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4.1. Introduction

Mitigation can be used to reduce the risk to a level considered tolerable by the Village. Mitigation
involves reducing either the magnitude, intensity, or probability of the hazard, or the severity of
the consequences with the ultimate goal to reduce risk. This section describes the techniques
that can be used for slope hazard mitigation. There are two categories of mitigation techniques:

e Structural measures involving the construction of barriers, dikes, or slope stabilization
¢ Non-structural measures involving temporary or permanent removal of elements at risk
from hazardous areas or changing people’s behavior to reduce vulnerability.

Only structural mitigations are discussed in this report. The reader is referred to BGC (December
21, 2018) for potential non-structural mitigations.

4.2. Layout and Cost

BGC has provided preliminary layout, sizing, costing, and an estimate of homes affected for six
sets of structural mitigations (Drawing 03; Table 4-1). The mitigations are systems of installations
or excavations that were designed to either reduce the energy or divert the flow direction of a
potential rock fall or debris flow. Rock slide mitigations are not proposed because they did not
govern risk for the assessed buildings and would likely not be technically feasible.

All mitigation components identified by BGC are installations that have been used in British
Columbia, as well as abroad (van Dine, 1996; Moase, 2017). Unit costs in Table 4-1 are installed
costs from BGC projects in BC or Alberta. BGC considers the costs in Table 4-1 to be minimums
and has not included customizations (i.e., the need to line channels with riprap) that can only be
determined by a detailed design. Costs do not include construction incidentals (i.e., mobilization,
insurance and bonding, permits, environmental protection, traffic control, restoration) or
engineering design and quality assurance, which are typically 20 to 30% and 10 to 20% of the
construction cost, respectively. Costs also do not include required property acquisitions within the
footprint of proposed structures or applicable taxes.

Of note in Table 4-1 and Drawing 03 is that:
o debris fences proposed for A and B creeks lie outside the Village boundary; and
e construction of the GRS berms would require a partnership project with the Province as
some fall within and some outside of the Village boundary.
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Table 4-1. Preliminary cost estimates for mitigation systems shown on Drawing 03.

Combined Cost

Drawing

Unit Rate | Estimated

Mitigation Cocl)gur Lots Affected Unit %) Quantity Estimated Cost ($) persl\;llistigation

Rock Fall Fence 102, 104, 106 lineal m $4,400 50 $220,000 $220,000
101, 103 50 $220,000 $220,000

Earth Fill Berm at Lot 203, 110, 112, 109 cubic m $150 700 $105,000 $105,000

207

Basin 202, 203, 204, 205, 206, | cubic m $35 3800 $133,000 $ 1,124,000

Inlet Channel 110, 112, 108, 109 cubic m $1,700 480 $816,000

GRS Berm cubic m $450 215 $96,750

Outlet Culvert lineal m $900 50 $45,000

Outlet Structure each $33,000 1 $33,000

A Creek Debris Fences 203, 206, 205, 204, 202, | each $300,000 3 $900,000 $900,000
108, 207, 110, 112

B Creek Debris Fences 112, 110, 120, 402A, each $300,000 3 $900,000 $900,000
402B, 404, 406

Outlet Culvert 402A, 402B, 404, 406, lineal m $900 70 $63,000 $2,787,000

Inlet Channels ﬁg 112,110, 207, 214, cubic m $1,700 1320 $2,244,000

GRS Berm (3x) cubic m $450 675 $303,750

Basin cubic m $35 4100 $143,500

Outlet Structure each $33,000 1 $33,000

Outlet Channel/Culvert 406, 214, 118, 120, 128, lineal m $900 70 $63,000 $320,000

Earth Fill Berm 130 cubic m $150 1350 $202,500

Riprap cubic m $140 150 $ 21,000

Outlet Structure each $33,000 1 $33,000
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4.3. Mitigation Components

The following subsections describe the mitigation components presented on Drawing 03 with
pictures from projects in BC.

4.3.1. Rock Fall Catchment Fence

Rock fall catchment fences are metal posts anchored into the ground with high-tensile strength
mesh strung between the posts (Figure 4-1). This mitigation is intended to absorb the energy of
a falling rock and retain the rock/debris.

Rock fall fence lengths should span the width of the building/asset they are meant to protect, in
this case approximately 50 m each. The height is based on the anticipated boulder size and
bounce height. Rock fall fences are manufactured based on the anticipated energy of the rock
they are meant to stop. This is a function of the typical boulder mass that has been mapped by
BGC along the study area slopes in East Zeballos (32,000 kg) and the simulated velocity (4 m/s)
at the installation location. It is anticipated a rock fall fence as located in Drawing 03 will need to
retain 725 kJ, which is in the middle to lower range of the manufactured rock fall net capacities.
Geobrugg RXE-1000, RBE-1000A, GBE-1000A-R, or Trumer Schutzbauten TS-750-ZD are
appropriate fences for this energy level.

4.3.2. Debris Flow Barriers

Debris flow barriers retain the coarse material high in the channel before it can recruit material
along the channel and grow into a larger flow. Typically, they are either metal cables and mesh
connected to ground anchors in the gully side slopes (Figure 4-2) or concrete and steel rigid
barriers (Figure 4-3). They are installed as a series of structures to slow the flow and retain
portions of the debris, while allowing the water and fine sediment to pass.
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Figure 4-3. In-channel debris flow barrier installed in Whistler, BC (Moase, 2017).

Barriers are spaced such that retained debris is allowed to accumulate to the bottom of the
previous barrier in the series, so that water and debris overtopping does not create a plunge pool
and undermine the barrier's anchorage. Based on the channel gradient, A and B creeks would
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require 26 and 30 m horizontal spacing assuming a 3 m high barrier, or three barriers each. C
Creek is too steep for this mitigation.

4.3.3. Geosynthetic Reinforced Soil (GRS) Deflection Berm

GRS deflection berms are soil walls made of compacted granular soil with geofabric layers
installed at 30 cm to 60 cm depth increments that provide additional shear strength to the material.
The purpose of the reinforcement is the berm can be built on a smaller footprint and steeper (for
example in Figure 4-4) than an earth fill berm sized to provide the same impact capacity. GRS
deflection berms are situated in Drawing 03 such that the natural drainage of each creek is
directed into the inlet channels and basins, described below. Berm sizing is based on the
simulated flow approximate velocity (6 m/s) and flow depth (2 m) using the methodology proposed
by Iverson, George, and Logan (2016).

Looking at the GRS left abutment (from right abutment)

Figure 4-4. Example GRS berm (in red outline) on Fitzsimmons Creek from Whistler, BC (Moase,
2017). In this case the GRS berm is used as an abutment for a sieving structure. Stream
flow is from right to left.

4.3.4. Inlet Channel

Inlet channels are canals excavated in the fans intended to encourage flow towards a preferred
location or direction by creating an easier flow path than the natural creek bed. Typically, inlet
channels are straight with a deliberate gradient, and a wider cross-sectional area than the natural
creek. Channel armouring is preferable to reduce the potential for channel base to be eroded and
add to the flow (Figure 4-5). The inlet channels in Table 4-1 are not armoured, as it is logistically
probative to transport riprap or matting up the fan. Inlet channels are sized to convey the design
discharge (Q; Table 2-7) as a function of the creek gradient, the perimeter of the creek in cross-
section, and the likely construction approach. BGC has assumed a 3:1 width to depth ratio and
1.5:1 side slope angle.
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Figure 4-5. Example channel with riprap lining from North Vancouver, BC.

4.3.5. Basins

Debris basins with debris straining structures are collection areas intended to contain the coarse
fraction of a debris flow and allow the water and fine sediment to drain through an outlet structure.
Basins are sized to contain the design flow, in this case the 300 to 1000-year return period event
volumes in Table 2-7. The basin for A and B creeks would be approximately 2 m deep for the
footprint shown on Drawing 03. Further design would be required to customize the shape to the
topography, if the Village elects to install basins. The basin for C creek utilizes the natural
topography drop in lots 402B and 404 to create a catchment against a constructed earth fill berm,
described below. A typical basin is shown in Figure 4-6 and a debris straining structure is shown
in Figure 4-7. Basins can be vegetated and used as park space or other temporary uses to
decrease the aesthetic and land sterilization impacts.
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4.3.6. Earth Fill Berm

Earth fill berms are trapezoidal-shaped barriers built of compacted granular materials intended to
either arrest or deflect flows (Figure 4-8). Earth fill berms are sized to contain the expected flow
runup, based on the simulated flow velocity (2.5 m/s) and depth (0.8 to 1.7 m) (lverson et al.,
2016), with 30% freeboard. The earth fill berm at lot 207 is sized with 100% freeboard to
accommodate superelevation as the flow intersects the berm at an oblique angle. BGC
anticipates the earth fill berm forming the basin at lot 402B and 404 (green on Drawing 03) will
require riprap lining to reduce erosion potential.

Flow Direction

Figure 4-8. Example earth fill berm from Kitimat, BC (Ross & Johnson, 2019).

-3

4.3.7. Outlet Channels and Culverts

Outlet channels and/or culverts connect to the basin sieving structures and drain water and fine
sediment from the basin (Figure 4-9). Culvert or channel sizing is based on the Q2o flow, which
is a function of the watershed area for each creek (see BGC, December 21, 2018 for this
derivation). The outlets from each basin discharge to:

e A creek (red on Drawing 03) - vacant former school yard, crossing below Pandora

Crescent
e B creek (blue on Drawing 03) — Zeballos River, crossing below Maquinna Avenue
o C creek (green on Drawing 03) — the Slough, crossing the back yard of lot 406.
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Figure 4-9. Example outflow culvert from Whistler, BC (Moase, 2017).

4.4. Comparing Mitigation Options

The Village and potential funding agencies should conduct an options analysis to communicate
and compare mitigation options, in consultation with residents and stakeholders. Moase (2017)
provides a summary of typical options analysis approaches, summarized here:

e Cost-benefit analysis — A decision is evaluated based on the ratio between costs and
benefits. Most cost-benefit analyses are limited to comparison of direct costs and direct
benefits, and exclude indirect effects such as aesthetics, resident opinion, or effect on
tourism.

e Multiple-criteria decision analysis — A structured framework to weight and compare
relevant criteria including those in the previous bullet as well as technical feasibility,
possible failure mechanisms, environmental impact and others.

o Decision mapping — An exercise of documenting components of a decision and visually
connecting inter-related ideas to identify the key considerations.

In summary, cost-benefit analysis compares options based on economics, multiple-criteria
decision analysis compares user-defined criteria numerically, and decision mapping compares
user-defined criteria qualitatively. Regardless of the comparison technique, decisions must be
weighed against criteria which may include the level of risk reduction provided, cost, logistics of
installing the mitigation, and social and environmental impacts.
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If structural mitigations are not feasible, and the Village decides that risk to certain properties
remains intolerably high, relocation of some properties may be an appropriate response. High-
lying terrain exists within the Village and adjacent areas (see Drawing 17 of BGC, December 21,
2018) that are not subject to slope or river geohazards. These areas could be zoned residential
should the Village wish to resettle properties subject to intolerable risk and/or provide additional
lands for future development in Zeballos. Given the geohazard risks and associated risks faced
by Zeballos from rising sea levels, predicted higher flood levels and intensification of extreme
storms, it may be prudent to consider beginning a subdivision approval process as an option to
facilitate resettling of those willing to relocate to safer locations within the Village of Zeballos.
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This report updates the previous BGC (October 15, 2018) risk assessment for rock fall, rock slides
and debris flows for the properties affected by the evacuation order following the 2018 wildfire
that burned the slopes east of the Village. The previous assessment conducted by BGC for
FLNRORD was based on a limited traverse at the base of the fire-affected slopes a helicopter
overflight, and a literature review of the impacts of fire on debris flow frequency and intensity. At
that time, a foot traverse of the affected slopes was considered too dangerous as the fire had
occurred only within a few weeks of BGC's site visit.

On March 7 and 8, 2019 BGC conducted reconnaissance to traverse the affected slopes and re-
evaluate the post-fire interpretations provided in BGC (October 15, 2018). The August 2018
wildfire affected different portions of the watersheds of A and B creeks. No fire effects were noted
on C creek. Only a thin veneer of soil mantles many of the bedrock underlain slopes on A and B
creeks. This implies that even in the case of a debris avalanche or debris slides, a limited amount
of debris can be entrained. Similarly, and unlike for watersheds with deeper soils consisting of till
or other glacial sediments, or weathered bedrock, the A and B creek watersheds cannot transfer
large quantities of sediment to the channel systems due to thin and incoherent soil coverage.

Based on these observations, BGC concluded that, in the case of the Zeballos wildfire, a factor
of 10 increase of debris flow and rock fall activity applied in BGC (October 15, 2018) warrants
downward adjustment. Subsequent to the field review, the factor increase was lowered to two,
still reflecting a somewhat higher susceptibility of the slopes to produce rock fall and debris flows
due to the wildfire. BGC also updated the potential volumes of debris flows on A, B and C creeks
based on observations from the traverse.

Five (compared to previously 12) properties exceeded the 1:10,000 individual risk threshold given
present occupancy. BGC also estimated risk given full-time occupancy as it is possible that
occupancy changes with transfer in ownership or the personal situation of the property owner. In
this case, 11 properties exceed the 1:10,000 life loss risk threshold. These results provide a
similar conclusion to the hazard zoning developed by Golder (1997). That is, some of the habitable
structures to the area east of Maquinna Avenue are exposed to hazard and risk levels greater
than what is generally considered acceptable by society.

Based on these findings, the Village may wish to review the evacuation orders for those properties
whose individual risk has dropped below the 1:10,000 life loss risk threshold.

While this study has suggested an individual risk relaxation based on the field findings and
accompanying analyses, the reader is reminded that there is no absolute safety for residents in
the designated hazard zones. A residual risk persists even for those properties whose risk has
now been re-classified as below 1:10,000. In line with the ALARP principle that theorizes that risk
should be reduced where practical and affordable, residents in the hazard zones are able to
reduce their risk by avoiding using their property during inclement weather should they choose to
return to their properties if evacuation orders were to be lifted for those properties.
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Lastly, BGC reviewed previous structural (engineered) mitigation concepts and refined those to
examine their effectiveness and provide approximate costs. Technically viable (but expensive)
mitigation options include debris basins, constructed channels, deflection berms and barriers.
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6.0 CLOSURE

We trust the above satisfies your requirements at this time. Should you have any questions or
comments, please do not hesitate to contact us.

Yours sincerely,

BGC ENGINEERING INC.

per:
ZZAP“/; 26
JFm/Matthias Jakob, Ph.D., P.Geo. John Whittall, M.A.Sc., P.Eng.
Principal Geoscientist Geological Engineer
Reviewed by:

Hamish Weatherly, M.Sc., P.Geo.
Principal Hydrologist

MJ/IW/HW/sfimm
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