynamic Impact by 
debris. The Incipient shallow slide upstream of the check dam, that was the original reason for ils 
construction, seems to be still perched on the steep hillside. Thus, the check dam reduces the hazard and 
will continue to do so, as long as it Is structurally sound. No works were recommended, in fact attempting 
cleanout was discouraged. 

Fieber Rock Engineering Services, 2011. Rock Slope Stability - 300 Block Mountain Drive, Lions Bay, 
BC. Report to Village of Lions Bay, Lions Bay. 

An area of recent rockfall extending an approximate 100 m length of slope, from roughly the driveway at 
3-10 Mountain Drive to the driveway at 390 Mountain Drive. Ditch improvements were recommended to 
act as a catch for small rockfall sourced a limited distance up the slope. It was noted that the 
recommended ditch improvements will not provide protection From rockfall originating from the higher 
areas of the mountain slope. 

Cordllleran Geoscience 201 1.Terraln Stability Assessment along access road beyond Oceanvlew Road. 
Report lo Village of Lions Bay, Lions Bay. 

Residents expressed concern about terrain stability and downslope risk as a result of recent hauling, 
handling and storage of construction aggregate on the access road extending beyond Oceanvlew Road 
and the construction of a skid trail from a private property up to the access road. The area of concern 
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consisted of interspersed moderate (30-50%) and moderately steep (50-70%) slopes mantled by 
weathered till veneer on bedrocl<, with local seepage on Impermeable bedrock. Under natural conditions 
there was judged to be a very low to negligible potential for landslide initiation. However, with human 
modification , fill materials perched on locally steep slopes could result in small failures, likely less than 
1 OOOm~ in total volume, but of a size could cause property damage and death should they directly Impact 
a house or persons. Following this assessment some unstable flllslope areas were remediated and the 
lookblock storage bin was removed from the fillslope shoulder. IL was recommended that the Village of 
Lions Bay review their development policies to ensure that they require developers to involve qualified 
professionals when development (including roads) is proposed In "steep" terrain. 

Cordllleran Geoscience 2012a.Rundle Creek windfall and creek hazard assessment, Lions Bay. Report to 
Sea lo Sky District, Ministry of Forests, Lands and Natural Resource Operations, Squamish, BC. 

Concern was expressed regarding recent windfall and its effect on Rundle Creek, specifically with regard 
to aggravating creek hazards and risk to lots downslope. Based on field inspection, It was noted Rundle 
Creek Is a ve1y small channel with low water power, and there Is low debris flow initiation potential at the 
windfall site and immediate vicinity. For such small streams, typically no cleaning would be required, even 
after logging had introduced substantial woody debris. No action was recommended. 

Cordllleran Geosclence 2012b.Alberta/Harvey Creek face, Lions Bay landslide hazard assessment. 
Report to Sea to Sky District, Ministry of Forests. Lands and Natural Resource Operations, Squamlsh, 
BC. 

This report was commissioned following a SAR member reporting a cutslope failure on the old logging 
road above Lions Bay. While the outslope failure was deemed to be of little concern, two major findings 
were discovered. Firstly, it was noted that the logging road construction spoiled excessive sldecast onto 
the slopes below, and that there were several sites where the flllslope was presenting tension cracking 
and settlement and thereby deemed unstable; and secondly, In traversing the slopes below lt was noted 
there was an error In both the 1:50,000 and 1:20,000 scale topographic mapping which showed a small 
basin on the Harvey/Albetta face draining Into Alberta Creel<; while In fact It was Identified that this 
drainage was directed downslope to a ran apex on 545 Upper Bayview Drive. In the Septer (2006) report 
this drainage is identified as Lions Brook. This newly identified slope condition implied that there was a 
previously unappreciated hazard affecting 545 Upper Bayview and environs. Two key recommendations 
followed from the report: 1) pullback the unstable flllslopes as much as practicable, and 2) have a second 
QP conduct a QRA to assess the landslide risk affecting Upper Bayview Road. 

BGC Engineering Inc., 2012 & 2013. Upper Bayview Road debris now hazard and risk assessment. 
Reports for BC Ministry of Forests, Lands and Natural Resource Operations and Emergency 
Management BC. 

Following from Cordilleran (2012b), BGC (2012) conducted a preliminary ORA that concluded that 
unacceptable risk existed al several properties on Upper Bayview Road, and that measures would be 
required to reduce the risk. They recommended several items that would permit a refined analysis, 
Including acquiring a high resolution topographic map base, radiocarbon dating or stratigraphic 
exposures, and debris flow modelling. The results of BGC (2013) suggest that individual risks at 540 and 
545 Upper Bayview Road were unacceptable when compared with Individual risk tolerance criteria 
adopted by the District of North Vancouver (DNV). Four potential mitigation options were Identified, 
including 1) construction of a deflection berm and excavation of a channel that would direct debris flows 
from the mid-slope area of Bayview Creek towards Alberta Creek t:>efore they could enter the lower gully; 
2) installation of flexible debris flow nets in the lower gully and near the fan apex; 3) construction of an 
earthworks barrier in the lower gully; and 4} acquisition of the property at 545 Upper Bayview Road and 
construction of an earthworks barrier near the localion of the existing home. 

Cordilleran Geoscience 2013. Lions Trail fillslope pullback~AlbertalHarvey Creek face, Lions Bay. Report 
to Sea to Sky District, Ministry of Forests, Lands and Natural Resource Operations, Squamish, BC. 
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This report signs off on deactivation work conducted to reduce loggfng road related landslide risks 
affecting Lions Bay Identified by Cordilleran (2012b). Sites where road-flflslope material presented a 
potential landslide hazard were pulled back as much as is practicable given access constraints. There Is 
residual risk remaining that affects residential areas downslope; It arises from road-related fills that are 
too "far below the existing bench and cannot be retrleved or from natural hazard areas above the road. 
The risk from these areas ls best mitigated through constructed protection measures. 

Cordllleran Geoscience 2014a. Rock Chamber Slide, Harvey Creek, Lions Bay. Report to Village of Lions 
Bay, Lions Bay. 

On October 22, 2014 rainfall at low elevation stations was 30-50 mm/24 l1r, with maximum gusts of 50-70 
l<mh In Howe Souhd. The storm triggered a small slide on the north facing sidewall of Harvey Creek, 
directly upslope of the domestic water Intake and rock chamber building. The slide debris Impacted the 
intake access road downstream of rock chamber bullding, partly inundating the building with sediment. 
High sediment transport on Harvey Creek on the same day filled the rock chamber plugging the water 
intake. Debris, from the slide and from a debris flood on Harvey Creek partly filled the debris catchment 
basin above Highway 99. 

Cordllleran Geoscience 2014b. Channel assessments: Magnesia, Upper Bayview and Harvey Creeks, 
Lions Bay. Report to Village of Lions Bay, Lions Bay. 

On December 9-10, 2014, a storm dellverlt19 precipitation > 70 mm/24hr for 2 consecutive days, totalling 
146 mm/48 hr with 40-60 kmh winds affected Lions Bay with debris flows and creek erosion causing 
damage lo both Magnesia and Harvey community water intakes. As well there was anomalous flow on 
the 545 Upper Bayview (Lions Brook) debris fan. On Magnesia Creek, the Intake access road was 
undermined by high flows a11d sections of rock stack flllslope had collapsed. The Magnesia Creek 
washout was triggered by a debris flow on a south facing slope al 1300 m snowline. The debris stopped 
200 m downslope on a bench, and damage Farther dowhstream consis ted mostly of bank scour. The 
Harvey debris catchment was partially Oiied with deltaic gravel and woody debris. The Harvey Creek flood 
event was not related to landslide activity. High peak discharges entrained rubble ftom colluvlal veneer 
and talus slopes and this resulted in high bedload, but not debris now. 

Geopacinc 2016. Rock Fall Review, Harvey Crook Intake Access Road, Lions Bay, BC. Report to Village 
of Lions Bay, Lions Bay. 

Geopacific conducted a review ofa rock fall onto the Harvey Creek Intake road that occurred between 
January 18-20, 2015, possibly in response to a small earthquake. Further, we understand that a small 
rock fall occurred at this location after a small earthquake occurred in the area on December 30th, 2015 
(Fig. 2). 

Cordllleran Geoscience 2016. Georlsk Assessment, 251 Stewart Road, Lions Bay. Report for Horizon 
Engineering Inc., North Vancouver, BC. 

This was an onsite assessment for a proposed home on an undeveloped lot on Stewart Road.The 
property Is situated on bare rocky terrain with little to no till cover or fragmental rock colluvlum. No other 
landslide material is present on the lot. On that basis it was judged thal no severely damaging or lethal 
hazards have affected the site since deglaclation. 

The large suspect landslide scar identified by BGC (2012) was Inspected. On the basis that the lower 
slopes below about 150 m were bare rock, but mantled with colluvium above that, It was judged that the 
rockslide was likely a deglacial event that deposited partially onto the receding Ice sheet, as suggested by 
BGC (2012). On the south edge of the suspect slope it was noted that there was a stepped-rock area that 
maybe a distressed slope remnant from the original slide. lnstabllity of this feature was judged to be 
uncertain. 
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Appendix 2. List of geohazards affecting East side of Howe Sound near Lions Bay, up to 2006. Source: 
Septer 2006. 

Year Date Hazard Description 
Ca ? Debris flow Identified on alrphotos, debris nows on Newman and 
1935 unnamed #1 creeks. 
Ca ? Debris flow Identified on afrphotos, a debris flow on Alberta Creek 
1935 reaches the sea. 
Ca ? Debris flow Identified on alrphotos, a debris flow on small creek {Lions 
1935 Brook) between Alberta and Harvey Creek stopping at 550 

m elevation. 
Ca ? Debris flow ldenllfied on airphotos, a debris flow on Harvey Creek 
1935 stooolng at 500 m elevation. 
1969 Feb 9 Rockfall 1-lonne boulder falls onto hlahwav at Porteau, l<llls 3 people 
1969 Feb 13 Rocksllde 6000 m3 rockslide at Brunswick Point. Highway blocked for 

several days. 
1969 Sept 17 Debris flow Water supply intake destroyed on Harvey Creek and 

noodina and erosion threatened 5 houses on alluvial cone 
1969 Sept1 8 Debris flow Torrent on Charles Creek destroys 4 bridges between 

Highway 99 and sea. 
1969 Sept1 8 Debris flow Newman Creel< bridge buried. 
1972 Dec 15 Debris flow Highway blocked and house damaged. 
1972 Dec 25-26 Debris slide Small landslide affecting 6 homes. Caused by creek 

diversion of tributary to Harvey Creek into Alberta Creek. 
Referred lo as Lions Brook. This is the creek affecting 545 
Upper Bayview. 

1973 May 23- Flooding and Harvey Creek Hooding and erosion, Lot 33 Cloudvlew 
25 erosion affected by overflow; Lot 17 Seavlew affected by bank 

undermining. 
1976 Aug 25 Rockfall 1500 m3 rockfall at Brunswick Point closes highway and 

causes railway derailment. 
1976 Sept 1 Rockfall Rockfall north of Lions Bay causes train derailment. 
1978 Sept 9-10 Flooding and Erosion of riprap on Harvey Creek 

erosion 
1981 Oct 27 Debris flow M-Creek debris flow destroyed highway bridge claiming 9 

lives, covered the rail line and a destroyed a house at creek 
mouth 

1981 Oct 28 Debris flow Rail bridge blocked diverting water onto private property 
affectina a tr\Jck and aaraae. 

1981 Dec4 Flooding and Channel constriction almost forces avulsion of Harvey 
erosion Creek into subdivision below highway. 

1981 Dec4 Debris flow Small debris flow on Newman Creek, overflow of debris 
affecting marina 

1981 Dec4 Debris flow Small debris flow on Alberta Creek. 
1981 Dec 4 Debris flow Small debris flow on Charles Creek. 
1981 Dec 20 Rockfall/debris Small landslide blocks Highway 

slide 
1982 Jan 16 Rockfall Vehicles stopped on highway due to snow. Al Brunswick 

Point single rock, dislodged by tree-topple, falls onto car 
kills one occupant iniures ahOther. 
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1982 Oct6 Flooding, Floods on Harvey, Newman and Magnesia Creeks. Erosion 
erosion & on Newman Creek triggered overflow and sedimentation at 
sedimentation rnarlna. 

1982 Dec 2-3 Landslide Landslide blocks highway north of M-Creek 
1982 Dec3 Debris flow Small event on Alberta Creek 
1983 Feb 11 Debris flow A large debris flow destroyed all bridges except railway, 

damaged 6 houses and claimed 2 lives, another person 
rescued from damaged residence. 

1983 Feb 11 Debris flow Debris flow on Charles Creek blocks highway bridge and 
floods road. 

1983 Feb 11 Debris flows Smaller debris flows also occurred on Newman and Turpin 
Creeks blocklnQ crossinQs and causinQ overflows. 

1983 Nov 15 Debris flow Debris flows on Charles, Newman and Montizambert 
Creeks. Bridges destroyed on Charles Creek. 

1984 Octa Debris flow Small debris flow on Sclufleld Creek. 
1984 Octa Flooding Harvey Creek flooding washed away 6 weeks of work on 

protection structure under construction. 
1987 Apr29 Rockfall Small earthquake triggers rockfall onto highway between 

Lions Bay and Britannia, affectina 2 vehicles. 
1990 Oct 21 Rockfall/debris Slide 6 km north of Lions Bay at Tunnel Point blocks 

slide hiahwav and railwav 
1990 Oct25 Rockfall/debris Repeat event at Tunnel Point Injures workers clearing 

slide highway, 
1990 Nov 16 Rockfall/debris Another Tunnel Point slide closes highway 

slide 
2005 Jan 23 Rockfall Large rock fell on highway north of Lions Bay. 
2006 Nov 17 Tension A 5 m long by 10 cm wide fissure observed at Lions Bay. 

crackinq 
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Appendix 3. Annotated photos. 

Photo 1. Till in house excavation, Lot 60 Oceanview Road. 

Photo 2. Glaciofluvial fan-delta sediments, 160 m elevation, Lot 22 Highview Place. 
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Photo 4. View of the tombola spit, Brunswick Beach. Low lying land is subject to flooding and erosion 
given sea level rise. 

' • •IJlo 
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Photo 5. Magnesia Creek catch basin . 

.... ;P-!C~:!llli!!:....J.111~::­
Photo 6. Lots 21 & A Lions Say Avenue have natural banks not significantly raised above Harvey Creek, 
and could be vulnerable to flood hazard. 
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Photo 7. Lot 66 Kelvin Grove Way. Small Creek captured by dra inage system undersized for full range of 
flows requires sand bagging to prevent overflow onto local road. 

Photo 8. Open-slope landslide, North Vancouver mountains, triggered by rain on snow, November 22, 
2017. 
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Photo 9. Unfavourable jointing in road cut, Lot 85 Kelvin Grove Way. 

Photo 10. Waypoint 46. Antislope ridge indicating steep joint cutting crest of cliff. Several 1 Os m3 to 
1 OOOs m3 could be released from this site. 
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Photo 11. Bluff above Mountain Drive with unfavourable joint, parallel to steep slope, 

Photo 12. Rockfall debris, Lots A & B Timbertop Road. Note the person for scale. 
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Photo 13. Rockfall block, Lot 36 Timbertop Road. 

Photo 14. Lot 8 lsleview Place. Retaining walls In steep terrain require engineered design. 
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Photo 15. Stacked rock wall in steep terrain using geotexti le to lie back into slope. 

Photo 16. Substandard retaining walls represent a slope hazard. 
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Slope theme and Terrain Legend 

>90%: Bedrock; rockfall hazard; slide hazard 
tm] Potentially unstable, based on slopes >60% 
rv Landform Unit 
• '_ 1 Terrain polygln line 
..<r Escarpment slope 

70-90%: Tlll/colluvlal veneer, rock; slide hazard 
60-70%: Tlll/colluvlal veneer/blanket, rock; slide hazard 
50-60%: Tlll/colluvlal blanket, rock .----------:::::-:---:---r---J 

30·50%:1111/colluvlal blanket. rock 
0-30%: Debris fans. beach, tlll/colluvlal veneer, rock 

•' 

Map 2. Lions Bay Slope Theme and Geomorphic Features Map 
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Map 3. DPA 1, Includes shore front terrain captured the B 
m elevation above mean sea·level (CGD). 

Lions Bay DPA 1 Coastal hazards 
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Map 4. DPA 2A, Includes debris fans formed by Magnesia, 
Alberta and Harvey Creeks. The area potentially affected 
reflects the fact that existing mitigation on these channels was 
not designed to a known return period standard, and likely 
does not Include events up to 500-year return or larger. Mea· 
sures are required to mitigate residual risk. 

Lions Bay DPA 2A Debris fans of partially mitigated channels 
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Map 5. DPA 2B, Includes the debris fan built by Lions Brook. 
Hazards affecting Include debris flows and debris floods 
and floods caused by misaligned drainage. BGC 2013 
recommended structural mitigation of hazards affecting 
the Lions Brook fan: to date no mitigation has occurred. 
Measures are required to reduce residual risk. 

Lions Bay DPA 2B Lions Brook fan 

A 
I t f ' I 

200m 

r . .,~~a·~ U Geoscrence ~ 



Map 6. DPA 2C Includes ravines and terrain within 30 m of 
the ravine crest. Ravine setbacks can be reduced on a 
site-specific basis by reviewing Riparian Guidelines criteria 
and measuring local ravine depth. 

Lions Bay DPA 2C Ravines 

Slop<! theme 

>90% 

70-90% 

60·70% 

50·60% 



Map 7. DPA 3A, Includes all terrain vulnerable to 
open-slope landslide, as predicted by a 20% slope angle 
projected from potentially unstable terrain, and lying 
upslope of Highway 99. 

Lions Bay DPA 3A Areas affected by potential open-slope landslides 
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Map 8. DPA 38, Includes all tertaln vulnerable to rockfall, as 
predicted by a 50% slope angle projected from potentially 
unstable steep rock terrain. 

Lions Bay DPA 38 Areas affected by potential rockfall 
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Map 9. DPA 3C, includes all terrain except areas shaded 
brown. Larger tracts of <30% terrain are located at Bruns· 
wick Point, on Magnesia Creek fan and at Sweetwater 
Place. These areas are exempt (x). Other exempt lots, deter· 
mined by map and field review, must be entirely brown 
and with no steeper (> 30%) terrain within 15 m of the Lot 

Lions Bay DPA 3C Slopes >30% gradient 
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Schedule A 

Village of Lions Bay Official Community Plan Designation Bylaw 

No. 408, 2008, Amendment Bylaw No. 525, 2018 

10'.0 Development Permit Areas 

10.1 General Requirements 

10.1.1 Introduction 

The draft technical study titled "The Municipality of the Village of Lions Bay, Natural Hazards 

Development Permit Area Strategy: Coastat Creek and Hillslope Hazards" prepared by 

Cordilleran Geoscience on December 19, 2017 (the "Cordilleran Report'', available -at---). 

identifies land potentially subject to natural hazards. The study notes that in Lions Bay, given 

the steep terrain and the coastal maritime setting there are a number of geohazards that may 

affect the community, including coastal hazards, creek hazards and hillslope hazards. A 

Community Wildfire Protection Plan was prepared for the Village of Lions Bay and it forms the 

basis for the Wildfire Hazard Development Permit Area. 

The goal of the DPA boundary delineation is to categorise natural hazards by landform type 

and/or process domain. The Cordil leran Report identifies potential hazards and assesses the 

potential reach of these hazards. The likelihood or magnitude of possible hazards is not 

explicit ly estimated, as that is the role and responsibility of site specific studies or 

recommended further work. 

The following sections outline the proposed development permit area (DPA) framework for 

natural hazard areas in the Village of Lions Bay, based on the hazards identified and assessed in 

the Cordilleran Report. A generalized, process-based approach to DPA delineation is used, with 

four main categories: 

DPA 1, Coastal Zone Hazards (flooding and erosion); 

DPA 2, Creek Hazards (alluvial fans; ravines, small creeks); 

DPA 3, Slope Hazards (Open-slope fai lures, rockfal l, and seismic slope stability); and 

DPA 4, Wildfire Hazard 

Coastal zone hazards (DPA 1) Include floodlng and erosion from a combination of processes 

including tides, storm surge, wave action and sea level rise. Creek hazards include residual 

debris flow hazards on creeks that have flood control works (DPA 2A - Alberta, Harvey and 

Magnesia Creeks) and flooding and debris flow on a smaller creek (DPA 2B- lions Brook). Also 

included under creek hazards are hazards associated with creek ravines (DPA 2C) such as 



erosion and ravine wall landsl ide. Three categories of slope hazard have been identified - open 

slope failures (DPA 3A), rockfall hazards (DPA 3B) and areas with steep slopes >30% (DPA 3C). 

In determining the DPA boundaries for the hazard categories, it is recognized that there ls 

inherent uncertainty in the frequency-magnit ude data upon which t he DPA categories have 

been based, as well as uncertainty in the extent of influence of possible hazards. Therefore, 

DPA boundaries were drawn conservatively so as not t o exclude terrain that could be affected 

by the range of magnitudes considered within futu re studies. While boundaries are drawn from 

the high-resolution LIDAR-derived mapping products, for proposed development purposes, 

surveys and professional assessment(s) rnay be needed to confirm lot layout, natu ral features, 

and setback determination on a site-specific basis (e.g., top of ravine vs. setbacks). 

10.1.2 Designation of Development Permit Areas 

Under the authority of section 488 (1) (b) of the Local Government Act, the areas 

outlined on Maps 2-9 are designated as Development Permit Areas as fol lows: 

DPA 1, Map 3: Coastal Zone Hazards (flooding and erosion); 

DPA 2, Maps 4, 5, and 6: Creek Hazards (alluvial fans; ravines, small creeks); and 

DPA 3, Maps 7, 8, and 9: Slope Hazards (Open-slope failures, rockfall, and seismic slope 

stability); and 

DPA 4, Wildfire Hazard (all land within t he boundaries of the Village of Lions Bay). 

10.l.3 Activities that Require a Development Permit 

In a Development Permit Area: 

1. land within the area must not be subdivided; 

2. construction of) addition to or alteration of a building or other st ructure must 

not be started; 

3. land within the area must not be altered; 

unless the owner first obtains a development permit or an exemption under section 3 

applies. 

For the purpose of this section, 

4. construct ion of , addition to or alteration of a building or ot her structure 

includes, but is not limited to: 

i. new building constru ct ion; 

ii. building additions and alterations, including alterations to exterior 

materials; 



iii. construction of, addition to or alteration of accessory buildings and 

structures, including pools, hot tubs, sheds and other structu res; or 

iv. construction of, addition to or alteration of retaining walls; 

v. in the case of a wildfire development permit area, replacement of a roof; 

and 

5. alteration of land Includes, but is not limited to : 

i. site clearing or removal of vegetation; 

ii. landscaping, including planting and clearing; 

iii. site grading; 

iv. tree remova l; 

v. placement of fillt or disturbance of soils, rocks or other native materials; 

vi. creation of impervious and semi-impervious surfaces {such as patios and 

driveways); 

vi i. insta llation, construction or alteration of flood protection or erosion 

protection works. 

10.1.4 Exemptions 

The following activities are exempt from the requirement to obtain a development 

permit: 

1. public works and services and maintenance activities carried out by, or on behalf 

of, the Village, and approved by the CAO; 

2. non-structura l repairs or renovations {including roof repairs but not roof 

replacements) to a structure; 

3. replacement or repair of an existing deck, provided that the location and 

dimensions do not change; 

4. construction of an accessory building of less than 10 square metres permitted by 

the Zoning Bylaw provided that the accessory building is located outside any 

potential slope hazard area and at least 10 metres away from the crest of any 
steep slope, and provided that no removal of trees or placement of fil l wi ll be 

requiredj 

5. where the proposed construction involves a structural change, addition or 

renovation to existing conforming or lawfu lly non-conforming buildings or 

structures, provided that the footprint of the building or structure is not 

expanded, and provided that it does not involve any alteration of landi 

6. routine maintenance of existing landscaping and lawn areas; 



7. habitat creation, streamside restoration or similar habitat enhancement worl<s in 

accordance with Village of Lions Bay bylaws and a plan approved by the CAO; or 

8. planting of vegetation, except for the planting of trees within 10 metres of the 

top of a steep slope or within 10 metres of any part of a building containing a 

dwell ing; 

9. setbacl<s may be reduced where coasta l zone or riparian area regulation setbacks 

would preclude development on a lot provided that reports by qualified 

registered engineering and/or environmental professionals be supplied to 

support any exemption and/or variance; 

10. emergency procedures to prevent, control or reduce erosion, or other 

immediate threats to life and property provided t hey are undertaken in 

accordance with the provincial Water Act and Wildlife Act and the Federal 

Fisheries Act, and are reported to the Village of Lions Bay. 

10.1.S Delegation of Authority 

The authority to issue a development permit is delegated to the Chief Administrative 

Officer of the Village of Lions Bay. 

10.1.6 Expectations for professional scope and reporting 

1. All professional reports pertaining to Development Perm it Areas should be 

consistent with applicable professional practice guidelines and their various 

report requirements, and provincial regulations, including but not exclusive to 

the list below: 

i. Flood Hazard Area Land Use Management Guidelines (WLAP 2004); 

ii. Guidelines for Legislated Landslide Assessments for Residential 

Developments in BC (2008, 2010}; 

iii. Guidel ines fo r Legislated Flood Assessments in a Changing Climate in BC 

{2012, 2017); 

iv. Riparian Areas Regulation ; 

v. BC Building Code; and 

vi, Worksafe BC. 

2. Where applicable, a report by a qualified registered professional should include 

the following: 

i. Report name and date; 



ii. Client information; 

iii. Qualified registered professional information (training, experience, 

insurance)i 

iv. Property information (legal and civic); 

v. Description of development proposal; 

vi. Review of relevant Village of Lions Bay bylaws and other statutory 

requirements; 

vii. Review of background information {site-specific and overview archived & 

provided by Lions Bay and others); 

viii. Description of geologic and geomorphic setting; 

ix. Description of fie ld work conducted on and, if required, beyond the 

proposed development; 

x. Identification of natural hazards or other hazards identified in 

background reports and field work. Includes also a description of all 

potential hazards and rationa le for excluding some; 

xi. For all hazards1 separate and in aggregate, analyses of the georisk 

affecting the proposed development and evaluation against the Village of 

Lions Bay safety policy; 

xii. Discusses the effect of changed conditions to slope stability caused by the 

project, by future potential natural factors or land-use (fi re, forestry) or 

climate change; 

xiii. Discusses uncertainties and describes any residual risk that would 

remain; 

xiv. States that "the land may be used safely for the use intended" with siting 

constraints, protectives measures or restrictive covenant, as stipulated in 

the report. 

xv. Provides technically justified sit ing constraints or protective measures, as 

required; 

xvi. Provides implementation steps for the identified structural mitigation 

works (in terms of design, construction and approva l}. Where protective 

works are recommended, the report must identify where follow up field 

verification is required to ensure conformance to design. 

xvii. Provides site plan and other mapping required to show hazards affecting, 

minimum sca le 1:5000; 

xviii. Provides maps, illustrations and diagrams to illustrate risk scenarios 

referred to In the Report; 

xix. Recommends restrictive covenants registered against the property title 

that perta in to geo-hazards, as required; 



xx. Provides permission to Vi llage of Lions Bay to include the Report in the 

online geo-hazard report library (as background information, not for 

other parties to rely); 

xxi. Provides time limitation or condition statement to describe extent the 

Village of Lions Bay may rely on the Report for development approvals, 

and when resubmittal is recommended; 

xxil. Provides an assurance statement (after APEGBC 2010, 2012); 

xxliL Signed and sea led by coordinating qualified registered professional. 

3. For sites located within multiple Hazard DPAs: a coordinated approach between 

the respective qualified registered professionals will be required to ensure 

recommended prescriptions do not conflict and the overall project objectives are 

successfully met, 

4. Where a report by a qualified registered professional identifies protective works 

or measures to mitigate hazard(s) affecting a lot, those works or measures must 

not transfer risk to any other lots. 



10.2 DPA 1 - Coastal Zone Hazards (Map 3) 

10.2.1 Justification 

Ocean front land in the Village of Lions Bay is subject to hazards such as flooding of low-lying 

terrain, erosion and instability of oceanfront slopes. Coastal zone hazards are expected to be 

exacerbated over the coming decades by sea level rise. DPA 1 is intended to designate sites 

that should be assessed by a qualified registered professiona l to address coastal flood hazards> 

but does not preclude development. For Coastal Zone Hazards, year 2100 high water marl< 

(HWM), and site specific factors such as wave effects, storm surge / shoreline erosion, shore 

face stability and associated setbacks should be considered. 

10.2.2 Extent 

DPA 1 extends from the existing natural boundary of the sea to the 8 metres CGD (Canadian 

Geodetic Datum) and Is outlined on Map 3. The 8 metre level is conservatively selected to 

represent the future Flood Construction Level (FCL). DPA 1 includes all Jots fronting the ocean 

within the Village of Lions Bay. 

10.2.3 Background 

In the Village of Lions Bay, many steep slopes into the sea are rock controlled or are fill slopes 

below the railway line. These are not a stability concern for residential development. Most lots 

on surficial materials are located on bouldery debris fan deposits of Magnesia, Alberta and 

Harvey Creeks, and while the shorefronts may be steepened to 70-80% by wave attack, the sea 

scarp is not tall (<6 m) and materials are coarse and relatively resistant to erosion at the 

t imescale of the life of a structure (e.g., 100-years). 

The sites most vulnerable to erosion are those low-lying areas at the south end of Brunswick 

Beach Road, where housing has been developed on a gravel tombola that has linked a small 

rock outcrop with the mainland. The beach gravels forming the tombola stand just above the 

HWM, being formed by storm waves, and the terrain between the north and south facing 

beaches is slightly lower, just at the high water mark (HWM). Future breaching and erosion of 

these beach ridges places all these low-lying areas at risk. 

10.2.4 Guidelines 

1. Within DPA 1, development applications shall include a coastal flood hazard assessment 

prepared by a qualified registered professional to define the year 2100 shoreline 

position and the derived flood construction level, appropriate setback and any 

necessary mitigation work. Provincial guidance refers to a 15 m ocean setback, while 

Village of Lions Bay applies a 7.5 m coasta l setback. Siting cou ld be further constrained 

by consideration of potential erosion. A factor of safety analysis may also be required to 

support foundation design and determine building setbacks from escarpment crests. 



2. Where a lot does not have sufficient area t o accommodate a dwelling under these siting 

conditions, a variance may be included in the development permit to relax setback 

requirements. This will need to be determined on a site by site basis, and reports by 

qualified registered engineering and/ or environmental professionals would be requireq 

to support any variance. 



10 .. 3 DPA 2 - Creek Hazards 

10.3.1 Justification 

In the Village of Lions Bay, DPA 2, Creek Hazards includes consideration of flooding, debris 

flooding and debris flow from both large creeks with existing debris flow hazard mitigation, 

hazards from unmitigated creeks and, for ravines, ravine escarpment slope stability and 

consideration of creek hazards. The debris flow mitigated channels (Magnesia, Alberta and 

Harvey) each have unique site conditions (watershed area, ruggedness, geomorphic condition) 

and are best treated individually. Similarly, the smaller unmitigated channels cannot be treated 

in a uniform way as in some cases their natural channels are within ravines (parts of Battani and 

Rundle), or in contrast may be unconfined by ravines and completely diverted from t heir 

natural course to bypass residences (lower lions Brook) or captured in part by the residential 

drainage network of ditches, cu lverts and storm sewers (upper School Yard Creek). 

10.3.2 DPA 2A- Mitigated Debris Fans 

10.3.2.1 Extent 

DPA 2A is shown on Map 4 and includes land on the formerly active portion of the Magnesia 

Creek fan and the composite Alberta/Harvey Creek fans that could be affected should existing 

mitigation structures become overwhelmed by a large, rare event. 

10.3.2.2 Guidelines 

All developrnent within DPA 2A must be supplied with appropriate flood proofing against 

potential overland flows by establishing an FCL a minimum of 1 m above finished grade and 

construction using concrete reinforced foundation to the FCL (WLAP 2004). House foundations 

shou ld be designed to mitigate the possibility of water ingress, requiring habitable space to be 

located above FCLs, or suitable tanking of habitable space below FCLs. 

10.3.3 DPA 28 - Lions Brook Fan 

10.3.3.1 Justification 

DPA 2B is vulnerable to debris flow and stream flooding including channel shifting. Should the 

diverted channel jump its banks, then the flow could further erode the gullies downslope, 

causing similar instability and impacts to lots downslope as that experienced in 1972, while 

minor sedimentation at the point of the 1972 diversion could redirect the creek back into its 

natural channel affecting housing at the fan apex. Moreover, a debris flow could directly impact 



several houses near the apex. In either of these scenarios, water and debris could spread 

throughout the DPA in unpredictable ways. 

10.3.3.2 Extent 

DPA 2B captures the entire Lions Brook fan including areas vulnerable to flooding and slope 

instability in case of misa lignment of the diverted channel as outlined on Map 5. 

10.3.3.3 Guidelines 

1. Unt il comprehensive mitigation of the Lions Brook fan hazard is in place, Village of Lions 

Bay wi ll require debris flood and debris flow assessment by a qualified registered 

professional, w ith consideration for earthquake triggered landslides from slopes above, 

failure of excessive and irretrievable road spoil sites, open-slope slides, misaligned 

drainage and local instability caused by misdirected water. In addition, covenants 

detailing the landslide risk shall be attached to t itle. 

2. At a minimum, as per development on alluvial fans (WLAP 2004), house foundations 

should be designed to withstand debris flood impacts with concrete steel reinforced 

foundations, and by mitigating the possibility of water ingress by lift. This involves the 

establishment of a flood construction level (FCL) a minimum of 1 m above finished 

grade, requiring habitable space to be located above, or with suitable tanking of 

habitable space below. 

10.3.4 DPA 2C - Ravines 

10.3.4.1 Justification 

Ravines are landforms associated w ith creeks that have become Incised into bedrock or thick 

deposits of surficial material. Typically, there is an abrupt slope break from adjacent t errain 

onto a steep erosiona l slope that may be susceptible to landslides. At the toe of slope there 

may or may not be a f loodplain between t he toe and the creek's natural boundary. Since 

ravines are inherently associated with creeks, they are included within creek hazards. 

10.3.4.2 Extent 

Ravine areas have been defined following provincial Riparian Area Regulation (RAR) criteria and 

using ravine crest lines mapped on LIDAR. DPA 2C is outlined on Map 6. To be consistent with 

the Riparian Assessment Regulations, RAR definitions are fol lowed: 

Ravine: a narrow, steep-sided valley that is commonly eroded by running water and has 

an average grade on either side greater than 3:1 measured between the high water mark 

of the wate rcourse contained in the valley and the top of the valley bank, being the point 



nearest the watercourse beyond which the average grade is less than 3:1 over a horizontal 

distance of at least 15 m measured perpendicularly to the watercourse; a narrow ravine 

is a ravine less than 60 m wide, and a wide ravine is a ravine with a w idth of 60 m or more. 

Top of the Ravine Bank: the first significant break in a ravine slope where the break occurs 

such that the grade beyond the break is flatter than 3:1 for a minimum distance of 15 m 

measured perpendicularly from the break, and the break does not include a bench within 

the ravine that cou ld be developed. 

A 30 m setback from ravine crests defines the area that fal ls within DPA 2C. This DPA captures 

Battani and Rundle Creeks, and the ravines upstream of fan apices on Magnesia, Alberta and 

Harvey Creeks. 

10.3.4.4 Guidelines 

1. A minimum 15 m setback from the ravine crest is suggested for all development. 

2. For ravines that are deeper than 15 m, the setback from ravine crest should be 30 m, or 

a specialist report from an appropriately qualified registered professional is required to 

reduce the setbacl< according to creek flood and debris flow hazard, factor of safety 

and/or riparian area regulation. 

3. Seismic slope stability assessments will be required to assess factor of safety for ravine 

escarpment slopes and foundation stability near the slope crest. 

4. Where lots are located within ravine sidewalls, the Village of lions Bay will require a 

landslide assessment for properties affected by ravine sidewalls, and FCL based on 

flood, debris f lood and debris flow assessments for affecting creeks. 

5. A qualified registered professional's report shall include the following: 

i. a recommendation of required setback from the ravine crest, and a 

demonstration of suitability for the proposed use; 

ii. a fie ld definition of the required setback from the top of a ravine or other steep 

slope; and 

iii. the required setback to top of bank and recommendations relating to 

construction design requirements for the above development activities, on-site 

storm water drainage management, on-site sewage disposal and other 

appropriate land use recommendations. 



10.4 DPA 3 - Slope Hazards 

10.4.1 Justification 

Three sub-categories of slope hazards that present a risk to people and property are identified: 

open-slope failures, rockfall hazards, and slopes greater than 30 percent. 

Open-slope landslides (DPA 3A) typically involve fragmented bedrock, organic debris, and 

mineral sediment. A typical slide is triggered by rockfall from a bluff, by windthrow of large 

trees on a steep slope, or by slab failure of a weathered soil veneer. The headscarp failure plane 

is typica lly >60%, but sometimes as low as 40%, or less. Typica l, or generic steep terrain where 

landslide initiat ion Is most likely has 60-120% slope, and is overlain by a veneer/blanket of 

till/colluvium. Natural factors that contribute to the failure rate are wetter climate, higher 

frequency of extreme rainfall, gullied or escarpment landforms, increasing soil moisture, aspect1 

and fine gra ined sediments. Regiona l storms with severe loca lised precipitation cel ls may 

trigger numerous events. The initial slip then impacts timber downslope clearing a swath 

through the forest, and may be very destructive to infrastructure. Slide types may be 

differentiated as open-slope, gullied types (headwall, sidewall, channel), road-related, or single 

track versus multiple track events. 

Rockfall hazard (DPA 38) is the fal ling, bouncing and rol ling of detached rock fragments from 

cliffs and steep slopes. Over time, rockfa ll material may form a veneer /blanket or apron of 

material below a source bluff. These deposits are known as scree or ta lus. Volumes can range 

from individual blocks to l OOs or 1000s of cubic metres. Natural rockfall source areas are 

readi ly identified by slope thematic mapping, keying into slope areas with >70% slopes, and 

especial ly bluffs with slopes >90%. 

Various guidelines and precedents set by other jurisdictions require a DPA category based on 

simple slope class. DPA 3C is a slope based development permit area concerned with stability of 

foundations, excavations, fi ll slopes, the existence of very local rockfall and/or slide hazards, 

and with water control. 

10.4.2 General Guidelines for Development on Land Subject to a Potential Slope Hazard 

The following guidelines apply in DPAs 3A, 36 and 3C: 

1. Applicants may be required to provide a preliminary assessment report and detai led 

assessment report prepared by a qualified registered professional. 

2. Some background information on potential slope hazards in some areas is available 

t hrough the report by Cordil leran Geoscience titled The Municipality of the Vil/age of 

Lions Boy, Natural Hazards Development Permit Area Strategy: Coastal, Creek and 

Hills/ope Hazards. 



The information in this report should be referenced as part of any development permit 

application. 

3. Development should minimize any alterations to steep slopes, and the development 

should be designed to reflect the site rather than altering the site to reflect the 

development. 

4. Terracing of land should be avoided or minimized and landscaping should follow the 

natural contours of the land. 

S. Buildings and structures and landscaping should be located as far as reasonably possible 

from steep slopes or channel discharge/runoff points at the base of slopes. 

6. Potential slope hazard areas should remain free of development, or, if that is not 

possible, then: 

i. appropriate mitigation measures shall be identified to reduce risk to an 

acceptable level; 

ii. risk for l:)oth the subject property and any adjacent or nearby lands should be 

addressed; and 

Iii. conditions (for example conditions relating to the permitted uses, density or 

scale of bu ilding) shall be imposed as necessary to reduce potential hazard to 

acceptable levels, 

as determined by a qualified registered professional in a preliminary assessment or 

detailed assessment report. 

7. Stepped and articulated building forms that integrate and reflect the natural site 

contours and slope conditions should be used, and large unbroken building masses that 

are unsuitable for sloped conditions should be avoided. 

8. The construction of structures, pathways/trai ls, driveways, utilities, drainage facilities, 

septic ffelds, swimming pools, hot tubs, ponds, landscaping or other uses at or near the 

top or base of steep slopes shou ld be avoided. A minimum ten metre buffer area from 

the top or base of any steep slope should be maintained free of development except as 

otherwise recommended by a qualified registered professional. On very steep slopes, 

this buffer area should be increased. 

9. Vegetation should be maintained and/or reinstated on the slopes and within any buffer 

zone above the slopes to filter and absorb water and minimize erosion. 

10. No fill, including yard clippings, excavated material, sand or soil, should be placed within 

ten metres of the top of slopes or along pre-existing drainage channels. This applies to 

ravine slopes as well. 



11. The base of slopes shall not be undercut for building, landscaping or other purposes 

except in accordance with the recommendations of a qualified registered professional 

and a permit issued under this section. 

12. For homes at the base of slopes, it is pre ferable for bedrooms to be constructed on the 

downslope side of the home. 

13. Large single plane retaining walls should be avoided, where possible. Where retaining 

walls are necessary, smaller sections of retaining wa ll should be used. Any retaining 

structures in steeply sloped areas must be designed by a qualified registered 

professional. 

14. Disturbed slopes should be reinforced and revegetated, especially where gullied or 

where bare soil is exposed. Planting should be done in accordance with the 

recommendations of a Landscape Architect or qualified registered Professional Forester1 

and a permit issued by the Village of Lions Bay. 

15. Native species, including trees, shrubs and other plants, should be used for any new 

planting. 

16. Any structural mitigation measures must be designed by a qualified registered 

professional. 

17. Water should be diverted away from slopes, yards and structures in a controlled manner 

and ponding should be avoided near slopes. 

18. Flow should be contained by capturing roof and pavement drainage. 

19. Property, root drainage and landscaping should be designed and maintained to shed 

water away from slopes (especia lly steep slopes). 

20. Buildings shall be connected to a storm drainage system, infil tration pit, or alternative 

method, approved by the Village of Lions Bay. 

21. Concentrated water (such as roof drainage) shall be discharged to the storm drainage 

system or, where there is no storm drainage system available, be managed by an 

alternative method approved by the Village of Lions Bay and not over sloped lands. 

22. The e'Xtent of paved or hard-surfaced areas should be limited, and absorbent or 

permeable surfaces should be used instead to encourage infiltration where appropriate 

and reduce runoff. 

23. Lots should be graded so water is directed toward the street and away from slopes. 

24. Where applicable, a report by a qualified registered professional may include the 

following: 



i. For slope hazards, description of the magnitude and frequency of the hazards, 

and risk assessment, including evaluation against life safety thresholds 

established by the Village of Lions Bay. This also applies for creek hazards 

ii. If required by the risk assessment, then siting constraints and/or design of 

protective measures. Siting constraints, may include consideration of locations 

to minimize exposure to upslope hazards (local highs; sheltering behind 

topographic features), and/or the establishment .of setbacks from the crests 

and/or toes of steep slopes. Protective measures may Include aspects of 

foundation design, lift of habitable space, barrier walls and other measures. 

However, protection for a given lot must not transfer risk to other lots. For this 

reason, area wide protection measures might be considered by VIiiage of Lions 

Bay. 

Iii. For stability of slopes on or about the proposed development site, assessment of 

slope fai lure modes and limiting factors of safety, and stability during seismic 

events. Seismic slope analysis requires comparatively detailed knowledge of 

subsurface bedrock, soil and groundwater conditions. The required factor of 

safety ca lculation references many data sources, including (but not limited to): 

a. seismic hazard maps and reports; 

b. ground motion data; 

c. seismic Site Class; and 

d. modal magnitude values of the design earthquake. 

Assessment of shallow groundwater conditions and the anticipated effects of 

infiltration pits, footing drains, etc., on local slope stability may also be 

necessary. 

10.4.3 Landslide Safety Policy 

For all landslide hazards, the Village of Lions Bay adopts a landslfde safety policy that employs 

Landslide Risk Assessment for upslope hazards potentially affecting a site, and seismic slope 

stability for foundation soils, engineered slopes and adjacent slopes as determined relevant by 

the qualified registered professional. Risk assessments may be qualitative or quantitative in 

nature. As part of the risk assessment approach, a minimum landslide magnitude to consider is 

the 1:500-year event, but larger events up to the 1:2450-year earthquake triggered landslide 

may be considered where deemed appropriate by the qualified registered professional. 



Reference should be made to section 9.4 of t he Cordilleran Geoscience report dated December 

19, 2017 . 

10.4.4 DPA 3A - Open-slope Landslides 

10.4.4.1 Extent 

Open·slope landslide hazard areas within DPA 3A are identified on Map 7. 

10.4.4.2 Guidelines 

In DPA 3A, a report by a qualified registered professional should consider the fol lowing in 

addition to the guidelines at 10.4.2: 

1. Description of the magnitude and frequency of the hazards, risk assessment, including 

evaluation against life safety thresholds established by Village of Lions Bay. 

2. If required by risk assessment, then siting constraints and/or design of protective 

measures may be required. Siting constraints, may include consideration of locations to 

minimize exposure to upslope hazards (local highs; sheltering behind topographic 

features), and/or the establishment of setbacks from the crests and/or toes of steep 

slopes. Protective measures may Include aspects of foundation design, lift of habitable 

space, barrier walls and other measures. 

3. For stabil ity of slopes on or about the proposed development site, assessment of slope 

fa ilure modes and limiting factors of safety, and stability during seismic events. Seismic 

slope analysis requires comparatively detailed knowledge of subsurface bedrock, soil 

and groundwater condit ions. The required factor of safety calculation references many 

data sources, including (but not limited to): 

I. seismic hazard maps and reports; 

ii. ground motion data; 

ii i. seismic Site Class; and 

iv. modal magnit ude values of the design earthquake. 

4. Assessment of shallow groundwater conditions and the anticipated effects of infiltration 

pits, footing drains, etc., on loca l slope stability. 

5. Other items 

i. include slope profiles with documentation of the limits of slope instability, 

ii. include a field definition of the siting const raint or required setback from the 

toe/top of steep slope, ravine crest or riparian areal 

iii. consider appropriate land-use recommendations such as restrictions on tree 

cut ting, surface drainage, filllng and excavation. 



iv. as required by leglslatlon, all flood and landslide hazard reports by qualified 

registered professionals must stat e that "the land may be used safely for the use 

Intended" with siting constraints or protectives measures, as stipulated in the 

report. 

v. a Save Harmless Covenant will be required to be placed on the land title, worded 

in favour of Village of Lions Bay. 

10.4.5 DPA 38 - Rockfall 

10.4.5.1 Extent 

The DPA 38 area is drawn by projecting a 27.5° rockfall shadow angle from the base of the rock 

avalanche scarp between Magnesia and Alberta Creeks, and from other small scattered bluffs in 

above Lions Bay. In the case of the former, since the rock avalanche headscarp is located high 

above the Village, and since the cliffs are tall and potential rockfall volumes are reasonably 

large (e.g., 10s -1000s m3), the reach of these events extends far downslope, almost reaching 

the highway in the vicinity of Schoolyard Creek. Elsewhere, the smaller and lower elevation 

bluffs, result in less extensive reach of potential rockfall. DPA 38 is outlined on Map 8. 

10.4.5.2 Guideline 

In DPA 38, a report by a qualified registered professional shall be prepared that includes t he 

following in addition to the guidelines at 10.4.2: 

1. rockfall risk, assessments; 

2. characterisation of 500-year rockfall, or larger; and 

3. rockfall modelling to aid design of protection measures if required. 

Rockfall source areas requiring assessment may exist on a property or far upslope. 

10.4.6 DPA 3C - Slopes >30% 

10.4.6.1 Extent 

1. Consistent with Part 20.78 of the Worksafe BC Occupational Health and Safety 

Regulation (BC Reg. 296/97) regulation, DPA 3C applies to areas where natu ral average 

ground slope is >30%. 

2. Under the current guidelines for assessment of slope hazards developed by the 

Association of Professional Engineers and Geoscientists BC (2010), seismic-initiated 

slope instability needs to be considered. Part 20.78 of the OHS Regulation states that 

excavation work must be done in accordance with the written instructions of a qualified 

registered professional if: 



(i) the excavation is more than 6 m (20 f t) deep, 

(ii) an improvement or structure is adjacent to the excavation, 

(iii) the excavation is subject to vibration or hydrostatic pressure likely to result in 

ground movement hazardous to workers, or 

(iv) the ground slopes away from the edge of the excavation at an angle steeper 

than a ratio of 3 horizontal to 1 vertical. 

Most areas in Village of Lions Bay have average slopes >30% and require hillslope 

excavation and fill slope construction to develop building sites. 

3. Areas like the tennis courts and school parking are expansive flat areas, but they are 

buil t in part on fill, and included in DPA 3C. Small areas of gentle terrain exist along 

Bayview Road toward Mountainview Drive, but most lots encompass some areas of 

steeper slope. Thus, these areas are included in the DPA. 

10.4.6.2 Guidelines 

1. A Risk Assessment by a qualified registered professional includ ing evaluation against life 

sa fety thresholds established by Vil lage of Lions Bay may be required. 

2. If required by the risk assessment, then sit ing constraints should be assessed and/or 

design of protective measures undertaken. Siting constraints, may include consideration 

of locations to minimize expoSur'e to upslope hazards (local highs; sheltering behind 

topographic features), and/or t he establishment of setbacks from the crests and/or toes 

of steep slopes. Protective measures may include aspects of foundation design, lift of 

habitable space, barrier wa lls and other measures. 

3. Protection for a given lot must not transfer risk to other lots. 

10.S DPA 4 · Wildfire Hazard 

10.5.1 Justification 

A Wildfi re Risi< Management System (WRMS) was developed by B.A. Blackwell and Associates in 

2007 as pert of the Vil lage of lions Bay Community Wildfire Protect ion Plan (CWPP). The 

WRMS identified the core area of the VIiiage as being at moderate to high risk from wildfire. 

The entire Village of Lions Bay is identified in the CWPP as being a high vulnerability interface 

area at risk from "spotting". The Community Wildfire Protection Plan noted that public safety, 

and many of the important values, facilities and structures, may be severely impacted by a 

major fire in the Village. 



10.5.2 Extent 

All land within the Village of Lions Bay is designated as DPA 4. 

10.5.3 Guidelines 

1. The following fire resistive materials and construction practices sha ll be required for all 

subject developments in the Wildfire Hazard DPA: 

i. fire retardant roofing materials should be used, and asphalt or metal roofing 

should be given preference; 

ii. decks, porches and balconies should be sheathed with fire resistive materials; 

Iii. all eaves, attics, roof vents and openings under floors should be screened to 

prevent the accumulation of combustible material, using 3mm, non-combustible 

wire mesh, and vent assemblies should use fire shutters or baffles; 

iv. exterior walls should be sheathed with fire resistive materials; 

v. fire-resistive decking materials, such as solid composite decking materia ls or fire­

resistive treated wood, should be used; 

vi. all windows should be tempered or double-glazed to reduce heat and protect 

against wind and debris that can break windows and allow fire to enter the 

building or structure; 

vii. all chimneys and wood-burning appliances should have approved spark 

arrestors; and 

viii. building design and construction should generally be consistent with the highest 

current wildfire protection standards published by the National Fire Protection 

Association or any similar, successor or replacement body that may exist from 

time to time. 

2. The following landscape conditions shall be required in respect of development in, or 

within 10 metres of, a new building or structure requiring a building permit: 

i. wildfire risk mitigation and landscaping should be designed and installed to 

protect, conserve and enhance natural features of the site; 

il. if removal of trees or vegetation is deemed necessary by the qualified registered 

professional for the purpose of reducing wildfire risk, Village of Lions Bay 

approval Is required, and replacement trees or vegetation may be required by 

the Village; and 

iii. if deemed necessary by the qualified registered professional for the purpose of 

reducing wildfire risk, a defensible space of at least 10 metres should be 



managed around buildings and structu res with the goal of eliminating fuel and 

combust ible debris, reducing risks from approaching wildfire and reducing the 

potent ial for building f ires to spread to the forest, and the required defensible 

space may be larger in areas of sloping ground where fire behaviour creates 

great er risk. 



.. 
f 
'\ 

,. 

( ''· 
. ' . :!: .... ' 

' 

. " . ) 

. ... 

I'! 
,._ .. , 
' 

i . 

J 
t 

) 

\ ~. 

·~ 



See discussions, stats, and author profiles for this publi cation at: https://•MW.r .. oarchgatc.net/publicatloo/266067886 

Proposed Landslide Ri sk Tolerance Criteri a 

Article 

CITATIONS 

4 

3 authors, Including: 

Moc ha~I Porter 

BGC Engineering Inc. 

2 8 PUIJUCAl lONS 104 Clf"110NS 

SC[ PAOfll.E 

All content following this page was uploaded by Michael Porter on 05 March 2015, 

rt1t user t1as rcqutttcd t1:nhoncement or lht downfooded rtft. 

nEADS 

264 

Kris Holrn 

9 PUBLICATIONS 377 CITATIONS 

SEE P llOFll& 

ResearchGate 



Proposed Landslide Risk Tolerance Criteria 

Michael Porter, Matthias Jakob & Kris Holm 
BGC Engineering Inc., Vancouver, BC, Canada 

ABSTRACT 
For residential development to proceed on ground potentially exposed to a landslide hazard In British Columbia 
approving authorities require a letter from a professional engineer or geoscientist stating that the site is safe for the 
intended use. Safe, however, is nowhere defined and there is no consistent guidance on this matter. APEGBC (2008) 
discourages its members from making such statements In their reports unless "safe" Is explicitly defined. This paper 
reviews the development and application of the landslide risk tolerance criteria used in North Vancouver and cornpares 
the criteria with risks faced by Canadians in everyday life. Landslide scenarios most amenable to a quantitative risk­
based management approach are distinguished from scenarios where "safe" sites might be more appropriately defined 
by a factor of safety or hazard probability. 

RESUME 
En Colombia britannlque, avant tout developpement residential dans une zone potentiellement exposes a des 
gllssements de terrain, la lol exige la remise d'une attestation de la part d'lm lngenieur professlonnel ou d'un 
glloscientiflque, stipulant que le slte est sans risque pour l'utilisatlon qui doit en etre faite. Cependant, ce que l'on entend 
par suretll d'un site n'est pas precise pas plus que ne sont rectlgees des directives coherentes sur la question. APEGBC 
(2008) deconseille a ses membres de dellvrer de telles attestations tant que le terme « surete » n'est pas explicitement 
defini. Cet article passe en revue le developpement et !'application de crlteres de tolerance au risque de glissement de 
terrain mis en cauvre au nord de Vancouver et evalue la pertinence de ces criteres au regard des risques auxquels les 
Canadians sont quotidiennement confrontes. Les scenarios de glissement de terrain les plus enclins a une approche 
quantitative de la gestion des risques sont distlngues des scenarios ou la ~ surete 11 des sites pourrait ~tre deflnie de 
fa9on plus appropriee par un facteur de securite ou la periode de retour de l'alea. 

INTRODUCTION 

In British Columbia landslides kill approximately 3 people 
per year and cause an estimated $2.5 to $3.5 million in 
direct damages to residential development (Hungr 2004). 
While the average resident's risk of loss of life is low 
(approximately 1 in 1,000,000 per annum), the statistics 
are significantly innuenced by the much higher risk faced 
by a relatively small percentage of the population. It is the 
responsibility of approving authorities, developers, and 
qualified professionals to manage these risks in a 
practical way that balances cost and benefit. 

According to Association of Professional Engineers 
and Geosclentists of British Columbia (APEGBC 2008} 
practice guidelines a landslide "safety'' assessment for 
residential development comprises two principal steps: 
estimation of the level of hazard or risk. and comparison 
of the result against acceptance criteria. If the 
acceptance criteria are met, the site may be deemed 
"safe for the use Intended." Otherwise, means of 
reducing the hazard or risk to acceptable levels must be 
prescribed before development is considered further. 

Within British Columbia landslide acceptance criteria 
are most commonly based upon factors of safety, hazard 
probability, or, more recently, risk of loss of life. Some 
methods of assessment are better suited to certain 
landslide types and development scenarios than others. 
Unfortunately, province-wide acceptance criteria do not 
exist and it Is often left up to the qualffled professional 
conducting the safety assessment to determine which 

method lo use and the acceptance criteria values. This 
has several signincant shortcomings. The minimum level 
of landslide safety can be expected to vary between 
municipalities and regional districts, and even between 
adjacent properties in jurisdictions Where such guidance 
is lacking. Furthermore, qualified professionals 
conducting these assessments take on unwarranted 
liability by prescribing a level of landslide risk tolerance, 
Which is a societal Issue that should be determined by 
government as Is the case, for example, In Hong Kong, 
Australia, Switzerland and Austria. 

Following a fatal landslide in 2005, the District of North 
Vancouver adopted, on an interim basis, quantitative risk 
tolerance criteria to help manage safety where existing 
developments are potentially subject to debris slides and 
debris nows. Similar criteria for proposed new 
developments are being considered by the municipality. 
A Coroner's report on the landslide fatality fLlrther 
recommended that Provincial landslide safety criteria be 
established, which Is timely since the authors are aware 
of at least rour additional studies In British Columbia 
where quantitative risk tolerance criteria are being used to 
determine If risks are acceptable and to define 
appropriate risk reduction measures. 

While it is not the role of the engineer or geosoienlist 
to prescribe an acceptable level of public safety, our 
professions are In a position to help decision makers 
better understand the advantages and limitations of the 
different methods of assessrnent, how hazard and risk 
acceptance criteria have been used elsewhere, and some 



of the technical and economic implications If certain 
acceptance criteria were to be adopted at a provlnclal or 
federal level, This paper attempts to shed light on some 
of these Issues, with particular emphasis on risk of loss of 
life as a measure of landslide safety. 

2 ACCEPTANCE CRITERIA OPTIONS 

Landslide safety acceptance criteria should form the 
technical basis for approval of new development and for 
determining if hazard or risk at existing development is 
tolerable. The criteria should account for both the 
potential for economic loss and loss of life, and regardless 
of the assessment methodology, the respective 
acceptance criteria should result In approximately the 
same level of safely. In addition to prescribing a minimum 
level of safety. approving authorities require systems to 
ensure that target safety leveis are met through the 
design and construction process, and that landslide risk 
does not increase over time as a result of slope 
modification, changes In the upstream watershed, failure 
of drainage systems, and other factors that cannot always 
be controlled or forecast at the time of development. 

Three types of landslide safety acceptance criteria are 
discussed below. 

2.1 Factor of Safety Approach 
In a limit equilibrium slope stability analysis, the factor of 
sa fety represents the ratio of forces resisting failure to 
those promoting failure. Factors of safely are used In 
engineering design to account for uncertainty In the input 
parameters {soil or rock strength, groundwater conditions, 
external loads), limitations of the calculation methods, and 
to avoid small strains that may lead to loss of soil or rock 
strength and progressive failure. lmpllcltly, the selection 
of a factor of safety Is a risk-based decision. 

It is common engineering practice to use factors of 
safely equal to or even greater than 1.5 for permanent 
slopes under static conditions and greater than 1.0 under 
seismic design loads provided deformations are 
acceptable. APEGBC (2008) guidelines provide methods 
to predict the displacement or slopes under seismic 
loading using factor o f safety calculations and recommend 
that predicted displacement of slopes upon which 
residentfal development will be founded not exceed 15 cm 
during the design earthquake. 

There are several Instances in British Coluf)"lbla where 
development has occurred on large pre-existing 
landslides that were not detected during the approval and 
development process. In some of these cases a factor of 
safety approach might be used to assess the relative 
improvement fn stability achievable through various 
stabilization options. Compared to first-time failures, pre­
existing landslides offer greater opportunity to reduce 
model and parameter uncertainly through geotechnical 
investigation, monitoring, and slope stability back 
analysis, and there may be justrficatlon in adopting a 
lower factor of safety under these circumstances. 

Probabilistic slope stability analyses offer a means of 
assessing the effects of parameter uncertainty on the 
likelihood that the factor of safety could be less than unity. 
These techniques, combined with sufficient site 
investigation data, might be used to support the adoption 
of lower factors of safety for the design of some slopes. 

Lee and Charman (2004) estimate the probability of 
failure of a slope designed with a factor of safety of 1.5 to 
be between 10-5 and 10.& per annum if model and 
parameter uncertainty are low. This contrasts with slopes 
designed with a factor of safety of 1.3, where the 
estimated failure probability is between 10-2 and 10-3 per 
annum. In both cases, failure probability could be higher If 
soil and groundwater conditions, the mechanism of 
failure, or the effects of human activity on the stabilfty of 
the slope are poorly understood. The design of slopes In 
frontier areas where geotechnlcal experience is lackfng, 
or excavations in stiff, high plastic clays continue to pose 
challenges, for example, but experience supports the 
assessment that engineered slopes with factors of safety 
greater than 1.5 tend to perform well and are generally 
considered "safe.'' 

2.2 Hazard Probability and Partial Risk Approach 
Hazard probability in this paper refers to the annual 
probability of landslide occurrence. In practice, approving 
authorities make decisions based on the probability of a 
landslide reaching an existing or proposed development. 
This Is more accurately referred to as the "encounter 
probability" or "partial risk.'' 

In British Columbia, hazard acceptability thresholds for 
development approvals were first put forward by Cave 
(1992), a former Director of Planning for the Regional 
District of Fraser-Cheam (now FVRD). The thresholds 
address a range of landslide types, includfng debris Hows, 
small landslides, rock fall, and large rock avalanches. 
Recognizing that different landslide types with the same 
probability can impose different levels of risk, threshold 
levels were set based on consideration of the hazard 
type. A distinction was also made between types of 
development, ranging from minor repairs and 
reconstruction to permitting of new buildings and approval 
of new subdivisions, which influences the number of 
additional people exposed to landslide hazards. 
Depending on the landslide type and the type of proposed 
development, unconditional approval can be granted for 
encounter probabilities ranging from 1 :500 to less than 
1:10,000. 

Most of British Columbia was deglaciated about 
10,000 years ago, providing a convenient means of 
identifying locations where the probability of landslide 
occurrence Is likely less than 1 O.o1. Confirming the 
absence of Holocene landslide deposits and ruling out the 
possibility of large first-time failures, such as might be 
indicated by sagging slopes, constitutes one or the 
simplest forms of a landslide safety assessment. 
Provided this type of assessment is carried out by suitably 
qualified professionals It will likely result in a level of 
landslide safety that meets the expectations of approving 
authorities and the public. Unfortunately, In mountainous 



terrain It rs often quite difficult to Identify ground 
completely free of evidence of past landslide activity. 

2.3 Risk of Loss of Life Approach 
Where rapid landslides are possible, the potential for loss 
of life may represent the overriding consequence of 
concern to approving authorities Criteria based on the 
risk of Joss of life are used to guide the development 
approval process for landslide prone areas In Hong Kong 
and Australia, and form part oflndustrlal health and safety 
regulations in the U.K. and the Netherlands (AGS 2000; 
AGS 2007; Ala 2005; Leroi et al. 2005; Whittingham 
2008). Two measures of risk are considered: risks to 
individuals and risks to groups (or societal risk). 

Individual risk addresses the safety of individuals most 
at risk at an existing or proposed development. When 
considering the exposure to a single landslide hazard, this 
is calculated according to Equation 1: 

R = PH • Ps H .. Pr:s • V • E 

where: 

[1] 

• PH = the annual probability of the landslide 
occurring; 

• Ps:H = the spatial probability that the landslide 
will reach the Individual most at risk; 

• Pr:s "' the temporal probability that the individual 
most at risk will be present when the landslide 
occurs; 

• V = the vulnerability, or probability of Joss of life If 
the Individual is impacted; and 
E = the number of people at risk, which is equal 
to 1 for the determination of Individual risk. 

Where risk of loss of life criteria are used In countries 
with a common law legal system, the maximum tolerable 
level of risk for new development is typically 1 O..s per 
annum for the Individual most at risk (Leroi el al. 2005). A 
dislfnctlon Is often made between new and existing 
development, with risks as high as 10~1 per annum 
sometimes tolerated for existing development. 

When the expected area impacted by a landslide is 
small and density of development Is low, approval 
decisions are typically governed by the estimated level of 
Individual risk. When large groups are exposed to a 
hazard, however, societal risk will often determine if 
development Is approvable from a risk perspective. 

Socletal risk considers the total potential for loss of life 
when all people exposed to a hazard are accounted for. 
For a single landslide hazard societal risk can be 
estimated using Equation 1, with 'E' set to the number of 
people at risk. If the spatial and temporal probabilities 
and the vulnerability varies across the population exposed 
to the hazard the group will need to be subdivided! 
according to uniform level of exposure with the results 
summed to arrive at a total expected number of fatalities 
should the landslide occur. 

Societal risk estimates are presented on graphs 
showlng the expected frequency and cumulative number 
of fatalities, referred to as F-N curves (Figure 1 ), F-N 
curves were originally developed for nuclear hazards 

(Kendall et al., 1977), where the purpose was to Illustrate 
risk tolerance thresholds reflecting societal aversion to 
multiple fatalities during a single catastrophic event. The 
graph Is subdivided into four areas representing 
unacceptable risk, tolerable risk which should be reduced 
further If practicable according to the ALARP principle, 
risk that Is considered broadly acceptable, and a region of 
low probability but with the potential for >1000 fatalities 
that requires Intense scrutiny. From the perspective of 
potential loss of life, development might be approved if it 
can be demonstrated that risks fall in the ALARP or 
Broadly Acceptable regions on an F-N curve. 
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Figure 1. Example F-N Curve for Evaluating Societal Risk 

2.4 Selection of an Assessment Method 
In some instances an approving authority may have 
adopted a single method of evaluating the level of 
landslide safety, hence no choice is required. In other 
jurisdictions multiple options may be available or guidance 
on which method to use may be absent. Where a choice 
must be made, how should a qualified professional 
determine which method of landslide safety assessment 
Is most appropriate? This section presents a thought 
process which may form the basis for a standardized 
approach. 

Limit equilibrium slope stability analysis can be used to 
obtain reliable estimates of the factor of safety where the 
source and mechanism of Instability is understood and 
where the basic model Input parameters, such as 
stratigraphy, shear strength, groundwater conditions and 
external loads can be determined with reasonable 
accuracy. The Observational Method, by which predicted 
ground conditions and slope behaviour are made in 
advance and verified during construction and 
management of a slope, helps to minimise the effects of 
parameter, model, and human uncertainty (Morgenstern 
1995). When used In conjunction with the Observational 



Method, factors of safety have been applied successfully 
for decades to the design and management of 
"engineered" slopes such as cuts. fills, and retaining 
walls, and for the. design of structures located on or at the 
crest of potentially unstable slopes. Slope stability 
analyses, In conjunction with liquefaction susceptibility 
and lateral spreading or deformation analyses can be 
used to assess the level of landslide safety under 
earthquake loading scenarios. The factor of safety 
approach can also be used to help assess and manage 
the level of landslide safety where it is determined that 
development is situated on a pre-existing deep-seated 
la.ndslide. 

Where existing or proposed development is located 
down slope of a potential landslide hazard (and not on the 
slope itself) , hazard probability or risk of loss of life may 
offer a more suitable means of assessing landslide safety. 
The application of hazard probablllty may be limited to 
situations where it can be demonstrated that landslides do 
not pose a credible threat to an existing or proposed 
development. Examples include: 

• sites where Holocene-age landslide deposits are 
absent and no potential source of large-scale 
instability can be identified up slope; 

• sites located outside of the zone of impact of the 
maximum credible landslide hazard, such as 
locations outside of the rock fall shadow below a 
well-defined rock fail source area; and 

• situations where the debris from the maximum 
credible landslide hazatd can be prevented f rom 
reaching a site through the design and 
construction of physical barriers such as ditches, 
berms, or catch nets. 

For all other situations it may be more appropriate to 
conduct a quantitative assessment of the risk of loss of 
life and encourage the approving authority, In 
collaboration with the qualified professional, to evaluate 
the level of landslide safety by comparing the results 
against published risk tolerance crJteria. These special 
situations generally involve: 

• sites located al the base of slopes or In the 
potential runout zone of a credible landslide 
hazard; 

• sites where it is not practlcal to demonstrate that 
the slope stability factor of safety for all credible 
landslide hazards Is greater than the acceptance 
criteria; and 

• sites where providing for physical protection 
against all credible landslide impacts is not 
practical. 

Where provincial or municipal guidance is lacking, 
APEGBC (2008) recommends evaluating risk estimates 
against other published criteria. Examples Include those 
usetJ In Hong Kong, Australia, and the U.K., namely, a 
maximum tolerable risk to individuals of 10-<i per annum 
for existing development and 10·5 per annum for new 
development, and use of the F-N curve presented In 
Figure 1 to evaluate societal risk. 

Some jurisdictions may prefer to use qualitative terms 
to express and evaluate the results of quantitative risk 
assessments. The Australian Geomechanics Society 
provides recommended qualitative terms that are 
reproduced in Table 1 (AGS 2007). Using these 
qualitative descriptors, "Moderate" risk represents the limit 
of tolerability for existing development. 

Table 1. Qualitative Descriptors for Risk of Loss of Life 
(after AGS 2007) 

Annual Probability of Death for 
the Individual Most at Risk 

>10' 
10~ - 10~ 

10-6 - to~ 

1 o.e - 10-' 
<10.;; 

Qualilallve Descriptor 

Very High 

High 

Moderate 
Low 
Very Low 

3 CONSIDERATIONS FOR USE OF RISK 
TOLERANCE CRITERIA 

In tile preceding discussion various options for 
determining and evaluating the level of landslide safety at 
existing and proposed residential developments were 
reviewed and scenarios amenable to use of risk-based 
criteria were identified. In the sections that follow a 
number of social and technical considerations are 
presented that may help guide decision makers and 
qualified professionals wlth the adoptlon and/or 
application of risk of loss of life tolerance criteria as a 
means of managing landslide safety. 

3.1 Origins and General Principles 
The use of risk of loss of life tolerance criteria originated 
in the United Kingdom and the Netherlands during the 
1970's and 80's In response to the need to manage risks 
from major Industrial accidents (Ale 2005). Hong Kong 
adapted the United Kingdom criteria for the management 
of landslide hazards, and similar approaches have been 
applied in Australia, Swilzerland and Austria. 

While risk tolerance levels vary amongst jurisdictions 
and the evaluation criteria for individual and societal risk 
are different, some common general prlnciples apply 
(Leroi et al. 2005): 

• the incremental risk from a hazard to an individual 
should not be significant compared to otner risks to 
which a person Is exposed in everyday life; 

• the incremental risk from a hazard should be 
reduced wherever reasonably practicable, I.e. the 
As Low As Reasonably Practicable (ALARP) 
principle should apply: 

• if the possible number of lives lost from an Incident 
Is high, the likelihood that the Incident might occur 
should be low. This accounts for society's particular 
intolerance to many simultaneous casualties, and is 
embodied in societal tolerable risk criteria; and, 

• higher risks are likely to be tolerated for existing 
developments than for new proposed developments, 



In the United Kingdom, maximum tolerable risk for 
individual members of the public is set by the Health and 
Safety Executive (HSE) at 10.s per annum for new 
development. The upper limit of tolerability Is set at 10-3 
per annum for workers based on the assumption that the 
risk faced by workers is somewhat voluntary (Whittingham 
2008). 

In the Netherlands, maximum tolerable risk ls 1 O.e per 
annum. In practice, however, Ale (2005) has shown that 
the United Kingdom and Netherlands risk tolerance 
criteria are very similar as a result of the different legal 
systems employed by the two countries. 

The United Kingdom (and Hong Kong and Canada) 
are governed by the Common Law legal system while the 
Netherlands' system Is based on Napoleonic law, In the 
Common Law system It is not legal to put workers or the 
public at risk. Meeting the minimum regulatory risk 
requirements 1s one means of reducing legal liability but 
the courts Impose a further test of gross disproportionality 
(Ale 2005). To meet this test, the entity that permitted a 
risky situation to develop that resulted In a loss of life 
must demonstrate that the cost to achieve a lower level of 
risk would have been disproportionate to the benefits. 
The concept Is embedded in the ALARP principle that 
requires that risks be reduced to as low es reasonably 
practicable. When applied to a level that might meet the 
satisfaction of the courts, the ALARP principle o~en 
results In a maximum level of individual risk that is 10.a 
per annum or less. In the Netherlands, Napoleonic law 
only requires that regulatory standards be met. 
Consequently, risk levels in the two jurisdictions are very 
similar in most circumstances. 

3.2 Comparison with Canadians' Risk in Everyday Life 
While there is precedent for using F-N curves and 
maximum tolerable risk levels for Individuals to evaluate 
the level of safety posed by landslides, in Hong Kong and 
Australia, It is logical to question whether it Is appropriate 
to apply similar tolerable risk levels in British Columbia. 
Comparison of the Hong Kong landslide risk tolerance 
criteria against Canadians' level of background risk 
suggests these criteria may indeed be appropriate. 

A person's annual risk of loss of life depends on a 
number of factors including their age, occupation, general 
state of health and other environmental factors. Stallstics 
Canada (2005} reports the average Canadian mortality 
rates by oause. Between 2000 and 2005 the age­
standardized risk of loss of life by all causes was about 
a•10·3 per annum, or about a 1:175 chance per year. The 
average risk from accidental causes was about 4•10"" per 
annum, and the average risk from automobile accidents 
was about 10"" per annum. 

Table 2 compares the incremental Increase In the 
average Canadlan's risk of loss of life If exposed to 
various levels of landslide risk. As discussed earlier, a 
general principle In establishing lendslide risk tolerance 
criteria Is that the Incremental risk from a hazard should 
not be significant compared to other risks In everyday life. 
Although 'significant' is not defined, inspection of the 
percentage Increase in rlsk from various levels of 

landslide exposure suggests that the incremental risk is 
low (<0.2%) for landslide risk levels less than 10.s per 
annum. 

Table 2. Canadians' Incremental Risk of Loss of Life (per 
annum) under various Landslide Risk Levels 

Incremental Risk Total Average % Increase 
Risk 

0 5.637"10'3 0 

1<T6 5.638·10.:J 0.016 

10" 5,547•10:.i 0.18 

10"' 5.737"10"° 1.8 

10·3 6 .637·10.:J 18 

3.3 Application in North Vancouver 
In the early morning of January 19, 2005, prolonged and 
high intensity rainfall triggered a fill-slope failure at the 
crest of the Berkley Escarpment in the District of North 
Vancouver (DNV). The landslide destroyed two homes at 
the base of the slope, seriously injuring one person and 
killing another. A review of previous engineering reports, 
published literature, and aerial photographs revealed that 
five other fill-slope failures had occurred along the 
escarpment since 1972. Concerns over the potential 
impact of future landslides prompted DNV Municipal 
Council to commission a landslide risk assessment and 
implement a risk management program. The case history 
Is described in Porter et al. (2007) with key details 
reproduced below. 

A framework for landslide risk management 
compatible with Canadian guidelines (CAN/CSA 0850-
97) was tailored to meet DNV's requirements (Figure 2). 
The program was implemented in phases: Phase I 
included risk estimation and risk evaluation; Phase II 
included evaluation of risk control optlons and 
development of a remediation strategy; and Phase Ill 
Involved execution of the remediation program and re­
evaluation of the landslide risks. 

Two measures of risk were estimated: the risk to 
Individuals on all occupied properties located on and 
below the escarpment crest, and the societal risk for 
hypothetical flow slide source areas. Risk estimates were 
summed up for the entire escarpment and oallbratlon of 
the risk model was undertaken so that results matched 
the historical record. 

Calibrated individual risk estimates exceeded an 
incremental risk of fatality of 10..., per year at 43 
properties, including two that were located at the crest of 
the escarpment. Due to the red shading used to highlight 
these properties on maps made available to the public, 
these properties became known as the 'Red Zone' 
properties. 
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Figure 2. Risk management framework {after CAN/CSA 
0850-97 

Based on the results of the risk assessment, 
consultants' recommendations, and Informal feedback 
from the public, the Municipal Council determined that the 
Hong Kong landslide risk tolerance criteria would be used 
to prioritise remedial works on the Berkley Escarpment. 
Measures were required to reduce Individual risks to less 
than 10"" per year and to move all hypothetical flow slide 
source areas out of the 'unacceptable zone' and Into the 
'ALARP zone' wheh plotted on the F-N curves utilised in 
Hong Kong. 

Public response to the results of a quantitative 
landslide risk assessment (QRA) was a considerable 
source of uncertainty at the outset of the study due to the 
lack of precedent in British Columbia. Residents living at 
the top of the Berkley Escarpment tended to argue that 
the risk estimates were somewhat conservative, perhaps 
in part because of concern that they would bear the costs 
of any required mrtigatfon. Residents llvlng at the base of 
the escarpment tended to argue that the risk estimates 
were not conservative enough, perhaps in part because 
they wete the ones most vulnerable. However, In general 
it appeared that there was public support _for the proces~, 
and presentation of results in the form of nsk of fatallty did 
not prompt public outcry. In spite of the published risk 
levels there has been a change in ownership for several 
properties along the escarpment, suggesting that at least 
some members of the public are willing to tolerate these 
levels of landslide risk. This would suggest that other 
Canadian communities may be amenable to the 
application of QRA to landslide and other geohazard 
risks, 

Parallel to management of landslide risk along the 
Berkley escarpment, quantitative risk estimates we~e 
made for a number of existing developments on debris 
flow fans throughout the District. Most properties had 
tolerable individual and societal risk levels when 
evaluated using the Hong Kong criteria, though risks at 
some properties were determined to be unacceptably 
high. The results of these estimates have been made 
public and development of a real-time debris now warning 

system Is currently being tested to help manage debris 
flow risk. 

In 2007 PNV convened a public fask force to review 
and make recommendations on the landslide risk 
tolerance thresholds. Upon completion of a number of 
training sessions, public meetings, and public survey, the 
Task Force recommended that DNV continue lo use the 
Hong Kong criteria for individual risk. 

DNV is currently working on an Implementation plan to 
formally adopt the lahdslide risk tolerance criteria for new 
ahd existing developments. Experience to date suggests 
the criteria for existing development are generally 
achievable, but use of the more stringent criteria for new 
development faces some challenges. Many of these are 
anticipated to arise from questions over what constitutes 
•new development." It is known that residents at many 
homes currently face an Individual risk from landslides 
between 1 O°" and 10.tJ per annum and, short of acquiring 
the properties and relocating the residents there is little 
that can be done to reduce these risks further. Major 
renovations, repairs, or reconstruction of homes on these 
properties potentially constitute 'new. development'. and 
may not be permitted if there 1s an associated 
requirement to reduce landslide risk to less than 10·5 per 
annum_ One possible solution is to limit application .o~ the 
more stringent criteria to the approval of new subdtv1s1ons 
and infllling of existing subdivisions. 

In 2008 the Provincial Coroner issued a report on the 
2005 landslide fatality. The report contained a number of 
recommendaliohs to the Province, the Union of BC 
Municipalities, and APEGBC. Amongst recommendations 
to the province was a call to establish a legislated 
provtncial standard for how landslide assessments should 
be conducted and coordination of the development of 
provincial landslide safety levels. The Coroner also 
recomrnended that a database of landslide hazard and 
risk information be created and made accessible to all 
stakeholders lo facilitate informed decisioh-making. 

3.4 Societal Risk Estimates and the Consultation Zone 
The geographic area considered for a landslide safety 
assessment is known as the ''consultation zone" 
{Geotechnical Engineering Office 1998). The consultation 
zone has been defined as a zone of standard extent that 
includes the area of a proposed development within the 
maximum credible extent of potential landslide hazards 
(Hungr and Wong 2007), In Hong Kong this typically 
corresponds to a 500 m wide strip of land at the base of a 
slope. Altering the size of the consultatlon zone can 
change the estimates of societal risk. 

The current definition may be effective for proposed 
development in areas that are the responsibility of a 
single approving authority, but can be difficult to apply to 
areas that also contain existing development or that are 
the responsibility of more than one approving authority. 
This is often the case in British Columbia where 
responsibllfty of development approval has largely been 
transferred to the municipalities, and where new 
development often involves infilling of existing 
subdivisions, For example, consider a potentially 



unstable slope with both proposed and existing residential 
housing at the base. If only the area with proposed 
buildings is defined as the consultation zone, societal risk 
would be lower than if the entire development was 
considered, because the entire development contains 
more elements at risk. Which definition Is more 
approprlate? 

Furthermore, situations may exist where a munlclpal 
boundary or property line straddles an area pol'entlally 
Impacted by a landslide. While landslides do not 
recognize property or political boundaries, these 
boundaries do impose practical limitations on the 
approving authorities and qualified professionals charged 
with undertaking landslide assessments. One example 
includes limitations on access ror the investigation of 
slopes above or adjacent to a subject property, especially 
where these 'off-site' slopes may be the dominant source 
of the landslide hazard. Another Involves landslides with 
the potential to impact more than one municipality. While 
collaboration should be encouraged In these cases, the 
consultation zone should be defined in a way that allows 
one of the municipalities to proceed with the estimation of 
its societal risk without the cooperation of its neighbours. 

In an attempt to balance these technical and political 
realities, the authors propose a more detailed definition of 
the Consultation Zone. The Consultation Zone shall 
include all proposed and existing development in a zone 
defined by the approvfng authority that contains tf1e 
largest credible area affected by landslides, and wl1ere 
fatalities arising from one or more concurrent lands/Ides 
would be viewed as a single catastrop'1/c loss. 

Examples might include a particular river escarpment, 
a single or coalescing series of alluvial rans, the area 
potentially impacted by a rock avalanche, or other areas 
defined by the community or approving authority. 
Determining the largest credible area affected by 
landslides would require an inventory of the hazards, 
estimation or landslide magnitude and rrequency, and 
landslide runout analyses. This may not be known at the 
outset of a risk assessment unless regional landslide 
hazard maps have already been prepared. 

3.5 Data Requirements and Limitations of' Risk-Based 
Assessments 

Quantitative estimates for risk of loss of life require 
estimates of the parameter values and associated 
uncertainties listed in Equation [1 ]. Often, data for model 
calibration are scarce. Guidelines and numerical models 
have been developed that can be used to help constrain 
estimates of the spatial probability of impact. For most 
resldentlal development applications, the temporal 
probability for Individuals will range between O 5 and 1 
and is not a significant source of uncertainty. Data from 
previous landslides can be used to constrain estimates of 
vulnerability for different landslide 1ypes and Intensities 
(e.g. AGS 2000). Estimating the probability of landslide 
occurrence, however, can be very challenging and often 
represents the greatest source of uncertainty when 
conducting a quantitative risk assessment. The effects of 
earthquakes and changing conditions (e.g. urbanization, 
forest fires, beetle Infestations, clearcut logging and 

climate change) pose additional uncertainties that may 
need to be accounted for in estimates of current and 
future landslide risk. 

Access to historical landslide data, such as location, 
date of occurrence, causal and triggering factors, type, 
size, travel distance, and extent of damage, can be 
immensely helpful in reducing the uncertainty associated 
with assigning estimates of both landslide probability and 
risk. Calibration using data from other risk assessments 
tor similar landslide processes and risk scenarios should 
be carried out whenever possible; however the data 
necessary for calibration are often scarce in British 
Columbia. Implementing the Coroner's recommehdation 
to establish a province-wide (or national) landslide 
database would be a helpful step in lhis regard. Previous 
attempts to form and maintain such databases have failed 
due to a lack of funding and lasting dedication, but this 
might be mitigated if the Initiative was supported at the 
provincial or federal level. 

Budgetary constraints can often pose limitations on 
the reliability of landslide risk assessments. This is also 
true of landslide safety assessments based on estimates 
of factors of safety or landslide likelihood, and therefore 
budget should never be an overriding factor in 
determining which method of assessment is most 
appropriate. Conservative values can be assigned to the 
Input parameters when data are lacking as a result of 
budgetary constraints or other factors. For example, 
obtaining a detailed frequency-magnitude relationship for 
a debris flow fan, or quantitative models of flow runout 
and intensity, might be beyond the scope of a small 
project (i.e. an individual house). In this case, partial risk 
estimates for individuals or groups would be summed 
based on fewer landslide magnitude-frequency categories 
and less detailed population groups, using reasonably 
conservative estimates of landslide magnitude, frequency, 
and intensity. 

Professional judgement plays an important role in 
landslide risk assessment. Considerable judgement Is 
required to recognize the types of landslide hazard that 
might occur, select the appropriate extent of the 
consultation zone, design the site investigation program, 
and assign reasonable ranges or values to the Input 
parameters. The importance of experience and 
judgement is not unique to risk-based assessments of 
landslide safety. 

In the authors' experience, event trees are a helpful 
means of checking that all reasonable risk scenarios are 
included In a risk-based assessment and tracking the risk 
estimate calculations. They help to ensure transparency 
and repeatability of the methods used and can serve as a 
visual tool for risk communication with decision makers. 

Even under the best of circumstances it is difficult to 
estimate risks associated with events that occur very 
infrequently. For example, due to limitations in data and 
assessment methodology, the margin of error associated 
with estimates of landslide probability can be expected to 
Increase significantly for event probabilities less than 
about 10·3 per annum (Morgenstern 1995). When 



combined with the uncertainties associated with estimates 
of spatial and temporal probability and vulnerability, it may 
not be possible to defensibly differentiate between 
calculated levels of landslide risk that are less than about 
10-5 per annum under different development or mitigation 
scenarios, for example, and decision makers must be 
made aware of these limitations. Use of qualitative terms 
representing values that range over an order of 
magnitude to express the results of quantilative risk 
assessments may help lo convey some of the uncertainty 
associated with estimated risk values. 

4 DISCUSSION AND SUMMARY 

This paper recommends that a consistent level of 
landslide safety be established at a provincial, If not 
national level. Consistent landslide assessment methods 
and acceptance criteria would greatly benent the process 
of residential development in areas potentially subject to 
landslides. 

If provincial or national landslide standards are 
developed, they wlll need to be sufficiently flexible to allow 
for development In a wide range of geographic 
environments subject to different types of landslides, as 
well as differences In !he amount of historical data and 
local knowledge that are available. It is recommended 
that landslide safety standards consider three possible 
approaches to the assessment of the level of safety, 
including factor of safety, hazard return period, and risk of 
loss of life. Some guidance is provided here as to which 
method is best applied under different circumstances. 

Where risk of loss of life is determined lo represent the 
most appropriate measure of landslide safety, the Hong 
Kong and Australia landslide risk tolerance criteria appear 
to provide a useful starting point for evaluating landslide 
risk at existing and proposed development In Britlsh 
Columbi1;1. It Is recognized, however, that the Hong Kong 
regulatory and physlographic situation cannot be directly 
compared to all situations in British Columbia where 
developable land is relatively more abundant and risk can 
be avoided to a greater degree. 

An expanded definition of the •consultation zone" ls 
provided lo allow estimation of societal risk over a broader 
range of development scenarios than addressed by the 
definition currently used in Hong Kong. Special 
consideration will need to be given to the definition of 
"new development" so that the safety criteria can be 
applied in a fair and balanced manner. 

The paper addresses some of the limitations of risk­
based assessments, particularly where knowledge of past 
landslide processes and frequency Is limited, and 
highlights the need for compilation and sharing of 
landslide data to Improve the rellabillty of these 
assessments. 

Storing landslide monitoring data In a publlcally 
accessible database may, in the long-term, also help to 
Improve our understanding of landslide frequency and 
triggers, allowing for better calibration of risk estimates. 

Combining these efforts In Canada with the 
development and Implementation of a unified geohazard 
and risk mapping approach would further improve 
consistency to the way public safety is managed. This 
type of unified approach has been used in other countries 
for over 30 years, Involving the production of geohazard 
and risk maps using a common scale, legend and 
symbology. For example, Switzerland is following this 
approach which will require that geohazard and risk maps 
be prepared for all of its towns and villages by 2013. 

Landslide safety assessments can be very involved 
and often require that a significant budget be allocated for 
site Investigation and analysis. Budget limitations should 
nol determine the level of landslide safety. Deterrnining 
the budgetary requirements of a landslide assessment 
Involves some understanding of the scale and Intensity of 
study expected by the approving authority in order to 
ensure a consistent minimum level of safety. If such 
understanding Is lacking, the assistance of government 
and I or the professional associations should be sought In 
formulating adequate work scopes and terms of reference 
for landslide safety assessments. 

When budget constraints for existing development do 
not allow for construction of engineering solutions to 
reduce risk to acceptable levels, alternative risk 
management strategies including public education and 
awareness, and landslide warning systems should be 
contemplated, at least on an interim basis, until other 
solutions can be found. 

While this paper focuses on residential development, 
the assessment methods presented here can likely be 
expanded to the management of landslide safety affecting 
workers and the public associated with industry, such as 
forestry, mining, and power generation, linear facilities 
such as roads and railways, and public areas such as 
campgrounds and historical sites. This will require further 
review of the distinction between risk to workers and risk 
to the public that currently exists in practice in the United 
Kingdom. a11d also the methods to evaluate societal risk 
for facilities such as highways where very large numbers 
of individuals are exposed to what usually amounts to a 
very low level or risk. 

A growing population in British Columbia and Canada 
will continue to increase the demand for safely habitable 
spaces. At the same time, society's tolerance for rlsk 
appears to be diminishing. British Columbia, with its 
unique topography, geology and geomorphology, has a 
disproportionately large share of landslide hazards. 
''Safe" development In this environment requires a unified 
approach to the management of landslide hazard and 
risk. This paper has outllned some key elements of such 
an approach, including applicable methods for assessing 
landslide safety and potential hazard or risk acceptance 
criteria associated with each method. 
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Canadian Technical Guidelines and _Best Practices related to Landslides: 
a national initiative for loss reduction 

LANDSLIDE RISK EVALUATION 

Note to Reader 

This is the seventh in a series of Geological Survey of Canada Open Files that will be published 
over the next seve1·a l months. The series forms the basis o r the Canadian Technical Gu;delines 
and Best Practices related lo Landslides: a national inNialive fo r loss reduction. Once all Open 
Fi les have been published, they wi ll be compiled, updated and published as a GSC Bulletin. The 
intent is lo have each Open File in the series correspond to a chapter in the Bulletin. 

Comments on this Open File, or any of the Open Fi les in this series, should be sent before the 
end of March 201 3 to Dr. P. Bobrnwsky, pbobrows@NRCan.gc.ca 

I. lNTRODUCTION 

Landslide risk evaluation compares landslide risks, as determined from the risk analysis, aga inst 
risk tolerance or risk acceptance criteria to guide the design and apprnval of proposed 
development and to prioritize treatment and monitoring efforts fo r existing development that is or 
could be exposed to a landslide (f. igure 1, YanDine, 2012, and reproduced below). f 11 situations 
where consequences are nol considered, the process is technically hazard evaluation, but for 
simplicity, in this paper lhe term risk evaluation is used throughout. Landslide risk tolerance and 
risk acceptance criteria arc moro broadly referred to as landslide safety criteria. The combined 
process of risk identification, risk analysis and risk eva luation is referred to as risk assessment. 

The risk evaluation approach used and Lhc landslide safety criteria adopted can vary 
depending on the risk scenario (sequence of events with an associated likelihood or probabi lity of 
occurrence and consequences), the applicable legal framework, regu lations and standards or 
practice and, for governments and corporations, factors such as market capital ization and 
insurance coverage that can influence the level of risk that can be to lerated or accepted. 

This contribution focuses on general principles and approaches of evalua(ing different 
measures of lands I ide risk. The attention is on the evaluation of landslide risk associated with 
existing and prnposed residential development, because it is here that national guidelines can 
prove most beneficial. Many of the concepts and techniques applied to landslide risk evaluation 
for residential development can also be applied to other elements at risk (objects or assets such 
as human health and safety, property, aspects or the environment and/or financial interests that 
could be adversely affected by a landslide). Many of the examples provided involve sub-aerial 
landslides, bul the risk evaluation concepts can also be applied to submarine landslides and 
landslide-generated waves. 
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Figure 1: Landslide Risk Management Process (from VanDine, 2012; adapted from ISO, 2009) 

Approv ing authorities across Canada frequently review the results of landslide risk 
assessments as part of the submissions for development and/or building permits. ln such 
assessment reports, landslide pt·ofessionals are often required to use a statement simi lar to the 
land may be used safely for the use intended, but rarely has safe been actually defined by the 
approving authority. Some improvements have been made in this regard, such as those 
documented in the Association of Professional Engineers and Geosclentists of British Columbia's 
landslide guidelines (APEGBC, 2010), but provincial and national approaches to risk evaluation 
and landslide safety critetia are typically lacking. Landslide safety criteria from jurisdictions 
across Canada and internationally are reviewed and the potential benefits of establishing 
provincial and/or national criteria arc discussed. Considerations for communicating and 
consulting on landslide safety criteria and the results of risk evaluations at·e provided herein . 

Because risk evaluation is a rapidly evolving topic in Canada, this contribution should be 
treated as a 'work in progress' and updates will likely be requit'ed as Canadian approaches and 
landslide safety criteria evolve. 

2. GENERAL PRINCIPLES 

2. 1 Indi.vidual versus Societal Risk 

Where rapid landslides are possible, the potential fol' loss or life typically represents the 
overriding consequence of concern to authorities charged with approving proposed developments 
above, 011 or below landslide prone terrain. Safety criteria based on the risk of loss of life guide 



the development approval process for lands I ide prnne areas such as in Hong Kong, Australia, 
and recently in the District of North Vancouver, BC, and, alLhough not specific to landslides, 
form part of industrial health and safety regulations in the United Kingdom and the Netherlands 
(AGS (Austra lian Geomechanics Society), 2000; AGS, 2007; A le, 2005; Leroi ct al., 2005; 
Whittingham, 2009). Two measures of risk are considered: risks to individua Is a11d risks to groups 
(or societal risk). 

Individual risk addresses the safety of individuals who are most at risk in an existing or 
proposed development. Societal risk addt·esses the potential societal losses as a whole caused 
by total potential losses of people in the community from a hazard event. When considering the 
exposure to a single landslide, risk is ca lculated according to Equation I : 

R = P 11 * Ps:11 * PT:S * V * E 

where: 
R = risk; 
P11 = annual probabilily of lhe hazard (i.e. landslide) occurring; 
Ps:H = spatial probabil ity that the landslide wjll reach the individual; 
PT:S = temporal probabi li ty that the individual wi ll be present whea the landslide occurs; 
V = the vulnerability, or probability of loss of life if an individual is impacted; and 
E = the number of pcopl.c at risk; equal to l for individual risk. 

[I] 

Partial risk is the combinalion of the first two tet·ms, PH * Ps:i1. Partial risk is also known as 
encounter probability. 

Whore risk of Joss of life criteria are used in countries with a corninon law (case law or 
precedent) legal system, the maximum tolerable level of risk for a new development is typically 
I: I 00,000 pe1· annum fo r the individual most at risk (Leroi et al. , 2005). A dislinction is often 
macle between new and existing develop111ent, 'vVith individt1al risks as high as I : 10,000 per 
annum sometimes tolerated for existing development. 

When the area of a potential landslide is small and the density of development is low, approval 
decisions are typically governed by the estimated individual risk. In contrast, when large groups 
are exposed to a potential landslide, societal risk analysis is typically used. For societal risk, if the 
spatial and tempoi·al probabi lities and the vulnerabil ity vary across the population exposed to the 
hazard, the group is subdivided according to un iform levels of exposure with the results then 
summed to arrive at a total expected number of fatalities from the potential landslide. 

Societal risl< estimales are typically presented on graphs showing the expected frequency of 
occurrence and cumulati.ve number of fata lities, referred to as P-N curves (Pigure 2 is one 
example). F-N curves were originally developed fo r nuclear hazards and the aerospace industries 
(Kendal l et al., 1977) to illustrate thresholds that reflect societal aversion to multiple fatalities 
during a single catastrophic event. The graph is subdivided into four areas: unacceptable risk; 
tolerable risk that should be reduced further if practicable according to the as low as reasonably 
practicable (ALARP) principle; broadly acceptable risk; and a region of very low probabi lity but 
with the potential for > 1000 fatalities that require intense scrutiny. From the perspecti ve of 
potential loss of life from a landslide, development is typica lly approved if it ca n be 
demonstrated that the landslide risk fa lls in the ALARP or broadly acceptable regions on an F-N 
curve (Kendall et al., 1977). 
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Figure 2. Example F-N Curve for Evaluating Societal Risk. 

2.2 Consultation Zone 

The geographic area considered for a lands! ide risk assessment is known as the consultation 
zone (Geotechnical Engineering Office, J 998): a zone of standard extent that includes the 
area of proposed development within the maximum credible extent of potential landslides 
(l·lungr and Wong, 2007). ln Hong Kong, for example, assessments fot· potential rock fa ll , 
typically corresponds to a 500 m wide strip of land along the base of a slope. Altering the size of 
the consu ltation zone can change the estimates of societal risk. 

'J'he above definition is effective for proposed or existing development in an area that is the 
responsibility of a single approving authority, but otherwise has its limitalions. A more 
inclusive definition is proposed (Porter et al., 2009). The consultation zone is: a zone that 
includes existing and proposed development ;n one or more jur;sdictional areas, that contains the 
largest credible area potenlially affected by one or more concurrent landslides. 

Determining the largesl credible area potentially affected by landslides requires an inventory 
of past landslides, an estimation of landslide volume, area or discharge and frequency, and a 
landslide runout analysis. In some cases, a preliminary estimate of the consultalion zone can be 
made based on the a1·ea of the land form: for ex.ample, talus slopes affected by rock faJls and creek 
fans subject to debris flows are typically well defined. Such information may not be known at the 
outset of a risk assessment unl.ess regional landslide studies have been carried out and the 
resulting maps prepared. 



2.3 Voluntary and Involuntary Risk 

Individuals and organizations are typically willing to accept greater voluntary risks, that is, risks 
that are perceived Lo be within their control. Ex.amples include an individual's risk of fata lity 
from smoking (1 :200 per annum), canoeing ( I :500 per annum) and driving (1: I 0,000 per annurn) 
(Whittingham, 2008). Residential occupants, however, rarely consider landslide risks as 
voluntary. Such landslide risks are typica lly considered involuntmy, and thus landslide safety 
criteria values at·e likely to be less than the values reported earlier. 

Risks to workers from landslides might be considered voluntary because employees know that 
benefits (income) are, at least, partial compensation for the perceived risks, provided the risks are 
adequately understood and communicated. For example, Bunce and Martin (20 11 ) suggest that a 
risk of fata lity of I : I 0,000 per annum represents a reasonable target for tra in crews operating in 
landslide prone terrain. 

2.4 Tolerable versus Acceptable Risk 

The fo llowing definitions arc modified from VanDine (2012): 
• tolerable risk: risk within a range that society or an individual can live with so as lo 

secure certain net benefits; a range of risk regarded as non-negligible and needing to be 
kept under review and reduced further if possible (adapted frorn AGS, 2007); and 

• acceptable risk: risk that society or an individual is prepa1·ed to accept and for which 
no further risk reduction is required (adapted from AGS, 2007). 

The use of risk of .loss of life criteria originated in the United Kingdom and the Netherlands 
during the 1970s and 1980s in response to the need to manage risks from major industrial 
accidents (Ale, 2005). Hong Kong adapted the United l(ingdom criteria fo r the management of 
landslide risks, and similar approaches have been applied in Australia (AGS 2007). 

Whi le landslide safety criteria may vary amongst j urisd ictions and the criteria for ind ividual 
and societal risk are different, some common general principles apply (Leroi et al., 2005): 

• the risk from a landslide to an individual should not be significant when compared to 
other risks to wh ich a person is exposed in everyday life; 

• the risk from a landslide shou ld be reduced wherever reasonably practicable; that is, 
the ALA RP principle should apply; 

• if the potential numbet· of lives lost from a landslide is high, the corresponding likelihood 
that the landslide will occur should be low; this accounts for society's intolerance 
to many simultaneous casualties, and is embodied in societal landslide safely criteria; 
and, 

• higher risks are likely to be tolerated or accepted for existing developments than for 
proposed developments. 

In the United Kingdom, the maximum tolerable risk to an individual from an industria l 
accident in a new development has been set by the Health and Safety Executive at I: I 00,000 per 
annum. The maximum tolerable risk fo l' workers, based on the assumption that the risk faced by 
workers is somewhat voluntary, has been set at I :J ,000 per annum (Whittingham, 2008). 

In the Netherlands, maximum acceptable risk to an individual in a new development is 
J: 1,000,000 per annum. Jn practice, however, /\le (2005) has shown that the United Kingdom and 
Netherlands risk tolerance criteria are very simila r as a resuJt of the differenl legal systems 
employed by the two countries and mandatory application of the ALA RP principle in the U.K. 



2.5 Mortality Rates and Risks in Everyday Life 

While there is precedent for using F-N curves and maximum tolerable risk crileria for indiv iduals 
to evaluate landslides risks in Hong Kong and Australia, is it appropriate to apply similar 
tolerable risk criteria in Canada? A comparison of the Hong Kong landslide risk tolerance criteria 
against Canadians' level of background risk suggests these criteria may in fact be appropriate. 

An indiv idual's annual risk of loss of life depends on a number of fac~ors including his/her 
age, occupation, general state of health and other environmental factors. The Government of 
Canada (Canada, StatsCan, 2005) reports the average Canadian mortality rates by cause. Between 
2000 and 2005, the age-standardized risk of loss of life by a ll causes was approximate ly l : L 75 
per annum, the average risk from accidental causes was about I :2,500 per annum, and the 
average risk from automobile accidents was about J: J 0,000 per annum. 

Table 1 compares the increase in the avernge Canadian's risk of loss of life if exposed to 
various levels of landslide risk. As discussed earlier, a general principle in establishing landslide 
safety criteria is that the incrementa l risl( from a landslide should not be significant when 
compared to other risks ih everyday li fe. Although significant is not defined (Leroi et al., 2005), 
an analysis of the increase in risk from various levels of landslide exposure suggests that the 
increase is <0.2% (low) for landslide risk levels less than 1:100,000 per annum. 

Table l . Canadians' Incremental Risk of Loss of Life (per annum) under various Landslide Risk 
Levels (after Canada, StatsCan, 2005). 

Landslide risk per annum Total Average Risk % Increase 
(expressed in a number of different ways) 

0 0 0 5.637* lo·J 0 

I : 1,000,000 10"6 0.001* 10" 5.63s• 10·3 0.0 18 

J:J00,00() I O's 0.0 1• 10·3 5.647* 10·3 0. 18 

1:10,000 Io"" 0.1* 10·3 5.737* 10'3 I.& 

j :l ,000 10·3 1 * Io·~ 6.637* I 0·3 18 

2.6 Economic R isk Evaluation 

The level of to lerable econom)c risk from lands lides is a function of an individual's or 
organization's financial ability to tolerate or survive the potential economic loss. Influencing 
factors can include i11come or revenue. net worth or market capitalization, access to insurance, 
societal responsibilities, awareness of the risks, and availability of suitable emergency response 
plans to help recover from the potential loss. 

For example, large mining corporations and highway, railway and pipeline operators can often 
plan for, and recover from, multiple landslide incidents affecting their operations. Most local 
governments have much less experience and capacity to sustain econom ic losses caused by 
landslides. Most indivjdual home owners, who typically do not have access to landslide insurance 
(see Van.Dine, 2011) have few options to financia lly recover from a landslide. Because of these 



different viewpoints, it is difficult to establish economic risk tolerance criteria for landslides that 
app ly across a range of indus!des and organizational types and sizes, and individuals. 

2.7 Qualitative Risk Evaluation 

The potential consequences of landslides are wide rangi.ng, and organizations and individuals 
have diffe1·ent levels of risk tolerance. Within some organizations there can also be a reluctance 
to express landslide risk in quantitative terms. In such cases, qualitative methods are usefu l to 
communicate and evalt1atc risks from landslides (and other hazards) and risks to a wide range of 
potential consequences. Risk management protocols can be assigned to a range of qualitative risk 
ratings. 

Order-of-magniwde estimates of landslide like lihood of occurrence and consequence are 
typical ly required to assign a qua li tative risk rating. Thus, qualitative risk evaluation usually 
requires some numerical calculations to assist with systematically assign ing qualitative risk 
ratings. For consistency, it is suggested that lhe qualitative descriptor moderate represent the 
limit of tolerable risk for an organization or society. Moderate and low risks typically fa ll in the 
ALARP risk zone and are tracked for further review and risk reduction where practicable, 
whereas risks 1·ankcd as high or very high are considered intolerable and require risk control. 

As one example, Table 2 shows the AGS' recommended qualitative terms for individual risk of 
loss of life from landslides (AGS, 2007). Using these qualitative descriptors, moderate ri sk 
represents the limit of tolerance for existing development that was adopted as the landslide risk 
tolerance criteria for the District ofNorlh Vancouver, BC (DNV, 2009). 

Tabte 2. Sample Qualitative Descriptors for Risk of Loss of Life (after AGS, 2007). 

Annual Probability of Loss of Life for the Q~alita tive Descriptor 
lndividunl Most at Risk 

>1:1,000 Very High 

I: 1,000 lo I: I 0,000 High 

I: I 0,000 to l : I 00,000 Moderate 

I : I 00,000 lO I: 1,000,000 Low 

<1: 1,000,000 Very Low 

Figure 3 provides a sample qualitalive risk evaluation matrix modified from many sources by 
BGC Engineering Inc. for application to landslide and other nalUl'al hazard risk assessments 
associated with large infrastructure projects. Likelihood and partial risk categories (the annual 
probability of a lands I ide occurring and reaching an element at risk) are shown on the vertica l axis 
of the matrix; consequence categories for a range of potential consequences (safely, environment, 
social/cu ltural, and economic losses) are shown on the horizontal axis. Typica lly the likelihood 
and partia l risk categories, and risk eva luation and response protocol, are kept constant, whereas 
the conseqncnce descriptors are modinect to match the landslide safety criteria es tabli shed 
for a specific organization. For example, the economic loss category Cata.'itrophic (risk evaluation 
and response column 6) would be adjusted to reflect the estimated economic loss that might lead 
to bankruptcy of the organization. 
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Figure 3. Sample Qualitative Risk Evaluation Matrix. 
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A few organizations and approving authorities have formally adopted methods of evaluating 
landslide hazard and risk; most others have not. In the latter case; a landslide prnfcssional should 
determine which method of evaluating landslide safety is appropriate. This section suggests a 
process for making this determination for a number of examples. 

2. 8.1 Limit Equilibrium Slope Stability A11aly~·i~· and Factor of Safety 

Limit equilibrium slope stability analyses can be used to <:>btain reliable estimates of the factor of 
safety where the kinematic failure mode of instability are understood and where the basic 
model input parameters, such as stratigraphy, shear strength, groundwater conditions and external 
loads, can be determined with reasonable accuracy. Slope stability analysis can be used: 

• to support the selection of residential setback guidelines from the top of potentially 
unstable slopes; taking into account the potenti al for future eros ion at the base of 
the slope where appropriate; 



• in conjunction with liquefaction susceptibi lity and lateral spreading or deformation 
a11alyses, to assess the level of landslide safoty under earthquake loading scenarios; 
and 

• lo he lp assess and manage the leve l of lands I idc safety where it ls 
determined that development is situated on a pre-existing deep-sealed landslide. 

The observational method, by wh.ich predicted ground conditions and slope behavior are made 
in advance and verified during construction and management of a slope, helps minimize the 
effects of parameter, model, and human uncertai nty (Morgenstern, 1995). When used in 
conjunction with the observational method, with few exceptions slope stability analyses have 
been applied successfu lly to the design and management of 11engineered11 slopes such as cuts, 
embankment fi lls, a11d reta ining walls, and fo r the design of structures located on or at the crest of 
potentially u11stablc slopes. 

2.8.2 Pm'lial Risk (Enco1111ter Probability) 

Where existing or proposed development is located downslope (not on the s lope itself) of a 
potential landslide, or behind a potential retrogressive landslide, partial risk (also known as 
encounter probabi lity) can offer a sui table means or evaluaLing lands lide safety. 

The application of partia l ri sk criteria is best suited where it can be demonstrated that 
landslides pose a very low risk to an existing or proposed development, or where the probability 
of a landslide occurring and reaching the development is less than l: l 0,000 per anm1m. 
Examples include: 

• sites whe1·c Holocene-age landslide deposits are absent and no potential source of large­
scale instability is identified up slope; 

• sites located beyond the infl uence of the maximum aedible landslide, such as outside of 
the rock fall shadow below a well-defined source area; 

• sites located behi nd the potentia l extent of long-term landslide retrogression as 
determined through geological mapping, landslide inventory, and the use of ultimate 
slope angles (e.g., De Lugt et al. 1993); and 

• sites where displaced material from the 111 axitnu111 cred ible lands lide can be 
stopped by the des ign, consti·uction and mainlenance of physical baniers such as ditches, 
berms, catch nets or wal.ls. 

2.8.3 Quantitative Evaf11atio11 of tile Risk of Loss of Life 

For other situations it may be more appropriate lo conduct a ql1anti ta tivc evaluation of the risk of 
loss of life and encoi1rage the approving authority, in col labol'ation with the landslide 
professiona l, to compare the results against published landslide safety crite ria. These specia l 
situations can for instance involve: 

• sites Jocated at the base of slopes or in the potential landslide runout zone; 
• sites where it is impractical to demonslrate that the factor of safety for all landslides 

exceeds common acceptance cri teria; and 
• sites where prov iding fo r physica l protection against all credibl e landslide effects 

is impractical. 



2.8.4 Re/alive Ranl<ing of Likelihood and Consequences 

Relative ranking of the likelihood and consequences is typically used by operators of linear 
infrastructure, such as highways, ra ilways and pipelines who often have to manage their 
operations across numerous landslides. In this approach an inventory of landslides is compiled 
and ranked, oaen using semi-quantitative methods that consider likelihood and consequences. 
The relative ranldng is used to prioritize sites for fo llow-up inspection and mitigation. Examples 
include CN Rail's Rock Fall Hazard Risk Assessment program (Abbott et a l., 1998); the BC 
Ministry of Transportation and lnfrastructure's rock fa ll hazard rating system; and geohazard 
inspection programs managed by several operators of oil and gas pipelines in western Canada. Jn 
such circumstances, the number of sites add ressed in a given year is often a function of the 
available capital or operating budgel assigned to landslide management which, indirectly, is a 
reflection of the organization's lands I ide risk tolerance. 

3. PUBLISHED LANDSLIDE SAFETY CRITERJA IN CANADA 

Landslide safety criteria for residential development and public infrastructure should reflect 
societal values. Criteria should be established and adopted by local provincial and/or federal 
governments. Where such criteria are not available, landslide pl'Ofessionals can advise decision 
makers as to appropriate criteria based on the risk scenario and criteria adopted elsewhere. 

The fo llowing summarizes lands lide safety critet•ia that have been adopted or are in use in 
various j urisdictions across Canada. Much of the information is taken from Appendix C of 
APEGBC (2010). In that document landslide safety criteria arc referred to as levels of landslide 
safety. 

3.1 Canada 

There arc no nationally adopted landslide safely criteria in Canada. 
The National Buildi.ng Code of Canada 2005 (NBCC, 2005) only provides the statement, 

Where a foundation is to rest on, in or near ,'}loping ground, this particular condition shall be 
provided for in the design. 

The Canadian Foundation Engineering Manual (CGS, 2006), although it emphasizes 
foL111dation engineering, not landslides, contains several references to lands lides: 

• the possibility of landslides should always be considered, and it is best to avoid building 
in a landslide area or potential landslide area; and 

• when a potenti al landslide area is identified, the area should be investigated thoroughly 
and designs and construction procedur·es should be adopted to improve the stability. 

CGS (2006) docs not provide landslide safety criteria. It does, howeve1', address 
limit equilibrium analysis and factors of safety. Although limit states design is now 
mandatory for fou ndation design (NBCC, 2005), limit equilibtium analys is and facto rs of 
safety remain applicable for landslide analysis. From CGS (2006): 

• facto rs of safety represent past experience under similar conditions; 
• the greater the potential consequences and/or the higher the uncertainty, the higher the 

design factor of safety should be; and 
• over time, similar factors of safety have become common to geotechnical design 

throughout the world. 
CGS (2006) does not provide a range of factors of safely that address landslides specifica lly; 

however, based on data from Terzaghi and Peck (1948 and 1967), that document ind icates factors 



of safely for earthworks (engineered fi lls) lhal range from 1.3 lo 1.5, and for unsupported 
excavations (engineered cuts) that range from 1.5 to 2.0. COS (2006) indicates a lower factor of 
safely can be acceptable if: 

• a patticularly detailed site investigation has been carried out; 
• the analysis is suppo1ied by well documented local experience; 
• geotechnical instrumentation to measure pore pressure and movement is provided 

and monitored at regular intervals to check the slope behaviour; or 
• where slope failure wou ld only have minor consequences. 

COS (2006) also addresses earthquake loading, and indicates: 
• the NBCC (2005) has selected ground motions with a probability of oxceedance of 2% 

in 50 years (I :2,4 75 per annum) for earthquake-resistant design purpos~s; 
• the factor of safety of a slope under static conditions must usually be significantly grealer 

than 1.0 to accommodate earthquake loads; and 
• acceptable factors of safety depend on the uncertainty in the analysis, the soil 

parameters and the magnitude and duration of seismic excitation, in addi tion to the 
potential consequences of slope failure. 

3.2 British Columbia 

3.2. 1 BC B11ildi11g Code 

Unti l 20 I 0, the BC Bui lding Code (BCBC, 2006) did not mention landslide safety for bu ildings. 
It stated only Where a foundation is to rest on, in or near sloping gmund, this particular 
conclition shall be provided for In the design. ln December 2009, BC Ministerial Order M297 
(BC, Province of, 2009) added: 

The potential for slope instabilif)1, and its consequences, such as slope displacement, shall 
be evaluated based on site-specific material 11roperlies and ground motion parameters in 
Subseation 1.1.3 [of BCBC, 2006] and shall be taken into account in the design of the 
structures and its foundations. 

3.2.2 Sei.\•mic S lope Stability 

ln seismically active areas, earthquakes can trigger liquefacOon or destabilize slopes leading to 
landslides or slope deformation. Section 4 and Appendix E of APEGBC (20 J 0) provides 
recommendations fo r both methods of assessment and acceptance criteria. Guidance is based on 
conside1·at ion of eat'lhquake ground motions with a I :2,475 chance of cxceedance, as per the 
NBCC (2005) and BCBC (2006). Where liquefiable soils may be present, it is recommended that 
a liquefaction susceptibility analysis be carri ed out. Por other 'engineered' slopes, the fo llowing 
guidelines arc provided: 

• the use of k = POA with a facto r of safety > 1.0 in a pseudo-static slope scabili ty 
analysis is considered as Loo conservative, and is recommended as only a preliminary 
screening tool; 

• methods by Bray and Travasarou (2007) are recommended to estimate median s lope 
displacements for the design earthq uake; 

• the proposed procedure is intended to define the critical slip surface that has an estimated 
15 cm of median displacement so that the building can be located behind the critical slip 
surface; 



• the tolerable slope displacement of 15 cm is proposed as a guideline, based on experience 
with residential wood-frame construction. This guideline is not intended to preclude the 
landslide profess.ional from selecting another value that he/she deems appropriate; and 

• since the estimated displacements are median estimates with a 50% of exceedance 
during the design earthquake (with a I :2,475 return period), the proposed tol.erable slope 
displacements roughly correlate with a partial risk (of structures being subjected 
to > l 5 cm of slope displacement) equal to a 1 :5,000 chance of exccedance. 

Further clctai ls can be found in APEGBC (20 10). 

3.2.3 MinisflJ' of Tnmsportation (Ind lnji·astmcture 

Jn British Columbia, the Ministry of Transportation and In frastructure (BC MOTl) is the 
approving authority for rural subdivision approval outside of munic.ipal boundaries and within 
those Regional Districts that have not assumed the role of the rural subdivision Approving 
Authority. 

In 2009, BC MOTi Approving Officers provided guidance on landslide safety criteria 
in a document entitled "Subdivis ion Preliminary Layout Review - Natura l Hazard Risk." 
With respect to landslides, landslide safety criteria, paraphrased from U1at document, are as 
fol lows: 

• for a building s ite, unless otherwise specified, an annua l probability of occurrence 
for a damaging landslide of I :475 (l 0% probability in 50 years); 

• for a building site or a large scale development, an annual probability of occurrence of a 
Jife-tbreatening or catastrophic landsl ide of I: 10,000 (or 0.5% in 50 years); and 

• large scale developments must also consider total risk and refer to international standards. 
This guidance document has not yet been published and until the terms 1damaging1 and 1life­
threatening1 are clearly defined, BC MOTI Approv ing Officers sbould be contacted for further 
details. 

Although the probabilities above are indicated as probabili ties of occurrence in APEGBC 
(2010), this is considered to be incorrect terminology; they should be considered as probabilities 
of partial risk (Van Dine, pers comm). 

3.2.4 Fl'ase1· Valley Regional District 

T n the 1990's the Fraser Valley Regional District published lands I ide safety criteria for that 
Regional District for variot1s types of natural hazards for a range of residential development 
(Cave l 992, revised 1993). These criteria, which are current today, were based on: 

• an interpretation of Mr. Justice Thomas Berger1s 1973 decision that a return period 
of l: I 0,000 years for a potential ly catastrophic landslide affecting a proposed 
subdivision was unacceptable (Berger, I 973); 

• The 200·year return period for provincially sponsored flood-proofing; and 
• The BC M0Tl1s guideline of 10% probability in 50 years (BC MOTI, 1993). 
The criteria arc lower (return periods as high as 1 :50 per annum) for proposed 

modifications lo existing development, while higher standards apply to new development. Higher 
landslide return periods (as high as 1: 1,000 per annum) are tolerated for small landslides with 
potential to impact a single new residential structure, whi le only very low landslide return 
periods (< l : I 0,000 per annum) are tolerated for larger landslides with potential to impact a new 
subdivision. IJnplicitly, therefore, the c1·iteria are risk-based. Although the probabilities above 



are indicated as probabilities of occurrence in A PEGBC (20 l 0), this is considered to be 
incorrect terminology; they should be considered as probabilities of partial l'isk (VanDine, pers 
comm). 

3.2.5 District of North Vaf1couve1· 

Two scenarios commonly encountered in the District of North Vancouver (DNV) are: 
• ex isting or proposed res idential deve lopments at the base of steep slopes or on debris­

flow fans; most amenable to a risk of loss of life method (Section 2.8.3 above); and. 
• existing or proposed residential developments and associated retaining structures on or al 

the crest of slopes; most amena bl e to a limit equ ilibrium s lope stab ility analys is and 
fac tor of safety method (Section 2.8.1 above). 

Landslide safety criteria were proposed by DNV staff based on discussion and review with 
landslide professionals and a task force of community citizens convened specifically to explore 
this issue. The criteria we1·e adopted by DNV Council in 2009 (DNV, 2009). 

The DNV criteria were established to help evaluate landslide risk to life associated with 
both existing and proposed residential developments and for the two common development 
sce11ados described above. They were also established to be compatible with recommended 
approaches to the landslide risk assessments outlined in APEGBC (2008, a prior version of 
A PEG BC 2010) including use of the landslide assqrance statement and the guidelines for seismic 
slope stability assessment contained in that document. The criteria are summarized in Table 3. 

These landslide safety criteria are applied at the development and bui lding permit phases of 
development. Additional deta ils are presented in Potter et al. (2007) and Porter ct al. (2009). 

Table 3. DNV Landslide Safety Criteria (DNV, 2009). 

Application Type 

Less than 25% increase 
in building footprint 

Repai r or replace 
retaining structure 

New residence, new 
retaining structure, or 
>25% increase in 
building footprint 

Notes: 

Risk <1:10,000 Risi< < J: .100,000 

x 

x 

I. Risk "' annual probabili ty of fata lity for individual most at risk 
2. FS = limit equilibrium factor of safety for global failure 

FS > 1.3 (static); FS > 1.5 (static); 
1:475 (seismic) 1:2,475 (seismic) 

x 

x 

x 

3. Seismic slope stability criteria based on specified g.rouod motio11 chance of i::xce!.!dance and either FS > 1.0 or 
ground deformation <0.15 m in 11011-tiquefiable soils, as per APP.GBC (2010) 

4. In addition to meeting these criteria, landslide risks must be reduced to ALARP so that the cost of further risk 
reduction would be grossly disproportionate to any r.isk reduction benefits gained. 



3.3 Alberta 

3.3.1 City of Calgary 

Factor of safety based landslide safety criteria are utilized to guide residential development in the 
City of Calgary. Guidance documents on slope stab ii ity (Calgaty, City of 2008 and 2009) state 
Lhat: 

• a geotcchnical report, prepared by a qualified geotechnica l engineer, is required for all 
sites where existing or final design slopes exceed 15% or whe1·e, in the opinion of 
the Ci ty Engineer, acting reasonably, slope stabi lity is a concern; 

• no development shall occu1· if the factor of safety against slope failure is Jess than 1.5; 
• lands with a factor of safety equal to or greater than 1.5 will be acceptable for 

development from a slope stability point of view; 
• if the factor of safety is less than 1.5, subject to the approval of the appropriate 

approving authority, the slope may be modified using remedial measures which are to the 
satisfaction of the City Engineer, to increase the factor of safety to a minimum of 1.5, thus 
increasing the area of developabi lity; and 

• the setback limit, based on a minimum factor of safety of 1.5 shal l be shown on the fo1a l 
development plan. 

3.4 Ontario 

The Ontario Ministry of Natural Resources published a guide that describes the province's 
Natural Hazards Policies (3.1) of the Pl'ovincia l Policy Statement of the Planning Act (OMNR, 
200 I). 1t provides some guidance on landslide safety criteria which are used by municipal and 
regional approving authorities. 1\vo examples are provided below. 

3.4.J Gre{lf L{l/ces and St Lawrence River Slope Setback Gt1ideli11es 

Setback guidelines from potentially unstable slopes have been established for some approving 
authorities along the Great Lakes and St Lawrence River, and other river and stream systems (fot' 
example, Cataraqui Region Conservation Authority, 2005). Most of these guidelines cal l for 
setbacks that include an allowance fo r a prediction of 100 years of toe ernsion (an el'osion 
allowance) and a stable slope allowance that reflects the long term stabi lity of the existing soil 
material. Along rivers and streams, an 'erosion access' allowance is also often required to provide 
access to the site for emergencies, regular maintenance. or unforeseen conditions. Lf development 
is proposed within these established limits, a site-specific geotechnical investigation is required. 

3.4.2 City of Ottawa 

The City of Ottawa has prepared Slope Stability Guidelines for Development Applications 
(Golder Associates Ltd, 2004). Jn these guidel i11es, unstable slopes (referred to as hazard land~~ 
are defined as those that have a factor of safety of less than 1.5 aga inst slope fai lure (less than 1.1 
for seismic Joading conditions). Where appropriate, al lowances must also be provided for 
potential extreme 1·etrogressio11 of flow slides in sensitive clays, future toe erosion, and in some 
cases, an add itional allowance for access to future slope failures. Development of permanent 
structures, including residential development, is typically precluded within hazard lands. 



3.5 Other J urisdictions 

The Province of Saskatchewan has developed a relative ranking of landslide hazards and risks to 
aid in prioritizing and mitigating landslides affecting prov incial highways (Kelly et a l., 2004). 

The City of Winnipeg, MB, is developing a relative ranking of landslide hazards and risks 
affecting public lands within Lhc city (James, 2009). 

Mosl other Canadian pi·ovinccs, tcrrHories and municipal approving authorities have policies 
or guidelines that outline the need for landslide assessments and types of assessments that should 
be undc:rtakcn (for example in the Sagt1enay~Lac-Sa int-Jcan region of Quebec, Bilodeau et al. 
2005). However, the authors arc not aware of any other formally adopted provincia l or mun icipal 
landsl ide safety criteria for residentia l development. Such criteria likely do exist or are in 
preparation, and as such criteria arc brought to the attention of the GSC, it is hoped they wi ll be 
incorporated into future versions of the Canadian Technical Guidelines and Best Practices related 
lo Landslides. 

3.6 Requirements for Provincial and National Landslide Safety Criteria 

Most of the published landslide safety criteria described above have been developed by local 
governments (municipal or regional districts) in the absence of provincial or nationa l standards 
and in response to the types of la11dslides and development pressures faced in those jurisdictions. 

Whal works well in one municipali ty or regional district is not necessarily appropriate in 
another. 

H.owcver, there are considerable benefits to establishing prov incia l and/or national 
landslide safety criteria. Such benefits include: 

• more consistent landslide safety criteria between local governments and provinces; 
• improved communication between developers, landslide professionals, approving 

authorities, insurance providers, rea l estate agencies, and the public; and, 
• in some cases reduced levels of landslide risk in jurisdictions where criteria have not been 

established. 
To be applicable across geographically diverse regions and a wide range of development 

scenarios, such guidelines likely require reference to a range of landslide risk evaluation and risk 
assessment methods and recommendations to lands lide professionals on which methods are 
appropriate ror given conditions and circumstances. Based on the review of avai lable published 
guidelines, one or more of the fo l lowing criteria are suggested as appropriate for proposed new 
residential development: 

• <J : l 0,000 per annum probability for a landslide occurring and reachi ng the area of 
pl'Oposed development; 

• <l : l 00 000 per a11nun1 risk of loss of Ii fe to ind ividul:l ls most at risk; 
• group or societal risk of loss of Ii re eva luated on an F-N curve, with the A LARP or 

broadly acceptable regions as the landslide safety criteria; 
• tolerable slope defom1alion under seismic loading = O.J 5 m (where it can be demonstrated 

thaL 
soils are not prone to earthquake-triggered liquefaction); and, 

• where appropriate, an allowance for I 00 years of predicted toe erosion along l'iver, lake, 
ocean, or reservoir shorel incs. 

It is suggested that less stringent crileria, that is, risks up to one order of magnitude higher, 
1nay be appropriate for ongoing occupation of~ or the approval of minor modifications to, existing 
l'esidential development. Greater risks may also be to lerable for employees of organizations with 



infrastructure exposed to known landslides, provided systema tic prnccdures are fo llowed to 
understand, prioritize and manage the risks. 

Landslide safety criteria based on factors of safety would also be beneficial and are under 
review. These will need lo lake into consideration variables such as soil or rock type, site 
investigation effort, and the methods of analysis used to estimate the factor of safety. Under 
special circumstances, less stringent factor of safety criteria may also be appropriate for 
deve lopment on large, stabilized landslides if jt can be demonstrated that landslide fa ilure 
geometry and groundwater conditions are clearly defined through very detailed geotechnical 
investigation and analysis, and that strengths acting on the landslide shear sutfaces are aln::ady at 
residual values. 

4. COMMUNICATION AND CONSULTATION 

As shown on Figure l , and as introduced in YanOine (201 2), risk communication and 
consultation are key components of the landsl ide risk management process and should be carried 
out during all stages of the risk management process. 

During the early stages of addressing a landslide hazard or risk, communication typically 
focuses on describing the potential risk scenario(s) and the process to be fol lowed to characterize 
hazards and assess risks. Consultation focuses 0 11 establishing stakeholder objectives, the types of 
elements at risk, and the values that the stakeholders place on those elements. Maps, photographs 
and schematic illustrations are very useful to help convey technical information. 

Once risk estimates are available, communication focuses on an improved description of the 
potential landslides causative factors, the associated hazards, the potential range of consequences, 
and the estimated risk levels. Uncertainties need to be described along with proposed methods of 
managing uncerta inty. Risk levels need to be placed into context through analogy (for example, 
comparison with other risks that stakeholders encounter in everyday life). If landslide safely 
cri teria have not been establ ished, consultation is needed to address what levels of risk the 
stakeho.lders are will ing to to lerate and how those compare with what is used in other 
jurisdictions. 

Where, through comparison with avai lable landslide safety cri teria 0 1· through the consultation 
process, it is determined that landslide risks arc unacceptable, the communication process needs 
to focus on describing the range of options available to reduce risk, the associated costs, lhe 
likelihood of success, and ongoing maintenance requirements to treat residual risks. The 
feasibility and cost of achieving extremely low risk levels needs to be described. Consultation is 
required to determine stakeholder preferences for risk treatment. 

During the treatment and monitoring phases, communication can involve use of warning signs, 
publication of hazard and risk maps and technical reports, testing of emergency response 
protocols, and making the results of i11strument monitoring, slope inspection and updated hazard 
or risk ratings available to interested stakeholders. Web-based communication of landslide 
stabi lization, monitoring and inspection resul ts is becoming a more feasible and common means 
of timely dissemination of in formation to interested stakeholders. 
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HAZARD ACCEPTABILITY THRESHOLDS 
FOR DEVELOPMENT APPROVALS 

BY LOCAL GOVERNMENT. 

Amendments to the Municipal Act in 1985 empowered and required local 
governments to address the question of geotechnical hazards in their development 
policies and permits. The wording of the legislation at the policy level speaks of 
" ... designating areas ... restricting the use of land ... [and] the protection of development 
from hazardous conditions ... " (Section 945). The Act states that development permits 
for new developments may " ... specify areas of land that .. . must remain free of 
development.. ." (Section 976) and that '' ... where the geotechnical engineer ... 
determines that the land may not be used safely for the use intended, the building 
inspector shall refuse to issue the building permit." (Section 734). Basing their 
decisions on policies and designations in the community plan and on reports from 
geotechnical engineers, therefore, it is the building inspector in the case of new 
construction and the approving officer in the case of new subdivisions who must 
ultimately determine what is acceptable or "how safe is safe enough". 

The methodology employed by Fraser-Cheam Regional District to implement 
these provisions of the Municipal Act has been reported elsewhere.1 The procedure 
involves, first, the identification of potential hazards through overview, secondary and 
site-specific geotechnical studies which provide a characterization of each hazard in 
descriptive terms and in terms of its probability of occurrence. Risk estimation , or 
exposure to hazard, is the second step in the procedure and this is simplified 
somewhat by the fact that it is the risk to the aggregate community over a period of time 
which is important for decision-making rather than the (much lower) risk to any given 
individual. As well as a quantitative aspect, however, risk has a "qualitative" 
component which reflects the type of hazard. The occurrence of some hazards, for 
example, will normally provide adequate time to alert the population, thereby limiting 
the risk only to property damage rather than personal injury also, whereas other types 
of hazard will exhibit few preliminary signs to forewarn of danger. Again some hazards 
are associated with so-called "voluntary" risl<s whereas others expose people 
involuntarily.2 Both these qualitative and the quantitative aspects of risk are important 
in assessing acceptability. 

1 
C\wc, P.W., Sloon, H. and Gurnlh, R.f1'.: "Slope 1laZ11rd Evaluations.iu Southwest British Columbia", in Procs. Conndian Geolech111cul Co11forcnce, 

Tome 1, Univ. Laval, 1990. 
2 

Those issues are well cutulogucd in: Pack, R. & Morgon, G.: " l~valuo1io11 and Acceptnnce of Risk in Oeotechnicnl cnsineerin&" .ill Procs. 
Vancouver Geot~hnicol Soc.lery, Muy 27, 1988 
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Once the engineer has characterized the hazard and quantified its occurrence 
and its related risks, its acceptability to the regu latory authority will involve an 
evaluation of:-

a) the type of risk, 
b) the type of development, and 
c) any possible remedial or protective measures. 

These factors are analyzed in the eight matrices shown as Figures 3-10 which are used 
in Fraser-Cheam to secure consistency in the development approvals process. These 
matrices all take the same form which is illustrated in the stylized "Hazard Acceptability 
for Development" Chart shown as Figure 1 below. This illustrates how developments 
which involve greater increases in land use density and those exposed to greater risks 
are less likely to be approvable. Each of the matrices Figures 3-10 relates to a 
different type of geotechnical hazard specified in the Act and the content of each cell 
reflects a judgement as to whether the risk is acceptable. In fact, this question of 
acceptability is not a simple black and white issue and the figures show that there are 
at least five levels of acceptability implied by the regulatory responses ranging from 
outright refusal to unconditional acceptance (see Figure 2). 

Figure 1. Hazard Acceptability for Development 
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THE GEOTECHNICAL HAZARDS 

The following descriptions of geotechnical hazards focus upon those 
characteristics which most affect whether or not the risk of exposure is acceptable. The 
distinctions, therefore, are based on the effects of the hazards rather than upon strict 
geotechnical classifications. 

1. INUNDATION BY FLOOD WATERS. 

Of those named in the Act, this is the hazard which threatens the greatest 
amount of development in Fraser-Cheam. In some areas, particularly along certain 
reaches of the Fraser, it is also the most benign of the hazards because it is 
predictable, because rates of flow are relatively slow and because depth and duration 
of flooding are moderate. Bank-full conditions are also less frequent on the Fraser 
than on the more volatile mountain tributaries. In other areas, the hazard is much 
greater. Those portions of the flood-plain known as "primary" flood areas, roughly 
equivalent to the flood channel itself, are to be avoided completely, 

2. MOUNTAIN STREAM EROSION AND AVULSION. 

The Chilliwack River, the Coquihalla River, and Silverhope Creek are 
notoriously volatile wild tributaries to the Fraser on which settlements have been 
established. Others, such as Yale, Frosst, and Hallecks Creeks are less well known 
but also have settlements built on the alluvial fans at their mouths. 

All these are mountain streams with steep gradients and in flood they are 
extremely dangerous. They have enormous concentrated energy and erosion of the 
banks can occur rapidly where the channel is cut in alluvium, and there is constant 
danger of avulsion at high water in the flood-plain areas and on the depositional fan. 
Their speed of attack is such that they must be regarded as potentially life-threatening. 

3. DEBRIS FLOWS AND DEBRIS TORRENTS. 

The threat from debris flows and torrents is virtually ubiquitous in Fraser-Cheam 
associated, as it is, with steep, unstable first- and second-order drainages which can 
become choked with debris from erosion and vegetation. Fortunately the effects of 
these hazards are localised in that they do not extend far into the flatter reaches of the 
drainages but they have great destructive power and may occur without warning. 
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4. DEBRIS FLOODS. 

The lower reaches of these first- and second-order drainages, at the point where 
the debris torrent spreads out and releases its energy, are typically subject to debris 
flows which grade into debris floods. The former still carry sufficient energy and 
destructive power to be capable of causing serious damage to buildings and even to 
people under certain conditions, while the latter is a depositional hazard which will 
cause property damage and nuisance. 

5. LANDSLIDES. SMALL-SCALE. LOCALISED. 

The potential de-stabilization of steep slopes is a constant concern whenever 
development takes place on unconsolidated material. In fact, depending upon the 
physical and chemical properties of the soil and the amount and distribution of water, 
quite shallow slopes may be subject to landslip. The event may be sudden and rapid, 
or gradual and incremental, but the danger signs of future movement are usually 
evident before the event. In Fraser-Cheam, slopes susceptible to localized failure are 
not uncommon and they pose a constant threat to those living below. 

6. SNOW AVALANCHE. 

For the most part, snow avalanche tracks do not reach down to the settled areas 
of Fraser-Cheam and these hazards tend to be of far greater importance to the 
maintenance of transportation routes than they are to the development approval 
process. At Hemlock Valley ski resort, however, snow avalanches do pose a constraint 
to subdivision and construction. In the avalanche run-out zones, in their lowermost 
reaches where most of the energy has already been spent, it is possible to engineer 
structures to withstand the lateral thrust of moving snow. For the most part, however, 
the hazard is one entirely to be avoided. 

7. ROCK FALL. 

Rock fall hazard results from the dislocation of rock fragments or small blocks 
from a slope, usually because of mechanical weathering (freeze-thaw) . For the sake of 
evaluating risk acceptability, rock fall can be taken to include the various forms of 
rolling rock hazard. It is distinguished, perhaps rather arbitrarily, from massive 
landslide hazard on the basis of its much more frequent occurrence and its very much 
more localized effect. There is usually evidence on the ground at the toe of a slope to 
indicate the extent of land potentially affected by rock fall. Geotechnical studies can 
define a "rock fall shadow area" susceptible to the hazard and planning regulations can 
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ensure that development avoids it. 

8. LANDSLIDES, MASSIVE. CATASTROPHIC. 

Fraser-Cheam Region is the site of a number of ancient and some recent 
massive landslides. The best known is the Hope Slide which moved approximately 47 
mill.cu.m of material in 1965. Others have been studied in the Fraser Valley at 
Lake-of-the-Woods, Mount Cheam, and Katz. Of the surficial hazards, they are the 
least common, the least predictable and by far the most destructive. 

THE TYPES OF DEVELOPMENT. 

In the face of these hazards, seven types of development application are 
distinguished in order to evaluate their acceptability. They are ranked in order of 
increasing intensity of land use, from a minor building repair to a major rezoning, 
reflecting corresponding increases in exposure to risk. The following brief description 
is written, for the sake of simplicity, from the residential perspective only. 

1. MINOR REPAIR. 

In a policy sense, an application for a building permit to repair an existing 
bui lding is one of the most difficult types to evaluate. The Municipal Act itself 
distinguishes such applications by exempting the applicant from the requirement to hire 
a geotechnical engineer to prove the site safe (Sec. 734.(2.1 )). It does not, however, 
exempt the building inspector from the duty to refuse the permit if he already possesses 
a report which identifies the site as hazardous.(Sec. 734.3). 

Apparently, the intent of the Act in this respect is similar to its prov1s1ons 
respecting "non-conformity" of land use which essentially permit the non-conformity to 
continue for the life-span of the business or the life-span of the building, whichever is 
the shorter. By discouraging permits for repairs in areas of known hazard, the Act is 
discouraging the extension of the life-span of those buildings which would not have 
been approvable under modern regulations. 

In reality, of course, the analogy with non-conformity only provides a perspective 
from which to view the general issue of buildings sited in unsafe areas. It does not 
provide all the answers to individual applicants who may have lived in their houses for 
many years and who want simply to repair a leaky roof or to install a safer fireplace. 
Blanket refusal of all such applications because of off-site hazards would be draconian 
indeed, particularly for those repairs which are really only stop-gap measures and 

6 



which do not materially extend the life of the building . Therefore, at Fraser-Cheam a 
Board policy has been struck to the effect that if the nature of the hazard is not 
life-threatening, and if the cost of the repair is not greater than 25% of the value of the 
building before repair, and if the owner will register a covenant against the title 
guaranteeing to effect protective measures against the hazard in future before any 
further construction is undertaken, then a permit will be available.3 

2. MAJOR REPAIR. 

A major repair is defined as one the cost of which exceeds 25% of the assessed 
value of the structure before repair. It is seen as having the effect of extending the 
life-span of the building and therefore of increasing the exposure to the hazard in the 
long term. For this reason permits are not generally available in the face of significant 
risk from geotechnical hazard until remedial or protective work is undertaken. 
However, if the cumulative probability of occurrence throughout the extended life-span 
of the building is small , as it may be in the case of some low frequency events, then 
this type of permit may be issued in Fraser-Cheam. 

3. RECONSTRUCTION. 

In one sense, reconstruction is just a more complete form of 11major repair" but it 
differs in two important respects . First, it provides the opportunity to relocate the 
building to a safer site on the parcel and thereby to lessen the risk. Secondly, it is the 
type of permit which fire insurance policies typically require to be available to validate 
the policy. Outright refusal , therefore, could render the site value of a residehtial parcel 
virtually worthless. Thus the significance of the availability of reconstruction permits far 
outweighs the numbers actually ever applied for or issued and these permits are 
usually a central concern at any public hearings dealing with hazard land management 
policies. In general , the larger the parcel the easier it is to meet protective siting 
restrictions and the more likely is a reconstruction permit to be issued. 

4. EXTENSION. 

Whereas reconstruction may simply amount to replacement and may not 
increase the density of use, an application to increase the size of a building does imply 
an increased density of use and therefore a greater annual risk. Moreover while 
reconstruction may facilitate relocation, extension does not. Thus, a permit to extend a 
building in a hazardous area is often more difficult to secure than is a permit to 
reconstruct. 

3 
II should be noted that some types of repair cos1111g less 1h11n $2000 do 1101 require n pil'nnit under locnl bylaw~. 
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5. NEW BUILDING. 

The right to construct a new home on an existing vacant lot is the issue most 
frequently discussed in the context of the new legislation on hazards. It is, in a sense, 
the "acid test1

'. 

Denial of such a permit, in most instances, is tantamount to rendering the lot 
unsaleable at anything like its former value and almost inevitably this leads to threats of 
legal action both against those who now deny the permit and against those who 
previously approved the subdivision. It also leads, just as inevitably, to claims that the 
owner should somehow be compensated by the government for the difference between 
the market value of the lot and the value which it could command were the hazard not 
present. Such reactions are natural and understandable responses to perceived 
financial loss. It is rarely appreciated, however, that the act of identifying the hazard 
neither creates nor materially alters the level of risk; it merely raises awareness. 
Equally, the act of refusing the permit does not cause the loss of value. It is the 
knowledge that the property is unsafe to live on which is the specific detriment to 
market value; the refusa l of the permit is the consequence. Indeed to grant approval to 
construct an unsaleable building would be more likely to compound than to mitigate the 
financial losses of the land owner. 

Fortunately, the number of occasions on which permits cannot be issued for 
vacant lots is very few. Recent subdivisions will not have been approved unless they 
contain a building site which complies with the new provisions of the Municipal Act and 
the Land Title Act. It is the older subdivisions which may have problems. Indeed, the 
very physical and site difficulties which have kept these older lots vacant in the past 
generally prove now to be the very reasons why the permit is refused under Section 
734. From this perspective, again, the refusal causes no real loss of value now; 
instead, it serves only to confirm how unrealistic were the owner's former expectations 
of value. Less common is the possibility, whenever the time interval is long between 
subdivision approval and building permit application, that the state of geotechnical 
knowledge will have advanced and will have identified a hazard on a lot formerly 
certified as safe. 

6. SUBDIVISION. 

The regulations which subdivision approving officers must administer respecting 
geotechnical hazards are embedded in the Land Title Act (Sec. 86(1 )(c)(v) and Sec. 
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82). They are charged with the duty of ensuring that all new lots registered are suited 
" ... to the use intended ... " (Sec. 82) and that they comply with all local government 
bylaws; thereby invoking the planning and building regulations discussed above. In 
addition, Section 82 requires the approving officer specifically to take into account 
whether "the land is subject, or could reasonably be expected to be subject, to flooding, 
erosion, land slip, or avalanche." 

Together, these regulations ensure that adequate detailed $ite planning is 
undertaken and that each new lot is safe to develop. They are not intended, however, 
to dictate the basic patterns of density at which new development will occur. The 
designation of density, the principal regulatory determinant of land value, is supposed 
to be done through zoning based upon community plan policies. Then the subdivision 
approval process, which is administrative rather than political in nature, can concern 
itself with issues of site planning and layout. If the overall planning and approval 
system is operating properly therefore, the approving officer's impact on land value 
should not be great. 

Nevertheless, the level of hazard acceptable for a new subdivision will tend to 
be less than for other types of permit application for two reasons. First, these lots are 
new and should comply fully with modern safety standards in the same way that new 
buildings have to comply with the Building Code even if their building sites are less 
than ideal. Secondly, the subdivision will increase density of use of land and the 
exposure to the hazard . 

Some low degree of hazard, however, is generally acceptable even in new 
subdivisions for two reasons. One reason is that subdivisions are typically in the 
nature of infill or extension of existing development and this established development 
may already be subject to the same hazard. Also, the zoning and community plan 
density designations can be taken by the approving officer as a general indication that 
elected authorities have deemed that level of risk to be acceptable. 

7. MAJOR REZONING and COMMUNITY PLAN AMENDMENT. 

The distinction between development which is in the nature of infilling or 
extension and development which involves creating new communities, new patterns of 
growth on new areas of land is one which is reflected in the distinction between 
subdivision applications and applications for major rezonings and amendments to the 
comhlunity plan. 

The community plan amendment raises the question as to whether, in the long 
term, the community should grow in one direction, or on one type of land, or another. It 
confronts the issue of whether any degree of exposure to the hazard is necessary or 
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unavoidable. In the case of these far-reaching policy decisions, which could seriously 
impact the community for hundreds of years to come, the level of acceptable risk 
should be very small indeed. Areas which are known to be hazardous should simply be 
avoided unless there are simple mitigative measures or no viable alternatives. 

REMEDIAL AND PROTECTIVE MEASURES. 

Where the risk is considered unacceptably high, some action is necessary to 
mitigate the hazard or to reduce exposure before approval can be given. These 
actions fall 'naturally into two classes discussed below, viz. (i) avoidance (i.e. exposure 
reduction) and (ii) protection (i.e. hazard reduction). Note that both purport only to 
reduce the hazard, or to change the probabilities. A third action, the granting of 
11waivers" to "save-harmless" the approving agency is an attempt to transfer liability for 
the hazard and this will also be discussed briefly. 

Avoidance Measures: 

Reduction of exposure to risk by simple avoidance is obviously the most 
desirable mitigative measure. Examples embodied in regulation include elevation of 
construction above a "flood construction level", set-back requirements from streams to 
avoid the hazard of erosion and the primary flood area, and set-backs from the toe of a 
slope to avoid a rock-fall hazard or from a watercourse to avoid a debris torrent hazard. 
More complex techniques, such as slope stability monitoring devices coupled with 
warning and evacuation programs, have only rarely been employed in Fraser-Cheam 
for institutional reasons but they do seem to offer promise in the future for those 
hazards which are may affect communities already established. 

At the policy level, simple avoidance is the preferred technique for official plans 
and zoning bylaws. Land can be designated for uses which minimize exposure to the 
hazard such as daytime summer tourist commercial uses in areas which are exposed to 
winter debris flow hazards, or industrial storage uses in areas which may have low 
probability rockfall hazard . From a technical perspective, it is worth noting that the 
Municipal Act encourages the use of the Development Permit regulations to implement 
such risk avoidance policies even to the point of allowing the permit to over-ride the 
use and density variations in the zoning bylaw. 

Protective Measures: 

Protective measures are more visible and generally more popular than regulated 
avoidance but they are less secure in their results and they usually involve a 
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commitment to maintenance which is more difficult to achieve. In Fraser-Cheam the 
most common examples are rip-rap protection of river banks to prevent erosion and 
raised re-enforced foundations to protect against debris floods. Others include various 
types of protective berms and dykes designed to protect the immediate area against 
flooding, debris floods, rolling rock etc. and various forms of traps, grizzlies and debris 
basins designed to protect downstream areas from similar hazards. 

Transfer_ence of Liabilit~ : 

One of the most common arguments relating to development applications in 
hazardous areas is whether approval can be granted in return for some form of waiver 
of the right to sue the regulatory authority in the event that damage or death occurs. 
This is usually coupled with some form of indemnity to protect the regulatory authority 
against suits launched by others. Such waivers are known as "save-harmless" 
covenants and, if linked to land use restrictions, can be registered as legal 
incumbrances against the title of the property pursuant to Section 215 of the Land Title 
Act. 

It should be noted that these covenants are in the nature of private agreements 
between the landowner and the government. Thus third parties, such as visitors to the 
property, will be exposed involuntarily to the hazard while not being party to the 
agreement. Their statutory rights to protection cannot really be transferred by these 
agreements. 

Nevertheless, these covenants do serve a valuable function as an instrument on 
title, in informing prospective purchasers of known hazards. They may also have 
value, in some cases, as an attempt to recognize and assign the residual liability after 
all reasonable remedial and protective measures have been undertaken. They do not, 
however, provide an alternative to implementation of the requirements of the Municipal 
Act and the Land Title Act by elected officials, planners, building inspectors and 
approving officers. The duties of each are rather clearly spelled out in the statutes, and 
no private agreements or covenants can over-ride these obligations. 

THE ACCEPTABILITY OF RISK IN FRASER-CHEAM 

Figure 2 lists the range of regulatory responses to development applications. 
These are the numbers in the individual cells in fig .3-10. In practice, this spectrum 
from unconditional approval to outright refusal is far more complex and subtle than this 
list implies because each individual case confronts different specific hazards and 
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presents different mitigative opportunities. 

Figure 2. Hazard-Related Responses to Development Approval Applications 

1. Approval without conditions relating to hazards. 

2. Approval, without siting conditions or protective works conditions, but 
with a covenant including "save harmless" conditions. 

3. Approval, but with siting requirements to avoid the hazard, or with 
requirements for protective works to mitigate the hazard. 

4. Approval as (3) above, but with a covenant including "save harmless" 
conditions as well as siting conditions, protective works or both. 

5. Not approvable. 

There are few generally accepted yardsticks which can provide help in 
calibrating regulatory approvals charts like those in Figs.3-1 O below. One such 
yardstick derives from the Provincially sponsored flood-proofing program which 
provides financial support for protective measures and regulatory control over many 
forms of development. The design event for this program has a return frequency of 
once-in-200-years. Floods greater than this are regarded as too costly to protect 
against, too unlikely, or both; lesser floods are seen as too frequent and costly to be 
acceptable. 

A second yardstick can be inferred from Provincial policy on subdivision 
approval in hazardous areas where advice is given to geotechnical engineers " ... to 
think in terms of a 10% probability [of occurrence] in 50 years ... " (i.e. 1 :500 annually). 
This appears to be an appropriate standard for infill or extension subdivision or for 
rezoning. 

A third guideline derives from the B.C. Supreme Court decision of Berger, J . in 
1973 which found a site exposed to a very low probability of landslide occurrence 
(1 :10,000) to be unsuitable for deveiopment. 4 In this case, the development would 
have formed the nucleus of a new community while the suspected hazard was a type of 
massive and destructive landslide. Thus it provides a solid precedent for broad 
community planning policy. A 1 :10,000 probability is assigned to an event the 
4 

Berger, T.B.: "Reasons for the judgement of the 1 lonournble Mr. Justice Berger on the matter of the Land Registry Act - nnd un upplicution for 
npproval of' a proposed subdivision by Cleveland Holdings Ltd." Report, Supreme Court of British Col um bin, 1973. 
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occurrence of which, though apparently possible at any time, has not taken place within 
the last 10,000 years (i.e. not since the climatic change at the end of the last glacial 
episode). In this sense, the 1: 10,000 standard has absolute significance in that such 
hazards have not occurred under existing climatic conditions. It may be the best 
practical definition of "safe". 

Apart from these few guidelines, the other entries on the regulatory approvals 
charts (Figures 3-10) are all relative and subjectively determined. They are derived, as 
inevitably they must be, from experience in adjudicating numerous individual 
applications and from the constant search for consistency and for that elusive threshold 
of acceptability. Once compiled the charts are deceptively simple in their appearance. 
However, it must be emphasized that what is classified here, for example, simply as a 
''type 4" approval (see Figure 2) in fact includes a wide variety of conditions both on the 
ground and in the covenant. 

Nevertheless, together these charts comprise a public policy statement on 
development safety standards. As such, they are dynamic and will change as societal 
standards change and as scientific knowledge improves. 

CONCLUSION 

The principal value of a set of formalised approvals charts like those presented 
here is to facilitate consistent application of safety regulations and to permit 
comparison. Undoubtedly, these standards could be enforced with even more 
conviction, and with more certainty of fairness, if they had been debated more generally 
and if a provincial consensus had already been achieved. For the future, and after that 
consensus is achieved, it is even possible to envisage a regulatory scheme analogous 
to the Building Code which already specifies standards for such hazards as 
earthquake, wind, snowloads, weak soils and fire-spread. There is no intrinsic reason 
why geotechnical hazards shou ld not be included in the Code in the long term. 

13 



Figure 3. 

lnundation1 by Flood Waters 
from Fraser River & Tributaries2 

1:40 1:40-
<1:200 

1:200 
Minor Repair 2 1 1 

(<25%) 
Major Repair 4 3 1 

(>25%) 
Reconstruction 4 3 1 
Extension 4 3 1 
New BuildinQ 4 3 1 
Subdivision 5 4 1 
(infilllextend) 
Rezoning (for 5 5 1 
new community) 

1Flooding Hazard involves both lnundallon and eroslon/avulsion. Hazard acceptabillly thresholds 
must therefore Involve assessment of bolh types of hazards al a given sile. 

2Revtsed 7121 /92. 

Figure 4. 

Debris Flood 
1:50 1:50- 1 :200-

1:200 1:500 

Minor Repair 2 2 1 
(<25%) 

Major Repair 4 4 1 
(>25%) 

Reconstruction 4 4 3 
Extension 4 4 3 
New Building 4 4 3 
Subdivision 5 5 4 
(infill/extend) 
Rezoning (for 5 5 5 
new community) 

Figure 5. 

Mountain Stream 
Erosion or Avulsion1 

1 :10 1 :10- 1:100- 1 :200-
1:200 1:500 

1:100 
Minor Repair 5 2 1 

(<25%) 

1:500-

1 :10,000 
1 

1 

1 
1 
1 
2 

3 

<1:500 

1 1 



Mountain Stream 
Erosion or Avulsion1 

<1:500 
1:10 1 :10- 1:100- 1:200-

1:200 1 :500 
1:100 

Major Repair 5 4 2 1 1 
(>25%) 

Reconstruction 5 5 2 2 1 
Extension 5 5 2 2 1 
New Building 5 5 4 2 1 
Subdivision 5 5 5 4 1 
(infill/extend) 
Rezoning (for 5 5 5 5 1 
new communitv) 

1Revised 7121/92. 

Figure 6. 

Debris Flow/Debris Torrent 
1 :50 1:50- 1 :200- 1 :500- <1:10,000 

1:200 1:500 1 :10 000 
Minor Repair 5 2 2 1 1 

(<25%) 
Major Repair 5 4 2 1 1 

{>25%) 
Reconstruction 5 5 4 3 1 
Extension 5 5 4 2 1 
New Building 5 5 4 3 1 
Subdivision 5 5 5 4 1 
(infill/extend) 
Rezoning (for 5 5 5 5 1 
new community) 



F. 7 1gure 

Small-Scale Localised Landslip 
1:50 1:50- 1 :200- 1 :500- <1 :10,000 

1:200 1:500 1:10,000 
Minor Repair 5 2 2 1 1 

(<25%) 
Major Repair 5 4 4 1 1 

{>25%) 
Reconstruction 5 4 4 3 1 
Extension 5 4 4 3 1 
New Building 5 4 4 3 1 
Subdivision 5 5 5 4 1 
(Infill/extend) 
Rezoning {for 5 5 5 5 1 
new community) 

1gure 8. 

Snow Avalanche 
1:30 1 :30- 1:100- 1:500- <1 :10,000 

1 :100 1:500 1:1 0,000 
Minor Repair 5 4 4 4 1 

(<25%) 
Major Repair 5 4 4 4 1 

(>25%) 
Reconstruction 5 4 4 4 1 
Extension 5 4 4 4 1 
New BuildinQ 5 4 4 4 1 
Subdivision 5 5 5 4 1 
(infill/extend) 
Rezoning (for 5 5 5 5 1 
new community) 



F' 9 1gure 

Rockfall 
Small-Scale Detachment 

1:100- 1 :500- 1 :1,000- <1:10,000 
1:100 1:500 1:1,000 1:10,000 

Minor Repair 5 2 1 1 1 
(<25%) 

Major Repair 5 4 2 1 1 
(>25%) 

Reconstruction 5 4 2 1 1 
Extension 5 5 4 1 1 
New Buildina 5 5 4 1 1 
Subdivision 5 5 5 4 1 
(infill/extend) 
Rezoning (for 5 5 5 5 1 
new community) 

F 10 l!:!Ure 

Major Catastrophic Landslide 
<1:10,000 

1:200 1 :200- 1:500- 1 :1,000-
1:500 

1:1,000 1 :10,000 
Minor Repair 5 2 1 1 1 

(<25%) 
Major Repair 5 5 2 1 1 

(>25%) 
Reconstruction 5 5 5 1 1 
Extension 5 5 5 1 1 
New Building 5 5 5 1 1 
Subdivision 5 5 5 5 1 
(infill/extend) 
Rezoning (for 5 5 5 5 5 
new community) 



Figure 11. 

Chllliwack River Valley 
Erosion or Avulsion 

Setback: Setback Setback Setback 
within between greater 

the "100 year than "100 
"Erosion erosion year 
setback limit line" erosion 

lfne"' and limit" line1 

"Erosion 
setback 

line"1 

Minor Repair 22 2s 1 
(<25%) 

Major Repair 44 2a 1 
(>25%) 

Reconstruction 44 2s 1 
Extension 44 2~ 1 
New Building 40 2a 1 
Subdivision 5 41> 1 
(Infill/extend) 
Rezoning (for 5 4e 1 
new community) 

Table Revised Oct.27/93. 

1 The terms "erosion setback line" and "100 year erosion limit line'' are explained and defined in the 
Official Settlement Plan, and in the HayCo reports on river heizard management in the Chilliwack River 
Valley. 

2 Where the threat of river avulsion or erosion is deemed to be immediate and extreme a building permit 
may hot be available until approved bank protection is provided. 

3 A save harmless covenant to acknowledge potential future erosion hazard is implied in this approval. 

4 Where the property cannot be protected by on-site works, a building permit may not be available until 
the community protection scheme outlined in the Hazard Management Plan has been implemented. 

5 Approved Bank Protection may mean on-site protection on an individual lot, or where it is not possible 
to protect the property with on-site works, it may mean installation of works recommended in the 
community protection scheme outlined in the Hazard Management Plan which are administered by a 
local Service Area. 

6 Same as 5 above. 



GLOSSARY OF TECHN ICAL TERMS 

(In alphabetic order. Words in Italics are defined elsewhere in the Glossary) 

Alluvium 

------A-llt:J·v h:irn-is--mate r·ial-er·ode·d1 c·ar-r-ied- an d- deposited ·blf C1-ctiV'·e-c·re·e-lts -or- ril:te-rs-:-- -------

Bedrocl<-Controlled Slopes 

Mountain or hill slopes with fundamental forms shaped by surface or near­
surface bedrock. 

Colluvium 

Slope material that has reached its present position under the influence of 
gravity. Landslide debris, talus and soil creep materials - are varieties of 
colluvium . 

Creek Chann·e1 Avuls ion 

Sudden change in _alignment of a creek channel, generally during flood flows. 
Creek avulsions can generate unexpected hazards in locations distant from 
fo rmerly active channels. This hazard Is addressed in District Bylaw 56 but 
may also occur in areas not covered in the Bylaw .. 

Debris Fan 

A fan-shaped surface created by debris flows and debds floods and formed of 
coarse , bquldery to gravelly debris carried and deposited by these processes. 
Fan debris Is derived and reworked from mountain basins, 

Debris Flows 

Rapid, saturated flows of coarse debris and mud, damaged t rees, srumps and 
smaller organic material. These flows may be contained in steep creek channels 
or they may spread out on debris fan surfaces. Debris tlows can damage or 
destroy property and result in human injury or death . Potential debris f low 
areas are indicated by the symbol Of on the Hazard Map that accompanies this 
report. This hazard is addressed in District Bylaw 56 but is also mapped In 
areas not covered in the Bylaw .. 
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Debris Floods 

Deb r is floods often run out beyond debris flows. Water flows control 
d'epositlon and there is a tendency to rapid ly deposit cobbles, gravel, sand and 
finer mate.rial as water drains from t his material. Deb ris floods are sometimes 
identified as 'sediment-laden water flows' and are a normal occurrence In 

---··-i:1 crcrd~-1s-so-i-rrg·1rom-mcrcrrftalrn~re-e1<s-. The p nmaTyn azarcnrraycome f ro m r 1~---·­

w ate r but huma~ injury or property daf!lage is possible . This hazard Is 
addressed in Dist rict Bylaw 56 but Is also mapped In areas not covered in the 
Bylaw. 

Debris Landslid es 

These rapid landslides usually occur on comparatively steep, bedrock controlled 
slopes, The debris usually cons ists of weathered bedrock and thin col/uvium. 
They are often generated by small slides in wet areas at the head of the slide 
slope. They have considerable dest ructive force, 

Flood Inundation 

Submersion by flood water. Tbis hazard is sddress~d in Dist rict Bylaw 56. 

Geot echnical Hazard 

A hazard derived from soil or bedrock Instability. In formal geotechnlcal hazard 
and risk assessment, the estimated rnagnftude and annual probability of 
occurrence are defined . Generally a synonym for geologic hazard . 

Glaclal Drift (Terrace) 

Undifferentiated, layered and unlayered g lacial deposits, Glacial d rift terraces 
are plateau- like features formed by drift and later eroded by flowing water, 
often ancient glacial meltwater. 

Glacial Lake (or Glacial M arine) Silt and Clay 

This is muddy, often layered material deposited in lake (or marine) 
environments during deg laciation about 12,500 years ago. Armstrong (1976, 
1977) describes possible glaclal marine deposits in the area. . Fine grained 
glacial lake and glacial marine soils are often associated with slope h azards. 



Perc hed Soil Aquifers 

An aquifer is a subsurface water-bearing zone. Perched soil aquifers often 
appear on steep soil slopes where multip le.water-bearing zones carry water to 
the slope .face. Perched sol! aquifers often promot e soil landslides . 

These are free fa11s of loose rock fr om t;:liff faces. Sustained rock fal l activity 
may bulld talus at the base of the rock fall s lope . There Is much rock fal l 
activ ity along Upper Phi ll ips Creek and on Harrison Hill slopes. · 

Snow Avalanches 

These are rap id , often dest ructive snow movement s on and below steep 
mount ain slopes. Pl1i llips Creek basin has snow ava anche activit y. The re are 
no apparent snow avalanche hazards on land conventlonally suited for 
resldential deve lopment in the Lake Errock study area. 

Sail Creep 

' . 
This Is slow, shallow m ovement of seasonally or perm anently satu rated soi l on 
steep mountain slopes . ·Soil c reep involves colluvium and is not perceptible 
except by ev idence of bowed or thrown t rees or st retched tree roots. 

Soil Slumps 

These are rotational soil movements typical of lands lides on steep sol\ slopes. 

Talus 

Talus Is an accumulation of rockfall debris at the foot of a cliff slope. Talus is 
common in Boulder Basin . T here are no apparent ta lu ses on land 
conventionally suited for res idential development In the Lake Errock study 
area. 

Till 

T his is earth material deposited directly by glacial Ice. It is generally ve ry 
dense and Is well graded from clay to bou lder-s ize rocks. Till or til l-like soils 
are noted in exposures along the glacial dri ft terraces. 
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EXECUTIVE SUMMARY 

In June and July 2012 numerous landsllde events occurred across southern British Columbia. Most 

events occurred ln t he backcountry, without significant negative impacts to infrastructure or people. 

However, some populated and developed areas in t he fore country or valley bottoms experienced 

significant damage to private property and public Infrastructure. A landslide at Johnsons Landing in the 

l<ootenays resulted in four fatalities. 

On July 17, 2012 the Minister of Forests, Lands and Natural Resource Operations requested a review of 

how landslide hazards are managed in BC and the circumstances of the most damaging events of 2012 

to identify lessons to be learned. The review examined the management of landslide hazards under the 

four pilla r approach of preparedness, mitigation, response and recovery. The review found t hat 

generally the greatest effort by government staff and other stakeholders is directed at preparedness as 

success in preparedness sets up and reduces pressure on the remaining three pillars. 

Natural hazards, of which landslides are only one type, occur In most areas of BC. The province is 

typically steep and with limited land readily amenable to development. Long-established communities 

are exposed t o some risk of hazards from flooding and landslides. Both small and large landslide events 

have impacted numerous communities across the province for over 100 years, and many lessons have 

already been learned in managing new developments. Previous reviews on a fata l landslide in North 

Vancouver in 2005 and the Testallnden Dam Fai lu re near Oliver in 2010 have provided 

recommendations and spurred some new initiatives in the province. Recommendations herein are 

made to build on these previous reviews. 

The most damaging events in 2012 occurred near Sica mo us, Johnsons Landing and Fairmont Creek. 

Each of these events had different circumstances, however high precipitation and previous winter high 

snowpacks were common contributing trigger mechanisms. The Sicamous and Fairmont Hot Springs 

sites were !mown debris flow or flood hazard areas with existing management tools in place designed to 

mitigate the risks. In Johnsons Landing, a landslide was Initiated on re latively prist ine steep terrain 

above the sma ll remote community. 

Recent climate change models project that British Columbia will experience more frequent and severe 

ra instorm events and years with higher snowpacks at high elevations. The models also project earlier 

onset of freshets and more prevalent summer droughts and wildfires. These projections are in line with 

observed trends over the past several decades and have the potential to increase the l ikelihood of 

landslides occurring. Given ever-increasing pressure for more development In areas potentially 

exposed to landslide hazards, these projections will need to be taken into consideration in the 

preparation and planning of measures to reduce the landslide risks to existing and future developments. 

The best practice to reduce landslide hazard risks to people and infrastructure is to be aware of and 

avoid the hazard altogether or reduce exposure and risk. Landslide and flood hazard maps have been 
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created In the past to help inform development decisions however, the management of the Information 

Is relatively uncoordinated making it difficult to access. Furthermore, resources for mapping programs 

have been reduced over time. Key to preparedness for landslide (and flood) hazards is a modern and 

comprehensive all-hazard mapping program. 

As noted above, mapping programs help to Identify developments and resource use proposals which 

should be studied through more detailed hazard mapping and assessments. Some guidelines for 

landslide and terrain stability assessments have recently been published In collaboration between 

government and professional associations in BC. However, outstanding issues of reaching agreement on 

a common definition of what constitutes safe and acceptable risk and further clarifying the scope of the 

assessments require further work and direction. 

Local and provincial government staff and the public would benefit from greater awareness and training 

Into landslide hazards near their communities. Currently local governments are required by law to write 

and maintain emergency response plans for events such as landslides and other natural hazards as part 

of their emergency preparedness roles. The proper application of mapping and hazard Information to 

support timely and effective early response depends on users' competence and field recognition skills. 

Preparedness for various types of emergencies is generally well set up in British Columbla however the 

landslide preparedness appears to be somewhat slight and recommendations have been made to 

improve In this regard. 

Where new or existing developments and Infrastructure are identified as being at risk of landslide 

hazards, various physical methods can be employed to mitigate the risks. Such measures include the 

use of deflect Ion berms and catch basins, as well as prediction and early warning systems. These 

approaches have been implemented in British Columbia and worldwide, however high costs and difficult 

Implementation and maintenance has generally meant that these methods are only used as a last resort 

in densely populated areas where there Is a high known probability of damaging landslides or other 

natural hazards. In rural areas with low population densities, local governments may be challenged to 

acquire the funding to construct and assume responsibility for the long term ownership of operation and 

maintenance of the works. The presence of old and unmaintained structures as well as requirement for 

some new structures presents liabilities to public safety and to governments. Recommendations have 

been made to address the funding models to work around these challenges. 

The Emergency Program Act details the roles and responsibilities of local governments and authorities, 

and provincial agencies in response to emergency events. Typically the various groups work together 

with shared responsibility to provide optimum response and service to communities and Individuals. 

For example, in the Kootenay Boundary Region, long standing relationships between staff In provincial 

ministries and local governments have resulted in landslide and flood event response rosters which are 

updated annually with specialist staff and a phone contact list, to provide rapid response time of the 

most local and appropriate individuals in a coordinated fashion. This syst em has proved to be effective 

In responding to many landslide and flood emergencies. Recommendations are made to continue 
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efforts to lnc(ease public awareness of who to contact during emergencies, maintain the necessary 

emergency responder training, and ensure that all regions of the province maintain coordinated 

landslide and flood response rosters. 

Disaster Financial Assistance is made available In certaln cases under established guidelines and 

thresholds to support response and recovery efforts. As well, the federal government may provide 

additional funding for these efforts under its own programs. 

A full list of recommendations made in this review is summarized below. The recommendations are 

grouped into different categories and presented In the sequence they appear In the body of the report. 

Background: 

Recommendation 1: The Province should update the terms of reference for the Inter-ministry Landslide 

Policy and Mitigation Working Group to include responsibility for overseeing the implementation of the 

approved recommendations from this review, Including undertaking detailed cost/benefit analyses of 

Individual recommendations where appropriate. The membership of the working group should be 

renewed to ensure it has capacity for providing ongoing provincial leadership on landslide management 

issues In BC. 

Climate Change: 

Recommendation 2: Provincial and local governments should consider projected Impacts of climate 

change on the level of landslide risk expected over the life of any proposed developments, resource use 

activities and the construction and maintenance of Infrastructure projects when authorizing these 

activities. 

Preparedness {Risk Identification): 

Recommendation 3: The Province, In cooperation with local governments and qualified 

professionals, should investigate the feasibility of reinstating a mapping program t o update and 

maintain maps of landsl ides, debris flows, alluvial fans and related natural haza rds on both public and 

private lands. The program should place emphasis on mapping areas of greatest potential risk to public 

safety. 

Recommendation 4: Pursuant to the recommendation In the 2008 Coroner's Report, the Province, 

local governments and professional associations should engage in discussions to explore the feasibility 

of building a publicly accessible central databank of natural hazard information. 

Recommendation 5: The Province should work with the Association of Professional Engineers and 

Geoscientists of British Columbia, the Union of BC Municipalities, academia, industry and other 
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stakeholders to identify a provincial standard for minimum acceptable risk thresholds for landslide 

hazards which would be applicable to Crown land dispositions, new developments, subdivision 

approvals and the design of mitigative works to protect existing development. 

Recommendation 6: Agencies w ith responsibility for authorizing or regulating resource development 

activities, Including the design, construction and maintenance of roads in steep, potentially unstable 

terrain, should be explicit ly required to consider t he landslide risks to public safety, both upslope and 

downslope of the activlty being authorized or regu lated. Policy direc1ion should be provided to staff In 

these agencies with respect to the use of quallf.led professionals to evaluate landslide risks. 

Preparedness (Subdivisions and Land Development Approval): 

Recommendation 7: The Province should work with the Union of BC Municipal ities and the 

Association of Professional Engineers and Geosclentists of BC to prepare a comprehensive training 

package for provincial and local government staff summarizing landslide hazard Identification and what 

to do when hazards are identified. 

Recommendation 8: Land Officers involved In t he disposition of Crown land and provincial approving 

officers should receive training and policy direction In recognizing and managing landslides and related 

natural hazards. local government development and land use staff should also receive their own 

training and policy direction on managing landslides. 

Recommendation 9: The Province should encourage foca l governments to enact bylaws and policies 

to guide development away from areas at risk of landslides and to require t he use of qualified 

profess Iona ls to assess the risk in hazard zones. 

Recommendation 10: With regard to public education, the Province should undertake a review of 

ava ilable best practices, reference materials and websites informat ion used In other j urisdictions In t he 

management of landslide risks. 

Recommendation 11: The Province should update Its websit es on public education and information 

related to landslide risks, awareness, mitigation, response and recovery, and undertake ongoing 

outreach activities to raise awareness and promote the use of t hese websites. 

Mitigation of Risi<: 

Recommendation 12: FLNRO should complete its recent Terrain Stability Guidance Project to develop 

policies and other guidance material for staff working In Crown lands to ensure that terrain stability risks 

are managed on an appropriate basis. 
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Recommendation 13: The Province should identify standards for landslide mitigation works design and 

maintenance, as well as consider legislative changes to enable regulation of ownership and operation of 

landslide protection works using the model used for regulating flood protection works under the Dike 

Maintenance Act. 

Recommendation 14: The Province and the Union of BC Municipalities should explore new funding 

models to better facilitate the ownership of orphan landslide and flood mitigation structures, and the 

construction of new flood and landslide protective measures. 

Emergency Response and Recovery: 

Recommendation 15: The provincial and local governments should update their websites and other 

information media to ensure they provide clear guidance to the public on emergency phone numbers 

and purposes of each call centers. 

Recommendation 16: The Province, in collaboratiori with provincial ministries and local governments, 

should establish annually updated landslide and flood response rosters of trained persons in each 

region. 
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INTRODUCTION 

The winter of 2011-2012 produced a high snowpack in the southern interior of British Columbia and was 

followed by record spring rainfalls In the Okanagan and Kootenay regions. The preceding year also 

experienced a high snowpack and above normal precipitation. These two wet years t riggered several 

landslide events in June and July 2012 across southern British Columbia. Many dozens of landslides 

occurred in unpopulated backcountry area where impacts were largely limited to damage to resource 

roads. A few events occurred In more populated areas where they caused significant damage in 

communities such as Sicamous, Johnsons Landing and Fairmont Hot Springs. 

In the community of Johnsons Landing on the east side of Kootenay Lake some residents observed 

uncharacteristic pulsating mud and water flows with debris In the Gar Creek gully upslope of the 

community In the day or two preceding the event. Their concerns prompted them to send an email 

message of alarm and appeal for advice to fellow community members. The next day this email was 

relayed to a provincial government hydrologist. Unfortunately, the hydrologist was doing fieldwork that 

morning and did not read the email message until later that day. By t he time the message was read a 

landslide and debris flow had travelled down Gar Creek and jumped onto a bench at a sharp bend In the 

creek destroying houses and killing four people. Emergency responders and governmental professionals 

Immediately acted to assess and evacuate the hazard area and worked to recover the missing persons. 

The events at Johnsons Landing and elsewhere attracted considerable public, media and political 

Interest into landslides management practices in BC. This attention raised quest ions regarding the 

circumstances su rrounding the individual landslides and what could be done to reduce the risks and 

consequences of future landslides in the province. 

PURPOSE OF THE REPORT 

On July 17, 2012 the Minister of Forests, Lands and Natural Resource Operations requested an internal 

review of the recent landslide events to identify lessons to be learned and to prepare recommendations 

for the Province to consider which will improve landslide risk management in BC. The review considers 

the circumstances of select historic landslide events and examines the potential for climate change to 

impact the frequency and severity offuture events. Finally the review summarizes and assesses current 

practices in landslide risk management In BC including risk Identification, assessment and mitigat ion, 

and considers general roles and procedures in landslide response and recovery. 
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BACKGROUND 

NATURAL HAZARDS IN BRITISH COLUMBIA 

The geological history, topography and climate in British Columbia expose communities, individuals and 

property to a va riety of natural hazard risks. Similar circumstances also exist in places like the European 

Alps, Japan, the Andes, and other parts of North America. Landslides are just one type of natural hazard 

within this suite of hazards which also include: 

• floods, 

• wildfires, 

• extreme weather events (lightning, hailstorms, tornadoes, hurricanes, windstorms, et c. ), 

• snow avalanches, 

• earthquakes, 

• tsunamis, and 

• volcanic eruptions. 

These natural hazards have different probabilities of occurrence and different consequences. For 

example, damaging earthquakes are infrequent but if a large earthquake occurs near an inhabited area 

very large consequences are possible. In addition earthquakes may trigger landslides and tsunamis. 

Floods and wildfires are arguably the most commonly occurring hazards in BC and cause the greatest 

amount of damage to property and infrastructure. However, they seldom result in death, partly 

because of well-organized programs to manage t he risks and because t hey are relatively slow to initiate 

and are quite predictable. By contrast snow avalanches occur suddenly and cause the greatest number 

of deaths in most years, mainly to backcountry recreationists, but cause relatively little property 

damage. Most risks to the general public from snow avalanches are to travelers along highways, and 

these risks are managed effectively by the Ministry of Transportation and Infrastructure. 

This document focuses primari ly on landslides but does provide some comments on related hazards 

such e><t reme weather events, floods and earthquake-Induced landslides. 

In British Columbia natural hazards, which pose different types of risk to public safety, property and 

infrastructure are managed in different ways by government agencies, corporations, and individuals. 

However, most use the four pillars approach to natural hazard management: Preparedness, Mitigation, 

Response and Recovery. The four pillars are led by and involve different local, provincial, First Nation 

and federal government agencies, as well as volunteer search and rescue groups. There are numerous 

areas of overlap and the roles are typically fulfilled through collaborative rela tionships and processes as 

described in later sections. 
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LANDSLIDES 

On average, landslides result in the death of about 0 1ne person per year in British Columbia. On this basis 

they could be considered a less significant risk relative to some of the other natural hazards. However, 

fatal landslide Incidents are treated as high profile disasters because they sometimes ldll people in their 

own homes, with little or no warning and are dramatic to observe. They also cause considerable long 

lasting damage to property and Infrastructure. Management of landslide risks is a major consideration 

in land use planning, zoning, subdivision, building permitting, and construction of highways and 

Industrial Infrastructure. 

Landslide Types 

"Landslide Is a generic term used t o describe the downward movemeht of soil, rock, or other earth 

material under the influence of gravity" (Geertsema et al., 2010). There are many kinds of landslides -

they are named on the basis of the type of material (e.g. rock, debris, earth) and the type of movement 

(e.g. slide, fall, flow, avalanche). This report will not attempt to give a thorough description of landslide 

classification as such reviews are available elsewhere (e.g. Cruden and Varnes, 1996). Some common 

types of landslides which can present risks to public safety in British Columbia are briefly described 

below. 

Debris flows are probably the most common type of landslide which can present risks to dwellings, other 

buildings, and infrastructure in valley bottoms. A debris flow Is a saturated slurry of earth, rock, and 

vegetation, which most often flows in a confined channel. It can originate as a debris slide which then 

enters a gully or steep channel, or It can result from an unusual discharge of water entering a steep 

channel and entraining sediment from the channel bed and banks. Most debris flows terminate on 

alluvial fa ns; most steep (over about 5°) fans were formed in whole or in part by repeated debris flows. 

Alluvial fans are subject to a continuum of hazards, from debris flows (which have more sediment than 

water by volume), to debris floods (which have more water than sediment), to f loods (Wilford et al., 

2009). Many communities in British Columbia were constructed long ago on alluvial fans as these are 

more gently sloped areas amid steep mountain slopes, and typically contain a surface water source. 

Debris slides and debris avalanches are landslides consisting mainly of unconsolidated earth materials 

("soil") which occur on open slopes, usually in an unsaturated state. These landslides can move at rates 

from very slow to very rapid, and the movement is usually more or less planar. Debris avalanches refer 

to events which travel very rapidly, and may have long runout distances. 

Rock slides and rock avalanches are similar, consisting of bedrock sources. They can be extremely large. 

Notable examples are the Hope slide of 1965, and Alberta's Frank slide of 1903. 
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Slumps are a type of complex landslide in which the fa ilure plane is more or less circular. Slumps can 

occur in cohesive (clay-rich) soil, or in weak bedrock. The rate of movement Is usually slow. Many 

slumps persist for centuries or millennia, moving very slowly or not at all, untll they are reactiva ted by 

some disturbance or by unusually high groundwater levels. Slumps are common in the Prince George 

area and especially In the Peace region. 

Rockfall is a common process on st eep or vertical rock slopes, both natural and constructed. Rockfall is 
the most common hazard affecting highways In steep terrain. It can range from Individual boulders, to 

large masses of rocl<s which completely cover the highway. 

A mudslide is a particular type of landslide which is very rare in mountainous regions of BC. The word 

''mudslide" should not be used as a general t erm for landslide. 

landslide Triggers 

In general, most landslides are caused by an increase In the supply of water, either high groundwater 

levels or soil moisture contents In the case of deep-seated landslides, or surface flows and near surface 

flows leading to a gully in t he case of debris flows. Therefore, most landslides occur in the wet season, 

which In the Interior Is the snowmelt period of April to June; at the coast this occurs In the fa ll and 

winter. Landslide hazard risk can be increased by any development activity which leads to an Increased 

supply of water to a potent ially unstable location. Concent ration or diversion of water by roads is a very 

common cause of shallow debris slides and debris flows In the Interior. At the coast, loss of root 

strength fol lowing logging is a common cause of landslides. Research in forest geomorphology has 

shown that forest development typically increases the Incidence of landslides by S to 10 times (Jordan el 

al., 2010). Landslides can also be caused directly by mechanical excavation which removes material from 

the base, or adds material to t he top of a slope. 

Landslides may also be t riggered by seism ic activity such as earthquakes and volcanoes. 

EXAMPLES OF LOCAL HISTORIC LANDSLIDE EVENTS 

Many large landslides occurred soon after deglaciation about 12,000 years ago. Landslide scars, 

hummocky deposits In valley bottoms, and ra ised or Inactive debris f low fans from this period are 

common throughout BC. These features are, In most <:ases, of little or no concern, and do not indicate a 

continuing landslide hazard under present climatic and geologic conditions, Most were formed ln early 

post-glacial tirnes as over steepened valley sides adjusted. However, prehistoric landslides which have 

been dated as younger than the early postglaclal period may be of concern, because they Indicate that 

there could be a landslide hazard under present conditions. 

Ridge-top cracks and other signs of previous slow movement exist above many large landslides (e.g. 

Frank, Hope and Mount Meager landslides). Mowever, such ridge-top cracking is common t hroughout 
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mountain ranges In BC and elsewhere, and the vast majority of such sites have never produced rapid 

landslides in historic time. 

Some landslide incidents that have occurred in or near British Columbia, focusing on events which have 

caused fatalities or serious damage to property and infrastructure, include: 

• The Frank slide was a rock ava lanche which buried part of the town of Frank, Alberta in the 

Crowsnest Pass in 1903, l<llllng at least 70 people. Signs of instability, Including cracks in the 

mountaintop and movement In the coal mines, had been observed before the landslide. 

Underground coal mining at the base of the mountain may have contributed to the failure. There is 

ongoing movement in the mountaintop, which is being monitored with geotechnical Instruments. 

• The Jane Camp rock avalanche of 1915 caused 56 deaths In a mining camp near Britannia Beach 

(Evans and Savigny, 1994). 

• The Hope slide of 1965 is one of the largest landslides to have occurred in Canada in historic tlme, 

with an estimated volume of 47 million cubic meters. It caused four fatalities on Highway 3. Like 

most very large landslide events, it was a rock avalanche and It originated on a mountain slope 

which had Indications of ongoing Instability, including ridge-top cracks and previous smaller 

landslides. 

• Camp Creek near Three Valley Gap (west of Revelstoke) experienced a debris flow in 1968 which 

apparently originated In a large first-time debris slide in deep glacial soll deposits. The resulting 

debris flow is reported to have killed five people on the Trans-Canada Highway (VanDine, 1985). 

• On the Peace River east of Hudson's Hope, the Attachie landslide of 1973 occurred Jn glacial lal<e 

sediments and temporarily dammed the Peace River. 

• The Devastation Glacier landslide of 1975 was a large debris avalanche which originated in weak 

volcanic deposits and killed four people working on a BC Hydro geothermal exploration crew. 

Numerous other landslide incidents have occurred In the Meager Creek val ley, including a large 

debris flow in 1984 which damaged a recreation slte and several vehicles, and another in 1990 

which destroyed a logging maintenance facility. 

• Howe Sound debris flows were active in the 1980's and earlier along Highway 99 between West 

Vancouver and Squamish. Between 1958 and 1983, fourteen debris flows resulted in twelve deaths 

(Evans and Savigny, 1994). Since 1983, defensive structures have been built on several channels. 

• The Belgo Creek landslide In 1990, east of Kelowna, was a large debris avalanche which occurred 

during a heavy rain-on-snow event. It destroyed a house and caused three fatalities. Old logging 

roads and more recent logging above the initiation point were identified as causes of the landslide. 
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• In 1997, a large debris flow descended a relatively low gradient channel on Hummingbird Creek and 

caused considerable damage to property and Infrastructure on a densely developed alluvial fan on 

Mara Lake near Slcamous. It started as a debris avalanche below a culvert which received water 

diverted by a spur road and cut block logged three years previously. 

• In 1999 at Telkwa Pass (Howson) and in 2002 at the Zymoetz River two large, complex landslides 

originated as rock slides. Both of them ruptured a natural gas plpellne between Telkwa and Terrace, 

• Following a 2003 wildfire at Ku ska nook north of Creston, an intense rainstorm in 2004 occurred on 

severely burned, water repellent soils and triggered a debris flow which destroyed two houses and 

blocked Highway 3A for several days. This event and several others which followed the 2003 

wildfires led to a new realization of the significant landslide and flood hazards that can follow some 

wildfires which alter t he soil structure and composition. As a result, the Ministry of Forests at the 

time developed a policy and procedure for identifying and analysing post-wildfire natural hazards. 

• At Legate Creek near Terrace in 2007, a large landslide caused two fatalities on Highway 16 and 

closed t he highway for several days. 

• At Van Tuyl Creek in 2008, following a large w ildfire in 2007 (the Springer Creek fire near Slocan), a 

debris flow resulted in one fatallty. The debris flow was triggered by an increased snowmelt rate In 

the burned area as well as by an accidental drainage diversion on a deactivated old logging road and 

landing. Several other debris flows in subsequent years occurred on this and nearby creeks in t he 

Springer fire. The potential of post-wildfire landslide risks had been Identified by a ministry report 

written In 2007 (Nicol et al., 2007). 

• The Mount Meager landslide of 2010 near Pemberton was of similar size to the Hope Slide. It 

started as a rockfall or rock avalanche from near the summit of Mount Meager and entrained weak 

volcanic rock and earth lower on the mountain, progressing to a debris avalanche and then a debris 

flow. It occurred on the flanks of a large dissected volcano which has had a history of many large 

landslides as well as one major volcanic erupt ion since deglaciation. It did not cause any fatalities, 

but it temporarily dammed Meager Creek and Llllooet River, leading to a possible flood hazard 

(which did not materialize) to populated areas downstream. 

Oisrrlct of North Vancouver landslide (fanuar v 2005) and Coroner's Report (200fl) 

On January 19, 2005 a landslide occurred on a steep slope in a residential neighbourhood In the District 

of North Vancouver. The landslide destroyed one residence and injured two occupants, one fata lly. 

Following the event the BC Coroners Service investigated the circumstance which contributed to the 

occurrence of the landslide and the death of Eliza Kuttner. A report summarizing the Coroner's findings 
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was released In 2008. The report contained twelve recommendations to improve the management of 

landslide risks in BC. Of these recommendations nine were directed atthe province. A summary of all 

the recommendations Is provided In Appendix A. Two of the key recommendations were: 

• "That the Province of British Columbia develop a comprehensive La ndslide hazard Management 

Strategy focused prevention and mitigation of risk." 

• "That the Province of British Columbia create an inter-ministry technical working group tasked with 

overseeing the implementations of recommendations arising out of the report." 

After receiving and considering the report the Province's lnteragency Emergency Preparedness Council 

(IEPC) established the Landslide Policy and Mitigation Working Group. Membership on the working 

group included representatives from the Ministries of Public Safety and Solicitor General; Community 

and Rural Development; Forests and Range; Transportation and Infrastructure; Environment; and 

possibly Energy, Mines and Petroleum Resources. The IEPC provided the working group with a number 

of objectives related to landslide policy and mitigation, and implementation of some of the 

recommendations from the Coroner's report. Since its establishment the working group has developed 

or contributed to a number of products such as the landslide guidelines released by the Association of 

Professional Engineers and Geoscientists of British Columbia In 2010. 

The Testallnden Dam Failure In June 2010 

In June 20101 the failure of a small earthen dam on Testa linden Creek south of Oliver triggered a very 

large debris flow which destroyed or damaged several homes and covered about 24 hectares of 

agricultural land downstream on the alluvial fan. Although the debris flow haza rd on this fan was 

apparently not appreciated by residents or local government, investigations after the event found 

evidence of many smaller debris flows in the channel upstream and found much of the fan to be 

composed of deposits of prehistoric debris flows. A review of the Testa linden Dam failure was published 

by the Ministry of Public Safety and Solicitor General In July 2010. The review listed twelve 

recommendations regarding dam safety management and Incident response. A summary of all the 

Testallnden recommendations is provided in Appendix B. 

Slcamous Area (Slcamous and Hummingbird Creel<s) in June 2012 

On June 23 to 25, 2012, flooding and channel avulslons caused severe damage to houses, businesses 

and Highway 97A on the alluvial fans of Slcamous Creek and Hummingbird/Mara Creeks. The flooding 

and avulslons on both creeks were due to high streamflows which followed several weeks of 

exceptionally heavy rainfall. One small debris flow occurred as a result of a road washout in a tributary 

of Sicamous Creek; however it appears to have contributed only a small amount of debris to the 

channel. No significant landslides were reported in the affected watersheds. The Hummingbird Creek 

fan is the same fan that was affected by the Hummingbird Creek debris flow of 1997. The two events 

impacted many of the same properties. 
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Johnsons Landing In July 2012 

The Johnsons Landing landslide occurred in the late morning of July 12, 2012. Its approximate volume 

was 300,000 cubic meters and its debris covers an area of about 10 hectares. It or iginated entirely in 

deep unconsolidated mat erial (soi l) consisting of glacial till and colluvium. The initia l event, which 

comprised most of the volume, was a rapid debris avalanche w hich descended the channel of Gar Creek, 

a st eep narrow valley which had occasionally carried small debris flows and snow avalanches in the past. 

The avalanche rode up over a low ridge at a sharp bend In the creek channel, and spread out over a 
terrace w hich was occupied by forest, cultivated land and houses. Three houses in this ridge area were 

destroyed, two of which were occupied at the time, and two other houses were damaged. There were 
four fatalities. A small part of the debris was saturated with water, and it continued flowing down the 

narrow creek channel as a debris flow, destroying the public road crossing and damaging a house on the 

fan. About 24 hours later, a second debris flow occurred. This event was formed from loose landslide 

debris in the channel w hich had been soaking up the creek f low forthe past day and eventually became 

sufficiently saturated and began to flow. This debris flow was larger than the previous debris flow and 

covered most of the fan and destroyed one of the previously compromised houses. 

The landslide occurred during dry sunny weather, about a week after the end of an unusually rainy 

period of early summer during which t he West l<ootenays experienced record rainfall during t he month 

of June. The high June precipitation combined with heavier than normal winter snowpack and a 

comparatively wet year in 2011 probably produced early July groundwater levels which were at or near 

record highs. 

For at least a few days prior to t he event t here were indications of increasing instability In the creek In 

the form of increasihgly muddy water. In the day or two Immediately preceding, loca l residents 

observed small debris flows descending the creek. At 4:56 am on t he day of the event an email was sent 

from a resident to their neighbors expressing concern about possible hazards In the creek. An email was 

sent to the Minist ry of Forests, Lands and Natural Resource (FLNRO) Regional Forest Hydrologist in 

Nelson at 8:47 am suggesting a helicopter reconnaissance of t he upper watershed. At the time the 

Hydrologist was In t he field attending to other business and did not read the email until shortly after the 

event had already occurred. 

The site where the debris avalanche originated is on a densely forested slope on the steep mountainside 

above the community. There are no roads or trails at the site; although t here Is a narrow old road 

nearby, it is not a site which ls likely to be visited frequently. The area is covered by terrain stabil ity 

mapping. The slide Initiation site was rated as terrain stabtlity class 3 and 4 (i.e., a low to moderate 

likelihood of landslides following forest development o r road construction). The terrain mapping 

showed no previous landslide deposits In the valley below. Recent field work fo llowing the event 
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confirms that there were no significant landslide deposits younger than the early postglacial period In 

the area affected by this event. 

Although the small alluvial fan of Gar Creek did not have a recorded history of debris flows it was 

identified as a potential debris flow fan on provincial flood hazard maps created in 2001. The hazard 

polygon was subsequently incorporated into the Regional District of Central Kootenay Floodplain Bylaw. 

Therefore, whi le the debris flow hazard on the Gar Creek fan was previously recognized the potential for 

the large debris avalanche that inundated the properties on the upper bench was not. 

The mountainside above the landslide source consists of weak metasedimentary rocks of a geological 

formation (the Lardeau Group) which has a high incidence of bedrock landslides, both slow slump-type 

failures and more rapid debris slides. There Is evidence of several old, slow-moving, bedrock failures 

near the landslide source, with some evidence of slight recent movement. However, this type of slow 

bedrock failure is common in sim ilar geological formations. There are many locations in the Kootenay 

Lake area where old landslide sca rs and ridge-top cracks are visible on air photos or have been observed 

on the ground. 

In summary, preliminary investigations have concluded that a debris flow hazard had been identified for 

the Gar Creek fan area however, before 2012 there were no obvious indications that there was a 

significant debris avalanche hazard above the Johnsons Landing bench of sufficient size or mobility to 

present a risk to the community. In consideration of the thousands of steep mountain slopes in t he 

Kootenay Boundary Region and the absence of any recorded landslide activity at Johnsons Landing, 

professional geological staff consider it extremely unlikely that the Johnsons Landing landslide could 

have been predicted ahead of time, especially an event with t he magnitude and runout of debris that 

actually occurred. 

A team of landslide specialists, including a consultant retained by the local government and staff from 

FLRNO and MOTi has been assembled to produce a comprehensive report on the landsllde. The 

anticipated completlon date for the report is May 2013. 

Fairmont Hot Springs In .lulv 2012 

On Sunday afternoon July 15, 2012, a debris flow ran out onto the Fairmont Creek fan at Fairmont Hot 

Springs. The landslide caused extensive damage to Fairmont Hot Springs Resort infrastructure, condos, 

single family homes, flood/debris flow control works and roads. Resort infrastructu re damaged included 

water pipes from the hot springs, a road to an RV and camping area and within a golf course. The debris 

flow resulted from the mobilization of in-channel debris high in the mountains above the community. 

The trigger for the event was localized heavy rain on July 14 and 15. Hill slopes were already saturated 

from record rainfall amounts in June and early July 2012. 
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The debris flow hazard at the site had been Ident ified In previous studies required by FLNRO and MoTI 

as a condition of subdivision approvals starting in the late 1980's and early 1990's. As a condition of 

subdivision approval, FLNRO required the construction of debris flow protection works. In 1996 the 

Regional District of East Kootenay (RDEK) passed a Local Services Bylaw and debris flow control 

structures {armoured dike and debris catch basin) were built to protect existing and proposed 

development on the fan area. The RDEI< is the site's Diking Authority under the Dike Maintenance Act. 

Although the 2012 event overwhelmed the debris flow control works, residents have Indicated that had 

t he structures not been in place t here would have been much more damage and possible personal 

Injury or death. 

In 2002, as part of a flood hazard mapping project, FLNRO prepared a flood hazard map of the hazard 

area to assist the RDEK and MOTi with future land use decision making. The observed debris runout 

onto the fan was consistent with the flood hazard map polygon predlction. 

With funding assistance from Emergency Management BC and technical assistance from FLRNO, the 

RDEI< has hired a consultant to document the 2012 event and assess the residual hazard to the 

community. 

Findings: 

The events of 2012 have renewed collaboration of experts in government on landslide issues. While 

some progress has been made since the Kuttner report and Testa linden Dam failure review were 

released, some recommendations have yet to be addressed. 

Recommendation 1: The Province should update the terms of reference for the inter-ministry Landslide 

Policy and Mitigation Working Group to include responsibility for overseeing the implementation of the 

approved recommendations from this review, including undertaking detailed cost/benefit analyses of 

individual recommendations where appropriate. The membership of the working group should be 

renewed to ensure it has capacity for providing ongoing provincial leadership on landslide management 

Issues In BC. 

POTENTIAL IMPACTS OF CLIMATE CHANGE ON FUTURE LANDSLIDES 

There are a number of factors which affect slope stability and t he likelihood of a landslide occurring. 

These factors include the steepness of a slope, the integrity of the soil and rock material forming a slope, 

the amount of precipitation and how wet the ground conditions are, seismic act ivity, and various human 

activities which might destabilize a slope. A change In climate that alters precipitation patterns would 

make a substantial impact on the amoun t of water Introduced to an unstable slope. 

Landslides events can be triggered by extreme precipitation, snowmelt, rain~on-snow event s and high 

surface streamflows. When the frequency and severity of these types of events increases, the 
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probability of terrain instability events also increases. Several studies have noted statistical Increases in 

the magnitude and severity of heavy precipitation In BC over the past 50 years. These trends are 

consistent with the results from global and regional climate models which predict Increasing Intensity 

and frequency of extreme precipitation events. In BC the models are projecting higher winter minimum 

and summer maximum temperatures and Increased winter precipitation. A more in depth description 

of climate change projections in BC and their potential Impacts on landslide risks Is provided in 

Appendix C. 

The climate change projections for warmer winter temperature and higher winter precipitation are also 

expected to increase the likelihood of heavier winter precipitation falling as rain at lower elevations as 

well as more frequent rain on snow events at higher elevations. The warmer and drier summers which 

are projected to occur may result In more wildfires which in turn can create localized water repellant 

soils which lead to more rapid rates of runoff and flooding at wi ldfire sites. Spring freshet could occur 

earlier In the year, and summer low flows and droughts could be more prevalent. 

Findings: 

These anticipated climate change impacts (storms, rain-on-snow, wildfires and hydrophilic soils) and 

others such as increases in freeze-thaw cycles and Increased glacial runoff are likely to contribute to an 

increase in the risk of landslides and debris flows In the mountainous areas of BC. 

Recommendation 2: Provincial and local governments should consider projected Impacts of climate 

change on the level of landslide risk expected over the life of any proposed developments, resource use 

activities and the construction and maintenance of Infrastructure projects when authorizing these 

activities. 

PREPAREDNESS ASPECTS OF LANDSLIDE MANAGEMENT IN BRITISH COLUMBIA 

The preparedness for landslides In British Columbia comprises the widest range of work and activities, 

and the widest range of participating agencies and stakeholders. A combination of legislation and 

poHcy, mapping and professional practice guidelines serve to avoid or reduce risks. Government 

agencies make land use decisions and authorizations, and undertake resource development planning 

and permitting. Risk identification and mapping are key decision support tools used by governments 

and involve professional sciences experts in Industry businesses, consultants, and government. Public 

and government staff education on hazard recognition and management are required to optimize the 

effectiveness of available tools. 

Wherever possible, risk avoidance is generally the most cost effective approach to reducing the long 

term costs to a development associated with natural hazards. The first step in avoiding a risk Is to 

recognize or otherwise be aware of a potential hazard which could affect or be affected by any 
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development activity on site at t he earliest stage of the development process. Where a potent ial hazard 

has been identified, it is desirable to undertake a risk assessment of the hazard, including mapping of 

the hazard and the area at risk. 

Finally, emergency preparedness for identified r isks is a key part of a successful response and recovery 

should a landslides occur. 

RISI< IDENTIFICATION: HAZARD MAPPING AND SITE ASSESSMEN1S 

Mapping as a Screening Tool 

Local and provincial governments' subdivision Approving Officers, local government Building Inspectors 

and Land Officers in the Minist ry of Forests, Lands and Natural Resource Operations (FLNRO) often 

require hazard assessments when adjudicating subdivisions, land tenures or sa les, or building permit 

applications to assess and reduce risk to people and property. Regional hazard maps are useful to these 

agencies to help them identify and screen where hazard areas may exist and to assist them in 

determining when to require a land developer to hire a qualified professional to assess natural hazards, 

including landslides, In a more site specific and detailed manner. 

Similarly, in the back country, terrain stability maps and other maps provide general guidance to forest 

companies and other natural resource developers to know where to require a qualified professional to 

help reduce risk to the environment, forest values, existing developments and third parties when 

constructing roads and planning resource development or extraction in these areas. 

The following mapping subsections describe mapping types and programs, ending with a summary of 

findings and recommendations. 

Flood Hazard Management 

The Flood Hazard Management program Is responsible for acJministration of t he Dike Maintenance Act 

Including the oversight of regulated dikes and other mitigative works. The program also provides 

specialized technical and strategic expertise to other agencies Involved in flood hazard management. 

The program has previously developed a number of tools to assist Approving Officers, building 

inspectors, qualified professionals and to others involved in adjudication of applications for subdivisions, 

land tenures and building approvals to Identify potential at-risk areas, Including alluvial fans and other 

pot ential debris flow zones. The tools which were developed Include flood hazard maps, floodplain 

maps and provincial guidelines for managing development in at risk areas. 

Flood Hazard Mopping 

The Flood Hazard Statutes Amendment Act (2003) removed the authority of the Ministry of 

Environment, Lands and Parks with respect to flood hazard land use regu lation. To assist with the 
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transferring of t his authority to others, the Flood Hazard Management Program (now part of FLNRO), 

with assistance from the Fraser Basin Councll, created a set of Flood Hazard Maps for the province. The 

maps depict flood and debris flow hazard areas that program staff had mapped and accumulated 

information on during the provincial Floodplain Development Control Program (1975 to 2003). The maps 

were then provided to local governments and provincial approval authorities to aid them in identifying 

known alluvial and debris flow fans. Their ongoing use by local governments is unknown but likely varies 

across the province. 

Local and provincial subdivision and building permit approval officers can use the maps to screen 

applications and, where appropriate, require a proponent to engage a qualified professional to develop 

site specific, detailed flood and debris flow hazard reports and maps for development on fans. Through 

this process there has been increased awareness of hazard areas and a reduction in the risk of exposure 

of new development to landslide hazards. 

For example, the 2012 Johnsons Landing landslide Inundated properties, destroyed or damaged a 

number of homes, and killed four people on the Johnsons Landing bench. The Initial landslide directly 

contributed to two debris flows within the following 24 hours that ran onto the Gar Creek fan at the 

confluence with Kootenay Lake. The debris flows demolished an additional house and covered 

additional properties. The Gar Creek fan area was previously delineated as a potential debris flow fan 

area t hrough the FLNRO Flood Hazard Mapping project and as a hazard polygon In the Regional District 

of Central l<ootenay floodplain bylaw. Although the existing private lots on the fan were created and 

developed long before the creation of the flood hazard map and floodplain bylaw, if the map and bylaw 

had been available they would have been instrumental In Identifying the risk to people and property on 

this fan if a new land development application had been received after creation of these tools. 

Landslide Hazard and Terrain Stablllty Mapping 

Landslide hazard and terrain stablllty mapping is used to broadly categorize landslides into four general 

categories on the basis of the land status of their source and destination areas in the landscape: 

a. Landslides that occur entirely within developed areas: The 2005 District of North Vancouver 

landslide Is an example. Typically, these incidents occur within a single municipality or regional 

district, and may originate on one property and affect another property below. This category 

also Includes landslides that originate from below, such as slumps that retrogress from a river 

bank and affect a property above. 

b. Landslides that originate on undeveloped Crown land, and enter popu lated areas or highway 

corridors. Most debris flow incidents are of this type, as are most of the very large landslide 

Incidents described above, such as the Frank, Hope and Johnsons Landing landslides. 
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c. Landslides that originate on Crown land that are caused, or contributed to, by resource 

development, and enter populated areas or highway corridors. Examples Include the 2010 

Test alinden dam failure, and debris slides and debris flows caused by resource roads and/or 

logging activity. 

d . Landslides that occur entirely within unoccupied Crown land. This Includes the most landslides 

by number. These events are of interest If they cause indirect risks, for example, downstream 

hazards of flooding and sedimentation (e.g. the 2010 Mt. Meager landslide), or if they affect 

recreational users (e.g. t he 1984 Meager Creek Hot Spring debris flow) or Industrial workers 

(e.g. the 1975 Devastation Glacier landslide, also 111 Meager Creek). 

Categories bl and c) represent a large proportion, probably most instances of landslide risk that affect 

populated areas. Local governments typically do not have Jurisdiction over vacant Crown land which lies 

above private land. As a result local governments and Individual residents may be unaware of 

development plans or of t errain hazards on upslope Crown land. 

Landslide hazard and risk mapping can follow two basic approaches; from the top down, and from the 

bottom up. As noted above, many landslides originate In upland areas, which are usually (but not 

always) provincial forest land or other Crown land. M any landslides, including those of primary concern 

for public safety, terminate in valley bottom areas which may be occupied by private property, 

habitation, or infrastructure. "Top end" mapping Involves mapping the upland areas where landslides 

may originate, while "bottom end" mapping Involves mapping valley bottom features such as alluvial 

fans and floodplalns which might be at the receiving end of landslides, floods, or other natural hazards. 

Most systematic mapping of landslide hazard (a11d other terrain features) In British Columbia has been 
11top end", and consists of various types of mapping covering large areas of Crown land. These Include: 

• Soil mapping - Early soil maps covered areas with agricultural potential (Including both private and 

Crown land). In general, soil mapping is not useful for identifying landslide hazards. 

• Soil and landform mapping - In the 1970s and early 1980s, this variation of soil mapping was 

applied in some project areas, and typica lly consisted of 1:50,000 scale maps comprising a large 

map-area block. Mapping projects often co 11centrated on remote areas for which little or no 

previous mapping existed, and which were being considered for forestry or other resource 

development. Soil and landform mapping was based on air photo Interpretation combined with 

field work in accessible areas. Most such mapping was done in-house by provincial government 

professional staff. This mapping did not have the identification of landslide prone terrain or other 

natural hazards as an objective, but large landslide features were sometimes identified, or described 

in accompanying reports, 
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• Terrain mapping and terrain stability mapping - This is the type of mapping is now most commonly 

used in British Columbia for the purpose of identifying landslide prone terrain. Our present system 

of terrain mapping originated In the forest industry on the BC coast In the 1970s and was adapted by 

provincial geosclence professionals who further refined the methodology and produced technical 

manuals and standa rds {Howes and l<enk, 1997). M apping is based on air photo Interpretation with 

fteld checking. In the 1970s and 1980s, several BC government terrain mapping projects covered 

large blocks of 1:50,000 map sheets, mainly In northern BC and in several other areas of lt1terest 

because of Impending resource development , such as the East Kootenay coal block. Landsl ide 

features are identified on these maps by on-site symbols as well as in the t errain labels for large 

features. Several interpretive ratings were sometimes applied to the mapped polygons, lncludlng 

terrain stabllity, using a Class I to V scale {now usually replaced by 1 to 5). Because of t he relatively 

small scale of these maps, they are useful from a natural hazards perspective mainly for Identifying 

large landslide features. 

• Terrain stability mapping for forestry purposes - In the 1990s, w ith the introduction of the Forest 

Practices Code, terrain stability mapping was widely adopted throughout British Columbia In areas 

of existing or proposed forest development. Standards and methodology were prescribed in a 

Forest Practices Code guidebook (B.C. Ministry of Forest s, 1999). Two types of mapping were 

defined including reconnaissance and detailed, with several "survey Intensity levels" or degrees of 

field checl<lng. Mapping was usua lly done at a scale of 1:20,000, on a topographic map base. The 

mapping was funded In most cases by Forest Renewa l BC (FRBC) and was coordinated by Forest 

Regions or Forest Districts, but was done almost entirely by professional consu ltants working for the 

forest Industry. Identification of landslide prone terrain is the primary purpose of this mapping, and 

therefore the maps are highly useful for identifying landslide features, potentially unstable areas, 

and sometimes other natural hazards such as snow avalanches. 

Maps and associated digital files typlcally reside with forest companies, but copies were provided to 

Forest District or Region offices and to the FRBC data repository. The mapping is therefore in the 

public domain, and is available to government agencies and the public, although not at this t ime 

readily accessible. Many Forest Districts produced compilations of t errain stability mapping done In 

their districts; this usually was limited to a Geographic Information System (GIS) layer identifying 

unstable and potentially unstable (or class 4 and 5) terrain polygons. 

The Ministry of Environment has started a long-term program to compile all the existing biophysical 

mapping, including terrain stablllty mapping, and make It available on-line as scanned maps or GIS fi les. 

Otller londslide llazard mapping projects 

A number of landslide hazard mapping_projects have been completed in various parts of the province, 

which do not fit into the above categories of systemat ic mapping. These are typically valuable for some 
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specific purpose in a limited area, but more Importantly, they may use methods which can be adopted 

for future mapping. Some examples are: 

• Systematic mapping of debris flow hazards was: done by consultants working for the Ministry of 

Transportation and Infrastructure for the Highway 99 Sea to Sky corridor and some other highway 

corridors subject to high risl<s from debris flows. 

• Several local or regional landslide Inventories were done for research purposes by Forest Service 

and Ministry of Environment staff. In one case (on Vancouver Island) the mapping included 

computer modeling of potential debris flow runout over a large area in GIS form. The results of 

these projects were typically published as research papers, but the mapping itself is not readlly 

available. 

• In the southeast a project was conducted by one of the present authors (P. Jordan) in the early 

1990s to do reconnaissance landslide hazard mapping of population and highway corridors in the 

entire region. The mapping was done mainly for the purposes of identifying where detailed 

terrain stability mapping should be done, and prioritizing forest road deactivation projects. The 

mapping is still available for most of the region and although it has been largely superseded by 

more detailed terrain stability rnapping. The mapping includes an element of risk mapping, and it 

may be useful to revisit it for Identifying areas where landslide risks potentially affect public 

safety. Some of the mapping rnay be archived off-site or potentially even lost following office 

closures. 

• A terrain stability and natural hazard mapping project was begun for a large study area on private 

land In the Slocan Valley by consultants working for t he previous Ministry of Forests and the 

Reglonal District of Central Kootenay. The project was Initiated by public concerns over proposed 

forest development on Perry Ridge, and was Innovative In that it included a number of attributes 

describing various types of landslides originating In or affecting each polygon. Half of the project 

mapping was completed. No similar projects have been conducted on private land, dt!!splte the 

obvious value of this approach In mapping landslide risks at the "bottom end". 

• The Regional District of East l<oot enay (RDEK), with assistance from FLNRO staff, has recently 

retained a consultant to complete phase one of a regional flood hazard assessment and mitigation 

plan that will Identify and prioritize flood and debris flow hazard areas within the RDEI< 

boundaries. The first phase of the project will result In an inventory of all available hazard maps 

and reports. Phases 2 and 3 will include conducting site visits to identified tip prioritized areas and 

recommended mitigation strategles. 
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Aerial Photography lmo9ery for tot1d5/Jde Hazard Mopping 

Air photos are essential for all types of landslide hazard mapping. Typically the mapping process 

involves inspection of air photo prints under a stereoscope to identify landslide related features and 

then the delineation of terrain polygons on the photos. For landslide hazard studies, it is often very 

usefu l to obtain historical photos to examine changes t hat may have occurred over time to a landslide, 

stream channel or suspected unstable area. Many parts of the province have had repeated air photo 

flights at least every 10 to 20 years, sometimes going back as early as the 1930s. Most air photos have 

been taken by or for the provincial government, and the original negatives are housed in a collection In 

Victoria. 

In 2010, the provincial government closed its air photo library and photographic lab, which prior to 2010 

made and sold air photo prints. This service was replaced by making digital scans of recent air photos, 

and selling the scans as digital files. For some purposes, this product Is useful; however, many 

geosclentists and engineers have found that the quality of the scans is inferior to photographic prints. 

Also, most of the older air photos have not been scanned. In 2012, an agreement was reached to 

transfer the air photo collection to the University of British Columbia, who will make air photo prints 

available for loan. In addition, several provinclal offices In various ministries possess prints of regional 

air photos. 

In the last few years, Google Earth has emerged as a wldely used on line program for viewing the 

landscape, and Is quite useful for preliminary reconnaissance of landsl ide features. The imagery used by 

Google Earth for British Columbia is orthophotos provided by the provincial government, which have 

been prepared from air photo scans. The orthophotos, which are available in digital form, are of lower 

resolution than the original photos. The Google Earth Imagery is compressed and therefore of still lower 

resolu tion. Although orthophotos are useful for an overview of large areas and for making planlmetric 

maps, they do not allow stereoscopic (30) viewing, and therefore much less useful for terrain mapping 

and landslide studies than air photo prints. 

Other forms of remote sensing are useful for some types of landslide studies, including high-resolution 

satellite imagery such as Quickbird and Geo-Eye. A very useful remote sensing product is LiDAR, which is 

a form of airborne Imagery which can provide a detailed, digital 3-dlmensional image and elevation 

model of the ground underneat h t he forest canopy. LIDAR Is very expensive, which generally restricts Its 

use to localized, detailed landslide investigations, and mapping for major engineering projects. It may 

potentially become a valuable tool for landslide hazard mapping, as the cost becomes more affordable. 

Findings on the Mapping Sections: 

Flood Hazard Maps can play an Important role during flood and landslide emergency planning and 

response. As demonstrated In the emergency responses for Johnsons Landing and Fairmont Creek this 
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year, the Flood Hazard Map polygons provide a shelf ready map to assist with declaring areas for a state 

of emergency. 

The hazard maps are also used in development planning and review processes. While the maps have 

helped steer more recent development away from high hazard areas and have saved lives, they do have 

limit ations and cou ld be improved. 

Simi larly terrain stability mapping is valuable for ldentifying landslide-prone terrain and other natural 

hazards, there are several limitations: 

• Mapping usually covers only those areas which were of interest to a forest licensee for 

development. Many other areas remain unmapped. 

• Very little mapping has been done since the end of Forest Renewal BC. 

• Some early mapping was done only as hard-copy, or In digital formats which are incompatible with 

modern GIS systems. 

• Forest Districts typically retained as GIS flies only the unstable and potentially unstable (or class 4 

and S) attributes of each polygon. The terrain labels and on-site symbols, which contain most of the 

useful natural hazards information, were not usually captured, and often t he original maps were lost 

or discarded. The full mapping Information Is currently rarely used and the FRBC archive's 

permanent storage is no longer readily available. 

• Mapping was usually truncated at the Crown-private land boundary. Therefore, in most areas of 

interest for publlc safety (i.e., the "bottom end") were never mapped. 

• The mapping Is technically complex and It cannot be read ily Interpreted by people other than 

geoscience specialists (or by some specialists In related subjects such as soils, ecology, and 

engineering). It is not easily used by most of the general public, or by non-specialists in local 

government or other agencies. The number of provincia l government science specialist positions in 

district and regional offices has reduced considerably, and so terrain stability mapping is not used to 

the extent it once was for land management planning or for consultation with the public or local 

governments. Ongoing staff attrition ls further reducing the usefulness and application of this 

information. 

• The Ministry of Environment has a program to compile all the existing biophysical mapping, 

including terrain stability mapping, and make it avallable on-line as scanned maps or GIS flies. 

However because of limited st aff and resources, this project is proceeding very slowly, and little of 

the 1:20,000 terrain stability mapping has been compiled. 

Recommendation 3: The Province, in cooperation with local governments and qualified 

professionals, should investigate the feasibility of reinst ating a mapping program to update and 

maintain maps of landslides, debris flows, alluvial fans and related natural hazards on both public and 

private lands. The program should place emphasis on mapping areas of greatest potential risk to public 

safety. 
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Recommendation 4: Pursuant to the recommendation In the 2008 Coroner's Report, the Province, 

local governments and professional associations should engage in discussions to explore the feaslblllty 

of building a publicly accessible central data bank of natural hazard information. 

Site Specific Hazard Assessments 

More detailed and site specific mapping and hazard risk assessments are routinely performed as part of 

the application processes for proposed land development, forestry and other resource use projects. 

FLNRO's Forest Research Program provides science specialist expertise and support to regional and 

district operations. This support has included terrain stability mapping of study areas, developing and 

maintaining local or regional landslide Inventories, post-event investigations of selected landslides and 

undertaking or overseeing individual geotechnical, hydrological and terrain stability research projects. 

Government authorizing agencies worl< under legislation that, where appropriate, requires professional 

hazard assessments be undertaken to determine if a proposed use is safe. A proponent wi ll then use 

the completed assessment to inform his or her development plans or activities to either avoid a risk by 

relocating the development or activity to a safer area or Incorporating strategies to reduce or remove 

the risk. An assessment might also undertaken to evaluate the potentlal for a proposed development 

to increase the level of landslide rlsl< for existing nearby developments or the public, and to identify 

measures which can be taken to avoid Increasing the level of risk. 

For many years there were inconsistencies and gaps In how hazard assessments were undertaken. As 

well, there has been extensive debate about how to define the term "safe.11 Recognizing the need for 

standard guidelines, government agencies and professional associations have been working in 

partnership to develop guidelines for landslides and terrain stability assessments. The 2008 Coroner's 

Report and the failure of Testallnden Dam were two events that accelerated the completion of some of 

these guidelines. 

Guidelines for Legislated Landslide Assessment for Proposed Residential Development in British 

Columbia (APEGBC 2010) 

Qualified Professionals play a significant role in landslide hazard Identification and mapping In the 

Province of British Columbia, including the preparation of haza rd assessment reports and maps fo r both 

the land development and resource development sectors. In 2006, with amendments in 2010, the 

Province contracted the Association of Professional Engineers and Geoscientlsts of British Columbia 

(APEGBC} to help write Guidelines for Legislated Landslide Assessment for Proposed Residential 

Development In British Columbia to assist Qualified Professionals involved in the preparation of landslide 

hazard assessments. These guidelines provide a risk-based approach for professionals to assess and 

mitigate building sites and to design structures at the sites. Authorities may also find t he guide helpfu l In 

defining criteria for and evaluating results from professional geotechnical reports. The document is 

available onllne at 
http://www.apeg.bc.ca/ppractlce/documents/ppguidelines/guidellneslegislatedlandsllde1.pdf 
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The guidelines also outline roles and responsibilities for those involved in land use regulat ion and 

provide guidance for professional practice and quality assurance criteria t o help qualified professionals 

provide q uality reports on landslide hazards. 

Guidelines for legislated Flood Assessments in a Changing Climate in British Columbia (APEGBC 2010) 

In 2010 the Province contracted APEGBC to begin drafting a guideline document, similar to the 

residential landslide guideline, to assist professionals In w riting flood hazard reports and creating flood 

hazard maps. The guideline document entitled Guidelines for Legislated Flood Assessments in o 
Changing Climate In BC was released In October 2012. Although the tit le of the docu ment references 

flood hazards, the document provides a significant amount of guidance on debris flow hazard 

assessment. Debris flows and debris flood landslide hazards are gully/stream channel processes that 

cannot be dealt w ith as a separate hazard from normal flooding, especially in BC with the predominance 

of steep mountain terrain and proliferation of alluvial and debris f low fans. 

Guidelines for Professional Services in the Forest Sector - Terrain Stability Assessments (APEGBC & 

ABCF=P, 2010) 

In 2010 APEGBC and the Association of British Columbia Forest Professionals (ABCFP) issued the 

Gufdelfnes for Professional Services in the Forest Sector - Terrain Stability Assessments which 

superseded APEGBC's 2003 Guidelines for Terrain Stability Assessments in the Forest Sector. A Terrain 

Stability Assessment (TSA) Is carried out by a qualified terrain specialist to assess the potential for forest 

operations to affect or to be affected by landslide hazards. A TSA may also be done to evaluate the risk 

and/or provide options to manage hazards and risks associated with operations. The ultimate goal of a 

TSA is to protect the safety, health and welfare of the public, to protect the environment and to provide 

for health and safety with the workplace. TSAs are conducted to: 

• assess the potential for landslides to occur as a result of forest development activities, 

• identify potential hazards upslope of roads or operational activities, 

• assess terrain conditions and landslide hazards along proposed road corridors, and 

• prepare strat egies and recommendations for managing risks associated with roads and other 

forest activities. 

The 2010 Guidelines establish a standard of ca re for carrying out TSA related to forest planning and 

operations in BC. 

Guidelines for Management of Terrain Stability in the Forest Sector (APEGBC & ABCFP, 2008) 

In 2008 APEGBC and ABCFP produced the Guidelines for Management of Terrain Stability in the Forest 
Sector. The guidelines were developed for the forest sector to assist in the management of terrain 

stability by providing guidance for establish Ing, Implementing and updating a Terrain Stability 
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Management Model. The model provides guidance on when and where a TSA shou ld be conducted and 

to manage terrain stability, whether a TSA has been conducted or not. A model also provides guidance 

for establish Ing risk criteria and selecting strategies for development which are consistent with the risks. 

Mining Industry Project Hazard Assessments 

The Ministry of Energy, Mines and Natural Gas (MEMNG) is responsible for administering the M ines Act , 

its regulations and the Health, Safety and Reclamatio~1 Code for Mines in British Columbia (the Code). 

The ministry utilizes provincial delegated Inspectors of Mines, and requires mining operators to make 

use of professionals such as engineers and geoscientists to explore for and develop mines and quarries 

in the province. Mines Act applicat ions for new mines and expansions are typically very detailed. They 

are reviewed by provincial science and engineering experts and subject to public consultation. In its 

Purpose statement, the first two purposes of th e Code are to: 

" (1) Protect employees and all other persons from undue risks to their health and safety arising out of or 

In connection with activities at mines. 

(2) Safeguard the public from risks arising out of or in connection with activities at mines." 

Findings on Hazard Assessments and Professional Guidelines: 

The Forest Act currently does not Identify public safety and potential consequences to downslope 

people and property as a key value that they must plan for. However, qualified professionals work 

under the 2010 Guidelines for Profess Iona I Service in the Forest Sector - Terrain Stability Assessments 

and the 2008 Guidelines for Management ofTerrain Stability In the Forest Sector, and under Codes of 

Ethics as part of membership of relevant professiona l associations. The duty to the public is commonly 

a top priority in such Codes of Ethics. 

Often, professional geosclence consultants and their clients do not distribute reports. Consequently 

hazard assessment reports (including hazard maps) required for subdivision, building permit and Crown 

land tenures in many instances do not become public documents, making important information in the 

reports related to safety of people and property difficult to access. 

Similarly, most hazard assessment reports and maps conducted for forestry and resource use 

development by Industry proponents are not made readily available. They may be stored with agencies 

but not intended to be uploaded to a central databank for broader access. 

"The Guidelines for Legislated Landslide Assessment for Proposed Residential Development In British 

Columbia" point out the need for governments worldwide to define what acceptable risk means in 

terms of safety for residential development. Current ly landslide hazard maps and perceived or defined 

acceptable risk levels vary significantly across the province. APEGBC maintains that It Is not the role of 

the qualified professional to define what Is safe. In the absence of a provincia l policy on the definition of 

acceptable risk for landslides some jurisdictions In British Columbia such as the District of North 
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Vancouver and the Fraser Valley Regional District have implemented their own landslide hazard risk 

levels. The establishment of a provincial policy would reduce the risk of inconsistent reporting and 

mapping of landslide hazards for residential development. 

The Guidelines for Legislated Flood Assessments in a Changing Climate in British Columbia discusses the 

need for provincial policy to establish a consistent description and procedure for est abllshing acceptable 

risk for the mapping and regulation of development in debris flow hazard areas. 

Recommendation 5: The Province should work with the Association of Professional Engineers and 

Geosclentists of British Columbia, the Union of BC Municipalities, academia, industry and other 

stakeholders to Identify a provincial standard for minimum acceptable risk thresholds for landslide 

hazards which would be applicable to Crown land dispositions, new developments, subdivision 

approvals and t he design of mitigative works to protect exist ing development. 

Recommendation 6: Agencies with responsibility for authorizing or regulating resource development 

activities, including the design, construction and maintenance of roads In steep, potentially unstable 

terrain, should be explicitly required to consider the landslide risks to public safety, both upslope and 

downslope of the activity being authorized or regulated. Policy direction should be provided to staff in 

these agencies with respect to the use of qualified professionals to eva luate landslide risks. 

NEW SUBDIVISIONS AND DEVELOPMENT 

New developments and activities on privat e rura l and municipal properties, and Crown land are 

managed by various local governments and provincial agencies who are guided by an assortment of 

legislation, regulations, bylaws, plans and professional pract ice guidelines. For example, muntcipalities 

and regional districts administer subdivision and development approvals, and t ransportation and land 

use planning under legislation. Official Community Plans, bylaws and development permits are example 

tools used by local governments to regulate to development within their boundaries Provincial 

ministries administer numerous Acts and accompanying regulations and policies addressing Crown land 

tenures, ru ra l subdivisions, flooding, water use, working in and near streams, dikes, dams, forestry 

operations and transportation. Irrespective of the applicable approving authority, where a site has been 

identified as susceptible to known landslide hazards It should not be subject to further development. 

Residential and Commercial Development on Crown Land 

Crown Land makes up 94 % of the area of British Columbia. The province operates within a framework 

of policies that govern the disposition, administration and management of Crown land. These policies 

have been developed to assist staff, stakeholders and the public by establishing principles on land use, 

allocation, tenure terms, pricing and all other aspects associated with the tenuring of Crown land. 
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When making decisions on the disposition of Crown land officials must consider potential natural 

hazards. For Instance, Land Officers must consider the "Flood Hazard Area Land Use Management 

Guidelines11 when selling, tenuring or leasing Crown land. Where there are natural hazards such as 

landslides, Land Officers may establish conditions which are attached to a new lease, tenure or other 

disposition with the intent of protecting public safety and future uses of the land from the hazard. For 

example, where a parcel is located In a floodplain, or where provincial staff express concern about 

flooding, a restrictive covenant prohibiting development In the floodplain, and a corresponding 

indemnity covenant are registered on the tit le. 

Rural Land Subdivision 

Provincial Approving Officers In the M inistry ofTransportation and Infrastructure (MoTI) are responsible 

for the approval of subdivision applications in rural areas outside of municipalities. In this capacity the 

Approving Officers are authorized to consider the natural haza rds risk, including landslides, when 

making a decision on a rural land subdivision application. However, once a decision is made MoTI 

Approving Officers have no mandate to monitor that risk, nor to forecast or respond to a landslide 

event. 

Approving Officers have the authority to ask for professional assessment of situations where they have 

reason to suspect a risk of landslide, looking for Indication that the IMd in question is safe for the use 

intended. However, they do not have criteria in statute as to what conditions define safe. In the 

absence of provincially accepted criteria various techniques are used by qualified professiona ls to 

address this Issue. The Approving Officers provide some guidance to qua lifted professional as to an 

acceptable level of risk (what is safe) by referring to: 

• past practice by Mo Tl of considering a probablllty of 1:475 of a property damage only event as a 
maximum acceptable rlsl<, and 

• Referring to case law that cited as unacceptable the risk of a catastrophic event that had a 

suggested probability of 1:10,000. 

For assessment methodology, the qualified professionals refer to the guidelines jointly developed by the 

Province and APEGBC and which are described elsewhere In this report. 

If a risk Is present on part of the land, It may require t he registration of a restrictive covenant against t he 

title which acknowledges the hazard and that prevents building in unsafe parts of the land to avoid the 

identified hazard risk. However, after a decision is made to approve a subdivision plan, neither the 

Approving Officer nor MOTi monit or long term compliance with such covenants. 

Where a dike or other works are proposed to mitigate or reduce a landslide or flooding risk, the 

Approving Officer will require a local government to agree to assuming responsibility for monitoring and 

malntena11ce of the worl<s in accordance w ith provincial policy and legislation. This includes requiring a 

long-term operat ion and maintenance plan for the mitigation structures be developed and implemented 

as a condition of subdivision approval. Usually FLNRO Water Stewardship staff will work informally with 
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local governments and proponents on the specifics of the long-term management of the structures and 

to establish the local government as the diking authority as regulated by the Dike Maintenance Act. 

Local Government Regulation and Planning 

There are a number of tools available to local governments which t hey can use to promote that future 

land uses that are planned and buildings which are constructed in a manner which take into 

consideration different natural hazards including landslides. 

1. Offlcial Community Plans (OCP) contain genera l land use policy statements and maps respecting 

restriction on the use of land that is subject to hazardous condltlons such as landslides. OCPs 

may also be used to designate development permit areas where measures are required to 

reduce t he risk to public safety and protect future developments from specific natural hazards. 

2. Bylaws and Development Permits specify and enable enforcement of measures and 

requirements for new development in designated areas to protect against hazards. Bylaws can 

be used to regulate parcel configurations, the density of the land use, siting and standards of 

buildings and structures. Development permits may be used to specify areas of land which may 

be subject to landslides or other natural hazards, and which should not be developed except In 

accordance with the conditions contained In the development permit. 

3. Subdivision approvals within municipal boundaries are coordinated by municipal governments 

similar to the Mo Tl Approving Officers' role In approving rura l subdivisions. In this capacity an 

Approving Officer may require an engineering report from the proponent certlfylng t hat the 

land may be safely used for the intended purpose. 

4. Restrictive covenants are used by local governments when a subdivider, developer or other 

proponent is required to register a restrictive covenant against the tit le of the property to 

establish conditions under which the property can be safely developed and/or to provide a 

waiver of liability in favour of a local government and/or the province for damages due to the 

natural hazard. 

BC ~uildlng Code Amendments for Slope Instability and Seismic Hazard Consideration 

Partially driven by the recommendations of the 2008 Coroner's Service " l<uttner" report, effective 

February 1, 2010, the BC Building Code was amended with the new additions of Sentence 4.1.8.16 (8) 

and Sentence 9.4.4.4 (2). With t he new changes: 

1) the consideration of potent ial for slope instability and its consequences at a building site 

becomes an explicit requirement In designs of structures and their foundations, and 

2) the seismic hazard probability level to be used in the consideration, particularly in assessment of 

seismic slope stabllity, will be as referenced in Subsection 1.1.3 of Division B of the BC Building 

Code, namely a 2%-in-50 year probability of exceedence. 
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As a result, the Geotechnical Slope Stability (Seismic) Regulation, B.C. Reg. 358/2006 was repealed. The 

companion Commentary on Geotechnical Slope Stability (Seismic) Regulation Issued by the Bu ild Ing and 

Safety Policy Branch In January 2007 was also withdrawn. As origina lly intended, the repealed B.C. Reg. 

358/2006 served as an interim provision for specifying a seismic hazard probability level to be used for 

slope assessments for building sites. That level was a 10%-in-50 year probability of exceedence. Copies 

of t he Minister's Orders amending the BC Building Code and repealing the Geotechnical Slope Stability 

(Seismic) Regulation are available on line at 

http://www.housing.gov.bc.ca/building/regs/codes/index.html (see Revision 7). 

Technical guidance on seismic slope assessment to the 2%-in-SO year seismic hazard probability level 

can be found in the document Guidelines for Legislated Landslide Assessments for Proposed Residential 

Development in British Columbia, published by the Association of Professlonal Engineers and 

Geoscientists of BC (see earlier section). 

Highway and Resource Road Design, Construction and Maintenance 

Mo Tl is responsible for the design, construction and maintenance of provlncial highway infrastructure. 

Specifically with respect to landslides Mo Tl is responsible for ensuring provincial highway infrastructure 

and public safety are protected from landslides by: 

• taking the steps to ensure slide risks are identified, assessed, mitigated or avoided during 

project design and construction, 

• monitoring and maintaining mitigation measures, monitoring risk factors and responding to 

events, and 

• If a previously unidentified, extensive natural hazard risk is discovered, advising relevant 

agencies such as a local government which can respond with appropriate land use controls. 

In FLNRO, Forest Service Roads and non-status resource roads are managed similartothe provincial 

highway network. The Engineering program is responsible for the management, prioritization and 

maintenance of roads and associated works, Including stream crossings and road drainage. 

Findings on New Subdivisions and Development: 

There are available mapping tools and knowledge about landslide hazards, and different provincial 

ministries have some policies in place which guide landslide hazard risk management for areas under 

their jurisdiction. However, the application of zoning, OCPs and bylaws by regional districts and many 

municipalities to address landslides is variable. 

Staff in provincial ministries, municipalities and regional districts possess varying levels of knowledge of 

landslide hazards. As well, many new hires must learn a substantial amount of information and policy in 

their course of their "on the job" training. Gaps likely exist in the ability of land officers, approving 
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officers, building inspectors, and local government authorizing and land use staff to fu lly consider the 

potential hazards. 

British Columbia shares the difficulty of managing development and resource use In landslide prone 

terrain with other jurisdictions In Europe, Japan, Australia, etc. Those countries also continuously assess 

and improve their landslide management tools. 

Recommendation 7: The Province should work with the Union of BC Municipalities and the 

Association of Professional Engineers and Geoscientists of BC to prepare a comprehensive training 

package for provincial and local government staff summarizing landslide hazard identification and what 

to do when hazards are identified. 

Recommendation 8: Land Officers involved in the disposition of Crown land and provincial approving 

officers snould receive training and policy direction in recognizing and managing landslides and related 

natural hazards. Local government development and land use staff should also receive their own 

training and policy direction on managing landslides. 

Recommendation 9: The Province should encourage local governments to enact bylaws and policies 

to guide development away from areas at r isk of landsl ides and to require the use of qualified 

professionals to assess the risk in hazard zones. 

PUBLIC EDUCATION ABOUT RISKS Of LANDSLIDES ANO RELATED HAZARDS 

In the aftermath of the Johnsons Landing landslide, a review of an email exchange between local 

residents indicated some familiarity but also mlich uncertainty about the warning signs of a potential 

landslide, imminent risk indicators and steps for notifying authorities and others of their concerns. 

Media coverage addressed and questioned what citizens should be looking out for with respect to 

landslides risks and who t hey should contact for guidance In regarding terrain stablllty concerns and In 

the event of an emergency. 

Public knowledge of natural hazards and early warning signs of increasing risk varies with different types 

of hazards. Hazards Involving little or no warning, and which occur infrequently In developed areas, 

such as landslides, appear to be most wanting. 

Highland and Bobrowsky (2008) state that "people living ln areas prone to fast-moving, deadly debris 

flows need Information on the likelihood of the hazard; for example, when it is most dangerous to be in 

the path of potential debris flows (such as during heavy rainstorms) and at what point to evacuate and 

(or) cease walking or driving in a hazardous area.11 

Emergency Management BC websites on Emergency Preparedness Information are a source of 

educational information and important links for numerous types of emergencies including: 
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• flooding 

• weather events 

• wildland fires 

• tsunamis 

• earthquakes 

• backcountry accidents 

• wildlife Interface 

• disease outbreaks 

• landslides 

• avalanches 

• HAZMAT and spil ls 

• volcanoes, and 

• drought. 

Several of these sites, including the flooding site, contain detailed and comprehensive reference 

information. By contrast the current website for landslides Is at present less thorough. 

However, there are a number of other sources of information on landslides which are published 

elsewhere. Available information includes both introductory and advanced technical handbooks, 

guidelines and other reference materials. These sources provide excellent reference Information on 

landslides which Is beyond the scope of this report. 

Recommendation 10: With regard to public education, the Province should undertake a review of 

available best practices, reference materials and websites Information used in other jurisdictions in the 

management of landslide risks. 

Recommendation 11: The Province should update Its websites on public education and information 

related to landslide risks, .awareness, mitigation, response and recovery, and undertal<e ongoing 

outreach activities to raise awareness and promote the use of these websites. 

EMERGENCY INCIDENT PREPAREDNESS 

Much of landslide preparedness work in British Columbia Involves risk assessment and Informed land 

use decision making. This work is done to reduce the risk of landslides affecting public safety and new 

development and infrastructure, and to reduce t he potential for proposed resource development and 

construction to affect pre-existing developments. 

An additional aspect of preparedness is response planning and preparing for when landslides actually 

occur. Preparing for the possibility of an emergency is a shared responsibility of Individuals and all levels 

of government. 
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All individuals should be aware of the landslide risks in their area and the early warning indicators of an 

escalating risk of an event occurring. To the extent practical they should also take measures to mitigate 

the exposure of their property to risks from landslides and ensure they are familiar with the appropriate 

actions to take should a landslide occur. 

At the local government level municlpallties and regional governments are required by law to prepare 

emergency plans and maintain an emergency management organization for all types of emergencies 

including landslides. This regulation is intended to ensure the safety of citizens when a situation 

escalates beyond the first responder level. 

At the provincial level multi-agency hazard plans for British Columbia are prepared and updated 

regularly by Emergency Management BC to ensure an effective response strategy is in place to address 

the many possible types of emergencies and disasters. These plans foster cooperation amongst the 

multiple organizations which are responsible for public safety, t he protection of infrastructure and 

property, and managing the aftermath of emergency events. 

As noted previously, landslides are most often triggered by surface and groundwater conditions 

changing, which are tied to precipitation patterns. The River Forecast Centre of FLNRO monitors 

streamflows, snowpacks and weather conditions across the province, models conditions to support 

flood forecasting and provides flood forecasts a 11d bulletins to provincial and other emergency response 

agencies as and when required. While this information is targeted to f lood hazards, the same climatic 

conditions w hich may result in flooding typically coincide with increased risk levels to landslide hazards. 

An example of specific landslide response planning is in the l<ootenays where a landslide response roster 

maintained and annually updated to ensure that landslides are responded to as efficiently as designed in 

preparedness plans set up for other hazards. That roster is discussed later In this report. 

MITIGATING RISKS OF LANDSLIDE HAZARDS TO EXISTING DEVELOPMENTS 

There are many communities where the risks oflandslides to existing communities are not realized until 

long after development has occurred. Where the newly assessed risk is determined to be unaccept able 

it may be most appropriate to relocate the development to a safer location. Unfortunately, in most 

cases relocation may be neither a practical nor economically viable option. In these situations 

consideration may be given to other mitigation options such as notification of those at risk, taking action 

to stabilize the potential initiation zone, constructing structural measures t o protect at risk communities 

or infrastructure, or developing and maintaining a prediction and early warning system. However, 

experience has found that the costs/benefits ratio for t he structural and early warning options can be 

prohibitive, making them economically viable only in densely developed areas. 
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Notlficatfon of Potential Landslide Risk 

There are situations where a terrain hazard assessment being undertaken for other purposes may 

indicate a previously unidentified risk of landslides to exist ing development. Two recent examples of 

where previously unidentifled risks were discovered are: 

• an assessment undertaken as part of a BC Timber Sale in the Cascade Bay area of Harrison Lake 

w hich identified a risk of slope lnstablllty to a number of existing Crowh leases for recreational 

lots, and 

• an assessment of a slope near t he Village of Lions Bay w hich found a previously unidentified 

gully on Crown land which could direct a debris flow towards several private residences. 

In both situations, regardless of fault or liability for any resulting landslide, as soon as the Province 

became aware of the risk there was a requirement under section 25 of t he Freedom of Information and 
Protection of Privacy Act to inform the at risk leaseholders and landowners of the possible risk. Failure 

to warn them of t he risk could result In the Province becoming liable for resulting damages in a landslide 

was to occur. 

Partially in response to the circumstances at Cascade Bay the FLNRO Lands Tenure Branch, in 

partnership with t he Ministry of Justice (JAG), has Initiated a Terrain Stability Gu idance Project to 

develop a new risk management policy around new, replacement and existing Land Act tenures in areas 

where a terrain stabi lity analysis has determined there is a high risk of landslide. 

Stabillzing the Initiation Zone 

For both new and established at risk developments, a review of upslope conditions and the nature of 

the landslide hazard may reveal that the most viable mitigative options may Include stabilization at 

initiation zones. For example, prescriptions can be developed to unload weight from certain areas 

and/or undertake other slope st abi lization measures such as groundwater dra inage as part of an overall 

solution. It is recognized that not all landslides are natural events; many can be triggered by resource 

development or other ground disturbances. Therefore, mitigative measures w hich reduce the impact of 

these disturbances in the potential Initiation zones such as upgrading road drainage can also be used to 

reduce landslide hazard. 

Structural Measures - Debris Flow Mitigation Structures 

Over the past four decades a number of debris flow mitigation structures have been constructed in BC. 

Most existing st ructures have been built to protect forestry resources and highways with relatively few 

structures built to protect residential development. The complexity of design has generally been related 

to the associated elements at risk. For example, the standard of design for works to protect a remote 

forestry road is considerably less t han the standard required for a major highway. The protection of 

residential developments has typically warranted the most complex design as well as the establishment 
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of arrangements for ongoing operation and maintenance. This review focuses on works designed to 

protect residential development. 

There are two general types of structures used to protect aga inst debris flows: 

• Deflection berms/channel Improvements deflect the flow, provide lateral constraint to the 

deposition area, and/or channelize the material further downstream where there may be less 

impact. A critical paramet er is the design flow rate. 

• Debris basins and barriers contain all or part of t he debris flaw material. A critica l parameter is 

the design volume. 

The Provincial Inspector of Dikes has designated several debris flow mitigation structu res protecting 

residential areas as "dikes" and these are regulated under the provincial Dike Maintenance Act {DMA). 

In t hese cases, local governments own the works, have legal access to the land where the works are 

located, complete annual inspections and fund ongoing operation and m aintenance. 

Current practices and issues associated with Implementing debris f low mitigation structures are best 

illustrated by a few examples: 

Port Alice 

Port Alice Is a small village of about 800 people on the northwest coast of Vancouver Island. After the 

town site experienced two damaging and life threatening debris flow events In 1973 and 1975, a system 

of deflection berms, totall ing 2.3 km in length was constructed by the BC Ministry of Environment for a 

cost of $0.25M (1976 dollars). The Vi llage owns and maintains the dikes as the Dli(lng Authority under 

the OMA. 

Over the last three decades, the berms have protected the town from a number of smaller events. 

However, in 2011 FLNRO staff noted potential problems with the geometry of the works and have 

recommended that the VIiiage complete a comprehensive debris flow assessment and dike safety 

review. 

Lions Bay 

Major debris basins were constructed by the then BC Ministry of Transi:iortation and Highways on three 

debris flow prone creeks (Charles, Harvey and Magnesia) in the vicinity of Lions Bay In the mid 1980's 

after debris flows occurred along this section of Highway 99. The cost of the debris basins (in 1986 

dollars) was $11 million. While the works were constructed primarily to protect Highway 99, the works 

also protect residential development. Maintenance costs are currently covered by the Ministry of 

Transportation and Infrastructure. Because these works are owned and maintained bv the Province, 

they have not been designated as dikes under the Dike Maintenance Act. 

Whistler {Whist ler Creek) 
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A debris barrier was constructed in the late 1990's as part of redevelopment of the "Gondola Base" area 

at Whist ler Mountain (now called "Whistler Creekside"). The st ructure is designed to retain a 1:2,500 

debris flow event with a design volume of more than 25,000 m3
, Including 12 tonne boulders moving at 

5 metres/second. The mass concrete structure is 16 m high and 34 m long and has a 12 m wide central 

passage furnished with a steel grlllage (see photo be:low). 

The barrier was required as a condition of subdivision approval at the time by the Ministry of 

Environment under the former Section 82 of the Land Title Act. The structure and related stream works 

have been designated as a dike under the OMA with the Resort Municipality of Whistler being t he Diking 

Authority responsible for operation and maintenance. A similar $3.8 million barrier was constructed on 

Fitzs immons Creek in 2009 to reduce the impact of a potential debris flood event. 

A debris barrier on Whistler Creek, Whistler, B.C., designed to retain 30000 m 3 of 
debris. 

Chllllwack River Valley, Baker Trails Trailer Park - Tank Creek and Guy Creek Works 

In January, 2002 a debris flow on Tank Creek narrowly missed destroying mobile homes in an existing 

157-home residential development. A subsequent hazard assessment determined that a number of the 

homes were at high risk from debris flows originating on both Tank and Guy Creeks. For a cost of 

approximately $0.25 million the province constructed a deflection berm on Tank Creek and a debris 

barrier on Guy Creek. The Tank Creek berm has subsequently performed well, protecting the homes 

from a debris flow event. 
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The design of these structures were reviewed and approved by FLNRO staff under the Dike Maintenance 

Act. As the Diking Authority, the Fraser Valley Regional District owns and maintains the works. The 

berms' design volumes and flows were estimated for a 1:500 year event. 

District of Squamish- Cheekye Fan 

The community of Brackendale and a section of Highway 99 are located on a large gently sloping debris 

flow fan of the Cheekye River, a tributary of the Squamish River. The debris flow hazard was first 

recognized in the early 1980's, and has resulted in a restriction of development in this area. There ls 

geological evidence that volcanic debris flows of up to several million cubic metres, sourced In the 

Cheekye headwaters, have reached the fan periodically during the past few thousand years. The largest 

of these flows covered the surface of the fan with deposits up to 5 m thick approximately 1100 years 

ago. 

Studies aiming at quantifying the debris flow hazard at this site in order to allow major residentia l 

development are continuing. Large debfls barriers and containment berms have been proposed to 

mitigate the risk. Outstanding issues Include tolerable risk limits, uncertainties in design parameters for 

the structural works and the high costs of maintenance and rehabilitation of the works after events 

occur. 

District of North Vancouver 

After a damaging debris flow event on Mackay Creek In 1995, the District of North Vancouver issued an 

overview study of debris flow hazards and risks In residential areas of the District, which was followed by 

a detailed study of the highest priority creeks and a quantitative risk assessment of those creeks. A 

debris flow barrier was constructed In 1996 at Mackay Creek to reduce risk to acceptable levels for 

adjacent residential properties. 

The District Is also constructing a debrls barrier (metal cable net anchored into rock) on Mosquito Creek. 

The $240,000 structure is estimated to cost $10,000 per year to maintain. Without the barrier, several 

homes would be subject to a higher than acceptable risk (defined in the District as a 1:10,000 chance of 

death of an Individual). 

Metro Vancouver is currently studying additional measures to reduce the potential impacts on 

development at the base of Grouse Mountain. New protective works are expected to cost several 

million dollars. 
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Prediction and early warning systems 

In densely popu lated areas where more well known landslide hazards exist, mostly In European and 

Asia n countries, highly technica l Instrumentation networks and real-time monitoring are utilized to help 

evacuate risk-prone areas prior to landslide events actually occu rring. There is a large range of 

Instrumentation that can be utilized on a slope, using one or a combination of groundwater and actual 

slope movement instruments. M ovements can be detected using antennas and radar type technology, 

lasers and optlcal Instruments, Inclinometers, GPS, e.xtensometers (stretched string, etc), or even 

manual measurements with tape rules. Many of these t echnologies are very expensive and have highly 

specific uses and applicability depending on each site and circumstance. More recent and future 

technological developments may well provide for more affordable and more widely useful application of 

this type of method of landslide hazard mitigation. These systems require Init ial studies and 

construction costs along with ongoing maintenance and staffing resources. At-ready emergency 

response protocols and staff would be required for actual triggering of early warning detection systems. 

The United Nations Environment Programme recently published a comprehensive document on the 

topic for numerous haz.ards, "Early Warning Systems, A State of the Art Analysis and Future Directions" 

(UNEP, 2012). As well, the Internationa l Consortium on Landslides and numerous geo-hazard 

conferences and organizations have written on the subject . 

Findings: 

Once an unacceptably high risk of debris flow hazard has been identified there are a number of potential 

Issues which may be associated with t he design, construction, maintenance and regulation of debris 

flow mitigation structures. These include: 

• High capital cost. 

• Lack of an adequate tax base in t he protected area to meet high maintenance costs and costs of 

rehabilitation in the case of major events. 

• Various design standards have been applied to historical mitigation works. There is a need to 

develop and adopt provincial standards, particularly where the works are Intended to protect new 

development. 

• The approval of residentia l development In debris flow hazard areas (Local Government Act and 

Land Title Act) may require an engineer's report certifying the land is "safe". However, this approval 

Is not necessarily linked to any requirements for structural mitigation works (Section 82 of the Land 

Title Act was repealed In 2003 ). Under the current model, the need for structural works may only 

become apparent after the development has been approved and after an event occurs that brings 

forward new information or changes the landscape for the future. 

• Regulation of ownership, operation and maintenance can be covered by the existing Dike 

Maintenance Act. However, the Act could be amended to include special provisions related to 

debris flow dikes. 
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• Orphan Works exist in several places In BC. As part of past emergency response and/or recovery 

work to historical debris flow events the province and other parties have funded or constructed 

non-standard works on numerous debris flow fans without setting up any ownership or 

maintenance arrangements. These orphan works currently represent a liability to the province and 

local governments. 

As well, there are instances where new dikes and berms are desired for flood and landslide protection 

however the cost and long term ownership issues malke for difficulty in constructing new worl<s. The 

separation of roles between the province and local governments are clear in that the Province provides 

advice and legislative approva ls while regional districts have the accountabllity to make assessments, 

fund and undertake necessary remedial works and monitor developing situations. 

Emergency Management BC 's Strat egic Business Services administers the Flood Protection Program 

which provides funding to assist with the design and construction costs for prescribed flood protection 

worl<s. Projects qualifying for financial assistance are identified through a review of applications 

submitted by local authorities. As the focus of the program is to support flood mitigative works on 

waterways, landslides and debris flows mitigation works do not fall within the mandate of the program 

and are not eligible for funding. 

Recommendation U: FLNRO should complete Its Terrain Stability Guidance Project to develop policies 

and other guidance materia l for staff working In Crown lands to ensure t hat terrain stability risks are 

managed on an appropriate basis. 

Recommendation 13: The Province should identify standards for landslide mitigation works design and 

maintenance, as well as consider legislative changes to enable regulation of ownership and operation of 

landslide protection works using the model used for regulating flood protection works under the Dike 

Maintenance Act. 

Recommendation 14: The Province and the Union of BC Municipalities shou ld explore new funding 

models to better facilitate the ownership of orphan landslide and flood mitigation structures, and the 

construction of new flood and landslide protective measures. 

EMERGENCY RESPONSE AND RECOVERY 

RESPONSE 

Communities in British Columbia can experience natural disasters such as landslides and debris flows 

throughout the year. Local governments often have critical local knowledge and expertise required to 

provide effective site level response and support for different emergencies. Therefore, legislation, 

regulations and program have been structured to support munlclpalities and regional districts in leading 
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the initial response to emergencies and disasters in their communities. In the event of a significant 

landslide or similar event the local government, as required by the Emergency Program Act, will typically 

Initiate a response through the activation of its emergency plan and directly controlling the resources 

under their j urisdiction for the purpose of emergency response and recovery. 

Where required, the BC Emergency Response Management System (BCE RMS) wlll be activated to 

coordinate provincial support to local governments upon request. BCERMS provides a consistent 

standard for Incident Command used by the Province. Many local government and other authorities 

also use BCERMS to guide their loca l emergency response efforts. Landsl ide emergehcy events response 

activities generally require cross-government provincial coordination and collaboration. Ensuring 

enhanced readiness and effective response activit ies require the assistance and participation of al l 

stakeholders including senior levels of government, local government and individuals. 

Emergency Management BC (EMBC) supports response activities by local authorities as per t he 

Emergency Program Act. EMBC response actions Include operation of the 24/7 Provincial Emergency 

Coordinatlon Centre (PECC) and activation of regional Provincial Regional Emergency Operations Centres 

(PREOCs) and the PECC. If several ministries are involved in an emergency response, EMBC will 

coordinate an Int egrated provincia l emergency management through the PREOCs and PECC. 

Provincial legislation provides the legal authority for ministries to engage in response activities. The 

Emergency Program Act details roles and responsibilities of the province, provides parameters for 

declaring local or provincial emergencies and the emergency powers a declaration provides. The 

Emergency Program Management Regulation details the responsibilities and authorities of provincial 

Ministers, ministries, programs, and government corporations and agencies. Other relevant legislation 

may also be applicable depending on the specif ic event. 

British Columbia's Comprehensive Emergency Management Plan (CEMP) aligns with the BC Emergency 

Response Management System (BCERMS). The CEMP (http://www.pep.bc.ca/hazard plans/All-

Hatard Plan.pdf ) or All-Hazard Plan provides a detailed outline of the operational structure and 

responsibllities for a Provincial coordinated all-hazard response. A coordinated provincial response may 

Include: 

• Subject matter (profess ional) experts; 

•Access to geographical information systems and mapping; 

• Aviation resources for reconnaissance, surveying and planning; and, 

•Provincial trained staff for deployment to assist local authorities. 

The Emergency Program Management Regulation and All Hazards Plan identify the Ministry of Justice 

(EMBC) as the technical lead for landslides other than those affecting highways. MOTi takes the lead for 

coordinating the response to landslides that affect a highway. FLNRO is the provincial ministry primarily 

responsible for responding to debris avalanche and debris flow events involving Crown land. 
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Coordinated Response Model Example - l(ootenay Boundary Landslide Response Model 

The smal ler munlcipallties and regional district governments in the Kootenay Boundary Region do not 

have sufficient in-house experts to assist w ith landslide hazard identification and response during an 

emergency. Consequently, FLNRO regional staff members are usually involved dlrectly and immediately 

with local governments in the response to all landslide events in the region wherever they occur. 

Due to the high frequency of landslides In the Kootenays, sometime in t he 1990's the Ministry of 

Environment regional Public Safety Section Head started organizing and maintaining a roster of landslide 

specialists with business and personal phone numbers to respond to landslide emergencies. As a 

consequence of organizational changes this function is now delivered by FLNRO. Landslide specialists 

are recruited from FLNRO, MOTi and occasionally a private consultant. At one time a Ministry of Energy, 

Mines and Natural Gas (MEMNG) geotechnical engineer was on the roster when the position was 

staffed in the l<ootenays. Each spring, landslide specialists along w ith flood assessors and flood 

observers are provided with training and refresher sessions/opportunities to become familiar and 

comfortable with the emergency response system Including the incident command system. The EMBC 

Emergency Manager and PECC response centers have access to this list of specialists via the Public 

Safety Section Head. The result ls a 24/7 response capability. 

Landslides, especially debris flows, often start in higher elevation Crown land managed by FLNRO and by 

forest licensees where logging is occurring. In the Kootenay Boundary Region, FLNRO has regional and 

district Landslide Standard Operating Procedures (SOP). The SOP provides direction to FLNRO and forest 

companies on how to report landslide events to reduce risk to people and property. The SOP identifies 

procedures to fol low when a landslide reaches private property or highways. It requires prompt 

notification to the EMBC emergency response system. 

Landslides often impact highway Infrastructure. During these events efforts are made to establish a 

joint response with MOTi and FLNRO specialists in the same helicopter or vehicle for t he initial 

reconnaissance trip. Sometimes the number of events and limited numbers of specialist s preclude this 

but when it happens it provides for a well organized and coordinated response. 

On occasion landsldes originate from mining properties or mine access roads. While there current ly Is 

no MEMNG specialist on the landslide roster t eam, this year experience was gained towards establishing 

a coordinated response with MEMNG through Inspectors of Mines and MEMNG geotechnical engineers 

who are stationed elsewhere in the province. 

The recent Johnsons Landing landslide provides an example on how the system works. The landslide 

occurred at approximately 10:37 am PDT on July 12, 2012. FLNRO staff received a call to investigate the 

site from the PREOC at 11:15 am. FLNRO staff were in a helicopter and on their way t o the site from 

Nelson a t 11:45 am, reaching Johnsons Landing at 12:20 pm. Upon arrival an Initial assessment of the 

area was made from the air. Staff landed at the site and provided a report to the promptly deployed 
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Regional District Incident Commander at 12:50 pm. The helicopter then became an immediate valuable 

asset to ferry RCM P and other emergency responders across and onto the slide. 

Similarly with the Fairmont Creek debris flow on Sunday, July 15, 2012, geotechnical and flooding 

specia lists from FLNRO and operational staff from Mo Tl responded to the scene by helicopter within two 

hours of the event. Once at the site staff viewed the site on the ground and collaborated on t he 

response with Regional District of East l<ootenay emergency response staff who had set up a temporary 

Emergency Operation Center at the Windermere Fire Hall. 

Findings: 

Initial media and public reaction to the Johnsons Landing landslide was t hat unlll<e with a medical 

emergency, citizens may not be sure about whom to call in the case of a natural hazard emergency. 

Some local governments may not have a 24-hour reporting number for public to utilize in the event of a 

landslide. 

fn the future, EMBC's 24 hour Emergency Coordination Centre (1·800·663-3456) may receive calls from 

t he general public reporting concerns (i.e. muddy waters, restricted flows, etc.) however, there is not a 

clearly defined or supported provincial escalation process to assess the public ca lls and to respond or 

follow up by local government or provincial government staff. 

The examination of the 2012 landslide events revealed that response and escalation Issues are similar 

and re lated to Recommendations 4 and 5 of the Testa linden Dam Failure Review. 

As part of a high functioning reporting and esca lation process, a quick reference llst or roster of key 

persons and contact numbers, with annual preparation meetings, has proven effective where Utilized. 

Recommendation 15: The provincial and loca l governments should update their websites and other 

Information media to ensure they provide clear guidance to the public on emergency phone numbers 

and purposes of each call centers. 

Recommendation 16: The Province, In collaboration with provincial ministries and local governments, 

should establish annually updated landslide and flood response rosters of trained persons in each 

region. 

RECOVERY 

Following Initial emergency response and the provision of search and rescue, and medical services to 

affected people at a site, provincial and local government emergency response staff collaborate to 

restore essential services, utilities and access. Typically, evacuat ion orders and declared states of 
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emergency are maintained and adjusted as appropriate. In some situations sustained provincial incident 

management operations and support activities may be required over the long term to support 

community recovery and mitigation. The damages and response fees from a landslide can be very 

expensive for citizens and governments. 

EMBCadmlnisters the Disaster Financial Assistance (DFA) Program which provides financial support to 

help Loca l Government Bodies and the private sector recover from disasters. The DFA program 

operates under the Emergency Program Act (the "Act") and the ensuing Compensation and Disaster 

Financial Assistance Regulation (the "Regulation" ). The DFA program Is obliged to provide compensation 

in compliance with this legislation. DFA eligibility criteria, as defined in the Act and the Regulation, have 

been applied consistently and fa irly throughout t he province since 1995. The Regulation can be found at 

http://www.bclaws.ca/EPLlbrarles/bclaws new/document/ID/freeside/10 124 95 

The Compensation and Disaster Financial Assistance Regulation details the financial assistance available 

to local government bodies and the private sector to help them respond to and recover from disasters. 

For large costly provincial disasters, the Province (through EMBC) may request federal cost-sharing 

under Public Safety Canada's Disaster Financial Assistance Arrangements (DFAA). If DFA Is approved, the 

Province can recover a portion of Its disaster response and recovery costs including costs incurred by 

other ministries. The federal government provides emergency assistance to provinces when requested 

and justified. 

CONCLUSION 

The fatal and damaging landslides in the interior of British Columbia in 2012 prompted this review of the 

most sign iflcant events to assess what factors contributed to the occurrence of the events, how they 

were responded to in early stages, how landslide hazard risks in BC are managed in general, and t o 

Identify any lessons that were learned. This review is structured around the four-pi llar approach to 

hazard management which consists of preparedness, mitigation, response and recovery. As with other 

natural hazards, it Is recognized that efforts made on landslide preparedness Wiii significantly reduce the 

pressure on the other three pillars of landslide hazard management. The review also recognized t he 

close ties between the management of and response t o landslide and flood risl<s and events. 

The review found that t he landslide atJohnsons Landing, especially in terms of Its magnitude and runout 

extents, was largely unpredictable, and that it was the first such incident to occur at this location in 

recorded history. In contrast, Fairmont Creek, Slcamous Creek and Hummingbird Creek had each 

experienced flooding and debris f low events in the past and were known hazard areas. 

Overall the responses to the events in 2012 were well handled due to established and practiced 

emergency response plans and organized networks of prepared persons in local and provincial 
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governments. However, the ability for t he province to maintain even it s current level of preparedness 

with in-house landslide specialists may be at risk. 

Climate change models indicate t hat BC's cl imate appears to be changing in a manner which has the 

potential to increase the f uture frequency of landslide and flood events. At the same tlme there is 

ongoing pressure for additional development to be approved in areas vulnerable to landslide hazards. 

Thls review recommends ways to Improve and expand hazard mapping and other Information, along 

with enhancing Its accessibility and application by land use planners, developers and government 

decision makers. 

Given the rapid onset of landslides and their general lack of advance warning, increasing public 

understanding and awareness of landslide hazards is an important step in avoiding activities which may 

Increase the hazard and in reducing the number of activities which take place in hazard areas during 

risky times. The report contains recommendations to Increase public education and awareness of 

landslides. 

Some established communities are located in hazard areas w here there are old mitigation dikes and 

berms which were constructed to protect t he community. Often these works were built to an unknown 

standard and have been poorly or Inconsistent ly maintained over time. In other communities It may be 

desirable to construct new and expensive landslide and flood mitigation structures but they are often 

too difficult for t he local governments to fund, operate and maintain. Recommendations are made to 

standardize the design and construction of mit igative works1 supplement exist ing flood protection 

regulations to enable them to be used to regulate landslide mitigation works, and to explore funding 

models that would better enable the construction and operation of protective works. 

Landslide and flood emergency response can protect people and Infrastructure best when communities 

are fu lly prepared and coordinated regionally. Recommendations are made to ensure all areas of the 

province are opt imally ready to respond w hen a landslide emergency occurs. 

Finally It ls recomniended that incorporating the find lngs of this review Into the mandate of t he existing 

cross ministry Landslide Policy and Mitigation Working Group would help to assess, prioritize and 

implement these recommendat ions appropriately and efficiently. 
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APPENDIX A - SUMMARY OF RECOMMENDATIONS FROM THE CORONER'S 

REPORT INTO THE DEATH OF ELIZA WING MUN KUTTNER (2008) 

The BC Coroners Service completed its report in 2008 into the death of Eliza Wing Mun Kuttner who was 

killed In a landslide on January 19, 2005 In North Vancouver. The report contained twelve 

recommendations, nine of w hich were directed at the Province. The following is a verbatim summary of 

the Coroner's recommendations. 

Coroner's Recommendations 

1. That the Province of British Columbia develop a comprehensive Landslide Hazard Management 

Strategy focused on prevention and mitigation of risk. 

2. That the Province of British Columbia, with input from local government s, coordinate the 

development of provincial Landslide Safety Levels for proposed and exist ing residential developments. 

3. That the Province of British Columbia consider establishing a legislated provincial standard for 

how landslide assessments for existing and proposed residentia l development should be conducted, by 

referencing Association of Professional Engineers and Geosclentist s of British Columbia (APEGBC) 

Guidelines for Legislated Landslide Assessments for Pmposed Resident/al Development, In pertinent 

regulations. 

4. That the Province of British Columbia coordinate the development of a provincial guideline to 

assist local governments in recognizing when an assessment of landslide risk should be carried out. 

5. That the Province of British Columbia coordinate the development and administration of 

provincially standardized training and education for approving officers, building Inspectors, local 

government planners and councils, In identificat ion of landslide hazard and risk, and Interpretation of 

risk assessments prepared by qualified professionals. 

6. That the Province of British Columbia work Jointly with local governments to develop an Internet 

based data bank w hich would allow for depositing, storage, universal access, retrieval and effective use 

of landslide hazard and risk information, In order to facilitate Informed decision-making and effective 

risk management by all stakeholders, including regulatory bodies, qualified professiona ls, property 

owners and the public. 

7, That the Province of British Columbia provide leadership and work jointly with local 

governments towards the development of a strat egy for prioritizing, collection, storage and use of 

landslide hazard information. 
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8. That the Province of British Columbia create an inter-ministry technical working group tasked 

with overseeing the implementation of recommendations arising out of this report. 

9. That the Union of British Columbia Municlpallties, and its members, consider developing a 

framework through which external qualified pro fessionals are retained to examine local governments' 

internal procedures for reviewing landsllde assessment reports, evaluating landslide risk and 

implementing mitigation measures In a timely manner. 

10, That the Union of British Columbia Munlcipa llties create a forum where loca l governments can 

share their knowledge and lessons learned with respect to natural hazard risk prevention and 

mitigation. 

11. That the Province of British Columbia, jointly with the Association of Professional Engineers and 

Geoscientists of British Columbia, consider the development of a provincial standard, referenced In 

legislation, w hich sets specific qualification requirements for professionals conducting landslide analyses 

and assessments. A consideration should also be given to the development of a professional 

designation for qualified professionals conducting landslide analyses and assessments. 

12. While It is acknowledged that members of the Association of Professional Engineers and 

Geosclentists of British Columbia are obligated, In re lation to work they carry out on behalf of their 

clients, to keep confidential all information unless disclosure is authorized by the cl ients, the APEGBC 

may wish to encourage its members, and their clients, to support init iatives related to the development 

and maintenance of a publicly access Ible landslide Information data bank. 
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APPENDIX B - SUMMARY OF RECOMMENDATIONS FROM THE REVIEW OF THE 

TESTALINDEN DAM FAILURE (2010} 

Following the failure of Testa linden Dam south of Oliver In June 2012, David Morhart, Deputy Solicitor 

General, conducted an independent review of the circumstances surrounding the fallure of and the BC's 

Dam Safety Program. In his report released in July 2012 Mr. Morhart made 12 recommendations 

directed to various provincial ministries. The following Is a full llst of his recommendations. 

Recommendation 1: The Ministry of Environment should review its record keeping practices to ensure 

that proper and complete files are kept and archived on all dam structures, including details of water 

licenses, transfers of appurtenancy, and correspondence with owners. 

Recommendation 2: The M inistry of Environment should review the historical warnings about the 

conditions of the dam and any actions taken to hold the owner(s) responsible for inspection and 

maintenance as per the Dam Safety Regulation, 

Recommendation 3: The Ministry of Environment should consider implementing slgnage at all dam 

locations to make It clear to passersby that the structure is a dam and to provide direction and 

emergency contact information, Including contact i11formatlon for the owner, to report ahy Issues 

observed. 

Recommendation 4: Emergency Management BC should work with local officials, local and provlnclal 

policing and first response agencies, and ministry provincial and regional offices to provide a quick 

reference list of key contact numbers, focused on ''who to call when," and develop an alert matrix to 

quickly escalate priority issues. 

Recommendation 5: The Ministries of Forests and Range and Environment should review their call-out 

procedures to ensure that compliance and enforcement personnel are familiar with the issues escalation 

process noted in Recommendation 4, as they are often among the first individuals aware of local 

Incidents. 

Recommendation 6: Building on Recommendation 4, Emergency Management BC should continue to 

coordinate awareness and encourage training and orientation for local emergency response agencies, 

local government officials, and provincial government agency personnel to prepare for emergency 

situations. Local governments are required to have emergency plans in place, per the Emergency 

Program Act, and Emergency Management BC can assist with the development and testing of these 

plans. 

Recommendation 7: The Ministry of Environment should review and update the Dam Safety Regulation 

to incorporate best practices on dam safety found In other jurisdictions. This would include but is not 
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limited to an update to the downstream consequence classification t ool, inclusion of a requirement for 

the owner to develop an emergency preparedness plan for t he structure, and consideration of further 

regulatory oversight to enhance enforcement and compliance. 

Recommendation 8: The Ministry of Environment should complete its Rapid Dam Assessment Proj ect 

and update its consequence rating syst em accordingly to determine priority areas in need of at tention. 

The Ministry should develop an action plan to address those areas needing immediate attention and 

schedule appropriate follow up based on overall findings. 

Recommendation 9: The Ministry of Environment should continue Its work In building a robust Dam 

Registry, with linkages through to geo-reference tools which can be util ized by other partners. 

Recommendation 10: The Ministries of Environment and Transportation and Infrastructure need to 

continue to ensure effective communicat ion and Information sharing of community development and 

transportation init iatives as they relate to downstream consequences for dam safety. This Information 

should be periodically reviewed on a priority basis to account for any historical changes. In addition, 

other ministries such as Forests and Range and Energy Mines and Petroleum Resources should be linked 

In to any consequence review initiatives to ensure that all appropriate information is considered on a 

periodic basis. 

Recommendation 11: The Ministry of Environment should ensure the consistent oversight and 

regulation of all water related structures, Including licensing, standards and risk assessments, by working 

with the ministries that have the legislative authority. The Ministry should build a business case to 

rationalize the types of resources and supports that would be needed to accomplish this 

recommendation. 

Recommendation 12: The Ministry of Environment should continue and expand its education and 

awareness Initiatives with dam owners and should work with Emergency Management BC to ensure that 

dam owners are working directly with local government oHicials in tying together t heir emergency 

preparedness and response plans. In addition, the Ministry of Environment should publish an annual 

Dam Safety Program report on its public website for the information of t he public. 
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APPENDIX C - PACIFIC CLIMATE IMPACTS CONSORTIUM - CLIMATE CHANGE 
TECHNICAL SUMMARY 

Arelia T. Werner, Hydrologist. September ih 2012 

Frequency and Severit y of Triggering Weather Events 

Hydro-climate Induced terrain stability events can be triggered by extreme precipitation, snowmelt, 

rain-on-snow and peak streamflow. The frequency and severity of these hydro-dimat lc events may be 

lncreasing with climate change and wlth t hem t he risk of terrain inst ability. Several studies have not ed 

increases In the magnitude and frequency of heavy precipitation in BC and the Pacific Northwest over 

the second half of the past century. Both global and higher resolution regional cl imate models project 

future increases In the intensity and frequency of extreme precipitation events. When rain fal ls on a pre· 

existing snowpack, large flood events, known as rain-on-snow (ROS) events can result. These events 

have been Increasing at high elevations and decreasing at low elevations in the Western United States. 

Peak streamflow has been occurring earlier and has decreased in magnitude for many, primarily 

snowmelt-driven, rivers in BC over the last few decades. This trend Is projected to continue wit h future 

warming. 

Background 

Extreme Precipitat ion 

Trends in extreme precipltatlon are subject to inter-annual and inter-decadal variability (Trenberth et al., 

2007}. Nevertheless, there is evidence for a global trend of Increasing extreme precipitat ion (M in et al., 

2011; Trenberth et a/., 2007). In areas where total accumulation remains constant or even decreases, 

changes in frequency of heavy events can stil l occur (Trenberth et al., 2007). For example, the frequency 

of heavy precipitation events in south-western Canada showed Increasing t rend from 1950 to 1995, 

even though total accumulation had a slight negative t rend (Stone et al., 2000). Significant increases In 

heavy rainfall events occurred during M ay, June and Jru ly over t his period (Stone et al., 2000). In BC 

sout h of 55 °N, from 1910 to 2001, there is evidence of a trend in increasing heavy precipitation 

(Groisman et al., 2005}. Stations In southern BC show significant Increases in two extreme indices: (1) 

the highest annual S·day precipitation accumulation, and (2) the number of very wet days annually (t he 

number of days with precipita tion greater than the 95111 percentile) over 1950-2003 and 1900-2003 

(Vincent and Mekls, 2006). There is a projected increase in t he magnitude and frequency of the 20-year 

return value annual maximum precipitation, P20, in BC for 2046-2065 and 2081-2100 versus 1981-2000 

with t he possible exception of south-east ern BC (Kharin et al., 2007; IPCC, 2012). The Intergovernmental 

Panel on Climate Change (IPCC) Special Report on Managing the Risks of Extreme Events and Disast ers 

to Advance Climate Change Adaptation (SREX) report (IPCC, 2012) stat es that based on Global Climate 

Model (GCM) projections there is high confidence that there will be a likely Increase in heavy 

precipitation days (when precipitation is greater t han the 95th percenti le) and heavy precipitation 
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contribution (when the fraction from precipitation is greater than the 95th percentile). Work w ith 

Regional Climate Models (RCMs) In the Columbia River Basin (Murdock and Sobie, 2012) and Georgia 

Basin (Murdock et al., 2012) supports these findings. 

Rain-on-Snow 

The severity of rain-on-snow (ROS) events depends on the magnitude of precipitation, t he ratio of 

rainfall versus snowfall, the elevation of t he freezing level, and the volume and areal extent of the 

snow1:iack (McCabe et al., 2007). There has been a trend towards more precipitation falling as rain 

instead of snow over 1949 to1004 in response to wa·rmlng across the western United States (Knowles et 

al., 2006). Our understanding of historical trends In ROS events in the region are based primarily on 

studies in US Pacific Northwest. They show a trend of increasing numbers of ROS events at high 

elevation and decreasing numbers of ROS events at low elevations; however, there Is some regional 

va riability (McCabe et al., 2007). Changes In ROS events are correlated w ith changes in temperature. 

Generally, the number of ROS events has decreased with increasing temperature due to reduction in 

snow and thereby the reduced opportunity for ROS. However, the correlation decreases w ith Increasing 

elevation because higher elevations are still cold enough to maintain snow in spite of temperature 

Increases (McCabe et al., 2007). April 151 showpack volume decreased for the majority of snow 

monitoring sites in BC over the longer term (1951-2007) and responses were mixed for the more recent 

1978-2007 period, suggesting that there is strong decadal-to-decade variability (Rodenhuis et al., 2009). 

Peak Stream/low 

Stream flow in BC can be rainfa ll, snowmelt, rainfall/snowmelt or snowmeit/glaclal-driven. Peak-flow 

events occur during different times of the year in each regime; e.g., In winter In rainfall-driven regimes 

and in spring/summer in snowmelt-drlven regimes. These peak-flow events often contribute to flood 

risk. Under climate warming, where less precipitation accumulates over winter as snow, spring peak­

flow volumes generally decrease and occur earlier. For the most part, negative trends In annual 

maximum dally flow, or peak-flow, have been observed for BC over the last 30-50 years of the 20111 

century, especially in the south (Zhong et al. 2001; Cunderllck and Ouarda, 2009). The date of annual 

ma><imum dally mean streamflow has trended to earlier in the season on average over this time (Zhang 

et al. 2001). In a 2009 update to Zhang et al.'s (2001) analysis, Rodenhuis et al. {2009) found that 

average dally maximum streamflow decreased for the majority of rainfa ll-dominated streams on the 

South Coast and was mixed (-8% to 23%) for rainfal l/snowmelt-dominated regimes in the same region 

over 1976-2005. In snowmelt-dominated regimes in the Okanagan and Columbia River basin, daily 

maximum streamflow decreased and increased, respectively. In snowmelt/glaclal-driven regimes 

maximum annual daily streamflow decreased in regions with less glacier cover and Increased in those 

with more glacial cover (Rodenhuis et al., 2009). Changes in snow pack accumulation are resulting In 

earlier spring peak-flow in the Ol<anagan region (Pike et al. 2010). In the Fraser and Columbia t he 

snowmelt/glaclal systems show increased peak-flows and lower recessional flows, perhaps because they 

are transitioning from glacier-dominated regime towards snow-dominated regimes with an earlier 
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freshet and faster recessional period (Pike et al. 2010). Flood risk has also been affected by climate 

variability associated with the Pacific Decadal Oscillation (PDQ) and the El Nino Southern Oscillation 

(ENSO) over the 20111 century and ls particularly high w hen ENSO and PDQ are in phase (Hamlet and 

Lettenmaier, 2007). Also, Jefferson et al. (2011) found that a key control on flooding in maritime 

mountainous regions in the Pacific Northwest Is the amount of watershed susceptible to rain-on-snow 

events. Where warming increases the percent of watershed impacted by rain-on-snow events, flood 

magnitude has increased, but where warming has decreased the percent of watershed Impacted by 

rain-on-snow, flood magnitude has decreased. 

Average peak-flows in the Fraser River at Hope are projected to decrease, while average annual f lows 

are projected to increase modestly for the 2070-2099 period (Morrison et ol. 2002). Hydrologic 

projections throughout the Fraser River basin suggest t hat mean annual peak discharge will decrease by 

mid-century (Shrestha et al. 2012). Loukas et al. (2002.) found that the magnitude of annual maximum 

flood peaks will be significantly reduced in the llleclllewaet River in the Columbia basin due to 

precipitation falling more as rain than snow, snowpac.k decreasing and snowmelt occurring earller in the 

season. In the snowmelt/glacial-driven Columbia above Donald, peak-flows are projected to occur In 

June instead of July and are projected to not increase (Burger et al. 2011). In a study by Soble et al. (In 

prep.), peak-flows in the majority of sub-basins In the Columbia, including the Columbia above Donald, 

are projected to increase in the 2020s, 2050s and 2080s. Observational data, GCMs, downscaling 

technique, hydrologic model and representation of glaciers differ between t hese two studies. Thus, 

diverging projections in peak-flow are related to the different methodologies applied. Increased 

magnitude and more numerous storm events are projected to result In Increasingly frequent and larger 

storm-driven streamflow (including peaks) in the w inter, in rain-dominated regimes in BC (Pike et al. 

2010). 

Uncertainties 

The statistical evaluation of changes In extremes, such as t rend, is difficult. This is due to challenges In 

securing datasets long enough for the analysis of these rare events, especially in the case of extreme 

precipitation. Projecting fUture changes to extreme precipi tation becomes difficult when t ranslating the 

change In precipitation modelled at the coarse-scale, such as several 100 ktn a side per grid cel l In a GCM 

or ""50km a side per grid cell in an RCM, to the local-sca le where land-slides and debris flows may be 

t riggered. However, while proj ections of increased frequency and severity of extreme precipitation 

differ quant itatively between different climate models, qualitat ively results are in agreement. Capturing 

and classifying rain-on-snow events can be highly uncertain In cotnple~ topography with a spa rse station 

network. Physically-based models run at high-resolution are t herefore requlred to investigate future 

projections of changes in ROS events. Such work is limited by the computational expense of running 

these models and the paucity of observat ional snow data. Lastly, changes in peak-flows depend 1Jpon 

the nature of the river basin, lead ing to a diverse response over large regions like BC. However, the 

majority of basins in BC are snowmelt-driven and have shown decreasing trends in peak-flow. Projected 
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changes to peak-flow, especially in glaciated basins, are sensitive to calibration approach, observational 

data, the selected GCMs, downscaling technlque, hydrologic model and the representation of glaciers. 
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