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ABSTRACT

Alluvial and debris torrent fans are common landforms in the Kootenay 
Region of British Columbia. Many of the fans are relic features, products 
of the last deglaciation period. However, many remain active or potentially 
active. Rapidly melting snow, heavy rains, channel blockages, and/or land-
slides can result in avulsions and/or debris torrent or debris fl oods on these 
fans. Private and public lands, infrastructure, and people occupying the fans 
are at risk of being damaged during these extreme events. For the most part, 
these events occur naturally. However, resource extraction activities, such as 
timber harvesting and mining, can increase the risk by increasing peak fl ows 
and/or the number of landslides. There are also emerging concerns about 
climate change due to global warming. Predictions include the possibility of 
warmer temperatures and more extreme storm events. Over the last few years, 
the B.C. Ministry of Water, Land and Air Protection (formerly the Ministry 
of Environment, Land and Parks) has mapped many of these fan areas so 
that forest licensees, woodlot owners, and mining companies can be aware 
of these risks when planning development in watersheds. The object of this 
paper is to present a procedure for assessing this risk.

PURPOSE

There are many alluvial and colluvial fans along populated valley bottoms 
in the steep mountainous terrain of the southeast corner of British Colum-
bia. During periods of high runoff, channels can shift (Figures 1 and 2) and 
debris fl ows can reach valley bottoms (Figure 3) with devastating effects on 
people and property. Timber harvesting and road construction in watershed 
areas above these fans can increase the frequency and magnitude of fl oods 
and debris fl ows on the fans. Terrain stability fi eld assessments, required by 
the Forest Practices Code (fpc), can reduce risks associated with individual 
road segments and cutblocks in areas where they are required. However, 
except in community watersheds and some high-value fi shery streams, 
watershed-scale risk assessment procedures are not required. In addition, 
there is no recognized standard procedure for the preparation of a watershed-
scale risk assessment report.





fi gure 3   Birchland Creek fan debris fl ood: 1982.

fi gure 1    Duhamel Creek bridge: 1956.

fi gure 2   Duhamel Creek fan: 1956.





In this paper, “alluvial” refers to fans built up from sediment carried by 
fl ood waters, while “colluvial” fans are formed mainly by debris fl ows, a type 
of mass movement also commonly called debris torrents.

The purpose of this document is to propose a procedure to assess the 
additional risks associated with resource development activities to people 
and property situated on these fans. 

EXISTING RISK ASSESSMENT REPORTS RELATED TO PUBLIC SAFETY

This section identifi es existing reports and procedures that deal with resource 
development risk assessments.

The Forest Practices Code (fpc) Watershed Assessment Procedure Guidebook
(wapg) (B.C. Ministry of Forests 1999) is the only legislated requirement for 
a watershed-scale risk assessment dealing with public safety on fans. Section 
14 (1) of the Operational Planning Regulation (opr) states that a person 
proposing a forest development plan in a community watershed area must 
fi rst carry out a watershed assessment. Section 14 (2) of the opr states that 
watershed assessment for community watersheds in the Interior of British 
Columbia must be carried out in accordance with the wapg or equivalent. 
The guidebook states that the reporting hydrologists and the Watershed As-
sessment Committee must identify and assess downstream fl ooding and 
debris fl ow risk. The guidebook, however, was written primarily to assess 
risks to community drinking water supplies. The guidebook does not pro-
vide direction on how to assess risks to people and property on a fan at the 
outlet of the watershed. 

Section 2.5 of the fpc Forest Road Regulation requires a person proposing to 
construct roads in areas with moderate or high likelihood of landslide activ-
ity to carry out terrain stability fi eld assessments (tsfas). Section 16 of the 
opr states that tsfa reports are required for any cutblock proposed in areas 
with moderate to high likelihood of landslides in community watersheds. 
Section 17 of the opr requires tsfa reports for all cutblocks in areas with a 
high likelihood of landslides. The tsfa reports provide risk assessments for 
cutblocks and/or road segments in some areas of a watershed where new 
development or road deactivation work is proposed. Cumulative and off-site 
effects of roads and harvesting in watersheds are often not considered.

An overview risk assessment report was prepared for the Perry Ridge area in 
the Slocan Valley (Boyer et al. 1999; VanDine et al. 1999). This is an example 
of a strategic-level risk assessment that is not required by regulation. After 
identifying geologic and hydrologic hazards in the study area, the report 
provided an assessment of the existing risks posed to life and limb, property, 
and water supply. Anticipated risks associated with proposed road building 
and logging on Crown land were then determined. Several streams discharge 
onto populated alluvial and colluvial fans at the base of the ridge. Several 
map products, not usually available for forest development planning, were 
used in the study. These included geological hazard maps for the private land 
on the valley bottom, stream channel surveys, and a total-chance logging 
plan. The report provided strategic-level advice on where higher-risk areas 
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exist and where more detailed professional review is required, and suggests 
measures to reduce risks. 

Under Section 82 of the Land Title Act, a person proposing to subdivide 
property in areas subject to fl ooding must fi rst obtain consent from the 
Ministry of Water, Land and Air Protection (wlap). wlap also provides local 
governments with fl oodplain maps for bylaws, and assists with the construc-
tion of fl ood and debris torrent protection works on fl oodplains and active 
fans. These regulatory requirements sometimes result in the developer hir-
ing an engineer/geoscientist to prepare risk assessment reports for fan areas. 
Some of these reports provide useful information such as the predominant 
hazard type, the frequency of events, and consequences.

Local governments have the mandate to control and direct land use. Flood-
plain bylaws, development areas, and building permits are used to direct 
appropriate uses of hazardous lands. Risk assessments reports and maps may 
provide information on predominant hazard type, frequency of events, and 
consequences.

WHERE SHOULD RISK ASSESSMENT REPORTS BE REQUIRED?

In some areas of the province, relic paraglacial fans pose a very low risk to 
people and property on the fan. These fans have an incised, unobstructed, 
single channel from the apex to the toe of the fan with channel capacity to 
convey major fl oods (1-in-200-year fl ood discharge) without avulsing or 
overtopping. Debris fl ows do not reach the fan under the present-day condi-
tion. The chance of human-made changes “re-activating” one of these relic 
fans is very low. On this type of fan, watershed risk assessments are not war-
ranted. 

However, most active or potentially active fans in the Kootenays are not 
of this paraglacial type. Most fans do not have a “bullet-proof” channel, able 
to convey major fl oods with attendant timber debris, ice, and bedload. Many 
fans in the region have been constructed, at least partially, by debris fl ow. 
In the steep watersheds, road construction and timber removal can renew 
landslide vigour and transform an inactive relic fan into an active fan. Con-
sequently, risk assessments should be required above most high-consequence 
fans in the region.

Alluvial and/or debris torrent fan risk assessment reports should be re-
quired where watershed development activities, such as forest harvesting and 
mineral exploration, have the potential to signifi cantly increase the risk of 
damage to people and property on valley-bottom fans. 

In 1998, wlap’s Kootenay Regional offi ce in Nelson, B.C., began compil-
ing an inventory of areas at risk on the valley bottoms. Under contract with 
wlap, Klohn Crippen Consultants Ltd. (1998) identifi ed potentially active 
alluvial and debris torrent fans along the main settlement and travel corri-
dors for the Kootenay Region. Some 650 fans were identifi ed using air photo-
graphs and existing reports. Of these, 50 fans were inspected on the ground 
by Klohn Crippen staff to delineate active fan boundaries. The 600 fans that 
were not fi eld verifi ed were labelled “potentially active alluvial and/or debris 
fl ow fans” and were identifi ed as dots on a map. This information was 
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combined with wlap’s pre-existing active fan inventory.
Since this initial inventory, ongoing fi eldwork by wlap staff and others 

has resulted in the mapping of approximately 70 additional fan polygons. 
The Regional District of Central Kootenay (rdck) has a project in progress 
to delineate all geological boundaries for all known potential fans in its 
region. The fan polygons are being created using air photographs. Conse-
quently, the dominant hazard type and degree of geologic activity are not 
confi rmed on these fans. A project is in progress to make all wlap and rdck
identifi ed polygons available on a Web site. 

Using these polygons, forest licensees and others can determine where 
their activities have the potential to increase risk to people and property.

DETERMINATION OF DOMINANT HAZARD ON THE FANS

The assessment procedure will vary depending on the predominant hazard 
affecting the fan area. The primary concern in watersheds above alluvial fans 
is a possible increase in the magnitude and frequency of peak fl ows at the fan 
apex and below. Consequently, for alluvial fans, the proposed risk assessment 
procedure focuses on the primary activity that tends to increase the risk of 
fl ooding (e.g., the rate of tree removal and road building). Conversely, for 
areas above a colluvial fan, the primary concern is with landslide initiation, 
and the assessment procedure focuses on the assessment of roads and tree 
removal on or below steep unstable terrain.

A fi eld review by a qualifi ed professional is usually required to determine 
the dominant hazard type on a fan. Existing studies and/or mapping men-
tioned in the previous section may provide this information or be useful to 
help make the determination. Melton’s ruggedness number (Melton 1965; Jack-
son et al. 1987; Boyer 1999) can be used as an initial assessment before going to 
the fi eld.  Generally, for larger watersheds with larger, fl atter fans (third-order 
streams and higher), the main concern on the fan is fl ooding. Smaller, steeper 
watersheds with smaller, steeper fans usually have fans that have been partially 
or mostly constructed from debris fl ow events. On these fans the main concern 
is the volume and runout distances for debris fl ow events. 

Jackson et al. (1987) describe a methodology for the determination of the 
dominant hazard on a fan (Figure 4). A fan is classifi ed as an alluvial fan if all 
the answers to the questions in Step 1 of Figure 4 are negative. The hazards 
on an active alluvial fan include overbank fl ooding and avulsion. Positive 
answers to any of the questions in Step 1 of the fl owchart indicate that the fan 
was at least partly constructed by debris fl ows. 

RISK ASSESSMENT PROCEDURE FOR AREAS ABOVE ALLUVIAL FANS

The fi rst step is to delineate watershed boundaries above the apex of the fan 
on a suitably scaled map (usually between 1:10 000 and 1:20 000). Sub-basin 
drainage boundaries and h60 lines are then mapped (B.C. Ministry of For-
ests 1999). Watershed and sub-basin equivalent clearcut areas (ecas) are 
calculated using procedure described in the Watershed Assessment Procedure 
Guidebook for existing conditions and proposed development scenario. Guidebook for existing conditions and proposed development scenario. Guidebook
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fi gure 4   A fl ow diagram summarizing debris fl ow hazard evaluation methodology. (Source: Jackson 1987.)

A hazard rating is then assigned for the watershed and sub-basins using 
Table 1. The hazard ratings are based on eca calculations. Several other fac-
tors, such as road density and the spatial distribution of disturbances, obvi-
ously have effects on the runoff hydrograph. However, it is assumed that 
these effects are suffi ciently accounted for in the eca calculation. With the 
continued advances in computing power, digital terrain mapping, and re-
mote sensing, engineers and scientists will soon be able to model develop-
ment proposals on virtual representations of watersheds (Whitaker et al. 
2001) and routinely make decisions on risk. Until then, using eca values is 
judged to be an adequate representation of the level of disturbance in the 
watershed. 

Hazard ratings can be assigned using more detailed and sophisticated 
methods. Threshold eca values presented in Table 1 were determined 
through a review of paired watershed studies and guideline documents used 
in southern British Columbia.

Hazard Rating





Consequence ratings are assigned using Table 2. The table assigns a conse-
quence rating based on housing density. This approach was taken for several 
reasons:

1. Some local governments have established rural land use bylaws that set 
lot sizes and building densities. These are an expression of local desire for 
housing density and should remain static for the mid to long term.

2. As mentioned previously, wlap has mapped many of the populated fans 
in the region. This, along with the administration of fl oodplain manage-
ment programs (subdivision approvals by the provincial government and 
fl oodplain bylaws by the local governments), will tend to keep lot sizes at 
existing levels in high-hazard areas.

3. Fan areas have been identifi ed for local governments, so that in areas that 
have building bylaws, building inspectors do not approve new building 
construction without due consideration for the fl ood and/or debris fl ow 
hazards.

4. Most local governments have bylaws that restrict the number of principal 
dwellings to one per lot.

5. Highways, secondary roads, railways, and utilities are common features on 
the fans in the valley bottoms.

If a hospital, school, or other such important infrastructure exists on a fan, 
then the consequence rating should automatically be raised to High. 

Hazards and consequences are combined to establish a risk rating using Table 
3. If the risk rating for the entire watershed and all sub-basins is Low, then 
the development proposal should be allowed to proceed, subject to normal 
Forest Practices Code requirements. 

If the risk rating for the entire watershed is Low but one or more of the 
sub-basins has a High hazard rating, then an assessment should be com-
pleted for the mainstream channel below the confl uence of the sub-basin(s). 
The assessment, undertaken by a stream channel specialist, determines if 
increased peak fl ows emerging from the sub-basin(s) will increase movement 
of bedload and woody debris and/or increase bank erosion in the main chan-
nel. If main channel disturbance is anticipated, the professional should then 
assess the risk of the destabilizing effect reaching the fan and increasing the 

table 1 Avulsion hazard rating

ECA level Avulsion hazard rating

< 15% Low

15–25% Medium

> 25% High

Consequence 
Rating

table 2 Consequence rating

Risk Rating

Density of buildings Consequence rating

Rural agriculture: 8 ha min. lot size Low

Rural residential: 2 ha min. lot size Moderate

Community: lot sizes < 2 ha High





hazard on the fan. If the increases in peak fl ows from the sub-basin(s) will 
increase the hazard on the fan, then the eca in the sub-basin(s) should be re-
duced to 20% or less, depending on the advice of the hydrologist and stream 
channel specialist.

If the risk rating for the watershed at the apex of the fan is Moderate or 
High, development should be deferred or modifi ed or an avulsion risk assess-
ment should be undertaken. 

The fan avulsion risk assessment procedure is built upon work by Chatwin 
(1999). A hazard rating is derived using a stream power index and a sensitiv-
ity rating for the fan. The stream power index is obtained from Table 4. The 
stream power index varies according to the channel gradient and the cross-
section. For example, the stream power index for a 2 m deep and 2 m wide 
channel on a 40% grade is Very High. A 1 m deep and 4 m wide channel on a 
slope less than 8% has a Moderate index. 

The sensitivity of the fan to avulsion hazard is determined by a fl uvial 
specialist using the following criteria (Chatwin 1999): 

• degree of incision of channel(s)
•    number of active channels
• amount of woody debris
•    amount of stored sediment

Table 5 is used to establish an avulsion hazard rating, which is combined 
with the consequence rating to establish a risk rating for avulsion hazard on 
the fan (Table 3). Using this approach, a fan with more than two channels, 
a channel incision less than 1 m, large amounts of large woody debris, and 
large amounts of stored sediment in the channel will have a High sensitivity 
to destabilization (Chatwin 1999).

If the risk of avulsion is Low, no further analysis is required. If the risk is 
determined to be Moderate, High, or Very High, the development proposal 
is scaled back further or, alternately, a more detailed risk assessment can be 
undertaken, focusing on the channel capacity calculations. 

Consequence (from Table 2)
Hazard
(from Table 1) High Medium Low

High VH H M

Medium H M L

Low M L L

table 3 Risk rating

Fan Avulsion Risk 
Assessment 

table 4 Rating of stream channel power

Channel cross-sectional area (m2)
Channel
gradient (%) < 0.5 0.5–1.0 1.0–2.0 2.0–4.0 4.0–8.0

> 40 L M M H VH

20–40 VL L M H H

8–20 VL L L M H

< 8 VL VL L L M





A numeric model (hec-ras) is used to estimate water levels in the channel(s) 
associated with the increased discharges anticipated due to the development 
proposal. Inputs to the model include channel cross-sections, channel slope, 
channel roughness, and stream discharge (U.S. Army Corps of Engineers 
1998). The hec-ras model, like all models, must be used with caution. The 
model operates on the assumption of a fi xed bed geometry. During major 
fl oods, steep mountain streams usually experience large-scale bedload move-
ment, channel shifting, and log jams. The one-dimensional fi xed bed model 
does not take these conditions into account. However, because the objective 
is to assess future relative changes, the fi xed bed model is considered appro-
priate for use in this application.

A fl ood discharge with a recurrence interval of 1 in 200 years (q200) is used 
as a basis for fl oodplain development control in the province and is consid-
ered an appropriate fl ood magnitude for this assessment procedure. Once 
an estimate is obtained for the q200 (usually the annual maximum daily dis-
charge), it is increased by the percentage increase in eca associated with the 
development proposal. For example, if the estimated q200 for the predevelop-
ment period is 20 m3/s and the proposed development plan is expected to in-
crease the eca to 25%, then the discharge used in the model would be 25 m3/s. 
It is recognized that there is a risk of other processes, such as a rapid breach 
of a dam, channel blockage, or ice jamming, causing fl ood discharges and 
water levels higher than a predicted q200 (Jakob and Jordan 2001). However, 
these occurrences are infrequent and the objective is to examine relative risk.

Tables 6 and 2 are used to determine the hazard and risk ratings. If the risk 
is Low no further analysis is required. If the risk is raised to the Moderate or 
High category, then the development proposal should be deferred or down-
sized.

RISK ASSESSMENT PROCEDURE FOR AREAS ABOVE DEBRIS FLOW FANS

This section describes a procedure for completing a watershed-scale risk 
assessment when fi eld indicators (Figure 4), existing reports, and/or 

table 5 Determining avulsion hazard

Sensitivity of the fan

Stream power index Low Moderate High

Very low VL L L

Low VL L M

Moderate L M H

High L H VH

Channel Capacity Risk 
Assessment

table 6 Channel capacity hazard rating

Channel clearance (at Q200 discharge) Hazard rating

 ≥ 2 m to top of bank Low

 1–2 m to top of bank Moderate

< 1 m to top of bank High





professional opinion indicate that the dominant hazard on the fan is de-
bris fl ow. The procedure generally follows the approach used by Boyer et al. 
(1999) in the Perry Ridge Risk Assessment report (see previous section).Perry Ridge Risk Assessment report (see previous section).Perry Ridge Risk Assessment

In areas with obvious high risks, consideration should be given to hav-
ing the assessment completed by an expert panel. Debris fl ow hazards are 
diffi cult to quantify. Consequently, most assessment reports depend heavily 
on professional judgement. A panel of experts can provide a consensual risk 
assessment, which is more reliable than one prepared by a single professional.  
Ideally, the team would consist of a geomorphologist, a forest hydrologist, 
and a forester. In less sensitive / less contentious watersheds with lower con-
sequences, a qualifi ed professional can do the assessment. A peer review of 
the report by an independent expert will increase the confi dence in the risk 
assessment. 

The assessors should become familiar with the terrain where development 
is proposed and where previous activity has occurred in the watershed by 
taking a helicopter overview fl ight and/or spending a few days in the fi eld. 
The assessor should also converse and/or go into the fi eld with authors of 
supporting documents, such as terrain stability fi eld assessment (tsfa) re-
ports and channel assessments.

The fi rst step is to identify the types of geological hazards present in the wa-
tershed that could have an effect on the fan. These hazards usually include 
debris fl ows (including debris torrents and debris fl oods) and snow ava-
lanches. On rare occasions, fans are fl ooded by the mass movement of snow 
and slush during a rapid warming event in winter fl oods fans.

All available information, helicopter overview fl ights, and a few days in the 
fi eld (depending on the size and sensitivity of the watershed) are used to 
identify landslide- and snow avalanche-sensitive terrain in the watershed. A 
stream channel survey procedure developed for the Perry Ridge study by 
Chatwin is used to assist in the assessment of gully and headwater stream 
channels (Chatwin 1999). Existing roads, trails, cutblocks, and/or mining 
disturbances (tailing ponds, waste piles, old structures such as dams, etc.) 
on or above steep unstable terrain must be included in the assessment.

Once unstable and/or potentially unstable areas are identifi ed, linkages or 
connectiveness between these sites and the fan are assessed. This assessment 
is undertaken using professional judgement and all existing information, 
including stream channel inventory and rating information (Chatwin 1999). 
Additional fi eld reviews may be warranted for high-risk sites. Each event type 
is assigned a hazard rating using the following three-class rating system: Low, 
Moderate, and High.

Once the existing hazards are rated, the infl uence of the proposed develop-
ment on these ratings is assessed. 

Roads, trails, cutblocks, or other disturbances proposed on or above iden-
tifi ed and suspected unstable terrain must be assessed. These include hazards 
associated with fl at-over-steep scenarios (Jordan 2001). Each site should be 
viewed in the fi eld, with special attention paid to potential micro-drainage 
problems (Green and Halleran 2002). When timber harvesting is proposed 
on or above steep unstable terrain, micro-drainages should be mapped 
and verifi ed in the fi eld to assess the risk of landslide initiation by drainage 
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concentration or diversion. ecas should be calculated to assess the risk of 
localized peak fl ow increases causing landslide initiation.

If there are proposed clearcut areas in potential snow avalanche start 
zones and the assessment team or qualifi ed professional does not have ex-
perience with the detection and prediction of snow avalanches, a specialist 
should be retained to assess snow avalanche hazards.

Stream channel surveys (Chatwin 1999) are used to assess the linkages as-
sociated with proposed development. 

Hazard assessment should consider all possible spatial and temporal ef-
fects of the proposed development. Disturbance effects can be long lasting 
and require a continued site commitment until hydrological recovery and/or 
road deactivation works take hold. On or near unstable terrain, there is a cer-
tain degree of risk of a landslide or erosion event whenever a road segment is 
left through a winter with open ditches and culverts. Road cutbank failures 
and culvert blockage can go undetected and can occur during spring break-
up when workers and equipment cannot access the site(s).

RISK ANALYSIS

Hazard ratings are combined with consequence ratings (Table 2) to assign a 
fi nal risk rating for the fan using Table 3.

Areas where proposed development poses a high risk should be rejected 
from the plan. Areas generating a moderate risk should also be deferred un-
less a combination of project modifi cations and/or special best management 
practices can mitigate the hazard effects from the development proposal 
(i.e., move the risk rating for the project into the Low category). Proposed 
best management practices recommended and the company proposing them 
should have a proven track record. 

CONCLUSION

A procedure for assessing increased risk on alluvial and colluvial fans associ-
ated with resource development proposals is presented.
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