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Request for Proposals 
 

Integrated Hydrogeomorphic Assessment – Seton Portage 

 
Issue date: July 24, 2017 
 
Closing Time: 4:00 PM, Monday, August 14, 2017 
 
 
REGIONAL DISTRICT CONTACT PERSON: All enquiries related to this Request for Proposals (RFP), including any 
requests for information and clarification, are to be directed, in writing, to the following person who will respond if time 
permits. Information obtained from any other source is not official and should not be relied upon. Enquiries and any 
responses will be recorded and may be distributed to all Proponents at the Regional District’s option. 
 

Ryan Wainwright, Emergency Program Manager 
Squamish-Lillooet Regional District 

Box 219, Pemberton, BC 
V0N 2L0 

e-mail: rwainwright@slrd.bc.ca 
 

 
DELIVERY OF PROPOSALS: 

 
 
Proposals may be sent by courier, mail, or e-mail.  Proposals are to be submitted to the Closing Location as follows: 
 
Squamish-Lillooet Regional District  
Box 219, 1350 Aster Street 
Pemberton, B.C.  V0N 2L0 
Attention: Ryan Wainwright, Emergency Program Manager 
 
(the “Closing Location”) 
 
OR (PREFERRED) 
 
info@slrd.bc.ca with cc to: rwainwright@slrd.bc,ca 
 
Receipt of proposals will be confirmed through use of a receipt confirmation form (see Appendix D). Electronic 
submissions are strongly encouraged. 
 
 
PROPONENTS’ MEETING: 

 
A Proponents’ meeting will be held on:  
 
 
NO MEETING WILL BE HELD. 

Note: Minutes of the meeting will be distributed to those Proponents who have 
returned the Receipt Confirmation Form. Attendance is optional. Oral questions 
will be allowed at the Proponents’ meeting. However, questions of a complex 
nature, or questions where the Proponent requires anonymity, should be 
forwarded in writing, prior to the meeting, to the Contact person designated 
above. 

 

mailto:rwainwright@slrd.bc.ca
mailto:info@slrd.bc.ca
mailto:rwainwright@slrd.bc,ca
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PROPONENT SECTION: 

 
For hard-copy proposals, a person authorized to sign on behalf of the Proponent must complete and sign the 
Proponent Section (below), leaving the rest of this page otherwise unaltered, submitted as part of the proposal. The 
originally signed copy of this page must be mailed or otherwise delivered to the Closing Location, but may be received 
after the Closing Time, provided a copy has been received by the Regional District via email by the Closing Time.  
 

Squamish-Lillooet Regional District 
Request for Proposals 

 
Integrated Hydrogeomorphic Assessment– Seton Portage 

 
 
The enclosed proposal is submitted in response to the above-referenced Request for Proposals, including any 
addenda.  Through submission of this proposal we agree to all of the terms and conditions of the Request for 
Proposals and agree that any inconsistent provisions in our proposal will be as if not written and do not exist.  
We have carefully read and examined the Request for Proposals, including the Definitions and Administrative 
Requirements Section, and have conducted such other investigations as were prudent and reasonable in 
preparing the proposal.  We agree to be bound by statements and representations made in our proposal. 
 

Signature of Authorized Representative: Legal Name of Proponent (and Doing Business As Name, if 
applicable): 

Printed Name of Authorized Representative: Address of Proponent: 
 
 
 
 

Title: 

Date: 
 
 

Authorized Representative phone, fax or email address (if 
available): 
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A. DEFINITIONS AND ADMINISTRATIVE REQUIREMENTS 

 
1. Definitions 
 Throughout this Request for Proposals, the following 

definitions apply: 
 
a)  “Contract” means the written agreement resulting from 

this Request for Proposals executed by the Regional 
District and the Contractor; 

b) “Consultant” means the successful Proponent to this 
Request for Proposals who enters into a written Contract 
with the Regional District; 

c) “must”, or “mandatory” means a requirement that must 
be met in order for a proposal to receive consideration;  

d) “Proponent” means an individual or a company that 
submits, or intends to submit, a proposal in response to 
this Request for Proposals; 

e) “Regional District” or “SLRD” means the Squamish-
Lillooet Regional District; 

f) “Request for Proposals” or “RFP” means the process 
described in this document; and 

g) “should” or “desirable” means a requirement having a 
significant degree of importance to the objectives of the 
Request for Proposals. 

 
2. Terms and Conditions 

The following terms and conditions will apply to this Request for 
Proposals.  Submission of a proposal in response to this Request 
for Proposals indicates acceptance of all the terms that follow and 
that are included in any addenda issued by the Regional District.  
Provisions in proposals that contradict any of the terms of this 
Request for Proposals will be as if not written and do not exist. 
 
3. Additional Information Regarding the 

Request for Proposals 
Proponents are advised to fill out and return the attached Receipt 
Confirmation Form attached to this RFP as Appendix A.  This form 
may be delivered by fax or email and will facilitate the further receipt 
by the Proponent of Addenda to the RFP, if any. 
 
4. Late Proposals 
Proposals will be marked with their receipt time at the closing 
location.  Only complete proposals received and marked before 
closing time will be considered to have been received on time. Late 
proposals may not be accepted and may be returned to the 
Proponent. In the event of a dispute, the proposal receipt time as 
recorded at the closing location shall prevail whether accurate or 
not. Proponents are strongly advised to verify receipt of their 
Proposal by the SLRD prior to the Closing Time.  
 
5. Eligibility 
a) Proposals may not be evaluated if the Proponent’s 

current or past corporate or other interests may, in the 
Regional District’s opinion, give rise to a conflict of 
interest in connection with the project described in this 
Request for Proposals.  If a Proponent is in doubt as to 
whether there might be a conflict of interest, the 
Proponent should consult with the Regional District 
Contact Person listed on page 1 prior to submitting a 
proposal. 

b) Proposals from not-for-profit agencies will be evaluated 
against the same criteria as those received from any 
other Proponents. 

 
 

6. Evaluation  
Evaluation of proposals will be by the Regional District but may include 
contractors and consultants.  All personnel will be bound by the same 
standards of confidentiality.  The Regional District’s intent is to enter into 
a Contract with the Proponent who has the highest overall ranking.  
 
7. Negotiation Delay 
If a written Contract cannot be negotiated within fourteen days of 
notification of the successful Proponent, the Regional District may, at its 
sole discretion at any time thereafter, terminate negotiations with that 
Proponent and either negotiate a Contract with the next qualified 
Proponent or choose to reissue the RFP or terminate the Request for 
Proposals process and not enter into a Contract with any of the 
Proponents. 
 
8. Debriefing 
At the conclusion of the Request for Proposals process, all Proponents 
will be notified.  Unsuccessful Proponents may request a debriefing with 
the Regional District, which may, at the SLRD’s option, be conducted 
via telephone or email. 
 
9. Alternative Solutions 
If alternative solutions are offered, the Proponent should consult with the 
Regional District Contact Person on page 1 prior to submitting the 
proposal. 
 
10. Changes to Proposals 
By submission of a clear and detailed written notice, the Proponent may 
amend or withdraw its proposal prior to the closing date and time.  Upon 
closing time, all proposals become irrevocable.  The Proponent will not 
change the wording of its proposal after closing and no words or 
comments will be added to the proposal unless requested by the 
Regional District for purposes of clarification. 
 
11. Proponents’ Expenses 
Proponents are solely responsible for their own expenses in preparing a 
proposal and for subsequent negotiations with the Regional District, if 
any. Regardless of whether or not the Regional District elects to reject 
all proposals, the Regional District will not be liable to any Proponent for 
any claims, whether for costs or damages incurred by the Proponent in 
preparing the proposal, loss of anticipated profit in connection with any 
final Contract, or any other cause of action whatsoever. 
 
12. Limitation of Damages 
Further to the preceding paragraph, the Proponent, by submitting a 
proposal, agrees that it has no cause of action, for any reason 
whatsoever, relating to the Contract or in respect of the competitive 
process, in excess of an amount equivalent to the reasonable costs 
incurred by the Proponent in preparing its proposal and the Proponent, 
by submitting a proposal, waives any claim for loss of profits if no 
Contract is made with the Proponent. 
 
13. Proposal Validity 
Proposals will be open for acceptance for at least 90 days after the 
closing date. The accuracy and completeness of proposals shall be the 
sole responsibility of each proponent and any errors or omissions shall 
be corrected at the Proponent’s expense. 
 
14. Firm Pricing 
Prices will be firm for the entire Contract period unless this Request for 
Proposals specifically states otherwise. 
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15. Currency and Taxes 
Prices quoted are to be: 
a) in Canadian dollars; 
b) inclusive of all fees;  
c) exclusive of disbursements, for which a detailed estimate 

shall be provided by the Proponent; and 
d) exclusive of applicable taxes. 
 
16. Completeness of Proposal 
By submission of a proposal the Proponent warrants that, if this 
Request for Proposals is to design, create or provide a system or 
manage a program, all components required to run the system or 
manage the program have been identified in the proposal or will be 
provided by the Consultant at no charge. 
 
17. Subcontracting 
a) Using a subcontractor (who should be clearly identified 

in the proposal) may be acceptable.  This includes a joint 
submission by two Proponents having no formal 
corporate links.  However, in this case, one of these 
Proponents must be prepared to take overall 
responsibility for successful performance of the Contract 
and this should be clearly defined in the proposal. 

b) Subcontracting to any firm or individual whose current or 
past corporate or other interests may, in the Regional 
District’s opinion, give rise to a conflict of interest in 
connection with the project or program described in this 
Request for Proposals may not be permitted.  This 
includes, but is not limited to, any firm or individual 
involved in the preparation of this Request for Proposals.  
If a Proponent is in doubt as to whether a proposed 
subcontractor gives rise to a conflict of interest, the 
Proponent should consult with the Government Contact 
Person listed on page 1 prior to submitting a proposal. 

c) Where applicable, the names of approved sub-
contractors listed in the proposal will be included in the 
Contract.  No additional subcontractors will be added, 
nor other changes made, to this list in the Contract 
without the written consent of the Regional District. 

18. Acceptance of Proposals 
a) This Request for Proposals should not be construed as 

an agreement to purchase goods or services.  The 
Regional District is not bound to enter into a Contract 
with the Proponent who submits the lowest priced 
proposal or with any Proponent.  Proposals will be 
assessed in light of the evaluation criteria.  The Regional 
District will be under no obligation to receive further 
information, whether written or oral, from any Proponent. 

b) Neither acceptance of a proposal nor execution of a 
Contract will constitute approval of any activity or 
development contemplated in any proposal that requires 
any approval, permit or license pursuant to any federal, 
provincial, regional district or municipal statute, 
regulation or by-law. 

 
19. Definition of Contract 
Notice in writing to a Proponent that it has been identified as the 
successful Proponent and the subsequent full execution of a 
written Contract will constitute a Contract for the goods or services, 
and no Proponent will acquire any legal or equitable rights or 
privileges relative to the goods or services until the occurrence of 
both such events. 
 
20. Contract 
By submission of a proposal, the Proponent agrees that should its 
proposal be successful the Proponent will enter into a Contract with 
the Regional District in substantially the terms set out in Appendix 
C. 
 

21. Liability for Errors 
While the Regional District has used considerable efforts to ensure 
information in this Request for Proposals is accurate, the information 
contained in this Request for Proposals is supplied solely as a guideline 
for Proponents.  The information is not guaranteed or warranted to be 
accurate by the Regional District, nor is it necessarily comprehensive or 
exhaustive.  Nothing in this Request for Proposals is intended to relieve 
Proponents from forming their own opinions and conclusions with 
respect to the matters addressed in this Request for Proposals. 
 
22. Modification of Terms 
The Regional District reserves the right to modify the terms of this 
Request for Proposals at any time in its sole discretion.  This includes 
the right to cancel or re-issue this Request for Proposals at any time 
prior to entering into a Contract with the successful Proponent. 
 
23. Ownership of Proposals 
All proposals submitted to the Regional District become the property of 
the Regional District.  They will be received and held in confidence by 
the Regional District and the steering committee, subject to the 
provisions of the Freedom of Information and Protection of Privacy Act 
and this Request for Proposals. 
 
24. Use of Request for Proposals 
Any portion of this document, or any information supplied by the 
Regional District in relation to this Request for Proposals may not be 
used or disclosed, for any purpose other than for the submission of 
proposals.  Without limiting the generality of the foregoing, by 
submission of a proposal, the Proponent agrees to hold in 
confidence all information supplied by the Regional District in 
relation to this Request for Proposals. 
 
25. Reciprocity 
The Regional District may consider and evaluate any proposals from 
other jurisdictions on the same basis that the government purchasing 
authorities in those jurisdictions would treat a similar proposal from a 
British Columbia supplier. 
 
26. No Lobbying 
Proponents must not attempt to communicate directly or indirectly with 
any employee, contractor or representative of the Regional District, 
including the members of the evaluation team and any elected officials 
of the Regional District, or with members of the public or the media, 
about the project described in this Request for Proposals or otherwise 
in respect of the Request for Proposals, other than as expressly directed 
or permitted by the Regional District herein or otherwise. 
 
27. Collection and Use of Personal Information 
Proponents are solely responsible for familiarizing themselves, and 
ensuring that they comply, with the laws applicable to the collection and 
dissemination of information, including resumes and other personal 
information concerning employees and employees of any 
subcontractors.  If this RFP requires Proponents to provide the Regional 
District with personal information of employees or subcontractors who 
have been included as resources in response to this RFP, Proponents 
will ensure that they have obtained written consent from each of those 
persons before forwarding such personal information to the Regional 
District.  Such written consents are to specify that the personal 
information may be forwarded to the Regional District for the purposes 
of responding to this RFP and use by the Regional District for the 
purposes set out in the RFP.  The Regional District may, at any time, 
request the original consents or copies of the original consents from 
Proponents, and upon such request being made, Proponents will 
immediately supply such originals or copies to the Regional District. 
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B.   INTRODUCTION 
 
The Squamish-Lillooet Regional District (SLRD), acting as an agent for and under the 
authority of the Province of British Columbia and in partnership with Tsal’alh, is soliciting 
Proposals from qualified professionals possessing appropriate education, training and 
experience consistent with the services required to complete an Integrated 
Hydrogeomorphic Assessment the Seton Portage Area of Interest (the “Project”). The 
Project Area Of Interest (AOI) is shown in Appendix A for investigation, areas outside 
of this AOI will be part of the Project to determine appropriate termination of landslide 
runouts commencing within the AOI.  
 
The community of Tsal’alh and Seton Portage is located in the Seton Valley within 
Electoral Area B of the Squamish-Lillooet Regional District (SLRD), on the reserve lands 
and traditional territory of the Tsal’alhmec people. Built development is concentrated on 
the valley bottom, which separates Anderson and Seton Lakes and is bisected by the 
Seton River. Land tenure is a mix of IR, SLRD, and Tsal’alh-owned freehold. CN Rail, 
the BC Ministry of Transportation and Infrastructure, and BC Hydro own critical 
infrastructure in the Seton Valley.  
 
During the spring, summer, and fall months, the community is exposed to landslide risk 
and consequential flood risk from debris torrents originating in Whitecap Creek, and 
debris flows from Bear and Pete’s Creek on the northern slopes of Goat Mountain. 
Whitecap Creek flows into the Seton River from the northwest, and the Bear and Pete’s 
Creek are located across the valley to the south. In 2015 and again in 2016, the 
community was impacted by relatively large events originating from both drainages. 
Further, slides into the Seton River appear to have decreased outflow volume from 
Anderson Lake and future slides present an outburst flood risk. Recent geotechnical 
reports have identified an increased potential hazard and risk from terrain instability, 
including the potential for larger land movement events, and have recommended a 
detailed risk assessment be undertaken to determine the risk to the public present in 
the Seton Valley.  
 
The key outcome of the Project is to provide a comprehensive hydrological and 
geotechnical assessment, and risk assessment integrating all the main contributors to 
landslide, debris flood, and consequential flood risk including interactions between 
events originating from Whitecap drainage, Goat Mountain northern slopes, and Seton 
River outflow from Anderson Lake.  
 
The Project will provide Tsal’alh and the SLRD, local residents, and provincial officials 
a clear picture of the landslide and consequential flood risk in the Seton Valley, arrived 
at by using current best practices in landslide risk assessment. The Project will also 
present a wide range of possible mitigation options, including structural and non-
structural approaches, and the Consultant will present the results to stakeholders and 
the Seton Valley community in a public forum. 
 
Emergency Management BC (EMBC) and Indigenous and Northern Affairs Canada 
have agreed to provide funding for the Project.   
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Additional Project information is attached in Appendix A to assist Proponents with their 
Proposals. Content in Appendix A includes the following: 
 

 Project Area of Interest - Map 

 Ministry of Forests, Lands, and Natural Resource Operations Information Note – 
Bear and Pete’s Creek Debris Flows on the Seton Portage Alluvial Fan (2016) 

 BGC Engineering – Bear Creek Fan Preliminary Debris-Flow Hazard 
Assessment, Whitecap Development (draft, 2017) 

 EMBC Disaster Mitigation Program - Risk Assessment Information Template 

 EMBC Disaster Mitigation Program – Risk Assessment Information Template 
Users’ Guide 

 Grant Completion Report Template Non Structural 

The FLNRO Information Note (1st bullet above) and BGC Engineering – Bear Creek 
Fan Preliminary Debris-Flow Hazard Assessment (2nd bullet above) are attached for the 
purpose of providing the Proponents with the same information that is in the possession 
of the SLRD and Tsal’alh First Nation, and are not to be relied upon. 
 
All information provided by the SLRD and Tsal’alh is distributed without warranties of 
any kind, either expressed or implied, including but not limited to warranties of accuracy, 
or suitability of particular purpose or use.  
 
By submitting a Proposal to the SLRD, the Proponents are deemed to have: 
 

 Investigated and satisfied themselves of every condition affecting the Project; 
and 

 Based their investigation on their own examination, knowledge, information, and 
judgment, and not upon any statement, representation, or information made or 
given by or on behalf of the SLRD. 

 
C.   PROJECT SCOPE 
 

1. Project Outline 
 

The Project is expected to consist of several major elements approximately as 
follows: Review of historical information, initial field work including assessment of 
existing zoning restrictions and protective works; progress meeting with SLRD and 
project steering committee to clarify next steps: 
 
a) Conduct an Integrated Hydrogeomorphic Assessment for the Area of Interest 

as defined in Appendix A: Area of interest (AOI).  This includes all rock falls and 
rock slides generated from the bedrock slopes; and, snow avalanches and 
landslides, all initiated within the AOI; 

b)  Identify the values potentially affected by landslides initiating from slopes 
within the AOI, including those values potentially affected by consequential 
flooding such as bridges, housing and rail lines; 



 

8 
 

c) Develop, demonstrate, and provide runout models for snow avalanches and 
landslides initiating from slopes within the AOI, and demonstrate projected 
consequential flooding effects.  Determine the likely deposition pathways and 
the effects of events of a given size and/or return period on changing runout to 
new pathways; 

d) Develop, demonstrate and provide a comprehensive risk assessment for the 
study area, including the risk tolerance criteria and rationale adopted for the 
project; 

e) Develop and provide conceptual mitigation options with approximate cost 
estimates for both structural and non-structural approaches to protect existing 
residences and infrastructure.  Include considerations for zoning restrictions of 
future development; 

f) Complete a draft report for review by the SLRD, Tsal’alh and FLNRO.  
g) Complete and deliver a final report, incorporating if possible any feedback 

received as per (e) above). The consultant must not proceed with the final report 
until SLRD is satisfied that all comments and concerns provided on the draft 
report have been satisfactorily addressed; 

h) Complete a final report; and 
i) Conduct a public meeting with residents and stakeholders. 

 
The Consultant will be required to work closely with the SLRD from concept to 
completion of the Project. The Project/final report will become a reference document 
that may guide future land use policy decisions, and may guide future mitigation and/or 
studies of the hazard(s). 
 
Proponents are encouraged to propose their best solution that meets or exceeds the 
requirements described in this RFP. While Proponents may propose a particular 
progression of the work, it must be clear that all components relate to one another and 
are consistent. 
 
The Consultant will ensure the following considerations are addressed in completing 
the Project: 
 

a) Meet the Guidelines for Legislated Landslide Assessments for Proposed 
Residential Development in British Columbia (2010) published by the 
Association of Professional Engineers and Geoscientists of British Columbia 

b) Meet the Guidelines for Legislated Flood Assessments in a Changing Climate in 
BC (2012) published by the Association of Professional Engineers and 
Geoscientists of British Columbia 

c) Meet the Guidelines for Flood Mapping in BC (2017) published by the 
Association of Professional Engineers and Geoscientists of British Columbia 

d) Provide all relevant site information in regard to the hazard and in regard to 
values at risk;  

e) Identify and assess the potential for landslide, rockfall, debris flow, debris flood, 
flood, erosion or other hazard in the study area;  
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f) Provide a clear description of the assumptions and methodology used to 
undertake the assessment. Provide the potential magnitude, intensity, and 
estimated return period of any potential hazard events;  

g) Review all applicable historical hazard event information and relevant previous 
reports affecting the site and surrounding area, including provincial LIDAR data, 
as and where available;  

h) If LIDAR is not available, estimate the cost of acquiring adequate LIDAR or other 
data acquisition to complete appropriate Landslide Runout Modelling. 

i) Review existing information including InSAR data to determine if slope 
movement has been occurring over time as and where available. 

j) Complete a detailed site investigation, slope stability analysis and Landslide 
Runout Model(s) for the areas of recent land movement noted in the December 
2016 FLNRO Information Note and BGC Engineering Initial Assessment. 

k) Complete additional slope stability analysis in other areas identified during the 
field assessment as having experienced significant recent movement that may 
impact elements at risk prior to completing the landslide runout modelling for that 
area. 

 
l) Assess the nature, extent, magnitude, return period and potential effect of all 

applicable stream hazards that may affect the study area, including the effects 
on drainage and storm water management;  

m) Use current climate data and modeling in connection with the assessment;  

n) Include best practice exposure mapping and numerical modelling of landslide 
runout analysis as required; 

o) Identify a broad range of structural and non-structural mitigation measures to 
reduce debris flow, debris flood or flood risks (up to the flood construction level). 
Mitigation designs and estimated costs of implementation should be 
approximate;  

p) Identify and define performance criteria for the design, construction, and long-
term maintenance of any development or mitigative works proposed [at each 
hazard or impact] site;  

q) Identify any potentially impacted infrastructure on the subject site that may be 
related to provincial or local government or private infrastructure (for example, 
bridges, rail lines, pumping stations, culverts or storm drainage works);  

r) Present data in a format that is easily transferrable to the EMBC Disaster 
Mitigation Program report templates (see Appendix A for templates) 
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s) Address any other requirements identified and provided to the Consultant by the 
SLRD. 

Proponents should reference the following guidelines to develop the Project: 
 

a) District of North Vancouver, Natural Hazard Development Permit Areas; 

b) Meet the Guidelines for Legislated Flood Assessments in a Changing Climate in 
BC (2012) published by the Association of Professional Engineers and 
Geoscientists of British Columbia; 

c) Meet the Guidelines for Flood Mapping in BC (2017) published by the Association 
of Professional Engineers and Geoscientists of British Columbia; 

d) Association of Professional Engineers and Geoscientists of British Columbia, 
Guidelines for Legislated Landslide Risk Assessments for Proposed Residential 
Developments in B.C. (2010); 

e) Fraser Valley Regional District – Hazard Acceptability Thresholds for 
Development Approvals by Local Governments (Cave 1993); 

f) BC Ministry of Transportation and Infrastructure - Subdivision Preliminary Layout 
Review – Natural Hazard Risk; and 

g) Porter, M. and Morgenstern, N.  2013.  Landslide Risk Evaluation, Canadian 
Technical Guidelines and Best Practices Related to Landslides: A National 
Initiative for Loss Reduction, Geological Survey of Canada Open File 7312. 

 
It is envisioned that a steering committee will be formed and be consulted to develop 
the Project. The Steering Committee will, at a minimum, provide direction at each 
project milestone identified in the Project Schedule (L). 

 
The steering committee might consist of the following parties (or others as determined 
by the SLRD):  
 

 EMBC designate 
 SLRD Emergency Program Manager 
 Tsal’alh designate; and 
 FLNRO designate 

 
 
2. Reference Information  
 
Please see Appendix A 
 
 
D.   CONSULTANT DELIVERABLES 
  
The Consultant will deliver the following: 
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1. Initial project methodology meeting with the steering committee no later than 
August 31, 2017. The proponent should also provide the risk tolerance criteria and 
rationale to be adopted for the project.  

2. Interim meeting with the steering committee for project update and results to date 
no later than October 13, 2017.  

3. Submit a draft report by November 12, 2017 

4. Prepare and submit a Final Report, once directed by SLRD, no later than 
November 31, 2017, and  

5. Present results to stakeholders at a public forum (to be arranged by the SLRD) no 
later than January 20, 2018.  

 
Any new data acquisition gathered for or generated by this Project, such as LiDAR, 
InSAR, Orthophotographs or other, shall be made available to the SLRD, Tsal’alh and 
FLNRO if requested for their free use and needs. 
 
 E.   PROPOSAL REQUIREMENTS 
  
The Proponents are asked to provide the following: 
  
1.  Project Implementation, Personnel and Related Experience 
For the services that you will perform, provide a proposed detailed schedule of work 
and describe how you propose to implement the Project. State specifically who would 
perform the work being requested herein, their qualifications and experience. List each 
task in the order that work will commence, along with estimated start and completion 
dates, personnel assigned to task(s) and identify major milestones.  
The project team should be comprised of qualified professionals possessing appropriate 
education, training and demonstrated experience in Quantitative Landslide Risk 
Assessment projects and proven records to liaise with other governmental agencies 
and the general public. 
  
2.     Estimate of Costs in Proposal 
In a spreadsheet format, provide a detailed breakdown of estimated costs to carry out 
the services, identifying staff, estimated hours per task, and hourly charge out rates for 
this Proposal.  The total contract price shall be inclusive of all applicable taxes and 
contingency.  Include the estimated expenses and disbursement rates as part of your 
overall estimate of costs. 
   
F.   EVALUATION AND AWARD 
  
1. Contract Award  
Depending on the Proposals submitted in response to this RFP, a contract will normally 
be negotiated and executed with the leading Proponent (the “front-runner”) selected in 
accordance with the Proposal Evaluation Criteria contained in this RFP.  The lowest 
price or any Proposal will not necessarily be accepted. 
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The SLRD may negotiate the final scope of work with the selected Proponent and, if the 
parties are not successful, may attempt to negotiate an agreement with its next 
preferred Proponent. The SLRD reserves the right to reject all proposals and re-issue 
the RFP, or abandon it altogether. 
 
2.  Clarification 
Notwithstanding that a presentation/interview process has not been indicated in the 
Proposal Evaluation Form, at the SLRD’s sole discretion, one or more Proponents may 
be asked to provide additional clarification respecting their Proposals, or to address 
areas where the SLRD clarifies its needs. If these clarifications do not meet the SLRD’s 
satisfaction, the SLRD may, in its sole discretion, decide to reject the Proposal(s). 
 
3.  Suitability of the Proponent  
The Proponent may be interviewed and/or the SLRD may conduct such independent 
reference checks or verifications as are deemed necessary by it, to clarify, test, or verify 
information contained in the Proposal and to confirm the suitability of the Proponent.  If 
the Proponent is deemed unsuitable by the SLRD, or if the Proposal is found to contain 
errors, omissions or misrepresentations of a serious nature, the originally selected 
Proponent may be rejected and another Proponent selected according to the evaluation 
format, or the SLRD may choose to terminate the RFP process and not enter into a 
contract with any of the Proponents. 
The SLRD may interview key persons to assess their scientific, technical or managerial 
abilities and to determine if they would be adequate for the proper performance of the 
proposed contract. 
  
4.  Negotiation with the Proponent 
Negotiations may be held with the front-runner Proponent including, but not limited to, 
matters such as: 

a. price, insofar as a change in price is directly associated with a change in the 
Proposal as a result of negotiations; 

b. changes in technical content; 
c. contract details; 
d. contract payment details; and, 
e. expectations of the parties applicable to the service requirements. 

  
If a written contract cannot be negotiated within fourteen work days of notification to the 
front-runner, the SLRD may terminate negotiations with that Proponent and negotiate a 
contract agreement with another Proponent selected as the front-runner according to 
the evaluation procedure, or may choose to terminate the RFP process and not enter 
into a contract with any of the Proponents. 
The SLRD shall not be obligated in any manner to any Proponent whatsoever until a 
written contract has been duly executed relating to an approved Proposal. The SLRD 
reserves the right to modify the project scope or consultant deliverables as set out 
herein, or both, at any time during the negotiation phase without notification to other 
Proponents. 
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5.  Disqualification 
If any Proposal contains a deficiency or fails in some way to comply with any 
requirement of the RFP, which in the opinion of the SLRD is not material, the SLRD 
may waive the defect and accept the Proposal.  The determination of whether or not to 
disqualify or otherwise remove any Proposal from the evaluation process will be made 
at the sole discretion of the SLRD. 
 
6.  No claim for Compensation 
No Proponent shall have any claim for any compensation of any kind whatsoever, as a 
result of participating in the RFP, and by submitting a Proposal each Proponent shall 
be deemed to have agreed that it has no claim. 
 
G.   AUTHORIZED SLRD REPRESENTATIVE 
  
The authorized SLRD representative for this RFP is the SLRD Emergency Program 
Manager. Proponents should address all correspondence to the SLRD Representative.  
 
H.   PROPONENT’S CLARIFICATION AND ADDENDA 
  
The Proponents must review the entire RFP prior to submitting a Proposal. Any 
requests for clarification of issues related to the RFP must be transmitted in writing to 
the SLRD Representative. Unless otherwise expressly permitted by the SLRD 
Representative in writing, requests for clarification of the subject matter of this RFP must 
be transmitted in writing to the SLRD no later than ten (10) days before the Closing 
Time. 
 
The SLRD Representative will distribute copies of all RFP clarification requests and the 
corresponding responses to such requests to all known Proponents. 
 
By submitting a Proposal, the Proponent indicates acceptance of the entire RFP and 
waives any further right to rectify, clarify, or qualify any aspect of the RFP. 
 
Written Addenda are the only means of changing, amending, or correcting this RFP 
prior to the Closing Date. The SLRD Representative may change, amend or correct this 
RFP by issuing an Addendum to each known Proponent. No employee or agent of the 
SLRD other than the SLRD Representative is authorized to change, amend, or correct 
the RFP, or issue any Addenda. 
 
Information pertaining to this RFP that is offered by or obtained from sources other than 
the SLRD Representative, is not official, may not be accurate, and must not be relied 
on in any way by any Proponent for any purpose associated with this RFP. 
 
I.   PAYMENT FOR SERVICES 
  
Payment to the Consultant would consist of two parts: 

a. a fee based on hours worked times an all-inclusive hourly rate (rate quoted 
would include the cost of the computer and any other equipment required to 
perform the work); 
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b. expenses (i.e., travel costs to assess certain parts of the study reach or to 
present results at a meeting); and 

c. special data acquisition such as LIDAR/InSAR etc if needed.  
  
The fees plus expenses must not exceed the price quoted.  The contract price would 
be the price quoted.  Billings would be monthly or for longer time periods. 10% of the 
total fee, excluding expenses, will be held back until the final report is approved by the 
steering committee and received by the Board of the SLRD. 
 
J.   CONSULTANT SERVICES AGREEMENT 
  
The Consultant will enter into a services agreement with the SLRD on substantially the 
same terms as the SLRD’s standard Consultant Services Agreement attached as 
Appendix B. 
 
K. INSURANCE 
 
The Consultant will have professional liability insurance ($2,000,000 each claim), 
commercial general liability insurance ($5,000,000 per occurrence) and workers 
compensation insurance. 
 
L.   PROJECT SCHEDULE 
 
The anticipated schedule, subject to change, for the Project is as follows: 

Anticipated Date Action 

July 24, 2017 Issue RFP to Proponents 

August 14, 2017 RFP Closing Time @ 4:00 p.m. 

August 21, 2017 Proposal Acceptance and Project Commencement 

August 31, 2017 (no later 
than) 

Initial project methodology meeting with steering committee no 
later than August X, 2017 

October 13, 2017 (no 
later than) 

Interim meeting with steering committee to present findings to 
date, and provide progress update 

November 12, 2017 Seton Valley Integrated Quantitative Landslide Risk 
Assessment – draft report due 

November 31, 2017 Seton Valley Integrated Quantitative Landslide Risk 
Assessment – Final report due 

January 20, 2018 (no 
later than) 

Public Presentation to Stakeholders 

 
M.   SUBMISSION REQUIREMENT 
  
Prior to the RFP closing time, Proposals must be delivered via: 

a) Hard Copy to: 
Squamish-Lillooet Regional District 
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Box 219, 1350 Aster St. 
Pemberton, BC    V0N 2L0 
Attention: Ryan Wainwright, Emergency Program Manager 
 
Four (4) complete hard copies of the Proposal must be received at the location and 
before the time specified herein.  Proposals must be submitted in sealed envelopes 
clearly marked with the name and address of the Proponent and the words, "Integrated 
Hydrogeomorphic Assessment – Seton Portage" on the envelope. All envelopes shall 
be sealed and marked "Confidential" and shall be accompanied by a transmittal form 
clearly listing the number and description of each item contained.  
 
OR (PREFERRED METHOD) 
 

b) Email to info@slrd.bc.ca with cc. to rwainwright@slrd.bc.ca 
 
An email copy of the Proposal must be received at the email addresses and before the 
time specified herein.  Proposals must be submitted as pdf attachments clearly marked 
with the name of the Proponent and the words, "Integrated Hydrogeomorphic 
Assessment – Seton Portage"  in the email subject line.  
 
It is the Proponent’s sole responsibility to ensure that the Proponent has received a 
complete RFP as listed in the Table of Contents. The submission of a Proposal 
constitutes representation by a Proponent that it has verified receipt of a complete RFP 
including any and all Addenda. Each and every Proposal will be deemed to be made on 
the basis of the entire RFP, including any and all Addenda issued prior to the Closing 
Time. 
 
Proponents are solely responsible for timely delivery of their Proposals to the location 
specified. Late Proposals will be returned unopened.  
  
N.      PROPOSAL EVALUATION CRITERIA 
 
Each Proposal will be evaluated against the following criteria: 
 

a) Personnel & Resources 
 
The degree of understanding, commitment, experience, qualification and 
resources of both the personnel and the company.  The evaluation emphasis is 
on the Project Manager and resources undertaking the study. Proponents must 
confirm the Project Manager will be maintained in place for the duration of the 
Project. Substitutions or changes made after Proposal Acceptance will not be 
permitted unless due to circumstances beyond the Proponent’s control and will 
require the written agreement of the SLRD. 
 

b) Proposed Work Plan 
 
A comprehensive work plan showing tasks, methodology, level of effort, 
schedule and value of each work plan component.  The work plan will 
demonstrate an understanding of the RFP requirements, the methodology and 

mailto:info@slrd.bc.ca
mailto:rwainwright@slrd.bc.ca
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processes proposed to complete the required technical elements and provide 
identified deliverables. 
 

c) Value Added Services – Innovative Approach 
 
Identification of any innovative approach to the complex challenges facing this 
project. 
 

d) Price and Cost Control 
 
Identify cost control by providing a total budget, including time schedule and 
basis for billing of professional services and disbursements.  Provide total price 
including costs and disbursements.  Evaluation emphasis is on the value of 
service for the total price.  

 
e) Schedule 

 
Schedule achieves the task plan in a timely fashion with the submission of all 
deliverables within the specified timelines. 
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O. APPENDIX A – Project Information from the SLRD  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



^

^

Pete'sCreek
BearCreek

Whitecap Creek

Spider Creek

Seton River

Omin Brook

Seton
Lake

Anderson Lake

South
Shalalth

Ande
rso

n
Lak

e R
d

PT A

PT B
C

B

Seton

Cadastral
Street Centreline

Streams
0 380 760190

Meters

± 1:30,000
Seton Portage RFP Request Approximate Area



















 

BGC ENGINEERING INC. 
AN APPLIED EARTH SCIENCES COMPANY 

 

SQUAMISH-LILLOOET REGIONAL DISTRICT 

BEAR CREEK FAN 

PRELIMINARY DEBRIS-FLOW HAZARD 
ASSESSMENT, WHITECAP DEVELOPMENT 

FINAL 

PROJECT NO.: 1358003 DATE: January 31, 2017 

    

 



iBlGlCl BGC ENGINEERING INC.
I AN APPLIED EARTH SCIENCES COMPANY
Suite 500 - 980 Howe Street

Vancouver, BC Canada V6Z OC8

Telephone (604) 684-5900
Fax (604) 684-5909

January 31,2017
Project No.: 1358003

Janis Netzel

Squamish-Lillooet Regional District

Box 219, 1350 Aster Street

Pemberton, BC VON 2LO

DearJanis,

Re: Bear Creek - Preliminary Debris-FIow Hazard Assessment, Whitecap Development

Please find enclosed our final report for your records. Should you have any questions or

comments, please do not hesitate to contact the undersigned. We appreciate the opportunity to

work on this project.

Yours sincerely,

BGC ENGINEERING INC.
per:

Matthias Jakob, Ph.D, P.Geo. (BC, AB)
Principal Geoscientist



Squamish-Lillooet Regional District, Bear Creek Fan January 31, 2017 
Preliminary Debris-Flow Hazard Assessment, Whitecap Development – FINAL Project No.: 1358003 

N:\BGC\Projects\1358 Squamish-Lillooet Regional District\1358-003 Bear Creek Assessment\Report\Bear Creek_Preliminary Debris-
Flow Hazard Assessment Whitecap Development_FINAL_20170131.docx Page i 

BGC ENGINEERING INC. 

EXECUTIVE SUMMARY 

Squamish-Lillooet Regional District (SLRD) retained BGC Engineering Inc. (BGC) to characterize 
debris-flow hazard in relation to existing mitigation works for the Whitecap Development located 
on Bear Creek fan at Seton Portage between Anderson and Seton Lakes and provide preliminary 
options for debris-flow mitigation.  This was prompted by an overtopping and erosion of the 
existing mitigation works by debris flows in September of 2015 and July of 2016, resulting in some 
economic damage.  

BGC found that the debris flows in 2015 and 2016 did not originate from Bear Creek but the 
adjacent Pete’s Creek, which is part of the larger Bear Creek watershed.  Both creeks produce a 
common fan referred to here as Bear Creek fan.  The 2015 and 2016 debris flows filled the 
constructed ditch and berm along the eastern perimeter of the development to capacity, leading 
to debris and water discharge into the Whitecap Development area.  Limited field investigations 
suggest that a substantial portion of sediment transported by both debris flows originated by fan 
surface erosion rather than from conveyance of watershed debris.  This implies an almost 
unlimited amount of debris is available for future debris flows reaching the ditch and berm.  
Therefore, events similar to those observed in 2015 and 2016 will reoccur. 

During fieldwork, in addition to the debris flows on Pete’s Creek, BGC observed that a debris flow 
also occurred on Bear Creek in 2016.  The quantification of the Bear Creek debris flow volume 
was beyond the scope of the present study but it is estimated to have exceeded some 10,000 m3, 
with a peak discharge of up to approximately 80 m3/s. It impacted portions of Seton Portage 
causing some damage to dwellings and leading to the evacuation of some residents.  

Much larger debris flows than those observed in 2015 and 2016 are conceivable on Pete’s Creek 
should the main channel of Bear Creek avulse into Pete’s Creek, or if a large debris flow were to 
originate in the upper watershed of Pete’s Creek.  In those cases, the existing berm and ditch 
would provide very little protection to the Whitecap Development.   

A preliminary climate-change analysis was conducted that did not identify significant predicted 
changes in monthly rainfall (except from May).  However, recent work has pointed towards 
significantly higher rainfall intensity and magnitude in the study area.  Substantial increases in 
temperature are also predicted which would change the timing of runoff. Predicted temperature 
increases could degrade postulated permafrost in the uppermost watershed thus destabilizing 
talus slopes that may currently be partially stabilized by ice cohesion. 

Several debris-flow mitigation options are conceivable to reduce risk to the Whitecap 
Development.  These range from structural measures to safeguard the Whitecap Development to 
property acquisition and land sterilization for development or a change in land use.  However, 
debris flows may still impact other segments of Bear Creek fan or its surroundings.  Any structural 
mitigation option would need to consider risk transfer (for example by debris deflection) and 
possible avulsions from Bear Creek which would increase the hazard and risk.  Given the various 
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stakeholders affected by Bear Creek debris flows, an integrated approach that accounts for 
debris-flow hazards and risks from Bear and Pete’s Creek is recommended in lieu of isolated 
mitigation measures serving only specific stakeholders. 

This study is preliminary in nature and a comprehensive debris-flow hazard and risk assessment 
is recommended prior to the concept development, formal option analysis and design of risk 
reduction works. 
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LIMITATIONS 

BGC Engineering Inc. (BGC) prepared this document for the account of the Squamish-Lillooet 
Regional District.  The material in it reflects the judgment of BGC staff in light of the information 
available to BGC at the time of document preparation.  Any use which a third party makes of this 
document or any reliance on decisions to be based on it is the responsibility of such third parties.  
BGC accepts no responsibility for damages, if any, suffered by any third party as a result of 
decisions made or actions based on this document. 

As a mutual protection to our client, the public, and ourselves, all documents and drawings are 
submitted for the confidential information of our client for a specific project.  Authorization for any 
use and/or publication of this document or any data, statements, conclusions or abstracts from or 
regarding our documents and drawings, through any form of print or electronic media, including 
without limitation, posting or reproduction of same on any website, is reserved pending BGC’s 
written approval.  A record copy of this document is on file at BGC.  That copy takes precedence 
over any other copy or reproduction of this document. 
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1.0 INTRODUCTION 

BGC Engineering Inc. (BGC) in collaboration with Kerr Wood Leidal (KWL) is pleased to provide 
the Squamish-Lillooet Regional District (SLRD) with this report for a preliminary debris-flow 
hazard assessment of Bear Creek fan at Seton Portage.  The work was authorized by SLRD on 
November 8, 2016 and proceeded under the consulting service agreement between BGC and 
SLRD dated November 1, 2016. 

BGC understands that a low-density recreational development is currently proposed for an area 
within the limits of the hamlet of Seton Portage.  

The property in question, Lot A, DL 1593, Plan 1783, Lillooet District, referred to in this report as 
the Whitecap Development, straddles Seton Road in Seton Portage, BC (Drawing 01).  The 
Whitecap Development lies within the lower reaches of the Bear Creek watershed at the eastern 
end of Anderson Lake.  The gross area of the property is 16.2 ha (40 acres). 

1.1. Background 

The Whitecap Development property was subdivided into a low-density recreation development 
including seven parcels uphill of Seton Road and four waterfront parcels downhill of Seton Road, 
along Anderson Lake, with remaining land designated as internal road access, berm maintenance 
areas and park.  A waterfront park on the north-west corner of the property will also provide public 
beach access.  Although it is understood that the development was fully approved, only one 
dwelling has been constructed upslope of Seton Road within the footprint of the Whitecap 

Development to date.  

In 2000 LaCas Consultants (LaCas) and EBA Engineering Consultants Ltd. (EBA) provided Bob 
Boyer (the developer) with a hazard assessment for this property.  The stated purpose of the 
assessment was to assess possible flooding and debris-flow hazards, which might impact the 
proposed development, and to recommend mitigative measures to minimize the risk1 to 
acceptable levels.  LaCas and EBA (2000)2 recommended a series of mitigation works including 
a 479 m long berm for debris flows with an upslope ditch.  This berm was constructed in the early 
2000s.  Following berm construction and development approval, SLRD assumed maintenance 
responsibility for the berm. 

BGC understands that the debris flows have occurred since construction of the berm, one in 2003 
which reached but did not over top the berm (KWL, pers. comm, 2016), one on September 20, 
2015 and another on July 30, 2016.  After the 2015 debris flow and flood, debris overflow recovery 
works were carried out by the SLRD as the debris flow had overtopped the debris flow berm. 

                                                 
1 Note that no formal risk assessment was conducted, but return periods considered were compared to 
those customary in the year 2000. 
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1.2. Project Scope and Work Plan 

BGC has been requested to provide a preliminary hazard assessment of Bear Creek watershed 
and fan to update the previous assessment by LaCas and EBA (2000) and suggest, at a 
conceptual level, alternative or upgraded debris-flow risk reduction works.  It is understood that 
due to budget limitations this study is at a preliminary level and should therefore not be used as 
design input for debris-flow mitigation works.  This would require a much more detailed study, 
closer in scale to the one recently completed by BGC for SLRD as agents for Emergency 
Management BC (EMBC), for Catiline Creek on Lillooet Lake.  Furthermore, it is not clear at this 
stage of the investigation if a formal risk assessment is required to justify additional debris-flow 
mitigation measures.  This will be decided upon in discussion with SLRD.  

The present scope includes: 

 A desktop review of climatic data and previous reports 
 A field visit to gain a better understanding of geohazards in relation to existing mitigation 

works and the development site  
 A preliminary analysis of debris-flow hazards to gain an approximate understanding of 

debris-flow frequency-magnitude (frequency-volume and frequency-peak discharge) 
relationships and approximate areas inundated by debris 

 A conceptual-level discussion of mitigation alternatives 
 Completion of a draft and final report.  

The present scope includes only assessment of Whitecap Development.  Other existing or 
proposed development on Bear Creek fan will not be considered in the assessment.  The work 
plan is listed in Table 1-1. 

Table 1-1. Work plan and description of individual work phases. KWL acted in a review capacity 
and provided input to the mitigation options discussed in Section 5. 

Phase Description 

1 
Project 
Initiation and 
Management 

 Project initiation meeting (teleconference) 

 Finalize Professional Services Agreement 

 Contact engineers who conducted the hazard assessment and 
mitigation design to notify them of the review / assessment work and 
obtain additional background information, if available 

 Client correspondence, budget and schedule control. 

2 Background 
Review  

 Review background materials 

 Prepare basic GIS site mapping of readily available information 
identifying the watershed area / characteristics, creek and basin 
topography and grades 

 Review climatic information for the 1991, early 2000, 
September 2015 and August 2016 debris flows. 

3 Site 
Investigation 

 Prepare basic materials for site assessment (field maps) and 
coordinate site logistics 

 Conduct site visit and prepare notes to document site visit to include 
in report. 
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Phase Description 

4 

Preliminary 
Debris-flow 
Hazard 
Assessment 

 Conduct a cursory desktop level review and a screening-level debris-
flow hazard assessment based on readily available information and 
recently developed assessment methodology. 

5 Report 

 Prepare a location / watershed figure for reference in report 

 Identify options for / of potential additional mitigation works 

 Prepare a report: 
o Summarize the background information and recent events 
o Document the field assessment, key observations, and findings 
o Summarize the findings of the preliminary debris-flow hazard 

assessment 
o Discuss the repercussions for risk to the proposed development 
o Discuss the performance and effectiveness of the existing 

mitigation works based on the recent debris flow events as well as 
future debris flows at variable return periods 

o Discuss existing development status and future development 
considerations 

o Provide guidance and detailed recommendations for next steps of 
analysis, investigation and design. 

 Include a fan map and photo documentation of key observations 

 Submit draft report and conduct a WebEx or Skype review of the 
report to the SLRD 

 Following receipt of SLRD comments, finalize the documents. 
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2.0 REVIEW OF PREVIOUS WORK 

2.1. Terratech, 1996 

In 1991, Terratech Western Profile Consultants Inc. (Terratech) was retained by the BC Ministry 
of Environment to review debris-flow hazards at Bear Creek.  Their scope included a 1-day field 
visit, a review of debris-flow hazards to private properties, discussion of mitigation measure 
options, recommendations of further study. 

Two debris flows occurred in August 1991, one on the 19th and one on the 29th.  Both appeared 
to have reached the Seton River floodplain.  Debris flow depth at the Harvey Lavigne house 
situated on the top of the truncated debris flow fan above the Seton River floodplain were recorded 
as 0.4 to 0.5 m and had flow width ranging from 10 to 15 m.  As the flow arrived on the Seton 
River floodplain it spread, thinned and filled depressions with sand, silt and clay according to 
Terratech.  Terratech noted in an outcrop near the Lavigne house that debris flows with flow depth 
of 1 m or greater have reached the edge of the truncated fan. 

Terratech differentiated a fan apex, transport and deposition zone and mapped different channels.  
They characterized these zones in terms of gradient, morphologic characteristics and grain size.  
Terratech also interpreted the eastern portions of the fan as having relatively higher debris-flow 
activity and estimated that older, larger debris flows have occurred between 50 and 200 years 
ago.  Near the fan apex, events were observed some 2 and 15 years ago, though it was not 
specified how these dates were derived at. 

Unfortunately, the volume of the 1991 event was not quantified by Terratech.  However, they do 
state that the debris flows that occurred some 50 to 200 years ago may have been as much as 
four times the volumes compared to the 1991 event.  

Several mitigation alternatives were discussed by Terratech but are not repeated herein as the 
present assignment focuses on the eastern fan portions occupied by the Whitecap Development.  
Terratech’s report concludes that the assessment that was completed does not meet the 
necessary standards for the design of mitigation works.  Specifically, they encourage the 
development of a ‘design magnitude’.  In a follow-up document (Terratech 1991b), their scope 
expanded and entailed (a) advice on clear water flood channelization, (b) advice on flood-proofing 
the Lavigne house and (c) comment on meteorological and hydrologic conditions triggering 
landslides in the watershed.  

As (a) and (b) are marginal to the current assignment, they are not further discussed.  In terms of 
(c) Terratech (1991b) did not appear to have collected rainfall data from nearby stations and only 
noted that approximately 40 debris flows occurred in nearby ravines.   

2.2. LaCas Consultants Inc., 2000 

In 2000, LaCas Consultants Inc. (LaCas) and EBA Engineering (EBA) was retained by  
Mr. R. (Bob) Boyar of Seton Portage to provide engineering services relating to identification of 
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the flood and debris-flow hazard on his property and to provide engineering to design mitigative 
works.  The LaCas report made reference to previous work, including Terratech (1996). 

The purpose of the assessment was to assess possible flooding and debris-flow hazards, which 
might impact the development, and to recommend mitigative measures to minimize the risk to 
acceptable levels.  

LaCas (2000) made the following observations about debris-flow hazards on Bear Creek 
(paraphrased by BGC): 

1. Because of the large silt and sand fine fraction debris flows appear to be quite mobile and 
can run considerable distances as lobes or tongues of debris on the moderately sloping 
(10-15°) fan surface. 

2. Stalls of surges in Bear Creek may lead to avulsions directed towards the Whitecap 
Development. 

3. A debris flow occurred in 1991 on Bear Creek. 
4. A “very old” (possibly hundreds of years) debris lobe was identified near the eastern 

portion of the Whitecap Development.  The age was judged based on the observation by 
LaCas (2000) that there were no impacted trees upstream.  However, a tree impact scar 
with an impact boulder was identified on the southeast corner of the Whitecap 
Development. 

5. Debris flow and deposition were interpreted to be unlikely to travel far beyond the 
southeast corner of the Development because of the low gradient of the slope (9°), and 
the lack of effective channel confinement. 

6. LaCas (2000) interpreted that the only apparent hazard is limited debris flow impact at the 
southeast corner of the property and diverted flood flow down the southern flank of the 
site. 

Based on the above observations, the following assumptions and design principals were applied 
by LaCas (2000): 

 The entire (100%) Bear Creek flood flow could avulse from its existing channel and flow 
towards the upper boundary of the Whitecap Development. 

 The instantaneous peak flow accompanying a debris-laden flow could be in the range of 
10 to 20 m3/s which is about five times the Qi200 (4.4 m3/s). 

 The flood and debris flow would be directed into and contained within an excavated run-
out channel parallel to the southern property line extending to Anderson Lake. 

 A flood and debris flow deflection berm would separate the habitable areas from the run-
out channel above Seton Road and train the debris flows along the run-out channel 
through to Anderson Lake. 

 A continuous berm and perimeter ditch would intercept and direct land runoff to Anderson 
Lake without transferring hazard risk to lands outside of the Whitecap Development. 

 A second-line of defense would require that a 10 m wide tree belt (no-build zone) be 
planted and maintained inside of the berm. 
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 A third-line of defense would require that all habitable areas behind the berm would be 
raised a minimum of 1 m above the finished grade and foundations and/or earth-fills would 
be protected against erosion and scour. 

Based on the above, the following design parameters were used for the design of channel works 
and deflection berms: 
 

Process Flow Velocity 

(m/s) 

Flow Depth 

(m) 

Peak Discharge 

(m3/s) 

Sediment Volume

(m3) 

Flood 1.6 0.3 4.4 n.s.. 

Debris-laden flood 2.1 to 2.7 0.4 to 0.6 10-20 n.s 

Debris Flow n.s. n.s. n.s. n.s 
n.a. = not applicable 
n.s. = not specified 

 

A ditch and debris flow deflection berm was designed by LaCas (2000) to direct debris flows 
entering the channel from the east and south into the channel and past the Whitecap 
Development.  The berm has a top width of 3.7 m, with sides facing the development that slope 
at 1.5 horizontal (H) to 1 vertical (V), and sides facing away from the development sloped at  
2 horizontal (H) to 1 vertical (V).  Further design aspects included swales across Seton Road and 
600 m culvert.  The eastern and northern portions of the property were protected by a berm 
designed for overland flows associated with a 1:200-year runoff event. 

According to LaCas (2000) the risk to injury or fatalities was considered minimal for a less than 
10% in 50-year debris flow (approximately 500-year return period), a criterion that was used, at 
the time of the report, by the Ministry of Transportation as a hazard tolerance threshold3.  

It is worthwhile pointing out that it was not recognized by LaCas (2000) that the creek that 
produces debris flows impacting the Whitecap Development is separate from Bear Creek and has 
a local name (Pete’s Creek). However, LaCas (2000) correctly pointed out that Bear Creek debris 
flows could also affect the Whitecap Development. 

2.3. Thurber (2004) 

In 2004, Thurber Consultants (Thurber) prepared a geotechnical hazard assessment for the 
proposed Necait Reserve subdivision located within the greater Seton Portage area and 
specifically on the southwestern portion of Bear Creek fan.  The objective of the assignment was 
to assess geohazard that could affect the proposed subdivision and propose measures to reduce 
debris flow and debris flood hazards from Bear Creek. 

                                                 
3 Note that the 10% in 50-year criterion was not associated with specific consequences, thus it forms a 
hazard tolerance criterion, not a risk tolerance one. 



Squamish-Lillooet Regional District, Bear Creek Fan January 31, 2017 
Preliminary Debris-Flow Hazard Assessment, Whitecap Development – FINAL Project No.: 1358003 

Bear Creek_Preliminary Debris-Flow Hazard Assessment Whitecap Development_FINAL_20170131 Page 7 

BGC ENGINEERING INC. 

Thurber (2004) examined the CN railroad cut downstream of the reserve and noted several metre 
thick units interpreted as debris flow deposits.  Other debris flow units were identified on the 
eastern fan margins where a driveway has cut through the fan deposits.  Those were noted as 
having thicknesses of less than 1 m to approximately 1.5 m.  Specifically, Thurber (2004) conclude 
that: “the units show that very sizable debris flows reached the lower fan and formed some 20 m 
of its basal depth”.  Thurber (2004) also note that Bear Creek is a supply-unlimited basin in which 
a quasi-unlimited amount of debris is provided to the feeder channels that unite upstream or at 
the fan apex.  This implies that the exceedance of a hydroclimatic threshold will invariable lead to 
a debris flow. 

Thurber (2004) made several notes about the fan’s long-term development.  The fan is sharply 
truncated by Seton River, which in Thurber’s (2004) opinion demonstrates erosion in the 
Holocene past and suggests that fan formation rates have declined over the latter part of the 
Holocene.  This led Thurber to conclude that it is not appropriate to determine the annual rate of 
debris deposition by dividing the fan volume of approximately 85 million m3 by 12,000 years (the 
period since deglaciation). 

In Thurber’s (2004) opinion, debris flows reaching the floodplain may have occurred during the 
Little Ice Age, a period of colder and wetter climate from approximately 1450 to 1900 AD.  Thurber 
further speculates that a small glacier may have existed in the upper watershed and that repeated 
freeze-thaw cycles may have provided higher rates of sediment to the upper basin.   

The volume of a debris lobe near the proposed development was estimated as approximately 
3200 m3.  The date of deposition could not be determined, but was estimated as less than  
70 years based on the age of trees growing on the deposit.  

Given the paucity of data, Thurber found it challenging to estimate frequency and magnitude of 
past debris flows reaching the proposed subdivision.  In fact, stating the provincial guidance of 
the day which stipulated that design of debris flow mitigation measures need to consider the 10% 
in 50-year annual probability, Thurber conceded that insufficient data were available to do so, and 
that substantially more work would need to be done to arrive at reliable estimates.  However, 
Thurber (2004) summarized knowledge of past debris flows as follows: 

‐ A reported debris flow in 1964 (R. James, pers. comm. in Thurber, 2004) could not be 
confirmed by air photograph analysis. 

‐ A debris flow in 1991 occurred on August 13, followed by another one on August 29.  The 
second event coincided with record rainfalls in the region.  Record rainfalls, however, do 
not necessarily result in debris flows as a major rainfall event in October of 2003 
demonstrated during which no debris flow was noted by Thurber (2004).  A debris flow 
may have occurred, however, on Pete’s Creek during that time as reported by KWL (pers. 
comm. 2016). The debris flows of 1991 were described previously by Terratech Western 
Profile Consultants Inc. (Terratech) but were not well differentiated.   

‐ Thurber (2004) quoting Terratech (1991) concurs that the central fan has been relatively 
inactive but conceded that unpredictable changes on the upper fan could divert debris into 
the central area toward the Reserve. 
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‐ Application of empirical volume prediction equations by Bovis and Jakob (1999), Thurber 
estimated “average” debris flows to reach volumes of 6000 to 13,000 m3.  Assuming a 
deposition rate of 15 m3/m and a 500 m long deposition zone, a 15 m2 cross-section was 
back-calculated which is consistent with the observations of the 3200 m3 debris lobe 
identified by Thurber upstream of the proposed Necait Reserve development. 

2.4. Auxiliary Information 

Tim Giles, P.Geo. regional geomorphologist of the Ministry of Forests, Lands and Natural 
Resource Operations (MFLNRO) has visited the site in question on several occasions.  In a 
personal correspondence to BGC (Nov. 30, 2016), he provided the following key observations 
(paraphrased by BGC): 

 Air photos from 2010, 2013, 2015 and 2016 suggest a slight deepening and widening of 
the Bear Creek channel at the apex. 

 On the lower Bear Creek fan the main channel is becoming more prominent, clearly 
defined by high levees for that are visible further downstream compared to 2010. 

 In 2010, little sediment was transported in the main channel upstream of the fan apex. 
 In 2009 the channel was crossed by a fireguard in 2009.  The re-contoured channel shows 

signs of a smaller flow passing through it in 2010.  Approximately 150 m upstream of the 
fire break a debris flow deposit was identified that avulsed and deposited debris amongst 
the trees, but no recent deposit was identified on the fan surface.   

 In 2013, debris-flows ran out across the fan surface but did not flow below the truncated 
fan surface above the Seton River floodplain.  In the upper channel, some of the debris 
avulsed from the channel and was deposited across a wide area amongst the trees.  A 
trim line can be seen on the air photo.  However, the trim line is substantially lower 
compared to the 2015 event. 

 In 2015, debris flows on Bear Creek ran down the steep face onto the Seton River 
floodplain in several locations and the channel at the fireguard crossing became deeper, 
wider and more clearly defined.   The mid-slope depositional area amongst the trees is 
covered by a thicker and wider deposit with channel incised through the sediments.  The 
trim line at the fan apex is missing as the whole channel appears to have been filled with 
debris.   On the fan surface and down to the steep face onto the floodplain the deposits 
appear thicker and more widespread.   

 In 2016, the runout again crossed the fan surface and reached the floodplain, leaving 
larger deposits in residential areas.  Based on the visible deposit extent evidence, the fan 
channel at the apex shows signs of a large event passing through.  The deposits on the 
fan obliterated those of the 2015 debris surface but cover a greater area than the 2015 
deposits. 

In summary, Mr. Giles believes that the channels are advancing downstream onto the fan surface, 
which enhances debris-flow mobility and thus increases hazards to the distal fan portions. 
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3.0 SITE GEOMORPHOLOGY AND ENGINEERING GEOLOGY 

3.1. Watershed and Fan Geomorphology 

3.1.1. Watershed Geomorphology 

The watershed of Bear Creek is steep, highly dissected and characterized by a high relief.  The 
respective watershed values are summarized in Table 3-1.  

Table 3-1. Bear Creek watershed morphometry. 

Characteristic Value 

Watershed area1 (km2) 3.4 

Fan area (km2) 1.3 

Watershed-fan ratio 2.6 

Maximum elevation (m) 2303 

Minimum elevation2 (m) 265 

Melton Ratio 1.1 

Stream length above fan apex (km) 3.5  

Total relief 2038 

Mean elevation (m) 1398 

Drainage density (m/km2) 3800 

Average channel gradient mainstem (%) 57 

Average channel gradient on fan (%) 22 

 

The watershed displays a high drainage density which implies connectivity from multiple sediment 
sources to the main stem of Bear Creek.  The high joint set density in the host rocks provides 
ample opportunity of fragmental rock fall.  The watershed itself displays abundant sediment 
sources as talus slopes mantling the cliff bands that dominate the watershed upslope of 
approximately 1500 m.  These talus slopes are the source of high elevation debris flows which 
may then entrain loose sediment along their path.  

A notable slope deformation feature (sackung) has been identified near the top of the watershed 
at an elevation of approximately 2200 m approximately 400 m north of Seton Portage Mountain 
(Figure 3-1).  The unstable rock mass encompasses an area of approximately 4200 m2 measured 
on the gentle south sloping ridge segment.  The unstable rock mass thickness is presently 
unknown as the failure mechanism and daylighting failure surface are unknown.  A sudden failure 
of this rock mass has the potential to trigger a very large (> 100,000 m3) debris flow should it 
occur during wet weather.  The rock mass would likely fragment and then liquefy a portion of the 
talus slopes extending below the cliff by a process called “undrained loading”.  The debris mass 
could then continue to flow and entrain additional materials.  
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Figure 3-1. Large rock slope deformation feature in the upper watershed of Bear Creek.  This 
sackung has previously been identified by Thurber (2004). 

The upper portions of the north face of Seton Portage Mountain may be underlain by alpine 
permafrost.  This is deduced from a preliminary satellite image survey via Google Earth of 
periglacial landforms (active rock glaciers) that are indicative of permafrost and whose lower limit 
was measured around 2050 m. In addition, as solifluction lobes had previously been mapped as 
part of terrain mapping of the Seton-Anderson area from 1998 to 1999 (Ryder and Associates, 
2001).  Therefore, BGC concludes that a portion of the upper watershed of Bear Creek may be 
underlain by alpine permafrost.  Given that global warming has been rising air temperatures by 
approximately 1°C over the past 100 years or so, the lower limit of mountain permafrost has been 
rising. In reality, this implies a thickening of the active layer (the seasonably unfrozen layer) and 
a decrease in the thickness of underlying permafrost body.  This implies that cohesion afforded 
by ice in rock joints or steep talus slope is diminishing over time.  The thickening of the active 
layer allows large quantities of debris and rock being subject to failure.  Disappearance of joint 
ice could also increase the frequency of rock fall. 

There are no ground temperature measurements in the headwaters of Bear Creek and permafrost 
existence and its degradation is therefore speculative.  However, permafrost degradation in alpine 
areas has been observed worldwide and should be considered in this case as it may increase 
sediment supply or increase the likelihood of rock slope failures in the summit region of Bear 
Creek watershed. 
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3.1.2. Fan Morphology and Development 

The fan of Bear Creek has an area of 1.3 km2, which is unusually large and results in a watershed-
fan ratio of 2.6.  This implies that the watershed has been supplying unusually high amount of 
sediment to the fan.  This could be attributable to the weak rock strength of a high degree of 
jointing which may lead to frequent rock fall and thus sediment supply to the higher order streams 
draining the north face of Seton Portage Mountain.  The average fan gradient of 22% (~ 12˚, 
Drawing 02) indicates that debris flows are the primary depositional process.  Moreover, debris 
flow deposits were found to daylight in the distal fan portions near the railway tracks and above 
Seton village.  

BGC did not encounter any evidence of a rock avalanche on the fan or within Seton village as 
postulated by LaCas (2000).  A 1986 investigation by BC Hydro had similarly found no evidence 
for rock avalanche deposits.  Rather than of rock avalanche origin, BGC believes that Anderson 
and Seton Lakes were separated by the combined sedimentation of Whitecap Creek, Bear Creek 
and Spider Creek, all of which have substantial sediment delivery potential.  The process of 
episodic sediment delivery by debris floods from Whitecap Creek and debris flows from Bear 
Creek likely created a see-saw pattern of fan erosion through diverting Seton River to either side 
of the Seton River floodplain.  This process likely also explains the steep-sided fan margin of Bear 
Creek along the north edge of the fan.  Seton River when pushed by Whitecap Creek towards the 
south side of the valley oversteepening Bear Creek fan by erosion of the fan margins.  This 
oversteepening has created a secondary hazard in terms of debris flows on Bear Creek.  As 
observed in 2016, and previously in 1991, debris flows have flown over the oversteepened fan 
margin.  This process accelerates flows and thus increases their potential impact forces.  It also 
allows scour of gullies along the fan margin which can increase the debris flow volume that is 
being deposited on the Seton River floodplain. 

Apart from the Whitecap Development, Bear Creek fan is developed along the northwestern fan 
edge downslope of Seton Road and along Cresta Road which runs in east-west direction from 
the southwestern fan edge towards the fan apex. 

Seton Portage is located on Seton River floodplain on either side of Seton River. Necait and 
Mission Indian Reserves partially straddle the fan and the floodplain (Drawing 01).  

Bear Creek fan has been logged at least twice since human settlement.  In 2009 a severe fire 
burned some 30 ha of the fan which corresponds to approximately one third of the fan area.  

3.1.3. Process Identification 

Debris flows and debris floods are types of hydrogeomorphic processes, within a steep creek 
process whose dominant driver is water, but with varying sediment concentrations.  This term 
includes the spectrum of clear-water flood, debris flood, and debris flow process types  
(Figure 3-2) with increasing sediment concentrations.  Debris flows and debris floods can 
potentially cause significantly more damage than flood events due to above average sediment 
transport and deposition (Jakob et al. 2015).  Clear-water flood processes still transport debris, 
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but at lower concentrations than debris flows or debris floods.  A detailed discussion of 
hydrogeomorphic processes is provided in Appendix B. 

 

Figure 3-2. Schematic illustration of debris-transporting processes with different water and 
sediment concentrations.  Sketch by BGC. 

Table 3-2 provides a detailed list of geomorphic characteristics that can be used to distinguish 
between debris flow, debris flood and flood process types.  Creeks classified as subject to debris 
flows may also be subject to floods and debris floods at lower return periods, or debris flows may 
transition to watery afterflows in the lower runout zone and after the main debris surge.  Those 
classified as subject to debris floods may be subject to clear water floods, but will generally not 
be subject to debris flows. 

Table 3-2. Sediment and geomorphic characteristics for different steep creek processes. 

Sediment or Geomorphic Characteristic Debris Flows Debris Floods Floods 

Matrix-supported deposit stratigraphy Yes Rarely No 

Clast-supported deposit stratigraphy Rarely Often Yes 

Inverse grading of deposit 

(larger particles in a stratigraphic column 
towards the top) 

Yes No No 
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Sediment or Geomorphic Characteristic Debris Flows Debris Floods Floods 

Clast imbrication 

(clasts “shingled” which is typical for fluvial 
transport mechanisms) 

No Sometimes Usually 

Defined boulder lobes Yes 

Sometimes, but 
with less sharp 

boundaries than 
for debris flows 

No 

Boulder levees (ridge-like features running 
parallel to debris-flow prone creeks where 
the flow avulsed from the channel) 

Yes No No 

Paired terraces 

(terraces on both sides of the channel and 
at the same elevation and presumably 
same age) 

Rarely Often 
Only if stream is 

incising into 
alluvial bed 

Buried vegetation Yes Yes Sometimes 

Impact-scarred riparian vegetation Yes Often Rarely 

Creek channel scour 
Mostly in 

transport zone 
Yes Yes 

Fine-grained overbank deposits Rarely Sometimes Usually 

Channel Gradient Typically >30% Typically <30% Typically <30% 

 

Figure 3-3 summarizes the three creeks at RCDC with respect to Melton Ratio and watershed 
length which are a good indication of the propensity of a creek to produce either floods, debris 
floods or debris flow.  Figure 3-3 shows a large dataset of creeks in Alberta with Bear Creek 
added.  Bear Creek clearly plots in the group belonging to debris flows.  Notably, Bear Creek and 
nearby Neff Creek plot at the upper margin for the group. 
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Figure 3-3. Hydrogeomorphic processes as a function of Melton Ratio and stream length.  See 
Table 3-2 for data. 

3.2. Geology 

The Bear Creek watershed is underlain by chert, argillite, phyllites, and greenstones of the 
Carboniferous to Middle Triassic Bridge River Complex (Roddick and Hutchison 1973; Figure 3-4 
from Journeay and Monger 1994).  This complex may also contain discontinuous limestones and 
other carbonate rocks (Journeay and Monger 1994; Baldeon 2014).  Northeast-southwest striking 
foliation has been mapped within this unit approximately 1.5 km southwest of Seton Portage 
(Roddick and Hutchison 1973).  The geology of the watershed may exert an important control on 
the character (type and size) of sediment contributing to debris flows on the fan.  Sterling and 
Slaymaker (2007) found that watersheds containing volcaniclastic bedrock lithology produced 
more frequent and larger debris torrents than similar granitic watersheds.  This was due in part to 
the higher proportions of clay in weathering products of the parent rock.  Similarly, bedrock 
lithologies in the Bear Creek watershed may weather to silt and clay sized fractions rather than 
sand and gravel fragments.  

A grain size analysis taken from a single grab sample of the 2016 debris flow deposit yielded a 
fines (defined as grains smaller than 0.02 mm) content of clay percentage of approximately 10% 
(Appendix C).  Clay is defined as grains with size less than 0.002 mm.  The clay content of the 
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grab sample is approximately 5%.  Debris flows containing higher proportions of clay have shown 
to travel at lower angles and over longer distances.  For example, Scott et al. (1995) differentiate 
between cohesive and non-cohesive debris flows based on their clay content.  Those with < 5% 
clay content are classified as non-cohesive, those with clay content > 5% are classified as 
cohesive.  Scott et al. (1995) observe: “In cohesive debris flows, (1) grain interaction is cushioned 
by the adhering clay aggregates, thereby reducing near-boundary shear and other particle 
interactions recorded by the boundary features characteristic of noncohesive debris flows; and 
(2) the clayey matrix retards each of the following: (a) the settling of coarse particles, (b) the 
differential movement of all coarse-phase particles (which produces the well-developed normal 
and inverse grading in noncohesive flows), and (c) the miscibility (property of substances to mix) 
of the flow with associated streamflow. The latter effects prevent or greatly retard the 
transformation of a cohesive debris flow to hyperconcentrated streamflow”. The significance of 
these empirical findings for this report is that debris flows have a higher mobility (i.e., they flow 
further and may be faster) than those generated, for example, in the granitic coast mountain 
complex that produce debris flows with sandy matrices.  This flow behaviour may also explain the 
unusually large extent of Bear Creek fan, compared, for example to Whitecap Creek fan or 
adjacent Spider Creek fan. 

The surficial cover of the watershed consists primarily of angular to subangular colluvial materials 
deposited from rock fall, debris slides and debris avalanches in the upper watershed (J.M. Ryder 
and Associates 2001).  A glaciofluvial deposit has also been mapped upslope of the fan on the 
east side of Bear Creek (J.M. Ryder and Associates 2001). 
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Figure 3-4. Bedrock geological map (Journeay and Monger, 1994) of the area near the Bear Creek 
watershed (outlined in red).  CJB – Bridge River Complex.  

Rock slopes in the upper Bear Creek watershed were identified as a source zones for rockfall, 
debris flow and debris slides in terrain stability mapping of the Anderson Lake/Seton Lake area in 
the late 1990s (J.M. Ryder and Associates 2001).  These rockfall source areas were further 
investigated in a regional study of landslide hazards along the BC Hydro reservoirs at Seton, 
Carpenter and Downton Lakes.  Baldeon (2014) identified two sets of linear bedrock features near 
the peak of Seton Portage Mountain: one striking principally northeast-southwest, and a second 
orthogonal set paralleling gullies striking northwest-southeast.  These features are regionally 
consistent with lineaments and structures found on Santa Claus Mountain, a ~50 M m3 sackung 
(deforming slope) feature approximately 3.5 km northeast Seton Portage Mountain.  A third, less 
consistent linear feature was identified by BGC in Google Earth and air photographs.  These 
features strike principally north-northwest to south-southeast (Figure 3-5).  The majority of the 
blue linears provide the gully system that acts as debris supply feeder channels to Bear Creek 
main stem.  The yellow lineaments provide cross joints that act as release surfaces for fragmental 
rock fall and occasional larger rock slides. 
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Figure 3-5. Bedrock linear features mapped by BGC from Google Earth and air photos. 
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4.0 HAZARD ASSESSMENT 

4.1. Introduction 

A hazard assessment identifies the hazardous processes acting on the elements at risk and 
attempts to quantify its probability, magnitude and intensity.  Applied to Bear Creek fan and the 
Whitecap Development, this implies determining the type of process having led to the damage 
(i.e., debris flows), determining the return period and debris-flow volumes associated with it.  
Intensity estimates often come from numerical modeling which is outside the scope of the present 
study. 

This section summarizes the 2015 and 2016 debris flows that affected the Whitecap Development 
area (Section 4.2), and its hydroclimatic conditions (Section 4.3), summaries the results from the 
air photo interpretation aimed at estimating debris flow frequencies (Section 4.4), describes the 
field observations (Section 4.5) and provides preliminary frequency-magnitude relationships of 
debris flows on Pete’s Creek and Bear Creek (Section 4.6). 

4.2. Recorded Events 

Debris flow events were previously documented on Bear Creek by different workers in 1964; 
August 19 and 29, 1991; September 20, 2015; and July 30, 2016.   

Sections 2.1 and 2.3 described the 1964 and 1991 events, which were investigated by Terratech 
(1996) and Thurber (2004).  There is anecdotal information of a debris flow on Pete’s Creek which 
may be attributable to a storm in October 2003 (KWL, pers. comm. 2017).  This section 
summarizes those events occurring in 2015 and 2016.  

4.2.1. 2015 Debris Flow 

A debris flow occurred on September 20, 2015 during a storm that triggered abundant debris 
flows in the Pemberton to Seton Corridor.  According to SLRD (Appendix A), the debris flow filled 
the upstream side of the berm over a length of approximately 150 m, at the location shown in 
Figure 4-1.  The flow then then overtopped the berm, eroding an approximately 5 m wide section 
on its downslope side. Some material then spilled into the development area.  Approximately 1000 
to 1100 m3 debris had to be removed and the berm repaired.  The total quoted recovery plan 
costs were $52,000 of which $40,800 were eligible for payment by Emergency Management BC 
(EMBC). 

4.2.2. 2016 Debris Flow 

A debris flow occurred on July 30, 2016 during a localized storm event in the Seton Portage area.  
The storm brought a total of 27 mm of rainfall, primarily occurring within a 12-hour window.  No 
precipitation was recorded at the Pemberton airport on this day, and the precipitation data for the 
Lillooet climate station is not recorded.  BGC digitized the outline of the deposit that was provided 
by the SLRD and determined an area of 9560 m2.  During BGC’s field visit on November 18, 2016, 
a number of spot depth measurements were taken along the perimeter of the deposit.  Those 
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yielded depths between 0.3 and 0.5 m, with an average of approximately 0.4 m.  This would yield 
an approximate volume of the debris that spilled over the berm of 3800 m3.  

4.3. Frequency Analysis Air Photo Interpretation 

Debris-flow frequencies were estimated using air photo interpretation of photos dating back to 
1948 (Table 4-1, Drawings 03A, 03B).  These frequencies are preliminary estimates based on 
documented debris flow events and observations in air photos.  To develop more rigorous 
frequency-magnitude relationships other methods, such as dendrogeomorphology (the science 
of tree ring dating and geomorphic interpretation) or test trenches would need to be used.  

Table 4-1. Observations from air photo and satellite image interpretation, Bear Creek 1948-2012. 

Series #s Year Scale Observations 

X195L 4-6 1948 N/A Oblique aerial photographs limited to upper 
watersheds above the fan apex.  Some shading on 
upper slopes of Bear and Pete’s creek watersheds. 
Rockfall and debris flow tracks visible and fresh debris 
in the upper watershed of Bear Creek.  Smaller debris 
flow track visible on Pete’s Creek watershed.  The two 
channels do not appear to join. 

BC494 114-117 1948 1:64,246 Medium scale photo extent limited to the fan and lower 
to mid watershed.  The uppermost slopes of Bear 
Creek are not visible.  Photo has some shadows and 
is dark toned. Fresh debris flow track in Bear Creek 
watershed extends below waterfall to the top of the 
glaciofluvial deposit.  Bear Creek is partially 
entrenched below the waterfall, but this is not 
continuous through the deposit. Smaller fresh debris 
flow track seen from Pete’s Creek watershed.  Both 
channels are obscured by trees onto the fan, but noted 
by thin breaks in the vegetation.  Apparent track of 
Bear Creek noted by treed ridge on northern margin of 
fan. Below the fan apex Pete’s Creek sharply turns 
west and flows adjacent to the southern hillslope. 
Houses and cleared areas are visible on the outer 
portions of the fan, particularly near the water’s edge 
on Anderson Lake.  A small clearing in the trees of 
uncertain origin is noted upstream of the most southern 
house on Anderson Lake.  

A13251 35-37 1951 1:70,000 Small scale photos with upper watershed covered by 
shadows, but fan is well lit.  Fresh debris flow and 
rockfall tracks noted through shadow in upper 
watershed. Pete’s Creek below fan apex appears to 
flow in the same location as the previous photo against 
the southern margin of the hillslope.  Apparent location 
of Bear Creek has not changed since the previous 
photo.  The extent of developed areas on the fan does 
not appear to have increased since the previous photo. 
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Series #s Year Scale Observations 

BC4243 19-24 

141-146 

183-186 

1964 1:15840 Large scale photos with partial shadow cover in the 
upper watershed.  Fresh debris flow and rockfall tracks 
are noted in both Bear Creek and Pete’s Creek 
watersheds.  The large tension crack in the upper Bear 
Creek watershed is highlighted by late snow cover in 
photo 220.  Bear Creek does not appear to be 
entrenched below the waterfall.  The location of the 
channels across the fan is partially obscured due to 
thick vegetation cover, but both channels appear to 
flow in the same location as the previous photos. 
Seton Portage Road and Creston Road have been 
constructed along the west and southern margin of the 
fan.  Orchards are visible below the escarpment near 
Bear Creek.  The future footprint of the Whitecap 
Development has been partially logged.  

BC5143 143-146 1965 1:31860 Medium scale photo with well exposed fan and 
watersheds.  Few changes from the previous photo, 
except for a fresh debris flow deposit from one of the 
Bear Creek sub-watersheds.  

RSA30517 3-4 1972 1: 
120,000 

Small scale colour photos with well lit fans and 
watersheds.  Fresh debris flow tracks in Bear Creek 
watershed.  Shadows obscure the smaller Pete’s 
Creek upper watersheds.  The channels across the fan 
are difficult to locate due to the small scale of the photo. 
Creston Road has been expanded further upslope and 
east of the former photo.   

BCC7763 

BCC7769 

124-127 

167-170 

1975 1:20,000 Medium scale black and white photos with well lit fan 
and watersheds.  Fresh debris and rockfall tracks 
visible on Bear watersheds.  Much smaller debris flow 
tracks noted on Pete’s Creek. Bear Creek is 
entrenched below the waterfall.  The channel locations 
on the fans are obscured by the thick vegetation.  The 
logging on the future Whitecap Development has not 
expanded.  Orchards are well developed in the Seton 
community.  The property above the escarpment has 
been built.  

30BCC678 

 

30BCC679 

119-123 

221-225 

29-31 

1987 1:15,000 Large scale black and white photos of the fan and 
watersheds.  The photo set is partially overexposed. 
Fresh debris flow and rockfall tracks on Bear and 
Pete’s Creek watersheds.  Bear Creek is no longer 
entrenched below the waterfall.  The channel locations 
on the fans are obscured by the thick vegetation. 
Small, inconsistent patches of trees have been logged 
on the fan.  Trees on the future Whitecap Development 
have regrown into logged areas.  More houses have 
been developed along Seton Road near the Seton 
River.  
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Series #s Year Scale Observations 

30BCC97125 

 

30BCC97128 

81-82 

134-138 

19-23 

1997 1:15,000 Large scale black and white photos of the fan and 
watersheds.  The photos are overexposed on the 
margins.  Few discernible differences in the 
watersheds to the previous photo, expect for a small 
debris flow track on Bear Creek below the waterfall. 
The Whitecap Property has been re-logged to its 
present extent and some roads have been 
constructed.  

30BCC05135 39-42 

125-128 

2005 1:20,000 Medium scale colour photos of the fan and upper 
watersheds.  Fresh debris flow tracks of similar extent 
to the previous photo are visible in the upper Bear and 
Pete’s Creek watershed.  The locations of the channels 
across the fan are difficult to determine due to thick 
forest cover.  The berm on the Whitecap Property has 
been constructed.  

Digital Globe 
Imagery 

 2012 0.5 m 
pixel 

Fresh debris flow tracks are noted on Bear Creek but 
not Pete’s Creek watershed.  Bear Creek is not 
entrenched below the waterfall.  Large portions of the 
trees on the fan, glaciofluvial deposit, and upper Bear 
Creek watershed have been burnt.  A fire break has 
been constructed across the fan, running 
approximately northeast to southwest, and upstream 
along Bear Creek.  The locations of the channels on 
the fan cannot be determined due to the overexposure 
of the image.  The house on Whitecap Property has 
been constructed.  Properties adjacent to the southern 
berm have been developed.  

 

In summary, Bear Creek and Pete’s Creek watersheds show active rock fall and debris-flow 
processes in the air photo and satellite image record.  The dense vegetation on the fan challenges 
determination of the exact number and extent of previous debris flows.  However, several 
observations regarding the nature and frequency of debris flows on Bear and Pete’s creeks can 
be made.  

Fresh rockfall and debris slide deposits were observed in the upper Bear Creek watershed in all 
air photos, highlighting active colluvial processes.  Fresh debris flow deposits from Bear Creek 
watershed extend below a waterfall at an elevation 1000 masl on all air photos.  Given the fresh 
nature of the deposits in all photos, debris flows from Bear Creek likely reach the fan apex on a 
decadal basis.  Additionally, at a minimum one debris flow from Bear Creek reached the distal, 
truncated fan portions above Seton Portage, as seen in the 1948 air photo.  Given the frequency 
of these and recorded events (1991 and 2015-2016), the return period for Bear Creek debris flows 
reaching Seton Portage is approximately 25 to 50 years.  The upper watershed of Pete’s Creek 
displayed fresh rockfall tracks and deposits in most air photos.  Debris flows extending down to 
the fan apex were less frequent than Bear Creek, and the return period of these events is 
estimated at 10 to 25 years.  One debris flow is interpreted from the 1948 air photo reaching the 
current location of houses along Cresta Road, south of the Whitecap Property.  Based on this 
information and the 2015 and 2016 events, the return period for debris flows from Pete’s Creek 
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that reach the Whitecap Property and Cresta Road is estimated at 50 to 100 years.  However, 
this estimate does not reflect the avulsion potential of Bear Creek, which would substantial 
increase the frequency of events that could reach the Whitecap Development property.  

4.4. Field Observations 

4.4.1. 2016 Event Description 

BGC’s fieldwork on November 19, 2016 included a traverse of the trajectory of the July 2016 
debris flow affecting the Whitecap Development as well as following the 2016 channel upstream 
to the fan apex.  Some of the debris followed the east berm and flowed down the north and south 
ditches flanking the Whitecap Development.  The total volume of debris that was deposited 
upstream of the constructed berm in 2016 was estimated to 1280 m3.  Upon being filled, the debris 
overflowed and eroded the berm downstream.  Figure 4-1 shows the berm after the cleanup. 

 

Figure 4-1. Upstream berm protecting the Whitecap Development in November 2016. 

Figure 4-2 shows the debris deposition in the vicinity of the only home within the Whitecap 
Development.  Debris deposition in this area was thin (0.1 to 0.5 m) and flowed at angles of 6 to 
9˚ indicating high mobility compared, for example, to the coarser grained debris flows within the 
Coast Mountain plutonic rocks.  Some of the debris continued to flow downstream, crossing Seton 
Road and discharging into Anderson Lake.  Debris following the south ditch clogged the 400 mm 
culvert and overflowed Seton Road but only partially re-entered a swale downstream.  Instead it 
flowed through private property southwest of the road crossing causing some damage. 

 

Figure 4-2. 2016 debris flow deposit approximately 50 m downstream of the upper berm protecting 
the Whitecap Development.  Photo looking East.  Photo by BGC. 
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Pete’s Creek channel is largely created by debris-flow levees some 100 to 150 m upstream of the 
eastern berm (Figure 4-6).  Depth erosion is minor as evidenced by near-surface forest soils within 
the channel.  Further upstream, the channel becomes increasingly incised and eroded material is 
being transported downstream and is deposited as levees on the margins of the channel  
(Figure 4-7).  These erosive events also allow identification of previous debris flows as shown on 
that figure.  The degree of erosion gradually increases to an elevation of approximately 650 m 
where Pete’s Creek becomes confined by its watershed channel.  In these reaches, Pete’s Creek 
has incised into previous debris flow deposits by up to 4 m into cohesive banks (Figure 4-5).  

The banks and channel provide a quasi-infinite source of material for transport with the only 
limiting factor being the duration and intensity of runoff above a critical entrainment threshold.  
Thus higher intensity storms and at longer durations will result in larger debris flows irrespective 
of debris flows being triggered in the watershed by debris slides or debris avalanches.  This 
observation is important in conjunction with future climate change (Appendix D), which may lead 
to more frequent and/or higher intensity storms in the area. 

 

Figure 4-3. Lower channel looking north of Pete’s Creek at an elevation of approximately 350 m 
with a cross-section area (in yellow) of 3 m2.  Note the relatively fine-grained texture of 
the debris flow.  Flow depth was approximately 0.5 m at this location.  At this point of 
the flow deposition prevailed over debris entrainment.  Photo: BGC, November 19, 
2016. 
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Figure 4-4. Eroded channel of Pete’s Creek upstream of the fire break at approximately 400 m 
elevation.  This is the location of avulsions towards the western portion of the fan in 
2015.  Yellow dashed lined delineate different debris flow deposits.  Photo looking west: 
BGC, November 19, 2016. 

 

Figure 4-5. Pete’s Creek channel on the greater Bear Creek fan looking north.  The log spanning 
the channel is covered by debris which indicates the flow depth in the early stages of 
the debris flow.  BGC suspects considerable downcutting during the more liquid 
afterflow phases of debris flows and normal stream flow.  Photo: BGC, November 19, 
2016. 

2016 debris flow 

2015 debris flow ? 

 pre- 2015 debris flows 
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The mid fan sections (defined as portions of the fan between 340 m and 450 m elevation) are 
crisscrossed by numerous paleo-channels and levees as illustrated in Figure 4-6.  These 
landforms indicate previous debris flows and show that channel locations shift across the fan 
surface.  This observation is key for the design of mitigation measures that aim to channelize 
debris or stabilize channels. 

 

Figure 4-6. Paleochannels in mid fan sections of Bear Creek fan indicating past debris-flow activity.  
Photo: BGC, November 19, 2016 looking downstream (north). 

At approximately 680 m elevation, BGC traversed eastward to Bear Creek main channel and 
descended it toward the burned eastern portions of the fan.  The fan apex area (approximately 
650 to 700 m elevation) of Bear Creek is deeply incised showing an erosional, rather than 
depositional behaviour in this area (Figure 4-7). 

 

Figure 4-7. Deeply incised channel of Bear Creek near the fan apex at approximately 680 m 
elevation looking upstream (southeast).  Photo: BGC, November 19, 2016. 
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Cross-section measurements were taken along the flow path of both the 2016 Pete’s Creek and 
Bear Creek channels to estimate peak discharge during the two events.  Bear Creek fan was then 
traversed in westerly direction back to the Whitecap Development.  Subsequently, the north-
eastern portions of Bear Creek were visited by foot to examine the runout of the 2016 debris flow.  
At an elevation between approximately 280 and 300 m, the flow became poorly confined (Figure 
4-8) and avulsed out of the channel towards the Seton River floodplain (Figure 4-9).   

 

Figure 4-8. Bear Creek on the eastern fan segments at elevation 280 m to approximately 330 m 
elevation showing the 2016 deposit.  Photo: BGC, November 19, 2016 looking upstream 
(southwest). 

 

Figure 4-9. Debris-flow runout onto the Seton River floodplain south of Mission Reserve Road.  The 
very low deposition angle (~ 3˚) indicates high debris-flow mobility.  Photo: BGC, 
November 19, 2016 looking upstream towards the truncated Bear Creek fan edge. 
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4.4.2. Peak flow estimates from tributary debris flow 

During the fieldwork on Pete’s and Bear Creek, a number of cross-sections were measured of the 
channel segments.  Flow velocities were estimated based on experience and peak flows 
determining by multiplication of flow velocity and cross-section area.   

The data obtained from these preliminary field investigations are summarized in Table 4-2.  

Table 4-2. Summary data from cross-section measurements on Bear Creek.   

Creek Approx. 
elevation 

(m) 

Cross Section 
Area 

(m2) 

Estimated 
Velocity Range 

(m/s) 

Estimate Peak 
Discharge Range 

(m3/s) 

Pete’s Creek 1 340 3 1-2 3-6 

Pete’s Creek 2 470 7 3-4 21-28 

Bear Creek 1 510 13 3-4 39-52 

Bear Creek 2 440 16 3-5 48-80 

4.4.3. Volume estimates from 2016 Pete’s Creek debris flow 

The volume of the 2016 debris flow on Pete’s Creek was estimated by delineating the deposit that 
had previously been mapped by the SLRD, but excluded the depositional area upstream of the 
berm where deposition depth was considerably deeper.  The area was estimated to 8000 m2 and 
the average thickness was estimated as 0.3 to 0.5 m resulting in a total volume of 2400 to 4000 
m3.  

The volume of the deposit stored upstream of the east berm was estimated by measuring several 
cross-sections after the clean-out and summing the respective representative sections to obtain 
a total sediment volume.  This resulted in an additional volume of approximately 1300 m3. 

Additional debris was discharged from a distributary fan channel that discharged into the eastern 
ditch system.  However, the volume of this material was small and was estimated as less than 
100 m3 by BGC.  Given the above data, the total volume of the 2016 debris flow that discharge 
into the ditch protecting the Whitecap Development and overflowing it was estimated as 3700 to 
5300 m3. 

4.5. Hydroclimatic Conditions of 2015 and 2016 debris flow 

Hydroclimatic observations of the 2015 and 2016 debris flow events were reconstructed from the 
BC Hydro weather station at the Shalalth Station, approximately 6 km northeast of the Whitecap 
Development.  BC Hydro provided BGC with quality checked daily total rainfall and temperature 
records, as well as raw hourly and sub hourly records for this site.  The rainfall intensity records 
are summarized in Table 4-3. 

The 2015 debris flow event occurred during an intense rainfall event on September 20, 2015.  
This rainfall event caused numerous debris flows in the Anderson Lake, Birken, and D’Arcy 
corridor.  The total rainfall on that day was 60 mm at Shalalth.  In the seven days preceding the 
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event, 13 mm of antecedent rain was measured.  The maximum daily temperature recorded on 
this day was 12.5°C.  During the seven days preceding the event, the average maximum daily 
temperature was 19°C, with a 4° decline in temperature in the two days preceding the event.  

The 2016 debris flow occurred on July 30, 2016. The 24-hour rainfall total at Shalalth was 27 mm, 
with a maximum hourly intensity of 15 mm in the mid-afternoon.  Only 1 mm of antecedent rainfall 
was noted in the seven days preceding the event.  The maximum daily temperature during the 
seven days preceding this event averaged 28°C, and the maximum daily temperature on this day 
was 28.4°C.  

Table 4-3. Rainfall intensity records at Shalalth Station for the 2015 and 2016 debris flow events 
at Seton Portage. 

 September 20, 2015 July 30, 2016 

 Time (PDT) Rainfall (mm) Time  Rainfall (mm) 

1 hour 0944-1044 9 1457-1557 15 

2 hour 0844-1044 15 1457-1657 17 

6 hour 0744-1344 35 1412-2012 23 

12 hour 0144-1344 56 1157-2357 27 

24 hour 1544 (Sep 19) - 
1544 (Sep 20) 

64 0512 (Jul 30) – 
0512 (Jul 31) 

27 

 

The rainfall data from the two storm events are plotted on rainfall intensity-duration-frequency 
(IDF) records at Pemberton Climate Station (55 km southwest) and Lillooet Climate Station  
(28 km east).  These two stations vary slightly, with the Lillooet Climate station having lower IDF 
values than the Pemberton Station due to the rain shadow effect of the Coast Mountains.  IDF 
curves have not been developed for the BC Hydro site. 

The 2015 event exceeded the 25-year return period for the 12-hour rainfall event at Pemberton, 
and exceeded the 100-year return period for the 6, 12, and 24-hour rainfall event in Lillooet.  Thus, 
this event was characterized by long duration and high rainfall volumes. In contrast, the 2016 
event had higher 1 and 2-hour rainfall totals than 2015.  This event surpassed the 10-year return 
period for the one-hour intensity at Pemberton, and the 100-year return period in Lillooet.  The 
2016 event was thus characterized by short duration – high intensity rain with low rainfall volumes. 

This brief analysis demonstrates that debris flows at Bear Creek can be triggered from different 
storm types, those of short duration but high hourly intensities and longer duration storms with 
higher total storm volumes.  The 2015 event was recorded at the Pemberton Climate Station, 
while the 2016 event was not recorded at this site.  Given the short and intense rainfall, the 2016 
event was likely a localized thunderstorm over the Seton Portage area rather than being 
associated with a frontal storm as was the case in September of 2015. 
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Figure 4-10. IDF magnitudes for the September 20, 2015 (blue) and July 30, 2016 (orange) debris 
flow events compared to the calculated Pemberton Climate Station values. 
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Figure 4-11. IDF magnitudes for the September 20, 2015 (blue) and July 30, 2016 (orange) debris 
flow events compared to the calculated Lillooet Climate Station records. 

4.6. Preliminary Frequency-Magnitude Analysis 

4.6.1. General 

Frequency-magnitude (F-M) relations are defined as volumes or peak discharges of landslides 
related to specific return periods (or annual frequencies) of their occurrence.  This relation forms 
the core of any hazard assessment because it combines the findings from frequency and 
magnitude analyses in a logical format suitable for numerical analysis.  This report uses the terms 
“frequency”, “hazard probability” and “return period” interchangeably, depending on the context.  
Frequency is numerically equivalent to hazard probability, and is defined as the annual probability 
of occurrence of a hazard scenario.  Return period is the inverse of frequency, and is defined as 
the average recurrence interval (in years) of a hazard scenario.  For example, an annual 
frequency of 0.01 corresponds to a 100 year return period.  The frequency and magnitude of a 
hazardous event form a relationship where larger events occur more rarely. 
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Any frequency-magnitude calculation that spans time scales of millennia necessarily includes 
some judgment and assumptions, both of which are subject to uncertainty.  For this cursory 
analysis BGC used a relatively new approach to characterize hazards and estimate their 
magnitude and frequency of occurrence.   

There are no commonly applicable rules in Canada to define the range of hazard event 
frequencies or return periods that should be considered in an assessment or mitigation design.  
However, regulatory guidance and/or legislation worldwide mandate a range from several tens of 
years up to 10,000 year return periods.  For example, in British Columbia, Canada, the current 
guidance to Ministry of Transportation approving officers is that a 10,000-year return period be 
considered for all life-threatening landslide processes (MoTI 2009).  This guidance contrasts with 
a more structured approach developed for the Association of Professional Engineers and 
Geoscientists of British Columbia (APEGBC 2012) “Guidelines for Legislated Flood Assessments 
in a Changing Climate”.  In these guidelines, the scale of future (and existing) development to be 
protected guides the return periods to be considered.  For example, for very high loss potential 
sites, which would apply to Bear Creek, the APEGBC guidelines stipulate that an event up to 
1:2,500 year be considered.  Lastly, hazard tolerance criteria developed by Cave (1992) suggest 
consideration of up to a 1:10,000 year event for new subdivisions. 

These relatively high return period ranges are more conservative than the present standard 
elsewhere.  Unlike in most of Canada, Japan as well as Austria, Germany, Switzerland and 
France rarely rely on a single mitigation measure, but combine watershed stabilization measures 
with channel improvements and land use restrictions. 

Once events have been documented and their age and volume estimated, return periods need to 
be assigned to individual events that allow extrapolation and interpolation into annual probabilities 
beyond those extracted from the physical record.  Such record extension is necessary to develop 
scenarios across the return period range under consideration.  These scenarios then form the 
basis for debris-flow modelling and risk analysis. 

In this context, judgement is required to assign magnitudes for very long return periods 
(thousands of years) and the degree of error is proportional to the length of the return period.  This 
high degree of uncertainty can be addressed through secondary lines of defense or contingency 
plans should the channel aggrade significantly over time. 

4.6.2. Regional Analysis 

Introduction 

Most debris-flow hazard assessments require that the magnitude of events is established for 
several return periods and this also forms the basis for risk assessments in which life loss and/or 
economic consequences are systematically included.  The principal challenge lies in establishing 
reliable frequency-magnitude relationship (FMR).  For longer return periods, this requires a 
combination of several absolute dating methods, test trenching, hydrology, sedimentology and 
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creative geomatics applications.  These techniques were outside the budget and scope for the 
present assignment.  

In areas where comprehensive studies on debris-flow or debris flood frequencies and magnitude 
have been conducted, a simple normalization procedure based on fan area or fan volume can be 
applied to approximate FMR without the need for in-depth field investigation.  These, however, 
should only be applied in similar environment and morphometrically similar watersheds.  As few 
detailed FMR studies have been conducted in the drier environments of southwestern BC, the 
results of this analysis should be viewed as preliminary and not suitable for design. 

In this report, to further constrain volumes of sediment that could be mobilized from and 
downstream of landslide dams, we apply regional frequency-magnitude relationships from a fan-
area or fan-volume normalized F-M relationships (Jakob et al. 2016, see Appendix E). 

Methods 

Nine detailed debris-flow hazard and risk assessments have also been completed in 
southwestern BC for different clients by BGC and Cordilleran Geoscience over a period of 
approximately 15 years.  

The hazard assessments in BC entailed the reconstruction of detailed FMRs for debris floods and 
debris flows.  Various methods were applied to decipher magnitudes and frequencies of past 
events.  For each project, a frequency-magnitude (F-M) curve was established.  Details of the 
methods are provided in Appendix E.  The individual F-M curves were normalized by fan area 
and plotted on the same graph (Figure 4-12).  A best-fit line was plotted and a predictive equation 
extracted. 

The regional relations predict the sediment volume ( ) in m3 generated in various return period 

(T) events and normalized by fan area ( ) in km2.  Each relation is applicable for return period 

events ranging from approximately 10 to 3000 years, noting that in some cases the minimum 
return periods exceed 10 years.  Higher return periods are too speculative with respect to their 
sediment volumes to be included in this analysis. 

The regional debris-flow relation (Equation 5-4) was developed by BGC from the detailed study 
of nine creeks in southwestern BC and has a coefficient of determination (R2) of 0.65, which 
indicates goodness of curve fit. 

54,230 ln T 161,714                                                                                        [Eq. 5-4] 

Results 
The relation expressed in equation 5-4 is applied to Bear Creek (Figure 4-13).  The Pete’s Creek 
results are prorated by watershed area (factor of 0.26) as the portion of the fan attributable to 
Pete’s Creek is indistinguishable from Bear Creek fan.  This watershed normalization implies that 
the fan area is proportional to watershed area which introduces some uncertainty since debris-
supply sources and supply mechanisms are ignored. 
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Figure 4-12. Regional Frequency-Magnitude Relationship for Debris Flows in southwestern BC from 
Jakob et al. (2016).  The green dotted line symbolizes the best fit of all creeks 
considered, while the yellow line shows the upper credible limit. 

 

Figure 4-13. Preliminary debris flow frequency-volume relationship for Bear Creek and Pete’s Creek 
with the Best Estimate and Upper Credible Limit delineated by different colours.  The 
lower portion of the Bear Creek curve is extrapolated based on judgment. 
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Table 4-4. Frequency-volume summary for Bear Creek and Pete’s Creek debris flows based on a 
regional analysis approach.  Sediment volumes for return periods greater than 100 
years are rounded to the nearest 10,000 m3 to avoid the illusion of exactness.  

 Bear Creek (incl. Pete’s Creek) Pete’s Creek 

Return Period 

(years) 

Best Estimate 

(m3) 

Maximum 
Estimate 

(m3) 

Best Estimate 

(m3) 

Maximum 
Estimate 

(m3) 

15    8,000*               31,000  n/a n/a 

25               17,000                68,000          4,000        17,000  

30               30,000                81,000          8,000        21,000  

100            110,000             170,000        29,000        43,000  

300            190,000             250,000        50,000        60,000  

1000            280,000             330,000        70,000        90,000  

3000            350,000             410,000        90,000     100,000  
Note: No differentiation is made for debris flows from Pete’s Creek as full-scale avulsions are considered possible at this preliminary 
analysis level. *denotes a judgement-base estimate. Lesser return periods have not been estimated. n/a indicates that debris flows 
have been unlikely to occur at return periods below 25 years on Pete’s Creek.  Note that this may change in the future. 

According to Table 4-4, the 2016 debris flow on Bear Creek likely corresponded to a 25 to 30-
year return period event which also corresponds to estimates obtained from air photograph 
analyses (Table 4-1).  Table 4-4 also demonstrates that much large debris flows are conceivable 
on Bear Creek.  Those would likely be associated with extreme rainstorms combined, at higher 
return periods, with debris-flow triggering rock slope failures in the upper watershed.  

Thurber (2004) mention that they collaborated with Dr. Oldrich Hungr (professor at the Earth and 
Ocean Science Department at University of British Columbia), who used a frequency-magnitude 
relationship to project a 10% annual probability in 50 years (approximately 500-year return period) 
of 60,000 m3 at Bear Creek.  However, no details on that work are available.  According to BGC’s 
analysis presented in this report, a 60,000 m3 volume would correspond to approximately a  
50-year debris flow.  A 500-year return period debris-flow would correspond to a greater-than 
200,000 m3 debris flow according to BGC’s preliminary F-M analysis. 

This analysis is largely based on debris flow frequency-magnitude relationships developed in the 
wetter portions of the BC Coast Mountains.  It’s applicability to the drier regions has not yet been 
proven.  Therefore, the estimates presented in Figure 4-13 and Table 4-4 may exaggerate the 
true volumes for the respective return periods.  This realization emphasizes the need to a more 
in-depth study that requires test trenching and radiocarbon dating in conjunction with 
dendrochronological investigations. 

Validity Check 

Given the very large debris flows on Bear Creek as estimated via the regional analysis, it is 
worthwhile to conduct a cursory check of its validity.  To achieve the sediment volumes as stated 
in Table 4-4, substantial debris would have to be recruited through in-channel mobilization 
(sediment entrainment).  Previous authors (i.e., Hungr et al. 2005) have summarized entrainment 
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rates in debris flows in Canada.  To back-calculate average entrainment rates per metre channel 
length, the assumed volumes are divided by the maximum channel length.  An assumed 5000 m3 
point source volume (debris avalanche/debris slide/rock fall) for Bear Creek and a 3000 m3 point 
source volume at Pete’s Creek is subtracted from the total debris-flow volume as per Table 4-4.  
This analysis was conducted for the best debris volume estimates of the longest channel on Bear 
and Pete’s Creek which are 3230 m and 2940 m, respectively and include portions of the fan that 
have been observed to entrain debris.  The results from the analysis are summarized in  
Table 4-5. 

Table 4-5. Channel yield rates on Bear and Pete’s Creek as back-calculated from channel lengths 
and point source assumptions. 

Return Period 

(years) 

Bear Creek 

Best Estimate 

(m3/m) 

Pete’s Creek 

Maximum Estimate 

(m3/m) 

25 4 0 

30 8 2 

100 34 9 

300 58 16 

1000 84 23 

3000 108 30 

 

The values presented in Table 4-5 are within those observed elsewhere (Hungr et al. 2005). 
Moreover, particularly for higher return period debris flows (> 100 year return period), it is 
conceivable that more than one debris flow occurs in the dendritic channel system in the Bear 
Creek watershed.  This implies that the individual channel yield rates can be lower as shown in 
Table 4-5 to achieve the same sediment volumes reported in Table 4-4.  The principal limiting 
factor for debris flow volumes in Bear Creek watershed is thus not sediment availability, but the 
amount of rain, snowmelt and pore water contributions of materials entrained.  Water balance 
calculations to test the hypothesis of available water is well beyond the scope of the current study. 

Summary Observations 

It is key to realize that the frequency-magnitude analysis presented herein relates to the entire 
Bear Creek system for two reasons: First, the proportion of the fan attributable to Pete’s Creek 
cannot be discerned on fan morphology alone. It may or may not be proportionate to the 
watershed area.  Secondly, at this stage, a full avulsion of Bear Creek into the Pete’s Creek 
system cannot be discarded.  This implies that debris flows could be much larger than those 
observed in 2015 and 2016 on Pete’s Creek, with the correspondingly higher hazards and risks 
to the Whitecap Development but also to the existing homes along Cresta Road.  Avulsions from 
Bear Creek towards the westernmost fan sector are conceivable, albeit rare.  
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4.6.3. Uncertainties 

While based on reasonable assumptions and observations, estimates of landslide frequency and 
magnitude span time scales of millennia and require judgment and assumptions that are subject 
to some uncertainty listed below: 

 BGC’s work was of a scope that did not allow for dendrochronological investigations and 
test trenching and relies on a regional approach supported by detailed air photograph 
interpretation.  Specifically, for event return periods of debris flows that are not captured 
by the air photograph record, this introduces substantial potential error. 

 Older events are covered by new ones, thus obliterating evidence.  Therefore, only the 
surface expression as viewed in the field aid in interpreting events of the past. 

 Air photos may not show small (< 10,000 m3) debris flows that flow through forested areas 
without creating visible swaths of damaged vegetation and deposits.  This is particularly 
the case at Bear and Pete’s Creek where avulsing flows may be thin (< 1 m thick), 
relatively slow and of low viscosity which implies flowing around obstacles (trees) rather 
than destroying them. 

 The premise of stationarity over time (no long-term trend in the frequency of debris flows), 
and that they underlie an ergodic (independence from initial conditions) stochastic 
process.  This assumption can be questioned: For example, extrapolation of high return 
periods from the initial record length is done with only limited information on how climatic 
or geomorphic watershed conditions may have changed during this time.  Changes in 
vegetation cover, wildfire suppression, changes in the frequency and/or magnitude of 
hydroclimatic events and the occurrence of cataclysmic events such as large landslides 
will influence levels of hazard and associated risk. 

Despite these limitations, and for the purpose of the present study, BGC believes that a 
reasonable first estimate of the frequency-magnitude relationships of debris flows on the Bear 
Creek fan complex has been accomplished.  This analysis is primarily based on a regional 
analysis in the wetter portions of the Coast Mountains and which has not been tested in the drier 
slopes of the Cordillera.  Therefore, a more detailed investigation including dendrogeomorphic 
methods, test trenching and radiocarbon dating of organics as well as using rainfall-sediment 
relationships is highly recommended to follow this study to establish more site-specific FMRs and 
compare them to the regional approach.  The key is to view frequency–volume estimates as 
credible proxies for true events rather than precise estimates.   
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5.0 MITIGATION OPTIONS 

This section provides some preliminary commentary on potential further debris-flow mitigation 
options for the Whitecap Development.  It is not intended as the basis for design and cannot 
replace a formal option analysis which was not part of the present scope.  

The Whitecap Development berms designed to protect the Whitecap Development have been 
overtopped and partially breached by debris flows in 2015 and 2016.  These events were 
estimated to have return periods of less than 50 years.  According to BGC’s substantial 
experience in conducting quantitative risk assessments, it is unlikely that the existing berms, 
buffer area and building elevations as stipulated by LaCas and EBA (2000) provide sufficient risk 
reduction to existing or future homes within the development when compared to risk tolerance 
criteria being used by the District of North Vancouver, British Columbia and the Town of Canmore, 
Alberta. 

Table 5-1 summarizes general methods for reducing debris-flow hazards and risks and points at 
their applicability of each method at the Bear Creek fan.  Not all of the methods described in  
Table 5-1 are considered to be feasible alternatives for the Whitecap Development on Bear Creek 
fan.  Moreover, BGC understands that there are multiple stakeholders interested in addressing 
debris-flow hazards on Bear Creek fan.  It would thus be beneficial to coordinate efforts in the 
analysis of hazards and risks and optimize risk reduction measures for Bear Creek to benefit all 
stakeholders rather than special interest groups in isolation. 

Table 5-1. Possible methods of debris flow risk reduction. 

Method Description Application at Bear Creek 

Prevent debris 
flow initiation 

Prevent debris flow initiation by 
stabilizing and preventing 
entrainment of debris in the 
watershed. 

This method is not considered to be feasible at 
Bear Creek due to abundant loose material in 
the large and steep initiation zone, unless used 
to supplement other primary mitigation 
measures. 

Convey or 
divert debris 
flow away from 
elements at risk 

Allow debris flows to occur, but 
limit the spatial impact of the flow 
to a corridor or area that does not 
contain elements at risk. 

This method could be achieved by increasing 
the capacity of the existing channel and 
floodway through a network of berms and/or 
channel works.  The purpose of the works would 
be to convey debris flows through the 
community without overtopping the channel 
(Option 1), or to divert the flow away from the 
developed fan areas (Option 2). 
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Method Description Application at Bear Creek 

Capture debris 
before it 
reaches 
elements at risk 

Build a debris retention structure 
upstream of the elements at risk 
designed to capture coarse 
sediment and to allow water flow 
to pass. 

This method could possibly be achieved by 
constructing a debris-flow barrier/basin near the 
Bear Creek fan apex which would also be 
designed to capture debris flows from Pete’s 
Creek (Option 3).  The feasibility of this option 
would depend on balancing the barrier retention 
volume with the design debris flow volumes on 
one or both creeks, and the intended level of risk 
reduction.  This option may also be combined 
with other options, possibly with a reduction in 
barrier retention volume. 

Temporarily 
remove 
elements at risk  

Design and implement warning 
systems, including rainfall 
threshold systems or debris-flow 
alarms, to alert and evacuate 
people from the debris-flow 
hazard zone during periods of 
elevated debris-flow hazard.   

This is not expected to be a feasible method for 
reducing risks to tolerable levels, unless used to 
supplement other primary measures.  Alarms 
would not be effective because debris flows 
travel from the fan apex to developed areas 
within minutes.  Rainfall threshold could be 
developed but too few debris-flow triggering 
storms have been documented to provide a 
meaningful statistical analysis. 

Permanently 
remove 
elements at risk 

Remove people and homes from 
the debris-flow hazard zones and 
possibly chance land-use zoning 
which would prohibit further 
development within the Whitecap 
Development footprint. 

This method could be achieved through 
property acquisition, dismantling of the existing 
home and a change in landuse zoning 
(Option 4) which in the case of Bear Creek fan 
could be recreational or for select timber 
harvesting. For properties, downstream of 
Seton Road, onsite mitigation may be feasible. 

 

Risk reduction options for debris-flow risk reduction at Bear Creek considered in this assessment 
include: 

 Option 1: Increase capacity of existing channel network and ditch and berm system 
 Option 2: Change ditch and berm configuration and sizing 
 Option 3: Retention basin upstream of the Whitecap Development 
 Option 4: Property acquisitions and change in landuse zoning. 

Design of Option 1 or 2 would require careful consideration of the potential for transfer of risk.  If 
the works would result in a significant transfer of risk from one area to another, acceptance would 
depend on stakeholder engagement and risk compensation.   

Any deflection of debris/sediment toward Seton River should consider the potential for river 
obstruction.  Similarly, any deflection of debris toward Anderson Lake or Seton Lake should 
consider the potential impact of floating debris (on hydro and other facilities). 

At this point in time, BGC believes that Option 4 could be beneficial from a risk reduction point of 
view and given that only one temporarily occupied home has been constructed in the development 
footprint to date.  Onsite mitigation for properties downslope of Seton Road would still have to be 
considered. It would be preferable if all stakeholders living or owning assets on the fan were to 



Squamish-Lillooet Regional District, Bear Creek Fan January 31, 2017 
Preliminary Debris-Flow Hazard Assessment, Whitecap Development – FINAL Project No.: 1358003 

Bear Creek_Preliminary Debris-Flow Hazard Assessment Whitecap Development_FINAL_20170131 Page 39 

BGC ENGINEERING INC. 

be involved in a more comprehensive study that would identify hazards and risks to every fan 
segment and allow the development of a comprehensive risk management strategy that would 
benefit all fan users.  For this reason, BGC believes it to be premature to recommend a single 
mitigation action.  

While analysis of life safety risk is outside the scope of work, BGC believes that annual risk to life 
for occupants of the current property on the upper portion of the Whitecap Development would 
likely be intolerable according to risk tolerance standards adopted by some Canadian jurisdictions 
(e.g., District of North Vancouver, British Columbia and Town of Canmore, Alberta).  BGC 
recommends that the existing property at the top end of the Whitecap Development is not to be 
occupied at least during the debris-flow prone months of April to October.  
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6.0 SUMMARY 

The objective of this assessment was to characterize debris-flow hazards in relation to existing 
mitigation works for the Whitecap Development and describe some conceptual-level mitigation 
options.  This was prompted by overtopping and erosion of the existing mitigation works in 
September of 2015 and July of 2016 during which time some economic damage resulted.  

BGC found that the debris flows in 2015 and 2016 did not originate from Bear Creek but the 
adjacent Pete’s Creek, which forms part of the larger Bear Creek watershed.  Both events filled 
the constructed ditch and berm along the eastern perimeter of the development to its capacity.  
This led to debris and water discharge into the Whitecap Development area.  An estimated 3700 
to 5300 m3 of debris was deposited during the 2016 event.  The deposited amount of the 2015 
debris flow is unknown.  According to BGC’s preliminary frequency-magnitude analysis, this would 
equal an approximate return period of 20 to 30 years.  The damage of the 2015 and 2016 event 
was limited to minor property damage at the single home on the upper Whitecap Development 
area and downstream of Seton Road.  There were no injuries or loss of life.  Limited field 
investigations suggest that a substantial portion of both debris flows originated by fan erosion.  
Recognizing fan erosion as a viable process to produce and sustain debris flows, a quasi-
unlimited amount of debris is available for future debris flows reaching the ditch and berm.  
Therefore, it can be concluded that events similar to or larger than those observed in 2015 and 
2016 are certain to reoccur. 

During BGC’s fieldwork it was noted that Bear Creek witnessed a major debris flow in 2016.  The 
quantification of its volume was beyond the scope of the present study but it is estimated to have 
exceeded 20,000 m3 with a peak discharge of 50 to 80 m3/s. It impacted portions of Seton Portage 
located on the Seton River floodplain causing some damage and leading to the evacuation of 
some of its residents.  According to BGC’s preliminary frequency-magnitude analysis, such 
volume would correspond to approximately a 20 to 30 year return period event.  

Much larger debris flows than those observed in 2015 and 2016 are conceivable on Pete’s Creek, 
especially should the main channel of Bear Creek avulse into Pete’s Creek.  Pete’s Creek alone 
is considered to be able to produce debris flows up to 90,000 m3 (best estimate) for a 3000-year 
return period debris flow, which is roughly 20 times the volume of the 2016 debris flow.  Debris 
flows exceeding the 2016 debris flow volume and arriving directly from the east would impact the 
existing berm and ditch.  These structures would provide very little protection for current and future 
development within the footprint of the Whitecap Development.   

A preliminary climate-change analysis was conducted that did not identify significant predicted 
changes in monthly rainfall (except from May).  However, recent work on predicted changes in 
hourly precipitation points towards substantially higher rainfall intensity and magnitude in the 
study area in the future. Increases in temperature are also predicted, which would change the 
timing of runoff.  It could also degrade alpine permafrost if existing in the upper watershed, thus 
destabilizing talus slopes that may currently be partially stabilized by ice cohesion. 
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Several debris flow mitigation options are conceivable to reduce risk to the Whitecap 
Development.  These range from structural measures to safeguard the Whitecap Development to 
property acquisition and land sterilization.  However, debris flows may still impact other segments 
of Bear Creek fan or its surroundings.  Any structural mitigation option would need to consider 
risk transfer and possible avulsions from Bear Creek into Pete’s Creek, which would increase 
debris-flow hazard and risk.  Given the various stakeholders affected by Bear Creek debris flows, 
an integrated approach that accounts for debris-flow hazards from Bear and Pete’s Creek is 
strongly recommended in lieu of isolated mitigation measures aimed to reduce risk for the 
Whitecap Development only. 
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We trust the above satisfies your requirements at this time. Should you have any questions or

comments, please do not hesitate to contact us.

Yours sincerely,

BGC ENGINEERING INC.
per:

^^^
Matthias Jakob, Ph.D., P.Geo. (BC, AB)
Principal Geoscientist

Reviewed by:

Kris Holm, M.Sc., P.Geo. (BC, AB)

Senior Geoscientist
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APPENDIX A 
SLRD 2015/2016 EVENT DOCUMENTATION



 

DYKE INSPECTION REPORT 
 

  

DYKE OWNER: Squamish Lillooet Regional District 
  

DYKE NAME: 
(from Database) 

Whitecap Development (Bear Creek) Dyke 
 

  

DYKE LOCATION: Seton Portage area at the north end of Anderson Lake 
  

WATERCOURSE(S): Bear Creek 
  

DESCRIPTION: 910 m of U-shaped gravel training berm 
  

DATE INSPECTED: November 24, 2005 
  

KWL FILE: 616.010 
 

Item No. Inspection Item Yes, No, or N/A 

1.  Is there any obstruction, deterioration or damage to dyke 
access? 
(access routes, ramps and gates) 
Comments: 
- Bollards not locked. 

No 

Is there any deterioration or damage to the following?  

§ Dyke crest and slopes (ruts, loss of surface material, lack of 
vegetation growth, obstructions, slumping, cracking). 

Comments: 
- Very minor ruts. 
- Exposed soils with no vegetation. 

Yes 

§ Bank protection (loss of rock, settlement, slumping) 
Comments: 

N/A 

2.  

§ Floodboxes / pump stations (inlet / outlet channels, gate 
operation, trash racks, debris, erosion, corrosion, structure, 
mechanical components). 

Comments: 
- Some logs and woody debris (see attached figure and photo 
appendix) in the overflow channel. 
- Erosion / rilling of the channel bed (see attached figure and photo 
appendix) in the overflow channel. 
- Deposition and infilling in the manhole and culverts (see attached 
figure and photo appendix). 

Yes 

Were there any of the following serious problems observed?  3.  

§ Seepage and/or evidence of piping. 
Comments: 
- None observed. 

No 
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§ Erosion. 
Comments: 
- Within the overflow channel, see Item 2.  The erosion is not severe, 
but it is causing the culverts to fill with material. 

Yes 

§ Slumping, cracking, sinkholes. 
Comments: 
- None observed. 

No 

§ Animal damage. 
Comments: 
- None observed. 

No 

§ Unauthorized construction. 
Comments: 
- None. 

No 

§ Channel infilling, aggredation or obstructions. 
Comments: 
- There are some saplings in the channel, particularly near the north 
east corner that should be removed. 
- Logs and woody debris within the overflow channel, see Item 2. 
- Material deposition in the channel, see the comments below. 

Yes 

 

§ Significant flood levels or debris flows/floods within the past 12 
months. 

Comments: 
- A minor debris flow event occurred between the 2003 inspection 
and the present inspection, this likely occurred in October 2003 with 
the heavy flooding that occurred and re-mobilized in 2004/5 when 
large events were noted in the area in December / January. (see 
attached figure and photo appendix). 
- The debris flow carried material into the overflow channel and 
continued to flow down the channel to the north. 
- The debris (mostly gravel sized within the overflow channel) filled 
the overflow channel to within approximately 0.85 m of the crest of 
the dyke.  The channel was designed to have 2 m of height from the 
channel invert to the dyke crest. 

Yes 

Were there any vegetation management issues?  

§ Vegetation that hampers or prevents access. 
Comments: 
- None. 

No 

§ Vegetation that reduces visibility of the toe, slope or crest. 
Comments: 
- Vegetation on the dyke side slopes needs to be trimmed / mowed. 

Yes 

§ Trees in or near the dyke (within 2 m of the toe) with the potential 
for uprooting. 

Comments: 
- None. 

No 

4.  

§ Multi year vegetation management plan in place. 
Comments: 
- Yes, in progress. 

Yes 
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Photo 1 
Photo of the U-shaped dyke at Whitecap 
Development (Seton Portage). 

 Photo 2 
Photo of typical excess vegetation (Looking 
east along south dyke). 

 

 

Photo 3 
Photo of typical excess vegetation (outlet of 
culvert at southwest corner). 

 Photo 4 
Photo of the log in the channel at northeast 
corner. 

 

 

Photo 5 
Photo of the log in the channel in the north 
channel. 

 Photo 6 
Photo of log debris on the side slope of the 
overflow channel at the southeast corner. 
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Photo 7 
Photo of erosion in the north channel at 
northwest corner. 

 Photo 8 
Photo of erosion in the north channel at the 
northwest corner. 

 

 

Photo 9 
Photo of 0.2 m deep material deposited in 
the manhole junction of three 0.6 m CSP 
culverts at the northwest corner. 

 Photo 10 
Photo of material deposited in the 0.6 m CSP 
outlet culvert at the northwest corner. 

 

 

 
Photo 11 
Photo of the debris flow deposition in east 
channel along the dyke. 

 Photo 12 
Photo of the debris flow channel upstream of 
the dyke. 
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Berm looking North before event Berm looking North after event

Berm looking South before event Berm looking South after event

Project 1EAB: Bear Creek Deflection Berm



Erosion on downhill face of berm Smaller berm infill south of main overflow

Avulsion below berm, covering septic field ‐ viewed from above Same avulsion from septic field

Avulsion below berm cutting off access to home and emergency vehicles Erosion of Driveway to intersection with Seton Portage



infill in drainage ditch along Seton Portage Road Flow Across Seton Portage Road from berm drainage channel

Culvert outfall ‐ before event Culvert outfall ‐ after event



Culvert inlet ‐ before event Berm drainage channel to culvert inlet ‐ before event

Berm drainage channel to culvert inlet ‐ after event Affected property from plugged culvert ‐ after event

Affected property from plugged culvert ‐ after event Affected property from plugged culvert ‐ after event



 

Request for Decision 
 
Repair of the Bear Creek Deflection 

Berm (Whitecap/Seton Portage) 

 

Date of Meeting: August 24, 2016  

 

Recommendations: 

 
THAT staff complete the work to clean out the debris behind the Squamish-Lillooet 
Regional District’s Bear Creek deflection berm (the “Berm”) so that the B erm is  
prepared for the next rain event; and 
THAT up to $13,000 from Area B’s porti on of the Northern Area Allocat ion of 
Payment in Lieu of Taxes Reserve be used to pay for the repair of the Berm. 

 

Attachments: 

 
None 

 
Key Information: 

 
On the evening of 30 July 2016, an extrem ely localized thunderstorm event impacted 
the Seton Valley with intense rain, lightning, and thunder over a period of approximately 
5 hours. The intense rains associated with th is weather system caused debris flows in 
the Spyder and Bear Creek drainages (near Seton Portage) that struck the SLRD's Bear 
Creek deflection berm (the “Berm”). 
 
The Berm was constructed to protect th e 9 parcels that make up the Whitecap 
Development.  When the debris fl ow hit the Berm, material overtopped the Berm and 
continued to flow across two parcels within the Whitecap Development (Lot 7 & Lot 8,  
both of which are owned by a single owner.  The debris covered Lot 7’s septic field.   
The debris also extended down the parcel parallel to the main driveway and then onto 
the secondary driveway and to Seton Portage Road.  
 
The SLRD is currently invest igating whether the Disaster Financial Assistanc e (DFA) 
program will cover the SLRD’s recovery costs of the Berm to the extent of 80% (as was 
done following the September 20, 2015 event).  The homeowner (Lot 7 and Lot 8) will 
not be eligible under DFA for any assistanc e in clearing debris from their parcels, as 
DFA does not cover the cost of cleaning up property. 
 
A site investigation of the debris flow from Bear Creek was undertaken on July 31, 2016 
to evaluate the impact on the Berm. The am ount of material retained behind the Berm 
is approximately 600 - 800 m2, with at least that much material deposited across private 
property in front of the Berm.  



         Request for Decision 
  Bear Creek Berm Repairs and Investigation 

 

   
Image 1 - Looking North   Image 2 – Looking East 
 

    
Image 3 – Looking South   Image 4 – Looking North 
 
Aside from the material deposited on both sides of the Berm, the inside face of the Berm 
was also heavily impacted in two locations.  Approximately 5 – 10m3 of material was 
eroded away by the rain event.  Image 5 shows the damage to the Berm. The Berm 
needed to be repaired as soon as possible in preparation for the next rain event.   
 



         Request for Decision 
  Bear Creek Berm Repairs and Investigation 

 
Image 5 – Looking east from inside the berm 
 
Material from the flow extends  parallel to the main driveway  (but doesn’t block it) until 
spilling onto the secondary driv eway and then all of the way to Seton Portage Road.   
Images 7 and 8 show the debris piled on pr ivate property and Seton Portage Road.   
(The road itself has since been cleared of debris , although the culvert next to the road 
remains filled with debris.  St aff will confirm with the Mini stry of Transportation and 
Infrastructure, as the authority responsible for the road, that it is aware of the need to 
clean out the debris from the culvert in this area.)  
 

   
Image 7 – Seton Portage Road      Image 8 - Lots 7 & 8 
 



         Request for Decision 
  Bear Creek Berm Repairs and Investigation 

Works to remove the entrenched material and to repair the Berm are currently underway 
and the work was required to be undertaken as quickly as possible to return the Berm 
to its operational capacity.   
 
The estimated budget for the removal of material and repairs to the Berm is as follows:  
 

ITEM  hours  rate  total 

excavator and operator  36  $132.15   $4,757  

dump truck and driver  85  $83.55   $7,102  

Total    $11,859  

 
Staff is requesting funds from Area B’s port ion of the Northern Area Allocation of  
Payment in Lieu of Taxes Reserve, as di scussed wit h the Area B Director, as Cost 
Center #2402 (Whitecap Development Bear Cr eek Dyking Distric t) currently does not 
have any funds to cover the anticipated expens es that will arise from clearing out and 
repairing the berm (there is a reserve of less than $3,000 that should be maintained for 
future “normal” repairs). 
 
Options: 
 

(1) Complete the removal of entrenched material from behind the Berm and the 
repair of the Berm as per the Bear Cr eek Deflection Berm Operations and 
Maintenance Manual for an esti mated price of $11,859, and that up to $13,000 
be allocated from Area B’s portion of the Northern Area Allocation of Payment in 
Lieu of Taxes Reserve for these works. 
 

(2) Other as determined by the Board. 
 
Preferred Option:  Option 1 is the preferred option as repair of the Berm is necessary 
in preparation for the next rain event.  
 
Follow-Up Action and Communications Plan:  
 
Staff will continue to seek assistance from DFA to offset up to 80% of the cost for the 
cleanup and repair of the Berm.  
 
In a future meeting, staff will ask the Board to consider an increase to the 2017 requisition 
amount proposed for  Cost Centre #2402 ( Wh itecap Development Bear Creek Dyking  
District) in the 2016 – 2020 Financial Plan from the current amount of $2,772. 
 
Submitted by: Janis Netzel, Director of Utilities and Environmental Services 
Reviewed by:  Lynda Flynn, CAO 
Approved by:  Lynda Flynn, CAO 



Squamish-Lillooet Regional District, Bear Creek Fan January 31, 2017 
Preliminary Debris-Flow Hazard Assessment, Whitecap Development – FINAL Project No.: 1358003 

Bear Creek_Preliminary Debris-Flow Hazard Assessment Whitecap Development_FINAL_20170131 

BGC ENGINEERING INC. 

APPENDIX B 
STEEP CREEK PROCESSES



Squamish-Lillooet Regional District, Bear Creek January 31, 2017 

Preliminary Debris-Flow Hazard Assessment, Whitecap Development – FINAL Project No.: 1358003 

Appendix B – Hydrogeomorphic Floods Page B-1 

BGC ENGINEERING INC. 

B.1. HYDROGEOMORPHIC FLOODS 

Steep mountain creeks (here-in defined as having channel gradients steeper than 5%) are 
typically subject to a spectrum of mass movement processes that range from clear water floods 
to debris floods to hyperconcentrated flows to debris flows in order of increasing sediment 
concentration.  In this report they are referred to collectively as hydrogeomorphic1 floods or 
processes.  There is a continuum between these processes in space and time with floods 
transitioning into debris floods and eventually debris flows through progressive sediment 
entrainment.  Conversely, dilution of a debris flow through partial sediment deposition and 
tributary injection of water can lead to a transition towards hyperconcentrated flows and debris 
floods and eventually floods. 

In BC, most infrastructure on such creeks have been designed for clearwater floods with return 
periods of up to 200 years.  This design does not account for hydrogeomorphic processes such 
as debris floods and debris flows in which parts of or the entire channel bed sediments are 
mobilized and lead to erosion of channel bed and banks and debris inundation on terminal alluvial 
fans (Jakob et al. 2015). 

Ignoring the specific hydrogeomorphic processes that act on steep creeks can and has led to a 
plethora of problems, many of which are caused by the fact that culverts and sometimes bridges 
have not been designed for heavy sediment loads or severe bank erosion.  When such culverts 
are overwhelmed, blockage and re-direction of waters and sediment can occur.  

B.1.1. Steep Creeks 

Hydrogeomorphic floods are a phenomenon of steep channels. The morphology and processes 
in steep channels have been described by Church (2010, 2013).  Sediment transfer occurs by a 
continuum of processes ranging from fluvial transport (bedload and suspended load) through 
debris floods to debris flows.  These phenomena are transitional within time and space along the 
channel, depending on the sediment-water mixture.  To understand the significance of these 
different modes of sediment transfer it is useful to consider the characteristic anatomy of a steep 
channel system.  Steep mountain slopes deliver sedimentary debris to the upper channels by rock 
fall, rock slides, debris avalanches, debris flows, slumps and raveling.  Landslides may create 
temporary dams that pond water: when the dam breaks, a debris flow may be initiated in the 
channel.  Debris flows and debris floods characteristically gain power and material as they move 
downstream, debouching onto a terminal fan where the channel enters the main valley floor.  Here 
sediment is deposited and widespread damage may occur (Jakob et al. 2015).  

The following subsections adapted from Jakob et al. (2015) provides a brief summary of debris 
flow and debris flood processes. 

                                                 
1  Hydrogeomorphology is an interdisciplinary science that focuses on the interaction and linkage of 

hydrologic processes with landforms or earth materials and the interaction of geomorphic processes with 
surface and subsurface water in temporal and spatial dimensions (Sidle and Onda, 2004). 
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B.2. DEBRIS FLOW 

‘Debris flow’, as defined by Hungr et al. (2014), is a very rapid, channelized flow of saturated 
debris containing fines (i.e., sand and finer fractions) with a plasticity index of less than 5%.  Debris 
flows originate from single or distributed source areas in regolith mobilized by the influx of ground- 
or surface water.  Liquefaction occurs shortly after the onset of landsliding due to turbulent mixing 
of water and sediment, and the slurry begins to flow downstream, ‘bulking’ by entraining additional 
water and channel debris.  

Sediment bulking is the process by which rapidly flowing water entrains bed and bank materials 
either through erosion or preferential “plucking” until a certain sediment conveyance capacity 
(saturation) is reached.  At this time, further sediment entrainment may still occur through bank 
undercutting and transitional deposition of debris with a zero net change in sediment 
concentration.  The volume of the flowing mass is thereby increased (bulked).  Bulking may be 
confined to partial channel substrate mobilization of the top gravel layer, or – in the case of debris 
flows – may entail entrainment of the entire loose channel debris.  Scour to bedrock in the 
transport zone is expected. 

Unlike debris avalanches, which travel on unconfined slopes, debris flows travel in confined 
channels bordered by steep slopes.  In this environment, the flow volume, peak discharge, and 
flow depth increase, and the debris becomes sorted along the flow path.  Debris-flow physics are 
highly complex and video recordings of events in progress have demonstrated that no unique 
rheology can describe the range of mechanical behaviours observed (Iverson 1997).  Flow 
velocities typically range from 1 to 10 m/s, although very large debris flows from volcanic edifices, 
often containing substantial fines, can travel at more than 20 m/s along much of their path 
(Major et al. 2005).  The front of the rapidly advancing flow is steep and commonly followed by 
several secondary surges that form due to particle segregation and upwards or outwards 
migration of boulders.  Hence, one of the distinguishing characteristics of coarse granular debris 
flows is vertical inverse grading, in which larger particles are concentrated at the top of the deposit.  
This characteristic behaviour leads to the formation of lateral levees along the channel that 
become part of the debris flow legacy.  Similarly, depositional lobes are formed where frictional 
resistance from coarse-grained or large organic debris-rich fronts is high enough to slow and 
eventually stop the motion of the trailing liquefied debris.  Debris-flow deposits remain saturated 
for some time after deposition, but become rigid once seepage and desiccation have removed 
pore water. 

Typical debris flows require a channel gradient of at least 27% (15o) for transport over significant 
distances (Takahashi 1991) and have volumetric sediment concentrations in excess of 50%.  
Between the main surges a fluid slurry with a hyperconcentration (>10%) of suspended fines 
occurs.  Transport is possible at gradients as low as 20% (11o), although some type of momentum 
transfer from side-slope landslides is needed to sustain flow on those slopes.  Debris flows may 
continue to run out onto lower gradients even as they lose momentum and drain: the higher the 
fines content, and hence the slower the sediment-water mixture loses its water content, the lower 
the ultimate stopping angle.  The silt-clay fraction is thus the most important textural control on 
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debris-flow mobility.  The surface gradient of a debris-flow fan approximates the stopping angle 
for flows issuing from the drainage basin. 

Due to their high flow velocities, peak discharges are at least an order of magnitude larger than 
those of comparable return-period floods.  Further, the large caliber of transported sediment and 
wood means that debris flows are highly destructive along their channels and on fans.   

Channel banks can be severely eroded during debris flows, although lateral erosion is often 
associated with the trailing hyperconcentrated flow phase that is characterized by lower 
volumetric sediment concentrations.  The most severe damage results from direct impact of large 
clasts or coarse woody debris against structures that are not designed for the impact forces.  Even 
where the supporting walls of buildings may be able to withstand the loads associated with debris 
flows, building windows and doors are crushed and debris may enter the building, leading to 
extensive damage to the interior of the structure (Jakob et al. 2012).  Similarly, linear infrastructure 
such as roads and railways are subject to complete destruction.  On fans, debris flows tend to 
deposit their sediment rather than scour.  Therefore, exposure or rupture of buried infrastructure 
such as telecommunication lines or pipelines is very rare.  However, if a linear infrastructure is 
buried in a recent debris deposit, it is likely that over time or during a significant runoff event, the 
tractive forces of water will erode through the debris until an equilibrium slope is achieved, and 
the infrastructure thereby becomes exposed.  This necessitates understanding the geomorphic 
state of the fans being traversed by a buried linear infrastructure. 

Avulsions are likely in poorly confined channel sections, particularly on the outside of channel 
bends where debris flows tend to superelevate.  Sudden loss of confinement and decrease in 
channel slope cause debris flows to decelerate, drain their inter-granular water, and increase 
shearing resistance, which slow the advancing bouldery flow front and block the channel.  The 
more fluid afterflow (hyperconcentrated flow) is then often deflected by the slowing front, leading 
to secondary avulsions and the creation of distributary channels on the fan.  Because debris flows 
often display surging behaviour, in which bouldery fronts alternate with hyperconcentrated 
afterflows, the cycle of coarse bouldery lobe and levee formation and afterflow deflection can be 
repeated several times during a single debris flow event.  These flow aberrations and varying 
rheological characteristics pose a particular challenge to numerical modelers seeking to create 
an equivalent fluid (Iverson 2014). 

Figure B.2-1 summarizes the different hydrogeomorphic processes by their appearance in plan 
form, velocity and sediment concentration. 
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Figure B.2-1. Hydrogeomorphic process classification by sediment concentration, slope, 

velocity and planform appearance. 

B.3. DEBRIS FLOODS AND HYPERCONCENTRATED FLOWS 

A ‘debris flood’ is “a very rapid surging flow of water heavily charged with debris in a steep 
channel” (Hungr et al. 2014).  Transitions from floods to debris floods occur at minimum volumetric 
sediment concentrations of 3 to 10%, the exact value depending on the particle size distribution 
of the entrained sediment and the ability to acquire yield strength2.  Because debris floods are 
characterized by heavy bedload transport, rather than by a more homogenous mixture of 
suspended sediments typical of hyperconcentrated flows (Pierson 2005), the exact definition of 
sediment concentration depends on how sediment is transported in the water column.  Debris 
floods typically occur on creeks with channel gradients between 5 and 30% (3-17o).  

The term “debris flood” is similar to the term “hyperconcentrated flow”, defined by Pierson (2005) 
on the basis of sediment concentration as “a type of two-phase, non-Newtonian flow of sediment 
and water that operates between normal streamflow (water flow) and debris flow (or mudflow)”.  
Debris floods (as defined by Hungr et al. 2014) have lower sediment concentrations than 
hyperconcentrated flows (as defined by Pierson).  Thus, there is a continuum of geomorphic 

                                                 

2  The yield strength is the internal resistance of the sediment mixture to shear stress deformation; it is the 
result of friction between grains and cohesion (Pierson, 2005). 
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events that progress from floods to debris floods to hyperconcentrated flows to debris flows, as 
volumetric sediment concentrations increase.  Some creeks are hybrids, which implies that the 
dominant process oscillates between debris floods and debris flows.   

Due to their initially relatively low sediment concentration, debris floods are more erosive along 
channel banks and beds than debris flows; the latter can reach a sediment saturation point 
whereby bank or bed erosion is significantly reduced.  Bank erosion and excessive amounts of 
bedload introduce large amounts of sediment to the fan where they accumulate (aggrade) in 
channel sections with decreased slope.  In fact, debris floods can be initiated on the fan itself 
through rapid bed erosion and entrainment of bank materials.  Because typical synoptic storm 
hydrographs fluctuate several times over the course of the storm, several cycles of aggradation 
and remobilization of deposited sediments on channel and fan reaches can be expected during 
the same event (Jakob et al. 2015).  

Debris floods can be triggered by a variety of processes.  One trigger is transition from a debris 
flow when lower stream channel gradients are encountered.  Another trigger is exceedance of a 
critical shear stress threshold of the channel bed and full bed mobilization (Church 2013).  More 
uncommon triggers are landslide dam, beaver dam or glacial lake outburst floods as well as the 
failure of man-made dams (Jakob and Jordan 2001; Jakob et al. 2015).  Photograph B.3-1 is an 
example of a debris flood triggered by the failure of a human-made dam on Cougar Creek in 
Canmore, Alberta.   

 
Photograph B.3-1.  Example of the failure of a human-made dam on Cougar Creek shortly after 

the breach initiated. May 25, 1990 (Alberta Environment, 1991). 
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APPENDIX C 
LAB RESULTS
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D.1. INTRODUCTION 

Several limitations to the F-M analysis in Section 4 have been discussed.  These are primarily 
based on the uncertainties related to the available analytical techniques as well as time-
dependent changes in geomorphic activity as a function of their geological legacy and climate 
change, and the lack of a rigorous way to cross-check the results.  In this section, the specific 
issue of climate change is revisited because mitigation measures proposed for Bear Creek would 
be designed to last at least several decades.  Therefore, climatic shifts affecting geomorphic 
process should be considered explicitly. 

It is now scientifically accepted that humans have measurably altered Earth’s thermal climate over 
the past 50 to 60 years (IPCC 2014).  The relevance of climate change with regard to Bear Creek 
debris-flow hazards is that the predicted warming of the troposphere will very likely1 increase the 
pattern of precipitation and temperature, both of which influence the frequency, possibly 
magnitude and runout behaviour of debris flows at Bear Creek.  Due to more intensive energy 
exchanges in the vertical air column, as well as the projected intensification of air mass exchange 
between the low and high latitudes, it is expected that extreme precipitation events will increase 
in frequency and severity (SREX 2011; IPCC 2014).  If this prediction were to materialize or has 
already commenced, this could result in several undesirable outcomes with respect to mountain 
creek hazards.  To provide a semi-quantitative basis to estimate future changes to debris flow 
activity on Bear Creek, BGC Engineering Inc. (BGC) used available climate change ensembles 
that allow visualization and quantification of changes as summarized in the following section. 

To investigate likely effects of climate change, a new tool was employed.  The Climate Change 
Hazards Information Portal (CCHIP) is a fee-based subscription that provides visualized 
historical and projected climate data and analyses for various industry sectors.  It is designed to 
allow access to customized climate information based on quality controlled data drawn from 
various sources and packaged in a ‘one-stop’ location.  It includes direct linkages to location-
specific, infrastructure climate design values (from Canadian codes and standards) as well as 
information on key agricultural thresholds and the ability to customize analyses relative to 
threshold settings. 

In the first step, the location of interest is chosen.  The second step specifies the data of interest, 
which in the present case is primarily precipitation, in the second instance temperature as that 
effects changes to the suspected permafrost as well as the timing and potentially volume of 
snowmelt. 

CCHIP automatically selects the nearest meteorological station when users enter a location.  Most 
basic parameters of daily temperature and precipitation are generally available, but data for 
certain climate elements (such as wind for example) and variables (such as short duration rainfall 

                                                 

1  See IPCC (2014) for a definition of “very likely” in the context of that report.   
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intensities) these are typically available only at airport locations.  To supplement analysis for short-
term data, BGC obtained rainfall data from BC Hydro and determined observed changes in one-
hour intensities. 

D.2. CLIMATE PROJECTION DATA 

Official IPCC statements predominantly rely on international research centres to contribute model 
projection information and this is the basis of climate projections provided currently on CCHIP.  
The most recent assemblage of models was for the Intergovernmental for Climate Change (IPCC) 
5th Assessment of 2013.  In this assessment, some 40 international models were used with 
multiple runs per model, resulting in approximately 75 projection estimates from which to calculate 
possible future conditions.  Maximum, minimum and mean temperature are standard output 
variables from these models, as is precipitation. 

CCHIP makes use of this same IPCC set of internationally vetted GCM model data. The suite of 
models used in AR5 is from the Fifth Coupled Model Inter-comparison Project (CMIP5), 
coordinated by the World Climate Research Program, and was retrieved from the data portal. 

D.3. UNCERTAINTY 

The use of many model estimates allows for the calculation of central tendency as well as the 
range of future values.  Based on the ‘spread’ of these models, different characterizations of 
uncertainty can be provided.  In other words: a variable which shows less spread among many 
models is more reliable than a variable which has a very large range of projected outcomes.  This 
is critical in the consideration of uncertainty.  Beneath charts with model projections, CCHIP 
provides ‘box and whisker’ plots of the full range of all model run projections.  The top horizontal 
bar is the highest model value, the bottom horizontal bar is the lowest model value, the box 
represents the range of 50% of the models with the top being the 75th percentile value, the bottom 
being the 25th percentile value. The median is represented by the horizontal line in the centre of 
the shaded box. 

BGC only examined changes to the Representative Concentration Pathway (RCP) (previously 
named “emission scenario” for the 8.5 W/m2.  While this is the most extreme scenario, recent 
research by Sanford et al. (2014) indicated that, at present, the most likely trajectory is indeed the 
worst-case. 

D.4. CLIMATE CHANGE PROJECTIONS FOR SETON PORTAGE 

Precipitation 

Error! Reference source not found. shows the projected changes in total annual precipitation 
for the model ensembles considered.  Precipitation is projected to increase by an average of 10% 
by the 2080s with one standard deviation varying from 6 to 12%.  This projection does not match 
the observed downward trend in precipitation from 1963 to 2004 (see Figure D-2), a trend, 
however which may not be statistically significant if the missing data were added.  
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Figure D-1. Projected changes in annual precipitation for RCP 8.5 and a large number of model 

ensembles.  

 
Figure D-2. Observed changes in annual precipitation and projected mean annual precipitation 

changes predicted to the 2080s for RCP 8.5. 

In addition to annual precipitation, BGC analysed projected climate changes for months with 
known debris-flow activity (May to September).  The analysis showed that for the month of May 
a mean increase of approximately 10% can be expected to 2080, with one standard deviation 
reaching up to 25%.  This projection is supported by the observed trend in May precipitation 
between 1963 and 2003.  For June there is no statistically significant trend expected, nor has it 
been observed for 3, 5 and 7-day rainfall accumulations.  For the month of July, a gradual 
decrease in monthly rainfall is expected, which reaches a mean predicted decrease of some 20% 
by the 2080s assuming the RCP 8.5 scenario.  This contrasts an observed increase in July rainfall 
amounts beginning in 1981.  For August, the model ensembles predict similar rainfall decreases 
as for July and no discernible trend has been identified in the time series from 1963 to 2016.  
Finally, for the month of September, no significant change in monthly rainfall is predicted by the 
2080s. 

In summary, for the RCP 8.5 scenario, total annual rainfall is predicted to increase, however, 
rainfall during months of debris-flow activity predictions vary significantly between significant 
increases of expected precipitation in May, no changes for June, decreases for July, August and 
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September.  The analysis does not inform on short-term rainfall intensities although a correlation 
between monthly rainfall and hourly rainfall has been demonstrated by Jakob and Lambert (2009). 

With respect to debris flows, the analysis does not allow any conclusions as to increases in their 
occurrence except that increases in temperatures discussed in the following subsection in 
addition to projected increases in precipitation in May, may lead to clustering of debris flows during 
the snow melt season. 

Temperature 

For the same RCP scenario (8.5) and model ensembles, temperatures are projected to increase 
by approximately 4 to 6° Celsius by the 2080s (Figure D-3, and D-4). 

This implies less precipitation falling as snow, later transition from rain to snow in the year, and 
earlier transition to snowmelt in spring.  Furthermore, snow water equivalent may increase.  The 
consequences for debris flows could be an extension of the debris flow season and potentially 
higher water runoff volumes.  Changes in the frequency and magnitude of convective storms 
cannot yet be predicted with confidence. 

If permafrost were to be confirmed in the upper talus slopes of the Bear Creek watershed, it is 
likely to disappear within this century.  This would go hand-in-hand with the disappearance of the 
interstitial ice that provides cohesion at depth.  A loss of cohesion would provide substantially 
more talus to be subject to failure than in its frozen state.  Without confirmation of the existence 
of permafrost in the upper watershed, this conclusion is still speculative. 

 

 
Figure D-3. Projected increase in main daily temperature up to the 2080s for RCP 8.5. 
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Figure D-4. Observed and projected changes in mean daily temperature at Seton Portage to the 

2080s for RCP 8.5. 

D.5. HIGH INTENSITY RAINFALL CHANGES 

In a recently published paper, Prein et al. (2016) note that extreme precipitation intensities have 
increase almost everywhere in the conterminous United States and that the increases can be 
scaled, roughly, to 7% increases were degree C, in accordance with the co-called Clausius-
Clapeyron relationship.  However, scaling rates depend strongly on temperature and moisture 
availability.  Prein et al.’s work showed that in areas with high moisture content and energy-
limitation rainfall intensities are particularly high.  In contrast, they decrease abruptly in dry, 
moisture-limited environments.  Fortunately, Prein et al.’s work includes mapping that reaches 
into the southern portions of Canada and some general conclusions can be gleaned for the 
present study area.  For details on the method the reader is referred to the original paper.  Their 
results are projected to a 95-year ensemble monthly mean climate change signal from 19 coupled 
model intercomparisons and are as follows: 

‐ Hourly extreme rainfall intensity has been increasing for the summer months 
(June/July/August) by over 30%  

‐ The exceedance probability of extreme rainfall intensities during the summer months will 
increase by approximately 200%.  This implies a three-fold increase in the probability of 
extreme rainfall intensities. 

The reason for the increase is a climate-change-induced shift of extremes-producing 
environments to moister and warmer conditions.  The close presence of Anderson and Seton 
Lakes may further enhance the available moisture and lead to more vigorous convection. 

D.6. SUMMARY 

This preliminary analysis has shown that there is little evidence for notable trends in monthly 
rainfalls from May to September, nor do predictions suggest that rainfall during those months will 
increase.  An exception is May where an upward trend has been identified and which appears to 
continue based on global circulation model predictions.  Hourly rainfall intensities, however, are 
predicted to increase in both magnitude and frequency for the study area.  This predicted changes 
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will both increase the frequency and volume of debris flows on Bear Creek although the magnitude 
of such changes cannot be predicted with confidence. 

Significant increases in temperatures are expected by the 2080s for RCP 8.5.  Those will shift the 
timing of spring runoff and are likely to melt ice should permafrost prevail in the upper Bear Creek 
watershed.  Such melt could result in an increase in the frequency and magnitude of debris flows, 
though this conclusion is still somewhat speculative. 
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Regional Debris-flow and Debris-Flood  
Frequency-Magnitude Curves  
 
Jakob, M., Bale, S., and McDougall, S. 
BGC Engineering Inc., Vancouver, BC, Canada 
Friele, P. 
Cordilleran Geoscience, Squamish, BC, Canada 
 
 
ABSTRACT 
Frequency-magnitude (F-M) relationships of debris flows and debris floods are notoriously difficult to compile because of 
the paucity of direct observations, the discontinuous nature of the event occurrence, the obfuscation of field evidence due 
to progressive erosion or de bris inundation and, finally, the inh erent challenge of findi ng suitable statistical methods to 
analyse the dataset. Detailed F-M analyses are also rather costly and invasive given the plethora of fiel d and analytical 
techniques involved in their generation. Some reprieve can be granted once a number of reliable F-M curves have been 
assembled in a specific regi on. These curves can be appl ied to watersheds for which detai led studies are unavai lable, 
unaffordable or impractical due to lack of d atable field evidence. Individual F-M curves require normalization by fan area 
or fan volume to account for the differ ent geomorphic activity and processes inherent in watersheds with variable sizes, 
debris producti on and se diment output. We sho wcase regi onal F-M curves for debr is flo ws in so uthwestern Britis h 
Columbia and debris floods in the Bo w River valley near Canmore. These curves ar e statistically analysed to esti mate 
error around the logarithmic best-fit estimate. Strong negative deviations of watersheds for which detailed F-M relationships 
have been established from the fitted curve could herald inherent watershed stability, while strong positive deviations could 
signal extraordinary watershed mass movement processes or suggest that the fan may be largely of paraglacial origin. We 
caution against the indiscriminate use of regionally based F-M curves, especially in watersheds where multiple geomorphic 
upland processes are suspected that resu lt in bi-model data population distributions, thus violating underlying statistical 
assumptions. 
  
RÉSUMÉ 
Les relations entre la fréquence et la magnitude (FM) des coulées de débris et les inondations de débris sont reconnues 
pour être difficiles à compiler en raison de la rareté des observations directes, la nature épisodique des événements, des 
évidences de terrain qui s’effritent en raison de l'érosion progressive ou des inondations de débris et, aussi, du défi inhérent 
à identifies des méthodes stat istiques appropriées pour a nalyser l'ensemble des données. Les ana lyses détaillées F-M 
sont également coûteuses et invasives étant donné le nombre de techniques de terrain et d’analyses de laboratoire requis 
pour leurs créations. Un sursis peut être accordé une fois qu’un certain nombre de courbes F-M fiables ont été assemblés 
dans une région spécifique et celles-ci peuvent être appliqués aux bassins versants pour lesquels des études détaillées 
ne sont pas disponibles, inabordables ou impossible en raison du nombre insuffisant d’échantillons de terrain disponible 
pour l a datati on. Chaq ue co urbe F -M néces site une normalisation e n uti lisant l a superficie o u le vo lume du cô ne d e 
déjection pour tenir compte de la différence d'activité géomorphologique et des pr ocessus inhérents dans les bassins 
versants de tailles variables, ainsi que de la production de débris et sédiments. Nous présentons des courbes régionales 
F-M pour les coul ées de débris du sud-ouest de la Col ombie Britannique et d’inondations de débris dans la vallée de la 
rivière Bow, près de Canmore. Ces co urbes sont an alysées statistiquement pour estimer l'erreur autour de l'équation 
logarithmique ayant la me illeure concordance. Des écarts négatifs prononcés pour des bassins versants pour lesq uels 
des F-M relati ons détaillés ont été établi es à partir de la courbe ajustée pourraient annoncer une stabilité inhérente du 
bassin versant tandis que de fortes déviations positives pourraient signaler des processus extraordinaires de mouvement 
de terrain dans ces bassins v ersants ou suggérer que le cône de déjection est en gra nde partie d'origine paraglaciaire. 
Nous mettons en garde contre l'utilisation sans fondement des courbes F-M construite à base de données régionale, en 
particulier d ans les bassi ns versants o ù o n soupç onne l a prése nce d e plusi eurs pr ocessus gé omorphologiques d e 
montagne ce qui résulte en des répartitions bimodales de la population de données, ce qui va à l’encontre des hypothèses 
du model statistiques. 
 
 
 
1 INT RODUCTION 
 
Debris flo ws and debr is floods occu r almost dail y 
somewhere on Earth. This is unsurprising given the millions 
of steep mountain creeks globally and the notion that debris 
flows are often  the domina nt process in d elivering upland 
sediments to the receiv ing valley floodplains via their fans 
or direct confluence. ‘Debris flow’, as defined by Hungr et 
al. (2014), is a ver y rapi d, chann elized flo w of saturated  

debris containing fines (i.e. sand and finer fractions) with a 
plasticity index of less than 5%. 
Debris fl ows originate from single or distributed s ource 
areas i n rego lith mobil ized b y th e influ x of groun d- or  
surface water. Liquefaction occurs shortly after the onset of 
landsliding due to turbulent mixing of water and sediment, 
and the slurr y begins to flo w d ownstream, entrainin g 
additional water and ch annel debris. Typical debris flo ws 
require a ch annel gra dient of at least 2 7% (15 o) for  



transport over significant distances (Takahashi, 1991) and 
have volumetric sediment concentrations in excess of 50%. 

 
Debris fl ows are difficu lt and c ostly to forecas t 

temporally an d a re o ften lethal be cause th ey tra vel l ong 
distances at extremely rapid velocities (e.g. Allstadt 2013). 
Debris flows are characterized by extreme impact forces.  

A ‘debr is floo d’ is “a ver y r apid sur ging flo w of water 
heavily charged with debris in a steep chan nel” (Hungr et 
al., 2001). T ransitions from water flo ws to debris flood s 
occur at minimum volumetric sediment concentrations of 3 
to 10%, the exact val ue d epending on th e particle siz e 
distribution of the entrai ned sediment and the abil ity to  
acquire yi eld strength. Since de bris floods are  
characterized by heavy bedload transport, rather than by a 
more homogenous mixture of suspended sediments typical 
of h yperconcentrated flo ws (Pierson, 200 5), the e xact 
definition of sedim ent c oncentration dep ends on ho w 
sediment is transported in the water column. Debris floods 
occur on creeks that are not steep enough to convey debris 
flows. Unlike the latter, they transport only a portion of the 
available sediment load in the a lluvial beds to the fan. In  
that they act as a conveyor belt of debris transport with the 
severity and duration of the  storm being the on-off switch 
for the conveyor. Debris floods are somewhat slower than 
debris flows and lack the h ighly destructive frontal surge,  
but are char acterized b y th e potenti al for  severe ba nk 
erosion which can undermine structur es eve n a t 
considerable setback distance to the stream channel.  

Fans have long been viewed as the comparatively safer 
place to liv e i n floo d-prone mountain va lleys. In mor e 
recently developed areas, no records of damaging debris 
flows or debr is floods ma y exist, instilling the illus ion of a  
lack of haz ard. Moreover, h ydrogeomorphic hazards are 
still poorly understood or a ppreciated by various levels of 
government and the public alike (Church 2013, Jakob et al. 
2015).  

Most debris-flow hazard assessments require that th e 
magnitude of events be established for a r ange of return  
periods. This is the basis for risk assessments in which life 
loss a nd/or ec onomic cons equences ar e systematically 
included.  Magnitude may be expressed as the total volume 
of debris mobilized, its peak flow rate, or both. F requency 
is the annual probability of events, or its inverse, the return 
period. Debris -flow i ntensity is estimated b y com bining 
velocities and f low depth as a surrogate for i mpact force, 
which is a proxy of its destructiveness (Jakob et al. 2012).  

Since ru nout mode lling a nd risk anal ysis follo w th e 
establishment of the frequency-magnitude (F-M) 
relationship, a ny error i ntroduced in its estimate will 
propagate throug h the hazard and risk ana lyses an d 
potentially over- or under-esti mate risk. By  extension this  
may l ead to over- or un der-design of ri sk reductio n 
measures.  

To establish reliab le F-M curves, especi ally for long er 
return p eriods (sometimes up to a 1 0,000-year retur n 
period), requires a combination of several a bsolute dating 
methods, test  trenchi ng, h ydrology, sed imentology a nd 
geomatics applications to interpolate results across a fan’s 
surface. It a lso re lies o n e mpirical rel ationships b etween 
debris-flow v olumes a nd p eak flo ws as well as ar eas 
inundated b y debris and the ir associate d volum es. Suc h 

studies can take several months and their costs may range, 
depending on t he size of the f an and assets at risk, from 
tens of thousa nds of dollars  to $1,000,00 0. W hile such  
capital e xpenditures ar e ofte n justifi able fo r larg e urb an 
developments, the y are mor e difficult to j ustify, or ar e 
affordable, for single la nd owners who wish to subdiv ide 
their property. In areas where comprehensive studies on 
debris-flow or  debris-flo od frequencies a nd mag nitude 
have b een co nducted, a si mple n ormalization pr ocedure 
based on fan  area or fan volum e can b e appl ied to 
approximate F-M relationships and potenti ally reduce the 
need for invasive and costly field investigation.  

In this pap er, we s how how r egional f requency-
magnitude relationships were used to establish a fan-area 
or fan-vo lume normalized F -M relatio nship for t wo st udy 
areas: one focuses on debris flows in southwestern British 
Columbia an d the other re lates to de bris floods i n the  
Canadian Rocky Mountains. The respective regional F-M 
curves may be transferred to other locations as a screening 
tool with caution. Over time, a s more detail ed debris-flow 
and debris-flood studies are being conducted and feeding 
into a common dataset, more region al F-M curves can b e 
developed and refined. 

 
 

2 ST UDY AREA 
 
Two study areas are considered in this paper, as shown in 
Figure 1. One area is located in southwestern B.C.’s Coast 
Mountains, and the oth er is l ocated in the eastern Rocky 
Mountains of Alberta, centred around the Town of Canmore 
and the Hamlet of Exshaw. 
 



 
Figure 1. T he left-han d circl e pertai ns to th e de bris-flow 
study areas in southwestern British Columbia, and the right 
hand circle pertains to the debris-floo d stud y are a i n 
southwestern Alberta. 
 
2.1 South western British Columbia 
 
The main geol ogical structures in the stud y area are mid-
Cretaceous to early Tertiary in age and include systems of 
west and e ast-vergent contr actional faults,  right-later al 
strike-slip faults and extensional faults. The majority of sites 
included in thi s stud y are l ocated in the C oast Pluton ic 
Complex (W heeler an d Ga brielse 1 971). One major  
volcanic centr e is includ ed (Mount Gariba ldi, drain ed b y 
Cheekye River) with Quaternary volcanic activity. 

Quaternary glaci ation has strongl y influenced 
geomorphic processes in  the south western C oast 
Mountains. Extensive bl ankets of basal and ablati on til l 
mantle sl opes at most sites inclu ded in  this pap er. 
Mesozoic an d late Ce nozoic tectonics d etermined th e 
major ali gnment of valle ys within the stud y area, which 
developed fro m prolo nged Cen ozoic fl uvial erosion. 
Multiple gl aciations dur ing the Ple istocene occurre d in  
which v alleys w ere d eepened and widened. At highe r 
elevations, glacial landforms developed, including cirques, 
horns, arêtes,  and ov erdeepened va lley heads. Belo w 
approximately 2200 m, glacial erosion developed rounded 
ridges an d ro che mo utonnée features. T he er osional 
legacy of gl aciation was a n ext ensive s ystem of steep, 

undercut slo pes, man y of which are cri ss-crossed by 
discontinuities created by earlier tectonic ev ents. Many of 
these joints, foliations and faults are favorably oriented for 
slope movem ent and t hus e xert an im portant control on 
modern-day mass movements (Holm et al. 2004). 

 
2.2 South western Alberta 
 
The Canadian Rocky Mountains are a fold and thrust belt, 
where thick u nits of more erosion-resistant Pale ozoic 
carbonates were folded and thrust progressively in a north-
westerly direction over more f riable Mesozoic sandstones 
and s hales.  F our main  rock sequ ences ca n be  
characterized in the Canmore region. 

The oldest unit at the base is part of the North American 
cratonic plate.  The next unit is the Pre-Cambrian to Lower-
Cambrian car bonate rock unit compose d of weathered 
rock. The ~ 6.5 km thick middle carbonate unit consists of 
marine c arbonates (limest one an d do lostone) a nd sh ale. 
The upper unit (~ 5 km thick) is a young Jurassic to Tertiary 
unit of sandstone, shale, conglomerate and coal.  

Osborn et al. (2006) descr ibe the fina l stages o f 
mountain bu ilding as bei ng associated with differentia l 
erosion of various units.  The softer Mesozoic rocks led to 
rounded mountain tops exposing the underlying rocks that 
can support steeper and higher slopes.  Most geologic units 
flanking Bow River valley are primarily composed of thick  
Carboniferous and Devonian successions.   

The majorit y o f the rock for mations are s edimentary 
with minor metamorphic components.  Geologic formations 
that are more resistant to er osion are mor e conducive to  
the formation of cliffs, while more recess ive units tend to 
form sloping ledges. 

Thrust faults and folds in the region strike in a northwest 
to southeast d irection.  Two common joi nt sets can be  
differentiated: strike joints p arallel to the orie ntation of  
bedding pla nes and dip joi nts that are perpen dicular to  
bedding.  The main channel of Cougar Creek and adjacent 
tributaries is oriented approximately at a right angle to the 
main thrust fault belt. T he deep incis ion through the  
regional structural grain favours large scale instability in the 
watershed, pri marily rocks lides an d rock  aval anches.  
Large-scale failures of this type can and have travelled into 
the val ley bottom where they can d am creeks, creating a 
sizable impoundment given the low overall creek channel 
gradient (5%).  BGC (2014b)  has docum ented at least  
twelve relic landslide dams along the mainstem channel of 
Cougar Creek. 

 
 

3 MET HODS 
 
The hypothesis that guid ed this study is th at the fan are a 
or fan volume (where reasonably well preserved) is a proxy 
for a watershed’s g eomorphic activit y. L arger or more  
voluminous fans should indicate a higher frequency and/or 
higher magn itude h ydrogeomorphic events compar ed to  
smaller or le ss volumi nous fans.  Accordin g to this  
hypothesis, it should be possible to normalize detailed site-
specific F -M curves b y eit her fan area or  fan volum e. 
Combining several detailed F-M curves and plotting a best-
fit line with r easonable sta tistical fit then provi des a  



regionally-averaged F -M estimate, which can be use d to  
estimate F -M curves for cre eks where detailed F -M data  
are not available. The statistical analysis allows plotting of 
confidence or prediction intervals that exemplify expected 
error bounds. 

BGC complete d qua ntitative debris-flow a nd debr is-
flood hazard assessments fo r 15 steep cre ek fans in the  
Town of Canmore and Municipal District of Bighorn, located 
about 100 km west of C algary.  D etailed hazard and r isk 
assessments were completed for 10 of those fans (BGC,  
2014a,b,c,d,e,f; BGC 2015a,b,c,d,e,f,g), seven of which 
were prone to debris floods. These fans form the basis for 
the reg ional debris-flood F -M curves for  south western 
Alberta, as presented in this paper. 

Several detailed debr is-flow h azard and risk 
assessments have be en completed in south western B.C.  
for different clients over a period of approximately 10 years. 
The studies were carried out over the past 10 years by BGC 
Engineering and Cordilleran Geoscience. 

The hazard assessments entailed the reconstruction of 
detailed F -M r elationships fo r debris fl oods and debris 
flows. T he methods to decipher ma gnitudes an d 
frequencies of past events included dendrochronology to 
date events and del ineate previous deposits from impact  
scars an d rea ction wood, a nd stratigr aphic ana lysis o f 
natural e xposures an d bac khoe e xcavated test pits. In 
stratigraphic ana lysis, radioc arbon dati ng and 
tephrachronology was employed to prov ide chronological 
control for fre quency analysis. Empirical for mulae relating 
debris-flow or debris-flood area to debr is volume allowed 
back-calculation of debris vol umes where only areas had 
been measured.  In two cases, bimodality was identified in 
the population of hydrogeomorphic events a nd they were 
analysed separately.  In the case of Cou gar Creek (Bo w 
River Valley), rock slide d eposits along the creek channel 
provided evidence of epi sodic l andslide dammi ng. 
Landslide dam s were reconstructed and their respectiv e 
breaches were model led n umerically t o arrive at peak  
discharge and sediment volume estimates. Frequency o f 
such events were estimated by dividing the number of likely 
landslide dams by 10,000 years, which encompasses the 
approximate time of deglaciation in the watershed.  

In the case of Cheekye River (southwestern B.C.), three 
very large events were deciphered. One debris flow, the so-
called Gar bage Dum p ev ent, was rec onstructed thr ough 
excavator-assisted trench ing on the fa n a nd radi ocarbon 
dating of or ganic materi als found in th e deposit. T his 
allowed extrapolation of the measured thickness in various 
trenches. In additi on, hig h resol ution Li DAR allo wed the  
spatial del ineation of the Garbage Dum p debr is-flow 
deposit. The other two volumes from Cheekye River debris 
flows were estimated i ndirectly: Evid ence o f t wo de bris 
flows were found in the l ake bottom sediments of Stump 
Lake (Clague et al. 2 003).  For debr is flows to disc harge 
into this lake, the y would have to overflo w a bedrock sil l 
separating C heekye Riv er chan nel from the lak e. The 
cross-section was me asured an d the f low v elocity 
estimated to ar rive at a peak discharge estimate. F inally, 
an emp irical relati onship d eveloped b y Miz uyama (1 992) 
between p eak disch arge and total vo lume for volcan ic 
debris flows was employed to arrive at a debris-flow volume 
estimate (C lague et a l. 20 03). Conse quently, thos e t wo 

event vo lumes are ass ociated with sig nificant erro r 
compared to the Garbage Dump debris flow. The very large 
debris flows from the Mount Garibaldi volcanic complex are 
thought to origin ate from ro ck avala nches evolvi ng in to 
debris flows and were thus ana lysed separately from the  
events th ought to be tri ggered b y heavy r ain or ra in-on-
snow events (Jakob and Friele 2010).  

For each pro ject, a frequen cy-magnitude curve was 
established using a combi nation of techni ques but rel ying 
on the Gutenb erg-Richter cu mulative frequ ency met hod 
(Gutenberg a nd Ric hter, 19 54) as well a s the Paret o 
distribution (summarized in Jakob, 2012).  

The regional relati ons sho wn in F igures 2, 3  and 4 
predict the se diment volum e ( ) in m 3 ge nerated for  
various return period (T) events and normalized by fan area 
( ) and fan volume ( ) in km2 or km3. Log fits were added 
as they most closely represent the data distributions.  

 
 

4 RESULT S 
 
F-M curves from south western Alberta and southwestern 
B.C. for debris  floods and debris flows were combined to 
produce re gional curves normalized b y fan  area a nd fa n 
volume (Figures 2 to 4).  

The regional debris-flow relation (Equation 1, Figure 2) 
was dev eloped b y BGC fro m t he detai led stud y of n ine 
creeks in sou thwestern BC  and has a coefficient of  
determination (R2) of 0.65. 
 

54,230 ln T 161,714              [Eq. 1] 
 
The regional debris-flood relation (Equation 2, Figure 3) 

normalized by fan area was developed by BGC from the 
detailed stud y of seven cree ks in the Bo w Valley, ne ar 
Canmore, Alberta (BGC, 2014d, 2015a, b, c, f) with an R2 
of 0.51. 
 

4116 ln T 1786    [Eq. 2] 
 

In the detailed hazard assessment of debris floods and 
debris flo ws in the Bo w Valley, BGC also estimated th e 
volume of fans by comparing the fan surface topography to 
the inferred valley bottom surface.  These data were used 
to create a second regional debris-flood relation normalized 
by fan volume (Equation 3, Figure 4).  This relation is based 
on the detailed study of five creeks and has an R2 of 0.54.    
 

353 ln T 224     [Eq. 3] 
 

In the case of Cougar Creek (Figure 2 and 3), there is a 
strong dev iation from the regi onal best fit. Not sho wn on 
Figures 2 to 4 are confid ence bands and prediction limits, 
though those can be added fo r the specif ic creeks a s 
needed. This can be attributed to Cougar Creek also being 
subject to landslide dam outbreak floods, which implies that 
a secon dary d ebris-flood g enerating proc ess is acting i n 
the watershed. The danger  of ignorin g such proces s 
bimodality is further stressed in Section 5. In  the case of 
Mackay Creek (Figure 2), fan erosion has been considered 
as a process to increas e de bris flo w v olumes. This may 



explain th e strong d eviation from the best fit line i n thi s 
case. 

 

 
Figure 2. R egional frequ ency-magnitude curve for  
southwestern B.C. debris flows normalized by fan area. 
 

 
Figure 3. Re gional freq uency-magnitude c urve for Bo w 
Valley debris floods normalized by fan area. 

 
All graphs (Figure 2 to 4) are plotted as log-log graphs, 

yet show an asymptotic best curve fit. T he physical basis 
for the asymptotic nature of the b est fit line lies in the fact  
that sediment supply (or water) is limited in most instances. 
Debris flo ws cannot becom e indefi nitely large due to 
source mater ial depletion. This is either cont rolled by the 
available sediment in a channel system for supply-limited 
watersheds, or b y the volume  of landslid es that ma y feed 
into the debris-flow channel system. 

 
 
 

 
Figure 4. Re gional freq uency-magnitude c urve for Bo w 
Valley debris floods normalized by fan volume. 

 
In the case of debris fl oods, the amount of debri s 

available to be mobilized is controlled by the duration of a 
rainstorm with sufficient severity that res ults in disc harge 
above a critical shear stress threshold for full surface gravel 
layer mo bilization (t ypically defined as th e mobi lization 
threshold for the 95%th percentile grain size). This, in turn, 
is controlled by the regional meteorology, which again limits 
the volume and the intensity of rainstorms. In many cases, 
this implies that, for example, a 10,000-year return period 
event ma y not be much larger than a 1,00 0-year ret urn 
period eve nt, unless a bi- modal geom orphic proc ess 
distribution can be identified that acts only at higher return 
period classes (see the example of Cougar Creek).  

 
 

5 DISCUSSION 
 
Regionally-based debris-flow and de bris-flood frequency-
magnitude curves are not to be used indiscriminately or in 
lieu of detai led hazar d ass essments, esp ecially where 
hydrogeomorphic ev ents ca n results i n sev ere ec onomic 
losses, e nvironmental d egradation or life l oss. Reg ional 
curves dev eloped i n one re gion are like ly not valid i n 
another without some adjustments. Differences in bedrock 
or surface ge ology or watershed morphometry as well as 
the degree of watershed vegetation and regional c limate 
may, to s ome de gree, invalidate th e re gional c urves 
developed e lsewhere. Ho wever, the y ar e useful at a 
screening level in abse nce of  any other method b ecause 
the gen eral relati onship b etween fan are a/volume an d 
geomorphic a ctivity pers ists irrespective of the abov e 
factors.   

Another com plicating factor is introduce d b y m ultiple 
processes generating debris flood or flows in a watershed. 
For exam ple, a watershed subj ect to outburst floods i n 
addition to regular floods may have a deflection point in its 
F-M curve that would be masked by lumping of data in the 
regional F-M curves. Cougar Creek serves as an example 
(Figure 5).  Similarl y, F -M curves from watersheds with 
steep fans that are subjected to fan erosion in the proximal 
portions of a  fan a nd r e-deposition i n the dist al fa n 
segments, may  lead to overestimati on o f debris-flo w 
volumes for respective return periods.  

 



 
Figure 5. F requency-magnitude curve for Coug ar Creek,  
Canmore. T he chang e from  “normal” d ebris floods to  
landslide-generated out break floods  occurs at  
approximately the 300 year return period. 

 
The methods introduc ed in th is paper are n ot suitable 

for fans that have been truncated by higher-order streams. 
In those cases,  a measurement of fan area or fan volum e 
would u nderestimate the true val ues a nd resu lt i n 
underestimates of debris-flo w or debris-flood volumes for  
the respectiv e return peri ods. F inally, fo r those fans 
bordering lak es or ocea ns, measuring th e fan area or  
volume coul d be mislea ding as parts of the fan are 
invariably under water a nd thus not acc ounted for on 
topographic maps. T herefore, some  bath ymetry 
information is needed, or at least high resolution air photos 
or satellite images should be used to trace the fringe of the 
fan visible through shallow water.  

 
 

6 APPLICAT ION 
 
BGC applied the regional debris-flow relation developed for 
southwestern B.C. to Hope Creek as part of a scre ening-
level study. Such studies are frequently being conducted to 
obtain a preli minary understanding of the nature of the  
hazard without large c apital expenditures necessary for a  
comprehensive hazar d stud y. T hey do not, ho wever, 
replace such studies if t he screen ing-level hazar d stud y 
indicates a high loss potential. 

Hope Creek is  located at the  fringes of the  Town of 
Hope, B.C and has a history of large debris flows, including 
an event in 1984, two events in 1995 and an event in 2002. 
Elements at risk inclu de two highways, a ra ilway, several 
buildings and an oil pipeline.  The fan area is 0.65 km2 

The results (Figure 6) suggest that debris-flow sediment 
volumes range from 23,000 m3 for frequent events (30-year 
return peri od) to 210,00 0 m 3 for rare events (1000- year 
return period). 

The 1995 debris flow on Hop e Creek had a volum e of 
50,000 m3 (Jakob et al. 1997) and the 2002 debris flow had 
a volume of 13,000 m3, as estimated by Linear Consulting 
and Golder Associates (2002).  Based on the F-M relation 
for Hope Creek, the 20 02 event was approximately a 30-
year return period eve nt.  The volum e of sedime nt 
mobilized in  the 1995  event was equiva lent to 

approximately a 10 0-year ev ent.  Ho wever, Jakob et al.  
(1997) descri be the contri bution of se diment in the 19 95 
event to be lar gely from the remobilization of fan deposits  
rather than from sediment recruited in the watershed.  The 
process of debris flows described in the F-M relation above 
are for the l atter ( watershed sedim ent recruitment).  
Therefore, while peak flows were relatively low for the 1995 
event (250 m3/s, Jakob et al. 1997), corresponding to a 30-
year return period, the sediment recruitment was atypically 
high. 

The chann el upstream of t he fan a pex has not b een 
surveyed by BGC and the volume of entrainable sediment 
is unknown.  Ho wever, bet ween the e levations of 860 m  
and 1,150 m, an unstable rock mass has been identified on 
air ph otographs which freq uently s upplies debr is to the  
channel.   
 

 
Figure 6. Ap plication of the re gional F -M curve for  
southwestern B.C. for Hope Creek.  
 
It is some what contradictory that the 95 % prediction lim it 
approaches the best fit line. The prediction intervals define 
a range of val ues within which a respons e is likel y to fall  
given a sp ecified val ue of a pred ictor. In hydr ology, th e 
confidence and prediction limits result in “t rumpet” curves 
with a widening of the bou nds for higher ret urn period. In 
this case, a narrowing of the 95% prediction limit for higher 
return periods can be attributed to the supply limitations for 
all studied fans.  

Figure 6 was then used in t wo ways: F irst as volume 
input for a runout model, and second, to solve an empirical 
relationship between peak discharge and total vol ume of 
debris flo ws to  estimate the f ormer.  Peak flo w rate and 
volume was t hen c ombined to construct a de bris flo w 
hydrograph as input to a runout model. 

 
 

7 CONCLUSION  
 
A relia ble debris-flow r isk assessment  requir es an  
underpinning F-M model (Moon et al. 200 5). Those are 
notoriously difficult an d/or c ostly t o d evelop. T ools to  
decipher past events in time and magnitude exist. Absolute 
dating method s such as rad iocarbon, de ndrochronology 
and tep hrochronology, or v arve cou nting where the  



receiving water bod y is a l ake can be c ombined with 
empirical form ulae, careful mapping a nd stratigraph ic 
analyses to c onstruct F -M data p airs. Applic ation of  
extreme value statistics aids to generate F-M curves from 
the data and allows attribution of error bounds. Consulting 
practice has demonstrated t hat combin ation of such  
techniques can be very costly and, if not done rigorously, 
can lead to erroneous results. An incorrect F-M relationship 
will resu lt in  false intensit y m aps an d, in cases of 
substantial error, fictitious ri sk estimates.  In some cases,  
budget restrictions simply do not allow application of such 
rigorous meth ods an d lesse r effort is still  preferab le t o 
poorly su pported professi onal judgm ent. A regional F -M 
relationship, as developed in this paper based on fan area 
or fan vol ume normalization, provides a too l to constrain  
debris-flow magnitudes for a variet y of return periods with 
minimal effort and without the necessity of field studies.  

It would be naï ve to believ e that this metho d can full y 
replace deta iled field stu dies, esp ecially for hi gh 
consequence scenarios such as larger urban or ind ustrial 
developments. For this reason, the technique presented in 
this contrib ution is not mea nt to replace the said F -M 
estimation methods and rigorous field-based methods.  In 
Canada, the level of effort a ppropriate for s uch studies is 
well described, for example, in the APEGBC Guidelines for 
Flood Assessments in a Changing Climate (2010) and the 
Draft Alberta  Guide lines for Steep  Creek R isk 
Assessments (2015). 

Notwithstanding, the method s discusse d h erein are  
beneficial in (a) quickl y i dentifying the scale  of a  debris-
flow- or debris-flood hazard and (b) custom-tailoring efforts 
suited for a specific d ebris-flow or deb ris-flood ri sk 
assessment. T he practition er usi ng this  techni que is  
cautioned against blind application.  An understanding of a 
watershed’s geomorphic processes and hazard cha ins is  
still crucia l as multiple watershed and fan processes can 
invalidate the regional approach. 
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CONSULTANT SERVICES AGREEMENT 

Integrated Hydrogeomorphic Assessment – Seton Portage 

THIS AGREEMENT dated for reference _________ __, 2017 is 

BETWEEN: 

SQUAMISH-LILLOOET REGIONAL DISTRICT 

        (the "Regional District") 

AND: 

__________________________________________________________________________ 

       (the "Consultant") 

GIVEN THAT:  

A. The Regional District, acting under the authority of Emergency Management British Columbia 
(“EMBC”) and in partnership with Tsal’alh, wishes to engage the Consultant for the provision of 
engineering services as described in the Request for Proposals - Integrated Hydrogeomorphic 
Assessment – Seton Portage, issued by the Regional District on July ___, 2017 (the “RFP”); and 

B. The Consultant wishes to provide such services to the Regional District in accordance with the 
terms and conditions of this Agreement; 

This Agreement is evidence that in consideration of the promises exchanged below, the Regional District and 
the Consultant agree with each other as follows: 

Definitions 

1. In this Agreement, in addition to the words defined above, 

(a) "Terms of Reference" means: 

(i) the Project Scope, the Consultant Deliverables and the Project Schedule as set 
out in the RFP; and 

(ii) Consultant’s Proposal dated __________, 2017 submitted in response to the RFP 
and attached here as Schedule “A”, 

both of which form part of this Agreement.  In the event of an inconsistency between this 
Agreement and the Terms of Reference, this Agreement shall prevail and in the event of 
an inconsistency between subsection 1(a)(i) and subsection 1(a)(ii), subsection 1(a)(i) 
shall prevail; and   

(b) "Services" means the acts, services and work described in the Terms of Reference and all 
acts, services and work necessary to achieve the objectives set out in the Terms of 
Reference. 
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Services to be Performed by the Consultant 

2. The Consultant agrees to perform the Services during the Term, in accordance with the Terms of 
Reference, on the terms and conditions of this Agreement.  

Term 

3. The term of this Agreement commences on ___________ and ends on ______________ (the 
“Term”), unless terminated earlier in accordance with this Agreement.  The term of this Agreement may 
be extended in the sole discretion of the Regional District. 

Warranty as to Quality of Services 

4. The Consultant represents and warrants to the Regional District that it will perform the Services: 

(a) with that degree of care, skill, diligence normally applied in the performance of services 
of a similar nature and magnitude to those contemplated by this Agreement at the time 
and place the Services are rendered;  

(b) in accordance with sound current professional practices;   

(c) in compliance with all applicable enactments and laws and in compliance with all codes, 
rules, regulations and standards of any relevant professional or industry organization or 
association;  

(d) with personnel who have the education, training, skill, and experience necessary to perform 
the Services and such personnel as noted in the Terms of Reference will perform the 
Services under this Agreement; 

and the Consultant acknowledges and agrees that the Regional District has entered into this Agreement 
relying on the representations and warranties in this section. 

Remuneration and Reimbursement 

5.  In consideration of the Services performed by the Consultant to the satisfaction of the Regional 
District and in strict conformance with the terms hereof, the Regional District must pay the Consultant the 
fees and reimbursable disbursements prescribed on page __ of Schedule A, plus applicable taxes, and in 
accordance with this Agreement. For clarity, the maximum contract value for fees and disbursements 
hereunder shall be $______________ plus applicable taxes.    

Invoices 

6. Not more than once each month, the Consultant may deliver an invoice to the Regional District, in 
respect of the immediately preceding month, setting out the aggregate amount of fees and disbursements 
claimed for Services performed in that preceding month. 



  

 

3 

 

Payment by the Regional District 

7. Subject to the holdback specified in section 8 of this Agreement, the Regional District must, to the extent 
it is satisfied the fees and disbursements are for Services reasonably and necessarily performed by the 
Consultant and subject to section 9 and subject to any right of set-off that the Regional District may have, pay 
the Consultant the fees and disbursements claimed in the invoice delivered in accordance with section 6, 
within 30 days after delivery of the invoice to the Regional District.   

8. There shall be a holdback equal to 10% of the maximum contract value (excluding disbursements) until 
such time as the final report is approved by the steering committee and received by the Board of the Regional 
District.     

Termination or Suspension at the Discretion of the Regional District  

9. Despite any other section of this Agreement, the Regional District may, in its sole discretion, terminate or 
suspend all or any part of the Services by giving the Consultant notice of termination or suspension, as the 
case may be, with such effective date of termination or suspension so noted thereon.  If the Regional District 
terminates or suspends all or part of the Services under this section, then the Consultant is entitled to deliver 
an invoice to the Regional District for the period between the end of the time period for which the last invoice 
was delivered by the Consultant under section 6 and the effective date of termination or suspension.  The 
Regional District must, to the extent that it is satisfied the fees and disbursements are for Services reasonably 
and necessarily performed by the Consultant, pay the Consultant the fees and disbursements claimed in such 
invoice, within 30 days after delivery of such invoice to the Regional District.  The Consultant is not entitled 
to, and irrevocably waives and releases, damages or compensation for costs incurred, loss of profit, or loss of 
opportunity, directly or indirectly arising out of termination or suspension of all or any part of the Services. 

Termination for Breach 

10. Despite any other section of this Agreement, the Regional District may, by giving the Consultant notice 
of termination, immediately terminate all or any part of the Services, if the Consultant:  

(a) is in breach of this Agreement and within 5 days of receiving notice of such breach from the 
Regional District, the Consultant has not cured the breach or is not, to the satisfaction of the 
Regional District in its sole discretion, diligently pursuing a cure for the breach; or 

(b) becomes bankrupt or insolvent, a receiving order is made against the Consultant, an 
assignment is made for the benefit of the Consultant’s creditors, or the Consultant takes the 
benefit of any enactment relating to bankrupt or insolvent debtors. 

Without limiting any other right or remedy available to the Regional District, if the Regional District 
terminates all or any part of the Services under this section, the Regional District may arrange, upon such 
terms and conditions and in such manner as it considers appropriate, for performance of any part of the 
Services remaining to be completed, and the Consultant is liable to the Regional District for any expenses 
reasonably and necessarily incurred by the Regional District in engaging the services of another person to 
perform those Services.  The Regional District may set off against, and withhold from amounts due to the 
Consultant such amounts as the Regional District determines, acting reasonably, are necessary to compensate 
and reimburse the Regional District for the expenses described in this section. 
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Confidential Information 

11. Except as required by law, the Consultant must not, during or after the Term, divulge or disclose any 
secret or confidential information, or any information that the Consultant receives in connection with this 
Agreement which in good faith or good conservence ought not be disclosed. 

Records 

12. The Consultant must: 

(a) keep proper accounts and records of its performance of the Services, including invoices, 
receipts and vouchers, which must at all reasonable times be open to audit and inspection by 
the Regional District, which may make copies and take extracts from the accounts and 
records; 

(b) keep reasonably detailed records of performance of the Services by the Consultant, which 
must at all reasonable times be open to inspection by the Regional District, which may make 
copies and take extracts from the records; 

(c) afford facilities and access to accounts and records for audit and inspection by the Regional 
District and must furnish the Regional District with such information as the Regional 
District may from time to time require regarding those documents; and 

(d) preserve and keep available for audit and inspection, all records described in subsections 
12(a) through (c) for at least two years after completion of the Services or termination of this 
Agreement, whichever applies. 

Delivery of Records 

13. If the Regional District terminates all or part of the Services under this Agreement, the Consultant must 
immediately deliver to the Regional District, without request, all Services-related documents in the 
Consultant's possession or under its control.   

Ownership of Intellectual Property 

14. By this section, the Consultant irrevocably grants to the Regional District the unrestricted licence for the 
Regional District to use all technical information and intellectual property, including inventions, conceived or 
developed, or first actually reduced to practice, in performing the Services.  The Consultant agrees that the 
licence granted by this section shall exist in perpetuity notwithstanding the expiry or early termination of this 
Agreement and includes the right for the Regional District, at any time, to adapt, use and modify all such 
technical information and intellectual property for the Regional District’s uses and Tsal’alh’s uses and 
unlimited distribution by the Regional District, Emergency Management BC, and Tsal’alh,  as well as posting 
the report and other information specific to the Services on the Regional District’s website and Tsal’alh’s 
website. 

Agreement for Services 

15. This is an Agreement for the performance of services and the Consultant is engaged under the Agreement 
as an independent contractor for the sole purpose of providing the Services.  Except as is otherwise expressly 
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prescribed in this Agreement, neither the Consultant nor any of its employees, contractors and representatives 
is engaged by the Regional District as an employee or agent of the Regional District.  The Consultant is 
solely responsible for any and all remuneration and benefits payable to its employees, contractors and 
representatives, and all payments or deductions required to be made by any enactment, including those 
required for Canada Pension Plan, employment insurance, workers' compensation and income tax.  This 
Agreement does not create a joint venture or partnership, and the Consultant has no authority to represent or 
bind the Regional District in any way. 

Conflict of Interest 

16. The Consultant must not perform, for gain, any services for any person other than the Regional District, 
or have an interest in any contract other than this Agreement, if the Regional District determines, acting 
reasonably, that performance of the services, or the Consultant's interest in the contract, creates a conflict of 
interest between the obligations of the Consultant to the Regional District under this Agreement and the 
obligations of the Consultant to the other person or between the obligations of the Consultant to the Regional 
District under this Agreement and the Consultant's pecuniary interest. 

Assignment of Agreement/Subcontracting of Services 

17. The Consultant must not assign this Agreement (or any part thereof) or subcontract any or all of the 
Services to be performed under this Agreement without the prior written consent of the Regional District, 
such consent may be unreasonably withheld.  The Regional District may refuse its consent if, among 
other reasons, it is not satisfied that the proposed assignee or proposed subcontractor, as the case may be, 
has the education, training, skill, experience or corporate resources necessary to perform the Services.  
Any assignment or subcontract duly consented to by the Regional District does not relieve the Consultant 
from any obligation already incurred or accrued under this Agreement or impose any liability upon the 
Regional District 

Time of the Essence 

18. Time is of the essence of this Agreement. 
 
Release and Indemnification 

19.  Except to the extent arising out of the negligent acts or omissions of the Regional District and its 
directors, officers, employees, agents, successors and assigns, as determined by a court of competent 
jurisdiction, the Consultant shall release, indemnify and save harmless the Regional District and its 
directors, officers, employees, agents, successors and assigns from and against any and all liabilities, 
actions, damages, claims, losses, costs and expenses whatsoever (including, without limitation, the full 
amount of all legal fees and disbursements) in any way directly or indirectly arising out of or caused, in 
whole or in part, by the Consultant, its employees, agents, subcontractors or assigns in the performance of 
the Services herein, as determined by a court of competent jurisdiction. This release and indemnity shall 
survive the expiry or termination of this Agreement. 
 
Insurance Requirements 

20. The Consultant shall obtain and maintain: 
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(a) Professional liability insurance coverage throughout the Term and for the applicable 
statute of limitations period relevant to claims asserted by the Regional District in an 
amount not less than $2,000,000 in respect of each claim or occurrence and in the 
aggregate; 

(b) commercial general liability insurance throughout the Term providing coverage for death, 
bodily injury, property loss and damage and all other losses arising out of or in 
connection with the provision of the Services in an amount not less than $5,000,000 per 
occurrence and shall meet the following responsibilities: 

(i) name the Regional District as additional insured; 

(ii) include that the Regional District is protected notwithstanding any act, neglect or 
misrepresentation by the Consultant which might otherwise result in the 
avoidance of a claim and that such policies are not affected or invalidated by any 
act, omission or negligence of any third party which is not within the knowledge 
or control of the insureds; 

(iii) be issued by an insurance company entitled to carry on the business of insurance 
under the laws of British Columbia; 

(iv) be primary and non-contributing with respect to any policies carried by the 
Regional District and will provide that any coverage carried by the Regional 
District is in excess coverage; 

(v) not be cancelled or materially changed without the insurer providing the 
Regional District with 30 days written notice stating when such cancellation or 
change is to be effective; 

(vi) include a deductible not greater than $5,000.00 per occurrence; 

(vii) include a cross liability clause; and 

(viii) be on other reasonable terms acceptable to the Regional District. 
 
The Consultant shall provide the Regional District with certificates of insurance confirming the placement 
and maintenance of such insurance at the signing of the Agreement and thereafter as requested to do so 
from time to time by the Regional District. If the Consultant’s insurance shall expire or terminate before 
the end of the Term, the Consultant shall deliver a new certificate of insurance evidencing the new 
policies of insurance not less than ten (10) days before the new policies go into effect. 
 
The above insurance requirements do not in any way reduce the Consultant’s obligations to release and 
indemnify the Regional District as set out in section 19 of this Agreement. 

WorkSafeBC 

21. The Consultant shall provide proof of WorkSafeBC coverage (or if applicable, proof that 
WorkSafeBC coverage is not required) within 5 days of signing this Agreement and as may be required 
by the Regional District from time to time throughout the Term. The Consultant is responsible for all 
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fines, levies, penalties and assessments made or imposed under the Workers Compensation Act and 
regulations relating in any way to the Services.  

22. The Consultant must take all precautions reasonably necessary to ensure the safety of the 
Consultant’s personnel and all persons employed, contracted or subcontracted by the Consultant to 
perform the Services. 

23.  The Consultant is designated as the prime consultant on site. 

Severability 

21. If any term or provision of this Agreement is illegal or invalid for any reason whatsoever as determined 
by a competent court of law, such term or provision shall be severable and the same shall not affect the 
validity of the remainder of this Agreement  

Notice 

24. Any notice, direction, demand, approval, certificate or waiver which may be or is required to 
be given under this Agreement must be in writing and delivered personally or by courier or sent 
by fax or e-mail, addressed as follows: 

To the Regional District: 
  
  Squamish-Lillooet Regional District 
  1350 Aster Street, Box 219 
  Pemberton, B.C.  V0N 2L0 
  Fax Number: (604) 894-6526 
  E-mail Address: rwainwright@slrd.bc.ca 
  Attention: Ryan Wainwright, Emergency Program Manager 

To the Consultant: 
  
  ____________________________ 
  ____________________________ 
  ____________________________ 
  ____________________________ 
  Fax Number: _________________ 
  E-mail Address: _______________ 
  Attention: ____________________ 

or to such other address, e-mail address or fax number of which notice has been given as provided in this 
section. 

Any notice, direction, demand, approval or waiver delivered is to be considered given on the next business 
day after it is dispatched for delivery.  Any notice, direction, demand, approval or waiver sent by fax or e-
mail is to be considered given on the day it is sent, if that day is a business day and if that day is not a 
business day, it is to be considered given on the next business day after the date it is sent.   

mailto:rwainwright@slrd.bc.ca
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Interpretation and Governing Law 

25. In this Agreement 

(a) reference to the singular includes a reference to the plural, and vice versa, unless the context 
requires otherwise; 

(b) reference to a particular numbered section or Schedule is a reference to the correspondingly 
numbered section or Schedule of this Agreement;  

(c) the word "enactment" has the meaning given to it in the Interpretation Act (British 
Columbia) on the reference date of this Agreement; 

(d) reference to any enactment is a reference to that enactment as amended, unless otherwise 
expressly provided; 

(e) reference to a month is a reference to a calendar month; and 

(f) section headings have been inserted for ease of reference only and are not to be used in 
interpreting this Agreement. 

26. This Agreement is governed by, and is to be interpreted according to, the laws of British Columbia. 

Binding on Successors 

27. This Agreement enures to the benefit of and is binding upon the parties and their respective executors, 
successors, trustees, administrators and receivers, despite any rule of law or equity to the contrary. 

Entire Agreement 

28. This Agreement is the entire agreement between the parties and it terminates and supersedes all 
previous communications, representations, warranties, covenants and agreements, whether verbal or 
written, between the parties with respect to the subject matter of this Agreement. 

Waiver 

29. Waiver of any breach by a party must be express and in writing to be binding on that party, and a 
waiver of a particular breach does not operate as a waiver any future breach, whether of a like or different 
character. 

Freedom of Information and Protection of Privacy Act 

30. The Consultant understands that the Regional District is subject to the Freedom of Information and 
Protection of Privacy Act, RSBC 1996, c. 165 and agrees that this Agreement and the information it 
contains, and any information supplied by the Consultant to the Regional District in connection with this 
Agreement, is not implicitly confidential for the purposes of that enactment.  

31. The Consultant understands that this Agreement, and the information it contains, may be the subject 
of an access to information request made to the Regional District under the Freedom of Information and 
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Protection of Privacy Act and the Regional District may be obliged by that enactment to disclose all or 
part of this Agreement and the information it contains and all or part of any information the Consultant 
supplied to the Regional District in connection with this Agreement, whether or not the Consultant has 
expressly stipulated that the information in question is confidential for the purposes of that enactment. 

Counterparts 

32. This Agreement may be signed in as many counterparts as may be necessary, each of which so signed 
will be deemed to be an original and each copy sent by email or electronic facsimile transmissions will be 
deemed to be an original, and such counterparts together will constitute one and the same instrument and 
notwithstanding the date or dates of execution will be deemed to bear the date as set forth below. 

 

As evidence of their agreement to be bound by the above terms and conditions of this Agreement, the parties 
have executed this Agreement below, on the respective dates written below. 

 
 
SQUAMISH-LILLOOET REGIONAL 
DISTRICT by its authorized signatory: 
 
    _________ 
Lynda Flynn 
Chief Administrative Officer  

  
 
 
______________________________ 
Date 

 
 
 
 
[Name of Consultant] 

by its authorized signatory: 
 
    ____ 
[Name] 
[Title]  

  
 
 
 
______________________________ 
Date 
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 Schedule “A” 

 TERMS OF REFERENCE 

 

[Consultant’s Proposal (as accepted by the Regional District) to be attached.] 
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Q. APPENDIX C - Receipt Confirmation Form 
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RFP RECEIPT CONFIRMATION FORM 

 
Please complete this form and return immediately to: 
 

Contact Person: Ryan Wainwright, SLRD Emergency Program 
Manager 

Address: Box 219, 1350 Aster St., Pemberton, BC V0N 2L0 
Telephone No: (604) 698-6442 

Email: rwainwright@slrd.bc.ca 

 
Failure to return this form may result in no further communication regarding 
this RFP. 

 

Company Name  

Address  

Contact Person  

Title  

Phone Number  

Email  

 
I/We have downloaded a copy of the SLRD RFP “Integrated 
Hydrogeomorphic Assessment – Seton Portage” and I/we intend to 
submit a proposal. 
 

 
Print Name 

 

 

 
Title 

 

 

 
Date 

 

 
__ __ / __ __ / 2017 

 
 

Signature 
 
 
 

 

mailto:rwainwright@slrd.bc.ca
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