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Dear Mr. Warnock, 

1.0 INTRODUCTION 

As outlined in our proposal letter dated July 7, 2010 and authorized in your email dated July 8, 2010, Golder 

Associates Ltd. (Golder) has carried out a geotechnical assessment of the Bitter Creek Quarry near Stewart, BC.  

The assessment comprised a one-day field mapping program to collect rock structural data for a kinematic 

assessment of the proposed pit development plan. 

The Bitter Creek Quarry is currently under development with a single bench mining approach.  The BC Ministry 

of Transportation and Infrastructure (MoTI) is considering changes to the development plan in order to increase 

the production volume of rock.  The proposed changes include:  

1) Development of an additional bench above the uppermost existing bench; and 

2) Triple benching in order to increase the available rock volume.   

 

Prior to the MoTI proceeding with either of these changes to the development plan, the BC Ministry of Energy 

Mines and Petroleum Resources (MEMPR) has requested that a geotechnical assessment of the quarry slopes 

be undertaken to determine whether or not the proposed changes to the development plan are feasible from a 

geotechnical perspective.  This letter report provides the documentation of the requested assessment.   
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2.0 FIELD WORK  

A site visit was carried out by Mr. John Richmond, P.Eng., P.Geo. and Tammy Shore, E.I.T. of Golder on 

Wednesday July 21, 2010 to assess the quarry site conditions and collect geotechnical information on the 

existing bench faces and overburden cuts above the uppermost existing bench.  A site plan, Figure 1 (attached), 

provided by MoTI shows the location of the quarry assessment area and areas where geotechnical observations 

were made.  Figure 2 shows an as-built profile of the existing quarry benches at Section lines 0+20 and 0+70.  

 

3.0 SITE DESCRIPTION 

3.1 General 

The quarry is located on northwest facing slopes on the south side of Highway 37A, just west of the highway 

crossing of Bitter Creek and approximately 13 km, northeast of Stewart.  The currently developed quarry area is 

approximately 3000 m
2
 and has three levels as shown in Figure 1 and Photographs 1 and 2. 

 

3.2 Soil  

The existing quarry footprint has been stripped of overburden soils.  The soil conditions observed above the 

crest of the upper bench comprised moss and forest litter overlying a thin (less than 0.5 m thick) layer of dark 

brown organics overlying bedrock (Photograph 3).  At the west end of the quarry and approximately 10 metres 

above the upper bench, the moss, forest litter and organic layers appeared to be overlying an undetermined 

thickness of blocky talus (Photograph 4) that appeared to thicken to the south, towards the toe of a steep natural 

rock bluff.   

 

3.3 Rock  

The rock exposed in the existing bench faces comprised fresh to slightly weathered, blocky, strong to very 

strong, white with black speckle, medium to coarsely crystalline, quartz monzonite interpreted to belong to the 

Tertiary Bitter Creek Pluton as mapped by the Geological Survey of Canada
1,2

.  This pluton has been 

characterized as a satellite intrusion of the Coast Plutonic Complex, an extensive belt that includes Mid-Jurassic 

to Tertiary aged intrusions.  The quartz monzonite was observed on site to be intruded by a few 

northwesterly/southeasterly trending gabbro dykes, likely a younger intrusion of the same Coast Plutonic 

Complex. 

Visible and accessible discontinuities on the existing rock cuts were mapped.  During the rock mapping the 

following information was collected: rock type, joint orientation, fracture continuity, joint sidewall separation and 

condition (aperture and infill), joint surface roughness and shape, joint infill, discontinuity spacing, degree of rock 

mass and joint side wall weathering, and intact and joint sidewall rock strength estimates.  The orientations of 

the mapped joint sets are plotted on Figure 3 (attached), and Table 1 below provides a summary of the mean 

orientations of the identified joint sets relative to true north. 

  

                                                   

1
 Greig, C.J., Anderson, R.G., Doubeny, P.H., and Bull, K.F.,  “Geology of the Cambria Icefield : Stewart (103P/13),  Bear River (104A/4) and parts of Meziadin Lake (104A/3) and Paw 

Lake (103P/14) Map Areas”, Geological Survey of Canada, Open File 2931, 1:50 000, 1994. 

2
 Evenchick, C.A., Mustard, P.S., McMechan, M.E., Ferri, F., Ritcey, D.H., Waldron, J.W.F., Porter, S., Greig, C.J., and Smith, G.T., “Geology, Bowser Lake, British Columbia”,  Geological 

Survey of Canada, Open File 5706; BC Ministry of Energy Mines and Petroleum Resources, Petroleum Geology Open File 2009-1, 1:125 000, 2008. 
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Table 1: Mean Joint Set Orientations shown in Figure 3 

Joint Set Dip (Degrees) Dip Direction (Degrees) 

JS-1 81 050 

JS-2 78 318 

JS-3 71 153 

 

With reference to Figure 3 and Table 1 (above), the following comments are provided: 

 Joint set JS-1 is a sub-vertical, medium persistence (3-10 m), planar to undulating set orientated 

perpendicular to the proposed bench faces with joint spacing from 0.2 to 0.6 m; 

 Joint set JS-2 is a sub-vertical to steeply dipping, medium persistence (3-10 m), planar to undulating set 

dipping sub-parallel to the proposed bench faces with joint spacing from 0.2 to 0.6 m; and 

 Joint set JS-3 is a sub-vertical to steeply dipping, low persistence (1-3 m), undulating set dipping into the 

proposed bench face with joint spacing from 0.06 to 0.6 m.  Joint set JS-3 was mainly observed on the 

eastern quarry bench faces and was not observed at the west end of the quarry. 

 

Additional Observations: 

 Overhanging bench faces were observed at the east end of the upper and middle benches 

(Photographs 2 and 5) exposing several examples of the JS-3 structures; 

 Smooth bench faces, excavated along parallel rock structures were noted at the west end of the upper 

bench (Photograph 3) showing the JS-2 structures and their control on bench face stability; 

 Sub-horizontal blast holes were observed in several areas at either ends of the quarry suggesting slash 

cuts and uncontrolled blasting were likely carried out (Photograph 6); 

 Loose blocks were observed in the upper bench face in several areas as shown in Photograph 7; and 

 The overburden cut, although very shallow, was noted to be very close to the crest of the rock in the upper 

benches as shown in Photographs 3 and 7. 

 

3.4 Groundwater 

At the time of the site visit, no groundwater was observed seeping from the joints exposed on the existing quarry 

bench faces.  Groundwater seepage from the quarry faces may occur as the quarry is developed. 

A shallow channel, less than 1 m deep in the organic layer was observed above the top bench and it is expected 

that this would discharge surface water over the crest of the upper bench during and/or following periods of 

sustained precipitation or snowmelt. 
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3.5 Kinematic Assessment  

A kinematic analysis of the stability of the proposed quarry bench faces was carried out to provide a preliminary 

indication of potential rock slope failure mechanisms.  The analysis utilized a conceptual cut slope angle of 

76 degrees (1H:4V), an average rock cut dip direction of 320 degrees azimuth and a discontinuity friction angle 

of 35 degrees.  The kinematic analysis suggests that a toppling failure mechanism is kinematically feasible on 

JS-3 (Figure 4).  Bench face development on final walls will be largely controlled by set JS-2, which is orientated 

sub-parallel to the dip directions of the existing quarry bench faces i.e. close to 320 degrees.  Accordingly, planar 

failure on JS-2 structures is not anticipated to present stability problems during the planned quarry development.  

No kinematically feasible wedges were identified in the kinematic assessment carried out with the mapping data.  

Further discussion on potential toppling failures is described in the section below. 

 

3.6 Block Toppling Failure  

As described above, potential block failures involving toppling on JS-3 were identified in the kinematic analysis.  

As the toppling structures were observed to have joint spacing from 0.06 to 0.6 m or larger, it is judged that the 

height to width ratio of these structures could be unfavourable for block toppling failures.  However, no cross joint 

structures were observed to facilitate free gravity toppling of individual or sets of blocks.  Rather, it is expected 

that block toppling failures would require tensile failure through the toe blocks, either due to blast damage, or 

stress due to the bench faces being excavated to an overhanging condition.  A stable and intact slope toe will be 

the critical element to managing potentially problematic toppling conditions.  Therefore, if conditions arise during 

quarry development where areas of the slopes are considered to be at risk of block toppling, nominal support 

using  rock bolts could be installed to support the potentially unstable blocks and reduce the slope hazard.  

Alternatively, subsequent benches cuts could step-in a full 8 m catch bench width where toppling issues on the 

higher benches are anticipated. 

Additional recommendations are provided in the following section to assist in managing potential block toppling 

problems due to the JS-3 structures.   

 

4.0 RECOMMENDATIONS 

4.1 General  

As noted above, some of the existing bench faces at the east end of the upper bench were noted to be slightly 

overhanging due to breakage along the JS-3 joints.  These areas could be rehabilitated with a small push-back 

to re-establish a stable final wall with controlled blasting techniques.  As observed in the existing bench faces, no 

large-scale slope instability is anticipated in new bench faces developed within the currently planned 

development.  Appropriate geotechnical review and assessment of final wall cut faces is recommended during 

ongoing quarry development to validate the geotechnical assessment presented in this report.  Based on our 

stability assessment, individual blocks that are exposed in the new cuts should be stable, or will be limited in size 

and are expected to be easily excavated to a stable angle or scaled from the final slope.  Overburden slope 

trimming should be carried out within a three metre wide setback from the upper bench crest.  All final bench 

faces should be thoroughly scaled prior to subsequent bench excavation.   
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4.2 Proposed Quarry Design 

It is recommended that prior to blasting and development of lower benches, the overburden at the crest of the 

quarry be removed within a minimum of 3 m setback from the crest of the rock cut and the bench crest and faces 

should be scaled of all loose rock.   

Based on the observed condition of the existing quarry and the rock structural data collected, it is recommended 

that the final wall bench faces be excavated at 0.25H:1V and at an average dip direction of approximately 

320 degrees azimuth. Due to the favourable rock structure and high intact strength of the rock, triple bench 

excavation, for individual bench heights no greater than 8 m, may be considered for development of the quarry 

providing controlled blasting is carried out on all final wall blasts as described further in the following section on 

blasting.   

Due to the uncertainty in the thickness of the talus deposit above the west end of the existing upper bench, 

considerable excavation and effort may be required to excavate a stable slope in the talus.  Additionally, a large 

talus cut would be difficult to manage if it experiences any stability problems during the later stages of quarry 

development.  As such, development of an additional bench above the current upper bench face at the west end 

is not recommended at this time without further assessment of the thickness of the talus and an understanding of 

the underlying soil and/or bedrock surface.   

However, it is recommended that the existing upper bench be pushed back at the east end of the quarry, where 

the existing bench faces are overhanging as shown in Photograph 5.  It is recommended that the final wall blast 

be carefully designed in this area in order to cross-cut the JS-3 toppling structures with minimal damage.  The 

bench face dip direction may be turned slightly northwards to an azimuth of 320 degrees to match the expected 

favourable JS-2 structures and prevent push back towards the talus area in the middle and west end of the 

quarry.  Furthermore, the upper bench face dip direction at the east end could be turned more towards the north 

to more closely follow the natural ground contours and to generate some additional production volume.   

Ongoing quarry development below an additional two benches, could proceed with a ramp, or catch bench a 

minimum of 8 m wide, or some wider practical minimum width to suit quarry production equipment or a width as 

regulated by the Ministry of Energy Mines and Petroleum Resources.  The quarry could be developed an 

additional two to three benches below such a ramp or catch bench before the quarry bottom elevation becomes 

close to the highway level.  The resulting inter-ramp angle of the quarry based on the above described bench 

and berm configurations is expected to be on the order of about 62 degrees or less as shown on the cross 

sections in Figure 2.  

 

4.3 Blasting  

As stated earlier, stability of the cut slopes will be governed largely by the orientation of discontinuities in the 

rock and to a certain extent by the amount of blast damage to the final cut face.  Poor blasting techniques could 

result in overbreak occurring back to the JS-3 joint surfaces, leading to overhanging bench faces and potential 

toppling failures.  It is assumed that the work will be carried out by an experienced contractor familiar with 

appropriate controlled blasting techniques and that all final faces will be scaled of loose blocks prior to 

development of the subsequent bench.  Smooth wall blasting with accurately surveyed and aligned final line 

blast holes should be used on all final bench faces.  Final line blast holes should also be laid out so that drill 

off-set at the base of each excavation lift is not more than 0.5 m as shown in the cross sections in Figure 2.  

These provisions will help to produce a uniform cut face with minimal surface roughness and ledges or “kickers” 

that could cause rock falls to bounce out from the face.  Blast designs should ensure that blast energy is 

optimized in order to minimize blast damage to the rock in and behind the face.  It is recommended that the 

blasting contractor carry out the blasting and rock excavation in accordance with the 2009 MoTI Specifications 

Section 204 “Rock Cuts”.   
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4.4 Monitoring 

It is assumed that routine geotechnical inspections will be carried out during quarry development by MoTI’s own 

geotechnical staff to assess the condition of overburden cut slopes and final bench faces.  It is also assumed 

that MoTI’s geotechnical staff will be able to determine whether rock structural conditions have changed from 

those documented herein and whether suitably qualified rock engineering professionals should carry out 

additional slope assessments to determine whether slope support such as rock bolts and drains, or alterations to 

the currently proposed quarry design, may be required.  It will be important for inspections to be completed as 

each bench face is exposed, so that assessments and designs for potential rock bolt support can be carried out 

and executed before access for equipment, or drills is lost. 

 

4.5 Lined Drains 

Although the joint traces observed during the field assessment suggest the majority of the near surface 

discontinuities in the rock slope are dry, provision should be made for the installation of localized sub-horizontal 

drains in bench faces to relieve water pressure in any problematic wet areas identified during quarry 

development.  The sub-horizontal drains should be installed in accordance with the 2009 MoTI Specifications 

Section 208 “Drains for Rock Cuts”, which entails fully lined drill holes with 19 mm (minimum inside diameter) 

slotted Schedule 40 PVC to maintain an open conduit for release of groundwater pressure. 

 

5.0 CLOSURE 

The factual data, interpretations and recommendations contained in this report are based on the ground 

conditions observed at the field reconnaissance locations at the subject site. 

This report has been prepared for the exclusive use of MoTI and their representatives for specific application to 

the quarry development described within this report.  Any use which a third party makes of this report, or any 

reliance on or decisions to be made based on it are the responsibility of such third parties. Golder accepts no 

responsibility for damages, if any, suffered by any third party as a result of decisions made or actions based on 

this report. This report has been prepared in accordance with generally accepted geotechnical engineering 

practices.  No other warranty, expressed or implied is made. 

We trust that this report is sufficient for your present needs for the proposed development. Golder appreciates 

the opportunity to work with MoTI on this project.  Please call the undersigned if you have any questions, or 

desire additional information. 

Yours very truly, 

GOLDER ASSOCIATES LTD. 

 

 

John C. Richmond, P.Eng., P.Geo. Mark Goldbach, P.Eng. 
Geotechnical Engineer Principal 
 
JCR/MGG/js 

  
CC: Gerry Nelson 
  
Attachments: Figures 1 to 4 
 
\\bur1-s-filesrv2\final\2010\1447\10-1447-0177\let 0910_10 moti final\let 0910_10 bitter creek quarry final.docx 
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Photograph 1: Overview of Bitter Creek Quarry as viewed looking southeast from the north side of Highway 37. 
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Photograph 2: View, looking west at the three bench levels in the Quarry, the toppling structure and overhanging bench faces 
on the middle bench, east end. 

Lower bench 

Middle bench 

Upper bench 
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Photograph 3: View, looking west at the west end of the top bench.  The thin organic layer is visible immediately above the 
crest of the rock cut and the structural control on the bench faces is visible in this photograph and highlighted by the dashed 
lines. 
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Photograph 4: View looking north and downhill towards the quarry from the treed talus area above. 
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Photograph 5: View, looking west at the east end of the upper bench and the overhanging bench faces exposed along the 
JS-3 toppling structure and highlighted by the dashed lines. 
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Photograph 6: View of ends of slash-cut blast holes in an overhanging bench face.  
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Photograph 7: View of an area on the upper bench where the overburden should be cut back, approximately 3 m above the 
crest of the rock cut and where scaling should be carried out prior to benching down. 
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