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Executive Summary 

In 2013, Fraser Valley Regional District (FVRD) contracted Braun Geotechnical Ltd. 
(Braun) and Cordilleran Geoscience Ltd. (Cordilleran) to carry out overview level 
hazard mapping within their Bridal Falls-Popkum jurisdictional area (Electoral Area 
D).  The scope of work for the Bridal Falls-Popkum study included the following 
tasks: 

 Collection and review of available in-house, published, and FVRD information 
pertaining to hillslope and flood geohazards; 

 Collection and review of government aerial photographs available for the 
study site area; 

 Limited reconnaissance-level field review to ground-truth desk study 
findings; 

 Preparation of this report and overview hazard maps for use by FVRD in 
developing hazard and risk management strategies for the Bridal Falls-
Popkum area. 

The Bridal Falls-Popkum Area is located at the toe of steep northwest facing slopes of 
the Cascade Mountains.  The area comprises complex geological terrain with ancient 
and historic geological hazard activity and prone to forseeable geotechnical hazards 
including:  

 Mount Cheam slide debris generated by the largest prehistoric rock avalanche 
in the lower Fraser Valley (~175M m3); 

 Mountain stream alluvial fans prone to flooding and debris flood/ flow 
activity; 

 Steep mountain slopes prone to debris slide and rockfall activity; 
 Flat-lying low-relief flood deposits to indicate potential for future Fraser River 

flooding; 
 Snow avalanche runout onto alluvial fans; 
 Possible Karst topograpy, postulated by some researchers as a potential 

triggering mechanism for the prehistoric Mt Cheam rock avalanche; 
 Initiation of hazard activity, including rockfall, debris slide and possibly 

debris flow/ flood, related to strong earthquake shaking.  In addition, 
potential liquefaction of distal alluvial fan and Fraser River sediments.  

The findings of the study confirmed that substantial areas of Bridal Falls-Popkum are 
subject to overlapping  hazards that pose significant constraints to development.  As 
such, it is considered that area-based generic and prescriptive hazard mitigation 
requirements cannot be rationally applied to the area by FVRD, (or other Approving 
Authority Having Jurisdiction) in the absence detailed site-specific hazard 
assessment efforts that consider both the hazard type and the type of development, 
that is, acceptability of development will be highly dependant upon proposed risk 
exposure.      

Until recently, the Bridal Falls-Popkum area has been sparsely populated with 
limited development generally concentrated along the Highway 1 corridor.  As such, 
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detailed geotechnical study of the area has generally been carried out for site-specific 
developments only, in limited scope and scale.  A summary review of available 
geotechnical hazard-related information and reporting noted issues that included, 
but that were not limited to the following: 

 Limited published geological mapping and sparse to unavailable regional  
geotechnical information; 

 Regional geological and geotechnical data gaps or inconsistencies; 
 Property-specifc hazard assessments with unsupported or incomplete 

findings; 
 Property-specific hazard assessments from sites in the immediate vicinity (or 

at the same parcel) with unsupported or inconsistent findings; 
 Property-specific hazard assessments with findings that rely on previous 

findings by others that are unsupported or incorrect; 
 Property-specific hazard assessments with findings that exclude published  

large scale hazard information; 
 Frequency-magnitude estimates of identified hazards that reflect the scope of 

proposed developments rather than identified hazards; 
 The level of effort and adopted hazard assessment methodology between 

property-specific reports reviewed during this study were noted to vary 
substantially.   

Reconniassance-level field review of Bridal Falls-Popkum areas was carried out at 
selected locations highlighted by the desk study.  Field review waypoints are 
identified on hazard polygon map attached to the report and subdivided into the 
following general areas: 

 Dunville/ Neville Creek Area – two recent episodes of debris slide activity 
were noted in the headwater gully area. 

  Interchange Creek Area – fan and lower basin areas were traversed to 
confirm interview information pertaining to previous flood/ sediment flood 
events. 

 Bridal Veil Creek – source area for the prehistoric Mt Cheam rock avalanche.  
The fan and portions of the basin were traversed to confirm regional and 
property-specific information 

 Popkum Creek – fan and fan apex areas were traversed to review field 
evidence of previous debris flows and avulsions reported by others.  Debris 
flow and flood protection structures were also reviewed. 

 Anderson Creek – largest creek in the Bridal Falls Popkum area.  Fan and fan 
apex areas  traversed to review field evidence of previous debris flows and 
avulsions reported by others.  Debris flow and flood protection structures 
were also reviewed. 

Climate change impacts (increase in average winter temperature, precipitation 
intensity and duration, increased frequency of rare strong storm events) are 
expected to increase the frequency and magnitude of natural hazards identified in 
the Bridal Falls-Popkum area.  
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Discussion of report findings and recommendations provided in this study include 
the following: 

 Confirmation of the suitability of the Hazard Acceptibilty Criteria presented in 
the Cave report for consideration of development in the Bridal Falls-Popkum 
area, including application by FVRD of subdivision development criteria for 
densified recreational occupation (i.e. RV parks, recreational cabins, etc.). 

 The geotechnical community currently considers that a future catastrophic 
rock avalanche in the area is improbable (<1/10,000 per annum), despite the 
known ~5,000 year old occurrence of the Mt Cheam rock avalanche.  Further 
information that indicates that the general assumption that another 
catastrophic landslide is improbable may be flawed includes, but may not be 
limited to the following: 

o Detailed study of the Mt Cheam debris fan by Orwin et al (2004) could 
not rule out the potential occurence of multiple prehistorical 
catastrophic scale landslide events; 

o Uncertainty related to recent identification of a large rockslide located 
to the west of Bridal Veil Creek that may or may not be part of the Mt. 
Cheam rock avalanche; 

o Previous identification by others that the Timber Camp linears as melt-
water channel features is considered unfounded.  Site reconnaissance 
mapping indicate these are slope distress features related to the Mt. 
Cheam rock avalanche; 

o Previous regional mapping by others noted at least two tension crack 
structures at other locations on the Cheam Ridge, and with potential 
for catastrophic toppling failure; 

o Linear features mapped by others above Interchange Creek have not 
been studied further in detail. 

o Recently documented (by others) rockslide deposit on Bridal Creek 
fan, stated to be younger and distinct from Cheam landslide deposit. 

 Rockfall, snow avalanche, debris flow, sediment flood, mountain stream 
avulsion, and flooding have all been identified in site-specific geotechnical 
reports that were compiled and reviewed during this study.  However,  
recommendations for mitigation were noted to vary substantially, often with 
little to no quantitative data to support judgements. 

 Additional regional-scale study is recommended to better characterize 
kinematics and failure potential of identified catastrophic landslide source 
areas. 

 Development proposals that are expected to result in increased human 
exposure by densification should be carefully scrutinized by FVRD. 

 Rigorous site-specific studies should be required for development in fan areas 
considered susceptible to debris flow hazard.  Additional data collection and 
information should include, but not necessarily limited to the following: 

o Detailed channel assessment, 
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o Site exploration (test pits, drilling) to log fan stratigraphy, 
o Radiocarbon dating of ancient deposits, 
o Development of frequency magnitude models for debris flow activity 

on a fan by fan basis. 
o Modelling of debris flow runout and behaviour. 

 Site-specific studies should be carried out at distal fan areas (sediment and 
water flood hazard) to confirm that potential for back flooding is not 
increased due to local conditions, 

 Review and periodic inspection of campsites and other occupied recreational 
developments should be carried out to confirm compliance with established 
restrictive covenants, 

 Regular inspection of selected drainage channels should be carried out to 
monitor for change conditions in the channel basin and fan areas, 

 Construction of structures and fill placement in the vicinity of drainage 
channels should be carried out under design and field review of a Qualified 
Professional, 

 FVRD information, and the findings of site-specific studies, should be made 
available to Bridal Falls-Popkum occupants (residential and commercial).  
Additional education should include some key observational methods that 
may reduce potential exposure to identified hazards, 

 Substantial changes to existing fan topography over time are expected due to 
future development and natural hazard occurences.  As such, requirement for 
assessment and upgrade of existing fan and flood hazard protection measures 
over time should also be anticipated. 
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1.0 Introduction 

Fraser Valley Regional District (FVRD) has an ongoing program of preparing 
overview landslide hazard mapping for jurisdictions within its boundaries. To date 
the Bridal Falls-Popkum area, located to the south of the Trans-Canada Highway, 
between Dunville Creek in the west and Popkum Indian Reserve No 1 in the east, a 
distance of 4km, is an area where landslide hazards have been identified and 
numerous site specific geotechnical reports have been prepared for individual 
developments.  However, a geohazards management model has not been developed.  

This study reviewed all background information pertaining to hillslope and flood 
geohazards affecting the area, conducted limited field work to ground truth the 
office-based assessment, prepared overview hazard maps and presented 
recommendations for implementing hazard and risk management strategies for the 
area. 

2.0 Hazard & Risk Assessment 

A hazard is a phenomenon with the potential to cause harm; it is usually represented 
by a magnitude and recurrence interval (see Table 1). The product of the factors 
Hazard and Consequence equals Risk. Consequence itself is a product of factors, 
including 1) whether an event will reach a site, 2) whether elements at risk will be 
present when the site is affected by the hazard, 3) how vulnerable the elements at 
risk are to the hazard affecting the site, and 4) the value of the elements at risk, or the 
number of persons exposed.  

 
Table 1. Qualitative Hazard Frequency Categories. 

Qualitative 
Frequency 

Annual Return 
Frequency 

Comments 

Very high >1/20 
Hazard is well within the lifetime of a person or typical 
structure. Clear fresh signs of hazard are present. 

High 1/100 to 1/20 
Hazard could happen within the lifetime of a person or 
structure. Events are identifiable from deposits and vegetation, 
but may not appear fresh. 

Moderate 1/500 to 1/100 
Hazard within a given lifetime is possible, but not likely. Signs 
of previous events may not be easily noted. 

Low 1/2500 to 1/500 The hazard is of uncertain significance. 

Very low <1/2500 The occurrence of the hazard is remote. 

Source: BC MoE (1999) 

Nothing is entirely free of risk, and the concept of safety involves acceptance or 
tolerance of a certain level of risk. Risk tolerance is a social phenomenon, and risk 
tolerance thresholds must be defined by policy makers. In Canada and BC there is no 
legislated guidance for risk tolerance to landslides and associated phenomenon, and 
the term “safe” has not been legally defined. In considering risk tolerance, an 
important concept is that risk of loss of life from natural hazards should not add 
substantially to that from all life’s usual factors (driving, health, recreation, etc) 
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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). 

The Fraser Valley Regional District has adopted its own criteria for geohazard risk 
management (Cave 1993). The criteria are presented as a risk matrix with different 
development proposals versus different hazard levels for a suite of hazard types 
(Table 2). 

 
Table 2. Hazard acceptability thresholds for various levels of development considering select 
geologic hazards. See Cave (1993) for full description. 

Flooding >1/40 
1/40-
1/200 

<1/200   

  Major repair 4 3 1   

  Reconstruction 4 3 1   

  Extension 4 3 1   

  New Building 5 5 4 2 1 

  Subdivision 5 5 5 4 1 

Sediment flood >1/50 
1/50-
1/200 

1/200-1/500 
1/500-

1/10,000 
<1/10000 

  Major repair 4 4 1 1 1 

  Reconstruction 4 4 3 1 1 

  Extension 4 4 3 1 1 

  New Building 4 4 3 1 1 

  Subdivision 5 5 4 2 1 

Mtn Stream 
Avulsion 

>1/10 
1/10-
1/100 

1/100-1/200 1/200-1/500 <1/500 

  Major repair 5 4 2 1 1 

  Reconstruction 5 5 2 2 1 

  Extension 5 5 2 2 1 

  New Building 5 5 4 2 1 

  Subdivision 5 5 5 4 1 

Debris Flow >1/50 
1/50-
1/200 

1/200-1/500 
1/500-

1/10,000 
<1/10000 

  Major repair 5 4 2 1 1 

  Reconstruction 5 5 4 3 1 

  Extension 5 5 4 2 1 

  New Building 5 5 4 3 1 

  Subdivision 5 5 5 4 1 

Major Landslide >1/200 
1/200-
1/500 

1/500-1/1000 
1/1000-
1/10000 

<1/10000 

  Major repair 5 5 2 1 1 

  Reconstruction 5 5 5 1 1 

  Extension 5 5 5 1 1 

  New Building 5 5 5 1 1 

  Subdivision 5 5 5 5 1 
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. 
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3.0 Study Area Description 

The study area is part of the Cheam Range at the northern extent of the Cascade 
Mountains in southwestern British Columbia. The terrain consists of a series alluvial 
fans and lower slopes flanking the north facing slope of the Cheam Range. Bedrock 
consists of Cultus Formation (TKJc)(argillite, sandstone, minor carbonate) and 
Chilliwack Group (DPc)(undifferentiated pelite, sandstone, minor conglomerate, 
mafic and felsic volcanics, carbonate)(Monger 1989)(Fig. 1). At mid to high elevation 
thrust faults and undefined faults cut across the face of the Cheam Range. Local 
bedrock structures strike parallel and perpendicular to the north facing slope, and 
dip near vertical or gentle (25-30o) towards the northeast to east into the slope. 
Faults are associated with past and potential catastrophic instability of mountain 
slopes. 

Climate in the area is maritime temperate. Temperature ranges from a daily 
minimum of 0o in January to a daily maximum of 24o-38o in July and August. Mean 
annual precipitation at Chilliwack is 1780 mm with 6% falling as snow. Prolonged, 
sometimes intense rainfall occurs in fall and winter, with snow at higher elevations. 
Late summer (Aug/Sep) storms may also deliver intense precipitation.  

Relief affecting the study area is approximately 2000 m, ranging from 25 m on the 
Fraser River floodplain to 2104 m at the summit of Cheam Peak. Watersheds 
draining the north facing slopes are steep (80-160% ruggedness), and prone to a 
host of geohazards including rock avalanche, snow avalanche, rockfall, debris slide, 
debris flow, outburst flood, sediment flood and regular flood processes. Existing 
development in the area is located on alluvial fans vulnerable to all the hazards 
identified above. Landslide activity in the area may be triggered by prolonged and/or 
heavy rainfall, earthquakes or progressive rock mass weakening, including karst in 
carbonate units. 
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Figure 1. Location and Geology of the Bridal Falls-Popkum Study Area. The ridge of the Cheam 
Range extending northeast to Mount Cheam defines the top of the affecting slopes. Green rock 
(TJc) is Cultus Formation. Blue rock (DPc) is Chilliwack Group. See text for bedrock description. 
Weak rock, including karst in limestone, proximity to faults and other structural lineaments and 
steep slopes all effect instability. Nauman’s thrust forms the failure plane of the Cheam Landslide. 

4.0 Reference Materials                                                                                

Background reports, provided by FVRD, include overview reports and site specific 
studies. These documents, summarized in the following section, were reviewed and 
those hazards that were identified were noted along with frequency of occurrence 
and other pertinent details. 

Airphotos for the study area were obtained from the Geographical Information 
Centre at UBC. A list of photos available is presented below (Table 3). Since detailed 
air photo studies of upslope areas had been conducted by others, detailed air photo 
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interpretation was not conducted; rather photos were used to follow up specific 
events identified in background review and the field portions of the work. 

Table 3.  Historical Air Photos Reviewed 

Year Air Photo Identifiers 

1948 BC497-089, BC499-10, BC500-104, BC651-001 

1959 41664-109,-111,-121,-122,-123 

1963 BC5062-148,-150, BC5063-112,-114,-115,116, BC5064-043 

1969 BC79007-152,-154,-156, BC79056-233,-235, BC79062-265,-267 

1979 BC79007-152,-154,-156, BC79056-233,-235, BC79062-265,-267 

1983 BC-83008-249,-251,-253,-114,-116,-118, BC83012-021,-023 

1993 BCB93029-261,-263, BCB93030-001,-002, BCB93032-171,-173,-175, BCB93040-088, 
090 

1999 SRS6064-323,-325,-283 

2004 SRS6912-290,-292, SRS6929-182,-184,-186 

5.0 Field Work 

Field work was conducted by Pierre Friele and James Wetherill on September 12-14 
and October 21, 2013. Field traverses were conducted of Dunville-Nevin Creek 
benchland (Sept 12)(WPs 714-753) including the runout of a recent debris flow; 
Interchange Creek fan (Sept 13)(WPs 754-783); Timber Camp linears (Sept 13)(WPs 
784-804); lower slopes from Popkum Recreational Vehicles to Bridal Falls FSR (Sept 
14)(WPS 805-855); and Bridal Fan (Oct 21)(921-943). Observation waypoints were 
marked using handheld GPS accurate to ±10 m. A waypoint log is included as 
Appendix 1. Select photos tied to the Waypoint Log are presented in Appendix 2. 

6.0 Base Maps 

Two base maps were produced and are provided in folders at the back of the report. 
Map 1 is a TRIM map extending from the valley bottom to the ridge crest. This is an 
overview map used to delineate major watersheds, alluvial fans and intervening 
open face terrain, and to present upslope hazards and terrain features identified 
during background review. Topographic data was slope-themed to provide a visual 
representation of slope distribution. Slope categories were chosen to represent 
geomorphic breaks, with 0-5%, 5-15%, 15-30%, 30-50%, 50-70%, 70-90% and 
90+% slope classes: 0-5% represents level to gentle upland slopes, floodplains, distal 
alluvial fans and the undulating surface of the Cheam landslide deposit; 5-15% 
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represents gentle upland slopes, distal alluvial fans and the undulating surface of the 
Cheam landslide deposit; 15-30% represents gentle upland slopes and proximal 
alluvial fans; 30-50% represents moderate upland slopes, distal colluvium cones and 
aprons; 50-70% represents moderately steep upland slopes, proximal colluvium 
cones and talus; 70-90% represents steep upland slopes and 90+% very steep 
upland slopes. On upland slopes where no hazards from upslope are affecting, the 
30% slope break is the break between No Apparent Hazards and steeper slopes with 
potential slope hazards including foundation stability. On alluvial fans the 15% break 
is taken as the approximate break between destructive debris flow impact and less 
destructive debris flow or sediment flood impact. Hillslopes steeper than 50%, may 
be source areas for debris slides, debris flows, rockfall and snow avalanches. 

Map 2 was developed as the base on which to present the detailed geohazard 
mapping of the project area. Various map bases were available. There was older 
1/10,000 scale, 10 m contour interval topographic mapping covering the project 
area. This mapping was not utilized because it is not in digital format. Fraser Basin 
Council provided LIDAR topographic data with a 2 m contour interval. This base only 
covered the lower portion of the development area. The final digital topographic 
base map was produced by merging available LIDAR with 1/20,000 scale TRIM data 
provided by FVRD. LIDAR based topography provided an accurate representation of 
the surface expression, and mapping is accurate along the lower slopes and up to the 
middle fan elevation; TRIM based topography with 20 m contour interval, covering 
fan apices and hillslope areas, provided only an approximate representation of the 
surface. 

7.0 Geohazard Mapping 

Hazard mapping for various jurisdictions in the Fraser Valley has been an ongoing 
effort by FVRD.  A standard approach has been developed by Bob Gerath (Thurber). 
We have attempted to keep our mapping style consistent with the approach 
developed by Mr. Gerath.  

The hazard mapping presented herein was informed by review of background 
reports, by fieldwork and by slope theming described above. Hazard polygons were 
hand drafted onto the base map (Map 2); they were numbered and classified into 
three categories: No Apparent Hazard (NAH); Potential Hazard (PH) and Significant 
Hazard (SH). Polygon numbers, hazard class, frequency assignment, and a brief 
description are provide on Map 2 and in Appendix 3. 

No Apparent Hazard indicates that for all hazards and development types 
considered, there are no hazards affecting that are considered to exceed the 
acceptability criteria presented by Cave (1993).   

Potential Hazard indicates that for all hazards and development types considered, 
there may be hazards affecting that exceed the acceptability criteria presented by 
Cave (1993); therefore more detailed site specific assessment is required to estimate 
hazard frequency and magnitude for evaluation against the appropriate safety level 
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for the development being considered; for development to occur, protection 
measures and a covenant could be required.   

Significant Hazard indicates that for all hazards and development types considered, 
there are hazards affecting that exceed the acceptability criteria presented by Cave 
(1993); therefore more detailed site specific assessment is required to estimate 
hazard frequency and magnitude for evaluation against the appropriate safety level 
for the development being considered; for development to occur, protection 
measures and a covenant would be required. 

Hazard frequency assignments provide a semi-quantitative rating of the potential 
hazards identified in the qualitative NAH, PH, and SH polygons presented on the 
Geotechnical Hazard Map.  The preliminary frequency assignments are based on an 
overview level of study only, and are provided for guidance on the scope and scale of 
detailed assessments that should be anticipated for a selected area.  The assignments 
reflect hazard acceptability criteria developed by Cave (1992) and presented 
previously in Table 2.  As such, the hazard frequency assignments should be 
reviewed and revised as required to reflect Cave criteria revisions.   
Further, the findings of more rigorous site-specific assessment or additional detailed 
regional study may supersede preliminary hazard frequency assignments presented 
in this study.  

The types of hazard listed in each polygon include landslide (Ls), rockfall (Rf), debris 
slide (Ds), alluvial fan hazards (Af), debris flow (Df), snow avalanche (Sa), 
earthquake hazard (Eh), as described in the text.  Previous mapping describing the 
hazard type, flooding (F), has subdivided flooding into water flooding (Wf) and 
sediment flooding (Sf). The term debris flooding used by Thurber is considered the 
same as the term sediment flooding used herein.   

Previous mapping describes the hazard type, earthquake (Eh), as it pertains to the 
combined potential for amplification and liquefaction triggering in loose soil 
deposits.  A summary of liquefaction susceptibility and surficial geology in the 
Chilliwack area and identification of study-site relevant types are presented in Table 
(4) below. 

Table 4.  Liquefaction susceptibility of Chilliwack soils (Levson et al, 1996). 

Surficial 
Geology

1
 

 Age Distribution Sediment Type 
Water 
Table 

Liquefaction 
Susceptibility 

River channel Very recent Along rivers and streams Sand and gravel 
At 
surface 

High to very high 

Fraser 
alluvium 

Holocene Widespread on flood plain Sand, silt, and gravel 
Near 
surface 

Moderate to high 

Sandy alluviial 
fan

2
 

Holocene Lower Vedder River fan 
Sand, silty-sand, and 
gravelly silty-sand 

Variable Moderate to high 

Gravelly 
alluvial fan

3
 

Holocene 
At mouth of mountain 
streams 

Gravel, sand, and 
silty-sand 

At 
surface 

Low to moderate 

Alluvium with 
near surface 
fines 

Holocene 
Abandoned channels and 
other lows on floodplain 

Silt, clay, and organics 
over sand and gravel 

At 
surface 

Low to moderate 
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Bog Holocene Widespread Peat and organic soils 
At 
surface 

Nil at surface 

Lacustrine 
deposits 

Holocene/ 
Late 
Pleistocene 

Sumas valley, Vedder Canal 
area 

Sand, silt, and/or clay 
Near 
surface 

Low to high 

Eolian Holocene Small areas, Ryder Upland Silt and sand Variable Low to high 

Till Pleistocene Ryder Upland Diamicton Variable Very low 

Glaciaofluvial Pleistocene Ryder Upland Gravel and sand Variable Very low 

Bedrock 
Pre-
pleistocene 

Mountainous areas Rock Variable None 

1. Hatched rows indicate surficial geology types expected in the Bridal Falls-Popkum study area 
2. Similar environment to distal portions of major drainage fans (lower alluvial fan) 
3. Similar environment occurring from moderately steep portions of the fan to the apex (upper alluvial fan) 

Earthquake hazard has been subdivided into none to low, or with potential for other 
seismically-induced hazards (Eh0), low to medium (Eh1), and medium to high (Eh2).  
Other seismically-induced hazards may include, but may not be limited to; bedrock 
detachment and rockfall; debris slide; rock avalanche; and permanent slope 
displacement. 

8.0 Background Hazard Identification 

The suite of hazards affecting the study area (rock avalanche, snow avalanche, 
rockfall, debris slide, debris flow, outburst flood, sediment flood, clear water flood), 
have been outlined in numerous consultant reports. The first overview was 
presented by Golder (1984). That report identified the affecting geohazards, but did 
not provide detailed mapping, estimates of magnitude or frequency of occurrence, or 
guidelines for hazard management. Since then hazards have been managed on a site 
specific basis according to consultant opinion, and since 1991 they have been 
evaluated against Cave (1993) criteria. 

In the following hazard discussions, regional study information is referenced by 
author and date.  For site-specific assessment information, the civic address of the 
study site is referenced and underlined. 

8.1 Karst 

Karst is a process of solution weathering, typically in carbonate rock. Karst leads to 
cave formation, sinkhole development, and complex phreatic flow patterns including 
runoff infiltration and groundwater springs. Carbonate rocks are a component of the 
Cultus and Chilliwack Formations. In the study area, the presence of caves and 
springs has been anecdotally mentioned, but there is little information on the 
subject. Karst solution has been implicated as a potential factor leading to rock mass 
weakening and catastrophic landslide activity (Savigny, pers comm., 2013). 

8.2 Catastrophic Landslides 

Catastrophic landslides are large (>0.1-1 M m3) landslides that although occurring 
rarely are exceedingly destructive and may travel considerable distance and spread 
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over a wide area leading to complete destruction of whatever is in the landslide path. 
Well known local examples include, but are not restricted to Cheam Landslide (150 
M m3) which occurred about 5000 years ago within the study area, Katz Slide (15 M 
m3) which occurred about 3300 years ago, Rubble Creek slide (30 M m3) in 1856, 
Frank Slide (30 M m3) in 1903, Hope Slide (47 M m3) in 1953 and Capricorn landslide 
(40 M m3) in 2010. 

Kelly and Spilsbury (1939, p. 54) were the first to note the Cheam landslide debris: 
"the topsoil ... is underlain by talus from the bordering mountain and river gravels 
mixed together by the action of water and ice." Comar et al (1962) mapped the 
deposits as Cheam and Popkum soil series. At the time the Cheam and Popkum series 
were thought to represent different landslide events. Smith (1971) described the 
Cheam series from available exposures. Naumann (1990) and Naumann and Savigny 
(1991) studied the Cheam deposits and source area, reported its age as 5000 cal yr 
BP, and based on source area concluded the volume to be some 150 M m3. They 
identified the failure plane as an extension of a thrust fault (340°/21°) from the SW 
(Fig. 1) and the backscarp as a steeply dipping joint set (100°/49°). Of importance to 
future hazard, they identified a plateau to the north of the landslide scarp (Timber 
Camp; Fig. 2; Map 1) that supported linears and could represent future rockslide. 

Orwin et al (2004) conducted a detailed assessment of the Cheam landslide deposit. 
They suggested that the Cheam and Popkum series were both part of the Cheam 
landslide: the Cheam series being the coarse blocky rockslide phase and the Popkum 
series representing reworked drift material liquefied during emplacement of the 
rockslide mass. The combined volume of the Cheam and Popkum deposits yielded a 
volume of 175 M m3, similar to Naumann’s volume allowing for volume expansion of 
16%. 

It is noted that Orwin et al (2004) expressed some uncertainty about the frequency 
of events from the Cheam Range slopes. They reported several locations (their Fig. 4) 
where two rock avalanche diamictons were separated by sand/gravel, and one site 
where three diamictons were stacked. Two sites with multiple rockslide units appear 
to be on Anderson Creek fan and two on Bridal Veil Creek fan, as well as two sites 
north of the Trans Canada. They were unable to distinguish the apparent multiple 
events by radiocarbon dating or other means such as paleosols, and expressed 
caution in highlighting the data. 

Subsequent to Naumann (1990) the potential for large catastrophic landslides clearly 
bore important ramifications for future development. At the time Dr Peter Cave 
worked for RDFC and was in the process of preparing his hazard acceptability 
criteria (Cave 1993). In 1991 there are three reports that consider the catastrophic 
landslide hazard issue: 

In September, Golder (1991) conducted a geotechnical hazard assessment for 
Popkum Resort on the Popkum IR No. 1. They indicated the site was covered by 
Popkum series landslide debris, but were unsure of the source, suggesting that the 
slopes and bedrock gullies on the north slope of Mount Cheam were the source. They 
regarded the potential for a future large rockslide to be a real possibility, and based 
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on reference to preliminary Cave criteria, suggested that residential development 
was not acceptable. They suggested that recreation or limited-occupation 
development, such as for clubhouses, may be acceptable, and that suitable zoning 
was required. They also recommended further work to characterize the landslide 
hazard. 

In October, Hardy BBT (1991) produced a more detailed report on the upslope 
hazard for the proposed Popkum Resort at Popkum IR No. 1.  Northwest of Mt 
Cheam, they identified a rock spur at 1600 m elevation that was cut by tension cracks 
and a 30 m wide by 10 m deep graben some 150 m in length. They reported steeply 
dipping joints parallel to the slope and cross cutting the ridge, another steeply 
dipping set perpendicular to the slope, and a final set shallowly dipping into the 
slope or striking perpendicular. They were unable to identify a structural control for 
a sliding failure plane, and suggested the mode of failure was toppling. However, they 
would not rule out the potential for translational failure. They suggested the toe of 
the instability could be between 300-750 m elevation, but were uncertain. They 
reported a potential volume of unstable material to be between 10-50 M m3, or more. 
They indicated that the slope had not moved in the last 100 years, but that the slope 
should be monitored for slow creep, and that sudden catastrophic failure was 
possible. The report strongly cautioned that residential development was not 
typically permitted beneath such slopes, and that their report should be disclosed to 
future owners. The areas potentially affected by this hazard would be Anderson 
Creek fan and the four alluvial fans directly to the northeast (labelled NN1, NN2, NN3 
and NN4 in this report), and perhaps beyond to Fraser River. The hazard centers on 
the NN1 & NN2 fans. 

In December, Thurber (1991) focused on the plateau between 850-1000 m elevation 
on the east side of the Cheam landslide scar, described by Naumann (1990) as a 
stressed slope. They termed this area the Timber Camp linears (Fig. 2; Map 1). Using 
Naumann’s geotechnical characterization and the slope stability model CLARA, they 
concluded that a large landslide with a volume sufficient to reach Fraser River could 
occur at this site. However, Thurber proposed the linear features could be meltwater 
channels rather than slope distress features, rendering uncertain the potential for 
future large landslides at the site. They concluded there was no convincing evidence 
for future large scale instability. 
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Figure 2. Timber Camp linears based on field mapping conducted September 13, 2013. These 
features are thought to represent a stressed slope. Thurber (1991) argued the linears were not a 
product of slope stress, but rather were deglacial meltwater in origin. The potential rock mass 
involved is as much as 10-30 M m

3
, but the actual hazard posed by these features requires 

resolution. 

Friele and Wetherill visited the Timber Camp linears on September 13, 2013 
(WPs 784-804, Photos 12-15). The strike of the features is 225o. We identified four 
downsloping scarps each 15-20 m tall interspersed with parallel linears with upslope 
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facing scarps 2-4 m tall (Fig. 2). The morphology is clearly rock-controlled, but there 
is a veneer/blanket of till overlying bedrock. Podzolic soil horizons are well-
developed in the till. Two closed depressions were noted. These could be an 
indication of karst developing along the linears. Our view is that the linears represent 
slope distress, but whether instability is relict or ongoing is uncertain. 

8.3 Snow Avalanche (Sa) 

Snow avalanches are destructive masses of moving snow, typical in mountainous 
terrain where snow accumulates at higher elevations. From the initiation zone, snow 
avalanches follow well defined tracks and stop at the base of slope in deposition 
zones. Like floods, seasonal inundation areas are well defined by vegetation, but 
infrequent large or extreme events may exceed the width or runout of seasonal 
events, unless topographically confined. 

Above the study area, the Cheam Range increases in elevation from west to east. In 
the west, above Dunville/Nevin the maximum elevation at 1600 m and the moderate 
slope of the summit ridge allows for the development of forest to the ridge crest and 
there are no snow avalanche paths there. The Bridal Veil Falls Creek headwater is 
formed by Archibald Peak, with steep upper slopes extending from 1400-1700 m 
elevation, and these support small avalanche paths confined to the upper basin. The 
ridge rises easterly to 2000 m at Cheam Peak. The combination of steep slopes and 
high elevation results in well-developed avalanche paths affecting the eastern part of 
the study area. We noted snow avalanche paths in this area, from NN1 creek (WPs 
808-815, Photo 17) and off the face between NN1 and Anderson Creek (WPs 817, 
818, 825, 826). In Anderson Creek, snow avalanche paths are confined to the hanging 
valley above 900 m elevation. In the basins north of Anderson Creek, steep slopes 
descend to the valley bottom and snow avalanche paths impinge on the alluvial fans. 
These paths have been mapped by Freer (1977) and reproduced by MoTI (1977). 

8.4 Rockfall (Rf) 

Rockfall is the falling, bouncing and rolling of fragmental rock masses from bluffs and 
steep slopes onto footslope areas. The repeated process leads to the accumulation of 
blocky rock debris at the base of slope, forming steep sloping landforms termed talus 
or scree. Rockfall can involve individual blocks from small boulder size to several 
metres, or quantities of fragmented rock. Rockfall can be very destructive. 

A well-defined rockfall hazard exists in the study area along the base of the Bridal 
Escarpment, a steep rock bluff standing between 100-400 m tall above the valley 
floor between Popkum and Interchange Creek. East of Popkum Creek rockfall from 
the steep valley sides may affect the base of slopes, but the hazard is somewhat 
reduced by lack of extensive bluffs and the presence of forest on slopes. We identified 
rockfall at several sites (WPs 819, 821, 826) on our traverse of the lower slopes east 
of Anderson Creek. 
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8.5 Debris Slides & Flows (Ds & Df) 

Debris slides result from the detachment of thin soil and debris blanket/veneers 
from steep terrain (~>60% slope), with the material sliding/avalanching down into a 
channel or onto the base of slope. The deposition zone is typically a 50-200 m wide 
belt of terrain less than 30% slope (Fannin and Rollerson 1993). Travel angle, H/L, 
or ratio of total drop to total horizontal length of the landslide is widely used to 
characterize travel distance (Corominas 1996), and this measure is often used in 
hazard mapping as a first order estimate of potential impact areas. Travel angles of 
30-50% are typical for the size of slides/flows expected in the study area. 

Debris flows are channelized flows of mixed rock, soil debris, wood and water. They 
may evolve from debris slides that enter a channel, and/or by bulking of flood flows 
by erosion of channel materials. Material travels as a rapid torrent or slurry down to 
the base of slope. These events are very destructive, as outlined in Table 5 below. 
 
Table 5. Debris flow size class ratings describing impacts for each class (Jakob 2005). 

Class 
Volume 

(m
3
) 

Peak 
discharge 

(m
3
/s) 

Potential Consequences 

1 <10
2
 <5 

Very localized damage, known to have killed forestry 
workers in small gullies and damaged small buildings. 

2 10
2
-10

3
 5-30 

Bury cars, destroy small wooden buildings, break trees, 
block culverts, and damage heavy machinery. 

3 10
3
-10

4
 30-200 

Destroy larger buildings, damage concrete structures, 
damage roads and pipelines, and block creeks. 

4 10
4
-10

5
 200-1,500 

Destroy neighborhoods, destroy sections of infrastructure 
corridor, damage bridges and block creeks. 

5 10
5
-10

6
 1,500-12,000 

Destroy neighborhoods and forest up to 2km2 in 

area, Could destroy parts of towns, destroy forests of 

2 km2 

in area, block creeks and small rivers 

 

Maynard (1993) conducted terrain stability mapping for the Dunville/Nevin 
watersheds. In Dunville Creek there is a steep escarpment between 500 m and 1000-
1200 m that is gullied and mapped as prone to open slope slide and gullied debris 
flow activity. We noted debris slide activity at WPs 722-724, 727, 728, 730, 732, 733, 
and 737-741. Nevin Creek is also gullied through this elevation band and there are 
steep headwaters that could deliver slides to the channel. 

Rollerson et al. (1997) conducted review of airphotos from 1950-1996 and limited 
field traverse of the Bridal Escarpment in response to a debris flow that occurred in 
March 1997 on Bridal Veil Creek. Their figure 1 represents a detailed landslide 
inventory for the portion of the project area extending from just east of Anderson 
Creek to Interchange Creek. They identified 20 landslides, most being roadfill slides, 
a few open slope clearcut slides and one area of natural instability “that seems to 
have failed retrogressively several times since 1950. This area is located south of and 
above the golf course 800 m west of Bridal Falls.” The debris flows mapped reached 
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the upper part of Bridal and Anderson fans and farther downslope on other fans 
discussed.  

They described the March 1997 Bridal Veil Creek event in detail. “The slide initiated 
in colluvium veneer (0.5-1 m thickness) as a 120 m wide by 40 m long slab on a 40o-
45o, west facing slope at 700 m elevation overlooking Bridal Veil Falls Provincial 
Park.” It followed two tracks, and where it intercepted Bridal Falls FSR most went 
over the road, while a portion covered the road for a distance of 75 m. The main lobe 
“entered Bridal Creek just above Bridal Veil Falls. The debris flow temporarily 
blocked and/or diverted the flow of Bridal Veil Creek. Observers in the area noted 
that the water flow over the main falls was reduced and streams of water were 
observed running down the escarpment adjacent to the falls.” The blockage 
subsequently released. Fresh debris was visible at least 200 m below the base of the 
falls. Total travel distance was 540 m, total volume of the event is given as 5000-
10,000 m3 (Class 3, Table 5) and 500-1000 m3 were introduced to the creek on the 
fan. 

They describe the terrain in the vicinity of the 1997 slide on both sides of the creek 
as showing evidence of old scarps, fresh scarps, tension fractures, small slumps and 
slides, leaning and deformed trees. They described one site where fresh tension 
cracks defined an area where a future slide could involve 1500-3000 m3 of debris 
(Class 3, Table 5). They described the slopes in the vicinity as unstable, and that 
future slide/flows affecting the fan were a possibility. 

In the east portion of the study area, the steep valley sideslopes are slide prone and 
gullies channel debris flows and snow avalanche to the fans (MoTI 1977). 

8.5.1 Weather Triggers 

A thesis study was recently completed on the influence of hydrometerological 
controls on debris flow activity in the Chilliwack area (Sutton, 2011). Eighteen debris 
flow storms were identified between 1980 and 2009 in the Chilliwack area, including 
11 debris flow events in the Harrison to Bridal Falls-Popkum area (Table 6). Debris 
flow triggering was analyzed against sixteen hydrometerological variables developed 
from data collected at three meteorological stations: (1) Hatzic Valley at Mission 
West Abbey; (2) Bridal Falls at Agassiz; and (3) Chilliwack Valley at Chilliwack River 
Hatchery. 

Monthly frequencies of large storms in the period 1980 to 2007 were compared with 
the month of occurrence of the eighteen debris flow events.  Not unexpectedly, the 
debris flows studied coincided with the months that experienced the higher 
frequency of large storms (Figure 3).  Sutton also noted that storm rainfall totals and 
rain-on-snow appear to be the most significant predictors of debris flow occurrence, 
but are relatively poor at distinguishing between debris flow and non-debris flow 
initiating storms. 

  



Geotechnical Hazard Study  Date: June 5, 2014 
Popkum-Bridal Falls, FVRD  Project File: 13-5891 
 

15 
Cordilleran Geoscience  Braun Geotechnical 

Table 6 – Summary of hydrometerological variables determined for 18 recorded debris flow events 
in the Chilliwack area (Sutton, 2011) 

 

 

 

Figure 3 – Monthly frequency of large storms with month of occurrence of 18 recorded debris flow 
events in the Chilliwack area (Sutton, 2011) 

8.6 Alluvial Fan Hazards (Af & Sf) 

The repeated occurrence of debris flows through time along a gully or stream leads 
to the formation of radial, or fan-shaped landform where debris flows discharge onto 
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valley bottoms. Fan-shaped landforms are termed cones if they are steep (30-70% 
slope) or alluvial fans if they are more gentle (<30% slope). Processes such as rock 
fall, snow avalanche and grain flow may lead to the formation of cones. Steeper fans 
are typically a product of debris flow and sediment flood processes. For coarse 
granular debris flows the end of significant deposition is on slopes of about 15%. 
Clay rich debris flows can travel much further, reaching slopes as low as 5%. Fans 
with slopes <5% are typically produced by flood mechanisms. 
 

The size and steepness of a watershed determines whether debris flows or floods are 
most likely to reach and affect the fan at the mouth of the creek. The ruggedness 
index, or ratio of basin relief to basin length (determined as the square root of basin 
area), has been found to be a good measure (Wilford et al 2005): basins with a 
ruggedness of >60% may be expected to have debris flow activity reaching the fan 
apex. All fans in the study area are classed as debris flow fans (Table 7). 
 
Table 7. Watershed morphometrics and the most severe hazard expected at fan apices.        
 Catastrophic landslide is not listed (see text). 

Basin Area (km
2
) Relief (m) Ruggedness (%) Process at fan apex 

Dunville 1.6 1100 88 Debris flow 

Nevin 2 1200 85 Debris flow 

Interchange 0.6 900 100 Debris flow 

Naumann 0.2 750 160 Debris flow 

Bridal 2.7 1600 95 Debris flow 

Waterslide 0.2 750 160 Debris flow 

Popkum 0.5-1.0 1000 >100 Debris flow 

Anderson 4.5 1700 80 Debris flow, outburst flood 

NN1 0.7 1300 160 Debris flow, snow avalanche 

NN2 0.6 1200 160 Debris flow, snow avalanche 

NN3 2.2 1800 120 Debris flow, snow avalanche 

NN4 1.8 1800 130 Debris flow, snow avalanche 

Steep cones and fans are found at the mouths of all the creeks in the study area. The 
main ones being Dunville, Nevin, Interchange, Bridal, Popkum, Anderson and four 
unnamed creeks to the east referred to as NN1, NN2, NN3 and NN4. The full suite of 
processes that may affect fan areas include catastrophic landslide, snow avalanche, 
rockfall, debris flow/slide, sediment flood, channel shifting or mountain stream 
avulsion, and flooding. In addition, in Anderson Creek, which supports a steep-walled 
hanging valley above 900 m elevation, there is potential for landslide damming and 
outburst flood. This was first recognized by Golder (1984), in their review of the 
Taams property following a January 1984 debris flow. At the time they 
recommended building a dam structure in the hanging valley to regulate potential 
outburst flood flows. 

In mountainous terrain alluvial fans are often the only available locations for 
development and settlement, and thus property and human life may be vulnerable to 
these processes. The distribution of fan hazards in the study area is discussed in 
more detail in the subsequent section that reviews site specific information in detail. 
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8.7 Flooding (Wf) 

The lower slopes of the study area east of Trans Canada may be vulnerable to 
localized flooding due to stream avulsion and backwater ponding behind barriers 
such as road grades and other berms.  

Terrain elevations for a majority of the study site area are higher than the Fraser 
River 200-year flood (approximately 21.5m at the east end of the study site) and are 
not considered vulnerable to Fraser River flooding.  The 22m contour was selected 
for the map output and indicates that a small portion to the east of the Popkum IR is 
vulnerable to Fraser River flooding. 

8.8 Earthquake Hazard (Eh) 

Hazard mapping included consideration of liquefaction susceptibility of soils and 
potential for amplification (or de-amplification) of earthquake shaking that could 
occur at locations where it was inferred that deep soft/ loose soil deposits overlie 
“firm ground” comprising stiff/ dense soils or bedrock.  Hazard mapping also 
considered potential for seismic-induced geotechnical hazards such as landslides, 
debris slides, permanent slope displacement, or rockfall.  Potential for amplification 
of earthquake shaking due to topographic effects was not considered. 

Limited subsurface information was available for review in the project area.  As such, 
an overview level of assessment of earthquake hazard for each polygon was carried 
out for this study.  As discussed previously in Section 7.0, mapping considered 
earthquake hazard pertaining to the combined potential for amplification/ 
liquefaction triggering as follows; none to low, or with potential for other 
seismically-induced hazards (Eh0), low to medium (Eh1), and medium to high (Eh2).  

Bedrock or bedrock-controlled slopes, inferred glacial sediments, and Cheam slide 
deposits were identified as having no to low potential for liquefaction susceptibility 
and amplification of ‘firm ground’ shaking (Eh0).  However, some of these site areas 
contain or may be impacted by other hazards initiated during or post-earthquake 
shaking (i.e. seismically induced hazards), such as debris slides, soil slides, rock 
slides, rockfall initiation, and permanent slope displacements (non-liquefiable soils). 

Proximal (upper) fan areas, debris cones, and colluvium slopes were assigned a low 
to medium potential for amplification/ liquefaction susceptibly (Eh1), and site areas 
that contained or that may be impacted by possible seismically-induced hazards 
were identified. 

Distal fan and fan margin areas were assigned a medium to high potential for 
amplification / liquefaction susceptibility (Eh2). 

8.9 ‘Property Scale’ Landslides: Discussion of Deterministic Analysis 

Documentation of highlighted or observed property scale soil and rock slides was 
carried out as part of the study, where encountered.  However, evaluation of slides of 
this scale generally requires detailed mapping to determine site geometries, 
intrusive site exploration methods to determine subsurface conditions, in order to 
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determine appropriate geotechnical parameters for quantitative deterministic slope 
stability analyses.  Reasonable and rational assignment of geotechnical parameters is 
required to determine driving and resisting forces within a soil or rock slope and 
calculate a Factor of Safety (FS) for the slope. 

Current BC Building Code (2012) requires a clear and simple distinction between 
stable and unstable slope conditions for structures, expressed as a computed value of 
the factor of safety. Further, the current BC Building Code requires that slope 
performance under both static and seismic conditions be addressed as part of 
foundation designs, and that the seismic hazard probability with a 2% probability of 
exceedance in 50 years (~1:2475 return) should be considered in seismic slope 
stability assessment.   

Minimum acceptable factors of safety are presented in building code reference 
documents and in the current 4th Edition Canadian Foundation Engineering Manual 
(2006), and indicate that for slopes in static condition the factor of safety should be 
at least 1.3.  Required factors of safety can be greater than 1.3 for critical or high 
consequence/ vulnerability conditions. 

However, calculated factors of safety only present a baseline (or ‘snapshot’) 
assessment of slope conditions at the time of analysis, and may not present an 
accurate representation of slope conditions over the long term (Fig. 4).  

 

     Preparatory Causal Factor -factor that makes the slope susceptible to movement (ie. tend  
     to place the slope in a marginally stable state).  

     Triggering Causal Factor -factor that initiates slope movement (ie. tend to place the slope 
     from a marginally stable state to an actively unstable state). 

 

Figure 4. Influence Factors on Slope Stability (after Popescu, 1994) 
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Site slopes are considered stable in the condition where the margin of stability is 
sufficiently large to withstand all reasonably foreseeable destabilizing forces. Slopes 
are considered marginally stable if they will fail at some time in the future in 
response to foreseeable destabilizing forces that reach a certain level of activity. 
Slopes are considered actively unstable if they are undergoing intermittent 
movement or on-going creep caused by destabilizing forces. 

Man-made processes with potential to negatively impact the stability of slopes 
and/or promote erosion include, but may not be limited to the following: 

 Excavations into the slope or slope toe areas 
 Water leakage from onsite and / or offsite waterlines, storm lines, and 

sanitary sewer lines 
 Excessive vibration from heavy machinery, such as compaction equipment or 

pile drivers 
 Defective maintenance of slope drainage systems 
 Loading of slopes and/or slope crests (fill, structures, etc.) 
 Excessive landscape watering 
 Construction of ponds, pools, or other water retention structures with 

potential for uncontrolled leakage 
 Removal of trees and vegetation from onsite and/or offsite areas 
 Unexpected changes to groundwater flow regimes due to site development. 

Natural processes with potential to negatively impact the stability of the steep site 
slopes include, but may not be limited to the following: 

 Extended periods of seasonally wet weather 
 Storm events with exceptionally high rainfall intensity and duration 
 Erosion of slope toe areas 
 Earthquake events 
 Climate change impacts 

9.0 Site Specific Hazards by Geomorphic Unit 

The larger alluvial fans in the study are each discrete areas of settlement and data 
from site specific studies are presented on a fan by fan basis. 

9.1 Dunville/Nevin Creek Area 

Site specific reports for the Dunville/ Nevin Creek area were not encountered during 
the information gathering phase.  The area consists of a lower bench between 200-
400 m elevation backed by steep gullied slopes rising to a break at 700-1300 m 
elevation onto a north sloping upper bench some 400-1000 m wide, then rising 
steeply again to the divide at 1600 m elevation. The geology map (Fig. 1) shows a 
fault cutting N-NW across this escarpment. The steep, gullied slopes were mapped as 
potentially unstable and unstable by Maynard (1993). The lower bench is blanketed 
by colluvium material derived from debris flow from the gullies and steep open 
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slopes off the mid slope escarpment. Two small croft farms are located on the lower 
bench, one on the west margin of Dunville Creek and the other on the east margin of 
Nevin Creek. 

A recent debris flow occurred from the eastern Dunville Creek headwater gully in 
Fall 2012 or the winter/spring of 2013. Levelton (2013) conducted an aerial 
reconnaissance of the slide. Their report does not provide any of the typical details 
usually included in slide assessments, such as the date of occurrence, a volume 
estimate or discussion of weather conditions that might have triggered it. They 
stated it started in the eastern gully and stopped on the bench, and did not endanger 
any housing or transportation infrastructure. 

James Wetherill was present on the July 4, 2013 heli reconnaissance. From his 
observations we know that Dunville Creek slide scarp is old, but there was new 
release a few months previous that ran out onto the bench for about 500 metres or 
so. The fly over revealed that at the headscarp there was a residual tension crack 
extending to the SW and a substantial area of jackstrawed trees on the slope 
immediately below the crack. The unstable slope area was estimated to be in the 
order of 5000 m3. The nearest house is located across the steep ravine that captures 
Dunville Creek and a few other small unnamed drainage channels downslope from 
the low gradient reach; the residence is not considered to be exposed to debris flow 
hazard from the recent source area.   However, there is significant potential for 
damage to a Chilliwack water reservoir and weir, and possibly a private children’s 
day camp, all located on the Dunville Creek fan adjacent to the Trans Canada highway 
at the base of slope outside of the study area. On November 20, 2013 Braun received 
a phone call from Mr. Purves who informed us that there had been another slide in 
that area within the past few days. From paired oblique photographs taken in July 
and December (Fig. 5) it is apparent that the recently reported event involved 
release of the material below the tension crack described in July. 

We examined the lower escarpment and walked out the recent landslide track on 
September 12, 2013 (WPs 714-753). The track on the fan extended from WPs 737-
741, a distance of at least 750 m from the apex of the fan; most of the debris stopped 
on slopes >15% (WPs 738-739), but a finger continued to the toe (WP740-741), 
finally stopping on a 10% gradient slope. Evidence from tree scars (WP738) 
suggested that a another landslide had occurred 6-10 years previous. 
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Figure 5. The 2013 Dunville slide showing July (left) and December (right) views from the west for 
comparison.  The red circled area is different indicating the tension crack noted at the right side of 
the headscarp in July may have come down in November. 

9.2 Face from Dunville Creek to Interchange Creek 

The Geopacific (1991) study at 52950 Hwy 1 and 52990 Short Road is the only site 
specific report encountered for the Dunville Creek/ Interchange Creek area during 
the information gathering phase. The area was described as a bedrock-controlled, 
drift veneered benchland with Cheam landslide deposits on the valley floor at the 
northeast side of the study area. Rockfall was mapped on steep slopes in the south. 
Two dry northeast trending gullies were mapped at the southern portion of 52990 
Short Road. Debris slide and debris flow potential was considered to be very low. 
Karst potential was noted. The findings of the report indicated that hazards are 
expected to be localized and risk readily mitigated. 

9.3 Interchange Creek 

Interchange Creek has formed a fan covering an area of about 90 ha. between the 
700-1000 m tall Bridal Escarpment in the east and low rock hills in the west (Fig 6). 
The primary apex is at about 350 m elevation fed by a 60 ha. watershed with a 
ruggedness index of 100%. From the primary apex down to 170 m elevation the 
creek is incised 4-10 m in the fan surface, leaving an “entrenched” fan. The 
intersection point, or active fan apex is at 170 m elevation, and the active fan 
downslope has an area of approximately 50 ha, extending from the Whispering Falls 
B&B east to Interchange Creek, with slopes of 20% near the apex decreasing to 15% 
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near the toe. The toe grades onto level terrain underlain by the Cheam landslide and 
swampy ground. The Gray residence, Whispering Falls B&B and the Golf Club are 
located on the active fan. 

Rollerson et al. (1997) mapped several small slides off the Bridal Escarpment, and a 
larger debris slide/flow in the headwaters on 1950s airphotos. The airphotos  show 
the event travelling along the creek channel and spreading out on the lower fan, and 
later air photos indicate periodic disturbance in subsequent years. At 53191 Bridal 
Falls Road, Agra (1997) noted disturbance on the active fan is visible on air photos 
from 1950s-1980s.  According to anecdotal information provided by ~90 year old Ms 
Gray, who has lived on the property since the 1940s or so, the landslide in the 
headwaters occurred sometime in the 1950s; this event triggered a 20-30 year 
period of channel instability as material was flushed from the system, causing 
avulsion and braiding on the lower fan. Ms Gray’s husband, now deceased, often had 
to bulldoze debris from the channel and realign its course. Aside from this general 
description, she was unable to provide specific dates or other details. 

Hardy (1991) conducted an overview fan assessment at 53191 Bridal Falls Road, 
including air photo review and field traverse of the proposed golf course 
development area and the cliff crest above. The entrenched fan and active fan areas 
were recognized. The upper fan was considered paraglacial, but no supporting 
evidence was provided. Due to entrenchment, they noted there was almost no chance 
of the creek changing course on the upper fan. The lower fan was described as 
largely unconfined and prone to braiding/avulsion. Inspection and management of 
the stream and debris was recommended; as well as channeling of the stream on the 
lower fan. Buildings were recommended to be placed on raised pads. Rockfall from 
the eastern cliffs was assigned a high frequency and setback of 25-60 m from toe of 
talus was recommended. They noted rockfall could block the creek and result in 
channel shifting. Linear features were identified at the cliff crest (Area 3). In analogy 
with Thurber (1991) they were ascribed to meltwater erosion, not rock instability. 

The Hardy (1991) report was sent for review to Thurber who requested detail on the 
linears above the active fan, and a rock rib in the headwater creek south of the 
lookout.  HBT Agra (1992) concluded the features at 53191 Bridal Falls Road posed 
no risk to the proposed development. HBT Agra (1993) provided advice during 
construction of the golf course at 53191 Bridal Falls Road, recommending Tee 4 fills 
pulled back 25 m from toe of talus slope; Tee 3, uphill from Tee 4, encroached on the 
25 m setback and a 2.5 m high rockfall berm was to be constructed; no facilities were 
to be allowed east of the creek.  Fairway of Hole 6 was noted to cross an old avulsion 
channel.  A 1 m raised pad was recommended for the clubhouse foundation.  The 
report also recommended that the development maintain an 8 m debris-free creek 
channel width.  Agra (1994) provided as-built drawings for works prescribed in 
1993. Some recommended work was done, but not exactly as specified. 

Agra (1997) conducted a hazard assessment for 115 camp site RV park proposed to 
replace the golf driving range at 53191 Bridal Falls Road. The change in use required 
reconsideration of the Cheam slide. The same conclusions were provided as with 
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previous studies: no issues with the RV park proposal were raised regarding 
catastrophic landslide hazard. A report caveat indicated that if evidence of large scale 
instability was noted in future, the owner should accept any resulting financial loss 
related to associated use restrictions. The report also included a requirement for 
disclosure of its findings to future owners. Potential fan hazards were described as 
rockfall or debris blockage causing avulsion/braiding and associated flooding, and 
periodic debris flow activity with the potential to affect the clubhouse and RV park.  
To mitigate future damages, a 2 m tall deflection berm was proposed around south 
boundary of the RV park on the north side of Bridal Falls Road was recommended 
and future residential use would have to be reconsidered on case by case basis. 
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Figure 6. Interchange Creek basin and fan, showing main features and channel cross sections 
measured during the field traverse. 

 

The lower and upper fans (WPs 754-783) were traversed. In the area that is 
developed for residential and recreational use, surface modification has removed 
obvious visible evidence of fan activity. However, as soon as one enters the forest 
above the golf course, buried stems, tree scars and lobate and bouldery topography 
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are obvious on the active fan. The incised channel increases from 4 to 10 m depth as 
one progresses upfan (Fig. 6). Inset within the incised channel is a 3-4 m tall terrace 
that is younger than the springboard logging era and likely represent the 1950s 
event; at the apex of the upper fan, where the channel is 8-15 m deep the recent 
debris flow had super elevated and overtopped the channel, spreading debris over 
the left bank (WPs 772, 778-781).  As such, observed field conditions indicate that 
large debris flows could possibly block the channel, avulse and affect the upper fan. 

9.4 Bridal Veil Creek 

This area consists of the Bridal fan fed by Bridal Veil Creek at its apex, plus several 
smaller creeks draining the hillside onto the upslope margin of the Bridal Veil Creek 
fan, thereby also affecting development on the fan. These smaller creeks were 
informally named by Thurber (1991) as Naumann & Smith Creeks on the west side 
and Waterslide Creek on the east side of the fan apex.  

As noted previously Bridal Falls Creek was the source area for the 5000 year old 
Cheam landslide. Bridal Veil Creek has modified the Cheam landslide deposit in a 
complex way by a combination of erosion and deposition, to produce the modern 
Bridal fan. While the apex and immediately downslope is fan-shaped, on the west 
side the lower margin of the fan merges into largely unmodified blocky landslide 
debris near Bridal Falls Road (WPs 941-943); in the central part of the fan the 
topographic highs are eroded landslide hummocks; and on the east side of the apex 
bounding the fan is a bench underlain by Cheam deposits (WPs 928-929). 

The Bridal Falls area is developed with a gas station at 53610 Bridal Falls Road 
(Thurber 1988), a motel and restaurant (Petra 1995, 1998) at 53731 and 53751 
Bridal Falls Road, a small residential neighborhood and RV area on the east side of 
the fan at 10401 Popkum Road South and 53730 Bridal Falls Road (FVE 2006, Golder 
2008), a recreational RV camping area and associated clubhouse & office, starting 
with Camperland in 1981 in the central fan area below Bridal Falls Park at 53730 
Bridal Falls Road (Golder 1981, 1988, 1992, 1993, 1994, 1998, 1999), the water slide 
park at 53730 Bridal Falls Road (Golder 1983) and extending to today with the 
development of Bridal Falls RV resort on the west side of the fan at Lot 6 Area of 
53730 Bridal Falls Road (Golder 2009, 2010, 2011). 

9.4.1 Bridal Veil Creek Fan 

Golder (1981) provided the initial assessment of the Camperland development 
proposal at 53730 Bridal Falls Road. At the time the site was a large non-subdivided 
block west of Popkum Road South. The report did not mention catastrophic 
landslide. They allowed the front 1/3 western part of the property to be developed 
free of conditions, but stated the back part of the property was prone to slides and 
debris flow and use should be restricted. 

Golder (1983) in a letter regarding the proposed waterslide development recognized 
a debris flow hazard on Waterslide Creek at the waterslide parcel of 53730 Bridal 
Falls Road. They described recent debris lobes re-vegetated with alder, perhaps 10-



Geotechnical Hazard Study  Date: June 5, 2014 
Popkum-Bridal Falls, FVRD  Project File: 13-5891 
 

26 
Cordilleran Geoscience  Braun Geotechnical 

20 years old. Setbacks were mentioned for mitigation, no mention of berm 
construction was made. No mention of catastrophic landslide activity was made. 

Golder (1988) stated that the Camperland Clubhouse at 53730 Bridal Falls Road was 
potentially affected by debris flow, debris flood and channel shifting. No mention of 
catastrophic landslide activity was made.  The Golder report discussed the 
development of a berm at the waterslide to the east and concluded that the existing 
berm could deflect debris toward the Clubhouse. They recommended site grading to 
mitigate debris flow hazard at the clubhouse by excavating swales around the 
Clubhouse, and ensuring the building was raised 0.6-1.0 m above the bottom of the 
swales. They also stressed no 24 hr occupancy of the Clubhouse, and restricted use 
during extreme rainfall events.  During the field review a berm was observed on the 
upslope side of the Clubhouse that may have been constructed to deflect surface 
runoff.  However this berm was not mentioned in reviewed reports. 

Golder (1992, 1993, 1994, 1999) assessed the Camperland Phase 3 expansion 
located upslope of the gas pipeline at 53730 Bridal Falls Road. They reported a 
recent (~1 year old) debris flow that affected the Camperland property. They 
indicated it started as a roadfill failure triggered by misaligned water on the Bridal 
Falls FSR, probably triggered by heavy rain, and involved a volume of 500 m3 of 
debris that ran off the slope and through the Camperland property. Based on Figure 
2 in the 1992 report the debris flow had a travel angle of 60% (H/L=240/390m).  
The reports strongly advised limiting camping activities in the Phase 3 area to July 
and August, as defined by restrictive covenant. The owner wanted a longer use, 
extending from May to September. Golder stressed the elevated risk of intense 
rainfall in the shoulder seasons, the difficulty of establishing meaningful wet weather 
shutdown, and recommended a 2.5 m tall berm along the south property line from 
camping stalls 146-152 to protect the Phase 3 area. In 1999 they provided a letter 
stating the berm was built to an acceptable standard. 

Thurber (1993) commented on the security of three possible community water 
reservoir sites. The west sites were located on Bridal fan at the base of two gullies 
east of the fan apex. They noted a high debris flow hazard from these gullies. We 
traversed this footslope area (WPs 926-937) and noted evidence of historic debris 
flow activity and tree stem burial (Photo 31, 32). 

Golder (1998) provided an assessment for a new office building at the site of the 
existing Camperland office and residence at 53730 Bridal Falls Road, and noted the 
proposed use could include residency. This is the first of the Camperland series of 
reports to make reference to Cave (1993) and to explicitly address the potential 
frequency of occurrence of catastrophic landslide in that context. They concluded the 
frequency of catastrophic landslide was <1/1000, therefore allowing new building 
but not subdivision. Since the office location was lower on the fan, they considered it 
to be vulnerable to sediment flood hazard, not debris flow. They concluded the site 
was “safe for the use intended” on the condition that the basement and ground floors 
of the office were not for permanent residential use. 
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Golder (2009) assessed 53480 Bridal Falls Road for a recreational RV campground. 
They noted that the District considered a recreational campground development 
comparable to subdivision for the purpose of residential development.  This was the 
first mention of this policy in the background reports reviewed. They emphasized 
that their report was based on judgment, as the report contained little data to 
support more quantitative assessment. 

The site is below steep slopes referred to as the Bridal Veil escarpment. Golder 
examined historical air photos, including 30BC83008 #s. 253-254, and noted a large 
rockfall scar at the southern and of the Bridal Veil Falls escarpment, centered about 
500 m southeast of the subject property. The escarpment extends to the north-
northeast for an estimated 2,000 m but significant recent rockfall activity appears to 
have occurred only at the southern end of this feature. At the base of slope is a well-
developed talus cone. Based on the rockfall shadow method (Hungr and Evans 1993), 
they determined the gas pipeline right-of-way marks the limit of potential rockfall 
activity, and rockfall should not affect the site. 

Of note they described a large apparent rockslide deposit that they indicated may 
have originated from a cleft in the metavolcanic rock upslope. The debris is 
separated from the base of the escarpment and as such is not derived from 
fragmental rockfall. They suggested the source is distinct from the Cheam landslide, 
but may be related in age.  

The identification of this possible additional event upslope from 53480 Bridal Falls 
Road led the FVRD to request more detailed assessment. Golder (2010) described the 
headscarp and deposit in more detail, as quoted below, and indicated the deposit and 
headscarp had the same lithology, apparently proving the linkage between 
headscarp and deposit. With the crest at 450 m El and the toe at 50 m and a total 
horizontal reach of 750 m, the travel angle was reported to be 53%. They attempted 
to date the deposit, but failed to find associated organics. 

“The area of rock debris in the southwest corner of the property is 
considered to form the northern edge of a single large debris lobe that covers 
a total area of approximately 6 ha. The debris is comprised mainly of rock 
blocks up to several metres in diameter. Estimating an average thickness of 
about 5 m, the volume of rock debris is considered to be on the order of 
300,000 to 500,000 m3. The rock debris appears to consist predominantly of 
one rock lithology; a fine-grained intrusive or subvolcanic rock of probable 
dioritic composition that has been variably sheared and chloritized to 
produce a pale to dark green-coloured rock (greenstone).” 

 “As evident from review of 1979 air photo coverage (308C79006, No. 127), 
the ultimate headscarp of the rocksIide is considered to be situated 
approximately 50 m to 100 m upslope of the crest of the main [Bridal Veil] 
escarpment bluff. The headscarp is arcuate in plan and marked by an 
approximately 25-50 m high, near-vertical bedrock bluff composed of 
medium grey to buff-colored, fine-grained metasedimentary rock (shale to 
phyllitic shale) with a well-developed foliation (possibly bedding) that 
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strikes in a north-northeast to northeast direction with a gentle dip (20o) to 
the east and southeast (i.e. into the hillslope). In one location approximately 
mid-slope along the bluff, the lower contact between the shale and an 
apparently conformable, fine-grained diorltic intrusion (sill) is exposed. The 
upper contact of the intrusion was not exposed but the unit has a minimum 
thickness of about 10 m.” 

Concluding on the catastrophic landslide hazard at 53480 Bridal Falls Road, Golder 
(2009, 2010) indicated it is less than 1/10,000 per annum, and therefore subdivision 
development was permitted without restriction. However, if the Cheam landslide and 
this newly described escarpment landslide are distinct, then the hazard in the mid to 
late Holocene is 1/5000-1/2500 per annum, therefore by Cave (1993) allowing new 
building but not subdivision development. 

With respect to runout of debris flow, they noted that the western portion of the fan 
was concave, declining from 35-14%, with the downslope extent of the coarse 
colluvium material ranging from about 80 m to about 60 m elevation, and debris flow 
did not appear to directly affect 53480 Bridal Falls Road. 

With respect to mountain stream avulsion and sediment flooding at 53480 Bridal 
Falls Road, Golder (2009) noted that Bridal Fall splits into two equal channel upslope 
of the property. The upper channels are not incised (<1 m), but incision increases 
within 50 m of the apex debris cone to 3-4 m. Debris flow levees were noted on the 
channel sidewall crests. The east channel meets Bridal Falls Road, while the west 
channel flows to Cheam Road then to Bridal Falls Road. They indicate there is a 
>1/500 per annum avulsion hazard which would require mitigation. Golder (2009) 
recommended several options including ditch cleaning and culvert upgrade at 
various locations, or construction of an earth berm along the west side of Cheam 
Road to direct flow northward to the swale on Page Road. However, MoTI did not 
support the works within the road right-of-way. Therefore, Golder (2011) 
recommended the clubhouse at 53480 Bridal Falls Road conform to an FCL 1.5 m 
above Bridal Veil Creek or 0.6 m above the local grade or crest of downstream 
embankment, and be protected from scour. 

9.4.2 Bridal Falls Road Frontage 

Thurber (1988) regarding the Gulf Gas Station proposal at 53610 Bridal Falls Road 
observed the site was on the extreme margin of the Bridal fan, and although 
potentially vulnerable to flood and debris flow, the intensity at the site would be low. 
The letter recommended mitigative action be taken, but not what form mitigation 
should take. No mention of catastrophic landslide activity was made. 

Petra (1995) assessed proposed addition to Bridal Falls Motel northeast of Bridal 
Veil Creek at the toe of the fan at 53680 Bridal Falls Road. The property lies between 
58-84 m elevation and has been modified by cut and fill benching. Aside from site 
specific geotechnical concerns (drainage, cutbank stability), geotechnical hazards 
were not discussed and the site was deemed “safe for the use intended.” 
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Petra (1998) assessed a restaurant and commercial development at 53751 Bridal 
Falls Road proposed between Bridal Falls Road and the Trans Canada about 110 m 
east of Bridal Veil Creek. Referring to previous reports they considered flood hazards 
only. They noted that Bridal Veil Creek at Bridal Falls Road had 4-600 mm culverts 
with the invert set at 47.6 m elevation and the road crown was 49.1 m elev; while the 
Trans Canada culvert invert is 46.3 m and the highway shoulder is 49 m. Due to 
sediment flooding, culverts could be blocked and roads overtopped. On that basis 
local FCL was established at 50.5 m elevation.  

9.4.3 Popkum Road South 

This area is a low point on the seam between the east side of Bridal fan and the west 
side of Anderson/Popkum fan. The area would be vulnerable to floods, sediment 
floods and perhaps rare debris flows from Popkum, Anderson and Bridal Veil Creeks. 
Popkum Road south has an existing residential neighborhood and there is a new RV 
campground at the south end of the road. 

Thurber (1989) commented on the “lower east branch” of Bridal Veil Creek. They 
noted that on the basis of excess culvert capacity, Bridal Veil Creek likely followed 
this path in the 1970s and earlier, but had recently been relocated to a westerly 
course by the Camperland development. They recommended various forms of 
channel entrainment to manage creek avulsion on Bridal fan. The report mentioned 
catastrophic landslide activity as being the subject of a previous communication, but 
no explanatory details were provided. They did not discuss Anderson and Popkum 
creeks. 

Golder (2004) assessed Lot B at 10500 Popkum Road, north of Bridal FSR for a new 
building permit to replace a demolished house on the lot. They noted Popkum Creek 
crossed the property and setback was required. Evidence for past debris flow activity 
on Popkum creek was noted, but the hazard level was considered <1/10,000 per 
annum, while sediment flood was judged to be <1/500 per annum. They indicated 
that debris flow and dam-break floods could occur on Anderson Creek, that debris 
flow would not reach the site (based on procedure outlined by Hungr 2004), but it 
was possible that the subject property could be affected by sediment flood and 
flooding, which they assigned a moderate to high hazard at the site (<1/200 per 
annum). Rockfall and debris slide activity were considered credible site hazards, and 
catastrophic landslide hazard was deemed to be <1/1000 per annum. They found 
new building was “safe” on condition of an FCL 1.6 m above Popkum Creek or 0.6 m 
above downslope road crest or embankment, with scour protection, and site grading 
to channel flows away from the residence. 

Fraser Valley Engineering Ltd (2006) conducted an assessment for a new house to 
replace a recently demolished house at 10401 Popkum Road South. They conducted 
an overview of background reports and essentially followed previous practice in 
their evaluation of hazard against the Cave (1993) criteria: catastrophic landslide 
hazard was judged to be <1/1000 therefore new building was acceptable; rockfall 
and local landslide hazard was <1/10,000 per annum and not of concern; debris flow 
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was not mentioned; sediment flood and water flood was judged to be >1/500 per 
annum needed to be considered and so they recommended an FCL of 1.5 m above 
local grade. The report did not discuss Anderson or Popkum fans and how changes 
there due to potential debris flow or outburst flood activity could lead to debris 
flow/flood impact to the property. They referred to anecdotal evidence to conclude 
that “the small creek” (Waterslide or Popkum??) near the property had not flooded 
significantly since 1985. 

Golder (2008) assessed the proposed Holiday Trails Resort development at 53730 
Bridal Falls Road located on the east side of Bridal fan, extending up onto the lower 
slopes. They emphasized their report was based on judgment, as there was little data 
to support more quantitative assessment (all recent Golder reports made this 
statement). Based on airphoto review they noted three road-related post-logging 
landslides older than 1973 that ran beyond the toe of slope into the subject property. 
They noted that Bridal Veil Creek FSR was deactivated in 1998 and had experienced 
no instability since then. Based on review of evidence, they the concluded that the 
catastrophic landslide and snow avalanche hazard was <1/10,000 per annum and 
not of concern, a very high rockfall hazard required mitigation, a moderate to high 
debris slide/flow hazard required mitigation, and a very high channel avulsion 
hazard of Popkum Creek, which appeared to have changed from an easterly to a 
westerly course only recently. They mentioned a first noted occurrence in the 
background reports of a fatality in 1965 associated with avulsion and flooding of 
Popkum Creek (this fatality was not mentioned in any other report reviewed). 
Mitigation of these hazards was achieved by setback from the toe of slope (20-50 m) 
and by channel cleaning on Popkum Creek. They indicated Popkum and Anderson 
Creeks could affect the property. To mitigate flooding they recommended an FCL 1.6 
m above the natural boundary of any watercourse and 0.6 m above natural ground or 
the crest of grade of any road crest or berm that could cause flooding.  

9.5 Popkum Creek Fan 

Popkum Creek is a small watershed between Bridal Veil Creek and Anderson Creek. 
The creek supports a small alluvial fan developed on the west margin of Anderson 
Creek fan.  The fan is directly below the Timber Creek linears, and would be affected 
by a potential catastrophic failure from this source area. Popkum Creek once flowed 
east into Anderson Creek, as indicated on early topographic mapping, but now flows 
west to the Popkum residential area. The timing of the shift is not known, but site 
specific reports suggest the shift may have been forced by the original landowner, 
Mr. Taams. 

Thurber (1993) commented on the security of three proposed water reservoir sites. 
They noted the east site on Popkum fan within 10380 Popkum Road South was 
vulnerable to a high debris flow hazard and that an existing berm was inadequate.  
Thurber (2000) provided foundation stability recommendations for the selected 
reservoir location on Popkum fan. They noted that the existing dike should be 
upgraded, or the base of the reservoir should be provided with riprap protection. 
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Golder (2009) conducted a more detailed hazard assessment of the proposed 
reservoir location within 10380 Popkum Road South. The development would 
consist of three tanks and a caretaker residence, and should be evaluated according 
to “new building” criteria. They noted that a debris flow on Popkum Creek occurred 
sometime between 1961-1968. It was initiated by a roadfill failure on a spur road 
750 m upslope of the site. They estimated the debris flow to have had a volume of 
15,000-20,000 m3 (Class 4, Table 5). They suggested that the location of an old road 
at 120 m elevation on the fan represents a potential avulsion location that could 
direct flows to the Taams property at 10550 Popkum Road. Golder (2008) in their 
Holiday Trails assessment at 53730 Bridal Falls Road, mentioned a fatality in 1965 
associated with avulsion and flooding of Popkum Creek. That fatality was not 
reiterated by Golder (2009). 

Deactivation of the Bridal FSR occurred in 1998, but the spur that spawned the 1965 
event was not deactivated. During an inspection of Popkum Creek in March 2009, a 
small sidewall failure was noted that likely occurred during January 2009 rain-on-
snow. No downstream impacts were noted. On the basis that the gully had been 
scoured, future debris flows were estimated to have a volume on the order of 2000-
5000 m3 (Class 3, Table 5). We observe this estimate does not account for 
contributing volumes from open slope slides that may evolve into debris flow. They 
concluded that on the basis of an estimated frequency of debris flow >1/500 per 
annum, a debris berm was required to protect the proposed caretaker residence. 

Golder (2010) provided a design for a debris flow deflection structure on Popkum 
Creek within 10380 Popkum Road South. They used the Rational method and 200-
year 24hr rainfall from Agassiz to estimate the 200-year peak flood. They factored 
the flood by 5 times to estimate the design debris flow peak discharge. They then 
used HEC RAS to design the berm height based on a survey of a 110 m reach of 
Popkum Creek. The method indicated a debris height of 1.5 m above the channel bed, 
with a velocity of 7.5 m/s for the design event. An additional 1 m freeboard was 
recommended to protect against overtopping of the design debris flow. They 
recommended an as-built inspection of the berm. As-built reports were not available 
for our review. However, our visual inspection of the site (WPs 834-836, Photo 22) 
indicates that the berm may not meet the recommended freeboard specifications. 

9.6 Anderson Creek Fan 

Anderson Creek is the largest creek in the study area. Its alluvial fan may be 
considered vulnerable to catastrophic landslide activity, debris flow, landslide dam-
outburst flood, sediment flood and regular flood processes. The west side of the 
creek in the middle fan area has been settled for many years, while east of the creek 
there is no development to date. 

Golder (1984) conducted a detailed assessment of the Taams Property comprising 
10550 Popkum Road South, 53870 Bridal Falls Road, and 53880 Bridal Falls Road 
which extended from Popkum Road east across Anderson Creek. At the time there 
was an existing residence and recreation facility on the site just west of Anderson 
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Creek. They noted that a debris flow occurred on Anderson Creek in the 1950's, and 
there may have been others which went unnoticed. The most recent event occurred 
on January 4, 1984:  

“Following heavy precipitation and warm weather, which would increase 
runoff due to snowmelt, the flows in Anderson Creek increased substantially, 
fed by the large catchment area. Several small slope failures at the exit from 
the upper catchment area may have temporarily blocked the flow before 
supplying small quantities of debris to the creek prior to discharging down 
the steep slopes. The debris-charged water dropped over several major 
waterfalls and eroded more debris, causing minor slope failures on these 
steep slopes prior to reaching the apex of the fan. Erosion of the upper fan is 
evident, indicating a large proportion of the total debris volume was probably 
obtained by reworking of the previous fan deposits. The creek channel may 
have been temporarily blocked in this area by fallen trees. The debris-
charged creek jumped its channel at two locations, allowing a large 
proportion of the total debris volume to be deposited on the Taams' property 
prior to diversion of the flow back into its 'original' channel to discharge 
through the bridge/culverts at Highway 1.” 

At the property the event was described as a sediment flood resulting in debris 
deposition and flooding over the site between 8 am and 12 pm. About 7000-10,000 
m3 of material were deposited on the Taams property, and more at the toe of the 
creek at the Trans Canada. The total volume was estimated as 15,000-20,000 m3 
(Class 4, Table 4). They considered that there was a high probability of future debris 
flow, and that any new development on the property would require mitigation. 
Potential mitigation strategies included construction of berms, channel cleaning and 
construction of a debris basin. They recommended that no new residential 
development occur on the site under existing conditions. 

Thurber (1990) reassessed the Taams property comprising 10550 Popkum Road 
South, 53870 Bridal Falls Road, and 53880 Bridal Falls Road. They noted that despite 
Golder’s recommendation that no residential use should occur, the Taams residence 
and buildings were reoccupied and insufficient channel cleaning had taken place. 
They reported anecdotal evidence of a heavy rain storm in early November 1989 that 
caused considerable erosion along the channel of Anderson Creek but did not cause 
water or debris flood problems in the residential area. They estimated a high debris 
flow hazard of a size that could result in property damage and loss of life, and a very 
high hazard of sediment flood activity that could cause property damage. They 
recommended channeling of Anderson Creek and earthworks for mitigation of risk. 
They reiterated that under existing conditions residential use was unacceptable. 

Golder (2010) conducted an assessment to support conversion of the recently sold 
Taams property parcel at 53870 Bridal Falls Road to an RV campground with 
clubhouse, motel lodge and swimming pool.  According to FVRD directive, the project 
was to be evaluated as subdivision for residential development. No new information 
was provided about the site. As indicated in previous reports, mitigation for debris 
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flow, debris flood and flooding was required to support residential development. 
They stated the probability of catastrophic landslide was <1/10,000 per annum, or 
acceptable for subdivision, so only fan hazards were considered.  Anderson Creek 
presented the most severe hazard and determined the mitigation strategy.  Sediment 
flood and debris flow hazards affecting the development site were considered high 
(>1/100 per annum) and low (<1/500 per annum), respectively.  According to Cave 
(1993), the protective measures would have to be designed for debris flow.  They 
estimated a 5000-10,000 m3 debris flow (Class 3, Table 4) could affect the fan; they 
did not outline their reasoning for selecting that volume.  They stated most debris 
would be directed along the channel and over the east side of the fan.  Despite the 
stated debris flow hazard, they designed the protective works based on a 200-year 
return sediment flood scenario. To estimate the 200-year sediment flood, the 200-
year 24 hr rainfall at Agassiz and the rational method were used, and the resultant 
discharge was bulked by 5-times, resulting in a peak discharge estimate of 167 m3/s. 
Based on the assessment they recommended a 1 m high debris berm encircling the 
development on the upslope and east sides, and permanent facilities within the berm 
would require protection by FCL of 1 m above grade with scour protection. This 
berm has recently been completed (WP850, Photo 29). 

We traversed Anderson Creek fan (WPs 827-839; 843-851), and noted several 
additional points not covered by background review: there is a debris flow lobe, 
probably dating to 1984, covering the logging road on the east side of the fan 
(WP828, Photo 18); there is an ad hoc rock berm (WP833, Photo 21) that has been 
erected to prevent Anderson Creek from avulsing down Bridal Falls FSR; and Kinder 
Morgan has a natural gas compressor station on the lower Anderson Creek fan (WP 
839), just east and upslope of the bridge (WP 843), that is protected by an angular 
rock berm, 1.5m tall all around. In that area the ground is undulating with large 
angular clasts at the surface, indicating the fan in that area is underlain by the Cheam 
landslide deposit. 

9.7 Eastern Basins 

The eastern basins are all steep and deliver debris flow and snow avalanche to the 
valley floor. The only site specific mapping available was by Freer (1977) and his 
mapping was incorporated into a more detailed report by MoTi (1977). That report 
covers NN1 and NN2 basins and intervening faces and gullies. The investigation was 
triggered by application for an expansion in industrial activity and the required 
access to Trans Canada Highway. The report described a high debris slide/flow and 
snow avalanche hazard, and low to moderate rockfall activity limited by the lack of 
tall cliffs and the abundance of forest cover. Gully 4 was noted to have produced a 
debris flow that reached Trans Canada Highway sometime in the 1960s. The 
potential for catastrophic landslide was not mentioned. 

The report recommended that all permanent structures such as warehouses, offices 
and sheds, and if possible any other activity, should be constructed/conducted only 
in areas which are outside of designated hazard areas, as shown on their mapping; 
development should be restricted to industrial uses; any permanent residential or 
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commercial development would be inadvisable due to the debris slide/flow and 
snow avalanche hazard; and wet weather operational shutdowns were advised. 
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10.0 Climate Change 

Climate change is expected to result in an increase in winter temperatures, 
precipitation intensity and strong storm frequencies (Madsen and Figdor 2007, and 
others).   

A summary of research opinions regarding climate impacts on precipitation is 
provided below in Table 8, (Sutton, 2011). 

Table 8.  Summary of climate change impacts on precipitation (Sutton, 2011) 

Precipitation 
Condition 

Expected Change Condition Authors 

Short Term 
(Intense) 

-6 percent increase by 2100 

-increase in 1990 data compared to pre-1977 data 

-small increase 

+/- annual maximums Sept, Oct, Nov, 2100 

-Jakob & Lambert, (2009) 

-Jakob et al, (2003) 

-Salathe et al, (2010) 

-Mailhout et al, (2010) 

Long Term 
(Annual) 

-10% increase by 2070 to 2100  

-1% to 2% annual increase by 2100 

-1% to 5% increase by ~2050 

-2% to 11% increase by ~2050 

-11% to 12% increase by ~2040 & 

  0% to 21% increase by ~2080 

-Jakob & Lambert, (2009) 

-Mote et al, (2010) 

-Murdock et al, (2007) 

-PCIC, (2010) 

-Elsner et al, (2010) 

 

Seasonal Shift 

-winter increase/ summer decrease 

-winter increase/ summer decrease 

-winter increase (4% to 14%)/ summer decrease    
(14% to 33%) 

-increase in autumn 

-winter increase or decrease (-2% to 16%)/ 
summer increase or decrease (-8% to 6%) 

-increase/ decrease disagreement between 
models 

-Elsner et al, (2010) 

-Mote et al, (2010) 

-Murdock et al, (2007)  

    

-Salathe et al, (2008) 

-PCIC, (2010) 

 

-Salathe et al (2010) 

Climate 
Oscillations 

(PDO/ ENSO)
1
 

-increase associated with high precipitation 

-increase in intensity with positive PDO 

-increase in PDO winter daily maximums 

-changes in stochasticity complicates predictions 

 

-Jakob et al, (2003) 

-Murdck et al (2007) 

-Zhang et al, (2010) 

-Jakob & Lambert, (2009) 

 

1. Pacific Decadal Oscillations & El-Nino Southern Oscillations 

Climate change impact on precipitation is expected to result in a change in rate and 
magnitude of natural hazards, including floods (Whitfield et al 2003a, b) and 
landslides (Jakob and Lambert 2009).  It is beyond the scope of this report to 
evaluate the magnitude of the impact of these changed conditions.  However, climate 
change researchers generally agree on the following: 

 Increase in landslide frequency along the south coast of British Columbia; 
 Reduction in the effectiveness of existing protection measures; 
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 Uncertainty of climate change impacts in curent precipitation simulation 
modelling  techniques warrants caution. 

11.0 Foundations and Soil Subsidence 

Soil subsidence is not addressed in this review. Although fan areas underlain by 
coarse gravel and sand are likely to have sufficient bearing strength for typical 
residential structures, distal fan and floodplain areas may be underlain in part by 
silts, clays and peat, and typically require detailed engineering investigation and 
design specific to the structure and its foundation requirements. These issues are 
beyond the scope of this report. 

12.0 Conclusions and Discussion 

12.1 Evolution of Risk Acceptability Criteria 

Cordilleran and Braun were provided with reports for the study area dating back to 
1977. Most of these were consultant reports provided to the RDFC/FVRD for the 
purpose of overview assessment or to the proponent/Regional District for building 
permit or campground development approval. In reading subsequent reports for 
individual properties it is apparent that considerable subdivision had taken place 
over the period of record, but we were not provided with any hazard reports that 
were written to support the subdivision process as the approving officer for 
subdivision is with MoTI. Thus, we were able to track RDFC/FVRDs evolving risk 
management with respect to appropriate use on existing lots, for industrial, 
commercial, recreation and residential proposals, but were unable to appreciate 
considerations made regarding subdivision approval. 

Although the catastrophic landslide hazard was recognized early on, that hazard was 
generally not explicitly considered by RDFC/FVRD until after 1990. MoTI apparently 
approved several subdivision proposals in the 1980s and 1990s. As ongoing 
densification progressively increases risk exposure, it would be interesting to 
document MoTIs evolving awareness and tolerance of the catastrophic hazard, and 
how that affected the subdivision approval process. 

The most significant development with respect to landslide risk management was 
the adoption of the Cave (1993) criteria. From about 1990 the criteria were part of a 
“working document” and first reference to them in consultant reports was on or 
about 1991. Since 2006, reports have tended to follow a more standardized format in 
response to the publication of the original APEGBC (2006) landslide risk assessment 
professional practice guideline. With respect to proposed campground development 
at Lot 6 Area 53730 Bridal Falls Road, FVRD instructed Golder (2009) that new 
campground development should be equated with subdivision, and appears to be the 
first stated occurrence of that policy. It was mentioned again in the proposed RV 
campground on the former Taams property at 53870 Bridal Falls Road (Golder 
2010). 
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In review, the perceived landslide hazard in the study area has led to restricted land 
use, primarily industrial, recreational and commercial uses. Some subdivision for 
residential use has occurred since 1981 in the Popkum Road South area, but there 
most development has only occurred as replacement of new homes at existing 
residential sites. West of Anderson Creek, rezoning and subdivision have been 
allowed primarily for recreational proposals.   

There has been an increase in proposals for strata-titled recreational development 
property, and recently FVRD has required that these proposals be evaluated as 
subdivisions, though not necessarily residential subdivisions.  There is a reduced 
tolerance associated with the densification inherent with strata-titled recreational 
property in that these developments tend to move from seasonal occupancy to 
permanent occupancy over time.   

Commercial RV campground developments are not currently equated to residential 
development by FVRD, in that sites within the campground are only seasonally 
occupied by mobile structures (i.e. temporal probability is a factor in the assessment 
of potential for exposure to an identified hazard).  It is expected that the Qualified 
Professional would suitably quantify risk in support of a “safe for the use intended” 
statement pertaining to proposed RV campground developments. 

12.2 Catastrophic Rock Avalanche Hazard Assessment & Evaluation 

Cited from Orwin et al (2004), Stolo Nation oral history indicates that the Cheam 
rock avalanche site is xaxa (taboo) because a village was buried there.  

Since Thurber (1991) offered an opinion on the improbability of future catastrophic 
landslides from the Timber Camp linears, the geotechnical community has followed 
the precedent in deeming the downslope areas (Anderson Creek fan to Interchange 
Creek fan) safe with respect to this hazard. In subsequent reports, hazard levels were 
variously estimated as <1/1000 or <1/10,000 per annum to suit the Cave (1993) 
criteria depending on what development (new building, subdivision) was being 
proposed. Even in 2009 after new identification of a rockslide deposit apparently 
distinct from the Cheam deposit on the Bridal fan, the risk of catastrophic landslide 
was deemed <1/10,000 per annum by the Qualified Professional.  That conclusion, 
unsupported by historical evidence, suggests that past precedent has taken priority 
over objective judgment. 

In our view the assumption about the improbability of future catastrophic landslide 
in the area is flawed based on several points: 

 First, Orwin et al (2004) reported possible evidence for vertically stacked 
rock avalanche diamictons on the Cheam plateau, and could not rule out the 
case for evidence of multiple prehistoric catastrophic landslides. 

 Second is the recent identification of a large post-Cheam rockslide from the 
Bridal Escarpment west of Bridal Veil Creek. If this is in fact a distinct 
landslide it is a very significant finding in that it increases the apparent 
hazard, and would increase the suspicion directed to other locations on the 



Geotechnical Hazard Study  Date: June 5, 2014 
Popkum-Bridal Falls, FVRD  Project File: 13-5891 
 

38 
Cordilleran Geoscience  Braun Geotechnical 

Bridal Escarpment. However, this landslide requires independent verification, 
as there is the possibility it is a raised part of the Cheam landslide deposit. 

 Third, and most importantly, we do not agree that the Timber Camp linears 
are a product of meltwater erosion. In view of the fact that they are located on 
the margin of a large prehistoric landslide escarpment, the structures are 
oriented in line with bedrock structures, and they show evidence of vertical 
displacement, they are most certainly an indication of slope distress. Whether 
the slope is presently unstable, near stable or stable has yet to be properly 
determined by detailed kinematic analysis. The estimated potential volume is 
on the order of up to 10s of M m3, and the potential runout could obliterate 
downslope areas out to the Fraser River.  As such, the stability of this slope 
warrants detailed geotechnical evaluation sufficient in scope and scale to 
resolve the issue. (i.e. not a cursory examination). 

 Fourth, there are two other sites identified on Cheam Ridge where 
catastrophic landslide hazard has been identified: the northwest buttress of 
Mount Cheam and large tension cracks on the south side of the summit of 
Mount Cheam. The former features are thought to represent a potential 
toppling failure involving several 10s of M m3. Again, a potential failure would 
obliterate lower slopes extending from Anderson Creek fan to the east edge of 
the study area. This hazard, and identified snow avalanche and debris flow 
hazards, has led to the restricted use of the downslope areas east of Anderson 
Creek fan. At the time of recognition, slope monitoring and more detailed 
study was recommended. None has occurred to date of which the authors are 
aware. 

 Finally, there may be other sites on the Bridal escarpment (e.g., linears 
identified by Thurber above Interchange Creek) that have not been 
confidently ruled out as large scale slope distress features. 

In summary, the catastrophic landslide hazard affecting the lower slopes of the study 
area should be regarded as >1/10,000 per annum and possibly as great as >1/2500 
per annum, or more. According to Cave (1993), this would limit development, 
preventing new subdivision or campground development (if campground 
development is considered equivalent to subdivision development). Stolo and 
Europeans both have recognized the catastrophic landslide hazard, yet this hazard 
remains poorly characterized.   

The scope and scale of additional detailed study sufficient to quantify the 
catastrophic rock avalanche hazard in the Bridal Falls-Popkum area is considered to 
be beyond the financial capability of individual property owners and developers.  
Discussions with FVRD also indicated that study costs would substantially exceed 
their current budget and that support at the provincial or federal level of government 
would need to be obtained to carry out this work.   

Appropriate landslide risk management can reduce potential loss of life. At the 
government level, as opposed to the consultant level, land use policy should be 



Geotechnical Hazard Study  Date: June 5, 2014 
Popkum-Bridal Falls, FVRD  Project File: 13-5891 
 

39 
Cordilleran Geoscience  Braun Geotechnical 

reevaluated, to establish clear objectives around appropriate levels of property and 
human exposure to catastrophic landslide risk in the Bridal Falls-Popkum area. Any 
risk management should include consideration of uncertainty in the current 
understanding of this hazard and should invoke the precautionary principle. 

12.3 Risk Mitigation for Hillslope, Fan and Flood Hazards 

Rockfall, snow avalanche, debris flow, sediment flood, mountain stream avulsion and 
local flooding have all been identified as potentially affecting fan areas in overview 
and site specific reports. Various forms of mitigation have been applied, including 
limiting residential use, covenant, avoidance/setback, site grading, berm 
construction and establishment of flood construction levels. 

All of these measures have been recommended based on expert opinion regarding 
the intensity of potential impacts; although little to no quantitative data has been 
presented to support judgments.  The level of effort on individual site-specific 
assessments is considered to be a reflection of available funding.  However, limited 
scope studies should include as a minimum, discussion of gaps in factual information 
presented in the report and cautious consideration of the potential impact of 
uncertainties and knowledge gaps on findings. 

For example, with respect to the design of deflection berms: for most berms, heights 
have been somewhat arbitrarily determined perhaps because sites are on lower half 
of fans, and the design assumption is that they protect against sediment flood and 
flood processes (i.e., less destructive) and not direct impact by debris flow (i.e., more 
destructive) or more severe rock avalanches. 

The Cave criteria (considered an appropriate risk acceptability framework for the 
Bridal Falls-Popkum area) includes in Table 2 the requirement for protection 
measures for a site if the debris flow frequency can be reasonably expected to be 
between 1/500-1/10,000 per annum. The runout for rare, hence large debris flows 
may readily reach to the base of these fans. Thus, in the study area berm design 
should be based on expected debris flow, not sediment flood processes.  If Cave 
criteria are to be followed then more rigorous methods of debris flow hazard 
assessment must be followed to provide reasonable estimates about debris flow 
magnitude, recurrence, reach and intensity. These might include, but are not 
restricted to, detailed channel assessment, subsurface investigation (test pitting, 
drilling), stratigraphic description, radiocarbon dating of ancient deposits and 
runout modeling. Once a berm is in place, it provides a sense of security. If the berm 
is designed for sediment flood but could be overtopped by debris flow, then the 
sense of security is false. 

In view of overlapping hazards, and gaps in current geological and hydrological 
understanding of the area, development of simple slope-based fan zonation with 
generic hazard mitigation measures provided for other FVRD Electoral Districts is 
not recommended for the Bridal Falls-Popkum area at this preliminary stage. 
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13.0 Recommendations 

The following recommendations are provided with reference to the two overview-
level base maps prepared as part of this study;  Map 1 - Slope Theme Map; and Map2 
– Geotechnical Hazard Map. 

1) Since 1981 in the study area there has been considerable densification by 
development of RV campgrounds, now considered as subdivision for 
residential use by FVRD.  Prior to approving further densification, resources 
should be allocated to better characterize the kinematics and failure potential 
of identified catastrophic landslide source areas. 

2) Restricted land use should prevail within the study area.  Any development 
proposal that seeks to increase human exposure by densification should be 
closely scrutinized by FVRD planning staff.  Reports should be reviewed to 
determine that they meet the intent of a Hazard Assessment Report, and 
should be compared to recommended work scope elements carried out by a 
Qualified Professional (APEGBC, 2010).  Considerations should be given to 
requirement for independent third party review of submissions by a Qualified 
Professional. 

3) For development in fan areas mapped as susceptible to debris flow hazard, 
site specific studies are required to design protection measures. More 
rigorous methods of debris flow hazard assessment must be followed to 
provide reasonable estimates about debris flow magnitude, recurrence, reach 
and intensity. These might include, but are not restricted to, detailed channel 
assessment, subsurface investigation (test pitting, drilling), stratigraphic 
description, radiocarbon dating of ancient deposits and runout modeling. Only 
by such data acquisition can hazard assessment proceed beyond expert 
opinion, which as pointed out, eventually becomes clouded by precedent. 

4) For development in distal fan areas mapped as susceptible flood hazard (Sf, 
Wf), site specific studies may be required to determine local conditions that may 

lead to back-flooding.  Site-specific studies confirming that no downstream 

obstructions are present, may adopt FCLs for residential space that follow those 

outlined by in Bylaw 681. 

5) Review all campsite operations to determine if registered covenants exist that 
place conditions on use, and whether management is in compliance with 
conditions of use identified in the covenant documents. 

6) Ongoing review of selected drainage channels should be carried out as part of 
a regular assessment program for the area.  The reviews should include lower 
slope drainages considered vulnerable to localized flooding due to stream 
avulsion and backwater ponding behind man-made structures prone to 
blockage such as culverts and channel diversions.  Review of upper slopes 
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should be carried out to monitor build-up of natural and anthropomorphic 
debris at bank slope crests, slope erosion and/or movements, and build-up of 
vegetation debris within the drainage channel. 

7) Construction of structures (buildings, pools, retaining walls, landscape 
structures) and placement of fill soils near drainages should be reviewed by a 
Qualified Professional. 

8) Information should be provided to residents and business owners to educate 
on the study site hazards identified in the area.  Education could include some 
basic observational methods to reduce potential exposure to hazards. 

9) Where major changes to topography occur as a result of future development 
or the occurrence of some natural hazard, then reevaluation of existing fan 
and flood hazard protection measures should be conducted. 
Upgrade/maintenance to increase/reestablish preexisting flood/flow 
capacities may be required. 
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Appendix 1. July 12-14, Oct 21 observation waypoints (WPs) collected on traverse in the 

study area. Observations and photo locations cited in text. 

WPs latitude longitude Comment 

714 49.1513 -121.7841 Fan +/-15% slope. Shale rubble. Thin soils. No stem burial of post 

logging cedar stand. Cedar, ginger, Devils club. Undulating surface 

expression. 

715 49.1516 -121.7831 Toe of debris lobe. +/-17% slope. Buried stems along margin and 

brush opening upslope. 

716 49.1515 -121.7829 Head of nick point. Erosion draw, 2-3 m deep. Pour over plunge pool. 

717 49.1509 -121.7828 Tree scar on maple. Push trees/stem burial indicate last event 30-50 

yrs ago. Photo. 

718 49.1508 -121.7829 Lobe front 2 m tall with brush open upslope. Buried stumps, push 

trees, etc. 

719 49.1512 -121.7797 Creek in gully. Point on left bank. 10m sidewalls at 80%. Slope 

incised in rubbly colluvium. Photo. 

720 49.1505 -121.7796 Right bank, second apex. 

721 49.1498 -121.7794 Fan apex left bank & right bank. 6-10m incision with inset lobes. 

722 49.1495 -121.7786 Toe of fresh slide in gully. Gully sidewalls 50-70m long in steep rock. 

723 49.1490 -121.7779 Slide confluence with gully. 

724 49.1485 -121.7762 Slide headscarp in bowl, 45m tall by 8m wide. Sketch in fieldbook. 

725 49.1472 -121.7739 S6 creek in draw. 

726 49.1472 -121.7732 Sharp slope west. 

727 49.1483 -121.7729 Crest of landslide gully, +40%-90% slopes. 

728 49.1482 -121.7723 Slump headscarp. 2m wide block remnant. Sketch in fieldbbok. 

729 49.1484 -121.7717 Centerline of bowl with seeping, +75,-75% slopes. 

730 49.1495 -121.7713 Slide headscarp, 25-30m wide, 85% slope, 1-2m thick. Gully 

headwall. Sketch in fieldbook. 

731 49.1500 -121.7704 Rock control 175
0
 strike. Slope crest to bench. -85%, +30-50% slope. 

732 49.1502 -121.7696 Crest of landslide scar. Traverse turn back point. 

733 49.1504 -121.7736 Toe of slide in gully. -40%, +45-50% slopes. Debris wedge 20 x 20 x 

2 m = 800 m
3
. 

734 49.1519 -121.7739 Break to apex of entrenched debris cone. Sketch in fieldbook. 

735 49.1527 -121.7752 Right bank of channel from WP734-735. Gradual decrease in 

freeboard from 8-10 m to 4-6 m. 

736 49.1532 -121.7748 Left edge of colluvium active fan, braided. 20-25% slope, 2 m wide 

debris flow slurry. Tracks with levees. 

737 49.1535 -121.7742 Centerline debris flow track. +/-30% slope. Damage corridor 20 m 

wide. 

738 49.1544 -121.7758 Bulk of debris stops here. 20-23% slope. Finger lobes carry on and 

erosion water flow in channels, Braided stream. Evidence for recent 

2012/13 slide and one 6-10 yrs previous. 

739 49.1570 -121.7781 Major debris flow deposition overlapping lobes on 15-17% slopes. 

20-30 m wide by 50-70 m long, 1-2 m thick. 

740 49.1580 -121.7789 Break from 15% to 10% slope. WP739-740 channelized debris slurry. 

Sketch in fieldbook. 
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WPs latitude longitude Comment 

741 49.1590 -121.7794 Toe of debris flow. WP740-741 is 5-10 m wide by 0.5-1 m thick. 

Slurry and wash.  

742 49.1605 -121.7762 Nevin Creek tributary. AC=1.2-1.5 m wie by 0.15-0.3 m deep. 

Incised 1-2 m in silty rubbly colluvium (debris flow) blanket. No 

recent disturbances. 2nd creek 10 m to NNE. 

743 49.1612 -121.7768 Road. 

744 49.1613 -121.7780 Ravine crest right bank. 

745 49.1608 -121.7772 Nevin Creek at head of gully. AC=2.0-2.5 m wide by 0.15-0.3 m 

deep. Slope 5%. 

746 49.1607 -121.7777 Ravine crest. 

747 49.1615 -121.7796 Ravine crest -60, +20 slope. 

748 49.1599 -121.7806 Small creek with 1 m wide fresh debris. Top of crest into ravine. 1 m 

broad swale, 3 m deep. 

749 49.1580 -121.7817 Right bank ravine edge. 5-10 m deep. 

750 49.1565 -121.7828 1.5-2.0 m wide creek in swale/ravine. 

751 49.1562 -121.7839 1 m wide creek in swale/ravine. 

752 49.1559 -121.7843 S6 creek in swale/ravine. 

753 49.1555 -121.7859 South fork Dunville Creek. AC= 1.0-1.75 m wide by 0.10-0.2 m 

deep. Incised 1-2 m in colluvium. 

754 49.1786 -121.7611 Whispering Cedars B&B. Slopes +/-10%. Sketch in Fieldbook. 

755 49.1777 -121.7540 Rock debris used to construct retaining wall. Cedar stump buried, 

mature cedar adjacent is not buried. Indicates historic debris 

flow/flood activity. 

756 49.1771 -121.7544 Stump buried by debris flow lobe 2-3 m thick. Slopes +/-20%. 

757 49.1767 -121.7563 Top edge of dug pond pipe fed. Slopes +/-17-18%. 

758 49.1772 -121.7572 Top corner field. Slopes +/-17-18% 

759 49.1765 -121.7559 Debris lobe upslope side. 

760 49.1762 -121.7555 2-3 m levee/lobe against stumps. 

761 49.1759 -121.7549 Top end of abandoned channel. Plugged by debris. Downstream 

channel with 3 m freeboard and 3-4 m wide at base. 

762 49.1758 -121.7546 Logged old growth stump pushed by debris flow lobe. 

763 49.1756 -121.7544 Interchange Creek. AC = 1-1.5 m wide by 0.1-0.2 m deep, variable 

but 1m freeboard. Braided. 

764 49.1753 -121.7541 Top of debris apron off slope. Slopes +30-40% for 40 m to toe of 

talus/rock slope. 

765 49.1750 -121.7541 Right bank edge of boulder lobe. 10 m south of toe of slope. 

766 49.1748 -121.7545 Creek raised 2-3 m higher than WP765. Potential avulsion point. 

Overflow directed toward 320
0
 bearing. 

767 49.1742 -121.7547 Right bank sidewall crest. Sketch in fieldbook. 

768 49.1738 -121.7551 Apex of inset debris flow terrace. Avulsion could go toward 320
0
. 

Sketch in fieldbook. 

769 49.1732 -121.7550 Buried spring board stumps: same event at levee noted at WP767. 

Sketch in fieldbook. 

770 49.1727 -121.7555 Toe of LB levee on debris flow terrace and surface. Edge of levee 

raised 1-2 m above terrace to left trends 350
0
. 
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WPs latitude longitude Comment 

771 49.1722 -121.7556 Sketch in fieldbook. 

772 49.1711 -121.7558 Interchange Creek. Out of channel debris levee on fan. Large rocks 

against coarse wood. Sketch in fieldbook. 

773 49.1709 -121.7551 Apex of inset cone 10 m above creek. Sketch in fieldbook. 

774 49.1701 -121.7552 Debris cone 70% slope undercut by creek. Hillslope to right is 

bedrock. Sketch in fieldbook. 

775 49.1697 -121.7552 Right bank crest. Creek incised 20m in debris cone. 

776 49.1696 -121.7548 Centerline debris flow track. Slopes +/-50%. 

777 49.1697 -121.7552 Left bank crest into gully. 

778 49.1699 -121.7554 Apex of inset cone. Left bank 12 m incision. Left edge fan surface 

trends 290
0
. Stem burial and age of regeneration indicates surface 

affected in last 200 years. Debris levee 20 m long down from point. 

779 49.1705 -121.7558 Debris scar on maple on fan. Surface 10-15 m from scarp crest. 

Channel 32 m wide, 15 m deep. Photo rock and shovel. 

780 49.1707 -121.7559 Margin of WP772 event. Clasts to 2-3 m in diameter. Apex of inset 

trends 320
0
. 

781 49.1717 -121.7562 Margin of 1-2 m thick lobe from overspill at WP780 & 772. 

782 49.1745 -121.7588 Landing with 5 m tall backscarp. With backhoe, would be a good 

place to look at stratigraphy. 25-30% slopes. 

783 49.1754 -121.7618 Break from 15% to 10% slopes. 

784 49.1748 -121.7290 Start of full recontoured bench. Permanently deactivated. 

785 49.1783 -121.7288 End permanent deactivated. 

786 49.1779 -121.7261 NE end of linear, trending 225
0
. 50 cm deep shovel pit. Till with 

granite rounded cobbles. Well developed Ae, Bf. Sketch in fieldbook. 

787 49.1774 -121.7270 Continuation. Wide swale here. 

788 49.1770 -121.7276 Close to where linear daylights near scarp. 3.5 m relief on downslope 

side. No pit because of high water table. 

789 49.1763 -121.7265 SW end of linear trending 225
0
. Broad swale 10-20 m wide, 2-3 m 

relief on dowslope side; feature does not continue to scarp. Surface 

with Ae, Bf. Till. 

790   Closed depression 15 m diameter, 2-3 m deep.  

790 49.1754 -121.7270 Linear extends to scarp. Downslope side 2 m tall. Surface stones all 

angular and local. 

791 49.1750 -121.7273 WP790-791(same as above) 

792a   4-10 m wide bench down-dropped 1-3 m along edge of scarp. Sketch 

in fieldbook. 

792 49.1728 -121.7246 Toe of blocky talus slope. 57% slope to base of cliffs upslope; blocks 

5-10 m diameter. Rockfall could go straight into Bridal Creek. Also 

toe of avalanche path. 

793 49.1727 -121.7252 Escarpment crest. 

794 49.1731 -121.7250 Large block. 

795 49.1737 -121.7250 Toe of talus cone on upper edge of Timber Camp plateau. 

796 49.1744 -121.7252 Creek at limit of farthest blocks on bench. 

797 49.1750 -121.7262 Shallow trench extend 225
0
 to scarp. Intersects around WP792 feature 

not marked. 
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WPs latitude longitude Comment 

798 49.1752 -121.7265 Backscarp of main linear field downslope. Sketch in fieldbook. 

799 49.1767 -121.7264 Top of 2nd 15 m tall scarp. Sketch in fieldbook. 

800 49.1771 -121.7264 Linear trends 245
0
 to NW at base of WP799 scarp. 

801 49.1774 -121.7263 Prominent ridge parallel to linears 4 m down on uphill side. 15 m 

down on downslope side. Sketch in fieldbook.  

802 49.1784 -121.7263 Crest of 20 m scarp. Sketch in fieldbook. 

803 49.1784 -121.7278 Last linear trends 225
0
, 235

0 
for width of bench. Closed depression 5 

x 5m in trough. 4 m relief.  

804 49.1714 -121.7299 SE end of linear trending 230-235
0
. 1-2 m relief on downslope side. 

805 49.1995 -121.7213 Popkum Recreational Vehicle site. Steep bedrock to toe of slope. Fan 

highly modified/terraced by industrial activity. 

806 49.1989 -121.7215 Inset channel. Sketch in fieldbook. 

807 49.1986 -121.7223 On road on fan high point. Slopes +/- 25%. Sketch in fieldbook. 

808 49.1980 -121.7221 Downslope limit of mature maple (i.e., snow avalanche). Conifer 

downslope. Springboard stumps and mature regeneration. Slopes -

25% +35% 

809 49.1983 -121.7228 Same as previous. 

810 49.1982 -121.7237 Same as previous, slopes +/-25% from WP 808-810. Avalanche 

fingers penetrate further downslope. Gradational boundary. 

811 49.1977 -121.7237 Same as previous. Left bank margin. 

812 49.1970 -121.7231 Colluvium apron. Slopes +/-35%. 

813 49.1963 -121.7222 Right bank of incised channel. 13 m deep by 35 m wide. Cone surface 

has mature birch, affected by snow avalanche. From WP812-813 

blown down mature conifer. No old growth stumps. Therefor upslope 

hazards including snow avalanche are frequent. 

814 49.1963 -121.7223 Centerline of chute. Seasonal snow avalanche. Slope -25%. Site just 

below break to steep Rs. Trapezoidal cross section for annual 

avalanche path. 6 m deep by 22 m wide. Sketch in fieldbook. 

815 49.1958 -121.7227 Centerline of 30 m wide snow avalanche path. Path coming from 330
0 

out of gully 295
0
. Slopes +/- 35%, rubbly talus. 

816 49.1956 -121.7227 Left bank edge of WP815 cone; start of mature second growth with 

stumps. 

817 49.1950 -121.7232 Edge of snow avalanche path, right bank. Path has road going up 

centreline then curving west. 

818 49.1944 -121.7238 Edge of snow avalanche path, left bank. 

819 49.1936 -121.7250 Two 3-5 m diameter rockfall blocks on upper bench, aprox 25 m from 

toe of hillslope. 

820 49.1938 -121.7254 Crest of slope. Slopes -70%, +20%. 

821 49.1932 -121.7254 Two 3-5m diameter rockfall blocks on bench 20-25 m from base of 

slope. 

822 49.1930 -121.7261 Centreline of draw. 4-6 m deep; upslope snow avalanche and rockfall 

hazard. Draw continues downslope, but with immature conifer and 

old growth stumps. 

823 49.1928 -121.7268 Same as WP820. WP821 gully has eroded bench locally. 

824 49.1924 -121.7273 Same as previous. End of bench transition to fan right bank edge. 

825 49.1918 -121.7273 Right bank edge of snow avalanche path opening. 
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WPs latitude longitude Comment 

826 49.1918 -121.7268 Rockfall and snow avalanche hazard. Scars on mature cedar. Rockfall 

cone slopes left. 

827 49.1918 -121.7279 Base of steep rock. On road grade. 

828 49.1908 -121.7288 WP 827-828: road grade at base of rockslope/edge of fan. At WP828 

is debris flow lobe covering road. 

829 49.1902 -121.7294 Anderson Creek. Boulder cascade +/-35%. From crossing, road 

continues up to Bridal FSR. 

830 49.1903 -121.7298 Left bank Anderson fan. Just below apex. Entrenched fan head. 

Slopes +/-35%. Old growth outside of entrenched channel. Sketch in 

fieldbook. 

831 49.1908 -121.7304 Fan intersection point. Modern fan apex. Channel cuts left. Rock at 

toe of scarp in upper fan.  

832 49.1912 -121.7313 Debris flow fan active. Stem burial. Right bank slopes +/-25%. Fresh 

active debris flow and sediment flood. Sketch in fieldbook. 

833 49.1909 -121.7315 Ad hoc berm on outside of switchback. 20m long, 1m tall. Coarse 

angular rock. 

834 49.1905 -121.7333 Popkum Creek, Active Channel = 1.0 m wide by 0.1m deep. 

835 49.1905 -121.7334 70m long berm recently constructed below water tank. 2m freeboard 

above fan surface. Creek not incised in fan at the apex where it ties to 

hill. There is only 0.5m freeboard above the fan, but creek incised 

1.5m. So total freeboard= 2m. Doubtful this protects against debris 

flow, only sediment flooding. Fan slope at aproximately 25% 

836 49.1904 -121.7328 Debris cone apex. Inset in older material on right bank. Hillslope on 

left. Photo of levee and push tree. 

837 49.1917 -121.7312 Distal fan slopes +20, -15%. Stem burial on stumps. 

838 49.1933 -121.7303 Edge of field. 17% slope down to slope break on flats. 

839 49.1944 -121.7312 Kinder Morgan angular rock berm. 1.5m tall all around. Toward road 

ground undulating with large angular clasts. Possible Cheam 

landslide deposit. 

840 49.1966 -121.7273 Toe of cone. 280
0
 to/from apex. Snow avalanche comes to field/bush 

edge. 

841 49.1977 -121.7248 Distal fan slopes +/-25%. Historic debris flow in trees. Immature 

cedar and older maple with stem burial. 2 pictures. 

842 49.1988 -121.7243 Cascade/Slokana Log Homes. Industrial yard benched into hillside. 

No protective measures. Old mill and log house building area. 

According to Ms Gray, there was a debris flow at the McKay Mill site 

in 40's to 60's sometime. Is this the old McKay site? 

843 49.1953 -121.7333 Bridge 285586. Opening 8 m wide by 2 m tall with grizzly fence of 1 

m tall railway track to catch debris. 

844 49.1946 -121.7350 Rockcut east end 

845 49.1927 -121.7370 Rockcut west end 

846 49.1922 -121.7373 Camp Bridal entrance. 

847 49.1921 -121.7355 Camp Bridal berm. Creek follows uphill side. O.5-0.75 m relief on 

upslope side at this end. 

848 49.1920 -121.7344 Berm 0.5-0.75 m relief on upslope side. 
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WPs latitude longitude Comment 

849 49.1920 -121.7338 Old growth stump with ~ 1 m sandy stem burial. Slope 7-10%. 

850 49.1924 -121.7324 Top end of berm from WP848-850. 0.75-1.0 m relief on uphill side. 

Slope 10-15%, gravely sand deposits. Photo of berm trending 350
0
 

from WP850 parallel with Anderson Creek. 

851 49.1913 -121.7341 Creek bearing 315
0
. +/-15%. AC aprox. 1 m wide by 0.1 m deep. 

852 49.1886 -121.7384 Camperland backdoor entrance. 

853 49.1883 -121.7426 Camperland main entrance. Drive through indicates no obvious 

protective measures. Main office excavated into hill. Many sites at 

base of slope. 

854 49.1835 -121.7436 Bridal Creek incised 1-1.5 m. Slope 10-15%. AC 1-2 m by 0.1-0.2 m. 

855 49.1831 -121.7433 Sediment flood lobes and stem burial around old growth stumps. 

921 49.1779 -121.7377 On creek. Slope +/-45%. Creek incised 2-3 m in overburden. 

922 49.1793 -121.7388 On break. Slopes +35, -90%. No tension crack on rock visible. 

923 49.1790 -121.7404 On scarp break. Road controlled. Slopes +70%, -100%. 2 m step 

down. Open joints. Sketch in fieldbook. 

924 49.1785 -121.7412 On break. +70, 140%. Wet with Devil’s club. 

925 49.1774 -121.7405 On break. Slopes +35, -70%. Area below in colluvium veneer blanket 

with seepage. Devils club. Some pistol butt on wet soil. Stability class 

four to five terrain. 

926 49.1869 -121.7369 On debris flow fan, slopes +20%. Historic event with debris 1.0-1.5 

m thick on uphill side of mature cedar. 

927 49.1864 -121.7370 Apex of debris flow track with levees. Historic event. 

928 49.1854 -121.7376 On road cut in scarp. Incised by Bridal Creek/fan into Cheam deposit. 

Sketch in fieldbook. 

929 49.1850 -121.7380 Apex of track/fan. Inset in Cheam deposit. 

930 49.1847 -121.7389 Right bank edge of Bridal Creek fan. Fan slope +20, -15%. 

931 49.1846 -121.7389 20 by 20 m debris cone on edge of fan from gully directly upslope. 

932 49.1841 -121.7396 Bridal fan, slope +17, -15%. Stem burial on old growth stumps. No 

soil development. 

933 49.1837 -121.7399 Two deeply buried old growth stumps on Bridal fan. No soil 

developed. 50 cm aggradation behind downed log. 

934 49.1830 -121.7397  Debris flow track from hillslope meets fan. Deposit deflects debris 

on fan. Yellow caution ribbon goes up fan to here indicating recent 

flood problems. Clean rock face above. 

935 49.1823 -121.7394 Talus off cliff formed small debris cone on edge of fan. Right of 

Bridal Creek. Clean swept rock face above. 

936 49.1825 -121.7393 Rockfall talus slope 10 m from toe where it meets fan. 

937 49.1827 -121.7398 On fan apex of debris from WP935 chute. This fan extends to 

WP933/932. At this site is sedimentary aggradation behind log and 

buried old growth stump. 

938 49.1816 -121.7424 Left bank edge of Bridal Creek fan. 

939 49.1825 -121.7442 Medial fan slopes +/-15%. No sign of burial on old growth stump. 

940 49.1814 -121.7472 Major seepage/spring site at toe of fan. Slopes +10, -3%. 

941 49.1820 -121.7474 Block of rockslide deposit at toe of Bridal fan. 

942 49.1824 -121.7470 End of road on blocky landslide debris.  
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943 49.1845 -121.7470 Bridal Falls RV resort. 53480 Bridal Falls Road. 
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Appendix 2: Annotated Photos 

 
Photo 1. WP717. Tree scar on Maple. Push trees and stem burial indicate last event 30-

50 yrs ago. 

 

 
Photo 2. WP719. Creek in gully. View upstream from left bank. 10 m long sidewalls at 
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80% slope, incised in rubbly colluvium. 

 

 
Photo 3. WP723. Slide confluence with gully. View up slide track. 
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Photo 4. WP724. Slide headscarp in bowl, 45m tall by 8m wide. 
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Photo 5. WP724. Stratigraphy of materials in slide headscarp.  1-2 m of angular 

colluvium overlying brecciated sedimentary bedrock. 

 

 
Photo 6. WP736. Left edge of colluvial active fan. Slope 20-25%. Debris flow track with 

levees and slurry lobes. 



Geotechnical Hazard Study  Date: June 5, 2014 
Popkum-Bridal Falls, FVRD  Project File: 13-5891 
 

57 
Cordilleran Geoscience  Braun Geotechnical 

 
Photo 7. WP754. View east across Interchange Creek fan to Interchange Creek 

headwaters. The right photo shows main gully on the right flank of the bedrock bluff. 

 

 
Photo 8. WP755. Interchange Creek fan in golf course area. Note buried stump, with 

adjacent mature cedar not buried. Indicates historic debris flow/flood activity. 
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Photo 9. WP756. Interchange Creek fan, slopes ±20%. Stump buried by debris flow lobe 

2-3 m thick.  

 

 
Photo 10. WP772. Interchange Creek. Out of channel debris levee on fan. Large rocks 

and coarse wood. 
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Photo 11. WP779. Interchange Creek. Debris scar on maple from channel topping event; 

note rock in front of scar. Surface 10-15 m from scarp crest into channel 32 m wide, 15 m 

deep. Shovel for scale. 

 

 
Photo 12. WP786. Timber Camp linear. 50cm deep shovel pit at NE end of linear, 

trending 225 degrees. Well developed (Ae, Bf) podzol soil in till with granite rounded 

cobbles. 
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Photo 13. WP788. Timber Camp linear, close to where linear daylights near scarp. 3.5m 

relief on downslope side. 

 

 
Photo 14. WP792. Toe of talus slope at top edge of Timber Camp linears. View to cliffs 

above. 
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Photo 15. WP797. Shallow linear extends 225 degrees to scarp. Intersects around 

WP792. 

 

 
Photo 16. WP805. Popkum Recreational Vehicle site. Steep bedrock to toe of slope. Fan 

highly modified/terraced by industrial activity. 
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Photo 17. WP814. Seasonal snow avalanche chute, gradient 25%, gully cross section 13 

m deep by 25 m wide. View downslope. Site just below break to steep rock. 

 

 
Photo 18. WP828. Debris flow lobe covering road that follows right bank edge of 

Anderson Creek fan (WPs 827-828). 
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Photo 19. WP829. Anderson Creek forest road crossing. View downstream. Washed out 

by debris flow. Boulder step-pool channel. 

 

 
Photo 20. WP832. Active debris flow fan, view upfan. Debris lobes, push trees and stem 

burial from recent debris flow/flood event. Fan slope ±25%. 
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Photo 21. WP833. Ad hoc berm on outside of Bridal Falls FSR switchback. Berm 20 m 

long by 1 m tall. Coarse angular rock. Meant to divert Anderson Creek off road. 

 

 
Photo 22. WP836. Debris cone apex of small fan. Inset in older material on right bank. 

Hillslope on left. Photo of levee and push tree. 
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Photo 23. WP839. Kinder Morgan site protected by angular rock berm, 1.5m tall all 

around. Toward road the ground is undulating with large angular clasts at surface, 

indicating site is underlain by Cheam landslide deposit. 

 

 
Photo 24. WP841. Distal fan +/-25%. Historic debris flow in trees. Immature cedar and 
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older maple with stem burial. 

 
Photo 25. WP842. Cascade/Slokana Log Homes. Industrial yard benched into hillside. 

No protective measures. Old mill and log house building area. According to Ms Gray, 

there was a debris flow at the McKay Mill site sometime between the 40's to 60's. 

 

 
Photo 26. WP843. Anderson Creek Bridge # 285586. Opening 8 m wide by 2 m tall, 
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concrete lined. 

 
Photo 27. WP843. Anderson Creek grizzly structure made of railway rails. Note small 

amount of aggradation on upstream side.  

 

 
Photo 28. WP849. Anderson Creek fan, distal portion upstream side of new berm 
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extending from WPs 848-850. Old growth stump with up to 1 m buried by gravely sand. 

Local slopes 7-10%. 

 
Photo 29. WP850. Top end of inverted V-shaped berm. One arm extending from WPs 

848-850, and the second trending downstream parallel with Anderson Creek at 350 

degrees. The WP848-850 berm has 0.75-1.0m relief on uphill side. Fan slopes 10-15% 

with gravely sand, sedimentary flood deposits veneered over debris flow.  
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Photo 30. WP854. Bridal Ck. Gradient 10-15%. Incised 1-1.5m. AC 1-2 m by 0.1-0.2 m. 

 
Photo 31. WP926. On debris flow fan, slopes ±20%. Historic event with debris 1.0-1.5 m 

thick on uphill side of mature cedar. 
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Photo 32. WP932. Bridal fan. Fan slope 15-17%. Stem burial on old growth stumps. No 

soil development. 

 
Photo 33. WP941. Block of rockslide deposit at toe of Bridal fan. 
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Photo 34. WP942. End of road on rockslide deposit. 
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Appendix 3: Map 2 Hazard Polygon Labels and Descriptions 

 

Polygon 
Number 

Hazard 
Level 

Hazard 
Class

1
 

Assigned 

Frequency
2
 

Description Comments 

1 SH 

Fraser River floodplain 

Ls 
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge 

 

Wf >1/200 Fraser River flooding 
Fraser River 
FCL 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

2 PH 

Distal area of Basin NN3 and NN4 fans 

Ls 
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge 

 

Sf >1/500 Sediment flood at margin of fan 

If no 
downstream 
obstructions, 
BL 681 applied 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

3 PH 

Distal area of Basin NN2 fan 

Ls 
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge 

 

Df >1/10,000 Debris flow at margin of fan 

Site-specific 
study required 
for BL 681 
applicability 

Sf >1/500 Sediment flood at margin of fan 

If no 
downstream 
obstructions, 
BL 681 applied 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

4 SH 

Proximal area of Basin NN1, NN2, NN3 and NN4 fans 

Ls  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge  
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Af >1/100 Stream avulsion alluvial fan hazard  

Df >1/200 Debris flow  

Ds >1/200 Debris slide  

Rf >1/500 Rockfall  

Sa >1/100 
Extensive snow avalanche hazard as 
mapped by MoTI (1977). 

 

Sf >1/200 Sediment flooding  

Eh1 1/2,475 
Low liquefaction potential.  Potential for 
rockfall and debris slides initiated by 
earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

5 SH 

Moderately steep to very steep slopes with high relief 

Ls  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge 

 

Df >1/500 >1/50 near slope channels  

Ds >1/200 Debris slide  

Rf >1/500 Rockfall  

Sa >1/500 Snow avalanche  

Eh0 1/2,475 
Very Low liquefaction potential.  
Potential for rockfall and debris slides 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

6 PH 

Distal area of Basin NN2 and Anderson Creek fans 

Ls  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge. Sediment flood 
and flooding at margin of fans. 
Liquefaction may be triggered near 
margin of fan. 

 

Af >1/200 Stream avulsion alluvial fan hazard  

Site-specific 
study required 
for BL 681 
applicability 

Sf >1/500 Sediment flood at margin of fan  

Site-specific 
study required 
for BL 681 
applicability 
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Wf >1/200 Possible back-flooding 

If no 
downstream 
obstructions, 
BL 681 applied 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

7 PH 

Toe of slope on benchland 

Ls  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge 

 

Ds >1/500 Debris slide  

Rf >1/500 Rockfall  

Eho 1/2,475 
Very Low liquefaction potential.  
Potential for rockfall and debris slides 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

8 PH 

Small alluvial fan at toe of benchland 

Ls 
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge. Chute cuts 
across bench and debris flow may 
affect fan. Potential for seismically-
induced slope movements. 

 

Af >1/200 Stream avulsion alluvial fan hazard  

Df >1/500? 
Uncertain debris flow potential from 
channel cutting across benchland 

 

Eh1 1/2,475 
Low liquefaction potential.  Potential for 
permanent slope displacements during 
earthquake shaking 

Seismic slope 
stability 
(current 
APEGBC 
Landslide 
Guidelines)   

9 PH 

Rock hummock at toe of Anderson Creek fan 

Ls,  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge. 

 

Eho 1/2,475 

Very Low liquefaction potential.  
Potential for permanent slope 
displacements during earthquake 
shaking 

Seismic slope 
stability 
(current 
APEGBC 
Landslide 
Guidelines)   

10 SH Proximal area of Anderson Creek fan 
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Ls  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge 

 

Af >1/100 
Landslide dam outburst flood hazard 
from Anderson Creek hanging valley 

 

Df >1/50 1984 debris flow impact  

Eh1 1/2,475 
Low liquefaction potential.  Potential for 
rockfall and debris slides initiated by 
earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

11 SH 

Debris cone on west side of benchland 

Ls  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge 

 

Af >1/100 Stream avulsion alluvial fan hazard  

Df >1/200 Debris flow  

Ds >1/200 Debris slide  

Rf >1/500 Rockfall  

Sa >1/100 Snow avalanche  

Eh1 
1/475 or 
1/2,475 

Low liquefaction potential.  Potential for 
rockfall, debris slides and permanent 
slope displacements initiated by 
earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

12 PH 

Toe of slope on benchland 

Ls  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge. Debris slides 
and rockfall may affect bench.  
Potential for seismically-induced 
rockfall. 

 

Ds >1/500 Debris slide  

Rf >1/1,000 Possible rockfall impact  

Eho 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for rockfall and debris slides 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

13 SH 

Debris chute crosscutting benchland 

Ls  
1/1,000 to 
1/10,000 

Landslide hazard from Cheam Peak 
and its northwest ridge. A range of 
hillslope hazards including snow 
avalanche affect the area. 

 



Geotechnical Hazard Study  Date: June 5, 2014 
Popkum-Bridal Falls, FVRD  Project File: 13-5891 
 

76 
Cordilleran Geoscience  Braun Geotechnical 

Df >1/200 Debris flow  

Ds >1/200 Debris slide  

Rf >1/500 Rockfall  

Sa >1/100 Snow avalanche  

Eho 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for debris slides initiated by 
earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

14 PH 

Topographic low area between Bridal and Popkum fans 

Ls  
1/1,000 to 
1/10,000 

Uncertain landslide hazard from 
Timber Camp linears  

 

Af >1/200 Stream avulsion alluvial fan hazard 

Site-specific 
study required 
for BL 681 
applicability 

Sf >1/500 Sediment flooding at fan margins 

Site-specific 
study required 
for BL 681 
applicability 

Wf >1/200 Possible back-flooding 

If no 
downstream 
obstructions, 
BL 681 applied 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

15 SH 

Cheam rockslide deposit at toe of slope 

Ls 
1/1,000 to 
1/10,000 

Deposit truncated by Bridal and 
Popkum fans and by hillslope chutes 
and channels, and locally blanketed by 
debris cones.  

Uncertain landslide hazard from 
Timber Camp linears 

 

Df >1/200 Debris flow  

Ds >1/200 Debris slide  

Rf >1/100 Rockfall  

Eho 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for rockfall and debris slides 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   
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16 PH 

Distal area of Popkum and Bridal fans 

Ls 
1/1,000 to 
1/10,000 

Uncertain landslide hazard from 
Timber Camp linears. Rare, longer 
runout debris flows and sediment 
floods may affect area. 

 

Af >1/200 Stream avulsion alluvial fan hazard 

Site-specific 
study required 
for BL 681 
applicability 

Df >1/500 Potential long-runout debris flow  

Ds >1/500 Debris slide  

Sf >1/500 Sediment flood 

Site-specific 
study required 
for BL 681 
applicability 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

17 PH 

Hummock of Cheam rockslide deposit protruding from Bridal fan 

Ls 
1/1,000 to 
1/10,000 

Uncertain landslide hazard from 
Timber Camp linears. 

 

Eho 1/2,475 

Very Low liquefaction potential.  
Potential for permanent slope 
displacements during earthquake 
shaking 

Seismic slope 
stability 
(current 
APEGBC 
Landslide 
Guidelines)   

18 SH 

Moderately steep to very steep slopes with moderate relief 

Ls 
1/1,000 to 
1/10,000 

Uncertain landslide hazard from 
Timber Camp 

 

Df >1/200 Debris flow  

Ds >1/50 
Numerous slides mapped by Rollerson 
et al (1997). 

 

Rf >1/100 Rockfall  

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for rockfall, debris slides and 
permanent slope displacements 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

19 SH Proximal area of Bridal Creek fan 
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Ls 
1/1,000 to 
1/10,000 

Uncertain landslide hazard from 
Timber Camp linears and Bridal 
escarpment 

 

Af >1/100 
Channel is unconfined on the west side 
of the fan 

 

Df >1/50 

Reported debris flow occurrence in 
1997. Lower boundary follows line of 
coarse debris deposits mapped by 
Golder (2009) 

 

Ds >1/200 Debris slide  

Rf >1/100 Rockfall   

Eh1 
1/475 or 
1/2,475 

Low liquefaction potential.  Potential for 
rockfall initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

20 PH 

Large blocky deposit (Cheam or Bridal Escarpment) 

Ls 
1/1,000 to 
1/10,000 

Uncertain landslide hazard from 
Timber Camp linears and Bridal 
escarpment (Golder 2009)  

 

Af >1/200 Stream avulsion alluvial fan hazard 

Site-specific 
study required 
for BL 681 
applicability 

Df >1/500 Potential long-runout debris flow  

Sf >1/500 Sediment flood 

Site-specific 
study required 
for BL 681 
applicability 

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for rockfall, debris slides and 
permanent slope displacements 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

21 PH 

Topographic low between Bridal and Interchange fans 

Ls 
1/1,000 to 
1/10,000 

Uncertain landslide hazard from 
Timber Camp linears and Bridal 
escarpment 

 

Af >1/200 Stream avulsion alluvial fan hazard 

Site-specific 
study required 
for BL 681 
applicability 
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Sf >1/500 Sediment flood at margin of fan 

Site-specific 
study required 
for BL 681 
applicability 

Wf >1/200 
Flooding at margin of fan. Possible 
back-flooding 

If no 
downstream 
obstructions, 
BL 681 applied 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

22 PH 

Distal fan areas below Bridal escarpment 

Ls 
1/1,000 to 
1/10,000 

Uncertain landslide hazard from 
Timber Camp linears and Bridal 
escarpment 

 

Af >1/200 Stream avulsion alluvial fan hazard 

Site-specific 
study required 
for BL 681 
applicability 

Df >1/500 Potential long-runout debris flow  

Ds >1/500 Debris slide  

Rf >1/1,000 Possible rockfall impact  

Sf >1/500 Sediment flood 

Site-specific 
study required 
for BL 681 
applicability 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

23 NAH 

Raised remnant of Cheam rock avalanche deposit 

n/a -   

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for permanent slope 
displacements initiated by earthquake 
shaking 

Current 
APEGBC 
Landslide 
Guidelines   

24 PH 

Distal area of Interchange Creek fan 

Ls >1/10,000 
Uncertain landslide hazard from Bridal 
escarpment 
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Af >1/200 Stream avulsion alluvial fan hazard 

Site-specific 
study required 
for BL 681 
applicability 

Df >1/500 Potential long-runout debris flow  

Sf >1/500 Sediment flood 

Site-specific 
study required 
for BL 681 
applicability 

Eh2 
1/475 or 
1/2,475 

Liquefaction potential 
Liquefaction 
assessment by 
QP 

25 SH 

Bridal escarpment 

Ls  >1/10,000 

Moderately steep to very steep slopes 
with low relief. Linears identified by 
Hardy (1991) and ancient landslide by 
Golder (2009) 

 

Df >1/200 Debris flow  

Ds >1/50 
Numerous slides mapped by Rollerson 
et al (1997). 

 

Rf >1/100 Rockfall  

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for rockfall, debris slides and 
permanent slope displacements 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

26 SH 

Proximal area of Interchange Creek fan 

Ls >1/10,000 
Uncertain landslide hazard from Bridal 
escarpment  

 

Af >1/100 Stream avulsion alluvial fan hazard  

Df >1/50 
Field evidence of multiple debris flow 
events noted 

 

Ds >1/200 Debris slide  

Rf >1/100 Rockfall   

Sf >1/100 Sediment flood  

Eh1 
1/475 or 
1/2,475 

Low liquefaction potential.  Potential for 
rockfall  and debris slides initiated by 
earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   



Geotechnical Hazard Study  Date: June 5, 2014 
Popkum-Bridal Falls, FVRD  Project File: 13-5891 
 

81 
Cordilleran Geoscience  Braun Geotechnical 

27 PH 

Raised, possibly relict Interchange Creek fan 

Ls >1/10,000 
Uncertain landslide hazard from Bridal 
escarpment. 

 

Df >1/500 

Rare large debris flows from south end 
of the Bridal escarpment could avulse 
from the incised channel and affect 
raised portion of fan 

 

Eh1 
1/475 or 
1/2,475 

Low liquefaction potential.  Potential for 
permanent slope displacements during 
earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

28 PH 

Mid slope area of Bridal Creek basin 

Ls >1/10,000 
Mostly moderate to moderately steep 
slopes. Landslide hazard from ridge 
crest   

 

Df >1/500 Locally affected by debris flow  

Ds >1/500 
Debris slide at steeper slope areas 
(>30%) 

 

Rf >1/1,000 Possible rockfall  

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for rockfall, debris slides and 
permanent slope displacements 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

29 PH 

Moderate to moderately steep slopes south of TCH 

Ds >1/10,000 
Foundation stability should be 
considered for Slopes > 30% 

 

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for rockfall, debris slides and 
permanent slope displacements 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

30 NAH 

Gentle, undulating, rock controlled upland slope area of Dunville bench 

n/a - Includes localized steeper slopes  

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for permanent slope 
displacements during earthquake 
shaking 

Current 
APEGBC 
Landslide 
Guidelines   

31 SH 

Ravine system between Upper Dunville/Nevin fans and lower Dunville Creek fan 

Df >1/50 
Field evidence of multiple debris flow 
events noted 
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Ds >1/50 
Debris slide features noted on ravine 
slopes 

 

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for permanent slope 
displacements during earthquake 
shaking 

Current 
APEGBC 
Landslide 
Guidelines   

32 PH 

Distal area of Dunville and Nevin Creek fans 

Af >1/200 Stream avulsion alluvial fan hazard 

Site-specific 
study required 
for BL 681 
applicability 

Df >1/500 Potential long-runout debris flow  

Ds >1/500 Debris slide  

Sf >1/500 Sediment flood 

Site-specific 
study required 
for BL 681 
applicability 

Eh1 
1/475 or 
1/2,475 

Low liquefaction potential.  Potential for 
permanent slope displacements during 
earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

33 PH 

Mostly moderate to moderately steep slopes, Dunville Creek area 

Ds >1/10,000 
Foundation stability should be 
considered for slopes > 30% 

 

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for rockfall, debris slides and 
permanent slope displacements 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

34 SH 

Mostly moderate to moderately steep slopes, Dunville Creek area 

Ds >1/200 
Affected by upslope hazards. 
Foundation stability should be 
considered for slopes > 30% 

 

Df >1/200 
Potential debris flow initiation from 
steep slope debris slides 

 

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for debris slides and 
permanent slope displacements 
initiated by earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

35 SH Upper Dunville and Nevin Creek fans 
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Af >1/50 
Alluvial fan/ debris fan stream avulsion 
hazard, poorly incised stream channels 
at apices of fans 

 

Df >1/50 
Debris flow potential from slope gullies.  
Recent debris flow activity in 2013 and 
2014, Dunville Creek headscarp   

 

Ds >1/50 Potential for open slope debris slides  

Eh1 
1/475 or 
1/2,475 

Low liquefaction potential.  Potential for 
rockfall and debris slides initiated by 
earthquake shaking 

Current 
APEGBC 
Landslide 
Guidelines   

36 NAH 

Gentle slopes on raised area of Dunville/ Nevin benchland 

n/a - May include localized steeper slopes  

Eh0 
1/475 or 
1/2,475 

Very Low liquefaction potential.  
Potential for permanent slope 
displacements during earthquake 
shaking 

Current 
APEGBC 
Landslide 
Guidelines   

Notes: 1. Abbreviations: Af – alluvial fan hazard 
   Df – debris flow 
   Ds – debris slide 
   Eho – none to low potential for seismically-induced hazards  
   Eh1 – low to medium potential for seismically-induced hazards 
   Eh2 – medium to high potneitla for seismically-induced hazards  
   Ls - landslide 
   Rf - rockfall 
   Sa – snow avalanche   
   Sf – sediment flood 
   Wf – water flood 

 2.  Preliminary frequency assignments are based on an overview level of study only, and are  
  provided for guidance on the scope and scale of detailed assessments that should be  
  anticipated for a selected area. Hazard frequency assignments should be reviewed and  
  revised as required to reflect Cave criteria revisions.  Further, the findings of more rigorous 
  site-specific assessment or additional detailed regional study may supersede these  
  preliminary hazard frequency assignments.  

 
 

 

 


