Request for Proposals:
Detailed Quantitative Landslide
Hazard and Risk Assessment Reid Road Area, Electoral Area C

Issue date:

May 11, 2022

Closing time:

4:00 PM on June 6, 2022

Closing location:

Via email only -

smorgan@slrd.bc.ca
Contact Name:

Sarah Morgan, Director of

Protective Services

Closing location:

Via email only -
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smorgan@slrd.bc.ca
Contact Name:

Sarah Morgan,

Director of Protective Services

Request for Proposals: Detailed Quantitative Landslide Hazard and
Risk Assessment – Reid Road Area, Electoral Area C
Issue date:
Closing Time and Date:

May 11, 2022
4:00 PM on June 6, 2022

QUERIES
Queries and requests for clarification related to this Request for Proposals (“RFP”) are to be submitted, in
writing (via email only), to the following contact person (the “Contact Person”).
Sarah Morgan, Director of Protective Services
Squamish-Lillooet Regional District
E-mail: smorgan@slrd.bc.ca
The Squamish-Lillooet Regional District (“SLRD”) will determine, at its sole discretion, whether the query
requires response and such responses will be made available to all by issue of addenda posted on the
SLRD’s website (www.slrd.bc.ca/). No verbal conversation will affect or modify the terms of this RFP.
PROPONENTS’ SITE MEETING
A Proponents’ site meeting will not be held.
PROPONENT SECTION
(A person authorized to sign on behalf of the Proponent must complete and sign below and submit this
page as part of the Proposal.)
•

The accompanying Proposal is submitted in response to the above-referenced Request for
Proposals, including any addenda.

•

Through submission of the Proposal, the Proponent agrees to the terms and conditions of
the Request for Proposals and agrees that any inconsistent provisions in the Proposal will
be as if not written and do not exist.

•

The Proponent has carefully read and examined the Request for Proposals (including the
Administrative Requirements) and has conducted such other investigations as were
prudent and reasonable in preparing the Proposal.

•

The Proponent agrees to be bound by statements and representations made in Proposal.

Legal Name of Proponent (include “Doing Business As” name, if applicable):
________________________________
Address of Proponent:
___________________________________________________________________________
Phone Number/Fax Number/Email Address of Proponent:
_______________________________________________
Signature of Authorized Representative: _________________________________________
Printed Authorized Representative’s Name and Title (i.e. President, Director, etc.):
____________________________
The Request for Proposals consists of the following:
•
This Page;
•
Section 1 Administrative Requirements;
•
Section 2 Instructions to Proponents;
•
Section 3 Project Details;
•
Section 4 General Conditions; and
•
Section 5 Schedules
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Administrative Requirements
A.

prior to the closing time that the SLRD has received the
Proposal.

Definitions
Throughout this RFP, the following definitions
apply:
F.

Eligibility
A Proposal may not be evaluated if the Proponent’s
current or past corporate or other interests may, in the
SLRD’s opinion, give rise to a conflict of interest in
connection with the project described in this RFP. If a
Proponent is in doubt as to whether there might be a
conflict of interest, the Proponent is advised to consult
with the Contact Person prior to submitting a Proposal.

G.

Evaluation
The evaluation of the Proposal will be by staff of the
SLRD but may include consultants/contractors of the
SLRD. The SLRD’s intent is to enter into a Contract with
the Proponent who has been evaluated as having the
most desirable proposal.

“Contract” means the written agreement
resulting from this RFP executed by the SLRD
and the Consultant;
“Consultant” means the successful Proponent
to this RFP who enters into a written Contract
with SLRD;
“must”, or “mandatory” means a requirement
that must be met in order for a Proposal to
receive consideration;
“Proponent” means an individual or company
that submits (or intends to submit) a Proposal;
“Proposal” means the document submitted by
the Proponent;
“SLRD”
means
Regional District;

the

The SLRD may, at its discretion, request clarifications or
additional information from Proponents with respect to
any Proposals, make such requests to only selected
Proponents, and consider such clarifications or
additional information in evaluating the Proposals.

Squamish-Lillooet

“RFP” means the process described in this
document;

H.

“should” or “desirable” means a requirement
having a significant degree of importance to
the RFP.
B.

C.

D.

E.

Terms and Conditions
The following terms and conditions will apply
to this RFP. Submission of a Proposal in
response to this RFP indicates acceptance of
all the terms herein and that are included in
any addenda issued by the SLRD. Provisions
in Proposals that contradict any of the terms of
this RFP will be as if not written and do not
exist.
Acknowledgment Form
The Proponent is advised to complete and
return the Acknowledgment Form attached
hereto as Schedule A. This form may be
delivered by fax or email and will facilitate the
further receipt by the Proponent of any
addenda to the RFP.
Addenda
Whether or not the Proponent has returned the
Acknowledgment Form, the Proponent is
required to regularly check the SLRD’s
website for any updated information and
addenda issued before the closing date. If
there is any discrepancy in the RFP
documentation, the SLRD’s original file will
prevail.

Negotiation/Negotiation Delay
The SLRD reserves the right, prior to awarding the
Contract, to negotiate changes to the scope of work
(including pricing to meet budget) with the successful
Proponent without advising any other Proponent or
allowing any other Proponent to vary their Proposal as a
result of the changes to the scope of work or to the
contract documents and the SLRD may enter into a
changed or different contract with the successful
Proponent without liability to Proponents who were not
awarded the Contract.
If a Contract cannot be negotiated within 14 days of
notification of the successful Proponent, the SLRD may,
at its sole discretion at any time thereafter, terminate
negotiations with such Proponent and either negotiate a
Contract with the next qualified Proponent, reissue the
RFP, or terminate the RFP process and not enter into a
Contract with any of the Proponents.

I.

Request for Debriefing
Unsuccessful Proponents may request a debriefing with
the SLRD, which may, at the SLRD’s option, be
conducted via telephone or email. However, the SLRD
will not provide information regarding the other
Proposals.

J.

Alternative Solutions
If alternative solutions are to be offered, the Proponent
should consult with the Contact Person prior to
submitting the Proposal.

K.

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 final. The Proponent will not change
the wording of the Proposal after closing and no words
or comments will be added to the Proposal unless
requested by the SLRD for purposes of clarification.

L.

Proponents’ Expenses

Late Proposals
A Proposal will be marked with its receipt time
at the closing location. Only a Proposal
received and marked before the closing time
will be considered to have been received on
time. A Proposal received after the closing
time may not be considered. In the event of a
dispute, the receipt time of the Proposal is as
recorded by the SLRD at the closing location
will prevail. The Proponent is advised to verify
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subject-matter of the RFP may not be acceptable. This
includes, but is not limited to, a subconsultant involved in
the preparation of this RFP. If a Proponent is in doubt
as to whether a proposed subconsultant may give rise to
a conflict of interest, the Proponent should consult with
the Contact Person prior to submitting a Proposal.

The Proponent is solely responsible for its own
expenses in preparing the Proposal and in
subsequent negotiations with the SLRD, if
any. Regardless of whether or not the SLRD
elects to reject all Proposals, the SLRD 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.
M.

N.

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
the Proposal and the Proponent, by submitting
a Proposal, waives any claim for loss of profits
if no Contract is made with the Proponent.
Proposal Validity
Proposals will be open for acceptance for at
least 90 days after the closing time. The
accuracy and completeness of the Proposal
shall be the sole responsibility of the
Proponent and any errors or omissions shall
be corrected at the Proponent’s expense.

O.

Firm Pricing
Prices will be firm for the entire Contract period
unless this RFP specifically states otherwise.

P.

Currency and Taxes
Prices quoted are to be:
-

-

in Canadian dollars;
inclusive of all fees;
exclusive of disbursements, for which a
detailed estimate shall be provided by the
Proponent; and
inclusive of all applicable taxes, broken
out.

Q.

Completeness of Proposal
By submitting the Proposal, the Proponent
warrants that, if this RFP 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.

R.

Subcontracting
The use of a subconsultant(s) (who should be
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 defined in the
Proposal.
However, a proposed subconsultant whose
current or past corporate or other interests
may, in the SLRD’s opinion, give rise to a
conflict of interest in connection with the

Where applicable, the names of approved subconsultants listed in the Proposal will be included in the
Contract. The addition of new subconsultants, or any
other changes to the subconsultant list, as set out in the
Contract will not be allowed without the written consent
of the Regional District.
S.

Acceptance of Proposals
This RFP is not an agreement to purchase goods or
services. The SLRD is not bound to enter into a Contract
with the Proponent who submits the lowest priced
Proposal or with any Proponent. The SLRD will assess
Proposals in light of the evaluation criteria. The SLRD is
under no obligation to receive further information,
whether written or oral, from any Proponent.
Neither acceptance of the 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.

T.

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.

U.

Contract
By submitting a Proposal, the Proponent agrees that
should its Proposal be successful the Proponent will
enter into a Contract with the SLRD in substantially the
terms set out in Schedule E.

V.

Liability for Errors
While the SLRD has used considerable efforts to ensure
information in this RFP is accurate, the information
contained in this RFP is supplied solely as a guideline for
the Proponents. The information is not guaranteed or
warranted to be accurate by the SLRD, nor is it
necessarily comprehensive or exhaustive. Nothing in this
RFP is intended to relieve the Proponents from forming
their own opinions and conclusions with respect to the
matters addressed in this RFP.

W.

Modification of Terms
The SLRD reserves the right to modify the terms of this
RFP at any time in its sole discretion. This includes the
right to cancel this RFP at any time prior to entering into
a Contract with the successful Proponent.

X.

Ownership of Proposals
All Proposals submitted to the SLRD become the property
of the SLRD. They will be received and held in confidence
by the SLRD, subject to the provisions of this RFP and the
Freedom of Information and Protection of Privacy Act.

Y.

Use of Request for Proposals
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Any portion of this document, or any
information supplied by the SLRD in relation to
this RFP may not be used or disclosed, for any
purpose other than for the submission of the
Proposal. Without limiting the generality of the
foregoing by submission of the Proposal, the
Proponent agrees to hold in confidence all
information supplied by the SLRD in
relation to this RFP.
Z.

Reciprocity
The SLRD may consider and evaluate a
Proposal 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.

AA.

No Lobbying or Solicitation
The Proponent must not attempt to
communicate directly or indirectly with any
employee, consultant or representative of the
SLRD, including the members of the
evaluation team and any elected officials of
the SLRD, or with members of the public or the
media, about the project described in this RFP
or otherwise in respect of the RFP, other than
as expressly directed or permitted by the
SLRD herein or otherwise.

BB.

Collection & Use of Personal Information
The Proponent is solely responsible for
familiarizing itself and for ensuring that it
complies, with the laws applicable to the
collection and dissemination of information,
including resumes and other personal
information concerning employees and
employees of any subconsultants. If this RFP
requires the Proponent to provide the SLRD
with personal information of employees or
subconsultants who have been included as
resources in response to this RFP, the
Proponent will ensure that it has obtained
written consent from each of those persons
before forwarding such personal information
to the SLRD. Such written consents are to
specify that the personal information may be
forwarded to the SLRD for the purposes of
responding to this RFP and use by the SLRD
for the purposes set out in the RFP. The
SLRD may, at any time, request the original
consents or copies of the original consents
from the Proponent, and upon such request
being made, the Proponent will immediately
supply such originals or copies to the SLRD.
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1.

INSTRUCTIONS TO PROPONENTS
A.

DESCRIPTION OF SERVICES

OVERVIEW
The Squamish-Lillooet Regional District (SLRD), acting as an agent for and under the authority
of the Province of British Columbia, is soliciting Proposals from qualified professionals possessing
appropriate education, training and experience consistent with the services required to complete
a detailed quantitative landslide hazard and risk assessment (the Assessment) in the Reid Road
area of the SLRD Electoral Area C. The project Area Of Interest (AOI) is shown in Appendix C for
investigation, areas outside of this AOI will be part of the project to determine appropriate
termination of landslide runouts commencing within the AOI.
Between mid-November and early December 2021, three hydrogeomorphic events occurred
along the inhabited reach of Jason Creek in the area of Reid Road, Electoral Area C of the
Squamish-Lillooet Regional District. On December 13, 2021, the SLRD issued an Evacuation
Order in connection with an imminent debris flow risk with an assessed destructive potential for
life and property affecting eight parcels within the SLRD’s jurisdiction. An emergency geotechnical
assessment concluded that an evacuation order must remain in place until the risk can be
mitigated (Cordilleran Geoscience, December 2021, attached as Appendix E). There are two key
assessed geo-hazards affecting re-occupancy of the affected area: debris flow/flood and the
potential for a sudden slope failure.
A peer review of the Cordilleran report was undertaken along with an initial assessment of
mitigation options and broad costs of any available options. This peer review was completed by
BGC Engineering Inc., and the final report is attached as Appendix D. The report supports the
findings of the Cordilleran report for the time period immediately following the hazard events,
including the need for a detailed risk assessment to fully inform the nature and costs of risk
mitigation options. As an initial assessment, the report offers a number of risk mitigation strategies
to be considered for the longer term, and that a detailed quantitative risk analysis be completed.
The key outcome of the project is to provide a comprehensive hazard and risk assessment,
integrating all the main contributors to landslide, debris flood, and consequential flood risk in the
AOI using current best practices in landslide risk assessment. The project is also to present for
consideration a range of possible mitigation options and broad cost estimates for these where
applicable, including structural and any non-structural approaches, and the Consultant will
present the results to stakeholders as needed.
Emergency Management BC (EMBC) has agreed to provide funding for the Project.
All information provided by the SLRD 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

6

•

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.

3. PROJECT DETAILS
A. SCOPE OF WORK
The quantitative landslide hazard and risk assessment in the AOI is to include:
• Acquisition of LiDAR for the watershed and fan areas in the AOI (where it does not already
exist);
• Acquisition and review of the geotechnical reports completed in advance of construction
of the properties along Reid Road (to be provided by the SLRD);
• Field visit to confirm:
o Alignment of Jason Creek on the fan
o Location and dimensions of all building footprints to supplement the aerial mapping
completed by BGC (2022)
o Conditions of Jason Creek right (west) bank from the fan apex downstream to the
Reid Road crossing to evaluate the need for erosion protection or a berm
o Alignment, dimensions, construction materials, and condition of existing protection
works (ad hoc dike, debris berm, and others, if applicable)
o Estimation of sediment yield rates along the channel
o Refinement of volume estimates of landslides that could trigger debris flows
o Structural measurements to inform kinematic analysis for rock slope failures in the
Jason Creek watershed
o Dendrochronological investigations to constrain past debris-flow frequency
o Test trenching to measure former debris-flow depths and radiocarbon dating of
organic materials to refine a frequency-magnitude relationship.
• Detailed hazard assessment of alluvial fan and rock slope hazards from the Jason Creek
watershed including:
o numerical modeling for a variety of return periods (up to 1,000 to 3,000 year return
periods;
o the evaluation of landslide kinematics (type and extent of movement) that would
indicate the potential types and size of landslides that might occur,
o a detailed landslide runout analysis and modeling to provide better quantification
of risk to residents in the AOI.
• Develop, demonstrate and provide a comprehensive quantitative life-loss risk assessment
for the study area, including the risk tolerance criteria and rationale adopted for the project.
All assumptions utilized in the quantitative risk assessment along with a sensitivity analysis
on the range of acceptable tolerances to these assumptions should be provided
• 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;
• Complete a draft report for review by the project steering committee;
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•

•

•

Complete and deliver a final report, incorporating if possible any feedback received as per
the preceding point. The consultant must not proceed with the final report until the project
steering committee is satisfied that all comments and concerns provided on the draft report
have been satisfactorily addressed;
Complete a final report; and
Presentations, including a presentation to EMBC and other provincial ministries and
agencies, a presentation to the SLRD Board, and a public meeting.

The Consultant will be required to work closely with the SLRD and project steering committee
from concept to completion of the assessment. The assessment/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). The steering committee may consist of the following
parties (or others as determined by the SLRD and the Province of BC):
•
•
•
•

EMBC designate
SLRD Director of Protective Services
Ministry of Forests designate
Ministry of Transportation and Infrastructure designate

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
Assessment:
•

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, and any updates to these Guidelines;

•

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

•

Identify and assess the potential for landslide, rockfall, debris flow, debris flood, flood,
erosion or other hazard in the study area. 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;

•

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;

•

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

•

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

•

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;
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•

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;

•

Climate change is to be incorporated and the proponent is to provide their climate change
variable assumptions. A sensitivity analysis will need to be provided if climate change
proves to have a significant impact assessment;

•

Include best practice exposure mapping and numerical modelling of landslide runout
analysis as required. Assumptions used in the model that affect the results need to be
provided. If significant, a sensitivity analysis and the results of this analysis should be
described in the assessment.;

•

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

•

Address any other requirements identified and provided to the Consultant by the SLRD
project steering committee.

Proponents should reference the following guidelines to develop the Project:
•

District of North Vancouver, Natural Hazard Development Permit Areas;

•

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

•

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

•

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
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Consultant Deliverables
The Consultant will deliver the following:
i.

Initial project methodology meeting with the steering committee no later than June 30,
2022. The proponent should also provide the risk tolerance criteria and rationale to be
adopted for the project.

ii. Interim meeting with the steering committee for project update and results to date no later
than July 29, 2022.
iii. Submit a draft report no later than November 21, 2022.
iv. Prepare and submit a Final Report, once directed by SLRD, no later than December 19,
2022, and
v. Present results to stakeholders (to be arranged by the SLRD) no later than January 27,
2023.
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 and the Province of British
Columbia for their free and unlimited use.
B.

PROPOSAL REQUIREMENTS

The Proponents are to provide the following information:
i. Project Implementation, Personnel and Related Experience
For the services that will be performed by the Proponent, 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.
ii. 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 the
overall estimate of costs.
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4. GENERAL CONDITIONS
A. TERM
The term of the Contract is to commence on or around June 24, 2022 and conclude on or
before January 30, 2023.
B. RFP DOCUMENTS
The RFP document package is available:
1.

For downloading in Portable Document Format (PDF) at:
•

the SLRD website at www.slrd.bc.ca; and

•

www.bcbid.gov.bc.ca by browsing for opportunities by organizations and selecting
Squamish–Lillooet Regional District.

C. CLOSING DATE AND TIME AND PROPOSAL OPENING
Proposals must be received by the SLRD via email on or before 4:00 p.m. local time on June 6,
2022. Late proposals will not be accepted nor will be proposals in paper form.
Proposals will not be opened in public.
D. PROPOSAL FORMAT
The SLRD requests that the following format and sequence be followed in order to provide
consistency in considering Proposals:
•

Title Page, including RFP title, Proponent’s name, address, phone number, email
address, and name of representative;

•

Letter of Introduction (1 page is acceptable), identifying the Proponent, the key contacts
and their contact information, size of the firm, relevant experience of the firm and its
employees, etc. to be signed by the person(s) authorized to sign on behalf of the
Proponent;

•

The body of the Proposal, including your approach and methodology with regard to the
project, and costs.

E. SUBMISSION OF PROPOSALS
Proposals must be submitted to the SLRD in electronic form via email to smorgan@slrd.bc.ca. A
proposal submitted in paper form will not be accepted.
F. EVALUATION CRITERIA
The criteria for evaluation of the Proposals may include, but is not limited to:
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i.

Personnel and Resources: Corporate/individual experience and references for similar
projects, general reputation in the industry, capacity, resources, and professional
qualifications;

ii. Proposed workplan: Approach, methodology and understanding of the SLRD’s
requirements;
iii. Price and Cost Control: Total budget, including time schedule and basis for billing of
professional services and disbursements. Evaluation emphasis is on the value of
service for the total price.
iv. Value Added Services: Innovative approach.
v. Schedule: Achieves the task plan in a timely fashion with the submission of all
deliverables within the specified timelines.
G. INSURANCE
The Proponent must have the following insurance coverage:
•

professional liability insurance of three million dollars ($3,000,000);

•

commercial general liability insurance 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 five million dollars ($5,000,000)
per occurrence and in the aggregate, naming the SLRD as additional insured;

•

Automobile liability insurance providing coverage on all vehicles owned, operated or
licensed in the name of the Proponent in an amount not less than two million dollars
($2,000,000) per occurrence for bodily injury, death and damage to property;

•

Proponent’s equipment insurance in an all risks form covering machinery and
equipment used for the performance of the Services.

H. WORKSAFEBC
The Proponent must provide proof of WorkSafeBC coverage (or if applicable proof that
WorkSafeBC coverage is not required).
I.

COMPLIANCE

The work to be carried out must comply with and be in accordance with all provincial and local
government laws, permits, regulations and policies.
J. INDEMNITY
Except to the extent arising out of the negligent acts or omissions of the SLRD and its directors,
officers, employees, volunteers, consultants, agents, successors and assigns, as determined by
a court of competent jurisdiction, the Proponent/Consultant shall release, indemnify and save
harmless the SLRD and its directors, officers, employees, volunteers, consultants, 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
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Proponent/Consultant, its employees, agents, or assigns in the performance of the Services
herein, as determined by a court of competent jurisdiction. This release and indemnity shall
survive notwithstanding the completion of the Services under this Agreement and/or the expiry or
termination of this Agreement.
The indemnity provided by the Proponent/Consultant to the SLRD will not in any way be limited
or restricted by the insurance requirements or by limitations on the amount or type of damages,
compensation or benefits payable under the Workers’ Compensation Act or any other similar
statute.
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Request for Proposals: Detailed Quantitative Landslide
Hazard and Risk Assessment – Reid Road Area, Electoral Area C

5. SCHEDULES
SCHEDULE “A” – Acknowledgment Letter
SCHEDULE “B” – Draft Services Agreement
SCHEDULE “C” – Project Area of Interest Map
SCHEDULE “D” – 20220218_Jason Creek Assessment_FINAL BGC.pdf (BGC, 2022)
SCHEDULE “E” – Jason Creek PREOC_V2 rep&figs 13 Dec 2021.pdf (Cordilleran, 2021)

14 | Page

Request for Proposals: Detailed Quantitative Landslide
Hazard and Risk Assessment – Reid Road Area, Electoral Area C

SCHEDULE “A” – ACKNOWLEDGEMENT LETTER (PLEASE RETURN IMMEDIATELY)
[The undersigned will be sent any amendments or addenda in respect of the Request for
Proposals: Detailed Quantitative Landslide Hazard and Risk Assessment - Reid Road Area,
Electoral Area C]

I/We presently intend to provide a Proposal in respect of the Request for Proposals - Detailed
Quantitative Landslide Hazard and Risk Assessment - Reid Road Area, Electoral Area C:

_________________________________
Signature

__________________________________
Company/Business Name

_________________________________
Name (please print)

__________________________________
Address

_________________________________
Title

__________________________________
City

_________________________________
Phone Number

__________________________________
Mobile Phone Number

_________________________________
Date

__________________________________
E-Mail Address

Return immediately to:
Sarah Morgan, Director of Protective Services
Squamish-Lillooet Regional District
Email: smorgan@slrd.bc.ca
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SCHEDULE “B” - DRAFT SERVICES AGREEMENT

THIS AGREEMENT dated for reference **, 2022 is
BETWEEN:
SQUAMISH-LILLOOET REGIONAL DISTRICT, a regional district created by
letters patent under the laws of British Columbia and having an office at 1350 Aster
Street, Box 219, Pemberton, BC, V0N 2L0
(the "Regional District")
AND:
____________________________
(the "Consultant")
GIVEN THAT the Regional District wishes to engage the Consultant to complete services as
described in the Request for Proposals issued by the Regional District on _______, 2022 for a
Detailed Quantitative Landslide Hazard and Risk Assessment, Reid Road Area, Electoral Area
C, and 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 Scope of Work as set out in the RFP; and

(ii)

Consultant’s Proposal received by the Regional District on ________, 2022
submitted in response to the RFP and as accepted by the Regional District
and attached here as Schedule “B”,
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 or about June 24, 2022 and ends on or before
January 31st, 2023 (the “Term”), unless terminated earlier in accordance with this Agreement.
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)

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

(d)

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

(e)

in compliance with recommendations and orders of the Provincial Health Officer,
including but not limited to practicing measures of physical distancing between
persons present at the location at which the Services are performed, in order to help
prevent the transmission of the communicable disease known as COVID-19;

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. The Regional District will pay the Consultant for the Services in in accordance with the rate
schedule attached as Schedule “B” with this Agreement. For greater clarity, the maximum value
of this Agreement is $ _______ plus GST for the Services as set out in the Terms of Reference
in Schedule “A”.
Invoices
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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
claimed for Services performed in that preceding month.
Payment by the Regional District
7. The Regional District must, to the extent it is satisfied the fees are for Services reasonably and
necessarily performed by the Consultant and subject to section 8 and subject to any right of set-off
that the Regional District may have, pay the Consultant the fees claimed in the invoice delivered in
accordance with section 6, within 30 days after delivery of the invoice to the Regional District.
Termination or Suspension at the Discretion of the Regional District
8. 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
9. 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
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the Regional District determines, acting reasonably, are necessary to compensate and
reimburse the Regional District for the expenses described in this section.
Confidential Information
10. 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
11. 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 section
11. (a) through (c) for at least two years after completion of the Services or termination
of this Agreement, whichever applies.

Delivery of Records
12. 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
13. 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 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.
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Agreement for Services
14. This is an Agreement for the performance of services and the Consultant is engaged under the
Agreement as an independent consultant for the sole purpose of providing the Services. Except
as is otherwise expressly prescribed in this Agreement, neither the Consultant nor any of its
employees, consultants 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, consultants 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
15. 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
16. 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 subconsultant, 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
17. Time is of the essence of this Agreement.
Release and Indemnification
18. Except to the extent arising out of the negligent acts or omissions of the Regional District
and its directors, officers, employees, volunteers, consultants, 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, volunteers,
consultants, 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, or assigns in the
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performance of the Services herein, as determined by a court of competent jurisdiction. This
release and indemnity shall survive notwithstanding the completion of the Services under this
Agreement and/or the expiry or termination of this Agreement.
19. The indemnity provided in section 18 by the Consultant to the Regional District will not in
any way be limited or restricted by the insurance set out in section 20 or by limitations on the
amount or type of damages, compensation or benefits payable under the Workers’
Compensation Act or any other similar statute.
Insurance Requirements
20. The Consultant shall obtain and maintain throughout the Term:
(a)

professional liability insurance of three million dollars ($3,000,000);

(b)

commercial general liability insurance 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 five million dollars
($5,000,000) per occurrence and in the aggregate and shall meet the following
requirements:
i.

name the Regional District as additional insured;

ii.

include blanket contractual liability coverage, cross liability, and
severability of interest;

iii.

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

iv.

be primary without right of contribution from any insurance carried by the
Regional District;

v.

stipulate that it shall not be cancelled or materially changed without first
providing thirty (30) days written notice to the Regional District;

vi.

include a deductible not greater than five thousand dollars ($5,000) per
occurrence; and

viii.

be on other reasonable terms acceptable to the Regional District;

(b)

automobile liability insurance on all vehicles owner, operated or licensed in the
name of the Consultant in an amount not less than two million dollars ($2,000,000)
per occurrence for bodily injury, death and damage to property; and

(c)

Consultants’ equipment insurance in an all risks form covering machinery and
equipment used for the performance of the Services.

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
21 | Page

Request for Proposals: Detailed Quantitative Landslide
Hazard and Risk Assessment – Reid Road Area, Electoral Area C

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.
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 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 is designated and assumes responsibility as the prime consultant per
WorkSafeBC legislation and regulations and will ensure compliance with and conform to all
laws, bylaws or regulations of the local government, applicable regulatory agencies, and the
Province of British Columbia.
Services Agreement
23. 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, including but not limited to all precautions, including physical
distancing and the use of personal protective equipment for health and safety purposes, that
have been recommended by the Public Health Officer in response to the COVID-19 pandemic.
For greater certainty, the Consultant will wear gloves at all times while performing the Services,
provide and use, at its own cost, sanitizing chemicals on all of its equipment and supplies used
to perform the Services, and carry out all and any other actions necessary to help prevent
transmission of COVID-19 consistent with any Provincial Health Officer order made to this effect.
The Consultant is designated as the prime Consultant on site.
Severability
24. 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
25. 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
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E-mail Address: smorgan@slrd.bc.ca
Attention: Sarah Morgan, Director of Protective Services
To the Consultant:
______
______
______
______
______
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.
Interpretation and Governing Law
26. 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.

27. This Agreement is governed by, and is to be interpreted according to, the laws of British
Columbia.
Binding on Successors
28. 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.
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Entire Agreement
29. 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
30. 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
31. 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.
32. 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 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
33. 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:

____
Authorized Signatory

______________________________
Date
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[NAME OF CONSULTANT]

____
Name:

_____________________________
Date
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BGC ENGINEERING INC.
AN APPLIED EARTH SCIENCES COMPANY

SQUAMISH-LILLOOET REGIONAL DISTRICT

EMERGENCY RESPONSE SUPPORT

JASON CREEK (REID ROAD) ASSESSMENT

FINAL

PROJECT NO.:
DOCUMENT NO.:

1358009

DATE:

February 18, 2022

BGC ENGINEERING INC.
AN APPLIED EARTH SCIENCES COMPANY
Suite 500 - 980 Howe Street
Vancouver, BC Canada V6Z 0C8
Telephone (604) 684-5900
Fax (604) 684-5909

February 18, 2022
Project No.: 1358009
Sarah Morgan, MA (DEM), PMP.
Director of Protective Services
Squamish-Lillooet Regional District
Box 219, Pemberton, BC V0N 2L0
Dear Sarah,
Re:

Jason Creek (Reid Road) Assessment

BGC Engineering Inc. (BGC) is pleased to provide you with this desktop review of the emergency
assessment at Jason Creek completed by Cordilleran Geoscience in response to the
hydrogeomorphic events of November and December, 2021.
Should you have any questions, please do not hesitate to contact the undersigned.
Yours sincerely,
BGC ENGINEERING INC.
per:

Matthias Jakob, Ph.D., P.Geo., P.L.Eng.
Principal Geoscientist

Squamish-Lillooet Regional District, Emergency Response Support
Jason Creek (Reid Road) Assessment – FINAL

February 18, 2022
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EXECUTIVE SUMMARY
In late 2021, Jason Creek, 4.5 km north of Pemberton, BC, experienced three hydrogeomorphic 1
events (Nov. 14-15; 27-29; and Nov 30-Dec 1, 2021). These events impacted several properties
through overland flooding and localized bank erosion along with impacts to infrastructure at road
crossings. In response, an evacuation order was issued by the Squamish-Lillooet Regional
District (SLRD) on December 1, 2021 for eight properties on Reid Road and an evacuation alert
for other properties on Reid Road and at the intersection of Reid, Linda, and Rodgers Roads. The
evacuation order for the eight affected properties remains in effect at the time of writing.
Evacuation orders were informed by field assessments completed by Cordilleran Geoscience
(Cordilleran) and summarized in Cordilleran’s report (December 13, 2021). At the request of the
SLRD, BGC completed a desktop review of the Cordilleran report and developed preliminary riskcontrol concepts for Jason Creek. The objectives of this review are to inform emergency response
decisions by SLRD, including decisions to issue, maintain, or rescind evacuation alerts or orders
in affected areas and to assist the SLRD with risk communication.
In BGC’s opinion, Cordilleran completed exemplary emergency response work during and
following the sequence of hydrogeomorphic events on Jason Creek.
Cordilleran did not provide a risk estimate for individual properties, which would typically be
outside the scope of a rapid emergency assessment. Based on the recommendation to issue
evacuation orders for select properties, Cordilleran assessed there to be a credible risk of
significant harm or life loss from debris-flow hazards on those properties. BGC agrees with the
interpretations of hazard and risk level by Cordilleran that led to the decision by the SLRD to issue
the December 13th, 2021 evacuation orders. While the magnitude and intensity of the potential
hazards could only be hypothesized from the limited available evidence, it was of sufficient
potential intensity to cause harm, and in BGC’s opinion, could be reasonably considered a hazard
with imminent potential to result in loss of life.
BGC completed a preliminary quantitative risk assessment (QRA) for a sample property near the
fan apex and one at approximately mid-fan 2. Using available information and pairing it with
informed geoscientific judgment, total debris-flow risk near the fan apex on Jason Creek exceeds
tolerable 3 life-loss risk levels (annual probability of death of an individual (PDI) of 1x10-4) by
approximately one order of magnitude. At approximately mid-fan, PDI risk is estimated to
approach the tolerable life-loss risk threshold. These estimates are preliminary and are subject to
update following the completion of a detailed debris-flow hazard and risk assessment.

Hydrogeomorphic events include floods with high sediment bedload, debris floods, and debris flows.
This assessment is not for any specific individual property, but may be interpreted as a proxy of existing
properties in those locations.
3
The SLRD has not formally adopted quantitative life-loss risk tolerance criteria. However, various
districts in BC and one in Alberta (Canmore) have specified 1:10,000 annual probability of death of an
individual as a tolerable risk criterion for existing development.
1
2
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As part of this review, BGC identified a preferred conceptual risk-control system for Jason Creek
that includes:
1. A deflection berm between the fan apex and Reid Road on left (east) bank, and
2. Improvements to the Reid Road crossing to increase capacity and resilience to debris
flows.
The two components of this conceptual mitigation system would work in concert to confine debrisflows to the Jason Creek channel upstream of and through the Reid Road crossing. The need for
risk control measures and any potential risk transfer to areas downstream of the crossing would
need to be considered as part of future phases of design. These components were identified
based on desktop review only and in the absence of detailed topographic information (lidar 4). For
this reason, these recommendations should be interpreted as conceptual-level risk-control “ideas”
that require field verification and detailed numerical modelling based on lidar topography to
confirm their suitability, alignment, and geometry. Based on the information available to date,
BGC estimates the combined cost for the system as approximately $1 million and acknowledges
that this cost estimate may vary as much as -50% to >+100% given the data limitations.
Determining the achievable level of risk reduction for mitigation options, and comparison of the
level of risk reduction against its cost (e.g., cost-benefit analyses), would require more detailed
assessment.
In addition to the preferred fan-level mitigation system, site-specific risk control options could be
considered by individual property owners. Such interventions would focus on reducing the
potential consequences of debris-flow impact at an individual property. Design of site-specific risk
control options is outside of the scope of this assessment. However, BGC recommends that any
measures of this scale be designed by third parties considering the results of a detailed debrisflow hazard and risk assessment and potential risk transfer to adjacent area(s).
Debris flows in the study area are seasonal. Debris-flow activity is accentuated in late summer
and fall into early winter. Debris flows outside this time frame are possible, but much less likely.
Decisions on resident occupancy in consideration of the seasonal nature of debris flows need to
consider how the likelihood of debris flows in response to seasonal triggers will be evaluated
along with the associated costs and limitations of available evaluation systems. At Jason Creek,
BGC considered the applicability of a weather-forecast based debris-flow warning system;
however, given the limitations of the forecasts, the lack of a long-enough data record of known
debris flows and their corresponding hydroclimatic data, and the operational requirements of a
warning system, BGC considers such system not a viable long-term solution at this location.
Longer-term resident occupancy decisions need to consider the complexity of risk management
decision-making and implementation and the uncertainties associated with natural hazard risk
assessment within the regional context. SLRD is a mountainous area which experiences a wide

4

BGC engaged Apollo Mapping to develop a digital surface model (DSM) and digital terrain model
(DTM)5 of the Jason Creek watershed and fan from satellite imagery. Such data, while an improvement
to standard TRIM data, is not equivalent in quality and resolution to lidar data.
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range of natural hazard-types. Within the SLRD, other areas exist with debris-flow risk that
exceeds generally accepted risk tolerance thresholds. BGC suggests that, in consideration of this,
decisions on long-term resident occupancy on Jason Creek should be evaluated within a risk
management framework that considers the unique characteristics of the site while being
regionally-consistent.
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LIMITATIONS
BGC Engineering Inc. (BGC) prepared this document for the account of 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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INTRODUCTION

Jason Creek is located approximately 4.5 km northeast of Pemberton, BC. It drains the southeast
facing slopes above Reid Rd (Drawing 01). In late 2021, Jason Creek, experienced three
hydrogeomorphic events (November 14-15, November 27-29, and November 30-December 1,
2021). These events impacted several properties through overland flooding and localized bank
erosion. The Jason Creek culvert at Reid Road was washed out twice, minor damage occurred
at Portage Road, and the CN Rail line was threatened (Cordilleran, December 13, 2021).
In response to the hydrogeomorphic events, an evacuation order was issued by the SquamishLillooet Regional District (SLRD) on December 1, 2021 for eight properties on Reid Road. An
evacuation alert was also issued for other properties on Reid Road and at the intersection of Reid
Road, Linda Road, and Rodgers Road. Cordilleran Geoscience (Cordilleran) visited Jason Creek
three times to complete assessments of the hazards in the watershed (December 1, 2, and 12)
and support the SLRD in emergency response decision making. Cordilleran’s December 13 report
informed the SLRD evacuation order issued on December 14, 2021. The locations of the homes
that remain on evacuation order at the time of writing are shown on Drawings 01 and 02. BGC
notes that 1773 Reid Road which is at the Jason Creek fan apex is not part of the evacuation
order.
At the request of the SLRD, BGC completed a desktop level review of the Cordilleran report
(December 13, 2021) and developed conceptual-level risk control options for Jason Creek. The
objectives of this review are to inform emergency response decisions by the SLRD, including
decisions to issue, maintain, or rescind evacuation alerts or orders in affected areas and to assist
the SLRD with risk communication. This report summarizes BGC’s review and presents
preliminary risk control options for further consideration by the District.
This work was completed as part of Services Agreement Emergency Operations Task #223901
– Jason Creek and Bear/Pete’s Creek Geotechnical Assessments executed on January 13, 2022.
1.1.

Scope of Work

The scope of work includes:
1. A desktop-level peer review of the information contained in the Cordilleran report
(December 13, 2021).
2. An initial evaluation of geohazard mitigation options and associated costs at a conceptual
level.
3. A presentation (via Web) on the findings to interested parties (e.g., SLRD, homeowners).
This scope of work is limited to desktop review of the Cordilleran report (December 13, 2021) and
does not include site assessment or additional analyses, which are anticipated to be completed
as part of a subsequent scope of work.
1.2.

Background Information

In support of this assessment, BGC reviewed the following documents:
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Cordilleran Report to SLRD (December 13, 2021)
SLRD Evacuation Orders (December 1 to December 14, 2021).

The Cordilleran report (December 13, 2021) includes a summary of historical reports dated from
1981 to 1997. BGC has not reviewed these reports except for material summarized in the
December Cordilleran report.
At the time of writing, no bare-earth digital elevation model (DEM) of the Jason Creek watershed
and fan was available. BGC engaged Apollo Mapping to develop a digital surface model (DSM)
and digital terrain model (DTM) 5 of the Jason Creek watershed and fan from satellite imagery.
The terrain data is shown on Drawings 01 to 02. Such data, while an improvement to standard
TRIM data is not equivalent in quality and resolution to lidar data.

5

Topographic data can be presented in different forms of terrain models. DEMs are ‘bare-earth’ indicating
that all natural (e.g., trees) and built (e.g., buildings) features are removed. DEMs are often generated
from lidar. DSMs contain all surface points including natural and built features (i.e., trees, buildings, etc.
have not been removed). DTMs are models of the surface with natural and built features removed. DSM
and DTM models are usually generated from photographs or satellite imagery through a process called
‘photogrammetry’. The terms DEM and DTM can sometimes be used interchangeably; however the
quality of a DTM is influenced by the available imagery and can be lower resolution than lidar-derived
DEMs.
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2021 EVENTS

Cordilleran provides a timeline of events associated with the 2021 hydrogeomorphic events on
Jason Creek. These are summarized in Table 2-1 and supplemented by information on the
evacuations from the SLRD website (www.slrd.bc.ca).
Table 2-1. Summary of events on Jason Creek in late 2021. Atmospheric river events highlighted
in grey. Information compiled from Cordilleran (December 13, 2021).
Date

Description

Nov 14-15, 2021

Atmospheric river event across southern BC.

Nov 15, 2021
(2100 hrs)

Jason Creek culvert at Reid Road washes out.

Nov 17-18, 2021

Frontera Geotechnical (Frontera) conducts site assessment (November
23, 2021). Frontera indicates the potential for debris flow activity on Jason
Creek and outlines recommendations including a field review of upslope
terrain and debris flow potential by a Qualified Professional.

Nov 16-25, 2021

Capilano Highways conducts emergency repairs on Jason Creek including
debris clearing up the channel with a spider hoe.

Nov 27-29, 2021

Atmospheric river event across southern BC.

Nov 30-Dec 1, 2021

Atmospheric river event across southern BC.

Dec 1, 2021
(0430 hrs)

Jason Creek culvert at Reid Road washes out for second time.

Dec 1, 2021

Cordilleran completes field assessment of Jason Creek ravine.

Dec 1, 2021
(1500 hrs)

Evacuation order issued for lots 1793, 1794, 1781, 1788, 1791, 1802,
1812, 1815 Reid Road.

Dec 1, 2021
(2200 hrs)

Jason Creek washed out Reid Road. Overland flow affected multiple lots
on Reid Road.

Dec 2, 2021

Cordilleran conducts review of affected fan areas and recommends further
channelization above Reid Road.

Dec 3-5, 2021

Channelization work upstream of Reid Road completed.

Dec 8-9, 2021

Capilano Highways installs 1600 mm metal culvert at crossing.

Dec 9, 2021

Evacuation order rescinded. Homes on evacuation order moved to
evacuation alert.

Dec 12, 2021

Cordilleran completes final channel assessment to evaluate the residual
hazard and review the evacuation order.

Dec 13, 2021

SLRD issues Evacuation Order again for nine properties1 on Reid Road.
Wider community (Reid Road, Linda Road) remains on Evacuation Alert.

Dec 14, 2021

SLRD updates Evacuation Order for 1781, 1782, 1788, 1791, 1793, 1794,
1802, 1815 Reid Road.

1.

BGC notes that the December 1st and December 14th orders include eight properties. BGC did not find a record on the
SLRD site of which property was included in the December 13th order.
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REVIEW

This section summarizes BGC’s desktop-level review of the Cordilleran report (December 13,
2021). General comments are presented first, and subsequent sections are organized to follow
the structure of the Cordilleran report to facilitate ease of comparison. Key conclusions from
BGC’s review are included within each subsection.
3.1.

General Comments

In BGC’s opinion, Cordilleran completed emergency response assessments following the
sequence of hydrogeomorphic events on Jason Creek that are very thorough. The December
2021 report is detailed, specific, educative, and thorough with background documentation dated
to 1981. Moreover, it was completed in an expedient fashion, following, and informed by three
trips to site.
As expected for an emergency hazard assessment, no opportunity arose to quantify any of the
hydrogeomorphic or hillslope processes beyond a rough field estimate. The level of effort in
estimating hazards is hence deemed appropriate for an emergency assessment.
BGC agrees with Cordilleran’s advice to the SLRD that evacuation orders for the properties on
the Jason Creek upper fan in late 2021 be considered. The hazard was immediate, and while the
magnitude and intensity of the potential hazards could only be hypothesized from the limited
available evidence, it was of sufficient potential intensity to cause harm.
Cordilleran does not provide a life loss risk estimate for individual properties. However, based on
the recommendation to issue evacuation orders for select properties, Cordilleran assessed a
credible risk of significant harm or life loss from alluvial fan hazards on those properties.
Debris-flow hazards are highly seasonal in nature in southwestern BC (Jakob and Lambert, 2009;
Jakob et al. 2011; Jakob and Owen, 2021). The likelihood of a debris flow occurring in the winter
months except in warm coastal areas is generally reduced compared to the fall (synoptic storms)
or late summer (convective storms) due to the buffering effect of snow cover that will absorb rain
unless fully saturated. An exception to this can be a rapid melt and rain-on-snow event in
association with a prolonged warm frontal system.
BGC acknowledges that maintaining an evacuation order over several months is a difficult
decision, especially during weather conditions that are not amenable to debris-flow initiation. Any
decision to modify the evacuation order would need to be informed by SLRD’s life loss risk
tolerance, especially in comparison with other geohazard sites with known life loss risks in the
SLRD.
Cordilleran focuses on clearwater flood/debris flood/debris flow hazards. The potential for rock
fall and/or rock slide hazards in the Jason Creek watershed should be acknowledged as the total
hazards and risk from the watershed are cumulative. Rock slide hazards have not been quantified
to date to BGC’s knowledge.

Jason Creek Assessment

Page 4

BGC ENGINEERING INC.

Squamish-Lillooet Regional District, Emergency Response Support
Jason Creek (Reid Road) Assessment – FINAL

3.2.

February 18, 2022
Project No.: 1358009

Background Review

Cordilleran presents a thorough background review about the bedrock geology in the Jason Creek
watershed. The highly altered 6 bedrock, and the presence of a shear zone in the watershed
suggest that debris flows originating in Jason Creek may have high mobility due to a presumed
high content of fines (clays, silts, and sands). Higher mobility debris flows can travel faster and
farther than debris flows comprised of coarser material. The faster a debris flow the more
destructive it is.
The deeply fractured bedrock bluff with evidence of slope spreading is indicative of a potential
rock slope failure. At present, the relative hazards posed by different slope failure processes in
the Jason Creek watershed are unknown.
BGC believes that the failure mechanism of “undrained loading” (i.e., a rock mass falling or sliding
onto a saturated slope) can lead to sudden debris-flow initiation, even in absence of heavy rain
(for example, at a time of rapid snowmelt). This observation should be included in a hydroclimatic
debris-flow warning system, even though the frequency of such events compared to a rainfallinitiated debris flow is likely substantially lower.
Terrain mapping and a longitudinal profile of Jason Creek are presented from previous work on
the creek. Point source failures, both existing and potential future sources are identified. This is
an important contribution to understanding hazards in Jason Creek watershed.
Conclusion(s): There is sufficient evidence to suggest debris flows have historically occurred, and
will continue to occur on Jason Creek. The potential hazard and risk from a rock slope failure
originating in the Jason Creek watershed should be investigated further.
3.3.
3.3.1.

Cordilleran 2021 Observations
Watershed Characteristics

Cordilleran categorizes the Jason Creek watershed as debris-flow prone based on watershed
morphometrics 7. This is consistent with characterization of other creeks studied in the SLRD and
other areas (Figure 3-1).

Hydrothermal or geomechanical alterations weakens rock and furthers disintegration of particles to clay
size which in turn promotes debris-flow mobility.
7
Morphometrics are measurable characteristics of landforms that are used to analyse them.
6
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Figure 3-1. Steep creek process characterization based on watershed length and Melton Ratio.
Note that this representation is simplistic because it does not include the dimension
of return period. Some creeks are subject to different processes at different return
periods.

Cordilleran identifies large colluvium deposits which represent potential debris-flow sediment
sources. Bedrock-controlled slope failures are also identified with relatively deep failure planes,
(for example: page 6 (10 m failure thickness), page 6 (2-5 m thick), page 7 (5-10 m thick), page 7
(5,000 to 50,000 m3)). No supporting evidence is presented for the bedrock failure thicknesses
and volumes. A credible range of failure depths would be preferred as it has implications for the
frequency-magnitude (F-M) analysis. However, this does not affect the overall conclusions of the
report.
Conclusion(s): BGC encourages additional evidence to support the selection of failure volumes
or credible failure volume ranges.
3.3.1.1.

Flood Frequency

The flood frequency analysis (FFA) presented used a “proprietary scaling function based on a
basin area-discharge relationship developed by the author”. It would be helpful to have more
information on this scaling function for review and comparison to other techniques.
BGC compared the FFA presented by Cordilleran to BGC’s application that integrates publicly
available hydrometric data with GIS-based analytical tools (River Network ToolsTM). BGC’s FFA
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utilized historical data from six suitable 8 river gauges in southwestern British Columbia and
northwestern Washington State. The two FFAs differ by 5 to 17% for the return periods presented
by Cordilleran. BGC notes that FFAs for small, ungauged catchments typically have higher
uncertainty than large catchments, as hydrometric gauge stations operated by data collection
agencies are predominantly installed on watercourses with large upstream catchments. As a
result, flow records collected at these gauge stations may not be representative of flow conditions
in smaller catchments. For example, peak flows in small catchments can be triggered by localized
storms that may not be reflected in nearby hydrometric gauge flow readings. Neither FFA
considers the impacts of climate change on future flood frequencies.
With recognition of these uncertainties, BGC believes Cordilleran’s estimate to be reasonable.
While neither FFA compared above considers the impacts of climate change on future flood
frequencies, clear water flooding is not governing hazards and risks on Jason Creek fan.
Cordilleran comments on the opening size of the main culvert on Reid Road and estimates flow
velocities, quoting 2 m/s. In BGC’s experience, flow velocities at rarer (higher) flows may exceed
this value, especially with high sediment concentration that can reduce turbulence and can break
up the step-pool morphology by mobilizing large (D84 and greater) particles.
Conclusion(s): The FFA presented by Cordilleran appears to be a reasonable approximation for
an emergency assessment of flow reaching Reid Road during a flood. It does not include climate
change impacts, nor does it account for organic or mineral debris mobilized in a debris flood or
debris flow. For this reason, it should not be relied upon for detailed hazard and risk assessment
or mitigation design.
3.3.2.

Reid Road Stream Crossing Structure

BGC agrees that the culvert at Reid Road is likely undersized. Culverts conveying steep mountain
streams commonly do not have sufficient capacity to convey both water and debris during high
return period runoff events, as was observed in December 2021 at Jason Creek. Bridge crossings
are much more resilient if enough conveyance is ascertained, and if the abutments sufficiently
protected to avoid outflanking or direct abutment damage. However, bridge crossings have a
significantly higher capital cost than culverts. For this reason, selection of the preferred crossing
infrastructure should consider the process type, estimated flows, erosion control requirements,
and economics.
Conclusion(s): The Reid Road culvert is likely insufficient to convey debris floods and definitely
insufficient to convey debris flows.
3.3.3.

Alluvial Fan Areas

Cordilleran estimates a “high probability” that Reid Road would convey flow towards the east in
the event of a culvert blockage or discharge exceeding the culvert capacity. This can be attributed
8

Suitable gauges are those with similar watershed size and Strahler order, with sufficient years of
historical records, and prioritized by proximity to the watercourse segment.
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to Reid Road ascending the fan from east to west towards the crossing and there not being a
swale preventing avulsions from following the road. BGC agrees with this assessment and notes
that in such an event it is very likely that the road ditch would erode and potentially lead to road
washout where water overtops the road and flow being directed towards property(ies) to the south
and east. Predictions of where the water would overtop along the road is difficult in absence of
detailed numerical modeling.
Cordilleran describes a debris berm on the upper fan, and an “ad hoc” 9 dike on the lower fan. The
potential risk transfer implications of these structures are not discussed.
Conclusion(s): The alignment of Reid Road increases the likelihood of flow along the road and
associated impacts to the road and properties to the south and east in the event of a culvert
blockage or flow exceeding the culvert capacity. Risk transfer resulting from the debris berm and
ad hoc dike should be assessed.
3.3.4.

Damages Resulting from the November 14 through December 1, 2021 storms

Cordilleran provides an informative summary of the 2021 events and photographic record of postevent conditions.
3.4.
3.4.1.

Hazard and Risk Assessment
Hazard and Risk Concepts

Cordilleran presents qualitative hazard and consequence assessment in Table 4 and 5 of their
report. These are appropriate for this level of assessment and are helpful in communicating
hazards and their respective consequences.
3.4.2.

Hazard and Risk Evaluation Criteria

Cordilleran asserts that the SLRD currently has not adopted formal (council-approved)
quantitative life-loss risk tolerance thresholds. However, it should be noted that the SLRD does
have substantial experience with quantitative life loss risk assessments (QRAs) that have been
conducted by consultants and academics (for example, Cataline Creek and Bear Creek/Pete’s
Creek debris flows, Mount Currie rock avalanches, lahars from the Mount Meager volcanic
complex), and risk management decisions have been made based such assessments. On the
Jason Creek fan, a similar QRA could be executed to support SLRD’s risk management decisions
including engineered and non-engineered mitigation.
Conclusion(s): SLRD has experience with QRAs and risk-informed decision making. These
practices could be applied to inform decisions at Jason Creek which would also allow direct
comparison with other sites were risk has been estimated.

9

The term “ad-hoc” is not defined in the Cordilleran report. BGC interprets this to mean an orphaned,
non-standard dike.
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Hazard Assessment

The hazards affecting the upper, middle, and lower Jason Creek fans are described. BGC agrees
that the upper fan is most vulnerable to alluvial fan hazards. Cordilleran states that the middle
and lower fan of Jason Creek are “likely only vulnerable to overland flow and debris flooding”. At
this stage, this should be regarded as a preliminary hypothesis and examined during a detailed
assessment as Cordilleran describes in their concluding section.
Cordilleran provides a preliminary frequency-magnitude (F-M) curve which is an advanced
technique for an emergency risk assessment. As expected for the scope of work, it is based on
limited information informing expert judgment. The estimates of 1000 m3 for the 25-year return
period and the 100,000 m3 for a 5000-year return period could be better justified. It would also be
helpful to plot the December 2021 events on this graph and hence understand their respective
estimated frequencies.
BGC compared the F-M curve presented by Cordilleran to a statistically based, F-M relationship
derived from fan-area relationships in British Columbia and Alberta (Jakob et al., 2019). The two
curves are shown on Figure 3-2. The BGC regional analysis likely overestimates potential
sediment volumes at lower return periods (<100 years) due to the nature of the fan-area
relationship fit. This relationship can be better constrained with additional analyses including
airphoto interpretation, supplemented with dendrogeomorphological analysis, and test pitting and
radiocarbon dating.

Figure 3-2. Estimated simplified frequency-magnitude (F-M) curves for Jason Creek. F-M curve
from Cordilleran (December 13, 2021) is shown in orange, with a power fit shown by the
orange dashed line. BGC regional F-M curve shown in blue

In BGC’s opinion, the F-M curves presented in Figure 3-2 should not form the basis for debrisflow modeling or risk assessment as more work would be required improve their reliability.
Jason Creek Assessment
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Specifically, one would need to split up the different triggering events (rainfall triggered, vs. rock
slide triggered), which would likely create break points in the F-M curve. This is consistent with
Cordilleran’s intention as described in their conclusions. The confidence bounds presented on the
Cordilleran F-M curve are helpful as they convey uncertainty in the F-M estimates. However,
Cordilleran does not explain the width of the confidence bounds.
Cordilleran does not address any post-fire debris flow hazards as this was outside of their scope.
BGC notes that the area is in a region susceptible to wildfires and a post-wildfire debris flow
scenario should be included in a comprehensive risk assessment.
Cordilleran does not provide a risk estimate for individual properties which again, would be
unusual for an emergency assessment. Based on the recommendation to issue evacuation orders
for select properties, Cordilleran assessed a credible risk of significant harm or life loss from
alluvial fan hazards on those properties. To test these conclusions, BGC conducted a preliminary
quantitative life loss risk assessment that considers total annual debris-flow risk at two locations
on the fan: near the fan apex, and at approximately mid-fan. The assessment is not specific to
individual properties, but was completed to develop an approximate range of individual life loss
risk levels on the upper and middle portions of Jason Creek fan.
BGC’s preliminary individual risk assessment is based on the Cordilleran F-M curve, assumptions
about debris-flow runout and flow depths informed by Cordilleran’s photographs and expert
judgement, and vulnerability criteria for individuals in buildings (Appendix A). Given the level of
uncertainty associated with the risk assessment inputs, range and best estimates are presented
for both scenarios 10. This preliminary assessment suggests that total debris-flow risk near the fan
apex on Jason Creek exceeds life-loss risk levels considered tolerable by various jurisdictions in
BC (annual probability of death of an individual (PDI) of 1x10-4). Debris-flow life-loss risk is
exceeded by approximately one order of magnitude near the fan apex decreasing to near the
tolerable threshold in mid fan. This also implies that the properties on the lower Jason Creek fan
are likely at tolerable risk. These landslide risk thresholds can be contextualized in relation to
other causes of death as shown in Figure 3-3.

The risk calculations considered minimum and maximum spatial impact and temporal impact
probabilities and use a range of flow depths and channel slope measurements to derive flow velocities
and life loss vulnerability for individuals in buildings. These inputs represent the minimum and maximum
range for PDI. The best estimate is an average of the minimum and maximum PDI estimates.

10
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Figure 3-3. Comparison of common risk tolerance thresholds (red) with risk of death per year in
the USA from other causes for three different age groups (Strouth & McDougall, 2022).
The area of each triangle is proportional to the risk in micromorts; it is neither a
traditional pie chart nor polar bar chart.

BCG’s preliminary risk estimates should not be relied upon beyond the scope of this report as
they are based on broad assumptions rather than numerical modeling. They also exclude risk
associated with rock slides or rock fall, which would have to be considered alongside debris flow
risks for properties affected by more than one geohazard process. As a comparative estimate,
BGC’s risk estimates support Cordilleran’s recommendation to issue evacuation orders for
properties near the fan apex on the upper Jason Creek fan during a period of heavy rainfall or
rain-on-snow. The SLRD may wish to review life loss risk on the Jason Creek fan in relation to
risks quantified on other alluvial fans in the District in support of risk management.
Conclusion(s): Properties on the upper, middle, and lower Jason Creek are vulnerable to a range
of alluvial fan hazards, and potentially rock slope failure(s) originating in the Jason Creek
watershed. Detailed assessment is required to better quantify these hazards, and should consider
climate change, and wildfire impacts to debris-flow frequency and magnitude. A preliminary
estimate of life-loss risk from debris flows on Jason Creek fan supports Cordilleran’s
recommendation to issue evacuation orders for properties near the fan apex in late 2021. Lifeloss risk from debris flows decreases with distance from the fan apex, the extent of reduction can
only be approximated with the information presently available.
3.5.

Residential Development on Alluvial Fans in BC

Cordilleran presents a short summary of professional guidance documents that govern
assessment of hazards and risk and construction on alluvial fans. BGC has no review comments,
and finds such summary helpful to decision makers.
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Emergency Repairs on Reid Road

BGC agrees that safe working conditions are very important and for all future emergency works
in inclement weather. Spotters must be used when workers are in harm’s way and an emergency
egress plan for the workers developed ahead of time
3.7.

Conclusions

The Cordilleran emergency assessment report (December 13, 2021) is comprehensive and
fulfilled the needs of the SLRD. BGC expects that, given the same evidence, we would have very
likely come to a similar conclusion, i.e., that the hazard is imminent and that there is a high risk to
people and structures.
BGC supports most of Cordilleran’s assessment but notes (as understood by Cordilleran) that the
frequency-magnitude analysis should not be relied upon for a detailed quantitative risk
assessment nor for mitigation design.
A preliminary judgement-based quantitative risk assessment was completed which suggests that
existing risk is likely above thresholds generally considered tolerable by some jurisdictions in BC.
This supports the conclusion that at least some residences are exposed to unacceptably high
risk.
3.8.

Recommendations

BGC agrees with Cordilleran’s recommendation to complete additional multi-hazard (landslide
and alluvial fan hazards) geotechnical assessments to inform risk control options as well as the
recommended components of such an assessment.
Cordilleran recommends that “the homes on lots 1781, 1791, 1793, 1815, 1782, 1788, 1794 &
1802 Reid Road must remain on evacuation order” until more detailed analyses are completed.
BGC agrees that there sufficient evidence to suggest that debris-flow hazard is imminent and that
there is a high risk to people and structures.
BGC acknowledges that the preliminary risk assessment suggests that at some locations on the
Jason Creek upper fan, the risk from debris flows may be tolerable in comparison with generally
accepted thresholds (PDI less than 1:10,000) but given the limited information available,
additional analyses are required before this can be confirmed.
Cordilleran recommends improvements to the Reid Road, Portage Road, and CN Rail track
crossings. BGC acknowledges that improvements at the CN Rail crossing will need to align with
CN’s internal risk tolerance criteria.
Conclusion(s): Multi-hazard and risk assessments are recommended to support risk management
by SLRD.
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RISK-CONTROL OPTIONS

There are a wide range of debris flow risk control options that can be considered to reduce risk to
a particular area. Table 4-1 summarizes a comprehensive set of mitigation (risk-control)
techniques based on international professional practice and literature. These mitigation
techniques include active measures, which are constructed in the upper catchment, watershed,
or on the fan, and passive measures, which reduce risk without construction of new mitigation
structures. The suite of techniques that will be suitable for a particular site varies based on the
site conditions, access, and available resources.
At Jason Creek, microtopography is very important in deciding on the type, scale, and geometry
of risk-control techniques. In absence of detailed lidar, the recommendations provided herein are
conceptual and need to be confirmed with a field assessment when the ground is snow-free and
lidar topography. The improved topographic information is important to facilitate numerical
modelling of debris flows on Jason Creek without mitigation in place, and then with the proposed
mitigation in place to test the efficacy in reducing risk to the properties and infrastructure on the
fan.
As shown in Table 4-1, BGC recommends a combination of active measures on the fan to divert
the flow away from the at-risk properties, and improve conveyance at Reid Road. Review of the
need to improve conveyance downstream of the Reid Road crossing will require field
reconnaissance. A passive measure, in the form of evacuation orders and alerts, is already in
effect. Implementation of a weather forecast-based warning system was considered but deemed
to be a last resort option to manage risk at Jason Creek due to the lack of previous debris-flow
dates and limitations of the forecast data as well as operational constraints associated with
system implementation.
Active measures in the upper catchment and watershed channel were not considered as these
require access for construction, and are very costly to build and maintain. Similarly, on Jason
Creek fan, BGC favours techniques with lower anticipated capital and operational and
maintenance costs. For example, a debris basin would require regular maintenance to ensure
that the design storage is available when an event occurs. This would incur long-term
maintenance costs and is therefore less desirable.
Risk-control options at individual properties can also be implemented to reduce the vulnerability
of individual properties or structures. As with all techniques, the limitations of measures to reduce
risk at this scale need to balanced with the associated benefits. Based on the information available
to date, BGC cannot confirm if such measures can reduce risk to tolerable levels. BGC
recommends that improvements to Reid Road crossing at Jason Creek be completed whether or
not property- or building-level measures are implemented to minimize the potential for localized
erosion, overland flooding, and road closure.
Following additional hazard and risk assessment, the preferred mitigation techniques may be
refined.
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Table 4-1. Mitigation functions and techniques. Those measures considered for Jason Creek are highlighted in grey (modified after Mark,
2018).
Type

Location
Upper
catchment

Watershed
channel

Active

Fan

Passive

Community

Function

Description

Techniques

Source zone
stabilization

Limit erosion, debris entrainment or runoff in the watershed to
prevent or limit event initiation

Forestry management; bioengineering; stabilization of
specific instabilities; mulching; seeding; tree planting;
drainage; diversion of runoff

Channel stabilization

Reduce entrained sediment volume by limiting incision and
channel widening

Longitudinal structures (berms, riprap); transverse
structures (low check dams, ground sills)

Channel consolidation

Elevate the channel bed to stabilize side slopes

Closed check dams

Debris retention

Permanent or temporary storage of debris

Closed check dams; some open check dams

Debris regulation

Attenuate or reduce peak discharges; temporary storage of
debris; dosing and filtering

Open check dams; some closed check dams; debris
deflection berms

Energy dissipation

Attenuate; decrease peak discharge and velocity

Debris breakers; open check dams; dewatering grills;
closed check dams that create alluvial reaches

Channel stabilization

Reduces sediment entrainment; protects infrastructure below
or adjacent to the channel

Longitudinal structures; transverse structures; armouring
the channel

Debris retention

Permanent or temporary storage of debris

Closed check dams; some open check dams

Debris regulation

Temporary storage of debris; dosing and filtering

Open check dams

Energy dissipation

Attenuate; decrease peak discharge and velocity

Debris breakers; open check dams; dewatering grills;
increased channel capacity

Diversion

Redirect flows away from elements at risk

Diversion berms; overflow channels or weirs

Improved conveyance

Straighten the channel and increase the cross-section to
reduce avulsion potential

Remove or reconstruct bridges; add berms to contain
super-elevating flows around corners

Local protection of
infrastructure

Use of damage-resistant construction methods

Reinforcing upslope walls; tunneling of highways or rail
lines; raising the construction level

Warning System

Weather-forecast based warning system to alert or evacuate
residents

Evaluation of storms in the area that have and have not
triggered post-wildfire debris flows

Relocation of
elements at risk

Permanent or temporary relocation of people and
infrastructure

Zoning or bylaws to manage or limit development; warning
or alert systems to evacuate residents; permanent
relocation if risks cannot be managed

Emergency response
planning

Protocols to manage and limit risks if a disaster occurs

Risk sharing

Transfer financial risks to insurance agencies or other parties

Jason Creek Assessment

Trained emergency services; education; disaster response
drills
State-sponsored or private insurance, government disaster
financial assistance funds
Page 14

BGC ENGINEERING INC.

Squamish-Lillooet Regional District, Emergency Response Support
Jason Creek (Reid Road) Assessment – FINAL

4.1.

February 18, 2022
Project No.: 1358009

Flow Deflection on Jason Creek Fan

Flow deflection on Jason Creek fan could be achieved through construction of an erosionprotected berm on the left (east) bank of Jason Creek from the fan apex downstream to the Reid
Road crossing. The approximate location of such a berm is shown on Figure 4-1. The need for a
berm and/or erosion protection on the right (west) bank from the fan apex downstream to the
crossing would need to be reviewed as part of a site visit. Similarly, the need for erosion protection
downstream of the Reid Road crossing would need to be reviewed as part of a site visit
supplemented with numerical modelling. A schematic of a deflection berm is shown in Figure 4-2.
In contrast to the schematic, BGC does not propose to reroute Jason Creek to a new channel,
but instead the purpose of the berm would be to divert flow back into the channel and away from
inhabited areas on the east side of the creek.

Figure 4-1. Approximate alignment of potential flow deflection berm (red). Jason Creek (blue line),
fan boundary (orange line), building footprints (grey polygons), and Reid Road (black
line) also shown. Base map is WorldImagery from Global Mapper.
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Figure 4-2. Plan and oblique view of deflection wall or berm (BC Ministry of Forests Research
Program, 1996).

The distance from the fan apex to the Reid Road crossing along the left (east) bank is
approximately 230 m. The required height of a berm should be informed by modelling. BGC
estimated a material cost for two potential berm heights of 1.5 m and 2 m, each with side slopes
of 1.5H:1V, and a crest width of 4 m. The side of the berm that parallels the creek would be
protected with riprap. For the purposes of cost approximation, BGC assumed Class 3 riprap (D100
of 1100 mm) for erosion protection. Table 4-2 outlines the estimated capital costs for the two berm
heights, with additional detail in Appendix B. BGC has not estimated the anticipated operations
and maintenance costs over the life-cycle of the berm.
Table 4-2. Estimated capital cost of berm on Jason Creek
Berm Height

Estimated Capital Cost

1.5 m

$500,000

2m

$600,000

Note: Costs are estimated based on unit costs from mitigation construction bid on Heart Creek, AB in April 2020. Costs rounded to
nearest $100,000.

The design height of the berm would need to be confirmed with numerical modelling to achieve
sufficient protection including adequate freeboard. The amount of freeboard will depend, in part,
on whether superelevation of the debris flow around a curve needs to be designed for.
Jason Creek Assessment
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Design of the berm will also need to consider risk transfer to downstream infrastructure and
properties. This can be evaluated with numerical modelling.
4.2.

Improve Conveyance at Reid Road Crossing

The Reid Road culvert is insufficient to convey debris flows on Jason Creek. The crossing could
be improved through replacement of the circular corrugated steel culvert with a large box culvert
or a bridge with sufficient capacity to convey the design event. BGC estimates that a sufficiently
sized box culvert could cost approximately $1.3 to $1.5 M based on cost estimates from similar
sites in BC and Alberta. A challenge with any water conveyance structure, is the potential for
avulsions in the event of a blockage or event exceeding the capacity of the structure. At Reid
Road, the alignment of the road across the fan encourages flow along the road and east in case
the crossing is overtopped. A bridge or box culvert constructed in isolation would remain
vulnerable to such avulsions. BGC acknowledges that the Ministry of Transportation and
Infrastructure (MoTI) of BC is the responsible authority for Reid Road.
An alternative option to improve the conveyance at the crossing and reduce the avulsion potential
is to install an armoured ford at Reid Road. A conceptual diagram of an armoured ford is shown
in Figure 4-3. Armoured fords have been used on Mud (Turbid) Creek in the upper Squamish
Valley and also in Washington State on the Mt Baker Hwy.
An armoured ford would involve regrading the road so that the crossing is a local depression that
encourages flow to re-enter the channel on the downstream side if the culvert is overtopped. The
road surface through the ford could be concrete or grouted competent flat rock to increase the
erosion resistance. The culvert at Reid Road could be twinned (two 1600 mm corrugated steel
pipe culverts) to increase the capacity to convey clearwater flow while a grizzly rack 11 could be
constructed across the channel upstream of the crossing to retain woody debris and larger
particles. The dimensions of the culvert(s) and grizzly rack should be refined with detailed
assessment. The channel would be protected from erosion on the up- and downstream sides of
the crossing with grouted riprap.
BGC estimates that an armoured ford crossing at Jason Creek would cost approximately
$400,000 including the grizzly rack (Appendix B). Field verification and additional analyses are
required to determine the design dimensions for Jason Creek and therefore, BGC acknowledges
that this cost estimate is approximate and subject to change.

A grizzly rack is constructed across a channel upstream of a culvert or other water conveyance
structure to retain large woody debris and reduce the likelihood of blockage.

11
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Figure 4-3. Schematic of armoured ford (Hazeltine & Bull, 2003). At Jason Creek, twin culverts with
a concrete road surface and a grizzly rack upstream of the crossing could be used.

Regular debris removal and maintenance would be required on the grizzly rack; however, in
comparison with risk-control measures installed further upstream on the fan or in the watershed,
access to the grizzly would be simpler and more cost effective. BGC has not estimated the
operations and maintenance costs over the life cycle of the ford or grizzly rack.
As with the berm, design of the Reid Road crossing will need to consider risk transfer to
downstream infrastructure and properties. This can be evaluated with numerical modelling.
4.3.

Evacuation Alert(s) /Order(s)

The evacuation order and alert currently implemented are examples of passive risk-control
techniques. Cordilleran identified some of the challenges associated with managing risk through
evacuation alerts and/or orders over the long term. BGC considered the implementation of a
weather forecast-based warning system to supplement the current alert and order in consideration
Jason Creek Assessment
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of the seasonal nature of debris flows. Such systems require a number of key components in
order to be successful. These are:
1. known dates of previous debris flows (at least 3) and their weather conditions
2. weather forecast 12 data of sufficient quality and reliability and with sufficient granularity to
apply to the study area and/or system to reliably downscale regional data to the study area
3. operational framework to ingest weather forecast, determine threshold conditions to issue
warnings, disseminate warning information, and implement evacuations
4. sustainable funding structure to support system operational and risk response costs
5. an enforcement mechanism in case evacuations orders are not heeded.
In absence of any of the above components, a weather forecast-based warning system does not
appear to be an effective risk-control option. For this reason, at Jason Creek, a warning system
is not recommended and BGC has not estimated the costs of developing or implementing a
weather forecast-based warning system.
BGC has assessed that outside of the Jason Creek and adjacent fans, debris-flow hazards
originating in the Jason Creek watershed are likely to result in intensities lower than those that
could credibly result in loss of life for people within buildings. BGC has not reviewed the conditions
on Mungye fan or the small west tributary fan (Drawing 01). A field visit possibly assisted by
numerical modeling would be required to comment on hazards originating in nearby watersheds
and fans.
4.4.

Risk Control on Individual Properties

Risk-control options at individual properties can be implemented to reduce the vulnerability of
individual properties or structures. Various risk-control measures at this scale are available.
Selection of appropriate measures needs to consider the hazard exposure of the site, impact
forces, the building location(s), micro-topography, available materials, material and construction
costs, site aesthetics, and risk transfer to adjacent area(s). Figure 4-4 shows an example
schematic of multiple risk-control components applied to a single building.
Various important limitations to site-specific risk-control measures apply. Design of such
measures should be completed under the supervision of a Qualified Professional (QP); however,
the scope of a debris-flow hazard and risk assessment is outside of the typical scope of sitespecific assessments completed by QPs. The cost to design and implement such measures also
needs to be considered. Finally risk transfer to adjacent area(s) and property(ies) must be
evaluated. The SLRD advised BGC that structural modifications of residences are not considered
feasible, but that mitigation works that aim to protect against debris flows on individual properties
could be considered, if appropriately designed.

Debris-flow warning systems on small watersheds must be based on weather forecasts and not
weather monitoring data in order to allow sufficient lead time for data collection, analysis, decisionmaking, and implementation in advance of hazard occurrence.

12
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Figure 4-4. Example schematic of building-level risk control options. Annotations are in German
and read 1) reinforced baffle, 2) flow height including the accumulation height of the
mudflow, 3) buffer element, 4) reinforced sliding elements or shutters, 5) protection of
windows/entrances with protective panes, 6) small openings in the impact wall above
the flow/level of the debris flow. (Suda & Rudolf-Miklau, 2012). Other configurations are
certainly possible.

If risk control on individual properties is pursued as the preferred option, BGC re-iterates the
importance of also including improvements to the Reid Road crossing at Jason Creek. This is due
to the need to improve the conveyance at Reid Road as well as the accompanying benefits of
minimizing the risk of overland flow outside of the Jason Creek channel.
BGC has not estimated the costs of property- or building-level risk-control options as this requires
a site-specific assessment and review of the overall objectives of the landowner.
4.5.

Risk Transfer Considerations

Risk transfer can occur when a mitigation structure redirects the hazard, in this case a debris flow,
and increases the risk at another location. Selection of the preferred mitigation option(s) at Jason
Creek should consider risk transfer from any existing protection works (ad hoc dike and debris
berm identified by Cordilleran (December 13, 2021)) and proposed mitigation. The existing
protection works should be surveyed to collect information on their dimensions, construction
methods/materials, and geotechnical condition. These works could be integrated into numerical
modelling at the site.
As outlined, the impact of proposed mitigation works on downstream properties and infrastructure
should be considered and can be evaluated through a comparison of pre- and post-mitigation
conditions using numerical modelling.
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RECOMMENDATIONS FOR FUTURE WORK

Future work to understand the hazard and risk on Jason Creek should include:
• Acquisition of lidar for the watershed and fan areas
• Acquisition and review of the geotechnical reports completed in advance of construction
of the properties along Reid Road.
• Field visit to confirm:
○ Alignment of Jason Creek on the fan
○ Location and dimensions of all building footprints to supplement the aerial mapping
completed by BGC
○ Conditions of Jason Creek right (west) bank from the fan apex downstream to the
Reid Road crossing to evaluate the need for erosion protection or a berm
○ Alignment, dimensions, construction materials, and condition of existing protection
works (ad hoc dike, debris berm, and others, if applicable)
○ Estimation of sediment yield rates along the channel
○ Refinement of volume estimates of landslides that could trigger debris flows
○ Structural measurements to inform kinematic analysis for rock slope failures in the
Jason Creek watershed
○ Dendrochronological investigations to constrain past debris-flow frequency
○ Test trenching to measure former debris-flow depths and radiocarbon dating of
organic materials to refine a frequency-magnitude relationship
•

•
•
•
•

Detailed hazard assessment of alluvial fan and rock slope hazards from the Jason Creek
watershed including numerical modeling for a variety of return periods (up to 1,000 to
3,000 year return periods as per the draft EGBC Guidelines for Landslide Assessments
anticipated for 2022 (EGBC, n.d.)
Quantitative life-loss risk assessment for the properties on Jason Creek upper, middle,
and lower fans, and if life loss potential is considered to be unacceptable:
Preliminary to detailed design of risk-control measures on Jason Creek and subsequent
implementation of the preferred system should funding be secured.
Preparation of a composite hazard map that informs future development decisions and
which is in accordance with EGBC, 2022.
Given that all risk management decisions imply evaluation of risk, whether or not formally
established as policy or regulation, the development of risk evaluation criteria by SLRD to
support objective and transparent decisions about risk tolerance within the District.
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6.0 CLOSURE
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:
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Matthias Jakob, Ph.D., P.Geo., P.L.Eng.

Lauren Hutchinson, M.Sc., P.Eng.

Principal Geoscientist

Geotechnical Engineer

Reviewed by:
Kris Holm, M.Sc., P.Geo.

Principal Geoscientist
EGBC Permit To Practice: 1000944

LCH/KH/sf/mm
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Preliminary Individual Risk Assessment: Jason Creek
Hypothetical home near fan apex
Debris Flow
Scenario
Volume
Class
1
2
3
4
5
6
7

Return Period

Annual
Probability of
occurrence

Spatial Impact Probability
S2

S1
Volume

From

To

10
30
100
300
1,000
3,000
10,000

30
100
300
1,000
3,000
10,000

Flow depth (m)

Slope (deg)

Flow velocity (m/s)

Flow Intensity, I

V

Annual PDI
Annual PDI
R = H*S1*S2*T*V

T

H
Min

1,000
2,000
6,000
13,000
44,000
98,000
180,000

Temporal Impact
Probability

Life-Loss Vulnerability

0.0667
0.0233
0.0067
0.0023
0.0007
0.0002
0.0001

Max

0.6
0.7
0.8
0.9
0.99
1
1

0.8
0.9
0.95
0.99
0.95
1
1

Min

Max

0.4
0.5
0.6
0.7
0.8
0.9
0.95

0.5
0.6
0.7
0.8
0.9
0.99
0.99

Min
0.3
0.4
0.6
0.8
1
1.5
2.5

Max

Min

0.5
0.6
1
1.2
1.5
2.5
4

Max
14
14
14
14
14
14
14

Min
18
18
18
18
18
18
18

Max
2
2
2
3
3
4
5

Min
2
3
3
4
4
6
7

1.0
1.7
3.7
6.5
10.2
23.7
70.3

Max
2.8
4.0
11.1
16.1
25.7
76.6
214.0

Min

Max

0
0.02
0.2
0.2
0.4
0.4
0.6

0.02
0.2
0.4
0.4
0.4
0.6
0.9

Min

Max

0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.9
0.9
0.9
0.9
0.9
0.9
0.9

Annual Probability of Death to the Individual (PDI):

Min
0.0E+00
8.2E-05
3.2E-04
1.5E-04
1.1E-04
4.2E-05
2.9E-05

7.0E-04

Best Estimate
2.4E-04
1.2E-03
9.6E-04
4.1E-04
1.6E-04
8.3E-05
5.4E-05

micromorts
Max

Min

Best Estimate

Max

4.8E-04
2.3E-03
1.6E-03
6.7E-04
2.1E-04
1.2E-04
8.0E-05

0
82
320
147
106
42
29

240
1175
958
406
155
83
54

480
2268
1596
665
205
125
80

3.0E-03 5.3E-03

696

3018

5339

Hypothetical home at approximately mid-fan
Debris Flow
Scenario

Volume
Class

Return Period

Annual
Probability of
occurrence

Spatial Impact Probability

S1
Volume

From

To

1,000
2,000
6,000
13,000
44,000
98,000
180,000

10
30
100
300
1,000
3,000
10,000

30
100
300
1,000
3,000
10,000

S2

Flow depth (m)

Slope (deg)

Flow velocity (m/s)

Flow Intensity, I

V

Annual PDI
Annual PDI
R = H*S1*S2*T*V

T

H
Min

1
2
3
4
5
6
7

Temporal Impact
Probability

Life-Loss Vulnerability

0.066667
0.023333
0.006667
0.002333
0.000667
0.000233
0.000100

0.3
0.4
0.5
0.6
0.7
0.8
1

Max
0.5
0.6
0.7
0.8
0.9
0.95
1

Min
0.01
0.05
0.1
0.2
0.3
0.4
0.6

Max
0.1
0.2
0.3
0.4
0.5
0.9
0.95

Min
0
0.1
0.2
0.4
0.5
0.6
1

Max
0.1
0.3
0.5
0.6
0.7
1.5
2

Min

Max
4
4
4
4
4
4
4

Min
8
8
8
8
8
8
8

Max
1
1
1
2
2
2
3

Min
1
2
2
2
2
4
4

0.0
0.1
0.4
1.2
1.9
2.6
7.0

Max
0.1
0.9
2.2
3.2
4.3
19.8
36.2

Min
0
0
0
0.02
0.02
0.02
0.2

Max
0
0
0.02
0.2
0.2
0.4
0.6

Min
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Annual Probability of Death to the Individual (PDI):

Max
0.9
0.9
0.9
0.9
0.9
0.9
0.9

Min
0.0E+00
0.0E+00
0.0E+00
2.8E-06
1.4E-06
7.5E-07
6.0E-06

4.9E-06

Best Estimate
0E+00
0E+00
1E-05
7E-05
3E-05
4E-05
3E-05

micromorts
Max

Min

Best Estimate

Max

0.0E+00
0.0E+00
2.5E-05
1.3E-04
5.4E-05
7.2E-05
5.1E-05

0
0
0
3
1
1
6

0
0
13
69
28
36
29

0
0
25
134
54
72
51

1.5E-04 2.9E-04

5

145

285

Notes:
1. Debris flow volumes derived from F-M relationship presented in Cordilleran (December 13, 2021) interpolated between 25- and 5,000-year and extrapolated to a 10,000-year event using a power fit.
2. Spatial impact probability, life-loss vulnerability, and temporal impact probability sources shown in tables bellow.
2. Flow depth estimated from photographs provided by Cordilleran (December 13, 2021) and informed by expert judgement.
3. Fan slope at fan apex and mid-fan measured from satellite imagery-derived DTM. The quality of the DTM is a function of the processing techniques applied to remove natural (e.g., trees) and built (e.g., building) surfaces. Higher resolution DTM sources (e.g., lidar) increase the accuracy.
4.. Flow velocity calculated as a function of flow depth and fan slope using empirical relations presented in Prochaska et al. (2008). The best-fit regression from Lo (2000) was determined to be the best fit for Jason Creek where debris flow would be a combination of channelized and overland flow.
5. Best estimate for annual PDI is an average of the minimum and maximum values.
6. PDI estimates are for hypothetical properties based on the relative location to the fan apex. These estimates should not be relied upon for any individual properties on Reid Road.

Risk Components
Risk Components
Geohazard probability
H
S1
Spatial probability
S2
Life-loss vulnerability
V
Temporal impact probability T

Notes
Annual probability of hazard occurrence (based on return period).
Probability that debris flow reaches the fan (based on expert judgement).
Probability that building is hit by debris flow (based on expert judgement).
Function of debris flow intensity (see table)
Probability that elements at risk are in impact zone (based on residential for minimum and individual most at risk f

Temporal Probability
P(T:H)

0.5
Residential
0.25
Non-Residential or Hotel
Individual Most at Risk
0.9
For residential assumes that the property is occupied about 50% of the time on average. A more conservative value of 90% is used for the maximum range and corresponds to a person spending the greatest proportion of time at home, such as a young child, stay-at-home person, or an elderly person.
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Life-Loss Vulnerability for People in Buildings
Flow Intensity
Life loss
Building Impact
Index (m3/s2)
Vulnerability
From
To
Minor damage
0
1
0
1
3 Moderate damage
0.02
Major damage
3
10
0.2
10
30 Extensive damage
0.4
Severe damage
30
100
0.6
100
n/a Complete destruction
0.9

Developed from judgement based on Jakob et al. (2011), and corresponds to best estimate values applied in previous BGC quantitative risk assessments to estimate debris-flow vulnerability of persons within buildings.
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APPENDIX B
RISK-CONTROL COST ESTIMATES
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B.1. COST ESTIMATE INTRODUCTION
This appendix contains the cost estimates of the engineered risk-control options considered at
Jason Creek. Unit costs are sourced from the following sources:
•
•
•

Heart Creek, Alberta average mitigation construction bid from April 2020
Alberta Transportation unit price averages report from 2015-2017
Construction bids from creek crossings in North Vancouver, BC (various contractors),

Option total costs are rounded to the nearest $100,000 so as to not give a sense of exactness.
These cost estimates should be considered as order-of-magnitude and may vary -50% to >+100%
as they are developed without the benefit of detailed topography, numerical modelling, or field
verification. Volumes, areas and lengths are estimated using approximate geometries and layouts
and are subject to change as part of future phases of design.
Table B-1. Cost estimate for 1.5 m high flow diversion berm.
Item
Access construction

Quantity
230

Unit
m

Unit Cost

Item Total Cost

$ 100

$23,000

Clearing, grubbing, & disposal

2,900

m2

$6

$ 17,000

Excavation

1,200

m3

$6

$ 7,000

Off-site sediment disposal

1,200

m3

$ 16

$ 19,000

Berm fill (supply & placement)

1,800

m3

$ 34

$ 61,000

Class 3 riprap (supply & placement)

1,600

m3

$ 137

$ 219,000

Seeding, planting, site restoration

1,600

m2

$5

$ 8,000

Direct Costs Subtotal:

$ 350,000

Contractor general

Lump sum

15%

$ 53,000

Contingency (unlisted items)

Lump sum

10%

$ 35,000

Engineering and permitting

Lump sum

15%

$ 53,000

Indirect Costs Subtotal:

$ 140,000

Total

$ 500,000
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Table B-2. Cost estimate for 2.0 m high flow diversion berm.
Item
Access construction

Quantity
230

Unit
m

Unit Cost

Item Total Cost

$ 100

$23,000

Clearing, grubbing, & disposal

3,200

m2

$6

$ 19,000

Excavation

1,200

m3

$6

$ 7,000

Off-site sediment disposal

1,200

m3

$ 16

$ 19,000

Berm fill (supply & placement)

2,600

m3

$ 34

$ 88,000

Class 3 riprap (supply & placement)

1,800

m3

$ 137

$ 247,000

Seeding, planting, site restoration

1,800

m2

$5

$ 9,000

Direct Costs Subtotal:

$ 410,000

Contractor general

Lump sum

15%

$ 62,000

Contingency (unlisted items)

Lump sum

10%

$ 41,000

Engineering and permitting

Lump sum

15%

$ 62,000

Indirect Costs Subtotal:

$ 170,000

Total

$ 600,000

Table B-3. Cost estimate to replace Reid Road culvert with concrete box culvert.
Item
Concrete box culvert
Seeding, planting, site restoration

Quantity
1
2,000

Unit
each
m2

Unit Cost

Item Total Cost

900,000

$900,000

$5

$ 10,000

Direct Costs Subtotal:

$ 910,000

Contractor general

Lump sum

15%

$ 137,000

Contingency (unlisted items)

Lump sum

10%

$ 91,000

Engineering and permitting

Lump sum

15%

$ 137,000

Indirect Costs Subtotal:

$ 360,000

Total

$ 1,300,000
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Table B-4. Cost estimate to replace Reid Road culvert with armoured ford.
Item
Access construction
Clearing, grubbing, & disposal

Quantity
25

Unit
m

Unit Cost

Item Total Cost

$ 100

$2,500

2,000

m2

$6

$ 12,000

Road subgrade excavation

100

m3

$ 19

$ 1,900

Off-site sediment disposal

100

m3

$ 16

$ 1,600

Regrade road

200

m2

$2

$ 300

Concrete road surface

60

m3

$ 1,500

$ 90,000

Grizzly rack

10

m

$ 3,000

$ 30,000

Culvert

10

m

$ 3,000

$ 30,000

400

m2

$ 300

$ 120,000

2,000

m2

$5

$ 10,000

Grouted riprap
Seeding, planting, site restoration

Direct Costs Subtotal:

$ 300,000

Contractor general

Lump sum

15%

$ 45,000

Contingency (unlisted items)

Lump sum

10%

$ 30,000

Engineering and permitting

Lump sum

15%

$ 45,000

Indirect Costs Subtotal:

$ 120,000

Total

$ 400,000
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During the recent atmospheric river events (Nov 14-15; Nov 27-29; Nov 30-Dec 1; 2021), Jason
Creek, at Ivey Lake, near Pemberton, BC experienced three extreme hydrogeomorphic events
and washed out the Jason Creek culvert at Reid Road two times. The events were accompanied
by overland flow flooding of several properties, localised bank erosion, minor damage to Portage
Road, and threatened the CN Rail line.
On November 17-18, 2021, following the first washout at ~2100 hrs, November 15, Frontera
Geotechnical conducted a site assessment documenting damages along the Jason Creek alluvial
fan. Their report, dated November 23, 2021 provided the following conclusions and
recommendations:
• Jason Creek may be vulnerable to debris flow activity, and such an event could force the
creek to avulse directing it overland along a former course toward the properties 1781 and
1794 Reid Road.
• Debris jams along the lower reach of the Jason Creek above Reid Road should be cleared to
reduce debris flow and avulsion hazard.
• A qualified professional should conduct a field review of upslope terrain to identify the source
area and determine if a debris flow hazard exists.
• The SLRD approving officer should conduct a review of all background reports supporting
subdivision and building permit applications to determine if development has followed
professional advice.
• A hydrogeomorphic assessment should be conducted to ensure the Reid Road culvert is
properly sized and to determine if a debris flow catchment structure may be required above
Reid Road.
Subsequent to their report, the Reid Road culvert washed out again at ~0430 hrs on December 1,
2021. That morning Cordilleran Geoscience (Friele) was contacted by SLRD and asked to
conduct an assessment of the upslope terrain, to determine if a landslide hazard existed and
whether the risk merited evacuation alert and/or order. The field assessment was completed that
afternoon, and an evacuation order was issued at 1500 hrs for lots 1793, 1794, 1781, 1788, 1791,
1802, 1812 & 1815 Reid Road. That evening at about 2200 hrs the creek washed out the road
again, and overland flow affected many lots. On December 2, 2021 Cordilleran conducted a
review of the affected areas on the Jason Creek fan, and recommended further channelization
above Reid Road. That work was conducted December 3-5, 2021. December 8-9, 2021, Capilano
1

Highways installed a 1600 mm metal culvert. On December 12, 2021 Cordilleran conducted a
final channel assessment to assess the residual hazard and advise on lifting the evacuation order.
This report presents a summary of several background reports documenting terrain hazards in the
Jason Creek watershed, describes terrain conditions observed during field traverse of the Jason
Creek ravine on December 1, 2021, the fan areas on December 2, 2021, the December 12, 2021
ravine channel assessment, and provides a preliminary assessment of the hazards affecting
residential areas, and recommendations following therefrom.
In the field, observation waypoints were recorded on an iPad mini with internal GPS, and using
Avenza PDFmaps software. Photographs were taken of select sites. Appendix 1 provides
annotated photographs; they are presented in order from landslide source, to fan apex, then
downstream along Jason Creek to Portage Road; impacts on properties are presented separately;
the December 12, 2021 channel assessment photos are presented last. Raw field observations and
their locational data (UTM, NAD83) are presented in Appendix 2. Figures 1 & 2 shows original
mapping and a long profile by Baumann Engineering (1997); and Figure 3 shows the December
1-2, 12, 2021 mapping of the Jason Creek ravine, the upper and lower fan areas, with
observations plotted for cross-reference with Appendices 1 & 2.

Background Review
Riddel 1992
Bedrock in the Ivey Lake area consists of Gambier Group (lKGP) Mesozoic to Lower
Cretaceous, metamorphosed marine sedimentary and volcanic rocks. The rock ranges from hard,
blocky to phyllitic, and in many areas, especially along Jason Creek, it is deeply altered (clayey),
limonitic with grey, cream to orange colours (Photos 68, 69). The dominant structural strike is
NW-SE parallel with the Owl Creek fault. Jason Creek evidently follows a shear zone resulting
in the heavy alteration of the bedrock in this area and contributing to the instability in the Jason
Creek ravine, as discussed below. The potential mineralization in the shear zone was targeted by
prospectors years ago (Photo 77).
Piteau 1981
As part of the subdivision approval process for DL2679, Piteau Associates (May 1981) provided
an assessment of the rockfall & landslide hazard associated with the prominent rock bluffs above
Reid Road (Photo 1). They noted ongoing rockfall activity affecting the talus slopes, and
identified a prehistoric rockslide deposit that had run out onto the base of slope (Photo 2). They
described the toe of the deposit as having reached/filled a NW-SE trending trough. Although
they did not identify it as such, this trough is the east margin of the Jason Creek alluvial fan.
They believed that the landslide risk was significant enough that a hazard covenant area should
be delimited affecting all or part of proposed lots 8-11 (note: not final numbering system).
Blunden 1981
Blunden (December 1981) provided a subsequent report for the proposed subdivision of DL4100
& DL2679. In part, the Blunden report was requested by the owner Templar Holdings to provide
a second opinion on the rockslide hazard affecting Lots 3, 8-11. Blunden downplayed the
2

probability of a future rockslide on the basis that the prehistoric rockslide deposit was most
certainly deglacial/immediate post glacial in origin (ie., paraglacial), the argument being that
under extant hydrogeomorphic conditions the rockslide hazard did not exist.
With respect to “recent” deposits, Blunden noted “small slides of surficial material occur within
the [Jason Creek] stream ravine,” and “immediately downstream of the ravine are fan deposits
with evidence of boulder gravel spreads.” Further, “within the past 30-years the main branch of
Jason Creek has developed a tendency to flood into the development area.” “Examination of the
main branch ravine found gaping fissures subparallel to the creek at about the 760 m altitude.
These fissures occur in both bedrock and morainic materials.” “Small volume slumps into the
ravine have been an ongoing process since deglaciation. The form of the ravine and evidence of
former slides indicate the outflow of slide debris to be entirely contained within the ravine or on
the alluvial fan.”
In this writer’s view, the paraglacial age of the rockslide specified by Blunden was not founded
on evidence. MoTI also disagreed and the landslide covenant was imposed as a condition of
subdivision approval. Despite various arguments presented by consultants (PK Read 2016),
MoTI has refused to significantly amend the original covenant area.
Despite the observations regarding the instabilities within the Jason Creek ravine and the
associated alluvial fan hazards, apparently no recommendations to mitigate alluvial fan hazards
were incorporated into the subdivision approval.
Baumann Engineering 1997
Baumann Engineering (1997; author Friele) conducted detailed terrain mapping of the Ivey Lake
watershed at 1:5000 scale. The area mapped consists of the crown land above DL4100 and
DL2679, including the Mungye and Jason Creek watersheds. On the terrain map (Figure 1), the
Jason Creek alluvial fan was delineated. Several debris flows affecting Jason Creek alluvial fan
were identified from evidence of tree scars and local anecdote: past debris flows occurred on or
about ~1900, ~1952, ~1970, and 1990, on average every 25 years. It was concluded “the entire
fan area (upper fan; Figure 1) was considered active and [potentially] subject to debris flow
activity.” “At the apex [above Reid Road], an old channel diverges off to the eastward, and a
high probability for channel avulsion exists in this area.”
The Jason Creek ravine, extending from the fan apex at 455 m to 1000 m elevation, was mapped
and found to contain evidence of both smaller scale sidewall slumping and larger scale bedrock
instability (Figures 1 & 2). In particular, at 650 m elevation there is the confluence of the main
Jason Creek ravine and a tributary from the east. Between these channels, extending up to about
800 m elevation, an unstable bedrock area was identified consisting of a slow moving or sagging
slope (Figure 1). At the crest is a bedrock bluff that is deeply fractured and appears to be
spreading southward (Photo 3); below the bluff is a talus slope that has been truncated across the
contour by a normal fault, resulting from slow failure of the material below into Jason Creek
(Figures 1, 3). These lower failing slopes are the source for the 1990 debris flow, and were
recognised by Blunden in 1981 (this is also the source for one or more events in 2021). At two
other sites, lineaments in bedrock were noted that were suspect potential instabilities (Figure 1).
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Figure 1. Terrain mapping for Jason Creek watershed and upper fan, near Pemberton
BC. By Baumann Engineering (1997).

Figure 2. Long profile of Jason Creek watershed and upper fan, near Pemberton BC. By Baumann Engineering (1997).

Cordilleran 2021 Observations
Watershed characteristics
The Jason Creek watershed rises from 455 m at the fan apex to 1450 m elevation just west of the
headwater lake (Figure 1). The watershed area is 1.84 km2 and overall has a basin steepness, or
ruggedness, of 0.73 m/m (Table 1). Ruggedness values >0.6 m/m indicate that the watershed is
prone to debris flow activity affecting the fan apex (Melton 1965; Millard et al 2006).
Table 1. Jason Creek above fan apex, watershed morphometrics and geomorphic domain.
Basin area
Basin area1/2
Top elev.
Bottom elev.
Ruggedness Geo domain
2
1.84 km
1356 m
1450 m
455 m
0.73 m/m
Debris flow
Ruggedness = (top elev. – bottom elev.)/basin area1/2
The Jason Creek watershed has a convex long profile (Figure 2), with the lower half of the
watershed below 1000 m elevation being much steeper than the upper half. These lower slopes
are directly connected to the ravine sidewalls. Hence any instability in this lower slope area will
enter the ravine and become conveyed to the fan apex. It is the ravine in this lower part of the
watershed that was investigated December 1 & 12, 2021.
Between the fan apex at 455 m and 500 m elevation the channel has ~20-30% gradient with a
valley flat ~20 m wide, with stored colluvium incised by a 12 m wide by 2-3 m deep trapezoidal
channel (WPs 137-142). The Spider hoe cleared jams from this section of the channel. At 500 m
elevation there is a break to a steeper (30-40% gradient), more steep-sided V-shaped channel,
extending up to 575 m elevation. Through this reach (WPs 142-147) the sidewalls are
undermined and unstable; there were two fresh bank slumps and several older bank slumps noted
(Photo 66, 67, 70, 72). At one site (WPs 144, 145), three 4-6 m diameter boulders, the lowest
partially supported by cedar tree (Photo 67), block the channel. This reach contains residual
hazards that add to the total residual volume described below. From 575-655 m elevation the
channel gradient breaks to 20-30% and the valley flat is up to 50 m wide (WP147). In this area
the valley flat is filled 3-5 m deep with colluvium derived from degraded bedrock containing
altered ripups (Photo 71).
The larger sagging slope instability extending from 655-800 m elevation and has an approximate
plan area of 30,000 m2 (Figure 1); assuming a potential failure thickness of 10 m, then a
landslide volume of 300,000 m3 is possible.
On December 1, 2021 there was a fresh landslide scar at the site of the 1990 debris flow source
(Photos 4-7; Figures 1-3). Around the headscarp of the fresh scar there was unstable material
bounded by gaping tension cracks (WPs 6-12); this unstable area was 50-75 m wide along its
crest, by 15 m long downslope length, by 2-3 m thick, with a potential volume of 1500-3375 m3.
Between Dec 1 & Dec 12, 2021 the area had changed due to the debris flow 2200 hrs on Dec 1,
with windthrow, and expansion headward ~5 m distance, defined by tension cracking with 1 m
downdrop (Photos 73-76). The imminent failure volume is 1000-4000 m3 (30-35 m wide by 1525 m long by 2-5 m thick). This unstable area represented the greatest residual hazard.
6

Farther upstream, on the right (west) sidewall a smaller fresh slump was noted (Photo 7; WPs
21-22), with dimensions 10 m wide by 40 m long by 2-3 m thick, or 800-1200 m3 in volume.
This feature had not changed on Dec 12, 2021 (Photo 78), yet remains a residual hazard.
At several sites along the west sidewall there were bedrock lineaments and uphill facing
(antislope) scarps (Photos 8, 9) suggestive of deep-seated bedrock instability in the sidewall (see
WPs 3-5, 42; 41; 36-37, 23-25). Based on the width along the contour and sidewall length to the
creek at these sites, and an assumed failure thickness of 5-10 m, then hypothetical debris flow
volumes of 5000-50,000 m3 are possible. On Dec 12, 2021, it was noted that the channel reach
between 575-650 m elevation has a 50 m wide valley flat and is filled with colluvial blanket
derived from altered bedrock (Photo 71, WP147). These deposits may reflect previous instability
associated with these sidewall lineaments.
Flood frequency
A preliminary flood frequency analysis for Jason Creek at the fan apex was conducted using
Pemberton Creek gauging data (1987-2018) and a proprietary scaling function based on a basin
area-discharge relationship developed by the author (Table 2). This analysis suggests peak flows
of 5.0 to 5.5 m3/s for Q100 & Q200 floods, respectively.
Owing to high roughness and turbulent flow conditions, steep mountain streams (ie., step-pool
morphologies) typically have peak flood velocities of ~2 m/s (Wilcox & Wohl 2007). Assuming
a peak velocity of 2 m/s, the estimated peak discharge would require an opening size of about 2.5
m2 to pass a clear water flood. Additional area would be required to accommodate sediment.
Table 2. Flood frequency analysis for Jason Creek (1.84 km2), based on Pemberton Creek (32.4
km2) gauge records (1987-2018) and scaling by basin size.
Pemberton Creek Jason Creek at apex
Return period (yrs)
Qpeak (m3/s)
Qpeak (m3/s)
*Opening size (m2)
2
19
1.9
1.0
10
32
3.3
1.6
50
43
4.5
2.2
100
48
5.0
2.5
200
53
5.5
2.7
*Assumes peak velocity of 2 m/s.
A method applied for culvert sizing in forestry operations in BC is the “Active Channel (AC)
times three,” where ACx3 is proportional to the 100-year flood (Beckers et al 2002). Baumann
Engineering (1997) measured the active channel above Reid Road, reporting it to be 3.3 m wide
by 0.3 m deep yielding an active channel (AC) area of 0.99 m2 (Figure 2); thus, ACx3 on Jason
Creek at the fan apex is ~3 m2. This is in agreement with the opening size estimates reported in
Table 2.
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Reid Road stream crossing structure
Jason Creek at Reid Road has been fitted with a 1600 mm metal culvert. This has an opening
size of 2 m2. A culvert’s hydraulic function is optimal when 2/3 full or less; thus, a 1600 mm
pipe provides an effective opening of 1.3 m2. MoTI (2019; TAC manual, Table 1010.A) requires
crossing structures to pass a 100-year to 200-year flow depending on road classification. Based
on this assessment, a 1600 mm culvert is undersized for clear water floods on Jason Creek at the
fan apex.
Alluvial fan areas
Below the fan apex at 455 m elevation, Jason Creek has deposited an irregularly shaped alluvial
fan. The fan can be divided into three subareas: the upper fan, the middle fan, and the lower fan.
Upper fan
The upper fan, originally mapped by Baumann Engineering (1997; Figure 1), is a radially shaped
typical fan landform. Its west edge is bounded by gentle terrain on the east side of Ivey Lake; the
south side abuts rocky slopes climbing up to Mosquito Lake; the east side abuts a rock knoll;
while the northeast edge abuts the morainal slopes and the prehistoric rockslide deposit (Figure
3). Jason Creek flows south across the fan to drain through a gap at 350 m elevation between the
rock knoll and the Mosquito Creek slopes. This main channel then feeds directly to the lower fan
area. On the east side of the fan, at 375 m elevation, Reid Road passes through a gap between the
rock knoll and the rockslide deposits; if Jason Creek were to avulse eastward then it could flow
through this gap, and it likely has done so in the past. This outlet feeds directly to the middle fan
area.
This upper fan has an area of about 0.2 km2. It has a concave long profile with 23% slope above
Reid Road and 14% slope below Reid Road. This concave profile indicates preferential debris
deposition at the fan apex. Fan materials consist of boulder-cobble gravel with a clay/silt/sand
(ie, mud) matrix.
As noted by Baumann Engineering (1997) and Frontera (2021), there is a southeasterly trough
east of the extant creek, that likely represents an abandonned channel. Given the low degree of
channel incision on the fan, this channel, or any other course on the fan, could be occupied by
the creek given an avulsion at the fan apex or at Reid Road.
As mapped December 12, 2021, the creek cleaning created a 170-200 m debris berm on the left
bank above Reid Road (WPs130-137; Photos 61, 63, 64). The berm is not continuous, but is
broken in several places, and there remains at least three avulsion points (WPs 132, 136, 137;
Photo 64) where debris may avulse southeast directly affecting 1781 Reid Road.
Reid Road climbs up the fan from east to west, transverse across the contours, at an average
gradient of 10-12%. This steep grade of the road, maintained through the Jason Creek crossing
creates a situation where, given any blockage of the culvert, there is a high probability that the
road will capture the creek and direct it easterly across the fan toward the gap and potentially
affecting the middle fan.
9

Middle fan
This fan area is located between the lower fan apex at ~290 m elevation and ~350 m elevation,
and is crossed by the climbing switchback on Reid Road (Figure 3). The fan is inset between
higher rock-controlled terrain to the east and west. Due to low resolution topographic maps and
lack of detailed field truthing, this fan area is not accurately mapped. It is crossed by a stream
flowing directly off the hill above; and carries overland flow captured by Reid Road. As
indicated above, it could be affected by Jason Creek flood and debris flow activity. The stream
crossing this fan area joins Jason Creek just above the apex of the lower fan at 290 m elevation.
Lower Jason Creek fan
At ~290 m elevation Jason Creek emerges from a confined channel onto the valley bottom.
Valley bottom sediments in this area consist of raised terrace gravels of the immediate post
glacial Birkenhead River onlapped by Jason Creek fan. As with the middle fan, due to low
resolution topographic maps and lack of detailed field truthing, this fan area is not accurately
mapped. Average slope in this area is between 4-7%, indicating fluvial processes dominate.
Near the fan apex (WP124), tying into Reid Road (WP117) and extending downslope (WP119),
and setback some distance from the left (east) streambank, there is an adhoc dike protecting lots
1876, 1882 & 1884 from overbank flooding (Figure 3). The left streambank through this reach
has also been riprap armoured (WP 120). This bank protection ends at the house on 7701 Portage
Road. Downstream of this point Jason Creek is incised between 4-6 m in adjacent deposits.
Damages resulting from the November 14 through December 1, 2021 storms
Jason Creek experienced two possibly three debris flow events (Photos 10, 11) resulting in
partial stream avulsion at the apex above Reid Road (Photos 12, 13, 14), damage to the Reid
Road crossing structure on Jason Creek (Photo 15), and overland flow flooding down Reid Road
(Photos 16, 17) and affecting eight properties (Table 3). The damages were most extensive and
severe on the upper fan area (Photos 18-23). No impacts were documented in the middle fan. On
the lower fan, Jason Creek remained confined (Photos 24-32), but caused erosion where a
driveway culvert became plugged forcing road overtopping and bank undermining (Photo 33).
High flows ponding at the Portage Road and CN Rail culverts threatened those crossings (Photos
34-37).
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Table 3. Summary of impacts noted by Cordilleran Geoscience December 2, 2021.
Property Fan area
Impacts
1770 RR Upper fan Driveway access severed (Photo 43), bank erosion affecting domestic
well (Photo 44), gravel splays and erosion in yard (Photos 18-19).
House on hillslope above fan (Photo 43).
1773 RR Upper fan Property straddles fan apex. House is on west bank raised above
creek. Small slump on toe of west bank. Debris flow, gravel splays
and flooding on east side of property at fan apex (Photos 10-14). All
creek cleaning activities occurred in this area, as will any future
remedial action to protect other properties.
1781 RR Upper fan Avulsed debris slurry clipped the porch supports on the SE side of
house (Photos 38, 39) – close call – and flowed down driveway to
Reid Road. High flows from small creek behind shop (Photo 40).
1782 RR Upper fan House site unaffected. Extensive overland flow and erosion on lower
half of property (Photos 20, 21).
1788 RR Upper fan House site unaffected. Overland flow across driveway & extensive
overland flow and erosion on lower half of property affecting garlic
patch (Photo 47) and dug pond (Photo 48).
1791 RR Upper fan Minor overland flow from small creek on 1781 RR intercepted by
driveway and diverted back to Reid Road. Photo 41.
1793 RR Upper fan No impact noted. Photo 42.
1794 RR Upper fan Extensive overland flow through yard directly affecting house
(Photos 49, 50).
1802 RR Upper fan Extensive overland flow through yard directly affecting house (Photo
51) and chicken house (Photo 52).
1812 RR Upper fan No impact noted (Photo 53).
1815 RR Upper fan No impact noted. Two towable tiny homes on fan area.
1818 RR Upper fan No impact noted. House raised on rock mound.
1854 RR Middle fan No impact noted.
1855 RR Middle fan No impact noted.
1859 RR Middle fan No impact noted.
1861 RR Middle fan No impact noted.
1869 RR Lower fan Protected by adhoc dike on 1876 Reid Road. No impacts.
1876 RR Lower fan Protected by adhoc dike on east property line. Minor bank erosion.
1882 RR Lower fan Protected by adhoc dike on 1876 Reid Road. No impacts.
1884 RR Lower fan Protected by adhoc dike on 1876 Reid Road. No impacts.
7701 PR Lower fan No impact noted. Photo 54.
7703 PR Lower fan No impact noted.
7699 PR Lower fan Driveway across creek (Photos 33, 56) to accessory building (Photo
57) washed out.
1 WV
Lower fan Hillslope creek caused overland flow flooding. Culvert plugged
(Photos 58, 59).
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Hazard & Risk Assessment
Hazard & risk Concepts
A hazard is a phenomenon with the potential to cause harm; it is usually represented by a
magnitude and recurrence interval (see Table 4). Consequence (Table 5) is a product of factors,
including whether a given hazard will reach a site, whether elements at risk (e.g., houses/people)
will be present when the site is affected by the hazard, how vulnerable the elements at risk are to
the hazard affecting the site, and the value of the elements at risk or the number of persons
exposed. The product of the factors Hazard and Consequence equals Risk.
Table 4. Qualitative hazard frequency categories affecting the building site.
Qualitative
frequency
Very high

Annual return
frequency
>1:20

Probability
(% in 50 yrs)
>90

High

1:100 to 1:20

40-90

Moderate

1:500 to 1:100

10-40

Low
Very low

1:2500 to 1:500
<1:2500

2-10
<2

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

Table 5. Simplified consequence assessment.
Consequence Description
Very High
High
Moderate
Low
Very Low

Direct impact with extensive structural damage; loss of life & limb.
Direct or indirect impact with some potential for structural damage; loss of life &
limb.
Indirect debris impact. No structural damage but damage to houses and property.
Minor property damage only.
Virtually no damage.

No activity is free of risk, and the concept of safety embodies risk tolerance. In Canada and BC
there is no legislated guidance for risk tolerance to geohazards, and the term “safe” has not been
defined. In considering risk tolerance, an important concept is that risk of loss of life from
natural hazards should not add substantially to those that one is typically subject to (e.g., driving,
health, recreation, etc) combined. For reference, the risk of death and injury from driving in
Canada is approximately 1:10,000 and 1:1000 per annum, respectively (Transport Canada 2011).
Hazard & Risk Evaluation Criteria
In British Columbia, the design flood level for normal hydrologic flood hazards is taken to be the
200-year return flood (WLAP 2004). The SLRD has no guidelines pertaining to landslide safety,
and they require Qualified Professionals to recommend suitable criteria.
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In lieu of the lack of hazard acceptability criteria adopted by the Squamish Lillooet Regional
District, this study will refer to criteria adopted by the Fraser Valley Regional District (Cave
1993). The possible hazards affecting and the associated management responses are outlined in
Table 6.
Table 6. Abridged hazard acceptability matrices for various hazards potentially affecting Jason
Creek fan (after Cave 1993). For more details see original report.
Hazard Categories (per annum) and Management Responses
Mtn. stream erosion/avulsion >1:10 1:10-1:100 1:100-1:200
1:200-1:500
<1:500
Major repair (>25%)
5
4
2
1
1
New building
5
5
4
2
1
Subdivision
5
5
5
4
1
Debris flood
>1:50 1:50-1:200 1:200-1:500 1:500-1:10,000 <1:10,000
Major repair (>25%)
4
4
1
1
1
New building
4
4
3
1
1
Subdivision
5
5
4
2
1
Debris flow
>1/50 1/50-1/200 1/200-1/500 1/500-1/10,000 <1/10000
Major repair (>25%)
5
4
2
1
1
New building
5
5
4
3
1
Subdivision
5
5
5
4
1
Catastrophic landslide
>1/200 1/200-1/500 1/500-1/1000 1/1000-1/10000 <1/10000
Major repair (>25%)
5
5
2
1
1
New building
5
5
5
1
1
Subdivision
5
5
5
5
1
1 - Approval without conditions relating to hazards.
2 - Approval without siting conditions or protective works conditions, but with a registered covenant
against title.
3 - Approval, but with siting requirements to avoid the hazard, or with requirements for protective works
to mitigate the hazard.
4 - Approval as (3) above, but with a registered covenant against title as well as siting conditions,
protective works, or both
5 - Not approvable.

Hazard assessment
The upper Jason Creek fan is vulnerable to typical alluvial fan hazards including overland flow
flooding and erosion arising from channel avulsion; water floods with high sediment
concentration, or debris floods; debris flow and possibly catastrophic landslide. The type and
intensity of these processes diminish downslope. The middle and lower fan areas are likely only
vulnerable to overland flow and debris flooding.
Considering recent and previous (Baumann Engineering 1997) observations, small debris flows
on the order of 100s m3 to 5000 m3 volume occur on average every 25-years on upper Jason
Creek fan. Medium-sized debris flows, from 5000-50,000 m3 likely have a moderate to low
frequency, or ±1/500-years. Large landslides ranging from 50,000-300,000 m3 are conceivable,
but with very low (<1/2500-years) frequency.
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Based on these preliminary judgements, a Frequency-Magnitude model can be developed for
example purposes (Figure 4). Two end-member frequency-magnitude pairs are plotted on a LogLog chart: a 1/25-year event with 1000 m3 volume and a 1/5000-year event with 100,000 m3
volume. A straight line between is assumed. The 1/500-year event volume can then be
interpolated as ~13,000 m3; with uncertainty, this may vary from 10,000-25,000 m3. A 1/100year event is estimated to have a volume of ~3000 m3.

Figure 4. Hypothetical F-M diagram for debris flow affecting upper Jason Creek fan. Volumes
are based on estimates from field observation of likely failure scenarios; the frequency for small
events is based on historical record; while the frequency-magnitude of larger events is uncertain,
as reflected by the widening confidence bands.
As has been recently demonstrated, High frequency (Table 4) debris flow events may have direct
impact at the fan apex at or above Reid Road, and may trigger secondary effects like avulsion,
overland flooding, debris flooding and erosion within areas lower on the fan.
Based on expert judgement, Moderate frequency (Table 4) debris flow, with volumes ranging up
to ~25,000 m3, will have direct impact at sites on the upper fan below Reid Road, and all lots on
the upper fan are considered to be potentially vulnerable to direct or secondary impacts. These
events may result in secondary impacts on the middle and lower fan.

Residential Development on Alluvial Fans in BC
Professional guidance documents delimit the standard of care for legislated flood and landslide
risk assessment in BC (EGBC 2010, 2012).
WLAP (2004) provides provincial guidance for construction on alluvial fans, as cited below:
• Where possible, development of alluvial fans should be discouraged, and the land should be
retained in non-intensive uses such as parks, open-space recreation, and agricultural uses.
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• Where a study of the flooding hazard is not available and the hazard is considered significant,
an assessment of the land by a suitably qualified professional should be required.
• Development should be discouraged in areas where local knowledge, experience or studies
indicate concern that there may be a debris flow hazard.
Consent to develop may be granted by an approving officer:
• Where there is no alternative land available, and
• Where an area of an alluvial fan can be shown to be stable because of hydraulic, physical
and/or geological conditions.
This approval should be subject to hazard management and flood proofing requirements
determined on a site-specific basis. Such requirements may include but are not limited to:
• Development density regulations,
• The identification of the safe building site(s),
• Building elevation and foundation design requirements,
• The construction of on-site and/or off-site protective works, and
• Land use regulations to prevent the alteration of the terrain and features such as landfills,
excavations and the construction of new roads and utilities that would alter the hazard rating
for the land.
If consent to develop on an alluvial fan is granted:
• The setback should be determined in accordance with [riprarian areas regulation].
• Where the hazard is low, the building should be elevated a minimum of 1.0 metres above the
general elevation of the surrounding ground on concrete foundation and protected from scour.

Emergency Repairs on Reid Road
One of the first tenets of emergency response is to ensure hazards are clear before entry.
Between November 16-25, 2021 Capilano Highways conducted emergency repair works at Jason
Creek, including sending a spider hoe several hundred metres up the ravine channel to clear
debris. This work was done without first examining the source of the debris flow event in the
headwaters to ensure no residual hazards existed. The examination of the headwater was not
complete till 1500 hrs on December 1, when significant residual hazards were reported.
Another tool to improve safety when working in a high hazard setting is the use of spotters. At
Jason Creek, work was conducted in the high hazard area without benefit of a spotter to warn the
operator(s) of a potential landslide recurrence. The ravine is a confined space and it is not
possible to exit rapidly in a machine or on foot. Advance warning is critical in this context.
At about 1230 hrs, December 1, 2021 Cordilleran arrived and immediately requested that a
spotter be placed upstream a good distance to provide ample warning for the operator who was
conducting cleanup at the crossing. The spotter and operator were required to be in radio contact
so that if required, rapid egress could be affected. Later that day Shannon Payne (MoTI) visited
the site and discovered that a spotter was not present. Similarly, on December 2, 2021, Friele
encountered the machine operator clearing debris at the crossing, and again with no spotter.
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Conclusions
• The Jason Creek watershed is prone to landslide activity, and debris flow and other processes
such as debris flooding, overland flow and erosion periodically affect the upper Jason Creek
fan.
• These observations were reported by Blunden (1981) and described again by Baumann
Engineering (1997). Blunden’s (1981) report was provided to MoTI as part of the subdivision
approval process. Somehow his observations were not taken into consideration and embodied
into constraints on development, such as restrictive covenant, siting constraints or protective
measures. Baumann Engineering’s (1997) report was provided to the local MoF for guidance to
support proposed logging of the watershed area. No logging has occurred. As such, the findings
regarding potential threats to life safety were not passed on to, or otherwise noted by, SLRD
(ie., as part of a referral process).
• Subdivision of the upper Jason Creek fan area, development of Reid Road, and the construction
of homes have all occurred without regard to terrain hazards affecting the upper fan.
• Reid Road climbs steeply up the fan, crossing Jason Creek before levelling out above Ivey
Lake. This creates a situation whereby Reid Road may capture and redirect the creek
southeasterly down the fan. Wilford et al (2005) makes the following comments: where “roads
climb to stream crossings, if drainage structures become plugged, water runs down roads and
ditches, creating erosional problems. When hydrogeomorphic events encounter a climbing
road, the result is generally a re-directing of the event away from the channel, increasing the
disturbed zone on a fan. Design road profiles to drop to stream crossings or avoid the fan
altogether with a crossing at or above the apex. If roads must climb to the stream crossing,
design features to allow water and sediment to cross the road: robust ditchblocks and over-sized
cross-drains; armoured rolling dips; outslope road with no ditchline.” Reid Road is the epitome
of a poorly designed road on a fan.
• The Jason Creek culverts at Reid Road (1600 mm), 7699 Portage Road (<1600 mm), and
Portage Road (~1400 mm) appear to be undersized for clear water and hydrogeomorphic peak
flood events. At Reid Road, culvert blockage and failure may result in loss of road access and
channel avulsion leading to direct damages on private properties. At 7699 Portage Road, the
road grade dips through the crossing (a good measure), and failure of the culvert will only lead
to temporary loss of driveway access to an accessory building. Potential washout of Portage
Road has an obvious severe consequence for transportation. The CN rail crossing at Reid Road
appeared to become almost overwhelmed during the event, but the December 12, 2021
inspection revealed four culverts ranging in size from ~1000-1200 mm. As it was close to
overtopping this crossing should also be reviewed to ensure adequate sizing.
• The upper fan of Jason Creek is vulnerable to High (>1/100 year) to Moderate (1/100-1/500
year)(Table 4) debris flow hazard, with estimated volumes ranging up to 25,000 m3. These
events may be highly destructive to existing development, resulting in severe property damage
and the potential for injury and loss of life. Referring to the Cave criteria (Table 6),
development in this area should be (or rather “have been”) highly constrained, with
management responses ranging from “Not approvable” to “Approvable with conditions”
including siting conditions, protective works and covenant registered against title.
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• Given the observed instability at the 650-700 m elevation, which was observed to increase in
size between December 1-12, 2021, the hazard of a landslide up to 4000 m3 affecting the Jason
Creek upper fan area is judged to be “imminent.”
• The home at 1781 Reid Road is situated on the fan apex above Reid Road and is in a High
hazard location. At about 0430 hrs, December 1, 2021, this building experienced a “close call”
being just clipped by a muddy debris slurry (Photos 38, 39). Given the potential avulsion sites
along the fan apex above, and without protective works, this site is not safe to occupy. The
remaining homes on the upper fan, with their main floors at grade, are also not resilient to
hydrogeomorphic impacts.
• Hazard threat varies with weather and runoff conditions (increasing with snowmelt freshet,
periods of high antecedent moisture and/or heavy rain during fall & early winter). For sites with
unstable areas upslope, potential rainfall/runoff triggering thresholds are as low as 1-2 yr
rainfall events. On this basis it is not deemed practicable to keep residents on permanent alert,
invoking evacuation whenever wet periods are forecast.
• Areas on the middle and lower portions of Jason Creek fan are likely only vulnerable to
secondary impacts such as avulsion, debris flooding, overland flow and erosion.
• An adhoc setback dike exists on 1876 Reid Road (Photos 25, 26). It is not known if this was
built following an engineered design, to a designated flood level, or if other hydrogeomorphic
processes were considered. Given the bank armouring, the dike crest height above the creek,
and its setback condition it appears more than enough protection for regular clear water
flooding on the main channel of Jason Creek. However, should a significant hydrogeomorphic
event become directed down Reid Road to the middle fan, then the apex of this dike could be
bypassed and areas on the landside could be affected by flood waters and debris flowing down
Reid Road.
• WLAP (2004) provides provincial guidance for proposed residential development on fans.
Generally, it is discouraged, but where the hazard can be shown to be Low (<1/500-year; Table
4), then a minimum standard is to raise the main floor 1-m above finished grade on a concrete
foundation. All of the existing residential structures observed on the Jason Creek fan (Photos
39-42, 45, 46, 49-51, 53-55, 57), aside from that at #1 Walkerville (Photo 58), were built with
the main floor at grade, and as a result are highly vulnerable to damages arising from
hydrogeomorphic impacts. The home at #1 Walkerville is raised above grade on a concrete
foundation and is resilient to overland flow flooding.
• Emergency repairs on Jason Creek at Reid Road were conducted without first ensuring that no
residual hazards threatened the site. While a helicopter review was conducted, aerial review is
often not sufficient to see through a mature conifer canopy. Historic reports indicated hazards
likely existed. In retrospect, it is known that they did, as demonstrated by subsequent
hydrogeomorphic events on December 1 at 0430 hrs and 2200 hrs. Further, the work was
conducted without benefit of a safety spotter in direct communication with the operator. The
absence of a spotter was noted even subsequent to the request for one. These actions put the
excavator operator in harm’s way.

Recommendations
• More detailed geotechnical assessment is required to more precisely characterise the
Frequency-Magnitude model for landslide and associated alluvial fan hazards affecting Jason
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Creek fan (upper, middle & lower). With a detailed understanding of how frequent and how big
these events may be, then judgements can be made about how best to remediate the flood and
landslide risks.
• The types of tasks required to conduct this work include collection of high-resolution LIDAR
and Ortho mapping of the Jason Creek watershed and fan areas, detailed field work including
the use of dendrochronology to age landslide scars on trees, test-pitting, stratigraphic analysis
of fan sediments, radiocarbon dating of buried soil layers, and empirical or numerical modeling
of various debris flow volumes and rheologies.
• Remedial measures to consider include educating landowners of the hazards and risks,
implementation of warning systems, expropriation, and the construction of catchment basins,
deflection berms and/or stream channelization.
• Until more detailed analysis can be conducted, hazard and risk refined, and remedial measures
enacted, the homes on lots 1781, 1791, 1793, 1815, 1782, 1788, 1794 & 1802 Reid Road must
remain on evacuation order.
• The crossing structure on Jason Creek at Reid Road needs to be sized properly to accommodate
100-200 year flood and debris flow events; while the crossing structures at Portage Road and
CN Rail tracks need to be sized to accommodate 100-200 year flood and sediment loading.
• Capilano Highways should review and update procedures for work in high hazard areas.
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Caveat
This report is part of a rapid assessment conducted during a local emergency. Conclusions and
recommendations are based on experience and expert judgement. The conclusions and
recommendations convey serious implications for residents, property owners and other affected
parties. Prompt action should be taken to verify and refine conclusions, to ensure public safety
and just outcomes for all.
Closure
This report was prepared for use by Squamish Lillooet Regional District, including distribution
as required for purposes for which the report was commissioned. The report cannot be
distributed to other third parties without prior written consent by Cordilleran Geoscience. The
work has been carried out in accordance with generally accepted geoscience practice. Judgment
has been applied in developing the conclusions stated herein. No other warranty is made, either
expressed or implied to our clients, third parties, and any regulatory agencies affected by the
conclusions.
Original sealed

Pierre Friele, P.Geo.
Senior Geoscientist
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Appendix 1. Annotated photos (see Figure 3 for WP locations).
Landform overview

Photo 1. View west over Ivey Lake watershed delineating hazard areas discussed in report.

Photo 2. View southwest over cliffs to rockslide hazard area affecting lots 1791, 1793, 1815 &
1835 Reid Road.
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Landslide hazard source areas

Photo 3. WPs 6-12. View straight down on sagging slope above the 1990 & 2021 failure sites.
On center right (north) is bedrock cliff sagging and spreading to the left. On the center left
(south) is a small opening with creek visible, and that is the slide area. In the center is a talus
opening. The talus is normally faulted, with a 10 m drop on the south side.

Photo 4. WPs 6-12. 1990 & 2021 failure site. Note cream to orange altered bedrock. Clayey and
soft.
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Photo 5. WPs 6-12. Right side failure area, view east. Note back-leaning Douglas fir marking an
unstable area around the fresh headscarp (ie. hangfire).

Photo 6. WPs 6-12. Left side failure area view south and east. Note torn ground (tension cracks)
leading right (east) from creek marking an unstable area around fresh headscarp (ie. hangfire).
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Photo 7. WPs 21-22. Jason Creek, right bank slump in altered bedrock with seepage at
headscarp.

Photo 8. WPs 3-5. Uphill facing or “antislope scarp” on Jason Creek right bank near 1990 &
2021 failure area. These features indicate potential deep-seated instability in the bedrock.
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Photo 9. WP23. Uphill facing or “antislope scarp” on Jason Creek right bank near WPs 21-22
creek sidewall slump.

Jason Creek immediately above Reid Road at fan apex

Photo 10. December 1, 2021 debris flow on Jason Creek. View downstream showing muddy
trimlines defining an area 12 m wide by 3 m deep; channel bottom about 4-5 m wide. Using a
“Spider” excavator, this area was cleared of debris jams between the November 15 and
November 30 washout events.
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Photo 11. December 1, 2021 debris flow on Jason Creek. View upstream showing muddy
trimlines and coarse bouldery debris. Using a “Spider” excavator, this area was cleared of debris
jams between the November 15 and November 30 washout events.

Photo 12. WP71. View upstream showing muddy slurry overflow onto east side of fan at apex.
Main channel is to the left (west).
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Photo 13. WP71. View downstream showing muddy slurry overflow onto east side of fan at
apex. The bright spot in the center trees with slight blue/green colour to left is the house at 1781
Reid Road.

Photo 14. WP78. View downstream across debris deposition on left (east) bank just above Reid
Road. Creek is bright area on right. Material consists of muddy cobble (0.12-0.25 m dia) to fine
(0.25-0.5 m dia) boulder gravel with occasional metre-sized boulders.
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Impact on Reid Road

Photo 15. WP43. View upstream to Jason Creek at Reid Road, December 1, 2021 at 4 pm. Note
that channel upstream has been recently cleared by the “Spider” hoe.

Photo 16. WP62. View up (east) along south side Reid Road, eroded shoulder. On north side at
this point overflow from hillslope tributary (WPs 67-70) follows 1791 Reid Road driveway to
join Reid Road.
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Photo 17. WP60. View up (east) along north side Reid Road, eroded shoulder. At this point on
south side of road (WP59), water avulsed from shoulder toward house at 1802 Reid Road.

Jason Creek fan below Reid Road

Photo 18. WP105. View upstream along Jason Creek in 10 m wide channel, incised 2 m into fan
surface.
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Photo 19. WPs 81, 104. View downstream, treehouse on left. Unconfined debris deposition area,
Jason Creek spreads over 20 m width.

Photo 20. WP103. Head of nickpoint erosion. View upstream, treehouse on right.
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Photo 21. WP103. View downstream. Major channel erosion, 6 m by 2 m deep, trees down left
and right.

Photo 22. WP102. View upstream to incised overflow channel. Deposition from this overflow
channel affected garlic patch (WP101) and pond (WP91) at 1788 Reid Road.
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Photo 23. WP92. Multiple braided channels in woods.

Middle Jason Creek

Photo 24. WP15. Jason Creek in bedrock ravine.
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Lower Jason Creek

Photo 25. WP117. View downslope along adhoc dike on west side of 1876 Reid Road. Creek on
right (east) in the trees. Dike ties into Reid Road near lower fan apex.

Photo 26. WP119. View upslope along adhoc dike on west side of 1876 Reid Road. Creek on
left (east) in the trees. Dike ends at uphill side of house at 7701 Portage Road.
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Photo 27. WP125. Footbridge just above lower fan apex. Minor bank erosion.

Photo 28. WP122. View upstream. Creek incised 1-2 m. Left bank erosion.

33

Photo 29. WP121. Channel confined by adhoc dike. Flood surge on left bank.

Photo 30. WP120. View upstream along Jason Creek, channel 3-5 m wide, incised 2 m. Note
riprap bank on river left (right side photo).
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Photo 31. WP120. View downstream along Jason Creek, channel 2-3 m wide, incised 2 m. Note
riprap bank on river left (left side photo).

Photo 32. WP52. View upstream to log footbridge over Jason Creek, 7701 Portage Road.
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Photo 33. WP50. 7699 Portage Road. Creek is incised 4 m into fan surface. Internal access road
crosses through incised channel; culvert plugged with wood, road overtopped causing bank
erosion and undermining of trees.

Photo 34. WP46. View upstream along Jason Creek from Portage Road.
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Photo 35. WP46. Erosion of Portage Road shoulder on upstream (north) side.

Photo 36. WP46. Erosion of Portage Road shoulder on upstream (north) side.
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Photo 37. WP46. Jason Creek ponding on uphill side of CN Rail tracks. Highwater wracklines
show rail line was almost overtopped.

Impact on residential Lots
Upper Reid Road

Photo 38. 1781 Reid Road. Porch supports at southwest corner of house clipped by debris slurry.
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Photo 39. 1781 Reid Road. Porch supports at southwest corner of house clipped by debris slurry.

Photo 40. 1781 Reid Road. Shop with small creek immediately upslope. This creek is usually
just a seepage.

39

Photo 41. 1791 Reid Road. Slope left to right. Small residential building dug into fan and not on
permanent foundation. Not resilient to flood water or debris.

Photo 42. 1793 Reid Road. Collection of buildings; main floor at house at grade and accessory
buildings not on permanent foundations. Not resilient to flood water or debris.
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Photo 43. 1770 Reid Road. House on slope above fan, and somewhat shielded from
hydrogeomorphic events by right bank (west) gully sidewall, since trimmed down by Reid Road.
Property driveway access severed by washout.

Photo 44. 1770 Reid Road, WP106. View upstream to road. Domestic water well is close to west
side of creek and was threatened by erosion. Owner placed adhoc armour to protect well.
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Photo 45. 1782 Reid Road. House. Main floor at grade; not resilient to flood water or debris.
House escaped impact because slight throughcut in fan by Reid Road directed overflow
eastwards down road.

Photo 46. 1788 Reid Road. House. Main floor at grade; not resilient to flood water or debris.
House escaped impact because slight throughcut in fan by Reid Road directed overflow
eastwards down road.
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Photo 47. 1788 Reid Road. Garlic patch partially damaged by overland flooding.

Photo 48. 1788 Reid Road. Dug pond filled in with sediment by overland flooding.

43

Photo 49. 1794 Reid Road. House dug into fan on uphill side. Main floor at grade; not resilient
to flood water or debris. Overland flow affected house. Residents were evacuated between 10pm
and midnight December 1, 2021.

Photo 50. 1794 Reid Road. Overland flow ran down east side of house through yard. Residents
were evacuated between 10pm and midnight December 1, 2021.
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Photo 51. 1802 Reid Road. House with main floor at grade; not resilient to flood water or debris.
Overland flow affected house.

Photo 52. 1802 Reid Road. Chicken coop affected by overland flow.
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Photo 53. 1812 Reid Road. Although on Jason Creek fan, the house and lot were not directly
affected by recent events. Main floor at grade; not resilient to flood water or debris.

Lower Jason Creek residential area

Photo 54. 7701 Portage Road. Main floor at grade, with half basement on downslope side. Not
resilient to flood water.
46

Photo 55. 7699 Portage Road. Main floor on grade. Not resilient to flood water.

Photo 56. 7699 Portage Road. Culvert plugged causing overtopping and washout of internal
access road to accessory building. Associated bank erosion undermined immature cedar on left
bank.
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Photo 57. 7699 Portage Road. Accessory building. Main floor on grade. Not resilient to flood
water.

Photo 58. 1 Walkerville. House raised 60 cm on reinforced concrete foundation. Only house
noted in entire area to be so constructed. House is resilient to floodwater. Note overland flow
from side creek.
48

Photo 59. 1 Walkerville. Side creek that caused flooding in yard.
Channel Assessment Dec 12, 2021

Photo 60. WP130. Repaired Jason Creek culvert outfall and driveway access 1770 Reid Road.
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Photo 61. WP131. Top end constructed boulder berm on left bank. Extends down to Reid Road.
Trapezoid: 12 m crest to crest, 3 m wide creek flat, 3 m deep.

Photo 62. WP132. View upstream to short step in channel. Bank slump on north sidewall.
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Photo 63. WP133-135. Left bank constructed Berm. Trapezoid, 11.5 m crest to crest, 5 m base,
2-2.5 m deep.

Photo 64. WP137. Constructed berm ends, not tied into bank. Debris flow can go around south
side to 1781 Reid Road.
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Photo 65. WP139. View upstream. Inset fan apex, 2 m tall erosional nick point in channel
exposes colluvial fill. Note debris piled on banks by Spider Hoe.

Photo 66. WP143. View downstream to right bank. 10 by 10 by 2-3 thick, bank slump partially
blocking channel.
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Photo 67. WPs 144-145. View upstream. Three large 4-6 m dia boulders block channel. Partially
supported by shattered cedar stem. Upper boulders partially buried by debris sloughed from
south sidewall.

Photo 68. WPs 144-145. Altered ripups in colluvium.
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Photo 69. WPs 144-145. Altered ripups in colluvium.

Photo 70. WP145. View downstream to fresh right bank 15 m wide slump. Altered bedrock,
seepage.
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Photo 71. WP147. Colluvium composed of degraded bedrock. Exposed on right bank. In this
reach valley flat is the ~50 m wide and filled with sidewall slump colluvium 3-5 m thick.

Photo 72. WP148. View upstream. Fresh slump/slide on right bank, 15 m wide, still 90%
residual. Reach break to steep ravine upstream.
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Photo 73. WP151. View east across crest of main active failure area. Changed since Dec 1, with
new extension of tension cracking and settlement some 5 m headward.

Photo 74. WP151. Altered materials exposed in fresh scarps.
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Photo 75. WP152. View west across fresh downdropped blocks.

Photo 76. WP154. Right side of major since Dec 1 slump area, fresh tension cracking and
settlement across 30-35 m wide convex slope crest, 5 m offset, 15-25 m slope length, 2-5 m
thickness, or 1000-4000 m3.
57

Photo 77. WP155. Mine adit.

Photo 78. WP158. View of slump noted Dec 1 slump. No change noted. Residual hazard.
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Appendix 2. Raw field waypoint observations
Title Northing

Easting

Description

1

5577341

517623

2

5577468

517540

3
4
5
6
7
8
9
10

5577659
5577799
5577817
5577871
5577871
5577884
5577896
5577907

517231
517219
517218
517276
517215
517209
517225
517246

11
12

5577871
5577881

517228
517266

13

5577921

517196

14

5577996

517231

15

5578021

517170

16

5577998

517161

17
18
19
20

5577970
5577958
5577965
5578014

517056
517039
517020
516987

21
22

5577960
5577957

516965
516962

23
24
25
26
27
28

5577941
5577992
5578022
5578207
5578103
5578265

516937
516870
516847
516882
516738
516721

29
30

5578058
5577996

516632
516668

Undercut right bank, new slump and tension crack, incipient slump, 100200 m3.
Apex old channel, left bank failure 10 m tall by 5 m wide. Debris flow
mud trimline 2-3 m deep.
Ridge parallel to creek sidewall joins hillslope.
Scarp crest, Rs.rCv, 85% for 50 m to creek, confined channel.
Lineament shear zone, forms shark fin of rock.
East fork tributary.
Between main and east fork trib, 25 m wide failure, same site as 1990.
Dry draw rock gully, uphill at 330 azimuth (// Owl Creek fault).
Right side crest of slab, 25 m wide by 15 m long by 2-3 thick
Left edge failing area, 1 m down drop, 10 m downslope length, 2-3 m
thick, point on east tributary at convex break from 70-90% down to 1020% up. Creek flowing now but rarely does.
Unstable volume, 500-1000 m3 plus 10-20 mature conifer
Shear in left sidewall crest, 130-150 azimuth (// Owl Creek fault), rock
fins possible topple.
Shear zone talus flat, whole zone is being down-dropped, talus slope
truncated 10 m vert
Convex break in talus, -85%, +50% to base of cliff 50 m slope distance
up.
Creek running clear, goes underground at talus flat to emerge in
headscarp at 2 m depth
Crest of scarp down to previous creek, -110% Rs, +40%, Cbf incised
from previous
Spring
Right bank failure, log crossing.
10 m wide inset 10 m above creek
Till or talus ridge perpendicular to contour, -60-70%, +40%, lows either
side are talus below bluffs
Spring left side headscarp
As previous, slump 10m by 10m by 2-3m displaced downslope 10 m,
altered Gambier Group clayey cream orange.
Toe of inset 3 m downdrop, creek on unstable side
Ncd in lineament parallel with break to sidewall
Lineament merges into canyon slope
Cliffs and talus
Sidewall crest
Jason Creek. Crest of incised gully, -70-90% Rs.rCv-VRsud, +15-30%,
approximate snow line.
Creek unconfined braided over 15 m on forest floor.
Creek
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31
32
33
34
35
36
37

5577941
5577874
5577880
5577872
5577894
5577887
5577868

516707
516778
516836
516984
516995
517029
517042

38
39

5577863
5577876

517090
517129

40
41

5577862
5577831

517140
517194

42

5577781

517223

43
44
45
46
47
48
49
50

5577266
5577846
5576839
5576855
5576816
5576820
5576847
5576933

517617
518918
519053
519054
519030
518973
518960
518933

51
52
53
54
55
56
57
58
59

5576963
5576959
5576996
5576832
5576773
5577300
5577222
5577201
5577213

518952
518915
518905
518940
518900
518250
518031
518003
517971

60
61
62
63
64

5577226
5577242
5577260
5577298
5577331

517947
517900
517839
517838
517908

65

5577352

517852

Creek splits into two (ie, upside down V).
Spring +40%, -10-15%
Ponding on flats
Ncd in swale just above sidewall crest
Trib creek 1 m wide
Sidewall crest, tension crack in bedrock, back-leaning trees.
Bedrock tension crack from WP36 extends to here, 10 cm wide gape, 4 m
thick potentially unstable slab, 50 m down to creek.
To left (east) of WP terrain is gullied unstable.
Crest eroding slope 15-20 m above river, 2 m vertical undercut at
sidewall crest
End previous
10 m cliff, gaping tension crack at crest in 1-4 m, possible topple 10 m
tall by 1-4 m thick by 10-20 m long
10 m wide flat 10-20 m long, down-dropped 5 m on creekside, 30-50 m
above river, similar to lineament noted on way up, two times volume
Right side road breach
Owl creek running clear
1 Walkerville. Small creek overland through yard.
Portage Road. Jason creek culvert undermined, eating to road shoulder.
1 Walkerville. House raised 60 cm on concrete foundation.
1 Walkerville. Culvert overwhelmed, recent bank hardening.
7699 Portage Road. Building at grade.
7699 Portage Road. Culvert plugged with wood, road in dip, overtopped,
trees down, creek incised 4 m.
7699 Portage Road. Houses at grade.
7701 Portage Road. Log bridge, good clearance.
7701 Portage Road. House with basement left bank creek.
Creek
Creek
Creek, in ravine between hill and mound
Water from Jason running down left side road
1802 Reid Road. Small Creek.
1802 Reid Road. Overflow from road affecting house floor at grade, no
lift, new house. Not resilient to flood or debris.
1802 Reid Road. Eroded right side of road, overflow to house below
1794 driveway
1791 Reid Road. Left side road eroded, overflow trib in from lot to left
Overflow intercepted by driveway
1793 Reid Road. Complex of mobile buildings on log foundation, house
at grade or dug in. Not resilient to flood or debris.
1791 Reid Road. Fan edge.
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66

5577343

517831

67
68
69
70

5577327
5577346
5577373
5577403

517780
517727
517693
517671

71

5577396

517632

72
73
74
75

5577436
5577462
5577475
5577455

517580
517562
517523
517553

76

5577394

517608

77
78

5577332
5577324

517684
517636

79
80
81

5577259
5577236
5577167

517646
517658
517653

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

5577112
5577080
5577031
5576976
5576962
5576940
5576983
5577021
5577024
5577054
5577030
5577043
5577112
5577135
5577149
5577166
5577170
5577184

517624
517641
517677
517706
517704
517691
517727
517748
517758
517765
517807
517838
517866
517883
517912
517935
518057
517867

1791 Reid Road. Building dug in and at grade no foundation. Not
resilient to flood or debris.
1781 Reid Road. Creek, shallowly confined.
1781 Reid Road. Propane tank, 50 cm freeboard.
1781 Reid Road. Creek off hill behind shop, no freeboard.
1781 Reid Road. Edge of fan, creek flowing off hill, never flows more
than trickle, but for now.
1773 Reid Road. Debris track with overflow directed to house at 1781
Reid Road.
Jason Creek fan apex, at big rock in channel.
Creek off left sidewall
Excavated debris plug
-Rd Cross section, 12 m crest to crest, 3 m deep, banks 4 HD: 3 VD,
slope 20-25%
1773 Reid Road. Big jam, creek higher than track through 1781 Reid
Road, wedge flat extends 40 m upstream, plug 20 m Downstream, 10 m
wide, 10 m thick. Urgent removal.
1781 Reid Road. Debris slurry from WP71 clipped house corner.
1773 Reid Road. Deposition zone, overflow left main flow to culvert, no
freeboard.
1770 Reid Road. Avulsion track, creek left.
1770 Reid Road. Small berm, deflected creek right, away from yard.
1770 Reid Road. Fan deposition area below road, creek through tree
house.
1782 Reid Road. Approx right edge fan, spring
1770 Reid Road. Dug pond.
1782 Reid Road. Ncd.
Overflow
As previous
Ivey Lake creek running clear
Two overflow ck join
1782 Reid Road. Overflow rejoins Jason Creek on right.
1788 Reid Road. Left bank erosion, 1.5 m tall bank
1788 Reid Road. Level area, pond now debris filled by event.
1788 Reid Road. Multiple braided channels in woods
1788 Reid Road. Dry overflow.
1794 Reid Road. Dry overflow.
1794 Reid Road. Dry overflow.
1794 Reid Road. Dry overflow.
1802 Reid Road. Dry Overflow, chickens
1812 Reid Road. Log house at grade.
1794 dug in built at grade, water and mud all around in middle of night
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100
101
102
103

5577233
5577101
5577108
5577104

517810
517757
517724
517704

104

5577153

517677

105
106

5577183
5577226

517648
517644

107
108
109
110
111
112
113
114
115
116
117
118
119

5577274
5577269
5577238
5577304
5577219
5577137
5576945
5576931
5576971
5577025
5577036
5577040
5577012

517724
517804
518119
518248
518562
518479
518234
518207
518147
518532
518734
518862
518896

120
121
122
123
124
125
126
127

5577006
5577012
5577005
5577007
5577005
5576965
5577430
5577401

518870
518809
518772
518721
518692
518645
517580
517602

128
129

5577387
5577242

517609
517735

130
131

5577270
5577324

517627
517638

132

5577373

517621

1788 Reid Road. Avulsion across drive toward previous house
1788 Reid Road. Garlic patch, jrbservices@gmail.com
1782 Reid Road. Overflow.
1782 Reid Road. Major channel erosion, 6 m by 2 m deep, trees down
left and right, nick point, no freeboard 10 m upstream.
1770 Reid Road. Just below tree house creek unconfined spreads over 20
m wide area.
1770 Reid Road. Creek in 10 m wide channel incised 2 m.
1780 Reid Road. On creek below road right bank. Owner conducted
adhoc bank armouring to protect well site.
Water from WP77 to here, then follows north side Reid Road.
Driveway 1781 Reid Rd
1818 Reid Road. On rock mound above fan hazard.
1838 Reid Road. Home raised on rock mound above fan hazard.
1854 Reid Road on north; 1855 Reid Road on left; both on fan.
Creek
Bouldery cone
Left bank scarp, creek incised
Middle Jason Creek, incised in deep ravine.
Creek crosses road left to right
1876 Reid Road. Start adhoc dike
7701 Portage Road. Gate
7701 Portage Road. End adhoc dike at house, main floor on grade, with
basement.
Lower Jason Creek, 3-5 m wide, incised 2 m.
Lower Jason Creek. Flood surge overbank left.
Lower Jason Creek. Left bank erosion.
Lower Jason Creek. Iron pin.
Lower Jason Creek. Apex lower fan.
Lower Jason Creek. Footbridge.
Big rock at left bank apex, from here down left bank bermed
1773 Reid Road. Long prime convex break, +15% to big rock, -30% over
convex break. Break may predate recent events. Break is not bedrock
controlled
1773 Reid Road. Right bank slump (WP1) now armoured at base.
1782 Reid Road. Pic of house.
December 12, 2021 Channel assessment
Jason crossing completed
Top end boulder berm left bank, trapezoid: 12 m crest to crest, 3 m flat
base, 3 m deep.
Potential avulsion point, 120 degrees to 1781 RR, trapezoid, 11 m crest
to crest, 3 m at base, 2 m deep

62

133
134

5577400
5577406

517605
517592

135
136
137

5577413
5577414
5577429

517594
517595
517583

138

5577459

517548

139
140

5577466
5577493

517532
517484

141
142

5577514
5577563

517473
517427

143
144
145

5577586
5577606
5577620

517409
517380
517377

146
147

5577657
5577704

517368
517320

148

5577795

517277

149
150
151

5577829
5577884
5577906

517250
517234
517249

152

5577922

517242

153
154

5577906
5577912

517231
517217

155
156
157
158

5577885
5577948
5577973
5577991

517193
517005
516995
516974

159
160
161

5578014
5578078
5578119

516919
516854
516815

Top step, start debris berm LB
Berm left bank. Trapezoid: 11.5 m crest to crest, 5 m flat base, 2-2.5 m
deep.
Top of 2.5 m tall berm, transition to smaller volume berm
Smaller volume berm, Dec 1 avulsion site, same geometry as previous
Top end berm not tied into bank, potential avulsion point, left apex still
higher up.
Near inset fan apex. Trapezoid: 8 m crest to crest, 4 m wide at base, 2.5
m deep, on left bank, flat 15 m wide, toe of right bank altered gambier
group
Inset fan apex, erosional nick point in channel
Top end of spider work, levees both side, valley flat 15-30 m inset
channel with narrow terraces
Left bank erosion
Steep sided rock gully 30 m deep, 9 m crest to crest, 30% channel
gradient 100% sloping sidewalls, 2 right bank slumps
10 by 10 by 2-3 thick, bank slump partially blocking channel
Three megaboulders (4-6 m dia) forming jam. Partially held up by wood.
Top of boulder jam, right bank rotten seeping failure scar 15 m wide, left
bank slumped on top of boulders
Convex top end nasty ravine, -40%, +30%
~50 m wide valley flat filled with sidewall slump colluvium 3-5 m thick,
creek incised, right bank photo.
Possible old rock slump scar left bank 50 m wide by 30-50 m tall. On
right bank opposite and up 20 m, fresh slump/slide 15 m wide, still 90%
residual. Reach break to steep ravine.
Toe of slide at confluence
Start residual hazard left bank tension cracks.
Left crest failure area, changed since Dec 1, but still 50% residual
volume, 25 m wide by 25 m long by 1.5 m thick
Right side of fresh (since Dec 1) slump, 20 m wide by 5 m thick offset
from crest by 2-5 m thick, incipient failure.
Fresh crown, 1 m downdrop, -70%, +10% in inset flat area behind crest.
Right side of major since Dec 1 slump area, fresh tension cracks and
settlement across 30-35 m wide convex slope crest, 5 m offset, 15-25 m
slope length, 2-5 m thickness, or 1000-4000 m3.
Mine adit.
10 m wide by 15 m long slide right bank, noted as old Dec 1.
Tree throw from slump noted Dec 1, no change at site
Shots of Dec 1 slump 35 m opposite here, convex break from steep
ravine to lb bench
Old blocks cry debris levee inset colluvium, -+40%
Left edge talus opening at toe, just inside trees
Creek on rock cascade, +60%, -70%, scattered cool vial blocks, left bank
talus right bank rCv up to bluffs 15 m up

63

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

5578156
5578169
5578225
5578268
5577653
5577250
5577299
5577394
5577304
5577262
5577276
5577304
5577333
5577238
5577310
5577308
5577222
5577135
5577114
5577018
5577014
5577018
5577038
5577199

516789
516780
516757
516734
517248
518135
518112
518087
518058
518033
517984
517963
517948
517960
518269
518561
518561
518473
518446
518470
518508
518545
518702
518779

Right bank erosion 5 m by 5 m
Altered bedrock in channel
30 m deep V-sided ravine +55%, -45%, confluence two ravines
Crest of ridge between two ravine, convex break, -70-90%, +25%
Intersect fresh human tracks (PK Read), trail, goes to main failure site.
Ditch flow forced onto road by gentle toe of slope distal to rock slide
Fan edge
10 m block
10 m rockfall block
Rockslide at edge of fan
Trib creek at rockslide block
Creek Upstream side of rockslide
Trib creek edge of fan, up edge rock slide
1815 Reid two tiny home trailers, both on fan
Driveway to lot upside of road, house ok
Hillslope meets flats on west
1858 driveway, fan hazard boundary crosses road
Creek crosses road, inset in fan gravels
Road becomes right bank of fan area
Lose right confinement join Jason main
Actual creek crossing, previous marked too low
East side road confines fan
Any flood confined on road will bypass start of adhoc dike
East hillside veers from road
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