
1779 West 75 Avenue 
Vancouver, BC 

V6P 6P2 
604-439-0922 

 

CONSULTING GEOTECHNICAL ENGINEERS 

      
Tiyata Developments Inc. (Revised February 13, 2018) December 20, 2013 
1495 Marine Drive File: 11027 
West Vancouver, BC V7T 1B8    
 
Attention: Bruce Van Mook 
 
Re:  Geotechnical Review of Flood Hazards and Construction Recommendations,  
 Proposed Sub-Division, Portage Road, Pemberton, BC 
 
1.0 INTRODUCTION 
 
We understand that it is proposed to carry out a comprehensive subdivision on a portion of the property 
described as LOT 3 DISTRICT LOT 203 LILLOOET DISTRICT PLAN KAP77917 and THAT PART 
OF DISTRICT LOT 203 LILLOOET DISTRICT SHOWN ON PLAN A20 EXCEPT PLANS 
KAP63162, KAP64875, KAP77917, KAP78331 AND EPP1760 (referred to as the lands). The proposed 
subdivision has been referenced from the subdivision plan prepared by McElhanney Associates Land 
Surveying Ltd. dated August 7, 2016, which is included in Appendix A of this report, and from the sketch 
plan of the proposed phased bare land strata plan prepared by McElhanney Associates Land Surveying 
Ltd., which is included in Appendix B of this report. It is proposed to subdivide the lands into a bare land 
strata development consisting of 65 single family dwellings and one mixed-use lot (referred to as Lot B in 
the attached subdivision plan), with the balance of the property attributed to parks and roads. 
 
In accordance with Section 86(1)(d)(i) of the Land Title Act, the Village of Pemberton has asked Tiyata 
Developments Inc. to “provide the approving officer with a report certified by a professional engineer or 
geoscientist experienced in geotechnical engineering that the land may be used safely for the use 
intended”.  This report has been prepared to satisfy this request.   
 
The property is situated within a flood hazard area and falls within the area governed by the “Village of 
Pemberton Bylaw No. 716, 2012”.  The property is situated on the Pemberton Creek alluvial fan and 
therefore is outside of the Lillooet River floodplain and falls within the area defined as “Requires 
Geotech” as shown on Schedule C of the bylaw.    
 
GeoPacific has been asked to provide geotechnical recommendations for the proposed development with 
respect to the potential for flood hazards to affect the site and to provide recommendations for hazard 
mitigation if necessary.   
 
We have reviewed the comprehensive flood hazard study prepared for the Village of Pemberton entitled 
“Pemberton Creek Fan Flood/Geohazard And Dike Study” prepared by Northwest Hydraulic Consultants 
Ltd., dated December 20, 2001 (NHC 2001) in preparation of this report. 
 
This report presents our review of the flood hazards and provides geotechnical recommendations to 
mitigate the effects of flooding as required to allow us to conclude that the land may be used safely for 
this use intended.     
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2.0 SITE DESCRIPTION 
 
2.1 General Description 
 
The proposed subdivision site is located south of Portage Road, south and west of Signal Hill Elementary 
School, east and north of Pemberton Creek and north of Highway 99 in Pemberton.   
 
The site is situated on the lower extremities of the Pemberton Creek alluvial fan.  The site elevation 
gradually increases from about 210 m geodetic elevation in the southeast extremity of the property to 214 
m at the northwest.  The ground elevation increases from south to north at a grade of about 1.3% and from 
the southeast to the northwest at a grade of about 1.8%.   
 
The majority of the site is vegetated with medium sized deciduous trees and underbrush.   There are two 
roughed in access roads near the alignments of the proposed subdivision roads.    
 
2.2 Pemberton Creek Dike 
 
There is a dike along the left downstream bank of Pemberton Creek which is situated within the property 
limits.  We understand that dike improvements were carried out in September 2002 as described in the 
reports: 

“Pemberton Dike Upgrade, Summary of Proposed Work” prepared by NHC, dated June 26, 
2002 (NHC 2002a) and  
 
“Pemberton Dike Upgrade, As-Built Report” prepared by NHC, dated December 18, 2002 
(NHC 2002b). 

 
Review of these reports indicates that the dike adjacent to the BCRP site was upgraded to Ministry of 
Water, Land and Air Protection (MWLAP) standards from the apex of the fan to approximately 100 m 
downstream of the rail bridge (NHC 2002b) to the southern property line of the proposed development 
site.  We understand the following this work the dike was considered a “standard dike”. 
 
We understand that dike improvements were required by the Corporation of the Village of Pemberton in 
order for BCRP to be permitted to develop their land for housing (NHC 2002b).   
 
We understand that further dike upgrades were carried out by the Pemberton Valley Dyking District 
(PVDD) in the summer of 2016 to address erosion issues along the dike and that the dike was further 
raised to meet provincial requirements.   
 
We understand that a right-of-way is in place for maintenance.   
 
GeoPacific has not been asked to carry out a geotechnical assessment of the dike. 
 
3.0 SUBSURFACE CONDITIONS 
 
GeoPacific previously carried out a geotechnical investigation for the lands which include those currently 
being considered for development.  The investigation included 16 test pits excavated through the alluvial 
fan materials and into the underlying floodplain deposits.  The results of this previous investigation and 
geotechnical recommendations for the subdivision are presented in our report dated January 9, 2013, 
entitled “Preliminary Geotechnical Report”.   
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4.0 LILLOOET RIVER FLOOD HAZARD  
 
The “Village of Pemberton Bylaw No. 716, 2012” provides flood construction levels (FCL’s) for 
structures within the Lillooet River floodplain.  The bylaw is based on the floodplain mapping carried out 
in 1985 and issued by Environment Canada in 1990 and considers a 1 in 200 year event.  The proposed 
development site is outside of the Lillooet River floodplain defined on the map, although, the floodplain 
is located immediately east of the development site.  The FCL on the adjacent lands to the east is 
interpreted to range from 209.6 m to 209.8 m elevation, increasing from the south to the north, based on 
linear interpolation of the isograms on the map.  Based on the survey by R.B. Brown the minimum site 
elevation occurs at the southeast corner of the site and is about 210.0 m.   
 
Although the development site is outside of the mapped floodplain it should be recognized that a hazard 
from flooding associated with the Lillooet River does exist although the likelihood of floodwaters 
reaching elevations above those of the development site is low with a probability of occurrence of less 
than 1 in 200 years.   
 
There is no dike between the defined 200-year Lillooet River floodplain and the proposed development 
lands.  Therefore, the lands could be subject to erosion should high water velocities or a shift in 
watercourse occur.   
 
It should be appreciated that the 2012 Bylaw and our review are based on a review of the floodplain 
mapping carried out in 1985 and provided by Environment Canada in 1990.  The geometry and channel 
capacity of the Lillooet River may have changed since the mapping was carried out which could affect the 
FCL.  Further, the influence of any dikes, channel maintenance and new developments constructed since 
the mapping was done could affect the FCL.  Therefore, there may be some uncertainty associated with 
the FCL based on the bylaw and reference materials available.  The degree of uncertainty will persist until 
such time as a new comprehensive study of the floodplain is carried out and new FCL recommendations 
are available for reference.    
 
5.0 PEMBERTON CREEK ALLUVIAL FAN  
 
5.1 General Comments 
 
The proposed development site is located within the Pemberton Creek alluvial fan deposition area which 
is located within the Lillooet River valley.  The alluvial fan is a cone shaped deposit comprised of stream 
sediments and likely debris flow deposits which have been deposited as the stream has shifted position 
across the fan from its apex.  The position of the apex of the fan is structurally controlled by bedrock.  
The fan has been deposited on top of (and likely within) the Lillooet River deposits as confirmed by our 
previous investigation and test hole logs.   
 
5.2 Debris Flow Hazard 
 
GeoPacific was previously requested to review and provide an opinion of the debris flow hazard posed by 
Pemberton Creek to the proposed development site.  The details of our site reconnaissance and hazard 
review are presented in our report entitled “Geotechnical Review of Pemberton Creek Debris Flow 
Hazard” dated December 11, 2013.    
 
Our review concluded that there is a low probability of a debris flow affecting the proposed development 
site corresponding to a range of annual probability of occurrence of 1/2500 to 1/500. 
 
Based on the low probability of occurrence it was concluded that no special mitigation measures were 
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necessary to mitigate the effects of a debris flow at this site.   
 
5.3 Pemberton Creek - Flood Hazard 
 
The flood hazards associated with Pemberton Creek to the proposed development site include the 
following: 
 

(1) Flooding associated with back-up of the creek due to restricted flow and/or blockage of the creek 
where it passes below Highway 99. 

(2) Flooding associated with major slush events such as that which occurred in 2007. 
(3) Flooding associated with constriction due to debris, logs, ice or snow blockages within the creek 

channel causing backup and overflow of the creek channel.   
 

5.3.1 Flooding / Backup 
 
We have reviewed the results of the flood modelling presented by NHC in their 2001.  The hydraulic 
assessment considered the 200-year flood and complete blockage of the Highway 99 bridge and no 
blockage at the BC Rail bridge.  The estimated FCL for the creek provided 1 m of freeboard which 
included a standard allowance of 0.6 m plus allowance for 0.4 m for sedimentation within the channel.   
 
A 200-year maximum instantaneous flow of 104 m3/s was used by NHC in their 2001 flood model and is 
considered to be at the upper bound of end of the expected range (NHC 2001).   
 
The longitudinal profile of the creek and cross-section stationing are included for ease of reference in 
Appendix C.  The results of the NHC’s 2001 hydraulic modelling are shown on their Table 5.4 which 
included in Appendix D for reference.  The portion of the dike immediately adjacent to the proposed 
development site consists of the area from cross-sections 16 to 17 from the south end of the property to 
immediately south of the BC Rail bridge.  Review of Table 5.4 indicates that there is sufficient freeboard 
(> 1 m) in the reach from cross-section 16 to 17 over the estimated 200-year flood level. 
 
Review of the non-standard dike crest elevation to the south of the property indicates that it is below the 
estimated 200-year flood level.   
 
The west bank of the creek consists of a “berm” (NHC 2001).  We note that the berm is well below the 
estimated 200-year flood level and also below the elevation of the non-standard portion of the dike on the 
opposing side of the creek.   
 
In our opinion, should a flood occur which approaches the estimated 200-year flood level, flood levels 
within the creek adjacent to the proposed development site are unlikely to exceed those estimated by 
NHC 2001 as the downstream berm and dike would overtop at much lower water levels and the 
topography is such that flows are unlikely to affect the BCRP land.   
 
5.3.2 Outburst Flood and Slush Flood Events  
 
There are historic reports of outburst flood events or wet avalanches occurring within the Pemberton 
Creek drainage dated back to the 1930’s (NHC 2001).  The events are thought to occur when the saturated 
snowpack slumps and temporarily blocks the creek until the eventual outburst sends a rush of slushy 
water downstream. NHC 2001 noted that Baumann (2000) concluded that the risks of outburst or slush 
floods related to snow avalanches is relatively minor. 
 
A significant slush flood event occurred in December 2007 in which the Highway 99 Bridge became 
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blocked with snow and ice and flood waters overtopped the highway.  We understand that this event was 
triggered when the snowpack on top of the creek collapsed into the creek causing blockage of the 
undersized passage beneath Highway 99.  The blockage cause water levels to rise and an emergency 
response was needed to clear the snow and ice from the creek channel.  We understand that a similar but 
lesser event occurred in 2010.   
 
It is assumed that slush and/or outburst flood events would not produce water levels that exceeded the 
200-year maximum instantaneous flow event (NHC 2001). 
 
A study of how these events developed and the climactic factors which came together to cause the 
formation of slush and high water levels is beyond the scope of this report.   
 
With respect to the proposed development lands we are of the opinion that construction of the proposed 
comprehensive development as planned would not contribute to an increase in likelihood of these events 
and due to the favorable grade of the development site would not likely be impacted by an outburst flood 
or slush flood event.    
 
5.3.3 Channel Constriction Due to Debris /Log / Snow / Ice Jams 
 
Flooding associated with other natural processes within the creek, such as debris, log, snow or ice jams, 
has the potential to cause the dike to be overtopped adjacent to the development site.  Although these 
events are difficult to quantify we expect that they could occur at any point along the creek and could 
contribute to higher than expected flow conditions.  To address the uncertainty of flooding related to these 
processes we are of the opinion that a flood mitigation strategy should be implemented as part of the 
proposed development.   
 
6.0 HAZARD MITIGATION RECOMMENDATIONS 
  
Following our review of the flood hazards which could impact the site, we recommend the following 
mitigation measures be implemented: 
 

1. All structures should be constructed such that habitable space is located at least 1.0 m above 
surrounding finished grades.   Finished grade is defined as the ground elevation directly adjacent 
to the foundation. Habitable space is as defined in the “Village of Pemberton Bylaw No. 716, 
2012”. 
 

2. The proposed finished grades should remain within 0.5 m of the existing site grade at any point 
on the property to help ensure the natural sloping topography is maintained.  The existing site 
grades are shown on the Existing Grade Plan prepared by Webster Engineer Ltd. included in 
Appendix E.   
 

3. All foundations should be buried a minimum of 1.0 m below final grades to help reduce the 
potential for undermining due to scour should overtopping of the dike occur.  Due to the 
proximity to the creek foundations for Lots 54 to 59 should be buried a minimum of 1.5 m below 
finished grades.   
 

4. All foundation walls below the main floor level should be constructed of reinforced concrete to 
an elevation of at least 1 m above finished site grades. 

 
5. A 7.5 m setback should be maintained between the toe of the dike and any development on Lots 

54 to 59.  The area should be kept clear to allow for the passage of water, from the north to the 





 

 

 

APPENDIX A 

SUBDIVISION PLAN 
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BARE LAND STRATA PLAN 
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APPENDIX C 

CREEK PROFILE  

(from NHC 2001, Figure 6.1) 





 

 

 

APPENDIX D 

200-year Flood PROFILE  

(from NHC 2001, Table 5.4) 

 

  





 

 

 

APPENDIX E 

EXISTING GRADING PLAN 
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