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ABSTRACT 

In British Columbia, Canada, channelized debris flows have only been 
recognized over the past two decades. During this time a variety of different types of 
mitigative structures have been designed and constructed. The complexity of the 
design is generally determined by the elements at risk. The protection of a residential 
development, for instance, usually warrants a more complex structure than the 
protection of a highway. The complexity also depends upon the owner and the 
finances available. Regardless, similar design criteria must be considered for all types 
of debris flow mitigative structures. Design criteria are site specific and must consider 
both the character of the debris flow, the debris channel and the debris fan. 

INTRODUCTION 

Much of British Columbia (BC), Canada's western-most province, is 
characterized by mountainous terrain and intense rainfall. As such, channelized debris 
flows are common. A channelized debris flow (also referred to debris torrent) is 
dehed as a type of mass movement that involves water-charged, predominantly 
coarsegrained inorganic and organic material flowing rapidly down a steep, confined, 
yre-existing channel (VanDine 1985). Rheologically, channelized debris flows are 
equivalent to debris flows as described by Pierson and Costa (1987). The adjective 
"channelized" is added, as suggested by Pierson and Costa (1987) and Cruden and 
Vames (1996), to dierentiate this form of mass movement firom open-slope debris 
flows. In the subsequent discussion, the term "debris flow" refers to "channelized 
debris flow". 
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In BC debris flows have only been recognized and somewhat understood over 
the past two decades. During this time period, a number of different mitigative 
methods have been used. Hungr et a1 (1987) reviewed both active and passive 
mitigative measures m the initiation, transportation and deposition zones used in BC 
up to the mid 1980s. This paper is limited to active mitigative structures within the 
lower transportation and deposition zones. It reviews a number of different types of 
structures that have been designed and constructed, and describes how the complexity 
of the designs have changed with time and with the associated elements at risk, 
owners and finances available for design and construction. Regardless of the 
complexity of the design, similar design criteria must be considered for all debris flow 
mitigative structures. 

TYPES OF DEBRIS n o w  MITIGATION STRUCTURES 

While passive measures attempt to avoid debris flows by zoning or by warning 
and evacuation, active measures attempt to modify such events. Within the lower 
transportation and deposition zones, active measures generally attempt to control the 
areal extent of the debris flow. The following types of structures have been 
constructed within the lower transportation and deposition zones in BC: 

Deflection berms are located along the lateral margins of debris flow paths to 
deflect the flow and to provide lateral constraint to the natural deposition area (Fig 
la). They are located as close as possible to the margin of the natural deposition area, 
to maximize that area, and are aligned to minimize the incident angle of debris flow 
impact, to reduce the chance of overtopping. By constraining the flow, deflection 
berms can increase the runout distance. 

Terminal berms are constructed across the distal end of the natural 
deposition area to reduce that area (Fig lb). They are located as far downstream as 
possible, to maximize the deposition area. They are designed to withstand impact 
forces, which decrease with downslope distance, and with some provision for fllrface 
drainage. 

Open debris basins are some combination of deflection and terminal berms 
or excavated areas of deposition that reduce the natural deposition area (Fig lc). 
They are constructed as long and wide as possible, to maximize the deposition area 
and to promote lateral spreading. Surface dramage and overflow debris is designed to 
flow down an open channel -- a channel that does not have a debris-straining 
structure. 

Closed debris basins consist of some form of basin and terminal berm with a 
debris-straining structure, designed to contain the entire debris flow (Fig Id). The 
basin is sized, and the terminal berm and debris-straining structure are designed, 
according to the volume and character of the most reasonable upper limit of the 
anticipated debris flow. 
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MITIGATION AND RESIDENTIAL DEVELOPMENT 

The first debris flows recognized in BC directly affected residential 
developments. For example, Port Alice on Vancouver Island experienced two events 
on the same creek in 1973 and 1975. In the early 1980s ten events occurred on five 
creeks and affected five small communities along Highway 99 just north of Vancouver 
(VanDine 1985, Church and Miles 1987). In hindsight, three of those five creeks may 
have experienced similar events in the 1960s and 1970s. It follows, therefore, that the 
&st mitigative structures in BC were designed and constructed to protect the lives 
and property of neighbouring and downstream residents. 

Example 1: At Port Alice deflection berms were designed, after extensive 
hydraulic modelling, to protect the residents living on the debris fan (Nasmith and 
Mercer 1979). The berms were designed to control between 2 and 3 times the 1973 
event, estimated to be approxhtely 22,000 m3. Two parallel berms, totalling 
approximately 1,600 m in length were constructed. The upstream berm was 
approximately 3 m in height, the downstream berm was approximately 4.5 m in 
height. The cost of the two berms, in 1976 Canadian dollars, was $250,000, and was 
borne by the BC Ministry of Environment. 

Example 2 (Photo 1): Harvey Creek flows through the Village of Lions Bay 
along Highway 99. In the mid 1980s, after a rash of debris flows along this section of 
the highway, the BC Ministry of Transportation and Highways (BCMOTH) designed 
and constructed a closed debris basin to protect the residents along this creek. It was 
designed as a concrete-faced, 15 m high earth-fiU dam capable of containing an event 
of 75,000 m3, although only 63,500 m3 was estimated to be the reasonable upper 
limit. The outlet was designed as a complex, heavily reinforced concrete decant 
structure to allow the passage of normal creek flows as well as all water 
accompanying a debris flow (Price 1986, Hungr et a1 1987). The crest of the dam and 
the spillway were designed to pass a second 75,000 m3 event if one occurred before 
the material fiom the &st event was removed. The cost for this structure, in 1986 
Canadian dollars, was $4.4 million. 

Similar, but slightly smaller structures were constructed by the BCMOTH on 
two other creeks along Highway 99: Charles Creek and Magnesia Creek. The small 
communities at the mouths of both these creeks had experienced debris flows. The 
costs of these structures, in 1986 Canadian dollars, were $3.5 million and $3.1 
million, respectively. 

To date, none of the above structures have been severely tested. 

MITIGATION AND EilGHWAYS 

In the mid to late 198Os, BC began a phase of new highway construction and 
upgrading of some existing highways. This included the design and construction of 
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the upgraded Highway 1 near Hope, and the new Highway 5 leading kom Vancouver 
and the lower mainland of BC into the interior of the province. Both were 
constructed to 6eeway standards and completed in 1986. 

Preliminary designs were also prepared for the upgrading of Highway 99 
northwards kom Vancouver to the ski destination of Whistler, and for the upgrading 
of Highway 1 in the interior of the province between the towns of Sicamous and 
Revelstoke. To date these two projects have not progressed to the detailed design 
stage. 

For all the above highway programs the hazards and risks associated with 
debris flows were assessed and where appropriate mitigative structures were 
designed. The structures were designed only to protect the highway. Because the 
elements at risk were less than those associated with the protection of residential 
development, the designs were less complex. The magnitude of the event for which 
the structure was designed was kequently less than the estimate of the most 
reasonable upper limit. 

Along Highway 1 near Hope and along Highway 5 approxitnately two dozen 
mitigative structures were constructed between 1984 and 1986. A number of the 
structures were designed to control both debris flows and snow avalanches. The 
costs for constructing these structures, in 1986 Canadian dollars, ranged between 
$1 0,000 and $200,000. 

Example 3 (Photo 2): On Boulder Creek along Highway 5 a deflection berm 
and creek diversion were used to keep any debris flow material 6om blocking a large 
culvert and overtopping the highway (Slaymaker et a1 1987, Hawley 1989). An 
estimate of a reasonable upper limit for an event on this creek was 15,000 m3. The 
berm is approximately 500 m in length. In cross-section the vertical height £rom the 
new creek bottom to the top of the berm ranges ftom approximately 3 m to 17 m and 
averages 8 m. The lower 8 m (slope distance) of the new channel and berm is 
riprapped. Approximately 250 m of the creek was diverted. The cost to construct 
the berm and divert the creek, in 1984 Canadian dollars, was $150,000. 

Example 4: In 1984 a 6,000 m3 debris flow occurred on Hope Creek, flowed 
into the outskirts of the Town of Hope and caused minor damage to several buildings. 

3 A simple excavated open debris basin, designed to contain 8,000 m , was constructed 
upslope of Highway 1 in 1985. The cost of the basin in 1986 Canadian dollars, was 
less than $25,000. In November 1995 a 50,000 m3 debris flow occurred and quickly 
Med the basin to capacity. The excess debris flowed down the overflow channel into 
and along the highway ditch and filled an empty lot. The distal end of the debris 
enveloped a small restaurant, crushing one wall. Although not designed for 50,000 

3 m , the "undersized" basin protected the highway and a residential area downslope. 
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Besides Hope Creek, a few of the other two dozen mitigative structures along 
this portion of Highway 1 and Highway 5 have been tested by debris flows, and have 
performed welL 

MITIGATION AND FORESTRY 

In the past ten years the management of BC's forest resources has taken on an 
added level of importance. In connection with timber harvesting and watershed 
restoration, and the associated protection of fisheries and wildlife habitat, second 
growth forests, and resource roads, debris flow mitigative structures are becoming 
more common. These structures are being designed and constructed to protect 
resources, as opposed to residential developments and/or highways. They are usually 
constructed by the forest service or by forest companies using local construction 
materials with construction equipment close at hand. The elements at risk and the 
construction methods do not usually allow for, or warrant, complex designs. 

Example 5 (Photo 3): 011 the west coast of Vancouver Island a simple 
curved terminal bedclosed basin was constructed in 1989 at the mouth of an 
ephemeral tributary to Cypre Creek. It was constructed by a forestry company, 
MacMillan Bloedel Limited, using local materials and a D8 Catepiller bulldozer to 
prevent a debris flow on the tributary creek firom reaching and affecting the fish 
habitat in Cypre Creek. "Designed" by the bulldozer operator as he went, it is 
approximately 200 m in length, 3.5 m high, and has no outlet structure. The cost in 
1989 Canadian dollars, was about $5,000. The winter after construction was 
complete, the structure was tested by a 5,000 m3 debris flow, and performed very 
well. The entrapped mat&ial has been removed and the bendbasin awaits the next 
event. 

Example 6: In 1993, along Thistle Mine Creek in the central portion of 
Vancouver Island, MacMillan Bloedel Limited constructed a 11 5 m long deflection 
berm that was designed to direct a debris flow away firom downstream fisheries and 
second growth resources and onto an abandoned logging road (Askin 1995). A large 
wooden culvert protected by a log grizzly is incorporated in the berm to handle 
normal creek flows. During a debris flow, the culvert is designed to plug and the 
debris wilI be deflected almost 90 degrees by the b e m  The berm varies fiom 5 m to 
8 m in height. The upstream side is protected by riprap. The deposition area 
accommodates approximately 30% to 40% of the estimated 12,000 m3 of material 
that can reasonably be eqiected. The cost for construction of this berm, in 1993 
Canadian dollars, was approximately $70,000. To date this structure has not been 
tested. 

Other structures have been designed, but to date have not been constructed. 
These include a 30,000 m3 closed debris basin on Boat Launch Creek (VanDine 1992 
and 1996) and a combination deflection berm and open debris basin in the Escalante 
River area (Wise 1996). Both are located on the West Coast of Vancouver Island. 
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As part of a BC Ministry of Forests research project on the Queen Charlotte 
Islands, off the north coast of BC, a variety of relatively small but different types of 
simple or "low-tech" mitigative structures were designed for the debris fans of a 
number of creeks (VanDine 1996). These included two deflection berms, an open 
debris basin, a closed debris basin, and two open debris basins with a deflection1 
terminal berm. The sites were selected as being representative of many typical sites 
encountered in forest resource development, and the designs were completed in the 
field. The challenge was to design appropriate "low-tech", and corresponding "low- 
cost", forms of mitigation. Four of the designs were constructed under what was 
thought to be typical forest industry conditions -- that is, using local materials, local 
equipment, a skilled operator who had not constructed these types of structures 
before, and minimal supervision. The costs for these small "low-tech" stru-es, in 
1992 Canadian dollars, ranged fiom $1,300 to $8,000. To date none of these 
experimental structures have been tested. 

DESIGN CONSIDERATIONS 

The previous sections have reviewed a variety of debris flow mitigative 
structures that have been designed and constructed in BC over the past 20 years. 
This review not only included a variety of designs, but also a variety of elements at 
risk, owuers and finances. Regardless of the above varieties, however, similar design 
criteria had to be considered for all mitigative structures. 

Designs of debris flow mitigative structures are very site specific and must 
iuclude both the character of the debris flow and the character of the debris channel 
and/or debris fan (deposition zone). 

Characteristics of the debris flow that need to be considered should include: 
frequency of occurrence potential runout distance 
magnitude or volume potential impact forces 
maximum discharge and flow depth potential run up and superelevation, 
character, size and gradation of debris and 
likely flow path probable storage angle. 

Characteristics of the debris channel and/or debris fan (deposition zone) that 
need to be considered should include: 

(i) Debris Channel (ii) Debris Fan (Deposition Zone) 
gradient size 
geometry gradient 
sidewall materials geometry 
channel bottom materials, and morphology, and 
existence and location of other existence and location of other 
structures. structures. 
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I 
The reader is referred to Hungr et a1 (1984), VanDine (1985), Hungr et a1 

I j (1987) and VanDine (1996) for a review of appropriate mitigative structures, the 
I associated design criteria, and how they can be determined and applied. 
I 

CONCLUSIONS 

Based upon the experience gained by designing and constructing debris flow 
mitigative structures in BC over the past 20 years, we have learned that the 
co~nplexity of the design is generally determined by the associated elements at risk. 
Other factors that intluence the design include the owner of the structure and the 
finances available for design and construction. Regardless of these parameters, similar 
design criteria must be considered for all types of debris flow mitigative structures. 
These are very site specific and must consider both the character of the debris flow 
and the character of the debris channel andlor debris fan. 
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Fig 1: Plan and sectional or oblique views of typical mitigative structures 
(a) Deflection berm; (b) Terminal Berm; (c) Open Debris Basin; (d) Closed Debris 
Basin (fiom VanDine, 1996) 






