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Report on: May 31, 1997 Gowan Creek Debris Flow and Fatality 

Summary 
 

An estimated 60 000 cubic metre debris flow occurred within the Gowan Creek 

drainage at approximately 9:30 a.m., May 31, 19971.  The debris flow occurred 

about 80 kilometres south west of Pemberton and 65 kilometres north west of 

Squamish (see attached location map). 

 

The path of the debris flow is illustrated in photographs 1, 2 and figure 3.  The debris 

flow travelled approximately 1,500 metres before terminating within Gowan Creek 

(photograph 3) and resulted in an estimated 8.2 hectares of site disturbance, the 

destruction of 6.9 hectares of mature standing timber and one fatality.   

 

As the debris flow slid towards Gowan Creek it passed through an active cut block 

(see photographs 3, 4 and Road/Block map).  A faller, working within the block, 

disappeared during the event.  Extensive ground and air searches revealed no trace of 

the missing faller; he is presumed dead, a casualty of the debris flow. 

 

The debris flow was initiated by a 100 to 200 hundred cubic metre sidecast road fill 

slope failure along branch road BR142.  The  initiation zone of the debris flow is 

approximately 700 metres vertical above Gowan Creek.  The road failure occurred at 

the junction of two logging roads (see photographs 1 and 2). 

 

The fill slopes along BR142 vary from marginally stable to inherently unstable.  The 

road was built by sidecasting; sidecast fill tends to accumulate (hang up) behind 

stumps and logs below road grade.  Long term decomposition of the woody debris 

supporting the sidecast fills results in settlement and tension cracking of the road 

surface and fills; where the face angle of the fill slopes significantly exceeds the 

sidecast fill’s angle of repose cracking is a common precursor to road failure. 

 

                                                 
1 See attached Landslide Profile Data Card from July 22, 1997 site review. 
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Road fill failures typically result in debris slides involving a few hundred to perhaps 

a thousand cubic metres of material.  When such failures occur upon moderate to 

steep slopes they may trigger debris flows similar to the recent event at Gowan 

Creek. 

 

The fundamental causes of the recent failure were: sidecasting upon steep terrain and 

inappropriate road deactivation.  However, the failure was triggered by an increase 

in water pressure within the fill slope.  Heavy snow melt and rainfall resulted in a 

small creek flowing down spur road BR142A, across branch road BR142 and into 

open cracks along the shoulder of BR142.  As the cracks filled with runoff from 

BR142A water pressures within the fill slope increased triggering failure of the road 

fill. 

 

Overview of Terrain and Slope Failures within Drainage 

 

Terrain within the Gowan Creek drainage is bedrock controlled.  The bedrock 

controlled hill slopes are mantled with well drained, weathered, till.  The till, with a 

silty sandy matrix, is underlain by moderately steep (25 to 35 degree) granitic 

bedrock. 

 

Historical forestry activity within the drainage has resulted in a comparably modest 

number of landslides2.  Most forestry related slope failures within the drainage are 

sidecast road fill failures similar, but generally smaller volume and runout, than the 

May 31, 1997 event3. 

 
Nomenclature and Tenure 
 
The road fill failure occurred at the junction of branch road 142 and spur road 142A.  

Both roads were built in approximately 1980 by British Columbian Forest Products 

                                                 
2 Frequency and magnitude of landslide activity in the drainage is modest compared to slide prone 
terrain upon the west coast of Vancouver Island or the Queen Charlotte Islands. 
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Limited.  For reasons which are unclear, roads 142 and 142A are referred to within 

documents prior to the early 1990’s as BR140 and BR140A respectively.  This report 

refers to the roads by their recent designations of BR142 and BR142A respectively. 

 

International Forest Products Limited (Interfor) has been the local licensee since at 

least 1995. 

 

June 2, 1997 Assessment 

 

A preliminary site assessment was conducted by Y. LaForest, K. Paterson, of the 

Squamish Forest District, and S. Rochetta of the Ministry of Environment, Lands 

and Parks Monday June 2, 1997.  Assessment was restricted by weather and time. 

 

June 2, 1997 assessment comprised: 

 

• Foot traverse of debris flow initiation zone. 

• Helicopter review of debris flow path and roads surrounding initiation zone. 
 

Precise details of June 2, 1997 assessment are not available to the authors of this 

report.  However, Y. LaForest reported that June 2 site conditions were very similar 

to our observations of June 3 and July 22, 1997. 

 

June 3, 1997 Assessment 

 

A preliminary site assessment was conducted June 3, 1997 by: T. Rollerson, P. Geo., 

Research Manager, Vancouver Forest Region, H. Lussenburg, R.P.F., Compliance 

and Enforcement, Vancouver Forest Region, Hardy Bartle, P.Eng., Geotechnical 

Engineer, Vancouver Forest Region and Y. LaForest, Compliance and Enforcement, 

Squamish Forest District. 

                                                                                                                                          
3 May 31, 1995 road reconstruction report by Terrence Lewis and April 18, 1997 level 1 WRP report 
by SRK Robinson Inc.. 
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The site was accessed by helicopter.  Site assessment commenced at approximately 

11:00 a.m..  Decreasing visibility forced abrupt termination of the site visit for 

helicopter safety at approximately 2:00 p.m. (weather consisted of light rain and low 

cloud).  Functional ground time was approximately 1.5 hours. 

 
The June 3 assessment comprised: 
 
• Helicopter overview of debris flow path, road fill failure and roads adjacent fill slope failure. 

• Compass and tape survey of failure surface and headwall. 

• Traverse of fill slopes immediately north and south of road failure. 

• Traverse of BR142 an estimated 200 to 300 metres south of the failure. 

• Traverse of BR142 an estimated 50 metres north of failure. 

• Traverse of debris flow track 65 metres below road grade. 

• Traverse of spur road BR142A. 

• Helicopter overview of debris flow track, BR142, snow covered road and slopes above BR142A. 

 

July 22, 1997 Assessment 

 

A follow-up assessment was conducted July 22, 1997 by: T. Rollerson, P. Geo., 

Research Manager, Vancouver Forest Region, Hardy Bartle, P.Eng., Geotechnical 

Engineer, Vancouver Forest Region, Y. LaForest, Compliance and Enforcement, 

Squamish Forest District and B. Thomson, Regional Geomorphologist, Ministry of 

Environment Lands and Parks.  The site was accessed by helicopter.  Total ground 

time was six hours.  Weather conditions featured overcast skies with intermittent 

showers and brief sunny periods.  Ground level visibility was good. 

 

July site assessment comprised: 

 

• Helicopter overview of debris flow track, road fill failure, roads: BR144, BR142 and BR142A. 

• Traverse of BR142 four hundred metres north and six hundred metres south of the road failure. 

• Traverse of BR142A. 

• Traverse of debris flow track by B. Thomson and T. Rollerson to Gowan Creek. 
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Field Observations 

 

Key observations June 3, 1997 include: 
 
• Heavy snow melt resulted in substantial surface water at the site (see photographs 1 and 2). 

• The debris flow was triggered by a minor road fill failure at the junction of abandoned logging 
roads BR142 and BR142A (see photographs 1, 2 and 10, figures 1 and 2). 

• Sidecast road fill was likely fractured (cracked) due to slope movement prior to failure (see 
photographs 6, 12, 13, 14 and 15). 

• Failure was likely triggered by surface water flowing into open cracks along BR142 (see 
photographs 6, 7 and 8). 

• Spur road BR142A intercepted and directed runoff towards the road fill failure (see photographs 
7 and 10). 

• Spur road BR142A collected cut slope seepage from lower landing routing it towards the  failure 
site (photographs 16 and 17). 

• The road fill was somewhat oversteepened and included significant stumps, logs and other 
organic debris (see photographs 5, 8 and 9). 

• Soils in the vicinity of the initiation zone were derived from a silty sandy till which overlies 
moderately steeply sloping (24 to 340) bedrock (see figure 2, photographs 5 and 9). 

• Failure surface was composed of relatively smooth granite (see photograph 11) and weathered 
till. 

 
Key observations July 22, 1997 along BR 142 include: 
 
• Measurement of debris flow track from road failure to Gowan Creek. 

• Fill to south of the failure measured at 16 metres slope distance on a 380 slope angle. 

• Fill to north of the failure measured at 18 metres slope distance on a 340 slope angle. 

• Significant crack development upon the road shoulder.  Specifically: 

⇒ Open or partially infilled cracks were observed upon 60% of the 900 metres of traversed 
roadway. 

⇒ Up to 0.9 metres of crack displacement (see photograph 13). 
⇒ Most cracks along the road exhibited displacements of approximately 0.1 metres (see 

photograph 14). 
⇒ Cracking visible from low level helicopter (see photograph 15). 

  
• Questionable ditch water control.  Specifically: 
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⇒ A single functioning culvert was observed 500 metres south of the road fill failure. 
⇒ Ponded water was noted at five sites along the roadway. 
⇒ Evidence of ditch water flowing across road surface was noted at seven sites. 
  

• No evidence of systematic road deactivation or recent maintenance. 

 
Key observations July 22, 1997 along spur road BR 142A include: 
  
• Verification of June 3 findings; only the lower 150 metres of spur road BR142A intercepted and 

directed significant water towards the road fill failure (see photographs 16 and 17). 

• No evidence of systematic road deactivation or recent maintenance. 

• No functioning culverts, cross ditches or waterbars. 

  
Key observations July 22, 1997 along BR 144 are illustrated in photograph 15.  The 
road: 
 
• Was built by sidecasting- cracks along the road shoulder are visible from low level helicopter. 

• Intercepts and redirects natural slope drainage to the south. 

• Lacks evidence of recent cut slope failures or landslides. 

• Lacks evidence of systematic road deactivation or recent maintenance. 

 

Aerial Photographs 

 

Air photographs: BC94157 numbers 077 and 078, BC7480 numbers 214 and 215, 

and BC4069 numbers 25 to 27 were reviewed in preparation of this report.  The air 

photographs suggest: 

• spur road BR142A intercepts surface water from at least three ephemeral streams.  Field 

observations indicate that only the lower 150 metres of BR142A directed significant cut slope 

seepage towards the failure site. 

• Substantial vegetation at the junction of BR142 and BR142A implies abundant water at the site. 

• An abundance of woody debris along the road shoulder.  It would appear that the road shoulder 

was used as a landing. 
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Reported Weather Conditions Prior to Debris Flow 

 

There are unconfirmed reports that weather conditions immediately prior to the 

debris flow featured heavy rain and warm winds at higher elevations.  Such 

conditions would result in heavy snow melt and surface runoff the morning of May 

31, 1997.  Light rain and modest winds produced the runoff illustrated in  

photograph # 5. 

 

Document Review 

 

The documents listed in Appendix 1 were reviewed in preparation of this report. 

 

The most significant items within the listed documents are: 

 

• April 18, 1997 Watershed Restoration Project, Level 1 Assessment report, by 

SRK Robinson Incorporated. 

 Table A1.4, of the report indicates:  “A long section of road [BR142] may fail 

(i.e. large tension cracks present).  Several road-related slides.  Deactivate road 

[BR142] and rehabilitate slope as soon as possible.”  Report appears to be 

referring to slide damaged portions of BR142 500+ metres north of recent debris 

flow.  Report appears to recommend “routine” deactivation of roads BR142, 

BR142A and BR144 in the vicinity of the recent debris flow. 

• May 31, 1995 road reconstruction report by Ph.D. Terence Lewis, P.Geo..  This 

report deals with roads BR130 and BR131 below, and to the south, of the recent 

debris flow.  The report documents several fill slope failures triggered by excess 

surface water.  Conclusions include:  

  

 “In places there has been subsidence and associated subsidence cracking where 

fill and sidecast material has settled as buried woody material has deteriorated.  

Pull back of these sections has not been recommended where support for the toe 
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of fills occurs, either by natural, moderate slopes or by settled, well-distributed 

shot rock ...   It is noteworthy that all the observed sidecast failures were related 

to uncontrolled diversions of concentrated road drainage upon the fillslopes.” 

  

 These observations and conclusions could apply to the recent debris flow. 

 

Slope Stability Analysis 

 

Stability of the road fill was back analyzed assuming: 

 

• Initiation zone approximated a planar slope failure. 

• Pre failure slope geometry approximately as illustrated in figure 2. 

• Variable beneath of water in cracked road fill at moment of failure. 

• Internal friction of sidecast fill was 35 degrees. 

• Unit density of sidecast fill was 20 kN/m3. 

• Variable but interdependent: slope angle of sidecast fill, length of failure surface and soil-root 

cohesion. 

Analysis indicated: 

• The physics of the failure are within the range of accepted forestry engineering assumptions. 

• The failure was triggered by water pressures within the head scrap and along the impermeable 

bedrock-till interface. 

• Decomposition of tree roots, stumps and logs within the fill slope resulted in gradual, long term, 

reduction in slope stability. 

• In the absences of significant water pressure the fill slope was marginally stable. 

Details of analytic method, limitations of analysis and conclusions are presented in 

Appendix 2. 
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Description of Debris Flow  

 

A ground survey landslide profile showing lengths, widths and depths of the 

landslide segments, as well of estimates of volumes of materials eroded and 

deposited along the landslide track, is attached to this report. 

 

Initiation Zone 

 

The Gowan Creek debris flow initiated on a smooth, undulating, 30°-34° granitic 

bedrock surface overlain by shallow weathered silty sandy till and road fill materials.  

The till is approximately 0.5 metres deep at the point of failure and the road fill is 1.5 

to 3 metres deep.  Soil development along the adjacent road cut is podzolic (likely an 

ortho humo ferric podzol).  The slope is fairly uniform and straight, exhibiting no 

obvious concave or convex curvature along the contour. 

 

Transport Zone 

 

Immediately below the initiation zone the hill slope angle decreases to 25° and 

remains at that angle for approximately 68 metres.  The hill slope along this segment 

of the debris flow track is mantled with till 0.5-1 metre in depth.  Minor amounts of 

bedrock are exposed along the landslide track.  The next slope segment steepens to 

33° for about 40 metres before entering standing timber.  Above this point the slope 

is covered with a young plantation.  The landslide track widens from about 20 metres 

to 40 metres as it runs through the plantation.  About 0.6 hectares of the plantation 

was destroyed by the landslide. 

 
Below the plantation, the landslide track continues down steep forested slopes 

ranging from 29-35° with occasional short near vertical bedrock scarps.  The slope 

was originally mantled with shallow, well drained till.  In this segment of the 

transport zone the surface of the landslide track is bedrock dominated.  The slope 

continues for about 700 metres to a point where the landslide track splits into two 
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distinct tracks separated by a narrow strip of forest.  Along the section of the hill 

slope above the split point the landslide track expanded laterally from 40 metres to 

about 60 metres in width. 

 
At the point where the landslide track splits it enters two sub parallel, discontinuous 

gullies.  At this point the overall width of the track narrows slightly.  The landslide 

continues in the gullies until it reaches the toe of the slope about 620 metres below 

the point of divergence.  The slope gradient along this section of the hill slope ranges 

from 23-25°.  While the debris flow is dominantly erosive within the gullies, a 

moderate amount of material (estimated 3200 m3) was deposited for 460 metres as a 

wide (6-8 metres) shallow levee on the left hand side of the right track along the 

slope between the two gullies. 

 
It is estimated that 6.3 hectares of mature forest and 0.6 hectares of second growth 

forest was removed along the forested section of the debris flow track.  Some of this 

wood is scattered along the margins of the debris flow track and toe.  Some of this 

wood may be salvageable. 

 

Deposition Zone 

 

At the base of the gullies the two lobes of the debris flow exit onto a narrow, gently 

sloping fan and flood plain complex lying along the west side of Gowan Creek.  The 

left lobe of the debris flow continued for approximately 75 metres across this slope 

before stopping a short distance from Gowan Creek. 

 

The right lobe of the debris flow deposited material across the slope before entering 

Gowan Creek about 85 metres east of the base of the gullies.  This lobe of the debris 

flow crossed Gowan Creek depositing sediment and woody debris on the left bank of 

Gowan Creek. 
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The debris flow may have briefly dammed Gowan Creek.  Debris flow material was 

observed along both creek banks for tens of metres below the entry point.  Due to 

time constraints detailed assessment of debris within the channel of Gowan Creek 

was not conducted.  Woody material from the debris flow was observed 

approximately 60 metres downstream of the entry point of Gowan Creek. 

 

An estimated 16,000 to 17,000 m3  of sediment and woody debris was deposited on 

the toe slope along the right bank of Gowan Creek covering an area of 0.7± hectares.  

The forest removed in this area is dominated by second growth alder. 

 

Magnitude of Debris Flow 

 

The debris flow is estimated to moved 61,000± m3 of material upon the hill slope.  

The debris flow is estimated to have deposited 22,000± m3  of material along the 

margins of the track and in the deposition zone at the base of the hill slope.  We have 

no field estimate of the amount of material deposited on the left bank of Gowan 

Creek, but inspection of still photos of the site shows only a minor amount of 

material in situ.  The volume of material not accounted for, and which presumably 

entered Gowan Creek, is on the order of 39,000± m3.  The total area of the landslide 

to the point of entry into Gowan Creek is estimated to be 8.2± hectares. 

 

Landslide dimensions are approximate.  Widths and lengths were measured with a 

laser range finder and hip chain.  Fill and scour depths were by visual estimate.  Fill 

and scour estimates are approximate due to uncertainty regarding the character of the 

slope prior to failure. 

 

Fill and scour estimates are particularly uncertain within gully channels.  

Information regarding the true depth of gully fill, pre and post failure, was not 

available.  Without reliable gully fill data there is substantial, and unavoidable, 

uncertainty in estimating the debris flow’s volume.  For example, if scour depth was 
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estimated as 1 metre, when it was actually 0.5 metres, then the estimated volume of 

the debris flow would be in error by some 15,000 m3 (approximately 20%). 

 

Interpretation and Conclusions 

 

The recent road fill failure, and resulting debris flow, were triggered by adverse 

weather conditions.  Heavy snow melt and rainfall created an abundance of surface, 

and shallow subsurface, water which spur road BR142A directed towards the failure 

site. 

 

It is likely that water from the spur road flowed into open cracks along the shoulder 

of BR142.  Water entering the cracks likely resulted in a rapid increase of water 

pressures within the fill slope.  This increase in water pressures resulted in failure of 

the road fill. 

 

Decomposition of organics, and settlement, within the sidecast fill slope resulted in 

the formation of cracks and fractures along the road shoulder.  Such crack 

development is a logical consequence of historical road construction techniques.  

However, without abundant surface water entering the cracks along road BR142 the 

road fill failure may have been delayed for several, possibly many, years. 

 

Road fill failures very similar to the recent Gowan Creek slide are relatively 

common without evidence of abundant surface water flow into open tension cracks.  

However, such failures tend to occur from subsurface seepage prone, or older, fill 

slopes. 

 

Underlying causes of the debris flow are historical road construction practises and 

the lack of appropriate road deactivation. 

 

Had the road been built by full bench cut and end haul construction the failure would 

likely not have occurred.  Had the road been subject to timely maintenance and/or 
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deactivated, to today’s standards, it is probable that the recent landslide would not 

have occurred. 

 

A terrain stability field assessment of the roads BR142 and BR142A, prior to the 

road fill failure, would have revealed field indicators of potential slope instability 

such as cracking of the road shoulder, slumping sidecast fills and poorly managed 

ditch water. 

 

Recommendations 

 

1. The licensee be required to conduct site specific, professional, terrain stability 

assessments of old roads above their proposed work sites.  Assessments should 

identify areas where old roads may pose a safety hazard and recommend 

appropriate corrective measures.  Measures to improve safety might include:  

  

• Site specific access and work restrictions during periods of high runoff.   

• Allowance within their landslide safety procedures for snow melt. 

• Cross ditching, waterbarring and outsloping of potentially unstable roads 

above active work areas. 

• Deactivation or restoration of potentially hazardous roads. 

2.  The licensee conduct a landslide rehabilitation assessment of the landslide track.  

The landslide track be grass-legume seeded and fertilized.  Plant willow cuttings, 

alders and conifers upon slide track as recommended by an appropriate 

professional. 
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Appendix 1 

Documents Reviewed 

1. June 3 and July 22, 1997 field notes by Terry Rollerson and Hardy Bartle. 

2. June 3 and July 22, 1997 photographs by Hans Lussenburg, Terry Rollerson and 
Hardy Bartle. 

3. June 3, 1997 noted to file: 11400-25-R08832 by Ken Paterson Re: Gowan Slide 
Investigation. 

4. June 2, 1997 investigation notes by Yves LaForest. 

5. June 1 and 8, 1997 reports by Baumann Engineering Limited regarding the slide 
and on going rescue operations. Reports addressed to Interfor. 

6. April 18, 1997 Gowan Creek Level 1 Integrated Watershed Restoration Plan by 
SRK Robinson Inc. Report prepared for Interfor on the behalf of Forest Renewal 
BC. 

7. April 1997 edition of Interfor, Empire Logging Division's- Falling and Bucking 
Job Safety Procedures. 

8. February 28, 1997 Interfor Gowan Creek 1997-200 1 Terrain, Engineering and 
Deactivation map. 

9. June 17, 1996 Gowan Creek Road Permit Application for BR132 by Inteterfor. 

10. June 5,1996 Gowan Creek Road Assessments: Road branches 132 and 103 
report by Baumann ~ngineering. Report prepared for Interfor. 

1 1. May 28,1996 Interfor Gowan Creek 1996-2000 Terrain and Engineering map. 

12. December 3, 1996 Geotechnical Assessment for Roads 102 &104, Blocks 402 & 
403, Gowan Creek by Baumann Engineering commissioned by Interfor. 

13. May 3 1, 1995 Proposed Reconstruction of Gowan Creek Branches 130 & 13 1 
report by Mister Terence Lewis. Report prepared for Interfor. 

14. June 6, 1994 edition of Interfor- Best Practices List: Slope Stability Policy. 



Appendix 2 
Slope Stability Analysis 

The stability of road fills are often characterised by movement along an approximately 
planar surface'. The initiation zone of the Gowan Creek slide very closely approximates 
a planar surface. The static equilibrium stability of such "planar failures" can be 
numerically modelled2 by: 

equation (1) 

Where: 

. C,L + ( W C O S ~  - U-VSinv)Tan$  
- - ............................................ 

W Sin y + V Cos y 

F = factor of safety 
ci3 = C, + C ,  
C, = root .cohesion, 
C, = soil cohesion, 
L = length of failure surface 
W = weight of soil within failure = y,, (cross sectional area of failure) 
y = angle of failure surface 
h = depth of water in tension crack 
U = water force upon failure surface = '1, (y,J Q (L) 
V = water force within headwall tension crack = 'I, y,, h2 
$ = angle of internal friction of soil or soiYrock interface 

Factor of safety (F) is an engineering measurement of a slope or structure's stability. A 
slope with a F: 

< 1 .O is unstable, 
between 1.0 and 1.3 might fail if there are modest errors in design assumptions, 
between 1.3 and 2.0 should not fail unless there is substantial errors in design assumptions, 
> 2.0 should be stable. 

Gray D.H. and Leiser A.T.,1982, "Biotechnical Slope Protection and Erosion Control", Van Nostrand 
Reinhold Company Inc., New York 

Golder Associates, 1981, "Rock Slopes", US Federal Highway Administration, Washington 
Sidle R.C., Pearce A.J. and O'Loughlin C.L., 1985, "Hillslope Stability and Land Use", American 

Geophysical Union, Washington 



The stability of sidecast fill slopes tends to decrease with time because: 

Cr (root cohesion) decreases for many years following road construction. Root cohesion 
below a sidecast fill slope may decrease by up to 90 percent within 7 to 20 years of road 
construction4. Second growth tree roots may never reach a firm substrate upon deep, and 
nutrient poor, fill slopes. 

Rain and snow melt decrease slope stability. Abundant surface water increases ground water 
pressures. Elevated ground water pressures reduce slope stability as indicated in equation 1. 
Ground water pressures decrease during periods of dry weather. Rain and snow melt result 
in cyclic reductions in slope stability. 

Tension and settlement cracks frequently develop along the outside road shoulder of fill 
slopes. Such cracks typically develop months, even years after road construction. Crack 
development is caused by long term: fill settlement, decomposition of buried organics and 
micro slope "failure(s)". The depth and width of such cracks generally increases with time. 
Open cracks can inject surface water deep within the affected fill slope. Such cracks may fill 
with water during periods of heavy surface runoff, abrupt, and potentially chronic, increases 
in local water pressures, and declines in local slope stability, result. 

Internal drainage of sidecast fills decreases with time. Long term fill settlement and 
decomposition of buried organics gradually reduces a fill slope's ability to pass water; 
elevated internal water pressures, and inferior slope stability, may result. 

A fill slope's resistance to shear movement (its angle of internal friction (4)) decreases as 
woody debris and organics within, and beneath, the fill slope rot. Intact woody debris is 
more resistant to shear movement than rotten wood. The greater the initial quantity, and the 
higher the quality, of woody debris/organics within a fill slope the greater the long term loss 
in shear resistance. 

From field measurements (see figure 2), physics and geologic inferences, at the moment 
of failure: 

F = 1.0 (by definition), 
L = the length of the failure surface was between 12 and 24 metres, 
W = the weight of fill within.the failure was between 470 and 900 kNIm, 
y = the dip of the failure surface was approximately 30 degrees, 
U = water uplift force upon the failure surface can be estimated to be between 1 18 to 235 kN/m, 
V = water force upon the headwall can be approximated as 20 kN/m. 

Judgement, experience and literature suggests 4 can be approximated as 35 degreess. 

Iterative calculations of equation 1 yields estimates of the fill's stability from initial 
construction to failure May 3 1, 1997 (see attached spreadsheet). Such calculations 
suggest: 

- 

inferred fiom clear cut root reinforcement data within Sidle R.C. etal., pg. 64, figure 29. 
Harnmond C., Hall D., Miller S. and Swetik P., 1992, LISA Documentation Manual, US Department of 

Agriculture and Forest Service, Utah. 



The head scrap was at least half water filled at the moment of failure. 
C, was less than 5 kPa at the moment of failure. 

Literature suggests C, = 20 kPa is a reasonable upper limit for combined root and soil 
cohesion along the failure plane immediately following road construction. C, <= 5 kPa, 
suggested by back analysis at the moment of failure, is well within the range of published 
values for an aging, clear cut, weathered till, hill slope upon granitic bedrock4 ' 5 .  

The stability history of the site can then be inferred as: 

Acceptably stable when fully saturated immediately following road construction. 
A gradual reduction in the slope stability due to decomposition of woody debris and organics 
within the fill slope. Cracks likely developed along the road shoulder long before 
irrecoverable slope failure. 
The winter before the failure the slope was likely edging towards instability. The slope, in 
the complete absence of water, had become "marginally stable". 
Snow melt and rainfall runoff poured into open cracks along the road shoulder before and on 
May 3 1, 1997. Water pressures within the slope increased.. The fill slope failed and slid 
towards Gowan Creek. 

There are numerous limitations to the above analysis. Specifically: 

The analysis assumes that the sidecast fill behaved as a cohesive and impermeable mass 
prior to failure. This is a simplistic assumption given that we know the fill slope was 
actually composed of a heterogeneous mixture of native forest soil, shot rock, yarding cable, 
tree roots, stumps, limbs and branches. All slope stability work involves some simplistic 
assumptions. The assumed sidecast fill behaviour is judged reasonable given our limited 
knowledge of site conditions. 
There is obvious uncertainty in estimating the physical geometry of the slope prior to failure 
and water depth in the slide headwall. 
There is uncertainty in estimation of the cp and Ct of the sidecast fill and bedrock. However, 
the values used above are consistent with site geometry and published forestry geotechniques 
literature. 
The assumed distribution of water pressures within the fill slope is very simplistic. Precise 
distribution of water pressures within a slope at the moment of failure is always subject to 
intense theoretical debate. The distribution used in the analysis is felt to be an adequate 
reflection of reality given our knowledge of the site conditions. 

Overall, the analysis conducted above should be considered in relative rather than 
absolute terms. In relative terms, the analysis indicates there is very little uncertainty that 
the failure was triggered by water pressures within the fill slope and that stability of the 
fill slope had been gradually decreasing for many years due to rootforganic debris rotting 
within the sidecast fill. It is probable that the slide would not have occurred 
May 3 1, 1997 if the fill slope had not been partially, or fully, saturated by surface runoff 
from spur road BR142A. 



Planar Analysis Gowan Creek 

Where: Ct = root 8 soil cohesion L = length of failure surface 

h V = water depth within headwall 

U L = length of failure surface water acts upon 

W = weight of sidecast upon failure surface 

t = angle of failure surface 

p = angle of internal friction along failure surface 

Fr = Forces resisting failure Fd = Forces driving failure 

FoS = Factor of Safety 
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