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1 - INTRODUCTION

The Upper Lillooet Hydro Project, currently under construction, comprises two run-of-the-river facilities — the
Upper Lillooet Hydroelectric Facility (HEF) and the Boulder Creek HEF. The project is located approximately
60 to 65 km northwest of Pemberton, BC. The project is to be operated by the Upper Lillooet River Power
Limited Partnership (LP) and Boulder Creek Power LP (the Partnerships). The Partnerships propose to develop
an Operators Residence at the site. It is assumed that between 3 and 8 people will generally be staying at the
residence. It is proposed that the residence remain in use for the full 40-year operational life of the associated
hydroelectric facility.

The site is located on the north side of the Mount Meager Volcanic Complex (MMVC). The MMVC comprises
weak, highly fractured and hydrothermally altered volcanic rocks that are particularly susceptible to landslides
with the possibility of extremely large events (Friele et al.,, 2008). The landslide hazards at the MMVC are
described in detail in the Terrain Hazards Assessment report for the Upper Lillooet HEF (KP, 2011). The
principal hazards at the MMVC are edifice (mountain) collapse, large rock avalanches and debris flows, as well
as associated river damming and floods and hyper-concentrated flows produced by outbursts of landslide-
dammed lakes.

As part of the permitting requirements for the residence, the Squamish and Lillooet Regional District have
requested, in line with the requirements of Section 56 of the Community Charter, that the permit application
needs to be accompanied by a geotechnical report on the landslide hazards that states that the proposed site is
‘safe for the use intended’ with any necessary conditions being stipulated in the report.

Knight Piésold Limited (KP) was requested by the Partnerships to review possible sites for the Operators
Residence with respect to the natural terrain landslide risk. Five possible sites were reviewed. A Quantitative
Risk Assessment (QRA) was undertaken with respect to the natural terrain landslide hazards. The risk was
evaluated with respect to risk tolerance criteria allowing an appropriate site for the Operators Residence to be
determined with respect to the natural terrain landslide hazards. This report describes the work that was
undertaken to establish an appropriate site for the Operators Residence. The risk assessment methodology
used in this assessment is consistent with that used in a previous study undertaken to determine the appropriate
site for the project Construction Camp (KP, 2014b).

2 —SITE AND PROJECT DESCRIPTION

The project site is located on the northeast side of the Lillooet River Valley approximately 60 to 65 km northwest
of Pemberton, BC. Access to the site is along the existing Lillooet Forest Service Road (FSR). The Upper
Lillooet River Valley has a broad base, ranging from approximately 200 m-wide to 700-m wide in the vicinity of
the site (Drawing G0005). The valley side slopes are generally moderately steep (50-70% slopes) to Steep
(>70% slopes). The intake site of the Upper Lillooet HEF is located at the head of a bedrock canyon
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approximately 550 m upstream from Keyhole Falls, and approximately 250 m downstream from the confluence
of the Upper Lillooet River with Salal Creek. The powerhouse site is located approximately 6 km upstream from
the confluence of Meager Creek and the Upper Lillooet River. Boulder Creek joins the Upper Lillooet River
approximately 2 Km upstream from the Meager Creek confluence. The Boulder Creek HEF Powerhouse is
located at the apex of a fan at the toe of the side slopes of the Lillooet River Valley. The powerhouse site is
located approximately 1 km upstream from the confluence of Boulder Creek with the Lillooet River and
approximately 40 m above the elevation of the Lillooet River Flood Plain. The Boulder Creek Intake structure is
approximately 3 km upstream on Boulder Creek. The Boulder Creek Valley has a steep v-shaped profile, with
steep side slopes extending to an elevation of approximately 2,000 m.

The MMVC consists of approximately 20 km® of eruptive volcanic rocks with a maximum elevation of
approximately 2,700 m above sea level, which have accumulated since the Pliocene some three million years
ago. The MMVC is a potentially active volcano. New fumarole activity has been recently noted on the mountain
and NRCan circulated a notice about this activity in relation to the probability of volcanic activity (NRCan, 2016).
The notice concluded the volcano is not currently exhibiting signs of an imminent volcanic event. During the last
eruption of Mount Meager, approximately 2,360 years Before Present (BP), volcanic deposits were laid down in
the Upper Lillooet River Valley from a vent on the upper slopes of Plinth Peak. Block and ash avalanche and
rock avalanche deposits blocked the Lillooet River Valley to a height of approximately 100 m, forming the paleo-
Salal Lake. The dam eventually failed catastrophically causing an outburst flood in the valley below, and leading
to the development of Keyhole Falls.

A combination of factors, including the presence of weak volcanic deposits and steep, recently de-glaciated
topography combined with a rapid rate of uplift, have resulted in extensive large and frequent landslides on the
slopes of the MMVC. Debris flows with an extremely large magnitude (108 to 10° m3), but very low frequency
(return-period of greater than 1,000 years) are known to have initiated in the MMVC and travelled a considerable
distance down the Lillooet River Valley, beyond its confluence with Boulder Creek. The risk of such events
needs to be considered in selecting the site of the Operators Residence.

3 - POSSIBLE SITES FOR THE OPERATORS RESIDENCE

The area under consideration for siting the Operators Residence was initially defined by a 2 km buffer around
the Boulder Creek Powerhouse site, as shown on Drawing G0005, and then limited to locations on the northeast
side of the Upper Lillooet River. Five possible sites (hereafter referred to as Sites A to E) were identified for the
Operators Residence, as shown on Drawing G0005. Sites A to D were selected at locations on the lower slopes
on the northeast side of the valley that are just over 50 m above the elevation of the adjacent reach of the Upper
Lillooet River and adjacent to existing access tracks. Sites A and B are adjacent to access tracks that join the
Lillooet FSR upstream from the confluence of Boulder Creek and the Upper Lillooet River. Site C is located
adjacent to the Boulder Creek HEF Powerhouse. Site D is located at the toe of the glacial terrace upon which
the construction camp is located, and is on the upper part of the Boulder Creek Fan. Site E is within the footprint
area of the existing construction camp. The elevation of Site E is between approximately 105 m and 135 m
above that of the closest reach of the Upper Lillooet River (520 m asl to 550 m asl, compared to approximately
415 m asl). There are moderately steep to steep slopes to the east (upslope) and to the west (downslope) of Site
E (Drawing GO0005). These moderately steep to steep slopes are relatively small (approximately 50 m-high on
the upslope side and approximately 75 m-high on the downslope side.

4 — AIR PHOTO INTERPRETATION

Air photo interpretation (API) using BC Provincial historic airphotos was undertaken for the 2 km buffer zone.
The API involved mapping the terrain hazards from air photos with the aid of a stereoscope. The air photos
inspected are detailed in Table 4.1 below:
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Table 4.1 Summary of Air Photos Inspected

Reference Year Scale Source
BC 409:53 and 54 1947 Not shown UBC
BC 4086: 24 to 26 1962 Not shown UBC
BC 7551: 100 and 101 1973 Not shown uBC
30BC 79036: 45 and 46 1979 Not shown UBC
30BC86063: No. 9 and 10 1986 1:15,000 UBC
30BCB90114: No. 160 and 161 1990 Not shown UBC
30BCC94102: No. 94 and 95 1994 Not shown UBC
30BCC06169: No. 203 and 204 2006 Not shown UBC

NOTES:
1. UBC: University of British Columbia.

The landslides mapped are shown on Drawing GO006. The years of the air photos in which the landslides were
first identified are highlighted on Drawing G0006. In the mapping, ‘recent’ landslides that were assessed to have
occurred during or shortly before the period of the air photo record are distinguished from older ‘ancient’
landslides.

5 - LANDSLIDE HAZARDS AFFECTING THE PROPOSED SITES FOR THE OPERATORS RESIDENCE

51 HAZARD CLASSIFICATION

Hazards can be expressed qualitatively as well as quantitatively based upon their annual probability of
occurrence or expected annual return frequency. Table 5.1 summarizes the adopted classification system for
gualitative and quantitative probability estimates of landslide processes (Wise et al., 2004).

Table 5.1 Qualitative and Quantitative Probability Estimates for Landslide Processes
- Expected Annual
Hazard Likelihood Probabili?y/Return Frequency

Very High >1/20
High 1/100 to 1/20

Moderate 1/500 to 1/100
Low 1/2,500 to 1/500

Very Low <1/2,500

5.2 LANDSLIDES INITIATING IN THE MMVC
5.2.1 General

The landslide types in the MMVC include debris and rock slides, debris flows and rock avalanches. Debris flows
and rock avalanches have the longest run-out distances and pose the greatest potential threats to safety. A
debris flow is a very rapid to extremely rapid flow of saturated, non-plastic debris in a steep channel. A rock
avalanche is an extremely rapid, massive, flow-like motion of fragmented rock from a large rock slide or rock fall
(Hungr et al., 2001).
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A summary of selected dated ‘recent’ landslides in the MMVC is presented in Table 5.2 below:

Table 5.2 Selected Dated ‘Recent’ Landslides in the Mount Meager Volcanic Complex
Location Landslide Type Date Volume (m3)
Devastation Creek Debris Flow October, 1931 3.0x10°
Devastation Glacier Rock Avalanche July 22, 1975 1.2x10"
Affliction Creek Debris Flow October, 1984 2.0x10°
North slopes of Mount Meager Rock Avalanche March or April, 1986 1.0x10° to 1.0x10°

Canyon Creek Debris Flow 1987 1.0x10"
Boundary Creek Debris Flow August, 1987 5.0x10°
Boundary Creek Debris Flow September 6, 1988 5.0x10°

No Good Creek Debris Flow September 6, 1988 Not known
Boundary Creek Debris Flow November 9, 1989 2.5x10"

No Good Creek Debris Flow October, 1990 Not known
Canyon Creek Debris Flow 1990 2.0x10"
Capricorn Creek Debris Flow July 29, 1998 1.2x10°
Upper Lillooet River (approximately Debris Flow September 19, 2009 1.0x10"

1 km upstream from Powerhouse Site)

Capricorn Creek Debris Flow September 19, 2009 0.5x10°
Capricorn Creek Debris Flow August 6, 2010 4.85x10’

NOTES:
1. Compiled from Friele et al (2008) and Guthrie et al (2012).

It can be seen from Table 5.2 that the majority of the dated ‘recent’ landslides are debris flows. The Frequency-
Magnitude distribution of volcanic debris flows initiating in the MMVC ranges from debris flows with a volume of
<10°> m® with return intervals of approximately 5 to 10 years to a maximum credible debris flow of approximately
1.0x10° m® with an annual probability in the order of 1:5,000 (Jakob, 1996, Friele et al., 2008).

5.2.2 Landslide Source Zones Upstream from Keyhole Falls

The proposed sites for the Operators Residence are at risk from a large magnitude/low frequency debris flow
initiating in the Job Creek or Affliction Creek Catchment of the MMVC and travelling along the Upper Lillooet
River drainage line (Drawing G0007). Recent unpublished research work confirms ongoing slope movement on
the northwest side of Plinth Peak directed into the Job Creek Catchment (Roberti, 2015). The risk to the
proposed building from this specific hazard was mitigated from the outset by only considering sites that are more
than 50 m above the elevation of the adjacent reach of the Upper Lillooet River. The required elevation buffer
was determined from the results of a published assessment of the maximum credible inundation for a debris
flow, undertaken with the semi-empirical Laharz Model (Simpson et al., 2006), as described below.

Simpson et al., 2006 modelled the run-out of 10° m®, 10" m®, 10® m® and 10° m? debris flows initiating in the Job
Creek Catchment. Their inundation map indicates 10’ m*, 10 m*® and 10° m® debris flows could all potentially
reach the portion of the Upper Lillooet River Valley where the Operator’s Residence is proposed to be located
and are, therefore, potentially harmful. Debris flows with a volume in excess of 10° m® are considered not
credible (Friele et al., 2008). The published inundation map (Simpson et al., 2006) indicates that a 10" m® event
could affect about a quarter of the valley floor in the vicinity of the Boulder Creek confluence, and in this
assessment it was assumed that the run-out from a 10’ m® event would be largely constrained to the active
channel and flood plain of the Upper Lillooet River. The published inundation map (Simpson et al., 2006)
indicates a 10 m® event could affect about half the width of the valley floor in the vicinity of the Boulder Creek
Confluence and a 10° m® event could affect the full width of the valley floor.

At the request of KPL, NRCan provided estimates of the thickness of the 10" m®, 10® m® and 10° m® debris flow
deposits that were predicted by the 2006 model runs in the vicinity of the Boulder Creek confluence. The values,

4 of 16 VA15-02653
October 5, 2016



provided to an estimated accuracy of no more than £10 m, based upon the accuracy of the output data, are 10
m for the 10’ m® event, 20 m for the 10® m® event and 50 m for the 10° m® event. Thus, it was concluded that an
elevation buffer of greater than 50 m from the adjacent reach of the Upper Lillooet River is needed to mitigate
the risk from landslides originating in the Job Creek and Affliction Creek Catchments.

5.2.3 Landslide Source Zones Downstream from Keyhole Falls

Evans (1987) documented a 500,000 m? rock avalanche from the north side of Mount Meager, which occurred in
the spring of 1986. During or somewhat after the primary event, debris flow material followed a drainage line and
reached the Upper Lillooet River, forming a temporary blockage. The confluence of this tributary drainage line
and the Upper Lillooet River is located approximately 1.7 km downstream from the Upper Lillooet HEF
Powerhouse Site. Another small debris flow was reported along this same drainage line in July, 2015 (personal
communication, Tom Millard, MoFLRO). The 2015 event developed a small fan at the confluence and shifted the
main flow of the river towards the east bank. Evans (1987) documented tension cracks upslope from the
detachment zone of the 1986 landslide in the ridge that protrudes from the peak of Mount Meager and he
estimated that 1x10° m® of material could be involved in a future rock avalanche from this area. The risk
assessment presented in this report accounts for the possibility of both a rock avalanche and a debris flow
initiating in the vicinity of the peak of Mount Meager, followings a similar travel path to the 1986 event, and then
travelling along the Upper Lillooet River watercourse (Drawing G0007).

Consideration was given to the possibility of a larger landslide occurring along one of the other MMVC drainage
lines in the area downstream from Keyhole Falls. Small (<1O5 m3) debris flows are common in this area. An
example of such an event occurred on September 19, 2009 when a small rainstorm triggered a small debris flow
with a volume of approximately 10* m® on the north flank of Plinth Peak. The debris flow reached the Upper
Lillooet River approximately 1 km upstream from the powerhouse site. This event does not seem to have
blocked the Upper Lillooet River. The air photo record provides evidence of another previous debris flow
reaching the river at the same location. The project Terrain Hazards Assessment identified a debris flow in the
1990 air photos on a drainage line that intersects the Upper Lillooet River approximately 250 m downstream
from the powerhouse site. The debris flow initiated on a steep gully side slope in the upper part of the catchment
and terminated approximately 200 m from the Upper Lillooet River. It was concluded that the landslide run-out
path described by Evans (1987) is the critical drainage line run-out path in this area.

Jordan (1994) mapped an area of ‘sackung’ features on the northeast facing open slopes in the eastern-most
portion of the MMVC. This area of distressed terrain, which is approximately 1.5 km-wide, is shown on Drawing
GO0007. There is potential for a large rock avalanche to initiate in this area and affect the proposed sites for the
Operators Residence (Drawing G0007). This specific hazard was also accounted for in the risk assessment.

5.3 HAZARDS OUTSIDE THE MMVC

A large (approximately 800 m wide) alluvial/colluvial fan has developed where Boulder Creek intersects the floor
of the Upper Lillooet River Valley (Drawing G0006). Site D is located in the upper part of the fan and Site C is
just outside the margin of the fan. A debris flood hazard has been previously identified on the fan (KP, 2011a). In
the API undertaken as part of the current assessment, ‘recent’ debris flood deposits were identified in the vicinity
of the active channel in the 1947 air photos and again in the 1986/1990 air photos, as shown on Drawing G0006.
The debris flood deposits extend from the apex of the fan to the confluence of Boulder Creek with the Upper
Lillooet River. This indicates that debris floods large enough to deposit material all the way to the toe of the fan
occur at a frequency of approximately 1:50 years. Smaller events are expected to occur more frequently.
Avulsions channels were identified on the north side of Boulder Creek in both the 1947 and 1984 air photos
(Drawing G0006).

The debris flood hazard on the Boulder Creek Fan has also been investigated by Golder Associates (2013), who
were considering the hazard in relation to a proposed construction camp site adjacent to the Lillooet FSR, on the
south side of Boulder Creek. Golder Associates (2013) mapped avulsion channels on the fan and produced an
avulsion hazard map for the south part of the fan based upon topographic and vegetative indicators. The fan
was subdivided into ‘upper’ and ‘lower’ portions and areas of ‘Low’, ‘Moderate’ and ‘High' hazard were mapped.
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The hazard terms used in this previous report were not defined in terms of an anticipated return frequency so the
findings can only be used in a qualitative way. Site D is located on the ‘upper’ part of the Boulder Creek Fan,
where the hazard was mapped as being ‘low’.

It is interpreted that the debris flood hazard is generally lower on the south side of the Boulder Creek compared
to the north side. The reasons for this are that the west-northwest orientation of the modern channel at the apex
of the upper fan tends to direct debris flood events away from the south portion, and because the south bank of
the current watercourse is deeply incised into the fan deposits protecting the south portion of the fan from
channel avulsions. The debris flood hazard at Site D cannot, however, be assumed to be negligible since
significant aggradation of the channel bed can occur over time (as an example, approximately 2 to 5 m of
aggradation occurred locally on the South Creek Fan, approximately 23 km to the southeast, during a debris
flood event in the fall of 2015), which would reduce the natural protection afforded by the south bank of Boulder
Creek.

Two debris flows were identified in the API along ephemeral drainage courses in the slopes on the northeast
side of the Upper Lillooet Valley. One occurred in a forest clear-cut and was observed in the 1994 air photos and
the other, which was identified in the 1990 air photos, initiated along a forestry access track (Drawing G0006).
Both of the debris flows were relatively small having a travel distance of approximately 250 to 300 m. The debris
flow hazard is judged to be ‘low’ along these drainage lines now that the areas have been re-vegetated.

There is natural terrain with slope angles in excess of 60% in the vicinity of the site of the proposed Operators
Residence (Drawing G0005). Consideration was given to the open slope debris slide hazard in the areas of
moderately steep to steep terrain immediately upslope from the sites considered. No landslides were identified in
these areas in the historic air photo interpretation. The open slope debris slide hazard is judged to be ‘moderate’
in these areas.

54 OTHER HAZARDS

Landslide debris dam outburst flood hazards also need to be accounted for in considering possible sites for the
Operators Residence. Such hazards have been identified in the Meager Creek, Salal Creek and Boulder Creek
Catchments (KP, 2011). The process of only considering sites for the Operators Residence that are situated at
least 50 m above the adjacent reach of the Upper Lillooet River served to mitigate the risk from landslide debris
dam outburst floods along the MMVC drainage lines.

6 — QUANTITATIVE RISK ASSESSMENT
6.1 ASSUMPTIONS

The main assumptions for the assessment are detailed below:

e The risk assessment is limited to the expected times that workers will be staying at the Operators
Residence. The variable landslide-related risks that workers will face during their daily working hours are to
be managed by a site-specific operational plan (KP, 2016). It is assumed that a higher risk tolerance applies
to the day-to-day operations and environmental monitoring activities compared to residency at the proposed
facility.

e In consideration of the MMVC hazards, the assessment does not include for the possibility of a very large
landslide or edifice collapse occurring on the east flank of Mount Meager as a result of volcanic activity. The
MMVC last erupted approximately 2,400 years ago and the volcano may be considered active. The
acceptance of a very low probability of the proposed facility being affected by future volcanic activity at the
MMVC is implied. A volcanic eruption is typically preceded by a period of increased earthquake activity.
Earthquake activity in BC is monitored by the Pacific Geosciences Centre. It is assumed, therefore, that
there is a mechanism in place for providing warning of a possible eruption and facilitating a timely
evacuation. NRCan’s recent notice in response to new fumarole activity demonstrates their active monitoring
work.
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6.2 METHODOLOGY

Quantitative Risk Assessment (QRA) is a systematic process involving risk analysis and risk evaluation. The
QRA methodology used in this study follows established industry practice and the results are reliant upon
judgment. Particular reference is made to QRA’s undertaken for the project construction camp (KP, 2014b) and
for the provincial campsite, situated close to the confluence of Meager Creek with the Upper Lillooet River
(Cordilleran Geoscience, 2011).

Risk is assessed in terms of both individual risk and societal (group) risk. Individual risk is calculated using the
following equation:

R :P(H) X P(S:H) X P(T:S) XV

Where:

e Ris the risk (annual probability of loss of life of an individual)

e P is the annual probability of the hazardous event

e P is an estimate of the probability that a hazardous event will reach or otherwise affect the site of the
element at risk (spatial probability)

e Py is an estimate of the probability that the element at risk will be at the site when a hazardous event
occurs (temporal probability), and

e Vis an estimate of the vulnerability of the element at risk (probability of loss of life of the individual given the
impact).

Societal risk is a measure of the overall risk to the population and takes into account the number of individuals

that may be exposed to the risk and the aversion to multiple fatalities. Societal risk estimates are presented on

graphs, referred to as ‘F-N curves’, which plot ‘F’, the cumulative frequency of N or more fatalities per year vs.

‘N’, the number of fatalities. F is the cumulative sum of Py*Ps.1y*P(rs) for all the potentially harmful events once

they have been ordered by decreasing value of N. N is calculated by multiplying the number of people at risk by

their vulnerability. The graph is sub-divided into four areas representing:

e UNACCEPTABLE risk

e Tolerable risk, which should be reduced further, if practicable, according to the ‘As Low As Reasonably
Practicable (ALARP) principle’

e Risk that is considered BROADLY ACCEPTABLE, and

e Aregion of low probability but with the potential for >1,000 fatalities that requires INTENSE SCRUTINY.

In this assessment, the risk was calculated for lower and upper residency estimates of 4 and 8 people,
respectively. In each case, lower and upper-bound F-N curves were generated based upon assessed ranges of
P(S:H) and V.

Risk guidelines, which establish the maximum allowable risk as the tolerable risk or required ‘level of landslide
safety’, are used to evaluate the risk. At present, there is no provincial or federal legislation addressing levels of
landslide safety. Overviews of ‘levels of landslide safety’ adopted by a few local jurisdictions in BC in relation to
residential development are presented in Porter and Morgenstern (2012) and Appendix C of APEGBC, 2010. Of
particular note is the 1973 ‘Berger Ruling’, which set a precedent of a ‘level of landslide safety’ at an annual
probability of less than 1:10,000 for a major landslide event affecting a residential development.

Risk guidelines relating to the individual risk from landslides have been developed in Hong Kong, Australia and
by the District of North Vancouver, BC. Such guidelines set limits on individual risk for the most vulnerable
people affected by the landslide hazard, as follows:
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Table 6.1 Example Landslide Risk Guidelines for Individual Risk

Type of Development Maximum Allowable Individual Risk
New 1x107° (1:100,000)
Existing 1x10™(1:10,000)

NOTES:
1. Risk refers to the likelihood of a fatality per annum.

It is also necessary in these jurisdictions to evaluate the group or societal risk by preparing an F-N plot, and
development might be approved if it can be demonstrated that risks fall in the ALARP or BROADLY
ACCEPTABLE regions of the plot. These individual risk threshold and F-N plot criteria were adopted in this study
in order to establish a site for the Operators Residence that is ‘safe for the use intended'.

6.3 HAZARD CHARACTERIZATION

Three Specific MMVC landslide hazards have been identified that pose a risk to the sites being considered for

the Operator’s residence:

e Arock avalanche initiating in the summit area of Mount Meager

e A rock avalanche initiating within the area of ‘sackung’ terrain on the northeast-facing slopes upslope from
the Upper Lillooet River close to its confluence with Meager Creek; and

e A debris flow initiating at the peak of Mount Meager.

Maximum credible events were determined for these landslide hazards. In the case of a landslide initiating at the
summit of Mount Meager, the source area dimensions of the maximum credible event were estimated to be
550 m-wide x 500 m-long. An average thickness of 75 m was assumed considering that the lateral shear
surfaces of the 2010 landslide, which initiated at the secondary peak of Mount Meager, were estimated to be
approximately 70 m-high (Gutherie et al., 2012). These dimensions yield an approximate volume of 20M m®. A
larger maximum credible volume of 5x10" m® was estimated for a debris flow initiating at the peak of Mount
Meager in order to account for possible entrainment along the travel path. The area of ‘sackung’ terrain on the
northeast-facing slopes upslope from the Upper Lillooet River close to its confluence with Meager Creek does
not extend upslope to a peak or ridgeline. The average slope angle in this area is approximately 40°, compared
to approximately 50° in the peak area of Mount Meager. A smaller average thickness of 20 m was estimated for
the maximum credible event based on these observations. The plan dimensions of the maximum credible event
were estimated to be approximately 1,100 m-wide X 400 m-long based on the mapped extent of the ‘sackung’
features. These dimensions yield an approximate volume of 10M m?®.

Debris floods along Boulder Creek pose an additional risk to Site D. Site D is located on the upper part of the
Boulder Creek Fan, where the hazard has previously been described as ‘low’ (Golder Associates, 2013). In the
upper part of the fan, the south bank of Boulder Creek is deeply incised (approximately 15 m) into the ancient
fan deposits and it is interpreted that the Upper Fan area on the south side of the creek is outside the run-out
area of the 1:1,000 year event. Site D is nonetheless considered to be at risk from the maximum credible
(1:10,000 year) event.

6.4 RISK ANALYSIS

Consideration was first given to the risk posed to the five possible sites from a debris flow initiating at the peak of
Mount Meager. The travel distance from the peak of Mount Meager varies from approximately 6.5 km to 8.0 km.
A debris flow run-out analysis undertaken for the Upper Lillooet HEF Intake structure (KP,2014,a) showed a
1x10” m® landslide initiating in the Job Creek Catchment (at a lower elevation than the peak of Mount Meager) is
estimated to travel approximately 7.5 km. The maximum credible event debris flow from the peak of Mount
Meager is therefore expected to travel further downstream on the Upper Lillooet River drainage line than all five
of the proposed sites. The maximum credible event volume is broadly similar to that of the 2010 Capricorn Creek
Debris Flow. The 2010 landslide formed an approximately 30 to 50 m thick deposit at the confluence of
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Capricorn Creek with Meager Creek, which is located approximately 7.5 km along its travel path. However, the
2010 landslide ran-up approximately 270 m in elevation on the opposing side of the Meager Creek Valley before
carrying on down the watercourse. Based upon this review of previous studies, the 50 m elevation buffer from
the adjacent reach of the Upper Lillooet River is judged to be sufficient to effectively mitigate the risk of a debris
flow initiating at the peak of Mount Meager for the proposed sites with the exception of Site A. Site A is judged to
be too close to the confluence of the travel path with the Upper Lillooet River to be clear of the potential run-up
zone, and was consequently concluded to be inappropriate for the proposed development.

A QRA was completed for Sites B, C, D and E with respect to the identified specific rock avalanche hazards
initiating at the peak of Mount Meager and at the area of ‘sackung’ terrain. Both rock avalanche hazards were
estimated to have an annual probability of occurrence of 1:10,000 (or less) since, while they are deemed
credible, comparable magnitude events are not known to have occurred at these sites throughout the
approximate 10,000 year time period since de-glaciation.

The spatial probability was assessed using a graphical plot of tan (Angle of Reach) verses rock avalanche
volume presented in Scheidegger (1973). The ranges of tan(Angle of Reach) values for the volumes of the two
maximum credible events under consideration were determined, and assuming a normal data distribution, the
95" percentile was determined (95% of the angle of reach data for the subject landslide volume being larger
than this value) as being representative of the Maximum Credible Event. Using this method, a Maximum
Credible Event Angle of Reach (AoR) value of 13° (tanAoR= 0.23) was determined for a rock avalanche initiating
at the peak of Mount Meager and a Maximum Credible Event AoR value of 15° (tanAoR= 0.27) was determined
for a rock avalanche initiating in the area of ‘sackung’ terrain. The predicted maximum extent of debris run-out
for a rock avalanche initiating in the area of ‘sackung’ terrain, assuming an angle of reach value of 15°, is shown
on Drawing G0007. This line was developed by simply projecting lines directly down slope from the sides of the
assumed source zone at an angle of 15° below the horizontal until they intersected the slope on the north side of
the valley. It is anticipated that the subject rock avalanche would demonstrate significant debris spreading and
the length of slope affected by debris on the north side of the Upper Lillooet River would be significantly greater
than the source zone width.

The mean AoR value predicted for a 1x10” m® landslide by the Scheidegger (1973) dataset was compared to the
value derived from the Corominas (1996) dataset. The mean angle of reach value from the Scheidegger (1973)
data set is similar to the Corominas (1996) value for ‘obstructed’ rock falls and rock avalanches - 22° compared
to 21.5°. The ‘obstructed’ travel path data set is considered to be appropriate for comparison since the subject
travel paths intersect the floor of the Upper Lillooet Valley.

Spatial probability values were estimated for the proposed Operators Residence sites in a qualitative manner by
comparing the angular elevations from the rock avalanche source zones to the proposed sites to the respective
Maximum Credible Event AoR values. Consideration was given to factors that could attenuate the run-out of a
landslide following the subject travel paths to the proposed sites. The factors considered included the required
angular deviation in plan that a landslide would need to have in order to affect the site, the required elevation
gain from the floor of the Upper Lillooet River Valley to the site, and, in the cases of Sites D and E, the influence
of the Boulder Creek Canyon in limiting debris runout. The estimated spatial probability values are summarized
in Tables 6.2 and 6.3 below:
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Table 6.2

Estimated Spatial Probability Values for a Rock Avalanche initiating at Mount Meager

Tan (Angular Estimated Tan Required deviation Required elevation :
; . . Estimated
. Elevation (Angle of Reach) | of landslide travel | gain from the floor of .
Site : . : Spatial

from Source of Maximum path for it to reach the Upper Lillooet Probabilit

Area to Site) Credible Event the site (°)™°te? River Valley (m) y
B 0.28 0.23 20 40 0.6t0 0.7
C 0.28 0.23 25 35 0.5t00.6
D 0.26 0.23 32 30 0.2t00.3
E 0.24 0.23 33 100 0.05t00.1

NOTES:

1. Angle between the travel direction at the confluence of the tributary drainage line and the Upper Lillooet River and the trajectory line from
the confluence to the proposed site for the residence.

Table 6.3

‘Sackung’ Terrain

Estimated Spatial Probability Values for a Rock Avalanche initiating in the area of

Tan (Angular Estimated Tan Regwred Required elevation .
. deviation of : Estimated
. Elevation (Angle of Reach) . gain from the floor of .
Site . landslide travel . Spatial
from Source of Maximum . the Upper Lillooet -
Areato Site) Credible Event path for it to reach River Valley (m) Probability
the site (°) D y
B 0.30 0.27 32 55 0.71t0 0.8
Cc 0.28 0.27 46 50 0.5t00.6
D 0.26 0.27 62 45 0.1t00.2
E 0.23 0.27 63 115 0.05t00.1
NOTES:

1. Angle between the travel direction and the trajectory line from the confluence with the Upper Lillooet River to the proposed site for the
residence.

The temporal probability reflects the maximum proportion of time individuals are expected to be resident at the
building outside of working hours. The plant operators are expected to spend the most amount of time on site. It
is assumed that the individuals operating the plant will be on site permanently for 6 months of the year and will
be on site for approximately a third of the rest of the year and while they are on site they will spend
approximately 50% of each full day at the Operators Residence (as described in Section 6.1, it is assumed that
for the remaining 50% of the day, the subject individuals will be at work at the hydroelectric facility with the risk
being managed by an Operational Landslide Risk Management Plan). The temporal probability for these
individuals is therefore approximately 0.33. It is understood that the Operators Residence will occasionally be
used as a ‘refuge’ during normal working hours when the Landslide Risk Management Plan requires work to
‘Shutdown’. This occupancy, which occurs during normal work hours, is part of the mitigation measures
pertaining to the operational Landslide Risk Management Plan and is therefore not classed as residency.

The vulnerability is defined as the probability of an individual losing their life if subject to a given landslide
hazard. Vulnerability is based solely upon judgement. Vulnerability estimates depend upon the scale and type of
the landslide hazard, the predicted landslide velocity and depth (Jacob et al, 2012), and the level of protection
that the proposed Operators Residence could provide. It was assumed that the Operators Residence will
comprise an elevated wood frame structure. There is considerable uncertainty (particularly in the absence of
run-out modelling) regarding the expected landslide velocities and landslide debris depths along the run-out
paths. Furthermore, landslides impart both static and dynamic loads, which are difficult to predict. Ranges of
vulnerability factors were adopted in order to reflect these uncertainties. Rock Avalanches can be extremely
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destructive and the locations at which a rock avalanche could destroy a wood frame structure is expected to be
very close to the end of the run-out path. Upper-bound vulnerability values of 1.0 were therefore selected for all
of the proposed sites. Lower-bound vulnerability values were assessed based upon the positions of the sites
relative to the assessed extents of debris run-out for the Maximum Credible Events. The estimated vulnerability
values are summarized in Table 6.4 below.

Table 6.4 Estimated Vulnerability Values for Specific Hazards
Vulnerability
Site Rock Avalanche initiating | Rock Avalanche initiating in the
at Mount Meager area of ‘Sackung’ Terrain
B 0.95t0 1.0 0.95t0 1.0
C 0.95t0 1.0 0.9t01.0
D 0.9t01.0 0.85t0 1.0
E 0.85t0 1.0 0.8t01.0

The QRA for Site D also incorporated the risk from a debris flood along Boulder Creek. The south bank of
Boulder Creek is incised about 15 m into the upper part of the fan (Golder Associates, 2013). It is interpreted
that this provides natural protection to Site D with respect to the 1:1,000 year debris flood event although this
part of the fan would still be at risk from the maximum credible (1:10,000 year) event.

The Personal Individual Risk (PIR) was calculated for Sites B to E with respect to the two specific rock
avalanche hazards identified. For Site D, The PIR calculation also included the Maximum Credible Debris Flood
Event along Boulder Creek. The PIR with respect to the debris flood hazard along Boulder Creek was found to
be approximately 1.07x10” (1:93,250). For each site, the total PIR was calculated by adding the values for the
different hazards.

The aggregated PIR values are presented in Table 6.5 below:

Table 6.5 Aggregated Personal Individual Risk Values
Personal Individual Risk
Site
Range Mean
B 4.08x10” to 4.95x107 (1: 24,500 to 1: 20,200) 4.52x10” (1:22,150)
C 3.06x10 to 3.96x107 (1:32,700 to 1:25,250) 3.51x10 (1:28,500)
D 1.70x10” to 2.97x107 (1:58,800 to 1:33,700) 2.34x107 (1:42,800)
E 2.72x107 to 6.60x107® (1:367,650 to 1:151,500) 4.66x10° (1:214,600)

6.5 RISK EVALUATION

The adopted risk guidelines require the individual risk to be less than 1:100,000 in the case of new development;
therefore, only Site E meets the required risk tolerance threshold for individual risk. The results of the group risk
assessment are presented in Figure 1. For each site, lower-bound and upper-bound curves were generated in
order to account for the lower and upper occupancy predictions of 3 and 8 people, respectively. It can be seen in
Figure 1 that Sites B to D span across the ALARP Zone with Site B being closest to the boundary with the
UNACCEPTABLE Zone and Site D being close to the boundary with the BROADLY ACCEPTABLE ZONE.
Site E intersects the boundary between the ALARP Zone and the BROADLY ACCEPTABLE ZONE. Considering
the results of the group risk evaluation, it is recommended that ongoing inspection monitoring of the landslide
hazard zones be undertaken throughout the life of the proposed residence. It is considered that this monitoring
requirement can be fulfilled by annual helicopter reconnaissance of the source zones, which is required as part
of the operational Landslide Risk Management Plan for the hydropower facility.
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6.6 CONSIDERATION OF OPEN SLOPE LANDSLIDE RISK AT SITE E

Consideration was given to the open slope debris slide risk from the areas of moderately steep to steep terrain
adjacent to the north part of the Site E. No landslides were identified in these areas in the API, and the hazard is
judged to be ‘low’ with an expected annual frequency of less than 1/500.

The empirical relationship for translational slides published by Corominas (1996) was used to assess the run-out
of a debris slide initiating at the crest of the upslope area of steep terrain, approximately 35 m above the Site E
terrace. The Corominas (1996) run-out relationships use the ‘Angle of Reach’, measured from the crest of the
hypothetical landslide source area to the toe of the debris trail. A landslide volume of 500 m*® was assumed
based upon the relatively small-size of the natural slope. The corresponding ‘Angle of Reach’ from the
Corominas (1996) run-out relationship is 24°. The maximum run-out extent for this ‘angle of reach’ value is
approximately 25 m from the toe of the moderately steep to steep slope. It is recommended, therefore, that any
occupied structures be set-back a minimum of 25 m from the toe of the moderately steep to steep natural slopes
(as shown on Drawing GO0008) in order to mitigate the debris slide risk. It is also considered necessary to
implement a set-back distance from the crest of the downslope area of moderately steep to steep terrain in the
northwest part of the site. A minimum set-back distance of 10 m is considered to be sufficient as the estimated
annual landslide frequency is less than 1/500 on the subject slopes and a landslide would be expected to have a
relatively small size (<500 m®). It is recommended, therefore, that occupied structures be set-back at least 10 m
from the crest of the moderately steep to steep slopes in this area, as shown on Drawing G0008.

6.7 CHANGED CONDITIONS

Jordan (1994) noted more ‘recent’ landslides have been observed on the south side of the MMVC than the north
and attributed this to there being greater glacial coverage on the north side. If this observation and reasoning are
correct then landslide activity on the north side of the massif may be expected to increase with ongoing glacial
retreat. However, the finding could also be a reflection of there being less human presence on the north side of
the MMVC and therefore a poorer observation record of past events.

Rapid glacier recession (Koch et al, 2009; Scheiffer et al, 2007) will lead to an increased probability of large rock
avalanches from areas of glacially debuttressed slopes (Holm, 2004).

The following climate changes can be reasonably expected at the site:

e The average annual precipitation is expected to increase and rainstorms are expected to generate higher
peak flows along the drainage channels due to increased storm precipitation intensities (Jacob and Lambert,
20009).

e An earlier spring freshet.

e Warmer winters with a higher incidence of rain-on-snow events and more extreme rainfall events (Whitfield
et. al. 2002, 2003).

e Increases in temperature and summer droughts. The Baseline Hydrology Report for the Project (KP, 2011b)
predicted a mean annual temperature increase of 0.04 °C based upon an analysis of temperature records
for Whistler. This translates to an increase of 1.6 °C during the 40 year design-life.

e Increased incidences of lightning strikes and wildfires (BC, 2007). Wildfire can cause significant changes to
soil and bedrock physical properties as well as loss of vegetation cover and forest floor material. These
changes in hydrological and geotechnical conditions can result in increased incidences of landslides, as
discussed in Jacob and Hungr (2005). The site experienced an extensive wildfire in the summer of 2015. A
post-wildfire Landslide Risk Management Plan was developed (KP, 2015a). The study identified the
development of water-repellent soils in some parts of the site although the affected locations are not in the
vicinity of the sites being considered for the Operator’s Residence. The Site was affected by an ‘Extreme
Hazard Level rainstorm on September 19 and 20, 2015. This rainstorm triggered two debris flows and an
avulsion of North Creek that affected the access route to the site but did not trigger any landslides in the
burnt terrain in the vicinity of the five sites under consideration for the Operators Residence.

The predicted climate changes are expected to result in increased landslide hazards in the relatively near future
(Jakob and Lambert, 2009). However, countering the notion that landslide activity may increase is the
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Attachments:

Drawing G0005 Rev 0 Site Map

Drawing G0006 Rev 0 Terrain Hazards Identified within 2 km Buffer from Boulder Creek HEF Powerhouse
Drawing G0007 Rev 0 Landslide Hazards in the Mount Meager Volcanic Complex that affect the sites
Drawing G0O008 Rev 0 Recommended Set-backs for Occupied Structures at Site E

Figure 1 Rev O F-N Plot for Natural Terrain Landslide Hazards

References:

Allstadt, K. (2013). Extracting Source Characteristics and dynamics of the August 2010 Mount Meager Landslide
from Broadband Seismograms. Journal of Geophysical Research: Earth Surface, Vol. 118, 1 to 19.

Arksey, R. and VanDine, D. (2008). Example of a Debris Flow Risk Analysis from Vancouver Island, British
Columbia, Canada. Landslides (2008) 5:121-126.

British Columbia (BC) 2007. Environmental Trends in British Columbia: 2007.
http://www.env.gov.bc.ca/soe/et07/04_climate_change/technical_paper/climate_change.pdf.

American Institute of Chemical Engineers, 2009. Guidelines for Developing Quantitative Safety Risk Criteria.
Appendix A — Understanding and using F-N Diagrams.

APEGBC 2010. Guidelines for Legislated Landslide Assessments for Proposed Residential Developments in
British Columbia.

Cave, P.W. 1992, (revised 1993). Hazard Acceptability Thresholds for Development Approvals by Local
Government: in Proceedings of the Geological Hazards Workshop, Victoria, BC, (ed.) P. Bobrowsky;
Geological Survey Branch, Open File 1992-15, p. 15-26.

Cordilleran Geoscience, 2011. Risk Assessment and Evaluation for the Upper Lillooet River Campsite. Report to
Norbert Grenacher, MOFLNRO, Squamish, BC.

Corominas, J., (1996). The angle of reach as a mobility index for small and large landslides. Canadian
Geotechnical Journal, 33: 260-271.

Evans, S.G. (1987). A Rock Avalanche from the Peak of Mount Meager, British Columbia. Geological Survey of
Canada, Paper 87-1A, p.929-934.

Friele, P., Jakob, M. and Clague, J. 2008. Hazard and Risk from Large Landslides from Mount Meager Volcano,
British Columbia, Canada. GeoRisk. Vol. 2, No. 1, March 2008, 48-64.

Guthrie, R.H., Friele, P., Allstadt, K., Roberts, N., Evans, S.G., Delaney, K.B., Roche, D., Clague, J.J. and
Jakob, M. 2012. The 6 August 2010 Mount Meager rock slide-debris flow, Coast Mountains, British
Columbia: characteristics, dynamics and implications for hazard and risk assessment. Nat. Hazards
Earth Syst. Sci. 12, 1277-1294, 2012.

Golder Associates. 2013. Boulder Creek Camp Site. Innergex Upper Lillooet Hydro Project. Flood Hazard
Asssessment, Pemberton, BC.

Holm, K., Bovis, M. and Jokob, M. The landslide response of alpine basins to post-Little Ice Age glacial thinning
and retreat in southwestern British Columbia, Geomorphology, 57, 201-216, 2004.

Hungr, O., Evans, S.G., Bovis, M.J. and Hutchinson, J.N. (2001). A Review of the classification of landslides of
the flow type. Environmental and Engineering Geoscience, Vol. VII, No. 3, August 2001, pp. 221 to 238.

Hungr, O. (2006). Rock Avalanche Occurrence, Process and Modelling in Landslides from Massive Rock Slope
Failure, Nato Science Series, Volume 49, 2006.

Jakob, M. (1996). Morpometric and Geotechnical Controls of Debris Flow Frequency and Magnitude. Ph.D.
thesis, University of British Columbia, Vancouver, B.C.

14 of 16 VA15-02653
October 5, 2016



Jacob, M. and Hungr, O. (2005). Debris Flow Hazards and Related Phenomena. Praxis. Springer Berlin
Heidelberg 2005.

Jakob, M., and Lambert, S., (2009). Climate change effects on landslides along the southwest coast of British
Columbia. Geomorphology, 107: 275-284.

Jacob, M. and Stein, D., 2012. Vulnerability of Buildings to Debris Flow Impact. Landslides and Engineered
Slopes: Protecting Society through improved understanding. Proceedings of the 11" International and
2" North American Symposium on Landslides and Engineered Slopes.

Jordan, P. (1987). Impacts of Mass Movement Events on rivers in the Southern Coast Mountains, British
Columbia: Summary Report. Environment Canada, Water Resources Branch, Inland Waters
Directorate, Sediment Survey Section, IWD-HQ-WRB-SS-87-3. 61 pp. plus app.

Jordan, P. 1994. Debris flows in the southern Coast Mountains, British Columbia: dynamic behaviour and
physical properties. Thesis (PhD). University of British Columbia.

Knight Piésold Ltd. (KP). 2010. Upper Lillooet Hydro Project — Preliminary Geotechnical Assessment of the
Proposed Transmission Line Alignment (ref. VA10-01000).

Knight Piésold Ltd., 2011. Upper Lillooet Hydro Project — Upper Lillooet Hydroelectric Facility — Assessment of
Natural Terrain Hazards (ref. VA10-00572).

Knight Piésold Ltd., 2011a. Upper Lillooet Hydro Project — Preliminary Geotechnical Assessment of the
proposed Boulder Creek Hydroelectric Facility (ref. VA11-00004).

Knight Piésold Ltd. (KP). 2011b. Upper Lillooet Hydro Project — Upper Lillooet Hydroelectric Facility —Hydrology
Report.

Knight Piésold Ltd. (KP). 2014a. Upper Lillooet Hydro Project — Findings of DanW Debris Flow Run-out
Assessment for the Intake Structure of the Upper Lillooet Hydroelectric Project (ref. VA14-00473).

Knight Piésold Ltd. (KP). 2014b. Upper Lillooet Hydro Project — Landslide Quantitative Risk Assessment for
proposed Construction Camp (ref. VA13-02392).

Knight Piésold Ltd. (KP). 2015a. Upper Lillooet Hydro Project - Post Wildfire Addendum to Landslide Risk
Management Plan. Report for CRT-EBC Construction. (ref. VA15-02944)

Knight Piésold Ltd. (KP). 2015b. Upper Lillooet Hydro Project —Landslide Risk Management Plan (Rev. 1).
Report for CRT-EBC Construction.

Knight Piésold Ltd. (KP). 2016. Upper Lillooet Hydro Project — Landslide Risk Management Plan. Report for
Upper Lillooet River Power Limited Partnership (LP) and Boulder Creek Power LP.

Koch, J., Menounos, B., and Clague, J.J., 2009. Glacier change in Garibaldi Provincial Park, southern Coast
Mountains, British Columbia, since the Little Ice Age. Global and Planetary Change 66: 161-178.

Major JJ, Pierson TC, Dinehart RL, Costa JE. (2000). Sediment yield following severe volcanic disturbance-a
two decade perspective from Mount St Helens. Geology, 28:819-822.

NRCan, 2016. Situation Report 2016 Mount Meager Volcanic Complex Activity as of 1000 hrs. EDT 2016-10-05
Source Reid Van Brabant, CHIS, AWCB GSC, ESS, NRCAN

Porter, M.J. and Morgenstern, N.R., 2012. Landslide Risk Evaluation in Canada. Landslides and Engineered
Slopes: Protecting Society through improved understanding. Proceedings of the 11" International and
2" North American Symposium on Landslides and Engineered Slopes.

Roberti, G., 2015. Mount Meager Volcano, Canada: a case study for landslides on glaciated volcanoes. Poster
presented at the American Geophysical Union, Fall Meeting, San Fransisco.

15 of 16 VA15-02653
October 5, 2016



Scheidegger (1973). On the Prediction of the Reach and Velocity of Catastrophic Landslides. Rock Mech. 5:231
to 236

Schiefer, E., Menounos, B., and Wheate, R., 2007. Recent volume loss of British Columbian glaciers, Canada.
Geophysical Research Letters, VOL. 34

Simpson, K.A., Stasiuk, K., Shimamura, K, Clague, J.J., and Friele, P., 2006. Evidence for Catastrophic Volcanic
Debris Flows in Pemberton Valley, British Columbia. Can. J. Earth Sci. 43: 679-689.Stasiuk, M.V.,
Russell, J.K., and Hickson, C.J., 1996. Distribution, nature, and origins of the 2400 BP eruption products
of Mount Meager, British Columbia; linkages between magma chemistry and eruption behaviour.
Geological Survey of Canada, Bulletin 486.

Wise, M., Moore, G., and VanDine, D. 2004. “Landslide Risk Case Studies in Forest Development Planning and
Operations”. Land Management Handbook 56, British Columbia Ministry of Forests.

Whitfield, P.H., Reynolds, C.J. and Cannon, A.J. (2002). Modeling streamflow in present and future climates:
Examples from the Georgia Basin, British Columbia. Canadian Water Resources Journal, 27: 427-456.

Whitfield, P.H., Wang, J.Y. and Cannon, A.J. (2003). Modeling future streamflow extremes — floods and low
flows in Georgia Basin, British Columbia. Canadian Water Resources Journal, 28: 633-656.

lieh

16 of 16 VA15-02653
October 5, 2016















M:\1\03\00279\05\A\Correspondence\Terrain Hazards Assessment for Operators Residence\Attachments\[Figure 1_Rew0 XE§/&iré 2:05 PM

UPPER LILLOOET RIVER AND BOULDER CREEK

POWER LIMITED PARTNERSHIPS

UPPER LILLOOET HYDRO PROJECT

PROPOSED OPERATORS RESIDENCE: F-N PLOT FOR
NATURALTERRAIN LANDSLIDE HAZARDS

050CT'16

ISSUED WITH LETTER

JEH

PF

SM

REV

DATE

DESCRIPTION

PREP'D

CHK'D

APP'D

P/A NO.

REF. NO.
VA15-02653

Knight Piésold VA103-279/5

CONSULTING FIGURE 1

REV
0






